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jof New York. Sir William Burnett, in a report to 


THE ERIE CANAL.—No. I. the Captain-General and Governor in 1724, re- 


By Cuartes Pretini, C.E., New York City. 

Tue State of New York has now under construc- 
tion improvements on the old State Canal which 
will involve an expenditure of not less than 101 
million dollars. Though technical papers have given 
from time to time details of some particular section 
or feature of the work, it is not from such descrip- 
tions that the profession may obtain an adequate 
idea of its importance, but rather from a careful 
examination, on the one hand, of the causes which 
led originally to its construction, and, on the other, 


marked that the fur trade was greatly facilitated by 
numerous navigable rivers running close together, 
and also in proximity with Seneca River, which 
flows near Lake Erie. 

Again, in 1768, Governor Moore invited the atten- 
tion of the Colonial Legislature to the great delays 
and heavy expenses connected with the transporta- 


seaports. ‘‘ The improvement of our inland navi- 
gation,” he said, ‘‘is a matter of the greatest im- 
portance to the province.” 





to the new conditions that will be created by such 
improvements. _When completed the new canal 


During the struggle for independence nothing 


was done to improve inland communication ; but | 


tion of goods from up-state places to the Eastern | 





| 


will be a highway of commerce through a rich and | when Washington, in 1783, visited the northern 


populous section of the State, and will afford cheap | part of the State, he was impressed with the number. 


transportation facilities for the producer, as it is | of lakes and rivers which he met in close proximity 
certain to offer keen competition to the railroads. 

It is the purpose of the present series of articles | tributing so liberally over the country natural gifts 
to show the great historical, commercial, and/that would provide an excellent system of water- 
political influence of the old Erie Canal, and to | way trade-routes. Real action in the matter began 
forecast the conditions that will arise from the | in 1786, when a Bill was introduced in the State 
improvements now in progress. 

Let us recall for a moment the times when the | Act for Improving the Navigation of the Mohawk 





northern part of the State of New York was very | River, Wood Creek, and the Onondaga River with | 


sparsely settled ; when a few huts, protected by a View to Opening an Inland Navigation to Oswego, 
stockades, occupied the places of the great centres of | and for extending the Same, if practicable, to Lake 
population and industry of the present day. These | Erie.” In 1791, Governor Clinton, in his message 
widely-distributed units of habitation were con- ‘to the Legislature, recommended improvements on 
nected together only by trails and bridle-paths,|the Hudson and Mohawk Rivers; and in the 
over which trod the fur-traders as they went from | following year an Act was passed for establishing 


settlement to settlement on their way to the sea-|lock navigation within the State, especially from | 
board from which to ship their valuable furs to | the navigable part of the Hudson River, to Seneca | 


European markets. Such primitive roads, rough | Lake and thence to Lake Ontario. 

and irregular, were unsuited for the transportation| Mr. Morris, who became Governor of the State 
of the abundant products of the virgin soil from one | in the year 1800, after visiting the Falls of Niagara 
settlement to another. These settlements were | and Lake Erie, conceived the gigantic plan of bring- 
often so far apart that it was found impracticable to | ing the waters of Lake Erie into the Hudson River, 
construct a system of highways, not only because of | affirming that it would be an easy matter to tap the 
the expense involved, but also because the cost of | Lake and conduct its waters to the Hudson across 
transportation would make the selling price of the | the country in an artificial river. While arguing 
goods prohibitive. A cheaper and more convenient | in favour of the practicability of the scheme, Mr. 





|to one another, and thanked Providence for dis- | 


| Legislature by Mr. Jeffrey Smith, entitled ‘‘ An) 


|be constructed by the State of New York alone, 
and for her own account.” 

Accordingly, in 1812, the Legislature passed a 
Bill. authorising the Canal Commission to borrow 
5,000,000 dols. to be used on the work. In the 
meantime the war with England broke out; and, 
two years later, in 1814, the law authorising the loan 
was repealed. In the autumn of 1815, hostilities 
having ceased and Napoleonic storms subsided, the 
public were more inclined to listen to proposals for 
|commercial extension. About this time Mr. De 
| Witt Clinton became very active in the interests of 
the canal, and under the name ‘‘ Atticus ” presented 
a memorial to the Legislature in favour of the much- 
discussed project. Bills were twice introduced into 
the Legislature, where they were strongly opposed 
and finally killed. At last Colonel I. Rutsen van 
Rensselaer offered to construct the canal himself, 
but his proposal was rejected. After several other 
incidents of no historical importance, the Bill 
authorising the construction of the Erie Canal was 
signed on April 15, 1817, and work was begun on 
July 4 of the same year. 

The canal connects Lake Erie, which is at an 
elevation of 565 ft. above sea-level, with the Hudson 
River. It begins at Buffalo and ends at Albany, 
after winding through the country for a distance of 
353 miles. From the mouth of Buffalo Creek the 
canal runs along the shore-line of Lake Erie to 
Black Rock, from which it skirts the Niagara River 
down to the mouth of Tonawanda Creek. It follows 
the course of this creek for a distance of 12 miles ; 
a deep cut is then encountered extending 7} miles 
in a north-easterly direction, with about three 
miles of rock averaging 20 ft. in depth. At Lock- 
port, the canal passes through a series of five locks, 
12 ft. 6in. high, after which it turns eastward to 
| Rochester, 63 miles distant. 

At Rochester the canal crosses the Genesee 
River on a masonry aqueduct 804 ft. long, formed 
|of eleven arches of hewn stone. This aqueduct is 
illustrated on the next page. Between Pittsford 
}and Palmyra the canal is carried on an embankment 





system than that afforded by State roads was clearly | Morris would not, however, commit himself to its | 72 ft. high, after which it passes through Syracuse 


needed. The old Egyptians recognised that water- | construction. 
ways were the best means for inland transportation ; | 
and the commercial supremacy, at different times, | convenience attending existing modes of transpor- | 
of France, Holland, and Great Britain was due in tation, conceived the idea of an overland route from 
great measure to their artificial as well as natural | Buffalo tothe Hudson, and expressed his views on the | 
systems of water communication. With this in | subject in aseries of articles which appeared over the 
mind, the early political, industrial, and economic | pen-name ‘‘ Hercules” in the Geneva Messenger in | 
rulers of the Empire State decided to utilise the | 1807. Public interest being aroused in the project, | 
numerous rivers and lakes of the country for the | Judge Geddes was authorised in the following year 
purpose of solving the transportation problem with —1808—to make a survey of the intended route 
which they were confronted. | and report upon the practicability of the plan urged | 

Like the proconsuls of ancient Rome, who were| by Mr. Hawley in his articles. As this inland 
always on the look-out for new means of communi- | waterway would prove useful not only to the State 
cation to obtain supplies for their armies and to of New York, but also to the middle west gene- 
transport their legions with rapidity from place to | rally, it was decided that the aid of the Federal 
place, the governors of the English colonies were |Government should be sought for a scheme that 
mtent on opening up highways for trade, com- | would affect beneficially the commerce of such a 
merce, and inter-urban communication generally. | wide extent of territory. Two attempts were made 
The honour of devising the first plan to connect the | in this direction, both of which were unsuccessful, 
Hudson River with Lake Erie belongs to Mr. Cald-|so that it was finally reported to the Legislature 





to Rome. It then follows the southern bank of the 


Mr. Jesse Hawley, of Geneva, realising the in- | Mohawk River until it reaches Utica, where it 


crosses that river on an aqueduct, after which it 
winds along the northern bank for a distance of 
12 miles to Middletown. Re-crossing the river the 
canal runs through Amsterdam and Schenectady to 
Cohoes. At this point the waterway turns south- 
ward to end at Albany, the capital of the State, 
situated on the right bank of the Hudson. 

As said, the canal is 353 miles long with a cross- 
section of 136 square feet. It is 40 ft. wide at the 


| surface and 28 ft. at the bottom. The depth is only 


4 ft., with slopes of 1 to 1.5. The canal is pro- 
vided with a berme of 5 ft., and a towing-path 12-ft. 
wide, besides being equipped with 83 locks, each 
90 ft. long and 15 ft. wide, sufficient to accommo- 
date barges of 100 tons cargo capacity. 

To facilitate the construction of the canal, the 
work was divided into three sections, called the 
Western, the Middle, and the Eastern Division. 





wallader Colden, Surveyor-General of the Province | that ‘‘ sound policy demanded that the canal should 


The Western Division was the most difficult to 
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construct. It extended from Lake Erie to Seneca 
River, and included the flight of locks at Lockport, 
the great cut across the mountain ridge, the great 
embankment at Palmyra, and the bridge aqueduct 
across the Genesee River at Rochester. Owing to 
these difficulties the Western was the last division 
to be completed. 

The Middle Division, extending from Montezuma 
to Utica, was finished in 1822. That portion of it 
which runs through the Cayuga marshes offered 
greater difficulties of construction than anticipated : 
quicksand was encountered at many places, heavy 
rains flooded the work at times, while the stagnant 
waters met with in many places caused considerable 
disease among the workmen. 

The Eastern Division extended from Utica to 
Albany. Serious troubles were met with between 
Little Falls and the Hudson. According to the 

lans, the canal was to follow the course of the 
ohawk River ; but at some points the valley was 
very narrow, the hills terminating abruptly at the 
water’s edge so that it was found necessary to build 


‘the canal. 





considerable importance from the fact that it con- 
nects the great body of water known as Lake 
Champlain with the Hudson River, and that it 
permitted the easy carriage of products and com- 
modities from the extreme northern part of the 
State to the populous cities situated on the banks 
of the Hudson down to New York itself, the great 
emporium of the State. The Champlain Canal is 
66 miles long from Whitehall at the lower end of the 
lake to Waterford, near Troy. Its dimensions are 
similar to those of the Erie Canal, the cross-section 
being 40 ft. wide at the surface and 28 ft. at the 
bottom, the depth being 4 ft. It is provided with 
a system of nineteen locks, and has arise and fall of 
179.5 ft. The first survey was made in 1792 by 
Colonel Lewis Garin, the Northern Inland Lock 
Navigation Company being chartered to construct 
A sum of 100,000 dols. was spent on the 
enterprise without any material benefit accruing 
from the outlay. When in April, 1817, a Bill 
passed the Legislature authorising the construction 
of the Erie Canal, a similar Bill was approved for 


always been so related to one another that whatever 
improvements were made on one of them were 
extended to the other two. The method of 
construction followed in building these canals was 
simple. Where the country was flat the soil was 
excavated to a depth of 2 ft. 9in., which afforded 
sufficient material for the formation of the banks ; 
where the ground was uneven, 3 ft. of cutting was 
generally allowed. Ploughs were employed to 
break up the soil, which was afterwards raised 
up to the banks by means of drag-scrapers hauled 
by a team of horses. The prices paid were as 
follow :—6 cents per cubic yard of sand, 11 cents 
for clay or stony matter, 50 cents for loose rock, 
and 1 dol. for hard rock. The locks were all built 
of stone masonry, as were the various aqueducts 
across the Genesee and the Mohawk River. All 
masonry structures were, by specification, to be 
constructed in fat lime mortar, as the cost of 
cement was prohibitive, since it had to be imported 
from Europe. Providence, however, came to the 





aid of the engineer, for when the first batch of 
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the canal partly in and partly along the river, thus 
rendering necessary the construction of high em- 
bankments to carry the canal above floods and 
freshets. These difficulties were found to be so 
formidable that in order to surmount them the 
canal was made to cross and re-cross the river 
several times. Aqueducts were constructed for this 
purpose, one four miler below Schenectady, and 
the other four miles above Cohoes. This division 
of the work was completed early in October, 1823. 

The canal was inaugurated on October 26, 1825, 
on which occasion a flotilla of boats, headed by the 
Seneca Chief, having on board the Governor and 
other State officials, started from Buffalo on its way 
down to Albany. The trip occupied four days, and 
the little craft was pacar tui greeted by a jubilant 
population that saw in the new waterway the dawn 
of an era of prosperity and development. The 
canal became at once a powerful factor in inducing 
people to settle in its vicinity, and near to it there 
sprang up many villages and small towns which are 
to-day the elegant cities and thriving marts of the 
State. New York is called the Empire State on 
account of the supremacy which it acquired at the 
beginning of the last century by the facilities which 
its waterways, natural and artificial, as well as its 
network of highways, offered for the conveyance of 
farm products, and for the development of mineral 
resources and inland industries. 

The Champlain Canal was opened at the same 
time as the Erie; though short in length, it derives 





building the Champlain Canal. Begun in 1817, 
this waterway was completed in 1823, and inaugu- 
rated at thesame time as the eastern section of the 
Erie Canal. 

Before the adoption of the plan to build the Erie 
Canal, it had been proposed to reach Lake Erie by 
means of a canal extending along the Mohawk 
River, Creek River, Oneida Lake, and Oneida 


Niagara River. 


cient supply of water at the highest levels. 
the decision was finally reached to connect Lake 
Erie with the Hudson River, it was also deemed 
advisable to connect Lake Ontario with the canal. 
Accordingly in 1819 a law was passed authorising 
the opening of a navigable side-cut to the salt 
works at Salina, and thence to Lake Onandaga, 
which empties its waters into Lake Ontario through 
the Oswego River. The Oswego Canal, by which 
name this part of the water route became known, 
was only 20 miles long, and was constructed of the 
same dimensions as the Erie Canal. It was pro- 


vided with eighteen locks, built of stone, the differ- | 
ence of level at the ends amounting to 154.85 ft. | 


The work was begun in 1825 and completed in 1829, 
at a cost of 565,437 dols. 

The three canals—the Erie, the Champlain, and 
the Oswego—forming a complete system of water- 
way trade-routes in the State of New York, have 


Masonry AQUEDUCT CARRYING THE Erie CANAL OVER THE GENESEE River at Rocuester, N.Y. 


lime was shipped on the work, it was found that it 
did not slack, but hardened instead. Thus by 
chance was discovered. the natural cement which 
has been used ever since in hydraulic constructions, 
and which made the locks water-tight. 

The two most prominent engineers connected 
with the construction of the canal were Mr. Ben- 


| jamin Wright and Mr. James Geddes. The former, 
River to Oswego River and Lake Ontario, and | 
thence to Lake Erie by Lake Ontario and the | 
The great objection to this alter- | 
native route was the difficulty of obtaining a suffi- | 
When | 


who is considered the father of engineering in the 
United States, was engineer for the Western Inland 
Lock Navigation, and also chief engineer for the 
New York State canals from 1817 to 1828. He 
was considered the best consulting engineer of the 
country at the time, and as such had much to do 
with several railroads in the United States and in 
Cuba. Mr. Geddes, after his appointment in 1808 
to study the proposed line for the Erie Canal, spent 
his life on work of a similar nature. At one time 
he superintended the Middle Division of the Erie 
Canal, and later on was employed by the States of 
Ohio, Maine, and Pennsylvania in improving their 


| waterways. 








BRUSH-PARSONS EXHAUST 
TURBINE 
Ir has long been a common-place that the recipro- 
| cating engine, though highly efficient in the use of 
|high-pressure steam, is, when coupled to a con- 
denser, far from realising the benefits theoretically 
i due toa good vacuum. i actual practice a vacuum 
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of about 26 in. is about as high as it pays to adopt 
with a reciprocating engine. No doubt on trial 
— with all valves tight, and with glands in good 
order, a somewhat higher figure may be adopted 
with some benefit to the consumption per effective 
horse-power hour, but the opportunities for air 
leakage are so considerable that in the every-day 
working of the engine, as stated, it is seldom worth 
while to reduce the pressure in the condenser below 
a couple of pounds absolute. Indeed, the expansion 
in the cylinder cannot, with economy, be carried 
further than from 8 lb. to 10 1b. absolute. Since 
the steam-turbine can utilise with good efficiency 
the highest vacua commercially obtainable, a very 
large demand has sprung up for exhaust-steam 
turbines, which take the steam from the exhaust 
of a non-condensing engine, and commonly from 
this hitherto waste product develop nearly or quite 
as much power as the engines to which, as it were, 
they form a mere appendix. This property of the 
steami-turbine is particularly useful where an increase 
in the load of a power-station equipped with recipro- 
caters calls for the installation of new plant. 
Where the existing engines already work with a 
condenser the valves can be modified so as to raise 
the pressure at exhaust, and the steam is then 
passed through a turbine before it finally enters the 
condenser. In this way not only is the capacity of 
the station increased at a low cost per kilowatt, but 
the over-all efficiency of the plant is very greatly 
increased, the additional power being obtained 
without anything like a proportional increase in the 
fuel bill. 

On Plate I., and on pages 3, 5, 6, and 7, we this 
week illustrate an exhaust-turbine plant, installed 
at the power-station of Messrs. Workman, Clark, 
and Co., Belfast, to meet conditions very similar to 
those formulated above. The previously existing 
engines here were of the marine type, rated at 1000 
horse-power, and direct coupled to a 600-kilowatt 
slow-speed generator, with which the new plant 


runs in parallel. The turbine plant has been 
provided ‘e the Brush Electrical Engineering 
Company, Limited, of Loughborough, who were, 


we believe, one of the first manufacturing firms in 
this country to take out a license for the manufac- 
ture of the Parsons turbine as applied to the 
driving of electric generators, and in constructing 
these turbines, at once economical of steam and 
frec from liability to mechanical troubles, their 
engineer, Mr. W. Chilton, assisted by Mr. J. M. 
Newton, B.Sc., has proved eminently successful. 

A general view of the unit constructed for Messrs. 
Workman, Clark, and Co., Belfast, is represented 
by Fig. 1, of Plate I., whilst Fig. 2 is a longi- 
tudinal section through the machine. As will be 
seen from the latter, the turbine is of the double- 
flow type, as is usual with the larger class of 
exhaust-steam turbines built on the reaction prin- 
ciple. For live-steam turbines this arrangement 
has long been out of favour, since it almost 
doubles the loss of steam by leakage. With exhaust 
steam, which has a large specific volume, leakage 
losses are, however, a very minor consideration, 
and the adoption of the double-flow principle 
gets rid of the dummies. Very frequently, how- 
ever, these exhaust-steam turbines are arranged 
with the supply of steam admitted to the centre of 
the turbine, and exhausted at both ends through a 
breeches pipe to the condenser. In the present 
instance, the contrary arrangement of steam-flow 
has been adopted, admission taking place at both 
ends, and the exhaust passing to the condenser 
through a large port provided at the centre of the 
turbine. This has the advantage that there is never 
much difference of pressure between the two sides 
of the glands, so that air leakage into the turbine 
can be prevented with little or no loss of steam 
through the gland. 

Relatively small clearances are necessary in 
turbines of every type, either over the blades in 
the case of a reaction turbine, or between the shaft 
and the diaphragms in the cease of the impulse 
turbines. Hence in both, distortion of the casing 
is the main foe to reliability in running. In the 
case of the reaction turbine, such distortions have 
in times past occasioned serious strips, whilst with 
the rival arrangement the shaft has heated where it 
touched the diaphragms, and has become bent, and 
broken. The dangers of a strip have been practi- 
cally eliminated since the introduction of tipped 
blades, but freedom from distortion is still impor- 
tant, as it enables clearances to be maintained at 


a minimum, with a consequent economy in the 
use of steam, and the precautions taken to this 





end in the turbine which we illustrate this week 
are well worthy of examination. The turbine-casing 
merely rests on the bed-plate, being neither cast 
with nor bolted to the latter. The bed-plate is, in 
short, an absolutely distinct casting, its arrange- 
ment being best seen in Fig. 11, page 3, this 
view showing it in the mill having seats bored in at 
each end, which in the first place receive the feet 
or projections by which the weight of the casing is 
transmitted to the bed. These projections are 
best seen in Fig. 3, which is a longitudinal section 
through the casing. The boring of the turbine 
cylinder and the machining of these cylindrical 
feet is effected at one setting, so that the finished 
surfaces are truly co-axial. The bored seats in 
the bed-plate also receive cylindrical shells, in 
which are arranged the main bearings of the tur- 
bine. One of these shells only is clamped in its 
seat, the other being free to slide axially, so that 
both rotor and casing of the turbine are under no 
constraint so far as longitudinal expansion is con- 
cerned, and the latter is, moreover, free to rotate in 
its seats, and cannot therefore be distorted in the 
process of coupling it up to the steam-pipes and to 
the condenser. This arrangement, which, we should 
add, has been patented by the Brush Company, 
seems to have many good features, since, in addi- 
tion to ensuring the absence of strains due to 
thermal distortion, it gives no loophole for an 
injudicious or inexperienced erector to pull the 
casing out of shape when finally assembling the 
machine. In fact, all the vital parts go automati- 
cally into alignment. The weight of the casing is 
sufficient to hold it securely in place, its rotation 
being prevented by a stop bearing on the bed-plate 
at one side. 

A plan of the casing is given in Fig. 4, Plate I. 
The upper half shows the joint with a groove ex- 
tending completely around it, inside the line of the 
bolts. A supply of steam at a little above atmo- 
spheric pressure is led to this groove, so that should 
any leakage take place, it will be from the interior 
outwards, and not a leakage of air into the turbine, 
which would not only spoil the vacuum with which the 
economical use of the steam is so closely associated, 
but the location of the leak would also be very 
difficult to detect. A good view of the cover of the 
casing is given in Fig. 12, page 3, in which it is 
also possible to make out the steam groove above 
referred to. Fig. 5 shows a section through the 
exhaust - port of the turbine, which measures 
3 ft. 8in. by 2 ft. 2in. A section through one of 
the steam-ports is given in Fig. 6. The steam- 
valve box is bolted to the bed-plate of the turbine, 
and connected to the casing by flexible couplings 
only, thus avoiding the possibility of any distorting 
stresses being communicated to the cylinder by these 
connections. A detail showing the construction of 
one of these couplings is given in Fig. 33, page 6. 
This is built up out of copper-sheet and tubing with 
flanges brazed on. The connections between the 
tubing and the expansion-plates are both riveted 
and brazed, the rivets being of copper. These ex- 
pansion-plates are cut from No. 16-gauge sheets, 
and are also both riveted and brazed to a ring 
at their outer edges. As will be seen from Fig. 2, 
a by-pass valve is provided at the coupling end 
of the turbine, by opening which the first groups 
of blades at each end can be short-circuited, thus 
allowing the turbine to take a substantial overload. 

The drum is a hollow steel forging having an 
elastic limit of about 20 tons per square inch and 
an ultimate strength of 36 tons. Each end shaft 
has a flange 1 ft. 95 in. in diameter and 3.in. thick, 
by which it is secured to the drum by fifteen studs 
screwed to 1-in.standard gas-threads. There are also 
at each flange three symmetrically disposed driving- 
pins, 1} in. in diameter at the smallest end and 
turned to a taper of 1 in 48. These are driven into 
reamed taper holes, and prevent the possibility of 
any relative motion of the drum and the end 
shafts. These pins, when home, are sunk below 
the surface of the flange, the metal of which is 
burred over soas to lock them in place. The studs 
which secure these end shafts are riveted over the 
nuts when the latter are screwed home, and the 
flange metal is, moreover, caulked round each nut, 
thus effectually preventing any possibility of slack- 
ing back. The fin shown near the centre of the 
drum serves to direct the steam flowing from the 
last rows of blades into the exhaust-port. 

The rotor carries at each end fifteen rows of 
blades, the shortest being { in., and the longest 
3 in., in height. These blades are of brass, and 
the grooves into whieh they fit are ; in. deep by 





2 in. wide in the case of the first eleven rows of 
lades, and %§ in. in the case of the last four. 
Each groove has three serrations in. deep, turned 
on each side, into which the metal of the spacers 
or distance-pieces is forced, on caulking the blades 
into place. Blades thus caulked will pull in two 
sooner than they will draw out. 

In blading a turbine the blades and distance- 
pieces used to be placed one by one in the grooves 
turned to receive them, the complete operation 
requiring several weeks in the case of a large 
turbine. The Brush Company have accordingly 
adopted the process of assembling the blades into 
sectors whilst the rotor and casing are being ma- 
chined. These sectors, each consisting of, perhaps, 
forty blades and spacing-pieces, are then fitted into 
the grooves as units, each of which subtends an 
angle of 45 deg. In forming these unit groups the 
blades are drilled at the root, as also the spacing- 
pieces, and the whole strung on a wire, being 
subsequently mounted on a jig having the same 
curvature as the rotor or drum of the casing. The 
end spacers are soldered to the wire on which the 
whole are assembled, and after adjusting the blades 
the whole group, whilst still in the jig, there is 
silver-soldered to it a brass wire, which passes 
through the blades near their tips. This operation 
completed, the sector can be removed from the jig 
and put into store until the rotor is ready to receive 
it, when it is, as one unit, secured in its groove 
by caulking in the spacing-pieces between the 
blades. The blades are all thinned at the tips in 
accordance with what is now standard practice in 
the construction of this type of turbine. 

The end shafts are turned in the one case to take 
the thrust-block, and in the other to take the 
coupling by which the turbine is connected to the 
generator. The collars for the labyrinth packings 
are also turned on these shafts, as well as an oil- 
thrower, as indicated at the inner end of each journal 
in Fig. 2. To facilitate the operation of balancing, 
each end of the drum is divided into 12 spaces, 
which are numbered so that the two ends correspond. 
After being balanced ‘‘ statically” on knife-edges, 
the rotor is mounted on a couple of bearings and run 
up to 20 per cent. overspeed. Both of the bearings 
are spring-mounted, being capable of vibrating 
through about , in. if the rotor is out of balance. 
The rotor, whilst in rotation, is marked with 
coloured pencils, and these marks, when the balance 
is perfect, extend right round the circumference 
of the drum, whilst, so long as the balance is 
defective, they subtend a greater or lesser arc. 
Actually the balance is adjusted till the defect 
from perfection is of the order of 1 oz. in a rotor 
weighing 2 or 3 tons. Fig. 13, page 3, shows the 
rotor complete, ready to go to the balance-testing 
machine. 

The construction of the glands is clearly shown 
in Figs. 7 to 9, Plate I. The special feature of 
this gland, as compared with previous patterns of 
the extremely ingenious labyrinth ikon origi- 
nated by Mr. Parsons, is shown to an enlarged 
scale in Fig. 10,-where it will be seen that 
the steam is wire-drawn at two points in each 
groove in place of at one only. The packing- 
strip, cross-hatched in Fig. 10, nearly touches 
the groove in the rotor, both at the side and 
at the bottom. The clearance between the pack- 
ing-strip and the side of the groove is adjust- 
able. In the case of the gland at the coupling 
end of the turbine, this. adjustment is effected 
by the micrometer attachment to the thrust-block, 
by means of which the whole rotor can be traversed 
axially in or out. At the other gland the clearance 
is adjusted by shifting the gland bush, the latter 
being located by the rings shown at r in Fig. 9, 
which are turned up to their final thickness after 
the erection of the turbine. The gland bushes, it 
will be seen, are made in halves, bolted together, 
as shown to the right of Fig.8. They are prevented 
from moving on their seats by locking-plates secured 
by countersunk set-screws, as indicated to the left 
of the same figure. A supply of steam is admitted 
to the gland at A, and the leak-off passes through 
B to the groove cut in the casing joint, as pre- 
viously explained. 

As already mentioned, the spherical seating bear- 
ings on which the rotor rests are mounted in cast- 
iron shells, which are turned to a sliding fit for the 
seats bored in the bed-plate of the machine. The 
construction of the shell for the thrust end of 
the turbine is shown in detail in Figs. 15 to 20, 
page 5, though the arrangement of the bearing 
and thrust-block within it is perhaps more clearly 
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indicated in Fig. 2, Plate I. At one of its ends the 
shell supports the bearing, and at the other the 
thrust-block. The pinicn by which the goveinor 
and oil-pump are driven comes between the two 
as indicated. Views of the main bearing showing 
the cast-iron bush and the white-metal lining are 
given in Figs. 21 and 22, annexed. On the lower 
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9 ToC.L.of Bear 9 To C.L.of Bear 983" 


half of the bearing two gun-metal safety strips 
extend the full length of the brass, extending 
almost through the white metal, being but four mills 
below the surface of the latter. These are intended 
to receive the shaft journal and prevent a ‘‘ strip,” 
should the white metal be soled ‘out, owing tothe 
oil supply failing through some accident. In one 
case an erector left a piece of waste in the oil-pipe, 
but, though the white metal fused, the safety strips 
prevented serious damage being done. The two 
halves of the bearing are held together by four 








}}-in. turned bolts. The 
Fig. 22 prevents the bolt dropping when the upper 
half of the bearing is disconnected. 

The thrust-block is shown separately in Fig. 23. 
Both halves of it are locked together and adjusted 
simultaneously, the grooves which receive the shaft- 
collars being about 2 mills wider than the latter. 
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Oil is supplied to this block and to the bearings 
under a pressure of about 20 1b. per square inch, 
the amount circulated being about 25 gallons per 
minute. 

The flexible coupling by which the drive is com-! 
municated to the generator is of the claw type, 
and is illustrated in detail in Figs, 24, 25, and 26. 
Each half of it is bored taper to fit a cone on 
the shaft, and is held in position by a fine threaded 
(eleven per inch) nut, securely locked in position by 
plates fitting into a slot machined in the face of | 








}-in. grub-screw shown in | 
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the half coupling and turned up over two of the 
flats of the nut, after the latter has been screwed 
home. A good view of this coupling complete and 
in position is given in Fig. 14, pase 3. 

The designed speed of the turbine is 2000 revolu- 
tions per minute, and the governor fitted can main- 
tain this within a limit of 24 per cent., provision 
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being also made for speeding it up or down to suit 
the voltage desired at the generator terminals. The 
turbine drives the governor spindle through spiral 
gearing. This spindle at its lower end operates 
the oil-pump, which is of the positive rotary type, 
and carries also the emergency governor. Sec- 
tions showing the details of the governor gear are 
represented by Figs. 27 to 32, page 6. The 
main governor is of the oil relay type, taking its 
supply from the lubricating service. The goveinor- 
alte, the design of which has been patented by 
the builders, is shown to the right of Fig. 28, and 
consists of a cylindrical shell, which is raised or 
lowered from or to its seat. The latter is ncar the 
throat of a convergent-divergent pipe, an arrange- 
ment which permits of a relatively light valve con- 
trolling with little frictional loss the flow of a very 
large volume of steam. The velocity of the latter 
at the point where it is regulated is high, and 
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THE BRUSH EXHAUST-STEAM TURBINE. 


CONSTRUCTED BY THE BRUSH ELECTRICAL ENGINEERING COMPANY, LIMITED, LOUGHBOROUGH. 
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up with it one end of a long aluminium lever 
extending from the sliding collar to the valve 
The relay-valve is connected to this leve! 


sure energy in the diverging portion of the pipe. controlling the supply of the oil to the relay cylin- | by the link- work shown. If the speed increases, 
The piston in the relay cylinder has, it will be | der are shown a little to the right of the governor | the relay-valve is raised, admitting oil pressure to 
seen, a spring above it, which forces down the|in Fig. 28. As the governor sleeve rises it carries | the top of the relay cylinder, and thus forcing down 


thus a small area can pass a large volume. The |valve shutting off the steam, should the oil pres- 
kinetic energy of the steam at this constriction | sure fail, a circumstance which would, of course, | 


is, however, quietly reconverted back into pres- a the bearings of the turbine. The valves | spindle. 
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600-KILOWATT BRUSH-PARSONS EXHAUST-STEAM TURBO-DYNAMO. 
CONSTRUCTED BY THE BRUSH ELECTRICAL ENGINEERING COMPANY, LIMITED, LOUGHBOROUGH. 
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the governor valve. The latter carries down with 
it the aluminium lever, and in so doing restores 
the relay-valve to its normal position. 

The emergency governor is of very simple con- 
struction, its details being clearly set forth in 
Figs. 30 and 31. It consists of a couple of pivoted 
weights which are held by springs tight against a 
central boss until the speed of the turbine exceeds 
the normal by 10 per cent. The centrifugal force 


























then overcomes the tension of the springs, and 
increasing rapidly as the centre of gravity of the 
pivoted weights gets further from the centre of 
rotation, these weights practically instantaneously 
move up against their stops, in which case they 
protrude (as indicated by the dotted line in Fig. 31) 
through the wall of the casing. In this position 
they strike the tail of a paw! and release a rod 
which had previously held the emergency governor- 
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valve open. This valve is of the ordinary throttle 
type, as represented in Fig. 28 to the left of the 
main governor-valve. Normally this valve is held 
open against the tension of a strong spring by the rod 
just mentioned, which is, moreover, clearly shown 
in position in Fig. 29; but when this rod is released 
by the emergency governor, the spring instanta- 
| neously closes the valve and shuts off the steam 
from the turbine, After the emergency governor 
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has acted, the valve requires to be opened by hand, 
which is effected by pulling back the hand-wheel 
shown in Fig. 28. 
On trial at the builders’ works the following 
figures as to steam consumption were recorded. 
Water-Consumption Tests on 600-Kilowatt Exhaust- 
Turbine Sct. 
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The continuous-current generator, which has also | 
been constructed by the Brush Company, is rated | 
to give 660 kilowatts when run at its designed speed 
of 2000 revolutions per minute. Its principal 
characteristics are well shown in Figs. 35 and 36, 
The voltage is 230, and the current 2600 amperes. 
In the design of turbo-dynamos by far the most | 
troublesome problems that arise are of a mechanical 
rather than an electrical nature. A _properly- 
designed machine with commutating poles and 
compensating winding can be relied upon to run 
satisfactorily if its mechanical features are such as 
to ensure smooth running with an absence of 
vibration. The latter is liable to arise from the 
arnature getting out of balance, and hence it is 
mo:t essential that every item in its make-up 
sha)l be fixed so thoroughly that it cannot possibly 
move. The insulation used in the machine illus- 
trated, the design of which is due to Dr. M. Kahn, 
is mainly mica, which is kept very thin, so as 
to reduce the possibility of the winding shift- 
ing slightly from a shrinkage of the insulation. 
Every part is balanced separately during the con- 
struction of the machine, and the shaft is made as 
stiff as possible, so as to reduce to a minimum the 
deflection due to the weight of the armature, or 
arising from any residual want of balance. ‘To 
secure the maximum stiffness consistent with the size 
of the hole through the armature, the shaft has 
a star-shaped section, as best seen in Fig. 36. The 
spaces between the arms of the star serve as venti- 
lating ducts, by which the air enters to cool the 
machine. When the fins which separate the arma- 
ture from the shaft are separate from the latter, as 
is the more usual construction, there is a great loss 
of shaft stiffness. The arrangement illustrated has 
an especial value in the case of the particular 
dynamo shown, since the current, being 2600 
amperes, a very long commutator was required, 
which in its turn involved a lengthening of the 
machine between bearings. The deflection with 
a given shaft increases as the third power of the 
length. 

1t will be seen, on referring to Fig. 35, that the 
commutator is cooled internally as well as from the 
outside, since a part of the inlet air is drawn 
through the fluted shaft under the full length of 
the commutator. 

Another special feature of the machine is the 
arrangement of the equaliser connections on the 
commutator near the outer bearing. When these 
are arranged in the back end of the armature, they 
are difficult to fix, and interfere with the simple 
and strong mechanical construction of the end 
windings, while when located between the commu- 
tator and the armature they are inaccessible. By 
connecting them up to the commutator the circum- | 








ferential speed, and consequent centrifugal strain 

in these connections, is considerably reduced. | 
They have therefore been placed on the commutator 

near the outer bearing, and are, it will be seen, 

completely enclosed, thus «voiding the possibility 

of any lodgment of dirt or oil, The same idea of 
completely enclosing the winaings has been adopted, 

as far as was feasible, throughout the whole design 

of the armature. 

The machine shown has now been in service for 
over seven months, and has proved so satisfactory in 
service that Messrs. Workman, Clark, and Co. have | 
arranged for a second similar unit to be installed. 





| 








Trapr.—Advice has been received from the Sulitelma 
Company's mines in Norway that for the month ending 
May 50, 763 tons of concentrates, containing 6.22 per | 
cent. copper, were produced by the Elmore process. | 


ALIGNMENT CHART FOR DETERMIN. 
ING SPECIFIC VOLUMES OF STEAM. 
By Wiu1am J. Goupie, B.Sc., A.M.I. Mech. E. 
Tus chart, based on the recently-published 
values of the specific volumes of saturated and 
superheated steam given in Marks and Davis’s 
‘*Steam-Tables,” has been designed by the writer 
with a view to reducing the labour of calculation 


and interpolation when volumes cannot be ob- 


tained by direct reference to the tables. 
From a careful examination of the values of the 
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Alignment Chart for the Determination of the Specific V 


being given approximately by this linear function of 
the superheat, which may be denoted by c, the 
graphical determination of the volume of super- 
heated steam becomes an easy matter. 

Equation (1) takes the form v, = ¢ v, and trans- 
forming this into the logarithmic form it becomes 

logts = loge +logr . . (2) 

Equation (2) can be readily thrown into the 
graphical form of an alignment chart. 

This chart is shown by the annexed diagram, which 
has, on account of the exigencies of space, been 
reduced to about half the size of the original. 





7olume 
of Wet and Superheated Steam. . 


For superheated steam the chart is based on the equation 


te =cr, 


specific volume of saturated steam at pressure P. 
fic volume of superheated steam at pressure P. 
(1 + 0.0016 ¢, ), and ¢, = degree of superheat, Fahr. 


The value of (c) as a linear function of the superheat (¢, ) has been 
deduced from the volume values given in Marks and Davis's “* Table of the 
Properties of Superheated Steam.” 


Instructions. 


Place a celluloid set-square or a straight-edge on the paper, with its edge 
on the pressure value on the scale at the left, and on the “quality” value 
(superheat or dryness fraction) on the scale at the right, and read the specific 
volume of superheated or wet steam (7s or ;), where the edge crosses the 
corresponding scale of volumes. 
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specific volumes of superheated steam (v’ ) given in| 
the above-named tables (which may be taken as| quality scale on the right-hand side is marked with 
fairly representative of the most recent experi-| degrees of superheat above the saturation line, and 
mental results), the writer has found that a simple | with dryness fraction below it. 

relation exists between the saturation volume (+) at | 
any given pressure and the superheated volume | values of the function (c)figured with the correspond- 
|(*, ), when the steam is superheated through any | ing (¢,) values. The lower dryness fraction (q) scale 
degree of superheat (¢, ) at that pressure. 


If the value of the ratio ” 


v 
figures in this set of tables is plotted on a base of 
superheat (¢, ), a mean straight line can be drawn 
through the points, the equation to which is 


"se = 1 + 0.0016 t, (1) 


v 


This equation, if applied over a range of pressures 


If then the ratio of the volumes is assumed as 


obtained from the} 
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It consists of four scales on parallel lines. 


The upper (¢,) scale is a logarithmic scale of the 


| is an ordinary logarithmic scale. 
| he pressure scale on the left-hand side is a log 
scale of the volumes of saturated steam (v) figured 
with the corresponding pressure (P) values. 
The scales in the space between the (P) and (¢, ) 
| scales are ordinary log. scales representing the value 
of the superheated volume (v,) and wet steam 
volume (,v). 
A line drawn from the quality value on the right- 
hand scale, to any pressure value on the left-hand 


from 1 1b. per square inch to 400 lb. per square scale, cuts the (v, ) or (;r) scale at the correspondin 
|inch, and superheat from 0 deg. Fahr. to 400 deg. | specific volume value. 

Fahr., will be found to give values of (v,) which do 
|not differ by 1 per cent. from the tabular values. designers ; and the following outline of the method 
| The equation therefore ensures a degree of accuracy of constructing it is given, to enable those who 
quite sufficient for most practical purposes. 


The chart should prove serviceable to turbine- 


wish to use it to draw it down ona practicable scale. 
It can easily be shown, from the principles of 
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co-ordinate geometry, that if the unit length of the 
log ¢ scale is 1, inches, and the unit length of the log v 
scale is 1, inches, the unit length of the log v, scale 
must be made equal to 

= 4 ly - 
ls i (3) 

It reduces the labour of construction consider- 
ably if a ready-made log scale is used for the log v 
yalues (on AG). 

On the original chart the upper scale of a 10-in. 
slide-rule has been used, which gives 

l, = 4.93 inches. 

This log scale is laid off on A G, with the unit 
value at A, and the pressure values are marked on 
it at the corresponding values of the saturated 
steam volumes (v), obtained from the tables. 

The unit of the log ¢ scale is arbitrarily chosen. 
Since the value of c ranges from 1 to 1.64 between 
() deg. Fahr. and 400 deg. Fahr. superheat, a large 
unit length is necessary in order to get a fairly 
open scale. In this case a value of J, = 30 in. 
has been chosen. The scale is plotted on B D by 
a step-by-step process, the values being set off 
along B D from the point B on the horizontal A B. 
For example, to locate the ¢, = 100 value of this 
scale, since c = (1 + 0.0016 ¢, ) = 1.16, andlog c = 
0.0645, the ordinate h = 30 x 0.0645 = 1.935 in. 

The distance X between the two outer scales can 
be arbitrarily chosen to suit the available width of 
the paper used. In order to get the original com- 
bination in the width of a foolscap sheet, a dis- 
tance X = 6 in. was chosen. 

With regard to the location of the superheated 
volume (v, ) scale, it can be shown that this scale 
should so divide the distance X into two parts x, 


and x,, that the ratio _ ' 
Xe . 
In this case, since X = 6in., 1, = 30in., 1, = 
4.93 in., then de ee 6.1, and x, = - = 
l, 4.93 a 
0.845 in.; a, = (6 —0.845) = 1.155 in. 


The unit length of the log v, scale from equation 
(3) is 
= h ty 30_x_ 4.93 = 4.23 in. 
h+& 34.93 
This scale can be easily derived from the slide-rule 
log scale by the ordinary construction for the pro- 
portional division of lines. 

With regard to the dryness fraction scale, whose 
unit value coincides with the point B on BD, any 
convenient log scale can be used for it. This scale 
on the original has a unit length of 1, = 5.5 in. 
Since the unit length of the log v (Press scale) 
is 1, = 4.93 in., then, as before, from equation (3) 
the unit length of the log ,v scale is 

1 - hh _9x58_o9 
a hth 10.48 

Then with X = 6 in., 1, = 5.5,1, = 4.93, “| = 
= i = 2.84 in.; 2, 

2.115 


599 in. 


5.5 


—_.== 1,115 in. and +, 
4.93 
= (6 — 2.84) = 3.16 in. 

The log ,v scale is set off along H, with its unit 
value at H. 

Larger scale units than those suggested here can, 
of course, be adopted when readings to a finer 
degree of accuracy than those obtainable on the 
original chart are desired. 

This chart, when drawn at the side of a tempera- 
ture-entropy (T ¢) chart having ‘‘ heat content” 
and ‘* quality” curves, or on a ‘‘heat-entropy ” 
(H ¢) chart having ‘‘ quality ” curves, forms, with 
either, a useful combination for the solution of 
certain steam-turbine problems. 

From it the three most important factors, 
quality, heat content, and specific volume, at any 
stage of an expansion can at once be determined 
hy inspection. 





Tue Errects or Synpicates.—The industrial world 
in Germany seems on the whole to view the syndicate 
movement with favour and confidence. This was con- 
firmed at the recent general meeting of the representa- 
tives of the Diisseldorf pipe industry. The Board stated 
that the pipe works proper were in a precarious posi- 
tion. They were bound to buy raw materials, lead, for 
instance, from works which themselves manufactured 
pipes. So long as the selling of all the works was regu- 
lated by the syndicate there had been no difficulties, but 
n the meantime keen competition has sprung up in 
pipes outside the syndicate. The syndicate would termi- 
nate on June 30, and the competition which would then 
ensue would force the prices down, and dividends could 
no longer be kept up at the figures of the past. 


THE ROYAL AGRICULTURAL 
SOCIETY’S SHOW. 
(Concluded from page 819 of our last volume.) 
UnrortunaTteLy for the Royal Agricultural 
Society, the fine weather which marked the open- 
ing day of their Show at Liverpool was succeeded 
by a spell of cold and wet, which was maintained 
with little interruption up to the close on Saturday 
evening last. The conditions were nevertheless 
less wretched than at Gloucester last year, but the 
change for the worse in the weather put an imme- 
diate end to any prospect of exceeding or even 
approaching the attendances registered two years 
previously at Newcastle, when during the four days 
on which the Show was open 213,867 passed the 
turnstiles. At Gloucester the visitors numbered 
88,396, the corresponding figure at Liverpool being 
136,530. 
Sream-Enoixes anp TRACTORS. 


In our last issue we dealt with most of the prin- 
cipal steam-engine exhibits. In addition to the 
road-rollers, to which we more particularly referred 
in our description, last week, of the stand occupied 
by Messrs. Aveling and Porter, of Rochester, that 
firm also exhibited a compound steam ploughing- 
engine and a steam-wagon, and of these we now give 
illustrations in Figs. 5, 6, and 7, on page 10. The 
general arrangement of the ploughing-engine is well 
shown in our engraving. Like the tirm’s standard 
steam-rollers, it is fitted with compound engines. 
The arrangement for driving the drum is novel, and 
provides for relieving the crank-shaft of all end 
thrust. With this object a horizontal counter-shaft 
is provided between the crank-shaft and the vertical 
shaft by which the drive to the winding-drum is 
transmitted, the one shaft driving the other by 
means of bevel-gearing. The vertical bevel-whceel 
is itself driven by sliding spur-gears on the crank- 
shaft, two alternative speeds of winding being thus 
provided for. The two sliding spur-wheels on the 
crank-shaft are so fitted that it is impossible for the 
two to be in gear at the same time. In fact, when 
the larger is in gear the smaller is housed within it. 
The steam-wagon illustrated by Figs. 6 and 7 has 
been designed to comply with the requirements 
of the Motor-Car Act. It is fitted with rubber 
tyres, and is spring-mounted back and front. 
The boiler is of the horizontal multitubular type, 
and, together with the engine, follows much the 
lines of the firm’s standard practice in heavy traction- 
engine work. A pitch-chain is used to transmit 
the drive to the back axle, which is fitted with a 
differential-gear. The whole of the gearing is of 
steel, machine-cut. The speed-gear can be changed 
without necessitating the driver dismounting from 
the foot-plate, and the control-levers are arranged 
to facilitate the easy handling of the engine, which 
can conveniently be driven by a single attendant. 

Messrs. Wallis and Steeven, Limited, of Basing- 
stoke, are amongst the firms who are taking part in 
the forthcoming trials of agricultural tractors. The 
machine entered by them is steam-driven, having a 
compound engine of the enclosed type, with the 
moving parts running in an oil-bath. A plough is 
arranged both at front and back of the tractor, 
either of which can be put in action alternatively. 
The tractor can thus plough either when moving 
forwards or backwards, and the necessity of turning 
on the headlands is avoided. 

Steam-wagons were shown by the Yorkshire 
Patent Steam - Wagon Company, of Hunslet, 
Messrs. William Allchin, Limited, of Northamp- 
ton, and Messrs. Foden’s, Limited, of Sandbach. 
Some fine traction engines and a large compound 
road locomotive were on view at the stand of 
Messrs. Charles Burrell and Sons, Limited, of 
Thetford, and mention should also be made of a 
powerful showman’s engine exhibited at the stand 
of Messrs. William Foster and Co., Limited, of 
Lincoln. Showmen, indeed, seem to employ some 
of the finest road locomotives at work on English 
roads. The same firm also show a compound spring- 
mounted tractor representing a type of which two 
have recently been supplied to the Government of 
Natal for service in that Colony. Colonial roads 
have a somewhat evil reputation, but a couple of 
well-built tractors fitted with winding-gear and 
working in conjunction could, were they certain of 
water supplies, cross a trackless continent. 

The principal exhibit at the stand of Messrs. 
Ransome, Sims, and Jefferies, Limited, of the Orwell 
Works, Ipswich, was a compound traction engine 








rated at 6 horse-power nominal. This is spring- 





mounted, having two-speed gear, and a winding- 
drum holding 50 yards of steel-wire rope. A small 
tractor built to conform to the requirements of the 
Motor-Car Act was also shown, whilst other exhibits 
included a two-cylinder portable engine rated at 
16 horse-power nominal. 


Gas AND O1L-ENGINEs. 


In our last issue we explained briefly the con- 
struction of a new pattern of oil-engine, shown at the 
stand of the National Gas-Engine Company, Limited, 
Ashton-under-Lyne. We now give on page 11 illus- 
trations (Figs. 8 and 9) showing the arrangement of 
the oil-pump and the valve-gear. The governing of 
the engine is effected by regulating the quantity of oil 
admitted to the cylinder each working stroke. This 
oil is forced in by an oil-pump, the plunger of which 
is depressed by a floating lever actuated by the cam- 
shaft, and is returned by a spring. One end of the 
floating lever is arranged to engage with one or 
other of three steps ona block, the height of which 
is regulated by the governor. This block forms 
the fulerum for the oil-pump lever, and the lower 
the step engaged the longer is the stroke of the pump 
and the greater the quantity of oil pumped into 
the cylinder. At full load the block is lowered 
by the governor entirely clear of the floating lever, 
which in that case engages with a plate at the back 
of the three-step block, which thus forms then the 
lever fulcrum. In this case the oil-pump makes 
its maximum stroke. At the same time the end 
of an adjustable set-screw on the oil-pump lever, 
best seen in Fig. 9, engages with the plunger of a 
water-injection pump shown at A, and sprays a 
quantity of water in the cylinder. This water- 
pump is operated only when the oil-pump lever 
makes its maximum stroke—that is to say, when 
the engine is taking its full load; whilst at all times 
in which the three-step block forms the fulcrum for 
the floating lever, the end of the set-screw fails to 
reach the plunger of the water-pump. This auto- 
matic cut-off of the water supply at light loads 
greatly facilitates the maintenance of the tempera- 
ture of the ignition-tube, and as a consequence the 
engine can runindefinitely under no load. A small 
portable oil-engine of this type was exhibited, 
running absolutely light for many hours at a time. 
With these engines a lamp is used to heat up the 
vaporiser and ignition-tube at the outset ; but once 
the engine is fairly under way, the lamp is removed 
and the ignition maintained automatically. 

As anew implement Messrs. Barford and Perkins, 
of Peterborough, exhibited a motor-roller, especially 
equipped for the immediate repair of worn patches 
on roads, on the principle that a stitch in time 
saves nine. The machine is essentially their stan- 
dard heavy roller, weighing 6 tons empty and 8 tons 
loaded with its water-ballast. It is driven by an 
engine developing 19 horse-power on the R.A.C. 
rating, and designed to be started up with petrol 
and continue working on paraffin. Its special 
feature consists of a large double-walled tank 
mounted over the back roller. The inner space in 
this tank holds the water necessarily used in making 
road repairs, whilst the interspace or jacket between 
the inner and outer walls of the tank contains the 
cooling water, no other radiator being fitted. A 
trough fitted behind the roller serves to carry the 
metal necessary for repairs, so that the roller con- 
stitutes in itself a complete equipment for road 
repair, and is independent of separate stone and 
water-carts. As it is self-propelling, repairs can bo 
made even at distant points at the earliest possible 
moment after the damage has been discovered. 
Nothing is more costly in the end than neglected 
injuries to a road surface, and the roller shown 
should prove of no little assistance in effecting the 
highly desiderated reduction in the present cost of 
road maintenance. Provision is made, it should be 
added, for using the water in the ballast-tank for 
keeping the surface of the rollers moist when rolling 
tar-macadam, which is thus prevented from stick- 
ing to theroll surfaces. We hope to publish draw- 
ings of this roller ina future issue. 

The number of exhibits of small petrol-motors 
is steadily increasing, and their light weight and 
simplicity evidently make them popular with users 
whose power requirements are so small or so inter- 
mittent as to render the question of fuel cost a 
consideration of very minor importance. Not many 
years ago such engines were nearly always im- 
ported, whilst the heavy-oil engines were prac- 
tically exclusively of domestic manufacture. The 
latter still remains the case, but our own manufac- 








turers are year by year attacking more and more 
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EXHIBITS AT THE LIVERPOOL SHOW. 


CONSTRUCTED BY MESSRS. AVELING AND PORTER, LIMITED, ENGINEERS, ROCHESTER. 
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strongly the monopoly previously held abroad in oS Saas same during idle strokes. The cylinder is water-jacketed, 
the construction of light petrol-engines for farmers’ os == Fig. ——— ==== the water being cooled by being discharged over 
use ; and on the present occasion the majority of a cone of wire gauze, which conducts it to the 
the exhibits in this class of engine were of British i | i g \O cold-water tank, whence it is returned to the 
make. a, aes jacket again by a pump. 

The International Harvester Company, of Great Messrs. Fairbanks, Morse, and Co., Limited, of 
Britain, 80, Finsbury Pavement, E.C., showed a a) 87, Southwark-street, London, also showed a number 
number of these light motors of American design, of petrol-engines, the smallest being rated at one 
the largest being rated at 4 horse-power. These ae + EE parame eas 1 brake horse-power. The exhibit is very similar to 
are fitted with low-tension magneto ignition, the that made last year at Gloucester, the distinctive 
armature of the magneto being vibrated only when feature of the engines being a friction drive for 
the engine takes acharge. The governing is effected the magneto. 
by holding the exhaust-valve open. The inlet- The Eagle Engineering Company of Warwick 
valve is automatic, and is interlocked with the AS . Je 5 showed a number of vertical petrol-engines, built 
exhaust-valve, so that it can open only when the M795.C. very much on the well-tested motor -car lines, 
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latter is shut. There is thus no waste of petrol Fies. 6 anp 7. Sream-Wacon. being fitted with mechanically -operated valves 
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OIL-ENGINE WITH VARIABLE OIL-FEED GEAR AT THE LIVERPOOL SHOW. 


CONSTRUCTED BY THE NATIONAL GAS-ENGINE COMPANY, LIMITED, ASHTON-UNDER-LYNE. 





throughout, and with high-tension magneto igni- 
tion. The latter is of special interest, as the 
fixed sparking-plug has many advantages over the 
moving contacts necessarily employed with the 
low-tension system. The one advantage formerly 
held by the latter—namely, ease of starting—is 
retained in the ‘‘ Eagle” engines by the adapta- 
tion of the high-tension magneto to a trip-drive. 
As in the low-tension system, the armature is rotated 
by the engine through an arc of a circle, against 
the tension of a powerful spring, and is then sud- 
denly released. As it flies back it generates the 
current necessary for ignition. Since in its work- 
ing swing the speed of the armature depends solely 
on the strength of the spring driving it, and not on 
the speed of the engine, the voltage attained is the 
same when starting the engine as when the latter 
is fully under way. The same form of ignition is 
adopted with an engine, shown by Messrs. Capel 
and Co., of Dalston-lane, N., who, in addition to a 
petrol-engine rated at 54 brake horse-power, showed 
a smaller engine designed to work on either petrol 
or paraffin, this latter being also fitted with the 
high-tension magneto. This engine is designed to 
be started on petrol, and the exhaust gases 
are utilised to heat up the carburettor, which 
will then work with the heavier fuel. A varied 
selection of petrol-engines was also exhibited by 
Messrs. E. H. Bentall and Co., of Heybridge, 
Maldon, Essex, and by the Bristol Wagon and 
Carriage Works Company, Limited, of Bristol. 

An interesting adaptation of the petrol-engine to 
sheep-shearing was exhibited as a new implement 
by Messrs. R. A. Lister and Co., Limited, of 
Dursley, Gloucester. In this case a 4-horse-power 
engine was, together with its water-tank and cooler, 
mounted on a light road-carriage, and arranged 
to drive by flexible shafting a pair of sheep-shears. 
A somewhat similar plant was shown by the 
Wolseley Sheep - Shearing Machine Company, 
Limited, of Birmingham, and the arrangement 
seems likely to prove highly useful in practice. 

The Cyclone Agricultural Tractor Company, 
Limited, of Moorgate-street, London, E.C., showed 
the two tractors which they have entered for the 
forthcoming trials to be conducted by the Royal 
(\gricultural Society during August. One of these 
is fitted with an engine rated at 25 horse-power, 
whilst the other has engines of double this power. 
The latter is said to be capable of hauling 10 tons 
when employed as a tractor and of driving the 
largest class of thrashing-machine. A special 
feature of these tractors is the provision made for 
driving a mowing-knife direct by a connecting-rod 
operated from the engine crank-shaft. 


MISCELLANEOUS EXHIBITS. 


In the New Implement Class Messrs. Clayton 
and Shuttleworth, of the Stamp End Works, 
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Lincoln, entered a thrashing-machine’ fitted with 
an attachment by which, if desired, light grains 
of oats may be automatically separated from the 
bulk, with the result of greatly augmenting the 
market value of the residue. The separation is 
effected by means of a current of air, the strength 
of which is adjustable by opening or closing a 
shutter on the fan inlet. Self-oiling bearings are 
fitted throughout, and these are protected from 
the entrance of dust by fibre washers. 

As usual, there was a most extensive and complete 
exhibition of grinding and milling machinery of all 
kinds and types ; but experience has in most cases 
long since fixed the designs of these, and an ex- 
tended notice would amount to little more than a 
catalogue of makers’ names. 

An interesting refrigerating plant, a modification 
of the old Carré ammonia absorption system, was 
shown by Messrs. Werner, Pfleiderer, and Perkins, 
Limited, of Peterborough. The arrangement of 
this plant is very simple. The solution of ammonia 
is contained in a small boiler, heated from below 
by a gas-ring. As the ammonia is driven off it 
passes through a cooler, and thence into a receiver, 
where it condenses to a liquid. When all the 
ammonia has been evaporated from the water in 
the boiler, the temperature rises, and this rise of 
temperature is utilised to automatically cut off the 
gas from the gas-burner, and turn a flow of cooling 
water into a jacket surrounding the boiler. This is 
effected by means of a kind of Bourdon gauge, into | 
which water is sealed. If the temperature of this 
water rises, so does its vapour pressure, and this 
rise of pressure causes the tube to straighten, in 
doing which it releases a weight which in its fall 
operates the gas and water-taps. As the boiler is 
cooled by the jacket water, a rapid evaporation of the 
gas in the receiver is produced, as in the old Carré 
machine, and the latent heat absorbed in this process 
lowers the temperature in the receiver well below | 
the freezing-point. An advantage claimed in the 
machine is that the ammonia is sealed into it, and 
there being no moving parts as in compression 
machines, there is no gradual loss of the gas through 
imperfectly-packed glands. 

The Lamp- Pump Syndicate, Limited, of 12, 
Carey-street, Westminster, showed an improved 
form of their lamp-pump, the principal features of 
which have already been described in our columns. 
The pump in question is essentially a small low- 
pressure condensing engine, the boiler of which is 
heated by a paraffin blow-lamp. The water, as it 
passes through the pump, serves at the same time to 
condense the steam. As now arranged, the feed 
passes through a heater on its way to the boiler, 
which it enters nearly at the boiling point. A con- 
siderable economy of fuel is thus effected, and it is 
stated that the pump will lift 800 gallons to a height 


also now made for disconnecting the pump and 
using the engine for driving machinery, in which 
service it will wee horse-power. 

Messrs. W. H. Wilcox and Co., Limited, of 
Southwark-street, S.E., had a very comprehensive 
exhibit of engine fittings of various kinds. Amongst 
these was a new form of pressure-gauge intended for 
use on traction-engines, where the jar and vibration 
make it difficult to obtain a steady reading with 
gauges of the usual type. The new. gauge is con- 
structed on the lines of a steam-engine indicator, 
the piston-rod head moving a pointer over a dial 
by means of a rack and pinion. It is stated that 
the instrument is hardly affected by the severest 
vibration, the readings being practically dead beat. 
The ‘firm also showed a special pattern of the portable 
hand-facing machine, which we illustrated when de- 
scribing the exhibits at Gloucester last year. This 
machine is intended for truing up valve-chest faces 
in place, and the pattern shown has been designed to 
fit direct on to sem Fowler’s ploughing-engines, 
without the use of separate packings. It can, of 
course, be used for other engines by packing it up as 
may be required. 

Motor - propelled fire-engines were shown by 
Messrs. Sictputtiten and Sons, of Long Acre, 
whilst at the fire-station near the centre of the 
grounds Messrs. Shand, Mason, and Co. exhibited 
complete equipments for fire-extinction. 








THE DUSSELDORF INTERNATIONAL 
CONGRESS. 


WE now continue our report of the proceedings 
of the Congress on Tuesday, June 21, which was 
commenced on page 820 of our last issue. 


IMPROVEMENTS MADE DurRING THE Last TEN 
Years 1n Roture-Miit Construction. 


This paper formed a detailed and copious] 
illustrated contribution sent in by Mr. H. 
Ortmann, Vélklingen. The subject was dealt with 
in detail under four headings :—1. The rolling-mill 
proper—i.e., the housing, its fittings, and the rolls. 
2. The gearing—i.e., the mechanical parts which 
transfer the power from the engine to the rolls, 
and are located between the latter and the en- 
gine. 3. The prime-mover, steam or gas-engine, or 
electric motor. 4. All devices used for feeding the 
rolls and carrying the material in course of rolling. 
Owing to the better designing of the base of the 
housing frames and to the use of an improved 
cross-connection at the top part, the frame, the 
author said, was now more rigidly built. The 
semi-circular guides were referred to among the 
improvements ; they made it ible to effect 
mechanically the work which, with ordinary wire- 
rod mills, could hitherto only be carried out by 








of 100 ft., at a cost of 1d. for paraffin. Provision is 


manual labour. The introduction of closed-in 
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toothed-wheel housings, having large-sized wheels 
running in oil, provided with a good system of 
bearings lined with white metal, and the improved 
arrangement of these toothed wheels, consisting in 
connecting their housing to the engine-frame, had 
largely contributed to render the mills more safe in 
working. Better couplings were now also used. 
In regard to engines, exceedingly good evidence 
could be shown in favour of p Mo driving ; an 
effect of this had been to stimulate builders of 
engines for steam-driving Especially was this the 
case in connection with reversing-engines ; the latter 
now showed most favourable figures for steam con- 
sumption. Three-phase motors were now used, pro- 
vided with devices which allowed of variations in the 
speed of the mills ; the paper illustrated three such 
devices. The accessory machinery for feeding the 
rolls and conveying the rolled material was dealt 
with in detail. The paper was very complete, and 
was accompanied by a large number of illustrations. 

Mr. Spier, Frankfort, called attention to the 
electric motors built by Messrs. Felten and Guil- 
leaume Lahmeyerwerke, Frankfort, for heavy 
reversing rolling-mills, and to the electric devices 
built by the same firm for regulating the speed 
and recording power consumption. He instanced 
the armour-plate mill being built for Terni by 
Messrs. Schneider and Co., for which the Frank- 
fort firm were supplying the electric motors and all 
other accessory electrical machinery. 


Recent Resvits 1n GERMAN Rowumnc-MIL. 
PRACTICE. 


This paper was then read by the author, Dr.-Ing: 
J. Puppe, Dortmund. It was accompanied by 
diagrams showing the dependence of power con- 
sumption upon temperature; curves illustrating 
pressures and speeds for rolling an ingot weighing 
2550 kilogrammes (2.5 tons), measuring 500 milli- 
metres (19.6 in.) square at the foot, and 400 milli- 
metres (15.7 in.) square at top, down to a final 
section of 135 millimetres (5.3 in.) square. Other 
curves showed the relation between vertical pressure 
and temperature, and that between engine power 
and pressure in the journals. The losses at the 
various parts forming the mills were entered into in 
detail. : 

A German engineer, whose name we could not 
catch, complimented the author for the able way 
in which he had dealt with his subject. The paper 
was a most interesting one, in that it gave an 
indication of the manner in which both the power 
and the losses were distributed. The author had 
carried out careful measurements, and had stated 
the figures he had arrived at in the matter of power 
utilisation. 


On THE Cost or RuNNING THE VARIOUS TYPES 
oF BLow1nG-ENGINEs. 


r was read in abstract by the author, 


auritz, Nuremberg, who illustrated his 
He reviewed the 


This pa 
Mr. O. 
remarks by lantern - slides. 
following installations : — 

1. Steam driving (using coal or gas-fired boilers) :— 
(a) by reciprocating engines. 
(b) by steam-turbines. 
2. Gas-driven engines. 
3. Electric driving :— 
(a) using reciprocating blowing-engines. 
(b) turbo-compressors. 

The points under 1} and 3b were not entered 
into extensively, since turbines would hardly com- 
pete with reciprocating engines in this particular 
case and from the economical standpoint. In order 
to render the comparison accurate, the author had 
dealt throughout with the annual cost of running a 
4000-horse-power blowing-engine, in the case of an 
annual ingot steel production of 400,000 tons. 

The annual cost of running a 4000-horse-power 
blowing-engine was as follows :— 

1, Sinking fund and interest : 

Engine and foundations 
Building ... ie ~~ 
2. Water consumption : 
Per Ton of Steel Ingots. 
Steam blowing-engine . 7.3 em, 
Gas-driven engine ... se 
Electrically-driven engine... 0.125 ,, 
1 cubic metre was reckoned to cost 1 pf. 
(3d. per 1000 cubic feet). 
3%. W lubricant, material for cleaning, maintenance, 
and repairs : 
Per Ton of Steel Ingots. 
Steam blowing-engine, coal- 
fired boilers Bas ..  M, 0,139 = 
Ditto, gas-fired boilers .., ,, 0,088 


12 per cent. 
6 





Gas-driven blowing-engine M. 0.88 = 0.9d. 
Electrically-driven ditto ... » 0.015 = 0.1d. 
This latter figure did not take into account the 
electric-generating set ; the cost concerning this was 
included in that for the current. 

4. Cost of fuel or of electric current. 

With a view to comparison on a common basis, 
the diagrams accompanying the paper showed the 
fuel costs reckoned within the Sdiowing limits :— 

1 ton of coal (7.5 evaporative power), 10 to 20 marks 
(10s. to 20s.) ; 1000 c.m. (35,320 c. ft.) blast-furnace 
gas of 900 calories per c.m. (101 B.Th.U. per c. ft.), 
0.90 to 1.80 marks (9d. to 1s. 8d.). 

The volume of gas to generate a given volume of 
steam was taken as equal in value to the coal 
required to do the same work. An efficiency 
of 75 per cent. was reckoned upon in the case of 
the coal-fired boilers, and an efficiency of 53 per 
cent. in that of the gas-fired boilers. The cost of 
the steam remained, therefore, the same in both 
cases, whether using coal of 7.5 evaporative power 
at 10 marks per ton, or blast-furnace gas of 900 
heat units at 0.90 mark per 1000 cubic metres. 

The cost for electric power was more difficult to 
state than that for coal or blast-furnace gas ; in the 
case of current it would be necessary to consider 
both whether it be produced by a steam-turbine 
plant (boilers either coal or gas-fired) or in a gas- 
driven generating station. With a view to deal 
fairly also with this point, the diagrams applied to 
a current cost varying from 1.5 pf. to 3 pf. (0.15d. 
to 0.3d.) per kilowatt-hour. This is not to be taken 
to imply that where coal costs 10 marks per ton 
the kilowatt-hour should be valued at 1.5 pf. 

The diagram illustrated a higher and a lower 
limit of running cost, as per the following table : — 


Cost : Cost : 

One ton coal = 10 | One ton coal = 20 
marks, or 1000 cub. | marks, or 1000 cub. 
m. gas = 0.9 mark, or m. gas = 1.8 mark, or 
1 kw. hour = 1.5 pf.| 1 kw. hour = 3 pf. 


: £ 
401,000 = 20,050 
| 388,000 = 19,400 


206,900 = 10,345 


Type of Blowing- 
Engine. 


M. £ 
268,800 = 13,440 
255,800 = 12,790 


156,500 = 7825 


Steam, coal-fired boilers 
Steam, gas-fired boilers 
Gas-driven blowing-en - 
gines .. a ma 
Electrically-driven re- 
ciprocating blowing- 


engines: 194,500 = 9725 | 344,500 = 17,225 


The above comparison, which applied to a new 
plant (Case 1), shows the great superiority of gas- 
engine-driving. The paper also considered whether 
a gas-driven blowing-engine would be economical in 
the two following cases :—Case 2. That of a metal- 
lurgical works owning a steam-driven blowing- 
engine, the cost of which had been written off. 
Case 3. That of a similar works whose steam-driven 
blowing-engine was not yet written off. The annual 
provisions for sinking fund and for interest had 
therefore to be added to the annual cost of working 
the gas-driven engine. 

The paper showed that here also the gas-driven 
blowing-engine was the most advantageous, since the 
annual saving in running cost which it yielded, as 
against a steam-driven blowing-engine using gas- 
fired boilers, was as follows :— 

Marks £ 

In Case la, 99,300 = 4965 

In Case 1b, 181,900 = 9095 | In Case a, cheapest fuel 

In Case 2a, 39,300=1965' cost 10s. per ton; in 

In Case 2b, 121,900 = 6095{ Case 6, highest fuel 

In Case 3a, 39,300 = 165 | cost 20s. per ton. 

In Case 3b, 121.900 = 6095 

The saving in Cases 2 and 3 was equal, the absolute 

cost figures varying. 

Simplicity, accessibility, and uniformity of the 
lant—i.e., complete electrification—might finally 
ead to the putting down of an electrically-driven 
blowing-engine (turbo-compressors), if purely eco- 
nomical conditions were aimed at. The conditions, 
however, required careful consideration for arriving 
at a correct solution; and when this was reached 
there was still to settle the point as to whether the 
current-generating dynamos were to be driven by 
gas-engines or steam-turbines. Under this head 
the author concluded that a gas-driven power- 
station was by far the more advantageous of the 
two. 

Mr. Greiner, who opened the discussion, said the 
pes was a very interesting one. It might be that 

r. Mauritz was a manufacturer of gas-engines— 
the speaker did not know whether that was the 
case or not—and that he had therefore commercial 
interests in the matter. Nevertheless, gas-engines 
had proved their value, not alone in theory, but 
also in actual practice. He, Mr. Greiner, was a 





builder of gas-engines, and he had built many, 
among which there were several for large steel 
works. The experimental period was now over, 
gas-engines had established their efliciency and 
reliability, their use in steel-works was becoming 
daily more frequent, and these engines were now 
being put down in increasing numbers. 

A German engineer, who followed, expressed the 
opinion that each separate instance had to be 
considered on its merits, including also whether 
the blast-furnaces and steel works were owned by 
one and the same company or not. In any case, 
when blast-furnace gas was available, it should be 
utilised ; the question of utilising it in the Cowper 
stoves also came in. Further, gas-engines were 
economical in working, provided they were under 
constant load ; he knew of a plant working only 
under half-load, which could not be said to be an 
economical one. 

Several other speakers briefly expressed opinions 
for and against gas-engines, when the Chairman, 
Councillor Springorum, closed the discussion, stat- 
ing that this was a much-discussed point, which the 
members could deal with by correspondence. 


ON THE QUESTION OF CORROSION. 


A detailed paper on the question of corrosion was 
then read in abstract by the author, Professor E. 
Heyn, Gross Lichterfelde. This contains a large 
number of results obtained by him at the Royal 
Institution for Testing Materials, near Berlin. The 
lines upon which the experiments were made were 
practically those detailed in the author’s paper 
read before the Copenhagen Congress, and to which 
we referred in a former issue (see ENGINEERING, 
vol. lxxxviii., page 476) ; the results are promising. 

The last paper in the Practical Metallurgy Section 
was one by Dr. B. Schiick, Berlin, on 


A New METHOD FOR THE PRODUCTION OF HYDROGEN 
AND ITs APPLICATION TO METALLURGY. 


It dealt with a discovery made by Professor Dr. 
A. Frank and Dr. N. Caro, who worked it out in 
collaboration with Professor C. von Linde. The 
inventors started with water-gas, which, after 
separating the carbonic acid and after compression, 
they cooled with liquid air, then separating quanti- 
tatively, in a liquid state, the main portions of 
carbon monoxide and nitrogen, as well as the 
sulphur and phosphorus combinations. There 
remained technically a hydrogen gas containing 
over 95 per cent. hydrogen, 3 to 4 per cent. carbon 
monoxide, and 1 to 2 per cent. nitrogen, and also 
a carbon monoxide gas of 85 per cent. in round 
figures, which, used in a gas-motor, supplied the 
power required by the plant. The liquid air for 
cooling yielded, after rectification, pure oxygen in 
any required quantity. This simultaneous yield of 
hydrogen and oxygen in one apparatus rendered 
the process eminently suitable for application to 
autogenous welding and to metallurgical purposes 
for smelting at high temperatures, since the gases 
would be obtained at a very much lower cost than 
was heretofore possible, the gases being moreover 
free from noxious bodies. 


Votes or THANKS. 


On declaring the proceedings of the Section 
closed, the Chairman, Councillor Springorum, 
stated that a large amount of good material had 
been put before the members during the three 
sittings. This would keep them busy for several 
months to come. He tendered his cordial thanks 
to the authors for the papers they had put forward, 
anl to the members for the kind attention with 
which they had listened to the proceedings. 

Mr. Greiner, speaking in the name of the foreign 
members present, thanked the President and Com- 
mittee of the Section for the admirable way in 
which they had carried out their work. He (the 
speaker) knew by experience how difficult it was 
to conduct a congress ; it meant a large amount of 
actual labour and a heavy responsibility. The 
Committee had spared no effort. They had had in 
the Section sufficient matter to occupy them during 
the remaining months of the year. He again 
tendered his thanks, and assured the Committee 
that all visitors would carry away with them the 
best remembrance of the kind reception which had 
been afforded them. 

Mr. C. Kirchhoff, New York, confirmed the 
words which fell from the previous speaker, and 
thanked the Chairman and Committee for the busi- 
nesslike and courteous manner in which all matters 
had been dealt with. The English - speaking 
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members had not shown up as they should have 
done ; but the Congress would act as an incentive, 
and at the next one they would give as much as 
they took. 

Minne SEcTION. 


The meetings dealing with mining questions were 
also held in the Concert Hall. A large number of 
papers were read and discussed, covering all mining 
operations. We deal with some of these below. 


Hypravutic Packine or MINEs. 


The very important problem of filling up the 
excavated space below ground by small-grained 
material, carried in by hydraulic pressure, was 
raised by Mr. Otto Piitz, of Tarnowitz, in Upper 
Silesia. The system with which he dealt was 
introduced in 1901 at the Myslowitz Colliery, in 
Silesia, under the name of ‘‘ Spiilsatzverfuhren.” 
The hope that it would rapidly come into general 
use had only partly been realised, the author 
explained. The system had certainly answered ; 
but the cost had proved higher than had been 
assumed from the first experiments, made under 
favourable conditions. At present 110 mines had 
put down 145 of these packing plants, chiefly in 
collieries in Silesia and in the Rhenish districts. 
Some lignite, iron, and potassium-salt mines had 
also adopted the process, and there were several 
plants in Austria-Hungary, Russia, Belgium, Spain, 
&c. The material—dirt from the tip-banks, blast- 
furnace slag, sand, clay, &c.—was got above or 
below ; it was passed through grids and funnels, 
and distributed by a pipe system. The excess of 
water was removed after, or during, settling, and 
used again. There were three chief difficulties. 

In the first instance the wear of the pipes was con- 
siderable. Asarule pipes of 185 millimetres (7} in.) 
diameter and 8.5 millimetres (0.33 in.) in thickness 
were used, and, according to Busch, these pipes 
would last during the discharge of one million 
cubic metres of sand or slag. From the informa- 
tion collected, the author thought that estimate 
too high. Much depended, of course, on the way 
in which the pipes had been laid and jointed, on 
the material used, and on the length of the pipe 
system, which exceeded 20 miles at the Kénigin 
Luise Colliery, though it was probably less than 
two miles on an average. In some cases 6-in. 
and even 4-in. pipes were used, and with the 
actual plants at least 20,0001. was lost annually 
in Germany by the wear of the pipes. In order 
to reduce the wear, the material was disintegrated 
to a size not exceeding 1.5 in. (mostly less), and 
the pipes were lined in different ways. The 
Gewerkschaft Deutscher Kaiser, of Hamborn, 
Rhenish Prussia, recommended a so-called por- 
celain lining, applied in short sections. he 
author thought that this lining answered on steep 
gradients with small-grain material. Stephan, 
Frohlich, and Kliipfel, of Scharley, Upper Silesia, 
preferred oval pipes, in which the hydraulic power 
was better utilised with a pasty material than in 
circular pipes ; these pipes were provided with a 
lining of cast or rolled iron. On the whole the 
author preferred the latter system, which had given 
satisfaction with different materials—rock, blast- 
furnace slag, loam, and sand—in the Friedenshiitte. 

The second question concerned the settling 
and removal of the water. Settling was required 
to avoid damaging the pumps. When one section 
could be filled, while the water from the other 
settled, matters were comparatively easy. The 
settling could partly be effected in the discharge- 
pipes ; qoatally enke or sumps would be required 
below the level worked upon. These tanks could 
be arranged in large, inclined intercommunicating 
pipe conduits, the sludge being finally raised with 
the aid of special mammoth pumps. Schubert, of 
Beuthen, had devised special pumps for this pur- 
pose, which raised a mud of a density of 1.8, con- 
taining 30 per cent. of water. Sometimes there 
was not sufficient room for the tanks below, and 
the discharge system was long and tortuous. In 
these cases Schubert utilised, during the working 
intervals, the compressed air wanted below for coal- | 
cutters, &c., and he had certainly been successful | 
in several instances. 

The third problem was that of the transport of 
the material for packing. When galleries were 
packed by hand with lumps of rock, about half the 
excavated space could actually be filled in again, 
while when resorting to hydraulic packing 90 per 


became difficult. The carrying capacity of the 
railways in mining districts was often severely 
strained already, and special lines had been sug- 
gested for bringing the material up to the spot. 
Combinations between different collieries for the 
purpose of facilitating this transport had been made 
in Silesia, and the wire-rope telpherage by the 
Pohlig and other systems appeared particularly 
suitable in this respect, since it could easily be 
adapted to any configuration of the surface, and 
could deal, at a very low cost, with far greater 
bulks than were at present required. The largest 
actual hydraulic packing plants needed 5000 tons 
of material per day, and one Pohlig line could 
carry 12,000 tons. If some such packing system 
were adopted, almost all the coal could be mined 
without fear of the ground collapsing. The dis- 
cussion of the paper brought out some further 
information. Horizontal passages could not fully 
be filled up, it was admitted, but the ground above 
generally dia not sink by more than 6in. In one 
case it had been 30 in., because the pillars origi- 
nally left standing had been removed after packing 
the excavation. The process was much appreciated 
on the Rand mines—where the tip-banks of gritty 
rock constituted a serious nuisance, and where a 
good deal of precious gold ore had to be left under- 
ground lest the mine should give in. Fires under- 
ground had, moreover, effectually been stopped by 
the process. 


SHart-SInKING BY THE FREEZING PROcEss. 


Director Zaeringer, of the Tiefbau- und Kiilte- 
Industrie A.G., vorm. Gebhardt and Kénig, of 
Nordhausen, presented a long paper on ‘‘ The 
Freezing Process and its Latest Developments,” 
dealing with the process of his company, as intro- 
duced by Poetsch in 1883. The author stated that 
at about 6 ft. outside the circumference of the shaft 
to be driven, holes were drilled into the wet or loose 
ground (quicksand, &c.), and pipes inserted into 
these holes. With a shaft 14 ft. or 20 ft. in diameter, 
from 25 to 30 holes would be required. The pipes, 
15 in. in diameter as a rule, must be able to resist a 
strong pressure ; by connections, allowing for ex- 
pansion, they were joined to a closed ring-pipe above 
ground. Into each pipe was inserted a fall-tube, 
through which the cold brine, generally magnesium 
chloride at — 15 deg. Cent. (+ 5 deg. Fahr.), was 
introduced into the pipe; the brine rose in the 
pipes and circulated through the system, the fall- 
tubes being likewise coupled with a ring-tube. 
The circulation was continued until the tempera- 
ture difference between the entering and the 
rising brine was reduced to a few degrees Cent. 
only. That might take from two to four months, 
or even a full year. A good criterion that the 
ground was frozen hard was obtained by watching 
the water level in the wet ground, in which the 
process was applied. The level sank at first when 
the shaft-sinking was started ; the level then became 
stationary, and finally it rose, 4 in. perhaps in 
twenty-four hours, because the water was then 
surrounded by frozen ground and expanded owing 
to increasing cold. Tests conducted by the firm 
showed that the compression strength of the frozen 
ground was much greater than that of ice. At 
— 15 deg. Cent. pure ice hada strength of 18 kilo- 
grammes per sq. cm. (256 lb. per sq. in.), clay of 
72, sandy clay of 90, and sand saturated with water 
of 138 kilogrammes per square centimetre. This 
strength increased with lower temperatures ; it was 
for sand 200 kilogrammes per square centimetre at 
—20 deg. Cent. Other experiments demonstrated 
that the ‘‘ klei””—a very fine clay which was found 
when the great Holstein Canal was cut — had 
a relatively high tensile strength (39 kg., or 552 Ib. 
per sq. in., at — 20deg.), but a low crushing strength 
(50 kilogrammes), being inferior to sand in this 
respect, which had a crushing strength of 141 and a 
tensile strength of 52 kilogrammes per square centi- 
metre. There was a distinct influence of the size 
and shape of the grain in these features. The 
experiments were made in rooms cooled down to the 
respective temperatures. Working in the frozen 
ground was done on ordinary lines, but some points 
had to be considered. The holes for blasting had to 
be kept some distance from the brine pipes ; the ques- 
tion of the most suitable blasting agent remained 
open, and some people thought that the concrete 
mixture should not be brought intothe frozenground 
unless prepared with certain additions, such as 
calcidum ; his own firm had found it best to use 





cent. and more had to be.supplied ; then transport 
to distant shafts, not joined to the railway system, 


simply water, but as little as possible. The exca- 
vated shaft could be lined with bricks or with 


tubbing. ' This done, the ground had to be thawed 
again, which was effected by circulating less cold 
brine or by filling the shaft with warm water ; 
otherwise the ground remained frozen for more 
than a year. The freezing-pipes were then removed 
—i.e., the fall-tubes ; the outer pipes were often 
left in the ground and filled with concrete. 

As regards the depth to which the process could 
be carried, it had at first been thought that great 
depths could only be reached in stages, necessitating 
the erection of intermediate working-platforms. A 
few years ago they had considered 180 metres an 
unusual depth. Now they had gone down to 404 
metres (1325 ft.) at the two Carl Alexander shafts, 
near Volklingen, on the Saar. That meant straight 
holes drilled to that depth. It was impossible to keep 
in the true vertical in deep boring; but with the aid 
of two kinds of pendulum apparatus, which marked 
the maximum deflection from the vertical and the 
direction of the deviation, they hoped to go down 
to 700 metres. The Erlinghagen apparatus was 
actuated by electricity, the Gebhardt apparatus, 
a peculiar combination of rods, by clockwork. 
The pendulums gave readings at depth intervals 
of 5 metres. A brief description of these pendu- 
lums and the chief data of the fifty-six plants, which 
the firm had completed or almost completed, were 
contained in the paper. Most of the shafts, com- 
prising a few sunk in this country—at the Wear- 
mouth Coal Company, Sunderland, the Washington 
Colliery, Newcastle, and the Londonderry Com- 
pany at Seaham Harbour—were for collieries. But 
they had also applied their process in salt-mines, 
and had cooled down to —43 deg. Cent. to freeze 
the salt water ; some physically interesting observa- 
tions had been made in this connection. Professor 
Henry Louis, of Newcastle, mentioned during the 
discussion that the new shaft at Wearmouth had 
been required because the weak tubbings of the two 
shafts, which were fifty years old, would not have 
been able to stand a rise in the water-level. 


CoaL-Dust Prevention. Hypravuitic Humipt- 
FICATION OF THE COAL IN SITUv. 


A paper presented by A. Trippe, Director of the 
Dorstfeld Colliery, on ‘‘ Hydraulic Coal Impregna- 
tion by the Meissner Procees,’’ dealt with an impor- 
tant subject to which we recently drew attention 
in a note. The author explained that Councillor 
Meissner, formerly inspector of mines at Dortmund, 
now in the Government at Berlin, came in 1890 to 
the conclusion that the finest dust was partly 
preduced by the pressure to which the ccal was 
exposed in situ, before being brought down, and 
that he attempted to humidify the coal by forcing 
water into drilled holes. The process, known as 
‘“*Stosstriinken,’’ was not seriously taken up, 
however, until the coal-dust question became 
acute. The author last year tried a process in 
which holes were drilled in steps with drills of four 
different sizes, and in which the hydraulic pipe was 
fixed tight by the aid of conical sleeves. In the 
Dorstfeld apparatus now used the hole was of the 
uniform diameter of 43 millimetres (1.69 in.) 
throughout, and the pipe left at the inner end an 
hydraulic chamber which was closed by a rubber 
sleeve pushed over that end of the pipe and pressed 
against the wall of the hole from outside by means 
of a screw and a tube concentric to the pipe ; these 
rubber sleeves were 4 in. in length and had to be 
made of good rubber. Some engineers preferred 
two such rubber sleeves ; but the author had found 
that one of the pair was useless. 

The hole should be more than 1 metre—up to 
2 metres—in depth, the pressure being 25 atmo- 
spheres or more; with 40 atmospheres they had 
done better at Dorstfeld than with 25. The treat- 
ment would take, according to circumstances, from 
10 minutes to 6 hours. A cracking noise, some- 
times a report as from an explosion, would be 
heard, and finally the face of the coal would begin 
to sweat. The treatment was then stopped, and it 
had been found that 50 litres of water (about 
10 gallons) would bring down up to 10 cubic metres 
(350 cubic feet) of coal, and this much more easily, 
in most cases, than under ordinary circumstances. 
Blasting often became unnecessary, and in any case 
safer; and there was no dust, not even later on 
during sorting. The impregnation reached dis- 
tances of 6 metres from the chamber, and apparently 
spread upwards more readily than downwards. 
The author did not disguisé the fact that great care 
had sometimes to be exercised lest the water 





penetrate into the rock and cause dangerous shifting 
and fall of roof, It was also noteworthy that the 
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treatment answered in the fat coal of the Ruhr 
basin, but not in gas, cannel, and boghead coal ; 
and he accounted for this observation on the 
theory of the geologist Potonié, who considered 
that the fat coal had originated from the peat and 
humus of shallow swamps, and had retained its 
original porosity, while the gas coal was the product 
of foul mud (sapropel) which had never been porous. 
In the former case the pores might be large or 
small, and the hydraulic impregnation showed 
these differences. As longas the impregnation con- 
tinued, gases were noticed to issue from the coal ; 
the gas contained a good deal of methane, but 
systematic analyses, which would be very instruc- 
tive, have not so far been made. As the hydraulic 
pressure acted mainly through the pores, there 
was no blasting effect, and it would be wrong to 
introduce bombs under high pressure into the 
hydraulic chamber. 

The lively discussion of this paper elicited con- 
flicting opinions. One speaker had tried pressures 
of 20 atmospheres for 8 hours at Gelsenkirchen 
without success; another wished to go up to 70 
atmospheres, in order to lay the dreaded dust. 
Professor Heise, of Bochum, deprecated the intro- 
duction of high-pressure apparatus and the addi- 
tional responsibility which their use would throw 
upon miners, who ought to be supplied with simple 
appliances, which could be worked under fairly uni- 
form conditions. Two speakers were equally em- 
phatic, on the other hand, in the praise of the pro- 
cess, which had quite satisfied them. Mr. Trippe, 
in reply, accentuated that much depended upon the 
stratification ; he had indicated how difficult condi- 
tions could sometimes be met. 

We hope to conclude our report of the proceedings 
of the Congress in our next issue. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, JUNE 22. 

NearLy 200,000 tons of storage iron have been 
worked off into the hands of users during the last 
ninety days. Comparatively little stock now remains 
in furnace yards, and that is looked upon as a safe- 
guard against emergencies. The consumption of pig 
iron has begun to fall off, and inquiries for supplies 
for the latter half of the year are not as numerous as 
usual. General trade prospects are satisfactory, and 
the foreign trade is large, showing an increase over 
last year. The export of food-stuffs for the past fiscal 
om fell to 375,000,000 dols., against 513,000,000 dols. 
or the previous fiscal year. Domestic trade is heavy, 
as shown by the latest traffic returns of rail 8. 
One of the latest important schemes is to pipe water 
from the Allegheny Mountains to the Monongahela 
Valley, a distance of over 100 miles, to suppl railroad 
and industrial plants. The estimated cost o this enter- 
prise is 4,000,000 dols. Some of the railroad companies 
are restricting the running time from the Atlantic to 
the Pacific—notably from Chicago—where trains will 
leave later, saving two hours in the present schedule 
time. This has been made ible by double-trackin 
and the installation of clae devices. The rail 
companies are hesitating with reference to certain large 
outlays for equipment, because of the character of 
recent legislation in Congress. Their policy is not 
one of curtailment, but of delay, and it is only a 
question of time when a large volume of business will 
be submitted to the manufacturers of iron and steel. 
Railroad men are not pleased with the law that has 
just been passed, and it is natural to expect that they 
will proceed with caution in the inauguration of 
schemes involving large expenditures. One system, 
the Santa Fé, had laid plans for the expenditure of 
something like 50,000,000 dols. during the next two 
years in by penny and in ballasting. The 
managers of this system have suspended most of the 
pending improvements, saying that it is easier to stop 
than to go on. Much of the activity in the steel 
industry will depend upon what the railroad companies 
determine to do. The rail-mills are all in need of 
business, and are anxious for it, though the orders 
they have in hand will run them well into the summer. 








TABLE OF ANNUAL Moror-Car LiceNnses.—We have 
received from the Motor-Car Journal a handy form of 
card containing tables which show at a glance the 
amounts to be paid for annual licenses which motorists 
will have to take out in accordance with the require- 
ments of the late Budget. The table has been specially 
prepared by the Motor-Car Journal, and contains the 
scale of licenses for every petrol-car on the market, from 
4.5 to 101 horse-power. The card is of a convenient size 
for the pocket, and as the Act comes into force to-day it 
will no doubt soon be found to be of practical value. It 
is for petrol-cars having standard forms of engines with 
from one to six cylinders working on the Otto or four- 
stroke cycle. The card may be procured from the offices 
of the Motor-Car Journal, 27-33, Charing Cross-road, 
London, W.C., and the price is one penny. 
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Ir is some years since we published particulars of 
the standard pattern of the Welin quadrant davit for 
lowering boats on board ship.* The first trial set had 
then just been fitted on board the cargo-steamer Kort- 
naer. Since that date the advantages claimed for the 
gear have been so well substantiated in practice that at 
the present time some 3000 davits are in use. 

In addition to what may be termed the mechanical | 
superiority of this type of davit over the older form, 
the use of this gear renders ible a considerable 
saving in deck space. To all familiar with the condi- 
tions of modern ocean travel, it will be patent what 
this really means. Nowadays the success of a line 
of passenger-carrying steamers depends (at least on 








* See ENGINEERING, vol. Ixxi., page 815. 


certain routes) largely upon its 
travelling public. Competition 


poratesiy among the 
as in many instances 
afforded a wide choice of routes, and passenger lines 
must provide, at the present day, vessels not only as safe 
and well found as possible in all respects, but also 
boats which are attractive and offer special facilities for 
the pleasurable occupation of the long hours of enforced 


leisure. For these and other reasons saving in deck- 
space is a distinct advantage, and it may be taken 
that any gear which renders this possible has much 
to recommend it. 

Of the many propositions put forward from time to 
time whose objectives have lain in this direction, 
probably the most obvious is that of ‘‘double-banking”’ 
the boats on convenient portions of the deck ; in other 
words, to carry them in a double row, one inboard of 
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the other, on the less valuable part of the deck. Up 
till the present, any proposal embodying this arrange- 
ment has been checked by the fact that the Board of 
Trade has refused to recognise the inboard boat as 
fulfilling the clause in its regulations, which requires a 
boat to be ‘‘ under davits,” as it is termed. Double- 
banking has, nevertheless, been practised to some 
extent; but, owing to the above clause, only in the case 
of such life-boats as have been carried over and above 
the regulation complement. Thus it has assisted in 
no way in reducing the long file of regulation boats 
to port and starboard, which obstruct a space that might 
otherwise be advantageously devoted to recreation, Ke, 
The sea-going public unquestionably thoroughly appre- 
ciates the advantages presented by clear ie -space, 
as well as unrestricted view, and as both these are 
rendered more easily possible by double-banking of 
the boats, shipowners will doubtless not ignore a 
decision, recently reached by the Board of Trade, on 


this point. In conformity with this decision, the 
Board’s rules have been amended in such a way that, 
ln certain cases, the inboard boat of two double- ed 


boats shall now count as forming of the regulatioa 
complement, when fitted in an aaeient manner. 


A modified pattern of davit, recently brought out 
by the Welin Quadrant Davit, of Hopetoun House, 
Lloyd’s-avenue, E.C., complies with these new con- 

itions, 


This gear we illustrate in Figs. 1 to 8 















'herewith. The new design of quadrant is similar in 
operation to the old, and there is no need, therefore, 
to enter intoa description of the } ee me on which 
the system has been worked out. The general arrange- 
ment of the new form of gear is shown in Figs. 1 to 3. 
From Fig. 1 it will be seen that for this double gear the 
uadrant is a much larger sector than formerly. The 
Savibenn practically bisects the angle formed. The 
travel for the screw-block is much greater than in 
the original pattern, and allows the davit-head to 
move Son an extreme outboard position into an 
extreme inboard position, in which it stands plumb 
over the keel line of the inboard of the two double- 
banked boats. The larger sector and the lengthened 
rack and screw are necessary, of course, to this 
ter travel. The extreme positions are shown in 
otted outline in Fig. 1. The lead from the block 
is taken over and round a sheave shown on the inboard 
end of the frame, and thence to a bollard on deck, as 
may be seen in Figs. 1 to 3. This, when the boat is 
being swung out, tends to raise it and keep it clear of 
the deck. Yhen swinging in, after a certain point, 
the weight exerted by the t actually tends to raise 
the davit, while the falls are paid out at the same time. 
With a view to gaining further fore-and-aft deck 
space twin-frames are sometimes employed for the 
r, as shown to the right hand in Figs. 2 and 3. 
nder these conditions a special driving gear is used, 














Fie. 6. 


which is further shown in detail in Figs. 4 and 5. It 
will be seen from these latter figures that the driving- 
pace for the screw-gear is carried on a swinging 
rame, the lower end of which is forked. Between the 
limbs of the fork is an eccentric which can be thrown 
over by hand, so that the pinion will mesh with the 
fear of whichever screw it is desired to operate. 

his eccentric has a throw rather greater than that 
corresponding to its maximum eccentricity, so that it 
remains automatically locked when thrown over one 


way or the other. 
he first twelve sets of this type of gear have recently 
been fitted on the new boats of the Union-Castle Mail 


Steamship Company, but in this instance they were 
applied only to boats carried on the -deck, the 
remainder being fitted with the standard Welin davits. 
Fig. 6 is a photograph taken on board the R.M.S, 
Balmoral Castle, of which we recently gave illustra- 
tions. The view we now give shows the outboard 
boat being handled in the davits. 

A more extensive application of the new system is 
being made on the White Star liners Titanic and 
Olympic, now in course of construction at the yards 
of Messrs. Harland and Wolff, Belfast. These vessels 
are to be fitted throughout with double-banked 
boats operated by the new Welin gear. A plan 
of part of the boat-deck of these vessels is shown 
in Fig. 8, while Fig. 7 gives a section showing the 
position and handling of the boats. Half the number 
of the boats fitted on these ships will be in excess of the 
actual Board of Trade requirements. Adequate provi- 
sion on this scale could only be rendered possible by the 
adoption of some such scheme as that now sanctioned 
by the Board. The outer boats will be provided with 
shifting chocks, and at sea will be carried at the half-out- 
board position, allowing ample gangway room between 
the two rows of boats. The ciel teste might, of 
course, also be provided with shifting chocks, and the 
gangway between the boats and the deck erections thus 
increased. It will be evident that this arrangement 
might, with convenience, be adopted in cases where 
at present boats have to be clea for coaling opera- 
tions. Double gear would obviate such incon- 
veniences, and we understand that more than one 
company are considering the matter with this in view. 





THE RUSTON-PROCTOR ENGINES AT THE 
BRUSSELS EXHIBITION. 

Messrs. Ruston, Procror, anp Co., LimiTED, are 
exhibiting at Brussels, besides the machines and 
portable engines referred to in our former article (see 
page 774 of our issue of June 17), a superheated-steam 
semi-portable engine, a tandem compound drop-valve 
engine, a 10-in. helical centrifugal pump, an oil-engine, 
ae suction gas-engine with gas-producer plant. 

Their superheated-steam semi-portable engine, which 
we illustrate in Fig. 1, on page 18, is mounted upon a 
boiler, having removable fire-box and tubes. The super- 
heater is placed in the smoke-box. The engine is of 
the tandem compound type, with cylinders bolted close 
together, a metallic stuffing-box being placed between 
the barrels. The low-pressure cylinder, the jacket of 
which forms a steam dome, is fixed upon a cast-steel 
seating riveted to the boiler. The steam is distri- 
buted in both cylinders by piston-valves, the high- 
pressure piston-valve being regulated by means of a 
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shaft governor, the low-pressure valve by a pin moving 
in an elliptical path controlled by an eccentric, the 
point of cut-off .being fixed. The boiler is of 
the cylindrical type; as the fire-box and tubes are 
removable, the scale may be easily and efficiently 
cleaned off. The fire-box is corrugated, of the Morison 
suspension type. The superheater is built of solid- 
drawn steel tubes, expanded into steel headers and 
placed in the smoke-box in such a manner that 
they allow the ordinary boiler flue-tubes to be swept 
and replaced without hindrance. The steam flange 
connections are outside the smoke-box and easily 
accessible. The whole superheater can be readily 
withdrawn if necessary ; it can also be shut off from 
the boiler by means of a stop-valve and damper arrange- 
ment. The superheater tubes are cleared by means of 
asteam-brush. The water from the engine feed-pump is 
delivered to the boiler after passing through a tubular 
water-heater, through which the exhaust steam flows 
on its way to the condenser. The air-pump is of the 
vertical double-acting type, without suction-valves, 
the condenser being of the ordinary jet type, provided 
with a sluice-valve. The two fly-wheels are of suffi- 
cient weight to keep the angular variation within ;}, of 
the mean speed ; one of the wheels has a barring gear. 
Tests made by Professor Hopkinson, of Cambridge 
University, have given the following results :— 

Coal consumption, 1.24 lb. (0.563 kilogramme) per 
effective horse-power. 

Steam consumption, 11.35 lb. (5.16 kilogrammes) 
per effective horse-power for an engine developing 69 
effective horse-power. 

The engine exhibited develops, at 180 revolutions 
per minute and a 12-atmosphere (180 1b.) working 
pressure, 93 to 103 horse-power under a normal load, 
130 horse-power under a maximum constant load, and 
150 horse-power under a maximum temporary load. 

Messrs. Ruston, Proctor, and Co., Limited, also 
exhibit, as previously stated, one of their tandem com- 
pound drop-valve engines. In this the es 
cylinder is 16-in. bore, and the low-pressure cylinder is 
264-in. bore, the stroke being 32in. ‘The standard speed 
is 125 revolutions per minute, which can be increased b 
10 percent. The engine is capable of developing 470indi- 
cated horse-power when running at 125 revolutions per 
minute, under a maximum continuous load. It is de- 
signed for a working pressure of 160 1b. per square inch, 
and to use superheated steam up to 500deg. Fahr. total 
temperature. Sluice-valves are provided for exhaust 
into the atmosphere should the condensing water 
supply fail; these valves, together with all drain- 
valves and the injection, are arranged to be operated 
from the engine-floor level. Each cylinder is covered 
with a thick jacket of asbestos and lagged with 
planished steel. Both cylinders are jacketed upon 
the thoroughfare system. 

The valves are four-seated drcp-valves, with loose 
seats made of hard cast iron. To re luce friction to a 
minimum, the valve-spindles are ground, and move 
in ground stuffing-boxes, without packing of any de- 
scription. Each valve-spindle is fastened to a slotted 
plunger, in which the lifting-die slides, thus elimina- 
ting all side-thrust on the valve-spindle. This lifting- 
die is operated through the aaahen of a bell-crank 
lever by a cam. The valve is quickly opened to its 
full extent and closed aap giving a sharp cut-off 
corner in the diagram. The cam-shafts each operate 
either two steam or two exhaust-valves, each shaft 
being driven by one eccentric only. 

The high-pressure steam-vaives are driven by one 
eccentric attached to a powerful shaft-type governor, 
which is truly balanced, and is capable of controlling 
the revolutions of the engine within 24 per cent. 
through frequent and extreme variations of load. 

The stand also contains a 10-in, helical centrifugal 
pump, having enlarged suction, water-sealed glands to 

revent admission of air, bearings for the spindle on 
oth sides of the flyer and pulley. This can deliver 
132,000 gallons of water per hour. It has an 80 per 
cent. efficiency, and is fitted with a steam-jet air- 
exhauster for use when starting. 

Messrs. Ruston, Proctor also exhibit a 40-brake- 
horse-power type of crude-oil engine, one of the 
principal features of which is its capability for steady 
running and for enduring long non-stop runs on 
variable loads without adjustment. The oil is sup- 
plied from a tank to the vaporiser, which is auto- 
matically maintained hot by the explosions of the 
engine. The vaporised oil is then drawn into the 
ey inder and mixed with a further supply of air 
through the main air-valve, to ensure complete com- 
bustion. The charge is then highly compressed and 
automatically ignited. The atomiser is of the mecha- 
nical nape. 

We illustrate in Fig. 2, page 18, their suction-gas 
plant. The engine connected with this is their mark 
G N of 75 brake horse-power, fitted with a single heavy 
fly-wheel, and having an outer bearing, and a belt 
pulley for driving the agricultural machinery shown 
on the stand. It is governed by means of ‘‘ quantity ” 
regulation of the charge, the amount of the charge 
being controlled by the governor, Qil-ring lubrication 


forced lubrication for the piston, and special ‘‘ wipe” 
feed lubrication for the piston-pin. The lubrication 
of the crank-pin is in duplicate. The ignition is of 
the low-tension type, the magnetos being in duplicate 
and also the sparking points of the ignition-plug. The 
magnetos are enclosed to render them dust and damp- 
proof. 

The suction gas-producer plant is one of the firm’s K 
class, and consists of the generator, scrubber, expan- 
sion-chamber, and piping. The generator ash-box has 
a water-sealed bottom, to enable the ashes to be easily 
removed while the engine is working. 








Mininc-RescuE Workx.—The coal - owners of South 
Wales have voted 26/. 5s. towards prizes for a competi- 
tion to be held at Cardiff, August 1, in connection with 
lectures on colliery-rescue work. 





INTERNATIONAL HyGrEnic EXHIBITION AT DRESDEN.— 
It is intended to hold the above Exhibition at Dresden 
next year. This, it is announced, will be on different 
lines from all exhibitions of the kind previously held. 
It will be essentially scientific, and it is expected that 
some 200 congresses will be held during the six months 
of its existence, in connection with 44 Broups and sub- 
groups. At these congresses each branch of hygiene will 
be discussed. It is intended also to admit only exhibits 
of the best class. A strong British committee, wit 
H.R.H. Princess Christian as patroness, Sir Thomas 
Barlow, Sir William Bennett, Mr. Henry Butlin, Sir 
William Church, Mr. J. M. Cotterill, Mr. Andrew J. 
Horne, Mr. W. A. Jamieson, Surgeon-General Sir Alfred 
H. Keogh, Mr. D. N. Knox, Mr. John Lentaigne, Sir 
Thomas Oliver, and Sir William Treloar, as vice-presi- 
dents, and many other hygienists of importance as 
members, has been aunhael to organise the scientific 
department. This committee, will exercise a strict 
censorship over the industrial admissions, and a second 
control will be exercised by the Board of Trade, whose 
co-operation has been promised. The administration of 
Dresden also reserves itself the right of refusing any 
undesirable exhibit in the third instance. An Inter- 
national Congress (in Hygiene and Demography) has 
been tponed for one year on its account, and it is 
not thought likely that there will be a repetition of such 
an exhibition for many years. The industrial section is 
divided up into the following groups :—Chemical industry, 
scientific instruments and apparatus, settlements, dwell- 
ings, housing, &c., food stuffs and food accessories, 
beverages, clothing and the care and protection of the 
body, profession and labour, provision and care of infants 
and the} young, traffic conditions on land and sea, 
technics, machinery, watering-places and health resorts, 
hygiene in connection with the army, navy, colonists, &c., 
care of the sick, games, and sports, &c. Further informa- 
tion can be obtained from the offices of the International 
Hygienic Exhibition, 47 Victoria-street, 8. W. 





Hopces’ TursinE Biowers.—<An interesting electric- 
ally- driven turbine-blower has recently been supplied 
to Messrs. Armstrong, Whitworth, and Co. Limited, 
for the extension of their angle-smith’s shop at Elswick, 
by Messrs. Hodges and Co., of 14, Devonshire-square, 
Bishopsgate, E.C. The blower has a capacity of 8000 
cubic oot of air per minute, against 18 in. of water gauge, 
and runs at 1700 revolutions per minute. It is driven by 
a 35-brake-horse-power slip-ring induction-motor, built by 
Messrs. Armstrong, Whitworth, and Co., and running at 
600 revolutions per minute. A double helical spur-drive, 
with staggered teeth, is interposed between the motor 
and the blower. he gear-wheels are of high-carbon 
steel, with teeth cut from the solid, and are 8 in. wide 
on the face. The spur-wheel has 99 teeth, and the pinion 
35 teeth. Theend thrust of the blower-shaft is taken by 
the ends of the pinion, while the driving-shaft is left free 
to accommodate itself into equal register with the pinion. 
In order that no end pressure shall be transmitted from the 
motor to the gearing, the half-coupling on the motor-shaft 
is fitted with fixed driving-pins which are free to slide end- 
wise in the corresponding half-coupling on the gear-shaft. 
Splash lubrication, from an oil-bath, is used for the gears, 
while all bearings are fitted with rings. Deflectors are used 
with the rings. These consist of small brass vanes placed 
at the top of, and above, the rings in such a way that as 
the oil is thrown off from the quickly-moving rings it 
strikes the vanes and is conveyed to the bearings through 
oil-ways. This arrangement insures an entirely satisfac- 
tory lubrication of the high-speed bearings without the 
complication of an oil-pump. This blower will work in 
conjuction with one of Messrs. Hodges earlier types of 
turbine blowers supplied to Elswick over seven years ago. 
A blower, of similar size to the one described above, was 
supplied to Messrs. Bolckow, Vaughan, and Co., Limited, 
last year for their new foundry at Middlesbrough. The 
blower in this case is direct-coupled to a 40-brake- 
horse-power adjustable-speed continuous-current motor, 
and runs at from 1400 to 2000 revolutions per minute. 
The rated output is 400,000 cubic feet of air per hour 
at } lb. pressure per square inch. At 2000 revolutions 
per minute the blower gives a maximum pressure 
of 42-in. water-gauge, while at 1750 revolutions per 
minute the output is 7600 cubic feet per minute, at 
20-in. water - gauge Ordinarily the blower delivers 
390,000 cubic feet per hour at 24-in. gauge, and takes 
60 amperes at 450 volts. Allowing 30,000 cubic feet 
of air per ton of iron melted, this equals 13 tons per 
hour at a cost of 2.4 horse-power per ton in electric 
power. This consumption includes, of course, motor 
and blower friction and transmission losses. The space 
occupied by the plant is 10 ft. by 3ft. Sin., by 4ft. 4 in. 





is fitted to the main bearing and the cam-shaft bearings, 


NOTES FROM THE NORTH. 
Gtiascow, Wednesday. 

Hlasgow Pig-Iron Market.—Last Thursday a | 
the pig-iron market opened with an easier tone, an 
Cleveland warrants fell off a little. The dealings con- 
sisted of 2500 tons at from 49s. 2d. to 49s. 7 cash, and 
at 49s. 114d. three months, and closing sellers quoted 
49s. 1d. cash, 49s. 4d. one month, and 49s. 10}d. three 
months. In the afternoon the tone was firmer, but the 
turnover was limited to 1000 tons of Cleveland warrants 
at 49s. 1d. cash and 49s. 5d. one month. The session 
closed with sellers 1d..up from the morning, at 49s. 2d. 
cash, 49s. 5d. one month, and 49s. 114d. three months, 
On Friday morning the market was again the turn easier 
and Cleveland warrants were done at 49s. 1d. cash, 
49s. 44d. one month, and 493s. 10d. three months. The 
turnover was 2500 tons, and closing quotations were 
493. 14d. cash, 49s. 44d. one month, and 49s, 10d. three 
months sellers. Hematite was quoted by sellers at 65s. 
cash and 653. 3d. one month, but there were no buyers. 
In the afternoon quietness prevailed, and the business only 
amounted to 1000 tons of Cleveland warrants at 49s. 1d. 
cash, and 49s. 44d. one month, and at the close selling 
prices were inclined to be easier at 49s. 1d. cash, 49s. 44d. 
one month, and 49s. 10}d. three months. On Monday 
morning the market was again quiet, and only two lots of 
Cleveland warrants changed hands at 49s. 04d. cash. 
Closing sellers quoted 49s. 1d. cash, 493. 4d. one month, 
and 49s. 104d. three months. The afternoon session 
showed no improvement in tone, and the dealings in 
Cleveland warrants were limited to 1000 tons at 49s. 3d. 
one month. The close was weak, with sellers quoting 
49s. cash, 49s. 34d. one month, and 49s. 94d. three months, 
On Tuesday morning weakness again prevailed, but the 
total business only amounted to 2000 tons of Cleveland 
warrants at 48s. 94d. cash, 49s. 0}d. one month, and 
48s. 7d. three months. At theclose there were sellers over 
at 48s. 94d. cash, 49s. 04d. one month, and 49s. 74d. three 
months. In the afternoon the tone was fairly steady, 
and some 5000 tons of Cleveland warrants were done at 
48s. a eight days, 49s. and 49s. 04d. one month, and 
49s. 64d. three months. Closing sellers quoted 483. 10d. 
cash, 49s. 1d. one month, and 49s. 74d. three months. 
There were sellers of hematite at 64s. 9d. cash and 65s. 
one month, but no buyers. When the market opened 
to-day (Wednesday) Cleveland warrants were steady, 
and inclined to firm a little. No dealings of any kind 
were recorded, and at the close sellers quoted 48s. 104d. 
cash, 49s. 13d. one month, and 49s. 7hd. three months. 
In the afternoon the market was once more dead idle, 
no dealings taking place. Sellers of Cleveland warrants 
made no change in their quotations from those at the 
close of the morning session. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde, 
61s. 6d.; Calder and Gartsherrie, 62s.; Summerlee, 
63s. 6d.; Langloan, 64s.; and Coltness, 82s. (all shipped at 
Glasgow) ; Glengarnock (at Ardrossan), 63s. 6d.; Shotts 
(at Leith), 62s.; and Carron (at Grangemouth), 63s. 6d 


Sulphate of Ammonia.—There has been no improve- 
ment in the tone of the sulphate of ammonia market lately 
and the price continues easy. The current quotation is 
from 11/. 16s. to 11/. 17s. 6d. per ton for prompt delivery, 
Glasgow or Leith. The amount shipped from Leith Har- 
bour last week was 610 tons. 


Scotch Stcel Trade.—The various Scotch steel-makers 
report no falling off in the number of specifications for 
heavy material, and the plate-mills alone are turning out 
as much, if not more, work than at any previous time. 
The Clyde shipbuilders are taking in large supplies, and 
pe buyers are also in the market inquiring for plates, 
but, it is rumoured, without much success, at any rate for 
anything like near delivery, as producers are booked a 
long way ahead. Angles, light girders, and general struc- 
tural material are all the subject of good inquiry this 
week, and in one or two instances prices have a firming 
tendency. The demands of Canada for structural sections 
are on a large scale, and it is doubtful if all the require- 
ments can be met by local makers by the latest date stipu- 
lated for delivery in the autumn. 


Malleable - Iron Trade.—Little movement has taken 
place in the malleable-iron trade of the West of Scotland 
since last report, and a scarcity of specifications is again 
the cry. The number of shifts has had to be reduced 
this week in one or twoof the establishments, and makers 
still complain of the poor prices offering, especially for 
export lots. 


Scotch Pig-Iron Trade.—Producers of Scotch pig-iron 
report that there has been no improvement in G local 
demand for the ordinary qualities of iron, but that the 
trade with buyers in the South is very good. The same 
is also the case in connection with export lots, and large 
quantities are being shipped abroad every week. These 
outlets have certainly counteracted the quietness of the 
home demand, and saved the necessity of a lower level of 
prices ; but when a good order ison offer, the makers are 
willing to give a slight concession to secure it. Hematite 
is still in easier demand, but contracts are keeping prc- 
ducers well employed. At least other two furnaces have 
lately been put on to hematite. The price is unchanged. 








Sream-LauncH FOR THE River EvupHrates.—Mr. 
Edward Hayes, Stony Stratford, has just completed, 
from his designs, the Ekinji, twin-screw steel steam- 
launch, for service on the River Euphrates. She is 60 ft. 
long by 11 ft. beam, with a draught under 3 ft. The 
twin engines have cylinders 6 in. and 12 in. in diameter, 
with an 8-in. stroke, both exhausting into a self-contained 
condensing plant of new a A marine return-tube 
boiler supplies steam at 120 1b. working pressure. The 





high. 


specd on the trials averaged 12.28 miles, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

John Brown and Co.—Better prospects for the current 
year were indicated at the sannelguiiien of John Brown 
and Co., held in Sheffield on Tuesday last. Their armour- 
plate department is busy and other branches are well 
occupied, especially that devoted to the making of turbine 
machinery and parts, including hollow forgings, for which 
they have orders from all over the world. At Clydebank 
there is considerable shipbuilding activity on Government 
orders, and the Coventry ordnance works of the company 
are satisfactorily engaged on the highest class of work. 
This firm, with their large co-ordinated ew 
felt very keenly the delay in the giving out of the 
Admiralty orders. Some of their works which were the 
most expensive to keep up, had to stand idle for some 
time on that account. This was one of the causes opera- 
ting to keep the dividend at the same figure as for the 
previous year when trade was very unsatisfactory. 


South Yorkshire Coal Trade.—Not much alteration is 
to be noticed in the coal market. The setting down o 
the collieries for the miners’ demonstration will have 
somewhat reduced stocks, but there is no great pressure 
of orders. The hard-coal demand is below the average. 
Shipments from the Humber ports have been falling, so 


that stocks have become of some weight, and there is a | P® 


good deal of free coal on the market. ome inquiries are 
still dull. To cover the cost of the Eight-Hours Act 
owners are standing out for an increase of 3d. per ton. 
House-coal is very dull, with slackness of business 
at dépédts. Merchants have not been tempted by re- 
duced prices for odd lots to increase their supplies. 
At collieries prices for the most part are unchanged. The 
following are quoted :—Best Barnsley silkstones, 11s. to 
lls. 6d. ; silkstone house, 8s. 6d. to 93.; best hand-picked 
brights, 10s. 6d. to 11s. 6d.; Yorkshire hards, 8s. 6d. to 
9s. 3d. : Derbyshire ditto, 7s. 9d. to 8s. 9d. ; smalls, 1s. 6d. 
to 2s. 3d. Steam-nuts are a little easier and there is not 
much doing in small fuel. There is a reduced tonnage of 
slack and prices are firmer. Gas-coal is quiet. Furnace 
coke is weak, prices of good qualities varying from 11s. 9d. 
to 12s. 3d. at ovens. 


Iron and Steel.—Operations in the pig-iron market have 
been upon a still smaller scale during the week. The posi- 
tion amounts almost to stagnation, and though there are 
a few optimists, hope of an improvement within the next 
week or two is by no means general. An active market 
is not expected in some quarters before the end of July. 
Reduced prices of Lincolnshire do not appear to have 
drawn customers in any quantity. Derbyshire iron is 
in much the same condition, and few buyers and sellers 
of hematites are coming to terms in regard to new con- 
tracts. Bar iron is slack, and the foundries are quiet. 
New business in the steel trades does not satisfy manu- 
facturers up to the present, though orders on hand 
are of a decidedly good volume, and above the 
average. Exports, balanced up, show no depreciation. 
Work in the railway steel branches has not yet reached 
satisfactory proportions, but a brighter aspect has been 
given to the industry locally by the placing of several 
contracts by the India Office. Orders for axles, tyres, 
crossings, and springs have been obtained by well-known 
Sheffield firms. Home requirements are also expected 
shortly to be on the increase. Some improvement in the 
engineering trade is indicated by a better demand for 
steel forgings and castings. Ordinary - oy | orders, 
apart from the big work in the hands of large firms, are 
not much in evidence. In the lighter steel trades there 
has been a better colonial inquiry for tools, especially the 
joiners’ variety, which have not n doing well lately in 
the home market. There has been a good sale of various 
agricultural implements. 








A Larce Street Piate.—A very large mild-steel plate 
—the largest, we believe, ever produced in this country— 
was recently rolled _at the Grimesthorpe Steel Works of 
Messrs. Cammell Laird and Co., Limited, Sheffield. 
The ingot utilised eg 120 tons, its dimensions being 
9 ft. by 3 ft. 10 in. by 18 ft. 1 in., and the charge was 
obtained from three S8.M. furnaces. The ingot was 
stripped the following day after casting, taken from the 
casting-pit, and within one hour cha into a horizontal 
reheating furnace. The ingot was slabbed down under a 
4000-ton press to 12 ft. 9 in. by 9 ft. by 40 in., reheated, 
and rolled into a plate 18 ft. by 10 ft. 9 in. by 254 in., 
the latter operation occupying 45 minutes. hen the 
scrap has been removed, and the plate machined at the 
Codleant Works, the approximate finished weight will be 
65 tons. Transit between the two works will have to be 
by road, three heavy traction-engines being required for 


the purpose. 


THE NORTHAMPTON POLYTECHNIC INSTITUTE AND AERO- 
NAuTICS.—The silver medal offered by the Women’s 
Aerial e to the best student in the pioneer courses 
in aeronautics, held during the session 1909-10, has been 
awarded to Mr. Duncan George, Mr. E. R. Moffat being 
proxtme accessit. In continuation of the above successful 
evening courses, extended courses of a more complete and 
practical nature are being arran for next session, and 
Mr. F. Handley Page, of the firm of Messrs. Handley 
Page, Limited, the well-known aeronautical engineers, 
las been appointed to take charge of these courses. Full 
letails will be announced shortly. In addition there is 
under consideration the establis! 





courses in aeronautical engineering, extending over four | . c d 
known day courses in| yt Ty but in high-grade air-furnace iron the addition 


years, and similar to the well- 


electrical and mechanical engineering established some | of 0.1 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is hardly any busi- 
ness passing in pig iron, and, in fact, many merchants 
complain that they have never previously experienced 
such a sluggish time as the staple industry is now passing 
through. As is usually the case in a falling market, 
copsumers are holding off. The present statistical 
situation is very ood indeed. Deliveries are on an 
excellent scale, and the reduced output of pig by the 

blowing out of a furnace at Redcar and at Teesbrid, 
is now fully absorbed, but new contracts are difficult 
to make, notwithstanding a belief that much activity 
will be experienced by the early autumn. Reports from 
Germany and from the United States are unsatis- 
factory, and these counteract the good home influ- 
ences. No. 3 g.m.b. Cleveland pig is on sale at 49s. 
f.o.b., and even that price might be shaded. No. 1 is 
5ls. 6d. ; No. 4 foundry, 48s. ; No. 4 forge, 47s. 9d. ; and 


f | mottled and white, each 47s. 3d. East Coast hematite 


pig is cheaper, owing to competition for orders, chiefly by 
second hands. Both makers and merchants would readily 
sell mixed numbers at 65s., and some of the latter would 
accept 64s. 6d., but consumers are not pre red to 
y even the lower quotation. Foreign ore is altogether 
inactive, but values are nominally maintained on the 
basis of 20s. 6d. ex-ship Tees for Rubio of 50 per cent. 
quality. Coke is plentiful and very weak. Average 
blast-furnace qualities are being pressed on the market at 
16s. 6d. delivered here, and purchases might be made at 
_ Middlesbrough warrants have dropped to 49s. cash 
uyers. 


Manufactured Iron and Steel.—There is a quieter feel- 
ing in several branches of the manufactu iron and 
steel industries. Producers of roy se ye material 
report a few orders still coming to hand, and they and 
bridge-builders are actively employed, but in a number of 
other departments new work is difficult to secure, and 
running contracts are approaching completion. Values 
all round are unchanged, but some descriptions tend 
easier. Common iron bars are 7/.; best bars, 7/. 7s. 6d.; 
best best bars, 7/. 15s.; iron ship-plates, 6/. 10s.; iron 
ship-angles, 7/.; iron ship-rivets, 7/. 7s. 6d.; steel bars, 

5s. ; steel ship-plates, 6/. 10s.; steel ship-angles, 
6. 2s. 6d.; steel strip, 6/, 10s. ; steel hoops, 6/. 12s. 6d.; 
and steel joists, 67. 2s. 6d.—all less the customary 24 per 
cent. discount. Cast-iron columns are 6l. 10s. ; cast-iron 
railway chairs, 3/. 10s.; light iron rails, 62. 10s.; heav 
steel rails, 5/. 10s. ; and steel railway sleepers, 6/. 12s. 6d. 
—all net cash at works. Iron and steel galvanised cor- 

ted sheets, 24 gauge, in bundles, are on sale at 11/.— 
less the usual 4 per cent. f.o.b. 


New Stcel Works.—A start has this weck been made 
with the production of steel at the Skinningrove Iron- 
Works, which are situated between Saltburn and Whitby. 
The steel works have been in course of erection for over 
two years. The metal was to-day (Wednesday) run into 
the Talbot furnace for the first time, and will be made into 
ingots, as the rolling-mills are not yet ready to turn out 
the steel in its finished state. The opening of these steel 
works will take up a deal of the pig-iron produced 
by the Skinningrove Company, which output has hitherto 
eee on the market, and has been sold mostly to Scot- 

nd. 








THE AUSTRALIAN Navy.—The Parramatta, the first to 
be completed of the three destroyers which have been 
designed and built on the Clyde by the Fairfield Company 
for the Australian Commonwealth, concluded her official 
trials in the Firth of Clyde on Saturday, the 18th ult. 
The final consumption tests showed that she can carry 
oil for 3600 nautical miles at a cruising speed of 14 knots. 
On an eight hours’ trial at full power she exceeded the 
stipulated average speed of 26 knots by about a knot. 
Her best speed on the measured mile was achieved in the 
eighth hour of the full-power steaming, when the mean 
of two runs on the measured mile gave a rate of 28.48 
knots. These tests show that the Parramatta and her 
sister-ships can carry fuel enough for 1000 nautical miles 
ata sguel of about 27 knots. 





VANADIUM IN Cast-IRon.—According to a paper read 
recently before the New Foundrymen’s Associa- 
tion, by Mr. G.L. Norris, the New York Centraland Hudson 
River Railroad have required vanadium cast-iron for the 
cylinders for 183 new locomotives built for that line 
recently. This decision was arrived at as a result of a 
two years’ test of a pair of cylinders made of this cast- 
iron, during which the engine ran 200,000 miles with 
only microscopical wear of the cylinders. This is much 
less than the results of ordinary cast-iron. Comparative 
testsmade by the builders, the American Locomotive Com- 

ny, of the ordinary and the vanadium cast-iron used 
for cylinders showed that for transverse tests, made with 
l-in. square machined bars on 12-in. supports, the plain 
cast-iron bars avei 2130 lb., and the vanadium cast- 
iron bars 2318lb. Tensile tests made with machined 
bars resulted in an ave of 24,225lb. for the plain 
cast-iron bars, and 28,7281b. for the vanadium cast-iron 
bars. In making vanadium cast-iron, Mr. Norris says 





ent of full-time day | cent. of vanadium. In the case of cupo 


ferro-vanadium should be used containing under 35 per 
la-iron the addition 
of 0.10 to 0.12 per cent. vanadium is all that should be 


to 0.20 per cent. is ily accomplished. It is 


years ago. A preliminary announcement has already | stated that about 70 or 80 per cent. of the vanadium 


been made in connection with these day courses, and 
fuller particulars will be ready shortly. | 





remains in the iron, the remainder being used up in 


purifying the melt. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has shown no great 
activity ; Admiralty coal has generally exhibited a firm 
tone, but other descriptions have been obtainable for 
immediate loading at slightly lower rates. The French 
General Trans-Atlantic Company is stated to have trans- 
ferred contracts to the North in consequence of the best 
Newcastle steam coal being obtainable at 10s. per ton, as 
compared with the 16s. 6d. per ton required for the best 
South Wales Steam. The latest Cardiff quotations for 
steam coal have been :—Best la 16s. 6d. to 16s. 9d. per 
ton ; secondary qualities, 15s. 3d. to 16s. 3d. per ton ; best 
ordinary smalls. 7s. 3d. to 7s. 9d. per ton. House coal 
has remained without change ; the best ordinary quali- 
ties have been quoted at 14s. 6d. to 16s. per ton; 
No. 3 Rhondda large, 17s. to 17s. 6d. per ton ; smalls, 
9s. 9d. to 10s. 3d. per ton. No. 2 Rhondda large has 
brought 11s. 6d. to 12s. ; smalls, 6s. 9d. to 7s. 3d. per ton. 
Foundry coke has been quoted at 19s. to 20s., and furnace 
ditto at 17s. to 17s. 6d. per ton. As regards iron ore, 
Rubio has made 19s. 6d. to 20s. per ton upon a basis of 
50 per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 


Bristol Wagon Works.—At the ordinary meeting of the 
Bristol Wagon and Carriage Works Company, Limited, 
on Friday, the Chairman (Mr. J. Worton Stevens), 
speaking of the decreased dividend—7 per cent. for the 
year, against 8 per cent., and a bonus of 2 per cent.— 
said the uction was entirely due to a considerable 
falling off in railway wagon trade. Railway companies 
had not placed out sufficient work to go round. For 
thirteen years 10 percent. had been paid by the company. 
The motor business had so developed that it had been 
made into a separate department, and housed in new 
premises. The report was adopted 


Swansea Harbour Trust.—On Saturday several members 
of the Swansea Harbour Trust, who are on a tour to 
Bristol, Southampton, Havre, and Rouen, paid a visit of 
inspection to the Royal Edw k at Avonmouth. 
The Rerty, which included Sir Griffith Thomas (chairman), 
Mr. W. Law (harbour-master), Mr. T. N. Steck (secre- 
tary), Mr. A. O. Shenk (harbour engineer), and Mr. 
Thomas (town clerk of Swansea), arrived at Avonmouth 
about mid-day, and were shown round the dock, and 
entertained to luncheon at the Royal Hotel. The visitors 
expressed their admiration of the dock and the apparatus 

rovided for the expeditious handling of cargoes. They 

eft Avonmouth during the afternoon for Southampton, 
whence they sailed to Havre. 

Rhymney Iron Company, Limited.—This company has 
declared a dividend for 1909-10 at the rate of 1 per cent. 
ed annum. The distributions for the last ten years have 

nm as follow :—1901, 74 cent. ; 1902, 5 per cent. ; 
1903, 3} per cent. ; 1904, 1905, and 1906, 2 per cent. ; 
1907 and 1908, 3 per cent. ; 1909, nil; and 1910, 1 per 
cent. perannum. The average for the ten years comes 
out accordingly at 2.20 per cent. per annum. The out- 
ut of coal from the company’s pits for the past year was 

1,576 tons, against 959,631 tons for the year ending 
March, 1909—an increase of 31,945 tons. R portion of 
this increase is due to the fact that the financial year 
contained an extra working week, the remainder being 
due to the larger output of the company’s new pits. The 
output would have been considerably ter but for the 
coming into force of the Mines Eight Hours Act, 
which, in addition to increasing the cost of coal, ca 
considerable disturbance. The quantity of coke made 
was 44,338 tons, as against 44,072 tons for the previous 
year. In the course of the past year a number of ovens 
were rebuilt ; this will increase the output of coke per 
oven, and tend to reduce the cost of making coke. the 
development of new pits, upon the output from which 
the company will have to rely more and more, has 
involved a Looe outlay than was originally contem- 

lated ; and the directors feel it necessary to retain in 
and a larger proportion of the annual profits than would 
otherwise be necessary. 


Dowlais.—The Goat Mill has turned out a large tonnage 
of heavy steel railsand sleepers upon colonial and foreign 
account. The — has been nearly wholly employed 
in rolling steel rails of lighter weight and short length for 
colliery and tramway purposes. 





Lire-Savine 1n Mings.—In the House of Commons 
on Monday, the 27th ult., a Bill was introduced by Mr. 
Masterman (Under Secretary for the Home Office) and 
read a first time, to make provision for the organisation 
of rescue work in connection with accidents in mines. 
This marks further progress in this important subject, 
though in the matter of legislation we are only now follow- 
ing in the steps of many foreign countries who have already 
taken action in this matter. While official action has 
been delayed here voluntary effort has, however, done good 
work, and in several districts organisation is well forward. 
Mr. Masterman paid a well-deserved compliment to such 
enterprise, stating that the Howe Bridge Station was 
probably one of the best in the world. e Bill provides 
that the Secretary of State may require such provision as 
he may deem necessary as regards the supply and main- 
tenance of rescue appliances, the formation and training 
of rescue brigades, the provision of ambulance appliances, 
and the training of men in ambulance work. e Orders 
would, it is hoped, be made in consultation with a com- 
mittee on which there would be Home Office officials 
and representatives of both the employers and employees. 
Mr. Masterman stated that the object was to ensure that 
apparatus should be available either at every mine, or at 
least at a central station not more than half-an-hour 
distant by motor from every mine, and that some men 





at every mine should be trained in the work, 
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MarinE Mororine.—On the evening of the 22nd ult. a 
joint committee of the British Motor- t Club and the 

otor- Yacht Club was held, when it was agreed that the 
eliminating trials for the British International Trophy, 
under the auspices of the two clubs, should be held off 
Ryde, on July 23, in order to select a team which will 
represent Great Britain in competing for the cup at 
oresent held by the Motor Clubof America. The British 
nternational Cup, which was presented by Lord North- 
cliffe in 1903, has been won by England twice, by America 
twice, and by France once, and is at present held by 
America. The race is to be for boats not exceeding 40 ft. 
in length, and not restricted as to power. It is antici- 
ae that, in order to bring home the cup, a speed of at 
east 35 knots will be necessary for the winning boat. 
The team to represent this country is limited to three 
boats, and as a great many have been built, it is necessar 
to hold an eliminating race. Details of the race with 
regard to the time of start, &c., will be notified by the 
joint committee. 





CANADIAN Timper.—The value of the production of 
timber in each of the provinces of the Dominion of Canada, 
in 1908, was:—Ontario, 24,399,077 dols. ; Quebec, 
10,838,608 dols.; British Columbia, 9,107,186 dols.; New 
Brunswick, 4,081,402 dols.; Nova Scotia, 2,873,730 dols. ; 
Saskatchewan, 1,576,820 dols.; Manitoba, 867,969 dols. ; 
and Alberta, 593,244 dols.; making an gate of 
54,338,036 dols. The production of sawn lumber in each 
of the provinces during the year was: — Ontario, 
1,204,794,000 ft.; Quebec, 696.135,000 ft.; British 
Columbia, 647,977,000 ft.; New Brunswick, 308,400,000 ft. ; 
Nova Scotia, 216,825,000 ft.; Saskatchewan, 91,166,000 ft. ; 
Manitoba, 56,447,000 ft.; and Alberta, 41,382,000 ft. 
During the year railways purchased 13,978,416 sleepers, 
for which they paid 5,281,685 dols. ; of these sleepers, 
steam railways, comprising 25,772 miles of track, 
bought 13,738,157 for 5,189,674 dols., while electric 
railways, comprising 818 miles of track, purchased 
240,259 sleepers at a cost of 92,011 dols. Cedar is the 
favourite wood employed for sleepers upon British- 
American railways, hemlock and tamarack coming next. 
The number of poles purchased for telegraphs and _ tele- 

ones during the year was 185,807, the cost being 

.549 dols., of these poles 162,211 were of cedar, the 
other woods being hemlock, spruce, and Douglas fir. 
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PARTICIPATION OF WORKMEN IN 
PROFITS. 

THERE is so much unrest in the labour market at 
present, due to the steady improvement in the volume 
of trade inducing demands for increase in wages 
prematurely, that no apology need be given for 
directing attention to any scheme which may render 
more amicable the relations of capital and labour. 
The terms of the remuneration of labour must be 
from time to time the subject of negotiation and 
occasionally of sharp differences of opinion, and 
while practical men have sought to evolve machinery 
for the amicable settlement of these differences 
and for a wide acceptance of such settlements, the 
idealist is ever striving to reach a solution which 
will render disputes impossible. There have con- 
sequently been advanced many schemes for the 
participation of the worker in the profits earned, 
with a success varying widely because of local con- 
ditions, or of unavoidable fluctuations in the rate 
of profit. In the case of gas companies, for instance, 
complete success has resulted, largely because 
profit is always certain to result from the manu- 
facture, and the rate of dividend is compara- 
tively constant. In other industries, where the 
fluctuation of demand for production involves 
continuous uncertainty as to whether there will be 
a credit or debit balance in the profit and loss 
account, the general effect is that the workmen 
lose confidence, and prefer to bank their money, 
so that the interest is sure, if low. There is the 
further consideration that the contents of the family 
exchequer necessarily fluctuate, due to holiday 
expenses, illness, and other causes, so that it 
becomes almost a necessity that a large part of 
the savings should be more or less realisable, 
or, as the financier would put it, ‘‘in a liquid 
state.” Where, therefore, the worker is called upon 
to ‘** lay past” his savings in the purchase of shares, 
in order to participate in the profits, difficulties 
are certain to arise in the finances of the family, 
and these at once germinate discontent. This is 
undoubtedly the experience in a large number of 
cases, notably in the Furness scheme at Hartlepool. 
For that very reason the difficulties in the way of 
achieving complete success with any scheme of 
culnasdaahien are almost insuperable. 

Another solution, and one to which attention 
has been recently drawn by the issue of annual 
—— is that formulated by Sir W. G. Armstrong, 

itworth, and Co., Limited ; and in view of the 
experience of the company, as well as the extent 
to which the plan has found acceptance by work- 
men, the details are worth consideration, especially 
as the conditions in force overcome the difti- 
culties to which we have referred. In this case 
the workmen are invited to become depositors in 
an employees’ bank. Each workman indicates 
before pay-day the amount he thinks he can afford 
to ‘lay past;” and this, ranging from 1s. to 
ll. per week, is deducted from his wage through 
the wages-sheet. In the case of the officials the 
amount may be deposited according to the ordinary 
process of banking. The employees paid weekly 
can deposit in all 200/., and those members of the 
staff paid quarterly 400/. A fixed rate of interest 
at 4 per cent. per annum is paid on all deposits. 
To fis extent the scheme is of the ordinary 
banking nature, and depositors can withdraw their 
amounts at any time on short notice — under 
exceptional circumstances, indeed, without notice. 





The special feature which enables the depositor 
to participate in the profits earned by the com- 
pany is the addition of a bonus at the end of June 
and the end of December in each year. This 
bonus, which is declared at the beginning of the 
year, is equal to half the difference between the 
fixed rate of interest of 4 per cent. and the dividend 
payable on the shares of the company. Thus last 
year, for instance, the company declared a dividend 
of 10 per cent., and the depositors secured a bonus 
of 3 per cent., in addition to their ordinary in- 
terest of 4 per cent. In times of prosperity, how- 
ever, dividends of 15 per cent. on the ordinary 
shares were quite common, and in this case the 
bonus was 5} per cent., bringing the total interest 
to 94 per cent. on the balance deposited by each 
workman. In the case of deposit accounts which 
had not been opened prior to June 31, 1901, the 
total. interest is limited to 10 per cent., but since 
the depositor is certain of a return of 4 per cent. 
(which is more than is obtainable with any trustee 
security), and may earn from 7 toi0 per cent., he gets, 
roughly speaking, 24 times the usual interest ob- 
tained on savings by the working classes. It is there- 
fore evident that the bonusis a liberal one. In this 
respect it complies with a most important desidera- 
tum, because unless the incentive to take an in- 
terest in the affairs of the company is of a most 
seductive character it becomes ineffective. That 
success attended the scheme of the Armstrong Com- 
pany is demonstrated by the fact that, according to 
the latest balance-sheet, the total amount of deposits 
now reaches the very large sum of over 230,0001., 
which necessarily involves a heavy annual expen- 
diture on the part of the firm by way of interest : 
last year this amounted to 15,5001. 

Not only is the bonus in some respects an encou- 
ragement to the workmen to promote economy, 
but additional care is exercised by the worker to 
obviate his discharge, since persons leaving the 
employ of the company are compelled to close their 
account. Such ascheme, however, must in the end 
improve the status of the whole staff, as the salu- 
tary, moral influence of thrift is stimulated, while 
slowly there can be eliminated those who -have 
no ambition towards improvement. It will be 
noted, especially, that there is no interference with 
the absolute freedom of the workman in respect of 
trade-union membership or otherwise. Indeed, the 
project is one entirely in favour of the men, with 
only such gain to the employer as comes from the 
improved status of the worker himself. For this 
same reason, however, it cannot take the place of 
the more direct incentives towards efticiency pro- 
vided by such methods of remunerating the worker 
as the premium-bonus system. That, however, 
belongs to another question ; but it follows that, 
wisely directed by the officials of the cost depart- 
ment, and particularly the rate-fixers, the’ premium- 
bonus system must necessarily be acceptable to 
those workers favourable to such a banking scheme 
as we have described. Where the time rate serves 
for the replenishment of the family exchequer, the 
worker can deposit his premium bonus, and thereby 
directly create a fund which may be drawn upon 
for holiday and other emergencies, or be stored up 
for later days. 

The Elswick firm have, in addition to their bank- 
ing scheme, a superannuation or pension fund, which 
is based on the same broad and liberal principle, 
also with the end of improving the status of the 
workers. It is voluntary, but is very largely 
taken advantage of. It applies, however, in the 
meantime only to officials and foremen. Both 
schemes are on corresponding lines, and the only 
exaction made is in connection with the foremen’s 
benefit society, no member of which can be associated 
with a trade society. For a payment of Is. 6d., 
2s., or 2s. 6d. per week, to be deducted from the 
pay, the member is entitled to a pension at 60 or 
65 years of age, the amount being determined 
according to the sums paid ad week and the —_ 
during which contribution has been made. Here 
the ordinary principle of insurance is adopted, but 
in every case the company add to the fund an 
amount corresponding to the contribution by each 
member. A member who has paid 2s. per week 
for thirty years gets a pension at sixty years of age 
of 1001. per annum. hile a member upon attain- 
ing the age of sixty is entitled to retire and claim 
his pension, he may continue his subscription until 
he retires from his position in the works or attains 
the age of sixty-five, gaining, of course, in the final 
amount of the annual pension, according to the 
number of years he contributes. But no member 
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may draw his pension while he is still in the service 
of the company. Any member can retire, even at 
fifty-five, securing his pension, but in that case 
there is deducted from the annual pension payable 
upon reaching sixty years of age the amount of 
the subscriptions which he would have paid to the 
fund between 55 and 60 years of age. Shoulda 
member delay the receipt of pension beyond sixty- 
five years of age, he may, if he choose, discontinue 
his subscriptions, while his pension will still in- 
crease in proportion until he arranges with the 
company that he should retire. If any member 
die in the service of the company before he arrives 
at a pensionable age, the executors and adminis- 
trators are paid 90 per cent. of his own contri- 
butions and also of the company’s contributions. 
If a member leaves the company’s service of 
his own accord, he receives back his own contri- 
butions, with simple interest at 2} per cent. per 
annum. If any member is required to leave the 
service of the company from any cause other than 
misconduct, he receives back all his own contribu- 
tions and 26 per cent. of the company’s contribu- 
tions, with simple interest at 24 per cent. per annum. 
Even if the member continues in the company’s 
service, and wishes to discontinue his connection 
with the pension fund, he will receive back his con- 
tributions with simple interest at 2} per cent. Thus 
no member suffers any loss from a disconnection 
with the firm or discontinuance of membership, 
with the one exception of the company’s servant 
dismissed for misconduct, or requested to retire to 
avoid such dismissal. He receives his contributions 
only, without any interest, and has no further claim 
upon the funds. It will thus be recognised that 
there is in the scheme an inducment to so serve the 
company as to ensure a continuance of employment. 

In the case of the death of members there are 
specially advantageous conditions. The executors 
and adininistrators of any member dying before he 
becomes entitled to a pension are paid a sum 
depending upon the years and amount of his con- 
tribution, and in no case is this sum less than 121., 
the deficiency being made up out of the funds. 
If a member in receipt of a pension dies before the 
amount due to him a way of annuity has reached 
the whole amount of his own contributions and 
those of the company on his behalf, there is paid 
to his executors and administrators the balance, so 
that each member secures, in any event, his own 
money back, with considerable additions payable by 
the company, and interest. 

An important point in connection with the scheme 
is that the management is in the hands of a com- 
mittee, on which the members, either foremen or 
officials, have a majority of one over the represen- 
tatives of the company. In the case of the fore- 
men there are, in addition, certain allowances for 
sick benefit ; but in this connection the company 
contribute for each member 6d. per week in addi- 
tion t» the subscription by them of a sum equal to 
the payment by the members for pension. Many 
of the c. «a's of this foremen’s benefit scheme are, 
of course, common to similar schemes in all of the 
works und’r the Engineering Employers’ Federa- 
tion, so that they need not here be elaborated. But 
it will be seen that in respect of the deposit scheme 
for workmen, the benefit fund for foremen, and the 
pension project for foremen and ofticials, a liberal 
policy has been pursued, and the least that can be 
said about it is that it must improve the status of 
the workmen, creating in their minds the feeling 
that the employers have an interest in their welfare 
beyond the mere sordid money-making phase, a 
feeling which, of itself, must in the end secure a 
heartier co-operation in all affairs affecting the 
common interests of labour and capital. 








INDIVIDUAL ELECTRIC DRIVING 
FOR MACHIN-TOOLS. 

Execrric driving in machine-shops has made 
great headway of late years and it may be con- 
sidered to have so well established its bona fides 
that there is little new or profitable to be said 
about it. Certainly the broad claims which are 
made for it are fairly generally understood and 
granted, and there is little need to labour such 
points as the saving of line-shaft losses, the elas- 
ticity of arrangement, and the facility for running 
on overtime only such tools as are required, 
which are characteristic of it. None the less, it 


can hardly be supposed that this application of the 
electric drive has reached the limit of its evolu- 
There are many features of the matter still 


tion. 





capable of great development, and many develop- 
ments which are worthy of more extensive applica- 
tion than they have so far obtained. The whole 
question labours under the disadvantage that it is 
not possible to lay down any very broad or ab- 
stract principles limiting or defining the conditions 
in which electric driving may be considered legiti- 
mate or profitable. In this country especially, 
so large a proportion of the work in connection 
with the driving of machine-tools has to be carried 
out in existing shops, and in relation to existing 
tools, that in the majority of cases local conditions 
are bound to exert very great, and even determin- 
ing, influence on the applicability of any so-called 
best system of electric driving. This does not, 
however, preclude the possibility of considering 
the matter in a general way and pointing out 
certain considerations which may be kept in view 
when the erection of new shops, or the conversion 
of old, is under consideration. Although, as stated 
above, certain of the broad claims for electric 
driving are generally accepted, there are others 
which, as a rule, receive little recognition, and a 
consideration of some of these should be of value. 

There can be no doubt that the complete advan- 
tages of electric driving can be obtained only by 
the adoption of the individual drive for each tool. 
Such points as improved sanitation, unobstructed 
light, and better head-room for cranes, follow on 
directly from the absence of counter-shafts and 
belts, which is in general characteristic of this 
drive. Other advantages which can only properly 
be obtained by its use are closer speed regu- 
lation, extreme clasticity of arrangement, and 
the incorporation of the source of power in the 
tool, so that the whole arrangement can be trans- 
ported to a new position and set to work again 
with the minimum delay. Much discussion has, of 
course, centred around the question of group driv- 
ing versus individual driving, with a fairly general 
acceptance of the conclusion that for large or 
medium-sized tools individual driving is the better ; 
but that for small tools group driving is, on the 
whole, the more satisfactory. Some recent American 
experience appears, however, to suggest that even 
for the smallest tools the fitting of individual 
motors is found convenient and satisfactory. 
In a paper read before a joint meeting of the 
American Society of Mechanical Engineers and 
the American Institute of Electrical Engineers 
in April last, Mr. John Riddell, in a description of 
some of the features of the General Electric Com- 
pany’s shops at Schenectady, stated that individual 
driving was being adopted even for the smallest 
tools requiring only a fractional part of a horse- 

ower. Recent improvements in motor design had, 
bs said, resulted in motors which could easily be 
incorporated even in the smallest tools, and which 
were much smaller than the motors of correspond- 
ing power of a few yearsago. In addition to the 
_ quoted above, two others bearing on this 
subject were also read at the joint meeting of the 
two societies—one by Mr. Charles Fair, entitled 
‘* Motor Applications to Machine-Tools,” and the 
other by Mr. Charles Robbins, on ‘‘ Economical 
Features of Electric Motor Applications.” The 
whole of these papers indicate that the application 
of a separate motor to each tool is becoming ever a 
commoner feature of American practice, while 
in the case of large tools the fitting of a separate 
motor for each motion tends to become a usual 
device. It may reasonably be expected that a 
considerable extension of this latter tendency will 
be seen and that the larger machine-tools will 
follow the lead given by electrically-driven cranes 
in the adoption of a separate motor for each 
motion. 

The adoption of individual driving is, of course, 
complicated, especially in this country, by the 
question of existing tools. In any specific case, a 
decision as to whether it will be profitable to fit a 
separate motor to an existing belt-driven tool can 
only be come to after a careful consideration of the 
special conditions and a setting of the capital 
expense against the increased output, and various 
incidental advantages which may accrue. Mecha- 
nical difficulties will frequently come in, and, in 
many cases, it may be found that it would pay to 
scrap a tool and purchase a new one specially 
built for individual electric driving, rather than 
attempt to adapt the old one. This may very well 
prove to be the state of affairs in cases where it is 
desired to utilise a tool of early design for high- 


speed steel, with its attendant heavier cuts and | parti 


greater strains. In any case in which an originally 





belt-driven tool is fitted with a motor, considerable 
attention should be paid to fitting it as low down 
on the frame as possible in order to minimise vibra- 
tion, while the question of accessibility should 
always be kept in view. It is also advisable, when 
possible, to attach the motor direct to the tool, to 
form a self-contained arrangement. Attention to 
this point will save considerable trouble and time 
if it be ever desired to move the tool to a new posi- 
tion; and although it is not supposed that the 
managers of machine-shops spend any large pro- 
portion of their time in shifting their machines 
about into new places, the point is by no means 
merely academic. In addition, with the motor 
forming part of the tool, foundations are likely to 
be cheaper, and trouble owing to the motors getting 
out of alignment less frequent. 

Although considerably improved outputs may be 
obtained from originally belt-driven tools fitted 
with motors, the full advantage of the individual 
drive can, as a rule, only be obtained by tools 
designed from the first with the motor as an essen- 
tial part. The argument for separate driving which 
is really likely to appeal to the average shop- 
manager is that of increased output. The elimina- 
tion of line-shaft and belt losses is certainly im- 
portant enough, while questions of increased light 
and overhead accessibility cannot be neglected. 
But if it can be demonstrated to a shop manager 
that he will be able to get considerably more 
work out of his machines if he abandons belt- 
drives and uses individual motors, he is likely 
to be’ considerably more attracted by the pro- 
posal than he would be by any mere discussion 
of line-shaft losses. The full advantage of this 
increased output can, as a rule, only be obtained 
by machines which are designed from the first 
for individual driving. One of the characteristics 
of individually-driven tools which largely assists 
towards their superior output is the nicety with 
which cutting speeds can be adjusted to the 
work in hand. By using a variable-speed motor 
with a rheostat it is possible to obtain a far 
closer speed regulation than can be hoped for 
with any gearing or stepped-pulley arrangement ; 
and, what is of equal importance, it is possible to 
speed up or down instantly merely by moving the 
small controller - handle. In this respect the 
motor-equipped tool compares very favourably with 
belt-driven tools in which a change of speed may 
occupy considerable time, especially in a shop in 
which the counter-shafts are fairly high from the 
floor, so that it is difficult for the workman to throw 
the belt on to a larger diameter of the pulley merely 
with a jerk of the hand, or on machines in which 
the belts are too heavy to allow this to be done. 
This comparative difficulty of changing speeds in 
belt-driven tools leads to decreased output in two 
ways. Considerable time is actually lost in making 
the changes, while, owing to the trouble involved, 
there is always a fair chance of a man running his 
machine at a lower speed than the best, rather than 
take the trouble to change over to a higher. To 
obtain the full benefit of the electrical, separate- 
motor drive, however, it is necessary that consider- 
able attention should be paid to the position of the 
controller on the tool, so that it may be within the 
immediate and very easy reach of the workman. 
The papers quoted above lay deserved stress on this 
point. 

A feature of the individual motor-drive which may 
be made of great importance is that it lends itself 
to the obtaining of a continuous and automatic 
record of the power supplied to the tool during the 
working day. By fitting a tool so equipped with a 
recording wattmeter or ammeter, a curve or log can 
be obtained which will indicate not only the power 
required for various operations, but will give the load- 
factor for the tool, and will show the proportion of 
time which is lost in waiting for drawings, materials, 
crane-service, &c. A careful study of a series of 
curves of this sort, obtained over a reasonably long 
period for any group of machine-tools, will supply 
data and information which should be of great value 
in eliminating unnecessary losses, determining the 
best conditions of operation, fixing piece-rates, Kc. 

Mr. Charles Robbins, in his paper mentioned 
above, devotesconsiderableattention to an analysis of 
thelog curves of various machine-tools thusobtained. 
He is able to show that not only do the curves give 
a record of the delays which occur in ordinary 
working, but that they may be employed to deter- 
mine the best cutting speeds and rates of feed for 
icular jobs. It may well prove in some cases 
that a cutting speed lower than the possible maxi- 
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mum may be the most economical at which to per- 
form a particular operation, owing to the higher 
speed being offset by the greater power demanded 
and the more frequent delays due to tool-grinding. 
The chief advantage of these graphic records of 
machine-tool operation is, however, likely to lie in 
the assistance they lend to the elimination of avoid- 
able delays. The greater percentage of its time 
that a tool can be employed in actual production 
the less will be the non-productive proportion of 
the workman’s time, and the greater will be the 
return on the capital locked up in the machine. 
Graphic records of this sort enable a much closer 
watch to be kept on operating conditions, and a 
better analysis of shop methods to be made, with 
a consequent possibility of directing organisation 
towards the cutting down of losses, than is at all 
possible by a system of personal observation of 
machining processes. 





THE TRANSPORT OF PERISHABLES 
BY RAIL. 

Tue transportation of perishables by rail has 
developed to an extraordinary degree during com- 
paratively recent years. The continual recession 
of the productive areas from the towns, with 
the concurrent growth of town populations, has 
made regular traffic of this nature indispensable. 
The town-dwellers, often spoken of as non-pro- 
ducing, are such, of course, from only one point 
of view, for they are producers of commodities 
which, to-day, are practically as necessary as the 
staples of food. For the life of the people to be 
economically successful, the facilities of exchange 
between the two sections of the community 
must be ample, and not liable to dislocation. In 
the United Kingdom, with a railway system well 
adapted to high-speed service, quick delivery is the 
keynote in traffic in perishables, which for by far 
the greater part consists of food supplies. The 
facilities offered by the railway companies in this 
direction have led to the development of sources of 
supply in remote districts, where conditions speci- 
ally favourable to the producer enable him to 
more than cover the additional cost of transport, 
due to the greater distance from the market. These 
facilities enable dwellers in the large towns to enjoy 
necessaries and luxuries in the matter of food, not 
only drawn from the far corners of our own land, 
but also from the furthest countries of the world, 
to such an extent that seasonal changes are practi- 
cally abolished. It may fairly be claimed that 
proof of the adequacy of the enterprise shown in this 
direction is forthcoming in the wonderful develop- 
ment of the market for perishable food products 
witnessed of late years in most of our towns. 

Here, owing to comparatively short distances, 
and the fast service possible, the handling of this 
traffic is not very complex, in comparison with 
other countries, where the exigencies of present- 
day existence render it none the less necessary. 
With us the use of specially-ventilated wagons as a 
rule suftices to protect perishable goods without 
more elaborate precautions, although for certain 
classes of traftic, handled also in large quantities, 
refrigerator wagons must be used. Comparatively 
speaking, however, the working even of this traftic 
is simple. Short distances, and speeds equivalent 
to passenger-train schedules, enable the destina- 
tion to be reached without the necessity of re- 
plenishing the ice-supply, and, en route, except in 
cases of misadventure, no attendance is necessary. 
Other countries are not all of them so favourably 
placed in these respects, and perishable traftic 
then involves complications in working which, as 
yet, have not all been satisfactorily resolved. In 
the larger countries, the greater distances and 
wider range of climatic conditions render greater 
attention to this traftic necessary. 

_It is one of the wonders to the visitor to the 
United States, or would be if men had not almost 
ceased to wonder, that however far inland he may 
be, the delicacies from the sea-board will be found 
on the bill of fare, as will also the products of 
California on the tables of New York, or those 
from the Southern States in the houses of Chicago. 
Perishable traffic there has developed in a sur- 
prisingly rapid manner, and the whole country, 
from the Atlantic to the Pacific seaboard, not only 
contributes towards the sustenance of the inhabi- 
tants of their own great cities, but is also able 
to send us welcome additions to the display of our 
markets. Naturally, a great variety of conditions 
have to be satisfactorily met, in such a country, in 





order that the supplies may be placed on the market | mixture of salt and ice must be used, and the tem- 


in a good state of preservation. 


Meat, dairy perature kept at below 40 deg. Fahr. 


Eggs 


produce, fish, fruit, &c., must all receive special | shipped in large quantities are sometimes broken 


treatment. 
to transit from sub-tropical to temperate zones, 


but also arising from variations in altitude along| by a mixture of salt and ice. 


the route traversed, have to be contended with, 
necessitating protective measures against both heat 
and cold. The fast speeds common here are not 
approached in the United States in perishable 
traffic, a common average there being 25 miles per 
hour, compared with 40 to 45 here. Hours are 
therefore replaced by days, and the preservation of 


the produce requires much more elaborate organi- | 
sation on the part of the railway than is in any way | 


necessary here. Many of the conditions influenc- 
ing the handling of this traffic are admirably set 
forth in a report on the subject prepared by Mr. 
J. M. Culp, Vice-President of the Southern Rail- 
way, ard reproduced in the December issue of the 
Bulletin of the International Railway Congress. 
The most interesting point brought out in this 
report is the advantage of pre-cooling before ship- 
ment. For instance, meat is chilled by an expo- 
sure to a steady temperature of 30 deg. Fahr. until 
all animal heat is removed, but is not frozen. 
Chilled meat will keep for sixty days. 


|and then packed with crushed ice in barrels. 


| dition for comparatively long periods. 
of ice-packed poultry a temperature in the car of 


Ranges of temperature, not only due | into 5-gallon cans and frozen solid, a temperature 
|of 35 deg. to 40 deg. Fahr. then being maintained 


Poultry is pre- 
cooled and shipped in ice, or dry, or else frozen 
outright. In the first method the poultry is cooled 
in water for 24 hours to remove all animal heat 
In 
the second method, the poultry is kept in a dry- 
cooling room at a temperature of from 32 deg. to 
35 deg. Fahr. for 24 to 48 hours, when it is wrapped 
in peo paper and shipped in boxes. Pre- 
cooling and dry packing of this character appear 
to be very satisfactory, instances being known of 
poultry so treated keeping in perfectly good con- 
In the case 


from 35 deg. to 45 deg. Fahr. must be maintained 
without the use of salt ; but when shipped frozen or 
dry-packed, salt is used. The pre-cooling of cars is 
found to be essential for this class of traffic. 

For the transport of the ordinary fruit and 


| vegetables, efficient ventilation is quite as essential 


as refrigeration. In fact, for many vegetables under 


It improves | ordinary conditions ventilation is all that is required. 


in quality during the first two weeks, remains at its | For many fruits and certain vegetables protection 


best for the next two, and then slowly deteriorates. | against both heat and cold is necessary. 


It is desirable to put it on the market not later than 
six weeks after slaughtering, and preferably not 
more than four, when it is in very good condition. 
Equable temperatures and suitable hygrostatic 
conditions are necessary to ensure such preser- 
vation. When the time of transit may extend 
to a length of many days, it is naturally im- 
perative to reproduce cold - store conditions as 
nearly as possible in the cars. With this object 
the cars are cooled before receiving the meat—a 
process which sometimes occupies 24 hours, re- 
frigeration being subsequently maintained by 
ice in tanks at the ends of the cars. Tempera- 
tures of 28 deg. to 34 deg. Fahr. need the 
addition of salt to the ice, a proportion of 90 per 
cent. ice and 10 per cent. salt being commonly 
used, though the proportions need to be varied to 
suit outside temperatures. The moisture in the 
car interior tends to condense on the tanks, from 
which it is carried off by drip-pipes. Tanks need 
replenishing every 24 to 36 hours, and for this 
special facilities are provided in the way of icing- 
stations, where re-icing is expeditiously carried out 
with as little delay, loss of ice, and rise in tempera- 
ture in the car as possible. The temperature at 
which different kinds of meat are best preserved 
varies : for veal it should not be outside the range 
of 32 deg. to 36 deg. Fahr., but for hog products 
not outside 30 deg. to 33 deg. Fahr., some of the 
latter needing even 26 deg. to 28 deg. Fahr. 
Brined and dry-salted meats may be kept at 
36 deg. to 38 deg. Fahr. The trains are run on 
fairly regular schedules, and every effort is made to 
avoid delays on the road. The regularity possible 
with a comparatively slow service is evidently far 
more suitable to market conditions than a high- 
speed service marred by great irregularity. 

As a rule, the handling of meat, although neces- 
sitating great care, is to some-extent simplified by 
the fact that it is shipped and goes through to 
destination in closed cars. This is not the case, for 
instance, with dairy produce, which is collected in 
less than car-load lots at wayside stations, necessi- 
tating continual opening of the car-doors, when a 
rise of temperature inside can scarcely be pre- 
vented. The distances in this case range up to, 
but seldom over, 400 miles. In the case of these 
long distances it is not possible to deliver the 
milk in the towns before it is 24 hours old, 
so that it must be carefully preserved en route. 
Pre-cooling to 35 deg. Fahr. is resorted to in the 
case of milk, it being passed, in the dairy, through 

ipes in brine-tanks. It is shipped in cans or 

ttles, and in hot weather ice is put round the 
shoulders of the cans. Milk is picked up on the 
branch passenger trains, and the cars made up into 
milk specials on the trunk lines. Rather than 
encourage the shipment of milk from the most dis- 
tant districts the railways are now endeavouring to 
obtain a denser traffic over the shorter distances. 
In view of the expensive type of service needed, 
excessive distance from producer to market is un- 
profitable to both shipper and railway. 

Pre-cooled butter is also shipped with ice, as are 
also eggs, the temperature being kept at about 
45 deg. to 50 deg. Fahr. 








With frozen butter a | delay both seriously affecting loss by decay. Fruit 


For 
instance, shipments of apples and cabbages made 
between the middle of August and the beginning of 
November are made in refrigerator-cars without 
ice. During the month of November ordinary box- 
cars are used with ventilation ; while from the end 
of that month to March 1 refrigerator-cars are 
needed for protection against the cold. During 
the remainder of the year they are needed, with 
ice, for protection from the heat. In very cold 
weather additional protection is obtained by lining 
the inside of the car with thick paper. Paper is 
found to be of very great value in this connection, 
and is used both for lining the cars and wrapping 
the goods when slight additional precautions 
are necessary. Potatoes need rather more care, 
many of the supplies coming from districts where 
the winter temperatures are 15 deg. to 20 deg. 
below zero. In the autumn ventilation must 
be provided to prevent —, while in the 
early winter slight protection by insulation is 
needed. In the middle of winter, however, it 
becomes necessary to use heated cars, which are 
hired from a car-owning company under a regular 
tariff. Sometimes an ordinary stove is provided by 
the ~~ in the car, and an attendant, employed 
by the shipper, must travel on the train to attend 
to it. One attendant can look after five cars, re- 
turning subsequently at a special passenger rate. 
The need of this is abolished where patent heater-cars 
are hired, some of these having oil-lamp heaters with 
automatic regulation, which require no attention 
after starting on journeys of 800 to 900 miles.’ Other 
cars are fitted with steam-heating arrangéinents 
something after the style of the passeri¥?ieating 
equipment. - 

Ventilation receives a great deal of atintion, and 
elaborate instructions are issued by shippers or 
carriers as to where and when ventilators should be 
opened or closed. The service on the principal 
routes has become sufliciently stereotyped for this 
to be possible. It has been well proved that harm- 
ful gases and heated air accumulate at the top of 
the car, and several systems are in use with the 
object of reducing risks arising from this. Some 
ventilation devices adopted ensure the constant 
changing of the air within the car when in motion, 
and allow of a considerable degree of adjustment. 
The difference of temperatures near the floor and 
roof is smaller in cars of this kind, and the ship- 
ments may therefore be tiered to a greater height, 
thus giving better car-loads. Efficient insulation 
naturally tends to more equable temperatures, and 
in many cases, with the pre-cooling of cars, is all 
that is necessary to keep pre-cooled fruit in good 
condition. 

It is only by the care and attention bestowed 
upon fruit prior to, and during, transit that the 

eat districts of the West have been developed. 
Dosidabes fruits are shipped fully ripe, promptly 
pre-cooled after picking, this process having the 
effect of arresting chemical changes, enabling the 
fruit to be put on the market fully ripened. 
Oranges are now cooled before shipment. Prompt 
shipment and care from injury are points of 
vital importance as regards fruit, bruising and 
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is often in the cars 10 days or a fortnight, so that 
the need of care on these points becomes evident. 
The ordinary temperature for the pre-cooling of 
fruit is 40 to 42 deg. Fahr., the fruit being placed for 
24 hours or so in a blast of cold air. As fruit is 
collected on the railroad in less than car-load lots, 
the pre-cooling naturally assists in keeping the 
maintenance of a suitable temperature in spite 
of the opening of the car-door at stations. 
Bananas will not stand temperatures below 45 deg., 
while 90 deg. Fahr. accelerates ripening. In this 
traflic, therefore, icing is sometimes necessary at 
the port, and ventilation en route, while even heat- 
ing may be required before arrival at destination. 
Pine-apples can be shipped entirely under ventila- 
tion in refrigerator cars. 

Fish is handled in a variety of ways. It is some- 
times frozen hard as soon as caught, and can then 
be held in cold storage for many months, or it may 
merely be packed in ice, the boxes being re-filled 
en route, daily, at icing-stations. For the longer 
distances, as, for instance, from the Pacific Coast 
to New York, it is usually frozen solid, and dipped in 
cold water so as to secure a thin coating of ice. It 
is then wrapped in oil paper and packed in boxes. 
Lobsters caught on the Atlantic Coast are shipped 
to Chicago alive or boiled, being packed in either 
case in barrels with crushed ice, which treatment will 
suffice fora journey of forty-eight hours, whenre-icing 
becomes necessary. Ice has a very different effect 
on meat and fish, &c. It must not be allowed to 
come in contact with meat, or the meat will be 
injured. Fish suffers no such injury, neither do 
lobsters ; but oysters lose their flavour if in contact 
with ice. The latter, therefore, which are shipped 
from the eastern seaboard to States as far inland 
as Colorado, are handled by the ‘‘ Express” com- 
panies, — in barrels, or, shelled, in sealed 
cans. They are kept in transit at temperatures 
below 35 deg. Fahr., though rather higher tempe- 
ratures than this will suftice if not kept for more 
than four days or so en route, 

It is impossible to obtain complete statistics 
showing the extent of the perishable traffic of these 
kinds on the American railways, but that it is very 
considerable is evident from the partly complete 
statistics available and from the highly organised 
service brought into being to cope with it. That 
the variety of the conditions and requirements of 
the several forms of traftic have been ably met, and 
the system of transportation, though still suscep- 
tible of improvement, reduced toa practical success, 
is proved by the continued and rapid development 
of the sources of supply, in most cases in America, 
very far distant from the chief markets. 





HIGH-EXPLOSIVE PROJECTILES. 

Tuer question of high-explosive projectiles has 
been frequently discussed of late in the Continental 
technical Press, and is one which will interest our 
readers. As is well known, the quantity of high- 
explosive contained in any projectile forms the 
means generally used for qualifying the latter. In 
other words, the percentage of weight of explosive 
contained in the total weight of a loaded shell 
is considered one of the most important factors 
for determining the efficiency of this particular class 
of projectiles. Two points seem, however, to have 
been lost sight of pretty frequently, and these 
are the relation between the total weight of a pro- 
jectile of a given calibre and its length ; and, con- 
versely, the direct connection which exists between 
the weight of the explosive charge and the length 
of a projectile. As an illustration we may state 
that the shrapnel fired by the 2.95-in. French 
field-gun weighs approximately 16 lb., a heavy 
weight for the calibre, as will be noticed; in 
order to obtain for the same gun a high-explosive 
shell of a length equal to that of the shrapnel, the 
total weight of the shell has been redu to less 
than 12 Ib. 

Projectiles high in weight proportionately to 
their calibre have frequently been commended for 
naval ordnance, and very rightly so, seeing that 
heavier projectiles lead to marked advantages from 
the point of view of ballistics. But it has also fre- 
quently been thought possible to take advantage of 
the increase in weight advocated, for increasing the 


proportion of explosive charge. The following will 


show that the latter conception is generally incapable 
of realisation, leading to impossibilities in the shape 
of projectiles of a length which cannot in any way 





meet service conditions. 
Steel is practically the sole metal now used for | 


high-explosive projectiles. The methods followed 
for manufacturing the steel vary from one works to 
another ; its chemical composition may also be dif- 
ferent within certain limits. The specific gravity of 
the steel used, whatever be its make, may, however, 
be considered as constant. The shape of the pro- 
jectiles does not differ from one instance to another 
in any sufficient degree to prevent this from being 
considered uniform throughout. In order to sim- 
plify matters without any serious prejudice to 
accuracy in a broad review of the subject, the pro- 
jectiles may even all be considered as of cylindrical 
shape. This being accepted, and taking the most 
simple example, the volume V of a shot of c 


calibre and of length J, is equal to r . : . l,andits 


2 
weight W equal to r . vane A, where Ais the specific 
gravity of the steel. For one and the same calibre, 


the factor 7 . 5 -4 is, on the assumptions postu- 


lated above, a constant which may be called K, 
and the weight of the shots of the said calibre 
can thus be defined by the formula W = K. l. 
The immediate conclusion to be drawn herefrom 
—and this is no new conclusion—is that there is 
but one means of increasing the weight of shots of 
a given calibre manufactured with the usual class 
of material—i.e., by increasing the length, and 
increasing it in exact proportion to the increase 
in weight required. Thus, if we consider, simply 
as an illustration, a 12-in. shot of a given weight 
and of a length equal to 24 calibres, or 30 in., 
should it be desired to use a shot weighing one- 
third more than the one we have selected, its 
length would have to be also one-third more, and 
equal to 3.3 calibres, or 40 in. 

If shells be now taken into consideration, these 
are found to consist of a metallic portion of volume 
v,, and of specific gravity 8,, also of an explosive the 
volume of which is v,, and the specific gravity 8,. 
The total volume V, the average specific gravity of 
which is 8, is the sum of the two preceding volumes: 

V =v, + %. . (1) 

The total weight W of the shell is expressed 

by the equation 
W = VG=20,. 8 + vq. 5, (2) 
If now we call n the percentage of weight of 


+ Ug + 8, 


explosive charge —i.¢., ——wW » Wwe obtain 


at once 


V@t= 100 . V2. 5g 
n 
and, using equation (2), 
Vi “ea” r . 6; (3) 


By eliminating V, »%,, and v, from the above 
equations, we get the value of 8 in terms of 3§,, 4,, 
and n. 

= ___ 1008, 8 
100 5, + n(d, — dy) 

The specific gravity of the metallic portion, which 
includes steel, copper, bronze, and brass, is be- 
tween 7.8 and 8. That of the usual explosives, 
including the priming charge, is between 1.5 and 
1.6. It may therefore be stated with a very sufti- 
cient degree of accuracy that 5, = 5 4,. 

Taking the equation (4) we therefore have 

_ 5008, _ 1256, 
10+4n Bin 
Whence, on com 


(4) 


(5) 


ring two shells of equal calibre 
and equal weight, the percentage of explosive charge 
being n for the one, and n' for the other, the 
average specific gravity 8(n) and 8(n1) of the two are 
in the following ratio :— 
6 in) _ 3+ nl 
Sih ~ B+ (6) 
Taking 3 as the average specific gravity, we can 
express the weight of the shells of a given calibre 
by the formula 
(7) 





W=K.i.8 
where K is a constant. 

Two shells of equal calibre and weight, and of 
average specific gravities 8(n) and 8m), containing 
respectively n per cent. and n! per cent. of explo- 
sive charge, have their lengths /(n) and (n1) in the 
following ratio :— 

L in > 6 nh) a 
Dn) 6 (n) es 


Btn 
25 + nl’ 
25 + nl 
Btn 


whence 





Lint) =2 (my Xx 





If we now take, as an example, a shell of a 
given calibre, having a weight W, containing 3 per 
cent. of explosive charge, and three calibres in 
length, and it be required to obtain the length 1 of 
a shell of the same calibre and weight, but con- 
taining a 20 per cent. weight of explosive charge, 
equation (8) gives this length to be equal to 
4.8 calibres, a length which, we may add in passing, 
exceeds that of all shells in actual service. 

We may also consider, for the purpose of illus- 
tration, a 12-in. shell, weighing 850 lb., containing 
a 5 per cent. weight of explosive charge, and having 
a length equal to 3.6 calibres. To find the length 
of a 12-in. shell, weighing 1000 Ib., and having the 
same proportion of explosive charge, equations (4) 
and (7) are used ; they show that the ratio of the 
jJengths of the two projectiles is the same as that of 


their weights—i.e., 1000 or 20. The length of the 
850 17 
1000-lb. shell will therefore be 4.2 calibres. 

If the length of a 12-in. shell, weighing 1000 lb. 
and containing 10 per cent. weight of explosive 
charge, be required, this is found, using equa- 
tion (8), by multiplying the length of the shell con- 
taining 5 per cent. of explosive charge, or 4.2 


. - 2+10. 7... 
cali a —— =—, giving 
bres, as above, by the ratio S45 e giving 
the length 4.9 calibres, a length which is greater 
than is at present considered practicable. We may 
state here that no serviceable projectiles have ever 
exceeded 4.5 calibres in length, and even then these 
comparatively long projectiles have always been 
designed for firing with howitzers and mortars. 

The equations we give in the foregoing are not 
rigorously exact, owing to the assumptions we 
have made and the simplified methods we have 
adopted. They, however, approach sufficiently 
close to the actual facts to show the latter with a 
sufficient degree of precision for all general prac- 
tical purposes; they point out accurately, at all 
events, the general trend of the facts in question. 
They throw light, in particular, upon one point 
which does not appear, on first consideration, to 
have been very generally noticed, to the effect that 
an increase in the explosive charge of a projectile 
of given calibre, whilst keeping it a practicable 
length, does not lead to an increase in weight of 
the projectile, but, on the contrary, to a decrease. 
This ought almost amount to stating a platitude. 
Nevertheless, we know that the fact has frequently 
been lost sight of that by increasing the capacity of 
a projectile for taking a larger explosive charge, 
while maintaining constant its total weight, a 
metallic portion of the whole having a compara- 
tively high specific gravity is replaced by an explo- 
sive portion of equal weight, but of a much lower 
specific gravity. The latter requires, of a neces- 
sity, a much larger volume than the former. As 
the diameter cannot be increased, the length has 
to be made greater, and this addition to the length 
is larger the greater the difference between the 
specific gravity of the two materials. 








LUMP-SUM CONTRACTS. 

Tue type of construction contract which is at 
once the most satisfactory to the employer and 
most objectionable to the contractor is what is 
known as the ‘‘lump-sum ” contract. When he 
undertakes an obligation to do certain work for a 
sum certain, the contractor takes upon himself the 
risk of all contingencies which may arise. He can- 
not, in general, make any claim for extra work, if 
it turns out that hidden difficulties make his labour 
far more arduous and costly. It is only necessary 
to refer to one or two cases to exemplify the truth 
of this doctrine ; but, as we shall hope to show in 
the course of these notes, there are circumstances 
which may arise to excuse the contractor from the 
exact performance of a lump-sum contract. 

The following cases illustrate the huge burdens 
which may fall upon a contractor who has under- 
taken a complete work :— 

In Sharpe v. San Paulo Railway (1873, L.R. 8, 
Ch. 597), a contract provided that a railway line 
should be completed for a fixed sum. When the 
railway was partially completed it was found that 
the proposed mode of conveying the traffic up and 
down a mountain was wholly inadequate. The 
engineer prepared new plans, and requested the 
contractors to construct the railway according to 
those plans, which they did, occasioning the exca- 
vation of earthworks greatly in excess of the quan- 
tities specified by nearly two million cubic yards. 
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Lord Justice James said :—‘‘ What they had con- 
tracted to do for a lump sum was to make the line 
from terminus to terminus complete, and both 
these items seem to me, on the face of them, 
entirely included in the contract. They are not in 
any sense of the word extra works.” It was held 
that the contractors could not recover the excess as 
an extra. 

A manufacturer undertook to make for a lump 
sum certain water-tanks, with certain stays, ‘‘capable 
of sustaining a head pressure of 60 ft. of water.” 
Finding that, as constructed, they would not sus- 
tain that pressure, he strengthened them by adding 
stays, which he charged for as extra furnishings. 
It was held that the employer was not liable beyond 
the price mentioned in the contract; and that, 
therefore, the manufacturer could not recover for 
the cost of putting in the extra stays (Wilson ». 
Wallace (1859), 21 Court of Session, Cas. second 
series (Dunlop), 507). 

Other cases illustrate the importance of careful 
surveys and investigations before the work is under- 
taken. Too often the contractor relies on the 
measurements and estimates prepared on behalf of 
the other party to the contract. In one case the 
defendant employed an architect to prepare plans 
and a specification for a house, and to procure a 
builder to erect it for him. The architect took out 
the quantities ; the plaintiff made a tender, which 
was accepted, and he entered into a contract to 
‘* execute the necessary works in erecting and com- 
pleting a dwelling-house, &c., according to draw- 
ings, specifications, and conditions of contract.” 
The quantities proved to be incorrect, and the plain- 
tiff expended upon the building a much larger 
amount of materials than he contemplated. It was 
held he could not recover the extra payment ; for 
the employer did not guarantee the quantities 
(Scrivener v. Pask (1865), 18 C.B.N.S., 785. 

An even more striking illustration of the 
danger of relying on other people’s measure- 
ments was furnished by what is known: as the 
‘‘ Blackfriars Bridge case.” A man named Thorn 
contracted to build Blackfriars Bridge in accord- 
ance with plans and a specification furnished 
by an engineer. Part of the plans related to 
caissons, which turned out to be ineffective, and 
the work done in attempting to use them was 
entirely lost. The plans were then altered, and 
Thorn completed the bridge. The contract price 
and the cost of the altered work was paid, but not 
the cost to Thorn of attempting to use the caissons. 
It was held that Thorn was not entitled to recover, 
as for a breach of warranty that the work could be 
done in accordance with the specification and plans. 
The judgment of the court contained the following 
passage :— 

‘There can be no doubt that the plaintiff, in the 
exercise of common prudence, before he made his 
tender, ought to have informed himself of all the 
particulars connected with the work, and especially 
as to the practicability of executing every part of 
the work contained in the specification, according 
to the specified terms and conditions. It is said 
that it would be very inconvenient to require an 
intending contractor to make himself thoroughly 
acquainted with the specification, as it would be 
necessary upon each occasion for him to have an 
engineer by his side. . . . But if the contractor 
ought prudently and we yd to have full informa- 
tion of the nature of work he is preparing to under- 
take, and the advice of a skilled person is necessary 
to enable him to understand the specification, is it 
any reason for not employing such a person that it 
would add to the expense of the contractor before 
making his tender? It is also said that it is the 
usage of contractors to rely on the specification, 
and not to examine it particularly for themselves ; 
if so, it is a usage of blind confidence of the most 
unreasonable description” (Thorn v. London Corpo- 
ration (1876), I., App. Cas. 120). 

The contract should also provide explicitly for 
the incidence of all risks attaching to the execution 
of the work. If the contractor undertakes to carry 
out the erection of a sea-wall, or any other struc- 
ture which may be damaged by storms, &c., he 
becomes to some extent an insurer of the employer. 
In this connection the case of Jackson v. Eastbourne 
Local Board 1886 (2H. 67) may be referred to. 
The plaintiff Jackson contracted to construct 
a sea-wall. The contract provided that Jackson 
should ‘‘take upon himself and be answerable for 
all accidents and damages from or by seas, winds, 
Xc.,” and in case of such accidents or damages 
arising, should repair and make good the same as 





soon as possible, at his own cost and charge. A 
local Act bound the. local board to protect the 
adjacent shore from the action of the winds and 
seas. The sea swept away the shingle in front of the 
sea-wall, and a storm carried away a great part of 
the sea-wall. It was held that Jackson, and not the 
local board, took the risk of damage to the work 
while in progress by the action of the winds and 
seas, which was a risk incidental to the complete 
performance of the contract, and that there was no 
implied covenant by the board that the seashore, 
on which the works were to be constructed, should 
remain in the same condition as at the date of the 
contract. Further, that the provisions of the local 
Act did not create any obligation on the part of the 
board in favour of the contractor, or exonerate 
him from the special terms of his own contract. 

We now come to the consideration of a class of 
cases in which, even in the case of lump-sum con- 
tracts, the contractor may be excused if it turns out 
that a large amount of extra work is necessary for 
completion. If it can be shown that the estimates 
and measurements of the employer were erroneous, 
and that they were erroneous to the knowledge of 
the employer or his engineer, the contractor may 
make a claim for extras. 

In Pearson v. Dublin Corporation (1907, A.C.357) 
the plaintiffs undertook to execute certain sewerage 
works in accordance with plans, drawings, and 
specifications. The work was to be paid for on 
certificates. It was provided that the contractors 
should verify all measurements for themselves, and 
not rely on the specifications and plans. It 
appeared, however, that the plans showed the 
existence of a certain wall which, in fact, did not 
exist, and in consequence the plaintiffs were put to 
a large amount of extra expense, which they sought 
to recover. They alleged that the existence of this 
wall had been fraudulently misrepresented. It was 
held that the specification only protected the Cor- 
poration against honest mistakes, and that if a jury 
found that there was fraudulent misrepresentation, 
the plaintiffs could recover for the extra work. 
The Lord Chancellor said : ‘‘ The clauses before us 
contemplate honesty on both sides, and protect 
only against honest mistakes.” It may be mentioned 
in this connection that if statements are made, by 
means of plans or specifications, with a reckless in- 
difference as to whether they are true or false, they 
will be looked upon as fraudulent. 

We now come to the most recent case on the 
subject, which differs from Pearson v. Dublin Cor- 
poration (supra) in that it related to the interpreta- 
tion which should be put on a lump-sum contract. 

The difficulties attendant upon such a contract 
are well exemplified by a recent Scotch case—Boyd 
and Forrest v. the Glasgow and South-Western 
Railway—which was heard by Lord Johnston and 
Lord Cullen in the Court of Session on January 27, 
1910. It appeared that Messrs. Boyd and Forrest 
had entered into a contract with the defendant 
company for the construction of a railway for a 
lump sum. A substantial portion of the work con- 
sisted of excavating and tanking. The work to be 
done was detailed in a schedule attached to the 
contract. The price or cost of excavation was 
based on calculations of quantities included in the 
schedule, and these were said by the pursuers to have 
been based upon certain erroneous records of borings, 
or records of borings that were improperly taken. It 
appeared that for a long time prior to the contract 
the railway company had been having borings made 
along the place where the excavation was to be 
made. These borings (for one cutting at least), it 
was afterwards alleged, were not made by a skilled 
borer, but by a surface-man. He kept a journal 
of bores, and the engineer of the railway com- 

ny, working on that, produced a record of bores. 
These documents were open for the inspection of 
the pursuers and other persons tendering. The 
contract contained the following clause :—‘‘ Bores 
have been put down at various parts of the line, 
the position of which are shown on the small-scale 

lan ; and a copy of the journals of these bores may 
“ seen at the engineer's office ; but the company 
does not in any way guarantee their accuracy, 
or that they will be a guide to the nature of 
the surrounding strata ; contractors must therefore 
satisfy themselves as to the nature of the strata, 
as the company will not hold themselves liable for 
any claim that may be made against them on 
account of any inaccuracy in the journals of the 
bores.” In point of fact, the journals turned out 
to be inaccurate, with the result that the pursuers 
had to excavate a quantity of hard material much 





in. excess of what they had anticipated. It seemed 
that the proportion of rock and soft material pre- 
sent in the cutting had been erroneously calculated. 
Having regard to this, the pursuers asserted that 
they had been misled, and sought to set aside the 
whole contract, claiming a balance of 106,6881. as for 
work done on a measured and valued basis. The 
Scotch court held that the contract should be set 
aside. Lord Johnston said :—‘‘ A contractor in a 
case like this is entitled to fair and honest in- 
formation. There may be mistakes, but they 
must be true mistakes . . . Having totally failed 
to explain away their mistakes, the engineer 
and his subordinates have failed to put aside the 
evidence which the pursuer has led. The ob- 
jection which I sustain is based upon the Kilbirnie 
cutting, where there is about 75 per cent. more 
hard cutting than was anticipated. But that cutting 
is such an important part of the work, and enters so 
deeply into the scheme of the work, that there is 
sufficient, as it seems to me, to upset the contract.” 








THE ELECTRIFICATION OF THE 
LAPLAND RAILWAY. 

Tue Swedish Riksdag, on May 20, accepted the 
Government proposal for the construction of a large 
State hydro-electric power-station at the Porjus 
Falls in the Great ie River, for the purpose of 
introducing electric traction on the important Lap- 
land railway, as well as for the electrification of 
the line itself. This scheme, which is considered 
one of the most interesting in the way of electrifi- 
cation of railways so far proposed or carried out, 
was referred to in ENcrveeRInG for March 11, 1910, 

e 320, and we shall now give some details of the 
efinite plans with a map of the district affected 
by these installations. 

Whilst the authorities entrusted with the survey 
and the plans were agreed as to the desirability of 
adopting electric traction on the railway in question, 
the Railway Board and the Waterfalls Board 
differed as to where the power-station should be 
located, the Railway Department favouring the 
Falls at Vakkokoski, whilst the Waterfalls rd 
recommended the exploitation of the Porjus Falls, 
the latter Board taking a wider and broader view 
of the question than the Railway Department. 
The Government favoured the Porjus scheme, in 
which the railway authorities also acquiesced, and 
the proposal now passed is based upon this plan. 

e Great Lule River leaves the Great Lule 
Lake at Luleluspe through a trench 3.5 kilometres 
long and 8.5 metres (27 ft. 9 in.) deep, below which 
the so-called Great Porjus Selet, about 5 kilometres 
(3.6 miles) long, is located. Below this the river 
forms the Porjus Falls, which are about 3 kilometres 
long and have an aggregate descent of about 
50 metres (164 ft.). The Porjus Falls comprise 
four separate falls, or rapids, of which the 
Ruoutekartje Fall has a steep fall of 16 metres 
52 ft. 6 in. A little further down, after a level 
stretch, the river passes over several falls extending 
over a distance of about 7 kilometres and with an 
aggregate height of 30 metres (98 ft. 6 in.) Then 
comes the famous Harspranget Fall, with a height 
of 74 metres (242 ft. 9 in.) over a distance of 
about 2 kilometres. Below the Harspranget there 
are several falls, amongst them the following, 
which belong to the State:—The Ligga Fall, 15 
metres in height, the Porsi Fall, about 25 metres 
in height, and the Ede Fall, about 22 metres in 
height. 

e catchment area of the Lule River is about 
9600 square kilometres, and the aggregate area of 
the various lakes amount to about 890 square kilo- 
metres (347 square miles). The total height of fall 
of the Lule River between the Great Lule Lake 
and the sea is about 360 metres, (1181 ft.) repre- 
senting at low-water about 145,000 natural horse- 
power. The State holds undisputed right to falls, 
representing, at low water, some 70,000 turbine 
horse-power, which a regulation of the lakes in 
Great Lule River will increase to the formidable 
total of 300,000 turbine horse-power. 

The plan comprises a complete regulation of the 
waterway with the construction of dams at Great 
Lule Lake, Satisjaure, and Virijaure, and perhaps 
at other lakes, but the power-station at Porjus, now 
decided upon, requires no regulation. The dams 
will only be undertaken when required. Observa- 
tions during the years 1908 and 1909 have shown 
the minimum volume of water at Porjus to be about 
30 cubic metres (1059 cubic feet) per second, and 
more than 50 cubic metres per second for seven 
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months, whilst the quantity of water at the Porjus 
Fall at high water is as much as 1300 cubic metres 
(45,912 cubic feet) per second. For the power- 
station a minimum of 24 cubic metres (849 cubic 
feet) is reckoned upon, but with proper regulation 
of the Great Lule River above the Porjus Falls the 
low-water quantity can be increased to 115 to 125 
—eventually 180—cubic metres per second. A 
regulation yielding 135 cubic metres (4767 cubic 
feet) per second would, based upon the observations 
made in the last two years, require a reservoir of 
only 1,490,000,000 cubic metres capacity, but in 
dry years a larger reservoir would no doubt be 
required. 

The following table shows the capacity of the 
reservoirs calculated to be required for the Great 
Lule River at Porjus, according to the quantity of 
water tapped :— 


Cubic Metres per Capacity of Reservoir 


Second, in Cubic Metres. 
50 480,000,000 
75 1,020,000,000 

100 1,540,000,000 
115 1,880,000,000 
125 2,080,000,000 
135 2,320,000,000 
150 2,800,000,000 


The survey in this connection is still proceeding, 
but it is calculated that, with a regulation of 
certain lakes already examined, a reservoir of about 
2,000,000,000 cubic metres capacity could be ob- 
tained, which would correspond with a regular out- 
flow of about 125 cubic metres per second. A 
regulated flow of 45 to 50 cubic metres per 
second at Porjus could be obtained most practically 
by regulating the lake of Satisjaure, which would 
entail an expenditure of some 600,000 kr., whilst 
the complete regulation is calculated to cost about 
5,000,000 kr. 

The surface-level of the water for the installation 
is fixed by the dammed-up water-level in Great 
Porjus Selet, which, in order to avoid any ice 
trouble from an unexploited fall between Great 
Lule Lake and Great Porjus Selet, should be 
dammed to about the same height as the regulated 
low-water level of Great Lule Lake. Thiscould be 
done either by making the dam at Porjus so high 
that it also served asa regulating dam for the Great 
Lule Lake, or by constructing a lower dam at 
Porjus, with a separate regulating dam at Lule- 
luspe. Calculations have proved the latter plan 
the more advantageous, and it is therefore pro- 
o3sed that the low-water level of Great Porjus 
Relot should be normally dammed to a height of 
344.25 metres above datum, whilst at high water it 
can rise to 346 metres (1135 feet). 

The surface water-level will vary with different 
amounts of flow, which variation, however, 
owing to the area of Great Porjus Selet after 
damming, will only be a few centimetres, and if the 
entire dry-weather flow should be stored for 
twenty-four hours, about 0.45 metre. The varia- 
tion, in order to be on the right side, has, however, 
been put at 0.5 metre, corresponding to an average 
low-water level in Great Porjus Selet of 

344.25 + 343.75 
2 

The water-level of the installation at Little 
Porjus Selet, below the Porjus Fall, likewise varies 
according to the flow, and the water-level, which at 
low-water is about 287 metres (941 ft.), rises with 
a tlow of 100 cubic metres per second to 287.80 
metres, and with a flow of 200 cubic metres per 
second to 288.60 metres. This latter flow of 
200 cubic metres per second will probably be the 
largest practicable for power exploitation, even with 
fully-completed installation. At high-water the 
water-level in Little — Selet is 201 metres. 

The gross fall with low-water is consequently 
57 metres (187 ft.) ; with a water consumption of 
100 cubic metres it is 56.2 metres, with 200 cubic 
metres per second it is 55.40 metres, and with high- 
water 55 metres. 

The net height of fall, according to the accepted 
plan, with 100 and 200 cubic metres water consump- 
tion per second, is calculated at 52.90 and 52.10 
metres respectively, and with high water at about 
51.54 metres. 

With variable flow, when the turbines suddenly 
experience a larger demand for power, some little 
time, owing to the comparatively long in-and- 
outlet tunnels, will elapse before there is a corre- 
sponding acceleration in the speed in the tunnels. 
In order to avoid momentary losses of fall of such 


= 344 metres. 





importance as to prevent a satisfactory regulation 
of the turbines, a smaller distribution basin has 
been provided for at the inlet to the turbines, and 
at the outlet from the turbine at the upper end of 
the outlet tunnel a distribution gallery, blasted in 
the rock, has been planned. 

According to information received from the rail- 
way department a sudden increase in the load of 
the turbines might amount to as much as 15,000 
turbine horse-power, and, although this may be 
considered a high and exceptional estimate, due 
regard has been paid to the figure in the dimensions 
of the distribution basin and gallery, the average 
height of fall with low water, and with a load vary- 
ing from 0 to 50,000 turbine horse-power, varies 
between 57.25 metres (188 ft.) and 52.65 metres 
(172 ft.), with an average of 54.95 metres (180 ft.), 
when sudden variations of load are avoided. 
Should sudden variations of load of 15,000 horse- 

wer occur, the net height of fall will vary, at 
ow water, from 57.25 to 49.45 metres (162 ft.), 
averaging 53.35 metres. 

For railway traftic, according to a load diagram 
drawn out by the railway department, with an iron- 
ore transport of 3,850,000 tons and the requisite 
passenger trains, an average effect of about 10,600 
turbine horse-power will be required, taken as an 
average during 18} hours out of the 24, with a maxi- 
mum of 12 ore trains and two passenger trains 
in each direction. The maximum power required for 
railway traftic has been put at 23,600 turbine horse- 
power, wherefore it is proposed to install for rail- 
way traffic two 12,500-turbine-horse-power units 
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in addition to a reserve. The average consump- 
tion of water for this purpose for a whole year 
would be 16.5 cubic metres per second. The 
Griingesberg Company has calculated its require- 
ments of power at Kiruna in the beginning of 1917 
at 3200 kilowatts, and at Gellivare about 3300 
kilowatts, or an aggregate of 6500 kilowatts, 
measured on the high-voltage side at both places. 
This is calculated to correspond with 10,500 turbine 
horse-power at Porjus, and can thus be generated 
by one 12,500 horse-power unit. The water con- 
sumption for the Griingesberg Company is calcu- 
lated at 6 cubic metres per second (211 cubic fect), 
which, with the 16.5 cubic metres for the railway 
traffic, makes 22.5 cubic metres (794 cubic feet) 
per second with the winter time-table and 24.5 cubic 
metres (865 cubic feet) per second with the summer 
time-table. 

There will, further, be installed a fourth 12,500- 
horse-power unit, whose power, even under the 
present unregulated conditions, and in years of 
low water, may be reckoned upon during seven 
to eight months of the year, if the working is 
continuous day and night, and ten to twelve 
months, if the working hours for the other unit 
(for the ore company), should be 2300 hours per 
annum. 

There will, therefore, be installed two turbine 
units, each of 12,500 turbine horse-power, for rail- 
way traffic, and two units of same capacity for 
industrial purposes. The former will have one- 
phase generators, and the latter three-phase gene- 
rators. Further, there will be installed, as a 
reserve, a fifth turbine unit, also of 12,500 horse- 
power, partly with a one-phase and partly with a 
three-phase generator. At the start, however, it is 
proposed to install only one three-phase unit 





besides the reserve. 


The power-station installations at the Porjus 
Falls consist of a dam across the river above the 
Porjus Falls, inlet, inlet-tunnel with distribution- 
basin, power-station, outlet tunnel, and instrument 
building. The dam has been specially planned so 
as to resist the severe strain from the ice, to which 
it may be subjected. A masonry dam of the usual 
construction would not be advisable on account of 
the severe conditions imposed by the ice, so an 
earthen dam has been decided upon, consisting of a 
kernel of reinforced concrete, in front of which 
there is to be a layer of clay; on the up-stream side 
earth is to be laid, coated with stone from the crown 
to a depth of 1.5 metres below low-water level. 
The down-stream portion of the dam is to be built 
of rock obtained from the blastings of the tunnels 
and elsewhere. The kernel of the dam will be 
carried down to firm, tightrock. The overflow dam 
is to be of reinforced concrete of the Ambursen type, 
whereby the dam is made accessible for inspec- 
tion ; provision has to be made for timber-floating 
and the passage of fish. 

As for the power-station, the inlet and outlet 
tunnels, and the machinery hall, will be excavated 
in the rock ; this will make it possible to convey the 
water from the beginning of the inlet to the end of 
the outlet tunnel in covered conduits, which, espe- 
cially during the winter, is a great advantage. This 
arrangement also does away with the long inlet 
tubes, otherwise wanted; there is the drawback 
that the machinery hall will have to be lighted and 
ventilated artificially, but these are not serious 
matters, and they will be further diminished by 
the instruments being almost entirely located in a 
separate building, from whence literally all the 
manceuvring of the station will take place. The 
plan provides for turbines with horizontal shafts, 
which mechanically are considered preferable ; but 
the cost might perhaps be somewhat reduced were 
vertical shafts chosen. 

Blasting and masonry will be undertaken to pro- 
vide also for a newinlet tunnel, No. 2, and several 
other constructive works not wanted at the outset, 
leaving, however, such parts of the work which can 
as well be done later on. 

The calculated cost of the Porjus power-station 
for 50,000 turbine horse-power appears from the 
appended table :— 

Kr, £ 
Dam at Porjus 2,608,000 
Canal inlet ... oa Se ‘ide ‘ 
Inlet tunnel... = a Kee 345,000 
Distribution basin, conduit inlet, 

and conduit inlet building, &c. 720,000 
Power-station and suction-pipe... 935,000 
Outlet tunnel, &c.... re ... 1,270,000 
Hoist, sundry minor tunnels, &c. 205,000 











Building for instruments 2 500,000 
— 390,000 
Permanent buildings _... ... 220,000 
Temporary buildings _ ... = 170,000 
Temporary power-station 7 200,000 
—_—— 33,000 
Roads, &c. ... se oe we 50,000 
Compensation for land, &c. —.... 100,000 
_———. 14,000 
ae 437,000 
Administration and unforeseen 
expenses, 15 per cent. ... its 64,500 
501,500 
Turbines with regulators :— 
Five units Ses ot: is 450,000 
Mounting, &e. ... os a 65,000 
am = _ AP 25,000 
oneness 30,000 
£531,500 


The electric plant comprises three one phase 
generators of a maximum capacity of 10,500 kilovolt- 
amperes, and three three-phase generators, each of 
a continuous capacity of 10,800 kilovolt-amperes ; 
one one-phase and one three-phase generator are to 
be mounted on the same turbine-shaft, constituting 
the reserve. The generator voltage is to be trans- 
formed, for the one-phase systems to 80,000, and 
for the three-phase systems to 70,000 volt. The cost 
for one-phase plant, including all machinery and 
instruments, is calculated at 40 kr. (44s. ) per kilovolt- 
ampere of the maximum load capacity of the gene- 
rators, with 180 revolutions per minute of the 
turbines, and 35 kr. per kilovolt-ampere, with 187.5 
revolutions per minute. Interest for the electric 
equipment is reckoned at 4 per cent., writing off 
at 3.35 per cent., maintenance 1.65 per cent. of the 
cost, or an aggregate of 9 per cent. 
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We have then the following estimate :— 











kr. 

Three one-phase systems of 10,500-kilovolt- 
ampere capacity... Sa --- oe 1,960,000 

Three three-phase systems of 10,800-kilo- 
volt-ampere capacity oe ... 1,134,000 
2,394,000 
(133, 0007. ) 

Annual cost of the three-phase system :— 
Machinery, 9 per cent. ai va 102,060 
Salaries to employés at station 17,500 
Lubrication, &c. aa 20,000 
139,560 
(78007. ) 


The aggregate cost of dam, power-station, elec- 
tric plant, &c., thus amounts to 11,834,000 kr 
for an installation of 50,000 shaft horse-power ; 
whilst if only for 37,500 shaft horse-power the 
cost will be 11,353,000 kr., working out in the 
former case at 259 kr. 69 dre (287s.), and in the latter 
at 333 kr. 37 Gre (348s.) per electric horse-power 
at the station at full load. 

The following table shows the calculated annual 
cost of the electric power-station at Porjus for 
50,000 shaft horse-power :— 








Per One-Phase Three-Phase 
abe Cent. | System. System. Total. 
Interest. kr. kr. kr. 
Dam power-station .. 
Turbines, &c. .. . 4 188,800 188,800 377,600 
Electric plant .. : 4 ws 45,360 45,360 
Writings-Of. 
Dam power-station .. 0.5 22,250 22,250 44,500 
Turbines Se eo} 24 6,480 6,480 12,960 
Electric plant .. aot ae a 37,989 37,989 
Maintenance. 
Dam power-station ... 0.5 22,2F0 22,250 44,500 
Turbines : «| OS 4,050 4,050 8,100 
Electric plant .. .- 1,66 if 18,711 18,711 
Staff at station * ne 17,500 17,500 
Lubrication, &c. pas 20,000 20,000 
Ice removal, &c. 16,170 16,610 32,780 
260,000 400,000 660,000 
(14,4001.) | (2%,3001.) |(36,6002) 


The calculated annual cost with the power- 
station having only 37,500 horse-power is only 
60,000 kr. less than the above. 








NOTES. 
Royat Honours ror ScrentIsts. 

Tue list of honours conferred by His Majesty, 
King George, on the day set apart for the calebra- 
tion of the King’s birthday, indicates due appre- 
ciation of the importance of engineering in pro- 
moting the welfare of the State, although there is 
more than a suspicion that some of the more 
distinguished titles have been conferred upon 
engineers for other reasons than those associated 
with science. Amongst the seven new Peers are 
Sir Weetman D. Pearson, Bart., the head of the 
well-known engineering firm, who have carried out 
important national undertakings, and Sir Christopher 
Furness, who is identified with several marine 
works on the North-East Coast. Five new Privy 
Councillors have been chosen, including Sir William 
Mather, chairman of Mather and Platt, Limited, 
of Salford, and a prominent worker in the develop- 
ment of higher scientific education. In the list of 
eleven new baronets we find Mr. Alfred Mond, 
managing director of Messrs. Brunner, Mond, and 
Co., chemical manufacturers. Thirty knights are 
named, but none is prominently associated with engi- 
neering. The promotions in the Order of the Bath 
include the advancement from Companion (C.B.) 
to Knight Commander (K.C.B.) of Engineer Vice- 
Admiral Henry J. Oram, the Engineer-in-Chief of 
the Fleet, who has done so much to advance the 
efficiency of warship machinery, and of Vice- 
Admiral Sir Percy Scott, who has been associated 
directly with the improvement of gunnery in the 
Navy. We are glad to note Mr. Thomas Sims, the 
Assistant Director of Works, and Dr. R. T. 
Glazebrook, F.R.S., among the gentlemen made 
Companions of the Bath (C.B.). Mr. Murdoch 
Macdonald, M. Inst. C.E., Director - General of 
Reservoirs in Egypt, has been made a C.M.G. for 
his work in connection with irrigation. 


REFRACTORY MAarTERIALS. 

The high temperature frequently required in 
modern metallurgical and other processes has made 
the fire-resisting properties of the materials used 
for lining furnaces, &c., a matter of very great 
importance. 


It is absolutely necessary that the 








advances made in refractory materials should keep 
e with the development of furnaces if the 
metallurgical arts are to progress as > mem as our 
increasing knowledge may justify. any of the 
problems connected with refractory materials are 
complicated, but they fully justify the bestowal 
on them of very careful thought and experi- 
mental labour. In one direction alone---that of 
the modern blast-furnace — such labours might 
well prove of value, for during the last few years 
the growing use of ores, such as magnetites, 
in many parts of the world has created a demand 
for an increase in the refractability of the materials 
used for lining furnaces in which these ores are 
smelted. Nor is the only qualification demanded 
that of a fire-resisting capacity. There must be 
a power to resist abrasion, and a chemical consti- 
tution which will resist fluxing at comparatively 
low temperatures. In many cases, also, the pro- 
perty of being able to withstand repeated changes 
of temperature without damage is a desirable 
qualification. In addition, the power of being 
able to carry heavy loads at high temperatures 
must not be lost sight of, for the pressure on 
the lining of a modern hot-blast stove 100 ft. in 
height is very considerable, owing to the weight 
of the lining alone. The advent of the electric 
furnace has also increased the need for a thoroughly 
satisfactory material for use in connection with 
metallurgical operations. Bearing on this subject, 
some particulars recently published in the Proceed- 
ings of the Engineers’ Society of Western Pennsyl- 
vania are of interest. They relate to experiments 
carried out by Day and Shepherd and others on 
different classes of bricks. It was found that, with 
mixtures of magnetite and marble with kaolin the 
refractoriness of the magnetite brick falls off as the 
amount of clay (represented by the kaolin) increases, 
and the same is true of the addition of lime. With 
mixtures of alumina and silica, additions of kaolin 
bring down the melting-point of pure alumina 
(about 2000 deg. Cent.) considerably ; and if quartz 
be added with 9.1 per cent. alumina, the melting- 
point is reduced to about 1566 deg. Cent., after 
which a very small amount of alumina raises the 
melting-point rapidly to 1790 deg. Cent.—the melt- 
ing-point of pure silica. In the case of a silica brick 
with a certain amount of clay substance introduced 
to act asa binder, it is found that as the amount 
of clay is increased the refractoriness rapidly falls 
off after the added amount reaches 6 per cent. This 
points to the desirability of having a brick either 
very high in silica or else a brick made of clay. 
Other investigations have shown the eflect of fluxes, 
either potash, soda, lime, magnesia, or iron, on the 
melting-point of clay. The clay experimented with 
was a pure kaolin, which had a melting-point of 
about cone 35. Slight additions of the fluxes named 
reduced the melting-point of the kaolin, which 
reduction was increased by further additions. 


Tue Gritte Water-Tuse Boiier. 


In our issue of December 13, 1907, on page 810 of 
our eighty-fourth volume, we described and illus- 
trated an ingenious and efficient type of water-tube 
boiler manufactured by Messrs. Grille and Co., of 
Paris, and gave the results of some tests that had 
been carried out under wide variations in the rate of 
evaporation. Since that time the boiler has proved 
itself to be a satisfactory steamer, and gives very little 
trouble, as a result of which there are, we under- 
stand, now about 200 of them installed in France. 
In addition to this, the boiler has been taken up in 
this country by the British Grille Water-Tube 
Boiler Company, Craven House, Kingsway, 
London, W.C., who have been experimenting with 
it for about twelve months with a view of taking 
up its manufacture here ; and, through the courtesy 
of this firm and that of Messrs. Fraser and 
Fraser, Limited, Bromley-by-Bow, E., we had the 
opportunity on Monday last of being present at 
a demonstration of the working capabilities of 
a Grille installation at the works of. the latter 
firm. It may be remembered that one of the 
chief characteristics of the Grille boiler is the 
use of Solignac tuyeres, or cartridges, which are 
placed in the ends of the tubes where they enter 
the lower headers, and by means of which the 
amount of water admitted to the tube is restricted 
to that required for effective evaporation, and that a 
higher rate of evaporation is thereby secured. The 
boiler is built in sections, each of which can be 
removed separately in a short space of time, as it is 
of reasonable dimensions, containing some 47 tubes. 
In order to keep the boiler clean and free from 


| years’ work, 





scale, a very effective system of reverse circu- 
lation is adopted, which, if used regularly, 
prevents the tubes from scaling up, and enables 
them to remain perfectly clean even after several 
Some remarkable results have been 
obtained in the way of high evaporation, with very 
little loss in efficiency. With an installation of 
four of these boilers, and two separately-fired 
superheaters, at the works of the Thomson-Houston 
Company, of France, it was found that each boiler 
was capable of generating 7700 lb. of steam per 
hour, the rate of evaporation being 9.63 lb. of 
water per pound of combustible per hour, and 
11.55 lb. from and at 212 deg. Fahr., the efticiency 
being 76 per cent. The boiler which we saw at 
work at Messrs. Fraser and Fraser’s works is 
capable of generating 3300 Ib. of steam per hour 
on natural draught, and 6000 lb. per hour on 
forced draught, with 2 in. pressure. Before its 
erection at Bromley-by-Bow, some twelve months 
ago, it had been at work in Bordeaux, where it ran 
2800 hours, making in all a total of 6000 hours, 
including the time that it has been at Messrs. 
Fraser and Fraser’s works. The tubes are now 
perfectly clean. In a test of six hours’ duration, 
carried out at the works, the rate of combustion 
was 24.5 lb. coal per square foot of grate surface 
per hour, with a draught of 0.7 in. of water, 
the evaporation from and at 212 deg. being 11.5 lb. 
of water per pound of coal, and the efficiency 
80 per cent. The actual water evaporated per 
square foot of heating surface during the trial 
was 7.83 lb., the pressure of steam being 133 Ib. 
er square inch; but as much as 70 1b. of coal 
ine been burned per square foot of grate area 
with these boilers with an evaporation of 18 lb. 
of water per square foot of heating surface, the 
amount of water evaporated from and at 212 deg. 
per pound of coal being 10 lb., and the efficiency 
65 per cent. In the case of the demonstration 
which we witnessed, the time occupied in getting 
up steam, from the time the fire was lighted to 
the time when the pressure was 125 lb. per square 
inch, was only 25 minutes, the boiler being filled 
with cold water. A boiler evaporating 2200 lb. of 
water per hour occupies a floor area of 78} square 
feet, so that for its power it requires comparatively 
little space, and the brickwork necessary is quite 
moderate. The temperature of the flue gases at the 
base of the chimney is usually about 650 deg. Fahr. 
In addition to the actual boiler shown at the 
demonstration, an interesting glass model was on 
view showing the action of Solignac tuyeres. 








Tur INSTITUTION OF ELEcTaicaAL Enoingrers.—The 
annual conversizione of the Institution of Electrical 
Engineers was held at the Natural History Museum, 
South Kensington, on the evening of the 28th ult. The 
members and guests were received by the President, Dr, 
Gisbert Kapp, and Mrs. Kapp. During the evening a 
programme of music was performed by the String Band 
of the Royal Engineers in the Central Hall; while a 
concert was given by the Alexandra Ladies’ Quartette in 
the Shell Gallery. There was a large gathering of 
members and ladies, although from the appearance of 
the rooms there was evidently a smaller attendance than 
in some recent years. 





Contracts.—Messrs. Wm. Geipel and Co., Vulcan 
Works, St. Thomas’s-street, London, S.E., have re- 
ceived an order from the London and North-Western 
Railway Company for the supply of Henrion arc-lamp 
carbons during the year ending June 30, 1911, for the 
whole of the company’s requirements, the total annual 
consumption amounting to 1,373,000 carbons. This order 
is a renewal of last year’s contract.—An order for three 
Francis turbines has been received by Messrs. Jens 
Orten-Béiving and Co., 9%, Union-court, Old Broad- 
street, London, E.C., from the Brush Electrical Engi- 
neering Company, each of the turbines being required to 
deliver 175 brake horse-power against a head of 170 ft. 
In addition, the firm have received an order from Messrs. 
Okura and Co., in Japan, fora Francisturbine of 550 horse- 

»wer for a head of 19 metres, and a further order for a 
36ving water-turbine governor, similar to those supplied 
to the City of Winnipeg, for the Shibaura Engineering 
Works, Japan.—Messrs. Willansand Robinson, Limited, 
Victoria Works, Rugby, have recently received from the 
Corporation of Londonderry an order for a 400-kilowatt 


‘disc and drum” turbine of the mixed-pressure type. 
This turbine is intended primarily for working with 
exhaust steam, but it can also be used with high-pressure 


steam when required. The Chief Commissioner of the 
New South Wales Government Railways has, since his 
arrival in this country a few weeks ago, confirmed the 
provisional order which had previously been given to the 
same firm for a turbo-alternator and surface-condenser of 
6000-kilowatt capacity. The firm are also supplying to 
the order of the Sydney authorities a Willans “ Impulse 
disc and drum” type of turbine. Two turbo-alternators 
of 6000-kilowatt capacity have already been installed in 
the Sydney power-house. 
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STEEL FOR MOTOR-CAR CONSTRUCTION, | 
To THE EpiTor OF ENGINEERING. 

Srr,—The chief reason which induced _ us to locate our | 
works for the manufacture of ‘‘ Sheffield-Simplex ” motor- 
cars in Sheffield was the desire to place ourselves con- 
tinually in touch with the steel manufacturers, with a 
view of collaborating with them for our mutual benefit, 
in producing the very special materials necessary for | 
motor-car construction. | 

During the 34 years we have been established here, | 
continual research and experiments have been carried on, 
in conjunction with the best steel-makers in Sheffield, 
which have resulted in our being able to procure, for | 
‘* Sheffield-Simplex ” cars, steels of excellent quality and | 
exceptional properties for the difficult conditions under | 
which they have to work, when used for motor vehicles. | 

As is generally known among automobile engineers, it | 
is not only a question of the steel, but the proper thermal 
treatment of the same is equally, if not more, important, 
to ensure the necessary strength and wearing qualities. 

For speed-gears, differentials, and transmission-shafts, 
which are amongst the most severely used parts of the | 
car, our audanen have developed a special steel, which | 
is easy to work, and requires very simple treatment for | 
hardening, whilst its strength and wearing qualities are 
remarkable, as is shown by the enclosed tests. | 

At present nearly all gears are made of case-hardening | 
steel, and, as all those who have to work it know, the case- 
hardening treatment is expensive, troublesome, and un- 
reliable. To simplify the treatment of the steel, and to | 
remove any risks of failure or irregularity in the finished | 
article, our steel manufacturers produced this special | 
steel, which requires no carbonising or other troublesome 
treatment. The parts made from this steel are hardened | 
direct after machining, and, there being a t margin | 
of safety in the hardening temperature, all risks of failure 
are eliminated. 








whims and fancies of the respective factory inspectors, 
and the frequent removal of these officers to other dis- 
tricts adds additional burdens to the already harassed 
employer. E 

he safeguards which were approved and considered 
adequate by one inspector are deemed inadequate by his 
successor, and new forms of guards are insisted upon to 
conform to his particular ideas, the manufacturer having, 
of course, no alternative but to incur the additional 
expenditure of making the change with as a grace as 
possible. 

It would be very interesting to hear from some of your 
correspondents in various parts of the country whether 
they are subjected to similar unreasonable demands, and 
whether any steps are being taken with a view to getting 
the Act administered with some measure of consistency 
and uniformity, and secure the safety of the —— 
without the infliction of totally unnecessary trouble and 
expense on the employer. : 
Yours faithfully, 

MANAGER. 








TERMINAL FACILITIES FOR WATER- 
BORNE FREIGHT. 
To THE EpIToR OF ENGINEERING. 
Srr,—About July 5 the members of the Barge Canal 
Terminal Commission of the State of New York will be 
in London for the pu of beginning its study of the 
terminal facilities in Kurope for the handling of water- 
borne (especially inland) freight. I am enclosing a few 
documents bearing upon the Commission, its object and 
, and especially the kind of information, in detail, 
it oe 3s to secure while in Europe. My hope is that 
your esteemed and widely-read journal may print the 
inquiries put forth by the Commission, in order that those 
it may not reach with them, otherwise, may be dis 
to assist the Commission with information. To the ex- 


THE FOLLOWING ARE RESULTS OF TENSILE TESTS, INCLUDING THE ELASTIC StREsSs, OF Two SAMPLES OF STEEL, 
RECEIVED JUNE 16, 1910, FRom Messrs. SHEFFIELD-SIMPLEX Motor Works, LimitEp, SHEFFIELD. 
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After hardening in this special manner, this steel is of 
remarkable strength, as is shown by the enclosed copy 
of a test carried out by the Sheffield Testing Works, 
Limited, which is recognised as the authentic body for 
steel tests in Sheffield. 

As shown on the report, the :— 


Maximum tensile strength is 122.78 tons per 
. in. 

Elastic limit * 115.87 ‘ditto 

Reduction of area ... 34.1 per cent. 


Elongation ... € ¥ ... 11 per cent. in 2 in. 

It is also remarkable that the fracture of the steel after 
hardening is silky and fibrous, instead of hard and brittle, 
as might be expected with such a high tensile strength. 

This steel has now been tested on the road by us for a 
considerable period, and it has proved all that the official 
test enclosed would lead one to anticipate—viz., practic- 
ally unbreakable and unwearable. 

As there is always so much outcry as to the superiority 
of foreign motor steels, we thought this example of Shef- 
field steels might be of interest for publication, and we 
have the permission of the Sheffield Testing Works, 
Limited, for you to reproduce, if desired, a copy of their 
test report herewith. 

Yours faithfully, 
For SHEFFIELD-SimpLex Motor Works, Liwitep, 
Percy RicHAkpsoN, Managing Director. 
Tinsley, Sheffield, June 29 1910. 








PIPE-COATING. 
To THE Eprror oF ENGINEERING. 

Str,—I am in want of information regarding the coating 
of cast-iron pipes used for hot-water service at 210 deg. 
Fahr. The coating should resemble Dr. Angus Smith’s 
composition, but must not soften at the temperature 
stated above. The coating must act as a preventive 

inst corrosion by hot water at 5 deg. of hardness. I 
should be glad to learn if such a coating is procurable. 
Yours faithfully, 
June 10, 1910. Pavan. 








GUARDING OF MACHINERY IN 
FACTORIES AND WORKSHOPS. 
To THE Eprror oF ENGINEERING. 

Sitr,—I have been impressed recently by the continued 
demands and ever-increasing requirements of the autho- 
rities responsible for the eludelapetion of the Factory 
Act, with respect to the guarding of machinery in 
factories. 

It has always been our practice to do whatever is 





necessary in this way, and to comply without demur to 
all requests for reasonable safeguards, but it would | 
appear that the manufacturer is rapidly becoming, to | 
an alarmingly increasing extent, entirely subject to the 


| 
i 


tent that such is sent to it, or its chairman, Mr. Williams, 
care of the American Embassies or Legations in London, 
Paris, Brussels, Amsterdam, Vienna, and Berlin, it will 
be helpful to the Commission and most keenly appre- 
ciated. 
It gives me pleasure to remain, 
Sincerely yours, 
A. R. Situ, Secretary. 
Barge Canal Terminal Commission of the State of 
New York, Albany, New York, June 21, 1910. 


Information that the Barge Canal Terminal Commission 
of the State of New York would be much pleased to 
obtain, regarding the Terminals of European Countries 
Sor Water-Borne (Especially Inland) Freight Transporta- 
tion. 


1. The materials used in constructing docks? 

2. The terminal structures ; material and equipment ? 

3. To the extent possible, the cost, separately, as to (a) the 
docks ; (b) the sheds and warehouses; and (c) the mechanical 
devices for loading and unloading to and from the dock, to and 
from sheds and warehouses, to and from ships, and to and from 
railway cars? 

4. By whom owned ? 

5. By whom controlled? 

6. By whom administered ? 

7. Any printed or other obtainable statement giving rates 
charged for the use of (a) docks ; (b) sheds and warehouses; and 
(c) mechanical devices for loading and unloading freight? 

8. Is it intended that the fees shall suffice to repay cost of 
construction and equipment, interest on bonds issued for same, 
and maintenance? 

9. The extent to which local belt railroads connect the wharves 
with railroads, and the extent to which such belt railroad, if any, 
connects with warehouses and business establishments ? 

10. The extent to which the land immediately adjacent to such 
docks, sheds, and warehouses is owned or controlled by the 
national, State, or municipal government? And whether the 
national, State, or municipal governments in any way regulate 
the uses to which such adjacent lands may be put ? 

11. The extent to which the national, State, or municipal 
governments construct, control, operate, or regulate grain- 
elevators ? 

12. An opinion as to the best method of administering terminals 
would be much appreciated—i.e., as to whether national, State, 
municipal, or private ownership of such terminal facilities is the 
most efficient. 








PERSONAL.—Mr. Robert Green, M. Inst. C.E. (Birming- 
ham), has been retained by the Prince of Pless to make 
an inspection and advise him in connection with the 
sewerage system of the district of Hellebach (Germany), 
and the pollution of the stream which flows through the 
castle grounds.—We have been uested by United 
Motors Industries, Limited, 45 and 46, Poland-street, 
London, W., to state that they have been appointed the 
sole agents for Great Britain and the Colonies for the 
well-known ‘‘D.W.F.” ball-bearings and steel balls. We 
pe that a large number of these bearings are now 
in stock. 





THE INSTITUTION OF MECHANICAL ENGI- 
NEERS AND THE AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS. 

Fortuoomine Joint SumMMER MEETING. 


THE programme of the joint summer meeting of the 
Institution of Mechanical Taeieous and the American 
er of Mechanical Engineers has now been issued. It 
provides for gatherings in Birmingham and London. The 
proceedings will be inaugurated on Tuesday, the 26th inst., 
at Birmingham, by the official welcome of the Presidents, 
Councils, and Members of the two Societies by the Lord 
Mayor of Birmingham, Alderman W. H. Bowater, Mr. 
Neville Cheasbeiain, Chairman of the Executive Com- 
mittee, and the Members of the Birmingham Reception 
Committee, in the Lecture Hall of the Birmingham and 
Midland Institute. Subsequently papers will be read 
and disc In the afternoon alternative excursions 
have been arranged to (1) the Pump and Power Com- 
Fee Testing Station at the works of the South Staf- 
ordshire Mond Gas (Power and Heating) og yy & 
(2) the Austin Motor Company, Northfield ; (3) the 
Metropolitan Amalgamated Railway Carriage and 
Wagon Company ; (4) the Frankley Filter Beds of the 
Birmingham Corporation Water Works; (5) Stratford- 
on-Avon ; (6) Worcester ; (7) Stoneleigh Park and Kenil- 
worth. In the evening a garden féte will be held by the 
Birmingham Reception Committee in the Botanical 
Gardens, Edgbaston. On Wednesday, the 27th inst., pro- 
ceedings will commence at10a.m.,when papers will beread 
and discussed. Alternative visits have been arranged for 
the afternoon to the new buildings of the University of 
Birmingham, and to Messrs. Mitchells and Butler’s 
Brewery. In the evening the Lord Mayor of Birming- 
ham and the Lady Mayoress will hold a reception in the 
Council House. On Thursday, the 28th inst., alternative 
excursions will be made to Coventry and Rugby, to 
Lichfield, or to Kenilworth, Warwick, and Stratford- 
on-Avon. Members will proceed from these places to 
London, where, in the evening, a conversazione will be 
held at the Institution of Mechanical Engineers, Storey’s 
Gate, St. James’s Park, S.W. On Friday, the 29th inst., at 
10.0 a.m., papers will be read and discussed in the Lec- 
ture Theatre of the Institution of Civil Engineers, by 
permission of the Council. Various social functions are 
arranged for the afternoon, while in the evening the 
Institution Dinner will be held in the Connaught Rooms, 
Freemason’s Hall, Great Queen-street, W.C. For 
Saturday, the 30th inst., excursions have been planned 
to Windsor and Marlow. It may be mentioned that in 
many cases the visits are limited as to number, so that 
early application for tickets should be made. The papers 
to be read and discussed include the following :—In 
Birmingham : “ English Running-Shed Practice,” by Mr. 
C. W. Paget (Derby); ‘‘ Engine-House Practice, or the 
Handling of Locomotives at Terminals to Secure Con- 
tinuous Operation,” by Mr. F. H. Clark (Chicago) ; 
‘* Handling Locomotives at Terminals,” by Mr. F. M. 
Whyte, Vice-President A.S.M.E. ; ‘‘ Handling Locomo- 
tives,” by Mr. H. H. Vaughan (Montreal); ‘‘ American 
Locomotive Terminals,” Mr. W. Forsyth (Chicago) ; 
** High-Speed Tools, and be ol to Fit Them,” y Mr. 
H. I. Brackenbury (Newcastle - on - Tyne); ‘‘ Tooth 
Gearing,” by Mr. J. D. Steven (Birmingham) ; ‘‘ Inter- 
changeable Involute Gearing,” a joint paper by Mem- 
bers of the Committee of the A.S.M.E. on “Standards 
for Involute Gears.” In London: ‘Electrification of 
Suburban Railways,” by Mr. F. W. Carter (Rugby) ; 
“*Cost of Electrically-Propelled Suburban Trains,” by 
Mr. H. M. Hobart Solr ar ‘* Economics of Railway 
Electrification,” by Mr. W. B. Potter (Schenectady) ; 
‘* Electrification of Trunk Lines,” by Mr. L. R. Pomeroy 
(New York); “ Electrification of Railways,” by Mr. 
George Westinghouse, President A.S.M.E. (Pittsburg). 








LocoMorTivE-TESTING PLANT FOR THE UNIVERSITY OF 
ILuINoIs.—It is announced that the locomotive testing 
plant of the Chicago and North-Western Railway has been 

resented to the University of Illinois. This plant has 
som used for much of the important work of the Master 
Mechanics’ Association, in addition to its direct service 
to the company owning it. It is stated by Dr. Goss that 
the plant when re-erected in the proposed transportation 
laboratory, will constitute a part of the equipment of the 
School of Railway Engineering and Administration. It 
will be placed under the charge of Professor E. C, Schmidt. 


Triat Trip oF CANTILEVER STEAMER FOR .[RON-ORE 
AND Coat Trapgs.—On Friday, June 24th, the canti- 
lever-framed steamer Malaespera, built by Sir Raylton 
Dixon and ., Limited, at their Cleveland Dock- 
yard, Middlesbrough, to the order of Messrs. Ocharan 
and Aburto, of Bilbao, proceeded to sea for her official 
trials. The vessel has been built to Lloyd’s highest 
class, her princi dimensions being 298 ft. in length, 
44 ft. in breadth, and 22 ft. 6 in., depth moulded, and 
she has a deadweight carrying capacity of about 4000 tons 
on a light draught of water. About 650 tons of water- 
ballast can be carried in the cellular double bottom and 
the fore-and-aft peaks, and, in addition to this, the 
triangular tanks under the deck at each side of the vessel 
contain another 650 tons, making the total emount of 
water-ballast about 1300 tons. The vessel has four large 
holds, free from all obstructions, and poy self- 
trimming, owing to the sloping sides of the top-side 





‘tanks under the deck. Access to these holds is gained 


through four hatchways, the largest being 28 ft. 6 In. 
wide and 36 ft. long. Triple-expansion engines, having 
cylinders 22 in., 361n., and 59 in. in diameter by 39 in. 
stroke, supplied with steam by two large single-ended 
boilers wanbite at_180 1b. pressure, have been fitted by 
Messrs. Blair and Co., Limited, of Stockton-on-Tees. 
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CONSTRUCTED 


BY 


MESSRS. BLOHM AND _ VOSS, 


SHIPBULLDERS, 





“VON DER TANN.” 
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THe illustration above, from a copyright photo- | Labour Exchanges during the month of May is suffi- | 1971/. 5s. 6d.; entrance fees, 134/. 18s, 2d.—decrease, 
graph, gives a good idea of the disposition of guns, &c., | cient to justify their creation and existence, even to 


on the new German armoured cruiser Von der ‘ann, | 


now commissioned for her official trials, and described | 
This ship belongs to | 


in our previous issue (page 819). 
the 1907 programme, was launched on March 20, 
1909, and will be completed in three or four months 
from now. She was designed a year later than our | 
Invincible class, and, being 560 ft. long, is 30 ft. longer, 
is 84 ft. more beam, and of 1750 tons greater dis- 
placement (19,000 tons). The armament is similarly 
arranged, there being a twin gun turret forward, 
another aft, and one on each side amidships, ev 
echelon, so that all eight guns may fire on either 
broadside, six ahead and six astern. But in the 
British ships the guns are of 12-in. bore, in the 
German vessel of ll-in. The British ship has, in 
addition, sixteen 4-in. guns. The Von der Tann has 
ten 5.9-in. guns and sixteen 2.17-in. guns. The tur- 
bines—the Parsons type in British and German ships 
—are more powerful (70,000 shaft horse-power), and 
are expected to give a speed of from 274 to 28 knots, 
which will be about 14 nautical miles per hour faster 
than the ships of the Invincible class. 








INDUSTRIAL NOTES. 

THE report of the Inspector of Mines for the 
Durham (No. 4 district) has just been issued, and refer- 
ence is made to the Mines Eight Hours Act. The 
district includes South Durham, Westmorland, and 
the North Riding of Yorkshire. Concerning the 
Eight Hours Act, the Inspector says :—‘‘ In Cleveland 
great difficulty was experienced in re-arranging the 
working hours to meet the new requirements. This 
has been accomplished, but not without considerable 
pecuniary loss to some classes of labour, and at some 
mines the loss of the Saturday shift. In Durham the 
Act, which came into force on January 1 of this year, 
caused a considerable amount of dissatisfaction and 
unrest among a large portion of the mining community. 
The sudden variation in the hours of labour and con- 
sequent alterations in domestic arrangements have been 
the cause of much inconvenience and dissatisfaction.” 
He goes on to say that ‘‘ most pits are now working 
on the terms agreed upon by the representatives of the 
mine-owners and the miners, but at date of writing 
some have not started this year.” He indicates that 
work is carried on experimentally for the present, to 
see what the practical result will be, then possibly 
there may be some final arrangement. The Inspector 
for the Manchester and Inland District (No. 6) says 
that ‘‘the Eight Hours Act caused a stoppage of work 
at several collieries, but the difficulties have been 
adjusted.” The men of Lancashire, employers and 
employed, met and thrashed out ai! the points amic- 
ably, so that very little time was lost at the mines. 








The report of the Board of Trade on the work of the 


those who at first regarded the proposal with mis- 
givings. At the date covered by the report there were 
103 in operation, a few of which had only been open a 
portion of the period dealt with. The total number 
of workpeople’s applications remaining on the register 
at the end of the month was 75,402, of whom 58,986 
were men, 4438 boys, 9993 women, and 1985 girls ; at 
the end of the previous month the number was 81,523, 
showing a considerable reduction as the result of the 
month’s working. The number of applications in the 
monn showed an even larger decrease, the total being 
100,392, as compared with 116,523 in the month pre- 
vious. The proportion of vacancies filled increased 
slightly, while the number of applications to register 
decreased. The percentages are given of men, women, 
boys, and girls, who found situations, to the total 
applications for employment in each class ; also, later 
on, of the different groups of trades represented. The 
largest percentages of vacancies filled were in the 
followin groups :—Transit of all kinds, 18.3 ; metal 
group of trades, 14.5; building and other works of 
construction, 11; general labourers, 12.7. The im- 
provement in the building trades was more decided 
in the month of May. The demand for workers ex- 
ceeded the registered supply in the case of painters 
and coach-builders, in the boot and shoe trade, and 
women in the textile and clothing trades, and in 
laundry work. The three centres where the applica- 
tions were the most numerous were London, Glasgow, 
and Manchester, and the vacancies filled were the 
greatest. As regards Manchester the figures for the 
cloth-porters are not included ; these have a special 
exchange. A list is given of all the chief centres and 
of the vacancies filled in the month and of the number 
still on the register. In some cases the employers 
have supplied a list of workers having the preference 
with them, as old workers or for some other special 
reason. 





The eleventh annual report of the General Federa- 
tion of Trade Unions exemplifies the value of peace in 
the labour world, for whereas there was a decrease of 
86,8007. 4s. 2d. in funds in 1909, there is an increase 
of 25,173/. 13s. 11d. in the present financial year. In 
the whole of the eleven years of its existence, except 
last year, there was an increase, in spite of the fact 
that the contributions were reduced by one-third in 
1906. The number of affiliated societies is now 135— 
an increase of four in the year. One application was 
refused, and two societies seceded—the Football 
Players’ Association and the Variety Artistes—other- 
wise the gain in the year would have been six ; repre- 
senting a membership of 90,003. The aggregate 
membership at date is 703,091—net increase in the 

ear, 7193. The contributions in 1910 amount to 
33, 300. increase over previous year, 386/. 17s. 5d.; 
interest and dividends, 3375/. 7s. 3d.—decrease, 





174/. 13s. 10d.; sundries, sales, &c., 81/. 15s. 9d.— 
increase, 73/. 9s. 8d. The committee express the hope 
that the normal expenditure of 20,000/. a year will m 
time be met by dividends and interest alone on the 
surplus capital or reserve fund. This was drawn upon 
during the previous financial year owing to disputes. 
The federation benefit paid in 1909-10 was 8767/. 18s. 1d., 
showing a decrease of 89,057/. 16s. 4d., as compared 
with the previous year. All other expenditure 
amounted to 3097/. 3s. 4d.—increase, 370/. 3s. 1d. The 
Federation shows its decided preference for concilia- 
tion over strikes by supporting the former whenever 
possible. The report refers to the work of the Federa- 
tion in its international relations, and to the Swedish 
strike as showing the great power and influence of the 
German trade unions and their support. 


The General Federation of Trade Unions has issued 
with its annual report the agenda for the eleventh 
annual meeting to be held at Swansea during the first 
week in July. The agenda largely consists of amend- 
ments to the rules, some of which propose to extend 
its operations and benefits. One is that, in the case 
of victimising, the members discharged shall be 
entitled to, and be paid, strike benefit. Another is 
that the Federation shall take the responsibility of law 
appeals to the higher courts in cases of serious litiga- 
tion. Of course, this might lead to an increase of actions 
if the responsibility were removed from the unions 
affected to the General Federation. One resolution 
proposed restricts the payment of benefits to societies 
which have been affiliated for one whole year, and 
have paid all fees and contributions. Another seeks 
to increase the labours of the committee as regards the 
economic position of the workers whose society is 
affiliated, and one seeks to establish a legal defence 
fund, which, after all, aims at the same object as the 
proposal to undertake appeals to the higher courts, 
only with wider aims. The resolutions to be sub- 
mitted cover the proposals as to appeals to the higher 
courts, and victimisation ; the question of unemploy- 
ment, the issue of a federation card or token, and also 
the appointment of ‘‘six organisers to work in the 
interest of all the societies affiliated,” for which pur- 
pose 3000/. a year is to be set aside for salaries and 
expenses. The agenda, although short, covers a good 
deal of ground, and may provoke a good deal of dis- 
cussion. But there are no Socialistic proposals, such 
as used to be put forward at all such annual congresses, 
conferences, or conventions. The broadest is the one 
dealing with the question of non-employment, but it is 
of a moderate character, and is covered by the word 
** co-operation.” 

The report of the Boiler-Makers and Iron-Ship- 
builders » wed a substantial reduction of unemployed 
—from 5099 in the previous month to 4461, all told. 





But even these figures are serious enough. On the 
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sick-list there was a reduction from 1299 to 1192; on escape from penalties. 


superannuation benefit, from 2338 to 2269. As regards | 1 
| superannuation by a member; the judge thought he 


expenditure, the amount was 5389/. Os. 1d.; in the 
month previous, 6885/. 6s. 2d.—decrease, 1466/. 6s. 1d. 
The weekly expenditure was 1347/. 5s., as against 
1371/. Is. 3d. ‘The figures show that the finances are 
improving, though rr The number of new mem- 
bers admitted was 524 ; lost by death and arrears, 262 
—net increase in month, 262. Elections of delegates and 
other officials are now taking place for various — 
ments; there is a long list of nominations for the Trades 
Union Congress. The assistant secretary has been 
duly elected as candidate for Jarrow in the place of 
Mr. Pete Curran, deceased. The choice has yct to be 
ratified by the votes of the members. The Parlia- 
mentary representative of the society continues his 
report as to work in the House of Commons, so that 
all members of the society can gauge the importance 
of the Labour Party’s work. 





The Newport dock strike, arbitration, and the award 
were the subject of a Parliamentary debate in the 
House of Commons on the Vote on Account—Civil Ser- 
vice, &c.—on Wednesday in last week. Sir Frederick 
Banbury led the attack on both the Board of Trade and 
the Home Office for what he considered as an unjustifi- 
able attitude towards the shipping firm affected, and 
favouritism to the dockers. In his view the affair was an 
abuse of the rights of capital by the tyrants of labour, 
by intervention by the Board of Trade on the one hand, 
and by non-intervention by the Home Office on the other 
hand. ‘The vindication of their attitudes by the Home 
Secretary and by the President of the Board of Trade 
did not tend to the discredit of the union. Both speakers 
criticised the firm for its attitude, though in the end 
it assented, apparently under protest, to arbitration, 
the award being in its favour. The men resented the 
award and threatened another strike, but in the end 

ave way and went to work, on the advice of their 
att the, It was not denied that such advice was 
given, and was followed. What appears to have been 
resented by the shipowners was that the firm was 
advised not to import free labour pending the reference 
to arbitration. Then, it appears, that the men and 
their friends were a to a boycott elsewhere ; 
this naturally was resented. The dispute at Avon- 
mouth, on the opposite side of the Bristol Channel, 
seems to have been more or less in concert with the 
Newport men ; at any rate, the latter sent a deputation 
to express sympethy, and perhaps to offer help. It 
is a pity that the whole thing did not end with the 
award. Arbitration will become discredited if awards 
are not held quite as sacred as contracts. When once 
the parties have agreed to arbitration, the award is in 
the nature of a contract, and should be so regarded 
and respected, by both sides. In no other way can 
arbitration be successful. 





Rumours of a great and far-reaching strike of sailors 
and firemen in the mercantile marine are not regarded 
as serious by the secretary of the Shipping Federation, 
who asserts that it is but the renewal of demands 
periodically made by the Seamen’s Union. The secre- 
tary of the men’s union repudiates the idea of a strike, 
declaring that ‘‘ we shall do all we can to settle our 
difficulties peacefully at first.” It is alleged, on behalf 
of the men, that the international combination of ship- 
owners, which met in conference in Liverpool in October 
last, resulted in an attempt to force conditions upon 
the seamen of the American Lakes similar to those 
enforced in Great Britain by the British Shipping 
Federation. This explains the presence of Mr. 
Havelock Wilson in the United States at the date of 
the last General Election, and the withdrawal of his 
candidature at Middlesbrough. The seamen put for- 
ward a number of grievances of which they complain, 
the foremost being the lack of uniformity of wages 
and conditions at Britisn ports. The action of the 
union at present is to be confined to organisation. 
Great meetings are to be held at the chief ports for 
this pur ; the demands are to be made to the ship- 
owners in the middle of this month. Later on there 
is to be a great international conference at Copenhagen, 
at which delegates will attend representing all the 
maritime countries in Europe, America, and Australia. 
That conference is to decide the future policy of the 
seamen’s unions in all these countries. That will depend 
upon the shipowners’ reply to the memorials of the 
men. All this requires time. A strike, therefore, is 
not likely to take place for some time, even should such 
be deemed to be necessary. It is stated by Mr. Laws 
that the meeting of the advisory committee at the 
Board of Trade last week dealt only with the question 
of the employment of Chinese on British ships. 





Two cases were reported in the newspapers last 
week, and one previously, of unregistered trade unions 
pleading in the Courts the old plea, *‘ restraint of 
trade,” as a defence against plaintiffs. It is rather 
strange that it should be so, seeing that such a plea was 
always formerly recorded by employers in their 
attempts to fetter trade unions in their work. Of 
course, legal opinion supports such pleas as a means of 





But one’s moral sense is 
against them. In one case the union was sued for 


was fully entitled thereto, but he felt bound to accept 
the plea, and the man was deprived of his benefit for 
which he had paid. The other was a case of libel in a 
trade-union journal, or report, the plea being by the 
union ‘‘in restraint of trade,” od the libeller was 
protected, as the union could not be sued. And yet, 
50 years ago, a trade union had to pay damages in a 
similar case, in spite of the self-same plea. 





The Clyde engineers have decided to refer to the 
Central Conference their demand for an increase in 
wages, and the employers’ proposal agreeing to the 
increase, but at a later date. ‘I'he men asked for an 
advance to be given on June 15, but this the employers 


| could not grant. The offer they made was to give the 


advance in the first week in October, with the proviso 
that if the men fail to accept it, the matter was to be 
referred to the Central Conference, which is practi- 
cally a Board of Conciliation, equally composed of the 
executives of both parties. 


The Northumberland miners have by ballot voted 
against the abolition of the agreement of the repre- 
sentatives of both parties, about which there was so 
much trouble, politically as well as industrially. But 
they unanimously favour an amendment of the 
agreement. The executive are thus vindicated after 
much tribulation. The matters in dispute will now 
be referred to the Conciliation Board, as were the 
original questions at issue. 





Last week’s iron and steel market in the Midlands, 
as on Manchester ‘Change, showed no indication of 
revived activity such as to warrant any advance in 
prices. Indeed, the trend was in the other direction— 
in favour of purchasers, not of producers. But the 
statement is that lower prices cannot be entertained. 





The directors of the Ebbw Vale Steel, Iron, and 
Coal Company complain that the Mines Eight Hours 
Act has led to a largely decreased output of coal and 
to increased cost of getting ; besides which there has 
been much disturbance in the conditions of working. 
They report that it has been ‘‘ highly prejudicial to 
the colliery results for the year.” The Act has given 
very little satisfaction either to the miners or to the 
colliery-owners. 


The President of the Board of Agriculture has 
appointed a Departmental Committee to inquire 
into the wages paid in connection with the Ordnance 
Survey, and as to whether the rates are adequate as 
compared with similar employment elsewhere. The 
inquiry covers all grades, inclusive of labourers. The 
idea is in favour of levelling up. 


Injunctions are being granted by the Courts, in all 
cases that come before them, against the Parliamentary 
levy in support of Labour representation. The unions, 
as a rule, do not any longer resist, but assent to such 
injunctions. This saves the expense of prolonged 
litigation. 





The pit-boys in Staffordshire are again giving 
trouble. They find that the Mines Eight Hours Act 
does not work to their advantage. They claim con- 
sideration. 





CoaL IN THE MipLanps.— The output of coal in 
Nottinghamshire last year was 11,106,702 tons ; in Derby- 
shire, 16,869,347 tons; and in Leicestershire, 2,661,606 
tons. Although a great number of men have migrated to 
Yorkshire from Derbyshire and Nottinghamshire since 
the opening out of a coal-field near Doncaster, others 
have come forward to take their places; indeed, the 
number employed in coal-mining in the two counties 
increased last year 1666. Labourers have been tempted by 
the better wages earned in mines to devote themselves to 
coal-mining. The coal-field east of Nottingham has been 
further developed by the sinking of two shafts on the 
Rufford Estate by the Bolsover Colliery Company ; the 
daily output from this venture is expected to be about 
3,000 tons. 





Evecrric Powrr-Stations IN CONSTANTINOPLE. —The 
Turkish Ministry for Public Works has now received 
tenders in response to the invitation of offers for ‘‘ public 
distribution of electric energy.” The matter involves the 
construction of electric central stations, with the right to 
supply electric energy for lighting and other purposes, as 
far as the European portion of the city isconcerned. There 
were eight tenders, including the British Westinghouse 
Company, the Union Ottoman, formed by the German 
Bank (Deutsche Bank), and the Berlin Tramway Com- 

any, La Compagnie Francaise d’Eclairage Eléctrique, 

za Syndicat Suisse d’Electricité, Schneider and Co. 
(Creuzot), Ganz and Co. (Budapest), &c. It is understood 
to be the intention of the Turkish Government to have 
tenders most carefully examined After a more general 
test, the different plans, &c., will be publicly exhibited, 
and then the final exhaustive examination will take 

lace. Money prizes will be given to the three best 
designs. 


CANADIAN DEVELOPMENT. 


GREAT and continued activity prevails in connection 
with Canadian railway extension. This is due to 
the prosperity occasioned in Canada by the better 
prices which have been current during the last two 
years for wheat in Europe. It should be remarked, 
however, that the average price of wheat in England 
and Wales is now 12s. per quarter lower than it was 
in June, 1909; and this must have some effect upon 
Canadian agriculture. But for the present it passes 
practically unnoticed, and there is every prospect of a 
great extension of Canadian railway business. Mon- 
treal is expected to be linked with the Grand Trunk 
Pacific Railway within three years. A subsidy Bill for 
the Montreal, Kapatchawan, and Rupert Bay Railway 
has received three parliamentary readings. The sub- 
sidy which has been voted by the Dotaien Government 
covers a section frem the Black River to Lake Kapatch- 
awan on the Grand Trunk Pacific Railway, a distance 
of 194 miles. Federal aid of 1240/. per mile, and 
assistance tothe promoters of bridges on the proposed 
route, amounts altogether to 500,000/. Sir Lomer 
Gouin has also promised substantial assistance from 
Quebec ; this assistance may take the form of a land 
grant of 4000 acres per mile. English and French 
capitalists will be invited to assist the project. The 
line will pass through the counties of Maison Neuve, 
Jacques Cartier, che Two Mountains, Labelle, 
Wright, and Pontiac on to the junction of the Montreal 
branch of the main line of the Trans-Continental Rail- 
way. By the new route Montreal will be 1260 miles 
from Winnipeg, while the distance between Quebec 
and the Manitoba capital by the Trans-Continental 
Railway will be 1350 miles. 

The Atlantic, Quebec, and Western Railway is to be 
built to the port of Gaspe by the close of the present 
year, if possible, according to instructions received 
from England. This statement is made on the autho- 
rity of Mr. C. B. K. Carpenter, managing director 
of the New Canada Company, an undertaking formed 
some years ago to build a ie from Port Daniel to 
Gaspe, after the Atlantic, Quebec, and Western Rail- 
way had purchased the old Baie des Chaleurs line 
from Metapedia. The whole system, when completed, 
will be 200 miles in length. It is expected that by 
July traffic will be opened up as far as Grand River, 
150 miles from Metapedia, leaving a gap of 50 miles 
to be filled up so as to complete the route to Gaspe. 
The Canadian Northern Railway Company is about to 
extend its system to the Brazeau coal-fields, west of 
Edmonton, in Alberta. The field has been staked out 
and purchased for 2,000,000/., British and German 
capital being interested in the property. The area of 
the field is 10,000 acres. 

All the three great Canadian railway companies— 
the Grand Trunk, the Canadian Northern, and the 
Canadian Pacific—have important works at Montreal, 
either on hand or in contemplation. It is estimated, 
indeed, that railway capital is about to be expended 
at Montreal to the extent of 3,000,000/. A Grand 
Trunk Railway four-track viaduct scheme, by which 
numerous level-crossings between Montreal and St. 
Henri will be dispensed with, will involve an expen- 
diture of 1,600,000. The viaduct will extend from 
Bonaventure to St. Henri, and from thence to a point 
outside the city limits, where the track will come 
down to grade-level at the company’s yards at Turcot. 
Altogether the viaduct will have a length of 4 miles. 
Montreal, as a municipality, will participate in the 
undertaking to the extent of 400,000/. The Canadian 
Northern Railway proposes to expend from 600,000/. 
to 800,000/. on a central passenger-station at Mon- 
treal ; the site spoken of is one of the most central 
in the city, fronting on Craig-street, and extending 
from Victoria-square eastward to Bleury-street. The 
project is, however, in an early and indefinite stage 
at present. The Canadian Pacific Railway is engaged 
upon an extension of its Windsor-Street Station. 

A section of the Grand Trunk Pacific Railway from 
Superior Junction to the foot of the Rockies is ex- 
pected to be finished by midsummer. The opening 
of this section will link up the great plain division, as 
the 200 miles from Port Arthur northward of the 
main line have already been completed. Next year, 
1911, was the time originally mentioned for the com- 

letion of the line from Moncton to the Pacific, but 
abour difficulties and hostility in certain quarters to 
the employment of Asiatics have rendered it impos- 
sible to adhere strictly to the early programme. It is, 
further, —— that the Grand Trunk Pacific Rail- 
way will be completed from the harbour of Prince 
Rupert to tide water at the head of the Bay of Fundy 
by the close of 1912, More than 800,000/. will be ex- 
,; pended by the Canadian Northern Railway this year 
—_ new equipment and 600 miles will be steel-railed. 
| The old track from Port Arthur to Gladstone, Mani- 
| toba, is being laid with heavy steel rails, and most 
| of the woooden bridges on the line between Winnipeg 
|and Port Arthur are to be replaced by steel structures. 
Interests friendly to the Canadian Pacific Railway 
are securing a control of the Dominion Atlantic Rail 
| way; the length of the Dominion Atlantic system 
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is 293 miles, including branches. This total includes 
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The balance can be adjusted with ease to 1 part in 


314 miles from Windsor Junction to Windsor, leased | 10,000 when the voltages set up on the coils or condensers 


to the Intercolonial Railway, and 40} miles from 
Halifax to Windsor Junction, over which the Dominion 
Atlantic Railway has running powers. 

The important Allan interest has invited tenders 
in England for two trans-Atlantic steamers of the same 
type as the Mauretania and the Lusitania. The new 
Allan ships are to run between Liverpool and Quebec. 
Each vessel will have a carrying capacity of 2300 
passengers, and is to steam at the rate of 21 to 22 
knots. At this rate of speed a voyage from Liverpool 
to Quebec will be effected in 5 to 54 days. 

The present is expected to be a record year in Cana- 
dian car-building in consequence of the great orders 
for additional rolling-stock which have been given out 
by Canadian railway companies. The majority of the 
orders placed are for freight cars, mostly of the new 
type of steel under-frames with wooden superstruc- 
tures. The Canadian General Electric Company has 
decided to issue new stock to the extent of 9400 addi- 
tional ordinary shares, to be allotted to shareholders at 
par in the proportion of one new share to every five 
shares at present issued. The company’s paid-up 
capital will thus be brought up to 1,600,000/. In 1905, 
1906, and 1907 the dividend of the company was at the 
rate of 10 per cent. per annum ; but in 1908 and 1909 
the distribution made was only at the rate of 7 per 
cent. per annum. 








THE PHYSICAL SOCIETY OF LONDON. 

At the meeting of the Physical Society of London, 
held on Friday, June 10, Professor H. L. Callendar, 
F.R.S., President, in the chair, a paper on ‘“‘ A Gal- 
ranometer for Alternate - Current Circuits,” by Dr. 
W. E. Sumpner and Mr. W. C. S. Phillips, was read 
by Dr. Sumpner. Tests of effects due to change of 
current, such as induction phenomena, are often hard to 
carry out, because the ballistic galvanometer available is 
not sensitive enough. Alternate-current tests are still 
less satisfactory, owing to special difficulties. The vibra- 
tion galvanometer overcomes only a few of these diffi- 
culties. It must be adjusted to resonance for the best 
effects, and its indications vary with current frequency. 
The sensitiveness of ballistic galvanometer tests can be 
greatly increased by the use of some form of mechanical 
commutator by means of which a crude form of alternate 
current is produced. A better method would be to 
generate the current in thg usual way if a suitable in- 
strument existed. The galvanometer here described is 
the result of an attempt to construct a measuring instru- 
ment by means of which inductances and capacities can be 
compared by bridge methods as accurately as it is possible 
to compare resistances. The instrument is like a moving 
coil galvanometer in almost every respect, except that its 
field is due to a specially constructed electro-magnet 
excited by an alternating voltage. This voltage V is 
applied to a winding of m turns of the electro-magnet, and 
the core-flux N is such that 


V=rA+mN, 


where r is the resistance of the winding and A the cur- 
rent traversing it. The coil and electro-magnet are so 
designed that for currents of the frequencies used the 
value of rA is negligible in comparison with V. The 
rate of change of N will therefore ba at each instant a 
measure of V, whatever the permeability or hysteresis 
of the core. The instrument has a laminated electro- 
magnet formed of stampings of two kinds—a rectangular 
portion with two straight limbs forming the core of the 
electro-magnet, and a specially shaped stamping between 
the poles. The moving coil of 50 turns swings in a narrow 
gap, separating the stampings, in much the same way as 
in @ permanent magnet instrument. On the limbs of 
the magnet are windings of 200, 2000, and 4000 turns. 
The iron will not be too strongly magnetised if the wind- 
ing used contains 20 turns per volt on 50-period circuits, 
but the instrument is so sensitive that such excitation 
will only be needed for exceptional tests. 

If a voltage V be applied to one of the field coils of m 
turns, and if the same, or another, field winding of n 
turns be joined up, through a condenser of calecionte, 
to the moving coil, the torque acting on this moving coil 


will be a measure of 
m 


t.¢., the deflection is proportional to the square of the 
voltage. By suitably choosing K, m, and n, the voltmeter 
may be used over a large number of ranges. Thus with 
the instrument shown a deflection of 200 millimetres on a 
scale at 1 metre distance can be obtained either for 200 
volts or for 20 millivolts. The deflection is independent 
of frequency and wave-form if the field-winding to which 
the voltage is applied has a resistance negligible in com- 
parison with its impedance. Thus with m = 4000 and 
n = 200it was found that the value of V? required to 
give a certain deflection was independent of frequency 
between 50 and 100 periods, but at 25 periods it was 6} per 
cent. less than at 50 periods. At any fixed frequency the 
deflection will always measure KV2. The instrument may 
be used with great advantage to compare inductances 
and capacities by the ordinary bridge methods, the 
working conditions being: (i.) the alternating voltage V 
applied to the field-coil of the instrument must also cause 
the current in the bridge conductors; (ii.) the alternate 
current in the bridge must be made in phase with the 
voltage V by the use of suitable non-inductive resistances; 
a the moving coil must be placed directly across the 
ridge, 


| 





are of the order of 1 volt. When a balance of great 
precision is needed, the minute electromotive force e¢ 
induced in the moving coil by the alternating field of the 
magnet tends to cause a small deflection, disturbing the 
balance. When the moving coil circuit is non-inductive, 
the current due to e will be in phase with e and in 
yo er ap with the flux, so that the corresponding 

eflection will be negligible. But in all cases any effect 
due to ¢ can be accurately eliminated by working to a 
false zero. As illustrations of the behaviour of the 
instrument, the results of tests are given on the measure- 
ment of the mutual induction of coils, the comparison of 
capacities, and the measurement of specific inductive 
capacity. 

Mr. A. Campbell expressed his admiration of the 
galvanometer, and in particular of the ingenious method 
of connecting it with a condenser when voltage is to be 
measured. He remarked that the instrument was very 
similar in construction and use to that used by earlier 
experimenters. Stroud and Oates (Phil. Mag., 1903) 
described such a galvanometer, and showed how sensitive 
it was for testing condensers by Anderson’s method, and 
for other purposes; and Terry (Physical Review, 1905) 
used a similar one for accurate comparisons of condensers. 
Abraham (Comptes Rendus, April, 1906) described another, 
in which the false zero was got rid of by a compensating 
arrangement. 

With regard to vibration galvanometers, there is no 
difficulty in keeping them in tune on any reasonably 
steady alternating circuit. In the bridge methods illus- 
trated in the paper, a double adjustment is necessary 
when a vibration galvanometer is used, and in general an 
evaluation of effective resistance or leakage resistance can 
be made simultaneously with the measurement of induct- 
ance or capacity. He asked the authors if this double 
adjustment can be entirely dispensed with when the 
quadrature galvanometer is used. It would be interest- 
ing also to know how the instrument would work with 
non-sinusoidal wave-forms in a case where the balance 
depended on the ey 

Mr. W. Duddell asked if the authors could supply 
more numerical data, so that the instrument could be 
compared with other galvanometers of similar design. 
He pointed out that the tests were simplified owing to a 
double adjustment being unnecessary. 

Mr. Irwin thought that with small modifications the 
instrument would be useful for tests other than those 
described in the paper. It might, for example, be used 
in determining the resistance of electrolytes. He pointed 
out that errors might arise due to a small amount of mag- 
netic material in the moving coil. 

Dr. Sumpner stated, in reply to Mr. Campbell and Mr. 
Duddell, that the object of the special shape of pole-piece 
was to increase the impedance of the exciting-coil. 
Electromagnet galvanometers were not new, but the 
special mode of controlling the magnetic flux by the 
applied voltage was novel. The behaviour of the instru- 
ment was a direct consequence of this device. The 
vibration galvanometer responded to a voltage irrespec- 
tive of its phase, and hence in some tests troublesome 
double adjustments were needed. This was not the case 
with the new instrument in regard to any of the tests 
described in the paper. The current taken by the 
instrument could easily be calculated from data given in 
the paper. In reply to Mr. Irwin, the author said that 
the small deflection due to magnetic impurities in the 
moving coil could be eliminated in all balance tests by 
using a false zero method. In deflectional methods the 
effect could be rendered negligible by —— the voltage 
exciting the field, and using a moving coil current of 
correspondingly increased strength. 

Mr. Phillips stated that the present poe was pre- 
liminary to a more detailed account of the work which 
had been done with the instrument. In reply to Mr. 
Irwin, he stated that it was proposed to make use of the 
instrument to measure the specific inductive capacity of 
materials and the resistance of electrolytes. 

Mr. A. E. Garrett read a paper entitled ‘‘ Positive 
Electrification duc to Heating Aluminium Phosphate.” 
In 1904 Dr. R. 8. Willows and the author communicated 
to this Society the results of some experiments on the 
halogen compounds of zinc, in which it was shown that 
those compounds when heated ionised the air around, so 
that both positively and negatively electrified bodies 
gradually lost their charge. Work in this direction was 
continued, and the results obtained showed that a large 
number of inorganic compounds possess a of a 
like nature to the above. In 1907 Sir J. J. Thomson 
found that chlorides, phosphates, and nitrates gave off an 
excess of itive ions when heated, and he incidentally 
discovered that aluminium phosphate was most active in 
this direction. As many of the substances previously 
examined are known to be unstable (and hence the ioni- 
zation produced may be the result of chemical change), 
while aluminium phosphate, on the other hand, is a most 
stable substance, it was thought that an investigation of 
the ion producing properties of that compound would be 
of interest. The apparatus was summands that the salt 
could be heated to the desired temperature (900 deg. to 
1300 deg. Cent.) on a strip of platinum foil. The pressure 
could be reduced as required. For most of the experi- 
ments a sensitive galvanometer was used as recording 
instrument. With the usual distance between the elec- 
trodes (0.5 centimetre) it was found that a difference of 
potential of 60 volts was sufficient to obtain a saturation 
current with the itive ions. The way in which the 
current varied with the time when the saturation voltage 
was applied was first investigated. For the first half-hour 
the current was somewhat irregular. This was found to 
be due to the water present in the salt. The current for 
the first hour or two appears to be largely influenced by 








the surrounding gas. Neglecting the preliminary effects 
due to water, the decay of the current with the time can 
be represented by a curve having the general formula 


A (e~ Mf ~~ At) + B(1-e7 484), 
The current finally obtained depends almost entirely upon 
the salt itself. After five or six hours’ heating, no further 
change takes place in the current obtained under fixed 
conditions of temperature and pressure. A temporary 
increase, however, can be brought about by moistening 
the salt, and also by passing a discha: from an induc- 
tion-coil through the tube for about half-a-minute. When 
the salt is insulated and heated for some time, an extra- 
ordinarily large current passes when the field is first put 
on. This effect increases with the time up to about ten 
minutes, after which any longer insulation causes no 
increase of the initial current. With the salt in 
the final steady state the conditions were suitable for 
experiments on temperature and pressure effects. It 
was found that for every temperature tried there 
was a certain pressure at which the current obtained 
was & maximum, and the higher the temperature the lower 
was this pressure. The currents obtained with constant 
pressure and variable temperature indicate that the 
relationship between the rate of production of positive 
ions and the absolute temperature can be represented by 


oan 

the Richardson formula a oe 20. By using a quadrant 
electrometer in place of the galvanometer, it was found 
at pressures of 0.01 millimetre that some positive ions 
are ejected with a velocity of the order 10° centimetres 
per second ; and other experiments showed that the ions 
at very low pressures and acted upon by small electro- 
static fields moved with great velocity, so it was 
thought that this substance could be made use of 
as a means for rectifying alternate currents. It was 
found that it could be sc used. The values of //m ob- 
tained by Thomson’s cycloid method indicate that tke 
smallest of the positive ions present & mass com- 
parable with that of the hydrogen atom. Many of the 
results obtained, in particular (a) those with varying 
pressures and constant temperatures, ()) those at atmos- 
heric pressure, in which, after removal of all free ions 
xy a field sufficient to produce a saturation current, a 
current of equal values for ions of both signs was found 
at an electrode placed behind that on which the saturation 
—— acted, and (c) the loss of charge of a Faraday 
cylinder when screened from the action of free ions, indicate 
that one of the products due to heating aluminium phos- 
phate is in the form of neutral pairs or doublets which 
afterwards split up into negative and positive ions. 








Motor-LAUNCH FOR THE METROPOLITAN Po.ice.—A 
large motor-launch has just been completed for the use of 
the Metropolitan Police who patrol the River Thames 
and the Harbour of London, to take the place of a steam- 
launch hitherto used. This new vessel is fitted with two 
motors of 60 horse-power, and can steam at nearly 
13 statute miles per hour. The new launch, which has very 
appropriately been named the Sir Richard Maine, has 
been construc by Messrs. White Brothers, of South- 
ampton, on behalf of the contracting firm, the Parsons 
Motor Company, Limited, of Southampton, who supplied 
the machinery. The boat complies not only with the 
regulations of the Board of Trade and of Lloyd’s Register, 
but also with those of the Thames Conservancy. The 
vessel has a length of 52 ft., a beam of 9 ft. 8 in., and a 
draught of 3 ft. 6 in. The twin-motors are of the Parsons 
marine type, using ordinary paraffin oil, and each set is in- 
dependent, with clutch, reversing-gear, and water-cooling 
system. The speed trials were carried out last week in 
Southampton Water, and were attended by Mr. H. A. B. 
Cole, M.I.N.A., the consulting engineer and naval 
architect. The guaranteed 5 was 12 statute miles 
per hour, and on none of the six trial runs on the 
measured course was the speed less than this rate, while 
the mean speed was close upon 1 mile in excess of the 
guarantee. The speed and reliability trials lasted some 
three or four hours, and proved satisfactory. There were 
also stability trials, which gave favourable results. 





Tuer TECHNICAL Press InDEX, JANUARY, 1908, TO JULY, 
1909.—This volume, which has recently appeared, is pub- 
lished by the Technical Literature Company, of New 
York, and may also be had from Messrs. Archibald Con- 
stable and Co., Limited, London, at a price of 12s. net. 
It has been compiled from the ‘* Technical Press Index,” 
published monthly, during the time named, in the ‘ En- 
gineering Digest,” and forms a very handy volume, cover- 
ing a very wide range of subjects ; in fact, it gives a ke 
to over 11,000 articles offpermanent value, contained in all 
the regular engineering periodicals in the United States, 
Canada, and Europe, as well as in the proceedings of the 
various engineering and technical societies during that 
period. All the articles have, it is claimed, been very care- 
fully considered, and any possessing only temporary, 
local, or individual interest have been omitted. Some 
articles which, although they are short, have a definite 
value, due to the number of the illustrations accompany- 
ing them, are indexed, and the number of illustrations or 
diagrams belonging to them is given. The matter is classi- 
fied under various heads, which are again subdi\ ‘ded into 
sections. The various heads are: Architecture, .\utomo- 
biles and Aerial Navigation, Civil Engineering, Econo- 
mics and Education, Electrical Engineering, Industrial 
Technicology, Marine Engineering, Mechanical Engineer- 
ing, Metallurgy, Mining Engineering, Municipal Engi- 
neering, and Railway Construction. All the articles under 
each of these heads are, as far as possible, alphabetically 
arranged. The index ought to prove of great assistance 
to all interested in technical matters, 
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A VIBRATION TACHOMETER. | 

Tux centrifugal form of tachometer, which is prob- | 
ably that most commonly used, is not always a satis- | 
factory article. It is liable to get out of adjustment, 
often fails to indicate at all on the lower part of its 
scale, and is frequently — on account of possible 
slipping of the belt by which it is so generally driven. 
In addition to such instruments, however, which 
operate by the centrifugal force of a rotating solid | 
body, many other forms of tachometer have been de- 
vised, such as depend, for instance, on the rotation of 
a liquid, or on eddy currents generated by a rotating | 
magnet, or those in which a magneto, driven by a | 
rotating shaft, is connected up to an instrument which | 
is practically a voltmeter. Another method which has | 
been utilised to indicate speed of rotation consists of | 
a clockwork arrangement which at definite intervals 
opens and closes the circuit of a magnetic clutch, which | 
operates an indicating pointer, for a definite period of 
time, the distance the pointer travels in the period 
giving a measure of the speed. Some of these instru- | 
ments are free from the slipping-belt difficulty of the | 
ordinary tachometer, but in most cases are more or | 
less complicated, and contain rotating parts or joints | 
which are liable to wear and require a certain amount | 
of attention. | 

The Frahm vibration tachometer, illustrated here- | 
with, is of such remarkable simplicity that trouble owing | 
to the causes mentioned above should be entirely elimi- | 
nated. The instrument is based on the principle of | 
mechanical resonance, and, although somewhat similar | 
applications of the principle have been made, they | 
have not been utilised in connection with the measure- | 
ment of speed. The essential part of the instrument | 
is shown in Figs. 1 and 2. It consists merely of a | 
bridge-piece carrying a row of metallic reeds. The) 
reeds are tuned to different periods of oscillation | 
by making them of different lengths and by vary- | 
ing the weights of the small pieces of solder which | 
they carry at their free ends. The bridge-piece 
is simply mounted by an angle-bracket on a plate 
which forms the back of the instrument-case, so 
that when the instrument, and with it the bridge- 
piece, is subjected to any periodic vibration within 
its range, the reed which is in harmony with 
the vibration will set up a considerable oscillation, 
and the number of vibrations may be seen from the | 
scale which is placed alongside the row of reeds, as | 
shown in Fig. 3. To make the instrument easily | 
readable, the reeds have white indicating-tips at 
their outer ends, and as these tips are more than 
fin. wide, and their full amplitude of vibration 
nearly 1 in., the indication can be seen from a con- 
siderable distance. 

The application of the tachometer to measure the 
speed of a rotating machine is of the simplest possible 
character, as all that it is necessary to do is to fix it 
to some convenient part of the machine, such as the 
bed-plate or a bearing-cap, when it will at once indi- 
cate the speed of rotation, owing to the vibration set 
up by the out-of-balance of the rotating part. Owing 
to the minute power required to operate the instru- 
ment, it is found that there is quite sufficient vibra- | 
tion, even in the best balanced machines, to cause it | 
to indicate. Excessive vibration would, of course, 
damage the reeds by causing them to oscillate through 
too large an arc, so that in some cases it is felt ped. 








to damp the instrument by mounting it on a felt , 
For use in the infrequent cases in which the vibra- 
tions to be counted are too feeble to set the reeds in | 
motion, an intensifying device is supplied. This con- | 
sists of an arm which is screwed into the back of the | 
bridge-piece behind the instrument, and carries a 
sliding weight which can be clamped in the most suit- | 
able position by means of a set-screw. 
It may appear that as the number of reeds in an 
instrument of this class is limited, the speed indication 
must be given in a series of steps only ; but this is not 
the case in practice, since it is found that the reeds 
vibrate even if they are not at full resonance, so long 
as the impulses are near the resonance point. The 
amplitude is, of course, smaller than the maximum, 
but it can be observed from 1 per cent. to 2 per cent. 
above or below the harmonic speed. It will be seen in 
Fig. 3 that the reeds on either side of the one that is 
eliosting the speed are oscillating to about half their 
maximum amplitude. In the case of a speed lying | 
exactly between the speeds of tw» adjacent reeds, they | 
would oscillate with equal amplitudes, so that the | 
actual speed could be read off without difficulty. For 
well-balanced machinery it is found that a difference | 
of from 1 per cent. to 2 per cent. between adjoining | 
reeds meets all requirements ; while it is found advis- 
able to make the steps near the normal speed of the 
machine smaller than elsewhere. For an instrument | 
which is to be directly mounted on to the machine to | 
be indicated, as described above, any range within an | 
octave from 900 revolutions per minute to 8000 revolu- | 
tions per minute can be arranged. If, however, the | 
speed to be measured is less than 900 revolutions 
ad minute, it is necessary to fit a multiplying 
evice, which consists merely of a notched wheel, | 





fitted to the rotating shaft, against which a lever is 
pressed. This lever is connected to the instrument by 
means of a cord or rod, which transmits as many im- 
pulses per revolution as there are notches in the wheel. 
When the instrument is situated some distance away 
from the machine whose revolutions have to 
measured, an electrical transmission is used. <A 
small alternating-current generator, of the type 
shown on the right-hand side of Fig. 3, is mounted on 
the shaft and connected up to an electro-magnet which 
is arranged to vibrate the bridge-piece. The arrange- 
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ment of reeds remains as before. It should be under- 
stood that this system of employing a bridge-piece, 
which carries the sand passes on the vibrations 
to them, to be selected by the correct reed, is an essen- 
tial feature of the Frahm system. 

It is found that the instruments retain their accu- 
racy over a very long period. The only — source 
of error is alteration in the elasticity of the reeds in 
course of time, and such alterations are found to be 
extremely small. It should be noted, as an advantage 
of this type of tachometer, that an error developing in 
one reed will affect that reed only, and will not spread 
through the entire range of the scale, as will happen 
with an error in many types of tachometer. The 
instrument is manufactured by Messrs. Siemens 
Brothers and Co., Limited, of Woolwich. 








Execrric Iron-SMELTING IN SwepEN.—The buildin 
of the electric iron works at Trollhattan is being me 
ahead, and in the meantime the experimental working 
at the large Domnarfvet works is being persevered with, 
with favourable results. The director has stated publicly 
that the results of recent experiments gave a definitive 
economic solution of the problem of producing pig iron in 
an electric furnace. 





ENGINEERS’ Pocket-Books.—We have received from 
Messrs. John Walker and Co., Limited, of Farringdon 


| House, Warwick-lane, E.C., a sample of their engineers’ 


loose-leaf pocket-books. It contains 50 pages of notes and 
tables compiled by Mr. Norman R. Corke, dealing with 
British and French measures, useful formule, four-figure 
logarithms, trigonometrical functions, areas, circum- 
ferences, powers, roots and reciprocals, chemical equi- 
valents, expansions and fusing points of metals, proportions 
of bolts, nuts, and threads, transmission data, strength of 
chains and gears, data regarding steam, properties of 
sections, electrical data, and many other things valuable 
to engineers. These are followed by pages of squared 
paper and ruled paper. The pages are 6in. by 4in., and 
ag = is well bound in morocco, the price being 
0s, 6d, 





KERR’S SAND-EJECTOR FOR 
LOCOMOTIVES. 


WE illustrate below a patent sand-ejector which 
has been designed for use on locomotives and for 


be | other purposes where such appliances are required. 


The great trouble with most sand-ejectors is that the 
condensed water from the steam causes the sand, when 
the ejector is not in use, to choke up the pipe. With 
the apparatus we are describing, however, this 
choking up is avoided and a straight course is also 

rovided from the trap to the outlet of the pipe. 

he arrangement is such that the ejector nozzle 
projects into the sand-delivery passage at right- 
angles, the steam-outlet being formed in one side of 
the nozzle and directed towards the outlet end of the 
sand-pipe. A drip-valve is arranged in the steam- 
passage of the ejector at a short distance from the 
nozzle, through which any condensed water can escape, 
the valve being closed by the steam pressure when the 
ejector is in.daetion. The construction will, however, 
be better understood on reference to the illustrations. 

Sectional views are shown in Figs. 1 and 2, the 
former being a section through the line 1—1 in Fig. 2, 
as seen from-right to left, and the latter a section on 
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Fig. 3. 


the line 2—2 of Fig. 1, looking from left to right. The 
ejector consists of an externally-threaded plug a, 
which is tapered at the outlet or nozzle b, and is pro- 
vided with a central longitudinal passage c terminating 
in a small outlet or jet 2. which is bored at right angles 
to the central passage. The outer end of the plug has 
on it a coupling or union nut e which secures the 
steam-pipe f. In the side of the ejector there is an 
opening g communicating with the passage c and fitted 
with the valve h, the valve being normally held open 
by the spring j, so as to allow the condensed water 
from the steam-pipe to escape. The ejector is screwed 
into the T-piece k, which may be seen in perspective 
in Fig. 3, the two opposite ends of the T-piece one, 
screwed on the sand-pipes /, /, and, if desired, securec 
by lock-nuts. The sand-pipe is connected with the 
sand-box, and is provided with an air-inlet pipe in the 
usual manner. re 

The weight of this fitting is only 24 lb., and it is 
claimed that it is 50 per cent. cheaper than those in 
general use, and no alterations are required to existing 
pipes, &c., when it is applied. It will, of course, work 
with compres air as well as with steam. We 
understand that a number of them have been in use on 
the Great Central Railway for about eighteen months, 
being fitted to the single-wheel compound and three- 
cylinder engines, on which they are giving entire 
satisfaction, having been pene md tested on all the 
steepest gradients under all weather conditions. The 
are being put on the market by Messrs. A. E. Kiteell 
and Co., Limited, Bridge-road, Harlesden, London, 
N.W. 
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AIR-COMPRESSORS AT THE BRUSSELS EXHIBITION. 


CONSTRUCTED BY 








MESSRS. LACY-HULBERT AND CO., 


LIMITED, 


BEDDINGTON. 




















““X” vacuum pumps. 


able electrically -driven air- 
compressor for use in electric 
power-stations. We illustrate 
this in Fig. 1, herewith. The 
machine is extremely simple, 
and is fitted with anair-receiver 








Fig. 1. 


Messrs. Lacy-HvuLBert AND Co., LimitTep, Bed- 
dington, exhibit at Brussels a selection of their well- 
known air-compressors, vacuum pumps, rotary pumps, 
and compressed-air fittings. We may in the first place 
call attention to their V 5 air-compressor set, which 
comprises a vertical double-acting air-compressor, 
fitted with a heavy fly-wheel, and driven by a 30- 
horse-power electric motor. This compressor is of the 
type which they supply to the British War Office, 
General Post Office, and the Japanese Navy. The 
machine appears of particularly substantial a strong 
construction ; the main bearings, of gun-metal, are of 
— proportions, and are adjustable. The crank-shaft 
and connecting-rod are heavy steel forgings, with gun- 
metal adjustable bearings throughout. The valves, 
which form a most important part in a compressor, 
consist of specially made and ground steel discs 
working on cast-steel seats, in which they are held 
by a special form of spring. The design is such 
that the clearances are reduced to a minimum. 
The valves are interchangeable, and each valve may 
be withdrawn independently of the others. The 
compressor is lubricated by means of one of the com- 
pany’s new ‘ Boreas” rotary pumps, which supplies 
oil to a central oil-box, whence it is distribu by 
independent sight-feed to each bearing or other part 
requiring lubrication. The water circulation is also 
ensured by a ‘‘ Boreas” rotary pump; this delivers 
the water into the lower cover, whence it passes 
round the barrel of the cylinder and out round the 
valves in the topcover. The compressor is fitted with 
a delicately adjusted unloading valve, designed to 
regulate the pressure of delivery of the air within 
1 lb. per square inch of the desired limit. The com- 
pressor is fitted with indicating gear. The air com- 
pressed by this machine is being delivered at 45 lb. per 
square inch for driving Messrs. B. and S. Massey’s 
pneumatic hammer on the adjoining stand. The 
compressor requires but a small enidiens it runs 
almost noiselessly, and the wear and tear is prac- 
tically nil. 


Messrs. Lacy-Hulbert and Co., Limited, also show | 


PorTABLE ELECTRICALLY-DRIVEN AIR-COMPRESSOR. 





in the base- plate, a safety- 
valve, pressure-gauge, and an 
instantaneous connection for 
the hose. 

Another small electrically- 
driven compressor set, for use in pumping air into 
motor-car tyres, is made for supplying air up to 
300 lb. per square inch. These compressors are com- 
pound, and are particularly well suited to the work 
they have to perform. We illustrate one of these in 
Fig. 2. 

A ** Boreas ” air-motor direct-coupled to a ‘‘ Boreas” 
rotary pump is another type recently brought out 
by the firm, and five different sizes are shown in 
operation ; the pumps will produce a vacuum of 25 in. 
with ease, and are capable of pumping liquids against 
a head of 300 ft. They are positive in action and of 
simple design. 








WORKMEN’S COMPENSATION CASES. 
County Court. 

The Admiralty and its Compensation Scheme.—A case 
of great importance to Government dockyard employees 
came before the County Court Judge of Portsmouth on 
June 8, when the widow of a workman named Horner 
claimed compensation for his death in December last. It 
was alleged that the man died of lead poscneng. but the 
Admiralty disputed the cause of death, as the medical 
officer of the department certified that the cause of death 
was heart disease. The Admiralty denied the legal right 
of the widow to claim under the Workmen’s Compensa- 
tion Act, as they were A fon to settle under a scheme 
at the dockyard which b been certified by the Registrar 
of Friendly Societies, and under which the deceased had 
signed the contract. Under the Act, Section 3, it is pro- 
vided, ‘“‘If the Registrar of Friendly Societies, after 
ascertaining the views of employers and workmen, certi- 
fies any scheme of benefit or insurance of workmen or 
employers . . . the employer may, whilst the scheme is 
still in force, contract with any of the workmen that the 
provision of the scheme shall substituted for the pro- 
vision of the Act, and the employer shall be liable only 
for the provision of the scheme.” ; 

As the case affected so large a body of workmen in the 
Admiralty service, the judge took time to consider his 
decision as to whether the applicant was entitled to have 
an award made in the County Court. The Admiralty 
admitted liability, but sought to have the claim settled 


specimens of their class ‘‘ Y” and class ‘‘M” com-| under their own scheme in accordance with Section 3 of 


exhibits further include a port- | 





Fig. 2. ExectrricaLty-DrivEN ComMpRESsSOR FoR INFLATING Moror-Tyres. 


pressors, and of their class | the Workmen’s Compensation Act, and independently 
Their of the Court. 


On June 16 the County Court Judge of Portsmouth 
granted the widow’s application, on the ground that the 
dockyard’s compensation scheme under Section 3 of the 
Act only substituted the arbitration of the County Court 
Judge so far as the scale of compensation was concerned. 

It would not be surprising if this case reached the 
Court of Appeal, since the Admiralty, having admitted 
liability, were contending for a principle, which perhaps 
is not made sufficiently indisputable in the wording of 
the section. It is, of course, clear that the object of 
Section 3 is to prevent the adoption of irresponsible 
schemes for contracting out. To protect the nghts of 
workmen under the Act, the scheme of compensation 
instituted by employers and workmen must be registered 
by the Registrar of Friendly Societies before it can 
operate, and as a condition of doing so, he must be 
satisfied that the scheme provides scales of compensation 
not less favourable than the corresponding scales con- 
tained in the Act, and that where the scheme provides 
for contribution it confers benefits at least equivalent 
to those contributions in addition to the benefits con- 
ferred by the Act. The Registrar must also ascertain 
that a majority of the persons (ascertained by ballot) to 
whom the scheme is applicable are in favour of the scheme, 
and that it does not oblige workmen to join it as a condi- 
tion of employment, and that it also permits workmen to 
withdraw. 

In appeal cases on the point before the Portsmouth 
County Court, it has been held (Haworth v. A. Knowles 
and Sons (1903), 19 T.L.R., 658 C.A.) that the scheme 
(under Section 3) should be a complete substitute for the 
provision of the Act ; and in order to oust the jurisdiction 
of the courts it should provide for the settlement of every 
possible dispute. Where the scheme does not give the 
applicant the very fullest measure of legal protection, as 
is provided by the Workmen’s Compensation Act, it is 
obvious the scheme cannot oust the courts, and it may be 
that the courts, except as to the scale of compensation 

, are always controlling the scheme, and are not 
ousted by it. 








NorTHERN Coa, Iron, AND Stee, Companres.—The 
Business Statistics Publishing Company, Limited, 
Sheffield and Cardiff, have recently issued, at the price of 
ls. net, a small pamphlet giving the registe name, 
the directors, address, capital, last balance-sheets, and 
share prices and dividends for the last five years of fifty- 
seven coal, iron, and steel companies of the northern 
districts of England. 





Tur Wortp’s Gotp.—The production of gold through 
out the world in 1908 was 21,321,094 fine ounces, as com- 

red with 14,883,857 fine ounces in 1899. The United 
States and Canada yielded 6,823,747 fine ounces of gold in 
1908, as compared with 5,331,698 fine ounces in 1890; 
Africa, 8,055,466 fine ounces, as compared with 3,726,231 
fine ounces; Australasia (including New Guinea), 3,558,220 
fine ounces, as compared with 3,788,052 fine ounces ; 
Europe, 1,660,368 fine ounces, as compared with 1,198,346 ; 
and Asia, 1,223,293 fine ounces, as compared with 839,530. 
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DUCTILE MATERIAL UNDER TORSIONAL 
STRAIN. 


The Behaviour of Ductile Material under Torsional Strain, 
with Restoration of Elasticity at Low Temperatures.* 
By Cuartes Epwarp Lararp, Assoc. M. Inst. C.E. 

IN a paper read before the engineering section of the 
British Association at Winnipeg, in September, 1909+, 
the author gave the results of experiments on the be- 
haviour of ductile materials under torsional strain. He 
mentioned incidentally that where material had been 
overstrained by twisting, the effect of heat treatment at 
low temperature was to restore the elasticity, and this 
to a degree more perfect than originally possessed. The 
present paper gives a detailed account of the experi- 
ments made to investigate this behaviour, and the con- 
clusions drawn from them. 

The research was carried out by the author in the 
Mechanical Engineering department of the Northampton 
Institute, London, the cost being defrayed out of a 
Government grant from the Royal Rockit. - 

A chemical] analysis of drillings from the specimen gave 
the following results :— 





Per Cent. 

Carbon, by colour... ee ne -. CT 
Silicon ... 534 “a eS - ... 0.007 
Sulphur a ss as = ... 0,027 
Phosphorus _.. sis is ‘ . 0,045 
Manganese... a. hae < . One 
Iron, by difference ... Ar is ... 99.511 

Total ‘as ue ... 100,000 


METHOD OF EXPERIMENTING. 

The test-piece was 2.95in. in diameter, and its length 
between the shoulders was 12.06in., both measurements 
being taken before the test. Enlarged ends were formed 
on the specimen with two key ways at each end to allow 
for holding in the dies of the testing machine. 

As the machine used has already been described else- 
where }, it will not be necessary to give a description in 
this paper. 

A recording instrument was used for drawing auto- 
raphically the torque-twist diagram for the 12in. length 
vetween the shoulders of the specimen. Fig. 1, page 33, 

is a reproduction of the diagram obtained. 

In addition a specal instrument was designed and 
made in the workshop of the author’s department, by 
means of which small elastic strains were readily mea- 
sured to less than gj5th of a deg. This instrument was 
attached to the cylindrical specimen in gauge-points 
8in. apart. 

The specimen before being tested was first annealed, 
and was then marked circumferentially by scribed circles 
at lin. distances, with circles 4 in. apart in the middle 
and near the ends. It was also marked longitudinally by 
six generating lines parallel to the axis, and spaced at 
equal distances round the circumference. he final 
configuration of the surface of the cylindrical specimen 
after fracture, as revealed by these division lines, showed 
on the surface-flow of the material—the angle of the 
helix lines being then 32 deg. 

The specimen was placed in the testing machine, the 
lever of the machine was balanced, and the instrument 
and other readings were adjusted to zero. The load or 
torque was then very slowly applied, and readings of 
torque and twist were taken, until the primary elastic 
limit was reached at 59,000in.-lb. torque, the instrument 
reading at this point being 0.202 in. This limit was 
taken as the strict elastic limit, or the point beyond 
which the relationship ‘‘ twist proportional to torque ” 
ceased to be true. After reaching this limit the torque 
was increased step by step, mall plastic strains which 
increased at a greater rate than the torque being recorded, 
until at 86,000in.-Ib. a sudden plastic yield took place, 
amounting to about eight times the total elastic strain 
recorded up to the elastic limit. When this primary 
yield was reached the torque was kept constant for a time 
until the lever showed very little creeping downwards, 
the yicld strain being then 2.57 deg., while the total 
twist before the yield was 3.83 deg. The load and 
strain were again increased until the torque on the speci- 
men was 120,000 in,-lb. with the corresponding total 
twist of 26.2 deg. at which the lever of the machine was 
almost stationary. The load was then very slowly run 
back to zero. The specimen was then removed from the 
machine, placed in a hot-air bath and kept there for two 
hours at a temperature of 392deg. F. (200 deg. C.), after 
which it was removed, and a 16-hours’ rest was allowed. 
It was then replaced in the testing machine. 

On reloading it was found that the effects of the heat 
treatment and rest were to restore complete elasticity to 
the material, but up to a higher torque than for the 
first loading. This treatment was repeated several times 
as indicated in Table I., page 33. 

Before the fifth and last loading the specimen was im- 
mersed in the hot air bath for half an hour and then cooled 
in cold water until its temperature was about that of the 
room, with the result that complete elasticity was 
restored. After this it was twisted to destruction, the 
maximum torque at fracture being 342,000 in.-lb. as indi- 
cated in Fig. 1. 


RESULTS OF THE EXPERIMENTS. 
The foregoing represents a brief description of the 


* A “Selected Paper,” reprinted by permission from 
the Minutes of Proceedings of the Institution of Civil 
Engineers. 

t See Encingering, vol. lxxxviii, pp. 308 and 362. 

_} Proceedings of the Institution of Mechanical En- 
gineers, 1907, p. 705. 





method of testing and treating the specimen. Many 
interesting results were obtained from the experiments, 
and the principal numerical ones are embodied in Tables 
I., IL., and lik 

These experiments prove conclusively that for torsional 
strain as well as for tension* the effect of heat treat- 
ment at low temperatures, and one might add prolonged 
rest, at any stage in the test, is to restore complete elas- 
ticity ; but up to higher values of stress and strain than 
that due to the torque previously imposed. This is 
indicated in Fig. 1 the chain-dotted line defining the 
elastic limits. The area above this dotted line represents 
in part unstable energy and requires further explanation. 
_ author hopes to e able to deal with this at a later 

ate. 

On plotting a torque-twist diagram for each of the five 
elastic periods, it was found that the lines obtained were 
exactly parallel, from which it can be at once inferred 
that the ratio of torque to elastic twist, and therefore the 
rigidity modulus G, is constant for the different periods, 
and indeed for any stage in a test onaspecimen in which 
elasticity has been restored, either by heat treatment or 
prolonged rest. The same result may be shown numeri- 
cally by dividing the various limits of elasticity given 
in Table I. by the corresponding values of the strain. 
These ratios are given in column 6 of the same table, and 
it — be seen that they differ very little among them- 
selves. 

Now take the formula for the transverse modulus 
G= 32 - derived from the usual theory of elasticity, 

Tv 

where T denotes the torque, L the length in inches, and d 
the diameter in inches. Substituting for L its length, 
8in., and taking the ratios given in column 6, the 
values of the transverse modulus of elasticity are obtained 
(column 5, Table I.). Thus at all stages in the tests on 
a specimen, if elasticity is restored by heating or pro- 
longed rest, the rigidity modulus, or ratio of shear stress 
to shear strain, is approximately the same. From this it 
follows that the material flows or behaves during the 
plastic-elastic or ductile stage as during the elastic, only 
the elastic strain or springiness is recovered on unloading, 
while the plastic strain is not, but represents lost work 
equivalent to the heat liberated. 

For each elastic stage there was no hysteresis which 
could be detected. 

The values of the stress (fs) at the limits of elasticity, 
as calculated from the usual formula T = ; 7 fs d*, are 
given in column 4, Table I, and it will be obvious 
that the maximum working stress can be raised by strain 
and heat treatment, giving full recovery of elasticity to a 
high value. The final determining factor in fixing the 
limit of working stress in the future will be the important 
problem of fatigue under repetition of stress, and under 
varying ranges of stress, and also varying rates when 
those rates are high. 

It has been shown that if for the five elastic pericds 
the values of elastic twists are plotted to a torque base, 
then a linear relationship connects the two variables, or 
that 6 = AT, where A is a constant representing the 
slope of the line. The ratio T/@, therefore is constant. 

Taking the particular case for each period, where @ de- 
notes the maximum value of the strain at the elastic 
limit, and T the torque at the limit, and plotting these 
results (taken from Table I., columns 2 and 3), a diagram 
will be obtained, showing at once the linear relationship 
between these maximum values. 

Important results follow from this : referring tothe illus- 
tration, Fig. 2, let the fiveshaded triangles, with their apices 
in their proper positions on the natural twist torque-curve, 
represent by their areas the elastic resiliences for these 
periods, T, toT, being the maximum value of the torques, 
and 6, to @; the corresponding elastic strains—these as 
represented in the sketch being considerably exaggerated 
as compared with the corresponding plastic strains. 
Then for any one period the triangular area represents 
the maximum amount of work which can be done on the 
bar before the next marked plastic deformation com- 
mences. If the maximum torque for this period is not 
exceeded, this elastic work is recovered almost entirely 
on removal of the load. The work, W, stored up in the 
material for any value of torque, T, within the elastic 
limit, where @ denotes the corresponding angle of twist, is 
given by W=4T0@. Thevalues of W so obtained are 
the elastic resiliences (tabulated in column 1, Table ITI), 
or the maximum amounts of work which may be stored 
up in the material for the five periods before plastic 
strain is recorded. 

Now, since the ratio T/@ has been shown to be constant, 
it follows that the elastic resiliences represented by the 
shaded areas are directly proportional to the square of 
the torque, and this may be shown diagrammatically by 
plotting the resiliences against the corresponding squares 
of the torque, a straight line relationship being obtained. 
The equation to this line is :— 

T2 

It should be added that in all probability a similar result 
would opae if prolonged rest were given to the specimen 
instead of heat-treatment. 

It is worthy of note that towards the end of the test, as 
the plastic work increases enormously, the elastic resilience 
is eppreacing more and more slowly its maximum value, 
which will be reached on the last yield when the torque- 
twist curve becomes a straight line parallel to the axis of 
strain. When this condition is reached and maintained 
the materia] may be said to be in a condition of complete 
plasticity. 

Another of the many points of interest arising from an 





* J. Muir, Phil. Trans. Royal Society, vol. 193 (1900) 
page 1 





inspection of the figured autographic torque-twist dia- 
gram, Fig. 1, is that with the exception of the primary 
and secondary limits of elasticity, each succeeding limit 
takes place near the torque last imposed before the 
removal of the specimen for its heat treatment. It may 
be also inferred that for a continuous test where the 
loading and straining are imposed infinitely slowly, the 
elastic limit will follow closely the torque-twist curve, in 
which case the following relationships hold :— 

(a) The strain is throughout es elastic and partly 
plastic ; the rate of increase of the elastic strain with 
the torque being constant = a 

(b) The elastic resilience increases in proportion to the 
square of the torque and is given by W = 4 T 6 =4 T? G: 


(c) The plastic work done, after a certain value of T, 
tends to increase proportionally with the plastic strain. 

Adverting again to the results obtained from the ex- 
periments on the heat-treated steel, it will be noted 
that the yield point or sudden development of plastic 
strain is not reached until some value of the torque well 
above the corresponding elastic limit. 

There are, therefore, three well-defined periods :— 

(1) The elastic period at which twist (or strain) is pro- 
portional to the torque (or stress), the elastic work done 
(or stored up) during this period being proportional to the 
square of the torque. ’ 

(2) A partly a and partly plastic period during 
increase of torque from the elastic limit to the yield- 

int. 

(3) A completely plastic period (the yield-point) during 
which the sae of the work is employed in producing 
plastic deformation. 

For any removal of torque during the first period there 
is almost complete, if not entire, recovery of strain and 
work ; but during the second period, although the elastic 
strain and resilience increase with the torque, with cor- 
responding recovery on removal of torque, there is yet a 
definite though comparative small permanent plastic de- 
formation (unless heat treatment or prolonged rest is 
given at this stage). For the third period there is, of 
course, no recovery of plastic strain, which is large as com- 
pared with the small plastic strain during the second 
period. But even in the third period the bar has 
stored up in it the elasticresilience corresponding with 
the value of the toque at the yield-point ; and if the load 
is removed at any stage during the yield there is almost 
complete recovery (with ype ome rest or heat-treatment) 
of elastic strain ® and of resilience W = 4 T 6(T and @ 
being values at the yield-point). 


GENERAL CONCLUSIONS. 


The experiments of Ewing and Rosenhain have shown 
conclusively that strain is the result of slip in the struc- 
tural parts of the material produced by stress. No doubt 
this slipping of aggregations of crystals or of the unitary 
structural parts takes place during the third or yield 
period, and the sum of the slip deformations then makes 
up the bulk of the permanent plastic deformation recorded 
during the yield. Itisalso alate that during the second 
period between the elastic limit and yield-point the small 
deformations are due to small semi-plastic strains, which 
are produced in the unitary structural parts themselves, 
but which disappear with rest or heat treatment. 

For the experiments and _ results quoted, the restora- 
tion of elasticity was effec at stages in the test fairly 
far apart, but the stages may be taken as near together as 
practicable and, theoretically in the limit, at the end of 
each yield-period, the elasticity being restored either by 
heat treatment at low temperatures, or by indefinitely 
long rest ; and it may be inferred that the results ob- 
tained in the present experiments will then hold through- 
out. 

Even for an ordinary continuous commercial test, made 
either with great rapidity or very slowly, the strain 
recorded is partly elastic and partly plastic at any stage 
from the primary elastic limit to the maximum torque ; 
and in all probability rather similar results in some 
respects to those obtained on the heat-treated specimen 
will be found to hold, with modifications which may be 
considerable or otherwise according to the method of 
testing. In rapid continuous testing, however, the 
straining action will not be uniform over the whole 
material owing to lack of homogeneity and insufficient 
time. The differences in the behaviour of material under 
heat treatment, under varying periods of rest, under con- 
tinuous or step-by-step straining, and at varying rates of 
strain, have yet to be further investigated. he. 

In column 3, Table ILI., is shown the kind of variation 
in work done up to the end of each different stage of 
loading. If these results are plotted against the total 
plastic strains (column 7, Table IT.), it will be found that 
the curve obtained, between the third loading and the end 
of the test, approximates to a straight line ; this fact 
confirms the statement, that the plastic work increases 
about proportionally with the twist when the test 1s 
well forward. Other experiments made by the author 
also confirm this.* 

In column 4, Table IIT, the total plastic work done on 
the specimen, from the commencement of the first load- 
ing to the end of the particular loading considered, is 
expressed as a ratio of the elastic work, stored up in the 
material for the elastic period after the plastic work has 
been done. That is to say,a given amount of plastic 
work has been done to produce a given amount of elastic 
resilience. Some idea is given, therefore, of how and to 
what extent the elastic resilience of the material is perma- 
nently raised by the performance of work in plastic de 
formation. ’ ; : 

Consider this aspect in connection with a comparison of 


~ * See the author’s British Association Paper. 
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the work (152.2 in.-tons) required to produce fracture, and 
of the elastic resilience up to the primary elastic limit 
0.00926 in.-tons (Table III). The ratio of these two 
quantities is about 1 : 16,400. So that in practice, where 
the rule is not to exceed the elastic limit, the working re- 
silience forms only a minute fraction of the work required 
to destroy the material. The mean work per unit length 
to produce fracture, namely, 152.2in.-tons, is equivalent 
to 31 in.-tons per unit volume. 

The total work necessary to twist the specimen to de- 
struction was 1826 in.-tons, while ordinary or continuous 
tests made by the author on similar material of the same 
general dimensions gave the mean of three tests as 
1225 in.-tons. It may be concluded, therefore, that the 





effect of the step-by-step heat treatment has been to alter | 





ence to the authographic diagram, Fig. 1, will show that 
it was necessary to reduce the torque late on in the last 
yield-period. 

Further study of the results given in the tables of the 
authographic diagram, and of indications during the test, 
have caused the author to form the opinion that had the 
torque not been reduced late on in the last yield-period 
the specimen would have broken during this yield, the 
twisting being continued until fracture. Further, asthe 
full experiment shows the effect of heat treatment and 
rest in producing hardening, so even a partial rest or re- 
duction of load must produce a partial hardening, with a 
slightly increased torque for fracture. By reducing the 
load and giving partial cessation or reduction of stress, 
thestronger parts of the specimen in some way convey 















watching the behaviour of the specimen during the rapid 
yield which followed on the imposition of the 336,000in.-lb. 
torque. As pointed out, six straight generating lines 
were painted and scribed on the specimen before com- 
mencing the test, and these were slowly twisted into 
helical lines of uniform pitch, until during the fifth or 
last yield it was noticed that when the free end of the 
test-lever dropped on to the bottom stop, the speed of 
straining, which was very rapidly quickened, was quite 
insufficient to lift the beam. From this dropping of the 
lever until the load, which had been run back, was again 
registering a torque of 336,000, a very curious phenomenon 
displayed itself. The appearance of the helical lines 
before this had indicated uniform pitch, but as the twist 
increased, a time was reached from which the general 
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er assistance to the weaker when time is twist over the whole specimen was arrested and com- 
ee allowed, the tendency being for the whole menced locally over about 4 in. from one end, the helical 
% 7s oe a0 s00 2580300 350 to offer nearly uniform resistance to de- linesin that regionclosing up rapidly as the nowlocal twist 
TORQUE: THOUSANDS OF INCH-LBS. struction ; but having furnished this increased, adjacent sections seeming literally to rotate one 
y assistance, failure must take place at the over the other at a rat rate. The angle of the helices 
Fic. 3. weakest elements, though at a higher in the region of local twist were very small as compared 
; stress. This conclusion was confirmed by with the angle for the rest of the specimen. Failure 
the material so much that 50 per cent. more work was as 
required to destroy the heat-treated bar than would have TABLE I, 
been necessary had the material been tested continuously _— — 
and fairly quickly, as is usually done. _ "ake 2. 3. 4. 5. 6. 7. 
Additional indications of the behaviour of the material 
have been obtained and tabulated in Tables I, II, and ITI, | “ = pri iia 
and the results are plotted in Figs. 3 and 4. The three Ratio of Limit 
curves given in Fig. 3 are instructive. The ordinates to | No. of a Angleof oe. Transverse | of Elasticity : E 
the lowest curve represent for the points marked the cae Limit of Twist at | Stressat Limit aieialien af in Inch-Tons | Treatment of Specimen after Each Loading. 
yield strains for the five periods of loading ; the middle ing. Elasticity. Be hed of Elasticity. Elasticity. ry Ad 
curve represents by its ordinates the total plastic strain | : ai Limit. s 
for each period just before the yield; and the top oe = “ 
gives the sum of the ordinates for the other two. The in.-Ib, | in.-tons radians Ib. per |tons per 1b. per tons per 
numbers from which these results are plotted are taken sq. in, | sq. in. re sq. in. 
“ , 9 iz x 5 
fi = Fre ath . _ 5 oe o he sti alealae ane ten Fe 59,000 26.34 0.00561 | 11,700 | 5.228 | 11.32 5053 4095 After Seat loading to 120,000 in.-Ib. specimen 
as ordinates tothe oye | logarithms of the torques, : po tne fey | enh deg. Cent. for 
and it will be seen that four of the | ape obtained ap- | 2 138,000 61.62 —-0,01259 | 27,380 | 12.23 11.8 5:70 4897 After second loading to 185,000 in.-Ib., speci- 
proximate to a straight line. The index representing the l men heated for 2 hours at 200 deg. Cent., 
slope of the line is about 2. It is interesting to note that ; F ' i” = followed by 3 hours’ rest. ‘ 
the chain-dotted line will, if produced, meet the axis of} 3 184,000 82.15 - 0.01693 36,510 | 16.30 11.69 5218 4849 After third loading to 240,000 in.-Ib., speci- 
torque at a point defining the logarithm of the poeez — ) AL. BS 200 deg. Cent., 
elastic limit. The fifth point on the diagram does not 4 236,000 105.40 | 0.0214 46,850 | 20.92 1188 53802 4927 Alter fourth loading to 300,000 in.-Ib., speci- 
c repens = its position with the trend < me | men — A half-an-hour at 200 deg. 
which may be due to the yield-strain in the t peri Cent., followed by 1} hours’ rest. 
being pene #2 in excess of the amount that would have | 5 | 292,000 130.40 | 0.02691 | 58,280 | 26.02 11.66 | 5207 4839 
been reeorded had there been no ever-loading. A refer- ef OPE nein \ ce ke er ea - 
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TABLE IT. 
1. 2 3. | 4. 
|. Pusevso Woax Downs on ToraL Work Done ON SPRCI- ‘ 
; . = UP > . . Du 7 MEN FROM COMMENCEMENT OF! Ratio of 
Exastic Work Done up To Limit oF ELASTIcity. froneenen Be a PERIop First Loapine 10 END oF | Plastic Work 
< EACH Successive Loapine. | per Unit 
— — - Length to 
| Elastic Work 
Per Unit Per Unit Per Unit | PerUnit | Ini 
On 8 In. of On 8 In. of | On 12 In. of On 12 In. of | | r Unit 
r Length of . Length of “eho Length of Length of | 
Specimen. Specimen. | Specimen. Specimen. Specimen. Specimen. Specimen. Specimen. ength. 
in.-lb, | in. -Ib. in.-tons. in. -tons, in.-tons in.-tons. in. -tons in.-tons 
165.9 20.7 0.07406 0.00926 19.1 1.59 19.1 1.59 36.56 
868.4 | 108.5 0.3877 | 0.0435 43.4 | 4.03 67.5 6.62 76.10 
1559 194.9 0.6960 | 0.0870 | 91.56 7.63 159.06 13.25 93.97 
2524 315.5 1.127 | 0.141 381.12 31.76 540.18 45.01 202.7 
3975 496.9 1.774 0.222 1286.39 | 107.20 1826.57 152.21 532.0* 





* Figure obtained by calculating the elastic resilience per unit length (taking resilience to vary as the square of torque) 
for the torque last imposed on the specimen. 
































Taste ITI. 
pans “ 

| £ 3 | 4 5. 6 | % 
2 ae 2 les 42 

713 1's 8 EE 
Bs | & & ler |Maximum Torque to} 

ae | a | es || which Specimen |Es 
a5 | @ r] 3 lei 5| wasSubjectedat [52 | 
of | ed F ie = 2s each Successive |S Fe 
- | . —F 
g2/ 22 | =| 23 —_— 3 woe 

BS & = | Bh ls 35 Pz 
ge | & = | E> |g3- jane 
deg. | in. Ib. | deg. | deg. | deg. in. -Ib. in.-tons| deg. 
0.3216) 86,000} 2.57; 3.83 | 6.4] 120,000 53.58 | 26.2 
0.7213) 146,000 9.2 25.8 35 180,000 80.37 66.1 
0.9712) 210,000 | 13.9 | 66.4 | 80.3} 240,000 | 107.20 | 119.6 
1.226 | 274,000} 25.8 | 119.8 | 145.6 300,000 134 288 
1.544 | 336,000] 419 | 288.6 | 707.5| 342,000 | 152.70 | 776 
| (fracture) | 








would undoubtedly have taken place in this neighbour- 
hood but for the running back of the load and the reduc- 
tion of torque. After this the hardening which had 
taken place in the weaker parts rendered the other parts 
of the specimen able to share the plastic strain ; onl tee 
rate of packing of the helical lines near the weaker sec- 
tions was dour reduced. Another phenomenon followed 
the tusionel the torque ; namely, the packing together 
of the helical lines quickly travelling from the weak 
region of the specimen to the other end until the pitch of 
the lines was again nearly uniform. When this condition 
was reached the specimen broke. Watching the behaviour 
of the material during twisting from the commencement 
of the fifth yield to the fracture was fascinating beyond 
description. 

As in the tests described in the author’s British Asso- 
ciation paper, some alteration in dimensions of the speci- 
men was noted. The final elongation was 0.185 in. on the 
length of 12.06 in., and the reduction in diameter at the 
maximum torque was 0.0185 in. 

[We are indebted to the Institution of Civil Engineers 
for the illustrations accompanying this article.—Ep. E. 








FOREIGN ENGINEERING PROJECTS. 

WE give below a list of colonial and foreign engineering 
projects, for some of which tenders are asked. Further 
particulars of these can be obtained on application at the 
Commercial Intelligence Branch of the Board of Trade, 
73, Basinghall-street, E.C. 

Canada: A supplement to the Canada Gazette of June 4 
contains the text of an Act incorporating the Canadian 
Northern Alberta Railway Company, and providing for 
Government aid in the construction of its railway. The 
line is to run from Edmonton or Strathcona, Alberta, to 
the Yellowhead Pass, British Columbia; with a branch 
line from Wolf Creek to the coal areas at the Brazeau 
River and the headwaters of the McLeod River. The 
gauge is to be 4 ft. 84 in. The Supplement also con- 
tains the text of an Act providing 3 advances by the 
Canadian Government to the Montreal Harbour Com- 
missioners up to a total of 6,000,000 dols. (about 
1,233,0002.) for the construction of the termival facilities 
of the port (see page 208 of the Board of Trade Journal 
of May 5).—A Supplement to the Canada Gazette of 
June 11 contains an Act (chap. 51 of 9-10 Edw. 7) 
authorising the Governor-in-Council to grant subsidies of 
from 3200 dols. to 6400 dols. per mile towards the con- 
struction of some 46 lines of railway. Work is to be 
begun on the lines within two years from August 1 next, 
and is to be completed within four years from that date. 
It may be made a condition of the grant of the subsidies 
that the railway shall be laid with new steel rails and 
fastenings made in Canada, and that all materials and 
supplies required for the constiuction of the railway, and 
the rolling-stock for the first equipment of the railway, 
shall be purchased from Canadian producers, if, in the judg- 
ment of the Minister of Railways and Canals, such rails, 
fastenings, materials, &c., are procurable in Canada of 
suitable quality and upon terms as favourable as elsewhere. 
H.M. Trade eneniiieney for Canada (Mr. R. Grigg) 
reports that tenders are invited by the Department of 
Public Works at Ottawa for the construction and 
delivery at Vancouver, British Columbia, of a steel 
bow-well twin-screw barge-loading dredger. Tenders, 
on the proper forms, and accompanied with a deposit 
of 25,000 dols. (about 5140/.), will be received at the 
Department of Public Works, Ottawa, up to 4 p.m. on 
ed 20. Tenderers must specify the time of p 2 mth 
of the dredger at Vancouver, free of all risks and charges. 


Plans, specifications, and forms of contract may be seen, 


and forms of tender may be obtained, at the Department 
of Pablic Works, Ottawa. 

British India: According to Indian Engineering (Cal- 
cutta) of May 21 it is proposed to lay down a new water 
main and instal additional pumping plant at Bangalore, 
the Municipality bearing two-thirds of the cost, and the 
Government of India the remaining third. It further 
appears that the Government of the United Provinces 
have sanctioned the construction of a masonry bridge over 
the Gumti River near the Machli Bhawan at Lucknow. 
The work is estimated to cost 1,58,000 rupees (about 
10,5307. ). 

Brazil: H.M. Legation in Brazil report that the bad 
droughts from which the North-East States of the Re- 
public—viz., Ceara, Parahyba, Piauhy, and Rio Grande 
do Norte—perennially suffer were very severe during 
1909. From April till November the rainfall in this 
semi-torrid zone was deficient, and great loss was caused 
to the cattle industry in the hills. As usual, many of the 
inhabitants were driven to emigrate to the Amazon Valley, 
and their cattle died. By a decree of October 21, 1909, a 
department was created, under the name of the ‘* Inspec- 
toria das Obras contra as seccas do Norte,” for the pur- 
pose of drawing up plans for counteracting the effects of 
the draught (see Board of Trade Journal of February 10, 
page 284). The chief work projected is the construction 
of a dam on the Rio Acarape, about 60 kilometres (37 
miles) from Fortaleza. The dam is planned to retain 
47,000,000 cubic metres of water. Experiments are also 
being made for irrigating the Ceara-Merim Valley. A 
special credit of 62,5007. has been voted for these works. 

here has, as yet, been little irrigation work carried out 
in Brazil, either by the Government or by private enter- 
prise. It has, however, proved of great value in the cul- 
tivation of rice. The difficulty of finding labour for the 
natural rice-fields, owing to their unhealthy atmosphere, 
is leading to the substitution of the cultivated, irrigated 
fields. The use of irrigation is likely to be still further 
extended. The Diario Official of May 29 publishes a 
decree, dated May 19, approving the plans submitted by 
the Great Western of Brazil Railway, Limited, for the 
extension of the Conde d’Eu Re ay m Independencia 
to Picuhy (State of Parahyba), a distance of 19 miles. 
The cost of the work is estimated at 1,875,207 milreis 
currency and 27,000/. sterling. 

Je r: The issues of the Registro Oficial of March 
8 and 17 contain Presidential decrees authorising contracts 
with Sr. Mauricio Blaise, acting on behalf of the Compafiia 
Francesa de Ferrocarriles del Ecuador, for the construc- 
tion of branch lines. of the Bahfa de Cardquez—Quito 
Railway—viz. :—(1) from Calceta to the neighbourhood 
of Chone ; and (2) from a point on the main line across 
the River Daule to Guayaquil. The Registroof March 11 
publishes a Presidential decree authorising the making of 
a contract with Sres. Eduardo Morley and Dr. Relle Gage 
for the construction of a railway from Pasaje by way of 
Cuenca and Azogues to Biblidn, the repairing of the rail- 
way from Pasaje to Puerto Bolivar, a the construction 
of wharves, stations, &c., at the latter place. The 
Registro contains Presidential decrees authorising the 
Junta de Canalizacién y Proveedora de Agua Potable, 
Guayaquil, iy invite — ” — 4 —— for the 
execution of water supply an rainage and sewe 
works at that place. HM Consul at Guayaquil (Mr. A. 
Cartwright) has forwarded a copy of a former contract 
for the execution of the canalisation and sewage works, 
which has been cancelled. 

Mexico: According to the Mexican Herald of May 24, 
the Mexican Railway Company is undertaking improve- 
ment and extension works on the three branch lines which 
it has recently acquired. The Atlamaxtac line is being 
extended a distance of 23 kilometres (14 miles) to Chig- 
nahuapam, and it will very likely be afterwards carried 
on to Zacatlan, a further 20 kilometres (12 miles); the 
gauge of this line is 2 ft. 6 in. It is understood that plans 
are being prepared for the extension of the Co 
Huatusco ilway for a distance of 30 kilometres (19 
miles) from San Juan Coscomatepec. Plans are also 
under consideration for the extension of the Santa Ana- 
Flaxcala Tramway from Mariano Fortuna to San Martin. 

Japan: The following information is from the report 
by H.M. Commercial Attaché at Yokohama (Mr. E. F. 
Crowe) on the trade of Japan in 1909, which will shortly 

issued :—A noticeable feature of the year underreview, 
especially of its closing months, has n the boom in 
electric tramway and undertakings, more particularly 
for the district round ka and Kobe, and for the sout 
of Japan. Nearly every day notices appear in the papers 
of some new charter that has been applied for, and it 
seems to be no objection at all to a scheme that there 
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should be a rival in full operation a few miles away. | and the Ssyssertsk 


Where so many proposals are made it is clear that only 
a small percentage can be successfully developed, and it 
is desirable, therefore, that great caution should be exer- 
cised before attempts are made to take part in any of 
these ventures. ere are several engineers on the spot 
whose business it is to watch these enterprises, and, if 
anything at all good is forthcoming, they know, or ought 
to know, all about it long before the general public. It 
is clear, therefore, that most propositions which have 
been rejected by them could not be described as thoroughly 
sound, and as in most cases orders for machinery and 
rolling-stock, &c., are accompanied by requests for very 
easy payments, the business is often not worth much. 
The above remarks must be taken as referring more par- 
ticularly to the tramway rather than to the gas schemes. 
Letters are still so often sent by the long way, via Suez, 
or remain for days waiting for the Canadian mail, that it is 
worth while pointing out once more tothose merchants who 
do not correspond frequently with Japan that, if they 
will only mark their letters ‘‘via Siberia,” they can get 
an answer in six weeks time or even less, while if they 
trust to the other routes they may have to wait very con- 
siderably longer. 

Dutch East Indies (Java): The Bulletin Commercial, 
quoting from a report by the Belgian Consul at Batavia, 
states that the Government of the Dutch East Indies 
have granted to a company a concession for the construc- 
tion and working of a steam tramway at Djokjakarta. 
The line is to run from Strandakan, the terminus of the 
Djocja-Brossot tramway, by way of Passar Krangan to 
the Sewoe Galoer factory. 

Russia : With reference to the notice on page 59 of the 
Board of Trade Journal of April 14, relative to municipal 
works at Nicolaieff, the British acting Vice-Consul at thet 
town now reports that permission to raise the loan has 
not yet been received from the Imperial authorities. 
The proposed works are to be undertaken by the munici- 
polity. who intend to give them to sub-contractors. 

aterials and appliances of Russian make are to be used 
as much as possible, but foreign competition is not abso- 
lutely excluded, and offers will be received by the 
municipality ; they should be, if possible, in the Russian 
language, money, weights, and measures. ork is not 
expected to be begun before next spring at the earliest. 

Turkey: The Nachrichten fiir Handel und Industrie 
(Berlin) of June 7 states that, in future, foreign subjects 
desiring to take part in competitions for public contracts 
in Turkey will be obliged to furnish, in addition to the 
proofs they have hitherto had to supply of their technical 
and financial ability (see Board of Trade Journal of 
December 30, 1909, page 623), an Ottoman subject as 
guarantor. In order to ensure the punctual and exact 
performance of the engagements entered into, this 
guarantor will be required to make with the Ministry 
concerned a deposit as caution-money. 





RaTES FOR THE CONVEYANCE OF Goops.—Messrs. 
Neale and Wilkinson, Limited, of 32, St. Mary Axe, E.C., 
have just issued the tenth edition of their A BC Tariff 
of Rates for the Conveyance of Goods and Parcels to all 
parts of the World. All the more important towns are 
arranged alphabetically under the heading of the country 
to which they belong, and rates for conveyance by 
express and slower services are stated in each case for 
parcels of different weights and dimensions ; insurance 
rates, times of despatch, and special instructions applicable 
to each country are also given. The present edition has 
been enlarged and revised, and includes rates to many 

laces abroad brought into prominence by the recent 
m in rubber. The hand-book, which may be obtained 
post-frée on application to Messrs. Neale and Wilkinson, 
will be of t service to manufacturers and others 
having occasion to send goods abroad. 

Copper IN Russta.—The output of copper in Ruasia 
during the year 1909 amounted to an aggregate of 1,128,940 
poods (18,130 — which is the highest total so far 
produced, and which is distributed amongst the different 
mining districts as under :— 


Poods. 
The Ural 530,773 (8,520 tons) 
Caucasus 391,290 (6,290 ,, ) 
Altai. . a ‘ie - ee 6,211 ( 80 ,, ) 
Siberia and the Khergese Steppe 150,582 "(2,420 ,, ) 
51,084 ( 820 ,, ) 


Chemical and refining works 


Total 


As far as the various moré important works are con- 
cerned the quantities come out as follow :— 





1,128,940 (18,130 tons) 


Poods. 
239,140 (3849 tons) 
) 


Bogoslowsk Works (Ural) .. es 
The Caucasian Metallurgical Com- 
pany .. o* be ie = 182,993 (2938 ,, 
The — " agatine (the Khar- 

Siemens Brothers (Caucasus) 

Denisdoff’s Successor (Ural). . 

The Kyschtym Works (Ural) 62,267 (1000 , 

Stenbock-Fermor’sSuccessors (Ural) 61,430 ( 986 ,, 
The greatest change within the last three years is the 
rapid advance in the output of copper in Siberia and 
| the Khargese Steppe, which in 1907 only amounted to 
66,158 poods (1061 tons). The Caucasian Metallurgical 
Company has doubled its production since 1907, when it 
was only 90,202 poods (1450 tons), and the Kyschtym 
Works has about quadrupled its within the same 

sg (273 tons) in 1907; on the other 
| ee Denisdoff’s Successors, which used to be the leading 
| firm, has receded to the fifth place on account of the 
| works being entirely rebuilt. e increase in the pro- 
| duction of the Kyschtym Works (an English concern) will 
further develop in the course of 1910. An increased output 
is also inns the Stenbock-Fermor’s Successors 

orks in the Ural. 


106,287 (1709 ,, 
99,111 (1595 ,, 
77,292 (1242 ,, 





—_—~—w~rw 




















JuLy 1, 1910.] © 





ENGINEERING. 


35 








‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFT- 
OATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 

oe whore none t quntionsd, the Specification is not 


communicated from abroad, the Names, &c., 
A enthoutions ore Ge chtotned as the Patent Offes Sale 
Copii may 
‘Branch, 25, Southampton Buildings, Chancery lane, W.., at 
the untform ° 
The date o advertisement the oupptanse of « Caine 
a Lk teen nae abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement of the ance of a Complete 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the mentioned in the Act. 

ELECTRICAL APPARATUS. 


10,588/09. C. A. Parsons, A. H. Law, and J. P. 
Stockbridge, Mowenstie-es 57m. Dynamo-Electric 
Machines. [12 Figs.) May 4, 1909.—This invention has for its 
object to provide means for holding the segments of commu- 
tators of dynamo-electric machines. A hub a, which may or may 
not be part of the spindle, is used, having longitudinal pro- 
jections ¢ with tee-shaj heads, the number of these projections 
being equal to half the number of the commutator bars b. These 
projections engage with corresponding slots in the side of the 
cor tator bars, suitable insulation d being provided. These 
tee-shaped projections may run the whole length of the com- 
mutator or may be interrupted. In most cases there is fitted 


Fug.1. 
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under the projecting part of the tee-shaped projection ¢ from 
the hub, wedges e within the insulation, so as to draw the com- 
mutator bars 6 towards the centre in a radial direction. These 
wedges are preferably double, one being driven in from either 
end, and may, if preferred, be disposed outside the insulation. 
In a modification, the projections c on the centre hub may be of 
a dovetailed shape, tapering throughout their whole length, 
The area of the projections at one end is smaller than the other, 
while the grooves in the commutator bars are taper in the oppo- 
site direction, thus, when the commutator bars are assembled with 
the insulation d, the pressure required to force them into posi- 
tion will draw all the bars radially inwards. (Accepted May 4, 
1910.) 


LIFTING AND HAULING APPLIANCES. 


14,318/09. Stothert and Pitt, Limited, and W. Pitt, 
Bath. Transporters. [1 Fig.) June 18, 1909.—In cranes 
and transporters which work with a horizontal arm the load is 
generally suspended on a rope which passes from a hoisting-barrel 
at the inner end of the arm, and downwards over a pulley on a 
carriage which can be made to travel to and fro along the arm. 
If the load is lifted by a single part of the rope—that is, if the 
rope is fast with the load—the action of travelling inwards lowers 
the load, and travelling outwards lifts it. In order to prevent this 
and to allow of the | being carried in or out without alteration 
of level, various arrangements of epicyclic or sun-and-planet 
gear have been suggested. According to this invention, the 
hoisting motor a is arranged to drive the central wheel d of the 
sun-and-planet motion. The planet pinions e, with which the 
central wheel gears, are carried by a plate J free to turn around 
the axis of the central wheel, and having fast with it a toothed 
wheel gy, from which motion is given to the lifting-barrel i. The 
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planet pinions also gear with an internally-toothed wheel k, which 
cau be held fast by a brake. If the interna'ly-toothed wheel is 
held fast and the central wheel rotated, the planet pinions rotate 


round the internally-toothed wheel and rotate the hoisting- 
barrel. The internally-toothed wheel is fast with the racking- 
barrel. If the racking-barrel is driven by its motor }, the in- 
ternally-toothed wheel is carried round with it and causes the 


planet wheels to rotate round the central wheel, and thereby 
drive the lifting-barrel in such a way that the amount of rope 
wound on to, er unwound from, it compensates for the inward 
or outward travel given to the carriage by the driving of the 
racking-barrel, The planet pinions can thus have motion given 
to them either from the racking or from the hoisting-motors, 
ani the hoisting-barrel may be actuated either by the com- 
pensating gear or by the hoisting-motor, or by both simul- 
taneously. Brakes are provided by which either the inter- 
nally-toothed wheel or the central wheel can be held fast to form 
& purchase the one for the other (Accepted May 4, 1910.) 


RAILWAYS AND TRAMWAYS. 
7470/10. J. Stone and Co., Limited, Deptford, and 
A. H. Darker, Blackheath. Train- 4 8 
{5 Figs.) Macch 27, 1909.—This invention relates to electric- 
ligiting systems for trains comprising a variably-driven dynamo 


which charges a battery, the latter having connected across its 
terminals an electro-magnetic switch. According to this inven- 


tion, the switch is adapted, when the state of the battery warrants 
it, to divert the whole or a part of the charging current from the 
battery, such current, if desired, being taken into demagnetising 
field-windings. The electromagnetic devices for preventing over- 
cha comprise three coils: firstly, a thick-wire winding 78 
which controls a switch 79, the winding 78 being inserted in the 
negative wire 29 of the system, which, as shown, may comprise 
an armature a, shunt-winding d, rheostat e in series with the 
sangre | d, a sectional demagnetising field-winding / as described 
in Application No. 7425, of 1909, accumulators & and lamps / ; 
en 2 omy a fine-wire winding 65 which is placed across the battery 
terminals and controls armature 66 and switch 67 ; and, thirdly, 
a thick-wire winding 68, connected in series with resistance 69 
through switch 67, dnd shunted across the fine coil 65. When the 
dynamo is in circuit, it will be seen that the current energises the 
coil 78, and at a certain pre-arranged value operates the switch 79 
in order to complete the circuit through the fine coil 65, 
so that the latter closes the switch 67 when the terminal 
voltage of the cells rises to a predetermined amount. The 
closing of the switch 67 completes another circuit—viz., that 
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through resistance 69 and coil €8, thereby providing another path 
for the current to flow to the negative main, while the coil 68 aids 
the coil 65 in keeping switch 67 closed. Supposing, now, that the 
dynamo is in circuit, that the accumulators are fully charged, 
and that the switches 79 and 67 have operated so that the accu- 
mulators are shunted by the resistance 69, the value of the latter 
is so adjusted that a small current of 5 amperes, or more or less, 
still passes through the cells, as this is found beneficial. This 
small current is sufficient to keep the switch 79 closed, but when 
the dynamo is cut out of circuit, or the current value falls, switch 
79 opens, and coil 68 being insufficient by itself to keep armature 66 
up, the switch 67 opens and the overcharge device becomes in- 
operative until such time as the dynamo current rises and the 
operations just described are repeated. A switch 70, Fig. 2, may 
be provided for enabling the current shunted through resistance 
69 to be taken through a series demagnetising field /, so that the 
dynamo field will be demagnetised to such an extent that the cur- 
rent itself is materially reduced in consequence, and this is applic- 
able to any system, whether it be one in which the belt slips at 
high speeds or not. (Accepted May 4, 1910.) 


7471/10. J. Stone and Co., Limi Deptinre, and 
A. H. Darker, Blackheath. Train-Lightiog System. 
(6 Figs.} March 27, 1909.—This invention relates to electric- 
lighting systems for trains, comprising a variably-driven dynamo, 
two secondary batteries, and a resistance, which is connected 
between one of the batteries and the dynamo when the latter is in 



































Tae 
circuit. According to the invention, a smaller resistance is con- 
nected in parallel with the aforesaid resistance whenever the 
dynamo is put out of circuit. The two batteries 27 and 28 have-a 
common connection with the negative wire 29, and their opposite 
les are connected with a battery change-over switch 30. The 








positive lead 31, either of the battery 27 or of the battery 28 





(according to the position of the switch 30), connects the change- 
over switch with the terminal of one resistance or the junction of 
two resistances 32, 33, as may arranged, and this junction is 
connected by a wire 34 with the positive brush 7. The resistance 
22, when used, may be connected by wire 35 with a two-pole 
switch 36 in the circuit of some lamps 37. The resistance 33 is 
connected by a wire 88 with the large contact 39 on the main 
lighting-switch. The junction between the two resistances is 
connected by wire 41 with a contact 42 on this switch, and 
the set of lamps 43 is connected between the negative main 
29 and a contact 44 on the switch, while the set 45 is connected 
between 29 and a contact 46. A _ resistance 47 is connected 
between a switch-contact 20 and the wire 38, to which also is 
connected the positive lead 48 of the battery 28, or of the 
battery 27, as the case may be. The contact 44, longing to the 
lamps 438, is connected by wire 49 with the two-pole switch 36. 
The switch 19 is so operated that it is automatically closed on to 
its contact 20, when the brushes 6, 7, and 8 are removed, by a 
governor-operated switch, from their respective contacts 11 and 
18, and is automatically opened when the brushes 6, 7, and 8 are 
closed to their contacts, as explained in Application No. 7468, of 
1910. When the dynamo is at rest, the brushes 6, 7, and 8 make 
no contact, but, the switch 19 being closed, as explained in the 
said specification, current from, say, the battery 27 comes by way 
of the lead 31 if the switch 30 is set in that direction, and a 
portion will og by way of resistance 33 and the remainder by 
way of wire 34, switch 19, and resistance 47, the divided current 
re-uniting in the wire 38 and passing to the lamps 43 and 45 if the 
lighting-switch is set across the contacts 39, 44, and 46. By 
suitably proportioning the resistances 33 and 47 it will be 
understood that any desired resistance may be offered to the 
battery in this condition of the apparatus, Also current from 
the battery 28 passes direct by the wires 48 and 88 to the 
lamps. If the lighting-switch is set across 39 and 44, the 
current again comes direct from the battery 28, the resistances 
33 and 47 are still in parallel and in circuit with the battery 27, 
and only the lamps 43 are then illuminated. Suppose that when 
the lamps 43 and 45 are both illuminated the switch 36 is closed, 
then current from battery 27 passes by way of wire 31, resist- 
ance 32, wire 35, and switch 36 to wire 48, current from the 
battery 28 may be said to pass by way of wires 48, 38, lighting 
switch contact 44, wire 49, and switch 36 to the lamps 37. 
Suppose now that the dynamo is driven ; at a certain speed the 
plate 13 contacts with the brushes 7 and 8, and connects them so 
that current flows direct from the battery 27 to the shunt-winding 
d and also to the coil 9 of the change-over switch 30. The result 
of this is to energise the field of the dynamo, and to expedite the 
excitation of the latter and to cause the electro-magnetic switch 
30 to exchange the positions of the batteries. When the speed 
has sufficiently increased the plate 11 will contact with the brush 
6, thereby completing the dynamo circuit, and at that moment 
the dynamo will give off sufficient voltage to overcome the 
electromotive force of the batteries. The dynamo will now 
charge, say, the battery 27 direct by way of the wire 31, but the 
other battery, being in series with the resistance 33 when the 
lamps are burning, will receive hardly any current at times, and 
at other times may give out a little to assist the dynamo, and is 
therefore said to “float.” If the lamps are not turned on, both 
batteries are charged without the inte ition of resistance by 
way of the wires 34, 31, and by way of the wires 34, 41 the light- 
ing switch and wires 38 and 48 respectively. (Accepted May 4, 
1910.) 


SHIPS AND NAUTICAL APPLIANCES. 


5152/10. J. P. K. Clark, Willesden. Clutches. 
2 Figs.) April 6, 1909.—This invention relates to friction- 
clutches, The clutch comprises three main portions, one of 
which, in the form of a recessed disc 1, is fixed to the driving- 
shaft 2 and arranged adjacent to the other two, one of which— 
viz., 3, of disc shape—is fixed through a boss 4 to the co-axial 
spindle 5, and is surrounded by the other—viz., 6, which is of 
ring-shape, and mounted so that it can turn to a small extent on 
the boss 4. The disc 3 has pivoted thereto at 7 a sector-shaped 
cam 8 jointed to one end of a bent rod 9, the other end of which 
is pivoted at 10 vo the ring 6, to which is also connected at 11 
one end of a coiled spring 12, the other end of which is connected 
to an arm 13 fixed to the dise 3, the parts carried by the disc 3 
and ring 6 being enclosed by the recessed disc 1. The arrange- 
ment is such that when the ring 6 is released, as by disengaging 
a wedge-shaped brake-block 14 from a V-shaped ennular groove 
15 in its periphery, the cam 8 will, under the action of the spring 
12, which will turn the ring 6 and pivot 10 in the direction of the 


Lj 
g 
i 
v) 


Y 





arrow, be moved into engagement with the inner ~~ hery of the 
enclosing disc 1, so as to close the clutch and enable the spindle 5 
to be operated. When, however, the brake-block 14 is released 
and allowed to re-engage and hold the ring 6, then, owing to the 
main driving-shaft 2 still continuing to rotate, the action is 
equivalent to turning the ring 6 backward to a slight extent 
against the action of the spring 12, with the result that the cam 8 
will be moved out of engagement with the inner periphery of the 
enclosing disc 1, and the spindle 5 caused to stop. During the 
opening of the clutch the disc 8 moves onward to a slight extent 
and stretches the spring 12, the disc being held in its advanced 
position with the spring stretched, by reason of the friction of 
the body, to which the spindle 5 is connected, aided by friction 
set up between the ring 6 and the boss 4 by the lateral pressure 
of the brake-block 14 against the ring. The brake-block 14 may 
conveniently be withdrawn from the ring 6 by the armature of an 
electro-magnet 16 against the action of a spring 17 that serves to 
apply the brake-block when the brake-magnet is de-energised. 
(Accepted April 18, 1910.) 


19,645/09. H. Salmond, J. Bartlie, and G. K. Turn- 
b G . & » (2 Figs.) A t 
Pelton ths inventor eee to erg Sachin 
steering-engine drives in the ordinary manner a worm b, and this 


worm drives a pinion-wheel ¢ on a shaft in the frame s. 
On the shaft d is a long pinion e¢, the teeth of which mesh with 





two toothed segments /, /}, and also two toothed segments g, g} 
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arranged in pairs on posts h, h! carried in the frame. The pair of 
segments f, g are connected by means of a linki to the arm j of a 
crosshead j, j!, and the pair of segments /!, g! are connec’ bya 
link 7 to the arm j! of the crosshead, which latter is fitted on the 
rudder-post k. When the pinion e is ro in one direction or 
the other, the pairs of segments /, g and f!, g! are simultaneously 
moved—the one pair inwards and the other pair outwards, 


Fig.1. 


Bd 
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thereby actuating the links 7,7! and the crosshead j, j!. When 
the link ¢ pushes the arm j of the crosshead, the link i! pulls the 
arm j! of the crosshead, and vice versd, The dotted lines land m 
indicate the extent of movement of the crosshead j, j!. The rudder 
cannot move beyond a certain angle which is limited by the links 
i, i, so that there is no necessity for using stops, as at present. 
(Accepted April 27, 1910.) 


18,398/09. Mechan and Sons, Limited, and 8. Mechan, 
Glasgow. Water-Tight Doors. (2 Figs.) August 10, 1909. 

In water-tight doors it iscommon to adopt astamped or pressed 
metal body, and to attach such fittings thereto as may be required 
for supporting and fastening the door, and when closed tightening 
it against its seating. One class of fastening for this purpose 
comprises levers pivoted upon the Bencgome 4 the door being 
furnished with inclined steps for the ends of the levers to bear 
against in the operation of fastening and forcing the door against 
its seating on the surrounding frame-work. In practice it is 
common to form these steps in separate parts and to rivet them 
to the door; and it is the object of this invention to produce a 
door or a door-frame having inclined steps of this character 





Fig.t 





























formed in a part therewith. In the construction illustrated, A 
designates a door formed by stamping from sheet-metal, having 
a channel B, which extends around its face adjacent to the border 
of the door for the purpose of receiving packing ©, adapted, 
when the door is closed, to bear upon a seating D of a frame E. 
Inclined steps F are produced by embossing the metal constituting 
the central part of the channel B, sc that the steps F project 
from the back of the door in alignment with the centre of the 
channel, In order to provide a ss. ing for the packing C to 
rest upon over the recesses produced in the face of the channel 
by embossing the steps, shoes are furnished for introduction into 
the recesses, so shaped as to complete the continuity of the face 
of the channel B. The fastening levers H are mounted on the 
frame-work E or bulkhead L. (Accepted April 20, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


26,595/09. E. de la Brosse et Fouche, Nantes, 
France. Turbines. [5 Figs.) November 16, 1909.—This in- 
vention relates to the construction and mounting of vanes on the 
drums and in the casings of turbines. The vanes 1 are provided 
at their lower ends, below the ordinary dovetailed part, with a 
heel 2 bent under the spacing-block 3 and lodging in a groove 4 




















provided in the drum 5 at the bottom of the groove 6 receivin 
the vanes and the spacing-blocks. The vane 1 and spacing-bloc 
3 may be brazed or riveted together. The drum is provided on 


its periphery with one or more openings 7, the dimensions of which 
allow the introduction into the groove 6 of a vane and its block. 
When the vanes are introduced into the groove 6 they are pushed 
into place with the spacing-block and the whole is beaten down, or 





not, into the groove. When the wheel has been completely fur- 
nished and the last vane placed in the opening 7, the lateral faces 
Sat the part where the opening 7 is located are bent inwards by 
beating down so as to impart to the metal of the wheel the shape 
of the tail of the vanes. The wheel is then turned to the final 
thickness, (Accepted April 20, 1910.) 


1161/09. D. B. Morison, Hartlepool. Feed-Water 
Heaters. (3 Figs.) January 16, 1909.—When air and vapour 
are withdrawn from a condenser by a steam jet it is advan- 
tageous that the heat in the steam of the steam-jet shall 
be utilised as far as may be practically ible to heat water 
intended for boiler-feeding purposes ; and in the case of sur- 
face condensers, when the amount of feed water falls below the 
normal, that it shall be supplemented in order that the condensa- 


tion of the steam of the steam-jet may be effectively and con- | 
ti 1 lished wi 





ly ac p with a mini of thermal loss. The 
present invention has for object to provide apparatus whereby 
these advantages can be obtained. Fig. 1 shows in sectional 
elevation a heater of the type in which the steam from a steam- 
jet a, which withdraws air and vapour from the condenser by a 
branch b, is condensed into a body of water ¢ in a heater d, the 
steam with air entering the water through the nozzle-pipes e. The 
heating vessel is provided with a diaphragm plate /, to wh 
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lower ends of the circulating tubes g are attached; the feed water 
being discharged into the heating vessel below this plate ty the 
pipe / creates circulation, and so facilitates heat absorption by the 
water. The heated water may be withdrawn by way ofa branch 
i and the air may be withdrawn by way of a branch &; or air, 
vapour, and water may together be withdrawn through branch i. 
When the feed-water supply is below the normal and the water- 
level in the heater d consequently falls, the water may be supple- 
mented from any convenient source by means of a float-con- 
trolled valve. Fig. 2 shows in sectional elevation a type of direct 
contact condenser in which the exhaust steam enters at n and is 
condensed by water spray issuing from a pipe o, the discharge of 
the water of tion and the cc ing water taking place 
through {the outlet p. The air and vapour are withdrawn from 
the condenser by the steam-jet a, the water intended for boiler 
feed being delivered into the heater d by a pipe A, and the heat 
in the steam of the steam-jet being effectively absorbed by water 
spray mechanically produced by a turbine wheel r. (Accepted 
April 27, 1910.) 

13,206. R. Mills, Surbiton, and J. P. Badcock, Wim- 
bledon. Steam-Generators. (2 Figs.) June 5, 1909.—This 
invention relates to steam-generators, and consists in arrange- 
ments at the ends of the tubes within the headers which steady 
the action, prevent violent priming, and enable water carried up 
with the steam to return to the bottom header through the outer 
row or rows of tubes. Within the bottom header a@ the tubes b 
are carried through the tube-plate c sufficiently far to allow them 
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to be 


roperly expanded in their holes, the ends of the various 
tubes 


ing level. A thin plate is then fixed so as to cover the 


screws. Within the top header / the tubes b are carried some 
distance through the tube-plate g, so as to form a receptacle h 
between the top of the tubes and the tube-plate £' and a short 
distance above the tube-ends is mounted a deflecting-plate i 
intended to throw down any water carried through the tubes 
with the steam, clearance space being allowed between the edges 
of the plate i and the walls of the header f by which the dry 
steam passes up to the space above the plate where the steam- 
pipe connections are placed. To enable this water in the recep- 
tacle to get back to the bottom header a small holes are drilled 
laterally in the circumference of certain of the outer row or rows 
of tu close down to the tube-plate g, which holes enable any 
| water present to pass into these tubes, which then act as down- 
comers. (Accepted April 20, 1910.) 


| 8479 Circulat Limited, 8S. J. Ross, and H. 
London. team - Generators. (8 Figs.) 
| April 8, 1909.—This invention has reference to the promotion of 
| the circulation in steam-generators, and relates more particularly 

| to arrangements of the kind in which a flow of water is caused to 
| take place up the face of the tube-plate, and is then directed lon- 
| gitudinally towards the other end of the boiler by a bent-over 
| deflector or top plate or equivalent device, in such a way as to set 





ich the | 4 a bodily circulation of the whole of the water in the boiler. 
|T 


e main object of the invention is to construct the top plates or 

| devices which bring about the desired circulation in such a way 
that they can very readily be fixed in position for use, or be removed 

| by hand for inspection or repairs. To this end the deflecting top 
| plate, instead of being made of a single piece of sheet-metal, con- 
sists of a series of bracket-pieces which are clamped to the stay- 
| bolts b of the boiler. These brackets carry between them remov- 
able sections c, the arrangement being such that when the latter 
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sections are assembled along with the fixed sections the whole 
forms in effect a built-up deflector-plate, which, however, can be 
easily taken to pieces by simply lifting out the removable sections, 
should any inspection, cleaning, or repairs be necessary inside the 
boiler. The fixed brackets consist of a curved front plate a, having 
attached to the back thereof an approximately right-angle plate 
al, the horizontal top part of which fits firmly against the boiler- 
stays and is rane: | thereto by bolts. At the parts where the 
back plate a! is attached to the plate a distance-pieces are inserted 
between them, gaps being left at the edge of the removable section 
c. The lower edge of the fixed section a may also be bent up or 
made trough-like to hold the sections ¢ in place. It is desirable 
to leave a sufficient space or gap, as at d (Fig. 3), between the 
deflector-plate and the adjacent edge e of the crown of the com- 
bustion-chamber to allow of a part of the upward current of water 
to flow across the crown, and so prevent the accumulation of any 
deposit on the crown itself. (Accepted April 20, 1910.) 


TEXTILE MACHINERY. 


11,793/09. The Fine-Cotton Spinners’ and Doublers’ 
tion, ted, chester, and P. B. White- 

head, Stockport. Doubling Frames. (6 Migs.) May 19, 
1909.—This invention consists essentially in dispensing with the 
ordinary thread-board and substituting therefor a roller placed 
along the front of the frame and constructed with gaps therein, 
over which the yarn passes to the spindles in conjunction with hooks 
placed behind the roller to maintain the yarn in intimate contact 
therewith, as such travels from the rollers to the spindles. The 
doubling-frame is of any ordinary construction, with or without 
a damping-trough A and rollers B, but without a thread-board 
such as is ordinarily employed. In front of the rollers B an 
additional front-roller D is mounted, extending the length of the 
frame with the front in line with, and direct!y over the tops of, the 
spindles. Behind the roller D, and at a lower level, a glass or 
metal hook E is provided for each thread of yarn to bring the yarn 
into contact with aconsiderable portion of the periphery of theroller 








D. Theroller Dis constructed of sheet-metal or tubing with anumber 
of gaps d cut therein, each equidistant between the threads of yarn 
Each gap d is formed around one, two, or more tongues of metal ¢/' 
projecting towards the centre of the gap and preferably of « 
fishtail shape. The tongue d!, whilst projecting towards th: 
centre of the gap d is bent or curved to correspond with the 
periphery of the roller, but does not project above the peri- 
pheral surface. The guide-hooks E are fitted into a rail F, and, 
while maintaining the thread of the yarn in contact with the 
roller D, keep the ends apart behind the roller, and if ‘‘four- 





whole of the tube-ends and cut off communication with the | fold” or ‘‘doubles” is made prevent the twist running up to 


header a altogether, except through small holes drilled in the plate, 


the top roller. The guide-hooks E also keep the threads, when 


one or more opposite the end of each tube. This is equivalent to | running, close to the nip of the top and bottom rollers, so that 


contracting the entrance of each tube, but has the 


advantage 


on one breaking it runs round the top roller into the nip 


that there is little risk of fouling and a greater resistance to water | almost instantaneously, tending to prevent the loose end lashing 
reaction through the thinness of the plate ; and the plate is easily | with neighbouring ends, and saving breakage. (Acceptcd May 4. 
removed for cleaning when necessary, it being held by means of | 1910.) 
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THE STABILITY OF FLYING- 
MACHINES. 
By Hersert Cuatwey, B.Sc. 
(Continued from page 801 of our last volume.) 
LANCHESTER’S INVESTIGATIONS.* 

A ceNeRaL sketch of Lanchester’s theory of 
oscillation has already been given, but it is as well 
to point out that it essentially depends on the prin- 
ciple of the conservation of energy. Relative toa 
line of mean flight, oscillations are performed by an 
interchange of kinetic and potential energy. If the 
machine rises above the mean path, potential energy 
is stored in elevating the machine ; below.the mean 
path work is done in overcoming resistance at a 
vreater rate than in the mean path, so that kinetic 
energy is produced at the expense of the potential.t 
This will be more easily understood when we 
remember that the aeroplane will move in the 
direction of least resistance. A piece of paper 
having no horizontal velocity when } seems from a 
height falls but slowly in a vertical direction, since 
it presents a maximum of resistance in that direc- 
tion. It continually oscillates and is only prevented 
from gliding in an oblique path by the want of co- 
incidence between the centre of pressure and the 
centre of gravity. If the centre of gravity is 

eccentric, then the paper presents an oblique attitude 
to the initially vertical path, and the reaction gives 
it a lateral velocity, and so it glides, although it 
had no horizontal velocity initially. It cannot, 
however, rise above this gliding path unless it is 
given an additional velocity (as by an adverse gust), 
or by reason of a diverting torque (generally due to 
a slight want of coincidence between the centre of 
pressure and the centre of gravity) it presents an 
attitude of greater resistance, so that it is retarded 
and its kinetic energy converted to potential. 

The assumptions in connection with Lanchester’s 
ideal machine have been mentioned, and it was 
observed that his theory of stability depended 
on the balancing of the effects which vitiate 
those assumptions. The principal questions are the 
resistance and the inertia. A slight difficulty may 
suggest itself here, in that we have to distinguish 
between the mass and the second moment of the 
mass. In the ‘‘ phugoid” oscillations the variations 
of the lift and the centrifugal force (which depends 
on the mass) caused the oscillations. In the con- 
sideration of the moment of inertia the change of 
‘* attitude” of the surfaces has to be studied as well 
as the change of level of the machine. 

With regard to the resistance, it is easy to see that 
this is not, as assumed, constant, but will vary as 
the square of the velocity, and, if there is an un- 
varying propelling force which is equal to the 
resistance during steady flight, the difference 
between the two (the net resistance) will vary with 
the loss and gain of potential—i.e., as A H.t{ 





* For a detailed exposition of Lanchester’s theory of 
longitudinal stability see ENGINEERING, vol. I]xxxvii., 
pages 241 and 269. 

| This may be expressed in another way by following 
the cycle of change. 

The machine travels along a straight line J and pos- 
sesses a kinetic energy per unit weight of V,2/2g = H 
If there is a propulsive force exactly equal to the resist- 
ance corresponding to this velocity, then this trajectory 
will be horizontal. If from any cause, however, the actual 
path is inclined upwards, so that the machine tends to rise 
above this trajectory, the force of gravity will cause re- 
tardation and the lift will decrease with the decrease of 
velocity. If the rise above the line of mean flight is 
equal to the head corresponding to the kinetic energy, then 
the machine will have no velocity and will therefore be 
in a very critical condition. In any case the gravita- 
tional acceleration will cause it to descend, and it will 
cross the mean path with the velocity having a vertical 
component corresponding to the head » he to its rise above 
that path. Hence there will be an increased lift, which 
will cause retardation, and the motion will be reversed as 
soon as the lift equals the weight and centrifugal force 
corresponding to the curvature of the path. The excess 
of lift over the weight will now cause the machine to rise, 
and it will finally ercss the path of mean flight with a 
velocity due to this excess of lift. Hence we have a case 
of oscillation, the difference between the weight and lift 
continually acting towards the mean path. If it were 
uot for the centrifugal force (arising from the combina- 
tion of the vertical and translatory velocities), this would 
he a case of simple harmonic motion. 

+ The resistance will be in excess of the propulsive 
force during the motion below the mean rot! 4 so that 
energy will be lost to the air in the neighbourhood of the 
trough of the curve, and the depth of the descending path 
will be decreased. On the other hand, in the part above 
the mean path the propulsive force will exceed the 
resistance, and the machine will gain energy from the air, 
8» that the height of the ascending part of the curve will 
be increased, the general effect being to decrease the 

mplitude of the phugoid curve. 





Next, as to the moment of inertia. The oscilla- 
tions of the machine with regard to the mean flight 
path will produce a change of attitude in the 
machine with regard to the instantaneous flight 
path. Such change would not be of any import- 
ance if the machine had no moment of inertia, 
because then there would be instantaneous re- 
adjustment, but in actual fact the moment of inertia 
tends to maintain the direction of the axis of the 
machine in space. These oscillations of attitude 
necessitate a torque acting always towards the flight 
path. [Lanchester has only considered in his expo- 
sition of the theory the torque produced by a tail 
or balancer. | 

The action of this torque will decrease the angle 
of attack during the time that there is a loss of 
potential—i.e., in the trough of the vertical oscilla- 
tion—and increase it while there is a gain of 
potential.* Both these effects tend to compensate 
the variations in potential, for a small angle of 
attack means an increased velocity, and vice versd, 
so that the value of H,, increases. 

The condition of stability is, then, that the varia- 
tions in the potential due to resistance shall be 
equal and opposite to the variations in the total 
energy due to the inertia. 

Hence we have 

aH _; 
dH, — 

For small oscillations the phugoid curves ap- 
proximate to harmonic curves, and this assump- 
tion is employed by Lanchester in his analysis. 
The resistance necessary to produce regular flight 
is tan y per unit mass. (Remember that y is the 
gliding angle, not the angle of attack.) 

The phase-length L, of an oscillation = ¢, V,, 


(t, is the periodic time) and t, =2 r H, , so that 
g 


L, =2 /27Hn. 
Further, since the resistance difference varies as 
the loss or gain of potential, we have 

dH_h 

dL Hana 
and, if 6 = maximum path angle in radians, then, 
with a harmonic variation, 


tan ¥, 


bh, = mn Ss L, : 
so that approximately 
aH s 
737 JZ@,tany +. + (I) 


Mr. Lanchester’s book may be referred to for 
the method of finding the value = , depending 





on the torque and moment of inertia. 
His result is 


aH, 4017 (3 1 ) . 
dL V21V,2t2\* * Cpacpy (2) 

The condition of stability is given when (1) ex- 

ceeds (2). The terms / and a in (2) are the dis- 

tance and area of tail respectively, « being the 


constant nd (foot-pounds and seconds units em- 


ployed, force in poundals), but C ¢ refer to the 
tail-plane. The other constants are given in 
Section I. of this series of articles. 

The extreme simplicity of this theory added to a 
knowledge of the complexity of its predecessors and 
the dynamic difficulties of aviation are inclined to 
make one pause before accepting it. Nevertheless, 
the experimental corroboration which Lanchester 
has been able to produce certainly forms a strong 
argument in its favour. 

Furthermore, it agrees in general with the more 
extensive theories of Professor Bryan and Captain 
Ferber. Thus the latter remarks in regard to the 
behaviour of an aerodrome subject to gusts of wind 
that :— 

‘* A stable aeroplane, without a motor, describes 
a descending straight line with a uniform velocity. 
If the velocity happens to diminish, it makes a 





* The maximum and minimum velocities are attained 
at the trough and crest respectively of the phugoid curve, 
so that the maximum and minimum angular deviations 
will occur at these points also. These alterations of 
attitude vary the ratio of the lift to the velocity?, and 
hence affect the ‘‘ normal” velocity of the machine. 

The decrease of the angle of attack increases the value 
of the normal velocity, and rice rersd, so that when the 
machine is in the trough of its curve, the normal velocity 
is increasing, and on the crest of the curve the normal 
velocity is decreasing, the general effect being to increase 
the amplitude of the phugoid curve, 





descent to recover it (the velocity) and establishes 
itself on a line parallel to the former, but situated 
at a lower level. If, on the contrary, the velocity 
happens to increase, it rears to diminish it (the 
velocity) and establishes itself on a line parallel to 
the former, but situated at a higher level.” (Revue 
d'Artillerie, page 105, November, 1905).* 

This is identical with the alteration in H, , which 
Lanchester refers to. He shows that if the relative 
velocity changes by reason of a gust, the datum line 
of the phugoid curves must be raised or lowered, 
according to whether the change is an increase or 
decrease, so that, as far as this question is concerned, 
the normal velocity with regard to the datum line 
is unchanging, the machine simply proceeding at a 
higher or lower level: - (Section 43, ‘* Aerodo- 
netics.”’) 

There is a further substantial agreement as to 
moment of inertia. Lanchester says (Section 92, 
page 168, ‘‘ Aerodonetics ”):— 

‘*Moment of inertia in any aerodrome or flying 
appliance is bad, whether about the transverse axis 
or about the axis of flight; the mass should be 
as concentrated as possible. It is interesting to 
note how excellent are the forms employed by 
Nature in this respect.” 

Ferber in his simple formula shows that the 
radius of gyration must not exceed a certain value. 
He says, however, that since the period of oscilla- 
tion is proportionate to the moment of inertia, we 
should avoid concentrating the weight in one point, 
so that the oscillations may be of sufliciently long 
period to allow of reflection. As this refers to voli- 
tional control, we need not, however, regard the 
two statements as contradictory, and probably the 
necessities of construction will always maintain the 
ee of oscillation at a value which will satisfy 

erber’s condition. 

No very exact agreement between the formule 
can be oxpected since Ferber’s method applies more 
particularly to tailless machines with small aspect 
ratios, while Lanchester’s standard type has a large 
aspect ratio, a well-defined pterygoid section and 
a long balancer or tail, which acts as a directive 
organ. If, however, we compare Ferber’s for- 
mula (9) with Lanchester’s, we notice several points 
of resemblance. We have in that formula a term 
m depending on tan y, (which is related to Ferber’s 
angle a, or Lanchester’s y in the relation 

tan 7, = } tana, 
which must exceed the function 
pb 
2Bg«S’ 
and finally the condition that m must exceed 0.8, 
so that Ferber’s rule may be written 
12e2b _ 
2Bg«8S 

Lanchester’s rule is :-— 

_4tHPteny 


1 1 
: ( iN eCpa a) 
Now p? (p being Ferber’s symbol for the total 


mass) must vary as H,, ?(where H, is the kinetic head 
of the machine) and inversely as 8, Ferber’s B is Lan- 


chester’s I, and since x = v2? it must be propor- 
tionate to the arxa (Ferber’s 8). Finally, b is the 
expression for the position of the centre of pressure, 
and so corresponds to 1, which is the leverage of the 
balancer. 

Hence we see the two equations are homogeneous. 

Let us proceed to a numerical comparison, dis- 
regarding the tail-factor in Lanchester’s equation, 
and considering | as equivalent to ) (subject to 
metric conversion). 

In metric units we have 


b a (H» metres)? 


x 4 x tan y 
= 0.305 (0.305)? 
>= —_——_ v2 
B (0.305)? » (3) 
0.453 x (0.305)? * Pp x 9.81 x 105 
13,825 


Also 
P =«SV2sin 2 (nearly, as assumed by Lanchester) 


” 

= 0.78 V2sin : ' 

(Note that this is Lanchester’s +), 

*See later section on the effect of external forces. 

The grammatical difficulty of repeating ‘‘it” is avoided 
in French by the genders, 


| 
| 
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so that we may write approximately 
P = 0.358 V? tan 7, 


so that 
$= P ae: eS 

~ 0,35 V2tany 0.35 tany’ V2’ 

and - 
V? = 0358 tan 7 
also 
_ V2(metres per sec. ) 

H,, metres = 3x 9.81 - 

so that 
Pp 
0.352 S? tan? y. 


(Hn? = “(2 x 9.81) 
The expression (3) simplifies to 
39.23 b Hn? tan y 
ae 
B. > 


Substituting for H,,?and ¥ we have 


(4) 


39.23 b P2 tan y ; 
B x 2 x 9,812 x 0.352 S%tan?y x ___! _ 
0.35 tan 7S 
39.23 b P2 39.23 b P2 40 6 P2 
= = - (5 
_ 2Bg2kS (5) 


eBy (5 8) 2B ge KS 
~ 


Thus we see the two equations are identical in | , 


form, but not in quantity, when b is substituted for 
1. The reciprocal of the tail-plane reaction per unit 
velocity, which forms part of the denominator in 
Lanchester’s equation, is generally four or five times 


the reciprocal —, so that this inequality evidently 
K 


arises from the relation of | to b. It is obvious that 
if the form of the surface is such that b varies with 
a negative rate of change as regards the angle of 
attack, b may be much smaller than 1, for the total 
reaction produces the righting torque with the arm 
b, and if the reaction on the main surface is forty 
times that on the tail plane (this excess arising 
both from the larger area and a larger angle of 


attack), b need be only a l, so that we might 
write 40 b = l. 


equation we should put 


In this case, for 1 in Lanchester’s 
, , and the equations 
40 
become identical. 

This identity of form is a most striking corrobo- 
ration of both theories of stability when we con- 
sider how different are the methods by which the 
results were obtained. 


Case V.—Tue Posrtion or THE CENTRE OF 
PRESSURE. 


It was shown in the first chapter how, in the case 
of a tailless glider, given initial equilibrium, sta- 
bility followed from a negative rate of change of 
the advance of the centre of pressure with regard 
to the angle of attack. Lanchester’s equations 
demonstrate the possibility of perfectly balancing 
a machine with a tail, but Ferber’s form (which is 
shown to be homogeneous therewith) is only true 
if Joéssel’s or similar law is applicable. It will be 
useful to consider this matter more in detail. 

Joéssel’s law (Transactions of the Institution of 
Naval Architects, 1873 ; Génie Maritime, 1870) was 
deduced from experiments made with rudders, 
and does not seem to have been accurately deter- 
mined below an angle cf attack of 18 deg. or so 
(see Sir W. White’s ‘‘ Naval Architecture,” page 
662). Avarozini, according to Captain Ferber, ex- 

erimentally demonstrated its truth for air. Lang- 
ey, however, found (‘‘ Experiments in Aerodyna- 
mics”) that the displacement decreased for large 
aspect ratios with small angles of attack, and above 
a certain critical angle (about 30 deg.) the reverse 
took place—i.e., the displacement was in excess of 
that given by Joéssel for large aspect ratios and 
large angles of attack. Kummer (Berlin Akademie 
Abhandlungen, 1875-6) corrobcrates this. 

Turnbull, however (Physical Review, xxiv., 
March, 1907), states that below an angle of 
18 deg. the displacement varies with the angle of 
attack, and not inversely with it, except for sur- 
faces which are convex beneath and those which are 
of double curvature (concave beneath in front and 
convex beneath at the posterior). 

Soreau (‘‘ Memoires de la Société des Ingenieurs 
Civils de France,” October, 1902), gives a form :— 


= Ll 
¢ (8) = 4(1 + 2tan 6) 





where L! is the dimension of the surface in the 
direction of flight. 

Moedebeck (‘‘ Pocket-Book of Aeronautics,” 
page 311) says -—‘‘ On planes, as is well known,the 
centre of pressure is near the edge at 0 deg. of 
incidence, on a square surface in plan; and it 
travels slowly backwards as the angle increases, 
until it reaches the middle of the surface at 90 deg.” 

Lord Rayleigh has calculated ona plane of infinite 
lateral extent (i.e., infinite aspect ratio) that the 
displacement is 

3 LI cos 8 


nade a vr 

[Lamb’s “ Hydrodynamics,” pages 109 and 599; Dun- 
kerley’s ‘‘ Hydraulics,” vol. ii., page 81.] 

This form closely resembles Soreau’s, but we 
might expect the displacement for finite aspect 
ratios to be more than this. Hagen (see ‘‘ Encyclo- 
peedia Britannica,” art. Hydromechanics, Edn. ix., 
and Dunkerley’s ‘‘ Hydraulics ’’) finds for water 
13 


25, 


8, | 4 


| 64 8 
¢ (8) +L 


| 0.338 | 0.27 0.214 . 0.167 | 0.125 


Thus we see that all experimenters and theorists 
(except Turnbull) agree as to the negative value of 


‘ . d (8) for a plane surface. 


With regard to curved surfaces, however, this is 
not the case. Turnbull (vide supra), Spratt (see 
‘*Moedebeck’s Pocket-Book,” page 311), and 
Wilbur Wright (Western Society of Engineers, 
1903) agree that surfaces concave beneath have a 
positive rate of change of ¢ (8) between 8 = 0, and 
a certain critical angle between 10 deg. and 20 deg., 
increasing with the camber of the curve. (The 
angle of attack is here measured with reference to 
the chord of the curve.) The success of gliding 
experiments with ballasted simple planes is also a 
strong argument for at least the approximate truth 
of Joéssel’s law for planes. 

This result might be anticipated, since, if we 
assume stream-line motion and a curve of the usual 
type (Fig. 8) (with the maximum height forward of 
the centre), there will be discontinuity when 8=0, so 
that the direction of motion of the air into the hollow 





will be inclined upwards to about the same extent as 
the outward flow is inclined downwards, and the 
change of momentum will act practically at the 
centre. If the aerofoil has an attitude just suited to 
its form (Fig. 9), the stream-line flow will be con- 
tinuous, and the inward and outward velocities will 
be tangential to the curve, and the change of 
momentum will act through the intersection of 
these tangents which is forward of the centre. 

This would seem to imply that concave aero- 
curves must be provided with tails or balancers, 
and, as a matter of fact, we find that in all success- 
ful machines such balancers have been used. 

Lilienthil and Pilcher had rear tails to their 
gliders ; Ferber and Chanute adopted the same 
system. The Wright Brothers and M. Santos 
Dumont (in his first machine) employ front bal- 
ancers, but these are volitionally controlled, and so 
do not throw much light on the problem. 

We have shown, however, in the first chapter, 
that a rear balancer should be set to a negative 
angle. It is easy to see that a front balancer should 
have a positive one; for, if the machine then 
pitches so that this angle is increased, the centre 
of pressure on this balancer will recede, and there 
will be some balancing effect. Again, if the machine 
pitches so that this angle is decreased, the centre 
of pressure on the balancer will advance, and a 
righting torque will occur. The exact value of this 
arrangement depends, however, on the shape of the 
surfaces (both of the aerofoils and the balancer), 
the initial angles of attack, the areas of the sur- 








faces, and the position of the centres of area with 
regard to the centre of gravity. If, by volitional 
control, the angle of attack of the balancer is modi- 
fied, a greatly increased effect is obtainable, since 
a righting torque can be produced, not so much by 
altering the centre of pressure as by reversing the 
angle of attack, so that there is a down or up-thrust 
on the balancer as required. 

The initial conditions of balance for a plane sur- 
face are given by the equation 

[L + $(0)]-¢ (8) = 0, 
where L is the x co-ordinate of the centre of area 
with regard to the centre of gravity. It is the 
same as Ferber’s form, 
a — bsiny 
(p.n.) b being the maximum displacement of the 
centre of pressure ahead of the centre of area. 

There is a general opinion that »b is sufticiently 
expressed by 0.3 L,, where L, is the longitudinal 
dimension (the breadth) of the aerofoils. 

This is deduced from Joéssel and Hagen, although 
Rayleigh and Soreau make the value less than this. 

In this case the maximum turning arm is for 
decrease of y, 

b sin y = 0.3 L, (sin y), 
so that if y = 6 deg., this turning arm has a maxi- 
mum value 0.03 L!. 
For an increase of y the maximum turning arm is 
b-bsin y = 0.3L, (1—sin y¥), 
so that if y=6 deg., this turning arm has a maxi- 
mum value 0.27 L,. 

For equal amplitudes of small angular oscillations 
the torque is almost proportionate to the amplitude, 
and the oscillations will therefore be approxi- 
mately harmonic. 

The recently - published results of Professor 
Rateau (ENGINEERING, September 17, 1909 page 386) 
have thrown a little more light on this subject. 
Turnbull’s exceptional result with a plane surface 
is not corroborated, but it is shown that a convexity 
of surface above and below (as in ship section of 
blade) does lead to a reversal of the angle rate of 
change of the position of the centre of pressure. 
It is further shown that, within the range of the 
experiments (up to a velocity of 35 metres per 
second) the position of the centre of pressure is 
not a function of the velocity when the angle of 
attack is constant. [See discussion on the author's 
paper on ‘‘ Mechanical Flight ;” Transactions of 
the Society of Engineers, 1908, pages 259 and 279. | 

The principal feature of Professor Rateau’s work 
—i.e., the discovery of a region of instability be- 
tween the states of under-flow and divided flow— 
does not greatly affect.the action of aerofoils, since 
the angle at which it occurs is in the neighbour- 
hood of 30 deg. Such a large angle of attack is 
only likely to occur in ordinary cases on the steer- 
ing surfaces and body parts of a machine. It is, 
however, interesting to note that the angle at which 
the relations of the position of the centre of pres- 
sure to the aspect ratio change, as discovered by 
Kummer and Lanai. is also about 30 deg. The 
peaks in Dines’s pressure-angle curves, which also 
occur in Kiffel’s results and those of the naval 
experts with water, are corroborated by Professor 
Rateau, and form a further indication of the region 
of instability. 

(To be continued.) 








AMERICAN Locomotive Company.—We have received 
from the American Locomotive Company, New York, 
whose Londcn offices are at 26, Victoria-street, 8.W., two 
recent issues of their new series of Bulletins. One of these 
refers to a special design of trailing radial truck with out- 
side bearings, which is suitable for application to engines 
of the “* Pacific ” and other types. This truck is provided 
with floating spring-seat yokes hinged to the main frames, 
and spring-seats fitted with trunnions in bearings in these 

okes. Double inclined friction-plates are provided 
tween the axle-box and the spring-seat. These tend to 
restore the truck to its central position after displace- 
ment. Spring centering is also provided. The second 
Bulletin describes and illustrates a class of six heavy 
Mallet articulated locomotives built for the Delaware 
and Hudson Railroad, for working coal-trains between 
Wilkes-Barre and Arrarat, on theirsystem. For about 
6 miles this line rises on a grade of 1.36 per cent., and 
for the remaining 14 miles averages 0.81 per cent. In 
working order the engines weigh 445,000 lb., not including 
166,800 Ib., which is the weight ofthe tender. The engine 
is of the 0-8-8-0 type, so that its whole weight is available 
for adhesion. e high-pressure cylinders are 26 in. 
and the low-pressure 41 in. in diameter, with a 28-in. 
stroke. The driving-wheels are 51 in. in diameter. The 
boiler provides 6276 square feet of heating surface in the 
tubes and 353 square feet in the fire-box, the grate area 
being 100 square feet. The fire-box is 124 in. in extreme 
width at the grate level. 
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AERIAL-PROPELLER TESTING PLANT AT VICKERS WORKS, BARROW.IN-FURNESS. 
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TESTING AERIAL PROPELLERS. 


IN view of the absence of precise data regarding 
the efficiency of various propellers for airships and 
aeroplanes, it is gratifying to learn that the Vickers 
Company have erected at their works at Barrow-in- 
Furness a special apparatus for making practical 
tests of such propellers. The well-known attitude 
of the firm towards experimental research gives 
every reason for expecting that the experiments will 
be interesting in their scientific aspect, and profit- 
alle from a national standpoint, since they will afford 
data of importance in connection with the design of 
such airships as the firm build for the British Navy. 
It is further important to note that, with character- 
istic solicitude for the advancement of science gene- 
rally, Messrs. Vickers will place the apparatus at the 
di-posal of investigators, so that any type of pro- 





which is illustrated above, consists of a double 


pellers may be tested. Briefly stated, the apparatus, | 
cantilever, 166 ft. in length from end to end, the | 


2. 


cantilever is mounted at the centre on a ball-bear- 


ing in a cast-iron column, and the propeller, | 


which is fitted at one end and driven from a 100- 
horse-power electric-motor, revolves the cantilever 
arm at any predetermined speed, ranging up to 
70 miles an hour at the outer extremity. In the 
centre of the arm there is a recording - station, 
where all the results are carefully recorded, and the 
efficiency of any given type of propeller accurately 
deduced. 

The cantilever is of steel construction, accurately 
balanced, and suspended in such a manner that 
there is the minimum of friction or vibration. The 
point to which the suspension-rods converge is a 
steel bracket, to which is fastened a steel tube 
constructed of rolled-steel plates, butt-jointed and 
riveted. At the head of this tube is a ball-bearing 
which supports the entire weight of the moving 
portion of the structure, a guide for the bottom 
end being supplied by four horizontal rollers carried 
on cast-iron codath bolted to the lower end of 


longer arm of the cantilever being 110 ft. The!the steel tube, and rolling on a turned belt 
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on the column. The cantilever arm is _ itself 
built up of steel angles, and at the centre, as 
shown, there is a covered-in observation station 
which contains the 190-horse-power motor, as well 
as the recording instruments. At the extreme 
jend of the longer arm, 110 ft. from the centre, 
|there is a steel platform carrying a bracket and 
| bevel-gear for driving the propeller, the power 
| being transmitted from the motor to this gear to a 
|line of shafting. Fig. 2 shows the method of 
| mounting the propeller. The opposite end of the 
‘arm has a sheet-iron ballast-tank at a radius of 
| 56 ft., by means of which it is possible to accurately 
balance the whole structure, 

All the conditions are exactly similar to those of 
a ship running in a straight line through the air, 
there being, we are informed, a method of compen- 
| sating for the circular motion of the propeller, so that 
|the proportion of the propeller blade nearest the 
ey or centre column is prevented from travelling 
ess rapidly than the outer — The pro 
pelling power is arranged so that the revolutions 
of the propeller may be carried from 500 to over 
1000 revolutions per minute, and the speed of the 
| propeller through the air can be regulated by means 
| of resistance-screens to conform to the conditions 
| for which it may have been designed, which speed 
| may reach, if necessary, 70 miles per hovr. 
| It will be recognised that as the propeller traverses 
|a circular course, the wind oa other causes of 
resistance counterbalance each other. A system of 
|accurately measuring the thrust of the propeller is 
included in the design of the bracket and gear, 
the propeller shaft being allowed to move forward 
against a spring, a movement which is mechanically 
recorded in the observation station. It has been 
found from experience that the thrust can be 
accurately measured to within one per cent. of a 
total thrust of 500lb. The gear is made reversible, 
so that the efficiency of the propellers can be tested 
for going astern. 

Provision has also been made for attaching a 
gondola to the platform ahead of the propeller, so 
that the results obtained from the machine may be 
relied upon as being exactly similar to those which 
will prevail when the propeller is placed on an air- 
shipastern of the gondola. By this means the exact 
position of the propeller when thus fitted in position 
| in the ship is fate y imitated. 

















'A NEW METHOD OF PROPORTIONING 
WEBS AND STIFFENERS IN PLATE 
GIRDERS. 

By H. M. Gres. 


At the present time, owing to the want of any 
reliable method, the proportioning of webs and 
stiffeners in plate web girders is largely a matter of 
individual judgment. The web thickness is decided 
upon first, and then the stiffeners are placed in 
position, the spacing and the size of stiffeners being 
such as the designer thinks will do, with probably 
a bit added to make sure. The result is that in 





many cases much good material is wasted in a vain 
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attempt to add strength to the web by heavy 
stiffeners, and unnecessary strength is given by the 
too close spacing of these details. 

In most cases, if half the material in the 
stiffeners were placed in the web plate, a much 
stronger structure would result; or if half of the 
material in stiffeners were removed altogether, a 
more economical and satisfactory structure would 
be produced. 

For girders of small span, where the web is 
relatively thick in proportion to its depth, no great 
harm is done, but in girders of large span a great 
waste of material and workmanship in stiffeners is 
the rule, rather than the exception. 

A comparison of two plate girders of 90 ft. span, 
one for an American railway and the other for a 
British railway, is instructive. 

In the American type the stiffeners comprise 
25 per cent. of the material in both web and 
stiffeners, and in the British type the value is 40 
per cent. 

Thus here we have two structures built for a 
similar purpose, but in one the stiffeners are one- 
third the weight of web, and in the other two-thirds 
the weight of web. 

A formula in general use at present is the fol- 
lowing :— 

&e = - a? 
+ 3000 
where 
8 = maximum working shear stress per square 
inch on a short piece. 
8e = — working shear stress per square 
inch. 
d = unsupported distance of web in inches. 
t = thickness of web in inches. 


Now, according to this formula, it is evident that 
if d = the maximum unsupported distance of web 
between flanges or stiffeners, nothing is to be 
gained in strength of web by spacing stiffeners 
closer than depth of girder, which is unreasonable, 
Again, if d equals minimum unsupported distance 
of web, a web without stiffeners is as strong as one 
with them spaced apart at a distance equal to depth 
of girder, which is also unreasonable. 

It is therefore clear that the present data are 
unsatisfactory, and we will now proceed to a dif- 
ferent solution of the problem. 

Pure shear is equivalent to a tension and an 
equal compression acting at right angles to each 
other, and at angles of 45 deg. to the direction of 
the shear, cach of an intensity equal to intensity of 
shear ; but in a plate-girder the web-plate is much 
weaker in compression than in tension, and there- 
fore a large amount of the shear is transmitted as 
a tension along one diagonal of web, and a corre- 
spondingly small amount as a compression along 
the other diagonal. Stiffeners also, besides stiffen- 
ing the webagainst buckling, undoubtedly transmit 
a large portion of the compressive stresses, and 
thus enable the web to resist chiefly in tension. 

Hence the plate-girder is best looked upon as a 
composite form of structure, in which some of the 
shear is transmitted to the bearings as a pure shear, 
and the rest, by means of the stiffeners and the 
web, is transmitted as in a triangular girder, 
using the web-plates as ties, and the stiffeners as 
struts, 

We will first investigate the special case in 


which the stiffeners are spaced at a dfstgncg,apart | 


equal to the depth of the girder, and having solved 
for this particular case, proceed to modify our 
results according as stiffeners are close or far apart. 

The assumptions involved are the following :— 

1. That half the shear is transmitted by the web- 
plate to the bearings as a pure shear. 

2. That half the shear is transmitted to the bear- 
ings by means of the stiffeners acting as struts, 
and the web-plates as ties. 

3. That this tension on web-plate in assumption 2 
acts on half of the breadth of diagonal piece of 
web only. 

In relation to assumption 3 it will be seen that 
to assume the whole breadth of diagonal effective 
must inevitably induce compression of equal amount 
at right angles to tension stress, since a part of the 
web as a diagonal tie would pull directly on the 
flange, and the force necessary to balance the ver- 
tical component of this must be produced by the 
web—i.e., & compressive stress—and the web would 
be under pure shear. 

We will now investigate how these assumed con- 
ditions of transmission of shear stress the web. 

The following is the notation used :— 


S = total shear on section. 
A = area of web section. 
s = shear per square inch on section. } ; 
d = depth of web-plate between flange rivet-lines in 
inches. 
D = distance apart of stiffeners in inches. 
t = thickness of web-plate in inches. 
fe fe = maximum intensity of stress in compression and 
tension respectively. 
k= radius of gyration. } 
¢ = constant in Rankine’s column formula for pin 
ends = yg55- ; ke 
0 = angle between vertical, and a line joining top 
and bottom of adjacent stiffeners = 45 deg. in 
— case = angle CAD in Fig. 1; tan 0 
d 
8 = Working stress in shear after reduction. 


Fig. 1 represents a panel under shear of amount 
= 4 This is assumed to be transmitted as a pure 


shear, and the maximum compressive stress along 
Fig.i. $ 
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diagonal C B = pounds per square inch, and 


maximum tension stress along AD = pounds per 
square inch. 
Fig. 2 represents same panel under other half of 


This is assumed to be 


shear of amount = 


| transmitted as a tension along diagonal A D, but 
acting only on half of section of diagonal C B, the 
| stiffeners at C A and D B acting as struts. 
| Tension along diagonal A D = ~ 
| F 

| area = 4 ¥, 


J2 acting on 


Therefore stress per square inch = Sys 8 = 
2 Ag 
pounds per square inch. 

Now since tension on a strip J L must set up a 
corresponding compression along J K, to balance 
| vertical 2 aa of J L, the compression along 
/a strip J K = tension on J L = s pounds per 
| square inch. 
| Now combining the results obtained in Fig. 1 
| with those in Fig. 2 we have in Fig. 3 :— 


J. here = 





1. The tension in square EF GH = “ pounds 


per square inch, and the compression = 5 pounds 
per — inch. : 
2. In triangles F CG and H BE the tension and 
compression each equal 5 pounds per square inch. 
3. In triangles A F E and DH G the tension and 
compression each equal = pounds per square inch. 


4. The unit shear stress along F A, AE, and 
GD, DH is 1} times the average shear stress on 
panel. 

Now in square EF GH there is no fear of the 
web-plate giving way, as there is a much greater 
force tending to keep the web straight than tending 
to buckle it. 

The most highly stressed parts of the web are 
triangles AF E and DHG, and it is clear that 
these two corners will be the first. points of failure 
by the web buckling along some such line as EF, 
and the rivets tearing along F A, AE. This piece 
will therefore require to be proportioned as a strut 


with a unit compression of - and a unit tension, 
338 


2 
Designing this piece as a strut we use Rankine’s 
formula for pin-ended columns 
Se 
Rp’ 
l+e a 


tending to keep it straight, of 


. and p = working stress on diagonal, 


reduced on account of tendency to buckle. 

Hence, to get p in terms of the vertical shear, 
with s = maximum allowable shear stress per 
square inch, divide above formula on each side by 

if 3! p 
1}, and if s 14" then 
8 

2 

lt+e z= 

In this formula we have still to determine / in 
terms of d, and k in terms of t. 

On referring to a paper on ‘‘ Web Stresses in Plate 
Girders,” by Professor Lilly, in ENGINEERING of 
February 1, 1907, it will be seen from the photo- 
graph that the webs failed by buckling into a series 
of waves, and that when @ = about 45 deg. the 
d 
4 

But this column we are considering has also a 
tension of equal amount acting at right angles to 
the compression, and tending to prevent the column 
buckling under compression. 

Professor Lilly shows that this cross-tension on 
the column has the effect of reducing its length in 
the ratio of V21 tol. In other words, a column 
of length 1 under compression is of same strength 
as one of length /2/ under an equal compres- 
and cross-tension. Now 

“ ey eee te, 
= - a sas c - 
4 J3 7500 


gi= = working stress when tan @ = 1. 


length of these pin-ended columns 


then 
P 
c = 


k 


1xd@xi12 _1 @ 

7500x16x2x2 20,0002 
8 

ae 

20,000 2 


a= - 
1+ 
where 
s= 4% fe and 6 = 45 deg., or tan 0 = 1. 
The next step is to modify this result, according 
as stiffeners are spaced close together or far apart. 
The following table is compiled from information 
given in Professor Lilly’s paper :— 
| 


| 

| 81 = Shear per 
| Square Inch at 
| Failure when 


At Failure. 
ear - Square 


Ine 8 


| kor 
No. of Ex-\oy, 


periment. * ‘Tan 0 


21 


0.667 
0-89 
1.11 
1.33 
0.54 | 
0.75 
1.00 | 
1.21 | 
0.46 
0.71 | 
1.00 | 
1.38 


33 
60 





cs 5,334 3. 
7,115 ry 
890 0. 

). 


83 
43 
4.22 


2.03 
1,05 
0.56 
4.22 
2.03 
1.05 
0.56 





~The shears being expressed in pounds per square inch. 
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Experimental girders Nos, 1, 2, 3, and 4 are 
a the same in every respect, except that the 
spacing of stiffeners (i.¢., tan @) varies in each, 
similarly with Nos. 8, 9, 10, 11 and Nos. 12, 13, 
14, 15. 

By plotting the vajues of tan 6, and the corre- 
sponding values of ath as shown in Fig. 4, we 

8 


get a series of points which lie on a well-defined 
curve. 


(a), this value is then further modified by equation 


annexed graph (Fig. 5) the process is extremely 
simple, and to find spacing of stiffeners for a given 
shear stress, or vice versd, is easy and a 
| The method of reading the graph can be best illus- 
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trated by an example. Thus, if 5 = 100, then s! 


(565.C) Ratio 
The equation to the full-line curve on graph is 
eo 1 h 
;=- alleen te 
s ,/tan 6 


and this curve lies fairly well among points plotted, 
and is of similar curvature to the three dotted 
curves, which join the values for each of the three 
girders—Nos. 1, 2, 3, 4; 8, 9, 10, 11; and 12, 13, 
14, 15. 

Although the values derived from experiments 
only include between tan 6 = 4.22 and 0.43, the 
curve may be extended, and give with sufficient 
accuracy all values required in practice. The 
method therefore is that, having calculated allow- 





= 8000 lb. per square inch; and if tan @ = 0.7, 

8 = 9500 lb. per square inch; or if tan 6 = 4, 

then s,, = 4000, as shown in dotted guide-lines. 
The following examples are instructive :— 


If £ = 120 and tan @ = 1.5, then s, = 5600 Ib. 


r square inch. This is rather a low shear stress, 
but if at the ends of the girder the stiffeners are 
spaced closer, so as to make tan @ = 0.6, 80 = 
8900 lb. per square inch. 

Again, in a girder without intermediate stiffeners, 





able shear stress s' for ratio of . from equation | 


(b) for spacing of stiffeners, and there is thus) 
obtained the value of s,, which is the working | 
stress in shear to be adopted. By means of the | 








with a ratio of span to depth of 7, and ¢ = 60, it 


is required to finds,. Here tan 6 = 3.5, so that 
S~ = 5800 lb. per square inch, a result in accord- 
ance with American practice in the design of 


stringers. 
It will be noticed on the graph that when : = 100, 
or thereabouts, to allow metal to be stressed up to 


12,000 lb. per square inch, a ratio of = = 45, or so, 


is required. Thus when @ = 100, tan 6 = 0.45 
for s» = 12,000, and therefore distance between 
stiffeners + thickness of web = s tan @ = > = 45. 
Similarly, to allow metal tobe stressed to 10,0001b. 
per square inch > 64, 
We have now fixed the proportions for web and 
the position of stiffeners, the next point is to find 


the amount of shear for which the stiffeners must 
be proportioned to carry as struts. 


It is clear that under . transmitted as a pure 


shear by the web-plate, no stress is put on stiffeners, 
their only use being to stiffen web ; but under the 
other half of shear treated as being transmitted as 
a tension in web, the stiffeners act as struts. The 


load on stiffener will therefore be equal to 


when tan 6 = 1. 
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Now, since f, = 2? and = A = area re- 
Gy 
quired in shear, then area of stiffeners = A, = 
48 , : 
». = 4A; that is, that where the web-plate is 
3 8 . 


9 
fully stressed the area of the stiffeners should be 
one-third the area of web-plate. 

Consider the case of a girder with a web-plate 
of constant thickness throughout, and the stiffeners 
spaced apart at a distance equal to depth of girder, 
po of same section throughout; then by above 
equation stiffeners will be one-third the weight of 
the web-plate, or 25 per cent. of the weight of the 
web-plate and stiffeners combined. 

If in this girder the weight of the flanges is equal 
to the weight of the web and stiffeners, then the 
stiffeners will be 12} per cent. of the total weight 
of girder. 

When stiffeners are spaced further apart than 
depth of girder, the proportion of shear which they 
have to resist will be greater, and could be assumed 
to increase and to equal the shear when tan 6 = 5. 

Our next consideration is, What is the best 
form of stiffener to adopt, so as to be efficient and 
economical ? 

The general practice in this country favours the 
use of two angles and gusset-plate, or a tee-bar 
kneed out on to flanges. 

Now in the meantime, considering the stiffener 
as a part of the web system, and that it has to 
transmit a certain amount of the shear, it will be 
seen that a kneed stiffener may stiffen the web, but 
is of little use as a strut in the web system, as it is 
kneed out from the web clear of the flange angles 
just at the point where it is most necessary to relieve 
the concentration of stress. 

On the other hand, the stiffener, which is simply 
joggled over flange angles, is a more efticient type, 
as it is able to transmit its part of the shear for 
the whole depth of web, and thus ensures that the 
web will not be called upon to carry stresses which 
should be taken by the stiffeners. 

Stiffeners serve yet another purpose—that of 
keeping the compression flange in line; but as the 
stiffness of the stiffeners is represented by the 
moment of inertia of their cross-section, the kneed 
stiffener gives no stiffness to the flange beyond 
what can be attained by the joggled stiffener. 

In regard to the form of stiffener, a single angle 
on each side of the web isa much more efficient type 
than two tees, since, for the same stiffness; two 
single angles are about 30 per cent. lighter than 
two tees. 

From a consideration of Fig. 3, it will be seen 
that the maximum shear per foot to be conveyed by 
flange rivets is 14 times the average shear per foot 
in the panel, and that the maximum shear per 
foot to be conveyed by rivets in stiffeners is equal 
to the average shear per foot in the panel, 
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FOUNDRY PLANT AND MACHINERY. 
No. XITI. 


By JoserH Horner. 


Tue Baker blower (Figs. 174 and 175), by the 
Baker Blower Engineering Company, of Sheftield, 
encloses one two-armed impeller, which arms in 
their revolution sweep in succession through the 
interior of two slotted drums in the bottom of the 
casing. The rotations are accomplished by three 
gear-wheels on the shafts outside the casing. The 
principal characteristics of the Baker blower are 
these :—There are no unusual and irregular out- 
lines to be machined ; the work is simply that of 
boring and turning with the necessary facing of 
ends and foot. The casing is bored ; the rotating 
parts are turned and balanced. Contact of movin 
parts is not absolute, so that there is no interna 
friction. Yet, as there are no broad moving sur- 
faces, no lubricant is necessary for the prevention 
of leakage. The bearings are of good length, to 
delay wear. The Baker blower has enjoyed a good 
record for very many years both in Great Britain 
and in the United States. 

Figs. 176 to 179 illustrate a blower in which the 
same principles are embodied, by Messrs. C. H. 
Jaeger and Co., of Leipzig-Plagwitz. The photo- 
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which are cast with the end covers of the blowing- | ciency. One set of chambers serves when the blower 
cylinder D. The pistons move accurately within runs in one direction, and the other set only in the 
the space thus enclosed between C C and D, having event of the direction of running being reversed. 
ates om, The air which is compressed by the rotation of a 

e second shaft E is driven by the spur-gears piston cannot escape backwards, but is caught and 
seen, from the first shaft and at equal speeds. Itis carried on by the piston following. But the spaces 


cast with the idler or ‘‘ controlling body” G,com-, between the vanes are filled with air under com- 
prising three hollow vanes, leaving’ large spaces or | pression, which would at certain positions flow back 








Fig.174. 
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Baker Brower; By tHE Baker BLOWER ENGINEERING CoMPANY, SHEFFIELD. 



























































J 






































Fias. 174 anv 175. 
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Fies. 176 to 179. JaecerR Brower; By Messrs. C. H. Jagoer anp Co., Lerezic-PLaGnitz. 


graph (Fig. 180) will enable the construction of 
this blower to be better understood, as it shows the 
various portions dismantled. The revolvers are 
left in their cylinders. Fig. 176 is an external 
elevation ; Fig. 177 a longitudinal section taken 
in a horizontal plane through the centre ; Fig. 178 
a transverse section through the impellers and 
vanes ; and Fig. 179 one showing end chambers. 

It will be noticed that there is a larger and a 
smaller diameter in the casing, comprising respec- 
tively the impeller case and the idler case, both 
in one casting, and both bored. The axes of these 
casings may be disposed in a horizontal plane as 
shown, or in a vertical plane. The impeller, the 
working portion, is carried by a disc A, which is 
keyed to its shaft. It consists of three hollow 
pistons B, B, Bin equal balance. These pistons 
rotate round two fixed cylinders C, C, or ‘‘ cores,” 





grooves, H,, He, H;, giving ample room for air. The 
diameter across the vanes and the widths and spaces 
of the vanes are so arranged that the osticell Ges 
a, b overlaps the edges of the spaces H. This sec- 
tion a, b is taken in the middle of the length ; the 
idler vanes are separated by a space up to the boss 
for the disc A on the impeller-shaft to pass into. 
Where this space is not occupied by the disc A it is 
closed by a disc-piece. 

The operation of the blower is as follows :—When 


enter the spaces H. The covering spaces a, b are 
thus brought in succession from the suction side to 


the delivery, or pressure, side. Air cannot escape | 


backwards, because the covering edge a does not 
open until after b has been closed. 

Two chambers are cast in each cover-plate, the 
object of which is to reduce noise and increase effi- 





to the inlet, and in escaping cause noise. To pre- 
vent this is the reason of the provision of the 
leakage chambers J,, Jo, cast in the covers, Fig. 179, 
through which the air escapes into the vane-space 
next succeeding, and thus also increasing the den- 
sity of the air in that space just before its discharge 
Thus the chamber J, is brought into connection 
with the chamber H,, and the compressed air in 
H, gradually escapes before the chamber H, is 
opened to the suction side. So soon as the edge « 


revolving, as indicated by the arrows, the pistons B_ opens, the chamber J, is again closed by the edge 


or wall of the chamber H,. Thus the utility of the 
leakage-chambers is obvious. They serve to receive 
the compressed air which would escape, and | y 
gradually increasing the pressure lessen the noise. 
The mechanical construction is one which is 
favourable to machining. The surfaces are simply 
bored and turned. High pressures are obtained, 
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Fic. 180. JarcerR Blower DISMANTLED, 

















Fic. 181. Jarcer Biowex Driven sy Exvecrric Motor, 











BLOWER WITH Sreet-CLap Drums ; 


Fie. 182. 
Messrs. R. anp J. Dempster, Limrrep, Man- 
CHESTER, 


ranging up to5 in. of water column. Electric driving 
is adopted in some cases. Fig. 181 represents a 
Jaeger blower driven by electric motor, the power 
being transmitted through cut helical gears of the 
Wiist type, giving a very smooth drive. 

In a blower manufactured by Messrs R. and J. 
Dempster, Limited, of Manchester, the usual con- 
struction is abandoned in favour of steel-clad drums, 
which give a lighter form than is usual, and leakage 
in the cylinders is prevented by a patent leather 
tongue clamped between the steel sheets. This 
tongue projects and sweeps round in contact with 
the opposing faces, as shown in Fig. 182. 

It is claimed that the steel-clad drums ensure a 
more evenly-balanced revolver, which decreases the 
noise caused by the gearing driving the revolvers, 





and also gives a more even flow of air from the 
blower. 

In our last article (page 804 of our last volume) 
the address of the Connersville Blower Company 
was given as Connersville, Ohio, U.S.A. ; it should 
have been Connersville, Indiana, U.S.A. 





THE DUSSELDORF INTERNATIONAL 
CONGRESS. 

WE now conclude our report of the proceedings 
of the Mining Section of the International Congress 
on Mining, Metallurgy, Applied Mechanics, and 
Practical Geology, which we commenced on page 13 
of our last issue. The sittings took place on 
June 21 and 22. 


Coat-Dust 1n FrReNcH EXPERIMENTAL GALLERIES. 


The director of the experimental gallery at Liévin, 
near Lille, in France, J. Taffanel, presented a very 
interesting report on the work done at this station, 
which was established after the catastrophe at 
Courriéres. The smallerof his two galleries, the 
author explained, was 15 metres (49 ft.) in length, 
2 metres (6 ft. 7 in.) square, and served for testing 
safety explosives. The coal-dust experiments were 
carried out in the large tubular gallery, which had a 
total length of 230 metres (755 ft.), and was being 
extended ; the diameter was 2.1 metres. The first 
30 metres were built in ferro-concrete ; then followed 
a steel tube, at first 10 millimetres (0.39in.), and in 
the last sections of mild steel, 20 millimetres in wall 
thickness. The gallery had no relief-valves, and had 
been thought strong enough to resist exceptional 
pressures ; in one experiment with very fine dust, 
the last 40 ft. had, however, been blown to pieces. 
With the aid of instruments made by Carpentier 


the velocity of propagation of the explosive wave, 
the form of the wave, and the pressures were 
recorded, and some curious facts were observed. 
|The accident referred to, for instance, showed 
that the | a ony might become excessive near the 
| open en of a gallery, and the pressure could 
j}actually be reduced by closing the opening; the 
adoption of tortuous roadways hence seemed 
advisable. The explosive wave would not travel 
through watered zones, nor through zones covered 
|with powdered stones, schist and blast-furnace 
slag being used, as a rule. When the cloud of 
mineral dust was sufticiently dense, the flame was 
actually stifled. In a dust containing 30 per cent. 
of volatile matter, the flame travelled through the 
| 230 metres of the gallery in less than 14 seconds, 
jattaining finally a velocity of 1000 metres per 
second, and giving a flame 80 metres long and 
|20 metres high; the explosion was heard at a 
| distance of six miles. As regards many of his 
| observations, which he explained after the conclu- 
}sion of the meeting with the aid of a kinemato- 
| graph, Mr. Taffanel is in entire accord with those 
|made by Mr. Garforth, to whose report we pass. 


Tue British Coat-Dust ExPERIMENTS. 


Mr. W. E. Garforth, of Syndale Hall, near 
Pontefract, had, by request of the Congress, pre- 
— a preliminary account of the work of the 

ritish Coal-Dust Committee in the experimental 
gallery at Altofts. This paper was one of the few 
which were not in type; it was illustrated by a 
large number of excellent slides. Mr. Garforth 
said that former experiments having been conducted 
on too small a scale, it had been thought necessary 
to convince the British miner that coal-dust was 
explosive in the absence of all inflammable gases, 
a fact which had been recognised by himself 
in 1883. They had been striving in their gallery, 
on which 10,0001. had been spent during the 
last two years, to experiment under conditions 
conforming to mining practice, allowing the same 
gauge of tram-line, the same size of tub, timber, ‘c., 
as ordinarily used. The gallery had been built 
in 1908 of old boiler shells—not to lose time—each 
30 ft. in length, 74 ft. in diameter, ,’; in. thick, and 
strengthened by T-iron hoops ; the main tube had 
a length of 788ft., and a maximum length’ of 
1083 ft.; and the return tube, 295 ft. in length, ‘6 ft. 
in diameter, was built in zig-zag, with wodden 
swing-valves at each end. Some 50,000 or 60,000 
cubic feet of air were sent through the gallery per 
minute by a ‘‘ Sirocco” fan. This air-current was 
equal to that which was known to have passed.on a 
main-haulage road previous to an actual explosion. 

In the first series of experiments of 1907) Silk- 
stone coal-dust, made in a pulveriser, had exclu- 
sively been used, together with a cloud-raiser, 
1 lb. of dust being spread per linear foot’ of 
roadway, which was less than was often fotind ‘in 
haulage roads. When the dust-cloud was fired 
by means of a gun, a jet of dust was ptished 
out of the down-cast, travelling against the normal 
direction of the air-current ; the air-current was 
thus momentarily arrested by the explosive cloud 

roduced. The dust-jet was in advance, of the 

ame, which had, in some of the artificial explosions 
afterwards produced, had a length of 180 ft. Insome 
cases considerable damage was done; the timber 
was swept out of the gallery, the valves, weighing 
5 cwt., were hurled 400 ft. away ; once three sec- 
tions at the end of the tube were wrecked, and the 
report was heard seven miles away. In conducting 
these experiments, Mr. Garforth had partly been 
guided by the peculiar way in which the great 
Altofts explosion of 1886 had spread in the road- 
ways below ground, as he explained in detail, and 
many of their observations agreed with those made 
after this disaster, which killed twenty-two people. 
While there had been heavy falls of roof where dust 
had accumulated, the explosive wave (caused by a 
shot) had not on that occasion ed the zones of 
stone road if of sufficient length. Men had been 
found dead beyond such zones ; their death was not 
due to mechanical violence, however, but to poison- 
ing by the carbon monoxide of the after-damp, 
which accounted for 80 per cent. of the deaths 
underground. 

In May, 1908, the British Coal-Dust Committee 
had decided to find a remedy other than watering, 
which had its disadvantages. Stone-dust had been 
suggested by Garforth in 1886, and the stone-dust 
(mostly a soft shale, without free silica, finely ground 
—gritty dust would be dangerous) was deposited 
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either on hangers suspended overhead, or on narrow 
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shelves fixed to the wall. Eight miles of main- 
haulage road were now treated in this way at Altofts, 
ata cost of 4d. per ton of coal output. The roads 
so treated looked like white-washed walls. Mixtures 
of stone-dust and coal-dust did not explode. The 
experiments sought to determine the pressures 
developed, the velocities of propagation of the 
pressure and of the flame, and the composition of 
the products of combustion produced. Short strips 
of tin-foil, which the flame melted, served as current- 
interrupters for the electric apparatus used. We 
have p sweet described, and explained some of 
these instruments, which were designed by the 
Cambridge Scientific Instrument Company, and 
exhibited last December at the Physical Society. 
They comprised a B. C. D. manometer, a time- 
marker, and an automatic commutator. The 
tin-foil strips just mentioned divided the gallery 
into nineteen sections, about 50 ft. apart, and 
velocities up to 3000 ft. per second could be de- 
termined by the apparatus. The gas samples were 
taken ono-twentieth of a second after the explosive 
wave had passed the point, and the bottle remained 
open for one-sixteenth of a second. The analyses 
of the combustion products were made by W. 
Wheeler ; one of them gave the following results :— 


Per Cent. 
11. 


Co, 
co 
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N ye ab Fa 73.75 
The microscopical examination of the dust after 
the explosion also yielded some interesting results. 
Coke was ye on the walls of the tube. The 
particles of coal- dust looked brown in some 
parts, owing to the presence of tar and pitch ; 
they were rounded owing to the motion, but had 
no definite shape. That safety could be attained 
in zones of stone-dust was best shown by the fact 
that cotton fibres suspended in 20 yards of stone- 
dust had sometimes retained their original shape ; 
there the pressure would be 40 Ib. per square inch, 
for instance, against 100 lb. in a dust zone. 

As Mr. Garforth only began reading his paper 
a little before one o’clock, when the Section ought 
to have adjourned, the Chairman did not encourage 
discussion, but thanked Mr. Garforth for his 
important communication. Councillor Meissner 
pointed out that different methods and objects were 
studied and appliedin Belgium, England, France, and 
Germany in the investigation of these phenomena ; 
but there was no time for a real discussion. 


Tue Use or Ferro-Concrete ror MINE 
Survort. 

Mr. Viebig, of Kray, near Essen, presented a 
long and able report on ‘‘The Use of Ferro- 
Concrete for Mine Support,” giving particulars of 
the work done on his Bonifacius Colliery and else- 
where. The advantages of the system were that 
the roadways and shafts became very strong, that 
the concrete resisted the ravages of the air and 
moisture, kept back water and fire, obstructed 
air ventilation very little, and that the linings 
took up very little space, and were very adaptable. 
The disadvantages were that experienced men were 
required to do the work, and that any subsequent 
alterations were troublesome. Repairs were rarely 
needed, however. That the ferro-concrete would not 
suffer from fire was questioned ; but the author could 
refer toa fire in the Alma Colliery, in which. the 
ferro-concrete dam erected there had not suffered. 


SHAFT-SINKING BY GROUTING. 


The paper by Mr. F. Bruchausen, of Dortmund, 
on ‘‘ Shaft-Sinking by Grouting,” concerned the 
work done on his colliery, the Zeche Victoria, at 
Liinen, where 95.5 metres had been so treated, the 
operation starting at a depth of 342 metres. The 
author said that the grouting process by the aid of 
cement, although introduced by Wiede at Zwickau, 
in Saxony, nearly thirty years ago and adopted 
-elsewhere, had so far found little 2 era in 
Westphalia. The first part of the work was to find 
the water-bearing fissures, the second to fill them 
with cement or concrete. In the first operation 
they bored or drove holes about 30 ft. deep, pre- 
ferably from the momentary bottom of the shaft, 
and not from the surface; these holes tapered down 
to a diameter of 1 in., and most of them were 
directed tangentially to the circumference of the 
shaft, not radially outward. When water was 
struck, the hole was plugged, and a stand-pipe was 





erected near by on a foundation of magnesia 
cement, mixed with magnesium chloride. A new 
boring was then made through the stand-pipe down 
to the fissure and lined. This pipe was first filled 
with water, to which sharp sand was afterwards 
added, and then with Thuringia cement, an iron 
cement. In one instance 700 cubic feet of water 
had rushed out of a fissure which took 2185 sacks 
of cement and 463 sacks of sand to fill; the 
routing was successful, so that the shaft could 
os lined with bricks, no tubbing being required. 
The work proceeded at the average rate of 14.7 
metres per month, and at a total cost of 3276 
marks per metre. In the author’s opinion, which 
was not shared by some other members, the process 
had proved less expensive and more expeditious 
than the Kind-Chaudron process had been on a 
neighbouring shaft. 


Tue Use or Compressep-Arr Locks 1n SINKING. 


The shafts with which a paper by Mr. Grahn, of 
the Miners’ School at Bochum, dealt are those 
which Messrs. Phil. Holzmann and Co., of Frank- 
fort, are building for the Government of Hamburg, 
for the double tunnel under the Elbe from Hamburg 
to Steinwiirder. The Elbe has a width of 400 metres 
and a depth of 10 metres, and two tunnels are being 
constructed, each 6.5 metres (21} ft.) in diameter ; 
there is one shaft, 22 metres (72 ft.) in diameter, 
common to the two tunnels at each end. Mr. Grahn 

ave particulars of the shaft-sinking and tunnel- 
ing. On the right bank, in firm clay, core-sinking 
was adopted ; a ring was excavated of 26 metres 
external, and 22 metres internal, diameter; the 
ring was bricked up, and the core then removed. 
On the left bank at Steinwirder loose sand was 
overlying the clay, and Messrs. Phil. Holzmann and 
Co. had to resort to compressed air for sinking the 
shafts and driving the tunnels. Having described 
the operations, Mr. Grahn further referred to the 
care taken of the men and divers by Mr. Bornstein, 
the chief medical expert on the spot. The Haldane 
system had been adopted; but a few fatal cases had 
occurred, and modifications of the Haldane treat- 
ment were under trial. 

We can only mention papers by S. von Bolesta- 
Balewski, of Valenczow, Russia, on ‘‘ Critical Survey 
of Winding Systems ;” by G. Franke, of the Berlin 
Mining Academy, on ‘‘ Haulage from the Working 
Faces ;” by W. Schultze, on ‘* Novel Improvements 
in Pumping Plants ;” by F. Schember, of Vienna, 
on ‘* Mechanical Coal-Cutting ;” and reports on the 
‘* Testing of Winding and Other Colliery Ropes ;” by 
L. Denoel, of Liége (for Belgium), EK. Korfer, of 
Bonn (for Germany and Austria), and H. Louis, of 
Newcastle (for England). In his paper on the 
‘** Uni-Directional-Flow Steam-Engine,” which we 
recently illustrated, Professor Stumpf, of Charlotten- 
burg, referred to the special adaptation of his engine 
to haulage. 


UtILisaTion oF Low-GRapDE Coat. 


In a paper on the ‘ Utilisation of Low-Grade 
Coal,” Mr. O. Dobbelstein, of Essen, described 
evaporation experiments made with poor and small 
coal and coke, burnt in different furnaces and 
boilers, in which the quotient: heating power in 
calories/1000 (ashes + 4 water contents) was 
accepted as a basis for estimating the value of a 
fuel. Good results had been obtained with various 
briquettes ; further experiments with gas-producers 
of different systems (Mond, Erhardt, Sehmer, 
Maschinenfabrik Augsburg-Niirnberg) were still in 
progress. 

Professor Paul Nicou, of Nancy, described the 
‘* Mining of Minette Ore,” as carried on in French 
Lorraine—Lorraine and Luxembourg furnish 70 per 
cent. of the iron ores smelted in Germany ; and 
Mr. KE. W. Parker presented a report on the 
‘* Statistical Work of the United States Geological 
Survey,” dealing with mineral resources. A report 
on ‘‘ The Mineral Industries of Canada” was con- 
tributed to Section IV. by H. Mortimer-Lamb, of 
Montreal. 


OvutsuRsts oF CaRBON DioxIDE IN FRENCH 
MINEs. 

J. Loiret, of Clermond-Ferrand, discussed in 
two papers the ‘‘ Sudden Outbursts of Carbonic 
Acid in Mines of the Central Plateau of France,” 
and the dangers arising from this gas. Isolated 
cases had been known since 1856, but during the 
last five years the danger had much increased. The 
conditions which favoured the outbursts were not 
understood, and outbursts could not be predicted. 





To guard against them, the use of the pick-axe was 
forbidden, and blasting should be done by electri- 
city from a safe distance. In the second paper 
the author referred to an interesting case in which 
the provision of a safety chamber, such as is used 
especially in Austria, in the collieries of the Kaiser 
Franz Nordbahn, had done good service. The 
chamber was provided in a cul de sac, which was 
entered through two doors, fixed about 9 ft. apart ; 
between these doors was the end of a special venti- 
lator feed-pipe. It was the rule that the blasting 
should be directed from this chamber. The men 
did not observe this precaution, however, and were 
overtaken by a sudden rush of carbon dioxide. Two 
men fell down, so that the first door could not be 
closed ; three others died, but five kept them- 
selves alive by breathing the compressed air until 
they were rescued ten hours later. 


Novetties in Mine-Surveyina. 


Professor Haussmann, of Aachen, gave a brief 
but instructive review of ‘‘ Novelties in Mine-Sur- 
veying,” which, he explained, had of late acquired 
much greater importance, especially also in geo- 

hysical respects. The paper contained many use- 
ul references. The seismographs in use near the 
Rhine were, he said, chiefly of the Wiechert and of 
the Mainka types. Earthquakes caused damage and 
Senecnaditanl tnecemais in mines ; the author’s 
observations, made on the walls of a fissure in the 
Nordstern Colliery, near Herzogenrath, did not 
show any distinct influence of distant earthquakes, 
however. The level difference between two bolts 
which he had fixed in the walls of a fissure had 
slowly increased by 92 millimetres (nearly 4 in.) in 
a little more than two years till 1907, and after- 
wards decreased by 96 millimetres in two years ; 
but the changes were not regular. 


Section III.—Appriiep MeEcuanics. 


That our account of the proceedings of the third 
section will have to be brief is not because the 
papers were unimportant or lacking in novelty. On 
the contrary, several of the comprehensive reports 
on types of mining machinery were distinguished 
by breadth and fairness ; but such reports have to 
be studied in detail and cannot profitably be 
abtracted. We mention among these a paper by 
C. Matschoss, of Berlin, well known as an historian 
in the field of engineering, on ‘‘The Part Played 
by Mining and Metallurgy in the History of 
Engineering.” 


ELEcTRICAL MACHINERY. 


Papers on electrical machinery were presented 
by Fr. Heym, of Wetter, on ‘‘The Influence of 
Electricity in the Development and Efficiency of 
Lifting Appliances ;” by C. Maleyka, of Berlin, on 
** Electricity in Metallurgical Works ;” and by W. 
Philippi, of Berlin, on ‘ Electricity in Mining.” 
Mr. Heym spoke on lifting and hoisting machinery, 
winding, wagon-tipping, bucket hoists for blast- 
furnaces, &c., referring especially to the construc- 
tions of Messrs, Bechem and Keetmann, of Duis- 
burg ; Messrs, Stuckenholz, of Wetter; and the 
Benrather Maschinenfabrik. The use of electro- 
magnets for lifting and transporting was one of the 
special features dwelt upon. Mr. Maleyka gave, 
among other things, information on power con- 
sumption in rolling-mills, for which he considered 
direct and three-phase currents on the whole 
equally efficient. r. Philippi mentioned as one 
point in favour of electric winding machinery that 
twenty-seven such engines as constructed by the 
Siemens-Schuckert Werke for the Castelleno mine, 
for instance, were provided with safety appliances 
of sufficient reliability to induce the authorities to 
raise the maximum permissible winding speed from 
8 metres per second to 10 metres per second ; he 
also discussed pumps and ventilators. 

In the common discussion of these papers Mr. K. 
Iigner, of Vienna, one of the chairmen, expressed 
the opinion that electricity was undoubtedly to te 
recommended for pumping and small-power engin¢s ; 
for haulage and winding the choice between elec- 
tricity and compressed air became difficult, and the 
final question was the cost of the steam. Much 
could be achieved by a centralisation of the power 

lant ; electricity works could no longer sell by the 
xilowatt, everything depended on the time of 
working. Mr. Vertel, who had built the first 
electric winding-engine for the Zollern Colliery in 
1902, was in favour of steam haulage, and the 
meeting in general agreed with Dr. R. Meyer that 
every case had to be decided on its own merits, and 
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that the common supply from central stations was 
the chief problem. 

In a paper on ‘‘ the Managing of Power-Engines, 
in Particular of Winding and Rolling-Mill Engines 
and Dynamos,” Dr. H. Hoffmann, of Bochum, advo- 
cated ‘‘ management ” (Lenken, or steering, was his 
term), on the principle that the regulating and the 
regulated movements should co-operate in such a 
way that when synchronism failed, a special move- 
ment should be set up to influence the supply 
of power to the managed engine. Three-phase 
motors might be made as reliable as direct-current 
motors for rolling-mills, and in some cases a pen- 
dulum might be utilised for regulating several 
separate engines, 


HavLaGE AND TRANSPORT. 

Haulage and Transport were dealt with in papers 
by W. Ellingen, of Cologne, on “‘ Aerial Rope- 
ways of Great Capacity,” in which he recommended 
his double-bogie four-wheel trucks, as constructed 
by Messrs. J. Pohlig, e.g., for the iron-ore trans- 
port on the Aumetz-Kneuttingen ropeway, 7 miles 
in length ; the cost of transport had been reduced 
to 0.19d. per ton per mile. Further, by G. von 
Hanffstengel, of Leipzig, in a paper on ‘ The 
Cheapening of Transport by Wire-Rope and Electric 
Suspended Railways,” in which he gave a large 
number of curves showing the small cost of trans- 
port of ore, gangue, and slag to the tip bank, coal 
to the mouth of the furnace, &c., by the Bleichert 
system of electric telpherage. The report by 
F. Tillmann, of Saarbriicken, on ‘‘ Haulage under 
Ground,” contained interesting statistical material 
on experience gained and the economy of various 
systems. He did not consider steam-engines econo- 
mical for this purpose. On steep gradients and on 
fairly straight roadways he would recommend rope 
and chain haulage. Electric trolley-haulage, espe- 
cially by direct current, recently also by single- 
phase, more rarely by three-phase currents, had 
proved economical in gas-free mines ; accumulators 
answered in older workings and in feeder roads. For 
short sections and moderate loads petrol-engines 
offered advantages, but they contaminated the air 
and were expensive in working. In gassy mines 
compressed-air engines were the best. 


Larce Gas-ENGINEsS. 


The paper communicated by Professor Paul 
Langer, of Aachen, on ‘‘ Experience in Large Gas- 
Engines,” deserves a careful study. He said that 
the four-cycle engine of the Niirnberg type, brought 
out in 1902, had so rapidly gained favour in 
Germany that the two-cycle type had since then 
been almost confined to blowing-engines. In 
America the large gas-engine hardly became 
popular before 1906; the development had been 
impeded by the failure of the two-cycle engines in 
the Lackawanna Steel Works at Buffalo. The 
author estimated that one million horse-power were 
now installed in gas-engines in Europe, and half 
that amount in America. The great difference 
between the steam-engine and the gas-engine was 
that the latter worked most economically at full 
load. For that very reason, however, the latter did 
not admit of overloading, and there was hardly any 
difference between nominal and maximum power. 
This fact had not been understood by engineers in 
charge, and had discredited the gas-engine. The 
reduction of the mean effective piston pressure from 
5.5 to 4.5 kilogrammes oy square centimetre (78 
to 64 lb. per square inch) had constituted a great 
improvement, and an efficiency of 70 per cent. could 
now be relied upon. 

Most cuaailial, Pollan Langer continued, were 
the supply of an excess of air, and the automatic 
control of the gas ratio. In engines without 
charging-pumps this ratio could be maintained by 
means of a pressure-reducing valve. The air excess 
was diminished when the speed decreased, the gas 
being under pressure, and this took place the more 
rapidly the smaller the original pressure diminu- 
tion at the mixing-valve. In two-cycle engines 
with charging-pumps the constitution of the mix- 
ture was little affected by fluctuations in the 
pressure and speed. The cylinder remained the 
weakest part of the engine. Cracks were not 
directly produced by the explosion pressure, but 
by local differential strains in the walls and by 
temperature stresses. The former difficulty had 
now been overcome by suitable design and con- 
struction ; to obviate the latter, strong materials 
of small thermal expansion should be used for the 
cylinders, Cast-steel had been used by manufac- 











turers in trouble, but was quite unsuitable, because 
its coefticient (expansion multiplied by the modulus 
of clasticity) was four times as large as with cast 
iron, while the resistance to varying stresses was 
“— three times greater. 

hese general conclusions were confirmed by 
Director G. Lippart, of the Maschinenfabrik 
Augsburg-Niirnberg. To obviate the local thermal 
strains they had abolished the cast-on valve-boxes 
and placed the valves in the covers, though that 
made the cylinders longer. Valve-boxes strained 
by heat finally gave way under high explosive pres- 
sures, as Langer had stated. If those boxes were 
insisted upon, matters could be improved by bindin 
the connection with steel, either solid or frsmrern 
to serve as a cooling-pipe. 


TurBo-BLOWERS AND TuRBO-COMPRESSORS. 


In the first of his two papers Professor Rateau, 
of Paris, described the development of his ‘* Turbo- 
Blowers and Turbo-Compressors,” which he intro- 
duced ten yearsago. The chief interest of this com- 
munication lies in the details which would require 
an illustrated account. Multiple-wheel blowers, he 
stated, had first been adopted at the Béthune mines 
in 1905. In their general features the multicellular 
turbo-blowers had remained as originally designed ; 
the annular diffuser was still connected by a 
U-channel with the suction side of the following 
wheel ; but the shafts were now made flexible, and 
the air was cooled by water circulating in the body of 
the compressor and in the interior of the diaphragms 
and vanes. For high pressures the wheels were 
divided into several groups of decreasing diameters. 
Particulars were given of tests made with a turbo- 
blower which his company had installed at blast- 
furnaces at Vizcaya, in Spain. Running at 1800 
revolutions and absorbing 2000 horse-power, the 
blower delivered per second 18 cubic metres of air 
at the effective pressure of 0.56 or 0.75 kilo- 
gramme per square centimetre (8 Ib. or 104 Ib. 
per square inch). The four wheels, 71 in. in 
diameter, were mounted on one shaft; in some 
other machines two shafts were used. This com- 
pressor was driven by a mixed-pressure turbine, to 
which Mr. Rateau referred in his second paper. 
The compressor worked in parallel with piston com- 
pressors, three of which it replaced ; the pressure was 
more uniform with the former than with the latter 
type of compressor. Similar compressors had been 
constructed by Messrs. Fraser and Chalmers for 
blast-furnaces at Blaenavon, and by Messrs. D. 
Adamson and Co. for the Dominion Steel Company. 
In the new compressors for La Chier the air entered 
from both ends, and was discharged at the middle. 
The turbo-compressors constructed by the Gute- 
Hoffnungshiitte for the Rand Mines (situated more 
than a mile above sea-level) delivered 10 cubic 
metres of air under a pressure of 12 kilogrammes 
per square centimetre (170 lb. per square inch) per 
second. The two compressors were mounted on 
two shafts, each driven by a three-phase motor of 
2000 horse-power at 3000 revolutions per minute ; 
the first compressor contained eight, the second 
fourteen wheels; particulars of tests of this machine 
made by Regenbogen and Banner were communi- 
cated. So far more than eighty Rateau machines 
of these types had been installed, thirty being high- 
pressure mine compressors, in which an efticiency 
(referred to isothermal compression) of 65 per cent. 
was often surpassed. The most interesting plant 
was that made for the Bolckow Vaughan Steel 
Works, Middlesbrough, consisting of two blowers 
(built by Messrs. Fraser and Chalmers), and 
one turbo-alternator (by Messrs. Brown, Boveri, 
and Co.); this plant dispensed with twenty- 
eight boilers and saved 120 tons of coal per day, 
and with four more groups of turbo-blowers and 
one more alternator, 9000 horse-power of exhaust- 
steam would be utilised. The turbo-blowers could 
utilise blast-furnace gas by transmitting the power 
of gas-motors electrically to the blower, while the 
gas-engines themselves ran in general at too low a 
speed for direct coupling. 

In the discussion Mr. E. Koster (of Messrs. 
Pokorny and Wittekind, of Frankfort-on-the-Main) 
mentioned that they had reduced the number of 
wheels ; in an engine of the same power as the 
Rand engines mentioned, compressing from 0.8 to 
9 atmospheres, they had, with fifteen wheels, 
realised an isothermal efficiency of 68 per cent. 
But he still believed in the superior economy of 
piston compressors, and there was considerable 
difficulty about the air measurements in such tests. 
This latter question, other speakers pointed out, 


had only recently been taken up by the Verein 
Deutscher Ingenieure. 


Mrxep-SreamM-Pressure Sream-TuRBINES. 


In his second communication on ‘* The Recupera- 
tion of Exhaust-Steam by Mixed Turbines,” Pro- 
fessor Rateau explained that his first mixed-pressure 
turbines using exhaust steam in ordinary service, 
assisted by high-pressure steam when required, had 
been constructed with two bodies. At present the 
high-pressure wheels and low-pressure wheels were 
built up in one casing, the exhaust steam entering 
an annulus half way down. In governing it was 
insufficient to provide for speed regulation only, as 
in that case the accumulator steam would rush into 
the turbine at full or over-load, and its pressure 
sink accordingly. It would be, moreover, im- 
possible to operate such a turbine for driving alter- 
nators in parallel. He had himself overcome the 
difficulty in question by making the governor con- 
trol both the live and the exhaust steam admission- 
valves. Provision was also made that if the accu- 
mulator pressure fell, the live-steam valve was 
automatically opened wider, the arrangement used 
being agen to a spring-controlled balance- 
valve. This spring tended to keep the exhaust- 
valve open and the high-pressure valve closed, so 
that when the accumulator pressure rose, the action 
of the spring, being reinforced by the increase of 
pressure, the supply of live steam was throttled by 
the more or less partial closing of its valve. In this 
way the relative proportions of live and of exhaust 
steam could be adjusted automatically as required, 
without this adjustment affecting in any way the 
speed of the turbine. 

Professor Rateau then passed to combinations of 
low-pressure turbines with reciprocating engines. 
This combination had proved economical in the 
Edinburgh Electric Power-Station, where there 
were Willans engines of 1200 horse-power ex- 
hausting into turbines at 1.1 kilogramme per square 
centimetre (15 lb. per square inch); in the wool- 
combing works of Allart and Rousseaux at Roubaix 
(total steam consumption, 6 kilogrammes per horse- 
power hour) and elsewhere, and he recommended 
the combination for winding and reversing mill 
engines, in which it would superior in steam 
economy to electric machines. There was no dis- 
cussion owing to the advanced hour. 

A review, by Th. von Bavier, of Diisseldorf, of 
the ‘‘Development of Ventilators and Compressors 
in German mines,” contained some interesting 
information on valves. 


ComPrRESssED-AIR LocomoTivE HavLace. 


The paper on ‘‘Compressed-Air Locomotive 
Haulage in German Mines,” by T. Giller, of 
Miilheim-on-the-Ruhr, concerned chiefly the ma- 
chines of the A. G. fiir Maschinen, und Bergbau 
Rud. Meyer, of the same place. The author 
stated that they had pressures of 50 and 60 atmos- 
pheres (850 lb. per square inch) in the cylinders 
of locomotives running in Gelsenkirchen and in 
the Rheinelbe III. Colliery, but they proposed to 
go up to 100 and 120 atmospheres ; the locomotive 
which they exhibited at Brussels embodied all their 
latest improvements, and had a range of 2.5 miles. 
The difficulty was, both with single-expansion and 
compound locomotives, the freezing of the pipes, 
and to meet this, heating of the air was supposed 
to be required; but in their two-cylinder engines of 
sufficiently large dimensions freezing did not occur. 
Their locomotive had four storage cylinders, tested 
at 250 atmospheres, devoid of holes, screws, bolts, 
and pipe-connections, but provided with flanges ; 
the air entered the engine cylinders at 8 atmos- 
pheres. The compressor was placed on the 
surface and worked in five stages (four inter- 
coolers); any attempt to reduce the number of 
stages wasa mistake. The air was taken from tho 
atmosphere, or from reservoirs at 5 atmospheres, 
and the compressed air was freed of moisture and 
oil before it entered the pipes of 30 to 40 milli- 
meters (1.6 in.) diameter, which were joined by 
copper rings. A lively discussion followed the 
reading of this paper. 


HypRAvLtc CoMPRESsoRs. 

In a paper on ‘‘ Hydraulic Compressors,” P. 
Bernstein, of Cologne, explained the working of 
these devices, which are more appreciated on the 
other side of the Atlantic than over here. Water 
passed from some source at level l, through a suction 
nozzle, which took up air, into a fall-pipe and down 








into a chamber, in which, at level /,, the air sepa- 
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rated from the water to escape er & special 


pipe, while the water rose in the well, in which 
the fall-pipe was nae to the level 1,, at which it 
was discharged. If the whole level difference were 
H = L- ls, Pp = Is — ly and h = L, == ly, 80 that 
H = h +p, then p was the pressure under which 
the air column stood. Fora given H the h and p 
could be varied, and the p was in general not de- 
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ndent upon the head of water; a large p could 

obtained with a small H. The paper described 
experiments conducted by Professor Gutermuth, 
and the author at Darmstadt, and also installations 
made by the Wasserkraft-Druckluft Syndikat, of 
Miilheim-on-the-Ruhr. 

The nozzle used in these experiments consisted 
of a funnel surrounded by a ring-pipe connected 
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with the funnel by three rows of small radial tubes, 
and the air was taken up through small vertical 
tubes rising from the ring. The efficiencies were 
calculated for isothermal and for adiabatic expan- 
sion ; the latter efficiency sometimes exceeded 
90 per cent. Other experiments had been made in 
installations of the firm in the Harz Mountains and 
elsewhere ; in one of these—in the Victor Colliery, 
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esily be separated from the main wave in the seismo- 
grams, which bore all the characteristic features of 
earthquake curves. We hope to return to this sub- 
ject—and the Bochum School—on another occasion. 

We regret that we have no space to refer to the 
twenty-one papers discussed in the Section IIs., 
Theoretical Metallurgy ; many of them were of high 
interest. 

ConcLupinc REMARKS. 

The general excellence of the arrangements was 
fully maintained till the end, and the concluding 
meeting in the great hall of the Coal Syndicate, 
Essen, was attended by members arriving from 
different excursions in all directions. The hall was 
overcrowded. The garden-party which immediately 
followed the meeting had probably acted as a 
powerful attraction; the party was given by the 
town of Essen, and proved a magnificent entertain- 
ment. There was no doubt concerning the thorough 
enjoyment and the warm gratitude of the members, 
who were anxious to express their thanks to the 
organisers of the Congress, and to all those who 
had so ably conducted and so liberally supported it. 
It was known that there was hardly any real 
business to be transacted by the meeting. Mr. 
Springorum occupied the chair. Reports from the 
four Sections were presented by the secretaries of 
the Sections—Messrs. Buskiihl], Petersen, Frolich, 
and Kukuk. Mr. Randebrock, of Gelsenkirchen, 
proposed that an international committee be created 
to teal with mining statistics of all kinds in a uni- 
form manner ; Dr. Jiingst, of Essen, had presented 
a report on ‘‘ The Unification of Mining Statistics.” 
Mr.G.C. Lloyd then moved that each country should 
nominate a permanent committee to carry the work 
of the Congress on during the five-year intervals 
of their meetings and to guard its interests, in 
conjunction with the organising committee of the 
country in which the next Congress was to be held. 
Both these resolutions were passed. 

Mr. Lloyd also presented an invitation from the 
Royal College of Science and Technology, the 
Geological Society, the Institution of Mechanical 
Engineers, the Iron and Steel Institute, the 
Institute of Mining Engineers, the Institution 
of Mining and Metallurgy, and the Institute 
of Metals, to hold the next Congress in London in 
the summer of 1915. This motion was supported 
in happily chosen terms by Professor H. Louis and 
accepted with acclamation. There was no other 
proposal for the year 1915. But Councillor Max voa 
Gutmann, of Vienna, invited the Congress on behalf 
of the Austrian miners to meet at Vienna in 1920, 
and Mr. C, W. Baker, of New York, expressed the 
desire of the United States to entertain the Con- 
gress as soon as possible. The chairman then 
conveyed the thanks of the Congress to the orga- 
nisers, in the first instance, to the general secre- 
taries, Messrs. Schroédter, von Lowenstein, Peter- 
sen, and Buskiihl. This was re-echoed by the 
official representatives of the different States, Mr. 
Martin sperking on behalf of the United Kingdom. 
Ths proceedings then terminated. 

There were exceptional reasons for formal and 
cordial votes of thanks. The arrangements had 
been planned on a grand scale, and were excellently 
carried out in the most cordial manner. Almost all 
the papers were in type in one language, and correct 
abstracts had been prepared in English, French, 
and German. The most lavish hospitality was 
offered wherever members went in Diisseldorf, as 
well as in every one of the forty places to which 
excursions had been arranged. Members were even 
presented with free railway tickets to all the insti- 
tutions, works, and collieries visited, although some 
of the railway journeys covered considerable dis- 
tances: whether this feature constitutes an alto- 
ether desirable precedent, is open to question. 

hat a great deal was to be learnt in all the works 
need not be stated. Members could convince them- 
selves that the remarkable advance in niachinery 
and practical appliances wh ch they had admired at 
the great Diisseldorf Exhibition of 1902 had not 
merely been displayed to render the exhibition 
attractive, and that further noteworthy progress 
had been made, especially in the perfection of 
coke-ovens and the utilisation of by-products. 

Some 400 members took part, at the close of the 
meeting, in the four days’ excursion to the Brussels 
Exhibition, where they were cordially received. 








Rotting Srock tv Russia.—The Russian Minister of 
Means of Communication proposes to let contracts for 
rolling stock in the financial year 1910-11 to the extent 
of about 3,000,0007, 





MALLET COMPOUND LOCOMOTIVE FOR 
THE NATAL GOVERNMENT RAILWAYS. 


Some little while ago we referred, in an article on 
the railways of Natal, to the fact that a Mallet com- 
pound freight engine had lately been put in service 
on that system, for working on some of the heavy- 
grade sections, on which improvement of the road on 
any extensive scale appears to be at present scarcely 
warranted. We are now ina position to give draw- 
ings, &c., of this locomotive, which, we are informed, 
is doing such satisfactory work that five others have 
recently been ordered from the same builders—the 
American Locomotive Company. 

On the Estcourt-Highlands section, for working over 
which this locomotive was introduced, the grades are 
for long stretches of 1 in 30, while there are curves of 
300 ft. radius on the road, so that the work is of a 
very severe character. This engine constitutes the 
heaviest in service on the Natal Government system, 
and is a remarkable development for a 3-ft. 6-in. gauge 
road. It weighs 874 tons, of which just over 80 tons 
are on the driving-wheels. With the tender, and in 
working order, the whole machine weighs no less than 
131.8 tons, which is considerably heavier than the 
British-built 4-8-2 engine, also for this system, illus- 
trated in our issue of April 1. 

From Plate IL., published with this week’s issue, it 
will be seen that the engine has two groups of six- 
coupled driving-wheels and a leading two-wheeled 
truck. A general view of the locomotive is given in 
Fig. 1, while Figs. 2 and 3 give, respectively, an eleva- 
tion and half-plan of the engine. Various cross-sections 
are given in Figs. 4 to 9, page 46, while on page 47 we 
give details of the boiler. 

The driving-wheels are 3 {t. 9} in. in diameter, the 
wheel-base of each group being 8 ft. 4 in. This is thus 
the greatest rigid base of the engine, though the total 
wheel-base is 33 ft. 2 in. The leading two-wheeled 
truck and the leading drivers are equalised, as is usual 
in American practice, with wheel arrangements em- 
bodying a two-whceled truck. The high-pressure 
cylinders, 174 in. in diameter by 26 in. stroke, and 
provided with piston-valves, are attached to the main 
frames, and drive on to the trailing wheels of the rear 
group. The low-pressure cylinders, of 28 in. diameter 
by 26 in. stroke, drive on to the trailing pair of wheels 
of the front group. ‘The low-pressure cylinders have 
Allzn-Rjchardson valves. Steam is carried to the 
high-préssure steam-chest by pipes connecting direct 
with the dome, outside the boiler. One of these pipes 
is shown in Figs. 1, 2, and 6. From the high-pressure 
cylinders a 7}-in. recciver-pipe runs forward to the 
low-pressure cylinders, and just at the back of these 
branches into a Y-pipe, one branch going to each 
cylinder. The exhaust from the low-pressure cylinders 
is collected also through the branches of a Y-pipe, and 
then, with elbows, telescopic and ball-joints, &c., is 
carried up to the smoke-box. In order to provide the 
necessary clearance for this arrangement the bottom 
of the smoke-box has had to be flattened off, as shown 
in Figs. 2 and 9. 

The valve-gear in each case is of the Walschaert 
type. Reversing is effected by a hand screw-gear. From 
the gear in the cab a main reach rod runs forward to a 
main reversing-shaft carried in brackets fixed to the 
underside of the boiler-barrel. Four shorter rods pass 
from this shaft back and forwards to the reverse and 
lifting-arms for the high-pressure and low-pressure 
valve-gears. The reverse and lifting-arms for the 
high-pressure gears are carried in brackets on an 


extension of the yoke casting, while in the case of the | y 


low-pressure valve-gears they are carried on either 
side of the boiler-barrel (see Figs. 2 and 8), the lifting- 
links being in this case of rather unusual length, and, 
of course, making provision for the side motion of the 
articulated frame. The high-pressure piston-valves 
have inside admission, while the low-pressure Allen- 
Richardson valves have outside, and the eccentric 
cranks, therefore, with the above arrangement, lead in 
both sets. The reversing-gear adopted allows one set 
of gear to be raised while the other is lowered for 
forward or reverse ; the two thus balance each other. 

The frames of the locomotive are of bar type, of 
wrought iron, 4 in. wide. The various cross-stays and 
connections are formed by steel castings. The articu- 
lated portion of the engine is coupled to the main 
frames by a single connection. The front portion of 
the boiler is supported by a single sliding self-adjust- 
ing bearing, shown in Figs. 2 and 8. This is a self- 
centering spring-controlled device, and is placed between 
the leading and second drivers of the front group. 

In Figs. 12 to 18, page 47, we give details of the 
boiler p this locomotive. The fire-box is of the wide 
pattern and extends out over the driving-wheels of the 
rear group. The grate slopes forward, giving a box 
10 in. deeper, from the boiler centre-line, in front than 
at the back. The fire-box has a short combustion- 
chamber, separate throat and tube-plates being used, 
and the latter set forward by 12 in. The fire-box is 
8 ft. long and 5 ft. wide inside, thus giving a grate area 
of 40 square feet. The distance between the tube- 
plates is 18 ft., and the inside diameter of the smallest 





ring of the barrel is 64in. In the table below we give 
further particulars of this engine. 
Locomotive : 
Gauge of road _... nae oo 
Cylinders, diameter, high-pres- 
sure a es mi ae 
Cylinders, diameter, low-pres- 
sure : = ies - 
Stroke te et ‘i = 
Valves, high-pressure piston, 
travel... a sh a 
Valves, high-pressure, steam lap 
exhaust 


3 ft. Gin. 


ap... i sf ae i; in. (clearance) 
Valves, high-pressure, lead ...__ ;; in. (constant) 

= low - pressure  Allen- 

Richardson, travel. = 
Valves, low-pressure, steam lap 
exhaust lap 
lead 


54 in. 
Z in. 
sx in. (clearance) 
” ” js in. (constant 
Wheels, diameter, drivers 3 ft. * in. 
” 


” 9 truck Ke » 4 
Wheel-base driving e 5 
‘i rigid... 


” ” 


‘a total "a —_ 
Boiler, inside diameter of 
smallest ring... “= ie 
Tubes (seamless steel), number... 
» | diameter 2} in. ; length ... 
Heating surface—tubes ... sis 


Pe fire-box 


Total 
Grate area ... os 
Working pressure 
Blast-pipe, diamete 
Grate, kind & 
Tender : 
Frame = a 
Capacity of tank ... 
Fuel space ... = 
Wheel diameter ... 
Engine and Tendcr : 
Total wheel-base ... 60 ft. 2¢ in. 
Total weight : 131.8 tons 
A few particulars of the working of this engine 
have been supplied to us by Mr. H. G. Humby, con- 
sulting re gone to the Natal Government Railways, 
from which we gather that the guaranteed load of 
325 tons behind the tender is correct on the sections 
for which this engine was designed to work, and, 
under normal conditions, may be considered a fair load 
for the engine. The trouble from excessive flange 
wear, owing to the sharp curves on the line, is, as far 
as can at present be judged, greatly reduced in the case 
of this engine. The engine, as stated in our recent 
article on the Natal Government Railways, is working 
in three-engine trains of 720 tons gross on the Estcourt 
to Highlands section—the heaviest on the system. The 
coal consumption works out for the Mallet engine, as 
far as records are available as yet, at 110.6 lb. per 
engine-mile, and the evaporation, from and at 212 deg. 
ae. at 9.6 lb. of water per pound of coal. 


40 9 
200 lb. per sq. in. 
5 in. and 5} in. 
Rocking 


10-in. channe's 
4000 gallons 
9 tons 
2 ft. Gin. 








INDUSTRIAL NOTES. 

THE report of the Affiliated Trade Unions is late, 
the chief reason, as explained by the International 
Secretary, being that the annual reports of the various 
unions do not appear until late in the year; even in 
Britain, where the annual reports are tolerably 
regular, and, as a rule, appear fairly early, some are 
not —_ for issue until nearly the middle of the 

ear. n other countries they are later, as, for 
example, the Belgian report was not received by 
the International Secretary until March 30, 1910, the 
report itself being for 1908. This is an extreme case, 
but in most cases it is near the end of the following 
year, when all reports are in hand by the officials of 
the international body, whose seat of government is 
Berlin. Regret is expressed at the incompleteness of 
the statistical information given. There has been 
great improvement, but as yet the reports do not give 
such full details as are deemed aieiestie. It is hoped 
toinclude Roumania, Russia, Argentina, Brazil, Japan, 
and Australia, but as yet only Roumania has asked to 
be affiliated. The following are the latest statistics 
of membership of the several affiliated countries :— 
Great Britain, 2,406,742; Germany, 2,382,401; United 
States, 1,588,000 ; Italy, 546,650; Austria, 482,279 ; 
France, 294,918 ; Sweden, 219,000 ; Belgium, 147,058 ; 
the Netherlands, 128,845; Denmark, 120,850; Switzer- 
land, 113,800; Hungary, 102,054; Norway, 48,157 ; 
Spain, 44,912; Finland, 24,009; Bulgaria, 12,933 ; 
Croatia, 4520; Bosnia, 3997; Servia, 3238. The 
figures are also given for the previous year, some 
showing a reduction in membership. It is explained 
that in France the actual members exceed those given 
in the report. The aggregate of all countries was 
9,308, 157. 

Of the a 
above, 5, 


regate membership of 9,308,157, as stated 
"306, representing the unions of fourteen 
countries, were affiliated to the International Union. 
Details are given of the income and expenditure and 
the balances in hand so far as can be ascertained. 
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The details are too variable to be quoted here, as the 
benefits of the unions do not in all cases agree. 
The largest sums devoted to labour disputes in the 
year dealt with were those expended by Germany, 
Sweden, Great Britain, and Austria, in the order 
given. It is indicated that some of ‘‘the dissent- 
ing centres,” called ‘‘ Christian trade unions,” are, 
in reality, what is termed in the report “ blackleg 
societies "—that is, they represent what is called in 
this country ‘‘ free labour associations.” These, of 
course, are outside the International Federation. On 
the other hand, many non-affiliated unions are in 
sympathy with that body, though not as yet inside 
the federation. Ina table there is given the figures 
for the five years from 1904 to 1908; in that period 
the ‘‘ National Trade-Union Centres” increased from 
12 to 19, and the membership from 2,333,261 to 
5,944,262. These figures show the growing strength 
of the movement. 





During Mr. Samuel Gompers’ tour in Europe he 
endeavoured to find the means of testing the strength 
of trade unionism by the standard of representation in 
the British Parliament and in the House of Repre- 
sentatives of other European countries, by whatever 
name called. In an article since published Mr. 
Gompers enumerates the number of Labour Members, 
based on the statistics of the International Trade 
Union Congress, thus :—Germany, at that, date, 44 ; 
Austria, 88 ; France, 55; belgium, 35; United States, 
none; Great Britain, 40; Finland, 84; Italy, 44; 
Denmark, 24 ; Switzerland, 7 ; Holland, 7; Norway, 
11 ; Sweden, 34 ; Spain, none ; Bulgaria, none ; and 
Servia, one. He takes exception to America being 
described in the list as ‘‘ none,” and quotes ten 
names of trade-union members of Congress, all holding 
cards of membership. But these scarcely come under 
the title of ‘‘ Labour Members” as understood in 
Europe, especially in Britain, France, Germany, Bel- 
gium, &c. The astonishing thing is that Finland 
should have so many as 84. What will happen after 
its annexation to Russia? By whatever standard the 
strength of unionism is measured, the fact remains 
that its power is increasing. 





The charge of Mr. Justice Grantham in respect of 
the men charged with rioting and destruction of pro- 
perty at the Horden Colliery Social Club is strongly 
resented by the executive of the Durham Miners’ 
Association, which passed the following resolution at 
their last meeting :— 

‘*We, the Executive Committee of the Durham 
Miners’ Association, desire to enter our protest, and 
that of our members, against the remarks of Mr. 
Justice Grantham in his charge to the Grand Jury on 
the 23rd ult., whilst commenting upon the case arisin 
out of the burning and destruction of the Social Clu 
at Horden Colliery. We think his strictures on Trade 
Unions were entirely uncalled for, unfair, and had no 
foundation in fact. 

‘“*Tf he had made himself acquainted with the facts 
of the affair he would have found that the Miners’ 
Association had nothing whatever to do with the 
matter, but from the commencement of the strike did 
all that could be done to prevent it from being entered 
upon, and to end it after it had been started. 

‘*We desire to express our opinion that before a 
judge shows so much animus against those who have 
to appear before him, and upon whom he will have to 
pass sentence if found guilty, he should make himself 
acquainted with all the circumstances, which he has 
not done in the Horden strike, or he would not have 
made such a bitter speech before he had heard all the 
evidence. 

‘* We have formed a wrong idea of the position and 
duties of a judge if his action be ccmpatible there- 
with. A judge should not only be severe, but he 
should act with becoming dignity, which we fail to 
tind he has done in his wholesale condemnation of a 
class who do not in the least deserve it. To guide in 
matters pertaining to law becomes the high position 
he occupies, but when he descends to the language he 
used he is in a long way below that high estate and 
proper demeanour.” 

The conscience of the British people is being stirred 
on the question of boy labour. It is well that it should 
be £0, for it is closely linked with the subject of un- 
employment. It is now seventy years since it was 
similarly moved on the subject of child labour in 
factories and mines, and the report of the Royal Com- 
mission in 1842 was the result. Legislation followed 
soon afterwards, restricting the age of children allowed 
to work in mines and factories, and fixing a limit 
to the hours workcd by those employed at these 
occupations. Since that period a constant stream of 
legislation has flowed, widening its provisions and 
extending them, not only in the Factory and Work- 
shop Acts, but in the Public Health and Sanitation 
Acts, Education Acts, and those pertaining to personal 
safety. The problems now awaiting solution involve 
other issues and are complicated by the new order of 
British industry. One such issue has been raised in 





Parliament recently by questions as to the way in 
which boy labour is dealt with by the Postmaster- 
General as regards boy messengers, of whom there are, 
it appears, between 15,000 and 16,000 employed. It 
seems that the practice has been to discharge these 
boys after a certain age, so that they have to seek 
other employment—not an easy job as things now are. 
Their position is worse than that of the half-timers, 
for these progress into full-timers, and then again enter 
into the stage of full-grown operatives in course of 
time. The employment is, therefore, fairly continuous. 
There does not seem to be any reason why the messenger 
boys should not become carriers, sorters, &c., in the 
Postal Service. 





The National Federation of Miners were in con- 
ference last week at the Westminster Palace Hotel on 
the subject of the Mines Eight Hours Act and other 
matters. It would appear that the Federation as a 
whole are against an amendment of the Act, although 
some districts desire it. It seems to operate ad- 
versely in some of the coal areas and favourably in 
others. The miners of the South Wales and Mon- 
mouthshire Federation were very much in favour of 
an amending Bill to secure for them the Saturday 
half holiday ; they are also opposed to the two-shift 
om now generally in vogue under the Act; but 
the conference was against reopening the question in 
Parliament. It is said that the new agreement, signed 
by the representatives of the coal-owners and of the 
miners, is based on the principles for which the repre- 
sentatives of the latter contended in the conference, 
and therefore they are naturally disturbed by the deci- 
sion arrived at. The compromise in Wales and Mon- 
mouth was one overlapping shift instead of the double 
shift; but it was stated that over 200,000 men are 
working under the double-shift system, and the chair- 
man of the conferenve stated that the new system is 
working satisfactorily. He added :—-‘‘The Act is in 
full operation, and the price of coal is cheaper, and the 
supply more abundant than at any time before the 
passing of the Act, though its opponents predicted 
that it would increase the price by 5s. per ton.” It is 
also stated that ‘‘ the coal-owners, the workmen, and 
the consuming public are all settling down to the new 
conditions of work,” though at first there was a good 
deal of friction in Durham, Northumberland, and in 
some of the Midland coal-fields, as well asin Wales. It 
would be a pity, under the circumstances, if the 
question had to be again the subject of dekate in 
Parliament. But the President of the conference took 
a rather more rosy view of the state of the case than 
the miners do in some districts. 





The British Labour Parties have published their 
figures showing their numerical strength to be repre- 
sented at the forthcoming International Labour 
Congress at Copenhagen. The total strength of the 
Labour Party, inclusive, is given as 1,481,368. Of 
these 1,445,708 are members of the 161 trade unions 
affiliated, 30,982 members of Socialist societies, 4000 
members of the Women’s Labour League, and 678 
members of co-operative societies. The number of 
miners’ unions affiliated in 1909 was 550,000, as com- 
pared with 375,931 previously. The total income of 
the Parliamentary Labour Party for the last three 

ears was as follows :—1907, 13,725/.; 1908, 87037. ; 
1909, 13,8267. Total expenditure as follows :—1907, 
5990/. ; 1908, 66907. ; 1909, 8818/7. ; of the totals the 
following were for M.P.’s maintenance : 5246/., 600/., 
and 6733/. respectively. The balance in hand was 
7734l., 9747/., and 14,755/. respectively. For the 
current year, therefore, there is no lack of funds, in 
spite of all the injunctions. The oe to hand indi- 
cate that the voluntary levies will be considerable, 
even if they do not realise the large sum of last year, 
1909. The Postmen’s Federation has now declared in 
favour of affiliation by 536 to 58 votes at their recent 
conference. It was said, in opposition, that the Labour 
Party had not dealt fairly with them in the past. 
The Social Democratic Party has also published its 
numerical strength, as follows :—1909, 17,000 ; 1908, 
16,000 ; 1907, 14,500. Round figures only are given ; 
the actual totals will presumably be less. And yet 
this section seeks to dominate the policy of the 
Labour Party. They have sought over and over again 
to induce the Independent Labour Party to join them, 
but the latter have invariably refused. The grounds 
of refusal given are that they are now united with 
the Labour Party. Yes, and they thereby participate 
in the funds contributed by trade unions—a very 
substantial benefit. 





The Chancellor of the Exchequer’s Budget for 1910- 
11 neither adds new taxation, nor does it relieve the 
present burden. There are, however, two subjects 
dealt with in his exposition of considerable importance 
to the working classes ; one is the removal of the dis- 

ualification for old-age pensions as regards paupers. 

e stated that 270,000 old people were deprived of 
their pensions under the Act. t is now to cease. 
This will cost the Exchequer about 2,500,000/.; for 
the last quarter of this year the cost will be 450,000/. 





The local authorities are to be asked to contribute 
to that cost the amount which the guardians will 
be saved by the transfer. The scheme will be com- 
menced on January 1, next year. The Chancellor 
of the Exchequer thinks that the guardians will be 
relieved to the extent of from 300,000/. to 350,000/. 
More important still was his declaration that the 
Governmentintended todeal next year with unemployed 
insurance and invalidity, on a contributory basis, and 
he declared that the State subsidy would be twice as 
much as that given by Germany for the same purpose. 
He estimated that 2,500,000 workmen would be benefited 
as regards unemployment, and 13,000,000 relieved in 
cases of distress due to sickness and premature 
breakdown in health. Notwithstanding all those 
extra demands on the Exchequer, the Chancellor says 
that the Government had paid off 6,690,000/. liabilities 
last year, and had made provision for reducing other 
liabilities to the extent of 9,678,001. this year. But 
the burden of taxation is heavy, approaching very 
nearly to 200,000,000/. 





It is reported that the demand for steel plates for 
shipouilding purposes is such that the Scottish steel- 
makers are unable to cope with it, and the consumers 
have consequently placed large orders for the supply 
of German plates. ‘I‘hese are delivered at the Glasgow 
shipyards at 5s. 6d. per ton under Scotch prices. 





It does not appear that any material change has 
taken place in the iron and steel trades judging from 
the report of last week’s Midland market, and those of 
the Manchester Exchange. The prices, it is said, ruled 
rather in favour of consumers than of producers, but 
the higher classes of brands appear to have held their 
own. As the summer holidays are drawing near it is 
not likely that any forward step will be taken just 
yet. The quarterly ascertainment under the sliding- 
scale in West Cumberland, however, tells a better 
tale. The selling price of hematite iron warrants had 
sufficiently advanced to give an advance of 1} per cent. 
in wages, making a total advance in the past twelve 
months of 144 per cent. The rates are now 324 per 
cent. above the standard. 





Messrs. Houlder Brothers, whose steamer, the 
Indian Transport, was the cause of the dispute and 
strike at Newport, completed the loading of the vessel 
on Friday in last week free labourers supplied by 
the Shipping Federation, and the boat was towed out 
of dock with the free labourers on board. The Mayor 
watched her as she passed out of the docks. This is 
a — for the owners on the basis of the arbitration 
award, 





More serious trouble is threatened in the coal fede- 
ration districts in South Wales. On Friday in last 
week a large number of miners at various collieries 
tendered their notices to terminate their contracts 
at the end of the month. This attitude is caused by 
the increase of non-unionists, as many of the men have 
ceased to be members of the Federation by arrears, 
not having paid anything since the last agreement was 
signed. Again, many have seceded and joined a newly- 
formed association of hauliers and timbermen ; these 
the Federation have resolved to treat as non-unionists, 
This is even a more serious affair than the disputes 
over the Mines Eight Hours Act. 








Mersey Dock Estarr.— The Mersey Docks and 
Harbour Board is about to proceed with the construction 
of a large dock at the north end of the dock estate. 
It is claimed for the new dock that it will be the most 
extensive in the world, and that it will have accommo- 
dation for the largest vessels likely to be built for some 
time. Berthage will be available for vessels of 1000 ft. 
or more in length, and having a displacement of upwards 
of 60,000 tons. The dock is to be completed in three 
years. 





Tue Correr Market.—In their monthly report, dated 
the Ist inst., Messrs. James Lewis and Son state that 
copper has suffered during the past month from the actual 
and prospective increase in the stocks held in the United 
States, clearly showing an excess of production over con- 
sumption, and the demoralised condition of the New York 
Stock Exchange, due to the reduction in current freight 
rates ordered by the Inter-State Commerce Commission, 
and very unfavourable reports as to the condition of the 
spring wheat crops. Standard copper fell from 56/, 16s, 3d. 
for cash on June 1 to 54/, 2s, 6d. on June 16, recovered to 
55/. 10s. on June 20, and declined again to 54/. 3s. 9d. on 
June 28, but closed on the Ist inst. at 54/. 11s. 3d., with 
buyers of three months Lew t at 55/.5s. Refined copper 
had been in fair demand, and a considerable quantity of 
American electrolytic copper had been shipped from here 
toGermany. The sale of about 42,500 tons was stated to 
have been effected during the month for home consump- 
tion and export. With a production for the month of 
June of about 53,000 tons, an increase of over 10,000 tons 
in the American stocks appeared probable. Shipments 
from the United States for the past month were advised 
as 22,688 tons. The average price of standard and best 
selected for the past six months had been 58/. 3s. 2#d. and 





62. 2s. 13d. against 58/. 17s. 3d. and 62/. 4s. 24d, 
respectively for the year 1909, 
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180-BRAKE-HORSE-POWER REVERSIBLE MARINE OIL-ENGINE. 


CONSTRUCTED BY MESSRS. WILLIAM BEARDMORE AND CO., 


Fig.1. 
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Messrs. WILLIAM BEARDMORE AND Co., LimITeD, 
have carried out, at their Naval Construction Works, 
Dalmuir, a large amount of experimental research work 
in connection with the design of internal-combustion 
engines. As is well known, they applied the 
‘*Capitaine ” gas-engine for marine propulsion in this 
country, and conducted many practical trials with 
this engine on board the old gunboat Rattler before she 
was dismantled for special service at Portsmouth. 
They have made a —— success of an oil-engine 
for small ships, and have fitted many fishing-craft, as 
well as pilot-cutters for Trinity House. This parti- 
cular engine is of the two-cycle type ; it uses lamp-oil as 
fuel, and runs at a comparatively low rate of revolution, 
so that propellers of large diameter may be used. 

Extensive trials have more recently been made 
with a 180-horse-power reversible engine (though 
this does not represent the limit of construction in 
regard to power), suitable for larger vessels, and of 
this engine, whith has been developed. from the Peck 
oil-engine, we give a part-sectional elevation (Fig. 1), 
a sectional end view (Fig. 2), an end elevation (Fig. 3), 
and a perspective view (Fig. 4). This engine is of 
the 4-cylinder type, each cylinder being 12 in. in 
diameter. It runs at 240 revolutions per minute, 
weighs only 145 ecwt., and is suited for ordinary 
petroleum. 

It isof the two-cycle type. On the up-stroke of the 
piston a slight vacuum is formed in the crank-chamber, 
which sucks open the valve D and also the valve F, 
these two being connected by the pipe B. The charge 
of oil having previously been deposited above the valve 
F, the charge, upon the valve being sucked open, is 
drawn into the space above the valve G, mixed in a 
finely atomised condition with scme air. The remaining 
air is drawn in through the valve D. Near the end of 
the return stroke the piston first uncovers the exhaust 
ports E, and the pressure in the cylinder rapidly falls. 
As soon as it has fallen sufficiently, the pressure in the 
erank-chamber, and also in the chamber above the valve 
44, forces open the spring-controlled valve G, and blows 
in the charge over the vaporiser, where it is instantly 
vaporised. This charge is too rich to be explosive. An 
instant later the piston uncovers the air-ports A, and 
the air remaining in the crank-chamber escapes into 
the cylinder, | amg by a carefully-designed lip on the 
piston, and drives out the remaining exhaust pro- 
ducts. The piston on rising compresses this mixture, 
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ind as the cylinder head is specially designed so as to 

cause violent eddies, the mixture becomes entirely 
iomogeneous at full load, on the completion of com- 

pression, when explosion takes place. 

_, Reversing is effected by means of compressed air. 
lo start the engine ahead a lever H, seen to the right 
f Fig. 3, is pushed towards the engine, patting the 

rollers I into operation with the cams K, shown 

under the lever. Theair pressure being already on the 
pipe L, it is immediately put on by pulling down the 
lever M, and the lever H is put back into mid-position. 








The engine picks up firing instantly on the first revo- 
lution. To stop the engine the lever M is pushed up, 
shutting off the fuel. To start the engine astern the 
lever H is pulled away from the engine, putting the 
rollers N into operation with the cams QO, all other 
procedure being as before. The valve-gear is stationary 
when the engine is running. No clutch is required 
for freeing the engine; this removes the principal 
source of trouble with internal-combustion engines. 
The compressed air is stored in receivers at about 
250 lb. pressure, and sufficient is carried for thirty 


reversals without obtaining any fresh air at all from 
the compressor. As low a pressure as 30 Ib. is suffi- 
cient to reverse the engine. The compressed air is 
also used for blowing the whistle or syren, an arrange- 
ment found quite satisfactory. 

Ignition is effected by the combined heat of com- 
pression and of the vaporiser under full load, but in 
order to ensure absolute reliability at any load a high- 
tension magneto is also fitted. By regulation of a 
valve, the engine can be made to run at any load 
without any external form of ignition. The effect of 
closing the valve is to stratify the mixture, and 
keep a rich explosive mixture in the upper part of 
the cylinder near the vaporiser. Thus it will be seen 
that with this engine it is quite impossible to be 
stranded owing to the ignition breaking down. 

The lubrication to all parts is effected by central 
sight-feed lubricators, by which each drop of oil is 
mechanically forced into its particular bearing, and 
any bearing can at will be flooded with oil by opening 
the regulator-valve for that bearing. Special means 
are used to lubricate the piston-pin. All bearings are 
adjustable, and can removed in a few minutes. 
Ground joints are used in all places under pressure, 
which require occasional inspection. 

The vaporiser is heated by means of a lamp for 
from five to ten minutes before starting, and after 
that the lamp is put out and the vaporiser is kept at 
the correct heat by means of the explosions. The 
engines may be stopped for twenty minutes and started 
up again without re-heating. but for any longer period 
it is advisable to re-heat the vaporiser for a few minutes 
before starting. 

The engines are all arranged (with the exception of 
the sizes below 20 brake horse-power) to start up with 
compressed air. An efficient air-compressor is fitted 
as an integral part of the engine on all sizes below 
100 horse-power. Above that size a separate air- 
compressor and engine issupplied. All marine engines 
are fitted with bilge and circulating pumps, and all 
sizes above 100 horse-power are reversible. 








KENDALL AND GENT’S MACHINE-TOOLS 
AT THE BRUSSELS EXHIBITION. 

In two former issues (see vol. Ixxxix., pages 710 
and 742) we described several of the machine-tools 
exhibited by Messrs. Kendall and Gent, Limited, 
Manchester, at the Brussels Exhibition. We now 
illustrate in Figs. 1 and 2 two Brown’s patent screw- 
ing-machines also exhibited by them ; that shown 
in Fig. 1 is designed for screwing two bolts of the same 
diameter at one time. The machine in Fig. 2 only deals 
with one bolt atatime. In these machines bolts, bars, 
and tie-rods, of any form or length, can be screwed ; 
they have not to be revolved or passed through a 
hollow spindle. The screwing-dies are opened and 
closed automatically by power, this ensuring absolute 
uniformity in the work. The bolts or bars are screwed 
of uniform length ; the dies are opened and the work 
is withdrawn with the greatest rapidity without stop- 
ping the machines. In addition to screwing the Whit- 
worth standard Y threads, the machines are equally 
well adapted for square, round, and gas threads. 

The headstock is cast with the bed, the latter form- 
ing a tank to receive the lubricant and the cuttings 
from the dies; the spindle is of steel, running in 
parallel gun-metal bearings. The gearing is machine- 
cut from the solid, and is efficiently protected by 
cast-iron guards. The die-box is of mild steel, case- 
hardened, and accurately ground to suit the dies ; the 
back or cam-plate, except in the largest size, is of 
steel. An index is fitted on the outer ring of the die- 
box, to render possible the rapid adjusting of the dies. 
These are held perfectly rigid when cutting, and they 
can be rapidly changed. The carriage is provided 
with self-centering and steel gripping-pieces, forming 
a concentric vice for gripping the work perfectly true ; 
it is traversed along the bed by hand-wheel, machine- 
cut racks, and pinions. In the machine for screwing 
two bolts at one and the same time, the carriages are 
adjustable on the bed by hand-léver. 

These machines are also well suited for tapping, in 
which case the nuts are held between the jaws of the 
carriage, the tap being revolved by a socket heid 
firmly in the die-box by a blank die. 








Tur CuiLian Navy.—The Chilian Chamber of Deputies 
has authorised the President of the Republic to contract 
a loan of 4,000,000/. for building ships of war and naval 
defence generally. It is proposed to allocate 400,000. 
annually in the Chilian budgets for further naval con- 
struction. 





British Coat at Hampurc.—The imports of British 
coal at Hamburg in May amounted to 522,740 tons, as 
compared with 539,301 tons in May, 1909; and for the 
five months ending May 31 to 1,974,476 tons, as compared 
with 1,929,379 tons. he total of 1,974,476 tons repre- 
senting the imports to May 31 this year, was made up 
as follows :—Northumberland and Durham coal, 1,062,768 
tons; Yorkshire, Derbyshire, &c., ccal, 287,585 tons; 
Scotch coal, 579,194 tons; Welsh coal, 42,411 tons; and 





coke, 2518 tons. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 29. 

THE week’s development in the steel industry affords 
some encouragement to manufacturers in plate and 
structural material, as well as for steel cars and tin- 
plate. A further restriction of pig-iron is determined 
upon by the larger producers. Makers of Bessemer 
and basic iron have determined to go out of blast rather 
than make iron at present sellin gece The re- 
duction in output has not been men 9 nown, but it is 
certain that the development of the last few days 

oints toa sharp restriction in production, which will 

rept up for an indefinite period. A similar policy of re- 
striction is in progressin other industries, especially in the 
textile lines. This has been rendered necessary in order 
to avoid an accumulation of goods which present market 
conditions do not want. This curtailment of manu- 
facture products will probably extend into other large 
industries and continue for some time. Large quantities 
of steel material have been contracted for in connection 
with the Panama Canal enterprise. Rapid work 
is being made in laying the foundations of the locks. 
About 20,000 cubic yards of material are being ex- 
cavated each week. About one cubic yard of concrete 
mixture is being laid per minute. The work is being 
rapidly pushed, and the steel mills are doing their 
part to provide material for the locks. Unfavourable 
crop reports from the north-west have led some of the 
north-western railway systems to halt in improvement 
work, and to inaugurate some drastic economies. Some 
of the crop reports are somewhat alarming, as a result 
of the intensely hot weather of the last two weeks. 
The steel mills are depending upon a continued demand 
for steel products, and the disturbing influences of the 
past few weeks have had an unsettling influence on 
prices, which is unfavourable to a strong and steady 
stes] market. 








MANCHESTER Municipat Scuoont or TECHNOLOGY.— 
Vol. ii. of the journal of this Institution contains 
numerous papers, mostly reprinted from _ technical 
journals, or from the proceedings of scientific societies, 
to which they were originally contributed, and consti- 
tutes a record of the investigations undertaken by 
members of the teaching staff during the year 1908. 
There are included papers on ‘‘Fuse Phenomena,” by 
Professor A. Schwartz and Mr. W. H. N. James; on 
‘*The Electric Discharge and the Production of Nitric 
Acid,” by Mr. W. Cramp and Mr. B. Hoyle; and on 
** Electrolytic Corrosion,” by Professor W. W. Haldane 
Gee—all of which were read before the Institution of 
Electrical Engineers. Several other interesting papers 
on electrical, chemical, textile, and other subjects are 
included in the volume, which contains nearly 300 pages, 
and the school must be congratulated on the possession 
of a staff capable of producing so much excellent work. 


Tue LATE Mr. Georck CHATrerRToN.—We regret to 
announce the death of Mr. Geo Chatterton, M.A., 
M. Inst. C.E., which occurred on Tuesday, the 5th inst., 
at his residence at Wimbledon. He had only recently 
undergone a severe operation. Mr. Chatterton was born 
in 1853, and was the son of George Chatterton, J.P., of 
Cork. He was educated at Trinity College, Dublin, and 
took his B.A. degree in 1873, B.A.I. in 1875, and M.A. 
in 1879, being Senior Moderator and Gold Medallist in 
Experimental Science. His engineering work was begun 
under the late Sir Joseph Bazalgette, and he was after- 
wards en on municipal work, in which he gained a 
wide experience and practice ; he was also well known as 
a witness before Parliamentary committees. In addition 
to being a Justice of the Peace for the County of Surrey, 
he was the first county councillor in Surrey, and continued 
his connection with that body till the present year. He 
married in 1878 a daughter of Sir Joseph Bazalgette, who, 
with seven children, survives him. 


Tuk Junior INSTITUTION OF ENgIneERS.—Sir J. J. 
Thomson, F.R.S., Cavendish Professor of Experimental 
Physics of the University »f Cambridge, has been elected 
President of the Junior Institution of Engineers in suc- 
cession to Sir Henry J. Oram, K.C.B., Engineer-in-Chief 
of the Fleet.. The following meetings will take place 
on July 16 to 23:—Summer meeting in Ireland, Satur- 
day, July 16, Hendgsion at Trinity College, Dublin, by 
the Provost and Professors of Engineering, inspection of 
engineering schools, and visit to the Ri 
house of the Dublin United Tramway Com 
ing, reception by the Institution of Civil Engineers of 
Ireland. Monday, visit Messrs. Guinness’s brewery, 
Main-Drainage Improvements Outfall Works, and Dublin 
Corporation Electricity Works ; evening, smoking con- 
cert by the invitation of the Engineering and Scientific 
Association of Ireland. Tuesday, excursion to Bray and 
Roundwood for inspection of Dublin Corporation’s new 
reservoir, under course of construction. Wetnenia ,» pro- 
ceed to Belfast. Thursday, visit Belfast Rope Works, 
reception at the City Hall, and lunch by invitation of 
the Lord Mayor of Belfast ; afternoon, visit the York- 
street Flax-Spinning Works. Friday, visit Messrs. Har- 
land and Wolff's Shipbuilding and Engineering Works, 
under the guidance of Lord Pirrie, for inspection of the 
White Star liners Olympic and Titanic, now building. 
Institution summer dinner in the evening at the Grand 
Central Hotel, the President, Sir Henry J. Oram, K.C.B., 
in the chair. Saturday, excursion to Portrush and the 
Giant’s Causeway. 


power- 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was still weak, and Cleveland war- 
rants were done at 48s. 9d. and 48s. 84d. cash, and 49s. 
one month. The turnover was limited to 2000 tons, and 
closing sellers quoted 48s. 9d. cash, 49s. one month, 
and 49s. 6}d. three months. The afternoon session was 
dead idle, but sellers of Cleveland warrants quoted a 
shade firmer at 483. 94d. cash, 493. ld. one month, and 
49s. 7d. three months. On Friday morning an im- 
proved tone prevailed, but business was quiet. The 
dealings consisted of two lots of Cleveland warrants 
at 49s. 14d. one month, and the market closed with sellers 
at 48s. lld. cash, 49s. 2d. one month, and 49s. 8d. three 
months. In the afternoon the tone was steady and 1500 
tons of Cleveland warrants were done at 48s. 104d. cash, 
49s, 14d. one month, and 49s. 8d. three months. Closin 
sellers quoted 48s. 11d. cash, 4%s. 2d. one month, an 
49s. 8d. three months. There were sellers of hematite at 
64s. 9d. cash, but no declared buyers. On Monday ane | 
the tone of the market continued to improve, and Clevelan 
warrants were put through at 48s. 11d. cash, 493. 04d. and 
49s. 1d. seven days, and 49s, 24d. and 49s. 3d. one month. 
The business amoun to 4000 tons, and at the close the 
quotations were 49s. cash, 49s. 34d. one month, and 
49s. 94d. three months sellers. The market was very 
quiet in the afternoon, when only one lot of Cleveland 
warrants c — hands at 49s. 4d. one month, with 
sellers over. The other closing prices were 49s. 1d. cash, 
and 49s. 10d. three months sellers. On Tuesday morning 
no business of any kind was recorded, but the tone 
remained steady. Sellers of Cleveland warrants quoted 
49s. 1d. cash, 49s. 34d. one month, and 49s. 10d. three 
months. In the afternoon an easier tone prevailed, and 
the market was again very quiet. The dealings con- 
sisted of one lot of Cleveland warrants at 49s. 84d. three 
months, with —- sellers at 493s. O4d. cash, 493. 3d. one 
month, and 49s. 9d. three months. When the market 
opened to-day (Wednesday) the tone was decidedly weak, 
and Cleveland warrants to the extent of 10,500 tons 
changed hands at 48s. 9d. and 48s. 10d. cash, 49s. and 
49s. 04d. one month, and from 49s. 7d. to 49s. 6d. to 
493. 7d. three months. At the close sellers quoted 
48s. 10d. cash, 49s. 1d. one month, and 49s. 7d. three 
months. Hematite was quoted at 64s. $d. cash. In the 
afternoon the tone was steady, and 1000 tons of Cleveland 
warrants were put through at 48s. 11d. twenty-one days. 
Closing sellers quoted a shade firmer at 48s. 104d. 
cash, 49s. 14d. one month, and 4%s. 74d. three months. 
The following are the market quotations for makers’ 
(No. 1) iron :—Clyde, 61s. 6d.; Calder and Gartsherrie, 
62s.; Summerlee, 63s. 6d.; Langloan, 64s.; and Coltness, 
82s. (all shipped at Glasgow) ; Glengarnock (at Ardros- 
san), 63s. 6d.; Shotts (at Leith), 62s.; and Carron (at 
Grangemouth), 63s. 6d. 

Sulphate of Ammonia.—Only a moderate inquiry is 
reported for sulphate of ammonia, and the market quota- 
tion is unchanged. The amount shipped from Teith 
Harbour last week was 101 tons. 


Scotch Steel Trade.—The Scotch steel trade pesition is 

ractically unchanged. Makers are yey ers pressed for 
Savery of plates before stopping for the holidays, and the 
rolling-mills are consequently running at their utmost capa- 
city. ‘The demand for angles is rather better this week, and 
that for lighter material generally is exceedingly good. The 
chief business in the latter capacity is, of course, on export 
account, the home trade being quiet. In structural sections 
there has lately been no dulness in the demand, which 
is again very active this week. Inquiries are to hand 
from Canada, India, Australia, and Japan, and all these 
countries are in want of large quantities. The contract 
for the new Quebec Bridge, which is to be constructed of 
steel, has been given to Canadian firms; but, neverthe- 
less, several inquiries have already been cabled here for 
fair quantities of structural sections. Prices all round 
are very firm. The Clydebridge Steel Works, which has 
now been closed down for some considerable time, under 
the existing agreement among the Scotch makers, is once 
again to be restarted. It is expected that by the close 
of the holidays everything will be in order for lighting up. 


Malleable-Iron Trade.—The West of Scotland malleable- 
iron makers report a little more business this week. They 
are certainly not busy, but the specifications received are 
poring the works running the regular number of shifts. 
Prices for export lots are still“As.poor as ever, and, indeed, 
very far from satisfactory. . 


Scotch Pig-Iron Trade.—No change falls to be reported 
in connection with the Scotch pig-iron trade. The local 
demand continues quiet, but that from the South and 
abroad is still exceedingly good. Steady deliveries are 
being made against contracts, and stocks are being con- 
siderably reduced. Prices are firm. In hematite the 
demand is somewhat quiet, and prices are easier inclined. 


Shipbuilding.—The shipbuilding returns for the month 
of June, while under the average for the six months to 
date, are —_ satisfactory. The total output was thirty- 
six vessels, of 34,479 tons, made up as follows :— 

Vessels. 
The Clyde ee “ sa 30 
The Forth .. one ae ae 2 
The Tay 
The Dee 


Tons. 
32,194 
275 


1,500 


1 
3 510 


Total .. 36 34,479 


res make 9 the output to a very fair tonnage 
e 


These o- 
for the first half of the year; the complete output being 
183 vessels, of 231,449 tons, of which the Clyde yards 
launched 139 vessels, of 216,795 tons. At the present 
time there is a large amount of work on hand, but labour 





troubles have recently arisen which may have some 
bearing on future employment. Higher wages to the 
men will naturally increase the cost of new tonnage, 
against which owners will strongly object owing to the 
continuance of low freights. 








Gun-Boat ror Macao: Eraratum.—In the description 
of this boat which appeared on page 474 of our last volume, 
we stated that the t was re-erected in Macao. We 
are informed that this was a mistake, as she was put 
together again by the Hong Kong and Whampoa Dock 
Company, of Hong Kong, and was launched on June 7, 
last year, sideways on. She was then fitted out, and was 
put through her trials in Honghum Bay before going up 
to Macao. 


Tue Grorce Livesky MemoriaAL.—Arrangements have 
now been completed for the establishment of a professor- 
ship of coal-gas and fuel industries at the University of 
Leeds as a memorial to the late Sir George Livesey, 
upwards of 10,500/. having been subscribed to the fund 
initiated for the purpose by the Institution of Gas Engi- 
neers. In connection with the work to be carried out by 
the professor, an advisory committee has been formed, 
consisting of nine members representing the University, 
ten representing the Institution, and four representing 
the Society of British Gas Industries. 


ASSOCIATION OF PRIVATE OWNERS OF Raitway ROoLt- 
inc Stock.—The nineteenth annual general meeting of 
this association was held at the Midland Grand Hotel, 
St. Pancras, London, on Tuesday, June 28, under the 
presidency of the chairman, Mr. F. Parker Rhodes. The 
adoption of the report and balance-sheet for the past year 
was moved by the chairman, seconded by the deputy 
chairman (Mr. G. C. Locket), and carried unanimously. 
The recent decision of the Railway Commissioners in the 
proceedings in which the association were interveners 
and the appeal lodged by the defendants against the 
decision, the working of the agreement with the railway 
companies as to the number of days to be allowed for 
wagon journey3, and the new regulation as to the 
Income Tax as affecting deferred purchase agreements, 
and other matters, were discussed. 


Pic Iron IN THE UnitTep Srates.—The production of 
pig iron in the United States has made a great stride 
forwards this year, the output of the five months ending 
with May 31 comparing as follows with the corresponding 
output in the corresponding months of 1909 : 


Month. 1909. 


Tons. 
January 1,797,560 
February 1,707,340 
March 1,832,194 
April 1,738,877 
May .. a 1,883,330 2,295,505 
There was a great falling-off in production in the firet 
half of 1908, but this year’s output has been in excess of 
that effected in the first five months of 1907, the last 
previous active year, as also shown above. 


1907. 


ENGINEERING AND MACHINERY EXHIBITION AT Man- 
CHESTER.—We understand that the whole of the space in 
the above exhibition, which is to be held between October 
14 and November 5 this year, is now booked. The City 
Hall will be devoted to the show. It has been suggested 
that during the exhibition there shall be an essay com- 
petition for a technical description of any particular pie e 
of machinery on view ; and an exhibitors’ club is to be laid 
out for the sole use of exhibitors and their business 
acquaintances. At a meeting of the committee, held et 
the Midland Hotel, Manchester, on Tuesday, June 28, 
various matters relating to the exhibition were discussed, 
and some important points settled. Among the latter 
was the question of the price of admission, and it was 
decided that there should S no reduction in the evening ; 
but special facilities will be given to the employees of 
large firms to visit the exhibition at half the usual rate. 
It is hoped that a possible reduced rate for the return 
of exhibits from the Hall to the exhibitor’s works may 
be arran for, and the railway companies have been 
approached with this object. It is advisable that firms 
having engines or machinery that require cement beds 
should see to the putting down of foundations before 
August 14. 


Str Anprew Nosiz.—Sir Andrew Noble, chairman of 
Sir G. Armstrong, Whitworth, and Co., Limited, 
will celebrate in September the jubilee of his connection 
with the great Elswick Works. The late Lord Arm- 
strong founded the works, but the extension of the 
undertaking mage | the last thirty years is largely due to 
the intelligence and energy of Sir Andrew Noble. It is 
satisfactory that the jubilee celebration will be indicative 
of great prosperity at Elswick, which is en at 
present for Chili upon the largest battleship in the world. 
Sir Andrew Noble was born at Greenock in September, 
1832, and he is the son of a naval officer, while his 
mother was an American. In early life Sir Andrew 
acquired valuable experience in the Royal a in 
which he served for some years before he joined Lord 
Armstrong at Elswick in September, 1860. The researches 
of Sir Andrew have covered the whole range of guns, 

rojectiles, and explosives. After wt aay at Elswick 
Bir Andrew became chairman of Sir W. G. Armstrong, 
Whitworth, and Co., Limited, in 1901, naturally succeed- 
ing to the post upon the death of Lord Armstrong, as for 
the last twenty years of the past century the manage- 
ment of the company’s affairs had been almost entirely in 
his hands. The growth of Elswick is shown by one simple 
comparison: in 1847 the works occupied 54 acres ; now 
the Elswick company owns 250 acres, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Electric Power.—According to the annual report of the 
general manager of the Sheffield Corporation Electric 
Supply Department, most of the large manufacturing 
concerns in the city now find it co their advantage to take 
a supply of electrical energy from the Corporation mains. 
The increase in units supplied for power purposes during 
the year is 14 millions, and a still greater increase in the 
future is expected. The connecting of several electric 
smelting furnaces is anticipated during the year. 


American Tradec.—The export of steel from Sheffield to 
the United States is one of the most important features 
of the quarterly consular return of trade just issued. It 
has ine from 115,283/. for the March-June period 
of last year to 173,527/.—a larger amount even than in 
the same quarter of 1907, the year of good trade. The 
total value of the trade is 234,827/.—an increase of 70,7931. 
An extraordinary advance has been made in saw-plates, 
the total being nine times as great as that of the same 
yuarter in 1909. Edge-tools show some increase upon a 
small volume of trade, but in sheep and garden-shears 
there was a decrease. 


Reduced Dividend.—For the first time since 1901, the 
dividend of Messrs. Davy Brothers, engineers, Sheftie!d, 
is to ba as low as 1} per cent. Depression in trade and 
low prices have had a very serious effect upon the firm’s 
work during the year, according to the report of the 
directors. Prospects, however, are better in consequence 
of fresh work recently obtained. The firm’s “ Blake” 
patent waste-heat boilers are being well taken up in many 
important iron and steel works in the neighbourhood 
and the rest of the country. 


Tron and Stecl.—At a season when quietness may be 
expected, it is not surprising to find the iron market 
showing few signs of activity. Stock-taking and the 
approach of the holidays have much to do with the 
position, and have made more noticeable the existing de- 
pression of the past few weeks. Contracts are apparently 
no nearer to being taken up, and there has been no further 
appreciable drop in prices. Sales of both pig iron and 
hematite have been on a small scale. West Coast have 
eased off, being just now quoted at 77s. to 79s. (less 24 per 
cent.). Derbyshire forge iron shows a further reduction. 
The price is at present 49s. 6d., a 1s. lower than Lincoln- 
shire. Curiously enough, although the raw material 
market has been so unsatisfactory its condition does not 
appear to have been reflected in the steel trades. 
Of course, there is quietness there in some branches ; 
but, on the whole, the output has reached big figures. 
Heavy work has been in hand in large quantities for 
some months, especially armour-plate. Makers of the 
best steels have done extremely well on the half-year, 
particularly on American export account. The slackness 
that is observable is mostly in the home trade, the foreign 
demand providing an important bulk of business. Rail- 
way material has been the most disheartening feature on 
the quiet side of affairs. An autumn revival is looked 
for in this as in other branches, along with an influx of 
fresh trade. Large colonial and foreign orders have been 
received for tools of all kinds, agricultural implements 
and parts thereof. In one or two quarters the home 
inquiry for mining tools is fairly active. The file trade 
shows signs of improvement, but a much recor weight 
of orders could be easily dealt with. A building trade 
revival in South Africa, now hinted at, will, if it comes, 
be very beneficial to the edge and joiners’ tool trades. 


South Yorkshire Coal Trade.—With the market ina dull 
state, stocks are rapidly accumulating at collieries. The 
reduction being taken on export account is having the 
effect of producing congestion at the Humber ports. The 
supply for the Baltic, which should by now have assumed 
large proportions, is much lower than the average, and 
one suggestion is that the growth of Germany’s output 
has checked the demand from our own ports. Most of the 
business being done is upon contracts, and even that is 
not of large proportions. Railway supplies are at last 
being arranged at an average advance of (6d. per ton on 
the rates for last June. Last mber many contracts 
were made at 9d. advance, so that the new figure is a 
reduction of 3d. on those rates. Steam coal is in a 
decidedly unsatisfactory position. The supply of good 
slack has been reduced, and there is not much inquiry for 
coke. Pit quotations of Yorkshire hards are 8s. 6d. to 
%s. 3d.; Derbyshire ditto, 8s. to 8s. 6d.; seconds, 4s. to 
4s. 9d. In the house coal market business has received a 
check, though an improvement is anticipated during the 
month. With only moderate demands, merchants are not 
stocking in any large quantities. Barnsley silkstone is 
selling from lls. to lis. 6d. at pits; South Yorkshire 
softs, 83. 6d. to 9s. 3d.; and Silkstones, 8s. 6d. to 9s. 3d. 








DamMiInG Tak St. Lawrenck.—The Long Sault Deve- 
lopment Company, in conjunction with the St. Lawrence 
Power Company, proposes, if its policy is approved at 
Ottawa, to build a 4500-ft. dam, 45 ft. high, across the 
St. Lawrence, at the head of the Long Sault rapids, and 
to erect an electric plant to develop 600,000 horse-power. 
'he project is favoured by the towns and municipalities 
of the neighbourhood, which hope to profit by cheap 
power. Opposition is, however, being raised by the 
Ontario Government, the Conservation Committee at 
Ottawa, and various other bodies, who see in the proposal 
& possibility of an encroachment on Canadian resources 
for the development of United States enterprises. It is 
also feared that the navigability of the mver muy be 
affected by the diversion of so t a quantity of water. 
The latter objection is met by the companies by a promise 


to provide a new ship channel of ample proportions on the 
south side of the river. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MinvLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—A quiet feeling still rules 
in the pig-iron trade, but more inquiries have been 
reported this week than for some time past, and the 
visit to this district of prominent people connected with 
the Scotch and Sheffield iron trades has encouraged the 
belief that a renewal of activity is at hand. Most 
traders speak hopefully of the future, and express the 
belief in a brisk autumn demand. In the meantime, 
however, it must be admitted that there is little business 
passing. Makers of Cleveland pig are not pressing sales, 
and, as a rule, they quote 49s. 3d. for early f.o.b. delivery 
of No. 3 Cleveland pig, but there are merchants pre to 
sell g.m.b. at 49s. No. 1is quoted 51s. 6d. to 51s. 9d.; No. 4 
foundry, 48s. 3d.; No. 4. forge, 48s.; and mottled and 
white iron each 47s. 6d. East Coast hematite pig iron is 
dull, but producers declare that there are grounds for 
belief that an improvement is at hand, Buying for local 
consumption is looked for, as contracts with several users 
here are fast running out. Nos. 1, 2, and 3 are put at 65s. 
by some of the leading makers, but no difficulty would be 
experienced in buying at 64s. 6d., and some second-hand 
would accept a trifle below the latter quotation. Busi- 
ness in foreign ore is still at a standstill, and values con- 
tinue to be nominally based on 20s. 6d. ex-ship Tees for 
Rubio of 50 per cent. quality. Coke is very abundant, 
and consequently weak in price. As low as 16s. is named 
for average blast-furnace qualities delivered here, but 
sellers as a rule name 16s. 6d., and some firms are inclined 
to hold out for rather more. 


Manufactured Iron and Stecl.—Nearly all descriptions 
of manufactured iron and steel are in only quiet demand, 
but pases works are well employed on running contracts, 
and producers now seem in no great hurry to book new 
orders, as they hope and believe in an early improvement. 
Manufacturers certainly show no disposition to endeavour 
to induce buying by reducing quotations. Bar producers 
have met this week and decided to leave prices un- 
changed. Principal quotations per ton are :—Common 
iron bars, 7/.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s. ; 
iron ship-plates, 6/. 10s. ; iron ship-angles, 7/.; iron ship- 


rivets, 7/. 5s. to 7l. 7s. 6d.; steel bars, 6/. 5s. ; steel 
ship-plates, 6/. 10s. ; steel ~~ 6l. 2s. 6d.; 
steel strip, 6/. 10s.; steel hoops, 6/. 12s. 6d. ; steel 


joists, 6J. Gd. ; cast-iron railway-chairs, 3/. 10s. ; 
light iron rails, 6/. 10s.; heavy steel rails, 5/. 10s. ; 
steel railway sleepers, 6/. 12s. 6d. ; and iron and steel 
alvanised corrugated sheets, 11/.—sheets less 4 per cent. 
.o.b., railway material net cash at works, and all other 
descriptions less 24 per cent. 

Shipments of Iron and Stcel.—Shipments of pig iron 
from this district last month reached the satisfactory 
total of 117,957 tons, 102,779 tons of which were sent from 
Middlesbrough and 15,178 tons from Skinningrove. Clear- 
ances of pig iron for the previous month amounted to only 
85,524 tons, but those for June of last year were returned 
at 105,203 tons. Only 540 tons of last month’s Skinningrove 
loadings went abroad, the other 14,638 tons going to 
Scotland. Of the pig iron despatched by sea from 
Middlesbrough last month, 24,731 tons went to coastwise 
customers, and 78,048 tons to foreign buyers. The largest 
importer was Italy, to which country 18,595 tons were 
despatched; whilst Scotland received 15,076 tons; Sweden, 
12,238 tons ; Canada, 11,000 tons; Germany, 10,946 tons; 
Wales, 5290 tons ; France, 4620 tons ; and Belgium, 4015 
tons. Of the 15,786 tons of manufactured iron shipped 
last month, 6839 tons went coastwise, and 8947 tons to 
foreign ports. The Argentine was the largest customer, 
with an import of 3819 tons, and India was second, with 
3679 tons. Steel despatched by sea last month was 
returned at 36,845 tons, 27,393 tons of which went foreign 
and 9452 tons coastwise ; India being the largest receiver, 
with 7663 tons; whilst Canada took 2766 tons; Russia, 
2743 tons; Japan, 2375 tons; New South Wales, 2163 
tons ; and Ceylon, 2140 tons. 





Tuk Provision or Frre-Escares 1n Lonpon.—It is 
not often given to the tenant of premises within the 
metropolis to be able to throw some of the burden of pay- 
ing for outgoings on to his landlord. Where, however, 
a tenant is in occupation under a lease which was gran 
before the passing of the London Building Act, 1905, it 
appears that the landlord may be called upon to bear a 
»ortion of the cost cf complying with an order of the 
Louden County Council to provide means of escape in 
case of fire. Ina recent case at the Shoreditch County 
Court, it appeared that an owner of premises was put to 
an expense of 77/. 93. 4d. for the cost of a fire-escape, 
51. 5s. surveyor’s fees, and 15/. 15s. solicitor’s costs, as 
the result of an order made by the London County 
Council. He sought to recover all these sums from 
his tenant. The lease contained the usual stringent 
covenants, which made the tenant liable for outgoings, &c. 
Judge Smyly, before whom the case was heard, held, in the 
first place, that the solicitor’s charges were not recoverable 
at all, inasmuch as the landlord need not have incurred 
them, but that the surveyor’s fees were reasonable, as 
they were incidental to the work. He then proceeded to 
apportion the liability as between landlord and tenant. The 
lease was for seven, fourteen, or twenty-one years. His 
Honour held that as the premises would be permanently 
improved by the provision of a fire-escape, it was reason- 
able to charge the landlord with one-quarter of the cost, 
the tenant being responsible for the remaining three- 
quarters. Tenants of London factories and warehouses 
must not rely too much upon this decision: for it will 
probably be found that if the lease was granted since the 
Act of 1905 came into force, liability under that Act is 





specially imposed upon the tenant by a clause in the deed. | 





NOTES FROM THE SOUTH-WEST. 


Cardif.—Some good orders have been received for 
Admiralty steam coal, and prices have been supported 
in consequence. In other directions, however, the market 
has shown depression in consequence of statements as to 
the diversion of coal orders from South Wales. The best 
large steam coal has made 16s. 6d. to 16s. 9d. per ton, 
while secondary qualities have ranged between 14s. id. 
and 16s. 3d. per ton. Smalls have been quoted at 7s. 6d. 
to 8s. per ton. House coal has exhibi a quiet tone; 
the best ordinary descriptions have made 14s. tid. to 16s. 


per ton. No. 3 Rhondda large has been quoted at 17s. 
to 17s. 6d. ; smalls, at 93. 9d. to 10s. 3d. per ton. No. 2 
Rhondda large has brought 11s. 3d. to 11s. 9d. per ton; 


smalls, 6s. 9d. to 7s. 3d, per ton. Foundry coke has been 
quoted at 19s. to 20s., and furnace ditto, 17s. to 17s. 6d. 
per ton. As regards iron ore, Rubio has made 1s. 6d. 
to 20s. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 


Converting a Canal.—The old Somerset Coal Canal, 
from Paulton to Limpley Stoke, which the Great Western 
Railway acquired in 1904, is being converted into a single- 
line branch railway. In five p the water has to be 
diverted, and the bed is being filled up where the line 
follows the course of the canal. A number of bridges will 
be built, one 440 yards long. The line will be completed 
next year. 


An Ancient Clock.—On the occasion of the patronal 
festival of St. Peter, the Mayor of Exeter, Mr. H. H. 
Wippell, accompanied by members of the Town Council, 
attended a special service at the Cathedral to set going, in 
the Sylke Chantry, an ancient astronomical clock, which 
has been restored by Mr. J. J. Hall. The clock has 
generally been regarded as a gift of Bishop Courtenay 
(1478 to 1487); but a ‘‘Calendar of Archives,” and ex- 
tracts from the Fabric Rolls, together with an examina- 
tion of the works, goes to show that it is, in parts, of 
much greater antiquity. The dial is arranged on the 
Ptolemaic system of astronomy, which regarded the earth 
as the centre of the solar system. 


Coal Competition.—Welsh coal-owners are beginning to 
feel the competition of other colliery districts. The 
Royal Mail Steam Packet Company is experimenting 
with North Country coal, and the Great Northern 
Railway Company Of Ireland has reduced its orders 
for Welsh coal to 10,000 tons, although the company 
recently made inquiries for 130,000 tons. It is feared 
that orders for the balance of 120,000 tons have gone 
to Yorkshire. The Midland Great Western Railway 
Company of Ireland is still keeping to Welsh coal, having 

laced orders for 56,000 tons with the Ebbw Vale Steel, 

Joal, and Iron Company, Limited. The Dublin and 
South-Eastern Railway Company is reported to have, as 
an experiment, placed orders out of Wales. The Italian 
General Navigation Company has been ordering coal 
from the United States. Altogether it is feared that the 
loss of coal orders experien by South Wales during 
the past half-year foots up to 1,000,000 tons. 


Swansea and Francc.—Several members of the Swansea 
Harbour Trust have been touring in France with the 
view of investigating French dock methods. Through 
the courtesy of M. Depeaux, of Rouen, who is interested 
in collieries in the Swansea Valley, and in the anthracite 
trade with Swansea, the trustees were taken up the Seine 
to Rouen from Havre (about 80 miles) in M. Depeaux’s 
steam-yacht. At Rouen they inspected the harbour 

merally, and especially the works of M. Depeaux, who 

as extensive and interesting patents for the treatment of 
anthracite coal and its handling and classification for the 
French market. At Havre the trustees inspected facilities 
provided for dealing with cotton and coffee. The trustees 
were struck with the growing importance of Havre, which 
has under construction a 3,000,000/. dock, capable of 
accommodating the largest liners. 





Tur German Navy.—The construction of the first four 
German Dreadnoughts occupied the following periods :— 
Nassau, forty months; Westfalen, thirty-seven months; 
Rheinland, thirty-seven months; and Posen, thirty-six 
months. It is now claimed for the German Admiralty 
that it can build ironclads in three years. The Rhein- 
land has been making her trials during the last few weeks. 





Russian MRrcHANICAL INDusTRY.—The output of 
locomotives by the Kolomna (Russia) Company in the 
company’s last financial year showed a falling-off of 
twenty-four engines as compared with the preceding 
twelve months. The company’s agricultural-implement 
department made, however, considerable progress last 
year, the sales to private customers having risen from 
887,500 roubles to 2,500,000 roubles. The bridge-building 
department benefited last year by an order for the iron- 
work of a bridge over the Bolda, near Astrakhan. The 
deliveries of tyres and heavy plates were also considerably 
larger last year. 





German CoaL-Mintne.—The output of coal in the 
Zollverein in the first five months of this year totalled 
60,782,144 tons, as compared with 59,931,082 tons in the 
first five months of 1909. The production of lignites to 
May 31 this year was 26,959,305 tons, as compared with 
27,026,370 tons. Of the coal produced in the Zollverein 
to May 31, this year, 57,169,970 tons were raised in Prussia, 
333,765 tons in Bavaria, 2,192,811 tons in Saxony, 14,076 
tons in Saxe-Meiningen, and 1,071,522 tons in Alsace and 
Lorraine. As regards the output of coal in Prussia in the 
first five months of this year, 15,554,577 tons were raised 
in the Breslau district, 34,691,975 tons in the Dortmund 
district, and 6,558,405 tons in the Bonn district, 
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FIRST PRINCIPLES OF PRODUCTION. 


Tue longer we live the more do we recognise that 
the earning of a living is the main object of human 
activity. igher culture is a secondary considera- 
tion; man is only ready for culture when his 
primary wants are satisfied. Faith, hope, and 
charity are foreign to a hungry man—a fact often 
overlooked by the prosperous. It is this aspect of 
human nature that affords an opportunity to 
Socialists, that gives strength to their movement, 
that enables them to create bitterness between 
class and class. And who shall blame the hungry 
man who adopts Socialism as a creed, if he finds 
that under existing conditions he cannot secure 
the basis of all human existence—the earning of a 
living. But it by no means follows that the 
hungry man is a good judge of what is the best 
remedy for the ills which he suffers. The State 
that encourages its citizens to depend upon social 
legislation for subsistence, instead of upon indi- 
vidual initiative, is embarking upon a policy fatal 
alike to itself and the individuals for whom such 
legislation is intended. Social legislation of that 
kind is not a force which helps to build up man’s 
character, nor does it stimulate that independence 
of thought so essential to progress. e pros- 
perous condition of the State to-day is due entirely 
to individual initiative. Similarly, the success of a 
commercial undertaking can invariably be traced 
to the same source ; it may, perhaps, be bound up 
in an organisation, but the individuality is never- 
theless present. 

One of the greatest factors in production is indi- 
viduality, and Nature has provided that certain 
men shall possess this quality in a greater degree 
than others. We know that all men are not equal 
in ability, and cannot be made so, but it is desirable 
that all men shall have equal opportunities. In 
the countries in which this principle finds the 
widest-acceptance economic progress is the greatest. 
The enormous business activity in the United 
States of America is in a large measure due to this. 
One of the advantages of the free play of indi- 
viduality is that by it the creative class of man— 
the man with ideas—is brought to the front. Men 
are divided into three classes—viz. :—I1st. The 
creative, the men of genius, the originators. 
2nd. Those who manage for the first—the adminis- 
trators. 3rd. Those who do the labour appointed 
by the first and second —the artizans. 

It will be obvious, then, that economic conditions 
should be such as will ensure a free growth of the 
first class. As a class it is, numerically, very 
small, and even under the best conditions will 
never grow beyond a certain small proportion. 
One of the conditions essential for its growth is 
that we shall not judge a man by what his father 
was, but by what he ishimself. If a man has done 
good to the community, he is entitled to all the 
rewards the community can give him, both socially 
and otherwise. If this principle were agreed to, 
and if the opportunities were provided, it would be 
an inspiration for all men to do what they could to 
prove themselves worthy of respect. We should 
then bring forward the creators, the men on whom 
the second and third classes are dependent. It is 
these economic conditions that Democracy should 
look for ; under such a system she would learn 
that the class who ruled her (i.e., the creative) 
were the providers of her daily bread ; under such 
a system she would abandon Socialism, in the sense 
in which that word is broadly understood. Instead 


9|0f the State providing for the individual, it would 


be recognised that it is the duty of the individual 


»|to provide for the State, and also that the State 


should create conditions conducive to that end. 
Individuals, however, can only provide for the 
State through industry, and it should be the 
function of the State to fit individuals to engage 
successfully in industry. The extent to which a 
man can enjoy the pleasures of life is largely depen- 
dent upon the opportunities he has in industry, 
upon experience gained therein, and upon the 
amount of thought he gives to the daily task. The 
more thought and effort one man gives over another 
the more successful will he be, if he can continue 
to maintain it. ‘‘ He only gains his freedom and 
existence who daily conquers them anew.” There 





is no finality. Things that are new to-day are old 
to-morrow. 

As already indicated, man’s welfare entirely 
depends upon industry, and especially upon those 
industries related to the applied arts. It is in 
these that man employs his hands and exer- 
cises his mind, and it is the duty of the State 
to afford opportunities for all to gain knowledge 
which may be turned to account in these industries. 
It is in industry that man now thrives, and the 
greater the skill with which he can exercise his 
hands the greater is the value of his services, not 
only to himself, but to his employer and the State. 
Personal service is the greatest asset the individual 
can give, provided, of course, it is efficient, and 
the degree of comfort derived therefrom depends 
entirely upon individual capacity and opportunities. 

It has been assumed in the past that capital and 
labour were the prime factors in wealth production. 
This is a mistaken belief. It may have been true 
in the early days of manufacture, when labour 
played a more important part in production than 
machinery, but such is not the case to-day. The 
prime factors in ee are enterprise, ex- 
perience, and knowledge. There is plenty of capital 
in the City, and plenty of labour walking the 
streets, yet they do not produce wealth. Enter- 
prise, aided by experience and knowledge in the 
form of management, is required to utilise these 
forces—i.e., capital and labour. Labour is the 
second factur in production, and capital the third 
factor. It is essential, however, that management 
and labour should be highly skilled, for otherwise 
neither can profitably assist capital. 

If capital cannot find profitable employment in 
industry it will, of necessity, drift to other channels 
where it can. The welfare of the community is 
largely dependent upon the free circulation of 
money among individuals, and it is only through 
industry that we can hope successfully to achieve 
this result. The circulation of money is greatest 
when industry is prosperous. Similarly, when 
industry is prosperous so are those businesses 
associated with the satiation of the wants of man, 
such as grocers, bakers, clothiers, boot factories, 
and textile factories, &c. This becomes obvious 
when it is realised that the wants of the individual 
increase with his ability to pay. 

We have indicated that enterprise, experience, 
and knowledge are the principal factors in wealth 
production. This applies to the manager in manage- 
ment, and to the workman at his machine. Modern 
economics demand this differentiation. Enter- 
prise, knowledge, and concentration are wealth 
productive, and especially so if confined within the 
sphere of activity in which experience has been 
gained. In other words, specialisation is the key 
to profitable production. If these forces are to be 
utilised for the common good, they will require 
some form of organisation, and a good organisation 
requires good management. If these forces are not 
organised and managed, unemployment will be. pre- 
valent in labour and in the higher spheres of life. 
We perforce see that one of the greatest factors in 
production is management, and as the evolutionary 
process advances we recognise this more and more. 

The large producer has many advantages which 
the smaller has not; he can afford to install new 
machinery built specially for cheapening production 
as it appears on the market. As already stated, 
what is new to-day is old to-morrow, and nowhere 
is this more true than in engineering. Cheap pro- 
duction is a boon to humanity, for it tends to bring 
luxury within the reach of all ; cheap production 
in one sphere of activity stimulates further produc- 
tion in other spheres of activity, as it makes possible 
what in other circumstances might be impossible. 
As an illustration, let us take the case of a sewing- 
machine. This is a necessity in most homes, more 
especially in poor ones. If the cost of producing these 
machines were high, only the better-class families 
could afford to buy them ; but if the cost of produc- 
tion be low, every family may buy them ; and so we 
come to see that one of the essential factors in human 
welfare is cheap production. It should be our 
main object in life, therefore, to bring about a 
general recognition of this principle: to see that 
the economic aspect of it is thoroughly understood 
by the workman himself. But it should be borne 
in mind that cheap production will not be brought 
about by cheap labour or by forcing labour to 
do more than it is physically capable of doing. 
Labour should have an adequate return for the 
services which it performs in production, and labour 
should not expect more. The value of labour is 
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not determined by the weekly wage each workman 
receives, but by the services each workman renders 
in return for the wages received. All first-class 
firms prefer to pay their employees adequate wages, 
because the payment of such wages ensures efficient 
service, and in addition conduces tv good relations 
between employer and employee; and the more the 
principle is recognised in an organisation the more 
successful does it become in proportion. The more 
this proposition is examined the more will the 
principle be conceded ; for, needless to say, if cheap 
production or efficiency be not ensured, the tradin 
capacity of the firm becomes crippled, and so g 
wages cannot continue to be paid. 
There are four factors in production—1. Material. 
2. Labour. 3. Establishment charges. 4. Profit. 
The first and second items are more or less con- 
stant in production in a good organisation, whether 
upon a large or small scale, but the chief concern 
of the management of a well-organised company is 
to cover their establishment charges and earn a 
rofit. If production be upon a large scale, this may 
be more easily accomplished, because the numeous 
units of goods produced bear each a proportion of 
the whole of the charges, thereby ensuring minimum 
cost per unit of goods ; but if production be upon a 
small scale, each unit of goods produced, bearing its 
proportion of the whole of the charges, is increased 
in cost. 

It is not therefore surprising to find a tendency 
towards amalgamation or fusion of interests, as 
there is thereby achieved the fulfilment of the 
dominant necessities to efficiency in production. 
There are also greater opportunities of encouraging 
that origination and resource which are first essen- 
tials in production, as the — output makes it 
more easy to offer the financial inducement to the 
well-trained thinker with experience to ensure 
capable management. There is, too, the greater 
possibility of a larger surplus of profit to ensure 
the prosecution of that experimental research with- 
out which there can be no certainty of progress in 
methods of manufacture and ia the improvement 
of products. These should be the first claims pro- 
vided for out of revenue, if the future prosperity of 
any establishment, and, indeed, of the nation, be 
aimed at. We are not here concerned with the 
question how these are to be met—whether, in the 
first case, profit-sharing or bonus be the medium, 
or, in the second case, a sound policy of deprecia- 
tion, reserve or direct allowance for experiment ; 
but any failure, either through insufficient profit 
or improvident finance, must bring its regrettable 
check to advance. The working classes are most 
dependent upon the maintenance of industrial 
supremacy, and, while the economy of high wages 
should be recognised, because thereby some measure 
of efticiency of labour is ensured, those workmen 
are short-sighted who show any hesitancy to recog- 
nise the importance of the creative originator and 
the capable manager, with all the financial claims 
on the cost of production which these involve. 
The balance-sheet of an industrial company should 
be examined with a full conception of these neces- 
sities. A reserve fund, wisely administered to con- 
form to the sound principles of production which 
we have enunciated, is as important to the humblest 
of the workers as to the richest capitalist. 








THE REPORT OF THE SOUTH 
AUSTRALIAN RAILWAYS. 

Tue results of the latest year’s working of the 
South Australian railways are not quite so for- 
tunate as they have been for two twelve-month’s 
periods in the near past. We had the pleasure 
of recording for 19068 amounts reaching to 
more than a quarter of a million as the profits 
after payment of working expenses and interest. 
For the year 1908-9, however, the surplus fell to 
198,4801., according to the jast report. This is still 
well above the figure for 1905-6. The drop may be 
said to be all traceable to one cause. Substantial 
developments in other directions have tended to 
offset the large shrinkage, but only with moderate 
success. The disturbing cause for the’ year under 
review was the total cessation, for a considerable 
period, of all work at the Broken Hill Mines, which 
are across the border, in New South Wales terri- 
tory. The practical effect of this on the railways 
was a falling-off in receipts equivalent to more than 
11 per cent. of the total revenue of the previous 

ear. 
: The capital account shows increased expenditure 
of this class of 247,610]. in the year 1908-9, bring- 





ing the total capital invested in the system to 
14,157,245. The expenditure incurred last year 
was distributed between the provision of additional 
accommodation at Adelaide, a further section of 
the Port Lincoln line, on rolling-stock for open 
lines, and further improvements on lines built. 
The working of the system resulted in gross re- 
venue amounting to 1,639,2591., against which have 
to be placed operating expenses to the amount of 
940,8281. A balance thus results of 698,4311., of 
which 499,951l. are taken for interest due on 
capital. The surplus remaining therefore amounts, 
as stated above, to 198,480/. The earnings show a 
net decrease on the previous year of 102,0001., 
which, however, is not the true measure of the 
loss of traflic occasioned by the troubles at Broken 
Hill. The total loss from this cause is placed at 
198,6531., the shrinkage in mineral traffic alone 
being responsible for 120,4741. of this amount. 

Under several headings improvement in traffic re- 
ccipts are shown. Wheat and live stock are together 
responsible for an increase of about 45,5001. on 
the revenue derived from those classes in the pre- 
vious year. Receipts from passenger traffic have 
also increased by 4.3 per cent., which facts suggest, 
on the whole, a satisfactory condition of affairs 
within the State. The year appears to have been 
a favourable one, and had normal conditions pre- 
vailed in the mining centre in the neighbouring 
State, the railways’ surplus would in all probability 
have equalled, or even surpassed, that of former 
years, Thus, although conditions within the State 
were apparently satisfactory and trade was good, the 
railways have suffered by disturbances in adjacent 
territory, which, of course, they were in no way 
able to influence. Although the Broken Hill dis- 
trict is in New South Wales, access to it is only 
possible by the South Australian railway system, 
the present termini of the inland trunk lines in 
New South Wales not extending to within 250 
miles of Broken Hill. 

It has hitherto been the custom in these reports to 
present a summary of the working of sundry sections 
which, in the past, have either not covered, or only 
just covered, working expenses and interest. A 
change has been made in this policy, however, and 
the complete returns are no longer presented in sum- 
marised form. Certain items are now omitted, and 
the notice is reduced to a ‘‘ Statement of Revenue 
and Working Expenses,” which is certainly less in- 
structive than the ‘‘Summary”’ given previously. 
The item of interest is not referred to in the new 
statement, and it is impossible to judge how little 
of the ‘‘net revenue” is actual surplus. At the 
best only a rough estimate is now possible. 

The balance-sheet for the whole system shows up 
favourably again this year, of course, since a sum of 
198,479). is carried to it from the profit-and-loss 
account. The adverse balance continues, therefore, 
to be reduced, though this time by a rather smaller 
sum than those available in 1907 and 1908. The out- 
standing adverse balance now amounts to 975,245l. 
This is exclusive of the section of line in the 
Northern Territory, which, unfortunately, gets 
each year deeper into difticulties. 

Although revenue showed a large decrease, work- 
ing expenses were not reduced in like proportion. 
Taken together they were reduced by 2.9 per cent., 
or 28,702l.; but, again, this is the outcome of an 
increase in one direction and of decreases in others. 
An increase rather difficult to explain is shown in 
the traffic expenditure. This has risen by some- 
thing like 7 per cent. on last year’s tigure. During 
the twelve months the goods revenue has decreased 
by more than this amount, and train - mileage 
shows a fall of 1.6 per cent., so that the increase 
must be sought in some outside cause. It is 
partly accounted for in the report by a refer- 
ence to increase in the wages bill, but beyond that 
no explanation is forthcoming. It may be men- 
tioned that the train-mileago amounted to 4,925,356 
in the year. The decrease of train-mileage cited 
above is the net reduction for the twelve months. 
Actually there was a decrease of 185,902 train-miles 
in goods traftic, and an increase of 101,137 train- 
miles in passenger service. Together with this 
small net decrease in train-mileage and in spite of an 
increase in the cost of fuel, amounting to 26,0001., 
locomotive expenses have been reduced by5911. The 
largest decrease, however, is shown under the head 
of maintenance, where a reduction equivalent to 
13.8 per cent. is recorded. Though this looks well, 
the real value of the reduction is largely discounted 
by the fact that this curtailment by the amount of 
43,1631. in ‘‘ maintenance, including special relay- 





ing and renewals,” is offset by an item classified 
under the heading of ‘‘ Extraordinary Expendi- 
ture.” In this category comes expenditure for 
‘* relaying, re-sleepering, and re-ballasting perma- 
nent way,” on which aout 92,0001. were spent 
during the year. This figure is much smaller than 
the corresponding sum of the year before, but 
clearly the very existence of such an account is 
suggestive, though some strict system of apportion- 
ing costs may be in use in this connection, of which 
the report takes no cognisance. The impres- 
sion conveyed is that the decrease recorded under 
the heading of ‘‘ Maintenance” is rather due 
to methods of book-keeping, and is not so real as 
it at first sight appears to be. We are aware that 
many of the lines of this State have been con- 
structed in such a manner as to require, in time, 
considerable improvement in standard. Presum- 
ably the ‘‘ extraordinary expenditure” is supposed 
to cover this. Supposing it to do no more, the 
large fall in maintenance expenses seems almost in- 
explicable in view of the continued rise of the 
wages bill, and the extension of thesystem. Either 
maintenance has been carried on somewhat extra- 
vagantly in the past, or the economies introduced 
in the past year must have been drastic in 
character. 

The extension of the system has not made very 
_ progress during the year. The new Port 

incoln line has been pushed nearly nine miles 
further inland, at a cost of about 1706/. per mile. 
Short stretches of 3-ft. 6-in. and 5-ft. 3-in. gauge 
lines have also been put in hand. We recently 
had occasion to refer to the proposed east and west 
trans-continental railway. It may be remembered 
that it is proposed that this should be of the 
4-ft. 8}-in. gauge. If so constructed it will join up 
at both extremities with 3-ft. 6-in. gauge systems. 
At the South Australian end the 3-ft. 6-in. system 
after some distance would be replaced by the 
5-ft. 3-in. gauge in the through journey from 
Perth to Adelaide. Unless present plans are 
altered, therefore, or existing lines reconstructed, 
there appears to be the undesirable prospect of 
three breaks of gauge on this journey. As the 
line is advocated in order to facilitate quick 
transport and communication, it is evident that 
it cannot be of maximum service unless this matter 
is frankly faced and settled. 

The Palmerston and Pine Creek line, in the 
Northern Territory, for which the accounts are 
kept separately, seems, as stated above, to. get 
yearly into deeper difficulties. For the year dealt 
with in the report, the revenue had fallen to 
12,784l.,.a drop of 16781. in the twelve months, 
while the expenditure was 12,723/. This, it is 
true, was 13371. less than in the year before, but 
the interest on capital invested is not, of course, 
included in the figure for expenditure. The arrears 
of interest, therefore, continue to grow, and 
‘* profit and loss” now figures on the wrong side 
of the balance-sheet for the amount of 1,032,789. 
Little progress has been made with the transfer of 
the Northern Territory and of this railway from 
the State to the Commonwealth, so that the 
system is apparently destined to remain isolated 
for some time to come. Though the line only 
runs some 145 miles inland, it forms one of 
the links of a feasible route from the coast to 
the new Tanami goldfields, which are about 820 
miles inland from Palmerston, the coastal ter- 
minus of this line. This gold district is, how- 
ever, much more accessible from a base on the 
coast of the neighbouring state of Western Aus- 
tralia, the total distance, by horse or camel, 
from Wyndham, on Cambridge Gulf, being about 
450 miles. The present routes have to keep to the 
wells and water-holes. Tanami itself is situated in 
a sandy desert, and long stretches of either route 
lie through arid country. The new goldfield is 
therefore likely to assist but little in the extension 
or rehabilitation of the solitary little railway in the 
Northern Territory, the condition of which can 
scarcely be expected to improve while it remains in 
its present es emt isolation. 








COST IN ENGINEERING DESIGN. 

In our articles on the subject of college education 
for engineers in our issues of February 11 an 
May 27 last, we referred to the question of the 
factor of cost in engineering designs. This is 4 
matter which as an educational point rarely receives 
the attention which it deserves, and which, even 
ja regular practice, is not infrequently neglected 
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as regards minor details. An enormous amount 
has been written on the subject of economical 
production in the shops, and a very great number 
of improved machines have been brought out with 
a view of reducing the costs of manufacture. In fact, 
this step towards cheap production has been very 
thoroughly studied, and deservedly so. The whole 
object of commercial engineering is to secure profit, 
and it is not of the slightest use making a machine 
of any kind, however good, unless the cost of pro- 
ducticn is less than what it can be sold for. It is 
thus of the utmost importance that the cost of 
each small part of a machine should be con- 
sidered, and also that the saving of even small 
percentages should not be overlooked. The whole 
cost of any machine, however big, is made up of 
a number of small items, each of which may only 
cost a few pounds, or even a few shillings or pence. 
If one counts the men in a machine-shop who are 
attending to quite small machines making small 
parts, even in the case of a factory doing a heavy 
class of work, it is surprising what a very large pro- 
portion they form of the total men in the shop, and 
this shows how important it is to economise their 
labour. 

A competent works manager is therefore expected 
to consider the cost of every detail, and well laid- 
out works have the most elaborate machinery for 
making cheaply small parts, even down to nuts and 
bolts. Nothing should cost a shilling which can be 
be made for elevenpence, for the profit on engi- 
neering is only a very small part of the turnover, 
and a saving of even 5 per cent. on the turnover 
makes a very big difference in the profits. 

When we turn to the drawing-oftice, however, we 
very seldom find the same attention paid to cost that 
is expected in the shops, and when we study the 
literature of engineering design we find that, gene- 
rally speaking, there is still less attention paid to 
the matter. Yet there is no reason whatever why 
this should be so. Often in studying a design care- 
fully a competent man can see that there are many 
parts which could be re-designed so that they would 
do their work equally well, or even better, and, at 
the time, be very much cheaper to make. Asa matter 
of fact, economical design is of even more importance 
in works than economical shop-management, for the 
one really determines the other to a large extent. 
If a works is to run satisfactorily, it is necessary that 
the office should lead the shops ; that is to say, that 
the office should control the business. In such a 
case it is inevitable that whatever example is set 
by the office will be, to a certain extent, followed 
by the shops. Thus, if the drawing-oftice studies 
the cost of production of each part very carefully, 
with a view to giving the best possible value to the 
customer at the least possible cost in the shops, 
the latter will instinctively follow the lead, and 
endeavour to produce the best possible work at the 
least cost also. 

If, however, as sometimes happens, the drawing- 
oftice hardly seems to care what amount of work 
there is in its designs, it will be very difficult, if not 
impossible, to get really economical shop-manage- 
ment, and there is sure to be friction between the 
drawing-oftice and works manager, this entailing 
a very large amount of indirect expense. Thus 
if an engine part costs Is. in the > me when it 
might be made for 10d., it is clear that the cost of 
that part of the turnover is 20 per cent. more than 
it should be. If, however, the design has 20 per 
cent. more work in it that it need have, it gene- 
rally entails inferior shop-management, and an 
additional cost for this of, perhaps, another 10 
per cent., making 30 per cent. -There are, of 
course, men to be had who will do their part, what- 
ever it may be, quite regardless of what considera- 
tion is shown for them by other people, and if one 
of these can be had as works manager expensive 
design will not lead to expensive shop-management ; 
but such men are very rare. It is much more likely 
that an expensive design will entail a great deal of 
friction; the drawing-office and shops trying to 
score off each other, and more or less neglecting 
the firm’s interests in order to do so. 

_ Machinery is of such diverse kinds that it is 
unpossible to give instances of bad design which 
wil fit all sorts, but a few may be given as illus- 
trations. These are most common in a new trade, 
such, for instance, as the motor trade, because in 
the older trades the designs which are too expen- 
sive for profitable production get eliminated by the 
process of natural selection. This is also happen- 
mg in the motor trade, for those firms + oon 
designs are too expensive are gradually retiring 


from the field, and their place is being taken by 
those whose designs are better. Anyone who is 
acquainted with the motor practice of the last few 
years, or who studies a back number of a motor 
paper, can see innumerable examples of utterly 
misplaced ingenuity. Kven now there are quite a 
lot of cars being built in which the cost could be 
substantially reduced, by a little consideration, 
without in any way whatever affecting the selling 
value or efficiency of the machine. In fact, in most 
cases expensive design not only means a greater 
cost of production, but greater expense in repair 
and running. 

As a very simple instance, we may take the 

eneral arrangement of the parts of the engine. 

here are here usually a certain amount of 
auxiliaries to drive, and gear-wheels and shafts 
must be arranged to drive them. The number of 
gear-wheels and counter-shafts used by different 
designers varies, however, enormously. It is gene- 
rally quite possible to arrange for all the necessary 
ts to be driven by three gear-wheels, there 
ing one cam-shaft besides the counter-shaft. 
In this case, however, a good deal of care must be 
taken to group the parts so that they can conve- 
niently be driven by a few shafts. On the other 
hand, engines have been made by firms, who ought 
to have had enough engineering experience to pro- 
duce a good commercial design, in which there 
were anything up to ten gear-wheels and a pro- 
portionate number of counter-shafts. It is quite 
obvious that two gear-wheels will cost about twice 
as much as one, and that, therefore, unless the 
extra number of gear-wheels increases the efficiency 
of the engine in some way which will augment the 
selling price proportionately, the more complicated 
design will entail a smaller profit to the producer, 
In most cases, however, the extra number of gear- 
wheels instead of increasing the value of the machine, 
diminishes it, as the extra wheels make more noise 
and are an additional expense to keep up. 

Other instances might be given. For example, 
a centrifugal pump costs less than a third as much 
as one of the type in which two wheels gear into 
each other, and when made is better in every way. 
Yet many firms fit the gear type of pump without 
a thought being given as to what it will cost. 
The thermo-syphon arrangement is cheaper than 
either, as it does away with the pumps, and all 
their connections, as well as the gear-wheels, &c., 
necessary to drive them. Yet cars intended to be 
sold cheap are designed with pumps sometimes fitted 
with a most expensive arrangement of gear-wheels 
to drive them. Innumerable instances of the same 
want of thought might be given. For instance, in 
arranging for the machining of parts all holes which 
are parallel can be drilled at one setting, yet it is 
not at all uncommon to see holes at all sorts of 
angles, each of which requires a special setting in 
the machine to drill it, without there being the 
slightest practical advantage. - 

We have taken the motor trade as an example 
because it is a new trade, and therefore the errors 
are more glaring than they are in trades which are 
older. In the older trades the expensive designs 
have, as we have stated, often been eliminated by 
the process of natural selection, and not always 
because the designs have been improved by scientific 
study of costs, as should have been the case. Even 
in the well-established classes of engineering, how- 
ever, there seems to be still room for improvement 
in many instances. No doubt the heads of the 
firms are usually very well aware of the importance 
of cost in the designs, but it is impossible for them 
to look after all the smaller parts and details, and 
these often make up a great part of the total cost 
of a machine. 

In order that there may be a thorough improve- 
ment in this direction it is necessary that even 
junior draughtsmen should get into the habit of 
thinking more than they do of what things are going 
to cost, and what is the most convenient way of 
making them. It would, of coursé, also be necessary 
in any particular factory for the draughtsmen in it 
to be familiar with the machine-tools, plant, &c., 
so that they can suit their designs to it, for it is 
obvious that it may often be much cheaper to vary 
a design to suit the plant the works possesses rather 
than to adopt one which will entail the purchase of 
special plant. A suggestion made by one correspon- 
dent in the recent discussion on the education of 
engineers, which has taken place in our pages, was 
that each drawing should have on it a statement of 
its estimated material and labour costs. Such a 





suggestion is worth consideration, but the essential 


point seems to be that all the draughtsmen in an 
office should be expected to be familiar with methods 
of production, so that they can design with this 
in their mind all the time, and that they should be 
made responsible for their designs being satisfac- 
tory in this respect, as they are in many others. 

It does not, of course, follow that the cheapest 
design to make is always the one which should 
be adopted, and young draughtsmen who are 
anxious to get on must not think that their em- 
ployer is necessarily wrong if he refuses to accept 
any of their suggestions for reducing cost. There 
are many cases where it is worth while to use an 
expensive form of construction because there is a 
large enough gain in quality to be worth it. In 
fact, it is very seldom that what is absolutely the 
cheapest thing which can be made is the best value 
for the money. Besides this, there is often the 
very important point that in business the prejudices 
of customers have to be considered and provided 
for, and there may be many other considerations. 

If, however, a young draughtsman will study 
the matter of cost carefully, not only in his own 
work, but in that of other people, and will think 
how everything he sees is to be made, and how he 
can reduce the cost of manufacture without impair- 
ing the efficiency of the detail, he will soon get 
an instinct for seeing which is the cheapest con- 
struction, and he will then be in a position to 
expect a good berth at a good salary. 








WEST RIDING RIVERS; 1904-1910. 
No. I. 

In June, 1904, we completed a series of articles 
dealing with the measures proposed and adopted in 
relation to the rivers and streams of the West 
Riding of Yorkshire from 1866 to 1904. 

The former year is that rendered memorable 
in the annals of the West Riding by the inquiries 
held by Rawlinson’s famous Rivers’ Pollution Com- 
mission of three. That was not what men and news- 
papers now call a ‘‘ strong” Commission, which is 
apt to imply strength in numbers, not in material. 
But the members were able, business-like, and 
thoroughly versed in every detail of their task, while 
their chairman was one of the clearest and most 
powerful thinkers that ever turned his mind to sani- 
tary engineering. So their work stands, and is still 
the text-book on its deeply - interesting subject, 
covering as it does a vastly wider field than has as 
yet been even attempted in legislation for rivers. 
As councils of war do not fight, so great commis- 
sions of ten and upwards do not hurry to their 
goal. Usually their members are busy men, with 
their hands full. Too many are amateurs in their 
work, and each addition to the number adds almost 
in geometrical progression tuo the difliculty, first, of 
arranging the sittings ; second, of getting through 
the witnesses ; and third, of keeping down their 
number, and keeping up their quality. Finally, by 
reason of their leisurely methods, the commissions 
are wont to outstay their welcome and weary their 
audience, which is the people. For all these reasons 
their conclusions, after long years of labour, are but 
too often far from unanimous, and fall flat upon the 
country, and miss their mark, 

The Rawlinson Commission suffered from none of 
these drawbacks. By far the most important of their 
reports was the third, that on the Rivers Aire and 
Calder, which had then gained, and have not yet lost, 
their unenviable pre-eminence in the matter of pol- 
lution amongst the rivers of the world. This part 
of their inquiry may be cited as an illustration of 
their method. The practical work in the field 
began on October 16, 1886, at Wakefield, and ended 
on December 1 at Pontefract. Within seven weeks 
they had held twenty-four sittings, and gathered 
together the bulk of the facts for their case against 
the woollen trade, which was the chief offender in 
that district. Their time was taken up as follows :— 

On the River Calder, at Wakefield, four days’ 
sitting ; Dewsbury, two days; Huddersfield, on the 
Colne, in Calder Basin, three days ; Halifax, two 
days ; Todmorden, one day. On the River Aire, 
Leeds, four days ; Bradford, on the Bradford Beck, 
in Aire Basin, three days ; Keighley, on the River 
Worth, in Aire Basin, two days ; Skipton, one day. 
On the Aire and Calder united, Pontefract, two 
days. The results of this circuit are set forth in 
the two volumes of the third report of the Com- 
mission, issued in complete form by August 15 of 
the following year ; complete even to its standards 
of polluting effluents, which, to this day, remain 





the only standards which have yet been tabled, 
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Any one familiar with the question, and knowing 
something of the stately march of the Royal Com- 
missions, will, on turning to these volumes, be 
astonished to realise what could be done in those 
days by three able men in the space of exactly ten 
months from the date of the first sitting. Looking 
at the evidence, he will also see with what skill, 
judgment, and ripe experience Sir Robert Rawlinson 
drew from the witnesses all evidence of value, and 
enhanced their efficiency by his tact and the fulness 
of his own knowledge of the technical details of the 
variety of processes, practices, and forces, natural 
and artificial, whence arose the pollution of the two 
rivers. His coadjutors, John Thornhill Harrison, 
M. Inst. C.E., and Professor Way, ably seconded 
him. The thorough remedies laid down in this 
report are well known to all conversant with this 
subject. They were received with acclamation in 
the district concerned, and all spoke well of them 
in theory. A policy of laissez faire succeeded, and 
it unfortunately was soon patent that the acclama- 
tion was no more than a ‘‘pious opinion,” not 
meant to apply to anything in particular. 

Since the issue of that report, over forty-two 
years have elapsed, in which, for at least the first 
twenty-two, up to 1888, not only was little or 
nothing done to improve matters, but bad had 
actually changed to worse. True, in 1876 the Rivers’ 
Pollution Prevention Bill was passed ; but it pre- 
vented nothing except effective action—inasmuch 
as in no practical sense could such action be taken 
except by those who themselves were the chief 
polluters, who might indict their neighbours higher 
up the stream, or were more or less interested in 
the polluting trades. There was no public prose- 
cutor, and the Act therefore remained, as it was 
apparently intended to remain, a dead letter. 

Twelve years later—in 1888—the first real step 
was taken towards the purification of the rivers of 
England and Wales by the creation of the West 
Riding County Council under the Local Govern- 
ment Act of that year, which, by Clause 14, gave 
power to a county council, in addition to any other 
sanitary authority (urban or rural), to enforce the 
provisions of the Rivers’ Pollution Prevention Act 
of 1876. * 

The County Council was, in fact, the first public 
prosecutor, the first authority of sufficient indepen- 
dence and strength to enforce the provisions of the 
Act of 1876. While not fully realising Mr. James 
Mansergh’s ‘‘strong, central, independent, and 
dominant authority ” which was needed to deal with 
the incredible pollutions of the West Riding, its crea- 
tion was a long step in advance. We reviewed what 
the County Council succeeded in doing in the West 
Riding to improve the rivers in 1894, in the course 
of three articles which appeared in ENGINEERING.* 
Having regard to its brief rule, a great deal was 
accomplished, for it moved all the best urban 
authorities—those, at least, who saw their fault, 
and yielded at the first real pressure ; but not the 
big county boroughs, which were ever eager to 
extend their already swollen boroughs, to add freely 
to their population, and then to plead for time by 
reason of the enormity of the sewage problem they 
had themselves complicated. These were the last 
to be moved—the greatest obstructors. 

Then the example of the Mersey and Irwell 
Joint Board of 1891 caused the West Riding 
County Council to make another advance. No 
sooner was that Board formed, under an order of 
the Local Government Board, than—effective as it 
proved up to a certain point—the very next year 
it was submitted to the revision of the best of 
legislative workshops for local powers—a Parlia- 
mentary Committee. In 1892 it was forged into a 
strong weapon which snapped asunder the bonds of 
the Rivers’ Pollution Act of 1876, and transformed 
a hampered Council into something like a living 
force—willing, able, and ready to act. It compelled 
even Manchester to move—a city of which Edwin 
Chadwick, a Manchester man by birth, said bitterly 
that it had spent 900,000/. on a palatial town hall 
for its Council, and was still without a system of 
main drainage. Seeing this great reform, Lord 
Ripon, a strong and energetic ruler in this matter, 
who had the health and beauty of his county at 
heart, with Mr. C. Milnes Gaskell and other re- 
forming spirits, urged the example of Lancashire, 
and the year following—1893—the West Riding 
too had their joint committee. This, again, was 
taken in hand, and endowed by Parliament with 
powers of a new and wider scope under the terms 








* See ENGINEERING, vol. lviii., pages 426, 457, and 526. 





of the transformed West Riding Rivers Act, 1894. 
That Act is now nearly sixteen years old. What 
has been done in the interval ? 

Amongst certain of those whose duty it was to 
administer the infant charter, which was to vindi- 
cate the river’s rights, the sanguine forecast was 
made that in ten years or so the task would, in a 
large measure, be accomplished. But those who 
had seen twenty-eight years pass since Rawlinson’s 
Commission had pointed out what should be done, 
with little actually accomplished except by the 
willing few amongst the Urban Sanitary Authorities, 
took a rather different view, and thought that if the 
rivers ran fairly clean within twenty or thirty years, 
it would be well. This wiser forecast is now likely 
to be verified if all goes well. Had the Rivers 
Board received no check from the Government 
Department which controls them—a check which 
for years has put an almost complete stop to the 
purification of trade effluents—their record would 
undoubtedly have been better, and even better 
still if they themselves had taken a strenuous 
course with the county boroughs, and at the same 
time stubbornly adhered to the proposed amend- 
ment of their Act in 1905, to which matter we shall 
revert later. 

The minor sewer authorities, which had been 
recalcitrant, soon became amenable to the new and 
stronger power, and much promising work was 
accomplished. But the means were not always 
fitted to the end, and the promise too often failed 
to arrive at fruition. In fact, zealous bodies of this 
class have in many cases become disheartened at the 
spectacle of the long apparent immunity of the 
county boroughs, whose inertia has become a by- 
word. Thus the rivers, though undoubtedly im- 
proved, remain for the most part as they were. The 
inhabitants, to whom their black, reeking, and 
stinking currents—let us not be too nice and mince 
our words—are familiar, have for the most part 
become callous to a state of things into which they 
were born, though inexpressibly barbarous to an 
outsider. A deep shadow is thus cast on their so- 
called civilisation, which dulls all their perceptions 
of Nature—art, beauty, and even cleanliness—and 
puts them to open shame in the sight of strangers 
of distinction visiting their district and who sicken 
at the sight of streams which, forty-four years after 
the inquiry of 1866, and sixteen years after the 
formation of Mr. Mansergh’s ‘‘ dominant” Rivers 
Board, are still the foulest rivers in the world. 
Spencer warns us against the use of unnecessary 
epithets, but it is necessary to describe offences as 
they really are, in order to overcome the apathy of 
custom and effect their removal. Let the spade be 
called a spade. 

All this time great fortunes have been made out 
of these very rivers, and this, in spite of the fact 
that trade has been far from good, and wages low 
and not always easily procured. High honours have 
also been scattered throughout this great polluted 
area. We shall probably not be very far wrong in 
suggesting that almost the whole of the polluting 
matter represents waste not merely of the ingre- 
dients cast into the rivers, but of the river water 
itself, for recovered purity, even to a practical 
degree only, would, in the opinion of competent 
judges, pay for the processes needed, which, if the 
aid of science be called in, may even be found to be 
profitable of themselves. The double return of 
—~* and profit is a part of true river economics. 

he extra cost of great water works entailed by the 
destruction of the West Riding rivers for trade 
purposes has swallowed up many millions sterling, 
which is so much capital withdrawn from frade 
without real need. In Germany permission to build 
factories cannot be obtained without first showing 
how noxious effluents are to be disposed of. There 
is no special merit in that ; it is but common-sense. 
When will our law ask for so much reason ? 

We have referred to the check given by the 
Local Government Board to the purification of the 
rivers in the matter of trade effluents. It may well 
be asked, How was this brought about, and with 
what object ? It might almost be called the counter- 
check-quarrelsome were the parties not of the same 
colour in politics. ‘The disturbing factor of politics, 
therefore, cannot enter into the difference. The 
first question is answered by the fact that in the 
matter of trade effluents there can be no prosecution 
of the offender under the West Riding Rivers Act, 


or the Rivers’ Pollution Prevention Act, 1876, 
except by consent of the Local Government Board, 
the action of the Rivers Board being subordinated 
to thatdepartment. The gist of this clause bearing |. 





on this is that the Local Government Board shall not 
give their assent to proceedings by the Rivers Board 
unless they are satisfied, after due inquiry, that 
means for rendering harmless the polluting liquids 
proceeding from manufacturing processes are reason- 
ably practicable and available under all the circum- 
stances of the case, and that no material injury 
will be inflicted on the interests of any industry by 
the prohibition of the discharge of such liquids into 
the streams. 

Primd facie, no objection to this most important 
proviso is apparent. Necessity, we all admit, 
knows no law, and it is a necessity that our trade 
interests should live and thrive. Yet while there 
can be no objection to the general sense of this 
restriction, there can be little doubt that the 
omission of the words, ‘‘and that no material 
injury will be inflicted on the interests of any 
industry,” would have saved litigation. The ques- 
tion inevitably arises, What is material injury? If 
the word ‘‘ reasonably” were omitted, there would 
be still less scope for difference. It may enable us 
to appraise these qualifications more clearly if we 
consider them in connection with prohibition rather 
than pollution. Let us suppose it to be accepted 
that if the offending liquid does neither material 
damage to the river, nor renders its water other 
than reasonably clear, no offence is committed, 
should we not complicate the issue and increase 
uncertainty if we add more? In nothing is the 
value of words more proven by severe restraint 
in their use than in the making of laws. Words 
few, simple, clear, comprehensive, and no more 
than sufficient, assist the eause of justice, though 
they may be an offence to the contentious lawyer. 

A second argument suggests itself on the side of 
more efficient administration of the law. Are the 
control and decision of the Local Government 
Board necessary ? The questions have often been 
asked as to who are the Local Government Board, 
and in what form do they deliberate? Their in- 
spectors we know, but who are the members of the 
Board, and what are their qualifications to act as 
sole arbitrators, without right of appeal, on the 
question of ‘‘ material injury” to trade interests ’ 
Whether party politics be a good training school 
for judicial authority in trade questions may well 
be doubted. We admit, of course, that in rare 
instances men are born judges. The Board’s in- 
spectors are men of high character and ability, but 
who will venture to assert that they are the equals 
of the trained judge of the County Court, before 
whom these river cases are mostly taken, when it 
comes to the weighing of evidence. Yetit is entirely 
upon their report of unsworn testimony that the 
Local Government Board have to depend. Justice 
would be more readily secured if appeal could be 
made to the judge without the intervention of any 
State department. There-would then be no outside 
pressure, no preliminary interview of a political 
nature with the idea of staving off the hearing of 
the case on any plea whatever. Noteven a Cabinet 
Minister would dare step in, nor would a corpora- 
tion venture to approach him with the sugges- 
tion. ‘‘ But,” some reader may ask, ‘‘Is not 
the bare notion of such an interference some- 
what chimerical?” On this point the following 
facts offer enlightenment. They are taken from 
the able and plain-spoken report of the Right Hon. 
C. G. Milnes Gaskell, issued in February last, on 
the last three years’ progress of the West Riding 
County Council, of which he was the chairman for 
nearly twenty years. He says: ‘‘On December 5, 
1907, the Dewsbury Town Council determined that 
the Local Government Board should be approached 
in order that they might ask the West Riding 
Rivers Board to withhold proceedings against the 
Corporation and manufacturers of Dewsbury, and 
Mr. Runciman was requested to co-operate with 
the Corporation in obtaining access to the Local 
Government Board. On the following day, the 
present Minister for Education (Mr. Runciman), 
ata Chamber of Commerce dinner, is reported to 
have said that ‘the West Riding Rivers Board had 
a distinct objection to its rivers and becks being 
polluted, but he did not agree with them alto- 
gether as to what pollution was. He was not sure 
that the rivers were not made for the drainage of 
the land, and that the most profitable form of 
drainage was not that stuff which was called trade 
effluent. It was quite possible they might do great 
harm by poisoning the rivers, and he gave this 
warning to the Rivers Board that they should not 
adopt as their motto ‘ Trout, not Trade.’ ” 

hether the requested co-operation was given oF 
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not Mr. Gaskell does not say, but he proceeds to 
tell us—(1) That three weeks later, on December 23, 
the Dewsbury Corporation and other authorities 
had an interview with Mr. Burns, and urged him 
to bring in a General Bill, and meanwhile not to 
sanction proceedings by the Rivers Board. (2) That 
in February, 1908, the Rivers Board applied to the 
Local Government Board for leave to take proceed- 
ings in eleven cases, making thirty-eight alto- 
gether. (3) That no notice was taken of these 
communications, and only in September was a 
formal reply vouchsafed. In December the Rivers 
Board pressed for a definite reply. In February, 
1909, they expressed their surprise and regret at 
the continued inaction of the Local Government 
Board. This was followed by a question in the 
House of Commons, in answer to which Mr. Burns 
said that he proposed to bring in a Bill on the sub- 
ject during the Session. At last—in August, 1909 

the Local Government Board, in response to con- 
tinued pressure, stated that they had decided to 
hold an inquiry in six cases, and the inquiries were 
held in September and October. 

After this plain narrative which depicts a state of 
complete paralysis of the Rivers Board’s work in 
the important matter of trade effluents for eighteen 
months, none will consider the following comments 
of Mr. Gaskell too severe: ‘‘The story is a sorry 
one—inaction, discourtesy, apathy, if not hostility ; 
and it is too obvious that we cannot look for much 
sympathy on the part of either the President of the 
Local Government Board or the Minister of Educa- 
tion, the two authorities from whom we might expect 
the most support. I have never minimised the 
difticulties of the task. There are the lachés of two 
generations to make head against. Here is a 
description of the Bradford Beck about 1835 :—‘ A 
beck dressed up in all the colours of the rainbow, 
running pink one morning, green on another, blue 
on a third, according to the dye which happened to 
be in the ascendant.’ Let us hope meantime that 
Mr. Burns’s Bill may some day be submitted to 
Parliament. Since 1835 the volume of effluents 
tinged with rainbow colours poured into the beck 
has increased at least sixfold.” 

Assuredly the picture is a sorry one, unworthy 
of the country that has produced reformers of the 
stamp of Chadwick, Rawlinson, and Simon, the 
pioneers of local government. Our readers may, 
at least, rest assured that the difference between 
the two Boards is not of a political nature. 

It is incredible that in these days of local self- 
government bureaucracy should obstruct the pro- 
gress of a great work like that of the West 
Riding Rivers Board, not through Parliament, but 
in defiance of Parliamentary enactment. The 
act of discourtesy referred to by Mr. Gaskell is 
not apparent in his report, and, perhaps, needs 
some explanation, which may be given, not only for 
his justification, but also in order that the public 
may realise how far the obstruction of office and 
the law’s delay may be carried even in this country. 

On February 19, 1909, at a Rivers Board meet- 
ing, with Mr. J. W. Dent in the chair, the Manu- 
facturing Pollutions Committee put forward the 
following resolution :—‘‘ That the Rivers Board 
express their surprise and regret at the continued 
inaction of the Local Government Board, which has 
already greatly obstructed and delayed the work of 
purifying the polluted rivers of the West Riding, 
and that the Rivers Board do require the Local 
frovernment Board without further delay to con- 
sider and decide the applications made to them in 
January, 1908, for consent to take proceedings 
under the Rivers’ Pollution Preventive Act, 1876, 
in several cases.” The words in italics are ours, and 
should be noted; they are of a mandatory character, 
and probably almost unique as such in this country, 
as addressed to a high public department. In 
what followed the reader will be able to determine 
for |:imself how far they were justified. 

Mr. H. A. Foster, Chairman of the Manu- 
fact.ring Pollutions Committee, who submitted 
the resolution, explained that he had that morn- 
ing received a letter from the Local Government 
Board, addressed not to the Rivers Board, but 
to tle Manufacturers’ Association, who had sent 
it on to him; stating that the President ‘* hopes 
to introduce a Bill in the course of the coming 
Session of Parliament dealing with the subject of 
trace effluents.” Mr. Foster, proceeding, said that 
if the Government were going to introduce a Bill, 
the least they could do would be to consult that 
Board, which was the authority most affected by 
any legislation which might be brought in. The 





Government could get information from the Rivers 
Board which they could not get elsewhere, and 
legislation passed without that knowledge would 
be a mistake. It should be obvious to all that the 
Rivers Board occupied a unique position in this 
matter. Mr. Milnes Gaskell said that it was hardly 
credible that the Government department respon- 
sible for the sanitary work of this country should have 
ignored those who, with great difficulty, for many 
years had been endeavouring to carry out a great 
and important work. If there was an ideal dog 
in the manger, it seemed to him to be the Local 
Government Board atthe present time. The slight 
cast upon them was monstrous. 

The chairman of the Rivers Board said that 
the letter sent to them by the Manufacturers’ 
Association was the only information they had on 
the subject, and all that could be said of this action 
of the Local Government Board was that it implied 
the grossest discourtesy. He then explained that 
the prolonged delay followed by this act had 
prompted the committee to ‘‘require” the Local 
Government Board to move in the matter without 
further delay. If this discourtesy was continued, the 
Rivers Board might bring stronger pressure upon 
them. It would be possible to apply for a manda- 
mus. It was difficult to imagine that a Government 
department should ignore that body, and the state 
of things had got worse since Mr. Runciman, 
M.P., made what he (the chairman) considered at 
the time a very rash speech when addressing his 
constituents, casting at them the reflection that 
‘**Trout versus Trade” was their motto. Since then 
things had become worse ; but whether there was 
any connection between the two facts he could not 
say. He hoped the question would be raised in 
Parliament. The resolution was duly d. 

After this episode, and the further delay of over 
six months added to the full year that had already 
been lost, none will require further justification of 
Mr. Gaskell’s caustic remarks which we have given 
above, extracted from his triennial report. 

The ‘‘warning” was given bya man in high office 
to the West Riding Rivers Board that they should 
not adopt as their motto ‘‘Trout not Trade.” Let 
us consider for a moment these words of wisdom 
emanating from high places. 

The Aire, at its entrance to Leeds, flows below 
the arches of Kirkstall Bridge and debouches from 
a spacious romantic valley, 9 out of 10 miles of 
which consist of park, avenue, farm, and woodlands, 
not half a mile below the venerable ruin of Kirk- 
stall Abbey, which stands on the river margin: a 
site richly endowed by nature and hallowed by 
former use. The Leeds Corporation discharges no 
tribute of sewer liquids into this river within the 
borough, and is entitled by law, as are the inhabi- 
tants below the borough, to receive a clear and 
wholesome, though not necessarily a pure, current 
through the seven long miles of its course within 
its boundaries—a current, in fact, such as would 
bring with it, as all natural rivers do, a perennial 
stream of air, fresh and pure. By this fresh-air 
current the numberless workshops, factories, dye- 
houses, wharves, streets, lanes, alleys, and slums of 
the great city should, in some degree, be rinsed, 
scoured, and oxidised to the natural benefit of the 
workers and the inhabitants. Instead of this the 
stranger finds, to his astonishment, at this ‘‘ water- 
gate” of Leeds, as it may be called, a sewer fouled 
with ‘‘ ineffable pollution.” This was the by-no- 
means hyperbolic epithet used by the distinguished 
Leeds physician, Dr. T. P. Teale, in describing the 
Aire at this very spot. In reality it is a current 
laden, not with fresh air, but with stenches, which 
become insufferably noxious and sickening at 
periods of drought. 

In the centre of Leeds, below the Midland 
passenger station, the ancient Bondman Weir lies 
stretched across the river-bed. Until five or six 
years ago this supplied four goits or mill-races to 
the King’s Mills and other works. These goits and 
mills, in the interests of public health, were re- 
moved, under a special Act, at an enormous cost, by 
the wise though belated citizens of Leeds, as a 
nuisance dangerous to health, but the great sewer 
and the ‘‘ineffable pollution” remain, and are, if 
anything, fouler than ever. Whence comes this 
river of sewage? It is the tribute of Bradford, 
whose 13,000,000 gallons of daily dry-weather flow 
of sewage practically joins the Aire at the conflu- 
ence of the Bradford Beck, and straightway trans- 
forms the former from a river in which trout can 
live, to one which, being sewage-sick, cannot purify 





flowing for 104 miles through the beautiful valley 
we have referred to. At present, therefore, it may 
be said that the future of the river at Leeds lies 
with Bradford. 

This state of affairs is common to all the industrial 
rivers of the woollen district, and constitutes that 
‘scandal to civilisation” which is invariably cen- 
sured by every self-respecting man who witnesses it 
for the first time. Yet Mr. Runciman tells us he is 
‘*not sure that rivers were not made for the drainage 
of the land, and that the most profitable form of 
drainage is not that stuff which is called trade 
effluent.” 

A few years ago a man fell into the Calder at 
Wakefield Bridge, and after a brief struggle, was 
taken out dead. At the inquest the verdict was 
that poisoning by the sewage in the river was the 
cause of death—in short, ‘‘by that stuff which is 
called trade effluent.” A little experience of this 
kind might resolve all doubt in the minds of our 
statesmen as to the profit of this form of sewage 
disposal. Let them ponder a while on what it is 
that shall profit a man, and then try to remove 
from their minds such trivialities as the motto 
about ‘‘ Trout versus Trade.” Let them bestow their 
warnings where they are due, upon the man who 
finds a pure stream and leaves it a sewer, but dies 
rich, in peace with all men, possibly leaving a pic- 
ture gallery as some poor amends for the destruc- 
tion of the river. A clean river is worth a good 
many picture galleries to a great city. The West 
Riding Rivers Board has set its hand to a great 
work, and may be trusted to accomplish it. 








NOTES. 
THe Warsrook TeLEWRITER EXCHANGE. 

THE first public telewriter system to be put into 
service was inaugurated in London on the Ist inst., 
when the Walbrook Exchange of the National Tele- 
writer Company, Limited, was opened by the Lord 
Mayor. The exchange is situated at the office of 
the Telewriter Company, at 20, Bucklersbury, 
E.C., and is arranged for 800 subscribers, of 
which some 50 are at present connected up. The 
telewriter has been in successful operation in 
this country and in America for some years for 
private plants, and the extension of its use to 
a public exchange is a matter of some interest. 
It is an instrument which transmits writing or 
sketches electrically, and, in conjunction with an 
ordinary telephone, enables much business to be 
transacted which cannot well be carried out by 
the telephone alone. Figures and shipment marks 
may be transmitted, while, in the case of ordMary 
messages, the written form which is received may 
be filed as a record in important cases. The in- 
strument is in essence very simple, and consists 
of a pencil, with which the message to be trans- 
mitted is written, and which is connected up by 
links to the ends of two levers which, as they rotate, 
move brushes over two sets of rheostat contacts. 
As the message is written these levers move in 
unison with the pencil, so that current variations 
are transmitted over two line circuits which are 
connected up to the two rheostats. The far ends 
of these two lines are connected at the receiver 
to two moving-coil instruments which have per- 
manent fields, and are so arranged that as these coils 
move in response to the varying received currents, 
they operate a pen, which is connected up by links 
in a similar manner to the transmitting pencil. 
The result is that the pen follows exactly the move- 
ments of the pencil, and the message written at one 
end is reproduced at the other. The development 
of the public exchange will be watched with interest. 
It is at the present time in connection with the 
Post Office, and many of the subscribers to it have 
arranged to have their telegrams transmitted 
through it. 


. Tue Davipson GyropTer, 


There is, at the present time, under construction 
at Amerden Bank, near ~— a flying-machine 
of an altogether new form. is machine has been 
designed and is being built by Mr. G. L. O. David- 
son, who has been studying the subject for a large 
number of years. For many years Mr. Davidson 
conducted his experiments in Colorado, and, after 
bringing them to what he considered a practical 
stage, returned to this country to build an actual 
machine. The present machine will measure about 
66 ft. in a fore-and-aft direction and 76 ft. in extreme 
width. It consists essentially of a main body, from 


itself, and which, in this state, enters Leeds after | which extend twelve wings, six a-side, in sets of three 
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superposed. Between these wings are arranged, 
one on each side of the machine, two revolving 
lifters, or gyropters, as Mr. Davidson terms them. 
These lifters may be described as being shaped 
like inverted saucers. Each is made up of 120 
blades, of which 60 extend from the perimeter to 
the centre, while 60 are half-length blades extend- 
ing from the circumference for a part of the dis- 
tance to the centre. The wheels made up of these 
blades are 26 ft. 10 in. each in diameter, and they 
will revolve at about 60 revolutions per minute. 
Each blade is cut out of the solid, and has a 
reverse-curve section of varying angle from the 
tip inwards. Each wheel is mounted on a hollow 
steel spindle suspended at the upper end in ball- 
joint bearings, from the main rib of the central 
upper wing, and about half way between the wing 
tip and the body of the machine. The wings are 
built on main ribs, which take the form of cantilever 
lattice box-girders of tapering section, projecting on 
each side from the body of the machine. These 
girders are about 2 ft. square near the body, and 
taper off to not more than a few inches square at 
the tip. The supporting surfaces which will cover 
these ribs will be of true bird-wing section, with 
the thickest part towards the leading edge, taper- 
ing away to a fine edge behind. The tip of each 
wing will be adjustable. Steam-engines will be 
installed in the body of the machine for the pur- 
pose of driving the lifters. The engines are of the 
type used in the Stanley steam-car, and develop 
each about 60 horse-power, working with steam 
at a pressure of 800 lb. per square inch. In the ex- 
perimental machine it was found that the gyropters 
working at a speed of 55 revolutions per minute 
produced a lifting effect of 1.5 tons each. In the 
new machine Mr. Davidson expects to realise 
a total lifting effect of 10 tons. As the whole 
machine will weigh about 6 tons, there will 
be a margin of 4 tons. The object of Mr. 
Davidson in designing this machine has been to 
produce an apparatus in which the direction 
of the resultant of all the forces acting on the 
machine can be controlled by manipulation of the 
lifters. These, as already stated, are suspended at 
the top end of their spindles in ball-joint a. 
and the axes may be inclined by the operator. By 
thus inclining the axes the direction of the force 
exerted by the lifters is altered, and the direction 
of the resultant of this force and of gravity may be 
made to fall belowor above the horizontal at will, pro- 
vided there is a certain margin of power available. 
A theoretical consideration of the problem will show 
that with small inclinations the additional power 
needed to keep the resultant above the horizontal 
is slight, and if the lifting effect of the gyropters 
expected by Mr. Davidson is realised, the machine 
should have ample power for its weight. The 
machine will be provided with a tail and also with 
a front vertical rudder. The body is large enough 
to accommodate several persons in addition to the 
operators. The machine frame is being built 
throughout of Californian Redwood. This wood is 
straight-grained and light, and does not warp. The 
jointing throughout is by copper rivets, and the 
whole structure is of very excellent workmanship. 
The construction has throughout been designed to 
give a combination of lightness with extreme 
rigidity, and has been worked out in a most inte- 
resting manner. 


Water-Proorinc BuriLpinas. 


The subject of water-proofing buildings is often 
regarded as a discouraging one. In the first 
jJlace, many people look upon it as next to 
impossible to make concrete in itself water- 
tight. Watertightness is, however, only a matter 
of care in the selection, proportioning, mixing, and 
placing of the materials, as we pointed out in an 
article we published on page 590 of our eighty- 
fifth volume. It is, however, sometimes necessary 
to apply waterproofing to concrete and other mate- 
rials not in themselves quite impervious to water, 
and this is done by the application of various sub- 
stances to the interior or exterior surfaces of walls, 
&c. It is probable that much more has been done in 
America than in this country to advance our know- 
ledge on the subject, for the condition of things 
there has been such as to bring the matter into 
special prominence ; the practice of constructing 
very deep cellars and basements, with a view of 
gaining valuable space, has greatly increased the 
evils and discomfort arising from nf neglect of 
proper precautions. The matter was brought for- 


ward very clearly by Mr. Myson H. Lewis in a 





paper read before the municipal engineers of the city 
of New York on November 25, last year. The author 
classes all the methods of waterproofing in use under 
three heads :—1. Bituminous shields or membranes, 
including all the processes in which the structure 
is surrounded by an external shield or membrane. 
2. The integral method, by which is meant making 
the concrete or masonry itself impermeable, or 
using a water-proof cement coating. This is termed 
the ‘‘ rigid ” method, in distinction to the “‘ elastic,” 
or bituminous. The third method is that in which 
the water-proofing is applied to the surface of the 
structure, but not as cement, as in case 1. By 
adopting any of these methods, according to cir- 
cumstances, it is maintained that, with thorough 
investigation, correct design, and suitable Petes 
structures can be water-proofed with as much cer- 
tainty, and as permanently, as it is possible to 
expect. The effects of variations of temperature 
must be carefully guarded against, a fact which 
will perhaps be more readily appreciated when we 
state that in the case of plaster there is, for a 
difference of 100 deg. Fahr., an increase or decrease 
of 2.7 cubic feet in a 10-ft. cube. The range in 
other materials is not so great, but it has, never- 
theless, to be considered. In neat cement it is 1.8 
cubic feet in a 10-ft. cube, and in concrete 0.4 cubic 
foot in a 10-ft. cube. In using membranous water- 
proofing, one of the chief considerations is to have 
a good surface on which to apply the material. It 
must not be too ragged nor yet too smooth. The 
surface must also be clean and dry. In the integral 
method, the chief point of importance is the elimi- 
nation of all voids in the concrete. The impermea- 
bility of the mass may also be assisted by the 
incorporation of some waterproofing compound, 
such as solutions of chloride of lime or sulphate 
of aluminium, added to the cement, and Sylvester 
soap or alum mixtures, as well as hydrated lime 
and metallic stearites. The author, however, 
points out that the effect of none of these com- 
pounds has been tested by time. Metallic 
stearites appear to be most in favour at the 
present time. With regard to surface coatings, the 
most permanent of these is hot paraffin injected 
into the pores of the surface, but it is necessary 
that the paraftin should be a specially hard kind. It 
is rather an expensive natin, but the results 
seem to justify it. The Sylvester method of alum 
and soap is much in use, but it requires a larger 
number of coats than in the case of paraffin, and is 
quite as expensive, while it is no more permanent. 
Linseed oil should not be used, as it is an unstable 
compound and produces a soap upon coming in con- 
tact with the alkali in cement, and soon washes off. 
Included in the paper is a very useful diagram for 
determining the dimensions and the cost (in the 
United States) of reinforced-concrete floors sub- 
jected to external hydrostatic pressure. This is 
intended for use when designing floors that 
have to be waterproofed in deep basements, and 
where it is important to guard against the crack- 
ing of the floors. 


State oF THE SHIPBUILDING TRADE. 


It is shown in Lloyd’s return that, during the 
past three months, 193 merchant ships, of 345,443 
tons, were launched from the various shipbuilding 
yards throughout the kingdom, which is quite a 
satisfactory output. Fortunately the tonnage of 
vessels actually commenced to take the place on 
the stocks of those vessels exceeds this total. The 
vessels commenced number 189, the decrease in 
number being entirely due to fewer small sailing 
vessels, the tonnage commenced being 394,676 
tons. But, including the vessels for which orders 
have been placed, the increase of work on hand as 
compared with three months ago totals 61,000 tons, 
there being 394 merchant ships, of 1,118,587 tons, 
now on the builders’ books. A year ago, when we 
were experiencing great depression, the total was 
only 308 vessels, of 745,705 tons, so that there is prac- 
tically 50 per cent. more tonnage in progress to-day 
than was the case at the beginning of July, 1909. 
It is regrettable, however, that much of this work has 
been placed at exceptionally low figures, many of the 
moderate-sized vessels having been contracted for 
at a price in the region of 51. per ton dead-weight 
capacity. The shipbuilders, therefore, are not ina 
very comfortable position, in view not only of the 
advance in the price of constructive materials, but 
also of the restiveness of labour under the belief 


that the trade is prospering in the widest accept- English 


ance of that word. The warship work fortunately 
is much more extensive than was the case a year 





ago. Indeed, the total tonnage of fighting ships is 
the largest reported since June, 1901, making up 
66 vessels of 378,523 tons. Of this, however, a 
small proportion — 43,250 tons—is for foreign 
account. The condition, therefore, as compared with 
three months ago and a year ago is as follows: — 





| ’ 
| July, 1910. | April, at July, 1909, 











tons | tons tons 
Merchant steamers --| 1,115,484 1,052,887 739,91 
Merchant sailing ships . 3,103 | 4,749 5,714 
Total merchant ships | 1,118,587 1,057,636 745,705 
Warships : } 
In private works 239,193 | 166,855 | £9,980 
Indockyards .. 96,080 | 90,730 | 84,370 
Foreign warships 43,250 | 46,100 | 49,600 
Total .. 1,361,321 | 969,655 


1,497,110 
Including, therefore, all ships, there is an addition 
of practically 530,000 tons to the work in hand, 
much of which, however, is in a fairly advanced 
state. The augmentation in tonnage is fairly well 
distributed throughout the kingdom, the North- 
East Coast profiting most so far as merchant work 
is concerned, but the Clyde, Barrow, and—perhaps 
to a less extent—the Mersey have gained consider- 
ably by reason of the recent Admiralty orders placed. 
Taking merchant work alone, we find that the 
Tyne, with 194,537 tons, has 78,000 tons more 
than in July, last year; Sunderland, with 108,500 
tons, has nearly 48,000 tons more than twelve 
months ago ; the Tees, with 70,967 tons, has 43,000 
tons more than a year ago; and Hartlepool, with 
65,283 tons, has 33,000 tons more than in July, 1909. 
The East Coast, therefore, has secured a very 
large extent of the recent work placed. The Clyde 
has been equally fortunate, in view particularly of 
extensive warship work. The 73 merchant vessels 
building in the upper district of the Clyde total 
228,534 tons, which is 89,000 tons more than a year 
ago; while the 47 vessels in the Greenock dis- 
trict make 159,297 tons, or 36,000 tons more than 
in July, 1909. At Belfast the conditions maintained 
have been fairly normal over a prolonged period, 
since there the recent depression was not so 
severely felt. The total of 19 vessels, of 227,500 
tons, is satisfactorily high, although a little less 
than three months ago, and only 24,000 tons 
more than a year ago. Liverpool has also added 
considerably to the amount of merchant work on 
hand, as the total is 29,380 tons, which, while 
6000 tons less than three months ago, is 15,000 tons 
more than a year ago. As regards the ownership 
of the vessels, the addition is largely for British 
lines, but Norway has in course of building ten 
vessels, of 37,975 tons, Germany three, of 23,400 
tons, Austria-Hungary four, of 15,250 tons, Sweden 
two, of 12,600 tons, and France ten, of 10,928 tons, 
while other important clients are Italy, Holland, 
and Russia. 








_ LuxempourG MINERALS.—The production of minerals 
in the Luxembourg during the decade ending with 1909 
was as annexed :— 


Year. Tons. Year. Tons. 
1900. . 6,171,229 1905.. 6,595,860 
1902. . 5,130,069 1907... 7,492,870 
1904. . 6,347,704 1909 . 5,793,875 


The value of the production stood in 1900 at 691,332/ ; in 
1909 it had sunk to 634,038/. 





AMERICAN ELEcTRICAL INDUSTRY.—The commercial 
and municipal electrical plants of the United States 
numbered 4714 in 1907, as compared with 3620 in 1902. 
The output of all electric stations and electric railways 
amounted in 1907 to 10,621,406,837 kilowatt hours, as 
compared with 4,768,535,512 kilowatt hours in 1902. The 
capital engaged in American electrical industry was 
estimated in 1907 at 1,241,949,350/., of which 273,467, 17/. 
related to central electrical stations, 754,944,519/. to 
electric railways, 164,923,203/. to commercial or mutual 
telephone companies, and 48,(614,461/. to telegraph com- 
panies. 





EnGLisH Visitors To SwepIsH Iron Works.—Colonel 
Sir Hilars Barlow, Chief of the Royal Arsenal, Wool- 
wich, Major J. Rawdon Stansfeld, Inspector of the 
Naval lneqgotion Staff, and Mr. Harold Moore, of 
the Royal rch Department, have just paid a visit 
to Sweden for the purpose of examining Swedish iron 
works, more especially such as manufacture stee! ‘of 
high quality. Every attention has been shown to the 
em ae pa visitors. The first visit was paid to the 
Uddeholm works at Hagfors, the next works to be in- 

ted being those of Nykroppa and Storfors, the latter 
of which has lately been much extended. The pro- 
gramme also included visits to the famous Sandviken 
works, the Avesta works, the Fagersta works, the Kolsva 
works, the Bofors works, &c. It is understood that the 
inglish visitors were specially interested in the extreme 
care bestowed upon testing the steel of the various kinds 
prior to its leaving the works. 
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FAILURE OF MATERIALS UNDER RAPID | 


ALTERNATIONS OF STRESS. 
To THE Eprtor oF ENGINEERING. 

S1r,—In the leading article on ‘‘ Testing the Strength 
of Materials,” in your issue of June 24, the writer, in 
discussing the failure of material under rapidly alternating 
stress, makes an interesting reference to *‘ the earlier 
experiments of Mr. Osborne Reynolds, in which it was 
found that the resistance of a hard steel, tested by 
Wiohler’s method, was much the same as that of a soft 
steel, provided the rate of reversals was sufficiently 
rapid.” There can be no doubt that this-reference is to 
the results described in a paper by Osborne Reynolds and 
J. H. Smith (Philosophical Transactions of the Royal 
Society, 1902), entitled ‘*On a Throw Testing-Machine 
for Reversals of Mean Stress,” and it is somewhat unfor- 
tunate that the article should give to readers who are not 
familiar with the paper the impression that these results 
were arr:ved at by the use of Wéhler’s method. 

The two methods are, of course, quite distinct, that 
of Wohler being the rotation of the specimen about 
its own axis when in the form of a cantilever with a 
load at the end, and that of Reynolds and Smith the 





reciprocation of the specimen when taking the place of the , 


piston-rod of a direct-acting steam-engine mechanism. If 
the results obtained by the two methods were in agree- 


given above ; ON issucha line. By the law of subtrac- 
tion of vectors, M N represents the change of momentum 
between the positions A, B and A!, B'. If 6 6, the angle 


turned through, is very small, then MN is practically 
equal tod @.OMor 
W x v). 


50 ( 
32.2 
Let T = the couple which causes the rotation about the 


vertical axis, and let 6 ¢ = the time during which it acts. 
Then, by the law of change of momentum, 


T5e=30( Ww K? «), 
32.2 
7-807 W 


( K? w } 
6 ¢ \ 32.2 
In the limit, A is the angular velocity of the wheel about 


the vertical axis ; representing this by 2, the couple now 
Ww K2 w 


equals 
( oe ) 
3 2.2 


which is the same value as that deduced in the article 


| referred to. Again, in the limit M N is perpendicular to 


ment, it would be unnecessary to point out the distinction | 


between them, but, unfortunately, this is not the case. In 
the Reynolds testing-machine the effects of rapid alterna- 
tions are, according to the paper quoted :— 

1. To reduce the limiting range of stress very consider- 
ably (for mild steel, from 21 tons at low speeds to 12.5 
tons at 2000 reversals per minute). 

2. To make the limiting ranges for hard steel and soft 
steel approximately equal. 

Neither of these effects can be detected in the high- 
speed tests by the Wohler method recently made at 
the National Physical Laboratory, the results at 2200 
reversals per minute being practically identical with 
those at 200 per minute. It is difficult to suppose that 
reversals of stress from uniform tension to compression 
can have a different effect from reversals of bending stress, 
since the stresses in both cases are within the elastic limit, 
so that apparently the peculiar results described in 
Reynolds’ and Smith’s paper are characteristic of this 
pe mechanism. The latter assumption appears to 

2 the more probable from the fact that in the machine 
on the Reynolds’ principle, constructed at the National 
Physical Laboratory for reversals of direct stress, the 
same tendency for the range of stress to diminish as the 
rate of reciprocation increases has been noticed, but to a 
less extent than in Reynolds’ and Smith’s experiments. 
It would be interesting to have Dr. J. H. Smith’s opinion 


on this point. 
Yours en 
July 5, 1910. T. E. Sranton. 


| Wohler’s tests were not made exclusively with rotating 
bars, as Dr. Stanton seems to imply. He experimented 
also with bars under varying tensions and with bars 
tested by transverse bending.— Ep. E. ] 





ELEMENTARY THEORY OF THE 
GYROSCOPE. 
To THE EpriTor OF ENGINEERING. 

Str,-—The following seems an easier and more readily- 
understood method determining the formula for the 
couple causing the precession of a gyroscope than the 
one which appeared in your issue of the 24th ult. It 
depends upon the fact that the change of angular momen- 
tum measures the impulse of the couple. Referring to the 
diagram given below, A B represents the plan of a wheel 
which is mounted so as to rotate about an horizontal axis 
through O; at the same time the wheel and its axle can 
rotate about a vertical axis also through O. 

The problem is to determine the couple which is 
requi to act on the wheel to cause it, with its axle, to 
rotate about the vertical axis when the wheel is already 
rotating about the horizontal one at a constant speed. 


s 








taiz IN 

The angular momentum of the wheel when rotating 
hout the horizontal axis is equal to i K?2. w}where W 
is the weight of the wheel, K its radius of gyration, and 
© 1s its angular velocity about this axis. Angular 
momentum is a vector quantity, and can be represented 
by a straight line. Let O M, a line perpendicular to 
the plane of rotation, represent this momentum. Next, 
suppose A B while still rotating about the horizontal axis 
turns about the vertical axis into such a position as A!, Bl. 
he magnitude of its angular momentum about the hori- 
zontal axis has not changed, for no couple has acted on 
it in its own plane, but there is a change in the direction 
of this momentum, for the plane in which it rotates has 
een altered. A line perpendicular to its present plane 
of rotation will represent its angulan momentum ; the 
length of the line must be the same as O 








O M, so by the convention used to represent the angular 
momentum, the couple acts in the vertical plane contain- 


ing OM. 

imilar arguments hold good for rotation about a 
vertical axis passing through the horizontal one, but not 
at the centre of the wheel. 

Yours faithfully, 
WALTER LONGLAND. 
Northampton Polytechnic Institute, 
Clerkenwell, E.C., July 1, 1910. 





To THE Eprror oF ENGINEERING. 

Str,—While admiring Professor Barton’s analysis of 
the action of the gyrostat in your issue of June 24, it 
occurs to me that an examination in plain English, with- 
out mathematics, is more valuable to the ordinary engi- 
neer, who knows that angular momentum is resolvable 
in the same way as a force. 

Let us assume our standard axes ins to be O X, 
OY in plane of the paper, and O Z normal! to it and awa, 
from the reader; and that we view the wheel from 
along directions O X, O Y, O Z, as the case may be. 

Then if a fly-wheel rotate on an axle A B clockwise 
about O X having moment of inertia I and angular velo- 


Y 








© (18%) x 


city w, and if it be precessing evenly under the action of 
a nate P acting counter-clockwise about O Z, assume the 
wheel to have precessed through angle @ counter-clockwise 
about O Y, then it is clear that the angular momentum 


of the fly-wheel may be resolved into components about 
O X and O Z, and the component about OZ is in the 


same sense as the couple P. But if we assumed preces- 
sion in any other direction, a component of angular 
momentum would appear about O Y, and since there is 
no couple about O Y this is impossible. Hence the pre- 
cession is counter-clockwise about O Y, and the rate of 
creation of angular momentum about O Z is 


I w cos 6 8, 


P=Iw@ ‘ (1) 
If P set up precession from a state of rest (with regard 
to precession), it must give the kinetic energy of preces- 
sion about the axis of precession. Hence P must move, 
and the wheel will dip through an angle ¢ about O Z, 
such that bs 


3 (2) 


where I, is the moment of inertia of the wheel about 
the axis of precession. Both these equations are true 
only while P remains normal to the plane of the wheel, 
and so contributes nothing to its rotation about its own 
axle ; otherwise the couple must be resolved into its com- 
ponents in the plane of the axle and a plane normal to it. 

Note that if P continues to act, the wheel will & 
beyond the position given by equation 2, and will 
** wobble ” about that position. 

Again, if the precession due to P be not permitted, it is 
clear that the restraint is in effect a couple clockwise 
about O Y, and that this will in its turn cause precession 
counter-clockwise about O Z—in other words, permit the 
wheel to move under P as if it were not rotating ; and 
the reaction of this restraint follows equation 1, as before, 
so that a very large value can be 5 to it if the forced 

recession is rapid enough ; and if the restraint remains 
rm, the whole of the work of forcing precession is con- 
served as kinetic energy of precession. : 

This is the principle of the Brennan mechanism. 

Yours a 
‘ . H. PEARSALL. 
Glaed Hame, Letchworth, Herts, July 6, 1910. 


To THE Eprtor oF ENGINEERING. 
Sir,—It seems to me that there is something very wrong 


and when @ = 0 


P¢=], 





M, for the reason | about Professor Barton’s article in your issue of June 24. 





Euler s equations give 


Ad? + (C- B)gr =1) 


d« 

BY? +(A-C)pr=M\ 
at pr ( 
dr 

C—+(B-A = N 
a3 ( \paq ) 


So that if we write r = w, q = 2, p = 0, and 
dp_dq_drue 0. 
eo. os: 26 
we get M = N = 0, and (C—B) w Q = L, where C is the 
moment of inertia round the axis of spin, and B that 
round an axis at right angles to the former. 

Now in the notation of the article I is written for C, 
and G for L, and in the case of athindise B= 4C. Sub- 
stituting in this last equation we get finally 

G= 41d. 
_ Therefore it appears to me that Professor Barton’s form 
is only correct if I is written for the difference of the 
moments of inertia round the axis of symmetry and an 
axis at right angles to this. Otherwise a spherical ball 
having a moment of inertia equal to that of the disc 
round its axis should exhibit the same phenomena. 

I have no books of reference here, so may very possibly 
be wrong; but it certainly seems odd that only one 
moment of inertia should occur in an expression dealing 
with rotations round two axes. 

Yours faithfully, 
: C. E. Wotrr. 

The Clough, Hale, Cheshire, June 25, 1910. 

(Our correspondent’s error lies in writing 

dp_dqg_dr_ » 

at at é& 
Routh (‘‘ Rigid Dynamics,” page 188, third edition) shows 
that if, for example, p be the angular velocity of a body 
referred to O A, one of its moving principal axis, whilst 
wz be the angular velocity of the body about the fixed 
axis O X, that then, if at any instant the moving principal 
axis coincides with the fixed axis O X, we have 


* 





dp _dw, 
as de" 
and similarly for 
dq ent d i 
at dt 


Referring to the figure of Professor Barton’s article, if 
at any moment ¢ be the angle between O X and O A, 
the spin w about the latter can be resolved into two com- 
ponents—viz., 

Wz = w cos ¢, 


and 
@y = w sin ¢. 
Whence dus —wsing d¢ 
dt dt 
d wy do 
d =+w 
_ at =a 
But of = rate of rotation about the 
vertical axis, whence we get 
dw : 
@ We — a " 
de wQ sin ¢ 
and dy — + wNcos¢. 


at 


At the moment at which O A coincides with O X, we 
have ¢ = 0; 


and hence d ws — 0, but d wy _ w 2, 
dt dt 
But as Routh shows, when OB and O Y coincide we have 
dw, _dq 
dt dt 


and thus Euler’s equation 
d 
B°V+(A-C =M 
aa ( )pr 


becomes on substituting the above value for of and 


putting p= wand r=, 
Bowl + (A -C)w2=M. 
Since B = C, this gives 
M = AwQ, 
agreeing with Professor Barton’s result. 
Although of is not zero, the value of q never becomes 


finite, the case being in some sense analogous to the fact 
that if a particle is moving ina circle its radial accelera- 
tion is not zero, although the particle never acquires a 
finite radial velocity.—Ep. E 


ENGINEERING,—A volume 
bearing this title has been issued by the Eastern Press, 
Limited, of 3, Chancery-lane, E.C. It professes to con- 
tain the names of all the manfacturing engineering firms 
in the country, and, so far as may be gathe from a 
cursory examination, it fulfils its promise fairly well. In 
each case the principal products of the respective firms 
are noted, and in the index all the firms are grouped under 
their manufactures. No doubt as subsequent editions are 
—— > work will become more complete. The price 
is 4 








Wuo’s Wuo 1n Britisu 





62 


ENGINEERING. 





[Jury 8, 1910. 








SPANISH RAILWAY AFFAIRS. 


Tue lapse of another year enables us to form some 
conclusion as to the position and prospects of Spanish 
railway property as indicated by the experience of the 
two principal Spanish railway undertakings — the 
Madrid, Saragossa, and Alicante, and the Northern of 
Spain. The Madrid, Saragossa, and Alicante Railway 
is increasing its capital account, but only slowly, the 


amount expended having risen to 39,810,250/. at the |’ 


close of 1909, as compared with 39,581,465/. at the 
close of 1908. In the addition of 228,785/. made to 
the capital expenditure last year, additional rolling- 
stock figured for 170,830/., the amount covering partial 
payments made for the supply of 20 compound engines 
and tenders, 40 eight-wheeled engines, 123 carriages 
and vans, and 1050 trucks. New shedding for en- 
zines was built last year at Madrid, while additional 
ines, platforms, and quays were provided at various 
points upon the system. An electric installation has 
also been established in the Reunion mines worked by 
the company. Among miscellaneous works carried out 
last year may be mentioned the strengthening of various 
iron bridges, the laying of broken stone as ballast, the 
renewal of permanent-way, &c. A third line of rails 
was also laid down in the San Fernando, Mores, 
Plascencia, Las Infantas, La Losilla, Guadajoz, and 
La Rinconada stations, in order to facilitate the circu- 
lation of trains. Works for defending the Catalonian 
network against the inroads of the sea were further 
carried out last year, as were also other works for 
protecting the Valencia lines against floods. Tools 
were improved and increased last year in the Madrid 
workshops, as well as in the engine dépéts at various 
points upon the old network and the Catalonian net- 
work ; attention was also given to the improvement of 
water supply, while the vacuum-brake system was 
further applied to rolling-stock. 

The length of line worked upon the system last year 
was 2290 miles, and the revenue poche for the twelve 
months was 4,562,397/., as compared with 4,565,771/. in 
1908. A falling off of 3374/. was accordingly indicated in 
last year’s receipts ; but, on the other hand, the work- 
ing expenses were brought down from 2,035,672/. in 
1908 to 1,960,702/. in 1909. The cost of the central 
administration was reduced last year to the extent of 
928/., and there were also savings of 5962/. under the 
head of plant and traction, and 72,867/. in general and 
supplementary expenses; on the other hand, an in- 
creased expenditure of 5867/. was made in connection 
with themaintenance of way and works. Some 25 miles 
upon the Saragossa and Cordova lines and 6} miles 
upon the Catalonian network were renewed with rails 
weighing a yard ; 1} miles of iron rails upon 
the Merida and Seville line were also replaced last 
year by steel rails weighing 70]b. 
length of line re-laid last year wi 
instead of ordinary ballast was 41} miles. A saving of 
5962/. was effected under the head of plant; the 
reduction was due to economies realised in the con- 
sumption of coal and oil. Efforts were made last 
year to reduce the running of useless or semi-useless 
train-mileage, and the aggregate distance run bytrains 
was brought down in 1909 to 12,447,742 miles as com- 
pared with 12,456,572 miles in 1908. The general 
result attained last year was a reduction of the 
ratio of the working expenses to the traffic receipts 
to 43 per cent., as compared with 444 per cent. 
in 1908. 

The experience of the Northern of Spain line last year 
was rather peculiar. The traffic receipts of the year 
were 5,173,950/., as compared with 5,198,968/. in 1908, 
so that there was a falling off in the revenue of 25,018/. 
While the receipts thus declined, the working expenses 
increased from 2,318, 702/. in 1908 to 2,345, 966/. in 1909, 
so that the falling-off in the net profits for the year 
was 48,806/. Notwithstanding this, the balance avail- 
able for dividend upon the share capital of the company 
was 8884/. more. This singular result was due to 
savings in the obligation service, and also to a re- 
duction of no less than 64,993/. in the loss which for 
many years past has been sustained on exchange 
account. The capital of the company is largely held 
in France, and to meet obligation interest and divi- 
dend payments in Paris it has been necessary to submit 
to heavy sacrifices in the conversion of Spanish 
pesetas into French francs. In consequence, however, 
of a gradual improvement during the last five years in 
the economic condition of Soain, this loss has been 
materially reduced, although it still amounted in 1909 
to 117,479. The length of line worked upon the old 
network of the company last year was 12933 miles, the 
total being carried, with the addition of various 
affiliated lines and extensions, to 23008 miles. Upon 
all divisions of the main line there was a considerable 
increase in last year’s working expenses, but some 
economies were realised upon the affiliated lines and 
extensions. The increase in the working expenses 


r yard. The 
dh broken stone 


was accounted for to the extent of 15,940/. by an in- 
creased mileage run by engines, and an increased out- 
lay for repairs. Thus, heavy repairs were carried out 
last year upon 211] engines and 132 tenders, while work 
of less importance was done upon 20 engines and 26 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets. ) 


APRIL. 


May. 


JUNE. 











(1817) APRIL. MAY. 


In the accom 


represents 1s. in the case of tin-plates, hematite, Scote 


JUNE. 


ying diagrams each vertical line 0 ape ge a market day, and each horizontal line 


and Cleveland iron, and lI. in all other cases. 


The price of quicksilver is per bottle, the contents of which vary in -—— from 70 lb. to 801b. The metal 


prices are perton. Heavy steel rails are to Middlesbrough quotations. 


in plates are per box of I.C. cokes. 








tenders. As regards the company’s other —. 
stock, 931 carriages and 2218 trucks also receiv 
heavy repairs last year. The company’s workshops 
built last year seven first-class carriages and three 
mixed carriages of a modern type, as well as fourteen 
trucks. 

The outlay made in the maintenance of way and 
works showed an increase of 41,294/. last year. This 
difference was due principally to improvements effected 
in the renewal of the company’s lines, so as to adapt 
them fur the circulation of heavier and more rapid 
trains. Upon 51] miles steel rails weighing 85 lb. per 
yard were laid down, while upon 4§ miles more steel 
rails weighing 70 lb. per yard were also laid. In 1908 
only 234 miles were similarly renewed. The aggregate 
distance run by trains last year was 11,958,110 miles, 
as compared with 11,842,627 miles in 1908. Of the 
train-mileage of last year, 5,998,273 miles were run b 
passenger and mixed trains, 5,905,332 miles by £° 8 
trains, and 54,504 miles by service trains. pid 
trains were run last year between Madrid and Hendaye, 
as well as upon the Valence lines. The general con- 
clusion we may fairly draw from the working of the 
two systems last year is that the economic condition 
of Spain has experienced a very marked improve- 
ment in the last decade, and that this improvement.is 





happily not only still continuing, but is also making 
Sastber progress. 








Contracrs.—The municipality of Lahore, Punjab, 
India, have placed with Messrs. Hathorn, Davey, and 
Co., Limited, Leeds, the order for a vertical triple-expan- 
sion pumping-engine and boiler for the water supply of 
the town. The plant will be capable of raising 200,000 
gallons per hour 125 ft. high, and is of the same type as 
the four installed by the same firm for Johannesburg 
water supply, which, when tested by Professor Orr, of the 
Senet Ueiveatte, gave a result which is claimed to 
constitute a world’s record for economy of fuel in a pam 
ing-engine. In one test the consumption was but 10.781). 
per water-horse-power hour delivered, the corresponding 
consumption per indicated horse-power hour being 10.0431!) 
This latter re has hardly been bettered by the most 
economical stationary engines, running at relatively high 
rates of revolution, and for a pumping-engine making but 
40 turns per minute is a very remarkable result. The 
high economy, reckoned on the basis of pump horse-power 
delivered, is also notable, but is, of course, largely attri- 
butable to the high head of ronomy | 1000 ft. The engines 
are of the triple-expansion type, having cylinders 25 in., 
43 in., and 64 in. in diameter by 3-ft. stroke, and are 
supplied with steam at 183.6 Ib. and at a temperature of 
500 deg. Fahr. 
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ROTORS FOR HIGH-SPEED STEAM-TURBINES. 


Fig.1. LAVAL ROTOR 
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top of cast-iron standards in order to bring the top of 
the table to a suitable working height. The carriage 
and table have backward and forward movements 
in conjunction, and are driven by leading screws, 
which are operated, through worm — 8, by 
the reversible electric motor e. Table / carries the 
drawing giving the various water lines to which the 
model has to be shaped, and as it is necessary that the 
travel of the table should bear the same ratio to 
the travel of the carriage that the size of the drawing 
bears to the wax model, a change-wheel gear is intro- 
duced at m in the table-drive. This gear is arranged 
ts give thirteen different speed ratios between the 
carriage and table. The wax model is operated on by 
two rotary cutters driven by vertical electric motors 
in the same way that the cutter is driven in the sur- 
face, trimming machine already described. The motors 
are shown at 7 in Fig. 3. The cutter spindles and 
motors are arranged so that they can be traversed 
across the carriage by means of a right and left-hand 
thread leading screw, which causes the two spindles 
to travel in opposite directions, and always uniformly 
in reference to the centre line of the carriage. The 
leading screw is operated by means of the hand-wheel p 
thovu the intermediation of the bevel-gear, which can 
be seen in Fig. 2. The vertical position of the cutters is 
regulated by means of hand-wheels q placed at the 





front of the machine, and operating through bevel-gear 
in a similar way to hand-wheelp. The cutter-spindles 
are carried in steel sleeves, which are prevented from 

rotating by feathers, and which have shallow threads 
cut on their outside surface. These threads are acted | 
on by nut-wheels which are driven from the horizontal | 


with a roller on the end of the rod carrying the 
disc. This lever is pivoted at « to the light talon 
v, and is arranged so that its fulerum is adjustable 
over nearly its whole length. This allows it to be set 
so that the travel of its two ends will correspond to the 
size of the model and the size of the drawing re- 
spectively. The frame v is supported on three points, 
one being on the centre line of the cutters, and the 
others close to the frame carrying the disc. These 
points are indicated by small circles in Fig. 2. The 
effect of this suspension on three points is to cause the 
frame to fall away from the operator, and draw 
the frame which carries the disc against the front of 
the table, so that lost motion is taken up. The frame 
w is ae a down in front of the machine, as shown, 
in order that the operator may lean against it, and not 
come in contact with the moving table. 

The motor which drives the propelling gear for the 
carriage and table is of 4 fale _ secon ceed of the 
commutating-pole enclosed ventilated type. It has a 
— range of from 125 to 1500 revolutions per minute, 
obtained by means of shunt-control on an automatic 
converter, from which it is supplied. The converter 
is started up by a pedal-switch and a remote-control 
automatic starter. The motor speed is controlled by 
varying the shunt field of the converter with a regu- 
lating switch, which is fixed on the front of the machine 
within easy reach of the operator. The converter is 


| capable of supplying current to the motor at any volt- 


age from zero to 200. The worm-gear for the leading 
screws is carried on the same bed-plate as the motor, 
and is totally enclosed, the worms running in oil- 
baths. Ball-thrust bearings are fitted at each end of 


spindle on which they are carried. This spindle, as |the worm-shaft. The carriage and table are driven 
stated above, is driven from the hand-wheel g. The | from the leading screws by means of half-nuts, while 
arrangement will be clear from Fig. 2. Anindicating- | the leading screws have ball-thrust washers and inter- 

uge r is placed on the hand-wheel spindle, to mediate supports consisting of gun-metal half-bearings. 
Indicate the vertical height of the cutters. | The carriage consists of a channel-steel frame fitted 

When the machine is in operation and a wax model | with cross-bars, which carry the model to be shaped 
is being worked on, the indicator + is set to the correct | at the top, and ball-bearing brackets for the axles 
height for the water-line, which is being copied from | asdeoneeh. The table is a light angle-iron frame 
the drawing, and at the same time the travel ratio | fitted with rollers and axles running in ball-bearings, 
of the carriage and table is arranged to suit the | and has a disengaging-nut for the leading screw at 
scale of the drawing. The function of the operator | one end. 
is then to control the horizontal position of the! The vertical motors which operate the cutters are 
cutters, so that the aos curve will be properly | of } brake horse-power, and run, in opposite directions, 
reproduced on the model. He does this by regulating | at 2500 revolutions per minute on 100 volts. The frame 
the hand-wheel p im such a way that the small which carries these motors consists of two channel- 
celluloid disc s, which lies above the table, always | irons which lie across and above the carriage, as can be 
follows the curve on the drawing, and keeps tangential seen in Figs. 2and 3. The tops of these channels are 
to it. In this way, as the carriage and table travel | fitted with planed rails, on which the slides carrying 
forward, the celluloid disc follows the water-line curve, the motors run. Anarrangement for reducing friction 
and the rotary cutters follow a similar path to a larger | is fitted to each slide and consists of an axle which has 
scale, and form the model to the correct shape, at | two wheels running on ball-bearings. These wheels 
the horizontal section corresponding to the particular | run on the planed rails which lie on the top of the 
curve. This process is repeated with all the water- | channels, and the bearings are arranged so that they 
lines on the drawing, so that the model is finally cut | can have no horizontal movement relative to their 
to form in a series of steps, each step being of the/ slides. A coil spring in compression is fitted over 
correct form for its depth. The intermediate material | each bearing and tends to lift the slides, so that the 
is then removed by hand, and the model trimmed and | emcee part of the weight of the motors, &c., is trans- 
scraped to its final form. The mechanism connecting | ferred from the underside of the slide to the rollers, 
thus greatly reducing the frictional resistance to the 
movement of the slides. 

After shaping, the model is removed to the measur- 


the celluloid disc s with the cutter-frame consists of a 
copying-lever ¢, one end of which is connected to the 
beak and the other end of which is in contact 





cutter- 


ing and recording table, which is used to record and 


verify the models after construction. It consists of a 
flat iron casting carried on five legs, and with its 
upper surface and edges machined. The measuring 
apparatus consists of a sliding bracket which can 
be propelled along one side of the table for its 
full length by means of a hand-wheel operating a 

inion which gears into a fixed rack. The sliding 
racket can be locked in position by means of a 
spring pin, at every 3-in. position up to 25 ft., while 
the table is graduated in }-in. divisions. The record- 
ing or verifying en consists of a copying 
arm with a finger which can be moved over the sur- 
face of the model at any cross-section. The other end 
of the arm carries a pencil which traces the half-sec- 
tion on a drawing as the finger is moved over the 
surface of the model. A system of parallel rods is 
fitted which keeps the copying-arm horizontal when 
at any distance from the centre of the model, or at any 
height from the top of the table within the limits of 
its motion, while the weight of the gear is balanced 
to relieve the operator’s hand from the weight of the 
arm and other parts while he is moving the fingers 
over the model. 

A further item forming part of the plant consists of 
a weighing-machine for the finished models. This has 
a capacity of 2500 lb., and is graduated in ,')-lb. 
divisions. It is specially arranged for carrying the 
models. The whole of the apparatus as described 
above has been manufactured - Messrs. W. and T. 
Avery, Limited, of Soho Foundry, Birmingham. 








HIGH-SPEED STEAM-TURBINE ROTOR 
DESIGN AND CONSTRUCTION.* 


By Joun McKeEnzig Newton, B.Sc., Member, 
of Loughborough. 


Introduction.—The design of a steam-turbine is based 
primarily on the physical relations which govern its 
thermo-dynamic efficiency, but the proportions so de- 
termined are in general modified by considerations of 
mechanical strength and stiffness, of size, weight, and 
cost, which may thus arded as limiting conditions 
controlling and modifying the ideal design. 

These various conditions carry different weight in 
different cases. For instance, in turbines of small power, 
cost is frequently the governing factor, and demands some 
sacrifice of efficiency. Again, in turbines which have to 
run at low speeds of revolution, such as those used for 
marine propulsion, the permissible diameter and weight 
are limited ; thus low-blade speeds are used, with again 
a certain loss of efficiency. On the other hand, when the 
angular speed can be freely chosen to suit the turbine, as 
is generally the case when the turbine is used for driving 
compressors, pumps, and electric generators, the max!- 
mum peripheral speed is in general chosen with regard to 
the test stress pormnieniile on the material of the rotor 
or blading. We may use this condition to frame a rational 
definition of a high-speed turbine as one in which the 
maximum peripheral or blade-speed is limited only by the 
permissible stress on the materials of construction. As 
the stress is chiefly caused by centrifugal forces, it varies 





* Paper read before the Junior Institution of Engi- 
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with the form given to the rotating parts, and with the 
materials used, as well as with the speed, and the penne | 
stress to be allowed depends on the materials used, as we 
as on the factor of safety considered proper for any given 
case. Thus _ above ee - a very elastic = and 
covers a wide range of speeds, depending on the t 
and output of the turbine. The upper limit of aoael at 
rotation as determined by current practice may be taken 
as 30,000 revolutions per minute for the 5 horse-power De 
Laval turbine, and the lower limit as 750 revolutions per 
minute for any of the well-known compound turbines with 
outputs ranging up to 20,000 or 30,000 kilowatts. 

In the present paper it is proposed to discuss the 
mechanical design and constructions of the rotors of such 
turbines, and from the above definition it follows that it 
must be chiefly concerned with mechanical strength and 
stiffness in relation to the materials of construction. 

In designing the rotor we start with the blading speci- 
fication. Various methods have already been published 
for the blading calculation, which, though depending 
primarily on thermodynamic4, cannot be definitely deter- 


Kig.12 














theory, and, in designing a new rotor, follows as closely 
as possible the lines of some former rotor which has done 
good work. Theoretical calculation is generally resorted 
to only as an approximate check on stresses or strains 
which are known to approach or exceed the limits of 
previous tice. : ‘ 
Following the same method, it is proposed in this paper 
first to illustrate and describe modern examples of various 
types of turbine rotors, and then give methods of calcula- 
tion actually used to calculate centrifugal stresses in 
rotating drums and discs, and the bending deflection and 
critical speed of rotors. The materials used in rotor con- 
struction are considered, and the paper concludes with a 
discussion of similar rotors. ‘ 
Speaking generally, centrifugal stresses have given com- 
paratively little trouble ; the stress is not a rapidly-vary- 
Ing one, and it is not difficult to calculate its value to a 
first approximation. On the other hand, the fact that 
turbine rotors were subject to fairly high and sometimes 
very variable temperatures seems to have been in- 
sufficiently considered in early designs, and thermal dis- 
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mined without a preliminary reference to the permissible 
stresses, which in turn fix the limiting blade epeed, &c., 
or such figures are assumed from previous practice with 
similar machines. The general design thus proceeds by a 
method of successive approximation until the number of 
rows of blades and their lengths and mean diameters have 
been fixed. It is at this point that the design of the 
rotor itself, considered as a detail of the turbine, begins. 
The special features characteristic of recent practice in 
rotor construction have, in ‘he majority of cases, been 
the result of practical experience. Notable exceptions to 
this statement are the special form of disc, unperforated, 
and thickened in the region of the axis, used for running 
at extreme'y cigh speeds, and the flexible shaft of the De 
Laval turbine, which constructions have been indicated 
by theoretical considerations. But speaking generally, 
the forms at present in vogue and accepted as the best 
practice have been evolved in the course of years by the 
slow and tedious, often painful, but in the result at least 
certain method of trial and error. Joints,’constructions, 
and proportions, which in practice have failed, have been 
altered, until the designer, without any clear and definite 
theory to guide him, has arrived at forms which have 
given sati rformance under the conditions of 


; actory 
ordinary running. nt designs being thus the product 


of a distinct evolution, the experienced designer trusts 
more to his previous experience than to any hard and fast 
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Fig. 1, 64, shows the rotor for a 200-brake-horse- 
power De Laval turbine, running at 10,000 revolutions per 
minute. The disc has the form shown in the illustration, 
thickened towards the centre, which form is more full 
refe to later on. To ensure the maximum strength it 
is unperforated and is attached by flanges to the relatively 
flexible shaft, which is only 1,',; in. in diameter. The mean 
diameter of the blade-ring is 24% in., corresponding to a 
mean blade s of 1060 ft. per second. The tip diameter 
is in., giving the maximum peripheral pantie 2 of 1130 ft. 
per second. 

The blades are dovetailed into the disc, as shown in Fig. 2, 
page 65, and just below the blade-fixing a groove is turned, 
reducing the thickness of the disc and correspondingly in- 
creasing the stress in this region. Should the wheel race 
to bursting speed, this groove ensures the desirable result 
that the fracture will be located near the rim. The rela- 
tively my pieces which fly off can be retained by the 
case, and, deprived of its blades, the wheel soon comes to 
rest without doing further damage. It will be shown 
later that in general the stresses in a disc are greater near 
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tortion and stresses have been the cause of certain failures, 
while other cases of trouble have occurred through rotors 
being run in the region of their critical s s. It is, 
perhaps, chiefly in the determination of which forms are 
suitable and which unsuitable for working over a large 
range of temperature that the value of experience chiefly 
lies, and these formis will be duly noted in the following 
description :— ' 

Single-Stage Impulse Turbine.—Following the generally 
accepted classification of turbines, we take first the single- 
stage impulse turbine, a type generally associated with 
the name of De Laval. 

The rotors of this type take the form of a dise loaded 
at its periphery with a single row of blades, and carried 
by a relatively long and slender shaft. They are remark- | 
able for their exceedingly high angular speeds, which 
necessitate the use of toothed reduction-gearing. The 
gearing has hitherto prevented this type being made in 
units larger than 300 to 500 horse-power, and even if the | 
notable improvements which have recently been made in | 
high-speed gearing enlarge this limit, it is doubtful 
whether larger turbines of this type can compete in 
efficiency with compound turbines. But in small sizes 

i shows an efficiency comparing very favourably 














this t 

with cher turbines of equal size, combining with its 
excellent mechanical construction to render it a very 
valuable machine. 











SECTION OF DISC RIM 


the axis than at the periphery. Thus, if a wheel without 
such a safety groove runs off, the point of fracture will 
be located near the centre, and the whole wheel breaks 
into large pieces, of great energy and power of 
destruction. It is stated that, tested to destruction, 4 
solid disc broke up and burst through a steel casting 2 in. 
a ue — it. —_ a 

t is clear that a given peripheral speed may be attaine< 
by a wheel of a diameter rotating at a high angular 
speed, or by a wheel of large diameter rotating at a low 
angular speed, and it is of interest to inquire why the 
very high angular speed of 10,000 revolutions per minute 
is chosen, necessitating the use of double helical speed- 


reduction , rather than a larger disc for direct 
driving. criterion is purely the question of power 
wasted in dise friction. 


Stodola* has shown that for a given disc the friction 
horse-power is proportional to the fifth power of the 
diameter, to the cube of the angular speed, and to the 
density of the steam in which it rotates. With these 
relations it is clearly desirable to run at as high a rate 
of revolution as possible, the diameter being kept low. © 
the other hand, the blade length, and therefore weight. 
may be taken as independent of the disc diameter, and 
constant for any given power output. The radial stress 








* Third Edition, page 126. 
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induced at the wheel rim through the centrifugal force of | limits of initial steam pressure and vacuum, the peripheral 
the blades increases with the square of the angular speed, | speed chosen rising with the power output. * 

and this sets a limit to an indefinite increase in the speed If the steam pressure limits be taken as 150 lb. ad 
of revolution. | square inch absolute initial pressure, the steam being dry 
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¢ Lbs. per Hour per Sq.4n.Leakage 
Area per Stage. 
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In the effort to attain to the best efficiency in the con- 
version of available energy of the steam into brake horse- 
power, not only is a small diameter chosen with a high 
angular speed, but the peripheral speed of the blades is 
kept appreciably below that proper to the best efficiency 
in an ideal frictionless turbine working between the same 


and saturated, and 11b. per square inch absolute exhaust 
pressure (= 28 in. cbadeh, te ideal blade speed for a 
nozzle angle of 20 deg. would be about 1800 ft. per second. 


* On this subject see Professor Donat Banki, ‘‘ Zeitschrift 
fiir das Gesamte Turbinenwesen,” vol. iii,, page 73 et seq. 














Blade speeds actually used vary from a maximum of about 
1380 ft. per second in some 300-horse-power Laval turbines 
down to between 500 ft. and 600 ft. per second in small 
turbines of 5 and 10 horse-power. The fall of steam 
pressure takes place entirely in the guide nozzles, so that 
the rotor revolves in an atmosphere of steam at exhaust 
pressure—a condition favourable to low disc friction. As 
there is no fall of pressure across the running blades to 
divert the steam jet round rather than across the blades, 
ample clearance can be left round the running wheel. 

yond the use of homogeneous material for disc and 
shaft, and careful turning, no special effort is made to 
balance the disc. The shaft is made long and flexible in 
order to keep the critical speed low, and is run at a speed 
well above the critical speed. 

In the case illustrated in Fig. 1, page 64, the disc 
weighs about 200 Ib., and there are 160 les each 
weighing 0.054 lb. The statical deflection of the shaft is 
about 0.006 in. and the critical speed about 3000 revolu- 
tions per minute. The centrifugal force of the blade- 
ring and fastening load the disc with a radial stress of 
8400 ae uare inch; the stress in the body of the 
disc is 22,000 Ib. per square inch, and in the neck below 
the blade-ring about 28,000 Ib. per square inch. 

The torsional shear in the shaft, when transmitting 
200 brake horse-power, is 3800 lb, per square inch, the 
torque being 1260 in.-lb., and the maximum bending 
moment on the shaft is 750 in.-Ib. According to Guest’s 
equation, the equivalent bending moment M e= ,/ M2+T2 
2.15 x 10° = 1465 in.-lb., corresponding to a shear 
stress in the shaft of 4440 lb. per square inch. 

Pressure Compownded Impulse Turbines.—In these 
turbines the rotor takes the form of a series of discs 
carried by a shaft. Each disc rotates in a cell formed by 
the cylinder and two stationary diaphragms which project 
—one on each side of the disc—from the cylinder and 
embrace the shaft in bushes, which, to avoid excessive 
steam leakage, must have a very small clearance. 

Fig. 3, 65, shows the construction of a large rotor 
of this class, made for an output of 5000 to 6000 kilowatts 
at 1000 revolutions per minute. Each disc rotates in a 
chamber of constant pressure, so that partial admission 
may be used, and large clearances permitted round the 
disc. But across each diaphragm dividing the cylinder 
there is a fall of pressure of the order of magnitude shown 
in Fig. 4. Any clearance existing between the diaphragm 
bush and the shaft will allow steam to leak from stage to 
stage and by-pass the running blades. Fig. 5isan attempt 
to evaluate this leakage. It represents the leakage at each 
—— expressed as pounds of steam per hour per square 
inch of leakage area, assuming frictionless flow. Resist- 
ance to flow reduces the actual leakage below that shown 
on the di m by an amount which, for grooved bushes 
similar to those formed in the diaphragms, Stodala has 
shown to be from about 15 per cent., for clearances of the 
order of 0.04 in., to about 36 per cent. for clearances of the 
order of 0.004 in. to 0.008 in. Until the clearance is made 
exceedingly fine, therefore, the actual leakage may be taken 
to be about two-thirds to three-quarters of the amount 
for frictionless flow, and such a curve as Fig. 5 may be 
confidently used to show the relative importance of fine 
clearance at the various stage of the turbine. It is obvious 
at a glance that at the low-pressure end clearance is of 
comparatively small moment, while at the high-pressure 
end it is important from the point of view of efficiency to 
cut the clearance to the finest possible figure. 

It is this question of leakage which determines the form 
—a disc-loaded shaft—assumed by the rotor. Mechanical 
considerations demand a stout shaft; thermodynamic 
efficiency, a slender one, at least at the high-pressure 
stages, and the best diameter of shaft is the smallest 
which will give mechanically satisfactory running. 

The number of stages common in this type varies from 
about 10 for turbines of 400 or 500 kilowatts output to 20 
to 25 for turbines of 5000 to 6000 kilowatts. e high- 
pressure discs are generally made of smaller diameter 
than the low-pressure discs, for two reasons: to keep 
down the power wasted in disco friction by the discs 
revolving in dense steam, and to reduce the fall of pres- 
sure per stage, and so reduce the lea It is, of 
course, obvious that the smaller the number of stages 
the greater is the leakage at each stage. 

A further step sometimes taken to reduce leakage is to 
step the shaft down at the first few high-pressure stages, 
as shown in Fig. 6, page 64, which represents a Rateau 
shaft, and in Fig. 7, which shows the construction adopted 
by the Oerlikon Company. 

To secure a small static deflection with a shaft of small 
diameter the discs are made as thin and light and are 
pitched as closely together as possible, while the bearings 
are not spherically seated, and are generally made very 
long, so as to approximate to fixing the shaft in direction 
at the journals. The limit to close spacing of the discs is 
reached when it becomes impossible or difficult to intro- 
duce a turning or polishing tool between the discs, when 
the shaft may have been roughened by rubbing or seizing 
on the diaphragm bushes, and this limit varies from 24 in. 
in small discs to 4 in. or 6 in. in large ones. 

To attain lightness the discs, when solid, as in Figs. 3 
and 8, e 65, which show the Zoelly construction, are 
made as thin as possible, being generally about jin. thick 
under the rim, tagerng to fin. at the boss, whic disc 
joins in a fair ius. The nave is made not less than 
Zin. thick. To secure lateral stiffness the largest discs 
are sometimes made | in. and even 1} in. thick 

Another construction, shown in Fig. 9, page 65, shows 
a disc used in some Rateau turbines composed of two 
plates Bi in. thick of nickel steel, riveted to the Sange of 
a central nave of mild steel, and together at the periphery. 
This construction is fairly stiff in an axial direction. 
Fig. 10 shows an obsolete type of Rateau disc formed of 
a dished sheet of steel riveted to a central flanged nave, 
the blades being riveted to the flanged rim of the plate. 
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Though ideally light, this construction proved unsuitable 
for high speeds, as there was a tendency for the flange to 
bend outwards under the centrifugal forces, while the 
blade-fixing was not fitted to stand the severe vibration 
always set up in turbine-blades. 

The peripheral speeds adopted in turbines of this type 
are comparatively low, being always below 500 ft. per 
second, and generally in the region of 400 ft. ve 
second. At these speeds the stresses are so low that 


very thin discs are quite strong enough, and there is no | end 


pee as in the De Laval turbine, to make the discs 
solid. 

To prevent the leakage steam exerting an axial thrust 
on the discs, these are perforated by several, frequently 
four or six, holes from 2 in. to 4 in. in diameter, placed 
near the outer periphery of the discs. When the discs 
are turned from the solid, to prevent these holes causin 
any serious increase of stress, the ring of metal in whic 
the holes are placed is made about twice the thickness of 
the adjacent part of the disc. In discs built up of sheet 
such thickening is, of course, impossible, and there is no 
doubt that a built-up disc is not so suitable for such high 
speeds as a solid disc. 

The discs are forced on the shaft with a pressure of from 
1} to 1? tons per inch diameter of shaft. To reduce the 





The shaft is ground to the finest and truest possible sur- 
face, and the frictional heat generated is removed by 
lubrication or water cooling. Sometimes a composite 
gland, partly a labyrinth steam gland, partly metallic 
packing, is used. : 

At the exhaust end the gland has to pack inst 
vacuum only, and a labyrinth gland may be ; but 
generally if metallic packing is used for the high-pressure 
gland, a similar but shorter gland is used at the exhaust 

nd. 

Blade Attachment.—It joc be noted first (a practical 
condition, adding considerably to the difficulty of design) 
that the blade width must be, witbin small limits, the 
same as the breadth of the disc rim, otherwise the lateral 
clearance between guide and running blades would be 
increased to the point of oe | affecting the 
efficiency. Fig. 8, page 65, shows the Zoelly type of blade- 
fixing. The ae bg separated by distance-pieces of suit- 
able shape, are held by means of a clamping-ring riveted 
to the disc in the T-shaped slot shown. 

The necessity of avoiding any bursting stress on the 
rivets compels the use of shoulders at right angles and an 
undesirable local increase of stress at the sharp regressive 
angles. The distance-pieces are carried up some distance | 
beyond the narrow neck of the blades, but, unless the 
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rotor of this type as constructed for a speed of 3000 revo- 
lutions per minute, having only two wheels running at 
the fairly high peripheral speed of about 600 ft. per 
second. The discs have the profile proper to a disc of 
uniform strength, and, being perforated, have very mas- 
sive naves. In the case illustrated the discs are not 
forced on the shaft, but are gripped by split cones screwed 
at the end, pulled tightly between nave and shaft by the 
nut shown. This construction is adopted to make it easy 
to remove the discs from the shaft. 

There is in Fig. 12 only one diaphragm where a low 
clearance is essential, but the leakage per square inch of 
clearance area is not only more serious in absolute amount 
than at any diaphragm of Fig. 3, page 65; but in this 
case the leakage steam by-passes half the turbine—in the 
former case only about one-twentieth of the turbine at any 
diaphragm. On the other hand, the small number of 
dises leads to a short shaft, and this in turn allows a 
small diameter, which is favourable to a small leakage 


rea. 

The blades are drawn to the correct section. Dovetail 
grooves of the special section shown are turned in the 
heavy rim of the wheel, and the blades having their roots 
cut to the correct profile are then inserted through suit- 
able slots in the groove with distance-pieces of ductile 
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distance each disc has to be forced along the shaft ; this is 
turned in a series of steps, each step being from 4 in. to 
jy in. less in diameter than the one in front of it, and 
carrying from one to three wheels. All the discs are held 
against a collar turned on the shaft, by means of nuts 
screwed on the shaft, which themselves are securely 
locked. 

If through dirt being carried into the diaphragm bushes, 
or distortion of the diaphragms themselves, or excessive 
defiection of the shaft, severe rubbing contact takes place 
between the bushes and the outer diameter of the disc 
naves, sufficient frictional heat may be developed actually 
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greatest care is exercised in bedding the distance-pieces 
very tightly against the blades, these are not adequatel 
supported, and bending and vibration stresses occur with 
aggravated effect in the blade neck, which it is thus 
desirable to keep as wide as possible. The blades are 
formed by stamping, and the long blades taper in thick- 
ness from jd to root. It used not to be the practice tu 
shroud Zoelly blading, but the author understands that 
in recent cases a band of steel has been riveted to the 
blade-tips. The effect of blade-shrouding in this, as 
in every other case, is very greatly to reduce the blade 
vibration ; at the same time under temperature changes 





to bend the shaft through unsymmetrical thermal ex- 


pansion. 

If instead of having the disc naves held tightly in 
axial contact one against the other, a small clearance— 
aay yy in. or yy in.—1s left axially between adjacent discs, 
then each is free to expand without exerting any serious 
bending on the shaft. 
the steps in the shaft are made larger—say about } in.— 
so as to form small shoulders on the shaft against which 
to press successive discs. Cases have been known where 
changes of temperature occurring during mowy | up or 
in the ordinary work of the turbine have caused the discs 
to travel towards each other and the lock-nut. Such a 
motion, of course, while proving the necessity of end 
locking-nuts, completely neutralises the advantage of 
leaving any axial clearance between the discs, and must 
be met by making the naves a very stiff fit on the shaft. 

Rotation of the disc relatively to the shaft is effectively 
sent pe y by a feather, whieh may extend the whole 
ength of the nave, but frequently is quite short, taking 
the form of a driving-peg. In some cases, to facilitate 
balancing of the rotor, these feathers are given different 
— positions in different discs. 

‘ands.—A reference to the pressure curve, Fig. 4, 
page 65, shows that the gland at t a end has 
to pack against a steam pressure well above 100 lb. per 
square inch, and here some form of metallic packing 
similar to engine piston-rod packing is almost a necessity. 


When this construction is adopted, | 


in general it produces a bending moment in the blades. 
|The shroud-ring is not continuous. It is divided at 
| several places round the periphery, and each segment of 
blades attached to one piece of shrouding may then be 
|regarded as opening and closing under temperature 
| changes through a small angle something like a fan. 

In the Oerlikon construction, Fig. 11, which is generally 
similar to the Zoelly method of blade-fixing, the rim is 


| 


|solid. A ve of T-section, turned in the rim, is pro- 
| vided with slots which form doors, through which the 
| T-sha blade and blade distance-piece roots can be 
|introduced and passed tangentially along the groove. 


| The distance-pieces which fill the entry slots are secured 
| by rivets placed transversely to thegroove. A steel band 
| or shroud-ring is passed round the periphery and riveted 
| to each blade. 
| The Rateau blades are stamped from sheet nickel-stee) 
to the form shown in Fig. 9, page 65. The forked lower 
}end is set astride the disc, and secured in place by two 
gs-in. rivets. When all the blades of a ring are fixed to 
the disc, a shroud-ring is riveted to the tip of each blade. 
This fixing forms a very mechanical job, being specially 
| well suited to resist bending. 

Compound Impulse Turbine with Velocity Stages.—In 
construction rotors of this type are generally similar to 
| pressure-compounded impulse-turbines, but there are 
| only two to four discs, each disc carrying two or three 
|rows of blades. Fig. 12, page 66, shows an A.E.G. 
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material between each blade, to ensure correct spacing and 
position of the blades. When all the blades in a ring are 
in position the distance-pieces are caulked down hard. 
The tops of the blades are then riveted to the circum- 
ferential shroud-strip. 

he special section of dovetail groove adopted is interest- 
ing as showing an effort to get increased bending strength 
at the blade-root where it loses the support of the distance- 
pieces, and where the bending moment on the blade is a 
maximum. Undoubtedly the best plan would be to 
carry the full section of blade down into the groove, but 
if this were done the proximity of the nozzle would 
prevent any adequate thickness of steel being left round 
the groove at the outer edge. 

Another blade-fixing for turbines of this type is illus- 
trated in Fig. 15, page 66, the blades being machined of 
steel rings. hen there are two velocity stages per disc, 
two blade-rings are istered, one on each side of the 
disc, and secured by bolts or rivets. This blading is very 
heavy, and when it is used the peripheral blade-speed is 
below 500 ft. per second, in which case there are usually 
four discs. ; 

Reaction Turbine.—A typical reaction-turbine rotor is 
shown in Fig. 16, page 67, the rotor in question being 
built by the Brush Company for an output of 2000 kilo- 
watts at 1500 revolutions per minute. Fundamentall) 
different from the disc rotors characteristic of the pre- 
ceding turbine types, it consists of a hollow steel drum, 
to which are attached the end-shafts which form the 
journals. According to the design, the drum is stepped 
in two, three, or four diameters—this construction being 
dictated by the effort to reduce to a minimum the leakage 
of steam from stage to s without cutting too fine for 
safety the radial running clearance. ; 

A lage axial clearance being kept between successive 
blade-rows, partial admission is impossible in reaction 
turbines, and the condition for low steam-leakage is that 
the radial blade clearance be small in comparison with 
the effective length of the blades. The ratio of radial 
clearance to blade length is kept below 0.06 or 0.07 unless 
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economy be deliberately sacrified to secure some other 
advantage. Frequently the ratio is 0.05 at the high- 
pressure end, diminishing to 0.01 at the exhaust end. 

The diameter at the exhaust end is limited by the stress 
caused by the centrifugal forces. Passing from the 
exhaust towards the steam end of the turbine, the steam- 
pressure rises, and the total volume of steam flowing 
decreases, the blades being shortened approximately in 


ae F : 
When the blades become so short as to give a dispro- 
portionately large clearance, the drum diameter is reduced, 
and keeping a constant ratio of steam-speed to blade- 
speed, and a constant radial clearance, the ratio of radial 
clearance to blade-length decreases approximately in- 
versely as the square of the mean blade diameter, while 
the number of blade-rows for a given pressure-drop 
increases inversely as the square of the mean blade 
diameter. 

Fig. 17, beneath Fig. 16, page 67, gives approxi- 
mately the fall of pressure along the rotor shown in 
Fig. 16, and Fig. 18, above it, gives the ey gg 
steam leakage per stage, assuming frictionless fiow. It 
will be noticed that the leakage per stage per square inch 
of clearance -¥ _ frictionless flow is 7 much ane 
than in any of the preceding types; if, as is possible, 
where the blade-tips are not someallte a shroud-ring, they 
exert a guiding action on the steam flowing in the clear- 
ance space, the actual leakage is still less in proportion. 





equation (1), first given by our member, Mr. H. M. Martin.* 


W = oay/?2(! -3) 


V(N + loge p) 


(1) 


where 

W = steam leakage, pounds per second. 

2 = clearance area at each constriction, square feet. 

Pp, = initial steam pressure, pounds per square inch 
absolute. 

V = initial steam specific volume, cubic feet per 
pound. 

N = number of throttlings. 


ratio of expansion of the steam flowing from 
one to the other side of the piston. 


Actually the ciearance is fixed at from 0.006 in. to 
0.010 in., and the number of throttlings may then be 
calculated from equation (1) to give any desired leakage, 
which may be taken from 5 per cent. to2 per cent. of the 
total steam consumption of the turbine. At the low. 
ogy dummy the clearance is frequently made about 

ouble that at the high-pressure dummy. Attention is 
drawn to the shape of the stationary collars B, which 
take the form of brass strips of the section shown, caulked 
in short lengths into grooves turned in the cylinder. The 
edge constricting the clearance is made as thin asit is pos- 
sible to make it—say from 0,01 in. to 0,02 in, thick. Ex- 
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Also there are 152 pressure stages in the turbine in ques- 
tion, and the leakage at any one stage has a smaller effect 
on the over-all efficiency than in turbines having a smaller 
number of pressure stages. On the other hand, the 
clearance diameter is greater than in oo turbines, so 
that for a given radial clearance, which, from the point 
of view of safe running, is the important figure, the 
clearance area is somewhat increased. 

The axial thrust exerted by the steam on the blades 
and drum is balanced by rotating dummy or balance- 
pistons, one for each diameter of drum. 

The pistons are packed by the exceedingly ingenious 
and now well-known labyrinth packing—one of the many 
brilliant devices introduced by our distinguished Past- 
President, the Hon. C. A. Pargons, with whose name the 
steam-turbine in general, and the reaction turbine in par- 
ticular, are so honourably associated, devices which have 
so largely contributed to the success of-the steam-turbine. 
Fig. 19, page 67, shows the detail of this packin 
which involves no rubbing contacts. Collars (A) turn 
on the rotor run in close proximity to, but not in contact 
with, the collars (B) projecting from the cylinder. By 
setting the thrust-block, the axial clearance, and there- 
fore the clearance area, can be finely adjusted and brought 
toa low figure. The whole forms a series of constrictions 
separated by relatively large chambers. Since a definite 
clearance exists, steam om teak past the piston, and the 
flowing steam is subjected to a series of throttlings, the 
velocity of exit of the steam from one constriction being 
destroyed by eddies in the chamber following. 

_By reducing the clearance or by increasing the number 
of throttlings, the weight of steam leaking past the 
dummy may be reduced as far as desired. ‘The relation 
between these quantities is approximately shown by 
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shown in Fig. 21, page 67. The walls of the groove are 
also corrugated, and the metal of the distance-piece is 
caulked into all the crevices so formed, thus completely 
locking all the blades and the distance-pieces to the rotor 
and to each other. The section of these corrugations, 
which are kept as shallow as possible, is fixed entirely by 
experiment. Blades with different corrugations are 
caulked in experimental blocks, and the force required 
to pull them out is measured. It is found that the hold- 
ing force is not to any great extent frictional, for 
uncorrugated blades are easily pulled out. As the size 
of corrugation is increased the holding force rapidly 
increases until, with a depth of from 0.02 in. to 0.04 in., 
according to the blade width, the corrugation is found to 
hold the blade so firmly that it breaks, but does not pull 
out. 

Where foundation rings are used, the blades are also 
very strongly held, the grooves being well dovetailed, as 
shown in Figs. 22 and 23. 

Where foundation rings are used, the blades are 
assembled in segments before being inserted in the 
rotor grooves ; where separate distance-pieces are used, 
the blades may be inserted individually, or the segmental 
system may be retained, the segments being butt up in 
cast-iron jigs containing grooves of the same depth, and 
0.003 in. to 0.005 in. narrower than the rotor grooves. In 
this case both the blades and distance-pieces are drilled, 
and threaded alternately on a soft-steel wire, which passes 
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perience shows that under these conditions any slight 
accidental contact between the stationary and running 
collars is without serious result, the thin brass edge 
being ground away for a few mils. Alternative arrange- 
ments of the dummy pistons are sometimes used. F’ ig. 20 
shows a rotor in which the dummies being indicated by 
theletters A, B, and C, the low-pressure dummy iscombined 
with the low-pressure blade-drum. A rather smaller dia- 
meter of dummy is then required, but the exhaust end of 
the cylinder is, perhaps, slightly more complicated. 

Again, the whole turbine may be made double flow, 
eliminating dummy pistons, or any single step of the drum 
may be made double flow, the other steps being balanced 
by dummies. 

Blade Attachment.—In drum-rotors the blades are in- 
variably fixed by means of in in grooves in the 
drum, and the various systems in use differ in the method 
of spacing the blades, in the section of the caulking 
groove, and in the support given to the blade-tip. 

The blades are drawn in copper or brass, and are 
es either by suitable distance-pieces of soft brass, 
also drawn to the required section, or are let into slots 
cut in a continuous brass foundation ring. In the former 
case the distance-pieces are caulked directly, in the latter 
case a separate caulking strip is used, and the caulking 
becomes a somewhat quicker and easier operation. On 
the other hand, the use of a foundation ring involves the 
root of the blade being stamped flat or pressed to a sharp 
angular section, and this is an undesirable feature, since 
it weakens the blade against bending stresses. 

Where separate distance-pieces are used, the blade- 
root is stamped with two small rounded corrugations, as 





* See ENGINREMING, January 10, 1908, page 35. 





from end to end of the segment near the bottom of the 
groove, and binds together the roots of the blades. When 
the segments are inserted in the rotor grooves, the blades 
are fixed by caulking in the same way as with individual 
blades. The root-wire does not add to the holding power 
of the blades as a whole, but it undoubtedly has the 
effect of averaging the holding power over the individual 
blades, while the greater convenience of working with 
jigs undoubtedly favours good workmanship with the 
segmental] system. 

Apart from the caulking-ring, the blades are supported 
near the blade-tips by a shroud-ring. In Figs. 2 and 23 
the shroud of the channel section shown is attached to 
the blades by riveting ; in Fig. 21 the shroud is silver- 
soldered to the blades. The shroud-ring is divided at 
several places in the circumference to allow the blades to 
‘* breathe” under varying temperatures. This breathin 
throws a stress on the connection between the blades an 
shrouding, and the section of the blades is so light that a 
satisfactory riveted condition is exceedingly difficult to 
devise. For this reason the author prefers the connection 
by silver solder, a material chosen for its mechanical 
strength and high melting-point, which has proved itself 
well adapted for the work. When this form of shrouding 
is used the blade-tips may be thinned to a knife-edge, as 
shown in Fig. 21. This apparently insignificant detail 
has proved very valuable asa sort of safety-valve. Should 
any accident occur to bring the running blades against 
the cylinder, the thinned tips are quickly worn away; 
the mil or two necessary to clear, and the rapid increase 
in the cross-section of the blade, prevent a high tem- 
perature in the tip by carrying away rapidly the heat 
generated. $ 

In short, the thinned tip is most successful in localising 
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the effect of rubbing and consequent heating : it is another 
application of perhaps the most useful general rule in 
turbine design, that where rubbing is possible one of the 
adjacent surfaces should be extremely thin and light. 
rom the point of view of thermal expansion the com- 
posite ring of blades and distance-pieces may be con- 
sidered as a solid ring of brass, which has a greater 
coefficient of expansion than steel ; and since in one or 
two cases trouble has been experienced through blades 
lifting in the grooves under the action of superheated 
steam, it becomes important to note the conditions under 
which the lifting force is a minimum. It is easy to show 
that the radial lifting force per inch of groove length 
varies approximately directly as the temperature rise and 
as the area of cross-section of the ring filling the grooves, 
and inversely as the diameter of the ring. The —- 
ture range being given by the conditions under which the 
turbine runs, and the diameter by the turbine speed and 
output, the only variable left in the design of the rotor is 
the area of cross-section of the caulking-ring, which varies 
with the type of blading and the width of the blades, 
which at the high-pressure end of reaction-turbines is 
chosen 4-in. or values, which, on account of the 
coincident low blade speed, give good efficiency. 

Towards the low-pressure end, where the blades get 
longer and the steam-speed higher, the blade widths are 
from #in. to 1 in., depending on the power of the turbine. 
For a given width of blade the cross-section of the caulk- 
ing-ring is a minimum in the type shown in Fig. 21. 

The system of fixing the blades by caulking has its 
influence on the drum thickness, which, to render negli- 
gible any distortion through accidental variations in the 
caulking, is made not less than 14 in. thick at the high- 
pressure end. : ¢ : 

The attachment of the end spindles is another point 
which has to be considered in relation to temperature 
variation. In the smaller rotors the steam end spindle is 

merally forged solid with the body of the rotor. In 
Caer rotors the end spindles were formerly made with 
spigot ends, which were forced into the drum, or the 
latter was shrunk on the spindle. Under superheated 
steam—especially where rapid variation in temperature 
took place—the spindle became sufficiently loose to allow 
of a small play. jf 

Two constructions have successfully overcome this 
trouble. In one, shown in Fig. 16, page 67, the steam- 
end spindle is flanged and secured to the drum by fitting 
bolts. The joints should be made as far as possible from 
the high temperature region, and it is an advan to 
register the drum on the flange. The bolts should be 
liberally proportioned. In the other construction, shown 
at Fig. 20, page 67, the drum isshrunk on the end spindle, 
but the spindle spigot is made hollow and fed with high- 
pressure steam, so as to subject it to the same tempera- 
ture variations as the drum which surrounds it. 

At the exhaust end the joint may be made by flanging 
or by shrinking the end spindle into a spider which in 
turn is shrunk into the drum, no special precautions 
against loosening being necessary, owing to the low tem- 
perature obtaining in this region. The shrinking allow- 
ance made is about 0.001 in. per 1 in. diameter. 

At each end of the turbine the glands have to pack 
against vacuum, and labyrinth glands packed with steam 
or water are invariably adopted. The bearings are nearly 
always supported on spherical] seats. 

Combined Turbines. —Combined turbine types are the 
products of more or less successful attempts to combine 
the advantages of the preceding simple types, the aim 
being generally to construct a relatively short and stiff 
rotor while still retaining the higher efficiency of the 
many stage types. ; : 

In Pony dns wll turbines, the rotor is of the —. 
disc-impulse type, with from 5 to 15 discs, the first disc 
carrying two rows of blades, velocity compounded ; but 
generally compound turbines are associated with the drum 
construction. 

In the Melms-Pfenninger rotor (Fig. 24, page 67) the 
high-pressure drum, which is nearly of the same diameter 
as the low-pressure drum, carries several rows of impulse 
blades arran for partial admission. ‘To reduce the 
very serious leakage which would otherwise take place 
between the oylinder-blades and the rotor, the guide- 
blades are shrouded in the special way shown in Fig. 25, 
the clearance C between shrouding and rotor being set at 
about 0.01 in. The rest of the turbine is of the ordinary 
reaction type, the axial thrust being balanced by a single 


dummy piston formed at A on the extreme end of the | P 


high-pressure drum. In the example shown in Fig. 24, 
the rotor is built up of three drum sections registe 
and riveted together as shown, and the end spindles are 
forced into the end sections in positions where the tem- 
perature remains always low. 

Fig. 27, page 69, shows a Brown-Boveri design for 
— of 3000 revolutions per minute. The turbine is 

f the reaction type at the low-pressure end ; at the high- 
pressure end there isa single impulse pressure stage with 
two velocity s The rotor takes the form of a drum 
carrying at the high-pressure end a single disc with two 
rows of blades, and the dummy pistons are at A and B. 
In the figure the method of building up the rotor so as 
to lock the various parts is clearly seen. 

Fig. 26, page 68, shows a somewhat similar rotor by 
Messrs. Franco Tosi, built of only three pieces, the end 
spindles being flanged, and connected to the drum by 
means of screws. The fi of the journal on the high- 
pressure side is provided with asteam circulation-chamber 
to make its thermal expansion equal to that of the drum. 
Fig, 28 illustrates a rotor, also by Messrs. Franco Tosi, 
having two impulse stages with reaction-stages at the low- 

ressure end. Each of the discs carries two rows of 
Blades, which are velocity compounded. The rotor is in 
two pieces, the drum, discs, and high-pressure end spindle 
being in one piece, while the low-pressure end spindle is 








flanged and fastened by screws. In both Figs. 26 and 28 
the glands of the labyrinth type, with limited radial 
clearance, do not bear directly on the shaft, but on 
flanged bushes X which are free to expand or deform in- 
dependently of the shaft, which is thus protected from 
the effects of unequal heating caused by any unusual 
friction at the gaole, 

Balancing*.—The last operation in building the rotor is 
to test. and, if necessary, adjust its running balance. Ideal 
balancing would consist in placing a suitable balance- 
weight opposite each out-of-balance load which may be 
caused by slight errors in workmanship, want of homo- 
geneity in the material used, or lack of mass symmetry 
about the shaft axis through slight differences in the 
weights of the keys, feathers, bolts, and rivets. But such 
ideal balancing is im ible for constructive reasons, 
apart from the fact that the distribution of the out of 
balance loads is unknown. In disc-rotors an approxima- 
tion to the ideal is made by balancing each disc separately. 

In the complete rotor provision is made for adding 
balance-weights generally on two surfaces at right angles 
to the axis, near either end of the rotor. Temporary 
balance-weights frequently take the form of set-screws, 
with washers of various weight screwed into the rotor as 
far as possible from the shaft axis, and these balance- 
weights may be left in permanently ; but ow the 
better practice is to replace them by drilling holes on the 
other end of the diameter passing through the centroid of 
the temporary weights, so as to remove a mass of metal 
having a moment about the axis equal to that of the tem- 
porary weights. 

Balancing in the a is done first statically, then 
dynamically. In static balancing the rotor is pl on 
carefully-levelled knife-edges, and temporary balance- 
weights are added, if necessary, until the rotor is in neutral 
equilibrium in any position. The necessary weight and its 
position may be determined by trial and error, or better by 
weighing the out-of-balance mass in, say, six different 
angular positions of the rotor. The limit of possible 
accuracy of this process is reached when the centre of 
gravity of the rotor is within from 0.0005 in. to 0.0007 in. 
of the shaft axis—this corresponding, for example, to a 
weight “} lb. placed at 12 in. radius on a rotor weighing 
2tons. If the rotor were run with this limit of error— 
even assuming for the moment that the shaft axis is 
gp toa oper ag axis of inertia of the rotor—it would 
»e considered badly balanced. 

The weights found necessary for static balance are not 
fixed permanently. 

The final step in balancing is to run the rotor at a high 
speed, the driving torque being transmitted through a 
flexible coupling, and hold a pencil lightly for a moment 
or two in contact with several selected sections of the 
rotor, which are perfectly cylindrical, and are found to 
run quite truly when the speed is slow. If the rotor is 
in good balance each marking will extend right round 
the circumference ; otherwise, the deflection of the shaft 
caused by the centrifugal force of the out-of-balance loads 
leads to the pencil marking an arc of the circumference 
only. The centre of these markings does not necessarily 
lie in one plane ; indeed, the marking at one end may be 
diametrically opposite to that at the other end, and in 
adding the balance-weights at either end of the rotor 
they are placed nearly diametrically opposite the mark- 
ings near that end. The rotor is then run again, and if 
the balance has been improved the markings may be 
found te have. changed their angular position, and.to 
extend over a larger portion of the circumference. For 
convenience in noting and reading the markings it is 
very useful to mark permanently each end of the rotor 
with twelve equidistant marks numbered 1 to 12, like a 
clock face. As the balance improves the marking extends 
more and more nearly all round the circumference, 
becoming very faint near the ends, and it is difficult to 
determine where the foe otal og should go. Greater 
sensibility can be got by giving the bearings some lateral 
freedom and restraining them only by stiff springs. To 
reduce friction the bearings rest on ball-bearings. With 
this arrangement there is a certain speed at which reson- 
ance occurs, the shaft-bearing-spring system being set. in 
vigorous vibration. Running at or near this critical 
speed, a much more definite marking is secured. 

The weak point about the present system of balancing 
is that the results depend entirely on the personal equa- 
tion of those who rv. the operation. There is no 
absolute measure of the perfection of the balance. At 
resent the engineer simply places his hand on the bear- 
ings, and calls the rotor well or badly balanced according 
to his standard of excellence and his previous experience. 
Of course, anyone can tell when a rotor is very badly 
balanced, but it is when the adjustment becomes fine and 
the markings extend nearly all round the shaft that it 
becomes almost impossible to tell whether a slight altera- 
tion in the balance-weights is an improvement or not, 
and the introduction of a sort of workshop seismograph 
which would give a definite measure of the amplitude of 
the vibration under comparable conditions would be a 
very great boon. 

Meantime, as an indication of the refinement attained 
in present practice, it may be said that the final adjust- 
ment of the balance-weights is of the order of 40z. to 1 oz. 
in a rotor weighing several tons, and when this limit is 
reached the rotor would be considered well balanced. 


(To be continued.) 





FOREIGN ENGINEERING PROJECTS. 
WE give below a list of colonial and foreign engineering 
projects, for some of which tenders are asked. Further 
particulars regarding the same can be obtained on appli- 


* For the Theory* of Balancing see Stodola, ‘‘ Die 
Dampfturbinen,” Third Edition, page 181, 
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cation at the Commercial Intelligence Branch of the 
Board of Trade. 73, Basinghall-street, London, E.C. 

Canada; With reference to the notice on page 570 of 
the Board of Trade Journal of June 23 relative to the 
representation of British firms by an engineer at Toronto, 
the Imperial Trade Correspondent of Toronto(Mr. F. W. 
Field) now reports that the engineer in question sails in 
July for Great Britain, in order to discuss with British 
firms who may be interested the question of their re- 
presentation in Canada. He desires to obtain agencies 
for engineering and contractors’ supplies, including sani- 
tary equipment for sewage purification, filtering plants 
for pure-water supplies, dock-cranes, road-rollers and 
scrapers, wire-cable, &c. The Imperial Trade Correspon- 
dent at St. John’s, New Brunswick (Mr. Anderson) reports 
that the Intercolonial (Government) railway authorities 
intend now to begin work on the diversion of the line on 
the Miramichi from Nelson to ieville, in, 
through the town of Chatham. The Intercolonial rail- 
way authorities have also commenced the work of double- 
tracking the line from St. John’s eastwards, and about 
three miles of the new track is to be laid this year. 

Brazil: The Diario of June 5 publishes a decree 

nting to the Companhia Lavoura e Colonizacio em S. 

aulo a concession for the construction of an extension of 
their line from Nilo Pecganha to a convenient point 
on the lake of Araruama, in the State of Rio de Janeiro. 
The cost of construction must not exceed 35,000 milreis 
currency per kilometre (about 3520/. per mile). The line 
will be of 1-metre gauge, and the rails must weigh 25 kilo- 
grammes per lineal metre. Two years are allowed for 
the actual construction of the line, and any material that 
may have to be imported will be allowed entry into 
Brazil free of duty. .M. Legation in Brazil report that, 
according to a Presidential Message to Congress, surveys 
are in progress for harbour works at the following places :— 
Itaqui, Camocim, Fortaleza, Jaragua (see Board of Trade 
Journal of May 5, page 221), Victoria and Paranagua. 

Argentine Republic: The Boletin Oficial of June 3 con- 
tains a notice, issued by the Ministeriode Obras Publicas 
Buenos Aires, approving the plans submitted by the 
Direccion General de Ferrocarriles for the construction of 
a railway which will start from Catamarca and effect a 
junction with certain of the existing lines in the province 
of Tucuman. The cost of the work is assessed at 6,509,980 
pesos gold (about 1,302,000/. ). 

Turkey: The Oesterreichischer-Anzeiger (Vienna) of 
June 19 notifies that the Turkish Minister of Public 
Works has submitted a statement of supplementary 
credits required for the following pur :—1, 665,500 
piastres for the establishment of a school of engineering ; 
4,000,000 piastres for street repairs in the provinces ; 
94,606,000 piastres for road construction; 58,458,000 
piastres for street construction in the vilayets ; 18,000,000 
piastres for irrigation works in Mesopotamia ; 2,775,000 
piastres for construction work on the Orient Railway ; 
and 4,100,000 piastres for the improvement of rivers, 
draining of marshes, &c. A project is also on foot to 
supply the town of Cavalla with a drinking water system 
(100 piastres = 1 Turkish pound = 18s.) 

Russia: According to the Moniteur des Intéréts Maté- 
riels (Brussels) of June 24 the committee appointed by 
the Duma have reported favourably on the application 
submitted by the Ministry of Ways and Communications 
for permission to expend, during the second half of 1910, 
a sum of 20,000,000 roubles (about 2,111,0007.) for the 
purchase of railway material. Although it is probable 
that the bulk of the orders will go to Russian firms, it is 
possible that some of the material may have to be pur- 
chased out of Russia. 

Germany : With reference to the notice on page 420 of 
the Board of Trade Journal of June 24 relative to sewage 
and drainage works at Nordhausen, H.M. Consul-General 
at Berlin (Mr. H. Boyle) reports that these works are 
shortly to be undertaken. he cahier des charges will 
be issued in about four months’ time. The cost of the 
work is estimated at 3,400,000 marks (about 167,000/.). 
Although it is probable that the above contract will be 
awarded to a German firm, nevertheless the carrying out 
of the work may involve the purchase of some materals 
out of Germany. 

Netherlands : The Dutch Niewwe Rotterdamsche Cowrant 
notifies that the Tiel-Buren-Culemborg Steam Tramway 
Company have meg for a concession for the construc- 
tion ofa tramway from Tiel to Kesteren, passing by way 
of Mourik, Ingen, and Lienden. The line will 
13 miles long. 

Austria-Hungary : According to a report in the Oester 
reichischer Zentral-Anzeiger (Vienna) of June 23, the com- 
munal authorities of Aussig have obtained a concession 
for the construction of a tramway to Tellnitz. The line 
must be ready for working by next spring. 

Bulgaria : His Majesty’s Representative at Sofia reports 
that harbour works are contemplated at Burgas and at 
the small port of Baltchik, as well as at Lom Palanka, on 
the Danu Nothing definite, however, has yet been 
decided in the matter. : 

Denmark: The British Vice-Consul at Reykjavik 
=. A. Amon reports that a company has been 

ormed in Norway for the purpose of utilising the 
water-power of the Gullfoss and Sog Falls, in Iceland. 
The company has obtained the right to make use of all 
the power of the Gullfoss and of part of that of the Sog 
Falls. The following information is from the report by 
H.M. Consul at Copenhagen (Mr. L. C. Liddell, M.V.0.) 
on the trade of Denmark in 1909, which will shortly be 
issued :— La electrical works are at present being 
planned in Jatland, in the district between Aarhus and 
Randers. The scheme embraces not only an electric rail- 
way between these two points and the establishment 0! 
branch lines, but also the supply of electricity to the whole 


about 








district, for household as well as industrial | ny 
A similar scheme is proposed for Laaland and Falster. 
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WORKMEN’S COMPENSATION CASES. 
County Court. 


Iliness from Sewer-Gas an Accident.—-In the case of a 
worker’s death from illness, and his dependant’s claim for 
compensation because the fatal illness was the conse- 
quence of an accident in the course of, and arising out of, 
the workman’s employment, there is always matter 
for dispute. A case of this kind was tried at Bromley 
County Court on June 8, when the widow of a workman 
applied for 2187. 8s. compensation for the death of her 
husband, who was alleged to have died from the effects of 
sewer-gas, which brought on ptomaine-poisoning. In 
August, 1909, the deceased workman was employed open- 
ing the drains of a house of his employer, and soon after 
complained of pains and sickness, and spoke of bad 
smells from the drains he had pag pm He got 
gradually worse, and although he had a healthy 
record till the time of this work on the drains, he died in 
October, 1909. A doctor had examined the deceased on 
August 23, and treated him for the effects of smell of 
paint, as he had previously been at house-painting, and 
it was only some ten days later that he decided the man was 
not suffering from the paint. The doctor then heard of 
the work at the drains, and concluded the illness was due 
to ptomaine-poisoning. It was argued for the defence 
that ptomaine could not arise from the drains, but the 
medical witness stated that ptomaine-poisoning is a 
yeneric term, and covers poisoning from meats and 
Cocterin poisoning. Other experts said ptomaine-poison- 
ing did not arise from drains or smells, but only from 
something eaten. The Judge held that the applicant 
should not suffer from the loose use of the term ‘‘ ptomaine- 
poisoning.” The man had always been in perfect health 
till the time of the work at the drains; the paint may 
have had nothing to do with his fatal illness, but the 
evidence was clear that the illness had followed upon the 
smells at the drains, which led to some form of septic 
poisoning, and the Judge therefore held the workman’s 
death was accidental, and granted the widow the com- 
pensation claimed 


Hovsr oF Lorps. 


Minors and the Workmen’s Compensation Act.—It is 
well understood that the Workmen’s Compensation Act 
in no way prejudices the right which minors enjoy under 
the general law. In Schedule 1 (16) of the Workmen’s 
Compensation Act it is provided that any weekly pay- 
ment may be reviewed at the request of the employer or 
the workman, and on such review may be ended, increased, 
or diminished, subject to the maximum provided. The 
amount of payment in default of agreement is to be 
settled by arbitration. Where the workman was, at the 
date of the accident, under 21 years of , and the 
review takes place more than twelve months after the 
accident, the weekly payment may be awarded to any 
amount not exceeding 50 per cent. of the weekly sum 
which the workman would probably have been earning 
at the date of the review if he had remained uninjured, 
but not exceeding 1/. a week in any case. The workman, 
if under age, can repeatedly review the amount of the 
weekly payment, provided that twelve months have 
elapsed since the accident, and that there is some evidence 
that the previous weekly payment does not represent half 
the amount the workman would have earned at the time 
of the application to review the award, had he been un- 
injured. The words ‘‘50 per cent. of the weekly sum 
which the workman would probably have been earning” 
are not necessarily limited to any particular employment. 
In the case of a minor it is ay fair that considerable 
scope may be given to the probability of a youth’s 
future earnings in any trade, and not necessarily in the 
trade in which he was employed at the time of the acci- 
dent. A very interesting case, and one of great import- 
ance to apprentices and to minors, was decided by the 
House of Lords on June 16. 

We have already discussed the case in these columns 
(Evans v. Vickers Sons and Maxim), when it was before 
the Judge of the Sheffield County Court, and was decided 
in favour of the young workman. It then appeared that the 
applicant, who was at the River Don Works, Sheffield, had 
both arms crushed between rollers, and was totally in- 
capacitated, in August, 1908. In March, 1909, an agree- 
ment was made fixing weekly payment at half weekly 
earnings. He was at this time earning 22s. 8d. a week. 
In April, 1909, this agreement was duly istered 
pursuant to Section 2, paragraph 9, which provides that 
where the amount of compensation has been ascertained, 
or weekly payment varied, or other matter decided and 
registered, the finding shall have the force of a county court 
judgment. The compensation thus fixed was 11s. 4d. a 
week. On May 27 the employers applied for a review 
and diminution to 1d. a week on the ground that from 
February, 1909, the workman was offered suitable employ- 
ment at the same wages as he was earning before the 
accident. Had the workman been an adult this offer 
would have been generous, but the workman in August, 
1909, appiied for a review and an arbitration to consider 
his probable earnings had he then been uninjured. His 
Maximum wages he the accident was 22s. 8d. a week, 
but the applicant, being a minor with a progressive future 
bet me him, would have been unjustly treated had his prob- 
able earnings, if uninjured, been assessed at the amount 
of his earnings before the accident, when he was only 
20 years of age. Especially would this have been 
unfair to him, inasmuch as the 22s. 8d. represented his 
earnings at a temporary job as alabourer, whereas he had 
already learned a skilled trade as a stove-fitter, and had 
proposed to return to it when the trade was again active, 
and he could have obtained 38s. a week, the trade-union 
rate of wages to which he would have been entitled had 
the accident not incapacitated him. The employers’ case 
Was that the standard according to which they proposed to 


pay was that recognised in the same employment before 
the accident. They wrongly assumed that this youth, 
who was a skilled trade-union mechanic, had no prospects 
beyond the grade in which they found him at the time of 
the accident. In law no such limit is put upon the prob- 
able earning capacity of a minor. he arbitrator has 
power to increase the compensation to any amount not 
exceeding 50 per cent. of the weekly sum which the work- 
man would probably have been earning at date of review 
if he had been uninjured, and the law does not say any- 
thing about limiting his earnings to the amount which 
the minor would have been earning in the same employ- 
ment or at date of the injury. 

The Court of Appeal, to which the employers took the 
case, — the decision of the County Court Judge, and 
again the — to the House of Lords repeated the same 
decision. s the Lord Chancellor remarked, the House 
of Lords has no power to improve or revise Acts of Par- 
liament, but to interpret the law of the Statute-Book. The 
law on this point of estimating the probable earnings of a 
young man under age is clear, and it seems common-sense 
that a workman’s earning capacity is not to be limited for 
his lifetime to the low standard which he may chance to 
occupy at the date of the accident. The employers’ offer 
to restore the workman from half-pay to the full wages he 
had at the date of the accident was doubtless generous had 
the workman already reached his fullest earning capacity. 
In this case the youth’s future earning capacity at his own 
trade was 38s. a week as stove-fitter, and not the 22s. 8d. 
a week as a casual labourer, on which standard he received 
compensation for his injury. This case shows the advan- 
tage which a minor may enjoy over his elders. 








CATALOGUES. 

Sectional Steel.—A list to hand from the Consett Iron 
Company, Limited, Consett, co. Durham, gives the sizes 
in which the company supply equal and unequal angles, 
bulb angles, tee and zed bars, channels, square and round 
bars, bulb-bars, flats, and other sections. Most of the 
sections are to British standard dimensions; they are 
rolled from Siemens-Martin steel made by the acid 
process. 


India-Rubber Goods.—We have received from the 
India-Rubber, Gutta-Percha, and Telegraph Works 
Company, Limited, of Silvertown, K., a copy of their 
latest catalogue of india-rubber These include all 
kinds of hose for steam and hydraulic-pressure, suction- 
hose, vulcanised machine-belting, steam-packings, sheets 
and washers, valves, and sundry other articles, prices for 
all of which are stated. 


Electric-Light Fittings.—We have received from the 
Edison and Swan United Electric Light Company, 
Limited, Ediswan Buildings, Queen-street, E.C., a 
catalogue section illustrating and erm prices of electric 
light fittings for ships, factories, collieries, &c. The 
catalogue also illustrates ‘‘all-porcelain” fittings for 
use in situations exposed to chemical fumes or moisture. 
Fittings for use on tramway cars and electric railways 
are also dealt with. 


Dynamos, Motors, and Motor-Starters. — From the 
Braulik Engineering Company, 8, Lambeth-hill, Queen 
Victoria-street, EC, we have received price-lists of 
direct-current motors of the open and enclosed types 
from } to 25 brake horse-power, crane motors up to 
30 brake horse-power, and dynamos for outputs up to 
20 kilowatts. In another list particulars are given of 
starters and speed-regulators for direct-current and three- 
phase motors. 


Turbine Pumps for Fire-Engines.—Messrs. Mather and 
Platt, Limited, Salford Iron Works, Manchester, have 
issued a circular calling attention to the advantages of 
their high-lift turbine pumps for motor fire-engines. It 
is claimed that these — are simpler, lighter, cheaper 
and more efficient than plunger pumps. Priming is 
effected by means of a small vacuum pump or ejector, 
and a full. jet can be thrown in less than a minute from 
the time of starting up. 

Battery Lamps.—A small price-list of ‘‘Onewatt ” metal 
filament battery lamps has been issued by Siemens 
Brothers Dynamo orks, Limited, Tyssen-street, 
Dalston, N. The lamps, which, as their name implies, 
have an efficiency of approximately one watt per candle- 
pores, are suitable for motor-car and yacht lighting and 
or general purposes. They have filaments of drawn 
wire and are made in a great variety of shapes and sizes 
for 1.3 to 16 volts, and give 4 to 16 candle-power. 


Truck for Street Railway Cars.—A pamphlet which has 
reached us from the J. G. Brill Company, Philadelphia, 
U.S.A., illustrates and describes the construction of their 
No. 27 M.C.B. truck for high-speed electric street railway 
cars. Special attention is called to the solid forged-steel 
side-frames, with which the truck is provided, and its other 
special features are fully described and clearly illustrated 
| — engravings. A ~~ = = dimensions 
of four different patterns of truck for gau rangi 
from 3 ft. 32 in. to 5 ft. 3in. is also Ht ae 


Drawing Instruments.—The Simplon Manufacturin 
Company, Limited, Lonsdale-street, Carlisle, have Sonal 
a catalogue of their well-known drawing-office speciali- 
ties, several of which have been illustrated in our 
columns. The catalogue illustrates and states prices of 
protractor and ordinary set-squares, tee-squares, pro- 
tractors, curves, and other instruments, most of which 
are made of transparent celluloid. The ‘‘Simplon” com- 
bination drawing apparatus, illustrated and described in 
our issue of Jan 21 last, is dealt with, and a number 
of cases of drawing instruments are also illustrated. 


Electrical Instrwments.— Messrs. Crompton and Co., 
Limited, Salisbury House, London Wall, E.C., have 





issued a catalogue of moving-coil instruments for con- 
tinuous-current circuits. The catalogue describes the 
construction of and method of adjusting the instruments, 
and also describes a simple method of verifying the read- 
ings at any time. Full particulars, including prices and 
dimensions, are given of circular, setae aged, or edge- 
wise ammeters and voltmeters for switchboard use, and 
also of portable instruments. Paralleling voltmeters and 
leakage-indicators are also illustrated. 


Driving-Chains and Wheels. —A catalogue to hand from 
the “Coventry” Chain Company (1907), Limited, of 
Coventry, is devoted to their “noiseless” chains and 
wheels for power transmission. The construction of the 
chains, which are of the inverted tooth type, is described 
and illustrated, and full particulars, including weights 
and working loads, are given of chains from $-in. to 2-in. 

itch. The standard Salen have outside guide-plates, 

ut others with central guide-plates, or without guides, 
are supplied ; the latter are intended to run on flanged 
wheels. The catalogue illustrates the application of these 
chains to machine-tools, line-shafting, motor-car gear- 
boxes, hoists, and other kinds of drives, and also illus- 
trates split and solid wheels, solid pinions, and a spring 
shock-absorbing wheel. The company also manufacture 
a full range of roller, block, and special chains. 


Electric Light and Power.—A treatise on the application 
of electricity to country-house and estate requirements has 
been issued by Messrs. Drake and Gorham, Limited, 
66, Victoria-street, Westminster, S.W. The book, which 
is intended to give all the information likely to be required 
by intending users of electric light and power, calls 
attention to the many advantages of electricity, and 
explains how it is produced and utilised for lighting, 
heating, cooking, pumping, and driving farm and domestic 
machinery. Generating plant driven by water-power, 
internal-combustion engines and steam-engines, 1s also 
fully discussed, particular attention being given to water- 

wer installations. A charge of 1s. 6d. is made for the 

k, which is well illustrated throughout by half-tone 
engravings of interiors and exteriors of large mansiors 
and smaller residences containing electrical installations 
by the firm. 

Equipment of Hardening-Shops.—We have received 
from the Lord Furnace and Steel Company, 3, New- 
street, Birmingham, a catalogue devoted to the require- 
ments of steel-hardening shops. The catalogue illustrates 
and describes the ‘‘ H. G.” producer-gas plant, a suction- 

ressure gas-producer, and a variety of annealing, case- 

ardening, hardening, and other furnaces, most of which 
are gas-heated. The 8.P. rotary pressure-blowers and 
gas-compressors are also dealt with ; they are suitable for 
pressures up to 10 lb. per square inch. The blowers are 
made in seven sizes, the largest of which delivers 12,000 
cubic feet of air per hour at a pressure of 2 Ib. per square 
inch. For measuring temperatures the catalogue describes 
Brearley’s ‘‘ Sentinel” pyrometers, which consist of 
mixtures of metallic salts made up in the form of small 
cylinders. They can be made to meltat any desired tem- 
a, and re-solidify when the temperature falls 

low the melting-point. Thus, by employing two of 
these pyrometers with different melting-points, and keep- 
ing one solid and the other liquid, the temperature of a 
furnace can be kept between any desired limits. The 
catalogue also illustrates and describes the construction 
of and method of using the Féry radiation pyrometer, 
manufactured by the Cambridge Scientific Instrument 
Company, Limited. 








Pia Iron 1n Germany.—The production of pig iron 
in Germany has been satisfactory so far this year, the 
monthly output to May 31 comparing as follows with the 
corresponding output in the first five months of 1909 :— 


Month. 1910, 1909. 
Tons. Tons. 
January ye ae ne 1,177,574 1,021,721 
February ae = “ 1,091,351 949,667 
March .. ‘ ‘s : 1,250,184 1,073,116 
April .. ; ee ee. 1,202,117 1,047,197 
May 1,261,735 1,090,467 


The output for the whole of 1909 was 12,917,653 tons ; 
for the whole of 1908, 11,813,511 tons; for 1907, 
13,045,760 tons ; and for 1906, 12,475,267 tons. 





_ Our Ratts Asroap.—The shipments of British rails 
in May amounted to 38,858 tons, as compared with 40,056 
tons in May, 1909, and 52,941 tonsin May, 1908. In these 
totals Argentina figured for 13,018 tons, 9998 tons, and 
= tons respectively. The colonial demand was as 
OLLOWS :— 


Colonial Group. May, 1910. May, 1909. May, 1908, 
Tons. Tons. Tons. 


British South Africa .. 143 701 440 


British India .. ee 10,596 12,157 10,235 
Australasia a es 4,095 4,786 9,900 
Canada .. : os 176 483 109 


The aggregate exports in the first five months of this year 
were 185,979 tons, as compared with 234,507 tons and 
177,617 tons in the corresponding periods of 1909 and 1908 
respectively. Argentina took 47,761 tons of British rails 
to May 31 this year, as compared with 68,138 tons in the 
first five months of 1909, and 34,438 tons in the first five 
months of 1908. The colonial demand was represented 
by the following totals :— 


Colonial Group. ae a ieee. 
British South Africa .. 4,876 1,425 1,196 
British India... és 56,378 71,958 48,080 
Australasia if si 21,062 32,773 29,723 
Canada... _ oe 2,663 2,147 252 


The value of the rails exported to May 31 this year was 
1,064,589/., as compared with 1,347,667/. and 1,096,175v. 





in 1909 and 1908 (corresponding periods). 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE AOT OF 1907. 


The number of views given in the ‘ion Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, é&c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 

The date oft + + the of a Complete 

‘ate of t Goegtines of a Com 
Specification is, in each case, pA. after the abstract, unless the 

‘atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 

the advertisement of the ‘ance of a Complete Specification, 

a = os ‘atent O, of opposition to the grant of a 

‘atent on any of the grounds mentioned in the Act, 


ELECTRICAL APPARATUS. 


3118/10. Siemens Brothers and Co., Limited, 
mdon. Siemens and UHalske Aktiengesellshaft, Berlin, 
Germany. Telephone Exchanges. (6 Figs.) February 8, 


1910.—According to this invention, when the wanted subscriber 
answers the call, the relay, which determines the operation 
of the register, and which is connected to one or both speaking- 
lines of the circuit, and which is bridged across the call-relay 
of the wanted subscriber—automatically disconnects itself from 
the speaking-circuit and connects itself with the register-circuit, 
thereby closing a holding-on circuit for itself, so that no further 
registration can occur while the subscribers are connected. 
The current actuating the register passes over a separate lead d 
of the answering-plug AS, which is inserted in the answering- 
jack AK! of the calling-subscriber T!. The register Z, which is 
connected with the battery B, at first receives no current because 
the lead d is interrupted at a contact e. When the required sub- 
scriber T2, after having been called and connected in the usual 
manner by insertion of the plug VS in jack V R2, answers the call by 
lifting his receiver, arelay R, which is connected with the b-lead of 
the connecting-plug and is brought into parallel with the b-winding 
of the calling-relay A R2 of the subscriber T? when the plug is in- 


@ |T' r'|@| 
a 
vs ¥R* 
4 
b 
h 
“0 


AS. 























z . # 
f ad aa 
, 4 7h; art 
‘ n® R 





i. 


ANG) 


serted, is energised by a part of the current which feeds the sub- 
scriber’s microphone. Hence the relay attracts its armature f and 
closescontacte. After contact ehas been closed, contact g isopened 
so that relay R is cut off from the speaking-lines. e circuit 
from battery B over register Z, lead d, contact e, armature f, and 
relay R is now closed, and the register is actuated. The circuit 
remains closed until the answering plug A 8 is withdrawn, so 
that both the register and the relay R remain energised, and 
hence further registration is impossible as long as the two sub- 
scribers remain connected. Instead of connecting relay R directly 
with the b-lead of the calling-plug, it may be connected with a 
contact A (shown by a cross in the ag ey of the listening 
key, this contact being open when the key is in the listening 
position. There may even be a switching-armature at h depen- 
dent on a relay energised only when the calling-plug is inserted, 
and situated, for example, in the c-lead of the plug. In both 
cases any current impulses on insertion of the plug VS can be 
made ineffective. The dotted lines show a modification in which 
the relay is still connected to the line over the condenser c, 
when the circuit has been opened at g. (Accepted May 11, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


21,664/09. Societe des Moteurs Gnome, Paris, 
France. Internal - Combustion mes. [1 Fig.) 
September 22, 1909.—According to this invention, the packing of 
the piston is formed by a metallic crown consisting of a single 
dividing piece of |_-shapel section, which opens and expands 
under the effect of the pressure of the gases at compression and 
explosion, the small wing of the crown being held in a groove, 
made in the outer surface of the piston, by a segmental ring. a 
represents the piston, which is of slightly reduced diameter for a 
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short distance from its closed end, and adjacent this end it is | 
provided with a groove ¢, in which the split crown d is fixed. The | 
small wing of the crown is wedged between the one side of the 
groove ¢ and a segmental ring f. The large wing of the crown d 
extends beyond the end of the piston, and is preferably reduced | 





MOTOR ROAD VEHICLES. 


12,020, R. H. Fowler and G. 8. Tuer, Leeds. 
Motor ‘Vehicles. (2 Figs.) May 21, 1909.—This in- 
vention relates to the spring connection between the axle and the 

iy of a heavy road-vehicle. According to this invention, the 
bearings of the axle are mounted in a sleeve a which extends 
between the horn-blocks, one of which, b, is shown, The horn- 
block has a cylindrical flange ¢, one side of which is thick enough 
to be recessed to receive a knuckle-lug @ on one side of the 
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sleeve. The opposite side of the flange is faced to form a 
bearing surface for a projection on the corresponding portion 
of the sleeve. The flange c being of larger diameter than the 
sleeve, the latter can turn to a certain extent about the common 
axis of lugsat its ends. The bearing-bush h of the axle is fitted in 
the sleeve. At the middle of the side of the sleeve that has the 
projections are lugs i to receive a bolt k, from which is suspended 
the buckle / of the spring m supporting the horn-blocks. (Ac- 
cepted May 4, 1910.) 


RAILWAYS AND TRAMWAYS. 


11,236/09. H. E. Gresham and G. Kiernan, Salford. 
Vacuum-Brake Apparatus. (3 Figs.| May 12, 1909.— 
This invention comprises the application to ejectors for vacuum- 
brake apparatus of a nozzle having a plurality of steam inlets 
arranged in a ring-like manner, in place of the continuous annular 
steam inlet ordinarily employed with such ejectors. The nozzle 
a@ communicates at its centre d with the train-pipe, and at its 
periphery b with the steam-inlet pipe. The delivery end of the 
nozzle a is formed of greater thickness than usually adopted, to 
permit of the formation therein of a plurality of passages c, through 
which the steam can issue from b. By this arrangement there is 








provided a number of small jets issuing from the nozzles e, dis- 
posed in a ring-like manner around the air-inlet conduit at the 
centre d of the nozzle a. Owing to the large peripheral surface 
of the jets a very efficient action on the incoming air is obtained. 
Further, as each of the steam-inlet nozzles c is formed completely 
in or on the nozzle a itself, any variation in the position of the 
latter does not affect the area of the nozzles c. Instead of form- 
ing the steam-inlet passages completely in the nozzle end, grooves 
may be made jn the external surface of the nozzle (Fig. 3), and 
the nozzle allowed to project into a parallel portion of the ejector 
casing or of another nozzle, the casing or nozzle then forming the 
outer wall of the steam-inlet passagesc. (Accepted May 4, 1910.) 


7425/09. J. Stone and Co., Limited, Deptford, and 
A. H. Darker, Blackheath. Train-Lighting S 
(3 Figs.) March 27, 1909.—This invention relates to electric- 
lighting systems for trains, comprising a variably-driven dynamo 
and a governor-operated main switch for connecting the dynamo 
with the system only after the attainment of a predetermined 
speed. According to this invention, the dynamo is provided 
with means for effecting specific alterations in its excitation, 
either by varying a resistance in its shunt-circuit, or by varying 
the number of sections of demagnetising field-windings, and the 
graduated arms for enabling predeter- 
mined adjustments of its weights corresponding with the 
adjustments of excitation. The poles a of the dy. ‘no are iron- 
clad by the ring b, which is formed with the one-sideu suspension 
eye c. d are the shunt-windings which produce the magnetic 
field. A rheostat e in series with these windings d enables the 
field to be adjusted to the desired strength, and, conjunctively, 
demagnetising series-coils are adapted to be inserted or cut out 
one by one, or in sections by means of a suitable switch-lever, or 
by inserting a plug, or plugs, between suitable terminals, in 
order that the maximum output of the machine may be adjusted 
to requirements. In Fig. 2 the rheostat ¢ is dispensed with, and 
the shunt-windings d have in series with them shunt demagnet- 
ising windings, which may be arranged upon the same poles as 
the series demagnetising windings. If desired, the latter may be 
di d with, and the whole of the demagnetising be accom- 





in thickness towards its edge. The crown is thus y 
mounted, and is forced by the pressure eee in the cylinder 
by the explosion or compression against the wall thereof. (Accepted 
May 11, 1910 ) 


plished by the shunt-windings. Any known means for short- 


circuiting the windings may be employed, as, for instance, plugs 
adapted to be inser’ 


between the terminals of each winding or 


section of winding. Referring to Fig. 3, it will be seen that the 
weights h of any suitable type of governor-operated main switch 
are adjustable along the governor-arms j, the latter being pro- 
Thus, 


vided with graduations for facilitating the adjustment. 
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whenever a known alteration is made, either in the value of the 
resistance ¢, or in the number of sections of the demagnetising 
field-windings, the corresponding adjustment required by the 
weights h is known. (Accepted May 4, 1910.) 


7468/10. J. Stone and Co., Limited, Deptford, and 
A. H. Darker, Blackheath. Train-Lighting Systems. 
(3 Figs.] March 27, 1909.—This invention relates to a combined 
governor and main switch for electric lighting systems for trains. 
According to the invention, the governor operates upon increase 
in speed to reduce resistance offered to the closure of the main 
switch, the latter being under the influence of means, such as a 
spring, constantly tending to close it. The governor switch is 
placed on that end of the dynamo shaft opposite the pulley end 
and fixed next to the commutator, and comprises a floating disc. 
Only portions of a disc (segments h, h! are employed, extending 
over about 90 deg. each). These disc portions are mounted upon 
a sleeve j which is slidable axially against the action of a spring 1. 
At the opposite end of the sleeve j a flange o is formed, and is 
— with sockets for the reception of carbon blocks. These 

locks press against a flange r supported by a sliding sleeve s, 
which latter is constantly pressed towards the blocks by a spring 
t. The governor arms z are pivoted to lugs y at one end, and 
at the other end are connected by links 1 to lugs 2 on the rear 
of the disc r. Brackets 4 support brushes outside of the disc 

rtions. A ring 5 is supported upon these brackets and 
rushes are fixed to the ring. e brushes are as follows :—A brush 
6 connected to the negative main ; a brush 7 connected to the 
positive main ; and a brush 8 connected to the magnet shunt- 
windings. The brush 8 is fitted with a supplementary carbon 
brush 10, Upon the segment / there are two contact-plates 11 
and 12, and upon the segment /! two plates 13 and 14. The 
plates 12 and 13 are connected by a ring portion 15, and the 
plates 11 and 14 are connected by a ring portion 16. The ring 
portion 15 is electrified by a connection with one brush of the 
dynamo, and the ring portion 16 is connected with the other 
brush of the dynamo. switch 19 is adapted to close the gap 
between the brush 7 and a contact-plate whenever the contact is 
broken between the various brushes and plates and to open 
the gap whenever contact is made between such brushes and 
plates. The segment h is formed with two peripheral recesses, 
and between the recesses its radius is reduced so that each recess 
is bounded by a deep edge and a shallow edge. A stop 24 is 
formed with an abutment-piece to lie in the path of the extremi- 





ties of the deep edges when the segments h, h! are in their 
inward ition as shown, so that the segment A is arrested in 
one position or the other, according to the direction of rotation 
of the shaft 2. The stop 24 is also formed with a projecting 
piece which enters one of the peripheral recesses as the segment 
is pushed forward by its spring in the correct position. If, how- 
ever, the segment has not n fully turned, the projecting piece 
is struck by the periphery of the segment /, and the latter is 
arrested and not allowed to make contact between the plates 
and brushes until it has been correctly positioned. Supposing the 
parts to be in the position illustrated and the dynamo armature 
commences to run clockwise as regarded from the governor end, 
the friction between the flange r and carbon blocks tends to turn 
the sleeve j so that the lower one of the deep edges is hard against 
stop 24. As the speed increases, the weights 3 fly outwards and 
draw the flange r away from the carbon blocks, but the latter are 
caused to follow the flange by the pressure of the pring m, which 
is constantly pressing the floating disc forward. The lower peri- 
heral recess will take over the projecting piece, and soon after the 
rushes 7 and 8, which are bent further inwards than the brush 
6, will be contacted by the plate 13, which is connected with the 
positive brush ; soon after this the brush 6 will be contacted ly 
the plate 11, which is connected with the negative brush, and !ast 
of all the switch 19 will be opened. If the dynamo speed falls to 
zero, the ts return to the position shown, and if the armature 
be then driven in the opposite direction the brush connection 18 will 
become positive and the brush connection 17 negative. The frictional 
contact between the flange r and carbon blocks will now rock ‘hie 
sleeve j and segments h, f! in the opposite direction, bringing the 
a deep edge against the stop 24. In this position, the 
plate 12, now in connection with the negative brush, will lie behind 
the brush 6, and the plate 14 now in connection with the posit!\: 
brush will lie behind the brushes 7 and 8, so that the brushes 6, «. 
and 8 preserve their polarities no matter in which direction the 





armature is driven. It is, of course, preferably arranged that the 
governor allows contact to be made between the plates and 
brushes about when the dynamo is generating a voltage equal to 
the voltage of the batteries. (Accepted May 4, 1910.) 
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RESTORATION OF THE AULD BRIG 
O’ AYR. 


Tue work for the preservation of the ‘‘ Auld 
Brig ” of Ayr, an historical and venerable structure, 
made famous by Scotland’s national poet, Robert 
Burns, has now been completed, and the bridge, as 
restored, will be formally opened by Lord Rose- 
bery on the 29th inst. This work is not only of 
national importance, and highly creditable to the 
patriotism of Scotland, but possesses special engi- 
neering interest because of the care with which the 
work was carried out and because of the resultant 
success. The scheme now completed has been the 
subject cf controversy for nearly half a century, 
because as long ago as 1867 the bridge was reported 
to be in a dilapidated and neglected condition, and 
temporary measures have from time to time been 
carried out. Five or six years ago, however, the 
authorities had to face the alternatives of putting 
the bridge into a sound state or of entirely removing 
it, and again controversy ensued between the claims 
of the patriot for the preservation of a structure 
famed in poetry, and the utilitarian views of the 
modern engineer for supersession by a new erection. 

The bridge is of great antiquity ; the first mention 
of it is in a report by the Treasurer of James IV. 
(15th century ?) He gave a donation of 10s. 
towards repairs. It has become famous, too, from 
the sentimental as well as the archeological point 
of view, so that when the problem of its utility 
arose there was a sharp division of opinion. It is 
true that under the Templeton bequest the Corpo- 
ration of Ayr had certain funds to carry out the 
work of restoration ; but apart altogether from the 
adequacy or otherwise of this fund, there was the 
question of the need of the traftic facility which 
would have been afforded by a modern structure. 
To Mr. James A. Morris, F.R.I.B.A., and a dis- 
tinguished archzeologist, belongs the credit of 
enforcing the. view that ‘‘when dealing with an 
historical and archeological structure, and with 
one, moreover, of educational, and,’ in Scotland at 
least, of almost peerless poetic, value, questions of 
higher and more ideal import must take definite 
and decided precedence of those which are purely 
utilitarian.” He advocated such treatment of the 
structure without affecting its appearance as would 
make it able to stand the stress of time and tidal 
currents. Others argued in favour of its recon- 
struction on the same design, using, as far as pos- 
sible, the same material; while there were others, 
azain, who denied the possibility of success with 
either scheme, and contended in favour of building 
a new bridge primarily for service. Mr. Morris’s 
view was ultimately accepted, largely as a conse- 
quence of the confidence placed in the engineer 
entrusted with the work, Mr. W. 8S. Wilson, 
M. Inst. C.E., Glasgow, and our narrative, with 
the illustrations, establishes the success of their 
p'ans, Mr. Morris being entrusted with the archzeo- 
logical features of the work, and Mr. Wilson with 
all matters of stability. Credit is also due to Mr. 
R. A. Oswald, of Auchincruive, Ayrshire, and to 
Lord Rosebery, as well as the Society for the Pro- 
tection of Ancient Buildings, for their advocacy. of 
the restoration of the old bridge. 

When the work was entered upon we reviewed 
the history of the bridge, stated the alternative 
schemes proposed, and indicated clearly the pro- 
cedure approved. (See ENGrngERinG, vol. 1xxxiii., 
page 471.) There'is no need, therefore, to traverse 
the same ground here, but it is essential to a cor- 
rect understanding of the work done to recapitulate 
not only the dimensions of the bridge, but the 
details of the scheme proposed and carried out. 
As shown in the section and in’ the plan of the 
bridge on page 74 (Figs. 1 and 2),* there are four 
segmental arches of approximately 53-ft. span, 
with two abutments hf three river piers, the 
latter 15 ft. thick, with heavy triangular cutwaters 
on both’ up and duwn-stream ends of the piers, 
aking’ their over-all length 35 ft. to 37 ft. Each 
arch ‘has & rise of .18 ft., and the stringers are 9 ft. 
above low-water level. The total length of the 
bridge is therefore 257 ft., and the width between 
parapets 12 ft. Perhaps the best indication of the 
state of the structure when the work was under- 
taken is afforded in a statement by Mr. John 
Young, the Town Surveyor of Ayr, and this may 
be quoted in full :— 


_* We have pleasure in as the permission 
given by the Institution of Civil Engineers to use the 
drawings published in their Proceedings, 








“The arch is very badly distorted from the true curve— 
at one place to the extent of 2 ft., near the crown of the 
arch. The soffit of the arch is out of level. 

** The under side of the arch-stones, near the crown, are, 
in many places, very tightly wedged, but in other cases 
these are cracked or spawled about 14 in. to 2 in. in from 
the under side of the arch-stones. The joints on the back 
of the arch-stones, which are only 5 in. from the floor line 
of the bridge, are very much opened up, and the arch- 
stones themselves decayed. I have puta teeteulo through 
several of the joints. The mortar is very poor in quality, 
due to the constant soaking of water through the arch. 

“There is not sufficient weight on the crown of the arch 
to resist the pressure of the thrust from the spandrel walls 
of haunches and the sand filling in the spandrels of the 
arch. The arch has further been damaged by the settle- 
ment of the south pier. The spandrel walls are not per- 
pendicular, and are disjointed from the piers at several 
places. The stonework of the arch-stones and spandrel 
wall faces is much decayed, and the joints are in a very 
dilapidated state. The parapets are bulging to a dangerous 
extent, and are too thin for their height. The arch has 
already been repaired with brickwork where arch-stones 
have dropped out, and the back of arch, at flat portion, 
strengthened with concrete. 

‘*The line of pressure is not properly transmitted through 
the arch-stones, to an extent which renders the arch 
theoretically unstable and practically dangerous. 

‘*The wholecircumstances point to the arch being insuch 
a precarious coniitien—heth os regards materials and 
stability—as to make it unsafe as a public thoroughfare. 

“The distorted line of the south arch creates a feeling of 
insecurity as to the stability of the bridge, has long been 
a disgraceful eyesore, and in the interests of public taste 
should not be longer continued. 

“The present foundations of the piers are at low-water 
mark, and the bed of the river between the ee and 
north and south abutments is from 2 ft. to 6 ft. below the 
foundations. Shoals have formed in the river above the 
piers, and deep holes scoured out on the down-stream side 
of the bridge. The tide rises about 9 ft. at the bridge. 
At the last flood on the river (November, 1904) the water 
rose above the springing of the arches. Owing to the 
formation of shoals and the deepening on the west side the 
velocity of the water is accelerated through the arches of 
the bridge ; and as the weight of the water is great, the 
scouring action is very serious. This takes place below 
the level of the existing foundations, and constitutes a 
grave danger to the bridge piers. During the last flood 
the concrete fender and the material, to the extent of 
3 ft. 6 in. under the foundation at the north side of the 
north pier, was entirely removed. The damage has been 
temporarily repaired with concrete bag work. Borings 
have been made in the river-bed at the three piers, and 
the material found varies from 3 ft. to 7 ft. thick, of boulder 
clay, with faikey fireclay below. A good foundation will 
be obtained at 10 ft, below the present foundations. The 
deepening of the foundations of the piers is consequently 
of first importance to ensure the stability of the whole 
structure. Holes have been cut into the north and south 
faces of the piers and abutments to ascertain their con- 
dition. It was found that the piers are faced with ashlar 
from 8 in. to 14 in. thick, with rubble packing or hearting 
behind; in some cases built, and in others only hand- 
— and grouted with lime. Generally the stone 

earting and face ashlar of the piers are of poor material, 
and the mortar of varying quality. Portions of the 
ashlar facings were found ate detached from the heart- 
ing, and, where rung with a hammer, gave out a hollow 
sound. The faces of the piers are further, in some cases, 
off the plumb, and very badly cracked. A considerable 
bang of the stone face-work of the piers has apparently 
een repaired from time to time with stone and brick- 
work, and there would be no great loss from an anti- 
quarian point of view if the piers were entirely rebuilt 
with new material. The cutwaters are, in most cases, 
rent at the junction with the piers, and will also require 
rebuilding from the same levels.” 


The promotors of the scheme were, as we have 
stated, fortunate in securing the co-operation of 
Mr. W. 8S. Wilson, of Glasgow, whose experience 
of bridgework was equal to his devotion to tradi- 
tion and archeology, and, as a consequence, a 
scheme was devised by Mr. Wilson and Mr. 
Morris for underpinning, cutting-out, and replac- 
ing damaged stones in the face and arches of the 
structure, constructing concrete cross-walls in the 
haunching and over the arches, and generally 

ointing the surface of the bridge. The bridge had 

mn founded on boulder clay varying in thickness 
from 3 ft. at the northernmost pier, to the left of the 
section and plan, to 10 ft. at the southernmost 
pier ; while the north abutment was on rock. It 
was therefore considered that the dilapidation of 
the structure was due to weakness rather than 
sinking, and that underpinning could be effectively 
carried out. The arches had got out of shape 
more or less, and, as is shown in several of our 
photographs, the stones had decayed seriously and 
there were dangerous cracks. It was therefore 
decided that, in addition to underpinning and 
strengthening the foundations and superstructure, 
the facework should be replaced, and that the 
stones whose removal appeared to be imperative 
should be so handled that any one found to be 
merely superficially cracked (and whose removal 
was not therefore essential) should be re-pointed, 


or otherwise treated, and put back into position in 
order to preserve the archzeological interests of the 
fabric. The southern arch—that to the right of 
the engraving—had suffered most, and, as shown 
in Figs. 10, 18 and 19, page 75, timber centering 
had been put in to carry the structure. 

Work was commenced about three years ago. 
The committee having charge of the undertaking 
considered carefully as to whether the work should 
be done by time and material or by contract, but, 
acting on the advice of Mr. Wilson and Mr. Morris, 
they decided that it should be carried out under 
their supervision, without the intervention of con- 
tractors, because of the exceptional nature of the 
work, the carefulness with which it would require 
to be done, and the difficulties which would have 
to be overcome. The result proved that this deci- 
sion was right, as, at certain stages of the work, it 
almost seemed as if the underpinning of the piers 
would be rendered useless owing to the -water 
rapidly gaining on the work ; and, but for careful 
supervision at such stages, the undertaking might 
have had to be abandoned, or at least might not have 
been carried out effectively. When the stability of 
the work was beyond question, it was decided that 
the parapets and the recoursing could well be done 
by contract, and the work was let to Messrs. W. 
Paton and Sons, of Ayr, subject to the orders of 
Mr. Morris. The total cost of the work comes 
out at nearly 11,0001., and it is satisfactory to know 
that practically the whole of this sum has been 
raised by public subscriptions. 

For underpinning the piers, shafts 4 ft. wide and 
varying between 6 ft. and 8 ft. long were sunk 
down through the centre of each pier, in some cases 
toa depth of 38 ft. from the surface-level of the 
bridge, and therefore to about 9 ft. below the 
original foundation, The interior masonry above 
high-water level was found in fairly good condition, 
but at greater depths extensive grouting had to be 
done in order to ensure water-tightness in the 
shafts. The original mortar of the structure had 
been washed away by leakage of the tidal waters, 
and in most places its place had been taken by clear 
mud. In this way it was not possible for the 
grouting to find its way into all the interstices, and 
subsequently the plan was adopted of forcing grout 
in from the outside at low-water as well as from 
the interior. 

Preparatory to the sinking of the shafts the 
material overlying the arches and spandrels was 
taken out at intervals, as shown in the plan, Fig. 2, 
page 74, and after the walls and top surfaces of the 
arching had been carefully covered with pure 
cement and chips, and the spandrel-walls pointed 
and grouted with neat Portland cement under 
pressures varying from 30 lb. to 40 lb. per square 
inch, a covering of concrete 9 in. thick was laid 
over the surface of the arch and a central wall 
built from end to end, as shown in the plan and 
various cross-sections (Figs. 3 to 9), with cross- 
walls at various points. The central spandrel- 
wall, which is 2 ft. 6 in. wide, is well shown in 
Fig. 13, while the transverse wall is shown in 
Fig. 14; both views were taken at the head of one 
of the shafts. 

The plan of the piers (Fig. 2) shows the pro- 
cedure adopted in clearing away the substructure, 
which was mostly boulder clay. The areas or sec 
tions excavated at any one time were limited to a 
length of 6 ft. by 4 ft. and 8 ft. in height. The 
removal of the material occupied from three to four 
days, and the building of the underpinning work two 
days more. This work was in some respects rendered 
more arduous by reason of the fact that old oak 
cradling under the piers and cutwaters had to be 
removed. The outer timbers of the ‘‘ cradle” were 
8 in. to 10 in. square, the inner and cross-members 
being from 4 in. square upwards. These were of 
roughly squared oak timbers cut from trees, and 
one of the beams removed is shown in Fig. 15 ; 
they had been very roughly hewn, and parts of 
them showed branch stumps. In general large flat 
stones were laid over these, the filling being of whin 
boulders and rough stones, all run in with hot lime. 
Very little hand-building was traceable inside the 
piers. The timbers were half-checked and scarfed, 
and were secured by oak pins through holes. Where 
necessary the excavated section was timbered, and 
grouting was forced in through holes made in the 
roof until the structure was made solid. Finally 
a layer of concrete 9 in. thick was put in over the 
floor of the section, and blue brick-work, set in 
cement, was built up to securely fill the area, the 








timber-work ip the trench being removed as the 
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wo1k pregressed. Iron wedges were used in order 
t» secure this new underpinning with the old struc- 
ture. Finally grouting between the roof and the 
old structure was put in through 2-in. pipes left 
during the progress of the brickwork. The order 
in which these sections were excavated and built 
up in the various piers and cutwaters is marked on 
the plan, Fig. 2. 

Provision had to be made against the leakage of 
water from outside. Pumps were used, drawing 
from a sump at the bottom of the shaft at each 
pier, and a measure of the volume of water dealt 
with is indicated by the fact that at No. 3 pier two 
4-in. centrifugals were almost continuously em- 
ployed. At No. 2 pier the concrete underpinning, 
put in some years ago, reduced the flow so that one 
centrifugal sufficed ; in fact, the pump at this pier 
had seldom to be worked at full speed. Only one 
4-in. pump was needed at pier No.1. The provision 
made externally against the inflow of water con- 
sisted in the construction of a puddle trench, 15 in. 
wide and about 4 ft. deep, round the outer wall of 
the pier and cutwater, as shown in connection 
with pier No. 3, in Fig. 2. At the same time the 
cement grouting was forced from the exterior and 
interior as the work of excavation proceeded. At 
pier No. 1, however, the overlying stratum was 
sand ; and not clay, and in order to retain the 
puddled clay, 2-in. timber sheeting was driven to 
a depth of 6 ft. about 15 in. from the face of the 
masonry. Notwithstanding this provision, it was 
found necessary at some of the sections in piers Nos. 1 
and 3 toconfine work to periods of low water. The 
work was continued most successfully, and the whole 
of the area under the foundations was underpinned 
for a depth of 9 ft., whereupon the shaft was filled 
in with concrete in the proportion of 5 of gravel to 
1 of cement, and, in addition, a good many large 
stones were put in at intervals. This filling was 
carried up to the level of the cross-walls, already 
described and shown on the sections, Figs. 3 to 9. 
The making up of the surface to carry the road is 
clearly shown in several cross-sections, while the 
work done in the haunching is shown in Figs. 1 
and 2. The abutments were treated in exactly the 
same way, as is shown in the plan, and with cor- 
responding success. 

The softit of the arches stones was found on 
examination to be rotten for a depth of from 4 in, 
to5in. This rotten stone was cut out, a wooden 
shield, carefully moulded to fit the curve of each 
arch, was wedged over the cavity, and grout, at a 
pressure of from 55 lb. to 60 1b, per square inch, 
was forced in through a hole in the timber. When 
the grout had had time to harden, the shield was 
removed, and the arch was found to be perfectly 
sound and smooth. The shield used was, roughly 
speaking, 3 ft. square, and the arches were done in 
sections of from 6 to 8 square feet at one time. 

The piers, as is well shown in Figs. 16 and 17, 
page 75, had been severely eroded under the cut- 
waters by the strength of the current, and in some 
cases the stonework had sunk considerably. In order 
to make this absolutely safe for the future—apart 
altogether from the work otherwise carried out, and 
to be described later—it was deemed desirable to 
fill up the holes in the river-bed adjacent to the 
= with bags of concrete, put in level out to the 
ine of the cutwater—that is, 1 ft. below low water 
—and extending down stream for about 30 ft. with 
a slope of 4to1. This plan was adopted in order 
to prevent the scouring action of rapid flood tides 
affecting the down-stream cutwaters. 

The work of repairing the external parts of the 
bridge could not have been in more careful hands 
than thes: of Mr. Morris, as the guiding principle 
in his work was to ensure that there should be 
the minimum interference with the structure. The 
object throughout the archeological work was to 
leave the sound work untouched, and to retain 
unimpaired in the fabric of stonework the evidences 
of antiquity and of every phase of architecture 
presented by the structure, so that, upon comple- 
tion of the restorative work, few, even of those with 
the greatest experience, could find evidence that 
the bridge had been.touched at all. Were this aim 
more fully recognised and more scrupulously ful- 
filled in restoration, the inherent objection to such 
work would not be so strong as it now justifiably is. 

The external work was necessarily commenced 
with the pointing of the walls, so that the grouting 
from the interior during the sinking of the shafts 
might be effective. The piers were then dealt with, 
as they were in a most dilapidated condition. As 


joints had permitted the tidal water to soak into 
the interstices, with the result that the lime had 
rotted through the lapse of time, and had been 
washed out. The ebb tide, too, as well as spates, 
had by their sucking action greatly aggravated this 
disintegration ; as a consequence, the binding of 
the masonry was rotten for a very considerable 
distance from the face, and the difficulties of repair 
were intensified by a fine deposit of river mud 
filling up the spaces practically solid. Grouting 
had been carried out under pressure, both from 
within and from without, but the rotten lime and 
clay deposit choked the work. Consequently, in 
re-facing, it was found that this deposit extended 
in some cases as much as 6 ft. inward from the face 
of the piers, and up to the height of high-water 
level. All rotted material was cleared out, and 
after the old stones of the facing had been removed 
the work behind it was rebuilt in brick and 
cement, new facing-stones were put in, while open 
channels were left for the free passage of liquid 
cement grouting to be put in under pressure, to 
meet that previously done from the rear. Figs. 18 
and 19 give an idea of the appearance of the piers, 
showing also the growth of grass and wallflowers 
along the sloping top of the cutwater and pier and 
the protecting piling in the southern span. 

An interesting feature of the work was the caulk- 
ing of the joints of the face-stone with paper, which, 
as it smth when water-logged, made excellent 
temporary joints. Fig. 20, page 75, shows the 
work of groutingin progress. This view was taken 
at the north abutment, and is typical of the work 
at all the piers. After the rotten work had been 
cleared away for 2 ft. or 3ft. inward from the face, 
the interior was built up with brick, with passages 
for the flow of the cement grouting under pressure. 
The outside stone joints were then wedged with 
paper, as already mentioned, to resist the grouting 
pressure, and through special openings left the 
grout was forced into the interior. The overflow 
at the top, as shown, indicated that the interstices 
were filled, and, after the lapse of sufficient time to 
enable the material to consolidate, more grout was 
forced in to ensure consolidation ; subsequently 
the joints were pointed with from 1 in. to 14 in. of 
pure cement. 

The arch stones were found to be very severely 
fractured. This is well shown in Fig. 10, while 
Fig. 11 shows the method of cutting out the frac- 
tured arch stones. Heavy joggles were cut in the 
interstices of the old and new work to take dowels 
formed by liquid lead. Fig. 11, on page 75, shows 
the double-wedge-shaped dowel recess in one of 
the stones in the arch, and one ready to be put in. 
V-channels were cut in the top of each new outer 
re-facing stone, and these were ultimately grouted 
under pressure with cement in order to form a 
solid bond between the old and new stones of the 
archway. The gargoyles of the bridge were re- 
placed and connected with the renewed guttering 
along the bridge roadway. 

The pointing of the exterior was one of the first 
operations carried out, in order to resist the pres- 
sure of the cement grout from within. The finished 
pointing was kept well back from the face of the 
stone in order to preserve the old weather-worn and 
rounded edges, and to maintain and be in keeping 
also with the surface texture of the fabric. 

The work of repairing the parapet was done in 

short lengths, as is shown in Fig. 12, and in order 
to use as many old stones as possible, red tiles were 
utilised extensively in the inner side of the parapet 
walls, and these were pointed to ensure a better 
surface. Two-inch channels were cut in all the beds 
and joints of all the replaced parapet stones, and 
these were grouted solidly with cement. In addition 
to this galvanised-iron dowels, 8 in. long by 1} in. 
by 1} in., were placed at 3 ft. distance in the wall 
footing and the lower courses, and new parapet 
stones were threaded upon them, solid grouting being 
put in to firm up the connection. There is therefore 
no possibility of the parapet slipping owing to the 
pressure of a crowd of people on the bridge. The 
foregoing provisions, it may be said, were made to 
meet the requirements of the burgh surveyor. 
As regards the completion of the road surface, 
Fig. 21 shows the upper surface of an arch after 
the haunching had been cleared of sand, and the 
joints opened up for pointing. There is seen also 
one of the pressure grouting-machines. The sur- 
face was completely covered with cement, and on 
top of this a coating of rock building composition 
was laid with granite setts. 


been really enhanced by the operations, because 
during the progress of the excavations at the north 
end for the improvement of the abutment there 
were found the toll-house, or guard-room, lower 
walls, the east foundations of the former gateway 
arch of the bridge, which is shown in Sleazer’s 
view of 1693, and an early cobble-laid roadway with 
rough stone guttering on each side. This material 
has been carefully preserved and enclosed within 
iron railings. When the northernmost arch of the 
bridge fell in 1732 it is assumed that its collapse 
was caused by subsidence of the land abutment 

foundation, which probably carried with it the west 

foundation of the Ceties gateway arch, and there- 

fore the arch itself. No trace of this west founda- 

tion was disclosed and no record seems to be on the 

Council minutes indicating the removal of the arched 

gateway, but there is sufficient presumptive evi- 

dence to justify the belief that the gateway fell with 

the north arch of the Brig in 1732. 

The whole work, therefore, has been carried out 
most satisfactorily, and it will be difficult for any- 
one who may not have seen the bridge for a few 

ears to realise that such extensive operations have 
n carried out, making the bridge as safe as it 
originally was when Burns made his splendid 
prophecy, which has been realised with absolute 
truth—‘‘T’ll be a brig when you are a shapeless 
cairn,” a prediction regarding the new bridge of a 
hundred years ago, which is fulfilled, since the new 
structure, partly seen in Fig. 18, is the second 
bridge built, over 30 years ago, to partner the 
‘* Auld Brig ” across the River Ayr. 








THE ERIE CANAL.—No. II. 
By Cuarues Pre.ini, C.E., New York. 


Or the numerous advantages that accrued from 
the opening of the Erie Canal, we may mention for 
their importance: (1) that it shortened the time of 
transit between Buffalo, the Queen of the Lakes, and 
New York, the emporium of the State ; (2) that it 
reduced the cost of goods in the western sections of 
the State, while at the same time it increased the 
value of the products of the soil and the output of 
the mines; (3) that by increasing transportation 
facilities it invited and encouraged the immigrant 
to settle around the lakes and great waterways. 
Before the construction of the canal the trans- 
portation of goods was carried on by means of heavy 
wagons, drawn by teams of horses, travelling on 
rough primitive country roads, the trail and bridle- 
paths of the Indians. It is not difficult to imagine 
the obstacles and drawbacks encountered by the 
pioneers of these early freight lines when they 
were compelled to stop every ten or fifteen miles, 
such an advance being considered a fair and satis- 
factory rate of progress towards their goal. With 
such conditions of transportation, it usually took 
six weeks to reach New York from Buffalo; but 
when the canal was first opened the six weeks 
were cut down to sixteen days. Though slow when 
compared with present rates, it was a considerable 
advance for the time. By the opening of the canal 
the cost of goods was perceptibly reduced. By the 
road system it. cost 100 dols. to bring a ton of 
materials from Buffalo to New York; whereas by 
the canal that figure was reduced to 12 dols. The 
advantages thus offered led many settlers to seek 
their fortunes along the winding shores of the 
artificial waterway, inasmuch as they could easily 
ship the products of their labour and purchase 
required commodities at advantageous prices. 
ettlements throughout the State were also 
encouraged because, by means of the canal, the 
products of cultivated lands and the timber of the 
forests could easily be conveyed to profitable 
markets. In this way the tide of immigration was 
diverted from the old beaten paths and made to 
flow along the route of the canal, out along the 
Great Lakes into the Middle West. It is a note- 
worthy fact that a marked increase in the popula- 
tion of the States of Michigan, Ohio, Indiana, 
Illinois, and New York followed the opening of 
the Erie Canal, as the following statistical table 
shows :— 











State. | 1820. | 1830. | 1850, 
Michigan ..| 8,765 | 81,639 | 212,269 | 307,654 
Ohio .. | 581,205 | 987,908 | 1,519,467 | 1,980,329 
Illinois | 85,162 757,445 | 476,183 851,470 
Indiana || 147,178 _ |.9 343,081 685,866 998,416 
New York | 1,372,111 | 1,918,608 | 2,428,921 | 3,007,304 











we have already explained, the unpointed open 


The antiquarian interest of the structure has 


The following table will serve to show how 
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rapidly was the increase of population in the case of 
cities situated along the course of the great water- 
way :— 
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[520 | 12,636 | 2,806 | 5,264| 3939 | 2,972! 1,814) .. 2,005 
1825 | 15,971 | 3,574 | 7,869| 4608 | 5,040! 3,833] 3,007 5,141 
1330 | 24,209 | 4,965 11,566] 4268 | 8,323) 6,929| 3,823 8,668 
1540 | $3,721 | 10,141 19,334] 6784 [12,782 11,013) 9,125 18,213 
1850 | 50,763 | 12,446 28,785] 8021 |17,565 22,271 |12,323 42,261 








The beneficial effect of the canal was felt not 
only along its course through the State of New 
York, but also in cities situated even at some 
distance, such as Detroit and Cleveland, as the 
following decennial figures show :— 


Date. Cleveland. Detroit. 
1820 va <i - 606 1,442 
1830 , ws aa 1,076 2,222 
1840 me . o 6,071 9,192 
1850 a Js ; 17,034 21,019 


The greatest commercial port of the old colonial 
period was Philadelphia. At its docks landed the 
immigrants who were bound for the great tracts of 
the West. On their way out to their new homes 
they followed the natural passes of the Alleghany 
Mountains, as did the Indians for centuries before ; 
but with the opening of the Erie Canal a more 
convenient route was afforded to the pioneers of 
our Western civilisation—a route which in later 
years also afforded them easy access to the Atlantic 
seaboard for the products of their industry and 
labour. Philadelphia gradually lost in shipping 
interest whilst New York steadily increased. In 
1796 the aggregate exports from Philadelphia were 
45 per cent. greater than from New York, whereas 
they became 45 per cent. less after the opening of 
the canal, the difference being due in large part to 
the transportation facilities afforded by the new 
waterway. In point of population, in commercial 
and financial importance, in wealth and magnifi- 
cence, the City of Brotherly Love continued to be 
surpassed by the ever-growing, ever-expanding 
metropolis on the banks of the Hudson. 

From the very beginning the study of the plans 
to be adopted, as well as the construction of the 
canal itself, was entrusted to a Commission of three 
members. As constructed under the watchful eye 
of the Commission, the canal was thought capable 
of serving for a long time all the purposes of a great 
highway of commerce and civilisation. The small 
depth of water and the limited dimensions of the 
locks allowed the passage of boats of only 75 tons 
capacity, an allowance which was deemed to be 
sufficient not only for the early years of the canal, 
but also for many subsequent years. 

Immigration, however, increased so rapidly along 
the canal region that traffic increased Lowel 
all expectations. In the period between 1826 and 
1834 the aggregate tolls amounted to 8,539,377 dols. 
When it is remembered that the State of New York 
spent only 7,143,789 dols. on the construction 
of the canal, it will be seen that the work was a 
sound business investment. Following the realisa- 
tion of the success of the Erie Canal, canal building 
became quite & la mode, so that, in the State of New 
York alone, during the next eight years, more than 
sixty private companies were organised for such 
work, while the Legislature ordered the survey of 
seven contemplated canals, covering a distance of 
121) miles. 

At a time —1825 to 1834—-special attention was 
paid by the authorities to regulating the speed of 
the boats, so as to prevent any serious damage to 
the sides, with the result that, at many points of 
the main canal, the slopes were protected, at some 
p/sces with timbers and at others with stone walls. 
To provide new feeders and lateral canals for the 
continuously increasing traffic, the Commission pro- 
posed to build locks capable of accommodating two 
barges at the same time. Though the traffic 
capacity was thus increased, the doubling of the 
locks afforded only a temporary relief. Looking 
torward to a permanent relief, a survey was ordered 
hy the Commission for a deeper and larger canal. 
Accordingly, it was decided to enlarge the canal so 
as to make it 90 ft. wide and 7 ft. deep, with locks 
110 ft. long and 18 ft. wide, the total cost of the 
proposed improvement being 22,402,863 dols. 

The principal difficulties met with in this enlarge- 
ment scheme were of two kinds—viz., financial and 
moral. The former were caused by a panic which 
occurred in the year 1837, and which resulted in 





the banks suspending payment in specie. Happily, 
the revenue from the canal was more than sufficient 
to provide for the work of improvement ; but in the 
financial stringency of the State Treasury moneys 
had to be devoted to other urgent purposes. The 
moral difficulties were of a more serious character, 
arising from the strenuous opposition of the rail- 
ways, which hostility has culminated, in our times, 
in limiting the improvements to a barge canal in- 
stead of a ship canal. 

American railroads must be considered from a 
different view-point than those of Europe. In 
Europe they were built as a new and rapid means of 
transportation, connecting cities and points of 
importance, through which already magnificent 
highways passed ; whereas in America the railroads 
built up the country, favoured settlements in 
Western States, and promoted the foundation and 
anger J of cities all along their trunk and branch 
ines. European road-beds were constructed with 
due regard to solidity and efficiency ; in America, 
owing in part to magnificent distances, the road-bed 
was originally constructed in the most economical 
manner that would allow a train to pass over it 
with safety and proceed on its way. 

Rairoads have changed this country from the 
simplicity of the old Puritan days to the lap-of-ease 
life of our millionaires, and to the borrowed, super- 
ficial, aristrocratic manners of our middle-class 
people. The railroads are the legions that our 
modern Cvwsars have thrown into the unknown 
regions of our Western Continent and conquered 
them by everywhere establishing flourishing colonies. 
Those who led the legions into the wilds of the 
West, risking capital and life, naturally looked for 
a prompt return for their activities. The slow, 
though abundant, products of the virgin soil did not 
satisfy the avidity of the railroad-builders, whose 
ambition, in many cases, was to make money in the 
shortest time possible, with the result that the 
means used in amassing large fortunes were some- 
times overlooked. Intrigues were used to favour 
private rather than popular interests, so that the 
waterways, which were the rivals of the railways, 
began to suffer. From 1851 the railroads were 
exempt by Act of the Legislature from paying the 
State any toll whatever, an Act which gave the death- 
blow to freedom of transportation in the State of 
New York. With the growth of the influence and 
— of the railroads were often noticed systematic 
rauds in the execution of correlated public works. 
Fraudulent schemes were sometimes favoured by 
public officers ; and as the Canal Commission fell 
under the ban of suspicion, an investigation of its 
affairs was ordered in 1867, which resulted in the 
abolition of the Commission, its work being assigned 
to a superintendent of public works and a State 
engineer. By their friends in the Legislature, 
railroad people kept down the work of the canal 
by insignificant appropriations, their intention 
being to destroy competition if possible by curtail- 
ing supplies and minimising the usefulness of the 
great waterway. 

So bad was the condition of the canal in 1883, 
with banks washed away, bottom filled with mud, 
locks in need of repairs, that the State engineer, 
giving up all hope, affirmed that the canal must go. 
But the people did not say that ; for in the follow- 
ing election they demanded that the necessary 
improvements be made and that the canal be main- 
tained in a satisfactory degree of efficiency. This 
popular view expressed at the polls resulted in the 
deepening of the canal to 9 ft., for which work a 
sum of 9,000,000 dols. was appropriated. This im- 
provement was never carried to completion for lack 
of funds. Owing to the active interest taken in the 
maintenance of this waterway by the people and 
the public Press, the Governor appointed, in 1899, 
a Commission of five prominent citizens to act in 
conjunction with the State engineer and the super- 
intendent of public works to study the canal ques- 
tion and advise the Legislature as to what should 
be done. The -report stated that the canal, far 
from being abandoned, should be so improved as to 
accommodate the traffic of 1000-ton barges. General 
plans and alternative routes were proposed, but it 
was only in 1903 that a Bill was authorising 
the proposed improvements, which Bill became 
law after the popular vote taken at the election of 
that year. 

This law authorised the appropriation of the fine 
sum of 101,000,000 dols. for the needed improve- 
ments on the Erie, Champlain, and Oswego Canals, 
the channel to be 75 ft. wide and 12 ft. deep. In 
river and lake the channel should have a width of 





200 ft. The locks were to be 328 ft. long, 45 ft. 
wide, and 12 ft. deep, in order to accommodate 
barges of 2000 tons instead of 1000 tons capacity. 
These improvements, now in course of execution, 
will be considered in a subsequent article. 

That the railroads have a powerful influence in 
the State of New York, apparent from the state- 
ments made above, may here be confirmed by a few 
other facts of public notoriety. 

To meet the rapid transportation of railways on 
equal terms, and to compete with their low rates for 
long distances, would require the construction of a 
canal of large capacity, able to accommodate even 
sea-going vessels. In this way grain and other 

roducts could be shipped directly from the Great 
kes to When pa alcutta, and other distant 
rts. With such a waterway the railroads would 
ose all the freight of the export trade, as the 
steamships could take cargo almost at the very 
point of production. Professional men and the 
scientific papers generally were in favour of a ship 
éanal ; but the railroads threw all their influence in 
favour of a 1000-ton barge canal. It is plain that 
with a simple barge canal the products intended for 
foreign export would have to be handled twice, 
thereby causing delay and expense. Railroad men 
argued that a ship canal would benefit foreign trade 
only, a benefit which is small compared with the 
home trade. Moreover, in the case of transporta- 
tion by barges, these form a domestic industry 
capable of giving employment to many men engaged 
in their construction and maintenance. The double 
handling of the goods was also dwelt upon as an 
argument in favour of barges, inasmuch as it would 
necessitate a greater number of employees. Thus 
every argument and every influence were brought 
forward to reduce the canal to inefficient propor- 
tions, thereby to eliminate it as a competitor to the 
railway in the matter of freight transportation. 








THE NEW SPANISH NAVY. 

Tur King of Spain, in his speech at the opening 
of Parliament, referred in complimentary terms to 
the work being done in the building of a modern 
fleet for Spain, and the reconstruction of the naval 
arsenals. His references were justified by the com 
prehensive character of the undertaking, and by the 
great discretion, combined with enthusiasm, with 
which each step has been taken. Proof of the care 
and thought devoted to the subject is afforded by the 
drawings of the three new battleships which we are 
enabled to publish on the next page, since these ships 
embody in limited dimensions all the characteristics 
of the modern Dreadnought type of capital ship. 
Where there are no financial limitations the scope 
of the naval designer is very much greater than in 
the case of vessels for other Powers, where the aim 
is to secure the highest fighting power for a moro 
or less restricted expenditure. This problem is 
being faced by several Powers, not only on the 
Continent, but in South America; and opinion 
seems to be crystallising in favour of limiting the 
number, rather than the calibre, of the primary 
armament where finance or dimensions impose 
restrictions. At the same time, it is important 
that each gun should be so disposed that the gunner 
may be able to train it upon practically any point 
of the compass. This condition is fully realised in 
the new Spanish ships, where—although the dimen- 
sions are limited to 435 ft. in length between 
perpendiculars, 78 ft. 9 in. beam, and to 15,450 tons 
displacement, the draught being only 25 ft. 6 in.— 
it is possible to fire eight of the most powerful 
12-in. guns yet made on either broadside, six 
ahead, or six astern; while at the same time 
ten 4-in. guns can be fired on either broadside, 
four ahead or four astern. Nor has armour 
protection suffered in the realisation of this great 
power of attack, as will be demonstrated when 
we come to describe the ship in: greater detail. 
Parsons turbines have been adopted, and a special 
arrangement of series working has been devised in 
order to ensure a very high economy, especially at 
low power, so that the ship will have a large radius 
of action—7500 nautical miles; and at full power 
the s will be 195 knots—half a nautical mile 
per hour in excess of the requirements of the 
original proposals of the Spanish Government. 

“Before entering into a fuller consideration of the 
design and of the progress of constructional work, 
it is appropriate that a review should be given 
of the complete scheme of which these three 
battleships constitute but a part, although a very 
important one. This scheme is being carried out 
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by the Sociedad Espanola de Construccion Naval, 
a Spanish corporation organised for this special 
work, and having the great advantage of the tech- 
nical guarantees of three of the most important 
naval construction companies in this country, and 
therefore in the world. These, in alphabetical 
order, are :—Sir W. G. Armstrong, hitworth, 
and Co., Limited, Messrs. John Brown and Co., 
Limited, and Messrs. Vickers Sons and Maxim, 
Limited. No three firms in any country have 
greater experience of the design and construction 
of modern war material. This is fully borne out 
by the fact that they have built, or have in progress, 
ten battleships or cruisers of the Dreadnought type, 
all ordered within the past four years. These and 
other ships have been fitted with their machinery, 
and one or other of the three firms has been respon- 
sible for the most powerful turbine machinery yet 
made for the naval and merchant service. In addi- 
tion, they have constructed a very large proportion 
of the armour for modern ships built in this 
country, and for all of the guns and ordnance 
machinery. 


Fig.!. 
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Spanish authorities should have felt confidence in 
mar the work of reconstructing the Spanish 

avy in the hands of a corporation having these 
firms as technical guarantors. 

This decision was arrived at as the result of inter- 
national competition. The invitation to the warship 
builders of the world to tender for the reconstruc- 
tion of the Spanish Navy appeared in the Diario 
Oficial, of Madrid, on April 23, 1908, in the form 
of a Royal Decree. It was there announced that the 
scheme should comprise not only the building of 
the ships, but the modernisation of the existing 
arsenals at Ferrol and C ena. 

At Ferrol, in addition to the new manufacturing 
establishments required, it was considered neces- 
sary to dredge the harbour, and to provide a new 
dry dock, The following amounts were estimated 
by the Government for this work, and were pub- 
lished in the invitation to tender :— 


FERROL. 


£ 
Three battleships of about 15,000 tons 4,620,000 
Dredging of harbour : cae oe 53,000 
New dry dock .... 250,000 
Other civil engineering 
ing, and machine plant 


Total... 


work, build- 


.» 5,017,000 





It is natural, therefore, that the|’ 





£ 
214,000 


CARTAGENA. 
Four gunboats of 800 tons a 
Three destroyers of 350 tons ... oat 
Twenty-four torpedo-boats of 180 tons 1,000,000 


Total .. 1,438,000 


Grand total ... ... 6,455,000 
The figures were published in the Lurio Oficial in 
tas. The equivalents in pounds sterling are given 
above for easy reference, the peseta having been taken, 
in conversion, at twenty-eight to the £. 
The difference in the rate of exchange, amounting 
about 700,000/., was to be applied to the battleships 
articles which it was necessary to purchase abroad. 


We understand that these figures were prepared 
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by the Spanish Ministry of Marine, and it is most 
creditable that the firm to whom the contract was 
awarded are able to more than fulfil the first 
requirements of the Spanish Government on the 


sum named ; the oa provided for con- 
tingencies enabled the builders to include a few 


™~ 


improvements in the types of ships specified. The 
whole scheme was admirably thought out with a 
view of developing the resources of the dockyards, 
and at the same time fostering the industries of 
the country. 

It was stipulated that firms tendering must be 
domiciled in Spain, where the construction was to 
take place, but such home firms were allowed to 
co-operate with foreign establishments, who would 
give their technical guarantee for the execution of 
the works. The. principal foreign firms associated 
with the Spanish industrial groups who tendered 
were :—(1) Messrs. Schneider ; (2) Messrs. Gio. 
| Ansaldo, Armstrong, and Co. (who included in 
their design guns of the Skoda type) ; 
(3) Messrs. Palmers and Messrs. Beard- 
more ; and finally (4) the successful firm, 
with whom, as we have said, are associated 
Sir W. G. Armstrong, Whitworth, anc 
Co., Limited, Messrs. John Brown and 
Co., Limited, and Messrs. Vickers Sons 
and Maxim, Limited. The Spanish group 
associated with the latter firms repre- 
sented the principal commercial and in- 
dustrial ‘firms of the country. The com- 
pany was formed under the title of ‘‘ La 
Sociedad Espanola de Construccion 
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Naval,” and in addition to meeting all the terms 
of the inquiry, they offered to reserve a large share 
of the work for national production. All the steel 
which is being worked into the hulls of the battle- 
ships building at Ferrol, for instance, has been 
obtained from Bilbao, and the same applies to the 
ships building at Cartagena, with the exception 
of a few cases where steel of special quality has 
had to be purchased abroad. Since the firm took 
over the works a large turbine-shop has been 
completely equipped for the manufacture of tur- 
bine machinery, and with two 50-ton overhead 
cranes, which, with the new machine-tools, are 
electrically driven. The workshops generally have 
been overhauled and brought up-to-date, and the 
foundry plant has been augmented by the addition 
of a new cupola of 6 tons per hour capacity. While 
the work on the new contract has been proceeding 
; the fitting out and equipping of the Reina Regente, a 
| new cruiser, has been accomplished, the vessel bein 
|now practically ready for trials. There has also 
_been a large amount of repairs carried out, princ'- 
| pally on the battleship Carlos V. Indeed, the only 
important parts of the ships’ structure being pu'- 
chased abroad are the guns of large calibre, with 
their mountings, and the armour for the battleships. 
| These guns and mountings are being built by, and 
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to the joint design of, Messrs. Armstrong and 
Vickers, and the armour is being manufactured by 
the three British firms, who are giving their 
technical guarantee to the work. 

The battleships are to be named ‘‘ Espana,” 
** Alfonso XIII.,” and ‘*‘ JaimeI.” In referring in 
greater detail to their main features, as shown on 
the accompanying plans, the armament may take 
first place. e eight 12-in. guns, 50 calibres 
in length, have been so dis as to get the 
maximum amount of training consistent with 
isolation of the magazines, and other desirable 
features. The mountings are all controlled by 
hydraulic power, and will | be of the latest design, 
embodying the large experience of the builders. 
The auxiliary armament consists of twenty 4-in. 
guns, all mounted on the main deck behind the 
3-in. battery armour. There are several smaller 
guns, but no torpedo-tubes, the Government having 
considered it desirable to utilise for other purposes 
the large amount of space occupied by the under- 
water torpedo installation, in view of the number 
of torpedo craft being built at Cartagena. These 
will form part of the fleet, which will include, as 
primary units, the new a and, in addi- 
tion, small craft carrying, in the aggregate, 78 
torpedo-tubes of 18-in. calibre. The fire of the 
battleships’ main and auxiliary guns will be con- 
trolled electrically from a central station placed 
below the water-line, as is customary in the latest 
ships, the range being transmitted from the conning 
positions to this station, and from thence to the 
several guns engaged. It is worth mentioning that, 
although the secondary armament is placed upon 
the main deck, the average height of these guns is 
over 13ft. above the water-line, and that these 
guns, although only of 4-in. calibre, are operated in 
the same manner as 6-in. casemate guns. 

The disposition of the armour is clearly shown in 
Figs. 1, 3, and 4. Special attention may be directed 
to the under-water protection, consisting of a bulk- 
head, 14in. thick, completely protecting the machi- 
nery and magazine. Although this was not stipulated 
in the Concurso, which described in detail the 
requirements as to protection, &c., the designers 
were able, by certain economies effected in the hull 
structure, to provide for this desirable defence 
against torpedo and mine explosion. 

The machinery is of the Parsons turbine type, 
supplied with steam from Yarrow boilers. The 
turbines, however, are arranged somewhat differently 
from earlier practice, the turbines of all four shafts 
being in series, There are one high-pressure tur- 
bine, one intermediate, and two low-pressure tur- 
bines, the last-mentioned being on the wing shafts. 
The high-pressure turbine on the port inboard 
shaft exhausts into the intermediate-pressure tur- 
bine on the starboad inboard shaft, and the steam 
passes from the latter to the two low-pressure 
turbines. The inboard shafts have also high-pres- 
sures astern turbines, exhausting respectively into 
a low-pressure astern turbine within the same casing 
as the low-pressure ahead turbine on the wing 
shafts. The arrangement of the ahead turbines, it 
is anticipated, will largely reduce the steam con- 
sumption at all powers, without in any way 
affecting the simplicity of manoeuvring gear. 

The first ship, em, will be delivered in about 
three years’ time, the second in four and a half 
years, and the third in six years; but developments 
in warship construction were anticipated and em- 
bodied in the designs, and for their size the ships 
will rank with the best ships of other navies 
when they are delivered. There is every reason to 
believe that the dates above mentioned will be 
easily met, and perhaps anticipated, as will be 
seen from the ey reproduced on es 
79 and 82; Fig. 5 shows the first battleship in 
frame up to the protective deck, and the second 
ship well advanced; while Fig. 7 is a further 
— of the framing, showing the armour-plate 
shelf. 

The contract was signed at the end of July last 
year. Land had to be levelled, the ship berths made 
and piled, while contemporaneously new worksho 
were being erected and fitted with machine-tools 
and cranes. The keel of the first ship was laid on 
December 5, 1909, and that of the second ship on 
February 23, 1910. The photographs of the ships 
in progress were taken from the roof of a om new 
platers’ shed built by the new company, and illus- 
trated also on page 79, Fig. 6. The work on the 
machinery is also well forward, as is shown in Figs. 
8 to 10, on page 82. Several turbine-casings have 

lready been cast, and the rotors and shafting are 





well in hand, but will not, of course, be required 
for some time yet. 

The building-berths, shown in Figs. 5 and 7, are 
approximately 500 ft. long, and from them the shi 
will be launched into Ferrol Harbour practically 
without a check, the reach of water facing them 
being sufficiently wide only to require a hawser and 
anchor for checking even heavy battleships. No 
cranes are fitted in connection with the building- 
berths, but a number of stee] derricks, worked by 
winches, are being used for hoisting material on 
board. The formation of the sliding-ways is that 
familiar to all shipbuilders in this country. 

The ship-platers’ shed, shown in Fig. 6, on 
page 79, includes standard tools capable of dealing 
with the largest classes of work connected with 
ship construction, the bending-rolls, for instance, 
being able to work with ease on 2-in. plates. The 
punching-machines are of the latest type, punching 
some 25 holes per minute. Amongst the new 
machines installed are three punching-machines, 
three countersinking-machines, two straightening- 
machines, one large set of bending-rolls, one man- 
hole-punching and joggling-machine, one planing- 
machine, and other smaller plant, such as grind- 
stones, &c. The whole area of the shed is covered 
by hydraulic cranes, placed at convenient places 
throughout the shop. A railway runs from the 

laters’ shed to the jetty, where the material is 
nded from Bilbao. 

The foundry, shown in Fig. 8, on page 82, has 
a cupola with a capacity of 6 tons per hour; the 
largest castings—for instance, the low-pressure 
cylinders for the turbines—are being cast here. 

The machine-shop is shown in Fig. 9, and here 
new tools have been fitted for turbine blading, &c. 

The new turbine shop, shown in Fig. 10, has 
machines capable of dealing with the largest classes 
of work; these include 60-in. lathe, heavy hori- 
zontal boring and milling-machine, heavy slotting- 
machine, large horizontal and vertical planing- 
machine, special turbine-boring machine, heavy 
radial drill, and lining-out table. 

The work of dredging the harbour at Ferrol has 
been commenced under the superintendence of 
Messrs. Sir John Jackson, Limited, who have also 
contracted for the building of the dry dock, which 
is approximately 600 ft. long by 100 ft. wide. Its 
construction is already well advanced. 

At Cartagena the progress made has been equally 
remarkable. The works were taken over on 
August 25, 1909, and already the main structure of 
the gun-boat Recalde is practically complete, whilst 
the second ship of this class—the Laya —is framed 
to the upper deck. The remaining gun-boats—the 
Bonifaz and Lauria—will be laid down as the 
berths become vacant. These gun-boats are 200 ft. 
long by 30 ft. in breadth and will displace about 
800 tons. They will each be armed by four 3-in. 
quick-firing guns and two Maxims. Their designed 
speed is 13 knots, and the power of the recipro- 
cating engines 1100 indicated horse-power. Yarrow 
boilers working under natural draught will be fitted. 
The Recalde will be delivered complete next 
summer. 

The destroyers, which will be named Busta- 
mente, Villamil, and Requesens, are 220 ft. long 
by 22 ft. in breadth, and will displace about 370 
tons. Each will be armed with five 6-pounder 
guns and two 18-in. deck torpedo-tubes. Parsons 
turbines developing 6250 horse-power will be 
fitted, giving the vessels as of 28 knots. The 
boilers will be of the modified Normand type. 
Work will shortly be commenced on these de- 
stroyers, but as the first boat has not to be 
delivered for three years yet, no special pressure 
has been brought to bear in this direction. 

The torpedo-boats, of which there will be twenty- 
four, are 165 ft. long by 16 ft. 6 in. in width, and 
will displace about 180 tons. Parsons turbines, 
developing 3700 horse-power, are being fitted, the 
steam being supplied by Normand boilers. The 
designed speed is 26 knots, and the armament will 
consist of three 3-pounder guns and three 18-in. 
Eg tubes. The first three of these boats are 
to delivered in about twelve months, and the 
work is well in hand. The machinery, which, of 
course, in these little fast boats is a large factor in 
the time occupied in building, is particularly well 
advanced, the casings and rotors all being on the 
machines, and some almost ready for blading. 

The hulls of three small fishery protection 
steamers, of which the keels were laid at the date 
the firm took over the works, have been practically 
completed, and the reciprocating engines and boilers 





for these boats are about ready to place on board, 
in addition to which the battleship Pelayo’s boilers 
have been completely overhauled and fitted with 
new casings and funnels. 

It is scarcely necessary to point out, in conclusion, 
that difficult local conditions have had to be met. 
The company were limited to a proportion of 10 per 
cent. of foreign workmen, and it will be understood 
that skilled workmen capable of dealing with the 
intricacies of modern warship construction are 
difficult to find in large numbers in Spain. There 
are at present employed in Ferrol about 1050 men 
in the shipyard and 1250 in the engine works, and 
at Cartagena about 400 men on ship construction 
and 300 on engine work. Ferrol is situated about 
20 miles from the railway, and nearly 1000 miles 
from the other establishment at Cartagena. 








THE STABILITY OF FLYING- 
MACHINES. 
By Hersert Cuat ey, B.Sc. 
(Continued from page 38.) 
LaTeRAL Srasi.ity. 

Caprain FERBER, ane equations 6a, 6x, 
and ‘6c (page 800 in vol. Ixxxix.) in much the same 
manner as those referring to the longitudinal 
stability, deduced the conditions of lateral stability. 

He eliminates the constants I, #, and ¥ by 
means of a determinant, which expands into the 
form 

ACV, siny #&+AC, 5 cos 6,2 + «a V;3 | 

: . (1) 
sin 7; (7 Csin y,- \ Acos7;)& + gsiny, Ko V;? | 
(A Asin @, + 7 Ccos@,) = 0 

As before, the roots must be negative, so that 
the coefficients in this equation must be positive, 
and the combination A, A,-A, A; must also be 
positive. 

Since the coetticients Ay (= ACV, sin y,) and 
A, ( = ACg ~ cos 6.) are necessarily positive, he 

8 


then writes 
» Csiny,—-\ Acosy, > 0 
7 Ccosy, + \Avsiny, > 0 
» C(S—o)tany, +A A(o + sv) <0 


[Note that v here stands for tan 4) 4, before. ] 
tan 7; 


The results which follow from this cannot be 
expressed better than in his own words :— 

‘*In the case of a negative apparent route (i.¢., 
6, is negative) the two first inequalities are im- 
plicitly satisfied when » being positive, A is itself 
negative; that is to say, when the keel sur- 
face is situated above and to the rear of the 
centre of gravity. This is the construction which 
naturally suggests itself, and aeroplanes are most 
frequently stabilised in this manner. The limit of 
is then given by the third inequality, which 
becomes oe ' 

1(S-o 

n hie 3 0 tan 7. 

‘*One sees that for a negative value of v this can 
become very great. It is then necessary to keep 
it within a certain region about the horizontal, if 
we do not wish to employ enormous tails. To in- 
crease this range it suffices to increase the keel- 
surface in relation to the surface of equivalent head 
resistance. 

‘* Tf, for example, we take this ratio as equal to 
10, it will suffice to give to y the value 

_.C coty 
<< ie 
to attain a vy which the preceding inequality fixes 
for us towards — 5, which corresponds to a route 6, 
about — 30 deg., quite sufficient for practical re- 
quirements.” 

He then points out that for ascending routes up 
to 30 deg. the same conditions apply, and so de- 
duces the general condition that the keel-surface 
should be ten times the head resistance equivalent 
area, and situated above the centre, and ata dis- 
tance behind it equal to 

— 3 / 8 
M=-54V- - 

From the manner in which the problem is 
attacked this includes directional stability also, and 
Ferber deduces that a machine of symmetric pro- 
portions if disturbed by an unsymmetric force will 
describe a helix, the dimensions of which depend 
on the dimensions of the machine ; but as soon as 
the relative wind assumes a definite value, it will 
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proceed in a straight line determined by the new 
conditions. 

Lanchester’s study of lateral and directional 
stability follows on similar lines to those employed 
in his consideration of longitudinal stability. By 
separately considering the effect of lateral oscilla- 
tions he shows that, by reason of the lateral com- 
ponent of the reaction which appears with heeling, 
the machine will glide sideways until balance is 
attained, and if a fin or keel be provided, or the 
planes be dihedrallyarranged, the motion is damped, 
and by reason of the eccentricity of the centre of 
pressure on the keel surface the heel is reversed, 
so causing oscillations, which are finally sg oe 
out by the resistance of the keel-plane. He then 
proceeds to study the question of directional equili- 
brium by means of keel-planes, employing a pair, 
o1e behind or in front of the centre of gravity, and 
one above the centre of gravity, and shows that in 
order that the lateral reaction shall exceed the 
centrifugal force due to motion in a curve (in plan) 
so that this curve may be reduced to a straight 
line, the total mass must at least equal 


eCpas, 


where c, C, p are the usual aerodynamic constants 
(referring to the keel-plane, and ( is the distance 
from the rear or forward keel-plane to the centre 
of gravity. 

The principal feature, however, in his treatment 
of the subject is the combination of the lateral and 
directional stability, and he demonstrates that in 
order that the machine shall be rotatingly stable— 
i.e., so that its rotations about the vertical or 
transverse axes do not tend to increase— 


abeCpAry a ee 
2x o 

when b is the height of the centre of pressure on 
the keel-planes above the centre of gravity, « is 
W/V? (as in his formula for longitudinal stability), 
and o is the aerodromic radius—i.e., the distance 
of the centre of resistance of one wing from the 
longitudinal axis. 

His book must be referred to for the steps in the 
deduction of this formula, but it should be here 
noted that the fundamental idea lies in the dif- 
ference of the velocities of the centres of pressure 
on the two sides of the aerofoil during an oscilla- 
tion, causing a torque, which is balanced by the 
reactions on the fins. Accordng to his experiments 
the aerodromic radius o is about a quarter the lateral 
extension of one wing. 

No allowance is here made for the lateral moments 
of inertia, so that the formula cannot be compared 
with Ferber’s. Both authorities, however, agree 
in placing the fins (or at least half of them) behind 
and above the centre of gravity. 

A further correspondence between them appears 
in connection with the nature of the motion of a 
machine lacking ‘‘ rotative stability.” 

Lanchester says :— (page 180) 

‘‘The manifestation of instability of this form is 
that the aerodone, apparently with little or no 
provocation, loses its equilibrium and comes rapidly 
to earth with a kind of spiral dive.” 

Ferber says :— (page 88) 

‘The aeroplane will describe a well-determined 
helix ;* but precisely because thesé six equationst 
characterise a helix, it can happen, in certain 
cases, that this helix becomes a straight line. This 
occurs when B = ¢.”t 

Ferber then proceeds to show that if the 
equation in & is satisfied, the spiral will termi- 
nate when 8 = @, and the machine will thereafter 
proceed in a straight line. Sis dependent (see 
Chapter III.) on the relative wind, so that a stable 
machine will only suffer alterations of direction, 
and not plunge to the ground. These alterations 
of direction may, to some extent, explain the 
* vagaries of the flight path” to which Lanchester 
alludes (page 338). 

The question of the equilibrium of the lateral 
component of the reaction and the centrifugal force 
during curvilinear motion is discussed to some 
extent by M. Renard in Comptes Rendus, 1908; but 
lis remarks have more particular reference to steer- 
ing. It is, however, important to note that a 
machine which changes its direction (whether by 
accident: or intention of the aviator) will cant so 





“Helix” here means “spiral,” not the mere com- 
bination of a rotation and a translation, which in English 
mathematical language defines a helix. 

+ Not given here. 
+ See Chapter III. 





that the lateral component of the reaction opposes 
the centrifugal force. 

Neither Ferber nor Lanchester seem to have con- 
sidered the effect of an unsymmetric external force 
other than that due to the difference of velocities 
of the two sides of the machine occurring with rota- 
tion ; and yet it is obvious that a gust might strike 
one wing only, and so cause a very considerable 
impulsive torque; or, again, the lateral motion of 
part of the load on the machine might cause an 
appreciable effect. Both these matters, however, 
come within the category of external variations, 
which we are not at present considering. 


(To be continued.) 
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Outlines of Chemistry: A Text-Book for College Students. 
By Louis KAHLENBERG, Ph.D., Professor of Chemistry 
and Director of the Course in Chemistry in the Uni- 
versity of Wisconsin. New York: The Macmillan 

Company. [Price 11s. net.] 

ProressoR KAaHLENBERG is better known probably 
as a physical chemist than as a pure chemist. He 
may be said to belong to the modern school ; but 
he ploughs his own furrow and does not agree with 
the majority of modern chemists as to the concep- 
tion of electrolytic dissociation, of reactions between 
ions, and of osmotic pressures, for instance. He 
also differs from most authors of chemical text- 
books in the arrangement of his book. The ex- 
— of the first-mentioned theories, in which 

e briefly states the more general views and his 
own objections, without unduly pressing the latter, 
are interposed between the sections on mercury and 
on copper, silver and gold; platinum comes right 
at the end of the book, behind iron. In the first 
five chapters of his volume experimental work is 
put in the foreground, and all reference to atomic 
and molecular theories is purposely avoided. A 
table of the elements is given, but the symbols are 
not introduced until the end of the sixth chapter, in 
which the fundamental laws are reviewed from the 
theoretical standpoint. We concur that the student 
should first learn to observe facts apart from theo- 
retical notions; that was recognised by Bunsen 
and other illustrious authors of chemical text- 
books. But we do not see, for example, why the 
symbols are introduced at a somewhat late stage— 
after Chapters IT., III., and IV., which deal with 
oxygen, hydrogen, and water; why the classifi- 
cation of the elements is discussed after the chapter 
on the phosphorus group, and before the alkali 
metals ; and why the already-mentioned chapter 
on solution and electrolysis comes after mercury, 
though the Acker alkali process (now abandoned, 
we believe) is illustrated in a previous section. 

The author had a difficult task. The book is 
intended to represent one year’s work of chemistry 
in college, and his six hundred students may wish 
to devote themselves to chemistry, pharmacy, 
medical science, engineering, or agriculture, or 
merely to acquire an elementary knowledge of 
chemistry. It is not easy to satisfy their various 
demands. We believe that Dr. Kahlenberg gives 
as much information in his 550 large octavo pages as 
could be expected ; his language is clear and concise, 
and that is an important feature. Considering that 
many of his readers will hardly pursue the study of 
chemistry, he might have tabulated the constants of 
each element at the head of the section; it is 
difficult to find them. The metallurgical notes are 
not any more striking than the 155 text-figures ; 
but the references to technical applications de- 
serve mention. The alphabetical index is good, and 
so is the book on the whole. There are, of course, 
a few remarks on animal and plant life in the three 
chapters on carbon and on combustion. The title 
of the book should make it clear, however, that 
the author confines himself to inorganic chemistry. 








Ventilatoren und Exhaustoren, mit besondercr Beriick- 
sichtigung der Scheuderrdder. By Hans Karu 
ScHWANECKE, Maschineningenieur, Berlin. Hanover : 
Max Jiinecke. [Price 5 marks. ] 

Tus duodecimo book, of 260 pages, illustrated by 

96 test figures, forms Vol. cxxxv. of Jiinecke’s 

‘* Bibliothek der Gesamten Technik,” and is in a 

certain sense a continuation of Vol. lxxxiv., by 

the same author, on ‘‘ Liiftung und Entstanbung.” 

The two combined volumes give a very fair idea of 

the problems concerning ventilation and dust re- 

moval, ventilators and exhausters, with special 
regard to propellers. Books of this series are not 

written for the specialist, and not intended as a 








guide for the designer of machinery. The mathe- 
matics are of the simplest, and we find more trade- 
lists, stating the dimensions, power, consumption, 
speed, weight, performancé, and efficiency of the 
respective fans, than tables and diagrams of actual 
tests. ‘ 

The illustrations are views and diagrams, not 
showing much constructive detail. It is also not 
surprising that German firms predominate, and that 
the ‘‘ Sirocco” fan should be described under this 
name and under that of the Berlin representatives 
of the makers, Messrs. White, Child, and Beney. 
The manufacturers, Messrs. Davidson and Co., of 
Belfast, are indeed mentioned, but not in the alpha- 
betical index. That index should have been prepared 
with more care ; the name of Kérting occurs twice 
in it, but not under K. ‘ British and French inven- 
tions receive due consideration. The author is 
himself the designer of a fan, which is made by the 
Maschinenbau Anstalt Humboldt, of Kalk, near 
K6ln, and has been put on the market under the 
name of the Humboldt ventilator. 

The chief divisions of the book are :—Volume 
displacing machines, piston-pumps and positive 
blowers, the latter being styled machines with 
revolving pistons, or Kapselwerke ; Schleuderriider, 
or impeller fans ; Schranbenriider, or fans of the 
propeller type; and injector blowers. The fans 
of the impeller type receive the main share of the 
author’s attention, and some thirty types are 
described. The author discusses the advantages 
and disadvantages of the various systems, with due 
regard to their special purposes, in a fair and com- 
petent manner. He acknowledges his indebtedness 
to several German publications in the preface ; we 
have not noticed any such references in the text. 





Thornton on Patents (British and Foreign). By A. A. 
THORNTON. London : Charles Jones, Limited. [Price 
21s. net. | 

Tue law relating to Letters Patent for inventions 

and the practice before the Patent Office are 

intricate subjects. There are many admirable text- 
books on patent law which give with the utmost 
minuteness information upon every detail connected 
with the law and practice, and these prove by 
their bulk that the subjects are not such as can be 
treated lightly or shortly, while the increase in the 
size of such volumes, as successive additions appear, 
is evidence of the fact that the ground to be 
covered, and the matter to be dealt with, increases 
as time goeson. The text-books have, however, 
usually one failing. They are written by lawyers 
for those skilled in the law ; the language employed 
is, therefore, not simple,. and legal phraseology is 
freely used. Such books are obviously not intended 
for the layman, and are not suitable to be placed in 
the hands of those who have not been taught to 
think legally. A very wrong impression of what 
the law really is, and how it is applied, can be, and 
is very likely to be, obtained by one who hurriedly 
dips into such a volume, seizes upon a statement 
that appears to fit the cicumstances of his case, 
divests it of its context, and then sets to work, or 
acts in accordance with the interpretation he has 
oar upon the statement. The lay readers of 

oks on patent law are usually inventors, and an 
inventor seldom can regard matters concerning his 
invention from an unbiased point of view. This 
is not to be wondered at, for inventors are but 
human, and, being human, have the failing, which we 
must all acknowledge, of being unable to see them- 
selves and their affairs from the point of view of the 
rest of the world. Neither is it to be expected 
that an inventor, any more than other persons, can 

appreciate legal principles and rulings without a 

legal training, and apply such principles and rulings 

to the circumstances and facts surrounding and bear- 
ing upon his own case. Yet of all people who come 
into contact with, and have to comply with condi- 
tions laid down by, Acts of Parliament and inter- 
preted by Courts of Law, inventors are, it seems to 
us, a class that is most written for. We are 
favoured from time to time with copies of pamphlets 
and of hand-books on patent law and practice, not 
to mention the ponderous text-books to which we 
have alluded. Some of the publications seek to 
enable an inventor to take out a patent without 

rofessional assistance. With such publications we 

ave no ete. It is not that we are acting as 

— pleaders for patent agents and solicitors. 
atent agents and solicitors are well able to look 

after themselves without our help. Our exper- 

ence tells us that it is impossible in a book to teach 
the art of drafting specifications and claims ; this 
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art can only be acquired by constant practice. Our | profess to do so ; but when the books are critically 
author evidently is not of this opinion, for he gives examined, the simplicity and conciseness sought for 
an example of the manner in which he would draft | have caused statements to be put and omissions to 


the provisional and complete 
application for letters patent. 


rape of an/| be made in a way which may, and very often will, 
he case the author | lead the lay reader into error. Mr. Thornton has 


illustrates isa simple one, but a reader who assumes | tried to make his book simple and concise, and his 


that 


because the model specifications have been | endeavours have caused him in several places to 


drafted in a certain manner, all other specifica-| express himself unclearly and to make statements 
tions should imitate closely and slavishly the style|that are not accurate. We have perused Mr. 
of the author, may find himself in a grave error one | Thornton’s book not once or twice, but many times, 


da} 


discovered on which the. reader, will go wrong if he 
follows the information given. On pages 4 and 5 
the author states that ‘‘a limited liability company 
cannot by itself—except as communicatee—be an 
applicant for a patent.” This very definite state- 
ment is incorrect. A limited liability company can, 
when an application is made under the provisions of 
the International Convention, be a sole applicant 
for a patent. On page 45 we also find another 
curious mistake in dealing with the right of appeal 
in cases of petitions for revocation of patents. In 
the Act of 1907 a mistake was made, and the deci- 
sion of the judge of first instance was made final in 
certain circumstances, but not in others. We 
| pointed out the mistake in our issue of December 
31, 1907, and the author in dealing with the point 
says that ‘‘probably there will be some early 
amendment in the Act to rectify this anomaly.” 
But the anomaly has been rectified ; we have had 
an amending Act which has been in force for over 
sixteen months. Evidently the author has forgotten 
the Patents Act, 1908. We are reluctantly forced 
to come to the latter conclusion, for on page 104 
we find it stated that Section 8 of the Patents 
Act, 1907, is not yet in operation. It is true 
that the coming into operation of this section was 
to be delayed until certain of the administrative 
machinery of the Patent Office was ready, and the 
Board of Trade was empowered to order when it 
should become operative. But it is now in opera- 
tion, and has been in operation since January 1, 








Patents are at the best a speculation, and | and after each reading we have felt our sympathies 


1909, and yet we are informed that it is not yet in 


even with a speculation in which important issues | go out to inventors and others if they rely wholly | operation. This is an error which should not have 
may be involved, a prudent man will not be satis-| on each and every statement the author makes. Mr. occurred in such a volume as that under review. 


hed with less advice than the best. 

Patent law and practice from their complexity 
cannot be treated simply, concisely, and without 
use of legal phraseology. 
vi the authors of hand-books on the subjects | 


th 





} 


Thornton says he has been careful to make the} 
book a '‘‘ safe” book, but we must say that our| 
interpretation of the word ‘‘safe” is very different | 





We know. many | to that of the author. 
We will deal with a few of the points we have 





In a part of the volume in which the author dis- 
cusses and analyses the Act of 1907, section by 
section, we came across a rather peculiar method 
of dealing with the section which empowers the 
comptroller to revoke a patent should it be proved 
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to his satisfaction that the patented article or pro- 
cess is manufactured or carried on wholly or mainly 
abroad. The author dovotes a page to the dis- 
cussion and analysis of the section, and states, 
inter alia, that the application for revocation need 
not at the outset make out a primd facie case. Then 
we have a footnote stating that since the author’s 
remarks have been written the practice had been 
altered, and the applicant for revocation has now 
to make out a primd facie case at the outset. The 
new practice alluded to in the footnote was promul- 
gated as far back as April, 1909, and the preface of 
the volume under consideration is dated January, 
1910. Seven months would therefore not appear 
to be long enough in which to correct and revise a 
page of printed matter. 

In the earlier working of the rules governing the 
conduct of an applicant when dealing with the 
examiner and with the result of the official examina- 
tion as to novelty, the Comptroller did not insist 
too stringently on strict observance of the rules. 
In time the progress of cases was found to be 
delayed and the officials found it impossible to deal 
with the work they had to get through. The Comp- 
troller therefore devised an improved mode of pro- 
cedure, and advertised how he intended to deal 
with cases in the future. We have searched through 
Mr. Thornton’s book for a note on the new practice, 
but cannot find it. But as the new eiaes was 
only to come into force at the end of November last, 
the omission is, perhaps, not to be wondered at. 
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MESSRS. GEBR. STORK AND CO’S. EXHIBITS 
AT THE BRUSSELS EXHIBITION. 


Messrs. Gesr. StorK AND Co., engineers, Hengelo, 
Holland, are exhibiting at Brussels a five -stage 
high-pressure electrically-driven centrifugal pump 
for mine drainage. We illustrate this in Figs. 1 
to 4, on page 83. This has a delivery of 3 cubic 
metres (660 gallons) per minute, to a height of 215 
metres (705 ft.), when running at a speed of 1470 
revolutions per minute. The suction flange A (see 
Fig. 2) forms part of the cover B, and can be turned 
round so as to suit all local conditions. The gland 
communicates by means of a narrow conduit C with 
the space in the rear of the first wheel, to prevent 
air from entering the pump through the stuffing-box. 
Water enters at D, flows through E, where the speed 
communicated to it is transformed into pressure. 
It thence flows through an §-shaped passage to the 
entrance of the following whcel, and so on to the 
annular diffusion chamber, leaving the pump through H. 

The axial pressure due to the difference in pres- 
sure in front and in the rear of the wheels is balanced 
by means of an automatic device as follows :—The 
small brass piston K is made with an easy fit inside 
the cast-iron lining L. The pressure against the 
piston K, being the same as that in the space U, is 
equal to the pressure of the water on leaving the last 
stage of the turbine. The space P, on the other side 
of the piston K, is under a ong pressure through 
the opening Q. The piston K has therefore a ten- 
dency to move to the right, but its area is calculated 
so that the total force acting on it is less than the 
resultant thrust on the impellers, which has to be 
balanced ; the whole shaft therefore tends to move to 
the left and throttle the leakage through the space O. 
Consequently the pressure of the water in the 
annulus N increases, thus augmenting the total axial 
force to the right, and automatically establishing an 
exact balance between the axiai forces. This device 
is most accurate in its action, and does away with all 
thrust bearings and losses by friction which these 
entail. Moreover, the stuffing-box R, not requiring 
to be made tight to withstand an internal pressure, 
demands but little attention, and cannot affect in any 
way the mechanical efficiency of the pump. The brass 
impellers are turned and polished, and are carefull 
balanced. They revolve between brass rings, whic 
allow of no leakage. The distributors are also of 
brass, and carefully polished, so as to reduce losses by 
friction to a minimum. The pump-shaft, of steel, is 
carried in ring-lubricated bearings. On starting the 
pump, the air it contains escapes through the cocks § ; 
those marked T are used for draining the pump. 

One of the electric overhead travelling cranes serv- 
ing the Machinery Hall at the Brussels Exhibition has 
also been built by Messrs. Gebr. Stork and Co.; this 
has a 25-metre (82-ft.) span and can lift 10 tons. 

They also exhibit on their stand a ten-stage Zoelly 
turbine, designed for a normal power of 1250 kilo- 
watts and capable of developing a maximum of 1500 
kilowatts. It is shown coupled to a three-phase 
generator, which supplies a 50U0 to 5500-volt 50-period 
current, running at a speed of 3000 revolutions per 
minute. The surface-condensing plant is directly 
underneath the turbine ; it comprises a centrifugal 
pump directly driven by a three-phase 220-volt electric 
motor, which supplies 7 cubic metres (247 cubic feet) 
of condensing water per minute at a speed of 580 
revolutions per minute. The Edwards compound air- 
pump is also electrically driven ; it has cylinders 600 
and 300 millimetres (23.6 in. and 11.8 in.) in diameter, 
with a stroke of 220 millimetres (8.6 in.) and runs at 
a speed of 205 revolutions per minute. 

The firm also exhibit a uni-directional-flow steam- 
engine, the principal dimensions of which are as 
follow :— 

Diameter of 450 mm. (17.71 in.) 

Stroke ; : a 600 ,, (23.62,, 

8 ve a eS 180 revs. min. 

Normal power 230 I. H.-P. 

Maximum power ... 4 320—is,, 

Steam consumption, super- 
heated... ie ... 4.3 kgs. per I.H.-P. hour 

(9.5 Ib.) 


cy linder 


We described this type of engine in detail in our 
last volume on page 758. Messrs. Stork’s engine in 
question is connected at the Exhibition with the 
condenser for the steam turbine above referred to. 

Their stand also includes a vertical tandem com- 
pound enclosed engine, designed for running with 
—— steam ; its principal dimensions are as 
follow :— 

Diameter of high-pressure 
cylinder ... 
Diameter of 
cylinder ... 
Stroke 
8 


220 mm. ( 8.66 in.) 


350 ,, (13.78 ,, ) 
150 ;, (5.9... ) 
im 400 revs. per min. 
ormal Power 70 LHP. 
Maximun ... on ee 9 «Ca, 


low-pressure 


The cylinders are cast in one piece with the inlet and 
exhaust passages. The intermediate cover is easy of 





access through the low-pressure cylinder, and is pro- 
vided with a Lentz stuffing-box, as is also the lower 
cover. The pistons are steel castings ked with 
Ramsbottom rings and fitted also with ing-rings 
of anti-friction metal. The engine-frame is cast in one 
piece with the crosshead guides and the shaft-bearings ; 
the latter are fitted with steel brasses, lined with white 
metal. The air-pump is vertical, of the Edwards 
system, and close to it is the jet-condenser. Cut-off is 
controlled by an axial Lentz governor, which regulates 
the steam-inlet between the limits of 0 to 0.6 approxi- 
mately. The tension of the governor-spring can be 
regulated by hand while the engine is running, by 
means of ahand-wheel. The engine is provided with 
forced lubrication. 

Messrs. Gebr. Stork and Co. are also exhibiting an 
electrically-driven centrifugal pump which supplies the 
water for the fountain and cascades in the garden close 
by the Dutch Pavilion. This delivers 3 cubic metres 
(106 cubic feet) per minute, with a head of 18 metres 
(59 ft.), running at a speed of 1175 to 1275 revolutions 
per minute. ‘The water enters the inlet in the pump- 
cover radially ; it changes its axial flow into a radial 
flow in the fixed cover, and not in the wheel, this 
leading to a regular outflow and to a decrease in 

wer consumption. The pump proper overhangs the 
Rens and can be turned round its centre to suit all 
local requirements. 








THE ‘‘ JAN BREYDEL” AND ‘PIETER DE 
CONINCK” ON ‘THE OSTEND - DOVER 
SERVICE. 

Tue Société Anonyme John Cockerill, Seraing, Belgium, 

have recently built for the Ostend-Dover cross-Channel 

service two turbine ships, the Jan Breydel and Pieter 

de Coninck. We illustrate the former in Figs. 1 to 6 

on our two-page plate, and in Figs. 7 to 9 on page 86. 

The principal dimensions of the two ships are the 

following :— 

Total length = see is 

Length between perpendiculars... 

Main breadth to outside planking 

Total breadth outside fenders ... 

Height tolowerdeck _... : 

Height to maindeck _... 

Height to promenade deck 

Height to bridge deck 

Maximum draught 3.048 m. (10 ft. 

Displacement About 2000 tons. 
The above dimensions are the same as those of the 

Princesse Elisabeth, built by the Cockerill Company 

in 1905 for the same service, except that the two new 

sister ships are 4 ft. 3 in. more in total length and 

4 ft. more between perpendiculars. 

The boats were built and fitted out at the Cockerill 
Company’s shipbuilding yard at Hoboken, near 
Antwerp. They are propelled by Parsons turbines, 
built at their Seraing Works, and arranged on the 
three-shaft system ; the high-pressure turbine being 
placed in the middle, and exhausting into a low- 
pressure turbine on each wing-shaft. The high- 
pressure turbine takes its steam from a system of 
steam-distributing valves, the steam then flowing into 
the two lateral low-pressure turbines and thence into 
the surface condensers. The casings of the low- 
“apes turbines contain also the reversing turbines 
or astern running. When running ahead, the latter 
turbines are not under steam, but they revolve with 
the low-pressure turbine, and being in communication 
with the condensers in the usual way, they turn in a 
vacuum and offer no appreciable resistance. When 
running astern, and during the time the ship is being 
manceuvred in oroutof harbour, the high-pressure turbine 
is not under steam. The twosteam-pipes between the 
high-pressure and low-pressure turbines are each fitted, 
close tothe latter, with an automatic valve, which, when 
running ahead, is maintained open by a slight differ- 
ence in pressure between the exhaust from the high- 

ressure turbine and the inlet to the low-pressure ones. 

mmediately this condition ceases to rule, the valve 
closes automatically and the high-pressure turbine is 
cut off from the low-pressure ones. For running ahead 
at a reduced speed, live steam is supplied from the dis- 
tributing gear direct to the low-pressure turbines ; 
for running astern, the gear supplies live steam direct 
to the reversing turbines. In both cases the way on the 
ship causes the central propeller to revolve, and its 
action is transmitted to the high-pressure turbine, but 
this not being under steam, and being connected with 
the condenser by a drain-cock, it revolves in a vacuum 
with little resistance. 

When it is required to increase momentarily the 
speed ahead of the ship, or should it be desired to 
utilise an excess of steam which happens to be avail- 
able in the boilers, live steam is supplied through by- 
pass valves beyond the first groups of blading into tle 
second expansion-chamber of the high-pressure turbine. 
This steam works less economically than if admitted at 
the usual point, but the loss is somewhat compensated 
for by the increased blade speed. The general arrange- 
ment of the turbines, labyrinth packing, water-cooled 
bearings, governing device, and so forth, calls for no 


. 110.108 m. (361 ft. 3in.) 
106.070 m. (348 ft.) 
12.192 m. ( 40 ,, ) 

12.954 m. (42 ft. 6 in.) 

| 4.572 m. (15 ft.) 

... 7.087 m. (23 ft. 3 in.) 

--- 9.525 m. (31 ,, 3,, ) 

11.659 m. (38 5, 3, ) 
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special comment. The turbines are provided with 
water-gauges, and can be drained by both air-pumps. 

We illustrate the distributing valves and gear in 
Figs. 10 to 17, onpage 87. Theirobject, as willhave been 
seen from the foregoing, is to supply the steam direct to 
the high-pressure turbine at a pressure corresponding 
to the desired speed in running normally ahead ; or to 
shut off the steam from the high-pressure turbine 
during maneuvring and when running astern ; or, 
again, to supply steam to both the low-pressure 
turbines, or to either of them, for running ahead, or 
to the reversing turbines. 

The apparatus is located, as shown in the view 
of the engine-room, Fig. 18, below the gangway 
carrying the electric-lighting and power sets. The 
steam flows from the boilers through the main steam- 
pipe a, which is provided with an expansion joint to 
obviate the risk of temperature strains, and the con- 
sequent unbalanced steam pressure is provided for by 
the two rods at b. The steam then flows through the 
pipe c, which is fitted with a regulating throttle-valve 
d, and enters the space e, provided at the top with a 
valve marked f, and at the lower part with a similar 
valve marked g. The latter valve g forms the principal 
regulator valve ; when it is opened the steam enters 
the space h, whence it flows through a perforated pipe, 
intended to prevent the entrance into the turbine 
of foreign bodies which might damage the blades. 
The steam then flows through j to the high-pressure 
turbine. The pipe j is fitted to the valve-casing by a 
stuffing-box, which allows for expansion between it 
and the high-pressure turbine. 

There being two steam inlets in the high-pressure tur- 
bine, the pipe j forms a breeches-pipe ; a valve is in- 
serted in front of the junction, and this can be closed 
should an accident occur to the main distributing 
valves. The upper valve f governs the steam supply 
for manceuvring the ship. When it is opened it 
admits steam into the space /, whence start two pipes 
to port and starboard leading to the chambers m, 
provided with the valves marked w. Before reach- 
ing the latter, the steam has to flow through the 
valves x, which normally always remain open ; they 
have to remain open during the manceuvres to permit 
of steam supply to the distributors, and they are open 
during normal running ahead so as to enable the 
engineer to manceuvre the turbines. As they remain 
always open, they — appear superfluous, but they 
constitute a means of safety in case one distributor 
or one of the wing turbines became damaged, making 
it possible to cut this off completely. 

'The action of the two valves f and g forms the main 
feature of the apparatus. From the above it will 
be seen that they open or close simultaneously. 
When the ship is at a standstill they are both 
closed down on their seats by the action of the 
springs, Fig. 11, aided by the steam pressure inside 
the space e, They are operated by a hand-wheel, the 
spindle of which is threaded and turns in a nut 
carried in a lever, see alsoFig. 11. In normal running 
ahead, the valve g is opened by turning the hand- 
wheel, but the opening only begins when the play at » 
is taken up, during which time the valve FS caasion 
closed. For opening the valve / the hand-wheel is 
turned in the reverse direction, the valve / only 
commencing to open when the play at v has been 
traversed. There being only one hand-wheel for 
the two valves, no mistake can arise. 

All the valves are balanced and double-seated. The 
valves w, above referred to, are balanced hollow piston- 
valves. The steam enters through the top of the 
latter, and is admitted to the turbine by passing 
one end or the other. When either piston-valve is 
drawn down, it uncovers the upper ports, and the 
steam flows to the turbine for running ahead. The 
reverse action causes the steam to flow to the astern 
turbine. The piston-valves are operated by a lever 
connected to a steam and oil cataract servo-motor, 
the action of which is governed by a small handle 
which is moved over a graduated section. The pres- 
sure and vacuum gauges, tacheometers, and other 
instruments are located above the distributing appara- 
tus, in full view of the engineer in charge. 

A series of tests have been carried out to determine 
the steam pressure in the space e—it is practically 
equal to the inlet-pressure in the high-pressure tur- 
bine—and_ the corresponding speed for the ship. The 
diagram, Fig. 19, page 87, in which speed has been 
pl tted against pressure, shows a very regular curve. 
Vith the aid of this diagram, the engineer can regulate 
the pressure according to the speed required. The 
pressure at the boilers is kept constant, at 11 kilo- 
grammes per square centimetre (156 lb. per square 
inch). This distributing device has been made the 
subject of a patent by the Cockerill Company. They 
claim that it is the most satisfactory device hitherto 
built for controlling marine turbines. 

the condensers are of the ‘‘ Uniflux ” type, built by 
Mesrs. G. and J. Weir, Glasgow; they have 
Square metres (8612 square feet) cooling surface. Their 
Comparatively small dimensions, and their shape, 
have allowed a passage to be provided between 
each low-pressure turbine and its condenser. Each 





condenser is served by one of Messrs. Weir's 
‘*Dual” air-pumps, having a cylinder 305 millimetres 
(12 in.) in diameter, with a 406-millimetre (16 in.) 
stroke, operating a beam. One end of the beam works 
a wet air-pump and the other a dry air-pump ; both 
pump-barrels are 559 millimetres (22 in.) in diameter, 
with a 16-in. stroke. The pumps are situated at the 
rear of the engine-room. There are two centrifugal 
circulating-pumps near the front of the engine-room, 
one on each side ; the cylinder of the engine is 267 
millimetres (10.5 in.) in diameter, with a 229-milli- 
metre (9-in.) stroke. The gun-metal impeller is keyed 
to a gun-metal shaft, and is 1.143 metres (45 in.) in 
diameter. The suction-pipe is 508 millimetres (20 in. ) 
in diameter, and the delivery-pipe 482 millimetres 
(19 in.) in diameter. 

The turbines are supplied with steam from eight 
cylindrical return-tube marine boilers, in two groups 
of four boilers each, placed in two stokeholds, each 
= having a separate funnel. The two groups of 

ilers are separated one from the other by a water- 
tight bulkhead, in the centre of which is a door. 
The stokehold is separated from the engine-room by a 
water-tight bulkhead, in which a door is also provided, 
which is generally kept closed. The total heating sur- 
face is 1896 square metres (20,400 square feet). The 
boilers are designed for an effective pressure of 11 kilo- 
grammes per square centimetre (156 1b. per square inch). 
They are worked with Howden’s system of forced 
draught. There are four fans, two above each stoke- 
hold, placed in enclosures on each side. They are 
electrically-driven by independent motors, and can 
draw at will from the upper deck or from the gang- 
ways along the stokeholds. The boilers are fed by 
three Weir pumps. The air-pumps deliver the con- 
densed steam into a tank provided with a float-valve, 
whence it is drawn by the feed-pumps, the float- 
valve governing the working of the latter pumps. 
These deliver into a feed-heater, where the water 
is heated by the steam exhausted from the auxiliary 
engines ; part of this steam is condensed, the remainder 
flowing to an auxiliary condenser connected to the feed- 
heater, in which condensation is completed. The latter 
condenser is operated at atmospheric pressure. All the 
condensed water flows by gravity to the tank above 
referred to after passing through a filter. The feed- 
heater and —— condenser are of the tubular type; 
and circulation in the auxiliary condenser is effected 
the water-ballast pump. The , bw are provided with 
Klotz-Wilson safety-valves, of the type fitted to the 
locomotives of the Belgian State Railways. The 
funnels are elliptical, measuring inside 2.65 and 1.85 
metres (8 ft. 8 in. and 6 ft. 1 in.) ; they have an out- 
side casing over their whole height, the space between 
the funnel and casing communicating with the top of 
the stokehold and exhausting the hot air from the 
latter, each stokehold being supplied with fresh air by 
two air-shafts provided at their lower part in the 
stokehold with perforated plates acting as valves for 
regulating the volume and direction of the fresh air 


supply. 

The main steam-pipe passes above the boilers along 
the centre line of the ship. The steam-pipe supplying 
the auxiliary engines is arranged below the main steam- 
pipe from, which it is supported. The pipes are of steel, 
titted with cast-steel flanges riveted to them. The 
bends connecting the boilers with the main steam-pipe 
are of copper with brass flanges ; in order to give them 
the required elasticity, they have been made long and 
with a double curvature. The arrangement in this 
respect is the same as that designed and followed by 
the Cockerill Company in the case of their former 
steamer, the Princesse Elisabeth, for the same service, 
an arrangement which has proved satisfactory in every 
way, never giving rise to the least trouble. 

Lubrication of the turbine bearings is ensured by two 
double-acting Weir pumps placed on the starboard 
side of the bulkhead in the rear of the engine-room. 
The steam cylinder is 102 millimetres (4 in.) in dia- 
meter ; the pump-barrel is 114 millimetres (44 in.) in 
diameter, the stroke being 254 millimetres (10 in.). 
The oil-tank is placed slightly above the pumps, 
whence it delivers to the pump suctions ; these force 
into an oil reservoir fitted at the top part of the 
engine-room, whence oil-pipes run to the different 
bearings requiring lubrication. The oil from the bear- 
ings flows to the suction of the pumps, and is delivered 
afresh to the oil reservoir after passing through o 
tubular cooler. A separate double-acting Weir pump 
serves to establish a water circulation round the r- 
ings in the propeller-shaft tunnels; this is fitted 
against the front bulkhead of the engine-room, close to 
the suction of the starboard circulation-pump. Near 
this is a Weir service-pump, for washing the decks, for 
use in case of fire, and for the bilge. The water-ballast 
pump also serves, as above alluded to, asa circulating- 
pump for the auxiliary condenser. A special pump, 
used exclusively for the fresh-water serviee, is pro- 
vided in the engine-room on the port side; it is similar 
to that used for cooling the propeller-shaft bearings. 

The ships have two pole-masts of pitch-pine. 

The first-class cabins and saloons are forward, the 
accommodation for second-class passengers and for the 





crew being aft. The hull is built of Cockerill steel, 
and is divided into yore. paar by nine water-tight 
bulkheads, which extend up to the main deck. Both 
the fore and after peaks are provided with water 
ballast. The holds forward are free ; those aft form 
the tunnels for the three propeller shafts. The three 
compartmeats forming the engine-room and stoke- 
holds in the centre of the ship have a total length of 
about 36 metres (120 ft.). There are three decks, 
which extend over the whole length of the ship, except 
for the part occupied by the engine-room and stoke- 
holds—i.e., a lower deck, a main deck, and a promenade 
deck. First-class passengers have access to the bridge- 
deck above the latter, except in regard to the forward 
portion, which is set apart for navigating the ship. The 
decks, and most of the joinery work, are of yellow 
pine ; other portions of the deck to which passengers 

ave no access are of Oregon pine. The gunwale 
covering boards, the rail-mouldings, covers, stairways, 
deck-seats, gratings, &c., are of teak. 

Like all the ships on the Ostend-Dover service, the 
two new ones we illustrate are provided with two 
rudders, one forward and one aft. The forward rudder 
follows the shape of the ship at that part, so as not to 
offer any resistance when running ahead. They are 
both operated by a Brown telemotor, which actuates 
the inlet valve of the steering-engine by means of an 
hydraulic transmission ; this works most satisfactorily, 
and without the least noise, which cannot be said of 
the steering mechanism by chains and rods. The aft 
steering-engine is on the Brown system ; that forward 
is on the Alley and MacLellan system. 

The ship carries eight boats, six of them being whalers, 
6.10 metres (20 ft. long), with copper air-chambers, 
and two pinnaces, 5.49 metres (18 ft.) in length. The 
are all equipped in accordance with the Board of Trade 
regulations, and are worked by Welin quadrant davits, 
and released when afloat by Captain Pett’s device. 
Besides the buoys and safety-belts, there sre four life- 
rafts, each able to carry eight persons, and a number of 
deck-seats provided with air-chambers to ensure their 
floating. The two bower-anchors are of the Tyzack 
type ; there are, further, a Trotman mooring-anchor 
anda stream-anchor. Each ship is provided with three 
independent steam - capstans mounted on deck ; the 
one right aft being driven by an engine in the Brown 
steering engine-room. An electric revolving-crane in 
the rear of the promenade deck serves the luggage 
hold ; it can lift one ton, and is driven by an ironclad 
8-horse-power motor for hoisting, and by a similar 
24-horse-power motor for slewing. Both operations 
are governed by one lever operating a controller of the 
tramway type. The cabins and saloons on the pro- 
menade deck, the second-class cabins, and the crew’s 
quarters are heated by the usual system of radiators 
and steam-pipes. The first-class saloons are heated on 
the hot-air ‘‘Thermotank” system, by which the 
vitiated air is exhausted from the saloons, and hot or 
cool air supplied to them according to requirements, 
The aft pom are ventilated in the same way, but 
these are supplied with cool air only. The general 
ventilation of the ship is completed by numerous air- 
shafts. The water service and fresh-water distribution 
are also most complete. 

The water-tight bulkheads are provided with the 
Stone-Lloyd type of water-tight doors, operated 
hydraulically, the system comprising an electric tell- 
tale enabling the commanding officer to ascertain that 
all doors have closed at his command. The doors are 
also fitted with hand-operated levers for enabling the 
men toopen them in case of need from either side, 

The current-generating plant comprises two 80-kilo- 
watt turbo-dynamo sets and one of 2) kilowatts. These 
supply current for driving the four 34-horse-power 
electric motors driving the Howden fans. They also 
supply current for two search-lights, for over 300 
incandescent lamps, the thermotanks, the deck-crane, 
electric ventilators, the tell-tale connected with the 
Stone-Lloyd water-tight door-closing device, the side 
and mast-head lights, the tacheometers, torsiometer, 
and other instruments, and the wireless telegraphy 
apparatus. The 80-kilowatt sets are Siemens-Schuckert 
machines running at a speed of 3000 revolutions ; the 
smaller set is an A.E.G. machine, specially provided 
for lighting the ship when in harbour. Should one of 
the larger eets get out of order, the main service at sea 
could be ensured by the others connected in parallel. 
The electric mains are protected by Bergmann steel 
tubes in the engine-room, stokeholds, and at every part 
of the ship where damp or mechanical injury is to be 
feared. The tubes are of brass in the cabins and 
saloons. A Lelas loud-speaking telephone connects 
the wheel-house to the engineer's platform. All the 
different parts of the ship are connected together by 
electric signalling appliances. The complete installa- 
wae has been designed and mounted by the Cockerill 
staff. 
| The boat-deck, which serves also as a promenade 
/ and awning-deck, carries the captain’s cabin, two 
| officer's cabins, the thersnétbels ventilators, the 
| Marconi telegraph-room, fresh and salt-water tanks, 
three shelters with seats for the passengers, life-belt 





| cases, the boats, the electric projector, and two tele- 
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TURBINE STEAMER “JAN BREYDEL” FOR THE OSTEND-DOVER SERVICE. 


CONSTRUCTED BY THE SOCIETE ANONYME JOHN COCKERILL, ENGINEERS, SERAING, BELGIUM. 




















Fic. 7. Tue ‘‘ Jan Breypet” Running HER TRIAL TRIP. 


Fig. 8. SECTION AT FRAME 35. Fig.9 MIDSHIP SECTION SECTION AT FRAME 97. 
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MANCUVRING VALVES FOR THE TURBINE STEAMER “JAN BREYDEL.” 
CONSTRUCTED BY THE SOCIETE ANONYME JOHN COCKERILL, ENGINEERS, SERAING, BELGIUM. 
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raphs for working the rear capstan, and for the 
Cbeieedion of the ship in case of need. The steering- 
bridge is above the captain’s cabin. The pro- 
menade-deck is occupied for six-tenths of its length by 
a steel deck-house containing the smoke-room, the 
stairway to the dining-room and first-class berths, 
the ladies’ saloon, twelve deck-cabins, the engine- 
room skylight, then four other deck-cabins, the stair- 
ways to the second-class berths, and to the boat- 
deck, four more deck-cabins, making twenty in all, 





Fic. 18. View 1x Encorine-Room. 
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there being further two cabin de luxe connected to- 
gether with a salon de luxe; styled the ‘‘ royal saloon.” 
Aft of the latter is a covered shelter with seats. The 
forecastle is provided with the steam-windlass and 
other usual gear. Aft are the hatch for the luggage, 
the electric-crane, two steam-capstans, a compass, 
and a hand-steering wheel working the stern-rudder. 
The main deck is fitted right forward with the servo- 
motor for the forward rudder, the chain-lockers, and 
so forth, and contains the stewards’ and cooks’ berths. 
Then come the first-class dining-room as enumerated 
briefly in the foregoing. The lower deck has a com- 
partment for provisions, a fresh-water tank, then 
come the first-class saloons, the stokeholds, engine- 
room, four cabins for officers and engineers, the second- 
class-saloons, the luggage-hold, and the crew’s quarters. 

We illustrate in Figs. 20 to 23, on page 90, the 
smoking-room, the ladies’ saloon, the salon de luxe, 
and the first-class dining saloon. The various saloons 
and cabins, as will be seen, are most tastefully deco- 
rated and most comfortably fitted up. The new ships, 
in fact, are comparable in this respect, as in many 
others, with the latest types of trans - Atlantic 
liners. The first-class dining-saloons in both have 
been designed by Mr. Baes, an artist residing in 
Brussels, and have been fitted out by Messrs. de 
Waele, of the same city. These saloons are 18.50 
metres (over 60 ft.) in Seat and 10 metres (over 
32 ft.) in width, and can each seat a hundred guests. 
The Jan Breydel is decorated by twelve canvas paint- 
ings, copied from the Belgian School—Van Eyck, 
Rubens, Van Dyck, and others. The paintings on the 
Pieter de Coninck represent twelve of the principal 
Belgian industries. The ceiling is of lacquered wood, 
decorated with insets of lincrusta, painted to imitate 
antique bronze ; it is divided into panels, and carries 
thirty electroliers fitted with tantalum lamps of 25 
candle-power each. The end forward is fitted with 
a mirror, in front of which is a cluster of green plants. 
The smoke-room on the main deck is admirably fitted 
out also, and affords a view on the sea in front and 
on both sides. The sa/ons de luxe on the Jan Breydel 
were decorated by Messrs. Franck, Antwerp. 

Both ships were ordered from the Cockerill Com- 
pany in February, 1909. The first keel-plate of the 
Jan Breydel was laid on April 22, 1909, that of the 
Pieter de Coninck on June 18 following. The ships 
were launched on December 23, 1909, and on March 7 
last—the former without any public ceremony owing 
to the death of King Leopold. The launch of the 
second was witnessed by the Secretaries of State for 
Railways, Posts, Telegraphs, and Marine, for the 
Colonies, and for Industry. The official trials of the 
first steamer. the Jan Breydel, took place on the 
Clyde. It should be recalled here that the contract 
agreed to in 1905 between the Cockerill Company and 
the Belgian State . mage for the Princesse 
Elisabeth, the first turbine ship built by the Com- 
pany, a speed of at least 225 knots. This ship reached 
a speed of 24 knots, and the Belgian State required that 
this speed of 24 knots should form the minimum speed 
of both new boats. One of the latter, the Jan Breydel, 
the first completed, left, therefore, for the Clyde on 
March 30 last to be tried under the same conditions as 
the Princesse Elisabeth. The mean of four runs made 
under the usual conditions works out as follows :— 


24.698) 94. 355) 


23.975; J 24.269 
} 24.202 24 288, 
24.428 307 


Fo. 
924,398 } 24.413 J 


On ashort full-speed trial up and down the mea- 
sured mile the mean speed of 24.828 knots was attained. 
The contract also stipulated a minimum speed of 
14 knots when going astern ; two runs on the measured 
mile showed the following speeds :— 
15.753 \ ae oor 
16 51g f 15.085. 

Stopping tests, carried out at a speed of 20 knots, 
have shown the boat to come to a standstill in 
1 minute 25 seconds. Under these conditions 29 
seconds only are required to carry out completely 
the order to stop, telegraphed down from the bridge 
to the engine-room. At full speed and with the 
helm right over, the ships turn completely round in 
a circle the diameter of which is between twice and 
24 times their length. Both ships are most excellent 
sea boats, and do credit to treir builders. 

The Jan Breydel has been in regular service since 
May 7 last ; she brought over King Albert of Belgium 
when he came to take part in the obsequies of our late 
King Edward VII. The Pieter de Coninck com- 
menced her regular service on June 27. 








InpustRIAL Diszasks.—The Colliery Guardian pub- 
lishes at the price of 1d. their pamphlet No. 11 entitled 
** Industrial Diseneen and Section 8 of the Workmen’s 
Compensation Act, 1906.” It deals Mr yeaa. with the 
subject, reviewing the tests applied to each disease, 
iving statistics on the first year’s working of the Act, 
data on the procedure in case of diseaces, and so forth. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 7. 

As usual at this season of the year, business in iron 
and steel is at a low level. Conferencesare in progress 
over wages schedules at every bar-iron mill in the 
country, as the old scales expired July 1. About 
10,000 workmen are affected in the Pittsburg district. 
About half of the manufacturers have undertakings 
with their men which allow them to continue work 
pending negotiations for new scales. Manufacturers 
refuse to run their mills with this understanding, as 
they desire to have a lower basis established, and 
ee to stay idle until a lower scale is made. 
‘he Republic Iron and Steel Company will in- 
formally meet representatives of the Amalgamated 
Association in order to fix up an understanding. 
This is the largest corporation manufacturing bars. 
The United States Steel Corporation is not in- 
terested, as it does not make bars. This corporation 
has for some time past been making important 
changes, with a view of manufacturing higher grades 
of steel that it has made heretofore. ridge and 
construction companies have become very urgent in 
their demands for nickel alloy and other special 
structural products. Then the car-builders are de- 
manding a higher grade of steel, and the automobile 
interests insist upon special grades of steel. A 
demand comes from other quarters for steel speciali- 
tics, and hence the radical action taken by the above- 
named corporation. The blast-furnace situation is 
unsatisfactory. Most of the independents will close 
down this month for two or three weeks. In some 
localities the suspension will continue up to August 1. 
The restriction of output in both crude and finished 
material will help the market. 








JAPAN-BrITISH Exuisition.—The_ distribution of 
awards takes place at the Congress Hall cf the White 
City to-day at 3.30 p.m., and will be presided over by 
H.R.H. Prince Arthur of Connaught. The diplomas for 
the Japanese exhibitors will be handed to them by the 
Duke of Norfolk, and to the British exhibitors by Baron 
Oura. This function is unique, for it is the first time 
that diplomas have been ready during the time an 
exhibition was open. On the present occasion, through 
the energy displayed by both Japanese and British autho- 
rities, it has been found possible to complete the diplomas 
in a comparatively short time after the opening of the 
Exhibition, so that the recipients will be able to utilise 
them to the greatest possible advantage. 





FREE STUDENTSHIPS AT THE IMPERIAL COLLEGE OF 
Science AND TECHNOLOGY, SoutH KENsinGTon.—Having 
decided to make a maintenance grant of 8000/. to this 
institution, the London County Council has secured the 

rivilege of nominating twenty-five students for a year’s 
ree instruction at the College. The studentships cover 
all ordinary tuition fees, and may possibly be extended 
over two or more years in special cases; they do not, 
however, entitle the holders to any maintenance grants. 
The instruction given will be of an advanced nature, suit- 
able only for students qualified to enter on a fourth year 
course. Also candidates must be ordinarily resident in 
the administrative county of London, and must be 
students at an institution aided, maintained, or approved 
by the Council. The final selection will be made without 
an examination, and without restrictions as to income, 
depending on the past records of the candidates, the 
recommendations of their teachers, the course of study 
they intend to follow, and, generally, upon their fitness 
for advanced study in science applied to industry. Appli- 
cations must be made, on or before the 23rd inst., on forms 
to be obtained from the Education Officer, London 
County Council, Victoria Embankment, W.C. 





ScorrisH SHIPBUILDERS’ WaGEs.—An important wages 
conference between representatives of the Shipbuilding 
Employers’ Federation and of the eighteen trade unions 
in the National Shipyard Agreement was held in Edin- 
burgh on Tuesday, the 12th inst. .The question under 
discussion was the application by the trade unions for 
an increase of 5 per cent. on piece rates and of 1s. 
per week (or fd. per hour) on time rates. Two years 
ago the wages were reduced to that extent on account of 
dull trade. The application, which was made in the 
month of May, was considered at a conference in Carlisle 
on June 6, when the proceedings were adjourned until 
the 12th inst. At the close of the conference the follow- 
ing ofticial communication was issued :—‘‘ Proposals were 
put forward by both sides which it was ultimately agreed 
should be referred to the respective constituents—that is, 
the whole body of the employers on the one side and the 
whole body of the workmen involved on the other.” This 
means that there will be no danger of any dislocation of 
work and no further critical negotiations until about the 
middle of August, when a conference will be held to 
further discuss the matter of an advance of . Itis 
understood that the employers absolutely decline to admit 
that the conditions of trade warrant an increase in 
wages. They pointed out that bad though the condition 
of shipping was when they met the men at Carlisle a 
month ago, freights were, if that were possible, worse now 
than they were then ; that the tonn on hand, on the 
Clyde especially, was composed largely of warship work, 
and that, judging by the number of men employed by the 
federation, trade was not nearly so as it was when 
the last advance was granted the shipyard trades. 





NOTES FROM TiiE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was fairly firm, and 6000 tons of 
Cleveland warrants were done at 48s. 11d., 48s. 10}d., and 
49s. cash, 49s. 14d. one month and 49s. 74d. three months. 
The close was firm, with sellers at 49s. 0}d. cash, 49s. 34d. 
one month, and 49s. 9d. three months. In the afternoon 
the market was quite idle, but the tendency was stronger. 
Cleveland warrants were quoted at 49s. O4d. cash, 
49s. 4d. one month, and 49s. 94d. three months sellers. 
On Friday morning a good tone prevailed, and 2000 tons 
of Cleveland warrants changed hands at 49s. 3d. twenty- 
one days, and 49s, 4d. one month, and closing quotations 
were 493. 1d. cash, 493. 4d. one month, and 49s. 94d, 
three months sellers. In the afternoon the tone was weak, 
and Cleveland warrants were a trifle easier. The turn- 
over was limited to 1000 tons at 49s. 84d. three months, 
and sellers’ closing prices were 1d. under those of the 
previous session, at 49s. cash, 49s. 3d. one month, and 
49s. 84d. three months. There were sellers of hematite 
at 64s. 9d. cash. On Monday morning the market was 
steady, and about 5500 tons of Cleveland warrants were 
done at 493. 3d. and 49s. 2d. one month, and closing 
sellers quoted 483. 114d. cash, 49s. 3d. one month, 
and 49s. 84d. three months. Hematite was offered at 
65s. 6d. three months sellers, but buyers only named 
65s. At the afternoon session business was very quiet 
and the market was easier. The —?- consisted of one 
single Cleveland warrant at 49s. 74d. three months, and 
the closing quotations were 48s. 11d. cash, 49s. 2d. one 
month, and 49s. 74d. three months sellers. On Tuesday 
morning no transactions of any kind were recorded. 
Cleveland warrants were steady at 48s. 11d. cash 
sellers, but forward iron was firmer, with sellers quot- 
ing 493. 24d. one month and 49s. 84d. three months. 
Hematite was quoted 64s. 6d. one month, and 65s. three 
months buyers, but there were no sellers. The afternoon 
session was also idle, and prices were nominally un 
changed, with sellers of Cleveland warrants quoting 
48s. 1ld. cash, 49s. 24d. one month, and 49s. 8d. three 
months. Sellers of hematite quoted 65s. 6d. three 
months, and buyers offered 64s. 9d. one month. When 
the market opened to-day (Wednesday) there was little 
change in the tone, and business was quiet. One lot of 
Cleveland warrants changed hands at 48s. 10d. cash, and 
closing sellers quoted 48s. 11d. cash, 49s. 2d. one month, 
and 49s, 74d. three months. One lot of hematite was also 
done at 65s. three months, with sellers over. Buyers of 
copper were in the market at 53/. 5s. per ton three months, 
but there were no sellers. The tone was easier in the 
afternoon, and 2000 tons of Cleveland warrants were 
dealt in at 48s. 19d. cash, 48s. 11d. nine days, and 
49s. 64d. three months. Closing quotations were 48s. 10d. 
cash, 49s. 1d. one month, and 49s. 64d. three months 
sellers, while there were sellers of hematite at 64s. 6d. 
one month and 65s. three months. The following are the 
market quotations for makers’ (No. 1) iron:—Clyde, 61s. 6d.; 
Calder and Gartsherrie, 62s.; Summerlee, 63s. 6d.; Lang- 
loan, 64s. ; and Coltness, 82s. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 63s. 6d.; Shotts (at Leith), 
62s.; and Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia. — The sulphate of ammonia 
market is easier, and only a very moderate demand exists. 
The current price is quoted at from lll. 15s. to 
11. 17s. 6d. per ton for prompt delivery, Glasgow or 
Leith. No sulphate of ammonia was exported from 
Leith Harbour last week, which was most unusual. 


Scotch Steel Trade.—Activity has been the ruling fea- 
ture in the Scotch steel trade during the past week, and 
makers have turned out quite a lot of material. The 
inquiry for plates for shipment is still good, Canada, 
India, and Japan, all being in the market, but the home 
inquiry has eased off a bit. Light material is the subject 
of a fair demand, and angles for the home market are also 
in better request. Makers of structural sections have 
lately been busy, and inquiries to hand show that a very 
large amount of material is likely to be wanted at an 
early date. Prices are firm, and with good prospects 
ahead the feeling is that they will harden. The stoppage 
for holidays will be from to-morrow (Thursday) evening 
until Monday, July 25. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland has been a shade better during the past 
week, and makers have been f.irly busy. A good demand 
has been felt, and some anticipate an improvement in the 
trade during the second part of the year, when the 
holidays will be over. 

Scotch Pig-Iron Trade.—Makers of Scotch pig iron 
have had a very busy time lately, and a very large amount 
of the ordinary qualities of iron have been shipped abroad. 
There has been no falling off in the demand from abroad, 
as also from England, but the local demand remains 
quiet. Hematite is easier and very quiet. 





LONDON AND SouTH-WESTERN Raitway STEAMERS.— 
Messrs. Cammell, Laird, and Co., Birkenhead, launched, 
on the 9th inst., the Sarnica, a triple-screw turbine steamer, 
built to the order of the London and South - Western 
Railway Company for their Channel Island traffic. The 
vessel is 284 ft. long on the water-line, 39 ft. broad, and 
16 ft. 6 in. deep to main deck. She has accommodation 
for 186 first-class passengers, 114 second-class, and a crew 
of 48.. When completed, the vessel will be representative 
of all that is best in a cross-Channel combined passenger 
and cargo steamer. The propelling machinery supplied 
by Messrs. Cammell, Laird, and Co. consists of two 
double-ended marine boilers, and a set of Parsons turbines 
driving three shafts, and designed to give the vessel a 
service speed of 20 knots, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Huli Coal Returns.—If the figures showing the quantity 
of coal dealt with at Hull during June were considered by 
themselves, the present state of affairs in the coal trade 
could hardly be deduced from them. They create not 
only a June record, but, added to previous tonnages, a 
record for the first six months of a year. The explana- 
tion is obviously to be found in the big consignments 
which have reached the ports from the new collieries in 
the South Yorkshire area. This important new source 
of supply has added considerably to the output of the 
South Yorkshire coal-field, and has, of course, entered into 
keen competition with the older collieries, thus being 
responsible, to a certain extent, for the present position of 
prices. During the month 627,376 tons were dealt with, as 
against 568,160 tons for June last year. The previous 
highest figure for the month was 608,320 tons in June, 1907. 
For the six months this year the total was 3,398,880 tons, 
as compared with 2,936,464 tons, January to end of June, 
1908, the previous record. The exports for the past month 
and for June, 1908 (the previous record) were respectively 
337,041 tons and 331,832 tons. The six months’ export 
was 1,742,499 tons, as against 1,354,816 tons last year. 
The remarkable growth in export is illustrated by the 
fact that the above quoted figure for the first six months 
of this year is three times as great as that which repre- 
sented exports in the same period of 1901. The largest 
customers were Russia (North), Germany, and Holland. 
In many cases there were decreases as compared with 
June, 1909, but the comparative six months figures showed 
considerable increases. twise exports have not shown 
much variation. Denaby and Cadeby once more head the 
list of supplying collieries in point of tonnage. 


Crucible Steel Boom.—The making of crucible steel on 
foreign account during the past half year has m one 
of the most profitable branches of Sheffield’s activity. 
The market for this article, especially in its best — 
has been continually expanding until it has me 
world-wide. Germany and the United States have 
figured largely in the list of importers, which has included 
the Colonies and most of the important nations. 
orders which have recently been received, and the addi- 
tional provision made for their execution, suggest that the 
expansion will be carried throughout the year. Whilst 
makers, however, have been building up a big reputation 
abroad for these steels, home inquiries have remained on 
a small scale. 


Shefficld’s High Wages.—The high rate of wages paid 
by Sheffield firms was given, at the annual meeting of 
Davy Brothers, Limited, as one of the contributory 
causes of the firm’s reduced dividends. Makers in other 
competing industrial centres were consequently, as it was 
stated, able to underquote and so obtain work that would 
otherwise have come to Sheffield. Another reason ad 
duced in explanation of the unsatisfactory result of the 
firm’s operations was that large steel firms in Sheffield and 
elsewhere had been buying very little plant during the 
past eighteen months. 


South Yorkshire Coal Trade.—Supplies of steam coal 
are considerably in excess of the demand, with the result 
that buyers are able to adopt an easier attitude. Prices 
are not much changed, and sellers are pressing for orders. 
The quietude has become so pronounced that it has been 
pant necessary at many collieries to restrict the output. 
Accordingly numbers of them do not work on Saturdays, 
and some are on an even shorter week. A quick recovery 
is not expected. Most of the railway contracts have been 
tixed at an advance of 3d. upon last June’s rates. Cooler 
weather has given an impetus to the house-coal trade, but 
not a sufficiently strong one to have any disturbing 
influence. The London supply remains about the average, 
with the best fuel in greatest demand. Comparatively 
little is doing in hards for industrial purposes, and here 
again buyers have the advantage. Slacks are somewhat 
scarcer, and there is a little weakening in gas coal. Coke 
is in about the same position. The following were the 
principal quotations on ’Change last week :—Barnsley 
silkstone, lls. to 11s. 6d.; best silkstone, 8s. 3d. to 
%s. 3d.; Derbyshire hards, 8s. to 8s. 6d. ; rough slacks, 
5s. Gd. to 6s. 6d. ; smalls, 1s. 9d. to 2s. 9d. 


Tron and Steel.—Although the general tone of the iron 
market shows a lack of life, there has m an accession 
of inquiries, and there is a prospect of better business in 
pig iron in the immediate future. There is still a reluct- 
ance to fix up contracts, though hematite makers do not 
appear to be anxious to press for orders. Official prices 
are likely to be obtained for Lincolnshire common irons, 
which are rather firmer than Derbyshire. No noticeable 
reductions have been made during the week. Finished 
iron has not yet arrived at a more satisfactory ition, 
and bar-makers are short of work. The South York- 
shire Bar-Iron Association have decided not to chan 
the existing quotation of 6/. 15s. for common bars. High- 
carbon billets are doing better than the inferior qualities. 
The position in the steel trade does not appear to have 
changed much, and stock-taking is responsible for an 
added aspect of quietness. Striking contrasts are afforded 
between the big export trade in various branches and the 
small home demand. Engineers are not receiving orders 
in anything like satisfactory quantities, and railway 
material is another department that has been left behind 
by progress in other directions. Wagon-makers are very 
quiet, although some Indian trade is expected. In rega 
© general railway material, arrangements between com- 
peling companies have had the effect of reducing order- 
ing, Steel-wire makers are on full time, and there is 
promis of prosperity for the rolling-mills. Moulders 
lave not yet pressed their demand for increased wages. 
«\ good trade is being done in tools and tool-steel. 


ad 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Extreme quietness con- 
tinues to rule, and a general opinion prevails that the 
autumn demand will have to set in before anything like 
activity is once more experienced in the. pig-iron trade. 
Statistically the situation is fairly satisfactory, for, though 
a period of the year has arrived when dulness is looked 
for, the production of pig-iron is not a great deal in excess 
of requirements, with the result that stocks are increasing 
at a less rate than might be reasonably expected at this 
season. Buyers, however, are very backward, and what 
transactions are recorded are almost exclusiveiy in small 
lots for early delivery. No. 3 g.m.b. Cleveland pig 
is 49s. f.o.b., and that is rather a sellers’ than a buyers’ 
quotation. No. lis reported to bs very scarce, and is put 
at 51s. 9d. to 53s., according to quality.. No. 4 foundry 
and No. 4 forge are each 48s. 3d.; and mottled and white 
iron each 47s. 9d. All the foregoing quotations are for 
early delivery, 6d. above these rates being asked on for- 
ward account. East Coast hematite is very dull. Mixed 
numbers are on sale at 64s., but that is more than 
buyers are prepared to give. Foreign ore prices are 
nominally maintained in a wholly idle market, rates being 
still fixed on the basis of 20s. 6d. ex-ship Tees for Rubio 
of 50 per cent. quality. Coke is very abundant and weak 
in price. Sellers are pressing average blast-furnace kinds 
on the market at 16s. delivered here, and business is re- 
ported to have been done at less. 


Blast-Furnacemen’s Wages Advanced.—The average net 
selling price of No. 3 Cleveland pig iron for April, May, 
and June has been certified at 51s. 2.04d. per ton, as com- 
pared with 50s. 6.13d. for the previous quarter. This 
means an advance in blast-furnacemen’s wages of 0.75 
(?) per cent., which raises wages from 23 per cent. above 
the standard to 23.75 per cent. above the standard. 


Ironstone Miners’ Wages.—A meeting between Cleve- 
land ironstone mine-owners and representatives of the 
Cleveland miners was held at Middlesbrough this week 
to discuss wages for the third quarter of the year. The 


Large proposal of the eres was that 28.9 per cent. above 


the standard shoul 


be paid in lieu of the 28.75 per cent. 
paid ery | the 


ext three months. This figure was 
arrived at by following the course which negotiations 
had usually taken. After proposals from the men, it was 
agreed that the lodges should be visited, and that the 
owners should meet the men again in the course of a 
fortnight. 


Manufactured Iron and Steel.—The various branches of 
the manufactured iron and steel industries present few 
new features of moment. Orders are scarce, but pro- 
ducers are not disposed to make concessions to draw 
buyers into the market, and quotations all round are 


“| upheld. The principal market rates are :—Common iron 


bars, 7/.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; iron 
ship-plates, 6/. 10s. ; iron ship-angles, 7/.; iron ship-rivets, 
71. 5s. to 7l. 7s. 6d. ; steel bars, 61. 5s. ; steel ship-plates, 
61. 10s. ; steel ship-angles, 67. 2s. 6d. ; steel strip, 6/. 10s. ; 
steel hoops, 6/. 12s. 6d. ; steel joists, 67. 2s. 6d. ; cast-iron 
railway-chairs, 3/. 10s. ; light iron rails, 62. 10s. ; heavy 
steel rails, 5/. 10s. ; steel railway sleepers, 6/. 12s. 6d.; 
and iron and steel galvanised corrugated sheets, 24 gauge, 
in bundles, 11/.—sheets less the usual 4 per cent. f.o.b., 
railway material net cash at works, and all other descrip- 
tions less the customary 24 per cent. discount. 


Trade Statistics.—The quarterly returns of the Middles- 
brough Chamber of Commerce show that, at the end of 
June, of 80 blast-furnaces built within the port of 
Middlesbrough, 59 were in operation—six more than a 
year ago. .The production of pig iron for the second 
quarter of the year amounted to 570,000 tons, 370,000 tons 
of which were Cleveland pig iron, and 200,000 tons hema- 
tite, spiegel, basic, and other special irons. For the 
previous three months the total output of pig iron was 
540,000 tons, and for the second quarter of last year the 
make was 527,000 tons. Imports of foreign iron ore into 
Middlesbrough during last quarter reached 558,748 tons, 
as compared with 590,232 tons during the previous three 
months, and 509,347 tons during the second quarter of 
1909. The total value of goods other than coal and coke ex- 

rted to foreign and colonial destinations from Middles- 

rough during last quarter amounted to 2,117,834/., or 
20,7832. more than for the corresponding period a year ago. 





Heattu Resorts AssociaTion.—We have received 
from this Association copies of their pamphlets published 
for the Town Councils of Deal, Llandrindod Wells, Wood- 
hall Spa, Swanage, and Chepstow, and describing these 
holiday and health resorts. Copies are sent free on a 
postcard request addressed to the respective town 
clerks. 





Tue CLoutH ArrsHip.—The Clouth airship, the first 
one which has paid a visit to the Brussels Exhibition, 
belongs to the semi-rigid or stiffened balloon type of 
small size. The motor is of 50 horse-power, and a speed 
of nearly 22 miles per hour has been reached on several 
trips. The body is cylindrical ; the total volume is only 
2000 cubic metres (72,000 cubic feet), and the shape is 
maintained with the aid of two air ballonets of a capacit 


rd | of 12,000 cubic feet, and of two wooden bars, from whic. 


the car is suspended. The nose of the balloon is blunt, as 
in the Parseval airship. The car is built up of steel tubes. 
The length of the car is 22 ft. The motor is fixed in the 
middle of the car, and drives the pro 





of wood, by means of rubber cords. 
are made of aluminium. 








NOTES FROM THE SOUTH-WEST. 


Cardiff.—Not much activity is reported in the steam- 
coal trade ; inquiries are stated, however, to have been 
somewhat more. numerous. ‘Admiralty large is still 
scarce, and has been firm for early loading. The best 
large steam coal has made 16s. 6d. to 16s, 9d. per ton ; 
secondary qualities have ee from 14s. 9d. and 16s. 3d. 
~ ton ; best: ordinary smalls, 7s. 3d. to 7s. 6d. per ton. 

he house-coaltrade has shown scarcely avy change; 
the best ordinary descriptions have made 14s. 6d. to 16s. 
per ton ; No. 3 Khondda large-has brought 17s. to 17s. 3d. 
id ton; smalls, 93. 6d. to 9s. 9d. r:ton. No. 2 

hondda large has made 11s. 3d. ‘to 11s. 6d. per ton; 
smalls, 6s. 6d. to 7s. 3d. per ton. Foundry coke has been 
quoted at 19s. to 20s., and furnacve ditto at 17s. to 17s. 6d. 
per ton. As regards iron ore, Rubio has made 1%s. 6d. 
to 20s. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. hes 


Welsh Water Sal —aee of the various urban 
councils in the Rhymney Valley met at Hengoed cn 
Friday to discuss the formation of a water board for 
the valley. Mr. C. 8. Goodfellow (Caerphilly) presided 
and the Gelligaer, Mynyddislwyn, St. Mellons, and 
pees pon councils were represented. Messrs. Willcox 
and Raikes, engineers, Birmingham, submitted a report 
as to the existing system of supply, and the possibility 
of alternative sources from which a supplementary supply 
could be obtained. They calculated on a consumption 
not exceeding 24 gallons per head per day for a popula- 
tion of 225,000, which would represent a total daily 
supply of 54 million gallons. They gave it as their 
opinion that a satisfactory supply of water could be ob- 
tained from gathering ground in the Taf Teehan Valley, at 
which place a site was at one time a pee for the borough 
of Merthyr, and was only abandoned owing to the uncer- 
tainty which then existed as to whether the large surplus 
of water obtainable from it could be utilised by the neigh- 
bouring districts. This, Messrs. Wilcox and Raikes con- 
sidered, was one of the finest sites for a reservoir in South 
Wales; and the cost of constructing it would be low, in 
proportion to the supply which might be obtained from 
it. If the reservoirs were constructed, the gathering- 
ground could be relied upon to yield at least 1,000,000 
gallons per day. After allowing for compensation and 
reserving 5,000,000 gallons per day for Merthyr, about 
9,000,000 = per day would be available for the 
Rhymney Valley andelsewhere. The report was adopted 
after some discussion. 


South Wales Coal.—The exports of coal from the six 
eg Welsh ports—Cardiff, Newport, Swansea, Port 

albot, Neath, and Llanelly—in the first half of this year 
were as follow :—Cardiff—foreign, 8.570,485 tons ; coast- 
wise, 1,405,142 tons; total, 9,975,627 tons. Newport— 
foreign, 1,849,661 tons; coastwise, 348,520 tons; total, 
2,197,981 tons. Swansea—foreign, 1,313,509 tons ; coast- 
wise, 154,583 tons ; total, 1,468,092 tons. Port Talbot— 
foreign, 725,739 tons; coastwise, 80,284 tons; total, 
806,023 tons. Neath—foreign, 74,260 tons; coastwise, 
89,495 tons; total, 163,755 tons. Llanelly—foreign, 
88,355 tons; coastwise, 24,269 tons; total, 112,624 tons. 
The corresponding shipments in the corresponding half 
of 1909 were :—Cardiff—foreign, 8,692,542 tons; coast- 
wise, 1,532,056 tons ; total, 10,224,598 tons. Newport— 
foreign, 2,102,826 tons ; coastwise, 395,310 tons; total, 
2,498,136 tons. Swansea—foreign, 1,379,215 tons ; coast- 
wise, 126,619 tons ; total, 1,505,834 tons. Port Talbot— 
foreign, 621,742 tons; coastwise, 87,082 tons; total, 
708,824 tons. Neath—foreign, 79,709 tons; coastwise, 
111,474 tons; total, 191,183 tons. Llanelly—foreign, 86,671 
tons; coastwise, 21,959 tons; total], 108,630 tons. The 
aggregate shipments in the first half of this year were 
accordingly 14,724,102 tons, as compared with 15,237,205 
tons in the first half of 1909. 


The “ Orion.” —The Orion will be launched at Ports- 
mouth on August 20. She is 545 ft. long by 86 ft. beam, 
and she will be fitted with turbine engines working up to 
27,000 horse-power. Her displacement, when completed, 
will be 22,500 tons, but her launching weight will not 
much exceed that of the Neptune, or shout 8000 tons. 








oo Re tes = eam. De ee of the 
nion of South Africa, this paper published a special 
number on Union Day, May 31. A fifty-six-page aoeke 
ment contains special articles devoted to mining, railways, 
engineering, agriculture, &c., showing the wth of all 
these industries and the development of the Transvaal 
generally. 





ConTracts.—The Mirrlees Watson Company, Limited, 
Glasgow, have recently booked orders for the followin, 
machinery, distributed over Great Britain :—Low-leve 
jet-condensing plants, 20,000 lb. and 15,000 lb. steam 
duty ; elevated jet-condensing plants, with respective 
steam duties of 28,500 lb. and 22,000 lb.; elevated jet- 
condensing plant, 15,300 lb. steam duty; elevated jet- 
condensing plant, 14,000 1b. steam duty; horizontal dry air- 
pump, twin cylinder, 32 in. in diameter by 30 in. stroke ; 
three-throw electric-driven air-pump, 26 in. in diameter 
by 15 in. stroke; and steam-driven air-pumps for the 
Great Southern of Spain Railway, and for the Anglo- 
Chilian Nitrate and Railway Company.—Messrs. Jens 
Orten-Béving and Co., a engineers, 94, Union- 
court, Old Broad-street, E.C., have reeeived an order 
from the British North American Pulp and Power Com- 


ller, constructed | pany, Limited, for six Francis turbines of 1600 horse- 
e several rudders | power each, and 


1800 horse-power for overload for their 
Ocean's Falls plant in British Columbia, 
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M.B., C.M., D.P.H., Medical Officer of. Health, Torquay. _ The 
chair will be taken by Mr. Louis C. Parkes, M.D., D.P.H.., Chair. 
man of the Council of the Institute. 
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ROADS AND ROAD-MAKING. 


THE reputation of many of the pioneers in civil 
engineering was, to a large degree, based upon 
their success as road-builders. It is indeed a 
commonplace that the art of road-making in 
Europe had practically disappeared with the 
Roman Empire, and 150 to 200 years ago the 
arteries of commerce were so defective in these 
islands that freight had, to a large extent, to be 
transported by pack trains, the apologies for roads 
being almost impracticable for wheeled traffic. 
Even in London, coaches only became common in 
the reign of Queen Elizabeth. The pioneer of 
modern methods in road-making seems to have 
been M. Tresaguet, who was appointed Inspector- 
General of the French Department of Roads 
and Bridges in 1775. He was followed by Telford 
and Macadam, the former’s splendid road from 
London to Holyhead being one of the greatest 
engineering feats of his day. Not only was this 
road better than the track it replaced, but it 
effected a large saving in distance, and, what is 
still more important, in the total height up which 
loads had to be lifted. Many of the old tracks 
simply climbed hills in order to come down again, 
and Roman practice was not much better. Prob- 
ably, however, this peculiar lay-out of the earlier 
roads was done advisedly. Whilst the plan of 
following the easiest possible gradient for the 
longest possible distance reduces the difficulties of 
transport, the primeval practice of forming paths 
along the ridges of the hills, instead of along the 
valleys, had the advantage of rendering the way- 
farer less open to surprise from enemies, whether of 
the biped or four-footed variety. 

It is a commonplace that the great movement for 
the improvement of the roads, with which the 
names of Telford and Macadam are so closely 
associated, lost force with the introduction of the 
railways. With the spread of these, country roads 
became almost destitute of traffic, save such as was 
in course of conveyance to the nearest railway 
station. The maxims of Telford and Macadam, 
if not actually forgotten, were more frequently 
honoured in the breach than in the observance, 
and with the popularisation of the bicycle in the 
early ‘eighties complaints as to the dangerous and 
defective condition of the road-surface in most 
country districts became rife, and in some instances 
surveyors were actually prosecuted for neglect of 
their duties in this regard. The introduction of the 
motor-car has, as everyone knows, revived the dust 
problem, as to which little had been heard after 
the disappearance of the stage-coach from off the 
roads. The dust problem is not, however, the only 
one which has now to be faced by the road surveyor. 
The growing use of commercial motor-vehicles of 
all kinds (in England alone there are nearly 9000 
traction engines in use) has called attention, in a 
way impossible of evasion, to the unsatisfactory 
construction of many of our roads, and the present 
motor touring season and the forthcoming Inter- 
national Congress on the subject make it opportune 
to consider now the state of the case from the 
engineering point of view, as well as from the 
standpoint of ways and means. 

Many main roads have been constructed without 
proper foundations. Experience has shown that 





10 in. of consolidated material is sufficient for 


-|commercial vehicles. 


practically any load, but in very many lish 
counties the thickness is under 6 in., although there 
is no foundation. Of course, much depends upon 
the character of the subsoil. Quite a thin layer of 
metal will often wear better where the subsoil is 
gravel than a much thicker oné where the metalling 
rests in clay. A thick metalling is specially advan- 
tageous when the road_is traversed by heavy 
There is évery reason for 
believing that the load per inch of wheel breadth 
is but a very inefticient criterion of the liability of 
a vehicle to break through the road surface. One 
reason for this lies in the fact that a broad wheel 
does not bear evenly over a deeply cambered road, 
and it has also to be remembered that the material 
stressed by the wheel load has probably the form of 
a truncated pyramid. Doubling the width of a 
wheel will, therefore, in general, not double the 
base of this pyramid, so that the stress per 
square inch on the foundation for a given load 
per inch of wheel width is greater the wider the 
wheel. On the other hand, the base of this sup- 
porting pyramid increases, with each addition to 
the metalling, much faster than does the thickness 
of the road, 

The great difficulty in restoring our roadways to 
an efficient state lies in the capital expenditure in- 
volved. There are nearly one-quarter of a million 
miles of highways and streets in the United 
Kingdom, Of these, about one-half may be classed 
as rural roads, which cost for maintenance over 
3} millions sterling per annum. The nearly equal 
mileage of urban roads costs much more, since not 
only is traffic denser on them, but they have to be 
lighted, scavenged, and watered. 

A really thorough construction of our.roads would 
involve an enormous outlay, since an improvement 
cost but ?d. per square yard of road surface is 
equivalent to something like 44/. per mile run. 
Ata recent meeting of the Surveyors’ Institution 
Mr. H. T. Wakelam estimated the cost of reform- 
ing the roads of the country as 287,000,000/._ For- 
tunately, however, it is not every road which is 
traversed daily by large traction engines and heavy 
cart traffic, so that less heroic methods than a re- 
construction ab inii‘o will probably suffice to render 
satisfactory 80 per cent. or more of the total 
mileage of rural roads. Those who have not made 
a special study of the subject, including, we fear, 
some road surveyors, are inclined to attribute no 
small part of the wear of the roads to the passage 
of relatively light and fast pleasure - cars. No 
instance has, however, been brought forward of 
sound stones being crushed or reduced to powder. 
The motor-car has commonly been credited with 
creating dust, and it has been stated that the pneu- 
matic tyres exercise a peculiar suction on the road 
surface, which not merely raises dust, but loosens the 
metal. Probably this suggested ‘‘ vacuum process” 
is imaginary, as careful experiments have shown 
that the dust is raised almost wholly by the driving- 
wheels, and cannot therefore be due to the creation 
of a vacuum between the tyre and the road surface, 
or the leading wheels would be equally great 
offenders. Steel studs and other metallic non-skid 
devices certainly do have a disintegrating effect ; 
but it is difficult to institute a really satisfactory 
comparison between the damage so done and that 
occasioned by horse traffic, as the character of the 
injury differs greatly with different kinds of road 
surface. 

Fortunately, however, experience seems to indi- 
cate that the best remedy for the dust nuisance 
is also the best for the preservation of the road. On 
the other hand, watering, though effective as a dust 

reventive, is extremely bad for the road structure. 
n fact, the efticiency of a road as a “floor” 
is mainly dependent on its efficiency as a roof. Cor- 
rugations, which are so marked a feature of 
macadamised urban roads, disappear at the borough 
boundary, beyond which the water-carts do not 
ply. Further, they are generally absent on hills, 
where the slope prevents the lodgment of water 
after rain. This fact has been advanced as an 
argument in favour of the excessive camber. so 
popular in certain districts; but with such 
cambers, traffic hugs the crown, localising wear, 
and impeding the ready passage of one vehicle by 
another. Mr. Maybury, who has of late years 
done such excellent work in reconstructing many 
of the Kent country roads, advises that the camber 
should not exceed one-fiftieth of the width of the 
carriage-way. 

There is now a pretty general agreement that the 





roads of the future must be tarred. Were the 
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funds immediately available, it would probably pay 
in the end to entirely reconstruct the principal main 
roads with tar-macadam or tar-mac, though such 
roads will not remain dustless, unloss tar-painted at 
least once a year. As a palliative tar-spraying and 
tar-painting have given good results, and by pro- 
tecting the foundation of the road from wet have 
in some cases led to very substantial savings in 
the matter of maintenance. In towns this saving 
is increased by the reduction in the cost of waterin 
and scavenging. A notable example is the r 
from Wandsworth to Kingston, which is traversed 
daily by some fifty heavy commercial motor vehicles 
bringing produce up to Covent Garden Market, 
and, being part of the main road to Portsmouth, 
carries also a large traffic of ordinary motor-cars. 
Since the adoption of tar-spraying, at a cost of 1d. 
r square yard per annum, the cost of scavenging 
1as been reduced from 6d. to 24d. per square yard, 
and that of watering from 1d. per square yard to 
0.3d. At the same time the life of a 3-in. layer of 
metalling has been increased from 2} to 3} years. | 
Very good results have been obtained on certain 
country roads by merely patching them, where 
worn, with tar-macadam. fh this way the durable 
material is placed exactly where experience shows 
it is most wanted, and by merely spraying or paint- 
ing the rest of the road nearly as satisfactory results 
are obtained as if tar-macadam were used through- 
out. In this climate the process of spraying is best 
effected by machine, as the most can then be made 
of the exceptional days in which the road surface 
is really dry to a depth of ? in., a condition which 
appears to be essential to securing really satisfac- 
tory results. Last year was particularly trying in 
this regard, as, during almost the whole of the 
summer, the roads never became really dry. 
Trouble has at times been experienced by the 
use of unsuitable qualities of tar, a body which 
varies very much in its constitution and properties. 
Special attention was given to this point in a 
per read recently before the Society of Engineers 
xy Mr. R. O. Wynne-Roberts, M. Inst. C.E. In 
this paper the author suggests that gas-works 
managers should abandon the practice, now general, 
of drawing the tar from different points of the 
plant into the same tank, a procedure which 
yields a crude product, containing water and free 
carbon, ill-suited to the requirements of the road- 
surveyor. 





THE NEW ZEALAND GOVERNMENT 
RAILWAYS. 

Tue last statement of the Hon. J. A. Millar, the 
Minister of Railways for New Zealand, shows a 
continued expansion in the business handled on 
the system. The net position, however, is not so 
satisfactory, for the cost of working has latterly 
increased by amounts about equal to the growth in 
receipts, leaving the balance approximately the 
same for the last three years, in spite of increased 
traffic. In 1907 the total receipts were 2,624,0001., 
in 1908 they were 2,761,938/., and in 1909 they 
amounted to 2,929,526/. The net earnings for 
these three years, however, amounted to 812,118). 
in 1907, 812,179/. in 1908, and 814,711/. in 1909. 
It follows that the ratio of working expenses to 
receipts has gone up. This ratio, in fact, now 
stands at the high figure of 72.19 per cent., having 
steadily risen from about 66 per cent. in 1904. 
The amount of capital invested has naturally in- 
creased steadily, and the working results do not, 
therefore, show improvement. Rather, they indi- 
cate the reverse, the net earnings—i.e., the balance 
of gross receipts over working expenses—being 
equivalent to a return for the last year of no more 
than 3.13 per cent. on the capital cost of the 
system. This figure, it should be noted, is the 
lowest touched for a great many years, the last ten 
years always having shown a return of about 3.3 per 
cent. and upward. 

It is known, of course, that the policy on which 
the New Zealand railways are pel coors. provides 
for a return of 3 per cent. If this be exceeded, the 
amount represented by the balance is supposed to 
be remitted to the public by means of reductions 
in rates. It is evident, however, from the above 
figures that reductions in rates are not alone in 
keeping the figure down to the neighbourhood of 
3 per cent., the effect of the increase in operating 
expenses being equally noticeable. orking 
expenses have increased, it is explained, largely 
on account of the development of traffic and of the 
increased rates of wages made in recent years. As 





regards the Maintenance of Way Department, the 
increase is explained as being partly due to the need 
of relaying to a higher standard to meet the heavier 
traffic. At the present time the expenses for 
maintenance of way, per train-mile, amount to 
21.11d. This is rather less than the figure for the 
two previous years, but considerably higher than 
for any other year since 1901. The report states 
that relaying has contributed to this growth of 
expenditure during the last ten years, but the 
maintenance figures, both for expenses per open 
mile and per train mile, suggest that the cause does 
not rest so much with this matter as with others, 
since, in the recent years, when the figure has been 
highest, so much relaying has not been done as in 
others when the figure was lower. 

The expenditure coming under the head of 
‘* Locomotive Power ” shows a yearly increase per 
train-mile. The figure for this item now stands at 
20.22d., and is higher than ever before. For the 
year 1904-5 it stood at 16.73d., and has risen by 
almost equal increments each year to the present 
figure. Carriage and wagon maintenance per train- 
mile shows a small decrease on the figure for the 
previous year, but, with the exception of 1908, 
stands now at a figure not reached before. Traffic 
expenses also touch a record figure this year, 
amounting, as they do, to 19.5d. per train-mile, 
while 15.75d., and thereabouts, was the common 
rate a few years ago. The expenses of the head 
and departmental offices are also higher than 
before, both in the total and in proportion to the 
service of the system as represented by the train- 
miles worked. In every case part at least of these 
increased expenses is due to changes in wages 
and salaries always, on State-owned railways in 
countries such as New Zealand, likely to be a 
prominent factor in operating economics. The rest 
of the increase is put down to improving the general 
condition of the lines, and the hope is expressed 
that the effect of these large expenditures will be 
apparent in lower maintenance costs in coming 
years. It will be interesting to see whether, or 
not, the hope will be realised. 

Although much money has been spent on the 
system, there still remains much to be done in some 
directions. That this is so is very evident from the 
report on a recent investigation into the working of 
the railway works at Addington. A perusal of this 
report, and of the evidence given at the inquiry, does 
not leave impressions of a very pleasing character. 
With the greater part of the case, however, we 
have little concern. It may now be dismissed with 
the remark that it is illustrative of the difficulties 
attending State-ownership in a democratic country. 
The investigation was due—unintentionally, it is 
true—to the activities of a self-appointed investi- 
gator, and constituted a public inquiry into the rela- 
tions existing in, and the efticient working of, a State 
department. That such an inquiry was deemed 
necessary is extremely regrettable, for, whatever its 
result, public cross-examination of the kind re- 
corded, of responsible officials, cannot possibly assist 
in the maintenance of harmonious working. This, 
however, is the natural consequence of developments 
in a field with which we are not concerned, But the 
report is of interest from the railway point of view. 
It discusses and condemns both the methods and 
equipment in these State-owned shops. To make 
the position clear, it may be stated that at the 
Addington works both repair work and a certain 
amount of new work are done in connection with the 
locomotive stock. In this respect these shops are 
conducted in a manner similar to those of numbers 
of railways in the British Empire. The three Com- 
missioners appointed to hold the investigation have 
kept the new work prominently in view. In recent 
years the development of the New Zealand railways 
has made it necessary to increase the locomotive 
and other stock to a very considerable extent. 
Since 1895 the locomotive stock has increased 68 
per cent. as regards numbers, and 195 per cent. as 
regards tractive power. To meet this expansion, and 
at the same time to keep the work in the country, 
some of this stock has been produced in the shops 
of a private firm at Thames, and some at the 
Addington works of the railways. It appears from 
the last report that altogether between seventy and 
eighty engines have been built at the Government 
works. Exactly when the first was turned out is not 
clear, but apparently at a date not later than 1903, 
so that about ten engines per annum has been the 
output of the shops as regards new work. Recent 
reports suggest that rolling-stock requirements 
have now been fairly met. It is stated as probable 





that there will now be a great reduction in locomo- 
tive building in theGovernment shops. These facts, 
therefore, completely destroy the Commissioners’ 
suggestion that new work should be separated from 
repair work, and that shops solely devoted to new 
work might be erected. The general manager, in 
a memorandum, points out that for such works to 
be self-contained a very large expenditure would 
be necessary, and this is evidently not warranted. 
It is hardly necessary, perhaps, to point out that 
repairs and new work are done side by side in many 
first-class railway works, and, in fact, such is the 
only course usually ‘possible unless new work is to 
be abandoned altogether. 

The report of the Commissioners fails signally to 
take railway conditions into account, while the 
defence of the officials is, it must be admitted, 
absolutely sound on many points. Discussing 
equipment, for instance, the Commissioners make 
out a long list of expensive alterations in shop 
machinery. Now it is easy enough for anyone 
conversant with modern locomotive shop practice 
to formulate a list of tools required under ideal 
conditions. An intelligent apprentice could do 
this. But it is quite another matter to come to a 
decision as to whether the purchase of some new 
tool is warranted. Unfortunately for the value of 
their report, the Commissioners appear to have 
ignored this aspect of the question. They have 
suggested the purchase of drop-stamps, of hydraulic 
bending and forging plant, of overhead travellers, 
lifting-magnets, hydraulic plate-flanging plant, 
plate-rolls, the wholesale purchase of lathes, the 
complete remodelling of buildings, and so on. No 
single word is vouchsafed as regards the expense 
of all this, the question of interest on added capital 
expenditure being also totally ignored. Changes 
of this kind mean the expenditure of capital, and 
this means an additional annual charge for interest. 
The necessity of earning this interest is apparently 
not considered, and the report as it stands, lacking 
in this respect, is worthless. 

To refer to one specific case, the report asserts : 
‘“*A modern hydraulic flanging plant .... is 
urgently required.” The general manager is, on 
this point, justified in disputing the need for this 
expensive plant. He points out that with twenty 
new boilers turned out per annum, only 100 
plates would be flanged with this plant, and that 
it would stand idle the rest of the time. When it 
is remembered that, only eleven years ago, in the 
largest and most prosperous contract locomotive 
works in the United States, all this work was done 
by hand, the extravagance of the provision of such 
machinery, in works turning out twenty boilers a 
year, may be roughly gauged. Similar remarks 
apply in other instances, to which we need not now 
refer. 

We are not, of course, in any position to be 
able to state that the works at Addington are all 
that they might be. Reading the evidence and 
report, &c., together, however, the position of the 
officials appears to be sound rather than at fault 
on this question of shop equipment, especially 
when regard is had to the fact that in cases where 
change has been long considered desirable fund; 
have been refused for working it out. The rail- 
ways are, as stated above, expected to provide 3 per 
cent. on capital, after which remissions are made 
in rates. Now very substantial reductions have for 
some years been proceeding in rates. This has 
naturally pleased the public. But if there is any- 
thing at all in the Commissioners’ report, and in 
the officials’ defence, it is evident that some of the 
surplus revenue might have been more usefully 
disposed of in the better maintenance of equipment 
at these works. 

Another question raised in the report is the cost 
of construction of new locomotives at the Addington 
works. The discussion of this point is almost 
wholly concerned with the question as to what is 
the proper proportion to add for shop charges. On 
this point there is such variety of practice that the 
matter cannot be dealt with at the conclusion of an 
article. It may be stated, however, that the charge 
made at _— is based on the result of an 
inquiry held by Royal Commission some years ago, 
and that the differences in the resulting cost of 
locomotives are very largely due to the variety 
of opinion as to what should really be done 
in this matter. At Addington it is customary to 
add, as shop charges, an amount equivalent to 
15 per cent. on the total cost of material and 
labour. In Victoria the custom is 20 per cent. on 
the cost of labour. On the Great Northern Rail- 
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way, of England, the custom is likewise said to be 
20 per cent. on labour, but on the Midland Rail- 
way only 10 per cent. on the labour bill. Other 
systems show like disparity of custom, and the 
comparatively high figure for total costs of engines 
built at Addington is not improbably largely due to 
this method of computation. However, though 
already allowing as much, and in many cases more, 
than other railways, the Commissioners of this 
investigation suggest that 334 per cent. on the 
total of labour and material should be added to 
cover shop charges. So high a figure does not seem 
reasonable in view of the custom of other systems. 

The report of this investigation on the whole is 
not satisfactory. It has given too little prominence 
to the varied demands made upon railway shops 
and too much to the manufacturing of new locomo- 
tives. It has not adequately supported its sug- 
gestions with details as to quantity of work and 
figures of cost, and in many cases the bulk of the 
evidence seems to point in a diametrically opposite 
direction. It remains to be seen what good will 
come of the investigation. Certainly railway-men 
will consider that the attitude of the chief officials 
at Addington as regards some points has been 
sound from the point of view of economy, while 
they have also shown themselves desirous of keeping 
in line with progress made elsewhere as far as 
circumstances would permit. In justice to the 
officials, it must also be remembered that while 
money has been forthcoming for the purchase of 
stock, and large remittances made in rates, some of 
the demands made in connection with the work- 
shops have been refused or shelved, for which the 
executive at the works can hardly be held to blame. 





THE INFLUENCES OF THE VOLATILE 
CONSTITUENTS IN COAL COMBUS- 
TION. 

Many researches on the combustion of coal, con- 

ducted by different investigators in various coun- 

tries, have established the fact that coals containing 
about 20 per cent. of volatile constituents yield 
the highest temperatures and the best thermal 
efliciencies. The volatile constituents are calcu- 
lated on the weight of combustible matter, and it 
would appear that the best results are obtained 
when the percentage of volatile constituents ranges 
from 16 to 23. Most of these results are based on 
perfect-combustion tests, conducted either in a 
caiorimetric bomb with the aid of compressed 
oxygen, or ina gas calorimeter of the Junkers type 
with the aid of an excess of air. But perfect com- 
bustion cannot be realised in a boiler-furnace, and 
the combustion takes place under different condi- 
tions, moreover. The coal put on by stokers 
undergoes, in the first instance, a kind of destruc- 
tive distillation ; gases are generated and burned 
before the resulting coke is itself burned. When the 
coal is rich in carbon and poor in volatileconstituents, 
a great excess of air is required to ensure complete 
combustion of the coke, and much of the heat pro- 
duced escapes with the excess of hot air. When 
the coal is rich in gas, some of the gas escapes 
before it is burned. Technically we have to strive 
after making the combustion as complete as pos- 
sible, while avoiding excess of air. This considera- 
tion would tend to show that a coal which gives 
satisfaction in the calorimeter, because it contains a 
moderate amount of gaseous constituents, should 
also give satisfaction in practice. This conclusion 
is, on the whole, confirmed once more by some ex- 
tensive and most careful practical tests, conducted 
by Professor E. J. Constam and Dr. P. Schiiipfer, 
and described at length in the Zeitschrift des 

Vereines Deutscher Ingenieure of November, 1909. 
Professor Constam is director of the Swiss 

Priifungsanstalt fiir Brennstoffe (fuel-testing sta- 

tion) of the Polytechnikum of Ziirich, one of the 

best-equipped institutions of this kind, and he has 

(uring the past six years tested more than 10,000 

samples of coal and briquettes. Before entering 

upon the practical inquiry, with which we wish 
now to deal, he examined a great number of fuel 
~amples, from anthracites down to bituminous coal, 

n two ways, which to a certain extent check one 

nother. By means of a modified Nicolas-Chamon 


‘\pparatus he extracted all the volatile matter of the 

iel, and determined the heat units given by the 
oke, pitch, tar, and gas. He further coked the 
“ime materials in platinum crucibles, and deter- 
inined the calorific value of the resulting coke. The 
calories were finally calculated for coal free of ashes 
and moisture. 
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They show that equal weights of 








carbon, no matter what coal they were derived 
from, always yield the same amount of heat units, 
as they should do, while equal weights of the volatile 
constituents (pitch, tar, and gas) develop com- 
paratively less heat as the quantity of the volatile 
substances increases, 

The series of practical tests to which we now 
turn were, on the whole, conducted in such a 
manner that the grate and boiler in question pro- 
duced, so far as possible, the same amount of steam, 
at mean load, when fed with different kinds of coal; 
it could then be ascertained in what way the per- 
centage of volatile constituents influenced the 
general thermal balance. An experimental trial 
lasted, as a rule, eight hours. Great care was 
exercised in sampling the fuel and the ashes and 
cinders ; temperatures were determined every 
quarter of an hour in the flue, in the boiler-house, 
and outside. The gases were sampled and collected 
by most careful methods, and thoroughly analysed, 
—together with the cinders and ashes—both volu- 
metrically and also gravimetrically, as will be 
explained lower down; the soot was also deter- 
mined, and the methods of performing the calcula- 
tions are discussed in the paper. In order to 
obtain comparable results, the experiments were all 
made with boilers fitted with internal plane-grate 
furnaces ; the boilers and grates were, however, of 
different kinds, and both manual and mechanical 
stoking were applied. 

The first series of trials was conducted in con- 
nection with tests which the Swiss Association of 
Steam-Boiler Owners had started on a stationary 
Scottish marine boiler belonging to the Dampf- 
schiffahrts - Gesellschaft des Vierwaldstiitter See 
(Steamboat Company of the Lake of Lucerne), at 
Lucerne, The boiler had one furnace, a grate area 
of 1.31 square metres (14.1 square feet), a heating 
surface of 60 square metres(646 square feet), giving a 
ratio of 1: 45.8. The maximum steam pressure 
was 5 atmospheres (71 lb.), and two series of 
tests were made with each fuel, the steam produc- 
tion being regulated by an experienced stoker, by 
adjustment of the draught, so as to raise either 
17 or 23 kilogrammes of steam per square metre of 
heating surface per hour (3.5 lb. or 4.7 Ib. per 
square foot), The grate and ash-pit were cleared 
half an hour before the beginning and the end of 
the test. Six kinds of coal were experimented 
with in this series: gas-coke from Lucerne, two 
briquetted coals from the Rhine and Ruhr basins, and 
three kinds of bituminous coal from theSaar district. 
The highest thermal efficiencies of 73.7 and 70.4 
per cent. (at rapid evaporation) were realised with 
the briquettes, which contained from 16.5 to 19 
per cent., of volatile matter ; the efficiencies of the 
Saar coals were from 5.7 to 6.5 per cent. lower, 
and the coke ranged between the other two fuels. 
The loss due to unburnt gases was least in the 
case of the coke, which required a great excess 
of air, however. The Saar coal would have 
answered better if the boiler had permitted of 
providing for a more complete combustion of the 
volatile constituents, amounting to from 37 to 45 
per cent. of the combustible matter. The losses 
due to the formation of soot, and to heat conduction 
and radiation, likewise increased with the percent- 
age of volatile constituents. 

The second series was made in a double internal 
furnace boiler of Messrs. Altherr and Ziircher, at 
Speicher, in Switzerland. The boiler pressure 
could be raised to 8 atmospheres (114 lb. per square 
inch), the grate area was 2.25 square metres (24 
square feet), the heating. surface 72 square metres 
(775 square feet), the ratio 1 : 32, and the tests 
could only be continued for six hours. The fuels 
examined were a Saar coal containing 40.6 per cent., 
and a lignite from Benzberg containing 51.6 per 
cent. of volatile constituents. The residue of the 
lignite still contained 34.3 per cent. of volatile 
matter, and the grate was not really suited for 
lignite, so that the evaporation was less than 
with the coal; there was also trouble with the 
dusty ashes, which were carried into the flue. The 
general results agreed with those stated. 

In both these series the fuel was either short- 
flamed or long-flamed. The third series concerned 
medium-flame coal with a proportion of volatile 
constituents ranging from 20 to 35 per cent. burnt 
in a double-furnace boiler at Messrs. Sulzer’s 
Works at Winterthur. In this instance the soot 
was separately determined. On the other hand, 
matters were more complicated, as the boiler 
formed one of a set of three. For the first group of 
experiments the Mehl grates were left in the boiler ; 








the grate area was 1.6 square metres (17 square 
feet), the heating surface 65 square metres (700 
square feet), the ratio 1 : 39.4. The ashes and 
cinders were removed, as in the other cases, half 
an hour before the beginning of the trial, and again 
three times during the trials ; about 22 kilogrammes 
of steam were generated per square metre heating 
surface per hour (4.5 lb. per square foot). 

In the second group a new type of Nyeboe and 
Nissen under-feed grates for mechanical stoking were 
fitted into the furnaces, the air being supplied by a 
centrifugal blower. The grate area was 1.9 square 
metres (20.5 square feet), the heating surface 34.2 
times larger. The steam production could not be 
kept steady, and varied between 22 and 27 kilo- 
grammes per square metre (4.5 lb. and 5.5 lb. per 
square foot) per hour; the reason was that these 
grates had not been previously used in internal 
furnace boilers. In spite of these difficulties, the 
complete programme was carried through. 

Four kinds of coal from the Ruhr and Saar 
basins were tested, both with hand and mechanical 
stoking. The hard Ruhr coal gave the best ther- 
mal efficiency, as it did not require much excess 
of air. In the case of the Saar coal, containing - 
more gas, the loss due to unburnt gas was great, 
while the loss due to the waste hot air was small, 
an excess of air having been avoided as much as 
possible. But the soot formation was considerable 
with the latter coal, while the losses due to com- 
bustible and volatile matter left in the residue 
were fairly the same in all cases. These results 
refer to hand-stoking. As regards mechanical 
stoking, the thermal efticiencies realised were in all 
cases higher than with hand-stoking ; but the im- 
provement was again smallest with the Saar coal, 
which was rich in volatile constituents ; only the 
loss due to escaping hot gases was greater than 
with hand-stoking, because the air was supplied 
under a head of 4 in. or 5 in. of water. The 
losses due to soot, to unburnt carbon, and to 
volatile compounds in the residue and gases were 
much smaller and fairly the same for the four 
different kinds of coal. 

In his detailed report, Professor Constam draws 
attention to the results obtained by the engineers 
of Messrs. Sulzer at Winterthur in experiments 
made with a Cornish boiler. While in general 
agreeing with Professor Constam’s conclusions, 
these latter tests prove once more that the same 
doal will not answer equally well in different 
boilers. Reference is also added to other tests, 
notably to the ‘‘ Study of Four Hundred Steaming 
Tests, made at the Fuel-Testing Plant at St. Louis 
in 1904, 1905, and 1906,” by Lester P. Brecken- 
ridge. Summing up from the commercial point of 
view, Professor Constam remarks that in coun- 
tries like Switzerland and Northern Italy, in which 
coal is expensive owing to transport difficulties, 
short-flame coal of the highest calorific value, con- 
taining from 16to23 per cent. of volatile constituents, 
will prove most economical, because it does not pay 
to transport ashes and volatile matter which will 
escape unburnt. Long-flame coal will, on the other 
hand, answer in internal-fuinace boilers, if the 
steam production must occasionally be rapid. 
Otherwise long-flame coal can be recommended for 
inclined grates supplied with secondary air and for 
mechanical stokers, which are not always suitable 
in the case of caking coal. 

In the remaining part of his report Professor 
Constam explains the most careful and thorough ar- 
rangements made for his analyses of the combustion 
gases and the solid residue, and the estimation of 
the heat lost by the escaping gases, and discusses 
the methods of performing the calculations. He 
took his gas samples mostly by the Breckenridge 
method, but in some cases by the Scheurer-Kestner 
method. The gases were, after passing through a 
filter, either drawn into a gas-holder containing 
water or glycerine (of 50 per cent.), which liquids 
were discharged at a constant rate; or the flue- 
gas pipe was joined to a water-jet pump by a long 
tube, from which the tubes leading to the different 
apparatus branched off. This latter method, due 
to Bunte, was preferred by Professor Constam. But 
he also tried the other, charging the gas-holder 
either with water or with glycerine, as mentioned. 
As the water would absorb carbon dioxide, it was 
previously saturated with the combustion gases 
of the respective coal; control analyses demon- 
strated, however, that the carbon dioxide per- 
centage was found too low with this arrangement. 
The appliances joined to the tube were apparatus 
for determining the soot and the sulphur dioxide, 
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further the recording Ados apparatus (which we 
illustrated some time ago), Orsat apparatus, and 
collectors for special volumetric and gravimetric 
analyses ; the latter proved more reliable. Orsat 
apparatus are often used alone, but the report says 
they cannot suffice for the exact determination of the 
heat balance. For the soot determination the gases 
were sent through a long tube of Bohemian glass, 
partly packed with loose asbestos. The asbestos, 
with the carbon particles it retained, was after- 
wards heated with copper oxide and potassium 
dichromate to burn the carbon ; this method is due 
to Bunte, Eberle, and Zschimmer. We should 
mention that gases were also withdrawn for analysis 
from various ead immediately above the grate by 
means of Deville tubes—i.e., brass pipes provided 
with double water-jackets. 

The estimation of the heat escaping up the 
chimney is often effected merely by determining the 
percentage of carbon dioxide in the combustion 
gases and their volume and temperature. Various 
formule have been proposed for this purpose, but 
they do not consider the percentage of unburnt 
combustible gas. In his treatise on ‘‘ Fenerungs- 
untersuchung des Vereins fiir Fenerungsbetrieb 
und Rauchbekiimpfung,” published at Hamburg in 
1906, E. Haier, to whom Professor Constam re- 
peatedly refers, describes a method and formula, 
based upon accurate analyses of the gases. Pro- 
fessor Constam uses a similar formula, but he adopts 
other values for the specific heats of gases. The 
result of this discussion, into the details of which 
we cannot enter, is that, assuming a normal _- 
centage in unburnt combustible gases not exceeding 
1 per cent., the approximate estimation, based upon 
the carbon dioxide determination, may be accepted 
as sufficiently accurate for ordinary purposes. 








BOURNEMOUTH AVIATION MEETING. 

Tue first day of the International Aviation Meet- 
ing, which opened at Southbourne, near Bourne- 
mouth, on Monday last, afforded an excellent lesson 
in the great progress which has been made in flight 
during the past year, while the fatal accident which 
occurred to Mr. Rolls on the second afforded 
terrible evidence of the progress which has yet to 
be attained before flight becomes of very great 
practical service. 

If we compare the flying on Monday with that 
on any of the days of the Blackpool or Doncaster 
meetings last year, there can be no question as to 
the enormous advance made. At Blackpool, for 
instance, flight was practically confined to two 
machines, as the ‘‘ Antoinette” was unfortunately 
damaged at its first attempt, and only made two 
very short flights afterwards. For the greater part 
of the time every day there was no one in the air, 
and an attendance at the meeting involved much 
waiting, with the possibility of seeing someone fly 
after being there several hours. At Bournemouth, 
on the other hand, although it was the first day, and 
several of the machines were not ready, there were 
quite a number which flew, and there was almost 
always one in the air, and often more than one. 
At Blackpool also several machines failed to rise 
from the ground at all, while at Bournemouth it 
was a matter of course for the engine to be started, 
the machine to run a short distance, and then rise. 
In the height at which the machines flew there has 
rege been a still more extraordinary progress. 

his time last year the record for height was under 
600 ft. Now 600 ft. is quite an ordinary height to 
fly at; and in making an unofficial cross-country 
flight for his own amusement, one competitor went 
up to about double this; while in competition 
Drexel went up to nearly 2500 ft. 

On Monday the following official flights were 
made :— 

For distance prize :— 


h. ms 
Christiaens, 47 laps = 83} miles time 2 20 0 
Grahame-White, 51 laps = 904 miles 2 34 56 


Mean speed : Christiaens, 35.9 miles per hour. 
Grahame-White, 35.1 miles per hour. 


laps (8 miles 1620 yards) :— 


min. sec. min. 


Speed for five 
sec, 


Christiaens 13 32g Time fastest lap 2 38% 
Rolls .. 14 50 im aS 

» (2ndattempt) 14 39% 2 393 
Grahame- White 14 48} oS ‘ 1 le Oe 
Gibbs .. 16 21} of) aa 


40} miles an hour. Rolls made an attempt for the 
prize for slow flying, and did a lap in 4 minutes 
13 seconds = 254 miles per hour. 


In competition for the altitude prize the follow- 
ing heights were reached :— 


Ft. 
Drexel ... om a. 1950 
» (second attempt) 2490 
Grahame-White wat 3 .. 1660 
Rolls... ey 973 


The weather during the day had been excellent, 
and in the afternoon and evening was perfect, and 
many other flights were made, the aviators in some 
cases going out of the ground and across country. 
The most notable of these was by Dickson, who 
started on his Farman about 7.30 and flew across 
country to Bournemouth, about five miles off, 
returning ata height of apparently well over 1000 ft. 

On Tuesday morning the weather was not quite 
so perfect as on Monday, for there was a fresh 
easterly breeze, and no flying took place till nearly 
mid-day, when several trial flights were made and 
some attempts were made for the alighting prize. 
Audemars made a flight on his ‘‘ Demoiselle,” and 
it was certainly wonderful to see such a small and 
simple machine flying with a man on board. After 
going about half a circuit, however, the wind 
apparently forced him out of his course, and he 
alighted in a cornfield, with the result that the 
machine turned a complete somersault, and landed 
on its back, without, however, hurting the aviator. 

It was shortly after this that the fatal accident 
occurred to the Hon. C. 8. Rolls while he was 
making an attempt for the alighting prize on his 
Wright machine. This was built by the French 
Wright Company, but the tail was of their own 
design, and not that of the Wright brothers. It had 
just been sent over from France, and only recently 
fitted. Mr. Rolls was approaching the spot at 
which he intended to alight, and was gliding down 
to it when the control apparently failed, and the 
machine fell about 50 ft., killing him on the spot. 

It will probably never be quite clear in what way 
the failure took place, but there can be no doubt 
that in this case, as in several recent accidents, the 
immediate cause of the disaster was the failure of 
the machine itself. It is, of course, possible—and, 
in fact, probable—that this failure was caused by 
the aviator trying to make a very sudden change 
in his course in order to alight in the exact spot 
desired, and that this involved putting over the 
tail plane to such an angle as to bring a greater 
strain on it than it was intended to bear. What 
is certain is that the framing of the tail broke, the 
machine became uncontrollable, and fell on its head. 
The rudder was found attached to the framework 
after the accident. The accident in any case em- 
phasises the lesson that the factor of safety in the 
various parts of aeroplanes requires a great deal 
more consideration than it always gets. Itis always 
possible that aviators will put either their elevators 
or rudders hard over, and there may in practical 
flight be cases where this is absolutely necessary. 
Now no one would consider the steering-gear of a 
boat or motor-car satisfactory if simply putting 
it hard over when in motion caused it to break, and 
the reliability of these parts in aeroplanes must be 
brought up to that of other machines. It may be 
objected that this would cause extra weight, but 
it would be better for the machine to be slightly 
heavier and safe. 

That it would be quite possible to make the ma- 
chine heavier without preventing its flight is evident 
from the fact that flights have been made with a 
passenger, and, in fact, sometimes with more than 
one passenger. It is, however, true that giving 
the parts a larger factor of safety might reduce the 
weight available for engine-power or petrol, and 
consequently interfere with ‘‘ records,” and there- 
fore competitions in which making records are the 
principal point may not be altogether good for 

ractical progress. If one could have a ‘“‘ relia- 
ility trial” on the lines of the motor-car trial, it 
would probably do much more good. 

The death of Mr. Rolls will be a very great loss 
to English aviation. He was one of the pioneers 
in motoring, driving for some years as an amateur, 
though later he was intimately associated with the 





Christiaens’ speed for the fastest lap was about 


production of the Rolls-Royce car. Aviation 
| was, however, taken up entirely as a sport, and 
| not, as in many cases, as a means of making money, 
|and there can be no doubt of the value of such men 
in the progress of aviation. It was really the 
enthusiastic amateur who developed the motor-car, 
as he found its defects, and had no trade interests 
to prevent his saying what he thought. Mr. Rolls 
was generally considered a bold, but not a rash, 


| aviator, and no one who saw him rounding the 





marks on Monday could doubt his skill. It will be 
recollected by most that he is the only man to have 
made the double journey across the Channel. 

Wednesday opened brilliantly fine, but with a 
fresh breeze, which in the morning and middle of 
the day was about 15 miles an hour, but died away 
in the evening. Very little flying was done up till 
tea time, though several] of the competitors made 
short flights. Grahame White made a series of 
about a dozen flights, carrying a passenger, the 
flights being generally two circuits each, and it did 
not appear that the extra passenger made very 
much difference to the behaviour of the machine. 
Several of the passengers were ladies. Morane 
brought out his 60-horse-power Blériot, which in 
many ways certainly impresses one more than 
any of the other machines which have flown. The 
speed at which it flies, the rapidity with which it 
rises in the air, and the manner in which it takes the 
corners are all remarkable. Later in the evening 
Morane made an attempt for the height prize, 
reaching 4100 ft., at which his machine looked a 
— in the sky. He reached this height in 
slightly over a quarter of an hour, and made a 
splendid glide down. 

Morane also made an attempt for the speed 
prize, doing 5 laps in 9 minutes 342 seconds ; fastest 
ap 1 minute 532 seconds = 56.7 miles per hour. 
Audemars also made an attempt for the speed 
prize, and did a lap in 2 minutes 24? seconds = 44.5 
miles per hour, but did not finish his 5 laps. 

Dickson did a lap for the slow-flying prize in 
3 minutes 12 seconds = 35.4 miles per hour. 

The various accidents which have occurred re- 
cently to aeroplanes raise the whole question of 
whether the construction of the wings is such as to 
give the requisite margin of safety to ensure their 
not breaking under the loads which are likely to 
come upon them in use. Up till recently the fatal 
accidents had all occurred in connection with bi- 
planes, and there was never any suggestion that the 
cause of the accident was want of strength in the 
main wings. Lately, however, several accidents 
have occurred to monoplanes, in which there is good 
reason to think that the cause of the accident was 
the collapse of the wings in mid-air and of the con- 
sequent fall of the machine. It is, of course, very 
difficult in the case of aeroplane accidents to ascer- 
tain which part broke first, for the fabric is generally 
so utterly smashed by contact with the ground that 
no details of the first breakage can be seen. 
Further, the aviator, who is the only man who can 
tell accurately what happened, is generally killed, 
so that the only information available is what can 
be seen of the fall while the machine is in the air, 
and accidents occur so suddenly that different 
people do not always get the same impression of 
the sequence of events. There seems, however, 
little doubt that in several cases the wings collapsed 
in some way while the machine was flying, and that 
it fellin consequence. This feature is so important 
that it is worth while considering the whole matter 
of the strength of the main planes. 

In the case of a biplane the framing of the main 
wings usually consists of four longitudinals running 
the whole length of the wings, and these are braced 
together, both vertically and horizontally, with 
numerous cross-struts and wire diagonals, so as to 
give them very great strength, both vertically and 
horizontally. In fact, if one works out the stresses 
on the diagonal wires, it is found to be very much 
below that usual in ordinary engineering work, and 
the wires are so numerous that, even if one of them 
breaks from vibration, the extra stress thrown on 
the adjacent ones will not bring the load up to the 
ordinary stresses allowed in girder work. The 
horizontal strength is also practically equal to the 
vertical, as the trussing is generally of the same 
character. 

When we come to the monoplane, however, we 
find that the trussing is of a much simpler character, 
and, further, that there is often no horizontal 
trussing at all. Figs. 1 and 2 show the front 
view and plan of the framing of an ordinary mono- 
plane. It will be seen that the vertical strength 
of the main plane is entirely dependent on the 
stays, Prescot 2 four each side, which go to the 
bottom of the strut under the backbone. Should 
one of these break, the probability is that the 
wing will collapse with disastrous results. In our 
issue of November 5, 1909, we referred to the fact 
that these stays are often single parts of steel wire or 
ribbon, and that this is a material which has not 
been found sufficiently reliable for use as supports 
to the masts of small sailing boats, where wire-rope 
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is always preferred, on account of the warning it 
gives before breakage. Wires in tension driven 
fast through the air are liable to vibrate in such a 
way as to deteriorate the metal, and it appears 
therefore that to trust to single strands is exceed- 
ingly risky; there is not this objection to the 
single wires on the biplane, as these are so numerous 
that one of them breaking should not endanger the 
structure. The risk in the monoplane could be 
avoided either by using wire-rope with a large 
margin of safety, or by having such a number of 
stays that a single one breaking will not endanger 
the whole structure. 

A much greater defect in the wings of many of 
the monoplanes, however, appears to be the lack 
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of horizontal strength. It is, no doubt, assumed 
that the weight of the machine rests on the wings, 
and that this is the main stress to be provided for. 
This is no doubt true, but a careful consideration of 
the horizontal stresses will show that these are much 
vreater than might at first sight appear. When 
tiying horizontally the horizontal stress cannot, of 
course, exceed the thrust of the propeller, and must 
in practice be considerably less than this, as part of 
that thrust is spent in overcoming the resistance of 
the body of the machine, the tail, &. The ratio 
of lifting power to horizontal stress will vary con- 
siderably in different machines with the efficiency 
f the planes, but even with the machine flying 
horizontally the horizontal stress will probably be in 
‘he neighbourhood of 10 per cent. of the vertical. 

_ It om, however, that there are circumstances 
in which the horizontal stress may be very much 
greater than this, for it increases with the — of 
the aeroplane through the air, and this may be very 
much greater when descending than when flying 
level. The wings contribute the greater part of the 
air resistance, and therefore, if the aeroplane is 





descending, it will accelerate till the horizontal stress 
on the wings balances the acceleration due to gravity. 
Thus, if the aeroplane descends at a slope of one 
in five, the horizontal pressure on the planes may 
be approximately 20 per cent. of the weight of the 
machine. If the engine is kept running, it will 
be more than this by the amount of the propeller 
thrust. It is quite clear, therefore, that circum- 
stances might arise in which the horizontal stress 
would be some 25 per cent. of the vertical. 

Now, if we examine the framework of many of 
the monoplanes, we find that the horizontal strength 
of the wings is nothing like 25 per cent. of the 
vertical ; in fact, it is often probably under 5 per 
cent. The framework of the wing consists of two 
longitudinals, and numerous cross-battens carrying 
the fabric. The longitudinals are the only part 
fixed to the backbone, and therefore take practically 
the whole stress. These longitudinals are generally 
made very deep in proportion to their height, and 
ere often channelled on the sides to make them 
into I-section girders. It is obvious, therefore, 
that their horizontal strength is very small indeed 
compared with the vertical. True, the numerous 
cross-battens stiffen the wing perceptibly, but the 
extent to which this is the case can hardly be calcu- 
lated ; and as they are often only about ? in. by 
} in., and fastened with very small nails, they 
cannot be relied on to any great extent. It seems, 
therefore, that either the wings should have diagonal 
bracing or should have stays in front corresponding 
to those down below. Wherethe backbone projects 
a long way in front of the wings, the latter method 
might be the simpler, as at A A, Fig. 3. Alterna- 
tively, diagonal wires may be run in the wings, as at 
BB, Fig. 4; and this is sometimes done—e.g., in 
the ‘* Demoiselle.” Another plan might be to make 
the battens themselves a diagonal trussing by 
having them at an angle to the main span, and 
making those on the top slope one way and those 
at the bottom cross them. This might, however, 
introduce difficulties in making the surface smooth 
enough. 

That the question of speed in descent is a matter 
for which provision should be made is shown by the 
fatal accident at Rheims. In our issue of March 25, 
1910, we referred to the fact that the speed in this 
case would be higher than when fiying level, and 
that in some cases the horizontal strength of the 
wings appeared to provide a very small margin for 
this increased stress, and the accidents seem to 
have happened exactly as suggested, for, in each 
case, when rapidly descending from a height the 
wings po a 

It may be said that when descending the engine 
should be stopped and the descent made at a speed 
not exceeding that which can be maintained on the 
level ; but it is hardly practicable to stick to this, 
and if the aeroplane is to be of any practical use, it 
must be made to stand any reasonable usage to 
which it is likely to be subjected. Bicycles and 
motor-cars are often run down hill, or before a wind, 
at speeds far higher than could be maintained on 
the flat, and it is quite certain that a machine which 
is unsafe under these circumstances is not fit for 
ordinary work. Most men run down a hill as fast 
as they can without losing control of the machine, 
and aviators will doubtless do the same. The 
machines must, therefore, be made to stand the 
stresses set up under these conditions. 








NOTES. 
A Curious Point apout TENDERS. 

In tendering for works which are to be carried 
out for a local authority it behoves the contractor 
to make himself familiar with the terms of the 
contract which he may have to sign. Such a con- 
tract may contain onerous conditions which are 
more easily objected to before than after the 
execution of the document. In a recent case heard 
in the King’s Bench Division a firm of contractors 
sent in a tender for the construction of reservoirs 
for a corporation, the contract price being 18,7001. 
The tenderers were bound to deposit 100/. The 
tender having been accepted, the contractors found 
that some of the clauses in the contract were so 
onerous that they dare not proceed. Amongst 
other things it was provided that the engineer 
should be sole arbitrator, and that the guarantors 
should be responsible for any default on the 
part of the engineer. The guarantors refused 
to accept the latter condition. In these cir- 


cumstances the contractors sought to recover 





It was proved that when 


the deposit by action. 





they sent a member of their firm to see the plans 
and specifications he did not read the centract con- 
ditions, giving as a reason that, although he had 
found onerous conditions in other municipal con- 
tracts, he had experienced no difficulty in getting 
them modified. It was also proved that when the 
assistant engineer to the Corporation was asked 
if there was anything unusual in the provisions of 
the contract he had replied in the negative. In the 
result, Mr. Justice Channell gave judgment for 
the amount claimed, with costs, expressing the 
opinion that the conditions objected to were unusual, 
and that the tenderers should have been so in- 
formed. Having regard to the special facts upon 
which this case turned, it would be unsafe for the 
contractor to rely upon it as an authority for the 
SS that he can repudiate a contract ‘if 

e finds on perusal that it contains conditions of an 
onerous or an unusual character. Ignorance of a 
contractor in making his tender will not avail to 
relieve him from liability to complete his contract. 
If he does not choose to read the contract and 
master its terms, that is his look-out. It is an old 
maxim that ‘‘ Ignorantia legis non excusat,” and the 
only reason why the contractor escaped in the above 
case was that the Judge was satisfied that the 
contractor was misled by a representation made by 
the engineer to the Corporation. 


Tue INFLUENCE OF Soprum SALtTs IN THE 
Borer. 


Although the days have ed when flitches of 
spoiled bacon—bones and all—the carcases of pigs, 
dogs, rabbits, and other animals were put into 
steam boilers with the idea of stopping corrosion, 
and although the belief in such remedies is now 
numbered among the superstitions, there yet 
remain some erroneous ideas as to the cause of 
certain effects noticeable in connection with boilers. 
One of these is that foaming, which takes place under 
certain conditions, and which is, of course, closely 
connected with priming, is directly caused by sodium 
salts in the boiler. Now sodium salts being soluble 
under all conditions in the boiler, are not objection- 
able unless, owing to concentration, they are present 
in very large quantities ; that is to say, they are not 
objectionable in themselves, as sodium salts. In con- 
junction with other substances, however, they may 
cause trouble, but this must be put down to the other 
substances, which ought to be removed as much as 
possible. The sodium compound that is looked 
upon with the greatest suspicion appears to be 
sodium carbonate (sodaash). It has been noticed 
that foaming and priming sometimes occur in boilers 
as soon as water which has been softened with lime 
and soda ash, or with caustic soda, is used, and it 
has been thought that the soda treatment was the 
sole cause of the trouble. Experiments, however, 
show that the soda itself is not responsible, and 
the impurities in the old scale or substances intro- 
duced into the feed-water by exhaust steam, must be 
looked upon as the cause. The design of the boiler, 
too, may have an influence, the proportion of the 
water space and the steam space, as well as improper 
firing. Impurities in the water may, in conjunction 
with sodium salts, cause priming when the salts are 
concentrated ; but it is now pretty clearly estab- 
lished that the sodium salts alone will not do this. 
Evidence to this effect is given by Mr. J. C. 
William Greth, assistant engineer, Pittsburg and 
Lake Erie Railroad Company, in a recent number 
of the Proceedings of the Engineers’ Society of 
Western Pennsylvania, instance being given of a 
properly treated and purified water in which 
sodium sulphate, sodium chloride, sodium nitrate, 
and sodium carbonate totalled 100 grains per 
gallon, with sludge-forming substances less than 
3 grains per gallon, and no scale-forming substances 
present. nder these conditions no foaming or 
priming occurred. If, however, such a water is 
fed into a boiler that is much scaled, the scale 
begins to come off the plates and to disin te, 
and while this is taking place foaming occurs. When 
the boiler becomes clean, however, no more trouble 
is experienced. This and other tests have shown 
that the sodium salts in themselves do not cause 
priming. The concentration of the sodium salts 
must, of course, be kept in check by regular blow- 
ing out. 

THe Rewarp or Lapour. 

There is a certain class of people always to be found 
preaching that labour does not get its fair share of 
the profits made by the joint efforts of itself and 
capital, though how they can do so in face of the 
published balance-sheets of limited companies is 
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hard to understand. It is very unusual for an | still great quantities of timber required for trestling 
industrial company to pay 6 per cent. on the whole | and temporary work, in which 12-in. by 12-in. piles 
of its capital over an average of years, and there | are necessary in great numbers, as well as stringers 
are many that pay much less. A striking light | 16 in. by 8 in. in cross-section and 30 ft. in length. 
was thrown on this question at the meeting of the | As recently as ten years ago white-pine stringers 
Ebbw Vale Steel, Iron, and Coal Company, | could be procured without difficulty, while now 
Limited, held on the 2lst ult. The chairman,|the problem is no easy one. In the place of 
Mr. Joseph Brailsford, stated that he had made white pine, Oregon pine and yellow pine have 
an analysis of the figures of the company’s ex-|to be used, and the price of these has risen. 
perience for the past ten years, in relation to the In fact, the use of timber has reached a point at 
collieries. The total amount paid for labour for | which the employment of more expensive materials 
the year ended March, 1900, was 50 per cent. of the | still, though more permanent, has to be seriously 
realised price of the whole of the company’s coal| considered. Again, the problem of the supply of 
for that year, valued, we suppose, at the | oa is one to cause the railway companies no 
mouth. For the year ended March, 1905, the small anxiety ; for, after all, it is in this direction 
labour cost had increased to 63.50 per cent., the | that the great bulk of the lumber passes. The pro- 
realised price being practically the same. For the |curement of 150,000,000 sleepers every year, to 
past year the total labour cost had been 77.60 per | keep the railroads of the country in a safe condition, 
cent., leaving only 22.40 per cent. of the selling | is in itself a task likely to keep the permanent-way 
value of the coal to cover rent, royalties, rates and | departments from lack of occupation, and there does 
taxes, pumping, plant, equipment, appliances, | not appear to be any certainty felt with regard to the 
stores of all kinds, fuel, and all general charges, as | ultimate solution of the problem. Many substi- 


well as depreciation and management charges, | tutes have, of course, been tried, but it does not | j 


interest on capital, and profits. The depreciation has | seem that at present anything so satisfactory as the 
to include the amortisation on the cost of sinking on | white oak sleeper has been found, and this will, no 


a thirty or forty years’ lease. These figures appear 
to be high, possibly due to some special circum- 
stances connected with the collieries of the Ebbw 
Vale Company. A more usual estimate in South 
Wales puts the wages at from 60 to 65 per cent. of 
the total cost of getting the coal and putting it into 
wagons. Whichever figures we adopt, it would 
appear that we are allies the best coal in the 
world—some of it absolutely essential for certain 
purposes—at a price which is only from one-third 
to one-half in addition to the money paid to the 
men for getting it. If we take the price of the coal 
as lls. 3d. per ton, the wages amount to 7s. 4d. 
according to the usual calculation, and to 8s. 9d. 
according to Mr. Brailsford. We hear a great deal 
of the burden of mining royalties, and lately a 
special tax has been levied on these as being of the 
nature of unearned increment. It is clear, however, 
that they can be but avery small proportion of the 
selling value of the coal, or else many mines must 
be closed down. The wonder is that they keep 
going, and the fact is a marvellous testimony of 
the great skill and enterprise of those that manage 
them. What would the result be if the mines were 
nationalised / He would be an optimistic Socialist 
who would aver that wages would remain at the 
present point. In spite, however, of this liberal 
reward of labour, the Legislature recently passed 
the Mines Eight Hours Act, interfering with the 
freedom of contract between two bodies of able 
and astute men, and causing very considerable loss 
to both. Surely these figures will open the eyes of 
many who allow their sentimentality to obscure 
their reason. 


Growrne Scarcity oF TIMBER IN THE UNITED 
STATES. 


The growing scarcity of industrial timbers does 
not appear to be confined to any particular part of 
the world, though, of course, it is felt more acutely 
in some countries than in others. In all civilised 
lands the complaint appears to be the same—that 
such timber is every year becoming more difficult 


to obtain—at any rate, in sizes at one time common | 


—and that the price keeps steadily rising. If there 
is one country where, on first thoughts, - we 
would expect to find a plentiful supply of timber, 
it is the United States of America. But from 
there the same story reaches us, and, on considera- 
tion, we are compelled to recognise that, even of 
Nature’s most bountiful stores, the supply is not 
inexhaustible. We also know that in the States the 
industrial demand is enormous, a demand which 
even the vast forest areas that at one time 
existed cannot indefinitely withstand; the drain 
upon them is too great. According to Mr. E. 
F. Wendt, of the Pittsburgand Lake Erie Rail- 
way Company, the shortage is particularly felt 
by the railroad companies. In nearly all branches 
of railway construction timber may be said to be 
an absolute necessity, however {much progressive 
methods may have brought to the front other 
materials, such as steel, reinforced concrete, &c. 
It is not so much that timber, of a kind, cannot 
be procured, as that the supply of a satisfactory 
quality is shrinking, compelling the use of lower 
grades, which, at one time, would not have 
been looked at. Although steel has almost entirely 
replaced wood for bridge construction, and con- 
crete has firmly established itself, there are 


| doubt, still be used so long as it can be procured at 
a reasonable cost—say at about one dollar per 
sleeper. Mr. Wendt states that in his experience 
the average life of a white oak sleeper on a track 
is 12} years, which means a renewal of 8 per 
cent. annually. In some parts of the country, 
however, white oak cannot be obtained, and 
the average life of other oak is five years, or 
a renewal of 20 per cent. annually. Steel as well 
as reinforced-concrete sleepers have been tried, 
but these have not found much favour, except 
on unimportant tracks, experience with them 
having shown that, in main tracks, where the 
speed ranges from 60 to 80 miles per hour, the use 
of the white oak sleeper is likely to continue for 
many years. The most hopeful outlook appears 
to be in the direction of artificial preservatives 
applied to the wood, and there seems little doubt 
that these will have to be adopted more generally 
than is now the case. Before very many years the 
matter will become so serious that the railroad 
engineers of the States will be compelled by an 
ever-increasing maintenance cost artificially to 
lengthen the time that their sleepers can safely 
remain in the tracks. 








American Rowuine-Stock.—The floating of a large 
equipment loan by the New York Central Railroad Com- 
pany will be followed yp! important orders for locomotives, 
carriages, and trucks. The issue, in fact, guarantees orders 
for ng locomotives, 105 passenger carriages, and 20,850 
trucks. 





ImpgeRIAL Russian TecunicaL Socrety.—The Inter- 
national Exhibition of Electricity as Applied to the 
Railways, which was to be opened in St. Petersburg in 
August, 1910, is postponed until April 15, 1911, in order 
to make it correspond ' with the seventy-fifth anniversary 
of the Russian railways. The programme of the Exhibi- 
tion, and the rules for exhibitors, remain unaltered. 
nee can be sent in up to Februry 15/28, 1911; 
exhibits will be accepted from March 15/28 to April 10/23, 
1911 ; the Exhibition opens on April 15/28, and closes on 
| July 15/28, 1911. 








PrrsonaLt.—The Ferguson’s Superheater Company, 
11, Queen Victoria-street, E.C., state that the agreement 
| under which Messrs. James Gordon and Co., 81, Knight- 
| rider-street, E.C., acted as selling agents for the Fergu- 
| son patent sectional steam superheater has expired, and 
| arrangements have been made for all future business to 
| be carried on at the a address.—The Phenix 
| Bridge Company, 410, Walnut-street, Philadelphia, Pa., 
| announce that Nir. N. R. McLure, lately assistant engi- 
/neer at Phoenixville, is now their resident engineer at 
| 527, Pierce Building, St. Louis, in charge of their western 
| business, taking the place of Mr. O. J. West, Chicago, 
| who has resigned to take up other work. Mr. McLure 

also represents the Phonix Iron Company.—Owing to 
the rapid increase in their business as lift-manufacturers, 
Messrs. Smith, Major, and Stevens, Limited, have been 
compelled to provide new works, which are now in course 
of erection at Northampton, and which, it is hoped, will 
be ready for occupation in the autumn.—We are requested 
by the Humboldt Engineering Works Company, of 
Cologne, Kalk, to state that, for the convenience of their 
British customers, they have established a British com- 
ny in London under the name of the British Humboldt 
ingineering Company, Limited, with registered offices at 
their former address—Dixon House, Lloyd’s-avenue, 
E.C., Mr. W. Hasendahl having been appointed secre- 
tary.— Messrs. W. F. Dennisand Co., 49, Queen Victoria- 
street, E.C., have been appointed sole agents in the 
United Kingdom for the Karlsbader Kaolin Industrie 
Gesellschaft, Merkelsgriin, Austria, manufacturers of 
porcelain insulators and other porcelain goods for elec- 
. trical purposes. 


THE LATE MR. PATRICK WALTER MEIK. 


THE announcement of the death of Mr. Patrick Walter 
Meik, which occurred on the 12th inst., will be received 
with general regret in the engineering world. The 
great majority of those concerned with railway, dock, 
or harbour works were acquainted with Mr. Meik, at 
least by name, as, in the last two branches in par- 
ticular, he was connected with some of the most 
important works in the world. His death at the com- 
paratively early age of tifty-nine removes an engineer 
who had carried out much sound work, with which his 
name may well be associated for many years to come. 

Patrick Walter Meik received his early technical 
training at the Engineering School, Edinburgh, and 
was in 1867 articled to his father Mr. Thomas Meik, 
M. Inst. C.E., engineer to the River Wear Commis- 
sioners. After serving 34 years he, in 1871, went to 
John Aird and Sons to complete his pupilage, and was 
ae on various works the firm were carrying out, 
including the East London Water Works at Sunbury, 
and the Imperial Gas Works at Bromley. From 1873 
to 1875 he acted as resident engineer to the Burnt- 
island Dock Works, and at the beginning of 1876 
joined his father as a consulting civil engineer in 
Edinburgh and Newcastle-on-Tyne. While in partner- 
ship with his father he brought the Burntisland 
works to a successful completion, and also superin- 
tended the construction of the Harbour Extension and 
Dock Works at Ayr, the Bedlington Water Works, 
and the New Piers and Harbour Works at Bo'ness. 
He also, in conjunction with his father, designed 
extensive harbour works for the Peterhead Trustees, 
and was connected with many railway and harbour 
improvement schemes or extensions in England and 
Scotland. 

From 1882 to 1885 Mr. Meik acted as resident engi- 
neer on the Forth Bridge under Sir John Fowler and 
Benjamin Baker, and in the latter year started in 
practice as a civil and consulting engineer in West- 
minster. In 1894 he took in partnership his brother, Mr. 
Charles Scott Meik, who had previously been in Japan. 
From Westminster Mr. P. W. Meik, either alone 
or, later, in conjunction with his brother, carried out 
many extensive railway and harbour works, including 
a second new dock at Burntisland and various branch 
railways in Scotland, such as the Forfar and Brechin, 
the East Fife Central, and the Newburgh and North 
Fife, in the latter case acting in conjunction with Mr. 
Walter Beer, M. Inst.C.E. He also, acting with Mr. 
H. H. Wake, M. Inst. C.E., carried out the new 
harbour and dock works at Seaham, Durham. From 
1895 to 1906 the firm of Messrs. P. W. and C. 3. 
Meik, in conjunction with Mr. Forster Brown, of 
Cardiff, undertook extensive dock and railway works 
at Port Talbot for the Port Talbot Railway and Dock 
Company ; while quite recently they, acting with Mr. 
A. O. Schenk, M. Inst. C.E., carried out the design 
and construction of the new King’s Dock at Swansea, 
which cost a total of some 2,000,000/. The firm were 
consulting engineers for a large number of dock and 
harbour authorities, notably the Calcutta Port Com- 
missioners and the Rangoon Port Commissioners. In 
the case of Rangoon they were consulted in connection 
with the large new harbour and river training works, 
which are being carried out largely to the design of the 
chairman of the Commissioners, Mr. G. C. Buchanan, 
M. Inst. C.E. They were also consulted in connection 
with the Singapore Dock Arbitration. 





**NespRuM” Water-TusE BoILERS AND THE AD- 
MIRALTY. — Messrs. Richardsons, Westgarth, and Co., 
Limited, Middlesbrough, inform us that they have re- 
cently received an intimation from the Secretary of the 
Admiralty stating that their name had been placed on 
the Admiralty list of approved water-tube boiler makers. 
Before coming to this decision, Messrs. Richardsons, 
Westgarth, and Co.’s ‘‘ Nesdrum” vertical-tube boilers 
were most carefully examined by Admiralty inspectors. 





Tae Boroven Potytecanic Instiruts.—The origin 
and development of this institution are recorded in a 
volume that will be studied with interest, not only by all 
in any way connected with this Polytechnic, but also by 
those engaged in similar educational work elsewhere. 
The book, which has been compiled by Mr. Edric Bayley, 
for many years chairman of the governing body, sets out 
in chronological order the principal events in the history 
of the Institute, and also deals with its work and that of 
its branch institutions. Tlie financial side of the work is 
also fully dealt with, and in this connection it is interest- 
ing to note that private generosity has greatly augmented 
municipal aid. Opened in 1892, the Borough Polytechnic 
has shown since that time a steady development, the fees 
received from day and evening students for the year 1909 
being more than seven times as great as in the opening 
year. The Institution conducts a large number of trade 
classes for day and evening students in engineering and 
building construction work, printing, bookbinding, leather 
manufacture, bakery and confectionery, &c., and the 
volume contains a long list of honours gained by students 
in these and other subjects. The book, which contains 
numerous illustrations of the workshops, laboratories, and 
social rooms, is published at a price of 6s. by Mr. Elliot 





Stock, 62, Paternoster-row, E.C. 
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SOME RECENT PATENT CASES. 


A cuRIOUS point recently arose as to the measure of 
damages in an action for the infringement of a patent. 
The plaintiffs were the owners of a patent for *‘improve- 
ments in machines for inserting metallic fastenings in 
boots, shoes, and leather work.” The defendants pur- 
chased and used a machine which, in an action for in- 
fringement, was held to be an infringement, and an 
inquiry ,was ordered as to dam At this inquiry the 
defendants pointed out that in no circumstances would 
they have acquired the plaintiff's machine. Consequently 
only one farthing was awarded by way of damages. Tt 
was held on appeal, however, that it must be inferred 
against the defendants as wrongdoers that they would have 
taken the machine, so damages to the extent of 40/. were 
awarded against them. (British United Shoe Machinery 
Company v. Russell and Sons, 1910, R.P.C., 205). y 

An example of the application of the maxim tgnorantia 
legis non excusat is afforded by a case in which a patentee 
omitted to pay hisrenewal fee. Section 20 of the Patentsand 
Designs Act, 1907, provides that while a patent becomes 
void owing to non-payment of renewal fees, application 
may be made to the Comptroller-General, who may grant 
relief if he is satisfied that ‘‘the omission was uninten- 
tional.” In the case in question, the patentee decided 
not to pay the fee or keep the patent alive, because he 
was under the impression that a patent for such improve- 
ments would cover and protect the earlier invention. He 
only. discovered his mistake when the office cited his 
earlier patent as an anticipation of the invention as 
applied for. The Comptroller said he could not accept 
this plea. He said: ‘‘It is obvious that such a plea 
might be set up in every case, and it would be difficult to 
test the truth. The ordinary rule of law is that a man 
must be taken to intend the necessary consequence of 
his acts, and the necessary consequence of the dropping 
of a patent is the lapse of monopoly rights.” 

The case of the Saccharin Corporation, Limited, v. The 
National Saccharin Company, Limited (27 R.P.C., 354), 
affords an example of a difficulty which may be set those 
who desire to rely (in legal proceedings) on the fact that 
a particular patent is carried on exclusively or mainly 
outside the United Kingdom. In an action for infringe- 
ment of certain patents for the manufacture of saccharin, 
the defence was raised that the patents were liable to be 
revoked under Sections 25 and 27 of the Act of 1907, 
on the ground that the patented articles and processes 
were manufactured and carried on exclusively or mainly 
outside the United Kingdom. The defendants were 
called upon to give particulars showing where and by 
whom the said processes had been carried on, and where 
and from whom the imported commodity had been 
obtained. The particulars given alleged manufacture on 
the Continent by the plaintiffs or other persons who 
manfactured for or sold to the plaintiffs, and by named 
persons, and ‘‘ by the persons who are the manufacturers 
of the saccharin referred to. . .” in an official annual state- 
ment, ‘‘the names of such persons and their places of manu- 
facture being unknown to the defendants.” These parti- 
culars were held to amount merely to a general statement 
that all the saccharin imported into the United Kingdom 
was saccharin manufactured exclusively on the Continent, 
and was manufactured for and sold to the plaintiffs. 
They were therefore held to be insufficient. 

The result of such a finding would generally be to cause 
wis particular defence to be struck out. 

Where the validity of a patent is called in question in 
legal proceedings, and the patent is declared to have 
been infringed, the patentee is usually able to get from 
the Court a certificate of validity which gives a hall- 
mark to his patent. But it is obvious that if it were a 
universal rule always to give a certificate in such circum- 
stances, the door might be open to fraud. In a recent 
case where a claim was made for an injunction and other 
usual relief for infringement of the plaintiff's Letters 
Patent, which was for improvements in speaking-tubes 
or ae oy, the defendant did not appear at the hear- 
ing. The Court granted an injunction, and ordered an 
inguiry as to damages. The plaintiff's counsel then 
applied for a certificate of the validity of the patent, but 
Mr. Justice Eve refused it, saying that to grant such an 
applieation would open the door to collusive actions 
(Gall v. O'Neill, 27 R.P.C., 18). 

Another case affords an illustration of the fact that the 
Patent Office is itself in a position to exercise a very con- 
siderable influence—through the medium of its own 
officials—on the grant of a patent. In Hughes and Ken- 
naugh’s Application (1910), 27 R.P.C., 281, a patent was 

)pposed on the ground that the invention had been 
patented on an application of prior date. At the hearing 
before the Comptroller, the examiner directed the Comp- 
troller’s attention to Moore’s specification, which was 
not mentioned by the opponent. In his decision, the 
Comptroller held that, upon the specification cited by the 
opponent, it might not have been possible for him to take 
the extreme step of refusing the grant of a patent, but 
that he had come clearly to the conclusion that it was his 
duty to refuse the grant on the ground that the applicant’s 
invention had been paten on Moore’s application. 
With regard to the inadmissibility of Moore’s specifica- 
tion, the Comptroller said : ~The Act of 1907, in my 
opinion, has put upon the Office the responsibility of 
making a search as to the novelty of any invention sought 
to be patented, and I think it is, therefore, my duty in 
the public interest to take every possible step to see that 
no omission has been made in this respect, and that no 
patent is granted which, in my view, ought not to have 
een allowed to proceed in the early stages. I think, 
therefore, that when an opposition is entered under 
Section 2, I ought to review the whole question of the 
novelty of an invention in the light of any prior specifica- 
tions which are brought to my notice by whatever means, 








and even though they may be cited not by the opponent, 
but by the Office itself.” 

An illustration of the fact that the specification must 
not include more than one invention is afforded by the 
case of Z’s application (27 P.O.R., 285). There an appli- 
cation was made for a patent for automatic gas-operated 
machine-guns, with separate claims for special construc- 
tion of several well-known features in each gun. It was 
held by the Comptroller-General that the specification 
comprised more than one invention, and that there should 
be two patents. The applicant appealed to the Law 
Officer. The appeal was dismissed, and in giving his 
judgment the Solicitor-General said :—‘‘ In this case the 
whole of the matters comprised in the specification relate 
to automatic machine-guns. The applicant limited all 
the claims to gas-operated machine-guns, but the Comp- 
troller points out that parts of the apparatus, — 
limited in this way in the claims, are not so limited in the 
application, and could be equally well used in any auto- 
matic machine-guns. In my judgment, this limitation of 
the claims does not conclude the question. The fact that 
all the matters in the specification are applicable to or 
form part of a gas-operated machine-gun which is an 
‘existing machine’ within Rule 13 (I) is not sufficient in 
itself to make them one invention. think the Comp- 
troller exercised his discretion quite reasonably in decid- 
ing that the firing mechanism is a distinct matter from 
the gas-operated piston and cylinder, and that there are 
more inventions than one, and that there should be two 
patents.” 

Applications for extensions of patents are now made 
to the Chancery Division instead of to the Privy Council. 
The first requirement made of an 2 is that he 
shall have kept an accurate record of his dealings with 
the patent. As Lord Chelmsford said in the Betts case 
(I. Moo. P.C., 49):—‘‘There can be no difficulty in a 

tentee beginning from the first to keep a patent account 

istinct and separate from any other businesses in which 
he may happen to be ony He knows perfectly well 
that, if his invention is of public utility, and he has not 
been adequately remunerated, he will have a claim for an 
extension of the original term of his patent. It is not, 
therefore, too much to expect that he should be prepared, 
when the necessity arises, to give the clearest evidence of 
everything which has been paid and received on account 
of the patent.” 

In Lawrence’s Patent (27 P.O.R., 252), which was 
recently heard in Scotland, it appeared that in 1896 a 
patent was granted to two gentlemen for improvements 
in milking apparatus. They presented a petition for an 
extension of the term thereof. It wes held that extension 
should be refused on the ground that the petitioners had 
inexcusably failed in their obligation to keep a complete 
and proper record of their transactions connected with 
the patent ; that the account produced was to a material 
extent founded on unreliable conjecture; and that, so far as 
the petitioners had kept a record of their transactions, the 
account produced was in material respects disconform 
to it. 

A point of some mectent to American patentees was 
decided by the English Solicitor-General in Scott’s appli- 
cation—(1910)29 Reports of English Patent Cases. It 
appeared that a convention application for a patent was 
made on June 17, 1909, by Robert Walter Scott. His 
American patent was dated September 21, 1908. The 
applicant applied to have his patent dated September 28, 
1908. This was refused by the Supervising Examiner, 
acting for the Comptroller-General. His decision was as 
follows :—‘‘ With reference to your application numbered 
as above, and to the hearing at this office on the Ist inst., 
I have to inform you that, if this application is to pro- 
ceed as one made under the International Convention, 
I am of opinion that the patent, if granted, cannot bear 
any other date than September 21, 1908. It is open 
to you to abandon the privileges of the International 
Convention, and the application can then proceed as an 
ordinary one.” The NSolicitor-General, who heard the 
case on appeal, dismissed it, pointing out that there is 
a specific enactment that the patent, if it is applied 
for under the International Convention in accordance 
with Section 91, must bear the same date as the date of 
the application in the foreign State. 

The House of Lords, on July 1, 1910, without hearing 
the respondents’ case, dismi with costs an karst | 
Messrs. J. Stone and Co., Limited, engineers, Deptford, 
against Messrs. John Broadfoot and Sons, Limited, engi- 
neers, James-street, Whiteinch. The action was brought 
by the appellants to restrain the respondents from infring- 
ing Letters Patent fcr invention of improvements in side- 
lights or windows for ships or other structures. The 
respondents denied infringement, and alleged that the 
Letters Patent were invalid. The Lord Ordinary held 
that the Letters Patent were valid, and that the inventions 
claimed were new, but that the respondents’ mechanism 
did not infringe either of the appellants’ Letters Patent. 
This view was upheld by the Lower House. The Lord 
Chancellor, Lords Macnaghten, James, Dunedin, and 
Shaw concurred in dismissing the appeal. 





Str AnpREw Nosir.—At a special meeting of the 
Newcastle City Council, on Monday last, the 11th inst., 
the Lord Mayor (Sir W. H. Stephenson) moved a resolu- 
tion conferring the poneteay freedom of the city upon 
Sir Andrew Noble, Bart., K.C.B., in recognition of his 
distinguished services in the cause of science during his 
fifty years’ association with the city. Sir William added 
that he hoped later to have a fuller opportunity of 
referring to the services of Sir Andrew Noble, who was 
not only of local, but also of Imperial and cosmopolitan 
reputation. The Sheriff seconded the motion, which was 
unanimously to, a committee being appointed to 
make the necessary arrangements. 








WORKMEN’S COMPENSATION CASES. 
County Court. 


When Incapacity is Prolonged by a Natural Discase 
Supervening.—The case of Smith v. Stoll Brothers, at Bury 
County Court, on June 20, raised a novel point in compen- 
sation law, which is of some importance, and has never, till 
now, we believe, been before the courts. The applicant, 
a painter, had suffered from lead-poisoning at his work, 
and the employers had made an ment on January 12, 
1910, to pay him half enc | 9 10d. a week. While 
still unable to follow his work, a disease called leucothie- 
mia overtook the unlucky workman, but it arose from a 
natural cause, and, according to medical evidence, was in 
no way connected with the original cause of incapacity, 
for which the workman was receiving compensation. The 
gee ng of the employers was for the termination of 
the weekly payments, and the workman contended that 
at the date of the application he was still suffering from 
the effects of lead-poisoning, which were enough, apart 
from the disease that had supervened, to account for his 
continued incapacity. The question for the arbitrator 
was shortly this :—If, whilst a workman is incapacitated 
and is receiving compensation, a natural disease super- 
venes, which in itself is enough to prolong the incapacity, 
should the compensation for the effects of the accident 
continued ? The point was settled by the judge in favour 
of the workman, and it may be said such decision is 
based on the Act itself, which provides that half the 
workman’s weekly earnings shall be paid by the employer 
during the period of total or partial incapacity produced 
by the accident. The judge held that the medical 
evidence proved that lead poisoning had incapacitated 
the workman when the new disease that supervened did 
not exist. The contention of the employers is met by the 
wording of the Act, which seems to express the intention 
of the dot tan to be that compensation shall be paid 
for total or partial — as the result of an accident 
in the course of the workman’s employment. It does not 
mean that the accident must be the sole cause of the in- 
capacity. Where there were two causes the judge held 
it is sufficient if one of them was brought about by acci- 
dent. There is some doubt and difficulty in this point, 
which it is expected may go to the Court of Appeal. The 
distinction between the accidental cause and the natural 
cause of the workman’s continued incapacity is really too 
subtle for ordinary legal or medical authorities. In many 
cases it may be fairly argued that, but for the condition 
set up by the accidental lead poisoning, the natural disease 
might not have supervened. The workman in this case is 
entitled to the continuance of the weekly payment, but 
the taxation of costs stands over pending an appeal. 
Subject to this, judgment was entered for the workman, 
with costs. 

Registration of Minor’s Agreement.—An agreement for 
compensation entered into by a minor is often against his 
own interest, and in such case the registration of the 
agreement may be refused. 

At Bury County Court, on June 20 last, a lad was the 
applicant for compensation under the Workmen’s Com- 
pensation Act, and the Heywood Cotton-Spinning Com- 
pany were the respondents. The applicant was severely 
injured by machinery and his hand rendered practically 
useless. An agreement was made in April, 1910, when 
he was —— 10s. 10d. a week, and later, he returned to 
work in another department, and was again earning the 
same wages as before the accident. The agreement was 
= a fina mony or of the lad’s oo at the sum of 1000. 

gen ery fore registering this agreement, examined 
the applicant, and found that while he wasat the moment 
back to his old wages, his earning capacity was per- 
manently diminished, as the two fingers of his right hand 
were lost and the thumb disabled and the lad had per- 
manently lost his grip, and it was doubtful if he could 
ever be able to earn more than 15s. a week asa man. The 
Judge thought the registrar was right in concluding the 
sum in theagreement was not adequate, and it was raised 
to 115/., the money to be invested for the lad, and, if de- 
sirable, used in preparing him for a future trade. 

Is Attack by Burglars an “‘ Accident” ?—This novel 

int was the basis of an application decided by the 

Younty Court Judge of Clerkenwell on June 29. An 
d watchman, in the course of his employment guarding 
his employers’ property, was attacked by burglars last 
December, and he applied for compensation of 12s, a 
week as from April22. The Judge had no exactly similar 
case as a same ent to guide him, but he decided in the 
watchman’s favour, and the employers appealed, and 
undertook to pay compensation til the appeal is heard. 
They desired to test the legality of the applicant’s claim. 
They contended an attack by burglars could not be 
described as ‘‘an untoward event ” which is not expected 
or designed, or as an “* accident ” as understood ie 
Workinen’s Compensation Act. They also insisted that 
the Tt’? were not liable for a watchman’s incapacity 
such as the applicant complained of. Being an 
man, hispresent incapacity may be due to natural infirmity, 
but the Judge held the attack of the burglars, which was 
serious, was the cause of his incapacity. The Judge did 
not understand that the Act expressly excludes the risk 
incurred by a night watchman, whose ordinary risk is 
attack by burglars, and comes within the meaning of 
** accident ” arising out of and in the course of the work- 
man’s employment. The appeal case of Andrews r. 
Balfour, recently decided in Dublin, and already men- 
tioned in these columns, bears perhaps the closest analogy 
to this of the watchman. A gamekeeper received a blow 
ina hers’ affray, and this was held to be an “‘acci- 
dent” within the meaning of the Workmen’s Compensa- 
tion Act. The insurance against accident, it may be 
assumed, is hardly contemplated by employers who 
employ aged watchmen, and the decision waiting this 
case in the Court of Appeal will be interesting. 
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ELEMENTARY THEORY OF THE 
GYROSCOPE. 
To THE Epitor OF ENGINEERING. 

Siz,—While thanking you for the trouble you have 
taken in your note appended to my letter in your issue 
of the 8th inst., I feel that I cannot allow the last para- 
graph to pass unnoticed. 

lf af is not zero, it must certainly be a constant, since 


t to the moving principal axis 


the conditions with 
Thus we get 


OB are independent of the time. 


tag 
1=) at 
0 


yet g = 0, while w, Q, and ¢ are all finite quantities ! 

To say that a quantity is changing at a finite rate and 
yet remains constant, 1s certainly startling ; moreover, 
the supposed analogy to the case of a particle moving in 
a circle seems rather forced, since the acceleration along 
the radius vector in polar co-ordinates is 


a= wal ae=woe 
0 


te (ae 4 
df dt ) 
and the motion is only circular on condition that a is 


zero. The argument from analogy thus falls to the ground, 
and I think that on further consideration you will admit 


that the value of of «8 zero. 


Yours faithfully, 
(. WOLFF. 


The Clough, Hale, Cheshire, July 11, 1910. 


(The word ‘‘instantaneous” should have preceded the 
expression “radial velocity” in the last paragraph of the 
note to which our correspondent refers. As Routh 
explains, in Euler’s equations the velocities and accelera- 
tions relatively to the moving axes are to be taken as if 
these axes were, for the instant, fixed. Similarly, in the 
analogous case of uniform motion in a circle, we have 


a =rcos@ 


r sin 0 ($ ‘) 

de” at}* 
Now when @ = 0, r and the axis of « coincide, and the 
acceleration along the instantaneous position of the radius is 


(ai): 


Angular velocities about moving axes are unintelligible 
on any other hypothesis. In the case of angular motion 
about the axis of z, for instance, this velocity is equal to 
the rate at which some line fixed in the body and lying in 
the plane of y and x alters its angle with some reference 
line. This reference line cannot be the actual moving 
axis of y, since this axis is moving at the same rate as 
the line of which the angular velocity is to be measured. 
The reference line is therefore not the axis of y, but the 
instantaneous direction of the latter at the moment 
considered. Routh deduces Euler’s equation in proving 
that 
dw, _ dq 
dt at 
when the moving y axis coincides with the stationary 


y axis, in which case, as shown in our last note, dq is not 


and 
aa 


zero, a8 our correspondent assumed.—Ep. E. ] 








STUMPF UNI-DIRECTIONAL-FLOW 
ENGINE.” 

To THE EpiToR OF ENGINEERING. 

Sir,—Will you kindly allow me some space in your 
valuable paper to add a few remarks to Professor Stumpf’s 
article on his new uni-directional-flow engine in reply to 
some of the letters you have received on this subject. 

The diagram which puzzles N. B. G. is an overload- 
dii m having a mean indicated pressure of about 80 Ib., 
while at normal load, with 311b. mean pressure, the ex- 
pansion is carried down to 101b. absolute, which is quite 
sufficient to ensure a good theoretical economy. That the 
thermal features of these engines cannot far from 
sound principles is amply proven by a great number of 
steam trials. horse-power engine—7.e., working 
with steam of 140]b. boiler-pressure, and a vacuum of 
27 in.—gave a steam consumption of 8.8 lb. per indicated 
horse-power with steam of 615 deg. Cent. and of 10.6 1b. 
with saturated steam. 

The steam-jacketing of the stuffing-box does not give 
any trouble in this engine, as the piston-rod is effectively 
cooled by the steam inside this cylinder, which, during 
the test part of the stroke has a temperature below 
212 deg. When the back cover has to be removed to 
inspect the piston, not a single nut of the valve-gear has 
to S enabiaeed, as can easily be understood from Fig. 6. 

There are now two ships — fitted with this type 
of engine, and no inconvenience has been caused by the 
height of the engine. 

Mr. George Sellers has very well understood the prin- 
ciple of this new type of engine, and I enclose an indi- 
cator-card taken from one of the engines. 

Director Metzeltin is right in pointing out that the 
figures given in the Professor’s article are not the steam 
consumption but the coal consumption of the locomotives. 
The figures given have been stated as an average result 
of a test carried on day and night during two months in 
regular service. I cannot agree with Mr. Metzeltin that 
the figures for water consumption give a better idea of 


“THE 





the respective merits of the three types of locomotives 
tested, as the measuring of the water consumption can 
only be done very roughly during the ordinary service, 
and as a lot of losses occur through spilling, leakages, and 
Back Front 
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through the necessary wettening of the coal, while the 
coal consumption can very exactly be verified by weight- 
ing, and is doubly checked by the engine-driver and the 


storekeeper. 
Yours a. 
Charlottenburg, July 6, 1910. H. Bonrn. 

















THE SETTING OF PORTLAND CEMENT. 
To THE EpiTor oF ENGINEERING. 

Srr,—In response to my letter published in your issue 
of April 15, I received from the Portland Cement Manu- 
facturing Association, 1900, Limited, a printed and illus- 
trated copy of a lecture, delivered at Glasgow in 1907 
to some engineering students, by the managing director of 
their works. Certain portions of this have been marked 
to attract my special attention ; they areas follows :— 

‘* An important improvement by the method of calcina- 
tion in a rotary kiln is the exclusion from the clinker of 
practically all the ash from the fuel, which passes away 
with the escaping gases, but which, in the old inter- 
mittent method of burning, is retained in the product 
of the kiln, thus contaminating the clinker (with which 
it eventually gets ground) to such an extent that the 
amount of ash from the coke used, consisting of silicates 
of alumina, &c., is sufficient to reduce the ultimate 
percentage of lime in the finished cement to about 60 
to 61 per cent.” 

The author here tries to justify a cement containing 
65 per cent. of lime by ascertaining that this is approxi- 
mately the composition of the clinker produced from 
the raw material in all cements manufactured by the 
old intermittent process exclusive of ash. He said that 
the fuel used in Scour in these kilns contains on an 
average 15 per cent. of ash, consisting chiefly of silicates 
of alumina and iron. This ash, he states, remains only 
mixed with the calcined clinker, and remains almost 
entirely as undecom ash, not having been acted 
upon by raw material during calcination. | think he is 
mistaken in his statements that the ash from the coke 
remains merely mixed with the calcined clinker, for 
if this were the case it would materially increase the 
amount of insoluble residue in the cement. This ash of 
the coke is formed gradually as the coke is consumed, and 
is left as a fine dry powder, which, no doubt, adheres to 
the partly dried slurry and also to the clinkering slurry, 
and would be immediately decom by the excess of 
lime in the slurry; this lime combining with the silica 
and alumina to form silicate of lime and aluminate of 
lime exactly in the same way as it does with the clay 
already mixed with it by the manufacturer himself, and 
this dry ash is acted upon much more rapidly by the lime 
than is the clay of the slurry. This despised ash there- 
fore supplies the manufacturer ( free of cost) with an extra 
10 bp cent. or more of true cementitious matter (silicate 
and aluminate of lime), and this can hardly be called a 
contamination. Should it rather not be called a rectifica- 
tion, as it rectified the unsatisfactory proportion of clay 
in the slurry? What really is this coke ash which has 
very closely the composition of dried clay? There is no 
doubt that it was a portion of a clayey soil which sup- 
ported rank vegetation some thousands of years ago. This 
vegetation was covered up by later geological deposits, 
until it became deeply enbelted, ft by means of pres- 
sure and heat was gradually converted into coal, and when 
the coal was heated in the gas-ovens the ash remained 
with the fixed carbon of the coke. He admits that this 
addition of coke ash to the clinker is sufficient to reduce 
the quantity of lime in the cement from 64 or 65 per 
cent. to 60.5 per cent., and as it exists in the cement as 
true cement it doesexactly what the manufacturer would 
have done by adding more clay to the slurry without the 
cost of his doing so. 

Instead of it therefore being an argument against the 
use of the intermittent kilns, it pho. reatly in their 
favour, as thereby a cement of a much Teter com posi- 
tion is produced. If this same slurry, however, contain- 
ing such a large excess of lime, is burned in a rotary kiln, 
the excess of lime contained in it meets with nothin 
from which it can extract the extra quantity of silica an 
alumina it requires, and would greedily take if it could, 
remains in the clinker as free or uncombined lime amount- 
ing to about 15 per cent. of the cement, and this much 
over-limed clinker he terms “‘ pure clinker,” which is pure 
nonsense. This free lime is like a “‘ rogue” elephant, 
unsatisfied and always ready for mischief. There may be 
two reasons for the desire to head this large excess of lime 
in rotary clinker, the first being the impossibility of 
properly clinkering a slurry containing a full proportion 





of clay in a rotary kiln, as at present managed ; and this is 
another disparagement of the rotary kiln, because in it 
no clinker can be pre containing the full and proper 
quantity of cementitious matter. “The other reason for 
having a large excess of lime in the cement may be on 
account of the cheapness of the manufacture. On this 
point there are some interesting facts given in this lecture 
to the en students, which was illustrated by 
cinematograph slides, in one of which a chalk cliff was 
shown, and on the top of which a man was seen digging 
out the chalk, which fell by its own weight into trucks 
placed on rails below, which, when full, were drawn off to 
the slurry-pit. -The cost of this material, therefore, at this 
point would be about 1s. or 1s. 6d. per ton. In anotherslide 
is given the process of digging the clay from the bed of 
the river by means of a mechanical clay-grab. The 
clay dug from the bed of the river, chiefly the Medway, 
is much more expensive material than the chalk. Hence 
the larger quantity of chalk, and the smaller quantity of 
clay, the greater the profit of manufacture. 

With regard to Mr. Gildea’s letter, which appeared in 
your issue of June 3, I think, perhaps, he is more dis- 
satisfied with the rotary kiln than I am myself, for I am 
of opinion that if a manufacturer having a good rotary 
plant were to obtain sound scientific advice, chemical and 
sony he would be able to so regulate the heat in the 

iln as to be able to produce a cement containing at least 
85 - cent. of silicate and aluminate of lime; should this 
be done, the cement manufacture would then me one 
of the neatest of chemical manufactures, and would be 
practically independent of a scarcity of coke and increased 
price thereof. chemical manufacture, pure and simple, 
the manufacture of Portland cement is, and every 
chemical manufacture must be dominated and regulated 
by chemical theories and facts. He objects to my con- 
tention, to 60 or 61 per cent. of lime is quite sufficient, 
as incorrect and impossible to obtain. In the _ first 
place I would point out to him such cements are being 
regularly supplied in bulk. This, I think, is sufficient 
answer to his impossibility of manufacture. I would 
then refer him to the British Standard Specification 
to which all manufacturers appear to look for salvation. 
In this document we find the following :—‘‘The cement 
shall comply with the following conditions as to its 
chemical composition. There shall be no excess of lime; 
that is to say, the proportion of lime shall be not greater 
than is necessary to saturate the silica and alumina 
present.” Now, then, let us take in connection 
with this the quantities of silica and alumina given 
by the author of the above lecture as quantity gene- 
rally present in his best rotary cement. Silica, 22 per 
cent.; alumina, 7.2 per cent.; then the silica 22 x 1.867 
= 41.074 lime saturated by it; then alumina 7.2 x 1.1 
= 7.92 lime saturated by it; then these two limes added 
together give 48.994—not quite 49—per cent. of lime re- 
quired to be present in the cement by this clause, and 
11.506 per cent. less than the 60.5 per cent. mentioned by 
me as quite sufficient in the best cement. I fail, there- 
fore, to see how he can complain of my contention that 
60 to 60.5 = cent. of lime is quite sufficient in the best 
cement. ith regard to the cement manufacturers being 
left to work out their own salvation, I think the first step 
in this direction should be to obtain a specification that 
would shut out all but the best cement, and not be 
satisfied with one that will allow almost anything that 
can by any possibility be called Portland cement. 

Tous faithfully, 
H. Ketway Bameer, F.I.C. 
9, Victoria-street, Westminster, S.W. 





‘“*THE STABILITY OF FLYING-MACHINES.” 

. . 7: THE oe - OF eneaanee. , 

m,—In the concludin ragraph of his article on 
“The Stability of Fiyins-Winchines ” in your current 
issue, Professor Chatley refers to Rateau’s experiments 
on wind pressure. The ph states that the prime 
feature of these experiments is the discovery of a i- 
tion of instability at about 30 deg. of inclination. Pro- 
fessor Chatley pi s to point out that this result 
does not greatly affect the action of aerofoils, since 30 deg. 
is above the usual angle of attack. This conclusion is 
hardly on since the aspect ratio of Rateau’s plane is 
very much smaller than is usual with aerofoils. 

Dine’s experiments with a plane of aspect ratio 1 show 
instability at 35 deg. ; Rateau’s experiments with a plane 
of aspect ratio 14 show instability at about 25 to 30 deg. 
It is probable, therefore, that for aspect ratios of, say, 
5 to é the angle at which instability occurs will be smaller 
than 25 deg. In this connection it may be noticed that 
Finzi and Soldati’s experiments on a plane of aspect ratio 
4} indicates instability at 9 deg., an angle not far outside 
the angle of attack of aerofoils. ; 

This instability at small angles for large aspect ratios 
will also affect the position and movement of the centre 
of pressure. The results quoted in the article for the 
latter are all for planes of small aspect ratio. Joéssel’s 
— had an aspect ratio of ?, Dine’s and Langley’sof |, 

agen’s of 4, and Kummer’s of from 1 to 4. Soreau 
does not give the aspect ratios of the planes he used; but 
as the results given by his formula are identical with 
Langley’s, it may be concluded the aspect ratio ws 
about 1. Lord Rayleigh’s result deals only with pressure 
on the front, and is, therefore, of little account. The 
experimental results are, therefore, not suitable for app! 
cation to flying-machines. If I remember rightly, Pr 
fessor Chatley stated in a previous article that Ferber» 
theory of stability depended wholly on Joéssel’s resu!ts. 
If this is so, it seems an unsuitable foundation for such « 
magnificent mathematical structure. 

I am, Sir, yours faithfully, 
A. W_ Jouns, R.C.N.C., M. Inst. N.A 

104, Huron-road, Upper Tooting, 8.W., July 13, 19! 
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THORNYCROFT’S HYDROPLANE-BOAT “MIRANDA IV.” 

















Fic. 2. 


Last Friday afternoon there was running back- 
wards and forwards on the Thames, between West- 
minster and Waterloo Bridges, a boat which attracted 
the attention of everyone who saw her. She raced 
along, partly in and partly out of the water, at 
a velocity which was very high—certainly over 
thirty miles an hour—but the impression on the 
mind of the observer was that it was still higher. 
We are accustomed to the high speeds and the 
wonderful performances of destroyers, but they are, 
in a way, far less impressive than those of this little 
boat of some 26 ft. in length. The destroyer repre- 
sents power, but this boat suggested impetuous and 
vverpowering energy. She stretched herself along the 
water, showing daylight under her keel for half her 
length, and drove forward in a series of leaps, like a 
-hark pursuing a fish scudding between wind and 
vater. The boat seemed to alive, and to be 
putting the last ounce of her strength into an at- 

mpt to overhaul a fleeing enemy; each time her 
bows came down on the water she vibrated through 
and through, and then again flung herself up- 

ards and onwards with a determination and vicious- 
ess which found expression in the sheets of spray 
vhich were cast out sideways to a wide distance 
rom each quarter, like two great wings. The photo- 
raphic views above afford some idea of her appear- 
snce, but they fail to convey the sense of fulminating 
ardour which was raised by the actual sight of the 
oat as she drove up and down between the bridges. 

Sir John I. Thornycroft is to be seen in the lower 
iew of the boat, which is named Miranda IV. We 

ive at various times given accounts of his previous 
wats bearing the name Miranda, some of which 
attained to very great speeds. They had, however, 








certain defects, which have been remedied in the 
present vessel, which has been designed with a view to 
attain safety ina seaway. The recent accident to the 
Duke of Westminster, when racing on a hydroplane, 
emphasises the necessity of considering security as well 
as speed. A glance at the illustration shows that the 
resent Miranda is a wholesome type of a rather beamy 
t, able to face a rough sea, and at moderate speeds 
indistinguishable from other safe craft of similar size. 
Her special feature is a curious section given to the 
bottom of the fore body. Thissection dies away amid- 
ships, where there is a sudden change of form with a 
wedge-shaped protuberance, the lines of the after part 
of the boat being quite hollow, and terminating in a 
flat form of stern, which is slightly wider than the 
section a little before it. 
The effect of this form is that the boat very readily 
rises up right on to the surface of the water, only 


touching it on a small area amidships and again just at | 
the stern, so that skin friction and wave-making are | 


almost entirely eliminated, while at the same time there 


are no flat places in the bottom of the vessel which | 


would be liable to be damaged in rough water when 
the boat was going at high speed from wave to wave. 

The boat is driven by a petrol-engine of about 100 
horse-power. Her exact speed has not been disclosed, 
but it is well over 30 knots with five passengers on board. 
It is expected she will be one of the boats chosen to 
race the aeroplanes at the Bournemouth /?es. 








INSTITUTION OF MunicipaL Enorneers.—The members 
of the South-Eastern District of the Institution of Muni- 
ci Engineers have elected Mr. Henry ©. Adama, con- 
sulting municipal engineer, 60, Queen Victoria-street, 
E.C., as their kahuna for the second year in succession. 
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INDUSTRIAL NOTES. 


Tue Board of Trade has just issued a volume of the 
series of reports on the inguiries into the rates of 
wages paid and the hours of labour worked by the 
various groups of employees throughout the United 
Kingdom. . The present volume deals with the em- 
ployees of local authorities, in what relates to certain 
utility services, such as roads, sanitation, gas, eleo- 
tricity, water, tramways, and omnibuses, the total 
number engaged in those services being upwards of 
268,000 persons. It is well to get such a series of 
authentic official returns; they are not only useful to 
statesmen and politicians, political economists and 
social reformers, but to employers and workpeople, for 
sometimes we hear of gross exaggerations of wages 
earned, and, on the ke hand, of the deplorable 
inadequacy of the earnings. It is necessary, how- 
ever, to peruse such reports with critical caution, and 
with an open mind, as the information given might 
lead to false conclusions. For example, fhe doctrine 
of averages must be understood, for in such the well- 
paid and the ill-paid are lumped together, sometimes 
to the disadvantage of the latter. In the report here 
dealt with the average wages of men are stated to be 
28s. 1d. ; and of lads and boys, lls. 10d. The grades 
here include those in gas supply, 32s. 6d. ; and ‘elec- 
tricity, 3ls. 7d.; water, 288. 8d. ; tramway and 
omnibus men, 30s, 6d. ; road-men and those engaged 
on sewage work in borough and urban councils, 
26s. 3d. ; but in county and rural district councils, 
only 17s. lld. It is no consolation to the latter to 
be told that the average works out at 28s. ld. 
Again, in the larger towns, the average on roads, 
sanitation, &c., is 28s. 2d.; while in the smaller 
centres it is 23s. 8d. These rates mean the earnings 
on full time. Some have to give Sunday services and 
some not. Those engaged in the supply of gas, elec- 
tricity, and water are not so well paid as in private 
firms ; even the highest rates scarcely touch the trade- 
union rates of the mechanics and artizans in the same 
services of firms and companies. The hours worked 
vary greatly. In some towns they approximate to 
forty-eight hours per week, and in other areas to sixty 
hours and over. 

The numbers employed in those services under local 
authorities have increased enormously during the last 
fifty years. Some of the services now enumerated 
did not exist at that time, as, for example, the supply 
of electricity, motor-buses, and tramways. As a 
general rule, the men complain of the conditions, 
quoting private firms in their favour. But this fact 
tells against their own argument in favour of munici- 
palisation. Comparing the conditions as to wages, 
hours, and terms of employment with those existing 
fifty years ago, the difference is all in favour of the 
employees. Then the best skilled mechanics and 
artizans could only get from 30s, to 33s. per week. The 
| labourers’ wages ranged from 15s. to 18s., then 20s. 
| and 21s. per week. ‘These were London rates, in the 
| provinces they were less. The hours ranged from 
| 584 to 60 hours per week, subsequently reduced to 
564. In some trades the hours were longer. As 
regards wages and fhours, and the general conditions 
of employment, the workers have secured a great 
advance in the last fifty years, in nearly all occupa- 
tions in State and municipal employment, and in great 
companies and private firms. At present also there is 
— more readiness to treat with workers in 
riendly negotiation than ever before. The progress 
has been fairly great all round, and it has been attained 
by decreasing friction and less opposition. Meanwhile 
the conditions of competition have become more and 
more strenuous in nearly all the trades of the country. 








The Birmingham Trades Council has accomplished 
a good piece of work. It recently set about an inquiry 
into the condition of the bakehouses in the city, as 
regards sanitation and the work and wages of the 
bakers employed. The result of the inquiry is set 
forth thus :—‘*‘1. The work of the baker is of necessity 
associated with more than ordinary injury to health. 
|2. The hours worked are excessive, oltes exceeding 
|ninety per week, while the wages are low. 3. In 
some bakehouses men are required to work amid the 
| odours of adjacent stables and other outhouses. 
4. Lavatory accommodation in the sweating dens is of 
the most primitive kind, or entirely lacking, a bucket 
in a yard frequently constituting the sole provision for 
washing. 5. Reforms are made exceedingly difficult 
even for well-disposed employers, by the unscrupulous 
competition of the sweaters.” That the above is a 
true picture none will deny who has any knowledge of 
the subject. The Operative Bakers’ Association pro- 
pose to seek to be scheduled under the Trade Boards 
Act until other measures have been thoroughly tried. 
The Lord Mayor ——— this, believing that the 
workers can accomplish the object by organisation. 
Professor Muirhead endorses the report, and describes 
its contents as ‘* a national scandal.” Now there are 
two aspects of this question. The sanitation part 
belongs to the local authority, whose duty it is, under 
| statute law, to see that bakehouses are carried on 
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under sanitary conditions. If the Municipal Council 
of Birmingham did its duty, such a state of things 
could not exist. Itis a di to any city or town, 
and dangerous to health, for bread and pastry to be 
made under such conditions. As regards wages, hours 
of labour, &c., the Trade Boards Act could well be 
applied if there were no other effectual remedy. 





In the introduction of an amending measure affect- 
ing workshops the Government have acted wisely in 
making the Bill a consolidation one, as it is most impor- 


tant, both for employers and employed, that legislation | g 


shall be simple, concise, and brief, and this can only 
be effected Qi consolidation. This has been the policy 
as regards the Factory Acts, and also the Friendly 
Societies and the Mines Regulation Acts, and some 
others, one most important being the Merchant Ship- 
ping Act. The more numerous the Acts on any 
subject the more complicated they will be, and busy 
men get annoyed if they have to consult several 
statutes instead of one. The Home Secretary’s 
measure is only a modest one ; it pro to amend, 
extend, and consolidate the Shops Regulation Acts of 
1892 and 1894, which only form a pe of factory 
and workshop legislation; but small as it is, the 
Home Office compute that it will ‘‘ affect nearly a 
million of shop-assistants and, perhaps, half a million 
of shop-keepers.” The Home Secretary declared that 
it was found impossible to accomplish by voluntary 
effort what was aimed at in the Bill, which in some 
particulars, such as half holidays and Sunday closing, 
is proposed to be made universal, with exceptions 
named in the measure. Further power is given tothe 
local authority to make ‘‘ further closing” orders on 
the demand of a two-thirds majority. Shop-assistants 
are not to work more than sixty hours in any one 
week, nor after eight o’clock on more than three days 
per week, subject to certain exemptions; it is also 
rovided that there shall be proper time for meals. 
The Home Secretary urges that the measure shall 
become law this session. It is to be hoped that the 
whole of the Factory and Workshop Acts will be 
again consolidated at an early date, so that the entire 
statute law shall be, in a measure, codified. Even 
then there will remain all the Rules and Orders to be 
read into the provisions of the said Acts. 





The Editorial Notes in this month’s Amalgamated 
Engineers’ Journal are neither sectarian nor political, 
but urge education for the benefit of the workers, and, 
in a broader sense, of the whole nation. That the 
peoples perish for lack of knowledge is as true now as 
when it was first uttered. It would seem that these 
Notes have been inspired by the knowledge that the 
members, as a rule, do not purchase the Journal, which 
is only a penny per month. The aggregate member- 
ship at date was 107,881, a gain of 442 in the 
month. Of the total, 4616 were on donation benefit, 
or a trifle over 4.6 per cent. of the members, not includ- 
ing those on sick and superannuation benefits. The 
number on sick benefit was 2483—decrease, 146; 
on superannuation benefit, 5963—increase, 15 in the 
month. The figures are given as to the results of 
recent elections of assistant secretaries and delegates 
to the General Federation of Trade Unions, and nomi- 
nations are requested for the scholarships at Ruskin 


College. 


The Ironworkers’ Journal for the current month gives 

a full report of a special interim conference, held at 
Liverpool. The circumstances which called for it were 
exceptional ; no such special conference has been re- 
uired before since the Conciliation and Arbitration 
ard was formed, quite a generation ago. The 
cause of such special conference was the Hawarden 
Bridge dispute, which has caused so much trouble, 
anxiety, ve poe and personal irritation. The whole 
has resulted from the policy and action of the general 
secretary of another association of a similar character, 
formed, so it is alleged, by discontented members 
of the Iron and Steel - Makers’ Association, and 
workers in other sections of the game group of trades. 
The basis of the dispute, it appears, originated at 
Barrow as far back as 1899, when, it is alleged, the 
official in question ‘‘ tried to capture members” of the 
complaining association ; this course of action appears 
to have continued up to the time of the Hawarden 
Bridge dispute. This action was intensified on that 
occasion, and led to unpleasant events, which was 
resented by the parent association. The conference 
approved of the conduct of the executive and agreed 
to pay the locked-out men full strike-pay for the 
period of twelve months, giving full authority to the 
executive to ‘fight the lock-out, and the agreement 
made” by the other unions until the firm conforms 
to the rules, lations, and rates of pay sanctioned 
by the Conciliation Board. This being done, the con- 
ference resolved to appoint an organising agent to 
assist the general secretaty and do outside work at 
a salary of 140/. a year, and 10/. towards house rent. 
In fixing that salary, the delegates considered the 





salary of the general secretary, whose salary was only 
150/., and it was unanimously resolved to increase it 





by 50/., making a total of 200/. Some of the delegates 
desired to make it 250/., but it was said that the 
executive could reconsider the question at any time. 


The report of the National Union of Boot and Shoe 
Operatives states that trade is fair, with signs, 
however, of a slackening down in some centres. hat 
is so with all the clothing trades this year, especially 
in the drapery departments of women’s wear. At 
Leicester trade has declined since Whitsuntide ; at 
Northampton it is fair, with army bootmakers it is 
ood ; at Leeds moderate; at Kingswood there is 
improvement ; in Scotland generally fair—about the 
same as a year ago. At Kettering the operatives have 
obtained a considerable number of improvements and 
additions to the Clickers’ Quantity Statement, and 
agreement with employers as to overtime on the lines 
of the Leicester award. The dispute with a Kingswood 
firm has been settled, the employers conceding the 
old terms prior to the dispute. All the old operatives 
have been reinstated in their old positions at the 
prices fixed by the Arbitration Board. Old hands are 
not to be discharged, and those formerly employed are 
to have a fair share of work, A lock-out was reported 
at Austy. A conference was held, and the dispute 
was settled after a long discussion of 34 hours. The 
union is opposing the employment of women clickers 
at rates below the prices paid to men. Attention is 
called to the fact that the awards as to hours of work 
for boys and youths are national, and must be main- 
tained as such under the Boy Labour award. Attention 
is directed to special instructions as regards compen- 
sation cases, so that the interests of injured members 
may not be jeopardised by non-compiiance with the 
provisions of the Act. Numerous elections are on for 
the posts of general president, general secretary, 
trustees, and agents, the president being unopposed. 
There is very little opposition to the general secre- 
tary, and it is possible that the opposing nominations 
will be withdrawn, or the members will retire before 
the voting takes place. 





The eleventh annual meeting of the General Federa- 
tion of Trade Unions opened its sessionat Swansea on 
Thursday in last week, Mr. Alderman Allan Gee, of 
the General Union of Weavers and Textile Workers, 
occupying the chair. He was supported by several 
Members of Parliament. Altogether there were present 
100 delegates, representing over 700,000 workers. The 
chairman expressed regret that three of the largest 
unions which had helped to found the Federation had 
not seen their way clear as yet to become aftiliated— 
he referred to the Amalgamated Society of Carpenters 
and Joiners, the henlgmested Society of Railway 
Servants, and the Miners’ Association. The reserve 
fund at the end of the financial year was over 100,000/. 
in spite of the severe drain on the funds caused by the 
tales and lock-out on the North-East Coast, and the 
cotton trades in Lancashire. Attention is called to 
the fact that thousands of pounds have been saved to 
the affiliated unions, and much poverty and misery 
prevented by the action of the Federation in averting 
strikes and lock-outs by its policy of conciliation, in 
bringing together the opposing parties with the view 
of negotiating, after which settlements have been 
effected. It was feared that the Federation might 
foment disputes, instead of which it averts them. 


It is reported that the Home Office is contemplating 
a somewhat drastic reorganisation of its multifarious 
official duties, and that one of the changes will very 
directly and closely affect labour. The administrative, 
legislative duties affecting the industrial and social 
condition of the ple are now divided. The Home 
Office deals with factories and workshops and mines, 
the Treasury with thrift and the registration of trade 
unions and other societies, and the Board of Trade 
with merchant shipping, railways and other duties by 
recent legislation. any people think that all these 
should be concentrated under one Board, and hence 
the demand for a Minister of Labour. As regards the 
Home Office there is a constant demand for more 
inspection and more inspectors. Without entering 
upon that subject, the proposal of the Home Secretary 
is to appoint two labour members as advisers—one to 
supervise the adminis‘ ration of the Factory and Work- 
shop Acts, and one to supervise the administration of 
the Mines and Quarries Acts. In this capacity two 
capable men would be worth half-a-dozen new 
inspectors. 





At the end of last week the Law Courts were again 
busy with questions affecting trade unions and the 
Parliamentary levy. The most important of these 
came before the Lancashire Chancery Court, at Man- 
chester. In this case a member of the Typographical 
Society sought to restrain the society from collecting 
and applying the Parliamentary levy in support of 
labour representation in Parliament. The society 
pleaded through its counsel that the society was 
unregistered, and that the plaintiff member was only a 
member of the local branch. The Vice-Chancellor, in 
his judgment, declared that non-registration did not 





exempt the society from the law as laid down in the 
case of Osborne v. the Amalgamated Society of Rail- 
way Servants. The injunction was granted. In the 
Chancery Division of the High Court there were three 
motions for injunctions, the most important being the 
case of a member of the Lancashire and Cheshire 
Miners’ Federation. The injunction was granted. 
Another case before the same judge was by a member 
of the Government Workers’ Daion. This was 
adjourned, as was also the case of the North Wales 
Miners’ Federation, upon terms agreed upon. 





There were no indications of any great improve 
ment in the iron and steel trades at last week’s Mid. 
land market, nor on Manchester Change. But the 
fact remains that greater activity is witnessed in the 
chief iron and steel-using industries, in England, 
Wales, and Scotland, and also in the Irish shipbuildiny 
yards. It was thought probable that some change i), 
prices would be announced at the quarterly meetings 
this week, reports from which are not to hand. 





There have been rumours of a great railway strik 
being organised in France, and much anxiety was fel 
last ee gm anticipation of the turn-out of the men on 
Saturday night last. But it did not take place. | 
is said that the Government have taken precautionar 
measures in the event of a stop . The railwa: 
companies state that they are prepared for any emer. 
gency, so that prompt service can be relied upon. 


A lady factory inspector complained of being o! 
structed in her work, being kept waiting at a Wes'- 
End laundry while the workers were being hidde» 
away. She found nine of them in a field at the bac‘ 
of the laundry. The company was fined 5/. for 
obstruction, and 6/. and 36s. costs for irregular employ. 
ment. 





The departmental committee on lead-poisoning ha\e 
finished their investigations, and just recon | their 
report. Miss Gertrude Tuckwell was unable to sign 
the report, but states that she agrees with most of it. 
The facts elicited show the need for further legislation 
on the subject. 








Go.p.—The imports of gold into the United Kingdom 
have been barely maintained this year. They amounted in 
May to 3,010,427/., as compared with 2,766,228/. in May, 
1909, and 2,677,491 in May, 1908; but in the five montis 
ending May 31, this year, they only attained an aggregate 
of 15,763,795/., as compared with 16,516,175, in the 
corresponding period of 1909, and 15,107,970 in the 
Frags sor a | period of 1908. The value of the imports 
from South Africa for the first five months of the last 
three years comes out as follows :— 

State. 1910. 1909. 1908, 
£ - 


£ £ 
Rhodesia 1,080,172 948,355 737,506 
Cape Colony 7,710 13,680 270 
Natal .. ws 173,239 141,125 135,555 
Transvaal 11,702,420 11,770,677 11,328,193 








Total 12,963,541 12,873,837 12,201,524 


The receipts of gold from Australasia continue to decline. 
In the first five months of this year they represented a 
value of 752,257/., as compared with 902,894/. in the first 
five months of 1909, and 785,385/. in the first five months 
of 1908. 

LarcE Maenetic OCLutcH.—Messrs. Cochrane and Co., 
Limited, of Middlesbrough, have just installed a new 
blast-furnace blowing-engine, the. driving of which is 
unique and quite a new departure from usual methods. 
This firm, who utilise the waste gas from their blast- 
furnaces to drive —— for dynamos and for blowing, 
found that they had about 1000 eseaueat of electrical 
energy which could be utilised, and decided to drive the 
new blower electrically. A motor, capable of giving 
700 horse-power continuously or 1000 horse-power for one 
hour, at 75 revolutions per minute, was purchased, to be 
directly connected to a vertical blowing-engine, made by 
Messrs. Richardsons, Westgarth, and Co., Limited, of 
Middlesbrough. This engine has an air cylinder 66 in. in 
diameter by 4 ft. 6 in. stroke, and is fitted with the 
makers ‘‘ Southwark” patent balanced air-valves. To start 
the blowing-engine from rest it was thought advisable to 
adopt some method of gradual acceleration, and, after 
considering several alternative schemes, it was decided to 
purchase a magnetic clutch from Messrs. C. E. Lugard 
and Co., of Chester, who are the sole agents in England 
for the ‘‘ Vulcan” patent magnetic clutch, which we 
described in ENSINEERING on page 187 of our last volume. 
The clutch which was supplied is su to be the 
ingest electromagnetic clutch in the world, being 7 ft. 3 in. 
in diameter and weighing 6} tons. It is capable of trans- 
mitting 1000 horse-power at 75 revolutions per minute. 
It was specified that the blower should be started so 
gently and slowly that the demand from the gas-engiue 

merator would not exceed 1000 horse-power, and since 
its installation it has been found possible to start up in 
one minute, the load on the Fa engine generator not 
exceeding 350 horse-power. e electrical energy re- 
— to keep the clutch in operation is 2 kilowatts. [n 

‘oland there is, we believe, a magnetic clutch of 140 
horse-power at 200 revolutions per minute, and in Germany 
one of 1000 horse-power at 200 revolutions per minute, 
but neither of these is quite so large as the one in 





Middlesbrough. 
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HIGH-SPEED STEAM-TURBINE ROTOR 
DESIGN AND CONSTRUCTION.* 


By Jonn McKenziz Newton, B.Sc., Member, 
of Loughborough. 


(Concluded from page 70.) 
CENTRIFUGAL STRESSES. 


Symbols used. 
All dimensions are in inches. 


1. Drums. 


See Fig. 29, below. 
Let 

7, = inside radius of drum. 

Tg = outside radius of drum. 

t, = thickness of drum. 

B = breadth of blades. 
b = breadth of blading grooves. 
d = depth of blading grooves. 


p = pitch of blading ves, 
rx = radius to centre o arte f of blade-ring. 
1 = effective length of blades. 


t 


grooves) = pt-bd under the action of the stress ¢ is 
yr = mean radius of drum = r; + 1/2¢. f= Le (6a) 
N = revolutions per minute. E 
« = guar ped radian per seond= 258, | Fg Yapge one te tllowng apprsionse vo 
v = peripheral speed of drum, feet per second = rs ep BES. .". @ = 50 @ radians per second, 
w = weight of blading, pounds per row per 1 in. of . 1.625 in 


drum circumference, 
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p = weight of drum, Ib. per cubic inch. 
ps = weight of blading material, lb. per cubic inch. 
o = total hoop stress in drum, lb. per square inch. 
ou = hoop stress in drum (without blades), lb. per 
square inch. : 
ox = radial stress in blades, lb. per square inch. 
os = radial stress on drum surface (assumed uniformly 
distributed) caused by the centrifugal force of 
the blades. 
F, = centrifugal pull of blade-ring per 1 in. of drum 


circumference, Ib. 
E = Young’s modulus. 
g = acceleration of gravity. (Note.—All dimensions 

being in inches, g = 12 x 32.2 inches per 

second per second.) 


The total stress on the drum is :— 


2 
w? 72 (° 
w 
, 


g 
a 
(° wt 


a 1447? 
g 

If the blade mass be neglected, this equation shows 
that the stress caused by the centrifugal force of the 
rotor depends only on the peripheral velocity and the 
specific weight of the material. oN 

Taking p for steel = 0.28 Ib. per cubic inch, we get the 
following values for the stress :— 


Tasie I. 
ou = wt 2 = 144 L, 
Lb. per Sq. In. 
1,045 


4+ 2 = ) 
- 


© f) 


g 





Peripheral Spee 1 v. 
Feet per Second. 
1 


00 ,04 
200 4,180 
300 9,400 
350 12,800 
400 16,700 
450 21,200 
500 26,100 


The effect of the blading load is always to increase 
these stresses by an amount increasing with the weight w 
of the blading per inch circumference of rotor, and 
decreasing as the pitch of the rows p and the thickness of 
the drum ¢ is increased. i : 

p depends on the blade width B, and may be given the 
value approximately 


Ds 

= 1/4 + — inches 4 
p=2B+1/4+ ié (4) 

It is fixed entirely by consideration of the smallest 
safe axial clearance, and is never varied with a view to 
adjusting the stress on the rotor drum. -_ 

w, which may be also taken as a standard not variable 
to adjust rotor stress, depends on the blade section, the 
number of blades per 1 in. of circumference, on the section 





* Paper read before the Junior Institution of Engi- 


= equivalent thickness of drum (allowing for 


and it increases with the blade-len 
linear relation of the form W = C + Di. 
If the width B of the blades be introduced, we may 
express the blading weight as 
w=aB + BB (5) 
where B and / are in inches. The coefficient a varies 
from 0.15 to 0.3, and the coefficient 8 varies from 0.06 to 
0.11. The only variable left is the equivalent thickness of 


the drum ¢, and if the working stress on the rotor be fixed 
we have :— 


according to a 


wre wre wre wr 
en SSF og SB EUS (6) 
o— pwr o-— Gu 


g 


If the ratio ‘ be appreciable, the above formula, 


which is based on the assumption that the stress is 
uniformly distributed over the section, is no longer 
— ie. 

he elastic radial extension (¢) of a point on the drum 


27 in. 
0.22 lb. per square inch. 
= 14,000 lb. per square inch. 
Then from equation (6) 
0.22 27 50? 92 242 
1.625 24 12 x 322 
14,000 - 0.28 x 50? x* x 24? 


' 


N 
r 
P 
Ts 
w 
Cg 


12 x 32.2 
- 5600 
~~ 14,000 - 10,300 
= 1.51 in. 


If the section of the caulking-grooves be 4 in. x @ in. 
= 0.19 square inch, the actual thickness of the drum 
t= PEtbd _ 1.625 x 1.51 +0.19 
Pp 1.625 
_ 2.46+0.19 
~ 1,625 
1.63, say 18 in. 
Stress in the Blades.—The centrifugal pull on the blades 


produces a tensile stress ¢, whose value is a maximum at 
the section lying on the radius r. and then has the value 


— prt 
der (7) 


As an example take as applying to the rotor shown in 
Fig. 16, page 67 ante. 
ox = 0.31b. per cubic inch. 





or Tp w? 


i=Gin. 
fs = 27 in. 

w = 507. 

_ 08** .sscme 
= iex922 ~ 4 


= 31001b. per square inch. 


The brass of which the blades are made has a breaking 
stress of over 20 tons per square inch. 

The above case, therefore, shows an apparent factor of 
safety of 14. Actually this factor is always kept over 10 
to include an allowance, found sufficient in practice, for 
a non-uniform distribution of the tensile stress across 
the section of the blade owing to the presence of bending. 
The force tending to pull the blades bodily out of the 
groove is 


F, = ry w (8) 


Taking the case given above where 
w = 0.22 Ib. per inch. 


re = 27 in. 
w = 5O0*. 
0.22 = 
= “ ; x BO x 50 #2, 
= ame" ™ 


= 380 Ib. per 1 in. of rotor circumference. 


The actual blade resistance to pulling out depends on 
the style of fixing adopted. 

In the above case it is probably about 5000 Ib. per | 
lin. of rotor circumference, showing the ample factor of 
safety of ‘ 

5000 _ 13, 

380 


of the caulking-groove and of the shrouding or lacing-ring, | gential and radial stress in a disc, the equations of stress 


are much more complicated than in thin drums, and as 
engineering is a statistical science, and engineers are much 
more interested in arithmetical values than in abstract 
functions, it is proposed to show the stress distribution 
in particular discs under various conditions of loading, 
the equations being given here without proof, which can 
be found in the various works referred to. Itis important 
to note here, however, that the equations used are only 
approximate. 

A general and rigorous mathematical solution of the 
general problem of the stresses in a rotating disc has yet 
to be given, and the equations used rest on these assump- 
tions. 

1. The material of the disc is assumed to be not only 
homogeneous, but truly isotropic, so that from symmetry 
particles originally lying on a circle concentric with the 
axis when stretched still lie on a concentric circle. 

This involves the material used having an exceedingly 
fine texture, and being free from any “‘grain.” Any 
rolled plate in which the particles have a common orien- 
tation is unsuitable for high stresses, and so is a material 
which has been subjected to any thermal or other treat- 
ment poring Che effect of increasing the size of the metal 
crystals. e material must also be free from initial 
internal stress. 

The assumption of a also involves the value of 
Poisson’s ratio—the ratio of lateral contraction to axial 
stretch in a bar under tensile stress—being constant in 
any direction and point of the disc. In the calculations 
which follow it is taken = 0.3. 

2. Shear and axial stresses in the disc are ignored. In 
discs of rapidly varying thickness this neglect may lead to 
appreciable error, but in the case of thin flat discs the 
equations are probably accurate to within 1 per cent. 

In spite of all assumptions, these two general state- 
ments may be confidently stated. The stress in a solid 
disc is, within the limits of practical dimensions, greater 
at the axis than at the rim, and the stress at the inner 
surface of a perforated disc is greater than at the centre of 
a solid disc of the same dimensions. 


Symbols Used. 
(All dimensions in inches. ) 


r; = inner radius of disc. 

T. = outer radius of disc. 

a2 = radius of any particle. 

2%) = inside radius of nave. 

2, = outside radius of nave. 

x = radius of centre of gravity of nave. 

22 = inner radius of rim. 

x3 = radius of centre of gravity of rim. 

y = thickness of disc at radius z. 

r= ” ” ” 2). 

Y= ” ” ” T2. 

¥3 = width of rim. 

He = ~ nave. 

ty) = thickness of nave. 

tz = - rim. 

£ = radial displacement of any particle under centri- 
fugal stress. 

or = radial stress. 

o: = tangential stress. , 

¢s = radial stress applied to outer periphery of disc 
through blade and rim-load. 

cy = radial] stress applied to inner periphery of disc 
through nave support. 

o» = radial ‘‘mounting” pressure of nave on shaft. 

o3; = 


radial stress applied to outer surface of rim 

through the blade load. 

v = Poisson’s ratio (taken = 0.3). 

E = Young’s modulus of activity (taken for steel 
= 2 x 


b, and b,. = coefficients. 


Other symbols as in previous section. 
The fundamental differential equations are :— 


A (Zor) _ yg, + Py@aty = 0 (a) 
dx g 
E t dé 
GC z= — y > + (b 
1 wal x z:) 
= g Vv (c) 


E dé 
er. | dz) 


Eliminating two of the variables o, o: and &, in 


g 


t- 


ing and evaluating the constants of integration to suit the 
— case considered, the following equations are ob- 
tained :— 


Case 1.—Solid Disc. 


_ Pwef « ? me al 
or = agi @t vr? -(1+3r)a pte» (9) 





2. Discs.—In a thin hollow drum the radial centrifugal | 
stresses generate a hoop stress in the shell of the drum, 

which, under the action of the stress, stretches slightly, its | 
length increasing in the ratio 1 + a 
A disc is to be considered as built up of an infinite | 
number of thin hoops and inter radiating spokes, so | 
interconnected that neither can the hoops extend under | 


the spokes without stretching the hoops. 


system of stress being thus generated in the disc, the | 
stress along the hoops is called the tangential or hoop 
stress, and the stress along the spokes the radial stress. 





nee:s, 


Owing to the intimate interconnection between tan- 





the action of a stress without stretching the spokes, nor | meter, rotating free: 
A complex | per minute. 


Hence 


o = Ot OS (r?’- 22)+on . , (10) 
89 
For - 
2=00r,=a0=%+” anata 
8 g 
3+ 
= “ 1 
-* (11) 
taeoe w? 2-(1 2 
gtr e {e 5a | (St?) rs (1+y) a2] +o}. (12) 


Tuke as an —— a thin solid disc, 36 in. in dia- 
y about its axis at 3000 revolutions 


Here 





102 





ENGINEERING. 


[JULY 15, 1910. 





oe = 8.95 (3.3 r.2-1.9 2?) = 9550-17 2? 

6, = 29.5 (re2— 2%) = 29.5 (324 - 2%) 

_ 8.152 
E 

These curves are marked respectively 1, 2, and 3 in 

Fig. 30, annexed. The maximum stress (at the centre) is 

9550 lb. per square inch. 

If the disc just considered be loaded at the outer peri- 
phery with a ring of blades producing the radial stress 
os = say 2000 lb. per square inch of the disc periphery, 
both the stress curves are displaced along the stress axis 
by the constant amount 2000 Ib. per square inch, as shown 
in curves 4 and 5. The radial extension for the various 
values of z is shown in curve 6, which is drawn from the 
equation 

: { 6.26 (3.3 742-1.32%) + 0.7 on } 


Case 2.—Thin Perforated Disc. 


t= ore x 8.95 ( 3.37—?— 1.5 22 ) (824 — 2). 


-= 
¢ 





The general equations for o¢ o, and £ are 


Fig. 30. 





#8 
16 


Radius X Inches 
S a 


s6 S$ & Aa DB ® 


& &® A 


2 2 7,2 
oo=p ” S(34+)(r2Q4+r24+7 r#)- (1 + 39) 28) 
8g | x J 

2 2 
+ | f wpon( 147 \-r20n (14+ 7 \ (13) 

rt — 97,2 \ zy a2 

_ , w |. Tr." r;? 1 
op =p. _(8 +7) -«) 2 - )+ 
8g x x T2217)? 
2 


"2 (14) 


{r2o B(1 - my )-nton (1 ~ 
z 


x2 
— p2 2 
ga~ tp e+ he4S (15) 
EK 8g x 


_1-7 fi w2 os 9) , TB. %g?—-ON. 77) 
b=, (B+) 0 2 (rs + iy + SPO} as) 
and 
oB-ON 


re — ry 


l+y | - 
be = 1 
2= 5 (17) 
Taking, as before, a thin disc, 36 in. in diameter, perfo- 
rated with a hole 12 in. in diameter, rotating freely (that 
is, with o, = Oand ox = 0) at 3000 revolutions per minute, 
we have the particular equations for r; = 6. 


rf rel (3+r)p + 
L 89 


4 


oe = 10,660 + 544,300 _ 17 a 
x2 
or = 29.5 (= - x) (= = =) 
x «x 
7440 446,000 
i=! > b= s 
“8 _ 
& = 1 (7440 2 + 446,00 _ 9.15 23) 
Eo 


“ 


The corresponding curves are marked 6 in Fig. 31. 
Curves for 0: ando, , marked respectively 1 and 12, also 
shown in Fig. 31, refer to the same disc perforated with 


Fig. 31. 
a 














holes 2 in. and 24 in. in diameter respectively. 

It will be noticed that the maximum stress in the case 
of the hole 2 in. in diameter is almost exactly double the 
maximum stress of the solid disc. e 

For an infinitely small hole, putting 2 = 7, = 0 in 
equation (13), we get (if os and cx = 0) for x = 0. 


sh ds ¢u, Which is exactly double the stress at 


ot 





the centre of the solid disc. 


In each case in Fig. 31 the maximum. stress is the tan- 
mtial stress at the rim of the hole—+.e., for = 7. 
utting x = 7, in equation (13) (cz and ox, of course, 

still = 0). 
p 


oe (x«@ = 7) i “4g {nt3 + le z2(1-»)} (18) 


= 19,130 + 12.52 22. 

This is the parabola A B C (Fig. 31). Itshows how the 
maximum tangential stress in a perfora’ ise inc’ 
as r, is increased, from the minimum value of 19,100 lb. 
per square inch, when the hole is very minute, to the 
maximum value of cu = 23,150 1b. per square inch for a 
thin hoop of the same outside diameter. 

Take the disc as before, 36 in. outside diameter, rotating 
at 3000 revolutions per minute, and let the blades and rim 
load the disc with a radial stress o, = 2000 lb. per square 
inch per square inch of the periphery at radius r2, and let 
the disc be joined at r; = 6 to a nave, which produces at 
the inner onary of the disc a radial stress ox = 8000 
per square inch. 

The stresses in the disc are then composed of three 






terms, which, in equations (19) and (20), are, for the sake 
of clearness, kept separate. The first simply reproduces 
the stresses in the free disc, the second ands the stress 
caused by the blade-load, and the third the stress given 
through the support of the nave. 


oe = (10,660 + 144,500 _ 17 =) + 2250 (2 + =) 
Fo x2 
(free dise) Y (blade-load) 
— 1000 (1 + *) (19) 
Zz 
(nave support) 
Or = 29.5 (= -#) (2 - 2) + 2280 (1 - 2) 
P) x x 
(free disc) (blade-load) 
~ 1000 (1 - =) (20) 
x2 
(nave support) 
1 7 8310 
bb == 440 + 1575 - 700 ) = — 
1 E ( 7 ‘ ) E 
(free disc) (blade-load) (nave support) 
15,150 x 2000 8000 132.000 
fleet an 29.5 oe 2) ae “se 
a= ( ” + “988 4 iE 


(free disc) (blade-load) (nave support) 

g= ( ~ 8.15 2° + 8310 2 + a) - 
x E 

The corresponding curves are shown in Fig. 32, and 
a comparison with curves 6 in Fig. 31 shows how greatly 
the application of radial stresses to the disc at rim and 
nave may modify the stress distribution. 

Thin Nave Calculation.—The nave is taken as a very 
thin ring, and the assumption underlying the calculation 
that the stress lines are discontinuous is very far indeed 
from the truth, so that the results are nearly true only 
when the width of the nave does not poety exceed the 
thickness of the disc, and care should be taken to put 
liberal radii at the junction between disc and nave. A 
lower nominal working stress is generally chosen for the 
nave than for the disc. 

In the preceding example let the disc be forced on a 
shaft 10 in. in diameter, so that the nave is 1 in. thick, 
and let the — of the shaft on the bore of 
the nave be o = — b. per square inch. 








The values of the dimensions shown in Fig. 33, page 103, 
are then 
y, = 0.5 in. ; a = 6 in. 3 % = 5 in.; tf) = Lin. ; 2 = 5.5in. 
ox = 8000 lb. per square ey o> = — 800 Ib. per square 

inch. . 

We have the condition that the radial extension of the 
disc at radius x, (= #) must be equal to the radial exten. 
sion of the nave at the same radius (= £). 

§, may be calculated from equation (15), or it may be 
expressed in terms of the disc stresses at z,; thus, 


=F (e-7or) .  « (21) 

If oto be the hoop stress in the nave é) = ad (22) 
Whence 

T= a (« - var ) (23) 


= 5 (14,110 — 0.3 x 8000) = 12,780 lb. per sq. in. 
The stress in the nave produced by the loading ox and 


Fig.32. 














Radius XL Inches 
8 
Sg Ire. 
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do» and by its own centrifugal stress is 
On. Yy- % p 
cual 4 
Yo to g ty 
Substituting in equation (24) the values given above, 
x 0.5 x 6 2 Py 
’ x 100? x? x 
12 x 32.2 


Y% x1 
24,000 
66 


Fo - XH 


Cto = w?, 22, + — (24) 


we find y) from 


5.52 + 800 x 5 _ 19780 whence 5 = = 36 in. 

Case 3.—Discs of Constant Strength.—If everywhere in 
the disc we assume the radial stress to be equal to the 
tangential stress, we get the so-called disc of constant 
strength. : 

Putting in equation (a) o, = o¢ = (a constant) we yet 
an equation for the variable thickness y in terms of the 
radius x. This equation takes the form 

-p AH 
2¢e 
y=yae * (25) 

Discs designed on this assumption have the concave- 
convex form shown in Fig. 1, e 64ante. But the theory 
is open to grave suspicion, through the neglect of shear 
stresses, which in this form of disc may be considerable. 
Especially is this the case when, through the choice of a 
low working stress, the ratio of the thickness at the axis 
to that. at the rim is large. Taking the disc shown in 
Fig. 1, we have approximately :— 

Ya = 4in.; y=} in. at x = 10.6 in. ; w = 1050 radians 
per second. 


Substituting these values in equation (25) we find the 
working stress ¢ = 22,000 lb. per square inch. 

If o reduced to 16,000 1b. per square inch, keeping 
the same thickness y = 4in. at x = 10.6 in. and speed, 
Ya is increased to 8} in. 

On the other hand, if the disc have a uniform thickn«ss 
of 4 in., taking r2 = 10.6 in., and neglecting any blace- 
load, the maximum stress at the centre from equation (1) 
is ¢¢ = o¢ = 37,000 lb. per square inch. 

The radial extension at any point of a disc of constant 
strength is given by 

gare (l-»). .  . (% 





In Fig. 1 the outer radius of the safety groove is near!y 
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ll in. The blades and the rim may be taken as weighing 
respectively 0.11 Ib. and 0.195 Ib. per inch of this circum- 
ference. 

The centrifugal force of this load is about 10,000 lb. 
per inch of circumference; and if the working stress in 
the steel at the safety groove be fixed at 28,000 Ib. per 
square inch, the thickness of the metal must 


10,000 _ 9 36 in. 


If any considerable section of solid rim lie between the 
safety ve and the blades, it must be allowed for as 
in the following paragraph ; 

Rim Conditions.—As an example, take one of the discs 
of Fig. 12, page 66 ante. 

The two rows of blades are equivalent to a weight 
0.135 Ib. per square inch of rim surface, whose centrifugal 
force] the rim with a radial stress of 750 Ib. per square 
inch; while for the purpose of calculation, the mete ony 
rim 1s reduced to the equivalent form (of the same weight), 
with dimensions as shown in Fig. 34, below, the speed 
being 3000 revolutions per minute—t.c., w = 100 7. 

The thickness of the diso is given by 


— 0.00231 x? 
v=1.06e 
p # — 0.00231, 
g 2¢ 


corresponding to a stress o of 15,400 lb. per square inch. 
The rim is then aes as a rotating ring loaded on the 
outside by the blade pull ¢; lb. per square inch of surface, 
and on the inner side by the stress of the disc, o lb. per 
square inch of circumference for the breadth y. inches. 


Fig. 33. Fig. 34. rs 
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The hoop stress on the rim caused by these loads and 
the centrifugal force of its own mass is 
= 93% 7 %% . P (27) 

ts ¥3 ts 9g 

The radial extension of the rim (£}) and of the disc at 
the radius 2 () must be identical. 


on w? x 


Hence 
= 78% (1 ~ py) om §2 = 78%, 
§ E (l-») = &} ; 
And eliminating.an " 
on = “20 (iv) = 22% — F Ya% 4 Pysy2, (28) 
%% ts Y3 ts g 


This equation gives a relation between the dimensions 
of the rim and the stress on the disc, which may ba used 
to fix one unknown quantity. Usually y, is fixed at a 
minimum value of ; in. to 4 1m., so that the disc shall be 
strong against buckling. o3 and y; are fixed by the blade 
dimensions; ¢ is freely chosen; 22 and 2; are nearly 
equal. t,; is then the only unknown, and the equation 
gives the maximum value of ¢, if the stress ¢ is not to 
exceeded. 

Inserting the values for the example chosen we have :— 


Xq = 3 = 21in. 





“3 - 18, 00} Ib. per square inch. 
Yq = 0.414 in. 
¥3 = 3in. 
w= 1007. 
v= 0.3. 
.. from equation (28) 
15,400 x 0.7 = 750 x 21 _ 15,400 x 0.414 x 21 
ts 3 ty 
x, 0.28 x 100? x? x 21? 
21 x 32.2 
and ¢; = 1.4 in. 


Nave Calculation (Thick Nave).—When the nave is 
thick, as in the discs of Fig. 12, page 66 ante, it is no longer 
sutticiently accurate to treat it as a thin ring, and it must 
be considered as a perforated disc of uniform thickness, 
loaded at the outside with a radial stress. 

on=o% , ° ° 
" 
and at the inside by the radial mounting stress = —¢». 

As before, the radial extension of the nave and disc at 
their point of junction must be the same. 

This is expressed by the equation 

w? 


(29) 


We have also for the radial stress at x, 


ana ~ Spree a-mat + (1 + ») - (1-») 


be 
we) 
(This equation is equation No. 14 in another form, the 
coefficients b, and b, being introduced. ) 
Solving these simultaneous equations for }, and b, we 
find or by substituting their values in 


E 3+ pw 


(1—») ale 


In the example we are considering with the values 
shown in Fig. 35, where A B is the actual disc ile, 
“ - a the assumed equivalent profile for calculation, we 

nd :— 

pw(1—vt) _ 815 , _ 1-v, , _ 6.47 x 10 
8g9E ae me 

To find 6, and }, the simultaneous equations are got by 
substituting these values in equations (30) and (31). 


(31) 


%% 


1 = 


(32) 


8.15 by _ 64.7 x 108 
: x + 6b, + 2=! 33 
Fe "* = E (33) 
E (-33 » R15 . 3.524136, — &2b )- ~1000 (34) 
0.91 K 3.52 





63,-750Lbs. 





= (1—?) a3 + dy. ay +2 2 fo 
% 


sok “— (1-») (30) 



























or 
36 b, + by = 298 x 10 
E 

Fig. 35. Fig.4 
" 6=15400Lbs 
er Sg lnch 
vo 
- & 
aig | 
: 2 9 ' 
» ' ' 
eg 
= -100QLbs.per| & | } 
Sg Inch. Pee 
- -----) | tt ' 
a2 eee FSS i 








and 


1.3 b, — 0.057 by = — 580, 


= ban and b. = 161,000 ; 


whence we find 


These values of 6, and b, inserted in equation (32) give 
ori = 4890 lb. per square inch. 
15,400 _ 

4890 

This is the minimum width of nave. 

The tangential stress in the nave is found from equation 
(13), where os = 4890 ox = - 1000, which gives for x = 
3.5 in., the maximum value, occurring at the bore of the 
nave, 19,100 lb. per square inch. 

If, as in Fig. 12, page 66 ante, the nave is made wider 
than the minimum value of 3.15 in., this will probably 
slightly reduce the stress in the nave below, and increase it 
in the disc above the figures just calculated; but the maxi- 
mum stress will not be far below 19,100 lb. per square inch. 

This example shows again a considerable increase of 
stress caused by perforating the disc even when the hole 
is surrounded by a substantial nave. 

In discs running at speeds of about 600 ft. per second 
and over no balancing oles should be drilled. At the 
rim of a hole drilled anywhere in a disc the stress rises to 
at least double that in the unperforated disc, and if either 
the radial or the tangential stress is notably the ter, 
the stress round the rim of the holes rises to nearly three 
times that in the solid disc. 

For a fuller discussion of the stresses in rotating discs 
reference may be made to:—Morley, on “ The Strength 
of Materials ;” Jude, on ‘“‘The Theory of the Steam- 
Turbine ;” and Stodola, on ‘‘ Die Dampfturbinen.” 


SHAFTS. 

Strength and Stiffness.—Considering the rotor of a 
multiple-stage turbine as a shaft, the engineer instinc- 
tively aims at making it as stiff as ible. It is almost 
ridiculous to defend so fundamental and well-founded an 
instinct, based, however, on the tacit assumption that the 
rotor’s normal speed lies below its critical speed ; but if 
defence be required, it may be found, among many other 
reasons, in the desire to reduce to a minimum the de- 
flection of the shaft axis caused by out-of-balance loads 
which are always present, and to make provision for inci- 
dental and accidental magne ¢ forces, such as those 
caused by buckling of discs and drums through unequal 
heating at starting up; or, if water be carried over in 
large quantity from the boilers, by the inertia forces pro- 
duced when it meets the rapidly-moving blades. : 

The static deflection of rotor under its own weight is 
generally taken as a measure of its stiffness. The static 


Whence y 0 = 1 x 3.15 in. 


deflection is reduced by increasing the shaft diameter, or 
reducing the distance between the bearings, and it may be 
noted that both these steps are inimical to efficiency, the 
former directly increasing the clearance area, while 
the latter is equivalent to reducing the number of stages. 

The deflection may also be reduced by reducing the 
weight of the rotor. This is a reduction obtained without 
increasing the rotor stiffness, and it might be urged on this 
account that deflection is not a proper measure of stiffness. 
But actually the weight for any given type and size can- 
not be varied much, and it is Soanlir kept as low as 
— And, except for purely external deflecting 

orces, such as those caused by water striking the blades, 
the deflecting forces may be taken as proportional to the 
weight for any given design and standard of workmanship. 

Other factors influencing stiffness are the type (in this 
respect the drum construction, in which all the material 
adds to the stiffness, has the advan over the disc con- 
struction, where the discs merely load a relatively slender 
shaft) and the degree of constraint exerci on the 
journals. 

The loading of turbine rotors, especially of the drum 
type, and the section of the shaft are so far from uniform 
that the calculation of the bending moment and static 
deflection curves is best done by a method of graphiéal 
integration. Though somewhat long and tedious, the 
process is in principle quite simple, since after fixing the 
working scales it involves only measuring the area of 
each diagram by counting squares or otherwise. 

Figs. 36 to 40, page 104, show this method applied to 
the calculation of the bending and deflection of the drum 
rotor shown in Fig. 16, page 67 ante. The successive curves 
represent respectively the loading (pounds per inch length 
of shaft) ; the shearing force (pounds); the —s moment 
(inch-pounds) ; the slope (radians); and the deflection 
(inches). 

The scales used in the original curves were :— 

Length, 1 in. = 16 in. 

Force, 1 in. = 1600 Ib. 

.*. L square inch of shear diagram = 25,600 inch-pounds. 

Bending moment, 1 in. = 40,000 inch-pounds. 

.". 1 square inch of bending moment diagram = 
640,000 

EI 

Slope lin. = 8 x 10 radians. 

.*. 1 square inch of slope diagram = 1.28 x 10-' in. 

Deflection, 1 in. = 0.001 in. 

Frequently an additional curve representing the bend- 
ing moment divided at each point by the moment of inertia 
of the shaft is included between the bending moment 
and slope curves; in the above case the division of the 
bending moment by the moment of inertia of the shaft 
has been done in the act of plotting the slope curve. 

For a detailed description of the method, reference may 
be made to Morley’s ‘Strength of Materials,” or other 
standard work on applied mechanics. 

The maximum bending moment 110,000 inch-pounds 
is not very different from the value of 4 W.L., which is 
the maximum bending moment on the supposition that 
the total load—in this case 8300 lb.—is uniformly dis- 
tributed over the whole span. 

In this example the greatest deflection is 0.003 in., and 
in drum rotors generally the static deflection is kept 
within the limits 0.001 in. to 0.006 in. 

In dise rotors the loading and the shaft section are so 
much more nearly uniform than in drum rotors that a 
rough approximation to the bending, and even the 
statical, deflection can be got by assuming the rotor to be 
replaced by a uniform shaft loaded in some standard way. 
For more exact results a graphical method may be 
applied. 

n drum rotors the journals, being generally carried on 
spherically-seated bearings, are free to assume any incli- 
nation; but in dise rotors to increase the stiffness the 
journals are generally supported on bearings, which, 
Soler fixed, impose some degree of constraint on the 
journals and fix them indirection. A bending moment 
1s thrown on the journal, the amount of which depends 
on the degree of constraint, but which, to be on the safe 
side, should be calculated as ifthe journals were ro 
perfectly horizontal. This can never be the case if the 
axis of the bearings themselves is horizontal. The necessity 
of a running clearance between bearing and journal of 
the order of 0.005 in. gives the journal freedom to assume 
a position intermediate between that of complete freedom 
and exact horizontal constraint at the ends. In the case 
of fixed bearings the bending moment on the journals is 
greatly modified if the axes of the two bearings are not 
exactly collinear, being increased on one journal and 
reduced on the other. To meet this increased bending 
moment caused by fixing the bearings, the journals of 
disc rotors are generally made both stouter and longer 
than in the case of drum rotors, where spherically-seated 
bearings are the rule. 

Where the journals are oa horizontal the maximum 
deflection is about quarter of the maximum deflection when 
the journals are free ; and probably in actual cases where 
the met med are fixed the maximum deflection is about 
half that where the bearings have spherical seats, and 
in disc rotors the deflection calculated on free journals 
is kept between 0.006 in. and 0.030 in., and even 0.040 in. 
If the deflection be kept within the above limits, it 
will generally be found that nowhere is the fibre stress 
caused by bending and torque very high ; but it is ad- 
visable to sve that its maximum value (which is generally 
found at the journals) calculated on nkine’s equation 
for the equivalent bending moment 


M. = 3M +4 M?+ T?- 
is within 4500 Ib. to 5000 Ib. per square inch. Or if 


Guest’s relation T. = ./M? + T? be preferred, the result- 
ing shearing force is kept, if possible, below 3000 lb. per 


radians. 
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uare inch. These res show a factor of safety of 
about 10 on the elastic limit, or 14 or 15 on the ultimate 
strength ; but it should be remembered that the bending 
stress alternates from tension to an equal com ion 
thousands of times a minute, and that the value is calcu- 
lated on the static loading, and ignoresany additional stress 
caused by out-of-balance loads. The torque, though not 
subject to fluctuations nearly so sudden or violent, may 
be very far from a steady load, and a large factor of 
sifety is imperative. 

A limit is placed to the permissible diameter of journal 
by its surface speed, which, kept generally below 50 ft. per 
second, may be allowed to rise to between 70 ft. and 80 ft. 
per second. The latter figures apply to a journal 6 in. 
in diameter, rotating at 3000 revolutions per minute, so 
that this limit is not one to add much to the difficulties 
of design. 

The bearing pressure on the journals calculated in the 
usual way, b Sividin the total load on the journal by 
the projected area of the bearing in the case of rayne e 
seated bearings, is generally between 50 lb. and 100 lb. 
per square inch. : 

Where the bearings are fixed to allow for the addi- 
tional bending stress thrown on the journal, the bearing 
pressures are generally between 20 lb. and 50 lb. per 
square inch. 

Critical Speeds.—Since the designer’s object in calcu- 
lating the critical or whirling speed of a rotor is to make 
sure that it is far removed from the normal running speed, 
approximate methods of calculation are amply sufficient. 

arious methods are available. For instance, the rotor 
may be replaced by an assumed equivalent uniform shaft 
loaded in a simple way, of which the critical speed can be 
found from some standard equation. The simplest cases 
are uniform shafts uniformly loaded, and uniform shafts 
carrying one concentrated load. 


Symbols Used. 


Let w = angular speed of whirling—radians per second. 
N = angular speed of whirling—revolutions per 
minute. 
= 60 WwW 
| 


1 = length of shaft—inches. 

I = moment of inertia of cross-section of shaft about 
a diameter—inches*, 

w = distributed load on shaft—pounds per inch. 

W = concentrated load on shaft—pounds. 

E = Young’s modulus—pounds per square inch. 

g = acceleration of gravity—12 x 32.2in. per second?. 

y = static deflection of shaft at a point distance x” 
from one support—inches. 


In uniform shafts, uniformly loaded, the first whirling 
speed is given by 
w —~27Tnp 


nn/ cE w = 
a" s81" @- vA 


where k, varies with the conditions at the journals as 
in Table IT. 


ky. (35) 


TABLE II. 

Journals, ky. 
Supported—supported we 
Fixed—fixed.. «s = : 22.4 
Fixed—supported .. on , 15.4 


In uniform shafts carrying a single heavy load W, the 
whirling speeds, neglecting the rotatory inertia of the 
load, are given by 

















3 2 3 
wo WPL . N? wi = ke (36) 
-—gEI 3600 gEI 
where kz has the values given in 
TABLE ITI. 
Distance of | 
Journals. W from Fraction of 
Journals. Weight of Shaft 
| ka to be Included 
“7D with W. 
A. B. A. B. 
oe cima 
Sup- __|Sup- I iu 3 u 
ported | ported © : a2 b2 x a2 2 
Fixed ..|Fixed.. @ | b . od a 
a 500 a bs 
Fixed ,.oap- a b 12 is PS, |. pe) ee 
| ported a b2(3a-+4b) 238 a b2(3a+4b) 


By making several different assumptions it is generally 
possible (at least with dise rotors) to fix certain limits 
within which the whirling speed must lie, and if these 
limits all fall either well above or well below the running 
speed, no further refinement of calculation is necessary. 

Take, for instance, the Laval rotor of Fig. 1, page 64 
ante. Certain extreme limits for the whirling speed may 
be fixed by using the foregoing equations while making the 
following successive assumptions :— 

1. Let the disc have its mass all concentrated on the 
shaft axis, so that it has no rotatory inertia and does not 
add to the shaft stiffness, and that the uniform shaft, 
1, in. in diameter, is merely supported by the bearings. 
All these assumptions make the result too low. 

Here we have 


W = 200 lb 
= 14in. 
b = 8 in. 
1 = 22 in. 
= 0.098 in.4 E = 29 x 10° lb. per square inch, 
is 
kg = 3; 





Substituting these values in equation (36) we find 
N = 1620 revolutions per minute. 

_2. Let the shafts be joined flange to flange, v ithout the 
disc, w mass, however, is still supposed concentrated 
at the centre of the joint, and let the journals be fixed. 
All these assumptions (except the neglect of the rotatory 
inertia of the disc, the correction for which is of the order 
of a per cent.) make the result too high. 


ere 
l = 16.5 in. 
a = 11.25 in. 
b = 5.25 in. 
=f is 
&=s a*b 


W, I, and E, as before. 


Hence from equation (36) N = 5720 revolutions per 
minute. 


0 





Fig. 36. 
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The range between 1620 and 5720 is, of course, a oon 
‘one ; but taking the higher figure, there is still an ample 
——_ of safety left below the normal running speed of 
10, revolutions per minute. 

In this case, as in others, where the whirling —_ 
falls below the running speed. stiffening the shaft 
(which would raise the whirling speed), has the effect 
of dim ing the margin of safety. The shaft is 
therefore deliberately made slender, care being taken 
that it is not too highly stressed. 

hen the loading consists of several concentrated loads 








the critical speed of the shaft unloaded, and loaded with 





each disc tely, may be calculated by the foregoing 
equations. Let these speeds be respectively @}, Wo, Ws, &e., 
then the whirling speed w of the shaft loaded with all the 
discs may be found from Dunkerley’s semi-empirical 
equation :— 








1 1 1 1 
@ = opt of tag t —: (37) 
or 
1 1 1 1 
<= «as - _ + = - 
N= Nyt Nit 3 (37) 
12, page 66 ante, 


Take, for example, the rotor of a. 
pe age two discs, each wei — { 620 1b. Without serious 
error, the shaft may be replaced by a uniform shaft 6 in. 
in diameter, fixed at bearing A and supported at bearing b. 

Here we have :— 


4b. | 38a+ 4b.) WLb. 





Disc. a. b. 3a. 
1 31 in. | 30 in 93 120 213 | 620 
2 42,, | 19,, 126 76 202 | 620 
¢ = 61 in. 
I= 63.6 in.4 


1, Whirling speed of the shaft alone, w!. From equa. 
tion (35). 


w, = 41, /9ET here w=0.28 x * 6? = 7.91b. per in 
w 





Rp 
= 1230 radians per second. 
2. Whirling speed of (weightless) shaft with disc No. 1. 
sil aie 12gEI2 . 
— WB ai B (8a + 4b) 
= 0.534 x 106 
*. W, = 730 radians per second. 


3. Whirling speed of (weightless) shaft with disc No. 2. 
a= __129 RIP 
—- WPa’ b (8a + 4b) 
= 750 radians per second. 
4, Whirling speed of complete rotor, w. 


Dee 84.) 66) Se 2. 
w? = (1230) (730) (750) (482) 
N, = x oe x 482 

ad 2a 27 


= 4600 revolutions per minute. 


The running speed being 3000 revolutions per minute, 
there is in this case also an ample margin of safety ; and 
since the whirling = lies above the running speed, th: 
stiffer the shaft is the better. 

Where the shaft is so far from uniform that it is im 
possible from mere inspection to replace it by a uniform 
shaft of even approximately the same stiffness, the whir!- 
ing speed may be found approximately from the curve of 
static deflection of the shaft. 

The method consists in equating the strain energy of the 
deflected shaft (= 1/2 2 Wy) to the kinetic energy of 
whirl (= 4 g w? = W 7?) whence 


aa 9 =Wy 
—_ =W, 


and is based on the assumption that the curve actually 
assumed by the whirling shaft is the same as the curve of 
static deflection. Though untrue, this assumption does 
not involve seriouserror. Rotatory inertia of the load is 
also neglected. 

Take as an example the rotor shown in Fig. 16, page 67 
ante, with. the corresponding loading and detlection 
curves, Figs. 36 and 40, annexed. To avoid a series of 
integrations the distributed load is replaced by the various 
concentrated loads, W, acting at distance x from the left 
hand bearing (small loads at the ends being neglected), 
and the calculation proceeds as follows :— 


(38) 























1 2. 3. 4. 5. 6. 

x Ww y eg Wy wr 
In. Lb. In. Sq. In. In:-Lb. —In.2-Lb. 
18.2 1760 0.00205 0.0000042 3.6 0.0074 
25.5 192 0.00235 0.0000055 0.45 0.00106 
36.2 440 0.0027 0.0000073 1.19 0.0032 
54.9 600 0.00304 0.0000092 1.82 0.0055 
67.8 280 0.00295 0.000:0087 0.82 0.00244 
79.4 710 0.00273 | 0.0000975 1.94 0.00533 
90.9 520 0.00245 | 0.0000060 1.27 0.00312 

106.8 3100 0.002 | 0.0000040 6.2 0.0124 
\ 


Adding columns 5 and 6 we get = Wy = 18.48 = W)" 
= 0.0435. 

Substituting these values for > W y and = W »? in equa- 
tion (38), we find 





w =a/12 x 32.2 x 18.48 
- 0.04315 
= 406 radians per second. 
Whence 
N= 30 406 = 3880 r.p.m., 


a speed sufficiently far above the normal running speed of 
— revolutions per minute to make the rotor perfectly 
safe. 

For a discussion of whisling speatp from the engineer’s 
point of view, reference may be made to a valuable paper 
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by Professor Morley, ENGINEERING, vol. lxxxviii., page 
135. 
MATERIALS OF CONSTRUCTION. 

Practically the only materials used in turbine-rotor con- 
struction are mild-steel forgings and nickel-steel forgings. 
In the early days, forgings for the drum-rotors of reaction 
turbines, especially for the larger sizes, being difficult to 
obtain and expensive, steel castings were resor to. 
Blow-holes and other irregularities, almost invariably 
present in the casting, however, made balancing difficult, 
and still more serious were the really large shrinkage 
cavities found where the steps in diameter took place. 

A demand thus arose for forgings, and as the steel- 
makers perfected their plant for producing forgings of 
the size aad shape required, forgings have gradually 
replaced castings, in spite of the fact that castings when 
sound have in actual working proved quite satisfactory. 
The question is really one of price, forgings having come 
down to a figure at which the apparent excess of cost over 
castings may be regarded as a premium which it is profit- 
able to pay as an insurance against having to reject a cast- 
ing through some concealed flaw appearing after much 
time and labour have been expended on the piece. At 
the same time improvements have been made in steel 
castings, and Messrs. Krupp now offer to supply cast- 
steel rotor disc, to the same specification —— tests as 
forgings. The present fashion, however, is to use care- 
fully annealed forgings of either mild steel or 3 per cent. 
nickel steel, having an ultimate tensile strength of 35 to 
45 tons per square inch, the elastic limit being about 
20 tons per square inch, and the elongation not less than 
20 per cent. in 2 in. in the case of mild steel. Where 
nickel steel is used the elastic limit is not less than 
21 tons per square inch and the elongation 22 per cent. to 
32 per cent. in 2 in. 

The subjoined Table IV. gives the results of actual 
tes‘s in steel forgings used for turbine rotors. Following 
the usual practice, the tests are taken after the forging 
has been annealed from pieces cut off the smallest 
diameter, where, of course, the metal has received the 
greatest amount of hammering, and in this connection it 
is interesting to note the standard clause from the 
Admiralty Forging Specification that the sectional area of 
the body of the forging is not to be more than one-sixth 
of the original cross sectional area of the ingot—a clause 
which ensures that the whole forging shall have a good deal 
of forging work done on it. here this or some similar 
clause is not included in the specification, any specially 
low quotation may be found on investigation to be for an 
ingot cast very nearly to the largest diameterjof the forging, 
which, having little forging work done on it, naturally 
approximates in quality to cast steel—giving probably a 
high tensile strength with a low ductility. The actual 
test-piece, being taken from a well-hammered portion, 
probably gives a test well above specification, but it is 
not a fair sample of the whole. 

The author's experience is that the leading Sheffield 
firms supply forgings of excellent and uniform quality, 
and even without any special reference to the size of ingot 
in the specification, would, for example, ss use one 
weighing about 10 to 12 tons to produce a finished forg- 
ing weighing about 2 tons. ; 

The last two tests, Nos. (9) and (10) in Table IV., have 
been added as examples, fortunately rare, of tests which 
failed to come up to specification, and on the strength of 
which the forgings in question were rejected. The 
remarks attached to these tests shed light on another 
Admiralty requirement, that at least 40 per cent. of the 
weight of the ingot is to be removed from the top end, 
and 5 per cent. from the bottom end of the ingot. 
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These figures are sufficient to show that it is quite 
possible, if care be taken, to cut a test piece from each 
important forging, to get ductile mild-steel forgings with 
an elastic 1 mit not less than 20 tons, while in nickel steel 
the elastic limit is in the region of 28 to 30 tons. 

It may be noted in — that my ee the test 
results are much better than the ified figures, yet the 
stecl-makers are against any stiffenin of the specifica- 
tion. The conclusion seems to be two-fold : first, that the 
steel-makers prefer to keep a good margin in hand, so as 





* On “ The 


Design of High-Speed Shafts,” see Jeffcott : 


to avoid any risk of rejection of the forging ; and, second, 
that if the specified results are not met by the actual test, 
the forging should be rejected. 
designer can thus reckon confidently on using 

mild steel having a minimum elastic limit of 20 tons per 
square inch and an ultimate tensile strength of 36 tons. 
_ The question then arises, What is the highest safe work- 
ing stress. 
_ Centrifugal stress is an almost ideal dead-load. Changes 
in its value take place slowly, it has nothing of an alter- 
nating character. On the other hand, the calculated 
stress is based on the assumption of a uniform distribu- 
tion of the stress caused by the blade-load ; this is clearly 
untrue. The calculated value is ppm close to the 
average stress, but at the bottom of the blading grooves 
and in the corners of keyways the stress is undoubtedly 
locally higher than the ave f these local stresses 
rise beyond the limit of elasticity, the metal flows locally, 
and so distributes the stress more uniformly, hence the 
value of ductility. It prevents the formation of small 
cracks, which, spreading, would in time ruin the rotor. 

Having thus provided by the ductility of the material 
for local inequalities of stress, the calculated value may 
be taken as very nearly the true stress. 

Provision must be made for running at speeds above 


normal. If the pene should fail and the turbine run 
away under a full supply of steam, the s would rise, 
assuming the rotor stood the stress, in a Laval turbine to 


two or three times the normal. In multi-stage turbines 
the ultimate speed would be many times, perhaps 5 or 10 
to 20 times, the normal, and, remembering that the stress 
increases with the square of the speed, it is obvious that 
it is quite beyond the range of possibility to construct an 
efficient turbine—any more than a reciprocating engine — 
which will safely survive “‘ running away,” Recourse is 
had to safety devices. In addition to the regulating 
governor an emergency governor is fitted, the function of 
which is to close the emergency valve it controls, and so 
shut down the turbine in the event of the speed for any 
reason exceeding the normal by a definite amount, 
generally taken at 10 per cent. If the emergency 
governor fails to act, nothing can save the rotor except a 
sudden increase of resisting torque stopping it. In the 
few cases which have occurred of turbine plants running 
away this resisting torque has generally been applied by 
the bursting of the electrical rotor. The coils fly out and 
jam in the stator, bringing the turbine rotor to rest 
without damage. But assuming no such extraneons stop, 
the rotor 7 would increase until, the stress reaching 
the limit o! wey the rotor would stretch op | 
to make the blades foul the casing, strip the blades off, 
and probably bring the rotor to rest. us the actual 
bursting of a rotor, which could hardly fail to do serious 
external dam may be considered, fortunately, an ex- 
tremely unlikely occurrence. 

Suppose now the ordinary regulating governor to fail. 
The turbine rapidly accelerates; at 10 per cent. over 
speed the emergency governor trips and closes the valve. 
A definite, though small, time being allowed for this 
action while the rotor continues to accelerate, the 
highest speed reached by the turbine might be perha 
15 per cent. over-speed. The finished rotor should 
tested by actual running at a speed somewhat above the 
highest speed at all likely to be reached in actual legiti- 
mate running ; and on the above analysis 20 per cent., or 
at the outside 25 percent., over-speed seems to be amply 
sufficient. Anything beyond that speed is a paper 
margin, which has no real value. If the emergency 
governor acts, the margin is not needed ; if the emergency 
governor fails to act, the margin is hopelessly inadequate; 
100 per cent. over-speed test is occasionally specified, and 
this condition, if insisted on, probably has the effect of 
increasing the cost of the plant. It would be interesting 
to know what corresponding real benefit the purchaser 
gets in return for his increased outlay. 

The centrifugal stress at 25 per cent. cuearese is nearly 
60 per cent. greater than the stress at normal s . Thus 
absolutely the minimum factor of safety may be taken as 
1.6 on the elastic limit of 20 tons per square inch—for, of 
course, no permanent stretch can be allowed—or about 2.9 
on the ultimate strength of 36 tons per square inch, corre- 
sponding to a working stress of 124 tons = 28,000Ib. per 
square inch for mild steel. In actual turbines designers 
seem up to the present to have limited themselves to a 
maximum working stress for mild steel of from 16,000 Ib. 
to 18,000 Ib. per square inch, giving for the higher figure 
a factor of safety referred to the elastic limit of 2.5 and 
to the ultimate strength of 4.5, and for the lower figure 
2.8 and 5 respectively. Rotors working with these stresses 
have given most satisfactory running, and such rotors 
would probably safely stand running at 50 per cent. over- 
speed without suffering any permanent deformation. 
Where nickel steel is used, the working stress can be 
raised to 20,000 Ib. or 22,000 lb. per square inch, with 
about the same factors of safety as for mild steel at the 
lower stresses given. It is doubtful whether the con- 
siderably higher cost of nickel steel justifies its extended 
use. At present, at least, mild steel is more commonly 
used, and nickel steel is adopted chiefly for discs running 
at peripheral speeds of about 600 ft. per second and over. 
Blading.—In reaction turbines the material uniform] 
used for the blades is brass and copper, the latter, whic 
maintains its ductility at high temperatures, being 
where the steam is superheated. e blades are drawn 
to the correct section, and since only thoroughly sound 
material can be drawn, this operation automatically elimi- 
nates faulty metal. 

The brass used is approximately of the composition 63 
per cent. copper, 37 — cent. zinc, and its mechanical 
ag aay are generally as given in Table V. 

or the distance-pieces, both soft iron and nickel steel 
have been tried with the view of getting a material whose 
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coefficient of thermal expansion approximates to that of 


the steel used for the rotor ; but on account of its extreme 
ductility and the ease with which it can: be caulked into 
every recess and crevice of the grooves, while its slightly 
higher coefficient of thermal een is by no means 
unmanageable, it is now generally recognised that soft 
brass is the most suitable material. 


TaBLe V.—Mechanical Properties of Brass for Blading. 


Stress. 








Elongation | Reduction 
Specimen. (Elastic, tons; Ultimate, [per cent. in| of area per 
persquare | tons per 2in. cent. 
inch. square jnch.| 
— | — — 
Cast rod 1in.| 
in diameter 16 21.6 dt 45 
Drawn blade, | 
area of cross | 
section = 
0.0105 squarc | | 
inch.. ‘ 20.50 | 23 17 60 


Experience extending over the mag geies of more than 
twenty years has proved copper and brass to be very satis- 
factory blading materials for reaction turbines. The 
blade surface remains fresh and uncorroded, and as a 
result the turbine maintains its original efficiency. 

In mee turbines the conditions are much more 
severe. The higher steam speeds lead to blade erosion at 
a rate unknown in reaction turbines, and soft metals like 
copper and brass are unsuitable, while iron and mild 
steel rust and reduce the turbine efficiency. Some years ago 
25 per cent. nickel steel was very generally adopted as a 
material possessing the rather exceptional combination 
of properties required for blading. Experience seems 
to indicate, however, that under the action of steam this 
metal deteriorates and becomes brittle, and in certain 
types of impulse turbines spontaneous blade-stripping 
has occurred after three or four years’ work. Nickel-steels 
containing 32 per cent. and 5 per cent. of nickel and 
various bronzes are being tried, and may prove entirely 
satisfactory ; but prolonged experience will be required 
before the question can be considered as definitely settled 
for impulse turbines, as it is for reaction turbines. 

Cost.—With regard to cost, drum forgings stepped in 
three or four diameters may be taken at about 60s. per 
cwt. for a maximum diameter of about 4 ft. If the largest 
diameter be redu to about 2ft., the price per cwt. 
will be reduced to about 35s. per cwt. for a stepped 
rotor. For adrum of uniform diameter of the order of 
2ft., the price per cwt. would be between 20s. and 30s. 
per cwt. 

Taking discs of the general proportions indicated in 
Fig. 41, a number of recent tenders analysed showed the 
following prices per cwt. for a range of diameters of disc 
from 301n. to 85in.:— 


Cast steel cost 30s. per cwt. 
Mild steel forgings cost 40s. to 70s. per cwt. 
Nickel-steel forgings cost 50s. to 100s. per cwt. 


The value of a disc may thus be taken approximately to 
vary a8 some power between the square and cube of the 
diameter. 

The figures show that nickel steel costs from 20 to 50 
per cent. more than mild steel, over which it the 
advantage of a slightly greater elastic limit, combined 
with a higher ductility. 

It should be noted that these prices refer to forgings as 
received by the machine-shop, rough-turned, and allow- 
ing from 4 in. to} in. on each faée for finishing, so that 
the value per hundredweight of the finished rotor far 
exceeds that of the rough forging. The percentage of the 
total weight removed from the rough-turned forgings in 
finishing is generally much greater in discs than in drums. 

No doubt, by the use of special forging tools, discs 
could be pressed to very nearly the finished dimensions, 
but the necessary tools are so expensive that only when 
large numbers of identical discs are required is it econo- 
mical to use such tools, and turbine design has not yet 
been so completely standardised as to make such pressing 
the usual practice. 

The increase in cost of the finished rotor over that of 
the forgings varies so widely, and depends so much on 
the design, that it is impossible to give general figures of 
any real value ; but it is very doubtful whether the finished 
rotors of any type have a cost to makers as small as 100s. 

r hundredweight, or 100/. per ton, while the upper 
imit may be in the region of 400/. or 500/. per ton, the 
higher values applying to the disc-type rotors. 


SmiLark Rotors. 


The limit to the power of a turbine working at a given 
efficiency ratio is set by the weight of steam which can be 
by the low-pressure blades. It is sufficiently close 

to the facts to assume that for a constant efficiency ratio 
the ratio of the steam speed to the low-pressure blade 
speed is constant. The specific volume of the steam 
varies very rapidly with the exhaust pressure when this 
is low, so the exhaust pressure will, for the purpose of 
this discussion, be given any constant value. The volume 
of exhaust steam is then proportional to the weight 


On these assumptions, then, of constant exhaust pres- 
sure and constant ratio of steam to blade s , the power 
(horse-power) of a series of turbines of different propor- 
tions may be taken as H.-P. « rx 21. w. 

The condition for a constant tensile stress in the Llades 


isla 1 , and the stress in the rotor is nearly ¢ x w’ r ,2, 
Ww 


From these relations we find to a first approximation 


i eae 
wi 


That is, the maximum power of a turbine varies directly 





as the maximum stress permit on the rotor, and 
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inversely as the square of the angular speed. If we con- 
sider two similar rotors, one of which has all its diametral 
dimensions k times the corresponding dimensions on the 
other rotor, the second rotor, when running at a speed of 
revolution 1/k times that of the first will give an output 
= # times that of the first rotor. ’ 

A case of special importance arises where turbines are 
put to drive alternators having the standard periodicity 
of 50 cycles per second. Here all the possible speeds are 


given by N = , where n is the number of pairs of poles 
n 

on the alternator which may be given any in value 

from 1 upwards. The possible speeds are then 3000, 

1500, 1000, and 750 revolutions per minute, &c. 

At 3000 revolutions per minute, and with the high 
vacuum of 29 in.—a vacuum not often exceeded in prac- 
tice—it is practicable to build a turbine having a high 
efficiency ratio and driving a 1000-kilowatt alternator 
without exceeding a rotor stress of 16,000 lb. per 
square inch and a blade stress of 4000 lb. per square 
inch. With some sacrifice in efficiency through increas- 
ing the speed of the steam passing the exhaust blades, 
this output may be increased to 1500 kilowatts and 2000 
kilowatts. On the other hand, if the vacuum be reduced 
from 29 in. to, say, 28 in, or 27 in., the actual weight of 
steam used per kilowatt-hour increases, but the steam 
volume of exhaust comes down so much more rapidly 
than the weight increases that the efficiency ratio im- 

roves. 

j We may thus construct Table VI. of turbine speeds and 
output, based on a high efficiency ratio and a maximum 
rotor stress of 16,000 lb. per square inch. 


Taste VI.—Turbine Speeds and Output. 








Output in Kilowatts. Or 29-in. vacuum 





R.P.M. —___—__———-; with reduced 
29-In. Vacuum. | 27-In. Vacuum. | efficiency ratio. 
| 
8,000 1,000 | 2,000 
1,500 4,000 8,000 
1,000 9,000 18,000 
750 16,000 32,000 


If a higher stress than 16,000 Ib. per square inch be 
permitted, the outputs are increased pro rata. For 
instance, if the stress be fixed at 20,000 lb. per square 
inch, all the outputs in the above table may be increased 
by 25 per cent. 

If all diametral dimensions be altered in ratio 1/k, the 
length being kept constant, the weight is altered in ratio 
1/k2, and the maximum deflection in ratio 1/1/k?. 


If the length also be increased in ratio 1/k, the weight y 


is increased in ratio 1/k*, and the deflection in ratio 1/k?. 

It never happens in practice that a turbine running at 
one speed is exactly similar to one running at another 
speed, and in particular the length does not even approxi- 
mate to being inversely as the speed. If two turbines 
were made, one to run at half the angular speed of the 
other, with all its diametral dimensions twice the second, 
the length of the first would be somewhat ter than the 
length of the second, as the increased blade lengths would 
demand a somewhat wider pitch of successive rows, but 
the length would not be nearly doubled. Thus the weight 
might be expected to increase at some inverse power of 
the angular speed between the second and third, but 
nearer the second. 

Actually in large turbines made to run at lower angular 
speeds the diameter of the rows of blading at the high- 
pressure end are increased in ter ratio than those at 
the low-pressure end, while the number of rows may be 
altered ; and the net result is that for a given number of 
blade rows the length approximates to constancy, and the 
weight and cost (assuming a constant — per hundred- 
weight of material) vary approximately inversely as the 
square of the speed. 

Conclusion.—In conclusion, the author desires to thank 
the age te yt firms for supplying drawings and descrip- 
tions, which have been of considerable value in the pre- 
paration of this paper :—The Brush Electrical Engineer- 
ing Company, Limited; Messrs. Dick, Kerr, and Co., 
Limited; Messrs. Greenwood and Batley, Limited ; 
Messrs. Richardsons, Westgarth, and Co., Limited; 
Messrs. Willans and Robinson, Limited; The A.E.G. 
Company ; Messrs. Brown, Boveri, and Co.; Maschinen 
Fabrik Oerlikon ; Messrs. Melms and Pfenninger ; and 
Franco Tosi. He has also found much valuable matter 
in recent volumes of ENGINEERING. 

For the dimensions on the drawings the author is 
wholly responsible, but he believes that they are typical 
of recent practice. 





Visit oF Russian StupENTs TO ENGLAND.—A party 
of twenty-eight students from the Imperial Technical 
Institute of St. Petersburg, accompanied by Professor 
Holmogroff, are visiting England to see the various en- 

ineering centres. They are staying twelve days in 
Taian three in Birmingham, and four in London, 
In Manchester they have visited and inspected the follow- 
ing works :—Messrs. Galloways, Limited ; Messrs. Beyer, 
Peacock, and Co.; Messrs. Massey Brothers; Messrs. 
Armstrong, Whitworth, and Co.; Messrs. Smith and 
Coventry ; Messrs. Brayshaw and Co. ; Messrs. Craven 
Brothers; Messrs. Mather and Platt, and the British 
Westinghouse Company, &c. In Liverpool they visited 
several docks and pumping-stations, the overhead rail- 
way, and the Cu steamship Lusitania, The arrange- 


ments, including housing accommodation, are being 
carried out by Messrs. Pennington, engineering tutors, 
Oxford-road, M: 

Liverpool. 


anchester, and the Russian Consul at 








FOREIGN ENGINEERING PROJECTS. 


WE give below a record of colonial and foreign engineer- 
ing jects, for several of which tenders are asked. 
Further particulars concerning the same can be obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, London, E.C. 

Australia: The South Australian Railway Commis- 
sioner has issued an invitation for tenders for the con- 
struction in South Australia of (1)7 or 22 Class T 3-ft. 6-in. 

uge locomotive-engines and bogie-tenders; (2) 5 or 15 

lass F 5-ft. 3-in. gauge locomotive tank-engines ; and 
(3) 9 or 19 Class Rx 5-ft. 3-in. gauge locomotive-engines 
and bogie-tenders. Tenders in the case of (1) and (2) will 
be received at Adelaide up to July 19, and in the case of 
8) up to August 16. A contract has been made by the 

uth Australian Government with an Australian firm 
for the construction of 330 steel railway wagons, and 
in order to build these wagons works are to be established 
in South Australia. 

Canada: Sealed tenders will be received up to 8 p.m., 
July 18, by Mr. W. F. Heal, City Clerk, Moose Jaw, 
Saskatchewan, Canada, for the following :—Contract A— 
Supplying material for and constructing sewage-disposal 
plant complete, and laying trunk sewer ; contract B—(1) 
supplying and installing a complete air-lift system ; 
contract B—(2) supplying and installing one electrically- 
driven centrifugal pump and auto-starter. 

Sweden: Tenders are invited for the carrying-out of 
dredging operations in the Gétha-elf. Tenders, enclosed 
in envelopes superscribed ‘‘Anbud a muddringsentre- 
prenad,” will opened by the Trollhiitte Kanals 
Ombyggnad, Trollhatten, Sweden, at mid-day on 
July 23. The contract will involve the shifting of 
890,000 cubic metres of earth. 

Switzerland: The Feutlle Fédérale Suisse contains 
notices of the following concessions :—(1) To Messrs. 
Isler of Goldau, Cathrein of Brigue, and Roemer of Paris, 
for the construction and working of a narrow-gauge 
electric railway from Brigue via Riederalp and Eggishorn 
to the Aletsch Glacier ; the cost of the work is estimated 
at 3,850,000 francs (154,000/.), and three years are allowed 
for the completion of the line ; (2) to Messrs. Baumgartner 
of St. Gall, Beusch of Grabs, Bohl of Stein, Hardegger of 
Gams, Kuhn of Buchs, and Looser of Alt-St. Johann, for 
the construction and working of a narrow-gauge electric 
railway from Buchs to Nesslau ; the cost of the work is 
estimated at 5,100,000 francs (204,000/.), and thirty months 
are allowed for its completion ; (3) to Messrs. Comte and 
Froidevaux, of Delémont, for the construction and work- 
ing of a railway from Delémont to Mervelier ; the cost of 
the work is assessed at 1,200,000 francs (48,000/.), and two 
ears are allowed for its completion ; (4) to Mr. André 
Zwissig, of Seelisberg, for the construction and working 
of a funicular railway from Treib to Seelisberg ; the cost 
of the line is estimated at 450,000 francs (18,000/.), and it 
must be built within eighteen months. 

Italy : Tenders are invited for the strengthening of the 
quays and for the construction of a dock in the harbour 
of Portotorres. The upset price is put at 2,214,720 lire 
(88,5897.), and the competition will turn on the percentage 
of reduction offered thereon. A deposit of 100,000 lire 
(4000/.) will be required with each tender, to be increased 
by the successful tenderer to 10 per cent. of the accepted 
contract price. Tenders. which will be opened at 10 a.m. 
on July 29, should be addressed to the Direttore 
Generale delle Opere Marittime, Ministero dei Lavori 
Pubblici, Rome. Although it is probable that the above 
contract will be awarded to an Italian firm, nevertheless 
the carrying out of the work may involve the purchase of 
some materials out of Italy. 

Turkey: The convention entered into between the 
Minister of Public Works and the Oriental Railway Com- 
pany respecting the construction of a railway between 

ba-Eski and Kirk-Kilisseh, in Roumelia, has received 
the approval of Parliament. The construction of a port 
at Samsoun is contemplated. There is a project on foot 
at Adana for the building ef 10 kilometres of light rail- 
way to bring building stone from the hills. The con- 
cession for this railway has already been obtained, 
and can be taken over by a small company at once. 
An ambitious programme of public works in Turkey was 

ublished in December, 1908, by the Minister of Public 
orks, including roads, railways, harbours, regulation of 
rivers and irrigation, but owing to want of money and 
indecision, very little has been sooemngeaned during the 
past 12 months. No money has yet been found for the 
road-making, but a draft law providing for the con- 
struction of roads throughout the Empire has been 
repared by the Ministry of Public Works. H.M. Consul 
earns that a contract te been signed with a German 
firm for the construction of 800 kilometres of roads in 
European Turkey. Several applications for concessions 
to build railways have been laid before the Ministry 
of Public Works during the past year. The principal 
scheme was for a railway from Sivas via Kharput, 
Arghana, Diarbekr and Bitlis to Van, with a branch to 
the sea at Yimurtalik via the Jihan Valley, and a branch 
to Mosul, Kerkuk and Suleimanieh. Offers have been 
made to build such a railway, without any kilometric 
guarantee, in return for mining rights over 20 kilometres 
on each side of the line. The mber and Senate passed 
a resolution authorising the Government to grant a con- 
cession on these lines. The Ministry of Public Works has 
been making inquiries as to the financial capacity of the 
applicants to carry out their undertaking, of which the 
cost is estimated at about 20,000,0007. Surveys have been 
made for a line between Samsoun and Sivas. The Bagdad 
Railway Company announces that work will be begun at 
once simultaneously in four directions for the continuation 
of the line from Bulgurlu over the Taurus to Aleppo, and 
across the Euphrates to El Helif. The Homs-Tripoli 
concession has been granted to the French Damascus- 








Homs Railway Company. The term of the concession is 


fixed at 88 years, so as to expire at the same time as the 
main Aleppo-Rayak concession. The length is about 100 
kilometres, and the gauge is normal (1.44 metres). No 
kilometric tee is given. A surveying commis. 
sion, sent by the Public Works Department, is now 
making estimates and plans for the Hodeida-Sana 
Railway, which will form a basis on which tenders wil] 
be asked. The Government recognises t some gua. 
rantee will have to be given, probably interest on 
capital spent. This railway will of narrow gauge 
(1.05 metre) with a branch to the Gulf of Jebana, 
where a military port will be constructed. The Salonica- 
Constantinople Railway Company is making surveys for 
the Danube- Adriatic line, but meets difficulties from the 
population and from local authorities. It is not likely 
that the line will be built until a guarantee is given. In 
the Demir-Hissar-Djuma Bala Railway proposal no pro- 
gress has been made, as the Government are unwiling to 
give guarantees. Negctiations are proceeding for tlie 
construction of a line from Panderma to Soma. Har. 
bours: M. Godard, one of the French engineers attached 
to the Public Works Department, is to visit Tripoli, 
Mersina, Alexandretta, aiffa, and Jaffa, and make 
surveys for harbour construction at those places. 

Spain: The Gaceta de Madrid of June 27 contains a 
decree, issued by the Ministerio de Fomento, Madrid, 
inviting tenders for the construction of a strategic railway 
from Tarifa to Algeciras. Sixty days from the date of 
the Gaceta are allowed for the presentation of plans and 
specifications. The line will be single track, of one meire 
gauge, and the rails must weigh not less than 30 kilogs. 
per linear metre (66 lb. per yard). Means must be pro. 
vided for the transport of artillery. This contract is 
_ to Spanish firms only, but it is possible that some of 

material required may have to be obtained out of 
Spain. The same issue of the Gaceta publishes a notice, 
issued by the Direccién General de Obras Publicis, 
Madrid, granting to the Seville Collieries, Limited, a 
concession for constructing, in accordance with the 
specifications and plans submitted, and working a steam 
tramway from the railway-station at Pefiarroya to 
the Valdeinfierno Mines, passing by way of Fuente 
Ovejuna. 

Mexico: With reference to the proposed construction 
of a dam for irrigation pur on the Nazas River, 
H.M. Legation at Mexico City report that the prelimi- 
nary surveys and boring operations, now being carried out 
by Messrs. S. Pearson and Son, Successors, are rapidly 
approaching completion. It is stated that the boring 
operations have revealed the existence, at a place on the 
river called Caja Pinto, of suitable foundations for the 
construction of a reservoir of the enormous storage 
capacity projected ; the drilling machinery was trans- 
ferred early in June to a site, lying a short distance 
further up the river, which is said to offer yet greater 
advantages. It is estimated that the storage capacity of 
the dam will amount to 1,800,000,000 cubic metres of 
water, more than sufficient to irrigate the whole Laguna 
district—the principal centre of the cotton-growing in- 
dustry in Mexico. H.M. Legation also report that a 
dam is in course of construction by Messrs. Pearson and 
Son, Successors, on the Conchos River at La Boquilla, 
State of Chihuahua. This dam, it is stated, will be one 
of the largest in the world. It is being constructed, on 
behalf of a syndicate of Canadian capitalists, for irrigation 
purposes, The British Vice-Consul at Puebla reports 
that the Municipality of Oaxaca have issued bonds 
amounting to 1,800,000 pesos (183,700/.) for the con- 
struction of a modern water-works system. 

Republic of Honduras: According to the Revista 
Economica ( bene: a concession has been granted to 
Don Félix P. Vaccaro for the construction of a railway 
from La Ceiba to San Juan, Canyelica, Plasencia, and 
Negrito or Tigre, covering a distance of not less than 63 
miles. The concessionnaire will have the option of 
constructing a branch to the Bay of Hisopo. According 
to the report, the construction of this line will have the 
effect of opening up some of the most fertile districts of 
Honduras. 

Brazil : The Diario publishes Decree No. 7994, approv- 
ing the plans and estimates, submitted by the Director- 
General of Works and Communications on behalf of the 
Companhia Porto da Victoria, for the carrying out of 
extensive works at the port of Victoria, in the State of 
Espirito Santo. The works will comprise the building 
of wharves, the construction of a bridge 399 metres 
(1305 ft.) long, important dredging operations, and the 
construction of sea-walls. The works are divided into two 
sections, the cost of the first section being estimated at 
420,938/., and that of the second section at 350,510/. 





EnGiisH RatLway PROGRAMMES IN FRENCH.—It was 
a happy idea of Mr. Alfred Aslett, the general manager 
of the Furness Railway, to print his programme of tours 
in the Lake District in the French language, because of 
the increasing number of French people who visit this 
country on holiday. 





Russ1an Bripek- Buitpine.— An adjudication has 
taken place for the iron work of a bridge 3330 ft. long over 
the Dnieper, and another bridge 1330 ft. long over the 
Boug, for a railway in course of construction from Odessa 
to Bakmatch. The adjudication resulted in favour of the 
Novorossisk (Hugues) Works, which offered to build the 
bridges for 1,530,000 roubles. Orders for a number of 
other smaller iron bridges upon the Odessa and Bakmatch 
line have also been secured by the Novorossisk Works for 
5,400,000 roubles. The works have further obtained 
orders for another line in course of construction from 
Armavir to Touapse. 
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COKE FOR FOUNDRY PURPOSES.* 


By E. L. Ragan, F.I.C., of the Municipal School 
é of Technology, Manchester. 


Introduction.—All coke is made by heating coal until the 
volatile matters are expelled. The volatile matters con- 
sist of substances mainly produced by the decomposition 
of the coal by heat, and containing the gaseous elements 
—hydrogen and oxygen in combination with carbon and 
with each other. me of these vaporised compounds 
are condensed when the gases are cooled, and constitute 
the tar which is recovered. Others remain as gases and, 
when suitably purified, constitute ordinary coal-gas. The 
residue left is coke. 

Products of Coking.—1. Coke, consisting of the fixed 
carbon—t.e., carbon not removed in the volatile matters— 
and the inorganic matter (ash) of the coal. Only a very 
small proportion of the gaseous elements remains. 

2. Tar. This consists of various liquid and solid hydro- 
carbons and other substances which the liquid bodies 
retain in solution, together with free carbon. 

3. Gas, consisting largely of hydrogen and hydrocarbons 
of a non-condensible character. Of these marsh gas and 
oletiant gas are the principal. 

Analysis of Coke-Oven Gases.—The character of the coke 
and the composition of the volatile matters depend on the 
nature of the coal, and the manner, rapidity, and intensity 
of heating. In all cases, save for gas-making, the coking 
is carried on by burning the whole or a portion of the 
volatile matters to supply the heat necessary. Only caking 
coals produce satisfactory coke, and the method of heat- 
ing is determined by the process by which the coke is 
made. 

Ochs anne may be divided’ into Sow om , — —_ 

1, The nive type, consisting of a simple dome-shaj 
chamber in which the coal-slack is te The whole of 
the volatiles are burnt in the chamber in the space above 
the coal, by making suitable admissions for air for that 
purpose. The coal is heated by contact, and by heat 
radiated from the top of the chamber when it becomes 
hot. This allows some burning of the top of the coking 
mass to take place. 

2. The retort type, like the older Coppee, in which the 
volatiles escaped from the chambers into flues surrounding 
the chamber, and were burnt by the admission of air, 
securing more perfect combustion and more rapid and 
uniform heating without risk of burning the coke. 

3. By-product ovens, in which only the non-conden- 
sible volatiles are burnt in flues round the coking cham- 
bers, the gases being first taken away from the chambers 
and cooled to deposit tar and ammoniacal liquor, and the 
gas returned to the ovens. To burn the gas, such ovens 
are often supplied with air heated by the waste heat 
from the coke ovens. The thickness of the coal is not 


reat. 

. In both the latter classes the coke can, immediately 
the operation is completed, be pushed out and cooled 
by water as it issues Som the chamber, fresh coal bein 
at once introduced, so that there is less loss of heat an 
the operation commences and 8 more quickly. 

In beehive ovens the coke is quenched by water in the 
oven, and much heat is lost during the discharge of the 
product by hand. In consequence, the coking of the 
oe commences less readily and proceeds more 

lowly. 

All these conditions affect the quality of the coke. 

Coke for foundry purposes should be :— 

1. Strong and hard. 

2. Dense. 

3. Should have good cell structure. 

4. As free as possible from ash. 

5. Should contain little sulphur. 

6. And should be uniform in texture. 


Hardness and Strength.—This is necessary to resist dis- 
integration in transit and crushing by the weight of the 
charge, to avoid the blowing away of coke and the produc- 
tion of small particles which, by admixture with the slags, 

roduce pastiness or infusibility, and may shorten the 
ength of the blow by eventually choking the furnace, 
causing the charge to ‘‘hang.” Breaking of the coke 
into small pieces owing to weakness also increases the 
amount of surface over which burning is going on ; and 
the fuel may burn to waste if the heat cannot be utilised 
as fast as produced. 

Density.—This may refer to the carbonaceous matter 
and also to the coke asa whole. The density of the car- 
bonaceous matter determines the ease with which the coke 
ignites and the freedom with which it burns. Soft forms 
of carbon ignite and burn readily ; denser forms, like 
graphite, only with difficulty. The denser and more gra- 
phitic the coke the less readily it ignites and burns. It 
will consequently determine the strength of blast that 
can be employed. Softer coke loses strength at high 
temperatures when burning, and is more liable to crush 
and interfere with the working of the furnace. The 
denser the carbon the higher the Blast pressure that can be 
employed. Soft coke is not suitable for blast at high pres- 
sure. On the other hand, the densest carbon is not suit- 
able for a soft blast, as under those conditions it does not 
burn with sufficient freedom. The surface is not scavenged 
of the products of combustion, and combustion is arrested. 
Hence in this respect the coke used must be suitable for 
the blast pressure and volume. 

Density of the mass determines the concentration of 
heat possible. 
_ Furnace operations are dependent on the heat generated 
In two ways — 

1. To attain a certain necessary temperature. 

2. To provide the heat utilised in melting the metal 
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and slag and that.lost by radiation and in the escaping 


In every case a certain minimum quantity of heat is re- 
quired for these purposes, and this is provided by the 
coke burnt, a quantity which depends upon the amount of 
air blown in. 

The efficiency with which the heat is utilised—that is, 
the minimum fuel required to.,do a certain amount of 
work—depends largely on the concentration of the heat. 
The narrower the space the less are the losses arising 
from radiation, and in the gases passing from the furnace, 
as the latter are more effectively cooled by contact with 
the cold material in the upper part of the cupola. 

It must be also remembered that the heat is more 
directly applied to melting purposes. The substances in 
the furnace become heated by 

1. Contact with hot solids. 

2. Contact with hot 

3. Absorption of iant heat from the incandescent 
coke to which it is exposed. 

Increased temperature arising from concentration of 
heat helps in all cases, and thus increases efficiency. There 
is a certain quantity of heat necessary to heat and melt 
the iron at the lowest temperature at which it can become 
fluid. A larger amount raises the temperature of the 
metal and slag and increases their fluidity. It follows 
that the same amount of fuel burnt with greater concen- 
tration will produce more fluid and hotter metal. 

The density of the coke affects this as follows :—If two 
samples of the same weight, one of which is denser than 
the other, burn at the same rate, the quantity of heat 
developed in a given time will be the same ; but will in the 
case of the denser fuel be concentrated on a smaller 
surface exposed. It is thus that the densest coke yields 
the highest local temperature by providing sufficient 
material to utilise the whole of the air blown in as blast, in 
a smaller compass. With a less dense coke the burning, 
and thus the heat developed, are more diffused, the melting 
zone rises further above the tuyeres, and the local heat is 
less intense. More coke will be necessary to produce 
iron as hot as is produced by the denser coke, and the out- 
put of the furnace will be diminished. As already stated, 
denser coke requires a stronger blast ; it must be better dis- 
tributed in order to prevent it burning up the furnace too 
readily. It is quite possible to have coke too dense to 
burn freely with a light blast and to have cool metal with 
an accumulation of unburnt coke in the furnace, with the 

rolongation of periods of waiting for metal. Where 

ew tuyeres are used, and the coke is very dense, it is an 

advantage to have the tuyeres set more or less tangentially, 
so as to detain the air in the combustion zone for a 
slightly longer period by retarding the ease with which it 
rises in the cupola. Soft coke burns freely, but gives little 
concentration of heat, and will tend to produce “dull ” 
metal at a lower temperature. Dense coke gives hot 
metal and rapid melting. The density is largely de- 
pendent on the method of manufacture. It depends on 
the amount of fixed carbon left by a given weight or 
volume of coal. That process which leaves the greatest 
weight if unaccompanied by swelling of the mass will 
give the densest oan, 

Many of the hydrocarbons in the tar and gases are de- 
com when strongly heated, depositing carbon and 
yielding gases containing less carbon. his may be 
observed in the deposit formed on the tops of gas-retorts, 
known as gas-carbon—consisting of carbon deposited by 
the volatile matters coming into contact with its hot sur- 
face. If, instead of being driven off, this decomposition 
takes place in the coke during its manufacture, the pro- 
duct will be denser. When the gases are formed, and, in 
the act of escaping, are decom by contact with the 
hot coke, the carbon is deposited in the graphitic stute 
and a bright silvery appearance is produced. This is 
seen on certain classes of coke and in cracks in others. 
Sometimes strings of bubbles may be traced in the coke. 
The greater the deposition of carbon the greater will be 
the yield and the onal of the coke. 

Beehive Coke.—In beehive ovens the gases from the lower 
layers rising through the upper part undergo decompo- 
sition in this way, and this accounts for the brilliant ap- 
pearance. Admission of air to the chamber discounts 
this improvement in the top layers, and as the bottom 
layers have no source of additional carbon, they are not 
benefited in this way. 

For this reason ‘‘tops and bottoms” form seconds 
coke, and the best comes from the middle. Heating in 
the beehive is so slow that the coal seldom gets hot 
enough to cause this decomposition to occur in the act of 
liberation. 
By-Product Coke.—The heating in these ovens is more 
rapid, and the gases liberated contain on an average less 
carbon than the beehive. This means an increase in the 
yield of coke giving mass density. In cracks, deposits of 
raphitic carbon may occur as in the samples shown. 
Rapid heating with coals that swell and soften to a con- 
siderable extent may cause a diminution of density by 
making the coke hard and rigid before the volatiles have 
had time to escape and the coke to settle down. Such 
coal yields the best coke in beehive ovens. F 
Cell Structure.—If the surface of the coke were quite 
smooth, the burning would be confined to the outside 
of the pieces of coke. The cellular structure increases 
the surface to which the air has access, thus increasing the 
rapidity of combustion in a mass of given size; so that 
a consisting of denser carbon, but with a good cell 
structure, would permit of rapid combustion. The density 
of the carbon would not interfere with the freedom of 
burning and the rapid development of heat. The struc- 
ture determines the distance to which the air at given 
pressure can penetrate and cause combustion of the coke. 
The pits detain the products of combustion and ensure 
a better abstraction of heat from them, resulting in more 





ciation (Lancashire Branch). 





rapid heating up of the coke and tending to localise the 


heat in the melting zone. The structure also influences 
the best volume and pressure of blast. The greatest 
localisation is obtained when the pressure of air is just 
sufficient to sweep away the greatest amount of products 
of combustion that can be produced in a given time. 

As stated before, it is possible to have the mass density 
too great for the pressure of blast employed. Cell struc- 
ture is chiefly affected by the nature of the coal, the con- 
dition in which it is introduced into the oven, uniform 
heating, the temperature of coking, and the rapidity with 
which it is attained. With coals that become very soft 
when heated better results are attained by more gradual 
accession of heat, tou avoid swelling and allow escape of the 
volatiles. As already pointed out, decomposition of the 
volatiles occurs in passing through the coal. In the case 
of beehive coke the gases are rising against the direction 
in which the heat is travelling—viz., downwards. In by- 
product ovens the heat is following the volatiles from the 
sides and bottom inwards, so that unless the heating of 
the coal is very rapid, decomposition does not occur. 

Uniformity.—Coke burns most rapidly where the air 
has most easy access. If a piece of coke burns more 
rapidly in one place than in another, there is a tendency 
to burn into pieces. Very irregular coke will give a A 
titude of small pieces, which prove as troublesome as 
crushed coke, This is one reason why coke that appears 
strong and satisfactory in the cold behaves so unsatis- 
factorily on burning. The soft open places to which the 
air has access burn out and the mass goes to pieces. It 
will not stand a strong blast. 

For the same reason the crushing strength in the cold 
may be misleading. An open and irregular coke con- 
sisting of high density qveaiiiie carbon may resist pres- 
sure to an extent equal to the resistance of a closer coke 
made up of carbon of lower density. On burning at low 
temperatures or under natural draught without pressure 
from heavy materials, as in a wind furnace, it may burn 
rapidly and develop a high temperature and prove equally 
or more satisfactory, the greater ease with which the air 
finds access to the coke being a distinct advantage. The 
denser coke, though of somewhat less dense material, would 
under blast behave more satisfactorily. 

Cracks and fissures existing in the coke form channels 
and admit the air when burning. Often these cracks are 
coa on the sides with deposited graphite like the 
samples shown. Immediately behind this the coke is soft 
and black. The crack shown formed a main channel by 
which the volatiles escaped from the coal. The coke 
behind was distilled, but not enriched, hence the 
porosity and blackness. This appearance is more often 
met with in by-product coke that in beehive coke. The 
soft black portions burn much more readily than the 
hard face. 

It is extremely difficult to adjust the blast to suit coke 
that is not uniform. Soft uniform coke can be satisfac- 
torily used with soft blast and regular distribution. Hard 
uniform coke can be burnt with stronger blast, but irregular 
coke suits neither soft nor strong blast, and only a poor 
compromise can be made. The consumption will be in- 
creased and the metal will not be as hot as with uniform 
harder coke. It not infrequently leads to scaffolding and 
hanging of the furnace, meade with an excess of blast. 
The soft portions may burn away higher up the furnaceor 
too nagidiy. In the one case the metal has not become 
sufficiently hot to be melted by the heat generated, in the 
other it has not time to absorb the heat unless excessive 
fuel be used. Asa consequence the fuel left in the melting 
zone is insufficient, the heat is not properly distributed 
through the charge, the gases carrying and distributing 
the heat find their way through the easiest passages, and 
the regular melting down is interfered with. 

In the manufacture of coke coal-slack is used. This is 
often ground to powder before coking, to make the coke 
more uniform in texture. 

Freedom from Ash.—Ash in coke makes it rer by 
taking the place of combustible matter, poll goose the 
fluxing, for which limestone or other flux must be used. 

ore ash in the coke means a greater amount of slag, to 
melt which more coke must be burnt to furnish the heat 
necessary for that purpose. All these occupy space in the 
furnace and reduce the output. In addition, the tendency 
of the charge to hang is increased, also the wear and tear 
on the lining, and there is a greater tendency to produce 
* dirty” metal and limit length of run. 

The ash is produced from the earthy or other inorganic 
matters contained in the coal. These vary greatly in 
amount. They consist of iron pyrites (coal brasses), earthy 
and stony matters occurring as ‘‘dirt partings ” in coal, 
and pieces of the shale and other rocks in which the coal 
occurs. 

Iron pyrites is disulphide of iron, and is very heavy. It 
contains 54 per cent, of sulphur. Half the sulphur it 
contains is expelled when the coal is coked. The stony 
matters are very much of the nature of clay, but carbonate 
of lime and other substances are often present, as in the 
specimen shown. These are much heavier than pure coal. 
The composition of the ash varies as follows :— 


Approximate Analysis of Ash. 


Silica. “ i 30 to 60 per cent. 
Alumina and ferric oxide 35 ,, 55 ni 
Lime Vs “ <8 5 ,, 10 “ 
Magnesia i e, 38 e 
Sulphuric acid ie a 
Phosphoric acid Mae De” eee 
Potash and soda : ee a 


Much of the foreign matter can be separated by washing 
the coal before coking. This is now often done. Since 
the coke produced is only equal to 60 to 75 od cent. of the 
coal coked, and none of the ash is removed in coking, the 
coke produces a larger percentage of ash than the coal. 
Thus a coal yielding 10 per cent. of ash, and only yielding 





60 per cent. of its weight of coke, would produce coke con- 
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taining 16 per cent. of ash. If it yielded 75 per cent. coke, 
the ash in it would only be 13.2 per cent. It is on this 
account that the percentage of ash in b: uct coke 
(always greater in amount than when beehive ovens are 
used) is less than the ash in beehive coke made from 
the same coal. i 

Coke yielding more than 10 per cent. of ash yields more 
slag, and makes the percentage of carbon lower than is 
desirable. : . 

Nature of Ash.—Coke giving a red ash is more likely to 
contain a larger amount of sulphur. The red colour is 
due to oxide of iron (ferric oxide) produced by burning 
off the sulphur from sulphide of iron and converting the 
iron into oxide. Coke giving a whiter ash is more likely 
to contain little sulphur, although in coke giving a 
white ash that element might occur as sulphide of lime. 

Sulphur.—This element is too often made the scapegoat 
for every irregularity occurring in castings, and much of 
the blame is thrown on the coke. Although the defects 
are often due to other causes, it is important that the coke 
should be as free as possible from sulphur to prevent con- 
tamination of the iron. If iron during melting comes in 
contact with iron sulphide, it will in most cases dissolve 
and take it up. Other sulphides present in the ash may 
be decomposed and the sulphur taken up by the iron. 
Such an introduction is very injurious, and under the con- 
ditions of working of an ordinary cupola is very difficult to 
prevent. The only perfect safeguard is to use coke as free 
as possible from sulphur in pos form. The conditions 
favouring the passage of the sulphur — in the coke 
into the slag is to produce an easily fused slag that will 
run freely. Sufficient lime must be used to effect this. 
The use of fluorspar (Bohemian flux) also assists in pro- 
ducing fluidity and in the removal of sulphur to the 
slag. It presents the lime ina suitable form to attack 
sulphide of iron. Thick viscous slags of a cindery nature, 
from whatever cause, favour the passage of sulphur into 
the metal. dats 

A high melting temperature ensures greater fluidity of 
slag aa better and quicker separation from the metal, and 
thus reduces the amount of sulphur taken up. Hence, 
better coke, richer in carbon, even though as much sulphur 
may be present as in an inferior kind, will do less harm 
to the meta]. For the same reason increased temperature 
resulting from the use of a larger coke charge favours the 
exclusion of sulphur, and phosphoric pig irons of lower 
melting point and greater fluidity are less affected than 
those with higher melting points that melt more slug- 
gishly. Similarly, hanging and slow working of the fur- 
nace, from any cause, will tend to the introduction of more 
sulphur. Irons with highsilicon and manganese contents 
are less affected than those containing a smaller amount. 

The sulphur is present in the coke as sulphide of iron 
and calcium ode hide (sulphide of lime) and possibly 
other sulphides. Tes presence is readily _——— from 
the odour of rotten eggs (sulphuretted hydrogen), ie 
duced when burning coke is quenched. The “smell of 
sulphur” is a term often used, quite incorrectly, by all 
workmen, and is not only applied to the smell of burning 
sulphur (sulphur dioxide}. but to other gases given off by 
burning coke. The only two distinguishable odours due 
to sulphur in the foundry are those given above. 

In the coal the sulphur was present either as coal 
brasses (iron pyrites), earthy sulphates (sulphates of lime 
and alumina), or as organic —- (in the — 
matter of the coal). In coking the latter is expelled and 
also half the sulphur from the pyrites. If the amount of 
pyrites and earthy sulphates are reduced toa minimum by 
washing the coal-slack prior to coking, the difficulty 
arising from sulphur will be reduced as much as it is pos- 
sible to reduce it. The addition of lime or other matter 
(in the manufacture of coke) is not of sufficient value to 
warrant its use, as it increases the ‘amount of slag, while 
the probability of its coming into contact with the 
material it is intended to remove is somewhat remote, as 
the sulphur-bearing compounds are so intimately distri- 
buted through the coal. It is im ible under the ordi- 
nary working conditions of a cupola to take sulphur out of 
the iron, but the absorption of more may to a large extent 


be prevented. ‘ 

Best coke should not contain more than 0.7 to 0.8 per 
cent. of sulphur, and coke containing more than 1.3 per 
cent. is unsuitable for use in the cupola. 

It will thus be seen that high carbon coke with little 
ash and low sulphur, with suitable physical characters to 
enable rapid and complete burning in the smallest space, 
will ensure the best results from the cupola in the rapid 
melting of clean, hot metal with the least possible fuel 
consumption. : 

In conclusion, attention should be drawn to the desira- 
bility of keeping coke under cover, so protected that it 
shall be kept dry. Water introduced into the cupola in 
this way causes a waste of heat. If the cupola is cor- 
rectly designed and the air supply is properly managed 
and distributed, the coke cannot be too dry. 








POLISHING METALS FOR EXAMINATION 
WITH THE MICROSCOPE.* 
By Apert Kinessvury, Pittsburg, Pa. 

In 1902 the writer made experiments to find the most 
suitable method of polishing samples of metals for micro- 
scopic examination. The polishing of the surface is one 
of the most important as well as most troublesome details 
of metallography, particularly when high magnification 
is required. . 

At the outset, trials were made of all the methods 
of which descriptions have been published. Some of 
those methods have been successfully employed by various 
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metallographists, as shown by numerous reproductions of 
excellent micro-photographs in different publications. 
Nevertheless the writer did not find any of these free 
from objectionable features. The ideal method should 
produce a fairly flat surface, free from excessive relief of 
the harder constituents, rounded ed at flaws, or 
scratches and smearing of the metal. The method should 
be simple, the materials employed readily available, 
and the process as rapid as consistent with the first- 
named requisites. None of the published methods em- 
bodied all these requisites, nor is a perfect method likely 
to be found, However, the method finally developed by 
the writer appears to him superior. 

The preliminary trials were made with rotating 
discs covered with various materials, including canvas, 
felt, silk, leather, chamois, parchment, per, wood, 
pitch, asphalt, resin, shellac, bees-wax, &c. The polishing- 
powders included commercial abrasives, such as emery, 
carborundum, tripoli, crocus, and jeweller’s rouge ; also 
ee ga such as carbonates and sulphates of the alka- 
ine earths. Attempts were made to obtain fine finishing- 
powders by the levigation process from commercial abra- 
sives. These abrasives were tried both wet and dry, and 
with various speeds of the discs. Hand-polishing was also 
tried. It is needless to detail the objectionable features 
encountered, which are probably familiar to all metallo- 
graphists. 

The method finally adopted was the result of two 
distinct discoveries :—(a) That ordinary paraffin wax 
makes a good polishing bed ; (+) that excellent polishing 
powders of certain grades are commercially available. 

The paraffin is used as a facing for rotating discs of 
metal, preferably brass, about 8 in. in diameter. The 
discs are grooved on the flat face for anchoring the wax. 
To prepare the discs, they are warmed to about 100 deg. 
Cent., and laid flat, and the melted paraffin is poured on 
them to adepth of about 4 in., a removable ring or band 
retaining the melted wax. The whole is then covered to 
exclude dust, and allowed to cool. After the wax has 
solidified it may be dipped in water to hasten the harden- 
ing. Since the wax has very little viscosity when melted, 
all hard foreign particles, whinh — produce scratches 
in the samples, settle out before the wax hardens, the 
elimination being practically complete. No advantage 
in this respect was gained by es the wax in a 
fluid condition on the disc for several hours in an oven. 
After the hardening of the wax, the discs are placed on 
the spindle of the polishing-machine, and the face of the 
wax is turned true and flat by a hand-tool. 

In the writer’s machine the spindle was horizontal 
and four discs were used, for abrasives of progressive 
fineness, two discs being placed back to back at each end 
of the spindle. The disc used for the final polishing 
should not be perforated, and the wax should be con- 
tinuous to the centre of the disc, as that part is best for 
the finishing touches to the sample. his latter disc 
should be at the right-hand end of the spindle. The 
speed of rotation would be about 200 revolutions per 
minute ; a higher s throws off the polishing-powder 
with the water used, and a lower speed makes the work 
too slow. A stationary sheet-metal strip about 3in. wide 
bent over the discs serves as a screen. 

The polishing-powders, in the order used, were as 
follows :—(a) commercial flour of emery; (b) washed 
Naxos emery, 3/0 grads; (c) washed Naxos emery, 7/0 
grade; (d) soft optical rouge, light grade; these were 
obtained from the George Zucker Company, New York, 
except the first, which is available everywhere. 

The emery powders were mixed to a paste with water 
in tall glass jars provided with covers; the te was 
applied to the rotating discs with small brushes as re- 

uired, the brushes being kept in the jars when not in use. 

he rouge was in cake form, best applied by holding a 
small piece in the hand, wetting both the rouge and the 
wax, and pressing the rouge lightly against the rotating 
surface. 

A small quantity of water is required throughout 
the polishing process, but water cannot be used very 
freely without wasting the powders. The water is best 
applied as required, from an ordinary chemist’s wash- 
bottle, held in the left hand, while the right hand mani- 

ulates the sample. No water-pipes or drains are required 
or the polishing-machine. Distilled water may be used 
if available. If tap-water is used, it should be drawn into 
large jars provided with covers and syphons, and allowed 
to stand a day or more before use, in order that all gritty 
particles in suspension may be deposited. The inner ends 
of the ey tubes should be at least 3 in. above the 
bottom of the jars. 

The treatment of the samples is as follows :—The 
samples are first d to shape and size by any con- 
venient method, the surface to be polished made flat by 
an emery wheel or file, and the sharp edges rounded to 
prevent cutting into the wax. The dimensions of the 
samples should depend to some extent upon the coarse- 
ness of structure. For normal iron and steels, and for 
much other work, a 3-in. cube is a convenient sample. 
Massive castings sometimes have grains an inch or more 
in diameter, and correspondingly large samples are 
required. The samples are held flat against the waxed 
discs, which are kept well covered by the polishing-paste, 
using successively the flour of emery, the 3/0 emery, the 
7/0 emery, and the rouge, on the several discs. At each 
grinding with emery the sample should be held without 
rotation and witha slow transverse motion across the 
face of the disc until the grinding marks show over 
the entire surface. The sample may then be given a 
quarter turn, so that the new marks cross the old 
ones, and so on. The discs must be kept wet con- 
tinually while pes. With each grade of powder the 
grinding should continue for some time after the marks of 
the last previous grade have disappeared, especially with 
soft metals, since the scratches cause a flow or disturb- 





ance of the metal to a minute depth below the surface 
and if this disturbed metal is not ground off, the deep 
effect of the scratches mes apparent on etching. In 
the final polishing on the rouge disc, the sample should }je 
continuously rotated ; this is most readily done by moving 
the sample a in a circle about the centre of the disc. 
in an opposite direction from the rotation of the disc. 
This keeps tke direction of the grinding marks constant] 
changing, and avoids grooving. The finishing should }\. 
done near the centre of the disc, the slower motion being 
most effective for very fine polishing. After grinding 
with one grade of powder, and before proceeding to the 
next, the samples and the operator’s hands should be 
fey washed, and the hands and the apparatus 
should be kept free of dust or dirt, to secure a polish free 
from scratches. 

The most important item to be noted by the lhe. 
ginner is the liability of the paraffin to adhere to the 
samples when the grinding is begun, particularly in the 
case of the rouge disc. When the sample is first Sate ht 
into contact with the disc, especially if the latter has heen 
freshly pospeaets the paraffin nearly always smears over 
the surface of the sample in a second or two, and if the 
sample is not removed and cleaned at once, the result js a 
roughened disc, requiring re-turning with the hand-too] 
and re-application of the paste. Therefore the sample 
should at first be touched very lightly to the disc, and at 
once removed and wiped with the finger, or with a cloth, 
If this is repeated several times, the surface of the samj,le 
will no longer become coated with paraffin, but cai he 
ground continuously, except when a fresh coating of paste 
is soguiens by the disc. One great advantage of the 
paraffin disc over discs covered with cloth or felt is t!iat 
if the disc becomes roughened or cut, it can readily be 
turned smooth and true again. 


For cleaning the samples after polishing, the | est 
material is a stock of old linen or cotton-cloth w.ll- 
laundered and cut to 3-in. squares. These small pi: ces 
are preferable to larger ones, since they can be discar:led 


for fresh ones after once using. The old cotton or liven 
is also the best material for cleaning the lenses and 
mirrors of the optical apparatus, being superior to chaticis 
for this purpose. 

The time required for polishing a sample varies soine- 
what with the hardness. A single sample of nornal 
steel, cast iron, or wrought iron, may be finished in fift en 
minutes ; a set of five or six such samples may be finis!ied 
in an hour. Hardened steels require a slightly lover 
time. The method has not thus far ain services ble 
for very soft metals and alloys, particularly lead, ow ing 
to the persistent adhesion of the paraffin to the surface 
of the sample. The harder alloys polish well by this 
process. The finished surface presents a minute relic of 
the harder constituents, but much less than is produced 
by the use of felt or other very soft materials. 

The paraffin s are more durable than might be 
mapens ; on long standing at summer temperatures the 
surfaces become distorted by the flow of the wax, but 
they can always readily be made true by the turning-tvol. 
The harder paraffin (ceresin) offers no advantages over 
ordinary paraffin, except that it flows less at summer 
temperatures. It is serviceable for use with the emery 
powders, but too hard for best results with the rouge. 








Tue New Braziuian Destrorers.—The Brazilian 
destroyer Santa Catharina, the eighth of the ten torpedo- 
boat destroyers ordered by the Brazilian Government 
from Messrs. Yarrow, of Glasgow, has just left the Clyde 
for Brazil under her own steam, in charge of the Brazilian 
officers and crew. 





Tue Etecrricat INpustry In GERMANY. —The German 
Over-Sea Electrical Company in Berlin has issued its 
report for 1909, showing gross profits amounting to 
17,631,155 marks, against 15,077,892 marks for the pre- 
vious year. The net profits amount to 8,346,094 marks, 
against 7,811,581 marks for the preceding year. A divi- 
dend is paid to the shareholders (the capital is now 
80,000,000 marks) of 10 per cent., with exception of new 
shares amounting to 8,000,000 marks, which are only 
entitled to half dividend ; last year (1908), when the 
capital was 72,000,000 marks, a dividend of 94 per cent. 
was decla: The protit on the issue of this last addition 
to the capital, which amounted to 1,589,728 marks, is 
added to the ordinary reserve fund. The aggregate 
reserves now amount to 16,199,677 marks. The share 
capital has been further increased 10,000,000 marks in the 
course of the aang year. The working profits of the 
electricity works in Buenos Aires amounted to 14,756,651 
marks, against 12,430,763 marks the previous year, 
and the production of electrical energy had increased 
from 110,895,317 kilowatt-hours in the previous year 
to 128,514,152 kilowatt-hours for last year. Thé con- 
struction of the large central station at Avellaneda has 
been carried out according to the programme. At the 
end of the year two steam-turbine units, each of 7500 
kilowatts, were completed, and the work has since }cen 
so far advanced that the first portion of installation, 
with a commer of 30,000 kilowatts, should be ready for 
use by now. The hydro-electric power-station in Chili 
was so far advanced at the end of the year that trial work- 
ing was possible, and the work towards the completion of 
the sub-stations and the cable system has been going on 
during the earlier part of the present year, so that the 
requirements for electric current of the Chilian Electric 
Tramway and Light Company can nearly be supplicd 
by this station. The first portion of the hydro-electric 
station is expected to be quite ready by July. The electric 
tramways in Buenos Aires(with reference to which a new 
contract has been entered into with a Brussels Com- 
pany), Santiago, Valparaiso, and Monte Video, all show 





increasing revenues, 
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ELECTRICAL APPARATUS. 

30,579/09. W.J. Thorrowgood, Wimbledon. Polar- 
ised Relays. [2 Figs] December 31, 1909.—This invention 
relates to the relay armatures which are each controlled by means 
ofa per t magnet adapted to cause the armature to rest 





normally in a neutral position in relation to the relay magnet, 
and to restore the armature to such position directly the operat- 
ing currents cease. Means are also provided whereby a pole- 
ap ey magnet may be adjusted 

e axis of the magnet. 


piece or the pole-pieces of the 


transversely with respect to t a denotes 
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es 


the relay armatures which are centrally pivoted to turn about 
vertical axes, cl are the pole-pieces of the relay magnetsc. The 
centralising system consists of a permanent magnet d having 
upwardly turned ends which are in magnetic contact with soft 
iron pole-pieces ¢ adjustably clamped on the frame to slide fore 
and aft for adjustment purposes. The pole-pieces are mounted 
in suchwise that it is possible to shift the pole-tips laterally to the 
extent required to set armatures @ magnetically central between 
the relay magnet pole-pieces cl. (Accepted May 11, 1910.) 


26,021/09. W. R. Sykes and C. J. Cooke, London. 
Conduit Joints and Joint-Boxes. (8 Figs.) November 10, 
1909.—This invention relates to conduits for electric conductors, 
and has particular reference to the joints between sections of 
which the conduit is formed. According to this invention, two 
sections of bitumen pipe or the like forming a portion of a con- 


























duit for electric conductors are each provided with a gripping 
collar near the joint, the collars being connected together by a 
rigid bridge. Two conduit sections A, B abut together, and at 
their junction are secured by means of a sleeve ©. A bridge- 
piece D spans across the sleeve OC, and has, at each end, portions 





D! and D®, which, with the members E! and E%, form collars 
which erp the conduit sections A and B respectively. Bolts at 
each e of each collar clamp the collars tightly on to the 
sections. By the employment of the bridge and its connec- 
tions the joint between the two sections is made perfectly 
rigid. In place of a butt-joint surrounded by the sleeve C, a 
faucet and spigot joint can be employed. According to a 
modification of the invention, a box is employed into which two 
or more conduit sections of bitumen pipe or the like project, 
and a metal casing covering the box is provided with clamps 
or collars to grip the section, lids being provided for the box. 
Referring to Figs. 3 and 4, the wooden box G is encased in metal 
and its internal contour is cylindrical. The box is provided with 
a cover H, which also has a metal cover. Three conduit sections 
A! are shown as entering the box from three sides thereof, and 
4 mg by collars D® in a similar manner to those illustrated 
in Figs. land 2. The upper portions of the collars D¥ are formed 
integral with the metallic casing of the box G, and have 
at ribs. In this construction the box itself takes the 
place of the bridge D in Fig. 1, and it serves to connect rigidly 
two or more conduit sections, At the same time, by making the 
cover removable, these joint-boxes can also be used as inspection 
boxes. (Accepted May 11, 1910.) 


GUNS AND EXPLOSIVES. 


11,032/09. A. Mallock, London, and Sir W. G. 
, Whitworth, and Co., Limi New- 
castle-on- ©. Percussion Fuses. (3 Figs.) May 10, 


1909.— According to this invention, the pressure of the air during 
the flight of the projectile actuates a piston which, after com- 
pressing a spring for a iderable dist , unlocks a safety 
device, thus leaving the percussion pellet free to act on the 
impact of the projectile. The percussion pellet a is normally 
retained in the safe position by centrifugal bolts held in place by 
long pins carried by a piston d, which is, in its turn, kept in 
place by a springe. In the nose of the fuse is an air inlet f com- 








municating with the back of the piston. Normally, as will be 
readily understood, the pellet a is held in the safe position by 
the centrifugal bolts which cannot move unless the piston d and 
ins carried thereby nove forward for a considerable distance. 

his forward movement is prevented by the spring e which has 
only to support the very light weight of the piston and pins. 
When the gun is fired, the pressure of air forces the piston for- 
ward, against the spring e, a sufficient distance to withdraw the 
pins from the centrifugal bolts which at once fly outward and 
release the pellet which is then free to move forward on impact. 
(Accepted May 11, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


13,884/09. L. F. Massey and W. H. Snow, Manchester. 
Power-Hammer. [5 Figs.) June 14, 1909.—In a power- 
hammer in which the ram is lifted by continuous pressure under 
the piston, and the distributing-valve only controls the admission 
and exhaust of motive fluid to and from the upper side of the 
piston, the elastic motive fluid is supplied from the part of the 
cylinder below the piston through a port so placed that it is 
overrun by the piston, so that the supply of motive fluid to the 
distributing-valve is cut off, and the motive fluid already admitted 
is allowed to work expansively. Motive fluid supplied to the 
reservoir g passes freely through the port i into the bottom of 
the cylinder a, and, acting continuously on the underside of the 
piston c, tends to raise it. When the piston c¢ is in the upper 





2 > 


Ccaadihedddnciddcddca 





part of the cylinder a the fluid passes through the port / to the 
distributing-valve m. If the valve m is in the position shown the 
fluid passes through the passage # and the port t to the top of 
the cylinder, and acts on the top of the piston c. The fluid is now 





acting on the upper and lower faces of the piston c, but as the area 
of the upper face is greater than that of the lower, the ram b is 
forced down. As the ram descends the piston c overruns the 
port /, and thus cuts off the supply of fluid to the distributing- 
valve m. The fluid already admitted to the top of the cylinder a | 
therefore acts expansively for the rest of the stroke. _If the valve 
m be now lowered, the upper part of the cylinder a will be opened | 
to the atmosphere through the port ¢ and the pipe u and the | 
hammer will then rise again under the influence of the constant | 
pressure below the piston c. (Accepted May 11, 1910.) } 


855/09. H. W. Ward, and Co., Limited, and E. | 
Bi Capstan-Lathes. (2 Figs.) 


December 9, 1909.—This invention relates to bar-chucking me- 
chanism for capstan lathes and refers to that class of mechanism 
which has, at its forward end, a split collet closed by a sliding- 
sleeve moved by a series of radially-moved balls disposed at the 


rear end of the spindle ; the collet having an inclined part whereby 
it is closed when shifted, such balls being controlled by the end- 
wise movement of a sliding- 1 having an internal incline for 
forcing the balls inwardly, and to that class of chucking mechanism 
in which a sliding-spool is employed of taper-bore, the length of 
such bore being greater than is normally necessary to allow the 
collet to grip work of slightly varying diameter. Two sleeves, 
extending from back to front of the headstock, are employed, the 
outer sleeve @ having an internally-tapered end a!, and being 
fixed, whilst the inner sleeve b is slideably mounted, and on to it 
is screwed the split collet b!, having a tapered part corresponding 
with the end a!, At the rear end of the sleeve @ are two rings 
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¢, cl, the ring c abutting against the sleeve a. The meeting edges 
of these rings c, cl are formed with an annular groove, in which 
is located a series of balls d ; all so arranged that when the balls 
are forced inwardly the member c! is receded. At the rear of this 
member c! is a ball-thrust bearing e and lock-nuts f whereby the 
ring cl is connected to the sleeve b. Around the balls d is a 
sliding-spool g bored taper ; the spool being shifted by the fork h. 
As will be obvious, if the spool is moved rearwardly the balls are 
forced inwardly thereby receding the ring c! and sleeve b, the 
incline on the collet being thus drawn against the taper a! on the 
fixed sleeve a, thereby closing the collet to grip the work. The 
collet may open by virtue of its elasticity. (Accepted May 11, 
1910.) 





RAILWAYS AND TRAMWAYS. 


17,326/09. E. M. Munro and the Railless Electric 
Traction Company. Limited, London. Trolley-Wire 
Supports. (6 Figs.) July 26, 1909.—A hanger, according to 
this invention, comprises two or more flanged members, each 
adapted to support a conductor, and so constructed that they 
can be bolted together to form a rigid compound-hanger, and 
subsequently separated to act as independent supports without 
cutting the supporting cross-wire. e hanger illustrated is 
intended for use in a railless system of electric traction employ- 
ing three conductors, the centre conductor being at a somewhat 
lower level than the two outer conductors. The hanger com- 
prises two end members A and a central member B. Each of 
these members is provided with an insulated bolt carrying a 





line ear C, from which the outer conductors and the inner 
conductor are supported. The end members A are provided 
with flanges having ribs which engage with recesses in flanges 
formed on the central member B. The members A and B are 
provided with bolt-holes and are secured together by bolts and 
nuts E. This form of hanger is useful when a railless traction 
system has been used as a temporary extension of a tramway 
system. The hanger, with its distance-piece B, may be used 
while the railless system is in operation, and when the extension 
is converted to the tramway system the distance-piece B may be 
removed, and the end-members separated to any convenient 
extent upon a cross-wire F, each end member then forming a 
separate hanger. (Accepted May 11, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


27,265/09. Vere e Dampfturbinen G.m.b.H., 
Berlin, Germany. Steam-Turbines. [1 Fig.) Novem- 
ber 23, 1909.—This invention relates to a protective device for 
mixed-pressure steam-turbines and consists of a valve in the pipe 
supplying the exhaust steam to the turbine normally held open 
by the steam pressure and closing automatically when the pressure 
falls below a predetermined amount, a valve in the pipe through 
which live steam is supplied, and mechanical means controlled by 
governing mechanism for closing both of the said valves when 
the speed of the turbine becomes excessive. The turbine shown 
is a two-stage machine, having one wheel 1 — with live 
steam through the conduit 2, and the other wheel 3 supplied with 
exhaust steam through the conduit 4, which preferably communi- 
cates with the exhaust side of the first wheel. The admission of 
live steam is controlled by a slide-valve 5, while the exhaust steam 
is controlled by the valve 7. Both valves are actuated simultan- 
eously by the rod 9, which is connected with a centrifugal speed- 
governor 10 driven from the shaft of the turbine. In the conduit 
4, between an accumulator and the valve 7, is located the check- 
valve 12, arranged to close towards the accumulator, so that, 
under ordinary conditions, it will be opened by the steam 
flowing from the accumulator to the turbine. The check- 
valve is connected with a piston 13 on the stem of the 
valve. One side of the piston is exposed to the pressure of 
the exhaust steam after it [passes the valve, while the other 
side is exposed to the atmospheric pressure. Mounted in a frame 
above the piston, and in aline with the line of movement thereof, 
is a hammer 14 urged downwardly by a spring 15, but held in a 
raised position by a latch. On the shaft of the turbine is an emer- 
gency governor 17, which, when the turbine exceeds a predeter- 
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mined speed, operates to trip the latch through the rods and 
levers 18, These rods and levers are-also connected to a quick- 
closing valve 19, which controls the flow of live steam through the 
pipe 20 to the first s of the turbine. The operation is as 
follows :—The exhaust steam flowing through the conduit 4 raises 
the check-valve 12, and holds it —_ so long as the pressure of the 
exhaust steam is above that of the atmosphere, the lower end of 
the hammer 14 serving at the same time as a stroke-limiting 
device. If, however, the exhaust steam falls below atmospheric 
pressure, the check-valve is immediately closed by the piston 13, 
and thus prevents any suction of air into the turbine casing, or 



































any robbery of live steam coming from the first stage into the 
chamber 21, from which it would properly flow to the second-stage 
wheel. In. case the load on the turbine is suddenly reduced so that 
the machine begins to race, the emergency governor 17 trips the 
latch and permits the hammer to shut the valve 12 forcibly and 
hold it closed. This cuts off the steam from the accumulator. At 
the same time the mechanism 18, which trips the latch, also 
releases the quick-closing valve 19, which shuts off the live steam. 
The turbine is thus prevented from racing, and will not operate 
until the engineer raises the hammer 14 and opens the valve 19. 
(Accepted May 4, 1910.) 


15,260/09. S. E. Alley, Glasgow. Eccentrics. [2 Figs.) 
June 30, 1909.—In the drawings, Fig. 1 is a side elevation of an 
eccentric, mounted with strap and rod, in position on the crank- 
shaft, Fig. 2 being a similar view, but with the eccentric strap 
removed. The eccentric A is formed with an elongated slot B, 
where it engages the crank-shaft C. According to this inven- 
tion, the eccentric is formed on a lever D mounted on a fulcrum 
pin E, on the crank-arm G, to one side of the shaft C. The other 





end of the lever D is formed with a curved slot H struck from the 
centre E and engaged by anut J on a pin, also fixed in the crank- 
arm G, and engaging the slot H. When it is desired to alter the 
position of the eccentric A, the nut J is loosened, and the lever D 
is turned on its fulcrum pin E so as to move the eccentric across 
the shaft C, and thereby give the requisite change in position. 
When the desired adjustment has been effected, the eccentric A 
is again secured in position by tightening the clamping-nut J. 
(Accepted May 4, 1910.) 


10,720/09. W. > ad and T. D. Bayliff, Birkenhead, 
and B. Draper, Liverpool. Turbines. (3 Vigs.) May 6, 
1909.—This invention relates to blades for turbines. a@ is the 
casing, b the rotor, and ¢ the blades. The es for the flow 
of the steam in a direction parallel with the axis of the turbine 
are the same width throughout, radially ; the effect of this being 
that the tendency for the steam to pass in a radial direction, 
inwards or outwards, as well as in a longitudinal one, is obviated. 
The blades c, in providing these equal width passages, are formed 
of greater width at one end than at the other; that is, in the 
rotor b, the blades—viewed edgwise— increase in width from the 
root to the tip, whilst in blades of the casing a they are wider at 
the root than the tip. The root of each blade is provided witha 
dovetail portion b*, which fits in a dovetail groove e in the rotor, 
or casing, and outside the surface of the rotor, or casing, this base 
portion has a body of metal constituting the root, which forms a 

oe and distance-piece. These distance-pieces, when the 

lades are placed in position, abut one against the other, the 


abutting faces being preferably parallel with the axis of the 
turbine. The tips of the blades project, and form distance-pieces 
between the outer ends of adjacent. blades, and outside these 
distance-pieces there are, in some cases, two angle-shaped rings /. 
At certain points in the dovetail grooves e¢ of the rotor b and 
casing a there will be gaps through the inwardly-inclined over- 
hanging edges, through which the dovetail root parts L* of the 
blades can be introduced, and when so introduced the dovetails 
of the roots can be passed along the grooves ¢ into their positions. 


Fig.7. 
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At these parts, there may be provided dummy blades or plates h, 
which form the end of a series of blades c next the gaps. These 
blades are inclined at their inner faces, and a wedge-shaped filling- 
piece i is driven in between them ; they are thereby forced apart, 
forcing the blades ¢ home into their desired positions, and up 
against stops j fixed to the rotor ) by pins screwed into the same. 
The inclines of the parts A and i are preferably so arranged that 
they exert mos pressure near the roots of the blades. (Accepted 
May 4, 1910.) ’ 


19,295/09. Aktiengeselischaft Brown, Boveri, and 
Cie., Badev, Switzerland. Condensing Plant. {1 Fig.) 
August 21, 1909.—The invention consists in a condensing plant, 
the product of condensation of which is to be used for feeding or 
like purposes, and serves to operate an ejector for drawing off the 
steam and air mixture. According to this invention, an inde- 
pendent and complete circuit branches from a reservoir in the 
condensed product conduit, the commencement and end of the 
circuit being placed in this reservoir and the ejector inserted in 
this circuit. The drawing represents an arrangement according 
to one form of the present invention applied to a turbine and 
condenser ina ship. The turbine ¢ is connected to the condenser k 
for which cooling water, which may be sea-water, is supplied by 


























pumps. The condensed products of the condenser pass from a 
pipe e into a pump j and are forced therefrom, together with any 
condensed products passing from the turbine, through the pipe / 
into a water-tank i. This tank has also in communication there- 
with a circulatory pumping system comprising an inflow tube a, 
a& pump 0, and an outflow tube 6, which has included in it an 
injector m adapted to draw the uncondensed products from the 
condenser k through the pipe ¢; the air passing from the con- 
denser through the pipe ¢ into the tank i can escape to the atmo- 
sphere, and when the water in the tank reaches a predetermined 
level, it can pass through the pipe g to the tank n, and from this 
be taken as preheated boiler feed. It will thus be seen that none 
of the products from the condenser which are capable of being 
used as feed is lost. (Accepted May 11, 1910.) 


5089/09. D. B. Morison, Hartle 1. Condensing 
Plant. [7 Figs.) October 2, 1909. — This invention has re- 
ference to steam-condensing plant wherein the condenser, the 
air and water outlet therefrom, the cooled air-pump and the wet 
air-pump are such that normally the cooled and wet air-pumps 
respectively perform their functions independently of each 
other, but in the event of derangement or stoppage of either 
pump, the other pump independently withdraws and discharges 
water of condensation and air and vapour without causing any 
substantial alteration in the direction of flow of vapour over the 
condensing-surface, or without causing such flooding of con- 
densing tubes, or of the air-pump connections, as would sub- 
stantially reduce the condensing-surface, or impair the normal 
flow of air and vapour to the withdrawing pump. Thedrawing 
shows, diagrammatically, an arrangement in which a is the lower 
portion of a surface-condenser, comprising the final condensing- 
chamber b and an open water-charged water-cooler c ; the water 
of condensation is led from the condenser by the pipe d, which 


The compartment J of the receiver e communicates with the 
suction-pipe p, and its connection with this pipe is such that 
normally water flowing from the cooler ¢ to the air suction- 
pipe j will not flow into the receiver e; gand h are two air- 
pumps, each of a kind adapted to withdraw air, vapour, and 
water. Normally, the pump g withdraws the water of condensa- 
tion fr:m the receiver ¢, and the pump h withdraws air and 
vapour. The pump h is adapted to be placed in communication 
with the pump g by means of a pipe provided with a valve vo. 
Normally a small and constant amount of water flows from the 
cooler ¢ to the pump / through the pipes p and j, whilst the pump 
g withdraws the water of condensation from the condenser through 
the pipe d and the receiver e, the arrangement being such that, 
should the pump / break down, the pump g will withdraw air and 
vapour through the compartment / and the pipe between it and 
g; or should the pump g break down, the receiver e will fill 
with water and overflow into the pipe j, and the pump A will 
withdraw the water of condensation together with air and vapour 


— 














from the condenser a. In the event of an abnormal supply of 
water, communication between the pumps can be effected b 
opening the valve 0, thereby tending to equalise the waterflow to 
both pumps. By means of the arrangement described, the air- 
withdrawing capacity of the air-pump / is largely increased by 
reason of its temperature reduction relatively to the temperatur« 
corresponding to the vacuum in the condenser, and as the pum) 
is supplied with a small quantity of water per stroke, not only is 
a constant volumetric capacity for air provided, but the pum) 
can be driven more evenly and peed and, should occasio: 
require, at a much higher speed with safety than is possible with 
the irregular water supply according to common practice, anc! 
yet, should it stop or become deranged for any unforeseen reason, 
the pump g automatically becomes the air-pump without an) 
flooding or disturbance of the air-ducts such as would impair th: 
air-flow. When starting, the necessary water for injection into th« 
air-pump h may be obtained by opening the valve o. (Accepte: 
May 11, 1910). 
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4160/10. The Atlas Engincering Company, Limited, 
and S. Mycock, Manchester. Stentering-Machines. 
(3 Figs.] February 19, 1910.—According to this invention, bal! 
bearings are applied to the jigging centres, the clip-centres, and 
to the shafts or axles of the chain-pulleys of stentering machines 
with the object of reducing friction in the rotating parts and 
consequently, the power required to drive the machine. In Fig. 1 
a designates one of the jig-centres upon which is mounted an 
ordinary jigging-frame b, which carries two of the stenter clip 
centres ¢ for the carriers d, which support the stenter-clips « 
Each clip-centre ¢ is mounted on a sliding-block f, adjustable, as 
usual, by means of a right and left-hand threaded screw g. Each 
jig-centre a and each clip-centre c throughout the machine is 
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furnished with a ball-bearing. A suitable construction of ball 
bearing is shown applied to a jig-centre a (Fig. 2) and toa clip 
centre ¢ (Fig. 3). Each of these bearings consists of two metal 
rings / and 7, and an intermediate metal ring j, perforated with a 
series of holes in which are placed, and loosely held, any con- 
venient number of balls *. The ring A is fixed in a recess in the 
bottom of the boss of the jig-frame } or the boss of the slip-carrier 
d, as the case may be, and the ring i is placed upon a flange of the 
jig-centre a or ashoulder of the sliding-block f of the clip-centre 
¢, 80 that each jigging-frame } and each clip-carrier d is supported 
and swivels upon the balls k, whereby friction in the working 
parts is greatly reduced. In like manner, a similar ball-bearing 
can be applied to each of the snafts or axles upon which the chain- 
wheels rotate. (Accepted May 11, 1910.) 








Frencu Rattways.—The length of railway in opera- 
tion in France at the close of 1908 was 25,076} miles, 
while new lines were opened in the course of 1909 to the 
extent of 642 miles, making an effective aggregate of 
25,1408 miles at the close of last year. Further lines 
ad been declared of public utility at the same date to 








discharges into the water-sealed compartment f of a receiver e, 





the extent of 21574 miles. 
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The Utility of AU Forms of Higher Schooling: An Investi- 
gation. By R.T. Crane. Chicago: 1909. 
Ix the introduction to the first part of this book 
Mr. Crane states that the enormous growth of uni- 
yersities and colleges has led him to investigate the 
question of what is the actual value of a college 
education in after-life. There can be no doubt 
that such an investigation, if carried out fairly, 
would be of very great interest. The amount of 
money spent on education of all kinds in these 
days is enormous, and steadily increases. Not 
only are increasing sums devoted to general 
education, but a large outlay is also made in con- 
nection with technical education. There is little 
doubt that in many cases the amount spent is not 
really necessary, and that in others the money is 
not spent well. People are often persuaded to 
spend more on education than they can really 
afford, under the impression that it will prove of 
greater value to them than they eventually find it 
to he. 

‘he question of most interest to our readers is 
naturally that of the education of engineers. In 
this connection we have repeatedly expressed the 
w that the value of college education is often 
rrated, and that there is much that an engineer 
uld know which can only be learnt by practical 
erience in the shops. It is, perhaps, only natural, 
ever, that the views of those who favour the 
enditure of large sums on education should 
ive great consideration from the general public, 
the schoolmaster and professor are regarded as 
erts. Naturally the professor, like other men, 
eves in the wares he sells; but it is always 
sible that he may be biassed in favour of them. 
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The expression, therefore, of the opinions of a 
business man, like the author of the work under 
notice, on this subject are of great interest. Un- 
for‘unately, he does not go into the investigation in 
an impartial spirit, but sets out with the obvious 


intention of proving a certain proposition. He is 
evidently very strongly of opinion that the ‘‘self- 
male” man of America, and especially of Chicago, is 
the highest type extant, standing well above every- 
one else, not only in his business ability, but also 
in honesty, straightforwardness, commercial and 
other morality. This is, of course, merely a matter 
of opinion, and in view of such publications as 
‘Frenzied Finance,” ‘‘The Jungle,” &c., many will 
be inclined to differ from the author on this point. 
He is also apparently of opinion that this type of 
man makes the most perfect statesman, orator, &c., 
and, in fact, that there is no walk in life, with one 
exception, for which any other preparation is 
required than that which he advocates. He holds 
that all boys, of every social class, should go to 
school till they are sixteen years of age, and that 
they should then go into a business and thenceforth 
acquire all their knowledge in the actual conduct 
of business. He would apparently suppress not 
only all technical and other colleges, but all kinds 
of research work, except that carried on in com- 
mercial establishments for the purpose of making 
money. 

Cadlonaliy enough, one absolute exception to this 
system of education is made by the author. It 
is in the case of the medical profession, He 
seems to think that a very long course at a medical 
college is desirable before a man should be 
allowed to practise in public. Why candidates for 
the medical profession should be differently educated 
from others is not clear, unless it be that the college 
training is preferred by the author when he is likely 
to be personally affected by the ability of the persons 
trained. 

In dealing with this question there are two points 
that it is necessary to take into account. The first 
is, as to how great an extent a college education 
increases a man’s power of making money; and 
the second, as to what advantage such education is 
to him in other ways. It is unfortunate that when 
discussing the second question, the author appears 
to have great difficulty in separating it from 
the first. In fact, the stock argument advanced, 
to which we always come back, is that a college 
education will not ‘‘ pay.” Even in discussing this 
point no fairness whatever is shown. A perfectly 
simple way of considering the point would be to take 


the salary of the average college man and that of 
the average man who has not been to college, and 
compare them; but no attempt is made, in this 
book, to do this, 


Instead, the author takes the 








number of college men in a particular industry, and 
says that because the proportion of college men 
employed is very small the college men are failures. 
It has never been suggested, of course, that all the 
artisans and labourers in a factory should be college 
graduates, and the fact that the very large majority 
of them are not is no proof that the college is a 
failure. Another of Mr. Crane’s methods is exem- 
plified by the fact that he addressed nearly 1600 in- 
quiries to the graduates of a certain university to 
ascertain whether they had derived any benefit from 
their college education. A large majority naturally 
did not answer. Only seven replied that they had 
not derived benefit. The balance being favourable, 
it would appear to the ordinary man to be quite 
conclusive that the graduates, at all events, thought 
their college education was an advantage. The 
author assumes that those who did not answer were 
all failures, who were too loyal to their college to 
admit their want of success. In a similar manner, 
throughout the book he assumes that if anyone 
expresses an opinion different from his own, it is 
either insincere, or the man who expresses it is a 
fool. 

The real interest in the book therefore lies not so 
much in the author’s opinions, asin the collection of 
facts which he has amassed, and the recorded opinions 
of others He quite truly says that the most effective 
method of finding out the value of an education is 
to take the opinions of the majority of those in the 
best position to judge. With this object in view, he 
has collected the opinions of a very large number 
of prominent American business men, such as the 
heads of large railways and manufacturing and 
trading concerns, and these are epitomised. This 
inquiry really divided itself into two parts :— 
Firstly, if a man have a capital of 10001. only, should 
he spend the whole of it on a college education ; 
secondly, whether a college education is of any 
value to those of greater means. To the first the 
general opinion is naturally in the negative. In 
England, at all events, this will hardly be a 
matter of surprise to most people, though even 
here there may be, no doubt, some to whom 
a warning not to spend an undue amount is 
needed. A capital of 10001. means an income from 
investment of, at most, 501. a year, or a little under 
ll. a week. There is little doubt that with such 
an income a very much cheaper education would 
be more suitable, as under such conditions it is 
usually desirable to endeavour to earn at least some 
money at a comparatively early age. This, however, 
by no means implies that there need be no schooling 
after the age of sixteen, for there are plenty of 
facilities by which a man can now obtain a good 
deal of education after this age without spending 
anything like 10001. 

When we come to the second question, whether 
it is worth while for a man to have a college educa- 
tion if he can afford it without crippling his finances, 
there is a very large majority in its favour. The 
author assumes that the opinions of those who 
take this view are insincere, but there appears to 
be no reason whatever why they should be thought 
so; the expressions are quite unequivocal in most 
cases. 

A considerable portion of the second part of the 
book is devoted to an attempt to show that those 
who are in favour of technical education are ignorant 
of business. The men taken as examples include 
the heads of the largest electric manufacturing 
concerns, of Jarge railways, farmers, Mr. Carnegie, 
and others. This part gives also some indication as 
to how the author thinks engineers really should be 
educated. The main point, in his opinion, is that 
boys of all sorts should go to school till they are 
sixteen, and should then go into the works. It 
is apparently assumed, throughout the earlier part 
of the book, that it is necessary for a boy to 
be at school till this age, but that afterwards every- 
thing which it is necessary for him to know can 
be learnt by actually working in a shop. It is 
not stated why sixteen should be the exact age at 
which it is best for him to leave school, nor is there 
any reason given for thinking that exactly the same 
age is the best for all boys, whatever their natural 
disposition or the profession they are to follow. 

However, when it comes to the details the 
author seems to have a faint idea that in many 
cases something more than elementary schooling 
and practical experience will be required, and that 
hammering rivets in a bridge, for instance, will 
not enable the man who does it to calculate the 
stresses on it. Whether he would have such stresses 
calculated atall is not quite clear, but he apparently 


holds that. the building and operating of a rail- 
way requires ‘‘no science whatever.” He suggests 
that in order to give apprentices an insight into 
the theory of construction, the heads of the firm 
should give them lectures. Actually there are prac- 
tical objections to this. The heads of many firms 
are much too busy to undertake this kind of work. 
Even if this difficulty were overcome, there would 
still be the great drawback that the men who can 
do a thing well are often by no means capable of 
imparting the knowledge. ‘Thisis a point of which 
the author appears to be quite ignorant, but it is 
well known to all who have had any experience of 
educational work. A barrister, for instance, may 
he able to put a case forward, after a few hours’ 
consideration of it, far better than most technical 
men could after studying it for years. Similarly, 
many men can teach the principles of mechanics 
extremely well, though they may not have the com- 
mercial knowledge and energy necessary to get into 
positions where high salaries are paid. On the other 
hand, many men in high positions would be quite 
unable to teach principles. If this system were 
ever established, therefore, what would actually 
happen would be that, instead of the principals of 
the firm giving lectures themselves, they would get 
someone more suitable to do it for them. Very 
soon it would be found that it was not a good plan 
for each firm to have its own lecturer, and that it 
would be much better for several to combine and 
secure a man of a higher class than each could afford 
separately. We should thus merely revert to the 
technical college. 

The author does not appear, in the least, to 
have grasped the fact that the amount of schooling 
advisable is not a matter of principle, but of 
degree. If it were a matter of principle that every- 
thing is best learnt in actual business, there is no 
apparent reason why boys should go to school at all, 
and why they should not learn reading and writing 
and everything else in the business they are ap- 
prenticed to. The assumption that they should stay 
at school till sixteen admits that some things are 
better taught at school than in business. It is not 
clear why this particular age should be the exact 
dividing-line between what should be learnt atschool 
and what in the business. It will not be disputed 
that a boy who has gone into a trade at twelve 
will be worth more at the age of 16 than one who 
has only just left school, and there are many handi- 
crafts in which the boy who did not begin till the 
latter age can never catch up to the one who began 
younger. But the earlier a boy begins to learn a 
trade, the narrower will be his training as a rule. 
A man who is simply to be trained to be skilled 
with his hands should, therefore, begin early, and 
keep to one trade all his life; but in this case, 
of course, he only gets a working man’s wage. On 
the other hand, to a man who hopes to attain 
to posts of responsibility it is a very distinct 
advantage to have a good knowledge of what is 
being done, not only in the shop he is working 
in, but in others all over the oe. It should be 
part of the business of the college to collect this 
information, and to epitomise it in sucha way that 
it will be possible to see not only what is being 
done in a trade, but also why it is done. That the 
man who has knowledge of what is being done in 
many parts of the world, and knows the reason 
why these things are done, would be in a better 
position to design work than one who simply knows 
that it is the practice of the shop he is in to do 
them in a particular way, should be obvious. The 
practical advantage of meeting at college a large 
number of men from various parts of the world is 
also not to be despised, for to have acquaintances 
outside the shop one is working in may be of dis- 
tinct service in after-life. 

Nothing is said as to the substitution for the 
college of any other channel for the dissemination 
of general knowledge. It is true that it is suggested 
that books should be read in place of going to col- 
lege; but if everyone were to spend his time 
actually working at his business, who would 
write the books? If they were written by men 
who made a profession of doing this, there would 
be no reason for thinking that the time spent in 
reading a book would be any better spent than in 
attending a lecture. Further, it would probably 
take a good deal longer to imbibe the same amount 
of information by reading than by listening to a 
professor, for the reason that a question can always 
be asked on any obscure point in a lecture, but 
not when studying a book. 








It may be noted that the author denies the use- 
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fulness of any kind of research work, such as is 
done by professors in colleges, medical work again 
excepted, and states that all improvements in 
engineering, &c., have been made by commercial 
men. This is, of course, by no means accurate, 
for even, to go a long way back, the invention of 
the separate condenser by James Watt was de- 
pendent entirely on the discovery of the theory 
of latent heat by Dr. Black ; and from then to the 
present time many inventions of great practical 
importance have been based upon principles dis- 
covered by purely scientific research. The + mde 
of America by Europeans was the logical result of 
the astronomical measurements and deductions of 
scientific men. 

The author takes the fact that the United States 
export a part of their manufactures, and do not 
import those of other countries, to be proof that their 
sons are more capable than those of other nations. 
If they exported more per head of population than 
other countries, this might be reasonable ; but, as 
a matter of fact, there are European countries whose 
exports per head are far greater than those of the 
United States of America, the figures for 1907 
being :— 

Exports per Head 
of Population. 


£ 
Switzerland ... aa 13.6 
United Kingdom ... 9.6 
Germany 6.1 
France 5.6 
Sweden we 5.3 
United States 3.9 


The reason, of course, why goods are not sent 
from Europe to the United States in greater quan- 
tities than they are is to be found in the very heavy 
import duties imposed to protect American manu- 
facturers from our competition. In one trade to 
which the author particularly refers—i.e., the motor 
trade—even a 45 per cent. duty does not entirely 
prevent those who can afford to do so from buying 
European motors. 

A stock argument constantly used against educa- 
tion is that great engineers of the past did without 
it, and that what was good enough for them is good 
enough now. The author states, in his introduction, 
that he conducted his inquiry as he would his busi- 
ness, and values education as he would plant or 
anything else. If he really does buy plant fifty 
years out of date, on the ground that it was good 
enough then, and yet makes his business pay, he 
must be a very wonderful man indeed. 

While the necessity of making money in order 
to live is imperative for most people, it is re- 
cognised, in this country at all events, that money- 
making is not the sole object in life, and that the 
man who makes the most is not necessarily either 
the most useful to the community or the happiest. 
The question of whether education in other things 
besides the making of money is desirable is there- 
fore of great importance. 

The author’s view is that any form of education 
in general knowledge beyond what will be obtained 
by going to school till sixteen, and into business 
then, is of no value, and that the world is not in 
any way the better for it. Further, he is of opinion 
that collegiate education is of no value to the person 
who has acquired it. With regard to the first point, 
he makes the suggestion himself that ‘‘another way 
of judging the importance of higher education is to 
go back to a time when we had little of it, and see if 
humanity is better off to-day—materially, intellec- 
tually, and morally—than it was then.” This is a 
perfectly fair statement of the case, and we think 
everyone will admit that there can be no doubt 
whatever that we are now very much better off. 

In discussing the question of whether higher 
education is of value to a man, except as a help in 
acquiring wealth, the author appears to have some 
difficulty in dropping the money-value standard. At 
the same time he does recognise that certain other 
things, as, for instance, political power, are sought 
after, and he attempts to show that in this, as in 
other careers, it is the business man who generally 
attains to success, while the college man does not. 
He assumes that the influence of the college isa 
disadvantage in this, as in all other pursuits. 

In any country the number of college graduates is 
actually a very small proportion of the total number 
of the inhabitants, and, therefore, if his contention 
were correct, it should be quite obvious that it 
would be almost impossible for college men ever to 
get into the foremost political positions. When we 


come to actual facts, however, we see that, so 





far from the college man being a great rarity 
among the successful politicians of the world, he 
is in a considerable majority. It will be admitted 
that the most important political organisation in 
the world at the present time is the British 
Empire, which has an extent of about three times 
the area and a population of about six times that 
of the United States.. The Premier of England, 
therefore, occupies a political position of the 
greatest importance and influence. If we look 
at the list of the men who have occupied this re- 
sponsible post, we see that a very large majority 
ot them have been college graduates. The same 
may be said of the greater number of the cabinet 
ministers. 

In the United States it is possible that there may 
have been a larger eg ome of men of purely busi- 
ness education in the Government offices. There is, 
however, absolutely no evidence that this has been 
to the advantage of the country. On the contrary, 
there would seem to be reason to think that it has 
tended to lower standards, and to inefficiency. 
Although the extent of the United States is small 
compared with the British Empire, the Government 
of that country has, it appears, considerable difli- 
culty in securing the public safety, and in effectively 
dealing with the worst features of the trusts. 

Even in the United States, however, itis quite un- 
true to assume that the college man is not successful 
in politics. Almost all the Presidents of the last fifty 
years have been college graduates, including two 
who are actually cited by the author as being non- 
college men. Further, the present President, and 
almost the whole of his cabinet, are college men—a 
fact-of which one might have expected the author 
to be aware. There can, in fact, be no doubt that 
for all the higher purposes of life the development 
of the intellect by study, and by an investigation of 
the history of mankind in other ages, renders it 
more capable of dealing with the present, and of 
forecasting the future. The volume before us is 
evidence that breadth of outlook and comprehensive 
judgment are not necessarily acquired in a business 
education. 

It is also evident, from this volume, that a 
college education has advantages in connection 
with literature. A college man would know that 
abuse is not argument, and that calling lawyers and 
doctors ‘‘ thieves” and ‘* scoundrels” is no help to 
the cause he advocates. Even if he had objections 
to the system by which a rich man pays a high price 
for medical attendance in order that the poor 
may get it when they could not otherwise afford 
it, he would hesitate before saying that doctors 
were as bad as ‘highway robbers” for working 
under a system so generally approved. He would 
also know that Mr. Joseph Chamberlain was never 
Premier of England, and that Watt’s fame rests 
on his discovery of the separate condenser. A col- 
lege man would also probably be less contemptuous 
than the author of the possibility of human flight, 
and would be aware that men who play football 
are not necessarily cowards, &c. 

This book has certainly a great deal of interesting 
matter in it, and if properly read and considered, 
there is much information to be derived from it. 
In the way the subject has been handled, however, 
it is hardly likely that the majority of unprejudiced 
people will be convinced by it that a college educa- 
tion is of no value. On many people exactly the 
opposite effect will be its result. 
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Betrieben (Falsche und richtige Fiihrung der Inventaric )- 
biicher. Praktisches Handbuch fiir Handels- wnd 
Gewerbetriebende, Industrielle und fiir alle, die Industr :- 
bilanzen aufmachen, lesen und kritisieren miissen. Von 
Cart M. Lewin. Berlin: 7, 8, Nettelbeckstrass.. 
[Price 2.50 marks. } 

University of Illinois. Bulletin No. 40. A Study in Het 
Transmission (The Transmission of Heat to Water in 
Tubes as affected by the Velocity of the Water). By J. hk. 
CiemenT and C. M. GARLAND. Urbana, Illinois: 
Engineering Experiment Station. ([Gratis.] 

High Masonry Dam Design. By CHARLES E. Morrisox, 
C.E., Ph. D., and Orrin L. Broprr, C.E. New York: 
John Wiley and Sons; London: Chapman and Hall. 
[Price 6s. 6d. net. } 

Electrical Distributing Networks and Transmission Lines. 
By Atrrep Hay, D.Sc., M.I.E.E. London, New 

ork, Toronto, and Melbourne: Cassell and Co. [Price 
10s. 6d. net. ] 

Sonderabdruck aus dem Jahrbuch der Schifibautechnisch:n 
Gesellschaft 1910. Von Dr.-Ing. A. Pritt, Danzig- 
Langfuhr. Berlin: Julius Springer. 

How to Save England. By AN ENGLISHMAN. London: 
Watts and Co. [Price 6d. net.] 

United States Geological Survey. Water-Supply Papers. 
No. 227. Geology and Undergrownd Waters of South 
Dakota. By N. H. Darton. No. 233. Water Resources 
of the Blue Grass Region, Kentucky. By Grorcr 
CHARLTON Matson. With a Chapter on the Quality of 
the Waters. By Cuase Patmer. No. 236. The Quality 
of Surface Waters inthe United States. Part I. Analyses 
of Waters East of the One-Hundredth Meridian. By 

. B. Doz. No. 238. The Public Utility of Water 
Powers and their Governmental Regulation. By Rent 
TAVERNIER and MarsHALL O. LeIGHToN. Washington: 
Government Printing Office. 

The Japan Year-Book: Complete Cyclopedia of Generul 
Information and Statistics on Japan for the Year 191%. 
By Y. Takenosp and K. Kawakami. Fifth annual 

ublication. London: Eastern Papers, Limited, 7), 

racechurch-street, E.C. [Price 7s. net. ] 

Cambridge Engineering Tracts. No. I. Vibrations 0, 
Systems having One Degree of Freedom. By B. Hopkin- 
son, M.A. London: Cambridge University Press, 
Fetter-lane, E.C. [Price 2s. 6d.] 

The Corrosion and Preservation of Iron and Steel. By 
ALLERTON 8S. Cusuman, A.M., Ph.D., and Henry A. 
GarDNER. London: The Hill Publishing Company, 
Limited ; New York: The McGraw-Hill Book Com- 
pany. [Price 17s. net. ]} 

Hydraulic Elevators ; Their Design, Construction, Opera- 
tion, Care, and Management, By WiLt1AM Baxter, Jr. 
London: The Hill Publishing Company, Limited ; 
New York: The McGraw-Hill Book Company. [Prive 
10s. 6d. net. ] 

Preliminary Processes of Sewage Disposal, with Special 
Reference to the Fifth Report of the Royal Commission 
on Sewage Disposal. A paper read at the Leeds Health 
Congress, July 19, 1909. By Arruur J. Martin, 
M. Inst: C.E. London: The Sanitary Publishing 
a Limited, 5, Fetter-lane, E.C. [Price 1s. 
net. 








Sr. GorHarD Rattway.—The terms upon which the 
St. Gothard Railway has been acquired by the Helvetic 
Confederation do not appear to have been yet finally 
adjusted. It has been agreed that the amount paid for 
the property shall be 8,761,557/., less the amount of a 
loan assumed by the Confederation, or 4,683,600/, The 
railway company also claims 1800/. expended for works 
for protecting the lines against avalanches. The final 
amount to be paid for the system, accordingly, comes out 
at 4,076,158/.; but the company further claims interest 
at the rate of 5 per cent. per annum upon this amount as 
from January 1, 1909. These terms do not yet appear 
to have been agreed to by the Confederation, 
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THE WORKS OF MESSRS. ALFRED 
HERBERT, LIMITED, COVENTRY. 


ProBaBLy one of the most interesting visits 
included in the programme of the forthcoming joint 
meeting of the American Society of Mechanical 
Engineers and the Institution of Mechanical Engi- 
neers will be that paid to the works of Messrs. 
Alfred Herbert, Limited, at Coventry. These 
works have, in a comparatively short time, acquired | 
so prominent and distinct a position that members 
of both institutions will doubtless welcome the | 
opportunity of acquainting themselves with the| 
conditions under which several notable types of | 
machine-tools are produced. The works date back | 
to a year no more remote than 1889. The early 
years of the firm were concerned with the pro- 
duction of special machines for the manufacture 
of cycle parts. This doubtless directed attention 








works ; the same influences are naturally at work 


in both. In the Coventry works, for instance, of 
which we give a plan in Fig. 1 herewith, the work 


all progresses in one direction, the material enter- | cutting-off and reeling shop. 





handling them. The bar racks for the material to 
be used in the works are also in this yard, and 
close to the racks is a small building, which is the 
This building con- 


ing at one end and the complete machine being | tains several circular and other saws, for cutting oft 


tested at, and nig oF from, the other. 
Edgwick works are laid 
provided for on similar lines, and although capable 
of being enlarged as required to four times their 
present size, this controlling feature will not be 
interfered with. 

The Head Works now occupy all the available 
room at the original site, and are hardly capable 
of further enlargement, though a new shop has 
recently been added for warehousing purposes on 
an adjoining site. The oftices dealing with the 
company’s business are situated in the north-west 
corner and side of the roughly rectangular block of 
buildings forming the Head Works. The principal 
































The | the blanks for use in the lathes, Xc., as they are 
out with this progression | 


ordered. The shop also contains a set of straighten- 
ing rolls, or, as it is termed, a reeling-machine, 
through which all bars are before being sent 
into the shops, to the hollow spindle lathes and other 
machines. This machine consists of two slightly 
inclined rollers, of which one is convex and the other 
concave. The machine not only straightens the bars, 
but cleans them of hard scale, which, if left on, 
tends to lower the output of the machine-tools. 
Next to this shop is a small smithy, and beyond 
this again is the case-hardening and heat treatment 





department, provided with gas-furnaces, cooling 
and hardening-pits, &c. 






























































































































































































































































































































































to the ibility of extending similar systems to | offices are grouped round the hall and landings of a; On entering the main works from this yard, one 
other classes of repetition work, and in a few) three-storied building, while on the first floor a finds a central gangway stretching away to the 
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Fie. 1. Ptan or Heap Works, Coventry. & > 
years the firm settled definitely down into the|long corridor gives access to the offices of the . 5 ae a —--4 : 
special lines for which they are now so well|works manager, and of the various heads of de- cf Sao © ‘ ¥ 
known. . partments, &c., as well as to the wages, cost, piece- SE Se : 
The shops are now grouped in two works— | work offices, &c., these being ranged side by side oe See ee re Se z 
namely, the Head Works, in Coventry itself, and|along the north side of the block. Continuing ase hs ol ‘ 
the Edgwick Works, some three miles distant. | down this corridor one reaches the drawing-office, * (oo to mF i se = 
The so-called Head Works are the original works. | which is divided into several sections. The design ~ ee we 3 ar J 
These in course of time expanded to such a degree | of new work, and the re-design and improvement i 3 Ye 
that it became advisable to remove certain sec-|of the firm’s standard types of machine-tools, is ER te Se Tt 
tions to another site. Hence the opening, some | attended to in one section. A second is devoted to > eC 35 
four years ago, of the new machine and fitting-|the design of small tools, in which the company i Fe — Fe 3 
shops at Edgwick, where the firm’s foundries had | does a considerable business. A third section is Se 4° 
been located for some time. The Edgwick shops| occupied with the preparation of designs for jigs =<t men wanare 
are to all intents and purposes self-contained, asare|and shop fixtures, which form so prominent a maa a 
also those at the Head Works ; that is to say, they | feature of the shop processes in Messrs. Herbert's cs ee eee eee * 
are equipped for the complete construction of|works. The tracing-office is occupied by girl -s+—-—}—_— —-+4 « 
certain ¢ s of machine-tools. The Coventry|tracers under the supervision of a draughtsman. a I + ecalcecal s 
works are now devoted to the production of turret A blue-print room and photographer’s department ae ee 
and other lathes, automatic turning-machines, auto- | complete this part of the organisation. Drawing- —j}——_}— 
matic screw-machines, universal grinders, and high- | office practice at these works is quite in keeping 2 ee —s 


speed sensitive drilling-machines. At Edgwick the 
principal machines built are horizontal and vertical 
milling-machines, cutter.grinders and other tools, 
and also foundry sand-mixers. Apart from the 
fact that the foundries at Edgwick serve also the 
Coventry works, while the designing and much of 
the office-work, &c., for Edgwick is done at the 
Coventry works, th: two are independent. At the 
Coventry works some S00 men are now employed, 
and at Edgwick some 400. The company’s staff, 
including the selling organisation, numbers, all 
told, about 1500, a striking contrast to the small 
force of twelve hands with which a commencement 
was made in 1889. 

In the following description we have thought it 
best to deal first with the general lay-out and 
equipment of the two works, afterwards passing 
on to deal in greater detail with some matters of 
, sea interest. In works of such a distinctive 
character, it will be evident that no exhaustive 


treatment is possible, of the multitude of interest- 
ing processes resorted to. The account below 
pretends to be no more than a brief summary, 


with that of the rest of the works. Drawings are 
all made to standard sizes. Tracings only are 
preserved, and these are stored in a fire-proof 
vault, to which they have to be returned when 
not in use. In the designing departments the 
draughtsmen use universal drafting-machines fixed 
to the upper left-hand corner of the board. These 
machines are now well known and scarcely need 
description. They consist of two pivoted parallel 
motions, having one end anchored to the board, 
and the other provided with a square which can 
be set at any required angle. Blue prints are made 
on an electric-light apparatus. 

Access from the offices to the works is arranged 
at several points. The —_ proper, except for 
certain small shops in a three-storied building 
forming the front of the works, consist of eighteen 
bays without partition walls. At the far end of 
the building is a partly-covered yard, and on 
the far side of this yard are several small build- 
ings. The yard serves for the accommodation 
of castings as they are delivered from the foun- 
dries, until they are wanted in the works. 





which is all that is possible in the space available. 
Much of the system is common, of course, to both 


They are stacked or ranged in the covered por- 


























far end of the building, and traversing at right 
angles the 18 bays of which the shops consist. 
The shops are well-lighted buildings and are of 
substantial construction, but in themselves do not 
call for any special notice. The extension of these 
works has been carried out at various times, and 
the structural arrangement has been influenced to 
some degree by this. The general lay-out is, how- 
ever, comprehensive, and, whatever alterations may 
be made from time to time in the grouping of the 
machines, the same controlling principle of working 
through the shops from one end to the other is 
retained. 

The first bay on entering from the yard is 
devoted completely to the manufacture of Messrs. 
Alfred Herbert's **Coventry” die-head. The 
department is fitted with a number of machine- 
tools, including turret lathes, millers, &c. The work 
in this department is for the most part compara- 
tively small. Much of it is done with ial 
fixtures. One part of the shop is occupied with the 

roduction of the “‘straight-cut’ dies used in these 

ie-heads. These dies are all put through in sets, 





tion, an overhead traveller being provided for'and they are cut in special fixtures by milling 
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cutters. The milling-machines on which this opera- 
tion is done have micrometer adjustment for both 
the longitudinal movement and traverse of the table, 
and, from the records kept and the limits worked to, 
an odd die, duplicate of sets previously made, can 
be cut and supplied to a customer, should a broken 
die need replacement. 

The bodies of these die-heads, as well as much 
other work, are made in the adjoining bay, on 
automatic turning-machines, This bay we illustrate 
in Fig. 2, Plate IV. In this department are ten 
automatic machines in charge of three men, of 
whom only two are skilled workmen. This class 
of machine, and the work done with it, we deal with 
at greater length later. At this point, however, it 
may be as well to draw attention to the large machine 
in the foreground on the right. This is an experi- 
mental machine made by Messrs. Herbert and em- 
bodying a number of interesting features and com- 
binations. This machine is used for such work as 
that shown piled in the foreground. Itisa machine 
intended for heavy work, the diameter admitted 
being 23 in., and the movement of the turret 18 in. 
It has a single pulley-head, from which all its 
motions are derived. The spindle has sixteen speeds 
in either direction, divided into four groups of four 
speeds each, arranged so that any speed in a group 
can be obtained automatically while the cut is on. 
The changes are made by a power-actuated device, 
which operates the required combination of friction- 
clutches. The hexagon turret is indexed and 
clamped by power, and the stroke is automatically 
varied for each tool as required for the work. The 
cross-slides are independent, and have variable 
stroke. Seven feeds are available for each tool, the 
required feed being set automatically as the tool 
comes into operation. The idle motions are at 
constant speed. The machine is sufficiently uni- 
versal for all operations to be performed without 
requiring any changing of cams. It is entirely 
automatic after setting, and stops at the conclusion 
of the operation. 

On the left of the shop, next to the grinder, is an 
automatic machine for turning hand-wheels. We 
deal with the question of reduction of costs by these 
machines later, but it may as well be stated now 
that this machine affords a good example of the 
saving made possible by automatic methods. The 
piecework price for the turning of the rim by these 
wheels has been reduced from 114d.—the price by 
the former method—to $d. on this machine. The 
machines in the background are of several sizes, a 
typical one being described later on. 

As so much of the work in these shops is specially 
designed to be machined or produced in the lathe, 
it is not surprising to find a large part of the 
machine-shops entirely taken up with lathes and 
turning - machines of one kind and another. 
Several of the next bays on the same side of the 
central gangway contain combination turret-lathes 
and capstan chucking-lathes, &c. A great variety 
of parts, made out of blanks or machined from 
forgings or castings, are produced on these 
machines, often with the help of special fixtures 
and specially-formed tools. Across the gangway 
is a bay, shown in Fig. 3, Plate IV., devoted 

ractically wholly to single-pulley hexagon turret- 
lathes, many of them of Messrs. Herbert’s latest 

ttern, as, for instance, those shown in the 
ine down the centre of the bay. These machines 
are all engaged on bar-work. The machines in the 
central row are all driven direct from the line shaft- 
ing without the use of a counter-shaft. The pattern 
of single pulley head on these machines com- 
bines a friction-clutch arrangement with combina- 
tions allowing of sixteen speeds, forward or reverse. 
The combinations are tabulated on a plate on the 
headstock, and the operator, by setting the two 
handles in front of the headstock, and the knob on 
the index-plate above, can change from any speed 
to any other in less than five seconds. Feeds are 
adjusted by a hand-wheel and dial in front of the 
machine, six or nine being provided. Feeding in 
either direction is controlled by a knob near the 
feed hand-wheel. This knob is pushed in or pulled 
out to change the direction of the feed. The 
majority of the lathes in the back row are also of 
the single-pulley type, but in this case are not of 
quite so recent a pattern, and have not got the 
reversing head. hey are provided, therefore, 
with reversing counter-shafts. It will be noticed, 
of course, that in these machines, as in many 
others of Messrs. Herbert’s make, the pull of the 
belt on the main spindle is altogether abolished, a 
point of considerable practical importance. 


In Fig. 3 will be seen in the distance the bar 
racks, to which material is delivered after reeling 
in the shop already referred to above. The ex- 
panded metal screen in the background on the left 
encloses the tool stores for the capstan-lathe 
departments. These stores are fifted with racks 
and pigeon-holes, in which all the tools required in 
this department are kept. The variety of tools and 
formed cutters is very large, as much of the work is 
specially designed with a view to using special tools 
in its production. The reduction of costs by these 
means is always kept prominently in view, both 
in the works and designing office. Formed tools 
for finishing at one operation, and combination 
tools, are therefore numerous. The formed tools 
are made of ‘‘ Magic” steel, while the lathe tools are 
of high-speed steel. Workmen are not admitted to 
the tool stores. When a tool is taken out, a ticket 
bearing the number of the workman to whom it 
is issued is hung in front of the rack, where the 
tool should be. With a few exceptions men do 
not grind their own tools. This is done in a special 
shop, to which the tools are sent from the various 
departments. 

The bay adjoining that shown in Fig. 3 is illus- 
trated in Fig. 4, Plate V. This bay contains 
seventeen automatic screw-machines attended by 
three operators. These machines produce all the 
screws, collars, and washers required in the works, 
as well as a great deal of other small work which 
may equally well be produced on such machines 
from the bar, such as handles, knobs, oil-cups, &c. 
Specially formed cutting-tools are often used in 
these machines on the cross-slides. The machines 
are fitted with four or five-sided capstans, and with 
cross-slides. Automatic change speed is arranged 
for the withdrawing movements. The bar-feed 
and action of the chuck is also automatic. At the 
gangway end of this bay are some machines of 
smaller type, with sliding instead of revolving 
turrets. These turrets are arranged for two opera- 
tions, while slides at the back and front of the 
machine allows of the use of two other tools. 
These machines handle, of course, the simpler 
types of studs, pins, &c. 

wo bays, extending down the whole width of 
the shop, are occupied by the planing-machine 
department. Although the machines in this de- 
partment call for no special remark, attention may 
be paid to the practice in this shop, which is quite 
equal to that elsewhere in the works. In shops 
where methods of production have been so 
thoroughly thought out in connection with repe- 
tition work, it would be indeed surprising if it 
were otherwise. As examples of planing-machine 
department methods we give illustrations, Figs. 6 
and 7, Plate VI. Of these Fig. 6 shows a machine 
in the Coventry Works, while Fig. 7 is of an indi- 
vidually-driven machine at the Edgwick Works. 
On the former machine a gang of fifteen aprons for 
capstan lathes is set up for machining, while on the 
latter four vertical milling-machine bodies are being 
planed. The greater part of the next three bays 
on one side of the gangway is devoted to lathes, 
but at the end of one bay is space allotted to the 
boring department, in which are to be found a 
number of jig boring-machines, some of them 
drilling in two directions at once, and one in three. 
These machines have massive tables, on which the 
work, enclosed in jigs, is placed, the boring-bars 
being carried on columns. Across the gangway is 
a group of machines for gear-cutting, &c., while 
milling work is also done in that and in the next 
bay. This department contains altogether about 
55 machines, among which are included gear- 
hobbing machines, gear-shapers, Bilgram bevel- 
cutters, Gleason bevel-gear planers, Fellows rack- 
cutters, &c., and various types of milling-machines. 

The final bay of what may be termed the produc- 
tive part of the shops is devoted for the most part to 
grinders of various types. These machines number 
about thirty, and include surface grinders and uni- 
versal cylindrical grinders. A universal grinding- 
machine of exceptional size finds place in this shop. 
It is a machine made by Messrs. Alfred Herbert. 
It swings work 24 in. in diameter, and has an 
available length between centres of 11 ft. It is 
said to be one of the largest machines of its kind 
ever constructed, the whole weighing about 13 tons, 
while the moving table with its headstocks weighs 
about 3 tons. This machine is provided with four 
changes of wheel speed, the work-table traverse 
having a range of sixteen speeds, while the driving 
headstock also has a range of sixteen speeds. With 





meter. Automatic cross-feed is provided to the 
wheel, giving a range of reduction of diameter of 
work for each movement of the table of from 
0.00025 in. to 0.002 in. Control-handles are 4)| 
within reach of the operator standing in front of 
the machine, the changes of speeds, &., bein 
obtained by simple lever movements. 

Certain other machines are well worthy of more 
than the passing notice we can now give them. 
These include, for instance, the large spindle boring. 
machine, capable of boring a 53-in. hole 6 ft. 6 in. 
long in the solid bar, to form the hollow spindle of 
one of the company’s patterns of large combination 
turret-lathes. In this boring-machine the boring. 
bar is hollow, and the cutting-tip is supplied 
internally with lubricant pumped under pressure, 
Smaller boring-machines in the shop have flat. 
sided boring-bars, with lubricant feed to cutting 
edge passing down a pipe on either side of the har. 
These pipes are fed forward with the bar, and eater 
the hole with it. Another machine of some interest 
is a friction-driven press. 

This press consists of two columns and crosshead 
spanning a bed, over which runs a carriage for 
holding the work. The bed is designed to accom. 


g 
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modate long spindles while being forced into place, 
the carriage having the necessary aperture to ac! mit 
them. The carriage is mounted on wheels, and can 
be quickly run into position. The crosshead of the 


press carries a pulley driving a worm-gear. From 
this gear power is transmitted toa rack-pinion o})cra- 
ting the vertical ram by means of a friction-clutch, 
The rack-pinion can also be operated by an inclined 
shaft and hand-wheel. In working the press the 
ram is first lowered by the hand-gear, but as soon 
as the resistance of the work is encountered the 
friction-clutch becomes engaged, and the opera ion 
is continued by power drive. A small hydraulic ram 
device is inserted in the plunger, and by means of 
a gauge denotes the pressure exerted, so as to 
ensure satisfactory fits. 

Up to this point the works are concerned with 
the production of component parts. The component 
parts are brought into the stores, which here occupy 
two half-bays. After the completion of one ‘‘ opera- 
tion” all work is handed over to the stores. It is 
sent, with certain exceptions, to one bay of these 
central stores, where it is inspected and passed out 
again to the next department, in which an opera- 
tion has to be performed. If this department is 
not ready for it, the work is kept on racks between 
the two bays of these stores until wanted. After 
the final machining operations the work is inspected, 
checked, and then kept in the other bay of these 
stores. This we show in Fig. 8, Plate VII. Here 
the work is collected, ready to be given out to the 
erectors. It is all given out in batches complete, 
according to the order passing through the shops, 
so that the fitters are not troubled with having to 
bring the various parts together, and no delays 
are caused by having to wait for odd parts to be 
finished, or by small parts being missing. The oflice 
shown on the gallery in the background is that of 
the control department which checks the progress 
of work inthe shops. A convenient form of ladder 
is provided in these and in other stores about the 
works. One may be seen on the right hand, in 
Fig. 8. The ladder is fitted with two wheels at the 
lower end, running on a single rail, and with two 
rollers on vertical spindles at the upper end, also 
running on a rail. A boy or man mounted on 
this ladder can work it along sideways without 
dismounting, so as to bring himself within reach 
of any special pigeon-hole or rack. 

Except for a bay given up te drilling work, in 
which are several of Messrs. Herbert's high-speed 
sensitive drills fitted throughout with ball-bear- 
ings, the remaining space is devoted to erection 
purposes. The work is grouped and kept to special 
sections as much as possible, but the allotment of 
space needs to be of a somewhat elastic nature, for 
the reason that, at times, larger orders of one kind 
of machine than of another are being executed in 
the shops. Under such circumstances work may 
encroach upon what is commonly regarded as sy)1ce 
devoted to some other purpose. In this erecting 
work gangs of men are kept to special work, and 
therefore become quite expert at their jobs. In one 
bay all the headstocks for capstan and turret latlies, 
&c., are fitted up, as shown in Fig. 9, Plate VII. 
Feed motions, capstans, &c., are similarly handled 
by gangs doing onlythese classes of work. In passing, 
we may state that all headstocks and feed-gears are 
tested when assembled, for true and silent-running 











steadies, the largest work taken is 12 in. in dia- 





at the speeds that will be used on the machines. 
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Special fixtures are provided for this in the shops, 
and the gears, &c., are carefully tested for all the 
operations they will have to perform before the 
work proceeds further. Another bay of the erect- 
ing department is shown in Fig. 10, where orders 
for automatic screw-machines are being put through. 
It follows from the routine that the class of machine 
to be seen in these erecting bays is constantly 
changing. At one time the shop will appear to be 
fall of work for automatics, and at another with 
work for lathes, &c. The machines do not in any 
case long occupy the floor space in this shop, for 
after erection they are passed on to be inspected, 
alignment being checked and recorded, and, if passed 
as complete, are handed over to the testing staff. 

This staff occupies the whole of one bay, part of 
which is shown in Fig. 5, Plate V. ‘ The testing staff 
here is independent of the works management, and 
under the control of the selling department. Being 
thus independent, it acts as a final check on the 
work of the shops, and will not accept a machine 
for delivery to a customer, or for transfer to the 
warehouse, unless it comes up to the guaranteed 
productive capacity. If complaints are made subse- 
quently by purchasers, the matter is first referred 
to this department for explanation. Occasionally 
there may be seen in this bay, under test, machines 
which are not of Messrs. Herbert’s manufacture. 
These are machine-tools which the firm are supply- 
ing to customers, perhaps under guarantee, the 
factoring business forming quite an important line 
of the company’sactivities. It frequently happens 
that Messrs. Herbert are consulted not only on 
detail methods of production, but also with regard 
to complete equipments for departments or even 
works, and under such circumstances they under- 
take to supply the whole equipment, whether 
consisting of machines of their own make, or of 
types which they do not manufacture, but for which 
they are agents. 

In the final bay of the shops more erecting work 
is done, and finished machines are stored ready to 
be despatched as soon as purchased. With a view 
to affording greater space to the productive part 
of the works, however, the storing of completed 
machines is now being transferred toa new build- 
ing adjoining the main works. This warehouse con- 
sists of three bays. We reproduce a photograph 
of the interior of this building in Fig. 11, Plate 
VII. In construction it is similar to the new works 
at Edgwick. The columns are made of I-section 
steel. The roof is half glazed, the other slope being 
covered internally with uralite, painted white. The 
flooring is of creosoted planking laid on concrete. 
The two outer bays are each provided with an 
electric overhead crane of 5 tons ca ait, and the 
central bay with one of 10 tons. The ay shown 
on the left is reserved for the warehousing of 
finished machines of Messrs. Herbert’s own make, 
and also of American and Continental makes of 
machines, for which they are agents. The central, 
and part of the right hand, bays are to be used 
for storing castings and large parts of machines 
between operations, or partly completed machines. 
It sometimes happens that work in one department 
overtakes that in another. Should such occur, 
instead of stacking the material in the shops, to the 
great inconvenience of the department, it is re- 
moved until wanted to the stores and to this ware- 
house. In the foreground on the right the floor is 
laid with bricks and guttered. This part of the 
building is for rubbing down and painting. Attached 
to this new building is an experimental department 
and also a carpenter’s shop. 

We have perforce in this description omitted all 
mention of some of the subsidiary departments, and 
have endeavoured to convey a general impression 
of the systematic management and lay-out, by refer- 
ence to typical examples rather than to all. 

The main block of the Head Works is completed 
at the front by a three-storied building, of which 
half of the ground floor is given over to the ship- 
ping department. The remainder of the ground 
floor and the first and second floors of this build- 
ing form the department devoted to the manvufac- 
ture of small tools, formed cutters, &. When 
supplying machines the firm is often requested to 
supply complete outfits of tools, cutters, &c., de- 
signed to perform certain specified work, apart 
from the standard outfits. All these are prepared 
in this shop. A tool-hardening shop, with gas- 
furnaces, salt-bath, lead-bath, oil-tank, water-jet 
hardening-tank, air-blast, — and, in fact, 
equipment in accord with the best modern practice, 
is situated on the first floor adjoining this shop. 








Attached to this shop is also a store and show- 
room. Here the finished small tools are kept in 
racks and shelves, and the milling-cutters, reamers, 
tools, &c., may be seen to be each ticketed with a 
guarantee card, showing the work, speeds, feeds, 
&c., which the cutters, &c., have actually been tested 
to at the works. No untried tools are sent out, and 
the guarantees are well within the economic 
capacity of the tools. Near by is a small sand- 
blasting shop, in which sand-blast finish is given 
to many small parts. This finish is very pleasing 
and for many articles appears preferable to a bright 
surface. 

The company’s Edgwick Works were fully de- 
scribed in an article in ENGINEERING, which appeared 
in Vol. lxxxv., page 773. As regards the machine- 
shops, the general arrangements are similar to those 
at the Head Works. The routing of the work is 
continuous from one end to the other, with a testing 
department accommodated in the last shop. The 
stores for these shops run along one end across all 
bays. At the other end, running across all bays, 
is a series of foremen’s offices, tool-rooms, stores, 
&c. This end of the building is formed of a tem- 
porary screen arranged for easy removal on exten- 
sion of the shop, there being room at the site for 
the ultimate extension of these bays to four times 
their present length. As we have previously 
illustrated these shops, and as there are many 
features in which practice is common to both works, 
we do not propose to enter into great detail con- 
cerning them. In designing these shops, naturally 
full advantage was taken of the site to erect a style 
of building which experience at the older works 
suggested as being the most suitable. In construc- 
tion the shops are similar to the building shown in 
Fig. 11, Plate VII., which has recently been built 
to the standard Edgwick plans. Whereas in the 
older works the line shafting, the counter-shafting, 
&c., is carried by the roof members, as in Figs. 3 
and 9, for instance, in the Edgwick shops the 
service of the roof members is confined to the roof 
alone, and the shafting is attached to steel joists 
spanning the bays at each column. Between these 
transverse joists run, where necessary, pairs of longi- 
tudinals formed of two channels back to 4 
Between these longitudinals again run other trans- 
verse beams, made of pairs of channels back to back, 
and attached to the former by a simple bolt and 
clip. On these the counter-shafting, Xc., is fixed, 
and it will be at once seen that this arrangement 
is one of considerable flexibility, allowing of a large 
amount of adjustment in both directions, lengthwise 
and crosswise. Although not quite identical, the 
principle is embodied in the arrangement of shafting 
shown in Fig. 2. As regards the machine-tools, the 
Edgwick Works are equipped in a manner similar to 
the Head Works, though, of course, with certain 
differences necessitated by the different class of 
machines built at these shops, which are devoted 
to the construction of milling-machines, cutter- 
grinders, &c., and also foundry sand-mixers, as 
already stated. The equipment therefore calls for 
no further remark, with the exception of one 
large machine, to be found in the tool-room. 
This is a jig boring-machine, capable of drilling 
the large jigs used in the works. The table 
of this machine is fitted with micrometer longi- 
tudinal and transverse motion. No marking off 
whatever is required on the work. In order to 
avoid uneven wear of a long micrometer screw, the 
table is first adjusted by means of standard bars, 
which vary by inches. Fractions of inches are 
worked to on the micrometer, which has a very 
delicate feeler adjustment. In this way the micro- 
meter screw is restricted to small movement, and 
as the nut is as long as the screw, and, as the 
screw does not have to move the weight of the 
table, the wear is as even as it is possible to keep 
it. The location of a hole to within 0.0001 in. can 
be assured with this arrangement, and as both 
motions of the table have the same arrangement, 
a series of holes can be drilled even in an arc of a 
circle, if necessary, without marking off, merely 
by reading off the necessary rectangular dimen- 
sions on the drawing, and setting the table 
accordingly. 

In both works the shafting is driven, and the 
lighting is, by electricity, there being a power-station 
at each, supplying direct current at 220 volts. 
With the exception of the planing-machine at the 
Edgwick Works, shown in Fig. 7, Plate VI., the 
machines are group-driven by motors of from 25 to 
30 horse-power. The motors are arranged on 
staging about on a level with the line of the main 








shafting. Metallic filament lamps are now used for 
lighting, and their adoption at the Head Works has 
saved the installation of an additional generating 
set, which had apparently become necessary when 
the change was made. Both works are pro- 
vided with a tramway system, those at Edgwick 
having also the service of a small steam-tramway 
locomotive. As regards overhead equipment, many 
of the bays at both works are fitted with electric 
cranes. At the Head Works some of the erecting 
bays have 2-ton cranes, while others have 2-ton and 
5-ton travelling chain-blocks running on overhead 
girders across the shop, serving to move the work 
about and to and from the tramway trolleys. 

The pattern-shops, pattern-store, and foundries 
are situated at Edgwick, and work for the Head 
Works is done here, as well as that required by 
the Edgwick shops. Outside the main foundry is 
a sand-mill and mixing-floor. Here an edge-mill, 
an electrically-driven sand-mixer, and a pneumatic 
sifter are placed. The sand-mixer is of Messrs. 
Herbert’s make, and consists of a hopper feeding a 
chamber, in which are two circular cages revolving 
on ball-bearings at high speed in opposite directions. 
The whole is covered by a curved casting which 
directs the ejected sand on to the floor. The motor 
for this machine is carried overhead, enclosed and 
specially protected, and ventilated by fan, to keep 
it clear of dust. In the light foundry five Tabor 
moulding-machines are kept at work, an equipment 
of 1200 pattern-plates being in use. In this foundry 
some of the casting is done in iron moulds in 
order to ensure a close-grained metal. The bronze 
foundry, fettling-shop, and casting stores also form 
part of the Edgwick Works. These works also 
possess testing and chemical laboratories. 


Tue SHop System. 


Having described the chief features of the shops, 
it may be interesting if we give a résumé of the 
system of ordering and checking the work in pro- 
gress. In the first place, it must be understood 
that the company confines itself to producing its 
own standard patterns of machines. The con- 
struction of single machines of special type is not 
undertaken except in the case of those of an ex- 

rimental nature, for use in the company’s works, 
in the development of machines suited to market 
requirements. It must not be imagined, however, 
from this that the pattern of machines never 
changes. The change is, asa matter of fact, con- 
tinuous, and every year sees new features intro- 
duced into the designs according as modification 
is suggested by experience. Building thus in 
numbers the handling of work in quantity is a 
feature throughout the shops. 

Supposing the drawings to have been completed 
for an order of machines, a list of parts is made 
out and each part given a number. On this list 
are also given the pattern numbers and drawing 
numbers, as well as a list of parts to be drawn 
from stock, the latter showing, by designations, the 
particular piece of the work to which they pertain, 
A ‘* process card’”’ is then made out for each part. 
This card indicates the various processes through 
which the part has to go in the shops, in thoir 
proper order, this all being thought out and 
arranged before the work commences its journey 
through the shops, so that, once started, its progress 
is practically automatic. It sometimes happens 
that the only possible process for some newly- 
designed part proves inconvenient in the shops. 
In such an event, the matter is referred back by 
the process department to the drawing office, when 
perhaps some slight alteration in design, or the 
re-design of jigs and tools, may be made to suit the 
circumstances. The so-called process-card also shows 
the price allotted for each operation, and serves 
as a piece-work card. If the desired process cannot 
be followed through by reason of pressure of work 
in any department, a yellow alternate-proceses card 
is prepared and the work routed accordingly. On 
an order being sent to the works, the ‘ process- 
man” orders the necessary castings according to 
the list to be delivered to the respective shops in 
which the first operation is to be carried out. He 
also orders the cutting-off department to prepare 
or supply the necessary blanks, also to the first 
operation shops. The finished-work and inspec- 
tion department of the stores makes out a list of 
parts in a progress-book, together with details of 
the operations to be performed according to the 
process-card, the columns in the progress-book 
tallying with the possible entries on the process- 
card. Work-sheets are then sent out by the stores 


‘ANIHOVJV-ONINUODT, OILVINOLAY N ‘ANIHOVJQ-ONINUOT, OLLYNOLOY 


[Jury 22, 1910. 




















‘ONTITIPY-AVO “ET ‘org 





©) 
Z 
re 
fx) 
ica) 
Zz 
) 
Zz 
(2) 























(‘STI e6ng 908 ‘wondwosag 40) 
‘AULNHAOO ‘AULINIT ‘LUAGUAH GHudTV “‘SHUSSHW JO SMYOM FHL 

















Jury 22, 1910.] ENGINEERING. 117 








to all departments concerned, these sheets showing | clerk. If the work is satisfactory, the tickets | special ticket is issued, and i 
. . . id . . , , th 
what is oe in the way of work to complete = ~ by — a The operation is | eo faither porches until the “sitective kare aes 
one ope ‘ chec off in the progress-book with one: ticket, | replaced b d at th t of 
Reference has above been made to the fact that which is then sent to the wages office as a check fault, The ‘batch havin valocumnaalteie aks 
work is checked by the stores inspection staff after against a ticket coming from the cost-office. The up to the correct number, progress through the 
each operation. Inthe case of the ‘‘ Coventry ” die-| other tickets are forwarded with the job for the | shops is resumed. No payment is made for replac- 
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Fic, 19. 12-In. ‘‘ Coventry” Cuuck Bopy. Fie. 20. Parts or O1-Pump Macuinep on Automatic TuRNING-MACHINE, 
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head department, the stores inspector checks the | next operation, one to the foreman’s office and one | ing defective work. A summary giving the cost of 
work in the shop. The work of the automatic | to the workman, in order that he may obtain the | the defective work produced in the several depart- 
machines is checked during progress at the machinee, | necessary drawings. The shop drawings are all| ments is posted monthly in the shops, and a stimulus 
so as to avoid the risk of producing large numbers! blue prints, mounted on pasteboard and edged | is thus given to cach foreman to keep this down as 
of spoilt parts. All other work is sent to the stores | with metal frames. They are kept in stores, and | low as possible in his department. Some of the 
already described above. Departments deliver to are only given out to men as such a ticket. | parts are stocked, of course. In this case the stock 


The 


the stores at stated times, and with each article _If, in the progress through the shops, some of the | is replaced, as necessary, in batches. 
three tickets are sené down by the foreman’s pieces are found to be defective on inspection,a| Picce-work is run on the gang system. 





118 ENGINEERING. 





[JuLy 22, 1910 














tickets are issued. with the work -sheets, one! of this kind constantly moving needs no small skill slots, &c., while micrometers are in constant use 
ticket for each article. They are in triplicate, one in organisation. ‘There are no accumulations, in the | On the shop drawings the quality of workmanship 
being given to the workman and one each sent to shops and gangways, of work waiting to be trans- jmneeded for each part is marked, and the stores 
the cost and wages offices. Accounts are kept for ferred to another department. There is no litter | inspector will not accept the work unless conform. 
each gang, balanced monthly, and the balance, if on the floor, and no scattered turnings. The whole | ing to the limits set. In lathe-work for running 


any, paid. If a debit balance is made, it is carried works are tidy, and seemingly in perfect order. 
over to the next month, and must be cleared before 
the gang is paid any further balance over the 
wages scale. en clock in on Bundy recorders in 


Quarry oF WorRKMANSHIP. 


fits there are three qualities required, denoted by 
ithe class letters X, Y, and Z. The limits set for 
class X have to be worked to in the case of high- 


The same systematic care as is shown in other | speed shafts having one bearing only, parts of shafts 


the department to which each belongs. A copy of | directions is taken with’ the work: produced.- For | upon which high-speed gears, clutch-gears, and fric. 














Fie. 23. Diagram or Runsine Firs, 
DIAMETERS AND TOLERANCE. 


the Bundy machine-roll is entered in the time- 
book, and at the end of the week quarter-time and 
overtime added, and the total transferred to the 
wages-book. In one or two departments time is 
booked to individual jobs daily. The daily time | 
thus booked is transferred to weekly cards, andj} 
checked against the clock. 

The cost system enables the cost of complete 
work to date for any order to be readily obtained, 
and a summary of value of work in progress to be 
drawn up. The latter is supplied to the works 
manager. Piece-work tickets and time-cards are 
filed in the cost-office, to their proper orders, being 
placed behind pink index-cards descriptive of the 
whole order. The tickets are further separated by 
buff cards showing the individual operations—e.g., 
drilling, surface-grinding, testing, &c. These 
cards are merely division cards. When the order 
is complete, the costs are obtained from all the 
tickets, and entered on the pink order - card. 
Dividing these figures by the batch order gives, 
of course, the cost per piece or the cost per 
machine, as the case may be. The cost of 
material is kept only when a new pattern of 
machine is being built. A wages analysis is made 
out weekly for the works, wages being divided 
under net shop labour and establishment. There 
are numerous sub-headings in this summary, show- 
ing the class of work, &c., for which the wages 
have been paid, and a summary of totals under all 
headings is supplied to the works manager. The 
various tickets referred to above are distinctive in 
colour, &c., so as to be easily recognisable, and not 
liable to confusion. 

It will thus be gathered that the card and 
ticket syst»m follows the work from start to 
finish. The same system covers both the Head 
Works and the works at Edgwick. It may appear 
unnecessarily complicated, but, though complex, it e 
has been worked out to meet the special needs of | instance, headstocks, if needing final fitting, are | 
the works, and this it does to the satisfaction of the | ground instead of being fitted by hand, ensuring 
officials, who are well aware of the undesirability of | perfect alignment for the spindle. Turrets and 
over-elaboration in this respect. Carefully consi- | capstans are faced from their own machine spindles, 
dered, but not too rigid, system is traceable through-|and so on. Work is all done to limit-gauges of 
cu‘ the works. The whole works are so ordered that | various kinds. There are ‘‘ go” and ‘no go” 





progress is apparently continuous, and to keep work ! gauges in use for holes, diameters, screw-threads, 
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tion-gear cone pulleys run, shafts passing through 
oil-baths, where oil is liable to leak through the bear- 
ings, and for good sliding fits, as in toggle carriers 


| Within the limits in class Y come such parts a 


high-speed shafts having two or more bearings, low 
speed shafts having one bearing only, hollow shafts 
which form a bearing for another shaft and run in 
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ne bearing, parts of shafts upon which low-speed 
; run, Stasahaiie, mein Ds shafts, &c., 
having one bearing only, and ordinary sliding fits. 
The third class, Z, is for low-speed shafts having 
two or more bearings, hollow shafts which form a 
bearing for an inner shaft, and run in two or more 
bearings ; rocking shafts, speed-changing shafts, 
&c., having two or more bearings. The dimensions 
on the drawings are given as 1}$ Z, or 24 Y, 
and so on. In the shops where such parts are 
made there are four-sided revolving stands placed. 
One such stand is shown in the right-hand corner 
of the view, Fig. 3. Tables are affixed to these 
stands giving the limits for all dimensions required. 
On one side is a table giving the limits for class X, 
on another those of class Y, and on the third class 
Z, for all sizes from 4 in. to 8,5 in. A workman 
can thus find out immediately the limits to which 
he must work. For instance, a shaft marked 14 X 
will be found, on reference to the X table, to need 
to come within the dimensions 1.49900 in. and 
1.49825 in. If the class had been Y, the limits would 
be instead 1.49800 in. and 1.49700 in. ; while if class Z 
work had been needed, the limits would have been 
1.49650 in. and 1.49600 in. The tolerance allowed 
naturally varies with the class and with the size of 
shaft or hole, and ranges from 0.00025 in. for smal 
holes and shafts in class X to 0.002 in. for 6-in. 
holes and upwards in class Z, and for shafts to 
0.0015 in. in class X, and 0.003 in. in class Z. The 
diagram reproduced in Fig. 23, page 118, shows the 
tolerance allowed for holes and shafts for the three 
classes. Decimals of an inch tolerance are given by 
the left-hand scale, while the figures enclosed in 
circles at the top of the diagram show the dimen- 
sions of the shaft or hole. Drive fits are also tabu- 
lated, standards being likewise provided for push 
fits for bronze and other parts. 


SpecraL OPERATIONS. 


The use of special tools and fixtures has. more 
than once been referred to. This is quite a feature 
of the works, and enables a great deal of repetition 
work to be done economically. The lavish provi- 
sion of this kind is noticeable in most of the shops, 
from those doing small work to those engaged on 
the heavier parts. In the boring department, for 
instance, claborate jigs are in use. We illustrate 
one as an example in Fig. 12, page 116. This jig 
is for boring vertical milling - machine aprons, 
without marking off. The front is veo and 
made to swing down for the removal of the work. 
The drills and reamers are guided in steel bushes, 
and the holes taking the bushes are themselves 
bushed with steel, so as to avoid all risk of wear 
when removing the bushes. The jig is mounted 
on a two-spindle boring-machine, and the various 
tools used are shown lying on the table of the 
machine. 

An operation of some interest in the milling 
department is illustrated in Fig. 13, page 116. The 
machine shown is engaged on the production of 
cams for Messrs. Herbert’s patent dial-feed motion. 
The machine is an ordinary plain horizontal mill- 
ing-machine, with special attachment, consisting of 
a fixture and a sliding table. The cams are cut in 
the solid blank by a two-tooth cutter guided in a 
bush - steady as shown. The work is rotated 
by worm-wheel and belt-pulley, driven from a 
counter - shaft overhead. It is mounted on a 
spindle carrying two formers, one of which bears 
against a roller-stop on the machine-table. The 
former is kept up to the roller by a heavy suspended 
weight, shown on the right. Two cams have to be 
cut, requiring two formers on the spindle. When 
one cam is completed the whole table is traversed 
to bring the second bush into line with the milling- 
cutter, when work proceeds with the second former 
up against the stop. A multitude of other special 
operations might be dealt with did space permit. 
The above examples are only typical of much 
interesting work done in ordinary a routine at 
Messrs. Herbert’s works. 


Automatic Turnine-MacHINEs. 

When describing the shops we stated that we 
intended to revert to the subject of automatic 
turning. In Fig. 14, page 116, we give an illustration 
of Messrs. Herbert’s No. 6 automatic turning- 
machine, two of which stand in the right-hand 
row of machines shown in Fig. 2, Plate IV. The 
other machines there shown, with the exception of 
the special machines in the foreground, are similar 
in type to that illustrated in Fig. 14, though of 
different sizes, and, therefore, containing modifica- 





tions of some of the characteristic features. In! 


this class of machine all operations, except 
chucking, are automatic. The machines possess 
many of the characteristic features of automatic 
screw - machines, with, however, the substitution 
of jaw or special chucks for the automatic bar- 
chuck used on the screw-machines. The machine 
stops at the end of the operation, the belt being 
automatically shifted over on to the loose pulley, 
so that there is no fear of overrunning or recom- 
mencing the cycle unknown to the attendant. 

The capstan has self-selecting dead-stops, and the 
machine is provided with self-selecting feeds. The 
driving-gears provide for two ratios of gearing for 
the head, the change from one to the other being 
made by means of a short handle in front of the 
head. The pulleys provide either a two-speed 
automatic change, or a forward and reverse motion 
for tapping: The loose pulleys run on ball-bearings, 
and the pulley-shaft has three bearings automatic- 
ally lubricated. The thrust of the spindle is taken 
by a large ball-bearing. All gears run in oil-baths, 
copious lubrication being one of the distinctive 
features of all Messrs. Herbert's machines, the 
body castings, &c., all being designed with this 
special end in view. 

The capstan-slide movements are governed by 
cams on a drum enclosed behind the large two- 
handled cover in front of the machine. This drum 
and the other cam discs shown are driven by the 
worm-gear at the right-hand end of the machine, 
by counter-shaft at the back. The cams on this 
drum, in conjunction with the dead-stops for the 
slide, permit of boring and facing to exact lengths. 
The capstan itself is four-sided and is supported by 
a stiff, steady arm. On the upper side of the 
capstan body will be seen some bevelled studs. 
These are, perhaps, shown more clearly in Fig. 15, 
to which reference will be made shortly. There 
is one of these studs to each position of the capstan, 
and they bear in turn against a spring-pin in 
the overhead a steady. his device 
serves as a shock-absorber in indexing, and, when 
an automatic change is made, prevents the capstan 
coming into position with a sharp jerk. After a 
change the capstan is automatically clamped. 

Two cross-slides are provided, one controlled by 
the curved lever shown in the front of the machine, 
and one by a lever at the back. These levers are 
both actuated by the central cam disc. The slides 
are independent. One or both can work at one 
time, and roughing and finishing cuts may be taken 
independently and simultaneously, or one may be 
used for forming and one for cutting off. Return 
cams ensure the positive return of the slides after 
completion of an operation. Dead-stops are pro- 
vided for these slide movements. The disc on the 
extreme right of the machine is part of the 
‘*self-selecting ’” feed mechanism. It carries six 
adjustable dogs, one for each operation or tool. 
Each dog has seven holes, into one of which 
is fixed a pin, according to the feed desired. 
On the rotation of the disc the pin comes in con- 
tact with a forked lever, pressing this over towards 
on? side or the other, or leaving it undisturbed, 
according to the position of the pin in the dog. 
The lever actuates the change-feed gears. The 
quick or idle motions of the capstan-slide are 
derived from a constant-speed shaft at the back 
of the machine. The main cam-drum runs in oil, 
while a pump is provided for the supply of lubri- 
cant to the work. The actual machine shown in 
Fig. 14 has a maximum swing over bed of 184 in., 
and a working stroke for the capstan of 12 in. The | 
length of feed for the cross-slides is 44 in., while | 
they have an adjustment along the bed of 6 in. | 
The spindle is 4 in. in diameter, bored to 28 in. | 
The number of spindle speeds is sixteen, and the | 
number of feeds for each cam, as already described, 
is seven. The floor space taken is about 104 ft. by | 
5 ft. 

Fig. 15, page 116, shows a piece of work set up in | 
a machine of this pattern, together with the tools | 
required. The work in the chuck is a 1}-in. | 
‘*Coventry” die-head shank, which is shown in) 
Fig. 16, page 117. This shank is made from a solid | 
blank, 4{ in. diameter and 6} in. long, of 0.9 per 
cent. carbon steel. The blank is held in the three- | 
jaw chuck, and the first tool centres the work, faces | 
the end, and slightly cones the outer corner. The 
tool for this operation is shown in position, but is | 
not clearly seen in the illustration. The second tool | 
coming into — is the large box-tool, carrying | 
two cutters, s 





of the blank from 4 in. to 2} in. diameter at 
one cut, the depth of cut being , in. for each 
tool, or 1} in. total. This operation finished, the 
inverted roller-steady box-tool and drill, shown 
to the right in the figure, are brought into use. 
The shank is reduced in this operation by the 
cutter in the box-tool to a diameter of 2) in. 
for a length of 4 in., while the hole is bored 
by the twist-drill, which has pressure oil-feed 
supplied at the cutting-edges.. The next operation 
is the facing of the large diameter by an inverted 
form-tool carried on the cross-slide. The machine 
can, of course, handle work requiring a larger 
number of operations than this. The example 
has been chosen as typical of a large amount of 
work done with such machines by Messrs. Herbert 
themselves. The piece-work price given for this 
work is 3d. per shank. This compares with 
ls. 3d. paid formerly for doing this work on a 
turret-lathe. If compared with the cost for doing 
this work on an engine-lathe, the difference would 
be, of course, a great deal more marked; the 
saving in such repetition work of the turret-lathe 
over the engine-lathe is too apparent for it to be 
necessary to lay greater stress on this point. 

In Figs. 17 and 18, page 117, we give two views 
of the new form of inverted roller- steady box- 
tool used on these and other machines. The tool 
shown carries one tool and two rollers. It is 
provided with an adjustable sliding-head, and may 
be set at any distance from the capstan face. Addi- 
tional tool-holders may be set along this slide, as 
shown in Fig. 15. This tool has been developed 
because of the clogging of the ordinary box-tool 
with chips and turnings. To derive the greatest 
benefit from the reduction of cutting time, and the 
consequent increase in production possible with 
roller steadies, the large quantities of chips must 
be cleared from the tool. With this inverted box- 
tool the turnings all fall away clear of the cutters 
and work, there being nothing below the work as 
in the older form of tool. The tool is perfectly 
rigid. Although it may seem to have a rather 
large amount of overhang, the tool is perfectly stiff, 
for the use of the roller-steady does away with 
all strains in a vertical plane, and the box tool- 
holder merely has to take care of the torque. 
Attention may be drawn to the provision in these 
machines for lubricating the work. In Figs. 15, 17, 
and 18 it will be seen that the top of the box-tool 
forms a tray. A liberal stream of oil is supplied to 
this tray, and from here it runs through a series 
of holes down out to the work, flooding it with 
several streams. 

Fig. 19 is the body of a 12-in. ‘‘ Coventry” 
chuck. This is another example of automatic 
turning-machine work. The piece-work price for 
this is 9d. per piece, compared with 4s. 6d., the 
price of the same work done on a turret-lathe. 
A series of parts of a small oil-pump, such as 
is fitted to many of Messrs. Herbert’s machines, 
is shown in Fig. 20. These are all machined 
on a small-sized automatic turning-machine. The 
large piece is the body of the pump, and the 
others are the pulley, pinion, and stufling-box. 
The total piece-work price for these is now 3$d., 
against 1s. 2}d. for the work as formenly done in 
a turret-lathe. Other contrasts in prices as great 
as these could be produced for a multitude of 
articles if it were necessary to give more. The 
examples here set forth suffice to show that there 
is evidently a great future for chuck automatics of 
this class in all works having much repetition 
lathe-work. 


MIscELLANEOUS FEATURES IN THE Works. 


In the works many interesting features will be 
noticed, evidencing the care devoted to detail. In 
the foundry, for instance, it will be found that the 
moulding-boxes have all got machined joints, and 
are most carefully fitted, so as to ensure good joints 
in the moulds. In the reeling-shop the reeling- 
machine is now fitted with a variable-speed motor, 
of which the switch-panel is marked off for the sizes 
of bars put through the machine. The operator 
thus has to waste no time thinking in what position 
he should put his switch-handle for any sized bar. 
This convenience, and the variable-speed motor in 
place of a constant-speed drive, has enabled the 
output of the machine to be increased fourfold. 
In the hardening and other heat-treatment processes 
exactmess is aimed at, as in the work in other 
departments. Féry radiation and other pyrometers 


own in the illustration, on the near | are employed to this end in the hardening shops. In 


side of the capstan. This reduces the diameter | the grinding departments it will be noticed that each 
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machine is fitted with an exhaust-duct, of which the 
mouth is placed close down to the work in front of 
the wheel. The dust is thus carried right away by 
these tubes. One or two grinding-machines are 
provided with wetted revolving screens hung over 
rollers at the end of the table, to shield neighbour- 
ing machines from dirt. 


Work Propucep rrom Soiip BLANKs. 


A great deal of the work in Messrs. Herbert’s 
shops is produced from blanks, being, as already 
noted, designed with this in view. This is one of 
the most striking points about the firm’s own work. 
The shops are without a forge or smith shop, except 
a very small one for dealing with tools, &c. 
Forgings, if required, are procured outside ; but as 
the work is designed so as to be suitable for casting 
or working from the blank, the requirements of 
this kind are not great. Perhaps the most notable 
work of this kind is the example shown in Fig. 21, 
page 117. The two parts shown are hollow 
spindles for No. 17 combination turret-lathes. The 
spindles are made from the solid, the hole bored 
being 5} in. in diameter, to take, inside, bars 5} in. 
in diameter. The spindles are 4 ft. 83 in. long. They 
are finished to 14} in. in diameter on the flange and 
7? in. on the largest part of the body. The finished 
spindles weigh 287 lb., while the original forgings 
from which they are produced weigh 1020 lb. 

Reference has been made earlier in this article to 
the consultation of customers with Messrs. Herbert 
when the production of some special work is in 
question. A good example of this kind occurred 
in connection with the construction of the well- 
known ‘‘Gnome” motor. Messrs. Herbert have 
produced machines with fixtures and tools specially 
adapted for the manufacture of the various parts 
of this unique engine. Machining from the blank 
has been the principle followed for many parts. In 
Fig. 22, page 117, we show two parts of this engine. 
To the left is the completed cylinder machined, with 
a special gang-cutter, out of the 67-lb. solid blank 
shown behind, in three hours. The finished cylinder 
is 5} lb. in weight, being only 1.5 millimetres thick. 
The other part shown is one of the end covers of 
the crank-case, weighing 8 lb., and 3 millimetres 
in thickness, with the exception of the cylindrical 
part of the small diameter seen projecting from the 
cavity on the upper side, which is 2 millimetres 
thick. This is produced from the 75-lb. blank 
shown alongside in 3 hours and 5 minutes. 


SpeciaL Fixtures, Toots, &c. 

In addition to special fixtures and tools for their 
own use, the company supply to customers’ require- 
ments, under guarantee, machines fitted up with 
fixtures for special operations, a work in which their 
own wide experience and range of experimental 
work renders their knowledge of great value. 
Fig. 24, page 118, shows a special fixture thus sup- 
= the machine is a No. 16 combination turret 
athe at work on a Corliss engine valve-bonnet. 
The fixture is made telescopic, so as to take different 
lengths of valve-bonnets. The first operation was to 
bore the hole in the end of the bonnet and face the 
end. Another example of special accessories sup- 
plied is shown in Fig. 25, illustrating a special 
chuck fitted to a No. 15 combination turret-lathe. 
This chuck was designed for use in turning vacuum- 
brake pistons, which are liable to distortion in the 
ordinary three-jaw chuck. In this chuck there are 
six gripping points, and each shoe is swivelled so 
as to accommodate itself to the truly circular work. 


SrincLte-Puttey Piars Mitiinc-MacuHine. 


In concluding this description of the works of 
Messrs. Alfred Herbert we cannot do better than 
give a typical example of one of the firm’s latest 
patterns of machines. For this purpose we have 
chosen to illustrate in Fig. 26, annexed, a single- 
pulley plain milling-machine. 

This machine has a longitudinal feed of 34 in., 
cross feed of 10 in., and vertical feed of 20 in. The 
working surface of the table measures 60 in. by 
17 in. One of the chief features of this machine 
is that all handles, &c., have been brought as far 
as possible within reach of the operator when 
standing in front of the machine. The column 
and base form one casting of a very rigid pattern. 
The base is lipped all round to forma pan. The 
knee is massive and box-shaped, and provided with 
long bearing surfaces for the vertical slide. The 
V’s of the vertical slide are at 45 deg. The table 
is of the flush-top pattern, the table ends being 
level with the work surface. . The overhanging arm 
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is a solid bar, 4} in. in diameter, and is supported 
at the outer end by a double arm-brace. The 
arm-brace is arranged to give an additional bearing 
for the arbor, so that the arbor support proper 
may be used as an intermediate bearing, as shown 
in the illustration. The arbor support is also 
supplied with an adjustable dead centre, so that, 
if desired, it may be used in connection with short 
arbors or solid cutters. The spindle is of hardened 
steel. It runs in adjustable phosphor-bronze 
bearings. It is provided with box clutch-drive. 
The spindle-nose is tapered to take cutters of large 
size, the cutters being provided with an internal 
projection fitting the box-clutch, thus giving a 
positive drive. This arrangement is superior to 
the threaded nose with screwed cutters. 

The single pulley is 16 in. in diameter, and takes 
a belt 5 in. wide. It is designed for a speed of 
400 revolutions per minute. It is mounted on ball- 
bearings, and is independent of the driving-shaft. 
The driving mechanism is contained in a box, of 
which the outside is shown bolted to the column 
side. This is removable bodily should such a pro- 
ceeding be necessary. Sixteen spindle speeds in 
geometrical progression are provided, change being 
made by simple handle and lever movements accord- 
ing to the directions of the speed-table on the 
column. The various speeds are obtained by alter- 
ing the combinations of the positions of the two 
straight lever - handles with those of the smaller 
cranked handles directly below. The gears in the 
driving-box and all others in the machine are of 
case-hardened steel, running at moderate tooth 
velocities and automatically lubricated. 

The feed gear-box is shown at the bottom right- 
hand corner of the machine as it appears in the 
pho ph. This is driven by a wide belt off the 
first driving-shaft. It is a dial-feed arrangement, 
giving a range of eighteen feeds, any of which are 
obtained by simple rotation of the hand-wheel, 
which is provided with a dial index. Transmission 
to the knee is by two shafts at right angles, and 
bevel gears. The feed-gear embodies also a reversing 
arrangement, so that all feed motions are reversible. 








The feeds range from 3 in. to 22} in. per minute. 





The highest feed is fast enough to be used for 
elevating the table or winding back after a cut. 
Automatic stops are provided for all feeds. The 
longitudinal feed has also two micrometer auto- 
matic and dead-stops. The hand adjustment for 
longitudinal feed is made by the large hand-wheel 
at the nearest corner of the machine. This and 
other wheels are fitted with disc indicators. (ne 
rotation of this wheel gives 1 in. travel to the table. 
Vertical hand-feed is made by the hand-wheel 
on the left-hand when facing the machine, while 
cross-adjustment is by the hand-wheel in the 
centre of the knee. The elevating-screw is tele- 
scopic, and the weight of the knee and table is 
taken by a large ball-thrust bearing. In addition 
to the hand-wheels for feeds arranged conveniently 
for the operator when standing in front of the 
machine, there are also within easy reach from 
this position a single lever clamping the over- 
hanging arm, a hand-lever operating the friction- 
clutch starting-gear, hand-levers for clamping the 
vertical and cross-slide movements, and handles for 
engaging and releasing both the vertical and cross- 
feeds. It will thus be seen that the operator's 
convenience has been well studied. As this is a 
point which has a considerable bearing, of course, 
on rapidity of production, the advantages are 
obvious. All feed motions are interlocked, and the 
feed-box is interlocked with the starting-lever. A 
pump is provided for copious lubrication of the 
work. Provision for the lubrication of the machine 
is also liberal, and tell-tale holes are provided for 
examination, so that the operator may satisfy him- 
self that the parts are being satisfactorily served. 
The machine is an excellent example of thorough- 
ness in design, for which Messrs. Alfred Herbert 
have acquired so high a reputation. ¥ 





Lecturrs oF Law Re.atine To Encingerine.—The 
Council of the Junior Institution of Engineers (Incor- 
porated), in conjunction with the Council of the Socicty 
of Engineers Gnoerpenstedy, have arran for a course 
of six fortnightly lectures on “The Law Relating to 


wy EH A to be delivered by Mr. L. W. J. Costello, 
M.A., LL.B, (Cantab.), the first to be given on October 10 
next. 
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SINGLE-STAGE SINGLE-ACTING AIR-COMPRESSOR. 


CONSTRUCTED BY MESSRS. 
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WE illustrate on this pege a new design of small air- 
compressors which is being introduced by Messrs. 
Broom and Wade, Limited, of High Wycombe. The 
machines are of the single-stage, single-acting, vertical 
type, and are of simple and straightforward construc- 
tion. The examples shown in the figures are arranged 
for belt-driving, and are, of course, suitable for any of 
the numerous shop services for which a comparatively 
small supply of compressed air is requisite. Figs. 1 
and 2 illustrate a single-cylinder 4-in. by 5-in. machine 
of the simplest type. The cylinder, crank-case, and 
bed-plate are all contained in a single casting, which 
also forms the cylinder water-jacket. The bottom of 
the crank-case forms an oil-reservoir which serves for 
the splash lubrication of the crank-pin and crosshead- 
pin, and in which the ring for the lubrication of the 
shaft bearings hangs. The flywheel of the machine 
is arranged to be used as a belt-pulley, and the shaft is 
oxteniien so that a loose pulley may be fitted if desired. 
The arrangement of the valves will be clearly seen from 
Fig. 2. They are carried in the cover and are easily 
removable. The stops for the valves are ring-shaped 
and come in contact with the backs of the valves near 
their outer circumference, as it is found that this 
arrangement greatly reduces the likelihood of broken 
valves as compared with stops which bear on the 
valves near their centre. The ports are designed so 
that the compressor has only a small clearance, while 
the underside of the cylinder cover and the top side of 
the piston are machined, so that the piston may work 











ey ~----he- 






WWII 
WD a= Yl 








N 
N 
A 


2 
a 


SS 






Wy. 
i 
Yl 





r Wy add ¢ 
ZZ 











SMS 


— 11D» et 








Nae 
ZZ Ns 
NN 
\N 


—o 
il 


MS 


S 


Yj YY 





WK 

=) 
‘= 
i 





\ 
GY 


N 
\\ 














WW 


SS 


WN 
NG : 
nant Ty Xx 


WN 
N 


G 


SLL ESS 


G 
Z 


SS 


E] W 
\N 
SSS 


close up to the cover, which also tends to reduce the 





clearance. 

The arrangement shown in Fig. 8 forms part of an | 
automatic unloading device which may be fitted to the | 
compressor shown in Figs. 1 and 2. e apparatus is | 
mounted on the cylinder-cover, and is independent of 
the rest of the machine, which remains as shown in | 
the figures. The arrangement consists of an automatic 
controlling-valve, which operates when the receiver 
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pressure rises to a fixed maximum, or falls to a fixed 
minimum. This valve in turn controls a piston- 
operated air-inlet valve in such a way that when the 
receiver pressure reaches the maximum, the air supply 
is cut off, and the compressor runs light ; while when 
the pressure has fallen to the minimum, the valve is 
opened, and the compressor takes up its load again. 
Details of the piston-operated inlet-valve are shown in 
Figs. 6and 7. It consists of a casing provided with 
flanges, so that it may be mounted on the inlet 
supply-Pipe, and carrying 4 small air-cylinder at its 
upper side. This cylinder has a piston which is 
fixed at one end of an internal spindle, on which 
the piston-valve is mounted. ‘The valve and piston 
are normally kept in their upper open position, as 
shown in Fig. 6, by the spiral spring situated below 
the valve. On the operation of the controlling-valve, 
however, the upper end of the cylinder is put in 
communication with the air-receiver, so that the 
pressure depresses the piston against the spring, and 
closes the piston-valve. Matters remain in this state 
until, owing. to a fall of receiver pressure, the con- 
trolling-valve puts the cylinder to atmosphere, when 
the spring, being no longer balanced by the pressure 
above the piston, extends and opens the valve again. 
Connection between the cylinder and automatic con- 
trolling-valve is made by a small pipe joined up to the 
air- , which can be seen in Fig. 7. 

T he automatic controlling-valve and mechanism are 
illustrated in Figs. 4 and 5. These figures show an 
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arrangement differing in details from that shown in 
Fig. 3, but in essence the two mechanisms are the 
same. The device consists of a sliding piston-valve 
working in a cylinder, the bottom end of which, by 
means of a small pipe, is in permanent connection 
with the receiver, so that the receiver pressure con- 
stantly tends to move the piston-valve outwards. The 
valve is attached by a link to the outer end of a swing- 
ing lever which is constrained by means of a spiral 
spring attached near its centre. The arrangement is 
clearly shown in the figures, and it will be evident 
that the piston-valve will always take up a position 
in which the tension of the spring will Setomes the 
pressure behind the valve. The small port, which is 
shown in section at the bottom of Fig. 4, leads to the 
pipe which connects up to the small cylinder of Figs. 
; and 7. When the piston-valve is in its extreme 
inward position, as shown in Fig. 4, and as deter- 
mined by the flange at its left-hand end, this small 
port communicates with an annular passage cut round 
the piston-valve, and so, by two internal passages, to 
atmosphere. The inward position of the valve, of 
course, corresponds to low receiver pressure, so that, 
as is necessary at times of low pressure, the upper end 
of the cylinder of Figs. 6 and 7 is put to atmosphere, 
and the inlet-valve opens. When the receiver pressure 
rises to the maximum, the force behind the piston-valve 
is great enough to overcome the tension of the spring, 
so that the valve moves outward until it has passed 
the small port which communicates with the inlet- 
valve cylinder, and air under pressure is supplied to the 
upper end of the cylinder, and the incoming supply to 
the compressor is cut off. The positions of the various 
centres on the swinging lever are arranged so that as 
it moves outwards the leverage of the spiral spring 
decreases relatively more rapidly than its pull in- 
creases, 80 that once the piston-valve begins to move 
it snaps over quickly from one-extreme position to the 
other, so that a quick opening of the small port is 
obtained, and ‘‘ hunting” is prevented. The same type 
of motion takes place on the return stroke. A quadrant 
and slide are provided, so that the right-hand end of 
the spring may be moved about to determine its best 
— while in addition its strength may be adjusted 
vy means of a milled nut. 

Fig, 8 shows an end view of a two-cylinder 6-in. by 
6-in. a compressor with positively operated 
inlet-valves, tails of the valve mechanism are given 
in Figs. 9 and 10. 

The general lines of the machine do not differ 
materially from those of the single-cylinder compres- 
sor shown in Figs. 1 and 2, but two main bearings are 
fitted, one at each end of the crank-shaft; while 
forced lubrication is employed, supplied from a small 
rotary pump fitted outside the casing, at the opposite 
end of the machine to the fly-wheel, and drawing from 
the well in the bottom of the crank-chamber. In the 
case of this machine, also, the water-jackets are carried 
over the top of the cylinders, in addition to covering 
the sides, so that more effective cooling is obtained. 
The inlet valvo for each cylinder is operated by a 
rocking bell-crank lever with a long and short arm, 
which is pivoted on the cuidate: casing. One 
of these levers can be seen dotted in Fig. The 
long-arm is connected by a pivoted link to the bottom 


crank-pin bearing, and it will be clear that as the| Pp 


crank-shaft rotates the bell-crank lever will swin 

through a fixed are. The extreme positions o 

this lever are shown in Fig. 9. Referring again 
to Fig. 8, it will be obvious that as the ll- 
crank lever gwings it will cause the small pivoted 
tappet which lies on its shorter arm to rise and fall, 
and that this tappet will in turn lift the valve-spindle 
which rests on it, and so open the valve. The spindle 
follows up the tappet on its down stroke owing to the 
action of the spiral spring which is fitted round it, 
below the valve-casing. ‘The adjustment of the valve 
lift when setting up the machine is made by modify- 
ing the relative position of the two arms of the bell. 
crank lever. In Fig. 8 this lever is shown as if made 


all in one piece, but it will be seen from the detail in | ¢ 


Fig. 9 thatit really consists of two parts connected by 
a slot and set-screw arrangement. These two parts 
are adjusted at the first setting-up until the valve lift 
is correctly timed, when they are finally locked 
together with a dowel-pin. The contact between 
the short arm of the lever and the tappet is prac- 
tically a pure rolling one, so that there is little or no 
wear, while a roller is fitted at the bottom end of the 
valve-spindle, also to reduce wear and friction. The 
spindle is prevented from rotating by a slot at its 
lower enlarged end, which works over the plain end 
of a long set-screw. Adjustment of spindle length 
may be made by the nuts, which lock the spindle 
oy to its enlarged lower end. Other details will 
clear from Figs. 9 and 10. 





_ Crevusot,—This important company is about to estab- 
lish itself in French rraine, the council of adminis- 
tration havin rc a considerable area of land in 
the neighbourhood of Mars-la-Tour. Blast-furnaces and 


steel works are to be shortly erected upon the site thus 
acquired, 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 13. 

Tue low prices which have been reached during the 
past thirty days in iron and steel material, crude and 
finished, have brought out quite a number of inquiries 
from large consumers with relation to purchases to 
extend in some cases over the coming twelve months. 
One inquiry in the market is for 50,000 tons of 
Bessemer and sic iron, and several makers are 
ready to take the order on the basis of current prices. 
It is a —— whether the lowest level has been 
reached, but there are some signs of it in the fact that 
some furnaces have been blown out rather than take 
business at the present prices. The coke market has 
also weakened, and coke is selling to-day 10 cents per 
ton below the lowest figures yet reached. Production in 
the Connelsville region for the week ending July 2 
was 400,200 tons. For the week just ended the produc- 
tion was 380,000 tons. Billets have dropped | dol. a ton 
since June 30. Wire products of all kinds keep quite 
active at 2 dols. to 3 dols. per ton off the old list. The 
extensive purchases for agricultural requirements 
accounts for this activity. All of the Western bar- 
mills are idle, pending the settlement of the scales of 
the puddlers. There is no present indication of an 
early settlement. Stocks are large enough to tide 
manufacturers for a few weeks. The steel-bar pro- 
duction is sold up to October 15 at least. The plate- 
mills, as usual, have the largest amount of business on 
their books, and all of them will be running in a few 
days to fill contracts of an urgent nature. A large 
amount of material is under contract for delivery to 
western oil-fields, including large quantities of oil pipe; 
the latest large order is from the Texas Company, at 
Austin, Texas, of which John W. Gates is the head, 
calling for 200 tank-cars. The demand for oil for loco- 
motives and for many manufacturing purposes is 
steadily increasing, the demand being stimulated by 
the very low price of oil. 








Tue British Vacuum CLEANER Company, LIMITED. 
—The British Vacuum Cleaner Company, Limited, have 
gained the action which they brought against the London 
and South-Western Railway Company, the object of 
which was to restrain them from using a plant supplied 
by the Consolidated Pneumatic Tool Company, Limited. 
It was found that such a plant formed an infringement 
of Booth’s Patent No. 17,433, which protects the vacuum 
cleaning process. 





Exiecrric IrRoN-Orz SMELTING IN SwEDEN.—As was 
mentioned at the time-in ENGINEERING, Jiirnkontaret (the 
Tron Office) in Stockholm, an institution of exceptional 
standing, founded for the benefit of the country’s iron 
industry, some time ago decided to finance the first 
electric iron-ore smelting-furnace, although, in doing so, 
the Jiirnkontaret deviated from its usual practice. There 
were, however, weighty reasons for taking this step, 
and the works are now being proceeded with, so that 
operations are expected to begin before the end of the 
year. The furnace, which is located at Trollhiitten, 
will have a capacity of 2500 horse-power, the electric 
current being supplied by the State hydro-electric station 
at Trollhitten. The new venture is being watched with 
intense interest in different parts of the world. A 
country, for instance, where the new process is likely to 
rove of excellent service is Brazil, whose mineral wealth 
is beginning to attract much attention, and where there 
are both vast deposits of iron ore and almost unlimited 
water power. n several European countries, too, a 
lively interest is taken in the Trollhiitten venture, 
which, it is thought, will solve this important problem. 





ASSOCIATION OF CONSULTING ENGINEERS.—A meeting, 
presided over by Sir William Preece, K.C.B., F ’ 

was held, on the 13th inst., at Caxton Hall, to consider the 
desirability of forming an Association of Consulting 
Engineers, the object of the Association being to improve 
the status of the profession, and to place it on a more 
satisfactory basis than hitherto. Mr. Midgley Taylor, 
who presided at the opening of the meeting, pending the 
arrival of Sir William Preece, who was detained, said that 
the subject had been before several consulting engineers 
or the past two years or more, and the members who 
originally took the matter up had formed themselves into 
a provisional committee, and had held a large number of 
meetings, with the result that the present meeting had 
been called to confirm, or otherwise, the action taken by 
the committee in the past. The formation of the Associa- 
tion was supported by Mr. James Swinburne, Mr. E. L. 
Mansergh, Mr. E. H. Stevenson, Mr. Campbell Swinton, 
Mr. B. M. Jenkin, Mr. H. W. Handcock, and others. 
The chairman then read the list of names of the suggested 
committee, the names being as follows :—As representing 
Civil Engineering— Messrs. dwin Latham, S. R. 
Lowcock, E. L. Mansergh, Henry Rofe, and Midgley 
Taylor. Electrical and Mechanical Engineering— Messrs. 
Robert Hammond, B. M. Jenkin, W. AL Mordey, W. H. 
Patchell, Sir William Preece, J. F. C. Snell, and James 
Swinburne. Gas Engineering—Messrs. C. Hunt, E. H. 
Stevenson, and Henry Woodall. No further names bein 

forthcoming, the committee were elected as above, wit 

power to add to their number, to take what steps they 
considered desirable for the formation of the Association, 
and to formulate rules to be submitted to a general meet- 
ing to be called in the autumn. The honorary secretary 
of the Association is Mr. A. H. Dykes, 1, Victoria-street, 
Westminster, S.W. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—There was only one session 
of the pig-iron market last Thursday, as on that day all 
the works shut down for the annual fair holidays, and 
business wa3 at a complete standstill. In the earlier part 
of the forenoon the tone of the market was dull for both 
Cleveland and hematite warrants. In Clevelands a 
moderate business was done, 4000 tons changing hands at 
48s. 9d. cash and 49s. 54d. three months, a Gasetenst de- 
cline from the previous day. After this transaction quota- 
tions firmed up, Clevelands realising up to 48s. 94d. cash, 
with sellers over, and 49s, 7d. three months. The business 
done in Cleveland warrants—cash, was 48s. 94d., 48s. 9d., 
48s. 94d. ; closing buyers, 483. 9d. ; closing sellers, 48s. 94¢. ; 
one month, closing buyers, 49s.; sellers, 49s. 1d.; three 
months, 49s. 54d., 49s. 7d.; closing buyers, 49s. 64d.; 
sellers, 49s. 7d. Cumberland hematite —closing sellers, 
one month, 64s. 3d.; three months, 64s. 9d. The settlement 
rices were :—Scotch, 54s. 9d.; Cleveland, 48s. 9d.; Cum- 
verland hematite, 63s. 104d.; standard foundry, 48s. 44d. 
This being all the business, the market closed until Tuesday 
morning. Upon the reopening yesterday forenoon, how- 
ever, Sectlantier no business was done, the cash prices at the 
close being quoted : buyers 48s. 9d., and sellers 48s. 10d., 
a slight advance over the prices ruling at the commence- 
ment of the holidays, the settlement prices, therefore, 
being the same as on Thursday. Dealings in Cleveland 
iron in the afternoon session consisted of a couple of war- 
rants, one at 48s. 11d. sixteen days, and 49s. 104d. one 
month, while closing prices remained unchanged. Closing 
buyers, cash, 48s. 9d., sellers 48s. 10d,; one month, buyers 
and sellers both 49s. Thestock in Messrs. Connal’s stores, 
Glasgow, yesterday morning consisted of :— 
Scotch _ 
Other makes 9 wa - 
The day’s market quotations of warrant and makers’ iron 
are :— 


1000 tons 
None 


No. I. No. lil. 

Per Ton. Per Ton. 
G.M.B. at Glasgow 57s. 56s. 
Govan es RS 57s. 56s. 
Monkland .. 57s. 56s. 
Carnbrae .. 59s. 56s, 

Clyde 61s. 6d. 56s. 6d. 
Gartsherrie 62s. 57s. 
Summerlee 63s, 58s. 
Langloan .. < 64s. 59s. 
Coltness at Glasgow 82s. 58s. 
Calder = as as 62s. 578. 
Eglinton at Ardrossan .. 57s. 56s. 
Glengarnock ‘a a 63s. 58s. 
Dalmellington at Ayr .. _ — 
Shotts at Leith .. he 62s. 572. 

Catron at Grangemouth 63s. 6d. 58s. 6d. 


Carnbrae f.o.t. at Coatbridge, No. IV. 55s. 


This forenoon the prices were practically unchanged, 
2000 tons being disposed of at 48s. 94d. cash, at which 
price there were buyers over, and 49s. 6d. for three 
months, the settlement prices still remaining the same as 
on Thursday last. In the afternoon only two transactions 
took place, and three months iron rose from 45s. 54d. to 
49s. 7d., sellers at the close being 1d. up from the morn- 
ing. The following interesting table shows the shipments 
of Scottish pig-iron for the past week and since January 1, 
as commune with the corresponding periods last year : — 





Week Ending jan. 1, 1910, Jan. 1, 1909, 
: 1 


| 4 » till ti 
| July 16, July 17, : STAT 
|" 1910. 1909. July 16,1910, July 17,1909. 








| 





| tons tons tons tons 
United States .. lig on 6,835 5,249 
Canada... a - 610 685 19,899 6,437 
South America 269 75 5,823 6,158 
India .. % «| Se 85 4,068 4,061 
Australia | 50 410 5,859 6,782 
France .. 40 10 1,225 1,939 
Italy .. 2205 ~ 11,090 9,500 
Germany 70 20 4,907 3,948 
Russia .. ¢3 se 680 - 
Holland 30 160 3,770 3,908 
Belgium . aa 30 10 905 610 
Spain and Portugal .. ; 1,939 1,605 
China and Japan ¥ isa 3,451 4,314 
Other countries 262 $95 7,672 13,553 
Coastwise on , 1830 2813 | 77,367 86,027 
Total 5607 155,986 154,901 


5163 
| 


Sulphate of Ammonia.—The annual holidays have a 
direct influence upon the sulphate of ammonia market us 
upon all other interests affecting Glasgow and the West 
of Scotland generally. No alteration has been noted 
since last week, and the price still stands at from 11/. 15s. 
to 11/. 17s. 6d. per ton for prompt delivery, Glagow or 
Leith. Last week 1946 tons were ship from Leith 
Harbour. 

Scottish Steel Svads,— Owing to the holidays, there is 
little business doing in the Scottish steel trade. The 
inquiry for plates, however, is fair, and so also is that 
for general material. The improvement in all branches 
of trade in the West of Scotland during the past six 
months or so has restricted the Fair holidays to the usual 

riod, and when business is resumed on Monday or 
essing of next week, there is plenty to start to ; and if 
the recent demand for steel continues, then steady em- 
ployment is assured for several months ahead. 

Malleable-Iron Trade.—-Nothing, of course, has been 
done during the past few days, but there is every pro- 
spect of a decided improvement in trade when things 
settle down again after the holidays. 

Scotch Pig-Iron Trade.—As reported last week, makers 
of Scotch pig iron have been extremely busy lately, ® 
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very large amount of the ordinary. qualities of iron having 
been shipped abroad. The local demand is always quiet 
for some little time prior to the holidays, but no doubt 
this will soon revive, and come into line with the demand 
from England and foreign countries. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Wales Engineers.—South Yorkshire presents an 
almost unparalleled field for valuable observation on the 
part of engineers of every description, and therefore it is 
not surprising that the South Wales Institute of Engineers 
should have selected this district for their summer meet- 
ing, with Shetfield as headquarters. They have before 
them this week a very lengthy programme, which includes 
visits to all the biggest collieries in the neighbourhood, as 
well asa trip rather further afield to Altofts, to inspect 
the experimental work with relation to coal-dust explo- 
sions. The large Sheffield works are also, of course, being 
visited, and there are social reunions in the form of 
dinners, one given by the Midland Institute of Engi- 
neers (Mining, Civil, and Mechanical) to the visitors, and 
the other a return compliment. At the first of these, on 
Tuesday evening, the effects of recent legislation were the 
topic of the evening. Both Mr. M. H. Habershon and 
Mr. I. Treharne Rees, the Presidents of the Midland 
and South Wales Institutes respectively, spoke pessi- 
mistically of present legislative tendencies. The Eight 
Hours Act, it was stated, had checked the development 
of coal-cutting machinery ; and other enactments, made 
out of sentiment, were causing them worries almost past 
bearing. 

Threatened Dispute.—The decision arrived at by the 
moulders in Sheffield—to hand in their notices if the 
demand for increased wages is not complied with—is 
viewed with feelings of disquiet. Their justification for 
the request that the 42s. a week paid up to December, 
108, be restored in place of the present 40s. is that trade 
has improved sufficiently to warrant the 2s. advance. 
The masters, however, in spite of reviving trade, have to 
face low prices, and their suggestion was that the subject 
should be deferred until the autumn. But this did not 
meet with the men’s approval, hence the above decision. 
There are 1200 men directly concerned, but should a 
deadlock occur its effect would be felt by a much larger 
number of workers, since so many trades are dependent 
upon the moulders, 


South Yorkshire Coal Trade.—The reduction of output 
at various collieries has been one of the factors in the 
improvement in steam coal which has taken place durin 
the week. In face of an improved demand, it has ha 
the effect of strengthening the market, and in some cases 
better prices have been obtained. At the same time, 
however, a good deal of undercutting is being done by 
middlemen. Shipping demands are much better, and are 
expected to improve up to the end of the season. Most 
of the gas-coal contracts have been fixed up. Smaller 
fuel, gnaety, is in a stronger position. Best slacks are 
a little dearer by reason of reduced output. A little 
improvement in the house-coal market may, perhaps, be 
taken as an indication of greater activity later on. 
Merchants are increasing their stocks to meet a good 
number of orders. It is anticipated that the small demand 
on collieries will shortly be very considerably augmented. 
In the meantime stocks are growing, and a gi deal of 
spot coal is being offered. Prices remain fairly steady. 
The principal quotations on ’Change are :—Barnsley 
Silkstone, 11s. to 11s. 6d.; Derbyshire best brights, 10s. 
to 1ls.; Yorkshire hards, 8s. 3d. to 9s. 3d.; Derbyshire 
hards, 8s. to 8s. 6d.; seconds, 3s. 9d. to 4s. 3d ; smalls, 
1s. 9d. to 2s. 9d. 


Iron and Steel.—The normal quietude of the present 
period of the year is accentuated as a consequence of 
following upon a series of quiet weeks. Optimistic con- 
sumers are still looking for price reductions, and, fortu- 
nately placed with stocks in Sond. can afford to pursue a 
waiting policy. Makers, however, do not seem inclined 
to meet them, and the market is fairly steady. Further 
concessions of importance are really not likely. Even at 
the lower figures officially fixed a week or two ago, 
common irons have not been selling on a big scale. Hema- 
tites have not come down any further. ‘The outlook is no 
brighter in finished iron. The general steel trades mani- 
fest no change in conditions. The only alterations at 
present appear to accentuations, either of activity in 
one department or depression in another. The big works, 
well occupied with orders for armour plate and heavy 
forgings and castings, continue to provide full employ- 
ment, and good work is being done at the steel foundries. 
This trade prosperity is shared by the makers of special 
first-class steels, but outside these particular branches 
orders are very unevenly distributed. Even then foreign 
orders are practically the mainstay, the home demand 
being generally unsatisfactory. ilway material is 
sudering especially from this last condition, although, in 
ddition, the industry is not benefiting very largely just 
now from over-sea inquiries, 


@ 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

aa MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Inactivity continues to 
characterise the pig-iron trade, but it is gratifying to 
learn that a few inquiries on forward account are being 
made. Producers could this week have sold a good deal 
or pig iron for the autumn if they would have accepted 
the same rates forward as rule for early delivery, but 
this they were not prepared todo. There is practically 
no demand for prompt delivery. Production of pig iron 


that stocks are increasing somewhat. It is felt, however, 
that what is usually a _ riod of the year is draw- 
ing to a close, and it is aed ena believed that before 
long not only will the make be fully absorbed, but that 
stocks will have to be drawn upon to meet needs. No. 3 
g.m.b. Cleveland pig is obtainable from some second 
hands at 49s. f.o.b.; but makers and some of the leading 
merchants ask 493. 3d. No. 1 is reported to be scarce, 
and quotations range from 52s. to 53s., according to 
brands. The lower qualities are steady. No. 4 foundry 
and No. 4 forge are each 48s. 3d., and mottled and white 
iron each 47s. 9d. There is no improvement in East 
Coast hematite pig iron. Merchants unsuccessfully en- 
deavour to obtain 64s. for mixed numbers, and some of 
the makers would readily accept that figure. It is under- 
stood that purchases could be made from second hands at 
as low as 63s. 6d. The labour troubles at Bilbao have 
had no apparent influence upon the foreign ore trade. 
Consumers are not buying, and values remain nominally 
on the basis of 20s. 6d. ex-ship Tees for Rubio of 50 per 
cent. quality. Average blast-furnace coke is 16s. delivered 
here, but as the railway strike has stopped supplies, the 
price threatens to be much higher. 


Pig-Iron Shipments.—Pig-iron shipments are on a very 
poor scale just now, but improvement is looked for in the 
next few weeks. The loadings for this month average to 
date just under 3000 tons per working day, as compared 
with 5100 tons to the same date last month, and close on 
3700 tons for the correspondin rt of July last year. 
The light shipments this month, Eeauris, are what was 
generally expected. 


Manufactured Iron and Steel.—Very little new can be 
reported concerning the various branches of the manufac- 
tured iron and steel industries. In most departments a lot 
of work is being turned out, and producers generally have 
feirly good order-books, but new work is difficult to secure. 
Principal quotations stand :—Common iron bars, 7/.; best 
bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing iron, 
5l. 15s.; iron ship-plates, 6/. 10s.; iron ship-angles, 7/.; 
iron ship-rivets, 7/. 5s. to 7l. 7s. 6d. ; steel 61. 5s. ; 
steel ship-plates, 6/. 10s. ; steel ship-angles, 6/. 2s. 6d. ; 
steel strip, 62. 10s.; steel hoops, 6/. 12s. 6d. ; steel joists, 
61. 2s. 6d. ; cast-iron railway-chairs, 3/. 10s. ; light iron 
rails, 67. 10s.; heavy steel rails, 5/. 10s.; steel railway 
sleepers, 6/. 12s. 6d.; and iron and steel galvanised corru- 
a sheets, 24 gauge, in bundles, 11/. to 11/. 5s.—sheets 
ess the usual 4 per cent., railway material net cash at 
works, and all other descriptions less the customary 24 per 
cent. discount. 


The Railway Strike.—The strike of the North Eastern 
Railway men was almost the sole topic of conversation in 
commercial circles to-day (Wednesday). It was at once 
realised that coke, with which pig-iron producers are 
supplied from day to day, would not be forthcoming, and 
one or two firms forthwith commenced to damp down 
their furnaces. Delivery of iron-stone has n 
stopped, and if the strike continues for a few days, work 
throughout the North of England will be almost at a 
standstill, chiefly through the non-delivery of fuel. Latest 
reports, however, give some hope of an early settlement. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—Inquiries have been. rather more numerous in 
the steam-coal trade, but there has not been more actual 
business done. The best large has made 16s. 6d. to 
16s. 9d. per ton; secondary qualities have ranged from 
14s. 9d. to 16s. 3d. per ton. The best ordinary smalls have 
made 7s. 3d. to 7s. 6d. per ton. The house-coal trade has 
shown no new feature; the best ordinary descriptions 
have realised 14s. 6d. to 16s. per ton; No. 3 Rhondda 
large has brought 17s. to 17s. 3d. per ton; smalls, 93. 6d. 
to 9s. 9d: perton. No. 2 Rhondda large has been quoted 
at lls. to 11s. 6d. per ton; smalls at 6s. 6d. to 7s. 3d. 
per ton. Foundry coke has realised 18s. to 20s. per ton, 
and furnace ditto 16s. 9d. to 17s. 3d. per ton. As regards 
iron ore, Rubio has brought 19s. 6d. to 20s. per ton, upon 
a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Electricity at Taunton.—At the last meeting of the 
Taunton Town Council the electricity committee pre- 
sented its accounts for the year ending March 31, wha 
showed a gross profit of 3941/., to which had to be added 
several small amounts. In order to meet liabilities for 
interest on loans, redemption of loans, and other charges, 
however, the committee had transferred 490/. from the 
reserve. onald, the chairman of the committee, 
said although the accounts were not so rosy as he could 
wish, it was not the fault of the committee or the elec- 
trical engineer. The deficit was, to some extent, explained 
by the fact that, owing to a change in the system of 
charging, they had had to spend 240/. on meters, while 
the receipts from the tramways were 50/. less than the 
minimum of 600/., which would be due from the company 
under an agreement coming into operation August 31. 
The committee anticipated that, under the new system 
of charging, they — receive from 2001. to 225/. more 
than last year during the June quarter. During the year 
they sold about 24,000 units more, and the cost of 
production had been reduced by 237. 


Cranes at Devonport.—Light revolving-cranes, easily 
moved along lines of rails to various parts of the dock- 
yard, are being established at Devonport. A number of 
new cranes, made by Messrs. Booth, of Rodley, Leeds, 
have recently been delivered. h crane is mounted 
on a truck, and weighs 7 tons. The jib is of a lattice- 
work type, and a lifting radius of 45 ft. is secured. The 
lifting power is between 3 and 4 tons. 


Swansea.—The general purposes committee of the 





is a little in excess of the requirements, with the result 





Swansea Town Council has instructed the estate agent to 





interview Messrs. Stephenson and Alexander, of Cardiff, 
who are acting for an engineering firm which contem- 
plates works at either Swansea or Newport, at a cost of 
about 10,0002. The East Burrows yard is the Corporation 
site desired at Swansea. 


More Welsh Coal.—Operations have been commenced 
for opening out a new mining district at Nantgarw, a 
village about 8 miles from Cardiff. For a long time a 

roject has been in hand for the sinking of new pits in this 
Sietrict, and already they have been sunk to a depth of 
70 ft. or 80 ft. Itis proposed to reach the lower steam- 
measures. The undertaking is being promoted by Mr. 
T. Taylor, of a and will be carried out under 
the supervision of Mr. D. Jones. 


Pembroke Dock.—The keel-plates of two unarmoured 
cruisers, to be commenced at this yard during the current 
year, are about to be laid on the blocks in No. 5 slip. 


Great Western Railway.— Improvements are to be 
carried out shortly by the Great Western Railway Com- 
y at Pontyffynon. The line from Pontyffynon to 
Deyesmmea is to be doubled, and the Midland ape | 
Company will claim running powers over it. Sheds will 
be erected for the accommodation of twenty-five large- 
type engines. Two culverts on the line from Pontyffynon 
to Llaniilo have been condemned, and will be renewed. 


Dowlais.—The Goat Mill has had a good output of 
heavy steel rails, principally on colonial account. The 
roduction of lighter railway material at the Big Mill 
as been upon a lesser scale. Upon the whole, business 
has been only moderately brisk. 








New Dock Bripez.—A large bridge has just been 
completed across the east entrance of the Albert Dock at 
Hull. The old bridge was small, and only permitted 
space for one cart at a time, with a narrow strip for foot 

ngers. Accordingly considerable delay was caused 
e one string of carts having to wait till another strin 
had passed. About eighteen months since it was decided 
to erect a fresh bridge, which has now been built by 
Messrs. Handyside, of Derby. It was sent to Hull in 
sections, and erected on the dockside. It is 130 ft. long, 
and 34 ft. wide. It weighs nearly 1000 tons, and it will 
carry the heaviest locomotives in use on the dock. 





British TrRapE with South Arrica.—The Commer- 
cial Intelligence Branch, Board of Trade, informs us that 
Mr. R. Sothern Holland, His Majesty’s Trade Commis- 
sioner for South Africa, states that he is now receiving no 
less than eighty of the leading British trade papers, and is 
making every effort to advertise the fact amongst those 
interested in British commerce in South Africa. Manu- 
facturers, he writes, are displaying considerable interest 
in the advantages offered by the Bureau, and every mail 
brings him a large number of catalogues and other infor- 
mation useful to Colonial buyers. ‘The idea is that any- 
one in South Africa applying, either personally or by 
letter, may receive the fullest information concerning 
goods manufactured in Great Britain and Ireland. In 
many cases this will result in a t saving of time. Mr. 
Holland is anxious that it should distinctly be understood 
that the Bureau is not intended in any way to supersede 
existing arrangements between British firms and_their 
South African agents or independent importers. On the 
contrary, persons in South Africa seeking information will 
be advised of the names of local firms stocking the = 
ticular goods about which the inquiry is made. Mr. Hol- 
land is taking particular care to protect the interests of 
local agents, and makes it clear that he is precluded from 
taking orders or acting as an agent in any way, adding 
that the work of his office is limited to furnishing all pos- 
sible information. Communications on the subject should 
be addressed direct to His Majesty’s Trade Commissioner, 
P.O. Box 1346, Cape Town. 





Tue Roap Boarp.—The Road Board, whose temporary 
offices are 4, Cowley-street, Westminster, call attention 
to the provisions in the Development and Road Improve- 
ment Funds Act, 1909, relating to road improvement, 
and state that the Board are now prepared to receive 
applications from County Councils and other highway 
authorities for advances in accordance with the Act. 
At the outset, applications should be confined to those of 
the most important and urgent nature; special con- 
sideration will be given to those in connection with pro- 
posals dealing with:—1. Reconstruction of important 
roads, the condition of which is exceptionally bad and 
cannot be improved without reconstruction. 2. Widening 
of important roads which are dangerously narrow. 
3. Surfacing with granite, basalt, or other suitable 
material treated with tar or other bituminous compound, 
of main roads or important district roads which already 
have adequate foundations, especially those on or just 
beyond the outer fringe of large towns which have to 
carry a heavy traffic without aid from the rates of the 
towns served by the roads. 4. Opening out of dangerous 
corners and alteration of dangerous curves. 5, Altera- 
tion, where possible at reasonable cost, of steep and 
dangerous gradients. 6. Seugmes or reconstruction 
of weak bridges which serious! y limit the use for com- 
mercial transport of roads of first-class importance. 
7. Construction of new by-pass roads to avoid villages 
on main roads or important district roads where the 
conditions are exceptionally dangerous. 8. Acquisition 
in urgent cases, where building is imminent, of vacant land 
required for future widening of roads, especially in urban 
or suburban areas. Applications should be made to the 
Secretary. The Road rd, 4, Cowley-street, West- 
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THE HUMPHREY GAS-PUMP AT THE BRUSSELS’ EXHIBITION. 
CONSTRUCTED BY THE PUMP AND POWER COMPANY, LIMITED, ENGINEERS, LONDON. 
(For Description, see opposite Page.) 
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_WE have alread 
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of the internal-combustion pump origina 
A. Humphrey, M. Inst. C.E., nd test 
Unwin, F.R.S., with such 
economy of fuel. 


described in our columns (see 


plant has a special interest at the present moment, 
r 15, 1909) the principal features 


since one of the most interesting excursions arranged 
in connection with the joint meeting next week of the | 
and tested by Dr. W. C. | Institution of Mechanical Engineers and the fellow 
excellent results as to | Society of America is that to the testing-station of 
of A somewhat larger pump is now|the Pump and Power Com 
eing exhibited at the Brussels International Exhibi-| a replica of the exhibit at Brussels will be shown at 
ton, and this we now illustrate in Fi 
page 124, and by other engravings on this page. This | 





y, Dudley Port, where 


1, 2, and 3, | work. 
Since the principle of the Humphrey pump may be new 








Fic. 5. 


to many of our American visitors, it may be convenient if 
we give once again a detailed explanation of its method 
of operation, and we reproduce accordingly, in Fig. 6, 
annexed, a diagrammatic section of the pump tested by 
Professor Unwin. The pump consists of an explosion 
vessel C fitted at the top with an exhaust-valve FE, 
an inlet valve I, and a scavenger valve not shown 
in the figure. Below the explosion-chamber is a length 
of piping provided with the inlet valves, through 
which the water to be pumped enters. Beyond this is 
a ** play” pipe, terminating in the reservoir. Assuming 
a charge of gas and air to be compressed into the com- 
bustion-chamber and exploded, the cycle of operations 
is as follows: As the gases expand, the water column is 
forced along the play-pipe and acquires momentum. 
Owing to this it continues its motion after the pres- 
sure in the explosion-chamber has fallen to that of the 
atmosphere, and consequently it draws in through the 
inlet valves a fresh supply of water, which fills up 
behind the original column. The exhaust-valve opens 
automatically as soon as the pressure. falls slightly 
below the atmosphere, as well as a :scavenger-valve, 
which clears out the products of combustion from the 
top of the chamber. After a time the momentum of 
the water column is exhausted, and it begins to flow 
back again under the static head of the delivery-tank. 
In this back-flow it first clears out the spent gases 
through the open ne and when it reaches 
the level of the latter it drives the valve on to its 
seat. As the scavenger closes automatically at the 
beginning of the return stroke, it follows that a 
cushion of air is, on the closing of the exhaust- 
valve, trapped into the space C, This is compressed 
by the onward motion of the water column, which 
is finally brought to rest by the rise of air pressure. 
A second out-stroke is then commenced, and the 
pressure in the combustion-chamber again falls below 
that of the atmosphere. An interlocking gear is pro- 





136 


ENGINEERING. 


[Jury 23, 1910. 





—————— 





vided, so that the scavenger and exhaust-valves, after 
being closed, cannot open again until the inlet-valve 
has both opened and closed. ‘The consequence is that 
the latter alone opens on this second out-stroke, and a 
charge of gas enters the chamber. The momentum of 
the water column being exhausted yet once more, 
a second return stroke ensues, which compresses the 
charge. The instant this compression reaches its 
maximum the charge is automatically fired, and the 
cycle of operations recommenced. In Fig. 7, below, 
we give a diazram showing the pressure in the com- 
bustion-chamber plotted to a time basis. In this the 
portion of the curve lettered a b corresponds to 
the period of compression. The sudden rise of 
pressure to c is due to the ignition of the charge. 
‘he expansion is completed at d, but the stroke con- 
tinues to ¢, during which period fresh water enters 
through the suction-valves. The return stroke com- 
mences at ¢, and at f the exhaust-valve closes and the 
cushion stroke commences. The pressure rises to a 
maximum at g, at which point the second out-stroke 
commences. This is a short one, terminating at j, the 
new charge a drawn in during the period repre- 
sented by h,j. At j the cycle terminates, and a fresh 
compression stroke is begun. 

There is no water-valve in the delivery, so that the 
water column is free to oscillate, and a special point of 
the arrangement is that its free oscillation gives rise to 
four unequal strokes such as theory requires for a 
perfect thermodynamic cycle. The only moving parts 
in the apparatus are plain mushroom valves and a 
small automatic interlocking gear between the ad- 
mission and exhaust valves. 

In the official trial, carried out on a 16-horse-power 





mixture respectively. The period of one complete 
cycle was 4.92 seconds. 

In carrying out tests the data which have to be accu- 
rately determined include the quantity and calorific 
value of the gas used, the quantity of water lifted, and 
the height through which it is raised. A standardised 
gasholder was used for measuring the volume of gas con- 
sumed, and its calorific value was determined directly 
by burning a known quantity in a Junker calorimeter, 
and also by analysis. These results showed a very 
close agreement. ‘The water was measured by observing 
the head over a discharge orifice in a specially-con- 
structed tank with stilling-screens, and the height of 
lift was read direct upon a mercury column in a (J-tube, 
one side of which was connected to the suction-tank, and 
the other to the vertical water-tower into which the 
water was pumped. All the measurements being of 
a positive kind, considerable accuracy could be se- 
cured. 

The pump shown at the Brussels Exhibition is cer- 
tainly the most novel feature in the whole machinery 
section. Referring to Figs. 1, 2, and 3, page 124, it 
will be seen that, starting with the pump itself on 
the extreme right, there follows the suction-tank and 
the delivery-pipe. This pipe has a 180deg. bend in the 
middle, so that it returns back to a vertical water- 
tower close to the suction-tank. The water, having 
its working-level near the top of the tower, flows with 
considerable velocity through an 18-in. branch con- 
nection lower down into the distributor, which pro- 
jects vertically over the centre of the suction-tank. 
At the bottom of the distributor is an annular orifice, 
4 ft. in diameter and 14 in. wide, through which the 
water falls into the suction-tank, thus displaying in a 
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pump by Dr. Cawthorne Unwin, F.R.S., a water horse- 
power hour was obtained for the expenditure of 
1.06 lb. of anthracite coal. 

The larger pump, a duplicate of that at Brussels, 
since installed at the testing station at Dudley Port, 
gives 36 horse-power in the water actually lifted, with 
ordinary producer-gas, and 45 horse-power when pone | 
town gas. This differs principally from the smal 
po tested by Dr. Unwin in having, as shown in 
‘ig. 4, page 125, the water valves pl. in a horizontal 
barrel, which virtually forms the first part of the dis- 
charge-pipe, and in having a cylinder or combustion 
chamber of uniform diameter instead of the conical 
shape previously adopted. In the illustration the 
hemispherical top to the combustion chamber, carry- 
ing the admission, exhaust, and scavenging-air valves, 
is clearly seen; then below there is the combustion 
chamber, and this in turn is bolted toa stiffened cast- 
iron bend, which serves asa connection with the water- 
valve box just inside the tank. This stiffened cast- 
iron bend has a thrust-block to take the direct 
thrust of the water moved, and transfer it to the 
foundation. 

This pump has been tested by Professor Dr. Eugen 
Meyer, the well-known Continental expert on gas- 
engines, in a complete manner, the test lasting over 
a week, and the best results obtained showed that 
less than 1 lb. of antaracite was required per actual 
water horse-power hour. As Professor Meyer pro- 
poses to give his results to the German technical Press 
at a later date we are not at the moment in a position 
to publish them, but the following figures, given to us 
by the Pump and Power Company, represent about 
the best results so far obtained :— 


Gallons of water raised per minute 
Actual lift of water ae : 
Horse-power in water lifted 
Cycles per minute ... yee we ee 
Cubic feet of 150 B.Th. U. gas per horse- 
power-hour ot es aS aS 
B.Th. U. per water horse-power-hour ... 
Thermal efficiency (on water lifted) 23.1 p.c. 
Equivalent anthracite coal per water 
orse-power-hour ae 0.95 Ib. 


The indicator diagram, Fig. 7, above, which we 
have already described, was taken from this pump. 
In this particular case the lift was 39.4 ft., the com- 
pression pressure was 564 1b. per square inch, the 
explosion pressure 163 lb. per square inch, and the 
maximum cushion pressure 185 lb. per square inch. 
The indicator spring was too stiff to show the slight 
suction due to the intake of water and combustible 
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very striking manner the large volume of water circu- 
lated by this pump, and amountin 
and lions per minute. he pump at the 
Exhibition runs about six hours each day, and so 
circulates over 14 million gallons, equivalent to over 
6 millions per day of twenty-four hours. Our illus- 
tration Fig. 1 is from a photograph, the exposure for 
which occupied about 14 minutes, and as the pump 
was at work the sharpness of the detail shows how 
very free the plant is from vibration. The exhibit has 
attracted so much attention, and so many visitors have 
wanted explanations as to its precise operation, that a 
second attendant has become necessary at the stand 
to deal with the inquiries. 

The extreme simplicity which is exemplified in the 
pump just described is characteristic of a number of 
other applications which Mr. Humphrey has made of 
the principle of operation invented by him. Thus there 
are Humphrey pumps for forcing water under pressures 
exceeding the mean pressure of the expansion stroke 
in the combustion cylinder. In such cases an air- 
cushioned ram is used to increase the delivery pressure, 
and is called an ‘‘ intensifier.” The device adds no 
working parts except an extra set of plain mushroom- 
valves operating automatically, and has the great ad- 
vantage that it admits of any desired proportion of the 
total energy developed at each cycle being given back 
for the compressson of the fresh charge. Thus the 
compression pressure can be raised to that usually 
found in ordinary gas-engines, and this is expected to 
result in greatly-increased economy. The theoretical 
efficiency of the Humphrey cycle is 52.5 per cent. for a 
compression pressure of 11 atmospheres absolute, and 
if 65 per cent. of this is realised in practice, the actual 
efficiency will be 34 per cent., thus bringing the pump 
into line with the largest modern gas-engines. 

One of the best-known engineering firms on the Con- 
tinent, with that display of enterprise and foresight 
which characterises ster of our most successful foreign 
rivals, have secured the right to the use of the patents 
in Germany, and are constructing a 1000-horse-power 
pump to demonstrate in a practical manner the com- 
mercial use of the system for the production of power. 
The pump in question is designed to put 1} tons of 
water per second under a -pressure of 7 atmospheres, 
and the water will be used through a turbine to gene- 
rate electric power. Not only will high pressures be 
used, but, by a device which we are not at liberty 
to explain at present, the number of cycles per 
minute will be tly increased, with the result that 
the plant as a whole will occupy less space than a plant 
of the same output driven by ordinary gas-engines. 
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Moreover, it will possess other great advantages arising 
from the simplicity of construction, the freedom from 
cyclic variation of speed and from all expansion and 
contraction troubles, the ease of starting and stopping, 
and low running costs. It should not be over- 
looked that practically no lubrication is required, and 
that the pump stops automatically when the ignition 
is switched off, sothat a combustible charge is presen‘ 
in the cylinder ready for starting again. 

Mr. Humphrey has also worked out the problem of 
compressing air to any required pressure needed in 
engineering operations, and also for the low pressures 
required in blast-furnace blowing-engines. aturally 
the higher the pressures the smaller the apparatus 
required for a given power output, since the accelerat- 
ing pressures acting on the water column are then 
greater, but even for blowing-engines delivering air at 
only 10 lb. per square inch pressure the dimensions 
are moderate, and such as to point to commercial 
success. The Humphrey compressor is even simpler 
than the Humphrey pump, for no water-valves are 
needed, a constant volume of water being reciprocate: 
between the pump and the compressor - chamber, 
and, by a very ingenious device, inequalities in the 
volumetric changes, which would otherwise occur at 
the pump and compressor portions of the appa- 
ratus respectively, are allowed for. Moreover, the 
arrangement is such as to ensure the same amount of 
combustible mixture being consumed per stroke, and 
as this amount is variable at will a very perfect con- 
trol is possible, and the pressure of delivery can be 
changed while the machine is at work. 

The principles involved in the Humphrey pump 
certainly seem applicable in so many useful directions 
that it is impossible to assess their importance at 
the presenttime. We are sure that those visiting the 
plant at Dudley Port on July 27 will be interested in 
the beginnings of a new engineering development 
there displayed, and the remarkable economy of the 
pumps, as already demonstrated, holds out high 
promise of even better things to follow. 








PrrsonaLt.—Mr. Walter H. Derriman, B.Sc., A.C.G.I., 
A.I.E.E., Fellow, Chartered Institute of Patent Agents, 
has entered into partnership with Messrs. Dicker and 
Pollak, chartered tent agents, 37, Frrnival-street, 
Holborn, E.C., and the name of the firm has been 
changed to Messrs. Dicker, Pollak, and Derriman. Mr. 
Derriman is personally taking charge of the electrical 
business of the firm.— Messrs. Irvine’s Shipbuilding and 
Dry Docks Company, Limited, West Hartlepool, have 
recently established a City office at 35, Bucklersbury, and 
ave appointed Mr. Francis F. Hill, M.I.N.A., their sole 
representative in London. Mr.° Hill, for many years, 
was closely associated with the late Sir E. J. Reed in his 
business as naval architect and consulting engineer. 


Contracts.—The Lilleshall Company, Limited, Oaken- 
gates, Shropshire, have recently received an order from 
the United Alkali Company, Widnes, for a double-acting 
tandem four-cycle gas-engine, having a compressing 
cylinder direct-coupled behind the rear gas-cylinder. It 
is to be used for compressing limekiln gases ; the output 
will be 1820 cubic feet of free gas per minute, compressed 
to 40 lb. per square inch. In addition, the crank.shaft 
will carry a belt-pulley large enough to transmit 50 brake 
horse-power to olnocha ~The Power-Gas Corporatior, 
Limited, Stockton-on-Tees, have recently secured many 
important orders, including a large Mond ammonia- 
recovery plant, equivalent to 32,000 horse-power in size, 
for the Birchenwood Colliery Company, Limited, Kids- 
grove, near Stoke-on-Trent, to produce gas for boiler- 
firing and power from a mixture comprising bituminous 
slack, washery refuse, and belt pickings. It will com- 
prise 13 special Mond producers, fitted with arrangements 
for the mechanical removal of the ash. The revenue from 
the sale of the sulphate of ammonia produced will, it is 
expected, repay, in a very short time, the initial cost.— 
Messrs. Ed. Bennis and Co., Limited, have recently 
booked contracts for forty-four stokers of their various 
types, with accessory plant, for British corporations, 
collieries, works, and manufacturers. 


Tue Brazuian Torpepo-Boat Destrorrers.—The 
official full-speed trial of the torpedo-boat destroyer 
Sergipe, built for the Brazilian Government by Messrs. 
Yarrow and Co., Limited, of Glasgow, took place on 
Friday, the 8th inst., on the Skelmorlie deep-water 
measured mile of the Clyde, and the contract speed of 
27 knots, carrying a load of 100 tons, was easily exceeded. 
The actual speed obtained was 27.676 knots on the mile, 
and 27.605 knots during a continuance run of three hours 
duration. The trial was under the supervision of Captain 
Amynthas Jose Jorge, Captain Ribeiro da Costa, Uap- 
tain Alvaro Rosauro de Almeida, Lieutenant A. Marques, 
and Lieutenant A. F. da Rocha, representing the Bravi- 
lian Naval Commission. The mg is the last of the 
ten destroyers ordered by the Brazilian Government from 
Messrs. Yarrow. The first seven vessels are now 1n com- 
mission in Brazil, the eighth has just left the Clyde, and 
the ninth has been handed over to the Brazilian autho- 
rities and will shortly leave for Rio. The dimensions of 
the Brazilian destroyers are:—Length, 240 ft. ; beam, 
23 ft. 6 in. They are propelled by two sets of four-cylinder 
reciprocating engines, of 8000 horse-power collectively, 
balanced on the Yarrow, Schlick, and Tweedy system. 
Steam is supplied by two double-ended Yarrow boilers of 
the latest type. 
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PRINCIPLES OF PRODUCTION. 
To THE EprTor OF ENGINEERING. 

Sir,—The extremely interesting leading article (which 
appeared in your journal of the 8th inst.) upon this sub- 
ject must have made the thoughtful pause. It is probable 
that the views expressed in the leader have formed the 
hasis of conversations among those interested in the tre- 
mendous problems mentioned. A few engineering friends 
have greatly assisted me to appreciate your view of the 
first principles by discussing your arguments. They do 
not seem inclined to put forward further suggestions 
which have been made, and so important is the whole 
subject that I am constrained to ask your indulgence for 
the following general comments :— 

1. ‘It is desirable that all men shall have equal oppor- 
tunities.” This is an axiom to which all our politica! 
parties—in public, at any rate—subscribe. Yet, in this 
country, there is the barrier of ‘‘ caste.” Free education 
—if it brought about the state of affairs hoped for by the 
zealots who secured it—meant that we obtained a gene- 
ration ago what you now (in a manner somewhat weakly) 
say “is desirable.” It is essential for the country’s future 
that all men should have equal opportunities. The 
people who years ago secured “free education” and then 
‘* the scholarship ladder ” foolishly thought that they had 
secured for their fellow-countrymen that elementary act 
of justice. 

Being an optimist, I believe that things are better now 
than they were ; but even to-day the dice are loaded, and 
the brainless son of a director invariably beats the brainy 
son of the workman in obtaining ‘‘ the rewards the com- 
munity can give him, both socially and otherwise.” Have 
you, or your readers, ever appreciated to the full the 
bitterness of the outlook of the average scholarship 
‘‘ Board-school swot ” at Oxford? You probably know 
the story of the studious naval ofticer, who, when asked 
by a friendly admiral how he had done in the examina- 
tions, gave the favourable reply that he “‘ had worked 
hard and obtained good records.” ‘‘Oh, yes,” said the 
admiral, ‘* in the Service hard work does a lot, but injlu- 
ence does much more.” It is a canker eating the vitals 
of the Empire, this notion that a man must be “ well- 
connected ” before he can be welcomed. The fallacy 
obtains in all walks of life ; it finds room in the domain 
of engineering. The premier institution (the Institution 
of Civil Engineers) fosters it by the high fees charged for 
entrance, examination, and subscriptions. The univer- 
sities foster it by the sums charged for education in engi- 
neering. For every genius from the lower ranks ae 
‘climbs the ladder” numbers are literally kicked off by 
the people of influence. To be practical and consistent 
you must therefore favour (a) the abolition of premium 
pupils in engineering works ; (b) a great reduction in fees 
for engineering students at universities ; (c) a reduction 
in the Institution of Civil Engineers fees ; and (d) the 
abolition of the existing rule that, to become a student of 
the Institution of Civil Engineers, a youth must be 
articled to a corporate member thereof. 

2. You advocate ‘‘a tendency towards amalgamation 
or fusion of interests.” In that matter we are woefully 
behind our. German rivals, We must develop the Kartel 
system. It does not seem to be fully realised that our 
great commercial rival has done something else besides 
building naval Dreadnoughts—she has built commercial 
Dreadnoughts by the amalgamation of shipping, manu- 
facturing, and other interests. Our own firms resemble 
quite small craft. When a British business organisation 
competes with a German rival for an open market, the 
pathetic struggle is like that of an Ancient Briton in his 
coracle attacking a modern Dreadnought. When a British 
firm wants to increase its capital it must parade its busi- 
ness methods in the form of a prospectus, and say to the 
man in the street, ‘‘ Will some of you put up about 10/. 
each on the strength of my business, which is so-and-so?” 
and it must convince numerous non-expert investors that 
they will get the maximum return from the 10/. by putting 
it with the firm of Jones, Brown, and Co., Limited. The 
result has been wildly impossible statements in pro- 
spectuses (especially those connected with engineering 
inventions), from which we applied scientists have keenly 
suffered. Follow the German ideal of State banks. 

3. The prosecution of experimental research. That 
is a matter upon which it is very difficult to speak with 
patience. Do you know, Sir, the reward of the man who 
does prosecute research? The firms of this country have, 
usually, a tolerant contempt for such a one. The works 
management wen gee 4 suspect the unorthodox—they 
despise the man without the ‘‘ bartering” instinct. 
Research ability and commercial salesmanship seldom go 
together. When they do you have the genius—we must 
think of the average. If you wish to appreciate the 
encouragement for the man of research, Mr. Swin- 
burne’s address to the students of the Institution of 
Electrical Engineers of a few years ago on ‘‘ The Diffi- 
culties of Getting on.” The man of research cuts a sorry 
figure in the Swinburneology of this country. Think of 
the princely salaries paid—on the average—to those who 
add F.R.S. to their name as the reward of many years of 
toil! The picked 600 researchists of thiscountry may suc- 
ceed in obtaining 10001. a year apiece. The best 600 com- 
mercial travellers obtain rewards from their fellows 
beyond the wildest dreams of the more intellectual but 
unaccepted men called F.R.S. In a manner most humble 
and supplicating, one who has spent freely of his sub- 
stance and spare time (both of which are small) in the 
hope that his research may benefit his fellows, begs you 
to throw in the weight of your influence for the adequate 
oe sana of the labours of those who do research 
work, 

gay an apology is needed for the length of this 
letter. But the fault is yours, a leading article which 
stimulates thought must inevitably cause some of your 
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| readers to ponder. They may be inclined to throw in an 
hour for their country with the pen, which is still mightier 
| than the sword. We need to be reminded of our national 
| faili It is, indeed, encouraging to read your views 
| on “the first principles of production ;” but, Sir, carry 
| the thing to its logical conclusion. You have but barely 
| outlined the principles—clothe your skeleton and do a 
national service. 
Your obedient servant, 
An INDIVIDUALIST. 








WORKMEN’S COMPENSATION APPEAL 
CASES. 


Houser or Lorps. 

Sailors Drowning.—Whena sailor loses his life on board 
the question has frequently arisen whether his 
dependants have any claim under the Workmen’s Com- 
pensation Act. Of course, a sailor is more liable than 
ordinary workmen to accidents which, on board ship, may 
not arise out of and in the course of the man’s employ- 
ment. When the claim of dependants is disputed in such 
cases, it is most difficult to decide upon the evidence 
whether the employers are responsible for compensation. 

The Court of Appeal set aside the award of the County 
| Court Judge in the case of Marshall v. the Owners of the 

Wild Rose, and on July 10 the ap 1 went to the House 
of Lords, and was dismissed. the facts on which the 
County Court Judge was led to make the award to the 
widow were shortly these :—Marshall, a second engineer 
on board a steam-trawler, the Wild Rose, was on rd 
in the dock at Aberdeen at midnight, under the captain’s 
orders to get up steam and proceed to Shields in the 
morning. The night was very hot, and Marshall, 
according to the evidence of his mate, got out of his 
berth in his night-clothes to get the fresh air on deck. 
He and his mate were accustomed to this practice on 
hot nights, and often sat on the rail against the 
trawling or fish-board. On the night of the accident 
Marshall passed his mate in his berth and said to 
him that he was going up on deck for the fresh air, and 
was never seen again alive. His body was found in 
the dock basin, just below the trawler’s rail, where he 
was in the habit of sitting. The County Court Jud 
found that Marshall met his death by accident in the 
course of his employment, and awarded 300/. to the 
widow. That the man fell into the water by accident 
could not be proved by any legal evidence ; but assuming 
the accident was proved, the question was whether it 
happened in the course of the man’s employment. At no 
time was it part of his duty to sit in this dangerous place 
on deck, and as it happened when the man was off duty 
and should have been in bed, the presumption was that 
in fact the accident did not happen in the course of the 
man’s employment. The point on which the case was 
decided against the award of the County Court was 
admirably put by Lord Justice Farwell, who said, “‘If an 
ordinary sailor is a member of a watch, and is on duty 
during the night and disappears, I should think that the 
inference would be irresistible that he died from an acci- 
dent arising out of his employment ; but if, on the other 
hand, he was not a member of the watch, and was down 
below, and came, when he was not required on duty, and 
disappeared without our knowing anything else, it seems 
there is absolutely nothing from which any Court could 
draw the inference that he died from an accident in the 
course of his employment.” With this the majority of 
their Lordships in the House of Lords agreed ; but it is 
interesting to notice that the Lord Chancellor and Lord 
James were in favour of allowing the appeal, and sup- 

rting the award to the widow; and made this subtle 
Sistinction between the meaning of a sailor man being on 
active duty and being in constant service. The sailor was 
drowned by accident in the course of his employment 

—that is, the course of his employment might be said 
to cover the whole period of service on ok ship, 
although at certain hours he was on active duty and 
at other hours he was off duty. The majority of the 
House of Lords, agreeing with the Court of Ap 
in the opinion that when a sailor ‘‘is off duty,” a dey in 
a constant service, he is, for the purpose of the Workmen’s 
Compensation Act, no longer ex to an accident 
arising out of and in the course of hisemployment. This 
seems to us to bring the popular understanding of the 
meaning of the Act into fuller agreement with the law as 
it is laid down by the Court of Appeal rather than with 
the decision of the County Court Judge in this case, 
although he has had the Lord Chancellor and the minority 
of the House of Lords in agreement with him. It will be 
noted that the Act says the accident must have “ arisen 
out of ” as well as ‘“‘in the course of the employment.” 
A sailor’s case may come within the latter provision but 
be outside the former. 

Court OF APPEAL. 

Fact vy. Law.—The Court of Appeal had a most unsatis- 
| factory case before it on July 8, when the claim of Powers 
| v. Smith was heard on appeal from the County Court Judge 
|of Taunton, who refused compensation to the widow of a 
|carter who met his death under the following circum- 
stances. When proceeding with an empty cart downhill 
the horse panel and the carter was pitched on the road 
and the shaft broken. The carter went to a neighbouring 
farmer to get another cart, and, finding none, he was seen 
by witnesses mgag Mape= the horse, looking very ill and 
pale and nervous. e proceeded up a hill, and after half 
an hour the man’s dead body was discovered in the 
neighbourhood, and his widow claimed on the assumption 
that the carter’s death was caused by the shock produced 
| the slipping of the horse and the breaking of the shaft 
of the cart. 

Unfortunately for the appellant, the County Court 
| Judge, as arbitrator, decided, as a matter of fact, that 











there was no evidence before him to lead him to conclude 
the man had died as the result of an accident arising out 
of hisemployment. It was proved the deceased had been 
off work for weeks since 1907 from rheumatism, and had 
had influenza, which weakened the heart, and the 
Judge concluded there was ‘‘not the slightest doubt the 
influenza had hastened the man’s death, and there was no 
evidence that the accident had anything to do with it.” 

Had the appellant any legal “excuse for going to the 
Court of Appeal, there is little doubt she would have 
succeeded, for the Master of the.Rolls said the Court 
would have been glad if the Judge had found the other 
way, and they would not have altered his decision. 

‘The sole ground of dismissing’ the a: peal in this case, it 
will be noticed, was that the County Teourt had found, as 
a matter of fact, the man did not die from the results of 
the accident, and therefore the Court of Appeal had no 
jurisdiction, since it is only on matters of law the Court 
of Appeal may differ from the arbitrator, who, in basing 
his decision on the evidence of facts, is the sole arbiter. 
Had medical . evidence supported the claim that the 
accident hastened the carter’s death, the decision of the 
Judge would doubtless have been different, but there was 
nothing presented to the Court of Appeal to justify the 
plea that the Judge had misdirected himself. 

Seamen on ‘* Shares.”—The appeal of Jones rv. Owners 
of the ship Alice and Eliza came up from the County Court 
of Liverpool on the plea that the judge had ‘ misdi- 
rected himself.” The fact that the deceased man Jones 
was master of the appellants’ ship, and that he met his 
death by drowning in the course of his employment, was 
not disputed by the appellants, but when the County Court 
Judge awarded the dependant compensation they appealed 
on a point of law. The ship was run on the ‘two-thirds 
system,” that is, the deceased, as master, took two-thirds 
of the gross takings of the vessel, and paid certain expenses, 
and paid one-third to the managing-owner. This, it was 
argued, proved the master was not a workman within the 
meaning of the Workmen’s Compensation Act. The Court 
of Api held there was evidence which amply justified 
the County Court Judge in deciding that the master 
Jones was a ‘‘workman,” and that the Judge’s award 
was right. 

It will be observed that the Act does not apply to such 
members of the crew of a vessel as are paid by shares in 
the profits or gross earnings of such vessel. Master 
seamen and apprentices to the sea are only within the 
Act if they are ‘‘ workmen,” and a ‘‘ workman,” according 
to Section 13 of the Workmen’s Compensation Act, 
means a person who has entered into a contract of 
service with the employer. There are decisions under 
this head which, to the careless reader, may appear con- 
flicting. It should, however, be understood that a seaman 
who is paid by shares is not protected by the Workmen's 
Compensation Act if he is co-partner with the owner or 
co-adventurer, and when there is no contract of service 
and he is not under the control of any employer. The 
seaman, however, may be paid by shares, and yet have 
signed a contract of service and be a *“‘ workman,” as in 
this case. The master’s dependant at Liverpool was 
awarded compensation because there was no co-partner- 
ship proved, and the Court of Appeal upheld the decision 
of the Judge that the master, though paid by shares, was 
under a contract of service, and was a ‘* workman,” and 
—? the protection of the Workmen’s Compensation 

ct. 

Accident or Diseasc.—It is against the law to claim that 
a disease contracted by a workman in the course of his 
work is necessarily an accident, and this principle led to 
the appeal against the County Court Judge of Bromley 
in the case of Eke v. Hart-Dyke, when the Court of 
Appeal reversed the decision of the Judge who awarded 
ey oer to the widow of a workman who met his 
death by ptomaine poisoning after working at the drains 
of his employer’s house. nder the Act of 1906 there 
are certain scheduled diseases which may be proved to 
be accident ; and in all other cases of disease following 
accident there must be proof of the time and place that 
cause and effect may be reasonably connected. Although 
the decided cases are somewhat difficult, and the differ- 
ences rather finely drawn, it may be taken that in this 
case there was no proof of any scheduled disease and no 
evidence that anything in the nature of an accident to 
introduce the ptomaine poisoning as the cause of death ; 
the element of accident was wanting. 





Tue LATE Mr. P. W. Meix: AppENDUM.—In addition 
to the information contained in our obituary notice of the 
late Mr. Patrick Walter Meik, on 96 of our last 
issue, it should be stated that Mr. Meik was from 1888 
until last year associated with Mr. M. A. Pollard- 
Urquhart, M. Inst. C.E., in the firm of Thomas Meik and 
Sons. It should also be stated that, in addition to the 
works mentioned in our notice, Mr. Meik’s firm was 
responsible for the extensive dam and pipe-line system 
which was carried out at Kinlochleven, near Ballachulish, 
Argylishire, for the Loch Leven Water and Electric- 
Power Company. 

Tue Junior Institution or ENGiIngErs.—It has been 
see ya Institution to hold a special meeting on 
Tuesday, September 6, at the comin aval, Mercantile 
Marine, and General Engineering Fxhibition at Olympia, 
on which occasion the members and their lady friends 
will be entertained with tea and light refreshment by 
the management at 8.40 p.m. After tea the members 
will make a tour of inspection round the Exhibition, and, 
later in the evening, a special session of the Institution 
will take place, at which a lantern lecture will be given. 
The president of the Institution, Engineer Vice-Admirai 
Sir Henry J. Oram, K.C.B., Engineer-in-Chief of the Fleet, 
has kindly promised to take the chair on this ogcasion, 
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OvRr illustration above shows one of sixteen loco- 
motive electric cranes which have recently been sup- 
plied by Messrs. Thomas Smith and Sons, of Rodley, 
near Leeds, for use at the new naval base, Rosyth. 
The crane is intended for use either for block-setting, 
or with a grab or drop-bottom bucket. It will carry 
a gross weight of 4 tons at 28 ft. radius, or 7 tons at 
20 ft. radius, and has a total adjustment of radius 
from 14 ft. to 28 ft. it is arranged for hoisting, 
slewing, and travelling, and has a hoisting speed of 
70 ft. per minute with full load, a slewing speed of two 
revolutions per minute with full load, and a travelling 
speed of 300 ft. per minute. It is driven by a single 
douteie motor of 55 brake horse-power, running at 
660 revolutions per minute, and supplied with con- 
tinuous current at 500 volts, taken from a conductor 
rail lying between the running rails. The gauge 
of the travelling wheels is 7 ft., but the axles are 
arranged so that the wheels may be altered to 4 ft. 
84 in. gauge later, if desired. 

The structure in general consists of a travelling car- 
riage, built up of mild-steel sections, and with chequer 
cover-plates on the top. This carriage carries a cast- 
iron base-plate on its upper side, in which a wrought- 
steel centre column is fixed. The revolving fom is 
pivoted on this centre column and has steel front 
and back anti-friction rollers, bushed with gun- 
metal, which run on the cast-iron bed-plate. The 
crab is built up of mild-steel sections around a cast- 
iron centre, to which the cast-iron cheeks carrying 
the various journals for the hoisting and other shafts 
are fixed. The jib is of the lattice type, pivoted at 





the lower end, and with the necessary pulleys, which 
are bushed with gun-metal. An automatic load and 
radius-indicator is fixed on one side of the jib. The 
main shaft carries both the hoisting barrel and 
the barrel for opening the grab or bucket. These 
are arranged so that they can be worked separately 
or simultaneously, and are in each case driven by a 
double-purchase spur-gearing through a friction clutch. 
The hoisting-barrel is grooved, and is large enough in 
diameter and of sufficient capacity to coil the rope for 
a lift of 160 ft. Two friction-brakes are fitted on the 
pinion-shafts, controlled by foot-levers. The revolving 
motion is driven by spur and bevel wheels through a 
double friction cone, actuated by a strap and hand- 
leyer, and drives a pinion working on an internal spur- 
wheel mounted on the travelling carriage. A brake is 
fitted in connection with this motion. The propelling 
motion is driven by a bevel and mitre-gear with a 
clutch operated by a hand-lever, and has a safety 
brake, while the jib-adjusting drum is actuated by a 
cast-steel worm-wheel diven by a forged-steel worm. 
The electric motor is of the totally-enclosed type. 
A tramway type controller, with resistance frames, is 
fitted in connection with it. The controller is of the 
spring-return type. A switchboard, with circuit- 
breaker, fuse, and emergency switch, is fitted, and the 
wiring throughout is carried in steel tubing. A mag- 
netic electric brake is fitted, which automatically 
holds the load in the event of the current failing. ‘All 
the motions of the crane are brought within easy 
reach of a man who stands on the left-hand side at 





the front of the platform, so that he has an unin- | 





terrupted view of the lifting operations. The crane 
is fitted with a house having wooden sides and 
a galvanised iron roof, which has, however, been 
removed in the illustration in order to show the 
mechanism more clearly. 








THe Muippiesure AGRICULTURAL Socrety. — This 
society has decided to hold an exhibition of, and a compe- 
tition for, all fencing material, appliances, and gates in 
connection with its annual agricultural show, to be held 
in March of next year. Prizes to the amount of 26/. are 
being offered, and it is anticipated that numerous entries 
will be received. Applications should be addressed to 
Mr. J. S. Minnaar, J.P., honorary secretary, Manley’s 
Buildings, Market Square, Middleburg, Cape Colony. 


VictorIAN TRoN Ore.—Mr. E. J. Dunn, director of 
the Geological Survey of Victoria, Australia, has issued 
reports on iron-ore deposits found at Alberton West, 
Inverloch, San Remo, Grantville, and Sandstone Island 
A sample of limonite from Alberton West assayed 45.7 
per cent. of iron, but the deposit is not large. The 
deposit near Inverloch varies in quality from 10.9 per 
cent. to 17.7 per cent. of iron, aol Mr. Dunn concludes 
that, as the quality is poor, there is no need to prospect. 
At San Remo there is no lode vein, but the limonite-is 
scattered about the surface in boulders, and sample: 
yielded from 27.88 per cent. to 24.70 per cent. The 
Grantville limonite is associated with grains of quartz 
but it assays only 27.8 per cent. iron; and, being 2 
siliceous ore, it could not be worked profitably. At 
Sandstone Island there occurs a flaggy iron ore, which 
assays 40.7 per cent. of iron. 
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Fic. 7. Gano PLANING at EpGwick Works. 
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NOTICES OF MEETINGS. 


Tue INSTITUTION OF MRCHANICAL ENGINBERS AND THE AMERICAN 
Society oF MECHANICAL ENGINEERS ; Joint MgETiING,—Tuesday, July 
26, to Saturday, July 30, in Birmingham and London. On Tuesday 
July 26, at 10 a.m.—Official welcome by the Right Hon. the Lord 
Mayor of Birmingham, Alderman W. H. Bowater, Mr. Neville 
Chamberlain, and Members of the Reception Committee, of the 
Cc ils and Memb of the two Institutions, in the Lecture 
Hall of the Birmingham and Midland Institute. Papers will sub- 
sequently be read and discussed. For the afternoon alternative 
excursions have been arranged to :—The Pump and Power Com- 
uy Testing-Station at the works of the South Staffordshire 

ond Gas (Power and Heating) Company, Dudley Port, Tipton ; 
the works of the Austin Motor Company, Northfield ; the Metro- 
— Amalgamated Railway Carriage and Wagon Company ; the 

kley Filter-Beds of the Birmingham Cor, ion Water Works; 
Stratford-on-Avon ; Worcester ; Stoneleigh k ; and Kenilworth. 
In the evening a ae féte in the Botanical Gardens, ‘baston, 
will be held. yednesday, July 27, at 10 am.—Members will 
assemble in the hall of the Birmingham and Midland Institute 
for the reading and discussion of papers. In the afternoon 
alternative visits have been planned to :—The new buildings of the 
University of Birmingham ; and to Messrs. Mitchell's and Butler's 
Brewery. In the evening a reception in the Council House by the 
Right Hon. the Lord Mayor of Birmingham, Alderman W. H. 
Bowater, andthe Lady Mayoress. Thursday, July 28.—Alternative 
excursions—viz., to Coventry and Rugby, visiting the works of 
Messrs. Alfred Herbert, Limited, or the Daimler Motor Company, 
at Coventry, and those of Messrs. Willans and Robinson, or the 
British Thomson-Houston Company, at Rugby; to Lichfield, 
visiting the South Staffordshire Water Works Company's Pipe 
Hill Pumping-Station ; to Kenilworth, Warwick, and Stratford-on- 
Avon. In the evening a conversazione will be held at the Institu- 
tion of Mechanical Engineers, Storey’s gate, St. James's Park, 
Westininster, London, 8.W. Friday, July 29.—Meeting at 10 a.m., 
at the Institution of Civil Engineers, for the reading and dis- 
cussion of papers. For the afternoon garden parties and visits 
have been arranged, while in the evening the Institution dinner 
will be held in the Connaught Rooms, Freemasons’ Hall, Great 
Queen-street, W.C. Saturday, July 30.—Visits have been arranged 
to Windsor and Marlow. The following papers have been sub- 
mitted for discussion at the meetings :—‘‘ English Running-Shed 
Practice,” by Mr. O. W. Paget ; ‘‘ Engine-House Practice, or the 
Handling of Locomotives at| Terminals to Secure Continuous 
Operation,” by Mr. F. H. Clark; ‘‘ Handling Locomotives at 
Terminals,” by Mr. F. M. Whyte; ‘Handling Locomotives,” by 
Mr. H. H. Vaughan ; ‘“‘ American Locomotive Terminals,” by Mr. 
W. Forsyth ; ‘‘ High-Speed Tools, and Machines to Fit Them,” by 
Mr. H. I. Brackenbury ; ‘“‘Tooth Gearing,” by Mr. J. D. Steven ; 
‘Interchangeable Involute Gearing” (a joint paper by members 
of the Committee of the American Society of Mechani Saginaws 
on “Standard Involute Gears”); “ Electrification of Suburban 
Railways,” by Mr. F. W. Carter ; ‘‘Cost of Electrically-Propelled 
Suburban Trains,” by Mr. H. M. Hobart ; ‘‘ Economics of Railway 
Electrification,” by Mr. W. B. Potter; ‘‘ Electrification of Trunk 
Lines,” by Mr. L. R. Pomeroy ; “ Electrification of Railways,” by 
Mr. G. Westinghouse. 

Tue Junior Institution oF Enorneers.—Friday, July 29, at 
6.30 p.m., visit to the New Pumping Station at Grosvenor-road, 
Chelsea, of the London Hydraulic Power Company. 








Reapine -Cases.—Reading-cases which will hold twenty-six 
numbers of *‘ ENGINBERING” may be had of the Publisher or of any 
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IMPERIAL DEFENCE AND SOCIAL 
REFORM. 

To measure correctly the proportions or the true 
perspective of co-related conditions requires not 
only a well-balanced mind, but a disinterested dis- 
position. Never has this truism been more forcibly 
established than by the debate on the Navy Ship- 
building Vote in the House of Commons. Each 
of the members who spoke was sincere in his 
desire for national security and social reform. In 
this the debate only reflected the universal opinion 
of the country. There is no room for doubt about 
the unanimity of the determination to make our 
Navy supreme among the world’s fighting fleets, 
and with a margin sufficient to meet contingencies. 
Divergence begins with the action necessary to 
achieve this end, and is due to the measurement 
of the relative importance of this and other equally 
desired national needs or projects. Clear thinking 
and unselfish reflection are requisite if the affairs 
of the Empire are to be carried on with statesman- 
like soundness. The advocates of safety in Imperial 
defence should, therefore, endeavour to inculcate 
strongly the dependence on naval supremacy of 
the social schemes urged so seductively in prefer- 
ence to the Navy needs when the national balance- 
sheet is being prepared. This dependence is so 
obvious that we enforce it only use it was 
denied or ignored during the debate. The perman- 
ence and efficacy of social reform, or ‘‘ the ameliora- 
tion of the people,” is dependent upon prosperity, 
which again is contingent upon the fullest con- 
fidence in the nation’s immediate future stability, 
and unless our Navy ensure stable conditions and 
absolute certainty of the maintenance of peace, 
there cannot be commercial activity or financial 
confidence. 

It follows that naval supremacy—not a proble- 
matic, but an unchallengable naval supremacy—is 
a necessary prelude to social reform. e latter is 





really not so much relative as contingent upon the 
former, and until the one be made absolutely secure 
any work or expenditure on the other, however 
necessary apparently, is contrary to prudence. A 
householder with 101. to spare would never think 
of adding to the interior comforts of his home if 
there was need for stopping leakage of rain through 
the roof. Men do not erect even the humblest of 
buildings without ensuring a sound foundation. 
Equally necessary is it to make provision against 
the dangers from across the seas before we build 
up internal reforms, however alluring. That this 
doctrine is not accepted by every one is due to a 
failure to grasp the significance of the situa- 
tion, to an inability to measure aright the relative 
importance of Imperial defence and social reform—a 
failure which may be excusable on the score of 
shallow thinking. The advantages of home com- 
forts appeal direct to the housewife, because the 
leaky roof is not always within her purview, 
although ever a real danger. But for the Parlia- 
mentarian, face to face with international ques- 
tions, there is less excuse, and the cause must be 
set down to that selfish cupidity which guides some 
to catch votes by advocating schemes seductive, yet 
not permanent. 

What value can social reforms possess if, through 
the defeat of our Navy, our food supplies and the 
necessary raw material for our industries cannot be 
impo ? Even old-age pensions would be of 
small value if there were a shortage of food ; and 
yet the burden of the song by Mr. Dillon, who 
proposed the reduction of the Shipbuilding Vote, 
and by his supporters, was, ‘‘ with this increase 
in Navy expenditure, where is the money for 
social reform to come from ?” The Prime Minister 
took the view that ‘‘ the maintenance of an ample 
margin of security against all probable, or even 
possible, risks is the only insurance a country 
such as ours can possess—an insular country 
with forty millions of people dependent on foreign 
supplies of food and raw material, and respon- 
sible for the protection and defence of dominions 
in every quarter of the globe.” He went further, 
and said that the Government would be false 
to the trust which the nation and Empire had 
reposed in them if they sacrificed ‘‘that margin 
of safety by which alone the security of our trade 
and our Empire can be assured.” He quite recog- 
nised that every new Dreadnought that we build 
‘“‘ postpones pro tanto the achievement of some 
urgent work of social reform: but national security, 
national insurance, after all, is the first condition 
of all social reform.” As Mr. Arthur Lee added, 
‘* Without a supreme navy the greatest social re- 
forms are a mere mockery ; without Dreadnoughts 
we can have no commerce, and without commerce 
we can have no industry at home.” And yet 
seventy members of Parliament, who usually support 
the Government, voted in favour of a reduction of 
the Navy Vote, so that social reforms may be built 
upon the unstable foundations of a weak defence. 

The weakness of defence, even with the amount 
of the vote challenged, was made manifest by the 
First Lord of the Admiralty. It is true that 
Mr. McKenna had a difficult réle. He had to reply 
to two sides at the same time. There are on his 
own side of the House many incapable of realising 
the primary importance of an absolutely supreme 
navy, and his task in educating these is not 
lightened by the absence of the consistent nue 
of some of his colleagues in the Cabinet. The 
time was when, in their public pronouncements, 
members of a Government were sup to 
express the views of the whole Cabinet ; failure to 
accept these involved resignation, especially when 
the subject was one of vital importance to the 
Empire. Defence stands pre-eminent in this 
category, yet we find Ministers disseminating 
opinions which are regarded abroad as indicative 
oF the view that we are weakening in our determi- 
nation to maintain at all cost our naval strength 
relative to other Powers. This can only be pro- 
nounced a mischievous proceeding, especially as 
the citizens of foreign countries cannot always 
gauge rightly that strong under-current of convic- 
tion that our Fleet is our all, and in that Fleet our 
fate. The vote in Parliament last week should be 
accepted as demonstrating that this conviction is 
above party, since the Government were saved 
from defeat by the support of the official Oppo- 
sition. 

In seeking to educate the selfish politicians who 
try to win support ty concessions to the voter at 
the polling booth, Mr. McKenna endeavoured to 
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minimise, as far as possible; the position of our com- 
petitors in the race for naval superiority. And yet 
his speech created the impression that a strong will 
at the Admiralty is imperative if we are to continue 
safe. Such a policy is not antagonistic to any one 
Power. As the Prime Minister very fittingly put 
it, Germany honestly and legitimately believes that 
she cannot maintain her position as a great world 
Power, with the numerous and constantly increas- 
ing interests she is bound to defend in every 
quarter of the globe, unless she increases her 
navy. ‘‘It is not with us to question whether the 
manner in which they express and carry out their 
belief is politic and wise.” We on our part have 
a greater need than any Continental nation for an 
all-powerful navy, because of our insular position and 
dependence on over-sea supplies. We may regret 
the necessity for heavy votes for naval armaments ; 
but the necessity cannot be doubted. If it were 
France, or Russia, or any other European Power 
which was rivalling us on the sea, the state of the 
case would be the same. ‘‘ When,” as Mr. Balfour 
said, ‘‘the most highly organised and efticient 
Power in the management of such concerns that 
the world has ever seen” enters upon such a deve- 
lopment of naval power as has Germany, our course 
is clear. ‘* We,” as Mr. McKenna said, ‘‘ are not 
to seek for equality or for bare superiority, but for 
safe superiority.” 

It is, however, open to doubt whether the 
Admiralty have taken measures to attain ‘‘ safe 
superiority.” According to Mr. McKenna, we have 
ten Dreadnoughts ready, Germany has five ; we have 
(or shall have at the end of August) six launched and 
in process of completion, Germany has five ; we 
have four still on the slips, Germany has three. 
We have ordered none more, Germany has ordered 
four under this year’s programme. Taking the 
Jovernment figures again, we shall have at the 
end of 1911 sixteen such ships to Germany’s eleven, 
while at the end of 1912 we shall have twenty to 
Germany’s seventeen. It must not be forgotten that 
two such ships have been laid down in Austria, 
which will, it is understood, be taken by the 
Austro-Hungarian Government ; but it is a fact, 
which is at least sinister, that a Berlin bank is 
finding the money in order that these vessels may 
be proceeded with, although the Austro-Hungarian 
Parliament has not yet decided to order them. Two 
others are to be built. Italy also has made good 
progress with two, and will shortly lay down two 
more of these modern battleships. The Triple 
Alliance by the end of 1912 may on have twenty- 
one against our twenty ships, excluding the pros- 

ective pair of ships about to be laid down by 
»oth Austria and Italy. Is this ensuring a ‘“‘ safe 
superiority ” ? 

No account has been taken in this computation 
of the five battleships included in this year’s pro- 
gramme, because, according to the First Lord of 
the Admiralty, they are not to be laid down until 
between January and March next. Germany, it 
should be noted, will automatically begin the work 
for the building of four more in April next, as they 
are already authorised by their Navy Act. Again, it 
may be asked, is this procedure by our Admiralty 
designed to ensure ‘‘safe superiority?” Mr. 
McKenna said that he must lay these ships down 
early in the year, because they would be required 
early in 1913, and ‘‘unless you lay them down in 
sufficient time, you cannot catch up.” This was 
said, doubtless, for the solace of the objectors on 
his own side; but it unfortunately expressed a 
profound truth, which wise statesmanship should 
accept as sound reason for beginning the five ships 
at once, so that the Admiralty may catch up the 
German procedure. We know the design of the 
German ships ; our naval constructors should have 
the designs of these five ships ready now, especially 
if they are, as we believe they are, capable of 
anticipating foreign developments. The two slips 
required at Portsmouth and Devonport dockyards 
will be vacated within four weeks; our naval =. 
building companies were never more favourably 
situated for undertaking the building of the other 
three ships; seldom has the labour market more 
urgently required the support which the ordering 
of these ships would give, and the nation has need 
of all the elements conducive to confidence in our 
future supremacy. There is thus every conceivable 
argument, from the economic standpoint, for 
beginning the building of these five ships at once, 
apart from the incalculable gain that such action 
would give proof to our Continental friends that, 
however regrettable the necessity, we are firm in 


our determination to maintain our position relative 
to any Power ; for, as the First Lord put it very 
cogently, ‘‘ the risk of our not winning invites 
war.” Even if we are victorious, war means untold 
misery to the masses of our country ; if we lose the 
command of the sea, social reforms will be swept 
away. 








BOURNEMOUTH AVIATION MEETING. 


In our previous issue we reported the events of 
the first three days of the Bournemouth aviation 
meeting. The last three days of the meeting did 
not produce any very startling flights, but’ some 
were accomplished which were worthy of note. .The 
most interesting of these were necessarily the 
attempts for the sea flight round the Needles and 
back, a total distance of 21 miles, of which some 
18 miles are over the sea. Flights round a circular 
course can never demonstrate the powers of an 
aeroplane as fully as does a flight from point to 
point. Morane and Drexel, both in Blériot mono- 
planes, started for the Needles on the Friday after- 
noon within a few minutes of each other, Morane 
leading. Both accomplished the flight success- 
fully, Morane taking 25 minutes 12? seconds, equal 
to about 50 miles per hour, and Drexel 35 minutes 
38 seconds, equal to 35} miles per hour. Both 
were blown more or less out of their course by the 
side wind, especially Drexel, and both complained 
of difficulty in finding their way back, owing to 
the sun being in their eyes and producing a glare 
on the sea. On Saturday two further attempts 
were made, the machines in this case both being 
Farman biplanes, piloted by ‘‘ Jones” and Grahame 
White respectively. ‘‘ Jones” started early in the 
day, when the weather was far from favourable, 
and encountered wind, rain, and fog, but he suc- 
ceeded in reaching the Isle of Wight, where, how- 
ever, he landed without attempting the return 
journey. Grahame White started later in the day, 
and succeeded in completing the double journey, 
the time, however, being 45 minutes 47 seconds, 
and the speed therefore only about 28 miles per 
hour. 

It is interesting to note that both Morane and 
Drexel flew at a great height. Morane’s barometer 
registered a height of over 4000 ft. Drexel had no 
barometer, but estimated his height at over 2000 ft. 
Morane stopped his engine some two miles from the 
sheds and ‘‘ planed”’ down ; he appeared suddenly 
to those waiting in the grounds, flying down out 
of the sky without any noise. Some interesting 
exhibition flights were made in the new passenger- 
carrying Blériot machine, which flew well and steadily 
with two passengers, even in a fairly strong breeze. 
This machine has a backbone and wings much of the 
ordinary Blériot type, but the tail part is entirely 
made of flat surfaces, and not curved over as in the 
ordinary Blériot. The fixed part is very large, and 
the movable part small, the construction being 
very similar to that of the ‘‘ Antoinette” machine, 
except that the backbone is much shorter. 

The starting competition concluded on Thursday, 
and showed what a great improvement has been 
effected in starting powers, none of the eight com- 
petitors taking over 52 yards to lift. The results of 
the week’s flying are given in the next column. 

From a technical point of view, perhaps the 
most interesting feature of the meeting is the fact 
that all the best performances have been done with 
aeroplanes fitted with the ‘‘ Gnome” rotary engine. 
In fact, it seemed as if no machine which was not 
fitted with this engine had any chance of success. 
Other engines of various makes were fitted, in 
some cases of types which had run with consider- 
able success last year; but all appeared to give 
trouble, and not to be able to furnish the desired 
power for any long time at a stretch. In some 
cases the trouble was hot bearings, especially big 
ends. In others the engine appeared simply not to 
be able to maintain its power, and, after flying a 
short distance, it could not sustain the machine in 
the air. A few good performances were made with 
other engines, notably the speed flights of ;Wagner 
and the high flight of Grace; but it appeated as if 
even these would have been much improved had the 
machines been fitted with ‘‘Gnome” engines. The 
performances of the English engines were dis- 
appointing. True, Barnes made several short 
flights, but the machine usually failed to get round 
the course, and one can only admire the pluck of 
the aviator in continuing to fly in it, especially 
after having a bad fall from an_ unintentional 








landing on rough ground. 


Sea Flight Prize. 





Prize. Competitor. Aeroplane. Time. Speed. 
£ m 8 m.p.h. 
800 L. Morane .. . Blériot M. 25 127 50 


. Biériot M. 35 28 35.5 
--| Farman B. 45 47 27.44 


400 J. A. Drexel.. 
100 C. G. White .. 


_ M-= Monoplane. B = Biplane. 
Greatest Altitude Competition. 


= P Engine F Time to 
Prize. Competitor.) Aeroplane. | icon Homer Height. reach 
| : : 1000 ft. 


| ft. m 5s. 
50 Gnome 4107 ; 

50 Gnome 2490 6 12! 
50 Gnome 1660 6 364 
50 Gnome 1340 





£ 
1000 L. Morane..| Blériot M. 
400 A. Drexel ..| Blériot M. 
100 G. White ..| Farman B. 
50 B. Dickson | Farman B. | 


Grace. ..| ShortB. | 65E.N.V. 1161 15 47! 
Rolls ..| Wright B. 30 Wright 900 a 
L. Wagner..| Hanriot M. 40 Clerget 694 


According to unofficial timing, Morane took under 17 minutes 
to reach 4107 ft., and therefore rose more rapidly than either of 
the machines whose times were officially recorded. 


The Speed Prize. 


. . , : Engine Sey ae 
Prize. Competitor.| Machine. | Srosee-Power. Time.* Speed. 











£ | } m. 8s. | m.p.h. 
1000 |L. Morane..| Blériot M. 50 Gnome 9 34% 55.9 
400 | Audemars ..| Bayard M.| 35 Clément | 11 30 46.45 
100 'L. Wagner | Hanriot M.| 40 OClerget | 12 12} 43.87 

50 |J. A. Drexel; Blériot M. | 50 Gnome 13 12} 40.52 

|Christiaens | FarmanB. | 50 Gnome 13 324 39.54 
'C. Grace ..| Short B. | 65 E.N.V. 14 19! 37.38 
C. 8. Rolls..| Wright B.| 3) Wright 14 397 | 36.51 
C.G. White Farman B.| 50 Gnome 14 481 | 36.12 











L. Gibbs ..| Farman B.| 50 Gnome 15 21! 34.87 
Jones” ..| Farman B.| 50 Gnome 16 17! 32.87 
* For 5 laps = 8,92 miles. 
| ‘ 

Competitor. | Aeroplane. .. | Time.” | Speed. 

| : 
lm. s. | m.p.h. 
L. Morane. . -| Blériot M. | 50 Gnome | 1 53% | 56.64 
Audemars .. | Bayard M. | 35 Clément | 2 163 46.95 
L. Wagner .| Hanriot M. | 40Clerget | 2 223 | 45.04 
J. A. Drexel . | Blériot M. 50Gnome | 2 334 | 41.76 
Radley ..  ..| Blériot M. | 353. A.P. | 2381] 40.06 
Christiaens -| Farman B. 50Gnome | 2 38! | 40.06 
C. Grace .. .| Short B. 65E.N. V. | 2 46$ | 38.51 
C. 8. Rolls .| Wright B. | 80 Wright | 2 49% | 37.82 
C. G. White ..| Farman B. | 50Gnome | 2 534 | 3695 
L. Gibbs .. -.| Farman B, 50Gnome | 3 2?) 35.21 
Colemore .. -.-| Short B. | 50 Green |} 3 31] 35.06 
“Jones” .. Farman B. | 50 Gnome 313? | 33.21 


* For 1 lap = 1.68 miles. 
Slowest Circuit Prize. 

















‘ Engine : , 
Competitor. Aeroplane. an, Time. Speed. 
m 8s. m.p.h. 
C. 8. Rolls ... Wright B. 30 Wright 4 13 25.33 
Cc. G. White ..| Farman B. 50Gnome 3 48{ 28.07 
B. Dickson | Farman B. 50 Gnome 3 20% 30.61 
Longest Flight Prize. 
Engine —_ . 
Prize. Com- Machine.| Horse. lying| Dis- wing, 
petitor. Power Time. | tance. 
2. hm. s. m yd. mph. 
300 |G. White .. FarmanB. 50 Gnome 2 34 56190 17403 to 0 
150 |Christiaens Farman B.| 50 Gnome 2 20 52}83 15005 ,, 8 
60 | Audemars .. Bayard M.| 35 Clément 0 27 171/17 1480 
40 |B. Dickson FarmanB. 50 Gnome 0 21 52312 800 
Radley .. Blériot M. 35 J.A.P. 0 256 1 1380 





While the success of the rotary engine at the 
meeting was evident, it is doubtful whether it was 
entirely due to the principle, and whether the type 
will be permanent. Apart from the rotary prin- 
ciple, the outstanding feature which distinguishes 
this engine from others is the fact that it has very 
large cylinders for the power developed, and there- 
fore the engine is not run at all hard, the revolu- 
tions and compression both being moderate. The 
moderate speed of revolution makes the propeller 
much more efficient than if it were driven fast. 
Higher-speed engines have to give more power to 
gain the same thrust at the propeller. An exception 
to this is, of course, found in the Wright machine, 
in which the propellers are geared down; and it is 
noticeable that the Wright aeroplane flew with much 
the least engine trouble of those not fitted with rotary 
engines. The Wright engine is of the ordinary ver- 
tical four-cylinder type, and does not appear likely 
to give a very great power for its size, the inlet and 
exhaust pipe, &c., not being very large. It appears 
probable, therefore, that the non-rotary type of 








engine would do better if the makers did not 
attempt to get the power from such very small 
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cylinders, but tried to reduce the weight of the 
engine in proportion to its cylinder capacity. There 
are several objections to the rotary engine. The 
inlet valves in the pistons are not accessible, and 
the lubrication problem does not seem completely 
solved. The engines are now run with fine castor- 
oil for lubricant, a great part of which comes through 
the exhaust-valves. The amount of lubricating 
oil consumed is enormous, and is said to be about 
two gallons an hour. In fact, the tank for lubri- 
cating oil is nearly as big as the petrol-tank. As 
castor-oil is not cheap, this is quite a perceptible 
addition to the running expense. 

With regard to the aeroplanes themselves, there 
is apparently no great improvement in the biplanes, 
which are not much different from those of last 
year. The Farman machine, which was used by 
‘*Jones,” is of a new type, in which the bottom 
wings are much shorter than the top; in fact, it 
approaches more to the monoplane in its construc- 
tion. It appeared to fly atleast as well and steadily 
as those with both the wings the full length. 

The monoplanes, on the other hand, appear to be 
distinctly improved, though there is no startlingly 
new feature. The Blériots are larger and more 
substantial, and have more powerful engines than 
those which flew at Doncaster. The ‘‘ Hanriot” 
appears to be a very well-designed machine, and 
has a very large fixed tail, like the ‘‘ Antoinette,” 
and a backbone made exactly like the hull of a 
sculling boat ; this should be very light and strong, 
and have little air resistance. The machine flew 
well and steadily, but the engine did not appear 
to run as well as the ‘‘Gnome” rotary. 

The most striking machine in flight was un- 
doubtedly Morane’s Blériot, both its speed and the 
rapidity with which it mounted in the air being far 
greater than those of the other machines. 

It is somewhat curious that the meeting has 
done little to settle the question of the mono- 
plane versus the biplane, or to indicate which type 
will survive in the future. Both appear to have 
very good qualities, and it is possible that both 
will be used for different purposes. A very strange 
feature of the meeting is that although almost all 
the bad falls were on biplanes, the opinion of the 
large majority of those best able to judge appeared 
to be that they were safer than the monoplanes to fly 
on. If this be the case, it means that the pilots on 
the monoplanes were either on the average better 
men than those on the biplanes, or had better luck. 
Possibly this is the case, and the flights of ‘‘ Jones,” 
who is really Mr. Robert Loraine, the actor, seem 
to show that control of the biplane is very easily 
learnt—at all events, by some people. Although this 
airman only started to learn flying a few weeks ago, 
he made an excellent attempt in the speed contest on 
Saturday morning in a strong breeze. In fact his 
flight was made when the wind appeared to be as 
strong and puffy as during any flight in the week, 
yet the machine was kept remarkably steady, 
though, of course, good speed could not possibly be 
made. His subsequent flight in still worse weather 
to the Isle of Wight was even more remarkable. 

It is quite possible therefore that the monoplane 
may be the high-speed machine of the future, while 
the biplane will be used for work when speed is of 
less importance. The time taken by Grahame White 
to go to the Needles and back shows, however, that 
the present speed must be increased if the machine 
is not to be quite dependent on calm weather. 

It was unfortunate that the weight-carrying com- 
petition was not taken more seriously, and that 
competitors did not find out more accurately 
beforehand what their machines would do, for the 
results of the trials of several machines would have 
furnished interesting information. As it was, the 
only machine which completed the course before 
the competition was officially closed was Dickson’s 
Farman, which carried a total of 407 lb., including 
the airman, or close on 30 stone. Grahame White and 
Christiaens also started, but the former obviously 
overloaded his machine, which only went a short 
distance before settling on the ground, and the 
latter had to descend when two-thirds round the 
course, and had a fall owing to the ground being 
rough, considerably damaging the machine. In 
a later competition for second and third prizes 
Grahame White carried 425 lb. and Morane 412 lb. 

The fact that several of the pilots had bad falls 
when landing shows that there is still room for 
considerable improvement in the running chassis. 
I'he biplanes of Christiaens and Rawlinson both 
had their chassis broken up and the machine itself 
damaged. Both airmen had falls, Rawlinson being 





very seriously hurt. Boyle, Barnes, and Audemars 
also had falls through the wheels sticking in the soft 
ground. In fact, with’ the exception of the acci- 
dent to Rolls, all the falls were due to the chassis 
not being fit to run over rough ground, and this 
must be remedied either by better skid arrange- 
ments or larger wheels. 

There can be no doubt that, although part of the 
progress of the last year is due to detail improve- 
ments in the machines, the greater part is from the 
fact that the men have more experience, and, what 
is very important, more confidence. As we men- 
tioned in the review of the results of the Black- 
pool meeting last September, the aeroplane suffers 
from there being no trained body of airmen to 
run it, and from want of knowledge of what it 
cando. We suggested then that there would be 
great progress in flight, especially in bad weather, 
when men got more confidence in themselves and 
their machines, and when they were prepared to 
go up to such heights that the eddies from the 
ground were left below. The proceedings at the 
Bournemouth meeting thoroughly justitied this 
forecast. It is probable that there will be an enor- 
mous amount of progress in the same direction 
in the near future, for each pioneer who performs a 
feat makes it far easier for those who follow him. 
It seems probable also that in the future flying will 
all be done at a good height, and that the aviator 
will dread being near the ground as much as the 
sailor dreads being too close to the shore. 

It may be noted that the weather for the whole 
week, with the exception of that of the Saturday, 
which was rather windy, wasas perfect as any week’s 
weather in England is ever likely to be. The fact 
that the amount of wind which there was occa- 
sionally stopped flying shows that in spite of the 
enormous amount of progress there has been, there 
must be a great deal more before aeroplanes are 
usable in average English weather. 








BRITISH ALKALI WORKS IN 1909. 

Tue forty-sixth report on alkali works has been 
presented to the Local Government Board and to 
the Secretary for Scotland by Mr. R. Forbes 
Carpenter, the Chief Inspector for the United 
Kindom. The number of works registered in Eng- 
land, Wales, and Ireland under the Alkali, &c., 
Works Regulation Act at the end of 1909 was 1263 
(1261 in 1908); the 169 works registered in Scotland 
bring the number up to 1432. Of the English, 
Welsh, and Irish works, 71 only were works de- 
composing salt with evolution of muriatic acid, and 
so scheduled as alkali works, while 1192 works 
carried on processes subject to registration under 
the Act of, 1906. The primary duty of the in- 
spectors is to watch that the operations are con- 
ducted without creating nuisances, and a large por- 
tion of the report hence deals with acidity tests of 
the smoke and fumes given off by the works; 
the law restricts the amount of sulphuric acid, 
chlorine, sulphuretted hydrogen, &c., that may 
be allowed to escape. The report does not 
confine itself, however, to a statement of the 
observations made, but discusses the means by which 
difficult conditions have been met, sets forth ex- 
perience gained with new processes and devices, 
and gives also interesting statistical information 
on production, though this information is not 
always official. Original researches are also con- 
ducted by the inspectors, and the continued studies 
in coal carbonising, dealing in particular with the 
interaction of methane and ammonia in the presence 
of carbon and the formation of hydrocyanic acid, 
will attract the attention of chemists and chemical 
engineers. 

n order to administer the regulations of the Act, 
the United Kingdom—including Ireland, but ex- 
cluding Scotland—is divided into ten districts, 
numbered one to seven, with sub-divisions ; Scotland 
forms a separate district. The inspectors are :— 
Messrs. E. G. Ballard, E. Morley Fletcher, Herbert 
Porter, Edward Jackson, A. C. Fryer, F. Napier 
Sutton, and W.S. Curphey ; the sub-inspectors are: 
—Messrs. J. W. Young, R. D. Littlefield, and T. 
Lewis Bailey. Mr. Forbes Carpenter also acknow- 
ledges the assistance of Mr. Linder in drawing up 
the report and a special memorandum on the 
analysis of ammoniacal liquors. The processes of 
manufacture carried on in the 1263 works, excluding 
Scotland, add up to a total of 1857, an increase of 
18 over the year 1908 ; and this increase concerns 
particularly works manufacturing sulphate and 
muriate of soda. The inspectors paid 5600 visits 








to the works and made 6252 tests. The average 
acidity figures have altered little of late years, but 
the acidity of gases of all chimneys, expressed in 
grains of SO, per cubic foot, has increased during 
the last three years, the figures being 1.044, 1.087, 
and 1.602; the large increase in the last years is 
ascribed to the fact that Dr. Bailey has had more 
time for testing the chimney-gases of the smelting 
works in his district—South Wales and Monmouth- 
shire. Proceedings against owners of works for 
infraction of any of the penal clauses have not 
been taken, but serious warnings had to be given 
in several cases, and proceedings were withheld 
only on the owners’ undertaking to remedy the 
structural defects which led to the escape of noxious 
and offensive gases. The inspectors are evidently 
anxious to help the manufacturers over difticulties, 
but have sometimes had to resort to grave censure. 

As regards wet copper works, 414,680 tons of 
burnt cupreous pyrites were treated in 1908 (later 
complete statistics not yet available) at the metal- 
extraction works, yielding 14,928 tons of copper, 
1904 oz. of gold, 331,745 oz. of silver, against 
419,603 tons of burnt ore in 1907. The recovery of 
sulphur from alkali waste has experimentally been 
effected by means of bauxite instead of iron oxide ; 
the superiority of the bauxite cannot yet be regarded 
as fully established, however. Only a few works 
of this and other classes burn their sulphuretted 
hydrogen. In sulphuric acid works, Petersen, of 
Berlin, places a ‘‘ regulator” tower between the last 
chamber of the series and the first Gay-Lussac 
tower in order to reduce the temperature of the 
gases and to arrest excesses of sulphurous acid, 
Two of these regulators have been at work in 
England, and detailed information about the success 
obtained with one of these is given by Mr. Sutton ; 
the regulator worked satisfactorily during periods 
of disorganisation of the works. Works making 
sulphuric acid by a catalytic process still experi- 
ence trouble in keeping the acid escape down ; the 
law does not insist upon any statutory limit of 
escape, such as that enforced in the case of lead 
chambers. The substitution of ‘‘fused silica” vessels 
of British make for porcelain vessels, basins, 
trays, pipes, &c., is giving complete satisfaction. 
Of the sixty-six tin-plate flux works, sixty-two 
are in South Wales and Monmouth ; a memorial 
was issued by the chief inspector in June, 1909, 
concerning the calcination von residue or flux, 
and the escape of hydrochloric acid and of metallic 
contents—the latter involving distinct loss to the 
manufacturer—and promising processes are now 
under trial. 

The total amount of white salt (from brine) 
used in 1908 for making soda by the ammonia- 
soda process was 1,621,459 tons (1,738,039 tons in 
1907), the chief decrease being in Cheshire and 
Worcestershire ; information on electrolytic alkali 
works is not offered. There were also decreases in 
the a of chemical manure works, in guano, 
mineral phosphates, and nitrate of sodium, the 
figures for 1909 being in round numbers 20,300, 
452,000, and 90,000 tons, against 34,400, 530,000 
and 146,000 tons in 1908; but the exports of 
ammonia sulphate had risen from 235,000 tons in 
1908 to 264,000 tons in 1909, the home consumption 
being 83,000 tons in 1908 and 87,000 tons in 1909. 
As regards sulphate and muriate of ammonia and 
et works the report directs attention to the 

/alther Feld process for the elimination (by means 
of zinc thiosulphate) of sulphuretted hydrogen from 
crude coal gas, and the recovery of the sulphur ; 
Feld at the same time extracts the ammonia. The 
recovery and production of ammonia (expressed in 
tons in terms of sulphate) in the United Kingdom 
amounted, in 1909 and 1908, to :— 


1909. 1908, 
Gas works 164,276 165,218 
Iron works 20,228 18,131 
Shale works 57,048 58,628 
Coke-oven works 82,886 64,227 
Producer-gasand carbonis 
ing works(boneand coal) 24,705 27,024 
Total 349,143 325,228 


There is thus a marked increase in the produce 
of the coke-ovens, but not in that of the gas 
works ; and it should be noted in this connec- 
tion that the operations for the recovery of 
ammonia from peat in Ireland remained in the 
experimental stage. It had been suggested that 
the liberation of ammonia could better be effected 
by the soluble caustic soda than by the milk of 
lime, which gives deposits that have to settle and to 
be removed. The figures which Mr, Sutton is 
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enabled to publish show, however, that the cost 
of the soda treatment, as applied in several works, 
seems to be prohibitive ; and they bring out another 
interesting point-—namely, that chalk-lime proves 
more expensive in the ammonia liberation than 
lime from Buxton limestone. The presence of sulpho- 
cyanides and of phenoloid bodies in the effluents 
from coke-oven recovery plants still caused difficul- 
ties. Percy Frankland, H. Silvester, and Gilbert 
Fowler tried bacterial treatments of the spent 
ammoniacal liquors a few years ago; at present it 
pene possible to obviate the need of discharging 
the various effluents altogether. 

The output of white arsenic and arsenical soot 
(30 works) and of arsenious acid by the wet process 
(15 works) increased from 1919 tons in 1908 to 
2565 tons in 1909, although the number of works 
remained unchanged ; the circumstances are con- 
sidered exceptional. In tar works successful efforts 
are being made to dehydrate the tar by heat in 
order to remove water and naphtha prior to distil- 
lation. 

We have already mentioned the continued studies 
made by Mr. Forbes Carpenter on coal carbonising. 
As it had been noticed that porcelain oxidised hydro- 
carbons, ammonia, hydrucyanic acid, &c., above 
800 deg. Cent., porcelain was excluded, and char- 
coal and graphitic carbon were alone allowed to be 
present. The reactions between methane, am- 
monia, hydrocyanic acid and hot carbon are very 
complex, and it is emphasised that laboratory con- 
ditions are not those of gas-works practice. The 
working of a vertical retort of the continuous 
type probably approaches that of a laboratory tube ; 
but the temperature distribution, contact between 
materials, flow of gases, rate of carbonisation at 
different levels, and other features differ so much 
that nothing definite can be said as to the connec- 
tion between temperatures of carbonisation and 
the relation of hydrocyanic acid in the crude gas. 

Mr. Curphey’s report for Scotland contains the 
following statistics :— 


Quantitics of Raw Materials and Products. 


1909. 1908. 
tons tons 
Pyrites burned . 116,395 114,110 
Bones and phosphates dis- 
solved ... . 58,464 57,793 
Ammonia sulphate from 
gas liquor works . 19,974 
Ammonia sulphate from 
iron works a .. 18,786 
Ammonia sulphate from 
shale works a ... 57,048 
Ammonia sulphate from 
coke, producer-gas, and 
carbonising works .. 16,945 
Tota] ammonia _... .- 112,753 105,470 
Pitch... ear 155,700 


The amount of shale mined in the United King- 
dom has always exceeded two million tons since 
1900, and has gradually risen to 2,967,057 tons 
in 1909. Still more marked is the increase in the 
yield of pounds of ammonia sulphate per ton of 
shale ; it was 36.6 lb. in 1900, and 43.1 Ib. in 1909. 








BRITISH SCIENTIFIC INSTRUMENTS 
AT THE BRUSSELS EXHIBITION. 

Tuer Brussels Exhibition is, we have already 
explained, the first International Exhibition in 
which the organisation of the British Section has 
been directed by the Exhibitions Branch of the 
Board of Trade, and among the many sections they 
have brought together is one dealing with philoso- 
phical instruments. The organisation of this exhibit 
was left to a sub-committee, the Liberal Arts Com- 
mittee, and the editing of the catalogue has been 
undertaken by the National Physical Laboratory, 
under the supervision of Mr. E. H. Rayner, M.A. 
That the catalogue is excellent and of lasting value 
need hardly be said in view of this fact ; the litera- 
ture references to detailed descriptions are a note- 
worthy feature. The catalogue does not comprise 
the chemical products, nor photography and the 
ceramic works of art, which are in adjacent groups. 
In these departments remarkably fine products 
are displayed to advantage, and British porcelain 
and earthenware are not less beautiful and strik- 
ing than the salts, drugs, metals, and other articles 
of chemical manufacture. British chemistry is 
not strongly represented in numbers of exhibits ; 
French chemical firms are more numerous, the 
German altogether absent. 

The Anglo-French Exhibition, held at Shepherd’s 
Bush in 1908, was the first to gather together a 
science collection. It was easier, of course, to 


arrange for an historically and scientifically instruc- 
tive collection of apparatus and instruments of all 
kinds within the entickée of greater London 
than in a foreign country across the Channel. At 
Shepherd’s Bush the walls were covered with astro- 
nomical photographs, diagrams, and geographical 
and geological maps, and highly valued original appa- 
ratus, by the aid of which great researches had been 
carried on, shown next to the most modern mstru- 
ments which had grown out of those primitive 
devices. That could‘not be attempted in an inter- 
national exhibition. At Brussels the exhibitors are 
displaying their instruments in glass cases, made by 
Messrs. Siemens Brothers and by Messrs. Arn and 
Sanson, of Northampton, and the number of exhibi- 
tors is not large. The square or octagonal cases are 
built in glass and mahogany. Messrs. Siemens have 
fitted the cases, covering a floor space of 64 square 
feet, with a 24-in. ventilating pipe, both top and 
bottom ; the 10-ft. by 10-ft. cases have two such 
pipes, top and bottom ; one of the walls of the high 
cases swings about its vertical hinges. 

If we begin with one of the most ancient branches 
of science—optics-—we notice in the first instance the 
collection of spectacles, eye-glasses, and spectacle- 





lenses, from ancient Chinese folders, with lenses of 
pebble or rock crystal, and Dutch barnacles, to 
tortoise-shell spectacles of Queen Anne’s time, wig 
spectacles of George II., pantoptic spectacles, bifocal 
spectacles of the Franklin combination of a hundred 
years ago, and to the latest form of fused bifocal 
Kryptok lenses. This collection has been made by 
Messrs. M. W. Dunscombe, of Bristol, who invite 
help to supplement the collection, especially in 
respect of old Continental spectacles. 

Messrs. Adam Hilger, of 75a, Camden-road, 
N.W., take this opportunity of showing that they 
have brought the art of making parallel-plane 
plates to perfection. While formerly the optician 
exercised his skill chiefly in supplying true spherical 
surfaces, modern spectroscopic development has 
called for the perfection of flat surfaces, and our 
readers are aware that Messrs. Hilger are leading 
in this field. Their Michelson échelon diffraction 
grating exhibited consists of fifty-six plates, each 10 
millimetres in thickness ; the resolving power for 
wave-length 5461 is 560,000. The glass of this unique 
échelon was cut from a plate of light flint 12 in. in 
diameter, supplied by Messrs. Schott, of Jena, 
and the venation is such that the thickness does 
not vary by more than 0.05 A (one-millionth of an 
inch). To ensure this parallelism the plate was 
tested during the working by observing the inter- 
ference of light from a mercury > lamp reflected 
normally from the upper and lower surfaces, an 
auto-collimating apparatus being used ; the lens of 
10-in. aperture enabled nearly the whole surface to 
be seen at a glance. With the aid of a system of 
mirrors the surface of the glass could be marked 
out during actual observation. In the final stages, 
however, examination (by the older method of 
Michelson) from point to point was found to give 
greater accuracy, and was supplemented by the 
study of the Fabry-Perot ring system, obtained 
with light transmitted through the partially-silvered 
surface. 

The other great apparatus exhibited, the Hilger 
wave-length spectrometer, with its three acces- 
sories ; the small échelon of twelve plates, each 
4.5 millimetres in thickness, resolving power 45,000 
for wave-length 5461 ; the Lummer-Gehrcke plane- 
parallel plate, 130 millimetres in length, 15 milli- 
metres in width, 4.5 millimetres in thickness, 
resolving power 200,000 (equal to that of a diffraction 
grating of 20,000 lines to the inch, with 10 in. 
of ruling), cut from a crown glass made by Messrs. 
Chance Brothers and Co.; and the Fabry-Perot 
étalon were described in our notice of the Physical 
Society’s exhibits last December.* It is note- 
worthy that Professors Lummer and Gehrcke have 
their plane-parallel plates made in England. 
Another exhibit—the Fabry-Perot interferometer 
—consists of two parallel plates, silvered (as in 
other instruments of Messrs. Hilger) by cathodic 
deposition, because these films absorb less light 
than other reflecting films. The one of the plates 
is mounted on a carriage, which is moved through 
75 millimetres by a screw of 1 millimetre pitch ; 
the divided te attached to the screw has 100 
divisions, and the slides are worked optically flat. 
Two other screws attached to one of the plate- 
mounts effect the final adjustment of the cenaibiions 





by rotating the mount ugh a very small angle 





* See ENGINEERING, vol. lxxxviii., page 862. 





about the vertical or horizontal axis. The quartz 
spectrograph, resembling the one shown at the 
Physical Society in 1908, has lenses of 24-in. focus ; 
the lenses and prisms are made of quartz, and the 
spectrum of about 200 millimetres length ranges 
from wave-length 8000 to 2100; the photographic 
plate on which half-a-dozen spectrum photographs, 
together with an Angstrém scale, are taken, is 
10 in. by 4 in.; the very convenient printing of the 
scale requires less than 10 seconds. 

The exhibits of the Reflector Syndicate, of 
Grosvenor Mansions, Victoria-street, S.W., have 
repeatedly been mentioned in our columns. Per- 
fect form of the mirrors is secured by their being 
deposited on a temporary glass mould. The copper 
parabolic locomotive head-lights for an American 
railroad are a novelty. 

Messrs. W. F. Stanley and Co., of Great Turn- 
stile, Holborn, draw attention to the rigidity of 
the frames of their optical instruments ; so far 
as possible combined parts are made from one 
casting or piece of metal, and the number of parts 
in a theodolite is thus reduced from 226 in 
former models to 102. Their fine collection of 
surveying instruments comprises a large geodetic 
theodolite and the solar attachments for transit 
theodolites, enabling the surveyor to determine 
the true meridian and the correct latitude, and to 
obtain the true time nearly. In the tunnelling 
theodolite the vertical axis is made hollow, so that 
an angle of about 10 deg. may be read directly 
below the vertical, which is useful for plumbing 
and in transferring lines from the surface to a 
point at the bottom of a shaft. Stanley’s Dunbar- 
Scott auxiliary top and side telescope also forms 
a useful attachment to mine-surveying theodo- 
lites. In the new engineer’s dumpy-level, the 
centre «is cast in one piece with and directly upon 
the telescope body and object end. The new 
aneroid barometers have especially been designed 
for accuracy of reading; the end of the aneroid 
hand carries a small silver plate, on which a line 
is engraved, this line being in the same plane as 
the dial divisions. Altitude differences of 1 metre 
are clearly indicated, it is claimed. The eidograph, 
an instrument for making reductions within one- 
third of the original, Fuller’s calculating slide rule, 
and a variety of drawing instruments are also on 
view. 

Messrs. J. H. Steward, of 406, Strand, W.C., 
show astronomical refracting telescopes ; transit 
theodolites ; the Hedley-Steward miner’s dial, with 
double sights; the Blakesley wide-angle pocket 
sextant, fitted with an erecting telescope and two 
index mirrors ; and the Steward pocket telemeter 
for preliminary survey, 107 by 37 millimetres in size. 
Further, the Steward hypometric aneroid, in which 
the barometric scale expands as the pressure de- 
creases, so that the altitude scale, which is divided 
into equal parts, to the left for ‘‘ ascents ” and to the 
right for ‘‘ descents,” can be shifted relatively to 
the barometric scale. Differences up to 2 metres, it 
is said, can be read without the use of a vernier with 
a scale extending up to 3000 metres. The luminous 
magnetic compasses are designed for military pur 

oses. The heliograph will show sunlight flashes 
or a distance of 110 kilometres (68 miles), The 
refractometers for solids (gems in their settings) 
and liquids, designed by Dr. Herbert Smith, of 
the British Museum, are very simple, box-shaped 
instruments used for the identification of sub- 
stances with the aid of the total reflection of sodium 
light. 

Messrs. James Swift and Son, of 81, Tottenham 
Court-road, W., deserve mention for their interest- 
ing group of specialised microscopes of the 
Paragon, Dick, Petros, Jackson-Blount, Stead, 
Stephenson, and other types, and their apochromatic 
objectives, 

We may mention here the very complete series of 
apparatus for oculists of Messrs. W. Gowlland, of 

oorland-road, Croydon, comprising the new Sut- 
cliffe keratometer, which allows of the immediate 
measurement of nineteen different areas of the 
cornea, and ophthalmoscopes. Further, the surgical! 
instruments of Messrs. Down Brothers, of 21 and 
23, St. Thomas-street, S.E., and the unalterable 
clinical thermometers of Mr. J. Pillischer, of 86, 
New Bond-street, W., in which a magnified image 
of the mercury column is seen ; the thermometer 
need not be shaken to be set, but a second flat bulb, 
also containing mercury, is pressed between the 
thumb and finger. The same firm also exhibits 
meteorological instruments, in which field Messrs. 
F. Darton and Co., of 142, St. John-street, Clerken- 
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well, E.C., and Messrs. Negretti and Zambra, of 
Holborn Viaduct, are prominent. Among the novel- 
ties of the latter we notice the Hyetograph, or new 
Halliwell recording rain-gauge, which dispenses 
with an automatic syphon, a float rising as long 
as the rain falls, while the pen descends to zero 
at each successive } in. of rain ; an electric record- 
ing rain-gauge and a Lowne electric recording 
anemometer and wind-vane which are at work in 
the Exhibition ; and deep-sea thermometers of the 
Magnaghi and H. R. Mill types, guaranteed to 
stand a pressure of 450 atmospheres (3 tons per 
square inch). 

Passing to electrical instruments, which are most 
largely represented at the Exhibition, we have first 
to mention the great variety of valuable apparatus 
shown by the Cambridge Scientific Instrument 
Company, of Cambridge. Many of these have been 
described in our columns. The Duddell oscillo- 
graphs are now made in three types. Type one, 
for high-frequency and research work, has the 


' th second, 


shortest free period of vibration of 5.7, 


and is accurate for frequencies up to 300 per second. 
The vibrators, with their attached mirrors, are fixed 
side by side in an oil-bath (brass case) between the 
solid steel poles of a powerful clectro-magnet 
which is excited from 100 or 200-volt circuits. A 
plano-convex lens is mounted in front of the 
mirrors, slightly inclined, so as to avoid reflection 
from its own surface. Type two has a period of 
sa00 Second, is provided with a permanent magnet, 
and is more robust and portable ; it is also easily 
insulated, as it does not require direct-current 
excitation, and is supplied insulated for 50,000 
volts. Type three is for general use and for the 
lecture-hall. The instruments are combined with 
falling plates or cinematograph cameras. The 
special form of Einthoven string galvanometer 
exhibited is also due to Mr. W. Duddell, F.R.S. 
The chord or string is a silvered quartz fibre, 0.002 
millimetre or moreindiameter. Professor Einthoven 
himself designed his galvanometer for physiological 
work; and we mentioned last year, in connection 
with the Royal Society soirée, how Professor 
Waller studies the beats of the heart by these 
means ; great importance is attached to this instru- 
ment for cardiac diagnosis. Another kind of string 
galvanometer made by the Cambridge Scientific 
Instrument Company is that of Dr. T. H. Laby. A 
silvered quartz fibre is stretched midway between 
two vertical plates of invar steel, charged the one 
to + 40, the other to — 40 volts. Any change of 
potential in the fibre, which is originally at zero 
potential, causes a lateral deflection. The Duddell 
thermo-galvanometer, and thermo-ammeter, the 
Dolezalek quadrant electrometer, the thread- 
recorder, the Callendar electric recorder, Whipple 
temperature indicator, the Cambridge extensometer 
and rocking microtome, the Féry radiation pyro- 
meters, and the Hohmann-Maurer industrial ther- 
mometers, have been described by us; in some cases 
the catalogue refers to our columns. 

The moving-coil galvanometers and fool-proof 
galvanometers of Messrs. Gambrell Brothers, of 
Durham House, Clapham Common, 8.W., as well 
as their shunts and keys, have also been noticed on 
other occasions. 

Messrs. Kelvin and James White, of Glasgow, 
have, of course, arranged for special exhibits of 
their Kelvin sounding-machines and electric instru- 
ments. The Admiralty Pattern IV., supplied to 
the British Navy, is especially designed for taking 
flying soundings from the fore-bridge. The line is 
a 7-strand crucible steel galvanised wire, 300 
fathoms in length, and the depth of water, which, 
in the other Kelvin machines, is determined by 
two methods—by the compression either of an 
air-cushion by the sea-water, or of a spring and 
piston— may also be read off on a large hori- 
zontal dial, which marks, for the different speeds 
of the vessel, the depth of the bottom according 
to the length of wire out. Com Ss are repre- 
sented, among others, by Chetwynd and Clark’s 
binnacle compass - bowl and by the liquid com- 
pass. In the latter the bowl is made in two 
parts ; the upper part, closed top and bottom 
by glass plates, contains the card immersed in 
alcohol and water; the lower part is a hemi- 
spherical glass vessel partly filled with castor-oil 


for damping purposes. Between the card and the 
bowl there remains everywhere a cushion of liquid, 
at least 1 in. in thickness. Of the other magnetic 
apparatus we notice the vertical force instrument, 
which compares the vertical forces on board and on 








shore. The Kelvin moving coil (syphon recorder) 
instruments, current balances, feeder logs, astatic 
voltmeters, and multicellular voltmeters are too well 
known as standard instruments to require more 
than mention. The Kelvin high-tension electrostatic 
voltmeter, also exhibited, consists of two parallel 
vertical plates of peculiar shape, between which a 
movable vane is supported on knife-edges ; this 
vane is fitted with a pointer at the one end, and is 
weighted at the other end. 

Other portable electrostatic instruments of the 
Ayrton-Mather and Drysdale types, for measuring 
insulation, and other purposes, are shown by 
Messrs. Nalder Brothers and Thompson, of 34, 
Queen-street, E.C. We also notice their motor-car 
instruments, comprising the Crawley automatic 
accumulator, charging switch, and the N.C.S. 
limiter, which throws resistance into a circuit, and 
causes the lamps to flicker as soon as a consumer 
exceeds the predetermined current limit. These 
limiters are designed in connection with Handcock 
and Dyke’s scheme of charging for electric energy, 
and are in use at Harrogate, for example. 

Messrs. Robert W. Paul, of 33, Leicester-square, 
W.C., are known to excel in portable galvanometers 
of remarkable sensitiveness. The unipivot suspen- 
sion is used for ordinary galvanometers as well as 
for temperature indicators connected with thermo- 
couples, and for measuring instruments in general. 
The spherical iron core between the poles of the 
permanent magnet has a hole down to its centre, 
at which is a jewelled cup, in which the pivot 
rests ; it is fixed on a short vertical axis. The 
moving part is thus supported at its centre of 
gravity ; levelling is of little importance, and fric- 
tion is reduced. The moving coil can be lifted and 
clamped, and the zeroadjusted. The amperemeters 
of this kind are made both vertical and horizontal. 
Of other specialities we notice the Duddell-Mather 
standard wattmeter and auto-capacity gauge re- 
sistance for accurate alternating-current measure- 
ments; Cohen’s interrupter (vibrating wire) for 
producing small alternating currents, suitable for 
determining small inductances ; Irwin’s hot-wire 
oscillograph, and the vibration galvanometer vari- 
able mutual] induction standards and other instru- 
ments due to Mr. A. Campbell, of the National 
Physical Laboratory. 

The Synchronome Company, of 32 and 34, 
Clerkenwell-road, E.C., has supplied an electric 
time service, on their F. Hope-Jones principle, for 
the British Section ; the system has been mentioned 
by us, and was described before the Institution of 
Electrical Engineers last winter. 

Messrs. W. J. Brooks and Co., of Letchworth, 
Herts, exhibit appliances for the use of draughts- 
men, including curves cut in transparent celluloid 
to conic sections. Their patent flexible curves are 
made in several patterns. In the one pattern a 
series of projections, which are held down by hand, 
weights, or draughting-pins, are attached to the 
back of the flexible steel strip ; these projections 
may also be joined by stiff links, or the shape of 
the curve may be maintained with the aid of 
clamped rods. 

Among the models and educational apparatus of 
Messrs. G. Cussons, of 231, Strand, and Man- 
chester, we find sectional models of steam-engines 
and various reversing gears, and models illustrating 
the balancing of engines on the Osborne Reynolds, 
Dalby, and other systems. 

The Morgan Crucible Company, of Battersea, 
S.W., make a good show of their Morganite 
dynamo brushes and other products. The material 
is the purest plumbago, which is not subjected to a 
high temperature, and the brush is made in layers 
in such a way as to ensure high conductivity in the 
direction of the external circuit, but a high resist- 
ance, eight times greater, in the cross-direction. 
Metal tops and flexibles can be embedded durin 
the manufacture, since the material is not ex 
to high heat. The flexible after being wn 
through the filleted hole in the metal top is spread 
out and pressed into intimate contact with the 
metal top through a thin sheet of copper, no solder 
being employed. In the ‘‘link-three” brushes the 
resistance is high on the one side and low on the 
other, in order to facilitate the sparkless commu- 
tation. The firm also makes turbine gland-rings 
of carbon which just bear upon the shaft, and 
lightning-arresters and over- pressure discharge 
apparatus replacing liquid resistances. These consist 
of fireproof insulating material, ee in zigzag 
on the surface ; the grooves are filled with a specia 
grade of carbon powder, and the Scania are 





ome blocks with copper flexibles embedded in 
them. 

We have referred to all the firms represented in 
the section for mathematical and scientific instru- 
ments. The absence both of striking novelties and 
of several noteworthy firms will not escape the 
reader. Neither of these facts is surprising. We 
have made it a rule to notice scientific novelties 
shown at the learned institutions, especially in 
connection with the soirées of the Royal Society and 
the annual exhibition arranged by the Physical 
Society. That may account for the one observa- 
tion. The other fact is sufticiently explained by 
the great numbers of exhibitions, national and 
international. We mentioned that Messrs. Siemens 
Brothers have supplied show-cases for the Board 
of Trade. The firm is not represented in any other 
way any more than many other renowned manufac- 
turers. The great electrical manufacturers have on 
the whole shown little inclination to participate in 
the Brussels Exhibition. 

We add to this article some notes on the Indus- 
trial Exhibit of the Home Oftice, which adjoins the 
Scientific Section. It consists of three sections, 
which were arranged by the Chief Inspectors of the 
sections : Factories (Dr. B. A. Whitelegge) ; Mines 
(Mr. R. A. 8. Redmayne); Explosives (Major A. 
me oe, the general arrangements being in 
the hands of Mr. Malcolm Delevingne. The primary 
object has been to illustrate the recent action taken 
by the Home Office for the prevention of industrial 
accidents and diseases. The Factories Section con- 
tains for this purpose the model of a dock illus- 
trating the safety requirements prescribed for the 
processes of loading, unloading, and coaling ; photo- 
graphs showing the safeguarding of machinery used 
in the cotton industry; models of mechanical 
arrangements for the protection of the workers 
against dust and fumes; for preventing racing of 
grindstones (Mr. W. Sydney Smith); apparatus 
for the quantitative determination of dust (Mr. 
A. Vernon-Harcourt and Mr. G. E. Duckering), and 
humidity (Sir Henry Cunynghame) in workrooms, 
for the determination of lead in glaze, &c.; copies 
of the warning notices aftixed in factories are also 
on view. The names in brackets indicate the 
originators of the apparatus. The Mine Section 
exhibits diagrams illustrating the recommenda- 
tions of the Royal Commission on Mines (1906 to 
1910) as to fall of roof, underground haulage, 
and shaft accidents ; models and photographs con- 
cerning the investigations of the British Coal-Dust 
Committee, as to which we should refer our readers 
to Mr. Garforth’s paper, read at the Diisseldorf 
Congress* ; models of rescue stations, breathing 
apparatus (‘‘ Weg,” due to Mr. Garforth ; ‘‘ Aero- 
lith,” due to Messrs. Simonis; ‘‘ Salvator,” of 
Messrs, Siebe Gorman) ; apparatus for determining 
fire-damp (Dr. Haldane), and for detecting it (Pro- 
fessor Cadman and Sir H. Cunynghame), illustrated 
on another page of this issue. The Explosives 
Section shows a model of a nitro-glycerine factory 
(by the British Explosives Syndicate, of Pitsea, 
Essex), and of the London County Council inter- 
cepting chambers for preventing the discharge into 
sewers of oil and spirit from garages and dry- 
cleaning works. It is a pity that such official 
exhibits of appliances and rules tending to make 
industries less unsafe and unhealthy rarely receive 
the attention they deserve. 








WEST RIDING RIVERS; 1904-1910. 
No. IT. 
Tue County Boroueus, 


Berore entering into the interesting subject of 
the law with reference to trade effluents, the general 
progress of — treatment, domestic and com- 

ined, under the Rivers Board, may be dealt with, 
in order that the whole position may be placed 
clearly before our readers in a summary form. 

First come the county boroughs, which, of course, 
lie under the control of the West Riding Rivers 
Board with respect to rivers pollution. ese are 
Leeds, Bradford, Sheffield, Hudderstield, Halifax, 
and Rotherham. 

Leeds.—In our last review, + Leeds, which, with its 
428,953 inhabitants at the last census, proclaimed 
its prodigious advance in material prosperity, had 
already made much progress in the theory’ of 
sewage treatment, but none in practice—no un- 
common thing. Between 1897 and 1901, 13,0001. 


* See ENGINEERING, vol. lxxxix., page 43 ante. 





+ Ibid., February 15 and after, 1905. 
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had been laid out in experiments under Colonel 
Harding and Mr. Thomas Hewson, M. Inst. C.E., 
then borough engineer. These experiments formed 
a valuable contribution to the science of the bac- 
terial treatment of sewage, but went no further 
in that direction for — years, seeing that in the 
year last mentioned application was made to Par- 
liament for a great land scheme at Gateforth, on 
the Aire, 13 miles below Leeds. Power was 
sought to acquire 2700 acres of alluvial flat land, 
over 2000 acres of which were to be utilised for a 
scheme of precipitation and sludge treatment, pre- 
yaratory to land filtration and broad irrigation. 
No doubt this vision of a free outlet into tidal 
water, as a dernier ressort, had not been absent 
from the counsels of the Corporation. Upto normal 
river level the scheme was to be on the gravitation 
principle, with pumping to be resorted to when the 
river rose 4 ft. or 5ft. The estimated cost was put 
down at 700,0001., as compared with at least 
1,500,0001. for a scheme of bacterial treatment in 
artificial filters. Estimates are influenced by views 
and prepossessions. The scheme had not been 
adequately worked out, and no allowance had been 
made for the difficulties raised by the working 
of thick and valuable coal-seams for 7 or 8 miles 
along the line of works, claimed to be 50 ft. in 
aggregate thickness ; and the indispensable pur- 
chase of a continuous pillar of coal throughout to 
support a huge sewer. This, with the question 
of land amenities, and other important omissions, 
might well have added 50 or 60 per cent. to the 
700,0001. The strong and combined opposition of 
landowners, colliery owners, and railway companies, 
was such as to lead the Committee to reject the 
Bill, after a thorough inquiry, from which the pro- 
moters learnt much. 

For two years no progress was made in the 
question, despite the requirements, and even the 
mild and courteous threats of the Rivers Board. 
The city had increased rapidly up to 1904, when a 
depression fell upon it, from which it has not yet 
entirely freed itself, and in 1906, at the great 
Bradford Esholt Arbitration case, it was given in 
evidence that there were no less than 7000 empty 
houses in the city of Leeds. As prosperity had 
not hastened the solution of the sewage problem, 
neither did adversity. 

In 1903, after two years of reflection, punctuated 
by the patient inquiries of the Rivers Board, 
another step was taken by the appointment of 
three new engineers to deal with the problem with 
a perfectly free hand. Stress was laid on the 
value of the elaborate Knowstrop experiments of 
the Corporation already referred to, without the 
results of which any scheme, it was postulated, 
would be doubtful ; thus emphasising that axiomic 
principle which most engineers of experience dis- 
cover for themselves—to wit, that each combined 
sewage is a law to itself and demands its own 
treatment. At this time, a scheme for extending 
the borough boundaries was launched with con- 
fidence, strongly opposed, and rejected ; which 
rejection, no doubt, was owing largely to the fact 
that Leeds had no scheme of sewage treatment at 
work, nor in progress, for the relief of the 
districts to be taken in. To hint that this 
scheme in its conception and rejection was the 
actual cause of the renewed consideration of 
the sewage question, is to do no injustice to 
the city. When ambition and duty find common 
interest, official zeal acquires a real stimulus. The 
three engineers called in were men of high stand- 
ing, all connected with town drainage — Messrs. 
Chatterton, Midgley Taylor, and the late G. R. 
Strachan. Their joint report was to be received, 
and forthwith laid before Messrs. J. Mansergh and 
Sons, the engineers of the rejected Gateforth irri- 
gation scheme, for their independent opinion and 
advice. 

The three experts considered a scheme for works 
just below Leeds practicable, but were unanimous 
in recommending a new Gateforth scheme. The 
masonry conduit gravitating with regular fall was 
set aside, and substituted by steel pipes under 

ressure. Briefly, the scheme as revised and put 
orward by Messrs. Mansergh consisted of : — 

Works at Knowstrop: Screens and grit-tanks at Leeds 
to keep out mineral matter and the grosser solids. 
Pumping plant to lift the first + volumes (24 times dry- 
weather flow) from sewer outfall to a chamber at a level 
of 85 ft. O.D., whence the sewage would flow to Gateforth 
in three 47-in. steel pipes, for treatment there. Pumping 
plant to lift the second 24 volumes of storm-waters into 
the existing tanks at Knowstrop. 

Works at Gateforth ; Settlement tanks and percolating 





filters. Settlement of oxidised suspended matter after 

filtration (if necessary). Dis of the sludge on the 

— Outfall channels delivering below Haddlesey 
eir. 


Though not carried out, or even sanctioned, the 
scheme is interesting from many points. First, it 
was the offspring of the four chief exponents in 
the art of controlling, conducting, and purifying 
sewage, all apparently of one mind. Second, it 
was a great scheme, the greatest of its kind ; 30 
million gallons daily dry-weather flow to be ulti- 
mately carried 13 miles over a difficult country. 
The sewage was to be treated on entirely modern 
lines—the most scientific, if we except the disposal 
of the sludge by trenching in the land. Third, the 
use of steel pipes under pressure, for so great a 
volume and distance, was a new thing in the car- 
riage of sewage crudely screened and settled in 
grit-tanks only. Fourth, land as a means of 
treating the sewage was dismissed. This feature 
is significant of the effect of the work of the 
Sewage Commissioners, then nearing the completion 
of their tedious labours. Lastly, it will not have 
escaped the notice of those who have followed the 
fortunes of Leeds sewage, that the evolution of 
the scheme must insensibly have had a bias in the 
fact that the liquid was to be treated on a Cor- 
poration estate, already acquired for the very 
purpose. Else why should it be taken to Gate- 
forth, as it did not need a great area ? 

The cost of dealing with the 32 million gallons 
was estimated at 1,000,0001., and the annual ex- 
penses, interest, sinking fund on capital cost, and 
maintenance, at 60,0001., or a 74d. rate. 

It took nearly two years to get out this scheme, 
the engineers not being unduly hastened in their 
grave deliberations by a client eager for profit; 
and, moreover, when the scheme reached the hand 
of the Corporation, the authorities paid a proper 
‘regard to the importance and complexity of the 
question.” Consequently they were unable to arrive 
at any definite conclusion in the municipal year of 
1903-4. By May, 1905, ‘‘ certain changes had 
taken place” (but what it is not clear), and it had 
been stated that it was possible that the Corporation 
might be able to approach the owner of an estate 
near Leeds with more facility than before, with far- 
reaching effect on the fate of the second scheme 
propounded by Messrs. Mansergh. In December 
following it was announced that the Sewage Com- 
mittee had decided to abandon Gateforth, and 
instead to erect their new works on part of the 
Temple Newsam estate, near Knowstrop, within a 
mile or two of the city boundary. An area of 
1000 acres had been offered at 2311. per acre, 
including all valuers’ and solicitors’ charges, and 
the scheme was to cost 1,096,000/., with an annual 
charge to the city, including sinking fund, &c., as 
before, of 85,410/., equal to a 10d. rate. On the 
other hand, the third estimate for the Gateforth 
scheme was 1,440,000/., the sum having more than 
doubled itself in the four years since the original 
scheme was presented ; also the annual expenditure 
was raised from 60,0001. to 98,0001. Delays are 
proverbially dangerous, and the longer we look at 
all great undertakings the more the estimates grow ; 
they swell visibly, as we shall see hereinafter in the 
typical case of Bradford. Much of the engineer’s 
craft lies in his power of bringing his clients face to 
face with the real cost by steps quiet and slow, 
without exciting undue alarm. To put things 
shortly, now that Gateforth was not wanted, the 
cost vastly increased, while that of local complete 
scientific filtration was much less. Even the water 
supply needs of the little town of Selby were used 
against Gateforth, and much was made out of the 
danger of sewage contamination. 

On December 15, 1905, the Corporation had 
again made up its mind, and passed the recom- 
mendation of the Sewage Committee to purchase 
1000 acres of land at Temple Newsam from the 
Hon. E. F. Lindley Wood, at the price of 231,0001., 
subject to its confirmation by Parliament in the 
next session. This price included the minerals 
under 150 acres of the estate, and also under the 
existing works at Knowstrop, and other rights, with 
all the vendor's costs. Importance was attached to 
the latter item of economy, and to the fact that there 
would be no opposition to the scheme. But what 
most relieved the Committee’s apprehension was 
their escape from the unknown danger of the 
triple line of pipes across the West Yorkshire coal- 
field. Further, Selby having obtained its Act for 
sinking a deep well for water supply, that authority 
would Itt or: t have succeeded in throwing out the 





Gateforth scheme for purifying so great a volume of 
sewage on, or in the vicinity of, their catchground. 
Again, the inevitable reinforcement of estimated 
cost took place, the Gateforth scheme remaining at 
1,442,000/., while that of Temple Newsam rose 
at one bound from 1,096,000/. to no less than 
1,906,000/., the actual figures remaining, but in a 
different order. Apart from the sinking fund of 
the capital cost there would, however, be some gain, 
the annual working charges being respectively 
97,7841. for the Gateforth scheme, and 85,4101. for 
the Temple Newsam scheme. This recommenda- 
tion was accepted, and the details of the scheme 
prepared, including an entirely new feature em- 
bodying a suggestion set forth in the report of the 
three joint engineers of 1904—to wit, the construc- 
tion of a high-level intercepting-sewer, at an esti- 
mated cost of 163,000/., commencing at Kirkstall, 
and terminating at the pumping-station, thus 
crossing the whole city from west to east. 

Very shortly, it may be stated that the basis of 
the new scheme is 40 gallons per head daily on an 
assumed population of 600,000 in 30 years, ora dry- 
weather flow of 24 million gallons, and a maximum 
treatment of five times that volume, or 120 million 
gallons, including rainfall. This provision will not 
be needed until a somewhat distant future—now 
looking more distant than then. The population is 
now only 456,000, in respect of which it is requisite 
only to deal with a present dry-weather flow of 
16$ gallons daily, for which, in the first instance, 
as regards the works of treatment, provision would 
be made, with due allowance for the full demands 
of the population at the time of the installation of 
complete treatment, coupled with adequate means 
of extension as the flow of sewage increased. The 
works for the full treatment of sewage are to deal 
with 24 volumes ; the works for the partial treat- 
ment of sewage and storm-water with 24 volumes ; 
besides which there are to be works for the treat- 
ment of sludge. The chairman, in his speech, 
referred to the sure ground on which they were 
treading by the light of the ‘‘ Leeds experiments,” 
as they are now known in the annals of sewage ; 
proving as they did, amongst other things, the 
advantage of percolating filters over contact-beds. 
They also proved, so far as Leeds sewage was con- 
cerned, that precipitation gave the best results for 
preparing the crude sewage for the filter; producing 
more sludge, indeed, but at less cost and trouble in 
the process, less tank capacity being needed and less 
risk of nuisance incurred ; also the filtered effluent 
from precipitation was better. Thus the scheme of 
treatment resolved itself into (1) chemical precipi- 
tation ; (2) continuous filtration in primary and 
secondary beds; (3) sludge disposal by pressing it 
and digging it into the low-lying land, or in other 
ways. 

This scheme, in its main details, was brought 
before the City Council on May 30, 1906, when the 
discussion upon it was adjourned. 

The future was still pregnant with delays, and 
on December 5, 1906, the fate of the new sewage 
scheme still lay in the balance. On that day a 
hot debate took. place in the Council on a motion 
to apply to Parliament for powers to acquire land, 
according to agreement, and to construct sewerage 
and sewage-disposal works ; also to enable the 
Corporation to sell their Gateforth estate. Strong 
opposition was met with, and a plea for another 
year’s delay put forward, as well as arguments in 
favour of reverting to the Gateforth project. 
During the debate, it was claimed that Leeds itself 
would not suffer from further delay, inasmuch as 
the filth of its river was due, not to its own sins, 
but to the sins of those above. At an adjourned 
meeting, however, the resolution to promote the 
Bill in Parliament was passed by a majority of 
36 to 11. 

Here, it might have been thought, all opposition 
would cease, but within a month a strong opponent 
of the scheme again raised his voice, publishing his 
views in the local paper. This gentleman, Mr. C. 
H. Wilson, a member of the council, went so far 
as to denounce the new scheme as the provision 
of a giant ‘‘ cesspool,” which would not benefit 
Leeds one farthing; instead of a sewage-disposal 
scheme, it was a money-disposal scheme, and there 
was already an increase of the estimate for the new 
intercepting-sewer from 163,0001. to 204,700I., ‘a 
nice little addition of 41,7501. on one item, 
without such increase being mentioned to the 
council. This alone, he said, justified his want 
of faith in the promoters of the scheme; and 
undoubtedly the point is good and the deduction 
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warranted. But a still stronger point was the 
excessive provision of land for a scheme en- 
tirely eliminating land filtration of any kind. 
Gateforth had been set aside because its ample 
area was no longer wanted ; and if Manchester could 
deal in 1902 with its 27 millions of gallons daily of 
combined sewage on 383 acres, 35 acres of which 
could not be used owing to levels—say, 348 acres 
net—the dry-weather flow of 24 millions of gallons 
at Leeds, with a system demanding less area per unit, 
had no need for 1000 acres. Mr. Wilson’s contention, 
therefore, that 500 acres of land were ample, was 
just. This would save-115,500/. Mr. Wilson went 
so far as to suggest defiance of the Rivers Board, 
declaring that even with penalties equal to 18,0001. 
a year, Leeds would save 70,0001. every year. He 
also discounted the estimated increase in rateable 
value, which it has been the painful duty of many 
authorities besides those of Leeds to do, after 
a spendthrift policy and a ‘‘high time” on the 
popular lines which came in with the compound- 
householder — the most dangerous creation of 
modern policy, the destructive force of which is 
yet in its infancy—and he demonstrated how in 
the previous year the increase had been but one- 
eighth of the forecast. Finally, he threw ridi- 
cule on the sanguine estimate of sixty years for 
repayment of the entire loan, and placed the in- 
cidence of rating cost of the scheme at one shilling 
in the pound. This appeal was made in view of 
the usual poll of the ratepayers on the question of 
the prosecution of the deposited Bill, and it fell on 
no unwilling ears, for the ratepayers withheld their 
sanction and summarily stopped the Bill. 

Probably there was no sorrow wasted over the loss 
of another year, especially as the whole blame for 
this unforeseen delay fell not upon the Corporation, 
but upon the irresponsible ratepayers, for whose 
ldches the Rivers Board does not exact summary 
penalties; and if they could, such trifling sums 
would not practically affect one iota either the public 
purse or its conscience. But this time, the delay 
did not operate as did the twice-rejected proffer of 
the Sibyl’s books, which is the usual fate of delay in 
sewage enterprises. The breathing time was spent 
to some purpose. After the rejection, which was 
based in some measure on Mr. Wilson’s view that 
less cost would serve, as well as on the natural 
distaste of the interested ratepayers, who attend 
such meetings, for dipping the hand into the 
pocket deeply for a payment that left no visible or 
palpable equivalent, the Council wisely consulted the 
late Mr. G. E. Strachan, M. Inst. C.E., one of the 
three engineers who made the second report on 
the Gateforth scheme—a most able and experienced 
man in all the engineering aspects of sewage, whose 
premature death was lamented by many. The 
result of his examination was that the proposed 
scheme was the most satisfactory solution of this 
most difficult problem. In one respect he differed 
from the Council’s scheme, by reducing the area to 
be acquired from 1000 acres to 600 acres, thus meet- 
ing Mr. Wilson very nearly, and fully justify- 
ing his demurrer. This would effect the saving 
of 92,4001. if the price per acre remained at the 
agreed price of 2311. 

In his review, Mr. Strachan looked into all the 
proposals which could be considered feasible. The 
Gateforth scheme would be impossible without 
doing away with the Selby water supply from a well 
to be sunk in the new red sandstone foundation ; 
or without adopting treatment entirely by artificial 
processes of a water-tight nature, and forbidding the 
use of the land for sewage irrigation or land filtra- 
tion ; a veto which would entail the same cost in 
treatment works as at Temple Newsam. Besides 
this objection, there was the cost of the steel piping 
across the coal-field. Any scheme between Waves 
trop and Gateforth which had been suggested was 
vitiated by the same drawback. It would avoid the 
Selby water difficulty, but would require identical 
works of treatment, with no advantage in cost, 
eiliclency, or convenience. As to the area of land 
needed, Mr. Strachan said that the vendors re- 
garded the 1000 acres as the area suitable for the 
future development of their estate, and if less 
were taken the total price of 231,0001. would 
still be claimed as representing the consequential 
damage to the whole estate caused by the presence 
of the sewage works, the actual area being a 
secondary matter. Under these circumstances, it 
was good policy to secure as much land as possible 
4( a price which could not be lowered under the 
circumstances, and at the same time to acquire it by 
agreement, and thus save Parliamentary and other 





costs. Inasmuch, however, as the agreement was 
rendered void by the vote of the ratepayers, there 
was presumably no alternative but to apply to 
Parliament for compulsory powers in respect of the 
600 acres actually required for the purposes of 
the scheme, the amount of compensation to be 
determined by arbitration if the scheme passed, as 
was probable, after what had happened. Here, no 
doubt, Mr. Strachan used diplomatic skill, and let 
down his clients gracefully, for he certainly knew 
the difference between a claim and an award. 

An important recommendation accompanied Mr. 
Strachan’s report with respect to the existing works 
at Knowstrop—namely, that they should be done 
away with. The new scheme would be sounder and 
better as a whole in one site than put together in 
separate pieces ; besides which, money would be 
saved in the end. This, no doubt, was good advice, 
especially as the old works, which were begun forty 
years ago, were themselves erected piecemeal, for 
different patented systems. 

This scheme received Parliamentary sanction in 
1908, and meanwhile new pumping plant, new 
settling-tanks, new screens s lime-mixers, sludge- 
pressing works, &c., were put down at Knowstrop, 
pending the construction of the new scheme, which 
suggests that Mr. Strachan’s advice that the Know- 
strop works should be disused has not been followed. 

The arbitration on the amount to be paid was 
opened on July 20, 1909, Lord Robert Cecil being 
the umpire. After sitting for nearly a fortnight, 
the case was completed, and the award issued in the 
following month. The amount conditionally agreed 
upon in the first place between the Hon. E. 8. 
Wood and the Leeds Corporation was 231,0001. for 
1000 acres, which included the minerals under 150 
acres, and also under 24 acres at the Knowstrop 
Old Sewage Works, and certain other rights, 
together with the claimant’s costs. The amount 
claimed at the arbitration for 600 acres was 
235,000/., and the award of the umpire was 149,6441. 
Thus the intervention of the ratepayers, backed by 
the opposition of Mr. Wilson, resulted in the 
saving of about 85,000/.—less the owner’s costs, 
which, as we have seen, were to be included in the 
original sum agreed upon. That the remaining 400 
acres of the original offer will ever be needed, none 
may predict with certainty ; but if they be, it will 
be at a period so remote that the sum saved will 
have made a handsome return in compound interest 
for its payment, even though trade advances in 
waves of prosperity. One thing may, indeed, be 
predicted ; that land for the burial of sludge, 
pressed or otherwise, will not then be needed. 
Science will have got beyond that. 

It only remains to be added that the works are 
now in progress, and are expected to be completed 
in five or six years, or, let us say, within half a 
century of the first sitting of the Rivers Pollution 
Commission in 1866. 








THE LATE MR. JAMES RILEY. 

Tue death of Mr. James Riley, which occurred at 
Harrogate on the 15th inst., removes an engineer who 
stood in the forefront with those to whom the develop- 
ment of modern steel manufacture and metallurgical 
practice is due. Mild steel, which is now such a uni- 
versaland essential material in the engineering arts, and 
has wrought what is little less than a revolution, owes 
its introduction largely to him ; while he was closely 
concerned with the early use and development of nickel 
steels, which have since attained such importance, not 
only for guns and armour, for which they were first used, 
but for numberless applications in machine practice, 
and even in cue work. It is, however, in con- 
nection with mild steel that Mr. Riley will be chiefly 
remembered, and the extent of the field now covered 
by this material constitutes an enduring memorial of 
his name. 

Mr. Riley was born at Halifax in 1840, and was 
thus seventy years of age at the time of his death. 
After a fair general education, he served some years 
in the shops of a millwright and engineer in his native 
town, and afterwards went to the Ormesby Works at 
Middlesbrough in the capacity of a workman, subse- 
quently rising to the position of a foreman. In 1869 
he was appointed manager of the Askham Iron and 
Steel Company’s works at Barrow-in-Furness, and from 
that time forward was associated with the manufacture 
of iron and steel, rather than with their application. 
In 1872 he went to Landore to take charge of the blast- 
furnaces of the Landore Siemens Steel Company, and 
while in the services of that company was successful 
in producing spiegeleisen from the manganiferous 
ores of the south of Spain. There was a spiegeleisen 
famine at that time, owing to the cutting off of the 
German supplies as a result of the Franco-German 





war, but Mr. Riley's work inaugurated a means of 
producing it on such a scale as to render it both 
plentiful and cheap. In 1874 Mr. Riley was ap- 
pointed general manager of the Landore Company, 
and at about that time, in conjunction with the 
late Sir William Siemens, introduced modifications in 
the manufacture of mild steel, improving its softness 
and ductility. While with the Landore Company he 
negotiated and carried out with the Admiralty the 
first contract for mild steel to be used in the construc- 
tion of vessels for the Navy, and was also successful 
in introducing this material to the tin-plate_manu- 
facturers of South Wales. In 1878 Mr. Riley 
was appointed general manager to the Steel Com- 
pany of Scotland, and while holding that position 
did much to popularise the use of mild steel among 
Clyde shipbuilders, and to extend its use for boiler- 
making, bridge construction, and other purposes. In 
1894 he became general manager of the Glasgow Iron 
and Steel Company; holding this position for five 
years, he resigned in 1899, in order to undertake 
manufacturing on his own account at the Richmond 
Works, Stockton-on-Tees. 

Mr. Riley took much interest in the Iron and Steel 
Institute, and frequently contributed to its proceed- 
ings and spoke at its meetings. Among his various 
papers the most important was probably one entitled 
** Alloys of Nickel and Steel,” read in 1899. This 

aper excited much interest at that time, and was 
argely responsible for the adoption of nickel-steel for 
armour and gun-forgings, both in this country and 
abroad. His first Peper, entitled ‘‘ Recent Improve- 
ments in the Method of the Manufacture of Open- 
Hearth Steel,” was read in 1884, while his most recent, 
contributed in 1900, was entitled ‘‘ The Used of Fluid 
Metal in the Open-Hearth Furnace.” Mr. Riley 
was elected a member of the Institute in 1874, 
and a Member of Council in 1884. He was vice- 
president in 1893. In 1898 he was appointed re- 
resentative of the Institute on Lloyd’s Genastttes, 
n 1887 he was presented with the Bessemer Gold 
Medal *“‘ for veleekie services to the open-hearth steel 
industry, especially in developing the manufacture of 
mild steel of high quality.” Mr. Riley was an Associate 
Member of Council of the Institution of Naval Archi- 
tects, and on the formation of the West of Scotland 
Iron and Steel Institute was elected its first president. 
In 1900 he was presented with an address and a cheque 
for 500/. by the Scottish Manufactured Iron Trades’ 
Association, the West of Scotland Iron and Steel 
Institute, the members of the steel trade in the West 
of Scotland, and a large number of friends, ‘‘ as a mark 
of their appreciation of the eminent ability and zeal 
displayed by him during his twenty-two years’ resi- 
dence in the West of Scotland.” 

Being himself one who had risen from the ranks, 
Mr. Riley was much interested in all questions relatin 
to labour, and it was mainly due to him that the Boa: 
of Conciliation and Arbitration in connection with the 
steel trades of the West of Scotland was formed. He 
was first president of the Board. He was also first 
president of the Scottish Manufactured Iron Trades’ 
Conciliation and Arbitration Board. 





Tuer Suez Canat.—The general movement of traffic 
through the Suez Canal last year was 19,924,000 tons, as 
compared with 18,243,000 tons in 1908. Of last year’s 
movement 7,995,000 tons were outward and 11,929,000 tons 
homeward. Coal passed through the canal last year to 
the extent of 963,000 tons, of which 924,500 tons came 
from the United Kingdom. Freight classed as railwa 
material amounted last year to 763,000 tons, of which 
487,000 tons came from the United Kingdom. heat 
passed through the canal last year to the extent of 964,000 
tons, of which 918,000 tons came from British India, 
710,500 tons being despatched to the United Kingdom. 
Petroleum to the amount of 309,765 tons also passed 
through the canal. Of this 225,000 tons came from the 
United States and 65,000 tons from Russia. 





Ovr Ratts Aproap.—The exports of rails from the 
United Kingdom have been pretty well maintained this 
year. The shipments for June were 37,029 tons, as com- 
pared with 53,042 tons in June, 1909, and 39,292 tons in 
June, 1908. In the first half of this year the shipments 
were 223,008 tons, as compared with 287,549 tons, and 
216,909 tons in the corresponding periods of 1909 and 1908 
respectively. Argentina imported British rails in the 
half-year ending J une to the extent of 53,393 tons, as com- 

red with 82,157 tons and 38,584 tons in 1909 and 1908. 

he colonial demand for rails of British manufacture is 
recorded as follows in the first six months of the last three 
years :— 


Colonial Group. 1910. 1909, 1908, 
Tons. Tons. Tons. 

British South Africa .. 5,224 4,926 1,196 
British India os 67,183 79,169 60,970 
Australasia 24,611 42,586 35,151 
Canada .. 2,793 3,281 2,834 


The Indian demand has been well maintained this year, 
but our rails appear to be losing ground at the Antipodege, 
Our deliveries of — Pn Canada continued ae 

rtly in consequence of American competition and partly 
> consequence of the vigour impressed upon Canadian 
production. 
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NOTES. 
De Lavat’s Coxtne Process ror Pxat. 

THe famous Swedish inventor, Dr. Gustaf De 
Laval, has for several years been experimenting 
with a new process for transforming wet peat 
depesits into a practical and economical fuel, and 
he has now arrived at such a point that he considers 
himself justified in applying for a State grant for 
the further perfecting of his method. The various 
processes which have been invented for depriving 
the natural peat of its superfluous moisture have 
all, or nearly all, suffered from the important 
drawback that they were too expensive — they 
did not pay. Dr. De Laval has now completed 
his plans for peat works, on principles which, 
at least to a great extent, have been proved 
practically sound, and which supply one way of 
solving this difficult but very important pro- 
blem. For the chemical transformation of the 
natural peat, which has hitherto been effected by 
means of letting the peat pass through systems of 
pipes, heated by fire, De Laval proposes to use 
high-pressure steam, introduced direct into the 
peat substance, somewhat, we suppose, after the 
method of the late Dr. M. Ekenberg, described in 
our issue of May 28, 1909, when we reproduced 
the paper he read before the Iron and Steel In- 
stitute. This makes it possible to exploit, in the 
mnost effective manner, the idea of counter-current 
apparatus; that is to say, the peat emanating 
from the heating process in its turn heats the peat 
entering into the heating process, thereby reducing 
the cost of reaching the requisite temperature for 
the coking. By letting the steam-treated peat sub- 
stance pass over a suction filter-drum, the water per- 
centage, without any material cost, can be brought 
very low. With a peat works of this construction, 
Dr. De Laval is of opinion that he, during the 
whole of the year except when the peat deposits are 
frozen, can produce a substance possessed of such 
qualities that it can take the place of coal, and at 
such a cost that it can supersede coal. 


THe Minera WEALTH OF THE URAL. 


Some interesting information on this subject was 
recently given at a meeting of the Society of Mining 
Engineers in St. Petersburg. It was stated that 
although the investigation of the mineral deposits of 
the Ural was still exceedingly incomplete, so much 
was already known that a favourable forecast for 
many years to come might be deemed justifiable. 
The deposits of iron ore were estimated, as far as 
had been ascertained at present, at a minimum of 
from 128,000,000 tons to 144,000,000 tons, of which 
about 80,000,000 tons were magnetic iron ore. 
With an annual production of 112,000 tons of pig 
iron, these deposits would last for 100 to 120 
years. The copper ore deposits will also suffice 
for the production of copper for many years. 
The output of coal was, as far as could be seen, 
capable of a satisfactery development, and the 
same might be said with regard to asbestos. As 
far as gold and platinum were concerned, no further 
developments could be looked for in the immediate 
future, owing to the complete absence of investi- 
gation as to the deposits of these metals, and 
some alteration in gold-mining and washing pro- 
cess would probably have to be resorted to. Still, 
the output for 1909, both as regards gold and 
platinum, showed a marked increase compared with 
the previous year. The aggregate of the gold 
output of the Ural for last year amounted to 
more than 463 poods (1 pood = 36 lb.), of which 
153 poods came from the Miass mining district, 
75 poods from the South Ekaterinburg, 62 
from.the North Ekaterinburg, and 48 s from 
the Orenburg, and from the Werchne - Uralsk 
mining districts. The increase, compared with 1908, 
did not only refer to the te, but also to 
the separate mining districts. The aggregate out- 
put of platinum for 1909 amounted to rather more 
than 312 poods (11,232 Ik.), of which 186 poods 
came from the South Werchoturje district and 90 
poods from the Perin mining district. The increase, 
as compared with 1908, was more than 14 poods. 
Other minerals likely to become of importance 
to the Ural were salt, marble, diamonds, &c. 
Several unfavourable systems of working had 
brought about a somewhat difficult position for 
some of the mining industries in the Ural, but its 
wealth of Rosin J was unquestionable, and no 
doubt better times might ocalianh be looked for. 
The mining industries of Russia have not been 
prosperous during recent years. 





ON THE THEORY OF LABYRINTH 
PACKING.* 
By J. Morrow, M.Sc., D.Eng. 

1. LaByRInTH packing consists of a series of grooves 
turned in the pistons or shafts of a steam-turbine and a 
corresponding series of wire strips fixed to the ye 
casting. The relative positions of the collars and strips 
are as shown in Fig. 1. The object of the packing is to 
prevent leakage of steam from one part of a turbine, at a 
pressure pi, to another at a lower pressure, pp. is is 
effected S reducing the clearance between each strip 
and collar to the lowest practicable limit. Steam passes 
through each clearance space at a high velocity, and this 
velocity is destroyed by eddying in the spaces between 
the strips. A part of the drop of pressure is thus con- 
sumed at each clearance. : 

These packings form the most important and delicate 
parts of the steam-turbine, yet there appears to be no 
satisfactory theory published to aid the designer in 
estimating the quantity of leakage or the number of rings 
necessary in any given case. i 

The method of calculation given below is based on 
certain arbitrary assumptions, but serves to bring out 
clearly the action of the packing, and gives reasonable 
results. The author hopes that it may shortly be put to 
the test by experiments under the conditions usual in 
practical working. . 

2. The mathematical equations required are similar to 
those used for the flow of steam through orifices. 

Let 

p = pressure per unit area, in gravitational units ; 
v = volume of unit weight of steam ; 
V = velocity. 


Then the energy equation is 


2 
ha + |v.dp = constant. 
29 


Number 


For those portions throughout which the flow is assumed 
adiabatic 


pv Y =constant, 


where + is the ratio of the specific heats and is taken as 
1.135 for saturated steam initially dry. 
The equation of continuity may be written 
Ff = constant, 
where A is the sectional area of the stream. 

If we consider a single contraction, between astrip and 
collar, and let suffixes 1 and 2 refer to the conditions of 
the steam before and when passing through the clearance 
respectively, the above equations give 

ot on Of 1 
V2 = 29% z (» sty: Mis Ym ly 
7-2 — po 
in which we have assumed V; to be negligibly small. 


By differentiation we find that the weight of steam 
passing is a maximum, when 


(1) 


Y 
Pa — (7 4 "\ ~ Y = 0.58 for dry steam, 


2 
2 


rp 
and then 


Ve=,/ 29m on. = 0.84, /p forsteam (2) 


The velocity given by this formula is equal to that of 
transmission of pressure in the fluid, and is commonly 
called the velocity of sound. When this velocity is 
reached, the pressure of the steam after passing the con- 
striction ceases to have any influence on the quantity 
discharged. When the velocity is less than that of trans- 
mission of pressure, the pressure of the steam is the same 
in and after passing the constriction. 

The dissipation of kinetic energy would tend to super- 
heat the steam at reduced pressures. This is the usual 
effect of unresisted expansion or “ wire-drawing” in a 
vapour. It is balanced by the adiabatic expansion which 
necessarily is accompanied by condensation, and by losses 
of heat due to pa and radiation. It therefore 
seems reasonable and convenient to assume that the 


* Paper read before the A plied Science Section of the 
University of Durham. Philosophical Society. 





steam in each of the enlarged spaces between the rings 
is dry and saturated. 

3. By applying the above theory to any labyrinth 
packing system we can show that, provided the pressure 
in the discharge-chamber is low enough in relation to 
the quantity discharged, the flow through the last con- 
striction will be in accordance with equation (2). The 
velocities past the other clearances can be obtained from 
equation (1), and these are less as we recede from the final 

int of discharge. That this is so can be seen from the 
act that the same weight must pass each clearance in a 
given time. 

If A = sectional area of the stream as it passes the 
constrictions and W = weight discharged per second, we 
find from (1), with sufficient accuracy, 


Wim /m-m, 
A 34 Po 
Now suppose that we wish to design the packing so 
that had shall not exceed unity when W is in pounds per 


= eg Sa 


second and A in square inches. From equation (2) we 
find that, if the maximum velocity is to be attained, the 
—— in the last pocket (which we now call p: ) must 

about 69 lb. per square inch absolute. The pressure 
at discharge p) must therefore not be greater than 


0.58 x 69 = 40 lb. per square inch. 


[If ») were greater than this we would use equation (3) 
instead of (2).] 

For the second constriction from the discharge end we 
have flown from some higher pressure p, into a space at 
pressure p: = 69. 


Putting - Y on unity in equation (3) we find 


1156 


Py = pz + (4) 


= 85.8 lb. per square inch. 

This, therefore, is the pressure in the second pocket 
from the discharge end of the packing. 

In a similar manner, by successive applications of equa- 
tion (4), we can find the pressures in all the pockets. The 
result can be conveniently represented by a curve having 
the number of rings (or constrictions) as abscissz and the 
pressure as ordinates. Three such curves are given in 


Fig. 2. The values of ~, namely, 0.5, 0.75 and 1, 


are given, and the limiting pressures into which the final 
disc’ occurs are found to be 20, 30, and 40 lb. per 
square inch respectively. 

4. As an example of the use to which these curves 
may be put, let us take the case of a turbine with an 
initial pressure of 175 Ib. absolute, and exhaust at about 
atmospheric pressure, and suppose these to be the pres- 
sures on the two sides of the dummy piston. Circum- 
ference of piston, 150 in. Clearance, 0.02 in. (hot). We 
wish to determine the number of rings necessary to limit 
the leakage to 2} lb. per second. 


Here W = 2}; A = 150 x 0.02 = 3q. in.; .. © = 0.75, 


and on reference to this curve we find the number of 
rings for 175 lb. pressure to be 21. 

Asa second example, let the circumference of a balance 
piston be 70 in.; pressures, 180 Ib. and 85 lb. absolute ; 
and clearance, 0.01 in. Steam leakage not to exceed 
0.7 Ib. per second. 

Here ¥ 
A 
and we are concerned with the portion of the curve from 
AtoB. The number of rings necessary is that at 180 
less that at 85 lb. pressure,.or 
13-2 = 11 rings. 

On account of the uncertainty which exists as to the 
exact clearances when a turbine is heated up, the absolute 
determination of the leakage must always be to some 
extent indeterminate. It may, however, be expected 
that the values given by the curves of Fig. 2 will be 
approximately correct relatively to one another. 


= 1.6 





Doncaster. — Important developments are contem- 
plated at Askern Spa. e@ company which is to work 
the coal area is a combination of the Bestwood Coal and 
Tron Comuaey. Nottingham, and the Blaina Colliery 
Company, Monmouthshire, and has been registered under 
the title of the Askern Spa Coal and Iron Company, 
Limited, with registered offices at Doncaster. A meeting 
of the promoters was held at Askern a few days ago, 
and Mr. J. Humble, of Sheffield, who carried through 
the recent sinking at Brodsworth, has been appointed 
general manager, with Mr. Gardner as resident local 

rand engineer. Orders have been given for the 
machinery required for the sinking, and it is being made 
at Wigan. The new colliery will employ nearly 4000 
workpeople. 


ANnGLO-NorRWEGIAN TELEGRAPH OasLEs. — The Nor- 
wegian State Telegraphs have arrived at an arrangement 
with the British Telegraph authorities rding the new 
cable between Newcastle and ‘aemae, in Norway. 
The cable is to be delivered by a British firm, and will, 
it is understood, cost 75,0001. The laying of the cable 
will take place this autumn, and it should be ready for 
service on January 1, 1911. Great Britain and Norway 
are jointly to take over the Great Northern Telegraph 
Company’s cable between Aberdeen and Egersund, pro- 
vided a price can be agreed upon; but the negotiations 
have not yet been concluded. A result, stated to be 
favourable for Norway. has been arrived at as far as the 
taking over of the Norwegian-Danish cable between 
Arendal and Hirtshi 
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THE CUNYNGHAME-CADMAN FIREMAN’S LAMP. 














Fie. 1. 


THE proprietors of coal-mines are under a statutory 
liability to see that they are practically free from 
explosive gas before the men are allowed to descend 
each day. This duty is delegated to the firemen, who 
go round the workings, particularly in the neighbour- 
hood of the face, to test the proportion of gases exist- 
ing in the atmosphere. Practically there is some gas 
to be found at all times a in those mines in which 
naked lights are allowed. The means by which the 
proportion of gas is tested is the usual miner’s safety 
lamp. When the gas is present there appears over 
the flame of the lamp what is technically known as a 
‘‘ cap,” and the greater the proportion of gas the longer 
and the brighter is this cap. The firemen learn by 
experience to recognise what is a safe atmosphere into 
which the miners may be admitted, and this they 
determine by judging the height and brilliancy of the 
cap in the lamp. In their examination the lamp is 
raised into any pockets which may exist in the roof, 
and it is in such places that the largest proportion of 
gas is generally found. 

With the improved ventilation which is now pos- 
sible in mines the proportion of gas in the atmo- 
sphere grows s ily less, and it is very often 
below the limits at which it can be detected by the 
ordinary miner’s lamp. There is always the chance 
that under such conditions it may be assumed that 
there is no gas present at all, and men may be en- 
couraged to run risks in the use of naked lights which 
are not justifiable. There have been many attempts 
to make apparatus for the detection of gas worked on 
chemical lines, and no doubt some of these give quite 
reliable results, provided sufficient time and care can 
be spent upon the tests. This, however, is scarcel 
possible under ordinary conditions, and the miner's 
lamp remains peastionily the sole means by which the 
atmosphere of a coal-pit is explored. 

In order to increase the sensitiveness of this in- 
strument, Sir Henry H. S. Cunynghame, of the Home 
Office, and Professor Cadman, of the University of 
birmingham, have recently brought out an improved 
form of fireman’s lamp, which will detect a very 
much smaller percentage of gas than has been hitherto 
possible by such means. e principle upon which 
this lamp works is exceedingly simple, and is very 




















Fie. 2. 























Fic. 3. 


well known to most people. Anyone who has 
been in a laboratory has noticed that the blue and 
almost invisible flame of a Bunsen burner suddenly 
becomes luminous if any disturbance takes place in 
its immediate neighbourhood; for instance, if one 
suddenly closes a book or throws down a coat, or in any 
way gives rise to an outbreak of dust, immediately the 
flame shows the brightness due to the sodium lines, and 
this is because sodium is an element which is univers- 
ally disseminated, and is particularly noticeable in 
the ordinary dust of a household or a works. It is 
naturally not possible to secure this luminosity in the 
cap of a miner’s lamp by raising dust in the atmo- 
sphere, but the same result is attained in the Cunyng- 
hame-Cadman lamp by inserting in the flame a small 
strip of uralite which has previously been soaked 
in a sodasolution. This strip, as shown in the engrav- 
ings on the present page, is mounted on a rotating arm 
in such a way that it can be turned so as to enter 
the flame. Immediately it does this, the cap (if 
there be one) brightens up, and becomes far more 
visible than it was before. In some cases it is only 
upon the insertion of the soda-soaked uralite that the 
cap can be seen at all. No doubt it existed pre- 
viously, but was too faint to be perceived. 

The strip of uralite can be manipulated from the 
outside of the lamp, and can be raised or lowered as well 
as moved horizontally. To this end the arm carryin 
the strip is clamped ina cap screwed on to a vertica 

is rod passes through the oil-container of the 
lamp, and terminates outside in a milled head. On 
turning the latter, the cap at its upper end turns with 
it, and thus the strip can be brought into or out of 
the flame. The motion of the cap is, however, limited 
by arms which come in contact in one direction or the 
other with the stem which carries the wick of the lamp. 
Hence, if the vertical rod is rotated when one or other 
of these arms rests against the stem, the rod screws 


itself into or out of the cap, thus lowering or raising 
the latter. The best height of the strip above the 
wick is generally about } in., but this can be varied 
as desired through a range of about 4 in., and during 
an observation the strip is moved so as to cover about 
two-thirds the thickness of the flame. The best salt 
for impregnating the strip of uralite is found to be 
bicarbonate of soda. 

The origin of the device is of interest. In conjunc- 
tion with Professor Cadman, of Birmingham, Sir 
Henry Cunynghame entered upon a series of experi- 
ments with a view to making accurate drawings of the 
appearance of the cap when different percentages of 
gas were present. From these rat tal charts have 
since been prepared, which are now being distributed 
to the collieries by the Home Office. The experiments 
were carried out in a room having an atmosphere 
charged with methane. This methane was produced 
from aluminium carbide, and not extracted from coal- 
gas, since the latter as now made contains such high 
percentages of the a men | carbon ssmeuilie 
that the experiment would have been dangerous to 
life. The analyses to determine the percentage of gas 
present were made by Professor Cadman, and the corre- 
a drawings of the ——— of the cap. When 
the a of gas fell below 4 per cent. the cap 
became so indistinct that it was decided to work with 
naked lights, great precautions being, of course, 
necessary, since a pocket of richer gas might ibly 
exist in some corner of the room, which would Soente 
capable of initiating a serious explosion. 

As the percentage of gas fell to 2 per cent. and less 
the cap became indistinct even with the naked light, 
and Sir Henry Cunynghame then suggested the inser- 
tion into the flame of a fibre steeped in a solution of 
some salt of soda, in the hope that this would increase 
the luminosity of the cap. This proved successful, 
and it was found that from 4 to # per cent. of 
could then be detected as readily as 2 per cent. with 
the usual method of working. Further, it was dis- 
covered that there was then no necessity to turn 
down the flame, as is essential to the success of the 
ordinary method of testing, but that the cap could be 
seen in full light. It is thus possible with the 
Cunynghame-Cadman lamp to see the cap, at the same 


time using electric lights to examine the roof for the 
purpose of locating the fissure from which the gas is 
blowing out. Since it is unnecessary to turn down 


the flame to the verge of. extinction, as in the old 
method of testing, there is no danger of the fireman 
losing his light, as was previously not uncommon, 
which often necessitated a long walk back to the shaft 
in order to obtain a re-light. 

Many experiments have been made practically with 
this lamp, and it has been found that it always 
answers its purpose perfectly, calling attention to the 
gas, however small may be the amount, in the atmo- 
sphere of the mine. There is thus placed in the hands 
of coal-owners another instrument by which the safety 
of their men can be assured, and which will aid in ren- 
dering the already diminishing death-roll from explo- 
sions of gas still less than at present. In conclusion, 
we may state that the device above described has 
not been patented, but has been placed freely at the 
disposal d tain interested in coal-mining. 








INDUSTRIAL NOTES. 
Tue following general report on the state of employ- 
ment is on the extensive official and other 
returns issued by the Labour Department of the Board 
of le :— 
In addition to the 2824 employment returns from 
trade unions used for the chart, 4403 were received 
from employers relating to 1,158,408 workpeople em- 
ployed in coal and iron-mining, the cotton, woollen, 
worsted and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 7227 statistical 
returns, a large number of returns of a non-statistical 
character were received from employers’ associa- 
tions, trade unions, local correspondents, and other 
sources. 
From the above it a rs that employment was, on 
the whole, better. he engineering, shipbuilding, 
and most of the metal trades continued to improve. 
The building and brick trades were also better em- 
ployed. Employment was in the woollen, 
worsted, and hosiery trades, but the cotton trade 
continued bad, and there was some falling off in the 
lace trade. There was also a seasonal decline in some 
of the clothing trades. As compared with a year ago, 
the cotton trade was distinctly worse, and coal-mining 
slightly so. Otherwise all the industries reported on 
showed a general improvement. 
The 416 trade unions making returns had a net 
membership of 702,522, of which 25,866 (or 3.7 per 
cent.) were reported as unemployed, compared with 
4.2 per cent. a month ago and 7.9 per cent. a year ago. 





Employment in coal-mining was fair on the whole, 





lo 
but showed a slight decline as compared with both a 
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month ago and a year ago. The average number of 
days worked during the four weeks was 5.10. 

ron-mining continued good, and was about the same 
as & year > = ane the four weeks the average 
number of days worked per week by all mines and 
open works included in the returns was 5.88. 

In the pig-iron industry employment was fair, and 
better than a year ago. Returns relating to the works 
of 108 ironmasters, employing 23,000 workpeople, 
showed 309 furnaces in blast, as compared with 311 a 
month ago and 291 a year ago. 

Employment at iron and steel works showed an 
improvement on a month ago, and was much better 
than a year ago. The volume of employment (i.e., 
number of employed multiplied by the number of 
shifts worked) at the works from which returns were 
received showed an increase of 1.7 per cent. on a 
month ago, and of 10.4 per cent. on a year ago. 

Tin-plate and steel-sheet manufacture continued very 
good—much better than a year ago. The number of 
tin-plate and steel-sheet mills working was 491, as 
compared with 483 a month ago and 450 a year ago. 

In the engineering trades employment was fair— 
better than a month ago and much better than a year 
ago. Trade unions with a membership of 170,083 
reported 4.4 per cent. unemployed, as compared with 
5.4 per cent. a month ago and 12.1 per cent. a year 
ago. 
Tenteqenen in the shipbuilding trades continued to 
improve, and was much better than a year ago. 
Branches of trade unions with 57,583 members reported 
7.6 per cent. unemployed, as compared with 9.8 per 
cent. a month ago and 23.6 per cent. a year ago. 


In both the spinning and weaving branches of 
the cotton trade employment continued bad, and was 
worse than a year ago. A large number of spinning 
firms worked short time, and there was considerable 
slackness in the weaving department. Returns from 
firms employing 95,883 workpeople showed a decrease 
of 2.2 per cent. in the amount of wages paid as com- 
pared with a month ago, and of 6.8 per cent. as com- 
pared with a year ago. 

In the woollen trade employment continued good, and 
better than a year ago. Returns from firms employing 
26,807 workpeople showed an increase of 1 per cent. 
in the amount of wages paid compared with a month 
ago, and of 8.7 per cent. compared with a year ago. 

Employment in the worsted trade continued good, 
and was better than a year ago. Returns from firms 
employing 46,503 workpeople showed an increase of 
0.8 per cent. in the amount of wages paid compared 
with a month ago, and of 7.5 per cent. compared with 
a year ago. 

In the linen trade employment continued good, and 
was better than a year ago. Returns from firms em- 
ploying 50,111 workpeople showed a decrease of 0.2 
per cent. in the amount of wages paid as compared 
with a month ago, and an increase of 5.6 per cent. as 
compared with a year ago. 

In the jute trade employment continued good, and 
was better than a year aguv. Returns from firms em- 
ploying 18,183 workpeople showed an increase of 0.2 
per cent. in the amount of wages paid as compared 
with a month ago, and of 5.3 per cent. as compared 
with a year ago. 

Employment in the lace trade was moderate—worse 
than a month ago, but it was rather better than a year 
ago. Returns from firms employing 8076 workpeople 
showed a decrease of 4.4 per cent. in the amount of 
wages paid as compared with a month ago, and an 
increase of 1.8 per cent. as compared with a year ago. 


In the boot and shoe trade employment was mode- 
rate—not so good as a month ago, but better than a 
year ago. Returns from firms employing 63,354 work- 
people showed a decrease of 2.8 per cent. in the amount 
of wages paid compared with a month ago, and an in- 
crease of 4.5 per cent. compared with a year ago. 

In the other leather trades employment was fair ; 
it was slightly worse than a month ago and better than 
a year ago. Trade unions with 3167 members reported 
4.4 per cent. unemployed, compared with 3.9 per cent. 
a month ago and 4.9 per cent. a year ago. 


Employment in the paper-making trades continued 
good, and was better than a year ago. 

The printing and book-binding trades were fair on 
the whole, and better than a month agoand a year ago. 
Trade unions with a membership of 51,306 reported 
4.8 per cent. unemployed, as compared with 5.1 a 
month ago and 5.3 per cent. a yearago. In the book- 
binding trades the corresponding percentages were 5.2, 
6, and 8.2. 


The building trades remained slack on the whole, 
but were better than a year ago. The percentage un- 
employed among trade-union carpenters and plumbers 
was 6.8, as compared with 7.4 a month ago and 10.9 a 
year ago. 

Employment in the furnishing and wood-working 
trades continued moderate on the whole, and was 
better than a year ago. It remained good with coach- 





builders. Trade unions with a membership of 33,561 
reported 4.1 per cent. of their members unemployed, 
as compared with the same percentage a month ago 
and 6.6 per cent. a year ago. 

In the glass trades employment continued moderate 
on the whale, though better than a month ago and a 
year ago. Returns received from firms employing 
8889 workpeople showed an increase of 7.8 per cent. 
in the amount of wages paid as compared with a month 
ago, and of 2.4 per cent. as compared with a year ago. 

Employment in the porcelain, china, and earthen- 
ware industry was fair generally, and better than a 
year ago ; it showed little change as compared with a 
month ago. Returns from firms employing 25,775 work- 
people showed a decrease of 0.9 per cent. in the 
amount of wages paid as compared with a month 
ago, and an increase of 4.1 per cent. as compared with 
@ year ago. 

Employment in the brick trade was fair generally, 
and better than a month ago and a year ago. Returns 
from firms employing 11,464 workpeople showed an 
increase of 2.8 per cent. in the amount of wages paid 
as compared with a month ago, and of 8.3 per cent. 
compared with a year ago. 


Agricultural employment was regular until towards 

the end of the month, when rain interrupted hay- 
making. 
a of dock and riverside labour in London 
was fair generally—not so good as a month ago, but 
better than a year ago. It was quiet on the whole at 
Liverpool, and fairly good at the other principal ports. 
The average number of labourers employed daily at 
the docks and principal wharves in London (exclusive 
of Tilbury) was 12,870—a decrease of 6.6 per cent. as 
compared with a month ago, and an increase of 4.2 
per cent. as compared with a year ago. 


Twenty-nine labour disputes began in the month, 
as compared with 27 in the previous month, and 16 
in the same month a year ago. The total number of 
workpeople involved in disputes which began or were 
in progress was 16,466, or 2758 less than in the previous 
month, and 6742 more than in the same month a year 
ago. The aggregate duration of all the disputes of 
the month, new and old, amounted to 156,200 working 
days—a decrease of 48,800, but 43,500 more than in 
the same month a year ago. Definite results were 
reported in the case of 29 disputes, new and old, 
directly involving 7202 persons. Of these 29 disputes, 
8 were decided in favour of the workpeople, 9 in 
favour of the employers, and 12 were compromised. 

The changes in rates of wages affected 900 work- 
people, all of whom received increases, the total effect 
of the increases being computed at about 60/. per week. 


The report of the Steam-Engine Makers’ Society 
says: ‘Trade generally, with few exceptions, con- 
tinues to improve.” he number of unemployed 
members s at 210 at date, in the month previous 
283, and a year ago 841. This, so far, is satisfactory. 
The employed members are urged to try their best 
still further to reduce the list of unemployed by looking 
out for situations for their less fortunate comrades 
still out of work. Much can often be done in this way, 
a task now devolving upon the labour exchanges, but 
better done by branches of trade unions if the members 
are on the alert, as they know best the kind of skilled 
hands wanted, and where they are to be found. On 
this subject there is an important note in the report, 
urging the officers to keep in touch with the labour 
exchanges by notifying to the unemployed members 
of the Sounh, and urging also the unemployed mem- 
bers to notify and register at the local exchange. It is 
reported that the local conference recently held at Brad- 
ford between the representatives of employers and 
the several unions involved, on the question of restoring 
the 1s. reduction, making the wages 35s. instead of 
34s. per week, as at present, was abortive, the em- 
ployers being adverse to the proposed advance. The 
matter is now to be referred to a central conference of 
all sections of employers and employed in the engi- 
neering and shipbuilding trades. The report thinks 
that the labour representatives made out a good case, 
but the rascals activity in trade is only slowly 
developing as yet. An advance of Is. per week has 
been conceded to the Harrenden members from the 
first pay-day in the present month. It is stated that 
there isa hope of a further advance of ls., with in- 
creased overtime rates. This is encouraging as showing 
that trade has really improved and is improving, not- 
withstanding that it is slow in development. 


The report of the Ironfounders’ Society of this 
month.is the most jubilant of the year ; indeed, we may 
say for two years, for those of 1909 were, as a rule, 
depressing. It says :—‘‘Our seventh report of this 
year is, perhaps, when taken all round, the most 
pleasing issue presented during 1910. Starting with 
a capital of 31,748/. 7s. 9d., the half year just past has 
added 6388/. 138. 4d. to our exchequer, making a total 
on June 30 of 38,137/. ls. ld. Of the 2563 then out of 





employment work has been found for 1377, or about 
54 per cent. ; these have been transferred, as it were, 
from the streets to the workshops. A comparison is 
made with the same month of last year, when the 
balance decreased by 3782/. 8s. 3d. in the cash account. 
The total membership, however, shows a decline, 
some men not being able to wipe off the arrears. 
Hopes are expressed that by the end of the year 
the membership will be largely increased. The total 
on the funds at date was 2979—net decrease, 250. 
Of that total 1092 were on donation benefit—de- 
crease, 257; on sick benefit, 455—increase, 3; on super- 
annuation benefit, 1338—increase, 20; otherwise un- 
employed, 91—decrease, 14; on dispute benefit, 3— 
decrease 2. On the whole these figures are encouraging. 
The total membership was 18,103, showing a decrease 
of close upon 600 since June of last year. The weekly 
cost of benefits was 930/. 2s. 6d., or 1s. 3}d. per working 
member per week. 


The report of the Amalgamated Society of Car- 
penters and Joiners is quite jubilant over an increase 
of 136 members in the past month. It states that ‘‘the 
number out of employment steadily decreases, and 
along with it the applications by branches for remit- 
tances have fallen off,” and, instead, are sending 
remittances to the general office. It is anticipated 
that there will be a large increase in funds when the 
quarterly report is issued. It is hoped also that the 
general levy may be reduced. The report contains 
information and cautions respecting members who go 
to the United States or to Canada. Itis urged that it 
is necessary for the said members to have and to show 
their clearance card before they can start work on 
their arrival. If the proper card of membership cannot 
be shown, the local unions will prevent their starting, 
and a breach of the isluationsl agreement will cause 
friction between the societies in existence there and 
the parent society in this country. It is stated that 
quite an influx of carpenters and joiners has taken 
place recently through advertisements in newspapers. 
At Vancouver, it is said, the trade is overstocked, and 
many of those there cannot find employment. It is 
indicated that the societies in the United States, in 
Canada, and Australia, are more alert over the subject 
of trade-union membership than those in Great Britain 
and Ireland, so that the non-union man has very little 
chance of a job. Again, if the member on leaving this 
country does not carry with him the clearance card, he 
forfeits the right of exemption from contributions 
while on travel and seeking work. The circular of the 
Federated Trades on labour exchanges is republished in 
the report. 


The report of the Operative Cotton-Spinners shows 
that the united membership at date was 19,589, repre- 
senting a gain of 105 in the month, and of 315 during 
the twelve months. Of the total 8350 full members, 
the gain was 48 in the month, but a decrease of 69 on 
the year. There are, besides, 43 honorary members 
and 67 paying for deferred benefits. The proportion 
of full members unemployed was 4.83 ; previous month, 
4.36; and 20.78 per cent. a year ago. Of these only 
1.4 per cent. were wholly out of situations—the same 
as in the month previous—and 1.91 per cent. a year 
ago. In addition, 216 per week were on the funds 
from temporary causes, 30 due to accidents, and 71 
on scale of pay when employed at piecing. There was 
a total of 11,239 piecers, &c., of whom only 163 were 
half-timers. Of the total, 289 full-timers and 7 half- 
timers were on the funds for various causes. The 
number of dispute cases relating to piece-work rates 
dealt with in the month was 38 ; previous month, 24 ; 
a year 
continu 


ago, 30. The lock-out at Medlock Old Mill 
, no effort being made to effect a settlement. 
The value of the services of the Joint Committee is 
seen in the following incident:—A member of the 
union was discharged because he looked at the indi- 


cator of another spinner’s mule. The committee 
thought the matter too trivial, and suspected another 
reason, The employers’ committee agreed that the 
notice of discharge should be withdrawn, which was 
done. The aalher of accidents reported was 43; 

revious month, 73; same month a year ago, 20. 

here were 55 claims for compensation on behalf of 
injured workers sent in to employers ; 76 in previous 
month ; 58 same month a year ago. Since the Act 
come into force 3975 such claims have been sent in to 
employers. The funds had gained 2294/. 16s. 6d. on 
the month’s working, so that the asoociation is re- 
couping itself for the losses in 1908 and 1909. The 
members are urged to take advantage of the Labour 
Exchanges Act, and to register forthwith if out of 
employment. 


Lancashire is jubilant, for there is a prospect 
of peace in the cotton industry for the next five 
years. The demand of the employers for a 5 per 
cent. reduction was postponed for three months, in 
consequence of the death of King Edward VII., but 
rumours of a threatened strike, when that truce ended, 
hung over the heads of all concerned. In the mean- 
time earnest efforts to avert the threatened strike were 
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made from many quarters, and at last, a week ago, an 
agreement was arrived at. (1) Clause 4 in the Brook- 
lands agreement was amended by the substitution of 
‘*two years” for ‘‘one year.” (2) No demand for an 
advance or reduction in present wages to be made for 
a period of five years from date (July 15, 1910). 
(3) That clause 3 of present agreement shall not pre- 
vent the formation of lists where such do not, exist, or 
the adjustment of existing lists. Signed by the secretary 
of the Employers’ Federation, and the three repre- 
sentatives of the Operatives’ Associations. The agree- 
ment is simple, definite, and far-reaching, and it leaves 
open the chance of further negotiations for a concilia- 
tion board on the basis of a list of prices mutually 
agreed upon. 





A sudden and unexpected strike has taken place on 
the North-Eastern Railway, in the Tyneside district 
and on the North-East t, and it is feared that 
unless a settlement is soon arrived at the whole of 
the system of the company will be involved. It 
appears that on Monday night last a head-shunter at 
the Park Lane Sidings, Gateshead, was ordered to 
go and work in another part of the yard, which he 
refused to do. He was then ordered to leave the 
premises, the consequence being that the whole of 
the shunters at once work, and there were 
in a short time 8000 men on strike in the dis- 
trict. At the large Newcastle goods yard warehouse- 
men and trolleymen joined the malcontents, and on 
Tuesday morning a warning was issued by the 
company to the public that the immediate delivery 
of goods could not be guaranteed, the traffic being 
much dislocated. The men allege that the strike has 
been caused by the tyranny of the officials ; but, what- 
ever grievance the men may have, their action in 
leaving work without due notice seems to be wholly 
illegal, not to say outrageous. It is stated by the 
general manager that the transfer of the shunter 
involved no change in hours, wages, or grade, and he 
was told that, if not satisfied, he could have an inter- 
view with the district superintendent during the 
following afternoon. 

It is impossible at present to find out the true cause 
of the dispute. It is not easy to believe that the 
ordering of an‘émployee to go from one part of a yard 
to another pirt to work should, in itself, be the cause 
of such a serious course being taken by the men as 
has been done; the thing seems too utterly childish, 
and not likely to carry with it the slightest public 
sympathy. It seems much more reasonable to sup- 
pose that the refusal of the head shunter to obey the 
order given him was merely a pre-arranged signal, 
behind which is much that has not yet come to light. 
If, however, it proves to be the case that the origin 
of the strike was the reason given, the men have 
fallen sadly short of that common-sense for which we 
would willingly give them credit. Latest reports 
state that the men, at a mass meeting, have rejected 
the company’s terms; and the traffic is almost com- 
pletely disorganised. 





The strike on the Grand Trunk Railway of Canada, 
which has been threatened for some time, took place on 
Tuesday last, 7000 men on the entire system stopping 
work, and over the whole of the 5000 miles of the 
company’s line no freight trains were moved, although 
on some parts of the line the passenger service was 
maintained. Six branches of the Grand Trunk system 
are affected, including the Central Vermont Railway. 
‘The company say that they cannot possibly comply 
with the full demands of the men, although they recog- 
nise that an increase of wages is due to them. The 
men ask for an increase of nearly 40 per cent., and the 
company have offered 18 per cent. A long strike is 
expected, and it is feared that the ‘‘ Brotherhood of 
Trainmen ” will call out the engine-drivers. 


The threatened great strike of French railway 
employees is still to the front at date of writing. The 
manifesto of the National Syndicate published on 
Friday last reported that all was ready if the men’s 
terms were not conceded. It stated that the General 
Labour Federation would also join. But there is a diver- 
gence in the demands of the several sections, and the 
president of the Drivers’ and Stokers’ Federation 
declares that they alone can effect a —e stoppage 
of traffic, if their terms are not conceded. 


There is also the threatened great strike of all grades 
on the Pennsylvania Railroad if concessions are not 
made. No concessions had been made up to the end 
of last week, and the men in conference had resolved 
to place the matter in the hands of their executive “‘ to 
declare a strike call” if they think fit and so decide. 








Rapium 1n SwepEN.—The Swedish radium works at 
Lidingé, in the vicinity of Stockholm, have now produced 
their first 5 centigrammes of radium, which, like all other 
radium, will be handled by the Banque de Radium, Paris. 
It is being cent as bromide of radium. 





FOREIGN ENGINEERING PROJECTS. 


WE publish below a list of colonial and foreign engineer- 
ing projects, for several of which tenders are asked. 
Further particulars concerning these can be obtained 
from the Goumeanial Intelligence Branch, Board of Trade, 
73, Basinghall-street, London, E.C. 

Canada: The Imperial Trade Correspondent at Toronto 
(Mr. F. W. Field) has forwarded a copy of the annual 
report for 1909 of the Ontario Railway and Municipal 

This tt contains a number of standard speci- 
fications for bridges, viaducts, trestles, and other struc- 
tures. 

Australia: The Age (Melbourne) of May 30 states that 
the Municipality of Melbourne intend to raise a loan of 
300,000/., to be expended on public works, including 
street-paving, additions to the electric supply under- 
taking (86,000/.), storm-water drainage, substitution of 
motor wagons for horse drays for carting stone and road 
material, town hall improvements, and market and 
abattoir extensions. The Board of Trade have received 
a copy of an Act of the New South Wales Legislature 
(No. 10, of 1909), dated December 7, 1909, authorising the 
construction of a railway, about 77 miles long, from 
Moree to Mungindi, at a cost of 289,643. Another Act 
of the New South Wales Legislature (No. i‘), of 1909), 
dated December 16, 1909, authorises the construction of 
a system of sewerage for the Municipality of Lithgow, 
at a cost of 26,500/. The work consists of the con- 
struction of some 14 miles of main and reticulating 
sewers, of from 6 in. to 18 in. in diameter, together with 
manholes, junctions, gullies, ventilating shafts and pipes, 
penstocks, intercepting and flushing chambers, and inci- 
dental works ; and also the construction of a pumping- 
station, rising main, and works for the bacterial treat- 
ment of sewage. 

South Africa.—The following statement of the value of 
some of the principal materials purchased by the Central 
South African Railways Administration during 1909 is 
taken from the annual report on the working of the rail- 
ways for that year :— 

European South African 


Purchases, Purchases. 

£ £ 

Bridgework va ¥ ion 5,794 a 
Clothing 04 * os in 5,202 233 
Electrical material .. - - 3,158 4,006 
Fencing material* .. * .. 89,062 7,526 
Machinery pm _ as 2,600 3389 
Rails and fastenings .. - .. 302,005 117 
Sleepers, wood ¢e - ai 4,764 31,708 

e steel 52,294 —_ 
Tarpaulins 14,233 328 
Waste .. ze me a se 1,213 309 
Engine, carriage, and wagon parts 34,889 222 

Brass, copper, tin, lead, and other 

metals oi a as * 3,239 425 

Pipes, steel culvert .. es 6,492 _ 
Pipes and fittings .. ee “ 1,752 1,654 
Steam-lorries .. i ne ; 616 200 
Drugs .. ‘ on 1,400 175 


* The fencing material includes a quantity obtained for the 
Transvaal Government. 


India: According to Indian Engineering (Calcutta) of 
June 11, schemes have been drawn up, and await sanc- 
tion, for water-supply works at Berhampur, Bezwada, 
Salem, and Madura, at a cost of 28,00,000 rupees (about 
186, 6002. ). 

Netherlands: The Nederlandsche Staatscourant of 
July 4 contains a notice inviting tenders for the widening 
and deepening of the channel between Maassluis and the 
Hook of Holland, being part of the waterway improve- 
ment scheme from Rotterdam to the sea (see Board of 
Trade Journal of April 21, page 139). The upset price 
is put at 270,000 gulden (22,500/.). Tenders, which 
will be opened at 11 a.m. on July 27, should be 
addressed to the Minister van Waterstaat, The Hague. 
Specifications relating to the work may be purchased 
from Gebroeders van Cleef, Spui No. 28a, The Hague. 
—The Nieuwe Rotterdamsche Courant notifies that in 
all probability the project for the construction of a 
railway from Zwolle to Blokzijl will be carried out. 
Subsidies have now been promised by the State and by 
the most important communal districts which will be 
traversed by the line.—The Dutch Vaderland reports that 
a concession has been granted by the communal authori- 
ties of Groenlo for the construction of a tramway from 
Borculo to Winterswijk, and thence to the German 
frontier. It appears, further, that the communal autho- 
rities of Nymegen have decided to take over, on behalf of 
the town, the working of the steam tramways at present 
owned by a private company, and to substitute electric 
for steam traction, at an estimated cost of over 80,000/. 

Italy: According to a report in the Sole (Milan) of 
July 6, the Superior Council of Public Works have 
approved the plans and specifications, drawn up by the 
Italian State ilways Administration, for the construc- 
tion of two sections of the Sciacca-Porto Empedocle 
Railway—viz., (1) from Cattolica to Montallegro, and (2) 
the first portion of the Sciacca to Bivio Sciacca section. 
The cost of the first section is put at 1,120,000 lire (44,8007. ), 
and that of the second at 1,504,000 lire (60,160/.), about 
two-thirds of which amounts will be put out to tender. 
Although it is probable that the contracts in regard to 
the above will awarded to Italian firms, nevertheless 
the carrying out of the work may involve the purchase of 
some materials out of Italy. 

Turkey : The following information is from the report 
by His Majesty’s Consul at Basrah (Mr. F. E. Crowe) on 
the trade of that district in 1909, which will shortly be 
issued :—A scheme is on foot to form a company for 
supplying the town of Basrah with river water. Prelimi- 
nary surveys are being made by certain natives interested 
in — the enterprise, and the services of a native 
Indian engineer have been secured for the purpose. So 





far no concession has been granted and no company has 
been formed. The poorer classes now obtain water for 
household pur from the creeks-and canals which 
border their habitations ; the richer folk send boats to the 
main stream of the Shat-el-Arab in order to get a purer 
supply. As water is thus obtainable practically without 
expense, it is doubtful whether a filtered supply, served 
through iron pipes, for which they will have to pay, 
will be appreciated by the population at Basrah. With 
reference to the notice on 579 of the Board of Trade 
Journal of June 23, quo from the Nachrichten fiir 
Handel wnd Industrie, relative to the conditions of tender- 
ing for Turkish public contracts, H.M. Consul-General 
at Constantinople (Mr. H. C. A. Eyres) now reports that, 
although on several occasions the Turkish Government 
attempted to make it binding on contractors to furnish a 
Turkish subject as guarantor, this practice has lately been 
discontinued. 

Russia: With reference to recent notices that have 
appeared in the Press on the subject of a loan of 
100,000,000 roubles for the municipality of St. Peters- 
burg, it may be noted that a Bill providing for the raising 
of a loan of this amount has not yet come up for discus- 
sion in the Duma, which has recently adjourned until the 
end of October. It is understood that it is intended to 
raise this loan in instalments, but that it will be entirely 
devoted to drainage and water-supply works at St. Peters- 
burg (see Board of Trade Journal of March 18, 1909, 
page 507). 

Spain: The British Vice-Consul at Cadiz (Mr. R. A. 
Calvert) reports that the Societa Veneta, the Italian 
firm of contractors who have been engaged for the past 
two years on the Cadiz harbour improvement works, 
have failed to comply with the condition of the contract 
which stipulated for the completion of the wharf by the 
end of June, and have received orders to suspend work. 
It is understood that the contract has been rescinded, 
and in all probability, says the Vice-Consul, the work 
will be continued under the management of the Cadiz 
Board of Harbour Works. 

Mexico: According to the Mexican Herald of June 17. 
Messrs. E. S. Brodnix, of St. Louis, and R. L. Stell, of 
Brownsville, have formed a syndicate which has acquired 
51,000 acres of land in the lower valley of the Rio Grande 
del Norte. The tract is to be irrigated by means of a 
large main canal and lateral canals; and a deep-water 
port, to be known as Port Brownsviile, is to be made at 
the mouth of theriver. It is understood, says the Herald, 
that allied interests are contemplating the construction 
of a railway from San Antonio to Port Brownsville, and 
of a system of inter-urban railways throughout the valley. 
With reference to the notice on page 534 of the Board of 
Trade Journal of June 16, relative to the Mexican Budget 
for 1910-11, a further section of the budget statement has 
now been received, in which the following items are 
noted :—An expenditure of 100,000 pesos for irrigation 
works in the Valle de Mexico ; 150,000 pesos for drainage 
works and lowering the Gran Canal; 100,000 pesos for 
river improvement works in the Valle de Mexico ; 100,000 

9s for defence works against the River Bravo del 
orte ; 100,000 pesos for coast works on the Pacific Coast ; 
200,000 pesos for harbour works at Manzanillo ; 125,000 
soe for the upkeep and improvement of lighthouses, 
cons, and buoys; and 225,000 pesos for the construction 
of lighthouses and beacons and for the installation of new 
buoys ; 688,000 for the construction and mainten- 
ance of i .Y lines and for the yomem of telegraph 
material. The Diario Oficial of June 16 publishes the 
terms of a 99 years’ concession, granted to the Compaiiia 
Mexicana del Pacifico, for constructing and working a 
railway in the State of Guerrero, from a point on the 
River Coyuca to the port of Zihuatanejo, on the Pacific 
Coast. The line must be completed within ten years, and 
five years are allowed for the importation of construc- 
tional materials free of duty (Peso = 2s. 04d.). 

Brazil: The Diario Official of June 22 publishes a 
decree, No. 8068, 0 ning, favourof the Ministry of Com- 
munications and Public Works, a credit of 500,000 milreis 
(34,000/.), to meet expenses in connection with the con- 
struction of the Itacurussd section of the Central Railway 
of Brazil. 

Dutch East Indies; The Bulletin Commercial (Brussels) 
of July 9 reports, on the authority of the Belgian Consul 
at Batavia, that the Netherlands East Indies Railway 
Administration are on the point of concluding surveying 
operations in 7? of a railway designed to connect 

uitenzorg with Serpong. The cost of the undertaking 
is estimated at 1,180,000 gulden (98,300/.). It appears, 
further, that the plans submitted by the Ministry of the 
Colonies for the construction of a steam-tramway from 
Krian to Gempolkerep, in the Island of Java, have been 
approved. The work will include the building of a large 
bridge across the River Sourabaya. 





: 





Tue Bartic ExuisiTion In MALMé, 1914.—The locality 
for this Exhibition has now been decided upon—viz., a 
large and suitable area in the vicinity of the town. The 
Exhibition is likely to prove a very lai affair, and a 
comprehensive, retrospective agricultural show will be 
held in connection with it. 





Pic Iron 1n Russta.—The production of pig iron in 
Russia last year was 175,295,000 poods (2,800,000 tons), as 
compared with 171,073,000 poods in 1908 and 171,9: },900 

sin 1907. The stocks held were 41,393,000 poor s at 
the close of 1909, 44,947,000 poods at the close of 1908, and 
43,743,000 poods at the close of 1907. A pood is equal to 
36 Ib. English. The productive capacity of the works was 
employed last year to the extent of 53.85 per cent., as 
—— with 53.60 per cent. in 1908 and 51.10 per cent, 
in 1907. 
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CUTTING MICROMETER-SCREWS. 


THE device which we illustrate on this page is used 
in the works of the Cambridge Scientific Instrument 
Company, of Cambridge, for cutting micrometer- 
screws, and has been found to result in smoother and 
more rapid work. As screw-cutting is ordinarily 
effected, the pressure of the cut is generally transferred 
to the centres of the lathe and thence back through 
several joints to the point of the tool. Even wherea 
follower-rest is used, the latter being fixed on the slide- 
rest, any pressure borne by it has to pass through 
several joints before it reaches the balancing pressure 
on the tool-point. In the arrangement shown in our 
illustrations, Figs. 1, 2, and 3, the follower forms a 
component part of the tool-holder. The latter is 
pivoted on a horizontal hinge, as best seen in Fig. 2. 
Any pressure on the tool-point deflects the whole holder 
until taken up by the follower coming to rest on the 
- of the screw being cut. The slide-rest is only 
called upon to transmit the traverse to the tool, and 
not to take the pressure of the cut, which is self- 
compensated by the arrangement just described. It 
has on found that using this combined holder and 
rest the tool is subject to much less vibration, so that 
heavier cuts can be taken without danger of impairing 
the smoothness and accuracy of the work, and the tool, 
moreover, wears longer before requiring to be re- 
ground. The height of the follower is, it will be seen, 
adjustable, so that whatever the diameter of the work, 
the point of the tool can be maintained at the level 
necessary to give a thread true to form. 








SINKING HEADS’ AND SOUND CASTINGS. 
The Effect of a Sinking Head on Large Castings.* 
By Tuomas KENNEDY. 


Cast iron is not a pure metal, for, in addition to pure 
iron, it always contains considerable and variable quan- 
tities of silicon, sulphur, Ee ge manganese, and 
carbon chemically combined with iron and carbon un- 
combined, existing as little shining oo of graphite in 
the mass of the iron, so that on taking a wide average 
there is only from about 904 to 914 per cent. of metallic 
iron in practically any cast iron. As cast iron comes 
molten from the cupola, it contains, in addition to the 
preceding list of impurities, more or less slag—the less 
the better. 

Large pipes are, as a rule, specified to be cast on end, 
with the upper end prolonged to form a sinking head, 
which is afterwards cut off. The object of this paper is 
to show the advantages of this, and the desirability of it 
in nearly all large castings. 

The author therefore proposes to deal with the results 
obtained in casting some large columns about 32 ft. long, 
weighing about 12 tons, where a sinking head 2 ft. 104 in. 
long, and weighing about 2 tons, was added. When this 
head was cut off and broken under the ball, the fracture 
was so interesting that it was carefully photographed, 
and the result has been reproduced in Fig. 1. This shows 
that the head, which was much larger in area than the 
column proper, had been most efficiently feeding the 
column, as the molten metal in it was contracting in 
setting ; but it showed a deal more than that. In 
the large pockets left by the receding cooling metal there 
were groups of crystals of pure iron ; an isolated one is 
shown in the micro-photograph reproduced in Fig. 2, where 
the annexed sketch (Fig. 3) shows the end section of it. 
This clearly illustrates the form in which cast iron sets, 
similar crystals to the one illustrated grouping together 
so that they all interlace one with another, the other 
ingredients combining with some of the iron, and forming 
a matrix which fills the interstices. The real strength of 
the casting is in these interlaced groups of crystals. In 
the body of such a casting these crystals exist in identic- 
ally the same form, but very much smaller, due to the 
quicker cooling, perfectly interlaced and homogeneous, 
owing to the great pressure above them of the slower- 
cooling sinking head. 

The most deleterious impurities contained in cast iron, 
as it leaves the cupola, are slag —s. mechani- 
cally coritained in the metal, and gases technically called 
**occluded,” or absorbed physically in the metal, all or 
most of which will separate out as the metal passes from 
the liquid to the solid state. The excess of carbon in the 
metal separates into little plates of graphite as the metal 
solidifies, and there are also crystals of a very brittle sub- 
stance known as phosphide of iron, and little areas of 
sulphide of manganese. All these substances are poten- 
tially in the metal asit leaves the cupola and goes into the 
ladle. As the metal is being poured into the mould, still 
more gases are formed by the action of the hot metal on 
the sand of the mould ; the bulk of these escape through 
the cores and joints of the boxes in which the mould is 
formed, and when ignited burn with a non-luminous flame. 
Now the remainder of all the impurities mentioned—slag, 
gases, excessive graphite, &c.—are of a much less gravity 
than the proper metal, and if they have a free passage in 
the mould, escape aerate to the top, but if not, they 
remain, and the result is a porous, weak casting. 

When a long column such as has been descri is cast 
on a sloping bank instead of vertically, crystals always 
begin forming at right les to the cooling surface, with 
the result that millions of crystals similar to those shown 
in Fig. 2 form round the mould, and the passage of im- 
purities is seriously impeded ; if the column is cast hori- 





* Paper read before the Association of Water Engineers. 
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Fie. 1. 
zentully, their escape is impossible, and they remain in | are therefore a source of great weakness in the casting, 


the top side of the casting. Fig. 4 is from a microphoto- | as are also the other impurities noted. 
graph taken from about the centre of the sinking head| Fig. 5 is from a micro-photograph taken from a test bar 
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Fic. 4. Muicro-Section or SreviMEN TAKEN FROM 
Srngzine Heap or CoLuMN sHOWN IN Fie. 1. 
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Fie. 2, Crystat or Pure Iron. Macniriev 
16 DIAMETERS. 
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Fic. 5. Muicro-Section ‘or Test-Bar Cast oN 
CoLUMN SHOWN IN Fic. 1. Specimen Po.isHeD 
AND ErcHep. Maenirication, 56 Diameters. 
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interlacing of iron crystals, so forming cleavage lines, and | gate is so near the y of the casting, that sinking heads 
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are not necessary, as the air and gases escape readily, 
and the impurities have no time to segregate, but being 
spread more or less uniformly over the whole casting, 
their effect is so diminished as to be practically negligible. 








THE RECENT ADVANCES IN 
PYROMETRY.* 
By Rosert 8S. WHIPPLE. 


THE science of pyrometry has made such strides during 
the last few years that it may be helpful to consider briefly 
the work that has been carried out within comparatively 
recent years. As pyrometric methods are being so 
largely used in all industries, it is well to examine the 
present position of the fundamentals on which the science 
of pyrometry is now 


Gas THERMOMETRY. 


Referring first of all to the gas thermometer, the final 
reference in all thermometry, we find that a great deal of 
work has been devoted to the extension of the thermo- 
meter scale. Holborn at the Physikalisch-Technische 
Reichsanstalt, Berlin,+ Day at the Geophysical Labora. 
tory, Washington. and Harker at the National Physical 
Laboratory, Teddington,§ having worked at the subject. 

Holborn, by means of a bulb of pure iridium, has been 
able to extend the temperature measurements with his 
gas thermometer to 1600 ~~ Cent. This thermometer 
scale, which is now generally used as the basis of high 
temperature measurements, is officially stated to have a 
probable error of 2 deg. or 3 deg. between 300 deg. and 
1150 deg., and of 10 deg. between 1150 deg. and 1600 deg. 

The —_ difficulty in gas thermometry is to find a 
material of which a bulb may be made which will hold an 
expanding gas without loss or change through a long 
range of temperatures, and yet will permit of accurate 
measurements of the pressure-volume relations within the 
bulb. Day and Clement overcame this great difficulty by 
arranging that the bulb should be surrounded by nitrogen 
at the same pressure as that inside the bulb. This 
checked any tendency of the gas to diffuse through the 
walls of the bulb and at the same time prevented an 
deformation of the bulb due to internal pressure. 
further important advantage was the fact that much 

ter pressures could be employed. In this way it was 
possible to make the instrument three times more sensitive 
than any other gas-thermometer, giving rather more than 
1 millimetre on the scale for each degree Centigrade. A 
platinum-iridium bulb (10 per cent. iridium) was employed, 
accurate measurements having been made to determine 
its coefficient of expansion. In the later work a platinum- 
rhodium bulb has been substituted for the platinum- 
iridium one. 

It is interesting to note that Dr. Day believes that in 
the future porcelain bulbs wil] no longer be used in gas 
thermometry, partly because of the uncertainty in deter- 
mining their coefficient of expansion, and tly to their 

rosity. In the last report of the National Physical 

boratory it is stated that Dr. Harker, in order to 
measure extremely high temperatures, proposes to make 
a gas-thermometer bulb of some of the rare earths, such 
as those used in making Nernst filaments. If this project 
is carried out, a great deal of light may be thrown on high 
temperature gas thermometry ; but the difficulties to be 
contended with are very great. 

Dr. Day has also been able to reduce the amount of the 
unheated s between the bulb and the manometer, so 
that in his instrument the error from this source is about 
one-tenth of that in previous instruments. As a result of 
his work he states that “‘ the aggregate error affecting 
the measurements between 300 deg. and 1150 deg. appears 
not to be ter than 0.5 deg. Cent.”|| He has lately 
extended his gas-scale measurements to 1550 deg. Cent. {/ 


RESISTANCE THERMOMETRY. 


There is not, as far as I am aware, any striking advance 
to report in this branch of thermometry. A valuable 
paper by Dr. Harker on ‘“‘ High Temperature Stan- 
dards of the National Physical Laboratory ”** gives the 
results of a series of comparisons made between the resist- 
ance and thermo-junction standards and the nitrogen-gas 
thermometer up to 1000 deg. Cent. These results entirely 
justify the use of Callendar’s parabolic formula up to 
1000 & . Cent. 

A series of useful tables are given at the end of this 
paper for deducing the value of T from p¢ over the whole 

* Paper read before the Birmingham Metallurgical 
Society. 

7™ Kine Vergleichung der Optischen Temperaturscala 
mit dem Stickstoff Thermometer bis 1600 deg. Cent.” 
(Ann. der Phys. (4) vol. xxii., page 1, 1907). 

t A. L. Day and J. K. Clement. ‘‘Some New Measure- 
ments with the Gas Thermometer” (American Journal 
of Science, vol. xxvi., November, 1908); and A. L. Day 
and R. B. Sosman, ‘‘ The Nitrogen Thermometer from 
Zine to Palladium” (American Journal of Science, vol. 
xxix., February, 1910). 

§ J. A. Harker, ‘‘On the High Temperature Standards 
of the National Physical Laboratory; an account of a 
Comparison of Platinum Thermometers and Thermo- 
Junctions with the Gas Thermometer” (Philosophical 
Transactions of the Royal Society, A., vol. cciii., pages 343 
to 384). 

A. L. Day and J. K. Clement, page 463 loc. cit. 

*| A. L. Day and R. B. Sosman, February, 1910, loc. eit. 

** “On the High Temperature Standards of the National 
Physical Laboratory: An Account of a Comparison of 
Platinum Thermometers and Thermo-Junctions with the 
Gas Thermometer,” by J. A. Harker (Philosophical 
Transactions of the Royal Society, A., vol. cciii., pages 
343 to 384). 








range for which platinum thermometers may be safely 
re, from — 200 deg. to 1100 deg. Cent. 

aidner and Burgess* have since confirmed Harker’s 
results in an investigation of the behaviour of resistance 
thermometers made of platinum wires of varying degrees 
of purity. The following is a brief summary of their 
results, but those interested should refer to the original 
memoir :— 

1. Temperatures defined by the resistance thermo- 
meters of pure platinum calibrated by Callendar’s for- 
mule at 0 deg,, 100 deg., and 444.70 deg., the boiling- 
point of sulphur, agree with temperatures on the accepted 
gas scale from 0 deg. to 1100 deg. Cent. 

2. Thermometers made of impure platinum and cali- 
brated in the same way do not define the temperature 
scale as those of pure platinum, the divergence increasing 
with the impurities in the metal. 

3. If the thermometers of impure platinum are cali- 
brated at a fourth point, such as the melting-point of 
silver, and the Callendar formula modified accordingly, 
then the scale is brought into close agreement with that 
of the thermometer of pure platinum. 

4. For temperatures above 900 deg. Cent. the constants 
of platinum thermometers undergo gradual changes, 
necessitating frequent recalibration in work of high pre- 
cision. These changes are greatly reduced by annealing 
the thermometers for several hours at a temperature 
—- than that at which they are to be subsequently 
uw 


5. In pure wire thermometers these changes are ex- 
tremely small, very much less than in the case of those 
made with impure wire. In the latter case the thermo- 
meters appear to improve with time as though the im- 
purities (such as iridium) evaporate by successive heatings. 

In the construction of resistance thermometers some 
improvements have been introduced, the most important 
being that due to Dr. Haagn,+ who suggested to Messrs. 
Heraeus, of Hanau, the construction of a thermometer in 
quartz, the wire being wound on a rod of quartz and 
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Rat by a very thin tube of quartz fused over it. 
his thermometer can be made as small as 25 millimetres 
long and 3 millimetres in diameter, and yet be compara- 
tively robust. By this arrangement the wire is protected 
from the injurious effect of gases and mechanical strain ; 
it also very quickly attains the temperature of the sur- 
rounding medium. It is, however, handicapped with the 
drawback that quartz devitrifies if exposed for any length 
of time to temperatures as high as 1000 deg. Cent. 

Two new methods of winding the thermometer coils for 
avoiding strain on the wires are shown in the paper by 
Waidner and Burgess previously referred to; one in which, 
by means of a modified form of mica frame, a flexible 
mounting is given to the wire (Fig. 1), and the other, 
due to Northrup, in which stouter wires, in the form of a 
spiral without any support, are employed (Fig. 1). 

Professor Culivathe tne also designed some very sensi- 
tive resistance therm¢ 3 for medical work.t} 

In America the Leeds and Northrup Company have 
lately introduced a recorder for use with resistance thermo- 
meters,§ and also a direct-reading instrument or ratio- 
meter. | 


+ 





TuermMo-E.ectric PYROMETRY. 


In this branch of the subject most workers appear to 
have devoted their efforts to any of three objects :— 

(a) To increasing the*purity of the metals employed in 
the platinum thermo-couples. 

(b) To ey ay | cheaper, or base metal, couples, the 
large increase in the price of platinum having produced a 
demand for such couples. 

(c) To improving the methods of measurement with 
thermo-couples. 


* “Platinum Resistance Thermometry at High Tem- 

ratures,” by C. W. Waidner and G. K. Burgess 
Bulletin of the Bureau of Standards, vol. vi., No. 2). 

+ Report of the Physikalisch-Technische Reichsanstalt 
(Zeitschrift fiir Instrwmentenkunde, 1907. Heft 4, s. 116). 

+t H. L. Callendar, ‘‘ Electrical Recording Thermo- 
meters for Clinical Work.”—Phil. Mag., April, 1910. 

§ E. F. Northrup, ‘‘ Cooling Curves and a New Type 
of Apparatus for their Autographic Registration” 
(American Electro-Chemical Society, May, 1909). 

|| E. F. Northrup, ‘‘ Electrical Measurement of Tempe- 
rature” (American Institute of Electrical Engineering, 
May, 1906). 


(a) Great steps have been made comparatively recently 
in the production of pure and homogeneous metals for 
cmenaeel thermo-couples, the firms of Johnson, Matthey, 
and Co., of London, and Heraeus, of Hanau, having sunk 
a considerable amount of capital in large ingots of pure 
platinum, platinum 10 per cent. rhodium, and platinum 
10 per cent. iridium, for this purpose. In the case of a 
sample supplied for thermo-couples to the National Phy- 
sical Laboratory by Messrs. Johnson, Matthey, and Co., 
the analysis of the platinum-rhodium alloy was as 
follows :— 

Platinum = 89.9 

Rhodium = 8.98 


both being directly determined, and no trace of any other 
metal being discovered.* 

The ingots owned by Messrs. Johnson, Matthey, and 
Co. have been found to be exceptionally homogeneous, 
wires obtained from any part of the ingot giving the same 
electromotive force. 

Messrs. Heraeus have now been able to repeat their 
standard of purity for some time, as the following data 
supplied by them will show :— 


Average Electromotive Force at 1000 Deg. Cent. for the 
last Six Years. 


Year. 

1904 = 9.52 millivolts. 
1905 = 9.53 ao 
19066 =9.53 
1907 = 9.57 9 
1908 =9.59 |. 
1909 = 9.55 o 


As a result of the work of these two firms, it is possible 
to obtain a second thermo-couple similar to one previously 
obtained, which may be used without introducing any 
serious error on the same galvanometer or recorder. 

It has been known for some time that platinum thermo- 
couples deteriorate in an atmosphere of hydrogen, but it 
has not been possible to account for a large number of the 
failures. No very definite information was available on 
this subject until the paper published by White.+ In 
this paper it was shown that the main source of error in 
thermo-elements is in homogeneity, by the removal of 
which, in most cases, far greater accuracy may be attained 
than has hitherto been realised. It was also shown that 
the iridium slowly sublimes from the platinum-iridium 
side of a couple, and enters into combination with the 

latinum side, thus slowly reducing the electromotive 
— given by the couple. This sublimation has been 
found to commence at 900 deg., and to become serious at 
1200 deg. Cent. 

The destruction of the platinum, platinum-rhodium 
theomo-couples in the earlier stages of Day’s later work 
could only be accounted for by the sublimation of the 

latinum-iridium heating coil employed in the furnace. 

his was replaced by a platinum coil and finally platinum- 
rhodium was substituted for the gas thermometer bulb 
itself because the iridium from the platinum-iridium bulb 
tended to destroy the couples.t 

Iron has undoubtedly a disastrous effect on platinum, 
and the destruction of large numbers of couples may be 
put down to this cause.§ 

Annealing a low-reading thermo-couple to a tempera- 
ture of 1200 deg. Cent. will frequently restore it to its 
original electromotive force. 

When the use of contaminated el ts is ry, 
fair accuracy can still be obtained if the defective couples 
are frequently compared with standard ones. 

(b) A large number of wires have been su ted for 
making cheaper thermo-elements. Onnes and Clay have 
employed gold and silver elements for very low tempera- 
tures with success, this couple showing itself at — deg. 
Cent., as read on a hydrogen thermometer, to be twice as 
sensitive as constantan-steel.|| 

The most satisfactory base-metal couple for tempera- 
tures not exceeding 700 deg. Cent. is undoubtedly copper- 
constantan (constantan=60 per cent. copper, 40 per cent. 
nickel), and this couple has been used in several scientific 
researches. {| 

Amongst other couples may be mentioned :— 


Tron-constantan. 
Tron-nickel. 
Iron-nickel chromium. 
Copper-nickel. 





* J. A. Harker, ‘‘On a New Type of Electric Furnace, 
with a Re-determination of the Melting Point of Plati- 
num” (Proc. Roy. Soc., vol. Ixxvi., A, 243). 

W. P. White, ““The Constancy of Steen Uiemente” 
(Physical Review, vol. xxiii., December, 1906). 

t A. L. Day and R. B. Sosman (American Journal of 
Science, vol. xxix., February, 1910). 

§ ‘‘ Platinum at high temperatures takes up impurities 
which diffuse into the wire. Carbon, illuminating gas, 
&c., produce this result only through their ucing 
action on other substances capable of injuring the plati- 
num, of which iron (which reaches the platinum in the 
form of vapour) and silicon are perhaps the most im- 

rtant.” W. P. White, ‘‘ Constancy of Thermo- 

clements,” 466, loc. cit. 

H. Kamerlingh Onnes and J. Clay, ‘‘ The Thermo- 
Element Gold-Silver at Liquid Hydrogen Temperatures” 
(Konink. Akad. Witensch, Amsterdam, Proc, 11, pages 
344 and 345, December, 1908). 

| E. H. Rayner, Report on ee Experiments 
carried out at the National Physical Laboratory (Journal 
of the Institution of Electrical Engineers, vol. xxxiv., 

628). ‘‘On Methods for the Continuous te, hic) 
and Quasi-Continuous Registration of the Diu rve 
of the Temperature of the Animal Body,” by Arthur 
Gamgee (Philosophical Transactions, B., vol. oc., pages 
| 219 to 240). 












mo ng Rie ieee a ae oe 


— 2s mee 2 a 





142 


ENGINEERING. 


[Jury 22, 1910. 








A useful book by Professor Pécheux* has lately been 
published on the thermo-couple. In this he urges the 
adoption of the copper-nickel couple for use up to tempe- 
ratures of 900 deg. Gent., and he also shows that although 
it is impossible to make one parabolic formula fit the 
whole range of usefulness of the couple, yet with the aid 
of three formule covering varying parts of the range the 
observed results agree with the calculated results to within 
1 deg. over the greater part of the scale. ; 

My own experience shows that it is extremely difficult 
to obtain homogeneous wires, and therefore, for accurate 
results, it is necessary to calibrate every individual 
couple, and even then the calibration “¢ | be found to 
have seriously altered if, by any chance, the couple has 
been overheated or, perhaps, over annealed. 

For accurate work it is customary to maintain the cold 
junction of a thermo-couple at 0 deg. Cent.,+ but not 
infrequently, in what may be called semi-scientific work, 
it is not easy to control the cold junction temperature. 
Although it has been customary to have the difference 
between the temperature of the head of the thermometer 
and 0 deg. Cent. and to add this quantity to the obtained 


hot junction temperature provided the cold junction correc- | 


tion does not exceed 50 deg.Cent.,+ yet this is incorrect, as 
the relation of the electromotive force to temperature is not 
a straight line. R. Vogel§ appears to have been the first 
to have calculated and applied correction factors for this 
cold junction temperature. The matter has since been 
fully discussed by C. Offenhaus and Ernst H. Fischer,| 
who show that the correction depends on both the hot 
and cold junction temperatures and the particular couple. 
Briefly they show that the true temperature of the hot 
junction is not, starting with the needle at zero (the 
cold junction having the temperature of the room), the 
temperature which corresponds to the millivolt reading, 
but is found by adding the number of millivolts whic 

corresponds to the temperature of the cold junction to 
the millivolt reading. : 

(c) For accurate work the conditions imposed upon a 
potentiometer for use with thermo-electric couples are 
very exacting, and may be grouped as follows :— 

1. If possible, temperatures up to 1600 deg. Cent. must 
be read to 0.1 deg. Cent. with a platinum, platinum- 
rhodium element, 0.1 deg. Cent. corresponding to about 
roobogoth of a volt. y 

3. Phe potentiometer coils must be unaffected by leak- 
age from external circuits. (This is important where, as 
is now generally the case, the thermo-couple is being used 
in a furnace which is electrically heated by heating-coils 
the potential difference in which may be 100 volts or more, 
any leakage to the potentiometer coils introducing serious 
errors. ) 

3. Manipulation must be simple in order that quickly- 
altering temperatures may be followed. : 

To meet the above conditions various potentiometers 
have been or amon, 
those design 
Cambridge Scientific Instrument Company, Ltd. + 

The instrument designed by Dr. White differs from the 
other two in that no bridge wire is employed, the rapidity 


of action being obtained by switches and a direct reading | 


galvanometer. The switches are so arranged that a con- 
stant galvanometer sensibility isobtained. External and 
internal leakage is prevented by metallic shields. ; 

In the instrument designed a Dr. Harker, and also in 
that designed by the Cambridge Scientific Instrument 
Company, Limited, the bridge wires are kept as short as 
possible, being placed in series with a continuous coil of 
many sections. In the former instrument these sections 
are introduced by means of connectors and mercury cups, 
in the latter by a switch and contacts. 

The maximum electromotive forces that can be measured 
are 21 and 30 millivolts respectively, and the minimum, 
by estimation, 1 microvolt. 

“Several recorders of various types have been introduced 
for use with thermo-couples ; amongst others must be 
mentioned those by Pellin, Messrs. Siemens and Halske, 
W. H. Bristol, and the Cambridge Scientific Instrument 
Company, Limited. . 

In connection with the latter instrument some experi- 
ments have lately been tried with a view to increasing the 
stability of zero. It has been found that a phosphor- 
bronze wire reduces the creep from one-half to one-third 
that which would be given by the same wire rolled as a 
strip. The instrument is arranged to deflect across the 
scale for an electromotive force of 1 millivolt. The total 
range of the recorder can be adjusted by means of resist- 
ances in series with the couple. 


RADIATION PYROMETRY. 


The last few years have witnessed great progress in 
this the latest branch of pyrometry. The demand in 
industrial operations for pyrometers capable of measur- 


* “Te Pyrométre Thermo-Electrique pour la Mesure 
des Températures élevées,” par H. Pécheux, Gauthier- 
Villars, Paris. 5 

+ By using a Dewar flask to hold the ice a small 
quantity can be made to last for a considerable time. 

t See pamphlet by Messrs, Siemens and Halske on 
their platinum, platinum-rhodium thermo-couple. 

§ R. Vogel. ' Zeit. f. Anorg. Chem., 1905-45. 

Cornelis Offenhaus and Ernest H. Fischer, ‘‘ Cold 
Junction Temperature Corrections of Pt. Pt.-Rh. and 
Pt. Pt.-Ir. Thermo-Electric Pyrometers” (Electrochem. 
and Met. Ind., New York, pages 362-365, September, 
c 


1908). 

| W. P. White, ‘* Potentiometer Installation ” (Physical 
Review, vol. xxv., No. 5, November, 1907). 

** J, A. Harker, ‘‘ A Direct-Reading Potentiometer for 
Thermo-Electric Work ” (Phtl. Mag., July, 1903.) 

++ “Thermo -Electric Couple Potentiometer” (The 
Electrician, January 31, 1908). 


t the most important being | 
by Dr. White,{{] Dr. Harker,** and the | 


ing extremely high temperatures together with the in- 
creasing price of platinum has tended to force the deve- 
lopment of radiation or optical pyrometers. Fortunately 
so many problems of great scientific interest are involved 
in the study of radiation that the principles underlying 
the subject have been attacked by a number of workers 
| who have been able to throw a great deal of light on this 
difficult subject. 

The temperature of a hot body may be estimated either 
from the visible light emitted or from the thermal effects 
of the longer infra-red waves. The intensity of the light 
emitted by a hot body varies enormously with the tempe- 
rature,* and therefore at the first glance one would assume 
that the easiest way to a temperature would be photo- 
metrically to compare the light emitted by the hot body 
with that emitted | by a second hot body at a definite 
temperature. This would be the simplest way of doing 
so if all bodies at the same temperature emitted the same 
| amount of light ; but, unfortunately, such is not the case, 
| the light, for example, from incandescent iron or carbon 
| being much greater than that from porcelain or platinum 
| at the same temperature. 

Kirchhoff first propounded the idea of a ‘‘ black body ” 
as being a body which would absorb all radiation falling 
| upon it and would neither reflect nor transmit it. He 
also showed that the radiation from such a body is a func- 
tion of the temperature alone. Wien and Lummer were 
the first to make a scientifically so-called ‘‘ black body ” 
furnace, although this was much improved by Lummer 
and Kurlbaum in 1898 by the addition of electrical heat- 
ing. It may be noticed in passing that very often fur- 
naces employed in industrial operations closely approach 
black body conditions. The radiation from a black body 
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being a function of the temperature alone, it is possible 
by means of a furnace such as that designed by Wien and 
Lummer, to study the energy of the radiation emitted as 
compared with the temperature. 

As previously mentioned, iron and platinum, when 
heated to the same temperature, emit different amounts 
of light. If, however, they are placed in a ‘‘ black body ” 
furnace they will be found to emit equal radiation. It 
will also be found that the — temperature of an 
material when away from black body conditions will 
always bear a fixed relationship to its true temperature, 
this apparent temperature being called its ‘‘ black body” 
temperature. For instance, the black body temperature 
of apiece of iron at 1200 deg. Cent. will be 1140 deg. 
Cent. and that of porcelain at the same temperature 1100 
deg. Cent. 

ti is thus very important to know the relationshi 
between the radiation emitted and the temperature, oa 
a great deal of mathematical and practical work has been 
devoted to this object, an extremely good resumé of the 
subject having been made both by ieee, Waidner and 
Burgesst and by Messrs. A. L. Day and ©. E. Van 
Ostrand.t 

Stefan was the first to state that the energy radiated 
was proportional to the fourth power of the absolute tem- 
poe. Boltzmann later propounded the same law 

rom thermo-dynamic reasoning, assuming the existence 
of light pressure. This law has since become known as 
the Stolen Bolteneun radiation law. 


E = K(T!-T%). 


| Where E is the total energy radiated by the body at 
| absolute temperature T to the body at absolute tempera- 
| ture Ty, K being a constant. 
| When the iation from an incandescent body passes 
| through a non-absorbing prism it is spread out as a spec- 
| trum, and the energy corresponding to the different wave- 
‘lengths may be determined by means of a bolometer. 

* If the intensity of the red - = \ = 0.656 u emitted 
by a body at 1000 deg. Cent. is called 1, at 2000 deg. Cent. 
the intensity will be 2100 times as great.—See C. W. 
Waidner and G. K. Burgess, “Optical Pyrometry ” 
(Bulletin No. 2 of the Bureau of Standards). 

+ “Optical Pyrometry,” loc. cit. 

+t A. L. Day and C. E. Van Ostrand, ‘“‘The Black 
Body and the Measurement of Extreme Temperatures” 





| (Astrophysical Journal, vol. xix., 1-40). 





Such experiments have shown that the greater part of the 
energy 1s found in the infra-red part of the spectrum. It 
is also found that if the particular wave-length having 
maximum energy for a given temperature of the radiating 
body were determined, and if the temperature were then 
raised, the wave-length of maximum energy was displaced 
towards the shorter wave-lengths. This displacement 
with change of temperature is illustrated by the now 
well-known energy curve (Fig. 3, annexed), taken from a 
paper by Lummer and Pringsheim.* 

From theoretical considerations Wien was led to the 
conclusion that ‘‘ when the temperature increases, the 
wave-length of every mono-chromatic radiation diminishes 
in such a way that the product of the temperature and 
the wave-length is a constant,” and this statement is now 
called the ‘‘ Wien displacement law.” 

Briefly this is a statement of the fact that as the tem- 
ees of the hot body is changed the wave-length 

aving the maximum energy will be changed so that the 
product of the wave-length \ mand the corresponding 
absolute temperature T is a constant. If T increases \ 
shifts towards the shorter wave-lengths. 

Wien then combined the above relation with the 
Shefan-Boltzmann law and was lead to the constant, 


Emax. T—> = constant, 


in which Emax. indicates the energy corresponding to the 
wave-length of the maximum energy and T is the abso- 
lute temperature of the radiating source. 

Planck has also propounded a formula which represents 
the results for certain regions of the spectrum and for 
certain temperatures somewhat better than the Wien 
formula, the calculated values agreeing extremely well 
with the observed.+ 

A basis on which to found radiation measurements 
being thus obtained, it has been a comparatively easy 
matter to design instruments for measuring the radiation. 

The first satisfactory radiation pyrometers were pho- 

tometric, that is to say, they were arranged to match the 
luminous radiation obtained from an incandescent body 
against that obtained from a standard lamp. TheChatelier, 
as modified by Féry, and the Wanner pyrometers, are 
the most successful photometric pyrometers. In both 
cases mono-chromatic light is matched against that 
obtained from a lamp, in the former from an amyl- 
—_ flame, in the latter from an electric incandescent 
amp. 
A considerable amount of light is lost in the optical 
system of the Wanner, thus preventing temperature 
measurements below 900 deg. Cent.,+ and for that reason, 
as well as for the openness of scale of the Féry pyro- 
meter, the latter is to be preferred. Féry has recently 
modified this instrument by the addition of extra neutral 
tinted glasses so that the range is largely extended. The 
instrument as now arranged is particularly suitable for 
determining the temperature of incandescent lamp fila- 
ments, the electric arc, &c. On the other hand, the 
instrument is not so portable as the Wanner. 

The Holborn-Kurlbaum pyrometer has proved itself a 
useful tool in the hands of the observers at the Reichsan- 
stalt and at the Bureau of Standards, the latter labora- 
tory having made an elaborate study of the instrument.$ 
It was also used by Waidner and Burgess for their deter- 
minations of the melting-points of palladium and plati- 
num.|| The only instruments using the total radiations 
from a hot body are the Féry and Thwing pyrometer. 
Féry’s first model consisted of a lens Ge ciecbiy 
fluorite) which focussed the radiation received on to a 
small thermo-electric couple, the electromotive force 
generated actuating a sensitive galvanometer. Unfortu- 
nately the lens absor a considerable quantity of the 
radiation, especially at the low temperatures where a 

t part of the energy exists in the form of long wave 
my and the pyrometer was therefore only suitable 
for high temperatures. Fery afterwards modified the in- 
strument** by substituting a concave mirror to focus the 
radiation instead of the lens, and this largely increased 
both the range and the sensibility of the instrument. Its 
sensibility has since been further increased by the sub- 
stitution of a more sensitive and efficient thermo-couple, 
the greater electro-motive force obtained enabling pivoted 
galvanometers to be employed in place of the more deli- 
cately suspended instruments. By employing a compara- 
tively delicate galvanometer it is possible to determine 
temperatures with this instrument below the boiling 
point of water. 

Féry has since introduced a third form of this pyro- 
meter in which the radiation is concentrated on to a small 
bi-metallic spiral, carrying an aluminium pointer. As 
the temperature of this spiral increases it unwraps itself 
moving the pointer over a scale. This simple form is 
being found useful in works where it is desirable to avoid 
the complication of a galvanometer. 

Some interesting tests were recently made at the 
National Physical Laboratory on the absorption of the 
receiving mirrors in these instruments, and it was found 
that they deflected about 96 per cent. of the total radia- 
tion falling upon them. It was also found that a slight 
film of oxide on the gilded surface of the mirrors made no 
serious difference to the amount of radiation reflected, as 
the greater part of the energy exists in the form of long 

* Lummer and Pringsheim, ‘‘ Verhandl d Deutsch ” 
(Phys. Ges. i., 277, 1899). ; 

+ Rubens and Kurlbaum-Ber d. K. Akad. d. Wiss. 
Berlin, page 929, 1900. 

t ‘Optical Pyrometry,” page 232, loc. cit. 

§ ‘‘ Optical Pyrometry,” pages 233 to 237. Fi 

C. W. Waidner and G. K. Burgess, “‘ Radiation 
from, and Melting-Points of, Palladium and Platinum” 
(Bulletin of the Btreau of Standards, vol. iii., No. 2). 

{| C. Féry (Comptes Rendus) 134, page 977, 1902). 

** C. Féry (Journal de Physique 8, page 701, 1904). 
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wave-lengths which the tarnished mirrors reflect without 
difficulty. , ; 

Thwing* has introduced a pyrometer in which the 
radiation is reflected on to a thermo-couple by a deep 
conical mirror, a series of diaphragms being arranged in 
a tube so that a fixed cone of rays always falls on the 
murror,. 

As previously stated optical pyrometers are calibrated 
in terms of the radiation emitted by a black body, but the 
temperature as measured by them will depend on the 
nature of the hot body under observation. It is there- 
fore necessary to know the ‘* black-body temperatures ” of 
a material at a given temperature in order to obtain the 
real temperature. A great deal of work has been done 
on this subject, more particularly on the black-body tem- 
peratures of platinum and moltencopper. The following 
data with regard to the black-body temperatures of plati- 
num are extracted from the paper on “Optical Pyro- 
metry,” by Waidner and Burgess.} 

















Black | 
Real Body . 
: Differ- 
—_ Tempera- Tempera- 
ture. | tureof  °MCe 
Platinum. 
deg. C. | deg. C. deg. C. 
Melting-point of sodium chloride. . 782 717 65 
7 gold oat ae 973 91 
ua palladium. . ee 1600 1374 126 
“ platinum .. os 1753 1514 239 





It is much to be regretted that no authoritative work 
has yet been carried out on the black-body temperatures 
of molten iron and steel, as_ these values would be 
extremely useful industrially. Dr. Burgess, in a recent 
paper on the black-body temperatures of molten copper, § 
states that he is hoping shortly to commence a similar 
research on iron, brass, aluminium, and special steels. 
In the paper above referred to he shows clearly what a 
large divergence there is between the black-body and the 
true temperatures of a highly reflecting material like 
molten copper. _Healso shows how much more nearly the 
cuprous oxide approaches black-body conditions than the 
bright copper. Thwing also carried out a somewhat 
similar research with his optical pyrometer.|| 


STANDARDISATION. 


The question of standardisation is of t importance 
to all usersof pyrometers. The various National Physical 
Laboratories have apparatus capable of testing closely up 
the scale to 1500 deg. Cent., and have also one or two other 
points of reference up to the temperature of the arc. 

It is interesting to note that the tendency of recent 
workers is to adopt the meiting points of pure metals as 
the standards of reference, several of the melting points 
being known to a high degree of accuracy. nfortu- 
nately, the metals cannot be obtained commercially suffi- 
ciently pure to guarantee an accuracy of 1 deg. Cent. at 
the higher temperatures, but if an accuracy of 1 deg. to 
3 deg. is sufficient, then Kuhlbaum’s best materials will 
answer the requirements. 

It is hoped that in the near future the National Phy- 
sical Laboratory, or some similar institution, will be abt 
to supply small quantities of pure metals, the melting 
points of which have been carefully studied. 

The following may be taken as the most satisfactory 
standardisation points, the values given being as far as 
possible the latest determinations :— 


Freez ng point of tin.. -. 231.92 


= e cadmium.. 321.01 

i. ~ lead -- 327.43 Bulletin of the Bureau 
a ies zinc -- 419.379 }of Standards, vol. vi., 
a oe antimony 630.7 No. 2. 

es RS silver .. 960.88 


~ ae copper ..1083.0 
ns ie nickel ..1452.242 A. L. Day and B. B. Sos- 
a o cobalt ..1489.842 | man, American Journal 
< a palladium 1549.242 fof Science, vol. xxix., 
me an platinum 1755 +5** J Feb., 1910. 

Boiling point of sulphur .. 444.70 deg. tt 


Black-body temperature of the crater of the electric 
arc 3700 deg. Cent. (This latter point is constant, even 
although the current through the arc is varied between 
large limits. )tt 





*C. B. Thwing, ‘‘A New Radiation Pyrometer” 

(Journal of the Franklin Institute, May, 1908). 
| Waidner and Burgess, *‘ Radiation from and Melting 
Points of Palladium and Platinum” (Bulletin of the 

3ureau of Standards, vol. iii., No. 2). 

+ Waidner and Bur, 245, loc. cit. 

§ C. R. Burgess, ‘‘The Estimation of the Temperature 
of py vd by Means of Optical Pyrometers” (Bulletin 
of the Bureau of Standards, vol. vi., No. 1). 

C. P. Thwing, ‘‘ On the Emissivity of Molten Iron 
and Copper ” (Physical Review, 26, page 190, 1908). 

“ The freezing point of zinc is a particularly useful 
point, as determinations made on various samples brought 
over some years agree together. A sample used con- 
tinuously for six years in one crucible gave strictly con- 
sistent results. 

** D. Harker determined 1710 deg. Cent. as the melting 
point of platinum (see Proc. Roy. Soc., vol. Ixxvi. A, 


payes 235 to 250), but the majority of other workers place 
the melting point between 1745 deg. and 1789 deg. Cent. 
t+} In determining this point attention must be paid to 
the effect of pressure on the boiling point (see J. A. 
. Hea and F, P. Sexton, Electrical Review 63, page 416, 
08), 
++ Waidner and Burgess (Bulletin No. 1, Bureau of 
dards, 1904) 


Stan 








CATALOGUES. 


Dise Grinding Machine. — We have received from 
Messrs. Alfred Herbert, Limited, Coventry, a catalogue 
section dealing with their 28-in. disc grinding machine. 
The catalogue gives a general specification of the machine 
which is made in two patterns, with and without dust- 
exhausting fan. 

Rubber Goods.—The Premier Re-Forming Compeay: 
Limited, Cross Keys House, 56, ee igre u.C., 
have issued a phen il to their shareholders, stating that 
their plant is now regularly at work, turning out india- 
rubber valves, sheets, cones, buffers, and other articles of 
excellent quality. 


Ventilating Fans.—A catalogue section devoted to small 
electrical ventilating fans has n_ received from the 
Electric and Ordnance Accessories Company, Limited, 
Cheston-road, Aston, Birmingham. Desk, wall, ceiling, 
and port-hole fans for direct and alternating currents are 
dealt with, prices being stated for the fans and various 
accessories. 


Light Locomotives.—We have received from_ Messrs. 
Andrew Barclay, Sons, and Co., Limited, Caledonia 
Works, Kilmarnock, Scotland, an advance copy of their 
catalogue of light, narrow-gauge locomotives. Those 
illustrated include several types of side and saddle-tank 
engines, specially constructed for use on sugar plantations, 
tea estates, and other work abroad where skilled labour is 
scarce, 


Bolts, Nuts, Rivets, dc.—A catalogue has reached us 
from the Rivet, Bolt, and Nut Company, Limited, 74, 
York-street, Glasgow, giving prices and particulars of 
their manufactures, which consist of all kinds of black 
bolts and nuts, engineers’ bolts, set-screws, tie-rods, 
boiler-patch screws, coach-screws, washers, rivets, railway 
spikes, &c. The catalogue, which is bound in leather 
and of a convenient size, also contains tables showing the 
number of bolts, nuts, and rivets per hundredweight, 
weights of bar iron and steel, and other useful information. 


Steel Railway Rolling Stock.—The er vere Company, 
Limited, of Leeds, have sent us acopy of a pamphlet contain- 
ing illustrations of their works and productions, which are 
described in English and Spanish. The illustrations show 
pressed steel bogies, open and covered wagons, hopper- 
wagons, and also a platform wagon for the transport of 
traction-engines. is wagon is provided at one end with 
asteel ramp, which can be lowered to and raised from the 
ground. The traction-engine is hauled up this ramp by 
means of a hand-winch fixed to the other end of the 
wagon. 


Drawing and Surveying Instruments, d&-c.—A new edi- 
tion of their catalogue has been issued by Messrs. J. 
Halden and Co., Limited, 8, Albert-square, Manchester. 
The catalogue illustrates, and states prices of, drawing 
and surveying instruments, drafting machines, calcu- 
lating instruments, and drawing-office requirements of all 
kinds. One section is devoted to engineering-photo- 

aphy, and in it electric photo-copying machines, print- 
ing-frames, troughs, drying-ovens, photo-printing papers, 
and other materials and appliances for copying drawings 
are dealt with. 


Electric Wiring System.—Pamphlets have reached us 
from Messrs. Siemens Brothers and Co., Limited, Caxton 
House, Westminster, 8.W., illustrating and describing 
the ‘O.8.” wiring system. This system employs 
**Stannos” wires, in which the conductor, insulated with 
rubber, is enclosed tightly in a small tube of tinned 
sheet-copper. It is claimed that wiring on this system 
is very durable and reliable, and also is easily installed, 
as the wires can be fixed on the surface of a wall without 
being unsightly. A considerable economy is effected by 
using the outer metallic casing as the return circuit, and 
a separate pamphlet illustrates and fully describes in- 
stallations on this system at some of the Cambridge 
colleges. 

Wire-Ropes and Fittings for Mining.—We have received 
from Messrs W. N. Brunton and Son, of Musselburgh, 
Scotland, a small pocket catalogue intended for the use 
of managers of mines of all descriptions and containing 
useful information relating to wire-ropes. The diameters, 
weights, breaking-strains, and other particulars of ropes 
for winding, haulage, and other purposes are given, and 
various fittings, such as haulage-clips, safety detaching- 
hooks, sockets, straining-screws, and other attachments 
are illustrated. Attention is called to the advantages of 
‘** Kilindo” ropes. These ropes, it is claimed, are free 
from any tendency to rotate, and wear is distributed over 
a very large surface ; they are specially recommended for 
winding. 


Magnetic Clutch for Planing- Machine Drives. —A 
booklet dealing with the application of the S. M. electro- 
magnetic deb to planing-machines has come to hand 
from Messrs. Cecil E. Lugard and Co., of Chester. With 
this arrangement the belt-pulleys for the cutting and 
return strokes run loose on sleeves on the driving-shaft 
of the machine, and are alternately made to drive the 
shaft by means of a double magnetic clutch on the same 

rinciple as the single clutch illustrated in our issue of 
Debrusey 11 last, on page 187. Among other advantages 
it is claimed that this form of drive will greatly increase 
the output of an old machine by doing away with the belt- 
striking _ and allowing higher cutting and return 
speeds to be used. 

Infts and Hoists.—A pamphlet issued by Messrs, William 
Wadsworth and Sons, of Bolton, deals with their belt- 
driven and electrically-operated Pern, sy an 
service lifts. The pamphlet also illustrates the ‘‘ Wads- 
worth” self-landing and delivering hoist for use where 
goods have to be lifted and also moved horizontally. It 





consists of a travelling carriage supported on the lower 
flange of a steel joist, along which it is moved by a racking 
chain. The load is lifted by another chain attached to 
the extreme end of the supporting joist, and passing 
round pulleys on the travelling carriage, and another on 
the lifting-hook to the hoisting-drum at the other end of 
the joist. The hoists may be driven by rope, or belt, or 
by an electric motor ; a large number have been supplied 
to travel distances up to and over 200 ft. 


Locomotives.—The North British Locomotive Company, 
Limited, of Gl w, have sent us copies of two pam- 
phlets, printed in English and Spanish respectively, describ- 
ing their exhibits at the International Exhibition of 
Railways and Land Transport at Buenos Aires. The 
engines shown are a two-cylinder compound eight- 
coupled freight locomotive for a metre-gauge railway, 
and a six-coupled express passenger locomotive for the 
Buenos Aires and Pacific Railway. en hs of these 
engines have been reproduced, and their ing dimen- 
sions aregiven. The pamphlets also illustrate and give 
particulars of several other locomotives supplied to the 
principal railways of Argentina, and conclude with a few 
pages of illustrations of De Glehn, Mallet, Fairlie, and 
Abt engines. 


Boiler-Setting Blocks, «c.—A_ booklet received from 
Messrs. Poulton and Son, of Reading, illustrates and 
describes Poulton’s patent curvilinear blocks for boiler 
setting. With these blocks, the part on which the boiler 
rests is curved toa small radius, so that the surface in 
contact with the boiler is very small. Thus the greatest 
possible heating surface is obtained and practically the 
whole surface of the boiler-plates can be examined with- 
out removing the blocks. They are made as seatin 
blocks and flue covers in various shapes and sizes, which 
are illustrated, together with interlocking arch-blocks 
and chimney liners. Anti-radiation firebricks are also 
illustrated. The backs of these bricks are serrated so as 
to leave air-spaces between the firebrick lining and the 
ordinary brickwork, and thus the loss of heat to the 
brickwork and foundations is greatly diminished. 


Steam- Engines and Moulding - Machines.— Pamphlets 
have reached us from Messrs. Murray, Workman, and 
Co., Limited, Craigton Engineering Works, Craigton- 
road, Glasgow, dealing with their ——_ steam- 
engines and foundry moulding-machines. The engines 
are of the vertical open type, and are suitable for driv- 
ing electric generators, fans, &c. Particulars are given 
of engines with cylinders ranging from 44 in. in diameter 
by 4-in. stroke to 104 in. in diameter by 8 in. stroke, and 
their capacities are given in tabular form for different 
—_ and boiler pressures. The moulding-machines 

ealt with are for general repetition work, and can be 
operated by hydraulic pressure, comp air, or steam. 

e advantages claimed for them are that a complete 
mould is made at each operation, no moulding-boxes are 
required after the moulds leave the machines, and they 
can be operated by unskilled labour. Nine sizes are 
made, the largest of which deals with circular moulds 
32 in. in diameter or rectangular ones 34 in. by 24 in. 





Tue Socrery or Encinerrs.—On Tuesday, the 12th 
inst., a party of members of the age ! of Engineers and 
their friends, by kind permission of Mr. Maurice Fitz- 
maurice, C.M.G., M. Inst. C.E., Hon. F.S.E., inspected, 
under the guidance of Mr. J. E. Worth, district engineer, 
the works now in progress in connection with the Northern 
Low-Level Sewer No. 2. With the great increase in the 
a of London, it became clear that Sir Joseph 

zalgette’s scheme of intercepting sewers would require 
extension, therefore the London County Council in 1899 
decided to enlarge the main-drainage system. The works 
of extension, which have been completed, or are now being 
carried out, under the direction of Mr. Maurice Fitz- 
maurice, C.M.G., M. Inst. C.E., the chief engineer to the 
Council, include on the north side of the Thames two new 
outfall sewers, each 9 ft. by 9 ft., which have been added 
to the existing lines (three) of outfall sewer, and are now 
in use ; anew Middle Level sewer, No. 2, from Willesden 
to Old Ford, some 9 miles in length, which is also bein 
used, and a sewer known as the Northern Low-Leve 
No. 2, which extends from Hammersmith to Bow, a dis- 
tance of 124 miles, parts of which are now under construc- 
tion. This lattersewer between Hammersmith and Pem- 
broke Gardens, Kensington, is constructed in brickwork, 
and commencing with a 5-ft. barrel, increases in size to 
6 ft. 6 in. in diameter at this latter point, from which it 
is constructed in iron segments as far as Kastfield-street, 
Stepney. The diameter of the sewer in this section varies 
from 6 ft. 6in. to 8 ft. 6in. From Eastfield-street to the 
ae pe pre age at Abbey Mills the construction is in 

rick and iron, the diameter increasing from 8 ft. 9 in. to 
10 ft. G in. at the latter place, where the sewage will be 
lifted about 42 ft. into the outfall sewers, along which it 
will flow to the Barking Outfall Works. The depth of this 
sewer from the surface of the varies from 20 ft. to 
70 ft., and it lies = the blue London clay, although 
here and there water-bearing ballast is encountered. fn 
these water-bearing sections it has been necessary to work 
with compressed air up to about 8 1b. on the square inch. 
With respect to the construction of the portion of this 
sewer in iron, the ents are tapered ‘on curves 
to the correct form, all the faces are machined, and 
liquid grout is employed under pressure to form a solid 
backing. The ironwork is lined throughout with 3 to 1 
concrete, and the invert from springing to springing with 
44-in. blue brick. The work is cnrvind | on night wal day, 
and in 24 hours the tunnel advances by about eight rings, 
C) 


dj|each ring amounting to 1ft. 9in. of distance. At 


Pont-street shaft, where the visit was made, the whole of 





~ work is being carried out under compressed air with a 
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TWO-LIQUID DIFFERENTIAL GAUGE. 
A Simple, Sensitive, Two-Liquid Differential Gauge 
for Measuring Pressures.* 

By Jas. Axex. Smita, President. 


Introduction.—In the progress of engineering the dif- 
ferentiation of small component pressures, or velocities, 
has become of marked importance, especially as a means 
of analysing fluid flow, not only in the laboratory, but in 
general practice also. : 

The quantities usually dealt with are small, yet the 
methods of isolating them are effectively pm et ang re- 
liable ; the limit lies not in the direction of isolation, but 
is imposed by the imperfections of the gauge. 

There are many types of gauge, few applicable to the 
end in view; it must be remembered that not only small 
differing pressures, but small differences in considerable 
pressures are in question. The most successful types are 
designed on the differential principle. That to be de- 
scribed is of that type, and may prove of some interest 
to those requiring to solve problems relating to small 
static or velocity heads. . 

Definitions.—By differential is meant, not the direct 
comparison of the indications of one liquid under differ- 
ing conditions—1.e., two columns of the same liquid under 
differing pressures, but determinations attained by the 
use of two distinct fluids in the same gauge. 

By sensitive is meant definite response to eo of 
the order of the one-twenty-thousandth of one pound 
(0.00005 lb.) per square inch, and the less positive detec- 
tion of smaller quantities. 

By small pressures are meant those pressures usually 
expressed in terms of “inches of water,” and varying 
from zero to 14 in. to 3 in. on that scale, or similar values 
existing between differing pressures of considerable mag- 
nitude. 

Gauges Generally.—Briefly, gauges usually either - 
nify mechanically the effect of a pressure acting throug 
a small space. or they optically magnify the equivalent 
of a barometric column variation. 

The writer is unaware of any instrument of the first 
kind of sufficient delicacy and simplicity to serve in the 
present connection. ery easily continuously-moving 
meters there are which build up inconsiderable effects 
into observable totals ; but their use is strictly limited ; 
they require flows of relatively large section ; they do not 
compare differing flows positively. In common with 
other mechanical gauges, whilst capable of excellent work 
in certain fields, they are intermediaries between the 
test to be made and a standard of known accuracy ; they 
are not standards per se. The corrections at low velo- 
cities may be a large proportion of the qualities to be 
measured, and the constancy of frictional resistance and 
adjustment must necessarily be open to doubt. 

bateeneets of the barometric type are truly “self- 
standards ;” with them some of the most refined investi- 
gations in the science of engineering have n accom- 

lished. But, with a single fluid, the readings are 
requently too minute to be discerned, except by the 
cathetometer, microscope, and other laboratory refine- 
ments. 

A barometric gauge, a fluid about one-twentieth the 
specific gravity of water, free from fluid friction and 
viscosity, would be the ideal. No such fluid exists; but 
the low density characteristic can be approximated to 
any desired d by selecting two fluids, immiscible, 
and slightly differing in specific gravity, and so employ- 
ing them that the unbalanced difference, not the total 
of their weights, is the operative factor. In regard to 
fluid friction and viscosity, these act, not to vitiate 
ultimate accuracy, but to defer the time of attainment of 
that accuracy. , : : 

The instrument is of the two-fluid type, and it consists 
of few and simple parts: an inverted glass syphon, a 
cistern attached to each limb, each with a pressure con- 
nection, a pair of indices, and a simple pendant-support- 


ing board. } E 

“he syphc» should not, for manipulative reasons, much 
exceed } in:, or ve less than 4 in. bore. If smaller, motion 
is sluggish and the fluid column is apt to break. If larger, 
and if the liquids are nearly equal in specific gravity, the 
junction of the common surface is liable to become non- 
symmetrical in form and indeterminate in position. The 
length may be about thirty times the range for a similar 
pressure on the y eytens If short tubes are used for 
smal] pressures, the rapidity of attaining equilibrium is 
accentuated. With tubes 12 in. long and } in. bore 
inertia effects are a and readings can 
be taken immediately. en the tubes are about 4 ft. 
by i in. bore, possibly a minute must be allowed for the 
surface to reach its true position. 

Short syphons are best made of stout barometer tube 
bent in the blow-pipe flame, the cut ends also being sur- 
face fused by the same means. The bend should be well 
annealed. If these precautions are neglected, there is 
liability to spontaneous fracture at a subsequent, and, 
perhaps, distant date. y 

For long gauges two parallel tubes qe at the bottom 
by a thick-walled rubber tube may used. e bore 
throughout—in glass and rubber—is best if uniform. The 
attachment to the cisterns is py rubber-tube sleeves, or 
stuffing-boxes, according to pressure; valves at these 
points render the gauges portable. 

Cisterns.—The arbitrary ratio of 100 to 1 as compared 
with tube area has been found the most generally suit- 
able. Calibration is facilitated if the area is a non-frac- 
tional multiple of the square inch or of the centimetre. 
The depth may be about 2 in. Sa 

Fluide .—After considering many liquids, kerosene and 


* Paper read before the Victorian Institute of Engi- 
neers, 





irits of wine tinged with an aniline colour (any “spirit” 


ye soluble in its, insoluble in oil, will answer) have 
been selected. "Whe 


ey are —- immiscible, mobile, do 
not freeze at temperatures far be 


ow 0 deg. Fahr., and are 
universally obtainable. The specific ge ag of the kero- 
sene is about 0.820 to 0.830; that of the spirits may 
made to approximate as closely to those figures as desired 
by the addition of water.* It is advisable that the diluted 
spirits should be heavier than the oil. If the specific 
gravity difference is less than one-twentieth, sensitiveness 
will continue to increase, but difficulties will also be 
increased unduly. If methylated spirit is used, it should 
be free from petrols soluble in kerosene. If there be 
doubt, the two liquids may be kept in the same bottle in 
order that complete solution shall ensue before use. The 
liquids can be drawn off by pipettes when required. 
f vapour tension is a consideration, connection of the 
sources affected should be confined, if possible, to the oil- 
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Two-Fluid Differential Gauge. 
Scale, } full size. 
Magnification, 10 in. = 4 in. ‘‘ water. 
©, C—Cisterns: area = 25 square centimetres each. 


P, P—Pressure connections (plus pressure on right). 
V, V—Valves (oil in right-hand limb). 


S—Syphon. 
I oy 


cistern only, and the spirit or water surface may be sealed 
by a thin layer of oil. 

Indices and Scales.—Thin metal spring sleeves, sliding 
on the tubes, widely split and with a projecting point to 
mark the levels, answer well. They are adjusted to the 
initial and final reading, and the separation read by de- 
tached scales uated in inches, centimetres, pounds 
per square inch, inches of water, or the velocities com- 
mensurate with the velocity head of any particular fluid, 
in order that the readings may be direct. 

Pressure connections may be direct if are in ques- 
tion. If liquids are being dealt with, the intermediary 
medium must be a gas. "ft is frequently possible, either 
in the case of constrained or free flow of liquids, to arrange 
that the liquid entering an intermediate vessel shall expel 
@ portion of the air thence to the gauge, thus commencing 
the pressure. There must, of course, be no interference 
with the true pressure bf rise of level in these vessels. 
Care must be observed, when differences of large pressures 
are being determined, to admit the pressures simultan- 
eously to the two cisterns. 

Adjustments.—Pour the spirit into one cistern until 





* The use of water instead of diluted spirit limits the 

ification to about 6. When that degree of magnifi- 

cation suffices, and there is no question of freezing, the 
use of colo water is advised. 








both limbs of the syphon ‘are nearly full. Pour kerosene 
into the other cistern, and continue adding spirits and oi] 
alternately until there is not less than 4 in. of liquid in 
the cisterns, and the common surface is in a convenient 
position. Adjust the index to that position—which is 
zero—and the instrument is ready for use. 

Principle of Action.—Imagine columns of spirits and oi! 
of equal sections supported at the opposite extremities of 
a nee. They will equilibrate when the heights are 
inversely proportional to the specific gravities. That is 
the condition of the apparatus when adjusted. If a 
weight be added to one of the columns—say, to the 
heavier spirit column—equilibrium will be disturbed ; it 
may be restored by a displacement to a position of lesser 
availability (%.e., by horizontal spread at cistern surface 
level) of a portion of the oil displaced by transfer of an 
ery volume of spirits to the oil side of the balance. 

at is what occurs when the external pressure ceases tu 
be equal upon the fluid of both cisterns. 

It will be noted that a lighter volume is displaced by a 
heavier volume, therefore the displacement is measured 
by the whole exchange volume, but the weight change is 
measured by the difference only of the weights of the 
displacing and displaced volumes. 

y constricting the intermediary channel the whole 
volume passing is displayed, or the motion can be magni- 
fied* within certain limits. That is the function of the 
tubes and cisterns. 

Calibration.—The instrument was designed to permit 
facile calibration rigidly accurate in principle. 

It is immaterial whether the equilibrium be disturbed 
by an imponderable force, a solid piston, or a liquid 
weight. If, therefore, to one of the cisterns there be added 
a height of the liquid in use in that particular cistern, 
equal to a definite height of water, then the motion of the 
ee of Sm —— ~~ — = is the 
magni uge scale ing of that equivalent added 
height. The fact that the p Prt are even inches, or 
centimetres, in area, permits the added height to be 
readily determined by adding a known volume of liquid 
from a graduate or pipette. 

Obviously the specific gravity of at least one of the 
fluids u must be known. If water is used, the 
specific gravity is known to be unity. If water is 
not used, the specific gravity may be determined by 
hydrometer, or simply in the syphon itself; thus:— 
About half fill both hmbs of the syphon with coloured 
water. Pour kerosene upon one surface of the water 
until that limb is almost full. Measure the respec- 
tive heights of the columns of water and of oil above the 
level of the common surface. Call the water height 1, 
then the kerosene height expressed as a decimal of the 
water height is the oil specific gravity. 

Applications. — The determination of the small static 
=> found in air and gas ducts, in chimneys and 

ues, in ventilation, and in meteorological work, is 
obvious. The pressure or pressure difference of liquids 
7 be equally approached in the manner already indi- 


cated. 

Perhaps the gauge finds its most special use when 
employed in the measurement of those differences of pres- 
sure which indicate flow either in closed ducts or open 
channels. The local differences which exist in every 
flow can be measured either in cross or longitudinal sec- 
tion, and the lines of equi-pressure or equi-velocity can 
be plotted. The losses, for instance, due to friction in a 
few feet of length can be clearly picked out, and the 
degree to which the flow conforms to undisturbed stream- 
line flow or deviates from it can be clearly shown. Low- 
velocity air-flows can be determined probably more 
accurately thus than by any means other than actual 
measurement of cubic volume. 

The means of differentiation is extremely simple : the 
insertion of two tubes, which may be as small as desired, 
into the flow. One tube is exposed to the multidirectional 
tendency of the flow, but is shielded from the unidirec- 
tional component due to the lines of flow. The second 
tube is placed with its axis coincident with the stream 
direction, and its aperture facing the current. The first 
tube transmits static, the second static plus velocity pres- 
sure. The gauge receives both impulsions, balances the 
static pressures against each other, and records the dif- 
ferences—t.e., the pressure equivalent of the flow. 

The differentiation is wonderfully delicate—for example: 
it is easy to a gauge to j;in., the gauge magnifies, 
say, twenty times; therefore the reading represents a 
water head of one-eight-hundredth of 1 in.; this in turn 
corresponds to the pressure on its of a column of air 
only about 1 in. high. These heights connote velocities 
of about 2 ft. per second for air, and about an inch per 
second for water. These minute quantities are not mere 
abstractions; they require to be measured, and are 
measurable in practice. 

Connected through tubes as minute as possible to 
closed receivers as large as possible, the instrument con- 
stitutes an extremely delicate differential gas thermo- 
meter. It eliminates the difficulty of the non-existence 
of a single fluid of sufficiently low specific gravity to 
permit open scale readings of the pressure of a vertical 
column, the only barometric method not open to question. 
By the use of the differential gauge a scale on which 
1 deg. Fahr. equals 15 in., or more, is attainable. 

ny other uses will doubtless present themselves to 
those interested in the subject, and to whom the ordinary 
water-gauge fails to offer a means adequate to their re- 
quirements. 


* The maximum magnification when the cistern area 
is indefinitely great in relation to the tube arc may Le 
expressed thus : - 
magnification = (S.G. of spirits) 


(S.G. of spirits)— (S.G. of kerosene) © 
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ELECTRICAL APPARATUS. 


7019/10. A. E. Tannerand E. A. Claremont, Man- 
chester. Distributing Electricity. (2 Figs.) April 8, 
1909. For the purpose of distributing the stress emanating from 
a main conductor, or between two conductors, evenly or more 
evenly throughout the insulation it has been proposed to pro- 
vide conductors, termed pressure-distributing conductors, sur- 
rounding the main conductors and embedded in the insu- 
lation or otherwise interposed between two main conductors 
and to put such pressure-distributing conductors under elec- 
tric pressure, and thus control the difference of potential 
across several selected layers of insulation, and so equalise the 
stress throughout the insulation. It has been recognised by the 
applicants that when this is adopted and alternating current is 
used, at each reversal of the current capacity currents flow into 
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and out of the main conductors and the pressure-distributing 
conductors. The object of this invention is to afford a means of 
supplying capacity current to the pressure-distributing conductors 
and minimising the demand on the device supplying the pressure 
to such conductors for such capacity currents. The invention 
consists in connecting choking or induction coils between the 
main conductors I, O and the pressure-distributing conductors D, 
so proportioned that when under the prescribed alternating pres- 
sure between successive pressure-distributing conductors they 
provide the capacity current required to be fed on to the pressure- 
distributing conductors, and thus minimise the demand for such 
current on the device d supplying pressure to such conductors 
and the necessity of transmitting such current over the whole 
length of the line as the case may be. T are transformers and m 
is an energy-consuming device. (Accepted May 19, 1910.) 


11,482/09. W. J. Davy, East Croydon. Arc-Lamps. 
{2 Figs.) May 14, 1909.—This invention relates to means for 
preventing deposits of ash on the inside of the globes of flame 
arc-lamps having converging carbons, and consists in arranging 
a shield with its lower edge in close proximity to the intensifier, 
so as to leave a perfectly unobstructed space below the arc, 
allowing direct access of air, and an annular outlet surrounding 
the free space at or near the arc level, so that the hot gases pass 
through this annular space, giving a direct current across the 
arc. The shield a is made cup-shaped, its lower edge being 
slightly below the surface of the intensifier b and near its edge. 
It extends upwards between the casing c, protecting the 
mechanism and the outer casing d, which is open at the bottom, 
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thus forming a protecting hood. A perforated partition ¢ 
extends from the upper edge of the shield to near the mechanism 
casing. From this edge also a cylindrical baffle f extends to near 
the upper surface of the globe g, whose upper edge A is near the 
outer surface of the shield a. Thus air can enter the globe past 
the lower edge of the cylindrical baffle f and over the edge of the 


box. 1 is the box and 2 is the cover thereof. 3 is the carrier—this 
comprises a plate that is more or less oval in plan and is cut away 
at its central portion. This cut away portion permits the con- 
ductors which enter the box to be passed within the ends of the 
contacts of the switch. The switch is secured to the carrier by 
means of screws. The carrier 3 is provided at opposite ends with 
upstanding lugs 5. 6 are the brackets ; two of these brackets are 
provided and are of _-shape. - The vertical member of a bracket is 





slotted. Inuse, the brackets are secured, in the position shown, 
to lugs formed on the box, by means of screws which pass through 
the horizontal arms. The carrier 3 is secured to the slots by 
means of set screws 9, which pass through and enter holes in the 
lugs 5. By unscrewing the screws 9 and moving the carrier up 
or down relatively to the vertical members of the brackets 6 and 
then ope J up the screws 9 the position of the switch 
relatively to the bottom of the box is easily and quickly adjusted. 
(Accepted May 19, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


17,746/09. D. Roberts and C. James, Grantham. 
Internal-Combustion Engines. [7 Figs.) July 30, 1909. 
—This invention relates to internal-combustion engines of the 
kind in which hydrocarbon fuel is injected into the vaporiser, the 
object being to provide means for effecting and controlling the 
injection. ais the vaporiser, b is the oil-pump, cis the pump- 
plunger, and d is the cam, which is mounted on the shaft e, and by 
which the plunger is operated directly without slack or lost 
motion. / is the oil delivery-pipe, which conveys the o!l from the 
pump b to the inlet g in the vaporiser valve-box h. k, k! are rods 
which are designed to actuate the vertical relief and additional 
by-pass or relief valves through the medium of the bell-crank 
lever). In the construction illustrated, | represents the ordinary 
vertical by-pass valve, which is operated by a cam controlled by 
the governor, the valve being shown in its closed position. 7 is 
the overflow outlet from the valve. o is the additional relief 
valve or by-pass valve, which is of the piston type, and in the 
drawing is shown in the open position. This valve o works in a 


Fig. 1, 




















cylindrical passage o!, which is formed with a pocket o? in 

ication by a passage o* with the oil inlet g, and the 
valve is formed with an annular recess or groove p, from the 
bottom of which holes extend to the hollow bore of the valve. 
The upper end of the interior of the piston valve o is also in com- 
munication with the periphery thereof by means of a hole which 
places the interior of the valve in communication with the space 
t from which there extends the overflow outlet « passing back to 
the oil-container. When the piston valve o is in the open posi- 
tion, the surplus oil passes from the passage g through the pas- 
sage o into the pocket 02, and thence into the inferior of the 
valve 0, from the upper end of which it issues into the space t, 
whence it passes through the overflow outlet u and back to the 
oil container. It will be understood that the valve o remains 
open to by-pass the oil so long as the grooved or recessed 
portion p thereof remains within the pocket o2, the oil being cut 
off on the lower edge of the groove p passing over the upper edge 
of the pocket 02. (Accepted May 19, 1910.) 


MINING, METALLURGY, AND METAL- 
WORKING. 











globe v, whilst the spent gases and fumes pass up through the | 
perforated partition e at the top of the shield and down between 
the c) lindrical baffle f and the outer casing into the atmosphere, 
a8 Indicated by the arrows, and as the velocity of the gases | 
passing between the shield a and the intensifier b is very high, 
these vases form an effectual barrier for the particles of ash shot 
Out from the are k. (Accepted May 19, 1910.) | 


392510. A. P. Lundberg, G. C. Lundberg, and P. A. 
Luncberg, London. Switch-Boxes. (3 Figs.) February 
17, 1°10.—This invention relates to boxes for switches or other 
'ectrical accessories. In the conduit system of wiring, the switch 
iscon'ained in a box and is mounted on an adjustable carrier and, 
accoriing to this invention, the carrier is mounted in or on 
brackcts or arms that are arranged and disposed within the box in 
such manner that the carrier, and with it the switch, can be ad- 
justed therein or thereon and relatively to the bottom of the 


11,206/09. Mavor and Coulson, Limited, and 8S. M. 
Mavor, G ow. Coal-Cutting Machines. [3 Figs.) 
May 12, 1909.—This invention relates to coal-cutting machines of a 
type in which the body of the machine is furnished with a head 
from which a cutter member extends laterally, and in which pro- 
vision is made for rotating the head relative to the body of the 
machine so that the cutter member may have an angular travel 
imparted to it. Ina cutting machine of this type, comprising a 
fixed head and a rotary head, the rotary head having means for 
the attachment of a flexible haulage conductor ada to turn the 
cutter member angularly into the working face, there is provided, 
according to this invention, means for preventing the cutter 
member from turning in a counter direction during the action of 
effecting the angular cut into the working face. A designates a 
fixed head part of a cutting-machine, and A! a rotary head hoving 
a neck A? from which a cutting member extends. The nec 

A® is provided with shoulders B, B for the attachment of a 


flexible haulage connector C, which is arranged so that when 
the hi is positioned with the cutter member lying 
approximately parallel with the working face, the pull on 
the flexible connector C will tend to turn the ‘cutter member 
angularly into the working face, and by maintaining a constant 
pull thereon the cutter member will effect an angular cut, 
which may be continued until the member stands at approxi- 
mately right angles to the body of the machine, whereupon the 
angular movement of the cutter-member is discontinued, and the 
cutting then continued by feeding the machine forward while 








the cutter-member remains in the right-angled position. In order 
to prevent the cutter-member turning in 4 direction counter to 
the direction of the pull to which it is subjected by the haulage 
connector C, which might occur in the event of the connector 
breaking, provision is made for checking the. backward turn, 
which, in the form of construction illustrated, comprises a 
ratchet D formed on the stationary head part A of the machine, 
associated with a pawl E mounted on the neck A® of the rotary- 
head part Al. The ratchet D may have right and left-hand 
ratchet teeth adapted for application to machines for effecting 
left or right-hand entry cuts. (Accepted May 19, 1910.) 


MOTOR ROAD VEHICLES. 


30,042/09. G. du Cros and W. A. Turpin, London. 
Taxi-Cab Indicators. (2 Figs.) December 23, 1909.—In 
taxi-meter cabs, according to this invention, a flag or indicator is 
situated in a conspicuous position on the roof of the cab, and 
means are provided for connecting the same to the taximeter, so 
that the indicator will be operated automatically to correspond 
with the movements for setting and throwing out of action the 
taximeter. a@ is the ordinary taximeter having an indicator b 
carried by the lever ¢ firmly fixed on the shaft d of the instrument. 
To the shaft d is secured a lever, to the end of which is connected 

















a wire f, which passes over a pulley and is connected at the other 
end to a radial arm / fast on the rod i, The rod iis mounted in 
bearings on the canopy of the vehicle, and has affixed to it an indi- 
cator j, corresponding with the indicator ) but larger and more 
conspicuous. & is a spring which gives to the rod i a tendency to 
rotate and lay the indicator j flat on the canopy. The indicator 
is moved in the opposite direction by means of the wire /, which 
is operated by means of its lever, and the strength of the spring k 
is such that it cannot return the indicator to the down or invisible 
position unless aided by the hand of the driver operating the taxi- 
meter. (Accepted May 19, 1910.) 


6758/09. W. P. Durtnall, Herne Bay. Petrol Elec- 
tric Drive. {1 Fig.) March 20, 1909.—This invention relates 
to the application of electrical transmission of a for the 
speed-regulation and propulsion of vehicles by the combination of 
a prime mover, an electric generator, and a mechanically-driven 
pelmary or secondary member of a polyphase induction-motor, 
with or without magnetic or other mechanical clutch in combina- 
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tion through switch-gear with the latter. A four-pole polyphase 
alternator revolving field-magnet A is mounted on the prime 
mover shaft B, the armature C of which is stationary. The shaft 
B is extended, and on it is mounted the live side E of the mag- 
netic clutch. On the end of this shaft is mounted the primary 
member F of an eight-pole polyphase induction-motor. The 





secondary G of this motor is not connected mechanically when 
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working electrically, and the energy of the prime mover is not 
sent to the secondary shaft H mechanically. This shaft H is the 
first motion shaft. Assuming the prime mover is started up and 
is running at 1000 revolutions per minute, the revolving magnet 
A, the half of the clutch E, and the primary of the motor F also run 
at this speed, the prime mover also driving the sinall series-wound 
continuous-current exciter J. The secondary G of the induction 
motor is stationary because the load is stationary. Current from 
the exciter J passes to slip-ring K, which are electrically con- 
nected to the windings on the magnet A, the return being through 
the frame D. The consequent three-phase current from the 
stationary armature C is led through change-over switch and 
brush gear to slip-rings L of the motor I’. This current passes 
into the mechanically-driven primary windings of the motor, and 
produces a magnetic field revolving in a direction opposite to 
that in which the motor F is driven, at Half the speed of F. The 
secondary G and shaft H are therefore dragged after the 
member F approximately at 500 revolutions per minute. To 
increase the speed of the secondary G to approximately that of 
the prime mover, the plant is arranged, as above described, with 
the magnetic friction-clutch between the members G and F in 
order that they may be mechanically locked together. A further 
speed may be obtained by arranging the connections as follows :— 
The exciter is connected to slip-rings K and the armature C is 
excited. The switch M is brought over on to contacts M2. The 
three-phase current from the armature C is then in the direction 
marked at O, with a result that the magnetic field in the air-gap 
between the primary member F and the secondary member of the 
motor will revolve in the same direction as that of the member F, 
but at half the speed of that mémber. The consequence is that 
the secondary G and shaft H will increase in speed to about 1500 
revolutions per minute. (Accepted May 19, 1910.) 


RAILWAYS AND TRAMWAYS. 


5762/10. E. Mconey, York. Axle-Boxes. (3 Figs.) 
March 8, 1910,—Although dust-guards of the type comprising a 
thin hollow casing pierced on its larger sides with concentric 
apertures to receive freely the axle to which it is applied, and 
having within it a split bush of wood or other materiai, one half 
fixed to the casing, the other half sliding therein under spring con- 
trol, are quite effective as regards the exclusion of dust from the 
axle-box, it is found that their not being lubricated, a considerable 
amount of friction occurs, with corresponding wear of the axle. 
The present invention provides means for the lubrication of the 
bush. Within the hollow rectangular outer casing A of the dust- 
guard is a bush of wood divided horizontally into two parts B, C, 











the upper, B, controlled by a spring D, the ower, C, fixed in the 
casing. There are formed in the inner circumference of the halved 
bush, adjacent to the axle E, cavities F, G, filled with absorbent 
and capillary material. In the case of the lower cavity G two of 
the usual wick-like strands H are left in on the material, and are 
threaded through apertures in the bush and casing to the outside. 
When the guard is placed in position on the axle-box these wick- 
like strands H are fooed in the usual lupricant-containing well of 
the axle-box, and from thence convey lubricant by capillarity to 
the material-filled cavity G, from whence it passes to the axle E, 
and by it is distributed to the other cavity F. (Accepted May 19, 
1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


sees 09. T. H. Gardner and E. Gardner, Patri- 
cro: ubrication Systems. [1 Fig.) September 9, 1909. 
—In the forced or pressure system of lubrication there is provided 
a sufficient excess of lubricant in the system to keep the sump 
full, but it frequently happens that the lubricant is so much dis- 
persed about the crank-case as to leave in the sump an insuffi- 
cient supply for the distributing pump. This lack of lubricant 
may result in great damage to the engine bearings. The present 
invention provides a method of, and means for, remedying this 
disadvan A st tank a is provided, and is connected 
with the delivery pipe ) of the oil-pump c¢, and also with the 
pipe d leading to the bearings, as ¢, to lubricated. The oil 
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from the pump ¢ is delivered into the tank a at a height suffi- 
ciently above the lower end thereof as to provide a 8) for 
water condensation and other impurities to settle and be drained 
off through a drain cock. The outlet pipe d is preferably con- 
nected to the vessel a at a higher level than the inlet pipe b. 
From the outlet pipe d the lubricant passes to the engine bearings, 
and from thence it drains to the sump / in the engine crank- 
case. The usual relief-valve h is provided on the delivery side 
of the pump for enabling any — oil to return direct to the 
engine crank-case. The action as follows :—Before starting 
the engine the usual charge of oil is placed in the crank-case, and 
also a surplus charge corresponding with the amount of the 





reserve charge which will accumulate in the storage vessel a 
when the pump c has raised the oil pressure in the system to its 
maximum. The storage vessel a is also filled with oil up to the 
level of the pipe d, so that immediately the pump commences to 
act there will be a flow through the delivery pi As the pres- 


the width of the bobbin feeder-trough ¢ no longer interferes wit) 
the ition of the short spindle-carrier. By the introduction of 
an intermediate or carrier gear-wheel h between the drivin 
gear wheel i on the driving-shaft j and the pinion k on t! 
driving-spindle e it is possible to mount the Cormac j for all 
the h tock: ¢ 





sure increases in the system, the level of the oil in the storag 
vessel a will rise, so compressing the air entrapped above it. 
Should, however, the oil-pump cease momentarily to deliver oil 
to the storage tank, the reserve oil in the storage vessel a will be 
forced to the bearings due to the pressure of the air above it, 
and such excess oil in the system will cause the sump in the crank- 
case to be flooded, and the pump thus supplied. The excess oil 
will then again be returned to the storage tank asthe pressure in 
the system is raised. There is an air-relief valve upon the storage 
vessel for allowing of the accumulation of the reserve of oil 
therein without the pressure in the system being raised to its 
maximum. (aenageed Mew 19, 1910.) 


1424/10. A. H. Hopkin R. Kilb and J. 
Hopkinson and Co. Limited, Huddersfield. Valves. 
(6 Figs.) January 19, 1910.--The object of this invention is to pro- 
vide blow-off valves with a renewable baffle placed in such a 
position within the valve-body that it will receive the impact of 
the issuing jet of water or fluid when the valve is only slightly 
opened, and so protect the valve-casing or thoroughfare. This 
baffle or protector, when worn out, can be renewed at a trifling 
cost, thus avoiding expensive repairs to the valve. a is the valve- 


casing and b the valve-seatings. In Fig. 1, the protector is made 
in the form of a sleeve f provided with a flange g, fitting into an 
annular recess formed in the outlet thoroughfare e, and is retained 
in the recess by the valve-seating ) when the latter is screwed 
home. In Fig. 2, the protector is made in the form of a flat 
shield or baffle-plate m, mounted on a ring n, which is retained in 
aseat in the casing a by the valve-seating b. The baffle-plate m is 
arranged with its plane as shown, such relative position being 
ensured, for example, by means of a lug on the ring n engaging 
with a corresponding recess in the seat. (Accepted May 19, 1910.) 


TEXTILE MACHINERY. 


17,301/09. E. N. Baines and J. W. Schmidt, Mar- 
chester. Automatic Spooling-Machines. (2 Figs.) 
July 26, 1909.—This invention has reference to Weild’s automatic 
spooling-machine, and relates to the spindle headstocks of such 
machines in which the bobbin or spool is mounted between two 
centres or spindles, one of which is driven to revolve the bobbin, 
the other—or what is technically known as the “short spindle ”, 
—being mounted in a carrier adjustable towards and from the 
driving spindle, to accommodate varying widths of spools, Prior 
to this invention, the short spindle-carrier has been operated in ite 
motions by a shaft in juxtaposition to and in the same horizontal 
plane, or thereabouts, as the shaft which operates the long 
spindle-carrier, both of the said shafts being below the spindles, 


Fig. 1. 
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in wh'ch position the bobbin feeding-trough passes over the 
shafts when advancing to and withdrawing from the spindles. In 
t pplicants’ headstock, the short spindle-carrier a is slidabl 

mounted on a shaft b well above the bobbin feeding-trough ce, with 
means to secure the carrier when adjusted on the shaft, the short 
spindle-carrier being directed downwards at an angle so that the 
axis of the short spindle d held by the carrier will coincide with 
the axis of the driving-spindle e. In this position the short 
spindle-carrier a is disposed above the bobbin feeding-trough c, 
and is slidable towards and from the driving-spindle e, ond can 
also be adjusted to varying lengths of spools e! without inter- 
fering with the bobbin feeding-trough. By this means it is pos- 
sible to reduce the pitch or width of each headstock, and to get 
a larger ber of dstocks in a given length of machine, as 











below the bobbin ye arte » in which 
position it will not interfere with the bobbin feed-trough, so t! 
the trough can be actuated in a more direct angle from below, 
and in a more convenient and effective manner than before. TT) 
gearing h, i, k by which the driving-spindle e is driven is encas: | 
and an oil-bath m is provided for the same, so that the gearing is 
kept constantly lubricated and runs more silently. Bearings are 

rovided for shafts n,n of the bobbin feed-hopper g, the shaft . 
Nom which the nicking-knife p is actuated, and the shaft c! of 
the bobbin feed-trough ¢ in the headstock itself, instead of, as 
formerly, mounting these shafts in separate brackets fixed to the 
machine-frame. (Accepted May 19, 1910.) 


17,880/09. T. Barbour and W. S. Suffern, Belfast, 
Ro -Machines. (2 Figs.) August 3, 1909.—-Thisinvention 
relates to roving machines employed in the preparation of {lax 
and s‘milar fibres, and comprises an arrangement of mechanism 
constituting parallel motion for the train of carrier wheels, which 
ensures and admits of the control of the bobbin-wheel in relation 
to the wheel on the fixed stud, so as to maintain the requisite 
rotation and the predetermined speed of the bobbins during ihe 
rise and fall of the builder-rail. According to this invention, the 
wheel 1 on the bobbin-shaft 2 is provided with the same number 
of teeth as the wheel3on the fixed stud 4, and the wheels 1 and 3 
are connected by three or other odd number of intermediate 
wheels 5, 6, 7. The wheels 5, 6, 7 are mounted in a straight link 9, 
so that all their centres are in a straight line, the first one 5 
having the same number of teeth as the last one 7. The first 
wheel 5 is coupled with the wheel 3 on the fixed stud 4 by a link 
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8, and the last wheel 7 is coupled with the wheel 1 on the bobbin- 
shaft 2, with which it gears, by the link 10, the centre of the 
wheel 7 being above and the centre of the wheel 5 being below a 
straight line drawn between and joining the centres of the wheels 
land3. The links 8 and 10, in addition to being connected by 
the straight link 9, are also connected by the link 11, which guides 
the motion ; the links 8 and 10 always remaining parallel, and the 
angle formed by the link 10 and the straight link 9 is always equal 
and alternate to the angle formed by the link 8 and the straight 
link 9. These angles being alternate and always equal the rela- 
tive motion of the wheels 1 and 3, due to their rolling round each 
other as the builder-rail rises and falls, is completely neutralised 
with the result that the angular motion of the wheel 1 is always 
equal to the angular motion of the wheel 3, and the force acting on 
the bobbin-shaft 2 and fixed stud 4 is only the weight of the 
motion, the outward thrust due to the weight acting on the centre 
12 being balanced by the inward pull due to the weight acting on 
the centrel4. (Accepted May 19, 1910.) 


MISCELLANEOUS. 


16,476/09. Alldays and Onions’ Pneumatic Engi- 
neering Comp ° and E. L. Joselin, 
Birming: Cen’ 1 Fans, [11 Figs.) July 15,1909.— 
This invention relates to electrically-driven centrifugal fans. @ is 
the fan-casing made in two symmetrical halves bolted together. 
The fan-casing issecured tothe ring-like supporting plate d by screws 
which take into screwed holes in the bosses f on the sides of the 
casing. The holes in the bosses on the outer side of the casing 
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are filled with grub screws. The ring-like supporting plate « is 
bolted to the bed-plate g, to which the frame of the electro-motor 
h is also bolted ; or the ring-like supporting plate or a geries of 
arms may be in one with the bed-plate. The arrangement a _ 
of the position of the fan and electro-motor with respect to each 
other, and with respect to the apparatus to which the fan | *P 
plied, being changed to meet any requirement. (Accepted 4)” 
20, 1910.) 





Swepen’s Export or Iron Orr To Germany.—Tw 
ups of German iron works have recently contracted 
S considerable quantities of Swedish iron ore. e 
contracts in question refer in the one instance to 800,'\(0 
tons annually until 1912, and the other for 1,000,000 tous 


until 1917. The latter is 2 marks dearer than the former. 
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THE VULCAN COMPANY’S NEW 
YARD AT HAMBURG. 


Tue Vulcan Company, of Stettin—or, to give 
them their complete title, the Stettiner Maschinen- 
bau Actien-Gesellschaft ‘* Vulcan ”—have wonafront 
place among the shipbuilding establishments of 
the world. This is due to the character of the 
ships built, to the rapidity with which the work has 
been carried out, and to the uniformly successful 
results attained. The equipment of their establish- 
ment at Stettin-Bredow has been fully illustrated 
and described in ENGINEERING (vol. lxviii., pages 
1, 163, 285, and 353), and from time to time we 
have been able to give comprehensive descriptions 
of the important vessels built. In the Atlantic 
service their name has become favourably known 
by reason of the success of the five fast ships which 
culminated in the Kaiser Wilhelm der Zweite, 
which is only second to the later triumphs of the 
Cunard Company, the Lusitania and Mauretania, 
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located on the North Sea, and the position ulti- 
mately adopted on the Elbe combines with this ad- 
vantage, from the naval standpoint, close proximity 
to probably the greatest of the commercial harbours 
of the Continent—Hamburg. 


Tue SITUATION OF THE WORKS. 
The Free State of Hamburg welcomed the Stettin 


Company, recognising that the existence of another | 
| heat. This will be partly appreciated from the roof of 
rt. The| 
/and illustrated in perspective in Fig. 16, page 164. 


such important shipbuilding establishment on the 
Elbe must prove beneficial to the 
Hamburg Government leased to the Vulcan Com- 
pany a suitable site on favourable terms for a 
period of fifty years in the first instance. The site 
chosen for the works is situated within fifteen 
minutes launch trip, ten minutes electric tramway 
run from the centre of the town, and in order to 
meet the convenience of their clients and visitors 
the company havea launch always at the disposal of 
visitors near to their dock offices. The works are 
on the northern portion of the Island of Ross, 
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of temperature is from - 12 deg. Celsius (10.4 deg. 
Fahr.), experienced 18 months ago, to 24 deg. Celsius 
75.2 deg. Fahr.) in the shade. The roofs have 
been specially designed for the snow to pass oft 
quickly, while the material used has been chosen 
with the view of minimising as far as possible wide 
ranges of temperature within the shops. Thus in 








x \ WA 


many of the shops there is a covering of two layers 
of tarred paper, which is a good non-conductor of 


the platers’ shed, reproduced on the two-page plate, 


There is convenient railway connection for the recep- 
tion of material, as the track from the Island of Ross 
had already been joined to Harburg and to Hamburg 
across the Elbe, so that there was dunes communi- 
cation with the coal and iron fields of Germany. 
There was, however, no housing accommodation in 
the immediate vicinity of the site, but ferry 
steamers call at the works to convey the work- 
men who live in Altona and Hamburg ; others live 
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while in intermediate ships their George Washington 
is still unrivalled. In the Eastern trade they have 
also taken a prominent place, and as regards war- 
ship work one need only point to the latest types 
built, represented by the Rheinland, one of the 
Nassau class, several 24-knot unarmoured cruisers, 
and quite a fleet of torpedo-boat destroyers ranging 
in speed up to 34.5 knots. This brief enumeration 
indicates the skill of the designing staff, the experi- 
ence of the management, and the adequacy of the 
works’ equipment. The only restriction, so far as 
the Stettin Works are concerned, is the limited 
depth of water in the River Oder ; but this difti- 
culty has been ingeniously overcome in the case 
of several leviathan ships in recent years by 
the use of camels on each side of the ship, to 
reduce the draught of a ship of given weight, as 
illustrated and described in connection with the 
transit of the Rheinland from the Stettin Works to 
the Baltie (ENerveERme, vol. lxxxix., page 745). 
This limitation suggested to the management the 
construction of a second shipbuilding establishment, 
in preference to the extension of the Stettin Works, 
when the general development of shipbuilding in 
Germany, and the need for increasing the warship- 
building resources of the country, called for action. 
A yard suitable for undertaking repairs on war- 
ships would, it was felt, be more advantageous if 
situated on the North Sea instead of on the Baltic. 
Many possible sites were considered, all of them 








which is washed by the Northern and Southern 
Elbe, and entirely within the State of Hamburg, 
although near to the Prussian frontier and Hanover, 
which was annexed by Prussia in 1866. The site 
is 60 miles from the North Sea, but the largest of 
Atlantic liners proceed under their own steam to 
the Hamburg-America ig be wharves, which 
are directly opposite the Vulcan Company’s new 
works. The main channel from the sea is to the 
left of the map, reproduced in Fig. 1, above, 
and the vessels turn at right angles to enter the 
North Elbe, and pass thence into one or other of the 
docks—Kuhwarderhafen, Kaiser Wilhelm Hafen, 
and Ellerholzhafen. This fact, of itself, establishes 
the suitability of the site as far as access to the 
sea is concerned, while the proximity of these 
wharves to the Hamburg-America Line docks 
shows that the locus is specially advantageous 
from the point of view of repairs to merchant 
ships. Indeed, one might say that all the ships 
entering or leaving the port of Hamburg must 
= within a few hundred yards of the Vulcan 

orks. The normal rise and fall of the tide is 
only about 2 metres (6 ft. 6 in.), so that there 
is further advantage in the period of maximum 
draught available for the passage of ships to the 
sea. The climatic conditions are no worse than 
those experienced in other parts of North Germany. 
On an average there are 150 rainy days, including, 
in severe winter, 40 days of snow, and the range 


at Neuhof, Wilhemsburg, and other hamlets not 
far distant from the works, and when tramways 
are built these villages are sure to develop. A 
railway tunnel is being constructed 24 miles north 
of the works, under the Elbe, to the city ; it will 
be completed in 1913, and will be utilised for the 
transit of workmen. Close to the works a building 
society started to erect houses for about 600 families 
of workmen. By this means firemen, and others 
whose attendance may be required instantly to 
meet emergencies, are always at hand, and thus 
save a good deal of time for recreation. 


Tue GENERAL ARRANGEMENT OF THE WoRKS. 


The general arrangement of the workshops in 
relation to the shipbuilding berths and the fitting- 
out wharves is shown on the plan of the works, 
Fig. 2, on page 148, The total area covered is 
232,000 square metres (about 574 acres). The site 
is almost triangular, with a slightly flattened apex, 
debouching upon the Vorhafen, which forms also 
the entrance channel to the Hamburg-America 
docks. Obviously, the right procedure was to 
arrange the shipbuilding berths to launch vessels 
northwards into this channel, as there was avail- 
able not only sufficient length, but adequate 
depth for the run of the ships after they had left 
the ways. The building berths, as will be ex- 
plained when we come to deal with the details 





of the equipment, number at present three, having 
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reinforced foundations for keel-blocks extending to |The pillar and jib are of light lattice work, and on Plate VIII., omeeete the plan. This view, it 


825 ft., 690 ft., and 590 ft. in length, but, with an 
overhang forward and aft, especially forward, 
vessels up to 1000 ft. may be constructed. At the 
present time there is in one of these berths an | 
Atlantic liner of greater size than any vessel, afloat, 
and to steam at a speed of 22 knots; in the other | 
berth there is in course of construction one of | 
the latest battleships for the German Navy. A/| 


gauge of 6.2 metres (20 ft. 4 in.). 
due to the load are transferred through the in-! seen in Fig. 1. There is alongside the wharf in the 
termediary of a central column, which serves also, Vorhaven, on the right of the view, a 6000-ton 
to support a spiral ladder. 


the crane travels on four trucks on rails of a may be said, is ta 


The stresses 


in at the base on a ge et bronze bearing. 
e mechanism for lifting the load, rotating the 


fourth building-slip is contemplated when the|the jib near to the point of support, while the 
necessity for this extension arises. The iron-| cabin, with the yap mechanism, is suspended 
e 


works de 
three building - berths. 


rtment is located at the head of the! from it, so that t : nd 
The frame and beam-| view. There are three independent electric motors ;' the building-berth, completed when the view was 


craneman has an unobstructed 


It has a central steel | 


en from the end of the wharf at 
the south-eastern corner of the Ellersholzhafen, 


floating-dock ; while in the fitting-out basin on tho 
left there is an 11,000-ton floating-dock ; since this 
view was taken, however, there has been built at 


jib, and traversing the monkey is mounted on | the works a floating-dock capable of lifting 35,00/) 


tons, and it will be described later. In the centre of 
the view there is shown the landing-stage for work- 
men and for visitors from Hamburg. Adjoining 


bending shed is arranged at the head of the|that for lifting is of 36 horse-power, and can raise taken, are seen the wharves and concrete founda- 
fourth, the proposed, building-berth. The wood-|the two loads mentioned at speeds of 20 metres tions for the columns for the two adjoining berths 
since completed, while in the distance there is the 
three-storey building which forms the central 


working departments, including a saw-mill, joiners’ | (65 ft. 7 i 
and cabinet-makers’ shop, &c., are along the western ' minute respectively. 


_ 


in.) and 45 metres (145 ft. 7 in.) per 
The monkey is traversed bya 
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No. on | Principal | Roof Area 
Plan. | Buildings | (sq. ft.) 
- Boiler Shop and 
Copper Smithy .. 17,525 
5. Forges a -- 19,378 
. Engineering Shops 43,975 
Power-Station -. 14,133 
. Stores i .. 22,990 
. Marine Fitting-Shops— 
Tin-Smith Dept... 9,300 
5. Galvanising Shop .. 
. Tool-Smith’s Shop. . 
- Angle-Iron and 


.. 26,190 
Frame-Shop +. 58, 

. Shipbuilding-Shop.. 66,200 
21. Carpenter's Shop .. 
22. Saw-Mill ° 
24. Rigging-Shop - 

. Painters’Shop, Rivet 

Stores... $e 
28. Saw-Mill Engines .. 
29. Workmen’s Mess .. 
39. Time-Offices. . 
31. Timber-Shed a 
32. Weighing-Machine 
34. Pump Building 
35. Dock Offices. . 
36, Surgery oe ee 
37. Shipbuilding Offices 
. Bunkers for Old 
Materials . . 

2. Plate Stores. . 

. Bicycle Shed . 

7. Shed for Building 

Materials .. : 


Beam Forges 


1,640 


2,562 


| 

































































boundary, with the stores and general offices at the | 
south-western entrance to the works, which is con- 
nected to the high road and railway. The turbine- 
shops, engineering works, boiler-shops, copper- 
smithy, and auxiliary departments are arranged 
along the eastern boundary near to the wharf, 
where ships are moored while being fitted out. 
Accommodation is provided, as shown on the plan, 
for two of the largest ships likely to be built during 





the next few years. 


CRANES, TRANSPORT, AND Docks. 
A floating shear-legs capable of lifting 100 tons is | 


Fie. 2. Pian or THE Works. 


10-horse-power motor at 15 metres (49 ft. 2} in.) 
per minute, and the jib is rotated by a 12-horse- 
power motor. The hobs crane is traversed along 
the track by a 55-horse-power motor at 40 metres 
(131 ft. 2 in.) per minute. The electric conductor 
for the crane is accommodated in a concrete conduit 
covered with sheet metal when not required. 

This crane is used for lifting on board new ships 
the lighter weights, and for the discharge of sup- 
plies which may have come over seas or through 
the waterways of Germany. Most of the construc- 
tive material, however, arrives from Westphalia 
and Rhenish Prussia by rail, entering the works at 


available, while on the wharf there is a travelling the north-eastern boundary and proceeding over 
hammer-head crane capable of lifting 10 tons, | the works’ railway track, which serves the storage 
shown in Fig. 17, page 164. The former will be yard, and runs to and through all the important 
described later, but some details of the latter may | shops, the length of line within the works being at 
here be introduced in connection with this illustra- | present about 5 miles. The yard locomotives are 


tion. The crane traverses the quay wall for a length 
of 500 metres (1640 ft.), and was supplied by the 
firm of Guilleaumewerke, of Neustadt, Haardt. 
It takes a load of 5 tons at a radius of 20 metres 
(65.7 ft.), and of 10 tons at 10 metres (32.9 ft.). 
The height of lift is 35 metres (114 ft. 74 in} 


capable of drawing the heaviest of loads at a speed 
of 8 miles per hour. Turntables are provided, 
and two of these, adjacent to the boiler and engine 
works, and to the wharf, have been designed to 
carry a load of 150 tons. 

The general view of the works given in Fig. 3, 





feature of the wood-working department. The 
boiler and. engineering works are shown, partly 
constructed, to the extreme left of the view, while 
in the distance on the right may be seen the south 
channel of the Elbe leading to the North Sea. 


FOUNDATIONS AND FEeRRO-CoNCRETE PILING. 


Operations for the preparation of the site were 
commenced in 1906. The area was originally 
swampy ground, on which the material dredged 
from the Elbe had been deposited, and therefore 
over the original stratum—known locally as hile’, a 
soft, very fine clay—there was light shifting sand, 
and extensive works had to be undertaken before 
a satisfactory level was reached. The Government 
of Hamburg agreed to prepare the ground to 
such level, and the depth deposited, in many 
cases, was as great as 18 ft. he clay, through 
which it was considered necessary to drive ie 
for foundations, was in some cases 40 ft. below 
the surface, as shown in connection with the 
construction of the quay wall, Figs. 7 and 8, on 
Plate VIII. This, as will be seen, is some 8.10 
metres (264 ft.) below the bed of the adjacent 
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which would correspond to a stress on te concrete 
of 100 kilogrammes per square centimetre (0.63 ton 
per square inch). this value cannot be regarded as 
exact, since a slightly eccentric load would increase 
the stress to a considerable extent. These tests 
poe that the ferro-concrete pile possessed a 

igh supporting capacity, and, as already stated, 
the Hamburg authorities permitted loads of 40 tons 
per pile. In order to make sure that the concrete 
had thoroughly set throughout the depth, the 
ground was excavated around a few groups of piles 
down to the level of the firm ground, and the piles 
were found to have set perfectly. 

In making the foundation for the shipbuilding 
berths, Simplex combination piles were used, which 
are cheaper than the ferro - concrete piles, already 
described. These combination piles are of timber 
in the lower section resting in the stratum in which 
decay is not to be feared, and are concrete in the 
upper portion. They are made by first driving in 
the wooden pile with the Mannesman tube resting 
on it. The tube is withdrawn after the filling has 
been completed, a suitable iron bonding for the 
concrete being provided at the top of the timber 
pile. While ferro-concrete piles were extensively 
used for foundations of buildings and machines, 
ordinary timber piling was used for the smaller 
buildings, especially in cases where basements were 
desired, as well as for the chimney-shafts. 

The illustrations, Figs. 7 to 10, on Plate VIIL., 
show the typical piling work carried out in the 
formation of the quay-wall ; but it is not necessary 
here to enter into further details. The piles, it will 
be seen, are vertical and raking, and the methed 
of tying them together is clearly shown in Figs. 9 
to 12. 

Over the piles there was built a wall of concrete 
in the proportion of 8 of gravel to 1 of cement. The 
face, as shown in Fig. 8, was built up of basalt 
masonry with a granite cope. The dimensions of 
the wall are given in Fig. 8, and the filling behind 
was spoil dredged from the river, something like 
40,000,000 cubic feet being used. This was taken 
partly from the fitting-out basin in front of the 
wharf, which was dredged to ensure that vessels 
would be afloat at all stages of the tide. 


Tue Macuine-Too.s. 


In describing the works in detail we may begin 
with the reception of the material, as the extensive 
experience of the management of the Vulcan Com- 
pany has been utilised in the equipment of the 


establishment. These works may be regarded as 
representing the latest practice as interpreted by 
German shipbuilders and engineers, and we propose 
to devote a considerable amount of space to plans 
and illustrations of the various shops. The buildings 
present many interesting features in constructional 
steel work. As regards the furnaces, these are 
for the most part heated by producer-gas, and are 
consequently of themselves noteworthy. Of the 
machine-tools, it may be noted that while those in 
the shipbuilding and boiler departments are, with 
few exceptions, of British manufacture, those in the 
engine and turbine shops are of German design, 
following in some cases the best British practice. 
The plan has been most carefully devised to permit 
of easy expansion when necessity arises, and thus 
the shops are, in nearly all instances, built to 
permit of new bays being added without affecting 
the convenience of the general scheme. The dotted 
lines on the plan, Fig. 2, indicate the bays which 
will be added from time to time. 


Piatt, Bar, aNd GENERAL Stores. 

We naturally begin with the reception of mate- 
rial. The plate-delivery yard and general stores 
aresituated close to theship- platers’, frame-bending, 
and wood-working departments. The railway track 
leads direct to both stores, and thence to the various 
shops. In connection with the first-named, two 
gantries have already been built, and provision made 
for two others. The gantries carry 5-ton cranes, 
which serve the railway lines and the racks for the 
plates, angles, and bars. These latter are built up of 
channel uprights, with diagonal bracing, secured to 
the webs of channel iron on the concrete base- 
plate, carried by ferro-concrete piles. The gantries 
are at 20 metres (65 ft. 7 in.) centres, and have a 
length of 100 metres (328 ft.). The gantries are 
built up of lattice-girders on piers of lattice con- 
struction, those at the ends Cotes pin-jointed to 
allow for expansion and contraction of the structure. 
In order that the plates may be straightened before 
passing into the shops there are, at this point, rolls 





to take plates 7} ft. in width. The general stores, 
as shown on the plan, are also in the south-west 
corner of the works. These consist of a three- 
storey building on three sides of a square, the space 
between the side buildings being covered by a 
glazed roof. There is a railway track, turntable for 
trucks passing into the main building, and cranes 
for the discharge of the heavier material. The 
total area of the stores is 2136 square metres 
(23,999 square feet). The buildings are of brick- 
work on wooden piling, in groups supporting steel 
columns carrying the external walls. The ceilings 
are on the Koen fire-proof system, and the columns 
and beams are lined with hard burnt bricks up to 
the flooring. The iron juists rest on glass saddles. 
The upper floors are at present partly utilised for 
temporary offices, including the designing depart- 
ments ; but separate office buildings will be erected 
when the whole of the stores are required for the 
purpose for which they have been designed. In the 
covered-in area there are three 3-ton cranes running 
on an overhead gantry, and under these are racks 
built up of channel-bars bolted tggether, with vertical 
doors sliding in the grooves of the channels, which 
are braced with diagonals at the end. These are 
fitted with shelves for the storage of rods, pipes, 
screws, and lighter material. The ground floor has 
similar racks. The basement is utilised for the 
storing of oil in tanks, into which the liquid is 
driven by a compressed-air pump electrically 
operated. The middle floor is for the present used 
as the general offices, counting-house, cost depart- 
ment, and drawing-oflices, while the top floor is 
devoted to the storage of lighter material. In 
addition to the two stairways, one at each end, 
lifts traverse the complete height of the building 
(43 ft.) at a speed of 33 ft. per minute. The 
building is heated throughout by steam generated 
in a coke-fired boiler working at a pressure of 
1 atmosphere. 


THe Suip-Piaters’ DEPARTMENT. 


The ship-platers’ department is illustrated by the 
drawings, Figs. 4 to 6, on Plate VIII., and by the 
perspective view, Fig. 16, on page 164. This build- 
ing consists of six parallel bays 65 metres (213 ft. 
3 in.) in length, tive of which are 13 metres 
(42 ft. 7 in.) in width, while the sixth is 12 metres 
(39 ft. 4 in.) wide. At right angles to these, at the 
northern end, there is a transverse bay of 23.20 
metres (76 ft. 3 in.) span. The construction of the 
transverse bay and the cross-bays is shown clearly 
in the sections, Figs. 4 and 5, on Plate VIIL., 
which, it will be understood, are to a larger scale 
than the plan. The construction of the columns 
and the main girders will be readily seen from a 
reference to Fig. 5. The system of roof adopted 
is further shown in the perspective view on page 164 
(Fig. 16). The glazing has a steep slope, in order 
that the snow may fall quickly into the gutter, 
which, again, has a slope transverse to the slope of 
the glazing. 

In view of the very large ships for which the 
works have been specially designed, some detailed 
reference to the equipment of the shops may be 
justified. As we have said, the machines are for 
the most part of British make, and the distribution 
of them will readily be followed from the plan 
(Fig. 6). There is a large set of plate-rolls for 
dealing with plates up to 36 ft. in length and 1.6 in. 
in thickness. The massive character of this tool, 
which is by Messrs. Smith Brothers and Co., of 
Glasgow, is suggested in the section, Fig. 4. The 
girder for holding down the top roll is about 10 ft. 
deep. An hydraulic keel-plate-flanging machine, 
worked under a pressure of 1700 1b. per square inch, 
turns up the edge of keel-plates for a length of 33 ft. , 
but as the ends are open, there is no limit to the 
length of plate which may be dealt with. This is 
by Messrs. Hugh Smith and Sons, Glasgow. At 
the end of the machine there is an hydraulic 
cylinder for operating a series of longitudinal 
wedges for securing the inner edge of the plate 
being flanged. The punching and shearing machines, 
which are by Messrs. Bennie, of Glasgow, 
have been arranged to deal with plates up to 
1.6 in. in thickness, and to punch L.6 in. holes. 
There are manhole machines to punch holes 10 in. 
by 14 in., while an hydraulic press is capable of 
punching holes 32 in. in diameter. These various 
tools have each a 3-ton crane, with a radius of 
6 metres (19 ft. 8} in.). The boring-machines make 
holes up to 3} in., with a vertical range of 22 in. 
One of the plate-scarfing machines deals with 
plates 64 ft. in width and 1} in. in thick- 





ness. The machine for joggling plates has a stroke 
of 24 in., and takes plates 1 in. in thickness, 
There are also heavy two-sided plate-edge planers 
taking plates 26 ft. and 33 ft. long, with screw 
and hydraulic clamps. There are four batteries 
of radial drills, having a vertical range of 8 in., 
and capable of boring up to 50 millimetres (1.97 in. ) 
in diameter, with a radius of 7} ft. All of the 
machines are separately driven by electric motors. 
It will be noticed that the majority of the 
machines have been designed to deal with plates 
1.6 in. in thickness, but of great length. This is 
suflicient for merchant work, and adequate also 
for the building of naval ships, excepting in the 
case of protective deck-work ; sv that it would 
seem that the Vulcan Company, for the present 
at all events, mean to confine their attention at the 
Hamburg works to armoured ships rather than 
the types of smaller cruiser, which require protec- 
tive decks. It should be remembered, of course, 
that the company intend to maintain their yard at 
Stettin in full work, so that there is not the same 
need to provide for all classes of warship at the 
Hamburg establishment. 

The various bays provided with machine-tools 
are, as shown in Fig. 16, traversed by overhead 
electric cranes to carry a load of 75 tons, with a 
lift of 25 ft. The transverse bay, which is two- 
storied, the lower floor being used as a moulding- 
loft at present, and the upper floor as a store, is 
served on the ground floor by two cranes of some- 
what novel construction, and drawings are repro- 
duced on Figs. 13 to 15, on page 149. The most 
interesting feature is that in addition to the main 
girders there are lower girders carrying the track 
for the crab. This lower girder can be traversed 
laterally on rails laid on the main girder, so that 
the end, along with the crab, may project 
cantileverwise into any of the six bays on the 
one side, or into the plate-delivery yard on the 
other side. These cranes are of 5 tons capacity 
and have a length to suit the span of the bay, 
23.20 metres (76 ft. 1} in.) ; the lower girders 
are shorter, so that they may involve no obstruc- 
tion when the whole crane is being traversed 
along the bay ; yct it is designed so that the end 
may project to the extent of 23 ft. into the bays or 
delivery-yard at right angles to the traverse of the 
crane within the bay. ‘There is a separate motor 
for traversing the lower girder with its crab, the 
power being 2.5 horse-power, and the speed of 
traverse with the load 20 metres (65 ft. 7 in.) per 
minute. The motor for lifting and lowering the 
load at a speed of 20 ft. per minute is of 8 horse- 
power capacity. The traverse of the crab on the 
track on the lower girder is at a speed of 66 ft. per 
minute, the motor being of 1.7 horse - power, 
while the travel of the whole crane, at a speed 
of 200 ft. per minute, is accomplished by an 
8-horse-power motor. All four electric machinez 
are independent of each other, and each motor has 
its own electric braking device, controlled by a 
foot-brake. The open girder-work of the crane, 
which is a notable feature, as shown in the draw- 
ings, is characteristic of practically all the overhead 
cranes in the works, the advantage claimed being 
that the view of the operator is not thereby 
obstructed. Special provision has been introduced 
against lateral oscillations. Access is obtained to 
all parts of the machinery by gangways, which are 
covered with perforated shect-metal, and the me- 
chanism is enclosed in guard-rails. The projector, as 
shown in the cross-section, runs on the inside flanges 
of the main girders, and in order to ensure absolute 
parallel motion along the main girder there are 
driving-wheels near to each end of the projecting 
girders. It was not considered necessary to arrange 
for counter-wheels, as no tilting of the projecting 
girder is anticipated even when the crab is at 
the extreme length of its travel, and has the maxi- 
mum load. The crab mechanism is mounted on 
the lower girder on a wrought-iron frame, and the 
mechanism is rain-proof, so that the crane may be 
projected out of the side of the building on to the 
railway track adjoining the plate-delivery yard. 
The crane is shown in this latter position in sec- 
tion, Fig. 14. 

The current for actuating the motors is supplied 
from a rail alongside the track through gliding- 
trolleys and wires to the switchboard in the cab, 
and thence to the controllers, which are auto- 
matically connected in pairs. A corresponding 
conductor is provided for the current passing tu 
the crab on the projecting girder. 

(To be continued.) 
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By JoserH Horner. 


Tue foregoing survey of cupola practice covers a 
field which is of interest to iron-founders. But the 
improvements in that practice which have been 
recorded and illustrated concern only one type of 
furnace, which remains substantially unchanged in 
its broad outlines. 

In the cupola the fuel and iron are in con- 
tact, with the advantage that the iron is able to 
absorb the maximum of heat from the fuel. The 
cupola is therefore a cheap furnace, and is almost 
universally employed for foundry work. It has, 
however, the disadvantage that the iron will take 
up sulphur and other elements from the fuel. 
Ash and slag also float on the surface, and these 
have to be wholly removed before the metal is put 
into moulds. In lessening the evils inherent in 
the cupola lies much of the skill of the furnace- 
men. But these evils explain why, when excep- 
tionally pure metal is required, the reverberatory 
furnace is often employed, as the iron lying on 
its own hearth is away from contact with fuel. 
This furnace is utilised also when heavy lumps of 
scrap have to be melted, so massive that they can- 
not be readily broken, and too large to be thrown 
into the cupola. The quality of the metal can also 
be modified while in the furnace ; large volumes 
can ke melted and tapped without employing a 
receiver. On the other hand, more fuel is used 
than inacupola. The consumption is high, being 
about one to three or four of iron. Much experi- 
ence is required in order to get hot metal at an early 
stage of the melting. The melting is slower than 
in the cupola. Iron commences to melt from one 
to two hours after starting the fire ; several hours 
are required to melt a charge, and the draught 
varies with atmospheric conditions, locality, and 
surroundings. 

The improvements made in cupolas and in air- 
furnaces deal chiefly with minor details of design 
and construction. But in passing tothe considera- 
ticn of the furnaces used by steel and brass-founders, 
we ‘ind that present-day practice differs in a radical 
fashion from the older. New designs of furnaces, as 
well as improvements in the old designs, are in 
evidence. In the steel-foundry the large converter 
is only used for some special classes of castings. The 
open-hearth furnace predominates. But the most 
remarkable feature is the growing popularity of the 
small baby converters capable of producing about 
2 tons of metal at aheat. In the United Kingdom, 
in the United States, and in Germany, such con- 
verters are installed in numerous foundries. They 
not only take the place of open-hearth furnaces 
for small castings, but they tend to appropriate 
much crucible melting practice. Every year the 
small steel-casting industry increases, and the small 
converter plant is usually installed. Much work 
is now turned out in steel castings which would 
otherwise be forged, or made in malleable cast 
iron, work for which cast iron does not possess 
sufficient strength. The making of steel castings, 
formerly a speciality in the hands of a few firms, 
is thus being carried on now in many foundries 
adjacent to the iron-foundry, with all the advan- 
tages which result from having all work under 
observation and control, and being independent 
of outside help. Steel-foundry plant has been 
thus modified and adapted to the requirements of 
small casts. In this respect it resembles that of 
the iron-foundry, being laid out for a range of 
products very large or very small, with plants which 
include all intermediate stages. 

In the brass-foundry, also, the changes in melting 
practice are quite as striking. We remember the 
old brass-shop, an annexe of the iron-foundry, 
with its old-fashioned melting-furnaces, burning 
coke, and utilising the natural draught of a chimney. 
Similar furnaces may be seen in hundreds of little 
foundries to-day ; but they are being replaced by 
others into which numbers of minor improvements 
and utilities have been introduced. Many new 
furnaces have been designed ; some dozens might 
be instanced, in some of which oil is used as fuel; 
in some blast is employed ; many are made to tilt, 
thus avoiding the laborious lifting out of crucibles of 
metal bymeans of tongs, which limits the weight that 
can be melted in a single crucible. A good many 
ar ‘ontinuous in operation, a great advance on the 
old style of one fire one crucible, of limited capacity. 
We shall consider the steel furnaces in the present 


article. The largest proportion of steel castings is 
poured from metal melted in open-hearth basic 
or acid furnaces, charged with pig and scrap, or 
pig, scrap, and ore. The greatest advantage which 
these furnaces afford over the large converters is 
that the composition of the metal is under absolute 
control. Rough physical and chemical tests can be 
made from time to time while the metal lies quies- 
cent in the bath, and ferro-alloys can be added as 
required until the desired composition is secured. 
As a set-off against these advantages there is the 
long time :equired for melting a charge—six or 
seven hours, against half-an-hour in the converter, 
following the necessary melting in a cupola. An 
open-hearth furnace must be maintained hot 
between intervals of melting. Only one grade of 
metal can be melted at one heat ; ferro-alloys can, 
however, be added in iadles. Unless a furnace is 
of the tilting type, all the metal must be tapped at 
once. 

Minute descriptions and detailed illustrations of 
open-hearth stzel-melting furnaces are not required 
here, as large numbers of these have been illustrated 
in Encrneerin:. The following remarks, with the 
illustrations given, will suffice for the subject as far 
as it relates to the present course of articles. 

There is no essential difference in the construction 
«f furnaces for acid and basic work ; the differences 
are in the linings. In the open-hearth furnace 
the charge cf pig, scrap, and ore, with flux, lying 
on a ccncave hearth, is melted with a mixture 
of gas and air heated on the regenerative prin- 
ciple in an open chequer-work of brick. The 
mixture of the currents of air and gas takes place 
within the furaace. The products of combustion 
escape together, and in their passage to the 
chimney give up much of their heat to the chequer- 
work, through which they are drawn by the 
chimney-draught. There are two pairs of regene- 
rators, ‘ach comprising a gas and an air-chamber 
separated by brick walls, and the direction of the 
air and gas is reversed at intervals by valves. The 
result is that the air and gas take up heat from the 
chequer-work on their way to the hearth, and the 
products of combustion give up heat to the chequer- 
work on their way to the stack. After the pre- 
liminary heating up of the furnace the necessary 
heat is retained by the frequent and regular re- 
versal of the direction of the air and gas. That in 
brief is the principle of the Siemens open-hearth 
furnace, around which numerous variations in con- 
struction and detail occur. The reversals of the 
gas and air must take place when the temperature 
of the chequer-work has dropped to 500 deg. or 
600 deg. Fahr., which occurs at intervals of about 
20 minutes. The minimum temperature of the 
chimney which will give the necessary draught is also 
about 500 deg. or 600 deg. Fahr. Its temperature 
rises after reversal until, at about 900 deg. Fahr., 
the next reversal must take place. 

In the construction of these furnaces the effects 
of the intense and prolonged heat have to be fore- 
seen and provided for as far as possible. The 
casing is of iron or steel plates tied with binders 
and bolts above the floor-line. A considerable 
portion of the chequer-work and the flues are dis- 
posed below the floor-line, while the charging level 
is several feet higher. A large proportion of the 
structural work is therefore concealed. All the 
walls and roof are lined with highly refractory 
silica bricks. 

The hearth is carried on girders supported by 
short pillars, or supported wholly, or partly, on 
the roofs of the regenerative arches. The latter is 
the later practice. The bed of the hearth is of 
cast iron or steel lined with silica bricks. More 
bricks are put at the ends than nearer the central 
areas in order to lessen the quantity of lining 
required, which consists of silica sand in the acid 
furnace; and basic material, usually burnt dolomite, 
in the basic. Certain precautions have to be taken 
in the drying, and in the careful heating up of new 
furnaces, one of the principal difficulties being the 
expansion andcontraction of the large mass of brick- 
work, When a furnace is working it should con- 
tinue working until put out for necessary repairs. 
The air-regenerators are alike in dimensions and 
location on each side of the furnace, and the gas- 
regenerators also. Butthe latter are smaller than 
the former, though there is no established rule for 
relative proportions, which are subject to wide 
variations. The disposition of the parts also varies, 
a subject which it is not necessary to discuss here. 

Modern open hearth furnaces are provided with 
dust-catchers to receive the dust which comes over 








with the products of combustion from the furnace 
on its way to the regenerators. This provision 
prevents risk of the choking of the regenerators. 

Apparently, any of the numerous gas-producers 
is suitable for open-hearth furnaces. None of 
these need be discussed here, since all the usual 
types have been illustrated in ENnGinerrinc. A 
few observations only on the utilities of the 
method of operation of gas-producers in general 
will be offered. 

As the open-hearth steel-melting furnace embodics 
the reverberatory principle, in which incandescent 
gases only are employed, solid fuel as used in 
cupola or blast-furnace being impossible, the supply 
of gas is essential to the success of the furnace. 
Hence, when Siemens invented the furnace, he 
designed also the gas-producer, which is essentially 
the producer of the present. In the United Statcs 
natural gas is used to a considerable extent, being 
conveyed in pipe-lines to the steel works. Here 
all gas has to be generated in producers, of which 
there are numerous designs and patterns, differing 
in regard to the methods by which gasification is 
effected. 

The producer body is built of steel plates lined 
with firebrick, in which fuel is heated to incan- 
descence on fire-bars, or on a solid bottom, or over 
a water bottom. Air and steam are drawn by 
natural draught or driven by forced draught through 
the heated fuel, taking up its carbon to form the 
two oxides of caibon, CQ, being first formed, and 
becoming CO in the upper part of the producer, 
whence it is discharged, to be burnt to CO, in the 
furnace by the air which is brought into contect 
with it there. 

As the producer-gas is diluted with the nitrogen 
of the air which passes through the producer, a 
large portion of the heat units 1s wasted in heating 
up the inert nitrogen. This explains why steam 
is used in producers in addition to air, following the 
first Siemens design. As water consists of oxygen 
and hydrogen only, CO and hydrogen are formed 
by its contact with the hot fuel, and less air, with 
its inert nitrogen, will be required. But as a large 
amount of steam would cool the furnace, due to 
the absorption of heat in the decomposition of the 
steam, an economical balance has to be maintained. 
Some cooling is advantageous, preventing the forma- 
tion of clinkers. A proportion of one-twelfth 
weight of steam to that of air is stated as the limit. 
The methods by which the steam gains access to 
the fuel vary in different producers. So also do 
those for the introduction and regulation of air, 
the types of grates, devices for removing ashes, 
and so on. A feature which is essential to the 
regular operation of producers should be noted, 
which is that a slight excess of pressure of gas 
is maintained above that of the atmosphere. The 
object of this is to prevent the inward leaking of 
air into the supply-pipes, with consequent combus- 
tion. As the gas may have to traverse any lengths 
from, say, 60 ft. to 160 ft., there is such a risk. 
It is prevented by lowering the temperature in a 
length of cooling tube, through which the gas passes 
from the furnace to the downtake pipe. 

A 30-ton furnace in the foundry of the London and 
North-Western Railway Company at Crewe Works 
is shown by Figs. 183 to 187, on the page overleaf. 
Half-sections are shown taken through different 
planes, as will be ecen by the reference letters 
which indicate the sections on Fig. 183, and on 
each of the other views. 

In Fig. 183 the half-section E F to the left is 
taken through EF in the plan view, Fig. 186, 
through the chequer-work of the gas and air- 
regenerators and through the gas-ports. The half- 
section to the right is taken through GH of 
Fig. 186, but the chequer-work is omitted, its 
supporting walls remaining. In both sections the 
construction of the furnace and the walls is shown 
in the longitudinal details. The outer walls are 
tied with plates, binders, and bolts with elastic 
washers. The bed of the furnace is of cast iron lined 
with ganister, supported on girders, and the sides 
have provision for expansion in the form of open 
joints covered by the binders, the whole being sup- 
ported on the arches which contain the chequer-work. 
The firing-doors are seen at the side. Fig. 184 
comprises two half-sectional plans; A B through the 
chequer-work of Fig. 183, and C D lower down, 
through the walls which carry the chequer, and the 
arches through which the waste gases pass to the 
chimney. The seating for the reversing-valve is 
indicated to the left, and the gas-inlet valve-box, 





together with passages. Fig. 185 comprises two 
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be withdrawn easily, instead of tapping out the 
entire heat. Another is that the time occupied in 
making up and breaking through the tapping-hole 
of the ordinary fixed furnace is saved. The bottom 
is easily repaired. Ports can be replaced by spare 

orts in a few minutes. The furnace is water-cooled. 
These and other features will be readily seen by a 
study of the illustrations given. 

The furnace body is built of steel plates, doubled 
at front and back. The form is rectangular in plan, 
the front and back in cross-section are tapered up- 
wards. Girders stiffen the bottom and top, and 
channel sections the sides. The interior is lined 
with silica and magnesite bricks, disposed as seen, 
concave transversely in the bottom, arched above. 
The furnace body is wholly separated from the 
regenerator chambers, so that should a run-out of 
metal occur, no damage will result to the brick- 
work of the chambers. The tilting of the furnace 
entails a separation of the ports from the furnace 
body. They are mounted in a steel framing on 
wheels running on rails, seen to the left of Fig. 196, 
to be moved back a few inches when the furnace has 
to be tilted. The ports terminate in water-cooled 
rings. They can be lifted from the furnace for 
repairs, and be quickly replaced by spare ports. 
At the time of pouring, when the ports are with- 
drawn, and the furnace tilted, cold air enters the 
exposed openings, and chilling the layer of slag, 
prevents it from running into the ladle and becoming 
mixed with the metal. 

The tilting is etfected by two hydraulic cylinders 
disposed near opposite ends of the furnace. The 
normal position of the furnace is the horizontal, a 

osition which it assumes when pressure is not 
Reine exercised on the hydraulic pistons. The 
tilting is effected by bringing the water into the 
tops of the cylinders. The latter are hinged to 
oscillate with the tilting movements of the furnace. 
The movement takes place on rollers, the bottom 
of the furnace being provided with cast-steel rockers 
struck with a radius from the axis of tilt of the 
furnace, and moving over the rollers on fixed 
centres; or the furnace rolls bodily forward upon 
rockers, which roll upon a horizontal bed, as in the 
furnace illustrated. 

The facility with which smaller or larger quanti- 
ties of metal can be tapped renders this furnace 
very suitable for foundry service. The tapping- 
hole is above the level of the bath when the furnace 
is in the horizontal position; therefore it never 
has to be made up hard, butis only loosely covered, 
and is quickly opened for pouring. Tapping can 
be done without delay when the metal is ready. 
The large quantities of slag which form in the basic 
process can be easily removed at intervals. The 
entire charge of metal can be removed from the bed 
of the furnace, and the interior is easily accessible 
for repairs. 

Besides the usual method of pouring from the 
spout into ladles, an alternative is furnished, when 
required, in the form of a special ladle or fore-hearth 
attached to the front of the tapping-hole, and 
shown in Fig. 197. Its function is to dispense 
with the ordinary ladle, and to pour the metal 
instead directly into the ingot moulds. It is a 
steel box, brick-lined, with nozzles and stoppers. 
The metal flows into this on the tilting of the 
furnace, and is tapped through the two nozzles, 
falling into ingot- moulds simultaneously. The 
advantage is that since the loss of heat is much less 
than when the steel is poured into an intermediary 
a . temptation to overheat the steel is 
avoided, 








ENGLISH RUNNING-SHED PRACTICE.* 


By Ceci, W. Pacet, Member, General Superintendent, 
Midland Railway, Derby. 
Tue Ronninc-Suep Buiipres. 

Tuer running-sheds in England are of two types :— 

1. Those in which the roads are laid parallel, usually 
called straight sheds. 

2. Those in which the roads radiate from a centre turn- 
table, called round sheds. 

rhe straight sheds are economical in first cost and 
maintenance, but unless they are of the type known as 
“through sheds” they are awkward to work ; the latter 
class are necessarily draughty. 

e centre-turntable type, though more expensive to 
build, possesses considerable advantages of working, 
because engines can be easily got in and out without 
mo\ing others. The radial arrangement of the pits also 


len’s itself better to lighting and convenience of getting | sh 





* Paper read at the joint meeting of the Institution of 
Me hanical Engineers and the American Society of 
Mechanical Engineers at Birmingham, July 26, 1910. 





about. There is plenty of room towards the end of 
the pits for fitters to work at the bench between two 
engines, and the work of ae oe boilers, swilling 
out pits, and general ce may | can be done without incon- 
venience. To set against these advan there is the 
objection that, when the turntable requires lifting for 
repairs, it throws the whole of the pits served by it out of 
use while the repairs are going on. 

Plans are shown of two of the most recent sheds built 
in this country. Figs. 1 and 2, on the next page, illus- 
trate the Great Western sheds at Old Oak Common, 
which is of the centre turntable type. A similar type is 
shown on Fig. 3, also on next page. Figs. 4 to 7, on 

157, show the London and South-Western shed at 
Feast] sigh, which is of the through-straight type. 

The necessary offices, stores, mess-rooms, and lavatories 
should be conveniently placed, and reference to the plans 
will show their arrangement in the two sheds referred to, 
which may be taken as examples of the latest British 
practice. Illustrations are also given of a typical mess- 
room and lavatory on page 160. The lavatory illustrated 
is equipped with shower-baths, and a separate locker is 
provided for each man employed at the shed. The 
cleaners, and particularly the enginemen, appreciate and 
regularly use the lavatories and shower-baths. 

Shear-Legs and Fitters’ Appliances.— Attached to every 
shed of any size are shear-legs capable of lifting one end 
of an engine so that the wheels and axle-boxes may be 
removed for examination or repairs. These legs were 
made almost universally at one time of wood, and of the 
tripod type, the single leg on one side of the rails being 
of extra strength and carrying the lifting-gear. The 
disadvantage of this type, of which many are still in 
existence, is, that since so many engines have now extended 
cabs, the legs have to be of — eight in order to allow 
the trailing wheels to be taken out, as the cab top has 
not room to rise between the frame of the legs. This 
difficulty was sometimes overcome by forming the top 
of the legs of bow-shaped iron castings, whilst two 
wooden struts were placed on each side. The most 
modern construction is, however, to use a framework 
of steel joists, with top cross-girders and gussets leaving 
sufficient head-room for any contingency. An example 
of legs of this type is shown in Fig. 9, on page 160. ro 
some modern examples is attached a small jib-crane, 
which is of use in taking off the bogie-frame for examina- 
tion, loading wheels, &c. A capacity of 15 tons used to 
be looked upon as amply sufficient, but the large increase 
in the weight of engines in recent years has led to stronger 
legs being required, and the more modern ones are capable 
of raising 35 to 40 tons. The load is usually lifted by hand 
by means of a crab or train of wheels operating a chain or 
wire rope which works round a sheave or set of blocks. 
In some cases where hydraulic power is available it is 
employed, but the more modern method, where current 
can be obtained, is to use an electric motor. 

The position of the shear-legs relative to the shed 
depends largely upon local circumstances, but in sheds 
where the pits radiate from the table, and the building is a 
square one, a set of legs is usually fixed on one of the 
longer roads, that is, one of the roads leading to the 
corners of the shed, because better work and more care are 
probable where men can work without being e ed to 
the weather. In all cases, whether outside or indoor, the 
legs are placed over a pit, which is usually 2 ft. 10 in. 
deep below rail-level. 

Very little tackle of a special nature is required by 
shed fitters, but amongst those things which must be 
always at hand are jacks—hydraulic and bottle—for lifting 
engines to change bearing-springs, &c., lever and stands 
to allow of axle-boxes being tried up the horn-plates, wood 
blocks to act as temporary axle-boxes, clamps to draw 
engine and tender together, and to facilitate uncoupling, 
iron lorries to put under the engine when the — has 
been removed, wood blocks to pack engine on, &c., as 
well as a good supply of ordinary shop-tools. If not 
attached to the shear-legs a small crane is useful to lift a 
bogie-frame off the axles when required, whilst a pair of 
two-hundredweight pulley-blocks are often employed to 
allow of the boxes being tried on the axles. 

Where engine and tender-springs stand above the 
platform of the framing, a claw spanner, about 8 ft. long, 
with one jaw much longer than the other, is often em- 
ployed to allow of changing the springs without lifting. 

Fitter’s Stores.—The stock of materials and fittin 
necessary to repair or keep an engine in service should 
be kept as low as poneitle consistent with efficiency. 
The card system with a maximum and minimum for each 
article is quite commonly in use, and enables a check to 
be kept on stock in hand and on the time in which 
deliveries are effected. The amount of the stock depends 
largely upon an efficient system of supply. It is very 
easy to have 1 sums of money lying idle, unless a 
very close watch is kept upon this section. 

The Lancashire an Yorkshire Railway Company dis- 
tribute stores to the sheds on their system by vans, of 
which three are sent out daily. The vans are designed 
for dealing oe ge ee | with stores, and are fitted with 
swing-jibs and pulley-blocks for handling the heavier 
articles. The system works very satisfactorily, and 
quick delivery is ensured, material ordered overnight 
being delivered the next morning at 8.30. The vans are 
worked on passenger trains and have resulted in freeing 
the passenger-station platforms, whilst the expense of de- 
livering stores has been materially reduced. 

Lighting of Locomotive Sheds.—As the greater part of 
the cleaning of locomotives has to be performed during 
the night, the question of the lighting of locomotive 

eds has received considerable attention on er | rail- 
ways. In the majority of cases, where gas is available, it 
is employed, because electric light, until the recent 
development of metallic filament lamps, has only been 
economical where arc-lamps were used, and such large 


units of light are not required. In properly lighted 
sheds incandescent gas is usually employed, and this 
allows of adequate illumination at reasonable cost at the 
points required. Two considerations chiefly govern the 
successful lighting of a shed, these being that the boilers 
of the engines should be well lighted, and also that 
sufficient illumination should be shown on the motion 
work, the latter object being the more difficult to achieve. 

With straight sheds the position of the lights is 

naturally restricted, as the lamps have to be placed in 
rows between the engines ; if they contain two mantles, 
each consuming 3 cubic feet of gas per hour, and are 
spaced 35 ft. apart and 11 ft. Tigh, the result will 
be satisfactory, although as the length of the engines 
stabled will differ, the best light is not always at the 
point required. 
_ With round (turntable) sheds a different arrangement 
is uired, as the table has to be lighted separately, 
usually by four lamps placed so that they will not be 
affected by the exhaust of the engines running on and off 
the pits. The lighting of the sides and motions of the 
engines is a simpler matter than with straight sheds, 
as the smoke-box end of the locomotive always faces the 
table, and the motion is always about the same distance 
from the centre. Lamps can alternately be placed so as 
to throw their light in the motion on one side, and oppo- 
site the cab on the other, as shown in Fig. 10, on page 
160. Long roads which hold two engines, it will be seen, 
require two lamps. In some cases the employment of 
high-pressure gas (10 in. of water) is found to be advan- 
tageous, as a light of about 500 candles is obtained with a 
— of 20 cubic feet of gas. The result of this 
type of lighting is particularly good, as will be seen from 
a photograph of a shed lighted in this way, reproduced 
on Fig. 3, on the next page. In many cases fittings are 
provided in the shed-pits to afford a movable light, or 
a of flexible connections being used for a portable 
ight. 

Arrangements for Washing Out.—Washing out i3 usually 
done inside the shed with cold water, and mains with a 
good head of water are laid, having hydrants at con- 
venient places. Washing out with hot water, though 
very desirable, is not at present in general use, but in 
view of the importance of the matter, it has been thought 
that a description of the apparatus erected by the North- 
Eastern Railway at Gateshead would prove interesting. 

An engine is brought in with about 60 lb. of steam still 
in the boiler, and by means ofa flexible metallic hose-pipe 
a connection is made between the blow-off cock on the 
engine and the blow-off line of piping to the tanks which 
contain the hot water for washing out and filling. The 
engine is then blown off, and the water and steam pass 
away to aseparator on the top of the tank containing the 
washing-out water. The water falls down through a coke 
filter-bed (which arrests any scale) into the tank, and 
the steam passes away through a pipe to a chamber on 
the top of the tank which contains the filling water, where 
it meets pure cold water from the main water supply. 
— water is heated up by the steam and falls into the 
tank. 

When the engine has been fully blown off, which 
occupies from 10 to 20 minutes, according to the size of 
the boiler, the blow-off hose is disconnected and an 
armoured hose wash-out pipe is connected to another line 
of piping through which the water from the wash-out 
tank is pumped, and the engine is washed out in the 
ust{l manner. A duplex Worthington pump, capable 
of Qelivering 450 gallons per minute, is used for pumping 
the wash-out water, and this is automatically controlled 
so as to give a pressure of 60 1b. per squareinch. By 
means of the thermostatic valve the temperature of the 
wash-out water is maintained at 140 deg. Fahr., which is 
as high a temperature as can be conveniently handled by 
the men. 

When the washing-out has been completed, and all the 
plugs and mud-hole doors have been put back, the hose is 
shifted on to another line of piping, and the boiler filled 
up from the filling-tank with water at not less than 
180 deg. Fabr. This is pumped from the filling-tank by 
a pom ah pump similar to the one mentioned above. A 
thermostatic valve automatically opens a valve to 
supply live steam for heating purposes to the filling- 
tank when the temperature * 4 the water in it falls 
below 180 deg. Fahr., and shuts off the supply of 
steam on that temperature being reached. The waste 
steam from the engines that are blown off is, how- 
ever, usually sufficient to give the required heat to the 
water in the filling-tank, and it is rarely necessary to 
use live steam for this purpose. The filling and wash-out 
tanks hold 6000 gallons of water each, and several engines 
can be blown off, washed out, or filled up, at the same 
time. Figs. 11 to 13, page 161, are diagrams of the arrange- 
ments of this system. With the hot-water washing and 
filling system, an engine can be blown off, washed out, 
filled up, and in steam about two hours from the commence- 
ment of the operation without the boiler. plates, &c., having 
been subjected to detrimental changes of temperature. 

Methods of Coaling.—The general method is to push the 
coal in wagons up an inclined road to a stage where it is 
unloaded into small ‘‘ tubs” on wheels. The stage is of 
such a height that when the tubs are run out on to asmall 
tipping stage projecting from the main stage they are 
over the tender, which is alongside, to be coaled. The 
small stages are | and weighted so that their normal 
position is clear of the loading-gauge. In some cases 
power-cranes are used, but the method described above 
is the most general. 

The South-Eastern Railway Company use a power- 
driven elevator, Fig. 14, 161. The elevator consists 
of twenty buckets, each holding about 4 cwt. of coal when 
loosely filled. The buckets travel on an endless pitch 
chain, which runs over two toothed wheels, one wheel 





being at the upper end of the frame under the roof of the 
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ENGLISH RUNNING-SHED PRACTICE 


Fig.1. TURNTABLE ENGINE-SHED AND YARD, 
G.W.RAILWAY, OLD OAK COMMON. 





Fig. 2. G.W. RAILWAY, OLD OAK COMMON. 
© = ARC LAMPS, = WATER MAINS 
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Fig.4 THROUGH-STRAIGHT TYPE ENGINE-SHED AND COAL-STAGE,L,AND S.W. RAILWAY, EASTLEIGH. 
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Fig. 5. THROUGHSTRAIGHT TYPE ENGINE-SHED AND COAL STAGE, L.& S.W. RAILWAY, EASTLEIGH. 
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Stage, and the other at the lower end in a pit some 7, ft. 
below the floor of the coal stage, into which pit thecoal is 
shovelled direct from the coal wagons on the inside road. 
An electric motor, placed on a bracket fixed to the roof of 
the coal stage and wall of the engine-shed, making about 550 





revolutions per minute, drives by belting a countershaft 
on the top of the elevator frame; a pinion on this shaft 
gears into a spur-wheel, which drives the top chain-wheel, 
the speed of the chain-wheels being about 25 revolutions 
per minute. Working at this speed, the buckets deliver 








coal down a wcoden shoot-on to the tenders at the rate of 
about-1 ton per minute. The coal is delivered close to the 
top of the tender. Gear is provided for lifting the shoot 


clear of the loading 
buckets. in the pit wit 


uge. To avoid jamming the 
an accumulation of coal, and 
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reventing the motor starting, an automatic switch has 
Cons devised, by which the action of raising the handle 
of the slide admitting coal-into the pit starts the motor 
before the slide is actually moved, a water spray to lay 
the dust being turned on at the same time. 

Sand-Furnaces.—Sand furnaces are provided in con- 
nection with every nang eee because it is important 
that the sand used should be dry ; quite equal to this in 
importance is the necessity for its — thoroughly sieved, 
so that no lumps can be present which might render the 
steam sanders ineffective. 

Ash-Pits.—Ash-pits are provided in suitable positions, 
so that engines may be placed over them on their way 
back to the shed. The fire is raked into the pit and 
quenched. The ashes and clinker are afterwards thrown 
out and the pit kept clean, so that the drivers can move 
about in it freely to examine their engines. A path 
about 3 ft. wide is kept swept at each side of the pit for 
the same purpose. The ashes are thrown on to plates 

ond these paths and loaded up by the engineer’s 
ballast gangs daily. 

Water-Softening.—Few English railways have adopted 
water-softening extensively, though several use it on a 
limited scale. The softeners in use may be divided into 
two ups—namely, continuous-flow softeners, repre- 
quntelter the Desrumaux, Kennicott, Pulsometer, Reisert, 
Porter-Clark, and other types; and intermittent-type 
softeners, represented by the original Clark process and 
the Archbutt-Deeley* plant. In all softeners the chemical 
treatment is the same. The water is treated with a 
caustic alkali, usually milk of lime or lime-water, which, 
by combining with the free and half-combined carbonic 
acid and decomposing magnesium salts, precipitates 
the calcium carbonate and magnesia; by the further 
addition of soda-ash the remaining calcium salts are de- 
composed and the removal of the scale-forming matter 
is completed. In the continuous-flow plants the 
chemicals are added to the water during its flow 
through the softener, and the precipitate is either 
collected on sloping plates arranged so as to divide the 
water into a series of shallow layers in which settlement 
takes place rapidly, or a filter-press may be used, as in 
Porter's arrangement. These plants preg the least 
ground space, and the water loses very little head : they 
are best suited for waters which do not vary much in 
composition, such as those derived from deep wells or 
springs. In the intermittent-type plants the chemical 
treatment takes place in tanks in which a large volume of 
water is thoroughly mixed with the chemicals and 
allowed to remain quiescent until the precipitate has 
settled and clear water can be drawn off, a continuous 
supply being obtained by using two or more tanks. In 
Clark’s process very large tanks were needed owing to 
the slow rate of settling; but in the Archbutt-Deeley 
system the rate of settling is accelerated by stirring up 
the old precipitate, and much smaller tanks are meodel 
this type of softener is ey adapted for the treat- 
ment of waters which are variable in composition. 

There are certain inconveniences connected with the 
use of softened waters, because, if the soluble salts reach 
from 150 to 300 grains a gallon, priming will take place. 
This will more readily occur when sodium salts are 
present, owing to the use of soda-ash to decompose 
the sulphates and chlorides. If, owing to the im- 
purities, it is necessary to soften the water with 
soda-ash, arrangements must be made to prevent 
trouble arising from concentration of salts in the boiler. 
This may be done either by changing the water, or by 
the use of blow-off or scum cocks, but neither method 
is at present ap grey used in England. This is 
probably largely due to the fact that, taken as a whole, 
the waters u for locomotive purposes in this country 
are of fairly good quality. Owing to the comparative 
smallness of the belie engines are, however, liable to 
work with steam in which there is an excess of water, and 
the avoidable coal consumption due to this cause may 
high, although water may not be present in the steam to 
such an extent as to constitute priming. Experience 
shows that where softening has been resorted to with a 
bad water, considerable saving is effected in the cost of 
boiler repairs and renewals. 


RunninG-SHED ARRANGEMENTS. 


In order that the earning capacity of the locomotive 
stock may be as high as possible, it is the aim of the 
management to get as much work out of the engines as is 
consistent with safety. ‘To do this, they must be kept in 
an efficient state, because, apart from considerations of 
safety, which hold the first place, failures on the road are 
very expensive. 

Examinations.—The period between the examinations of 
the various parts of engines is fixed either on a time or 
mileage basis, On the Midland Railway the method em- 
ployed depends upon the parts to be examined, fire-boxes 
and boiler fittings being examined on a time basis, and 
working parts on a mileage basis. The Appendix shows 
the margin times and mileages allowed before the various 
examinations are made. It will be noticed that in the 

eriods, as in the mileages, there is a fair working margin 
Sobween the time when an eugine enters the period or 
mileage at which it is due for examination and the time or 
mileage at which it must be examined. This margin is 
given to enable all examinations to be done together as far 
as possible, and prevent an engine being put out of service 
several times for examinations of different parts. 

In order to enable the examinations to be regularly 
carried out when engines, owing to the demands of the 
traffic, are working for any length of time away from the 
owning station, engine carries in the cab a card, 
upon which are recorded the dates of the last examina- 
tions and wash-out, and if the inspection of this card 


Proceedings, 1898, Part III. pages 404 to 454. 





shows an examination or wash-out to be due, the work is 
carried out and an entry made on the card to that effect. 

In addition to the prescribed periodical examinations, 
each driver, when giving up his engine, examines it and 
reports on repairs that are required. It is the practice 
in a good many sheds also to employ examining fitters 
for the purpose of examining engines when they are put 
in the shed after work. 

Running Repairs.— As a result of theexaminationand the 
reports of the drivers and examining fitters, the necessary 
small repairs and adjustments are done by the running- 
shed fitting staff. On the Midland Railway the books 
into which drivers and fitters used to enter their reports 
have been replaced by cards, which, on being ente up, 
are dropped into a locked box. In the case of no repairs 
being required a ‘‘ nil” card is putin. By this method 
the foreman fitter is able to arrange his work better. He 
has before him in a convenient form the amount of repairs 
of various kinds that require to be done, and by associating 
this information with the train-board he can tell by what 
time the work must be done and is able to arrange his men 
accordingly. 

Washing Out.—Owing to the use of different qualities of 
water, the periodic washing out of boilers varies consider- 
ably. The general practice is to wash out passenger- 
engines after 500 miles’ work, and freight-engines after 
800 to 900 miles’ work. At busy times there is no doubt 
that the time allowed for engines to cool is frequentl 
not as long as it should be, and, with the object o meres d 
ing the damage to boilers caused by too rapid cooling, 
and obtaining additional work from the engine by reduc- 
ing the time of standing, the introduction of the practice 
of washing out with hot water is being considered on 
several railways. 

Casualty Office.—A notable feature in connection with 
the running department is the ‘‘ casualty ” office. Under 
the charge of a trained engineer the function of this 
department is to collect reports from the running-shed 
staff of all engine failures, a failure or casualty being 
any defect in the working of an engine which causes it to 
lose time on the pene oe to be late in passing to its 
train from the shed. he head of the casualty office 
arranges for the proper classification of every case of 
failure, and directs the investigation into each case. After 
careful inquiry the cause of the failures can be brought 
to the notice of those responsible for design, materials, 
workmanship, operation, or purchase of coal, oil, and 
other stores, the object always being to promote efficiency 
in construction and improvement in operation rather than 
the discovery of an offender. A g moral effect, how- 
ever, iscreated by thus constantly reminding all concerned 
of their individual responsibility. 

The summarised statements periodically made to the 
sea manager and directors of all failures by which 

elay is caused to trains form a fair guide to the efficiency 


;| of the locomotives on the road 


Engine-Cleaning.—In order that the examinations pre- 
viously referred to can be pay carried out, engines 
must be kept as clean as is possible at a moderate cost. 
On English railways the general practice as regards engine- 
cleaning is to employ boys from fourteen to nineteen 
years of age, who are afterwards promoted to firemen. 

The method of payment for cleaning varies on different 
railways, day-work, piece-work, and premium being em- 
ployed, but day work is the most general. The piece- 
work system of cleaning was introduced some years ago 
on the Midland Railway, and was satisfactory until ten 
years ago, when the larger types of engines began to make 
their appearance ; the work of cleaning an engine then 
had to divided, and this gradually led to cleaning by 
gangs on piece-work. 

Piece-work gangs being unsatisfactory and difficult to 
handle, a system of cleaning engines on Rowan’s premium 
—_ was introduced about four years ago at most of 
the large dépéts on the Midland Railway, and is still in 
operation, although principally confined to the passenger 
engines. This system provides for 4 more methodical and 
thorough means of supervision, since each part of an 
engine, no matter how small, can be taken separately, and, 
if passed, paid for on its merits without reference to other 

The premium system has been satisfactorily 


parts. 
applied by working the men in groups of four, each man 


being responsible for particular parts of the engine, as 
set out on his job ticket. The premium earned by the 
man in cleaning those parts goes to his account, and has 
nothing to do with the earnings of the other men, thus 
preventing indifferent workers reaping the benefit of the 
industry of others in the group. 

The premium system is successful, inasmuch as it intro- 
duces a strong incentive to do more than had been con- 
sidered a day’s work under other conditions. Cleaners 
working on premium are able to supplement their weekly 
rate to the extent of from 20 to 40 percent. The arrange- 
ment of working the men in groups of four asa rule ensures 
engines being ready for service as soon as they are required. 
Should the engine require cleaning in a shorter time than 
usual, more men can be put on, each man having his work 
detailed on a job-ticket, and there is no fear of the work 
being conineied. Under the piece-work arrangement this 
was not easy to avoid. 

Shopping of Engines.—The engines are turned over by 
the running department to the repairing engines depart- 
ment for heavy repairs, as a result of the condition of the 
various parts revealed at the periodical examinations in 
the shed, but mainly as the result of the periodical exami- 
nation of boilers. The repairs to the boilers, as a general 
rule, take longer than those to other parts, and the order of 
putting work ne Se shops is dependent on the time 
taken to repair the boiler. By making other repairs sub- 
servient to it, the engine is likely to be out of service for 
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the least possible time. In selecting engines for repairs, 
consideration is given to the probable demands of trattic 
working, the heavy repairs to passenger-engines being 
undertaken in the winter months, and to freight engines 
in thesummer. Roughly speaking, it is the practice on 
the Midland Railway to overhaul in the repairing-shoj)s 
each inger engine every twelve to fifteen months, and 
each freight engine every eighteen to twenty months. 
The means described for examination, shed repairs, and 
shopping, are those taken to ensure the efficient working of 
the locomotive stock. On the Midland Railway this 
efficiency is secured by the withdrawal from service of 
about 25 per cent. of the total stock. The actual per. 
centages work out at :— 


Freight. Total. 


Passenger. 





percent. percent. per cent. 
15.77 13.03 13.9 
1,08 
8.08 


23.06 


In repairing-shops 
Under examination 
Stopped for various repairs 


Engines not available for work 25.70 


These figures may be taken as fairly representative of 
British practice. Having about 75 per cenf. of the total 
stock available for work, its earning capacity, so far as 
it is controlled by the running department, lies mainly in 
the efficiency of the train arrangements. 

Arrangement of Engine Workings.—It is usual for the 
traffic department to provide in convenient form a state- 
ment of the train service for which motive power is 

uired. The graphic form of the time-table is very 
suitable for this purpose, as by its use it is easier to arrange 
economically the outward and return workings, and at the 
same time make provision for the most conyenient places 
to change engines and ensure intervals during which the 
men can get their meals and attend to engine duties. 

Passenger Trains.—Several English railways divide 
their passenger train working into two classes: the first, 
generally the most important express trains, being paid 
on a basis of mileage, and the second being paid by the day. 

LIinks.—Suitable workings are grouped together in 
numbers varying from 3 or 4 toas high as 20, and the 
corresponding number of men necessary to work them are 
employed in rotation on each working. These groups are 
cplled links. Such grouping has the effect of dividing up 
the trains into two or - om classes, which vary in their 
demands for power and correspondingly call for the use 
of different classes of engines. The grouping of workings 
is arranged in such a manner that the most powerful 
engines are kept as far as ible on trains where they 
are not extravagantly employed. 

One of the main objects in the preparation of train 
arrangements before they are sent to the locomotive 
dépéts is to see that the maximum amount of the drivers’ 
time is occupied in charge of the engines, and to reduce 
as far as possible the time during which the men are un- 
—— or engaged in miscellaneous duties. On several 
railways charts are exhibited at each dépdt periodically, 
giving the classification of the drivers’ time and how 
employed. These charts act as a very good check on the 
foremen’s arrangement of the men’s work, as it enables 
him to see at a glance whether the percentage of time in 
charge of his engine is on the increase or decrease. It is 
advisable to have a link of such a size that it is large 
enough not to limit the drivers’ knowledge to a particular 
road, but not so large that the knowledge gained of the 
various roads would be forgotten owing to the infrequent 
occasions the men work over the line. ; 

In arranging links, due regard is paid to day and night 
work, and an effort is made to regulate the work so that 
a man is not continuously on one or the other. The men 
in each link work all the trains in it in turn, and any 
slight advantage in a particular week’s work is, therefore, 
shared by all the men. When the links are arranged they 
are ted, for the guidance of the men, in a case at the 
engine shed, together with a complete list of the booked 
engine workings. 

Special Trains.—Special passenger trains are provided 
for in the weekly excursion time-table. Arrangements 
are made at head-quarters for the various dépéts to work 
such trains, those having an outward and homeward trip 
being generally worked by the dépdt from which the train 
starts, but in the case of additional or duplicate trains an 
endeavour is made to balance the mileage by utilising an 
engine in one direction to work an additional train that 
may be required in the opposite direction, or when dupli- 
cates are necessary over the same section from opposite 
ends about the same time, they are dovetailed in with the 
ordinary booked trains. The timings of these special 
trains are supplied in a convenient form to the drivers 
working the trains. Such trains are worked by spare 
men or men whose time is not fully occupied. ; 

From the train arrangement sheets the ‘working 
engines board,” fixed: in a convenient place on the shed 
oa, is arranged daily by the foreman in charge on the 
day or night shift, the trains being shown in the order of 
running, and the engines allotted to work them, together 
with the information as to where the engines can he found 
—that is, the shed or sidings where they may be standing. 
It usually shows also all the engines due for examina- 
tion or washing out. : : 

Engines and Men.—As far as possible, engines are 
allotted to and kept for the same drivers, and this is almost 
universally the rule in the case of passenger engines on 
most English railways, but it has not been attained as 
regards the freight engines at present (except with the 
more important goods trains) owing to the uncertainty «s 
to when the engines of the ordinary goods and mineral 
trains will come into the sh 

It would appear that the majority of the locomotive 
superintendents in England are of opinion that where 
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APPENDIX. 


MipLanp RalLway.—EXAMINATIONS OF ENGINES BASED ON TIME AND MILEAGE. 








PASSENGER. FREIGHT. 
J 2 a Sonting 
‘ . | ! Engines. 
Tarts of Engine or | REMARKS. | Now 4, No.2 No.1 No.2 | No.1 | 
. 0-4-0 
Tender. | and 3 | Class. Class. No. 1 | No. 8 


Class. | 4-4-0 2-4-0 
4-4-0, 0-6-4 0-4-4 


Class, | Class. 0-6-0 
Class. Class. 0-6-0 0-6-0 


422 060 3% 5 








(|Must be thoroughly examined inside \| New boilers when they have been at work 5 years, afterwards every 


and outside, and tubes taken out 
Fire-box, tubes, tube-plates, stays, ) | 
brick arch, smoke box, &c., must be 
examined 
Boilers .. if ro plug in fire-box roof must be} | 
| chan 
|Lead plug in fire-box roof must be 
| examined 
|Safety-valves, spring-balances, and | 
| connections must be examined } | 
|Gauge-frame taps, gland-nuts, top-) | 
Gauge-frames and { | nut, &c., and trial-taps must be | } 
trial-taps examined and left free, and water- { 
| | ways thoroughly cleared out | 
{ Injector steam-plug (old pattern), 
+ | combination steam and stop-plugs, } | 
‘ | cones, and clacks must be examined J 
Spring for revers-, | 
oe lever - catch | |Must be thoroughly examined to } | 
on goods engines, || detect weak or otherwise defective \} 
also racks and springs, or wear in racks and catches | | 
triggers | 


Injectors 


pipes, including intermediate hose- 

| pipes, drip and clappet-valves, and 
| everything connected with the | | 
} 


|Disc-valves, relief-valves, ejectors,) | 
Brake, a'so tender ( | 
brake cylinder- 

attachments | 


steam and vacuum brake must be 
| thoroughly examined 


Tender — |Must be examined ae 


gauges | os 
|The pads of axle-boxes with doors) | 


— j 
Axle-box oil-pads \.| should be examined and cleaned 


Steam sand-pipes ) | aes 
ond wihten j |Must be examined .. 


Furnace lubricators |Must be examined .. se - al 
(|All engine and tender wheel-tyres ) | 
| | must be examined and crank and 

Wheels and axles \ other axles and wheels carefully ex- { 

| amin | 
|Notge.—Each time the engine has to be! 
stopped for the driving-tyres to be} 
turned, the eccentric sheaves must be| 
taken ~ for the ee to be eee 
a P Straps; brasses, gibs, cotters, ts, 

ben ee | &c., of big and little ends must i 

crank - journals | | — down - de pore me | cleaned 


and webs, | 





| x . d ting-rods, \ 
| crank-journals and webs, and out- 

| side coupling-rods thoroughly 

| cleaned and examined 


side coupling- 
rods 


Tender -tanks _| . 
Pe xe |All tender and side-tanks must be 
— incloding | | emptied, cleaned out and examined, 
7 28+ | and valves, strainers, rods, stays, { 
water-scoop in- pins, and co tone examined 


(|All tender and side tanks must 4 





| 
| 


dicator gear) 
Tender - tanks not : “ 
= emptied, cleaned out, and examined 
oe | and valves, strainers, rods, stays, 
ow | pins, and tions examined 





All under-caps, and axle-boxes with) | 
| pads in (except, bogie-boxes, which | 
al | are examin tween the limits 
Axle-box oil-pads + | shown below for bogies) must be | 
| taken down, cleaned out, and the 
| pads made right 
|Valves must be taken out and ex-) | 
Piston - valves, | | amined, thesteam and exhaust-ports | | 
pistons, and cy-/ | and blast-pipe cleaned. Pistons 
linders | must be taken out, and rings, iston- 
| heads, and cylinders examin: 
|Must be taken out and examined and | 
| thickness noted, steam and exhaust- \ 
| ports and blast-pipe cleaned 
|Must beexamined for defects, espe- | | 
cially at cotter hole, and that it fits 


Slide-valves .. { 
(| along its cone length in the guide 
Valve-spindles al socket D a ape also that the lead- 


ing end fits properly in the valve- 





| 
| cover bush | 
|Bogies must be taken out, taken to | 
pieces, and thoroughly cleaned; also 


“pout tender springs, journals, and every detail ; 
8 | carefully examined, and centres | 


and rubbing surfaces lubricated 


| 


4 years (as per printed instructions of January, 1900). 


Three to five weeks. 


Six to ten weeks. 
Three to five weeks. 


Nine to fifteen weeks. 


Three to five weeks 


Three to five weeks 


Ten to eighteen days 


Three to five weeks 


Five to nine days 
Five to nine days 


Three to five weeks 


MILEAGF, 
4000 to 4700 3000 to 3700 
4000 to 4700 3000 to 3700 
| 
4000 to 4700 3000 to 3700 
4000 to 4700 | 3000 to 3700 
12,000 to 14,500 | 9,000 to 12,000 
16,000 to 19,000 | 9,000 to 12,000 
| 
20,000 12,000 | 20,000 | | 
to to | to |} 15,000 to 18,500 
24,000 14,100 | 24,000 | f 


20,000 to 24,000 | 15,000 to 18,500 


Remarks.—Whenever an engine is stopped for such repairs as will take a day or two or longer before it is put to work 
again, the district superintendent, his assistant, or R. E. foreman, must finally, before the engine is handed over to the W. E. 
foreman for work, personally make a complete examination of the engine, trying and tapping all bolts, cotters, cotter-pins, 
rods, &c., to see that they are not only in a proper position, but that they are not loose or worn in any way. Holes and 
bolts in small rods, and pins of same, such as damper gear, cylinder-cock gear, must be carefully noted, and before the 


engine is allowed to start work any defects must be made 


A record is to be kept by the district locomotive super- 


intendent of every engine thus examined, and it is to be produced when required. The examination must be thorough and 
complete, and carried out by the district superintendent, his assistant, or R. E. foreman. 


first-class express work has to be done it is a distinct 
advantage to book an engine regularly to the same 
driver. This practice extends on some lines to fast 
fitted goods-trains, which require nearly as much work- 
ing as an express. The experience on the Midland is 
that casualties are lessened owing to the ter care 
taken by the driver in working the engine and in properly 
reporting defects ; and as a result the coal consumption is 
generally less. 

_ Working Results.—The necessary statistics for criti- 
cising the results of working of the various sheds are 
obtained in the following manner. Each engine-driver, 
at the end of his day’s work, makes out a journal on 
which he enters in detail all trains worked by him, time 
occupied in doing so, the route and description of train, 
and the material used during the day’s work. These 
journals are handed into the time-office, and the mileage 
18 then entered to each trip, and the weight of coal, 
oil, &c., is checked with the coal-man and storekeeper’s 





records in order to see that the entries made by the 
driver agree with what has actually been issued to him. 
From these journals the following statistics are com- 
piled :— 

Engine hours ... 


” ” 


..Passenger trains 
...Goods and mineral trains 


‘ ‘ .. Shunting 
a 9 ... Assisting, piloting, bal- 
lasting, &c. 


Ordinary passenger-train miles. 


Special ” ” 

Assisting = - ; 

Passenger shunting performed (calculated at 6 miles 
an hour). . : i 

Ordinary goods and mineral-train miles. 

Special ” ” ” 

Assisting 


Goods and mineral shunting performed (calculated 
at 6 miles an hour). 


Detentions to engines. 
Consumption of coal, oil, and other stcres by each 
individual engine. 


The time of engines employed exclusively for shunting 
purposes is calculated at 6 miles an hour, from the time 
they leave the locomotive yard to the time they again 
reach the ash-pit—with a minimum debit of 10 hours. 

Ballasting is calculated at the rate of 8 miles an hour, 
but only the actual time occupied is brought to debit. 

Engines standing as pilot, that is, to assist or work 
duplicate trains as uired, are charged at the rate 
of 6 miles an hour for the actual time they «re standing. 
| A statement of mileage, wages, coal, oil, and stores con- 

sumed is compiled for comparing one dépét with another. 

|The compilation of these figures involves an immense 
amount of routine work ; recognising this the Lancashire 
and Yorkshire Company have adopted the ‘“‘ Hollerith 
Tsbulating Machine ” for the purpose, by means of which 
the following data are obtained - 





Date. 

Shed where driver is stationed. 

Class of engine. 

Engine number. 

Shed where engine is stationed. 

Driver’s number. 

Description of mileage. 

Miles run. 

Shed where coal is received. 

Weight of coal supplied. 

Description of lubricant. 

ey, of lubricant supplied. 
ription of time. 

Time worked in hours and minutes, 


By means of the punched holes denoting the descrip- 
tion, the same cards will show :— 


Number of train-miles run. Passenger, goods, 


mineral, 
Number of train-miles run. Assisting. Ditto 
- light-engine miles run. Ditto 
“ locomotive shunting miles. 
ne traffic shunting miles, 


di empty carriage miles run. 
Quantity of locomotive oil supplied. 
“s cylinder oil ougied 
a tallow supplied. 
Length of time men were in charge of engine. 
Length of time men were travelling before or after 
being relieved. 
Length of time men were engaged conducting, 
waiting orders, &c. 
Length of time trains were detained by signals, &c. 


These cards can be cmeeny assembled to show cost 
of operating the various sheds, classes of engines, classes 
of mileage &c. 








Tue Worin’s Raritways.—The length of completed 
railway in operation throughout the world at the close of 
1908 was 611,478 miles. his total was made up as 
follows :— Europe, 202,109 miles; Asia, 58,813 miles ; 
Africa, 19,211 miles; America, 313,385 miles; and 
Australasia, 17,960 miles. In the total of 313,385 miles 
set ainst the American continent, North America 
figu for 274,372 miles, and South America for 39,013 
miles. The railway mileage of North America, accord- 
ingly, nearly equals the corresponding aggregate for 
Europe, Asia, and Africa combined. Between 1904 and 
1908 inclusive about 61,500 miles of new railway were 
brought into operation—viz., 33,690 miles in America, 
12,265 miles in Europe, 10,830 miles in Asia, 3574 miles 
in Africa, and 1151 miles in Australasia. To the 33,690 
miles of new line opened in America between 1904 and 
1908 inclusive North America contributed 27,115 miles 
and South America 6575 miles, 





Tue Copper MarKeET.—In their report, dated the 18th 
inst., Messrs. James Lewis and Son state that from 
54/. lls. 3d. for cash on the 1st inst. standard copper 
advanced to 54/. 17s. 6d. on the 5th, and then gradually 
receded to 53/. 7s. 6d. on the 11th and to 52/. 15s. on the 
12th, under pressure of bear sales and the realisation of 
speculative holdings, about 10,500 tons changing hands on 
those two days. There has since m a recovery to 
53/. 17s. 6d., the closing values on the 18th being 
537. 12s. 6d. cash and 54/. 5s. three months prompt. The 
continued heavy liquidation of shares in New York— 
especially of those of the Amalgamated Copper Company 
—diminished demand for both copper — steel, and 
unfavourable reports of the Spring wheat crop of the 
United States have exercised a depressing influence on 
the copper market, in conjunction with the unsatisfactory 
American statistics for the month of June. These latter 
show an increased production of 1774 tons over May, a 
decreased consumption of 2654 tons, and an actual increase 
in the stocks of 10,283 tons, of which 7133 tons are 
apparently ‘‘in transit,” not being included in the con- 
sumption or exports. The consumption of Europe to date, 
and as far as was ascertainable on the 18th inst., was shown 
to have exceeded that of the same period last year by 
8215 tons, but was 11,728 tons less than that in 1908, 
Exports of manufactured copper and sulphate from 
England were 4137 tons more than in 1909, but 7325 tons 
less than in 1908. For refined oper there had been a 
good demand from both English and Continental manu- 
facturers ; shipments of American electrolytic from the 
large stock held in England continued to be made to 
Germany, the Amalgamated Gomgeny still holding their 
large and increasing stock in the United States for prices 
above those which other producers and holders of the 





English stock were willing to accept. 





; 
} 


= 












ENGINEERING. 


[Jury 29, r9r10. 








ENGLISH RUNNING-SHED PRACTICE, 


Mess-Room. 


Pig. 9. 
LOCOMOTIVE SHEER-LEGS 
FOR SOTONS, MOTOR DRIVEN. 





iwtng Speed 
per Min 


\ Motor Starting 


‘ 
' 


Hand Gear for 
uvcase of 
Emergency \y 
. hil 


FOREIGN ENGINEERING PROJECTS. 


WE give below a list of colonial and foreign engineer- 
ing projects. For several of these tenders are asked, 
and particulars concerning the same can be obtained from 
the Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, London, E.C. 

India; It appears from the Pioneer Mail (Allahabad) 
that the Krishnagar District Board have selected Messrs. 
Low and Co., of Calcutta, to carry out a contract for the 
construction and working of a light railway from Krish- 
nagar, on the Eastern Bengal State Railway, to the 
Jellinghee River, a distance of 56 miles. The decison is 
subject to the consent of the Government. The Shikar- 
pore District Board intend later to extend the line 
6 miles to Nadia Ferry, where a steam-launch will connect 
with the East Indian Railway Company’s new Katwa 
broad-gauge railway now under construction. 

New Zealand: H.M. Trade Commissioner for New 
Zealand reports that tenders will be received by the 
Minister of Telegraphs, General Post Office, Wellington, 
New Zealand, up to noon on December 15, for the supply 
and erection of installations of wireless yay at or 
near (1) Doubtless Bay, (2) Gisborne, 8) Cape Farewell, 
(4) Sumner, near Christchurch, and (5) Bluff. A deposit 
will be required with each tender. 

Canada: The Imperial Trade Correspondent at Van- 
couver reports that a subvention has been granted by the 
Canadian Government to the Vancouver Dry Dock and 
Shipbuilding Company for the construction of a dry dock 
at Roche Point, on the northern shore of Burrard Inlet, 
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some 8 miles from Vancouver. The dock is to be 
capable of taking a vessel of 15,000 tons. A shipbuilding 
yard is also to be established at the same place. 

ge : The Gaceta de Madrid publishes a draft bill, 
under the terms of which the Spanish Legislature are 
authorised to invite public tenders for the construction 
and working of a evan | from Ripoll to the French 
frontier in the neighbourhood of Puigcerda, in accord- 
ance with the Franco-Spanish ment ratified in 
Paris in 1907. The concession will be for a term of 
ninety-nine years, and will carry with it a State 
subsidy of 100,000 pesetas per kilometre (about 6000J. 
per mile) of line constructed. It appears that the 
work will include the construction of a tunnel at Tosas, 
4300 metres (about 4700 yards) long, which it is antici- 
pated will cost about 6,200,000 pesetas (about 230,000/.) ; 
an additional subsidy of 6,200,000 pesetas is provided 
in respect of this expenditure. The eventual connection 
of this line with the French section will also necessitate 
the boring of an international tunnel. The Gaceta also 
contains a notice, issued by the Direccion General de 
Obras Piiblicas, to the effect that the Sociedad Minera 
Guipuzcoana have submitted an application for the con- 
struction and working of a strategic railway from Pam- 
plona to Plazaola. e cost of construction is estimated 
at 13,196,730 pesetas (about 490,000/.). The rolling-stock 
required for working the line will comprise seven loco- 
motives, six luggage vans, twenty-five passenger-coaches 
and forty-four goods wagons, with thirty vacuum brakes. 
The Gaceta further announces that a concession has been 
granted to D. Gerardo Vazquez Calvo for the construc- 
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tion of asecondary railway from Haro to Ezcaray by way 
of Santo Domingo de la Calzada. 

Italy: The Bulletin Commercial (Brussels), quoting 
from a report by the Belgian Consul at Cagliari, states 
that the following works are projected in Sardinia :—The 
construction of the port of Alghero and the draiming of 
the Calik Lakes, at a cost of several millions of lire; the 
changing of the course of the River Tirso, in order to 
improve its bed, and embankment works in connection 
therewith, at a cost of about 5,600,000 lire (224,000/.); the 
construction of large reservoirs and the carrying out of 
extensive drainage works, at a cost of 14,000,000 lire 
(560,000/.) ; the draining of the Cagliari Lakes.—Tenders 
will be invited in August or September for dredging the 
ports of Sardinia for a period of nine years, at an upset 
price of about 3,980,000 lire (159,200/.). The Bulletin adds 
that for drainage works and the construction of reservoirs 
there is a special law, which accords a number of favours 
to firms or companies undertaking them. 

Austria-Hungary: The Reichsgesetzblatt contains a notice 
granting to the communal authorities of Innsbruck, in 
conjunction with the ‘‘ Oesterreichische Kreditanstalt fiir 
Handel und Gewerbe,” Vienna, a concession for the con 
struction and working of a railway in two sections—viz. : 
(1) from Innsbruck (Wilten) via Seefeld to Scharnitz, and 
(2) from Reutte to Griesen, ing by way of Lermoos. 
Three years are allowed for the completion of the lines. 

Turkey: The Bulletin Commercial (Brussels) notifies, 
on the authority of the Belgian Vice-Consulk, at Tripoli 
(Syria), that the municipal authorities of Tripoli are 
examining the question of the construction of an electric 
generating station for lighting purposes, electric tram- 
ways, telephone system, water works, and a harbour, with 
the necessary quays, warehouses, &c. 

Brazil: The Diario Official contains a copy of a decree 
approving a project for the construction of a railway 
from Itapuna to Corumba, and thence to the Bolivian 
frontier, at an estimated cost of 69,270,235 milreis (about 
4,750, 0002. ). 

Chili : H.M. Consul-General at Valparaiso reports that 
the Chilian Government have decided on the construction 
of the northern section of the longitudinal railway. This 
line will run from Copiapo, the end of the section, from 
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Washout + | veyed by the Chilian Government); (3) by way of 
) Collilefu, near Valdivia. 

Colombia: The Diario Oficial (Bogota) contains a notice 

5 approving the gins submitted by the Compafiia del 

errocarril del Pacifico for the construction of a section 

of the Cauca railway from a point called Cresta del Gallo 
to the town of Cali, a distance of about 25 miles. 

1@) Mexico: The Mexican Herald states that a scheme of 

extensions and improvements on the Mexican Railway 

has been prepared. The works are to be extended over a 

period of two years. The grade is to be reduced on certain 

portions of the main line ; steam traction is to be installed 

on the Tlaxcala branch : it is proposed to construct a new 
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OO bridge over the Metlac Ravine; and the Huatusco and 
> Tlaxcala branches are to be extended to Huatusco (the 
Washout "YY g actual terminus at present being Coscomatepec) and San 
= Pump Martin Texmelucan respectively. 
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2 TURAL Mortors.—The Royal Agricultural Society of 
Fies. 11 to 13. Hot-Water Wasninc-Ovut APPARATUS aT GATESHEAD, NortH-EastTeRN Rattway. | England have arranged for the trials of agricultural 
motors to take place at the farm of Mr. C. ward E. 
Cooke, Manor Farm, Bygrave, Baldock, Hertfordshire. 
The place of trial is about one mile and a half from 
Baldock Station, on the Great Northern Railway, and 
about 7 miles from Hitchin. Eleven entries have been 
received from six different firms, and the trials will com- 
mence at 9 a.m. on Tuesday, August 9. A gold medal is 
offered by the Society for the t agricultural motor ; 
and, for the purposes of these trials, an agricultural 
motor may be described as any form of motor using either 
steam, oil, petrol, or electricity as its motive power, 
which—(a) shall be capable of hauling dirsct in work a 
plough, cultivator, harvester, or other agricultural imple- 
ment; (b) shall be capable of driving such agricultural 
machines as a thrashing-machine, chaff-cutter, grist-mill 
&c. ; (c) shall be capable of hauling a load along a road 
and on the land. The machines entered will be tested 
for efficiency in carrying out all three classes of work. 
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Fire Tests with Textiies.—In “‘ Red-Book” No, 148 
of the British Fire-Prevention Committee, recently pub- 
lished, are recorded 450 fire tests with flannelette and other 
textile materials. The reason why the tests were under- 
taken was the serious increase in the loss of life among 
children due to burning fatalities caused directly or in- 
directly by highly inflammable wearin 7 The 
formulation of a simple standard test m one of 
the practical results. of these tests. It has been decided 
that textiles intended to be permanently non-inflammable 
can only obtain classification as non-flaming if they fulfil 
the conditions of the following tests :—(a). Three samples, 
comprising each (about) one square yard of material to be 
tested, shall be washed with soap and water and ironed 
ten times. () The sample shall be ironed once (in addi- 
tion) with an ordinary household iron within three hours, 
but not less than pone, Soe before the test, and shall be dry 
to the touch immediately before testing. (c) The samples 
thus prepared shall be measured exactly, and their areas 
shall not vary more than 10 percent. above or below a square 

ard. (d) The samples shall be suspended in rotation 
hen a wooden lath a by three tacks, clips, or 
other metal fastenings. (¢) Fire shall be applied at the 
centre of the bottom edge, from a taper 4 in. in diameter, 
not more than 12in. or less than 6in. long. (f) The 
| lighted end of the taper shall be held at the edge for not 
| less than 15 seconds, or more than 30 seconds. (g) If not 
more than 5 percent. of the area actually under test burns 
within 60 seconds, when taken on the average of three 
Cabilda to Copiapo, for which a contract was made with red and submitted to the Government plans for a new | samples, the material shall be classified as “‘non-flaming;” 
« British syndicate on May 13, to Arica, the terminus of ansandine railway from Pua and Curacautin, in the if more than 5 per cent., but less than 25 per cent., burn 
the Arica-La Paz Railway. A sum of 419,000/. is to be south of Chili, to the Argentine frontier, at a cost of | within 60 seconds, the definition “flames readily” may 
expended on preliminary surveys of the Copiapo-Arica 6,485,000 pesos gold (486,375/.). There are, adds H.M. | be applied ; but if more than 25 per cent. burns, the 
line. The work of construction will be put up to Consul-General, three other projects in the field for| material may be considered to ‘‘burn rapidly.” The 

ublic tender, and will be guaranteed by a opeial en. similar railways in the same district—viz.:—(1) across | materials tested were — by Messrs. Whi hers 

1.M. Consul-General also reports that Sefior Oscar | Chili by the Pino Hachado Pass to the central Argentine | and Tod, Limited, Manchester, and consisted of ‘‘ Non- 
Parodi, a Chilian engineer, has made surveys and pre- zone of Neuquen ; (2) by way of Villa Rica (already sur- Flam” flannelette, ordinary flannelette, and union flannel. 
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‘*PRINCIPLES OF PRODUCTION.” 
To THE EpiTor oF ENGINEERING. 

Sir,—This matter is so intensely interesting and im- 
portant (both from a national and personal point of view) 
to all engineers, that, following the example of your able 
contributor who signs himself ‘ An Individualist,” and 
accepting the invitation tacitly communicated by you 
to thrash the matter out, another engineer ventures to 
add a few of his own views on the matter to those already 
supplied. The classification of your correspondent is so 
clear that I will endeavour to follow the same general 
arrangement. 

1, Equal Opportunitics.—This point is the sole cause of 
the success (such as it is) of Socialism. The ‘‘elementary 
act of justice” that brains, and not igree, should 
determine a man’s salary is so obvious that it is almost 
absurd to state the case. An engineer possesses certain 
faculties, all of which are developed in an extraordinary 
degree by his training and his work. It is not evading 
any matter of importance if we refrain from considera- 
tions as to whether the developments of these faculties 
lead to the production of a higher type of individual than 
other training, such as is requi for law, letters, the 
army (as apart from the engineering branch), or a drapery 
stores. Being engineers, and assuming that we have an 
enthusiasm for our work, we rightly believe that we are 
doing something too lofty to ‘‘ be shuffled through.” The 
search for men, the appreciation of really good men of the 
creative class, appearsto the common-sense engineer to be 
the first axiom of industrial organisation. But the ‘‘crea- 
tive, the men of genius, the originators,” do not obtain 
the opportunities. There is no free growth of this class— 

some of the very exceptional ones who pierce through the 
‘*caste” difficulties are to be found, but usually the men 
of genius are sensitive. To them often come limitations, 
because they have not the opportunities. They me 
warped. They see the injustice of a state of society that 
rewards less competent tradesmen—i.e., the large-scale 
grocer, draper, &c.—lavishly. Socialists are manufac- 
tured in this manner. The politicians and aristocracy 
look down upon trade. There is a story that the German 
Emperor invited several captains of industry to dine with 
him, and, over the cigars, said, ‘‘ Well, gentlemen, how 
is trade?” The reply was, ‘‘It was not quite so good as 
it might be.” “Then I must be travelling again,” said 
the Imperial ruler. We want more of that spirit in the 
Court circles of this commercial country. We want 
workers, not parasites. 

2. Amalgamation.—The author of a well-known book 
entitled ‘Industrial Efficiency ” wrote that ‘‘ we are a 
nation at play.” Truly our methods concerning finance 
are feeble. The day when the private individual using 
his own money in his business is gone. This nation was 
the first to appreciate the value of the next step in indus- 
trial evolution—viz., the limited company—other nations 
followed, and then went one better. 

The German Kartel system is a step in advance of the 
limited company. It protects the small inventor by 
giving him easy access to capital ; it assists the country by 
encouraging enterprise; it means a fusion of interests 
which reduces waste. Let megive an example. Suppos- 
ing that a British firm wishes to send dynamosor engines 
to South America. There are certain shipping rates 
almost as unalterable as ‘‘the laws of the Medes and 
Persians.” It is useless to say to the shipping companies 
that with such rates it is impossible to sell dynamos or 
engines in South America. ‘‘ These are our rates—whether 
we want your patronage or whether other goods fill the 
holds of our ships, or whether the ships go away empty.” 
The result is often that the dynamos or engines remain 
in this country, and the vessels go forth to America with 
vacant spaces in the holds. In Germany the dynamo 
manufacturers, &c., are closely allied with the shipping 
companies, and they inquire, ‘‘Can you send over our 
stuff at so-and-so rates, as we can sell it in South America 
at such a price: the cost of production is so much; you 
will see that if we want to capture the markets we can 
only afford the rates mentioned above.” The shipping 
company agrees, or, if trade is good, and the holds can be 
filled at higher rates, says: ‘‘ We will let you know when 
we can send the stuff at your rate.” 

As for our representatives abroad, there is a naval and a 
military attaché, why not a competent engineer to advise 
on the opportunities for our own firms. 

3. Experimental Research.—Some working arrangement 
between the universities and the large syndicates advo- 
cated is ni There should be chairs of each experi- 
mental engineering science -steam engineering, gas engi- 
neering, internal-combustion engines, refrigerating machi- 
nery, testing materials, copper — steel alloys, &c. | 
The thing needs to be done on a big scale; numerous | 
assistants and a special research committee for each | 
subject, the committee to consist of representatives of 
the syndicates—scientific men, Admiralty and War Office 
engineers. Fair models and splendid examples are the 
research committees of the Institution of Mechanical 
Engineers. Good work has been done, but on a small 
scale when compared with that possible by the system 


countless meetings about quite trivial subjects ; (f) eking 
out his three-figure salary by writing popular books on 
‘* Machinery in the Service of Man,” and (g) setting and 
correcting examination papers. Such work is not for the 
man capable of doing original research work. At the 
present time our Universities themselves are badly 
organised, and financially starved. 

There is yet a fourth matter ignored in your leading 
article and unmentioned by your correspondent. It is the 
question of the protection of industry. In the points 
enumerated above we see the tendency towards large 
amalgamations and complete organisations Our manu: 
facturers are fully aware of the advantages of their rivals 
in America and Germany. Yours, is of course, a technical 
and non-political ramen | but it may be permissible to add 
that in the hiehly-organised State, the glaring cases 
where a single British manufacturer has been beaten by 
the laws of another nation would be impossible. 

Yours faithfully, 
July 25, 1910. An IMPERIALIST. 


To THE Epitor or ENGINEERING. 

Srr,—Your highly interesting leader in the issue of 
your journal dated the 8th inst. gives voice to a subject 
which concerns all men of action, whether employer or 
employee. 

‘There can be no doubt that the most important factor 
in economical production is unanimity of purpose between 
the three classes of men you mention—the creative, the 
manager, and the artizan ; and the question is how can 
this best be accomplished without one class taking undue 
advantage of the other, producing thereby ‘“‘ self-protec- 
tion” societies, which tend to crush “ individualism,” and 
promote at the expense of the industrial community the 
undue survival of the unfit. 

Upon the manager of an organisation falls the lion’s 
share of the responsibility. He can secure success or 
cause failure, not only though superior technical and com- 
mercial knowledge, or the want of them, but through the 

resence or absence of that “spark” which draws 
umanity together and fuses the units into the mass, 
making for success. 

The tendency of the age in large factorics is to treat the 
human being asa machine. There is little sympathy—quite 
different from sentiment—between manager and men. 
Each looks upon the other with distrust. The one wants 
to get as much as possible, and the other makes every 
effort to evade giving it. The consequence is that, instead 
of a large organisation working as one man to make pro- 
gress, much time and energy are wasted in a futile attempt 
to be “‘top dog.” It may at times be difficult to realise 
that each ne unit has a brain, and often a person- 
ality ; and that a large works seethes with the impression- 
able and inconsistent weaknesses which human beings are 
heir to. If properly handled, these faults could be sources 
of strength, and a manager with the gift of sympathetic 
intuition and tact can harness them for the general good. 
It is a question of ‘‘ temperament ”—a gift not confined to 
the Arts. 

Your correspondent ‘‘ An Individualist ” deprecates the 
hardships experienced by ‘‘ the Board School swot” at 
the Universities. These hardships undoubtedly exist, 
and often follow him through life. Temperament again 
comes into it. Too much ‘“‘swot” and too little manly 
exercise are apt to produce the wrong type of man. 
Knowledge is incomplete without manliness ; and manli- 
ness is a great factor in building up individualism. 

The true ‘‘swot” looks at life through smoked glasses. 
He is a pessimist, and the effect of pessimism is retro- 
gressive. Theleader and man of action has no use for it. 

One of the difficulties connected with Council school 
education is that there is no breadth of outlook. The 
student leaves uncongenial surroundings and influences 
in the morning to go to school, and returns to them at 
night. He uires knowledge, and there it ends. 
Physical expansion is neglected. This is where the Boy 

uts movement comes jn; a revelation in harnessing 
the healthy animal spirits of the boy for the general good. 
Imagine an enthusiastic scout with application in his 
studies, and you have a youth who would take no mean 
place at his college or university, either in his work or 
—which is equally important—in the hearts of his fellows. 
He would require no glamour of a father’s ition to 
help him; he would promptly help himself. As to 
whether he belonged to the creative, the managerial, or 
oe ae ucer class, Nature would have much to say in 
deciding, but whichever jt was, he would bea force, a 
loyal and a disciplined unit in society. 

Yours faithfully, 
July 25, 1910. 8.N. D 








SEcTIONAL SUPERHEATERS. — We are informed that 
Messrs. James Gordon and Co., 81, Knightrider-street, 
London, E.C., are placing on the market a new patented 
sectional superheater, which, it is stated, has many advan- 
tages over existing designs. 


PersonaL.—In order to make room for their motor- 
cycle department, which is expanding, the Centaur 





outlined above. The syndicates would suggest (and 
possibly cover for their own use) certain lines of investi- 
gation, and would pay from their funds on results. 

Of all the badly-organised work in this country, that 
connected with research is the worst. We worship 
‘* private enterprise ” as a fetish, and permit some mathe- 
matical engineering genius to do research by : (a) Begging 
lumps of material from good-natured directors ; (b) satis- 
fying his masters—the college committee—that he —y 
is capable of designing apparatus ; (c) teaching boys fres 
from school the elements of drawing, laboratory work, 
and a hotch-potch of engineering subjects, such as struc- 
tures, hydraulics heat-engines, and surveying : (d) writing 
innumerable testimonials, reports, &c; (c) attending 


Motor and Engineering Company, Limited, of Coventry, 
have given up the manufacture of machine-tools. The 
| business connection in respect of Centaur lathes, and the 
| use of the name “Centaur,” in respect of machine-tools 
‘only, has been uired by the International Tool Com- 
pany, Bristol Sy, Birmingham.—We are desired to state 
that Mr. Henry W. Bowden and Mr. William Boby have 
entered into partnership as consulting engineers at Salis- 
bury House, London Wall, E.C. Mr. Bowden also 
retains his offices at 30, Craven-street, Strand, W.C., for 
the present.—The Council of Sheffield University have 
a s Mr, A. E. Findley, B.Sc, (Birmingham), 

-C.S., to the newly-instituted post of lecturer of applied 
chemistry in the University. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 

ig-iron market opened with a stronger tone, and a fair 

usiness of 5000 tons of Cleveland warrants was put 
through at 48s. 104d. and 48s. 11d. cash, 49s. ld. and 
49s. 14d. twenty-two days, 49s. 2d. one month, and 
493. 74d. three months, At the close there were sellers 
at 48s. 114d. cash, 49s. 24d. one month, and 49s. 8d. three 
months. In the afternoon Cleveland warrants were again 
firmer, and 2000 tons changed hands at 49s. 24d. seven days, 
and 493. 44d. one month. Closing sellers quoted 49s. 24d. 
cash, 49s. 54d. one month, and 50s. three months. Cash 
hematite was quoted at 64s. 74d. buyers, and 65s. sellers, 
while for the month position buyers offered 65s., and sellers 
quoted 65s. - On Friday morning the market became 
weak, and Cleveland warrants off. The dealings 
consisted of 2500 tons at 48s. 114d. seven days, 4s. 2d. 
one month, and 49s. 8d. three months, with sellers over 
at 48s. 114d. cash, 49s. 24d. one month, and 49s. 8d. three 
months. Hematite was offered at 65s. 14d. one month 
sellers, but buyers only quoted 64s. 6d. At the afternoon 
session business was at a standstill, and the closing prices 
for Cleveland warrants were named at 48s. 114d. cash, 
49s. 2d. one month, and 49s. 8d. three months sellers. 
On Monday morning quietness again prevailed, and 
the tone of the market was weak. The turnover was 
confined to 2000 tons of Cleveland warrants at 48s. 94d. 
cash and 49s. 64d. three months, with buyers over, 
and closing sellers at 48s. 10d. cash, 49s. 1d. one 
month, and 49s. 7d. three months. In the afternoon there 
was little change in the tone of the market, and the trans- 
actions only amounted to 1500 tons of Cleveland warrants 
at 49s. 6c. three months, with buyers over. Sellers’ 
closing prices were 48s. 10d. cash, 493. 1d. one month, and 
49s. 7d. three months. On Tuesday morning weakness 
again prevailed, and Cleveland warrants changed hands 
at 48s. 74d. and 48s. 8d. cash, 48s. 10d. and 48s. 104d. one 
month, and 49s. 4d. three months. The turnover 
amounted to 6000 tons, and closing sellers quoted 48s. 8d. 
cash, 48s. 11d. one month, and 49s. 5d. three months. Cash 
buyers of hematite offered 64s. The afternoon session was 
quiet and 2000 tons of Cleveland warrants were dealt in 
at 48s. 10d. one month and 49s. 4d. three months. The 
close was the turn easier, with sellers at 48s. 74d. cash, 
48s. 104d. one month, and 49s. 44d. three months. 
Sellers of hematite quoted 65s. cash, and buyers offered 
64s. 6d. cash, and 64s. 9d. one month. When the market 
opened to-day (Wednesday), a slightly improved tone was 
in evidence, but business was limited to one lot of Cleve- 
land warrants at 48s. 104d. one month. The closing 
quotations were a little firmer at 48s. 84d. cash, 48s. 114d. 
one month, and 49s. 54d. three months sellers. In addi- 
tion to the above dealing some 500 tons of hematite 
changed hands at 64s. 114d. one month, with closing 
buyers at 64s. 74d. cash and 65s. 44d. three months, 
and sellers at 65s. cash and 65s. 9d. three months. 
In the afternoon the market was easier, and 2000 tons of 
Cleveland warrants were done at 4%s. 1d. September 22, 
49s. 14d. September 29, and 49s. 4d. three months, and 
closing sellers quoted 48s. 8d. cash, 48s. 11d. one month, 
and 49s. 44d. three months. Hematite was unchanged at 
643. 7}d. cash apes, The following are the market 

uotation for makers’ (No. 1) iron:—Clyde, 61s. 6d. ; 
Calder and Gartsherrie, 62s.; Summerlee, 63s. ; Lang- 
loan, 64s.; and Coltness, 82s. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 63s. ; Shotts (at Leith), 62s.; 
and Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—A quiet tone prevails in the 
sulphate of ammonia market at the present time, but the 
rice is fairly steady. For prompt business, Glasgow or 
ith, the quotation to-day is given at from 11/. 18s. $d. 
to 12/. per ton. 

Scotch Steel Trade.—With the close of the holidays a 
general resumption of work took place this week, but in 
one or two instances repair squads have not yet overtaken 
all that was to be done, so that it will be the beginning of 
next week before everything is in order. Makers report 
that new business has not been booked to any great 
extent during the past couple of weeks, but that they 
have still very heavy order-books. An urgent demand 
exists from different sources for delivery of heavy 
material, while Clyde shipbuilders are very pressing 
for plates. In lighter material and structural sections 
a fairly strong demand is in evidence, principally for the 
colonial markets. The differences which have prevailed 
recently in the Scotch steel trade, and which ny 
threatened to lead to the ultimate break-up of the Scotch 
Steelmakers’ Association, have now, it is understood, been 
surmounted. Ata meeting, yesterday, of the committee 
to which the whole matter had been referred, it was 
decided to make certain recommendations to the general 
body with regard to working agreements, &c. The report 
will come before a full meeting of the Association next 
week, when it is expected that the recommendations will 
be adopted, and the firms which intimated resignation 
from the Association will withdraw the same. It is 
stated that the new working basis will be satisfactory to 
all concerned. 

Mailleable-Iron Trade.—The various malleable - iron 
works in the West of Scotland opened very quietly this 
week after the holidays, orders not being over plentiful. 
Some inquiries are in the market from OC a and 
India, but the prices on offer are still very umnsatis- 
factory. The home demand is quiet, and makers are not 
likely to be fully employed for a little while, as the output 
isin excess of the demand. 

Gencral Trade.—This week starts what is usually looked 
upon jn the West of Scotland as the second half of the 
year, and it cannot be said but that the outlook is 
promising. On all sides one hears men talking cheerfully 
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of the prospects for the latter half of the year, not only in 
engineering trade circles, but in other branches of com- 
merce. Engineers genérally are fairly busy, but, whereas 
in one or two industries new business is just rather slow 
at the moment, the feeling all round is that the immediate 
outlook is most encouraging. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Moulders’ Position.—The agitation of the Sheffield 
moulders for a restoration of the 2s. per week in wages 
lost two years ago under the Bell arbitration award, has 
developed more rapidly during the past week. On 
Saturday it was announced that the national executive 
of the lronfounders’ Society had granted the men per- 
mission to hand in their notices on August 6 if the 
federated employers would not concede them the ad- 
vance. That left the situation one of tension, with general 
hopes that a peaceful settlement would be arrived at 
through a conference or by other means. Now the 
question has arisen as to the men’s attitude towards the 
non-federated employers. There are several of these in 
Shettield, and the advice of the executive has been that 
if any of these offer the advance the men should accept 
it, and hold out only against the federated firms. 
But this policy does not find favour with the moulders, 
who evince a decided preference to deal with the em- 
ployers as a whole. They have asked the executive to 
give them this power. If it is refused, their agitation 
promises to be fruitless. The test question as to whether 
the men should receive the increase is the state of trade, 
and employers say it does not yet warrant the general 
advance in wages. Whilst no one wishes to see the men 
suffering under an injustice, should the executive's action 
prove the doom of the agitation, it will have brought 
about what every one desires to be accomplished in some 
way or other, the prevention of a dispute. 


French Tariff Dificulties.—A further difficulty affecting 
Sheftield trade with France has been added to the already 
very restrictive tariff conditions. Exporters’ declarations 
of value are being questioned at the French ports of entry. 
A Sheffield steel-maker has recently been badly victimised 
in this way. He sent a big consignment of Siemens- 
Martin file steel to France via Belgium, invoicing it at 
20/. a ton, which brought it under the duty of 6 francs 
per 100 kilos., equal to 48s. per ton. At Lille, on the 
frontier, the Customs authorities would not let the goods 
through, on the ground that they had been wrongly 
declared, and demanded the higher duty of 15 francs per 
100 kilos., or 6l. per ton. They were not satisfied even 
when the invoice had been sent back to Sheffield to be 
vised by the French Consul there, and the manufacturer 
had to make a personal journey. Then, before the 
Customs would allow the steel to be delivered, he had to 
sign a guarantee that he would pay the higher duty if 
demanded, as the result of an analysis of the steel which 
was being made by the authorities, and any fines 
which might be inflicted. And yet the self-same steel is 
being quoted in Sheffield at more than 30 per cent. below 
the price at which the manufacturer invoiced it. 

South Yorkshire Coal Trade.—Shipping inquiries 
showed a noticeable increase during the few days of the 
North-Eastern Railway strike, and tended to improve 
the market. Quick deliveries were being pressed for, and 
merchants were preparing, had the dispute continued, for 
a big demand on South Yorkshire hards for the Humber 
ports. Industrial inquiries have been slightly better, and 
there has not been so much “spot ” coal offered. A little 
improvement in the steel onl has been responsible for 
better sales of best converting hards. In spite of some 
of the collieries working short time, anda deliberate restric- 
tion in supplies, the output is still in excess of require- 
ments. ome demands are moderate. A small number 
of gas-coal contracts have been put through on rather 
more favourable terms for consumers. There isa big output 
of coke and a fair demand for slacks. Prices generally 
are unchanged. Movement in house-coal has been freer, 
with an improvement in the country trade. Collieries are 
not reducing quotations, although they have for the most 
part considerable stocks on hand. Stocking by merchants 
is accounting for some increase of ordering, and the 
London demand, which is at present small, is expected to 
show a satisfactory growth in the near future. nee pits 
remain on short time. Latest quotations on ’Changeare : 
— Barnsley best silkstone, 11s. to 11s. 6d.; best Derbyshire 
brights, 10s. 6d. to 11s. 6d.; Yorkshire hards, 8s. 6d. to 
9s. Gd.; Derbyshire ditto, 8s. to 8s, 6d.; smalls, 1s. 9d. to 


2s. 9d. 


Tron and Steel.—The iron market during the week has 
been void of new features. Prices have shown no 
further reduction, and the demand has varied but little. 
Consumers are still tardy in the matter of contracts, 
which hematite makers, at any rate, are anxious to get 
fixed up. A few concessions are reported as being 
obtained by buyers of smail quantities. Lincolnshire 
and Derbyshire common irons do not show any variation. 
Billet prices are firm, but there is not much doing in bar 
iron. The proximity of the holidays is making itself 
felt in the steel trades. Many firms are compressing 
work into as few days as possible in order to get 
orders through Wefore Bank Holiday, resulting in a 
certain amount of overtime being worked. In some 
cases the break will be taken advantage of for stock- 
taking and repairs. Government orders are sible 
for a good deal of work distributed over local firms, 
armour-plate being, of course, the busiest branch. Forges 
and rolling-mills are also working better. It would be 
more satisfactory if the home buyer shared more largely 
th trade improvement, but the fact has to be record 
t at foreign orders form the lion’s share, and Sheffield 
mms without over-sea.connections are suffering in con- 








sequence, The position in special steels is the most 
notable instance of this state of affairs. High-class steel 
is going abroad in were, Se Railway 
material remains unsatisfactory. e file trade has not 
received much new business. d 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The iron market continues 
dull and idle. What is usually the quietest season of the 
year, however, is now drawing to a close, and in the 
course of the next few weeks autumn requirements should 
create demand. About the middle of next month a 
renewal of activity should be experienced. Traders, 
whilst admitting the likelihood of this, hesitate to operate, 
as they are by no means certain that bottom prices have 
been touched, although, for Cleveland pig, lower rates have 
been named this week than have been quoted for the 54 
twelve months. Production of pig iron continues a little in 
excess of requirements, as is shown by the steady additions 
of Cleveland pig to the warrant stores, the increase this 
month to that stock averaging about 400 tons per workin; 
day. No. 3 g.m.b. is now obtainable at 48s. 9d. f.o.b., an’ 
even that low figure does not tempt buyers into the market. 
No. 1 ranges from 51s. 6d. to 52s. 6d., according to brand. 
The lower qualities are quiet and steady. No. 4 foundry 
is 48s. ; No. 4 forge, 47s. 9d. ; and mottled and white iron 
each 47s, 6d. East Coast hematite pig continues weak and 


idle. The general market quotation for early delivery of 
mixed numbers is 64s., but sellers are very keen to do 
business at that price, and it is unders that orders 


could be placed at a lower figure. There is no business 
passing in foreign ore, and values are nominally upheld 
on the basis of 20s. 6d. ex-ship Tees for Rubio of 50 per 
cent. quality. Coke is once more plentiful. Average 
blast-furnace qualities are 15s. 6d. to 16s., delivered here, 
and buyers are backward. 


Manufacturcd Iron and Steel.—These branches show 
little alteration. Sales continue slow, but in most depart- 
ments a good deal of work is being turned out on con- 
tracts made a little while ago. Values are well main- 
tained, several descriptions showing an upward tendency, 
and, in fact, galvanised corrugated sheets have been 
advanced 5s. per ton. During the first half of this year 
exports of galvanised sheets were 60,000 tons more than 
for the corresponding half of last year: — Common 
iron bars are 7/.; best bars, 7/. 7s. 6d.; best best bars, 
71. 15s.; iron ship-plates, 61. 10s.; iron ship-angles, 7/7. ; 
iron ship-rivets, 7/. 5s. to 7l. 7s. 6d. ; steel bars, 61. 5s. ; 
steel ship-plates, 67. 10s. ; steel shi om, 61. 2s. 6d. ; 
steel —_ 61. 10s.; steel hoops, 6/. Tos. . } steel joists, 
6l. 2s. 6d.; cast-iron railway-chairs, 32. 10s. ; light iron 
rails, 67. 10s. ; heavy steel rails, 5/. 10s.; steel railway 
sleepers, 6/. 12s. 6d.; and iron and steel galvanised corru- 
gated sheets, 24 gauge, in bundles, 11/. 10s.—sheets less 
the usual 4 per cent. f.o.b., railway material net cash at 
works, and all other descriptions less the customary 24 per 
cent. 


Finished Ironworkers’ Wages.—The accountant to the 
Board of Conciliation and Arbitration for the Manu- 
factured Iron and Steel Trade of the North of England 
has just certified the average net selling price of iron 
rails, plates, bars, and angles for the two months endin 
June 30 last at 6/. 7s. 5.09d. per ton, as compa: 
with 6. 6s. 6.47d. for the previous two months; and 
in accordance with sliding-scale arrangements, wages 
for August and September will be the same as pre- 
vailed during the preceding two months. Had the 
average selling price for the two months ending June 30 
last been 6/. 7s. 6d.—a fraction of a penny more than the 
price certified—the men would have been entitled to an 
advance of 3d. per ton on puddling and 24 per cent. on 
all other mill and forge work. 


Cleveland Miners’ Waycs Advanced.—At a meeting of 
the Cleveland Ironstone Mineowners, held at Middles- 
brough this week, at which representatives of the 
miners were present, it was agreed that miners’ wages be 
advanced three-quarters of 1 per cent. for the ensuing 
three months. This is the same amount of advance as 
that recently conceded to the blast-furnacemen. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The tone of the steam-coal trade has been fairly 
steady. There has been a moderate inquiry from buyers who 
desired to arrange for the supply of their requirements 
until the middle of August, but other intending purchasers 
have shown a disposition to wait awhile. The best large 
steam-coal has made 16s. 6d. to 16s. 9d. per ton; secondary 
qualities have brought 14s. 9d. to 16s. 3d. per ton. Cargo 
smalls have made 7s. 3d. to 7s. 9d. per ton. House-coal 
has remained without change; the best ordinary descrip- 
tions have made 14s. 6d. to 16s. per ton; No. 3 Rhondda 
_—_ has brought 17s. to 17s. 3d. per ton ; smalls, 9s. 6d. 
to 9s. 9d. perton. No. 2 Rhondda large has been quoted 
at 11s. to 11s. 3d. per ton; smalls at 6s. 9d. to 7s. 3d. 
per ton. Foundry coke has realised 18s. to 20s. per ton, 
and furnace ditto 16s. 9d. to 17s. 3d. per ton. As regards 
iron ore, Rubio has brought 19s. 6d. to 20s. per ton, u 
a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Keyham.—The last of the cadets trained under the 
régime which has been in force at ‘— for many 
years, has passed out of the college. e building is 
not expected to be used for training purposes until 1912, 
when a number of engineer lieutenants will arrive for a 


ed | Special course of training. 


Electricity at Bristol.—The accounts of the electrical 
committee of the Bristol City Council show a deficiency 





for the past year of 2030/. This deficiency will not, 
however, have to be made up out of the rates, as the 
unappropriated balarice in hand frém the last accounts 
will full cover it, and leave 4042/. to be placed to the 
credit of 1910-11. 


Cardiff Corporation Tramways.—The revenue of these 
tramways in the year ending March, 1910, was 130,566/., 
or 6714/. in excess of the collection for 1908-9. After 

rovision for interest and sinking fund the net surplus 
or the year was 11,032/., or 5077/. more than in 1908-9. 
Of last year’s surplus 6937/. was carried to depreciation 
account. 


Newport and Avonmouth.—Fears of another dock dic- 
pute arising at Newport when Messrs. Houlder Brothers 
and Co.’s general cargo steamer Linden Fell arrived were 
averted by the diversion of the ship and her cargo to 
Avonmouth. She was to have taken in about 6000 tons, 
in which were included a number of railway saloon car- 
riages. Whether this is to be taken as an indication that 
Messrs. Houlder Brothers and Co. intend permanently to 
divert their cargo trade from Newport remains to be 
seen. Their steamer Natal Transport, which was diverted 
from Newport, has been loaded at Avonmouth by free 
labour at 6s. per day rates. The rates which an arbitra- 
tion court allowed to Newport men were 8s. per day and 
12s, per night. 

Dust at Bristol.—The Bristol city engineer states that 
during 1904-5-6, under the old system of street-watering, 
the average quantity of water used per annum was 
37,110,776 gallons. In 1907-8-9 tar-spraying was adopted, 
and the average quantity of water used for street-water- 
ing was reduced to 27,143,466 gallons per annum. The 
saving was effected on the macadamised roads, watering 
on paved streets being about the same as hitherto. 


The Swansea Valley.—The output of the bituminous 
collieries of the Swansea Valley has somewhat increased. 
The production of steel has m about equal to the 
demand. The (my trade has continued active, and 
every available mill has been running. 





Sr. Joun.—The engineers of Messrs. Harland and 
Wolff have reported favourably on, Courtenay Bay, St. 
John, as a site for a dry dock and shipbuilding plant. It 
is expected that plans will be shortly filed at Ottawa, 
and that a subsidy will be applied for. 


Tur Hotrmars.—We have received from W. Walter 
Hill, 67 and 69, Southampton-row, W.C., a book containing 
the official lists of the Midland, London and North- 
Western, Great Northern, Great Eastern, Great Western, 
and Great Central ar gy in which are to be found 

rticulars as to seaside, farmhouse, country lodgings, 
Potels and boarding-houses, &. The book is sold at 1s. 





Contracts.—Messrs. Willans and Robinson, Limited, 
have recently received orders for twenty-four sets of 
surface - condensing plants, to deal with a total of 
478,500 lb. of steam per hour, for plants in Great Britain 
and the Colonies.—Messrs. Leech, Goodall, and Co., 
Hunslet, Leeds, have just received an order from the 
Micklefield Coal and Lime Company for Screening plant, 
including tipplers, picking-belts, jiggers, conveyors, 
structural A. 4 &c., in connection with the new sinking 
at the Micklefield Colliery. 


New Cunarp Liver ‘“ Franconia.”—The new Cunard 
liner Franconia, which was launched on Saturday, the 
23rd inst., from the Wallsend works of Messrs. Swan, 
Hunter, and Wigham-Richardson, Limited, is the second 
largest ship built on the North-East Coast, being excelled 
only by the Mauretania. She will be the largest vessel en- 
gaged in the Liverpool-Boston trade, being 625 ft. long 
over all, 72 ft. beam, of 18,000 tons gross register, and 
25,000 tons displacement in service. Like so many of the 
recently-built Cunard liners she will be engined by the 
Wallsend Slipway and Engineering Company, Limited, 
Wallsend, the machinery being of the twin-screw quadruple- 
expansion type, with cylinders 33 in., 47 in., 67 in., and 
95 in. in diameter respectively, and with a stroke of 60 in. 
The boilers are of the double-ended type, each with eight 
furnaces, and weighing, when full of water, 215 tons. A 
high speed, however, is not aimed at, the vessel belonging 
to the increasingly popular intermediate ty where 
luxurious comfort is the only consideration. But it was 
mentioned at the luncheon which followed the launch that 
the Cunard Company contemplate the building of an 
unprecedentedly large and fast steamer. 


New Dock at Liverroon.—The Mersey Docks and 
Harbour Board, at their weekly meeting On the 7th inst., 
sanctioned the construction, at an estimated expenditure 
of 500,000/., of a dock of about-4920 ft. in length, in a 
position immediately north of the Rimrose River Wall, 
Seaforth, ha,ing an entrance 120 ft. wide and a sill laid 
at a level of 25 ft. below the old dock sill, and so con- 
structed as to be available when required as @ graving- 
dock. The floor of the dock will be laid in concrete at a 
level of 29 ft. below the old dock sill, with a centre line 
of keel-blocks and side lines of blocks where necessary. 
There will also be provided pumping machinery, entrance 
caisson, capstans, and other accessories; a single-storey 
shed, 900 ft. long and 1000 ft. wide, on the north quay of 
the dock, with the necessary paving, roadway, railway 
sidings, &c. Four 30-cwt. movable cargo cranes will be 

laced on the north quay, with a range of travel of the 

ull length of the shed. The embankments, pier-heads, 
and dolphins of timber will form the sides of an entrance 
channel 400 ft. wide at its mouth leading to the dock. 
Deepening will be carried out by dredging to a depth of 
27 ft. below the old dock sill of the entrance channel and 
the adjacent portion of the river-bed and foreshore, 
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THE DUTY OF LABOUR TO THE STATE. 


Tue irresponsible strike last week on one of 
the principal railways of this country has been 
deplored not only for the loss occasioned to the 
community, but because it showed how far we are 
still from the time when a settlement of labour 
questions by friendly means shall always take pre- 
cedence over militant methods. The strike was a 
notable one for several reasons. The only cause for it 
which ‘the strikers were able definitely to point to 
was the suspension from duty of a shunter upon his 
refusing to comply with a simple order to transfer 
from one end of a yard to another. Such cause is 
trivial, since transferences are frequently being 
made even from and to districts at opposite ends 
of a railway system, and is, of course, no sufficient 
excuse for disorganising the whole of a large dis- 
trict. It is difficult to believe that a body of more or 
less intelligent men could allow themselves to make 
such an exhibition of petulance as that to which the 
British public were treated last week. But apart 
from the question of cause, or the justice of the 
complaint, there are circumstances underlying the 
case which need very serious consideration. The 
actual matter in dispute may, or may not, have been 
a trifle, but it cannot be denied that the manner 
adopted by the men of drawing attention to the real 
or supposed grievances has thrown us back to the 
time of methods which were supposed to have been 
superseded in the railway tes 

Tt i is scarcely necessary for us to remind our 
readers that the ferment of 1907 ended with the 
formation of Conciliation Boards on practically all 
the railways of the country. At that time the 
North-Eastern Company occupied a position in rela- 
tion to its workers differing somewhat from those of 
the other companies. Some of the points then at 
issue had been conceded years before by the North- 
Eastern Company, so that the Board of Trade 
scheme was hardly thought suitable to their system. 
The company, therefore, adopted, with the con- 
sent of its employees, a conciliation board scheme of 
its own, and in due course this was set working and 
an award made under its terms. Now we have the 
men repudiating the eful medium, created with 
their consent, through which they might direct their 
employers’ attention to their grievances. Instead 
they resorted to those same old methods which it 
was thought and hoped had been finally discarded. 
Added to this, the men in leaving their work without 
giving notice acted in a wholly illegal manner, a fact 
of which they were, of course, wellaware. They also 
took action without the knowledge or approval of 
their trade unions. A more extraordinary incident 
in the history of enlightened labour movement it 
would be difficult to imagine, and the fact that 
trade-union branches on other railway lines are 
loudly threatening to follow the same course of 
recalcitrance to their leaders, contrary to the law 
of service, and destructive of commercial trading, 
suggests consideration of the question of the effect 
upon the community of such strikes. This is quite 
apart from the attitude of the railway company 
concerned, 

The issue raised by this North-Eastern Railway 
strike is really of very wide import. It is no exag- 
geration to say that the test losers have been the 

ublic, and it may likewise be said that the upheaval 
~ been soundly condemned on all sides, by both 
the Press and the country at large. The public, and 

especially the working classes, have been unwilling 
sufferers to the tune of many thousands of pounds. 
They have been helpless onlookers, without even the 
moral satisfaction of being martyrs in a good cause 
The recurrence of sueh an episode would be deplored 


69 | by all, equally by those who stand to lose financially, 
2 | as well as by those who have the best interests of 


labour at heart. The dislocation of passenger 
traffic and the absolute disorganisation of the goods 
service, even for two or three days, in such a 
country as ours is a matter of great seriousness. 


9 | This was well recognised in 1907, when the concilia- 


tion scheme was brought forward, as the method of 
dealing with differences of opinion between capital 
and labour by resort to strikes is specially 
ruinous in the transport service of the nation. 
The public appreciated the conciliation movement, 
and thought that a term had been successfully 





put to the earlier barbaric methods. Yet now, 
apparently, we are back again in the former age, 
and the public is the greatest loser. The offence 
to the community is, in fact, far greater than that 
against the railway. The employers may deal with 
the men as offenders or not, as they please, but in 
the eyes of the public they are: offenders without 
excuse, for they have deliberately ignored machi- 
nery erected at great cost and trouble for the very 
purpose of bringing about the pacific settlement of 
such cases as these, involving. differences of opinion 
between capital and labour. Most of this machinery 
was constructed under the fostering care of a 
Government department, and bears, therefore, a 
semi-ofticial stamp. It had been accepted by both 
sides as meeting their needs, and both employer 
and worker are morally bound by it.. The men’s 
leaders and trade-union officials, in fact, still 
acknowledge themselves to be legally bound to 
what is a mutual contract for a term of years, and 
have endeavoured to fulfil, and are encouraging the 
men to fulfil, their part of the contract. 

It has been found in several other countries that 
arbitration is only a one-sided arrangement unless 
steps are taken to secure the acceptance of the 
award by the employees. Awards have been made 
only to repudiated until legal prosecution was 
found to follow in the steps of a refusal to abide 
by the decision. In Australia a strike of servants 
in a State department has before now been followed 
by the prosecution of the offenders, while in New 
Zealand prosecution by ‘the State has also been 
resorted to, France now proposes. to adopt simi- 
larly stringent measures. The Government of a 
civilised state, of course, exists for the protection 
of the community against damage by irresponsible 
members, and if walle polity condemns a move- 
ment, the State should consider the propriety of 
enforcing the claims of the community. We venture 
to think that if public feeling were rightly inter- 
— regarding this outbreak on the North-Eastern 

ilway, the country as a whole would endorse any 
action which would render possible the institution 
of proceedings by the Public Prosecutor against the 
ringleaders of the movement. Cecertainly the men 
should be made to feel that a well-regulated State 
cannot tolerate such upheavals when there exists 
all the necessary machinery, carefully prepared by 
the expenditure of much thought and trouble, for 
a peaceful settlement of such matters. That the 
whole organisation should be swept aside in a 
moment, and the community ruthlessly plunged 
into chaos, is intolerable. If we cannot arrive at 
the complete realisation of this blissful state, we 
should make sure of the nearest possible a proach 
to it by impressing upon all branches of the com.- 
munity the responsibility they bear as members 
of an organised State. If any number of citizens, 
be they workers or capitalists, are not amenable to 
reason, and capable of proving themselves willing 
to abide by enlightened methods, resort must be 
had by Government to more drastic means in order 
to preserve the interests of the State as a whole 
against the ill-regulated action of a few. The need, 
indeed, is almost as important as the maintenance 
of the public welfare in matters of health, lunacy, 
criminal offences, &c., by procedure which is 
accepted as best for the people, although perhaps 
unpleasant for the individual. 








THE RESTRICTIVE COVENANT. 

A Question of considerable interest to all persons 
holding, and to all persons employing others in, 
salaried posts, has recently been considered in the 
Court of Appeal. As is well known, it is often for 
the benefit both of employer and employed that, 
after the end of the service, the employed person 
shall not accept any post or work in competition 
with his late master. Although a covenant to this 
effect—which is generally termed a ‘restrictive 
covenant ’’—is in restraint of trade, and is therefore 
prima facie illegal, it has long been established that 
if the covenant is not too wide, and is reasonably 
necessary for the protection of the parties, the 
court will give effect to it. The law is thus stated 
in a legal work.* ‘‘The principles to be deduced 
from the decided cases may be thus applied to the 
employment of an engineer, or to the manager of 
an engineering business. Suppose an engineering 
firm at Birmingham were to employ a manager, 
they would naturally desire to prevent his setting 





- “The 4 Affecting Engineers,” by Ww. Vv. Ball, 
pages 27 and 
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up in business in competition with them, and to 
ensure this they would have to put him under a 
restrictive covenant. The question then would be : 
What kind of covenant would be wide enough ? 
Beyond that it would be unsafe for them to go. 
It may safely be assumed that a covenant not to set 
up in a similar line of business in Birmingham would 
not be considered too wide. The Court, however, 
will study the facts of each case in order to see 
whether the covenant is too wide. Thus, let us sup- 
pose the firm manufactured a particular kind of engine 
made only by them, and that their custom extended 
all over the British Islands; in such a case it is 
conceived that a covenant by the manager not to 
carry on business in that line anywhere in England, 
Scotland, or Ireland might be enforced. Further 
than this, the trend of decision has been to enlarge 
the boundary of restriction, if it can be shown that 
the business sought to be protected has a wide 
field. In one case, indeed, a world-wide covenant 
was enforced. Nevertheless, an employer will act 
prudently in not asking his managers and assistants 
to sign any covenant which is wider than what he 
reasonably requires for his protection. He should 
also be careful to put the covenant in such a form 
that it can be severed. In the hypothetical case of 
the employer at Birmingham, he might frame his 
covenant so as to prevent the manager setting up for 
himself in ‘ Birmingham, Liverpool, and Leeds.’ If 
the Court were of opinion that such a covenant 
was too wide, it would be possible to limit its 
operation to Birmingham.” 

We now come to the interesting question, 
whether, if the contract of service is determined in 
some abnormal way, the liability of the parties to 
the restrictive covenant still continues. If, for in- 
stance, the person who is to be prevented carrying 
on a business in a certain area should be wrong- 
fully dismissed, will the restriction still obtain? This 
was considered last year in the case of the General 
Bill-Posting Company v. Atkinson (1909), A.C., 
p. 118. In the case employers agreed with their 
manager that he should hold office subject to ter- 
mination at twelve months’ notice by either party, 
and with a restriction on his right to trade after its 
termination. The employers having wrongfully 
dismissed the manager without notice it was held 
that he was entitled to treat the dismissal as a re- 

udiation of the contract, and to sue them for 
amages for breach of contract, and was no longer 
bound by the restriction on trade. In giving 
judgment Lord Collins said :—‘‘ The true ques- 
tion is whether the acts and conduct of the party 
evince an intention no longer to be bound by 
the contract. I think the Court of Appeal had 
ample ground for drawing this inference from the 
conduct of the appellants here in dismissing the 
respondent in deliberate disregard of the terms of 
the contract, and that the latter was thereupon 
justified in rescinding the contract and treating 
himself as absolved from the further performance 
of it on his part.” 

So long as the employment is determined by a 
wrongful dismissal it is reasonable to provide that 
it shall come to an end for all purposes; but a 
further question arises when it is put out of the 

ower of an employer to continue the employment 
& circumstances over which he has no control, as 
when, for instance, a company is ordered to be 
wound up. The legal position which arises in such 
circumstances was considered in the recent case of 
Measures v. Measures. There the defendant was 
appointed to hold office as a director fur a period of 
7 years from June 26, 1903, at a salary of 1000I. per 
annum, together with a share(in certain events) of the 
net profits of the company’s business; and he 
agreed that he would not at any time thereafter, 
while he should hold the office of director, or 
within seven years after ceasing to hold such oftice, 
either solely or jointly with, or as manager or 
agent for, any other person or persons or company, 
directly or indirectly carry on, or be engaged or 
concerned or interested in, vertain specified busi- 
nesses that would in any way compete with or be 
detrimental to the business carried on by the com- 
pany. In October, 1909, an order was made for 
the compulsory winding up of the company. The 
receiver and manager of the company’s under- 
taking, who had previously been appointed in a 
debenture-holder’s action, gave notice to the defen- 
dant that his services would no longer be required, 
and that he must look to the company alone for 
payment of his salary. Thereupon the defendant 
commenced to carry on a business of the same 
nature as that which the company had been carry- 


ing on. In these circumstances Mr. Justice Joyce 
decided that the winding-up order had the effect 
of a wrongful dismissal, and in consequence the 
decision of the House of Lords in General Bill- 
Posting Company, Limited, v. Atkinson (supra) 
applied, and that the defendant was no longer 
bound by his agreement not to compete with the 
company. This decision was affirmed by the 
Court of Appeal on the ground that unless the 
company were themselves in a position to go on 
employing the defendant, they had no right to put 
him under restriction. The decision of the Court 
of Appeal, however, loses much of its force by 
reason of the fact that Lord Justice Buckley, who 
isa recognised authority on company law, dissented 
from it. He pointed out that ‘‘the fact that the 
winding-up order was made does not go to show 
that the Corporation was not ready and willing to 
employ the defendant, but goes to show that after 
that order was made the Corporation could not 
employ him in the office, which is a different 
position.” 

We shall await the final determination of this 
case by the House of Lords with considerable 
interest, because it is of enormous importance to 
limited companies to know exactly where they 
stand in relation to their officials. 








IRISH RAILWAYS. 

THE final report of the Commission appointed four 
years ago to inquire into the working of the Irish 
railways, and to ascertain what causes have retarded 
the expansion of traffic thereon, and to make re- 
commendations for their fuller utilisation in the 
development of Irish industries, has just been pub- 
lished. But, unfortunately, whilst the whole of the 
Commission is in fair agreement as to actual facts, 
there is nosuch unanimity in their recommendations 
as to the best means of remedying such defects as 
exist. Politics and business are, perhaps, more 
intimately associated in Ireland than in other coun- 
tries. Since the extension of local self-government, 
even appointments to county surveyorships have 
been largely governed by political and theological 
considerations, and as nine men out of ten in the 
island are ardent politicians, it is easily intelligible 
that there is a very strong desire that the 
railways should, to use an expressive Americanism, 
be also ‘brought into politics.” This is, in- 
deed, the solution proposed, by the majority of 
the Commission, of the problem of utilising the 
railways for the development of Irish industries. 
Stated briefly, Lord Pirrie, Sir Charles Scotter, 
Colonel Hutchinson Poé, and Mr. Thomas Sexton 
propose that the Irish lines should be purchased 
on the credit of the Imperial Exchequer, and 
handed over to an elected Irish Board for adminis- 
tration ; any deficiency in working, in excess of a 
proposed annual grant of at least a quarter of a 
million from the Imperial Treasury, is to be made 
good by a general rate, struck by the Irish autho- 
rity. This solution puts much of the financial 
burden on the Treasury, and through it on the 
taxpayers of the United Kingdom, but leaves the 
control wholly in Irish hands without the provision 
of the smallest safeguard for the efficient and eco- 
nomical working of the lines. 

Even in this country, where popular political 
feeling is relatively moderate, popularly elected 
bodies have not proved particularly successful and 
efticient in dealing with engineering and commer- 
cial matters. No doubt their permanent officials are 
often able men, but the final decision rests always 
with a body of amateurs, who too often discard the 
advice for which they have paid, and, in all cases, 
are very averse from sanctioning any new departure 
in engineering matters, no matter how strongly it 
may be advocated by those best capable of judging. 
Even on quite trivial points, moreover, the engineer 
to such a body is likely to find himself over-ruled. 





Quite recently, for example, one of the largest of 
our public boards had the assurance to throw out a 
well-considered scheme, drawn up by their very able 
engineer, because the latter had specified the use of 
an oil-engine, and one of the committee, to whom | 
the matter was referred, had had an unsatisfactory | 
personal mer with a small oil-engine of an| 
entirely different type. In fact, one of the diffi- | 
culties now experienced in regard to such bodies | 
is that men of the best class no longer seek seats | 
on them, in some cases being unable to spare time | 
from the demands of their own business, and in| 
others being averse from wading through the muddy 





political waters, which nowadays is an essential | 


preliminary to the taking of any active part in public 
business. This feeling is no doubt to be deprecated, 
as it greatly restricts the choice of electors, but 
that it exists few will be disposed to question. 

How largely political questions have dominated 
the popular demand for nationalisation, accepted 
by the majority of the Irish Railways Commission, 
is well shown by the difference in the views 
expressed as to English ownership of Irish railways 
by members of Parliament who gave evidence, 
and by the representatives of the trades affected 
by the intrusion of the Midland and Great Western 
Railway Companies of England into the manage- 
ment of Irish railways. The politicians in ques- 
tion denounced this with all the Celtic fervour 
at their command, whilst those directly affected by 
the transfer of the control of certain Irish lines to 
English companies have, in general, expressed them- 
selves as highly appreciative of the resultant advan- 
tages. The majority report admits these frankly ; 
but, in view of the political feeling excited, is averse 
from any extension of English control of the Irish 
system. One remark made in the majority report 
seems peculiarly naive. It says :—‘‘ A public railway 
administration would not seek or desire to restrict 
any kind of transit facilities beneficial to the com- 
munity.” Everyone knows that, so far as public 
tramway authorities are concerned, experience has 
shown the existence of a strong desire to restrict, by 
fair means or foul, any effective competition. Again, 
in France the waterways authority have syste- 
matically restricted railway competition, and the 
insistence of the Post Office on the widest possible 
interpretation of its ill-advised monopoly gives war- 
rant for belief that a State Railway authority would 
show no greater foresight, and be equally keen on 
checking or thwarting every development of engi- 
neering science which might threaten its own 
receipts. Much evidence was tendered as to the suc- 
cess of State Railways in Australasia, but this was 
wholly one-sided, and, as the Committee themselves 
say, the conditions there are in no sense comparabie 
with those in Ireland. In the latter country no 
important point is 50 miles from tide-water, and 
there is room for very little more in the way of 
railway extensions, no important town being now 
deprived of railway communications. Australia is 
a continent with a relatively short coast-line and 
not many harbours. Many thousand miles of line 
must yet be constructed before the country can be 
considered at all adequatcly cquipped; so that, 
though Australian experience might have been 
applicable more or less to the state of affairs existing 
in Ireland eighty years ago, it has little bearing on 
matters as they stand. 

The minority report, which is signed by Sir 
Herbert Jekyll, Mr. Acworth, and Mr. Aspinall, 
appears to be a much more practical document. A 
careful examination of the evidence tendered leads 
them to the conclusion that freight rates in Ireland 
are relatively high as compared with certain conti- 
nental countries, because the traffic is intermittent 
in character and small in volume, notably in the case 
of butter, eggs, and other farm produce. For these 
there is an enormous demand in Great Britain, 
which in 1908 imported butter to the value of over 
24,000,0C01. Of this only a little over four 
millions’ worth came from Ireland, the main reason 
being that little attention has been paid there to 
winter dairying, so that butter for export is obtain- 
able only during the period between the first of 
May and the end of November. This condition 
of affairs is resented by importers, who can rely on 
a constant supply from Danish sources throughout 
the whole year. Indeed, Danish butter finds its 
way into Limerick itself. In any case, Irish dairy 
produce appears to be put on the English market 
at a lower cost for freight than Danish, and, 
considering the high value of butter per pound, 
any practicable reduction in the freight rate would 
have but a minor effect on the volume of the trade. 
The scantiness of the traflic is thus due to other 
causes than the cost of transport. 

It is quite true that Irish industries have de- 
cayed, but this has been due to the increased 
traftic facilities rather than to their defect. Local 
manufacturers have had, since the introduction of 
railways, to face the competition of the world at 
large, and have in many cases failed to maintain 
their hold on the local markets. Even the depopu- 
lation of Ireland, where there has been a decline 
in numbers of about 50 per cent. in sixty years, 
has its parallel in the rural districts of England ; 
but whilst in both cases the migration in the main 
has been to manufacturing centres, the Irishman has 
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had to seek these outside the confines of his native | pendent companies, and that the number should be 


land. If the development of the railway traffic in 
Ireland be considered in conjunction with the 
decline of population, it would appear that, rela- 
tively speaking, traffic increases have been as large 
asin Great Britain. In the latter, with an increase 
of nearly 19 per cent. in the population between 
the years 1891 and 1906, the gross receipts of the 
railway companies have risen by 43.6 per cent. In 
Ireland, where the population in the same time fell 
6} per cent., the increase in railway receipts was 
30.43 per cent. In fact, comparing like with like, 
second-class fares alone excepted, freight and pas- 
senger rates in Ireland appear no higher than in 
the sister island. Evidence was given that the 
receipts per ton were less in Britain, but this is 
mainly attributable to the very heavy mineral traffic 
hauled at very low rates over British lines, and to 
this class of traffic being almost entirely absent in 
Ireland. Moreover, in giving evidence in favour 
of State management, Mr. Davies, the late general 
manager of the West Australian Government Rail- 
ways, stated that the goods rates and passenger 
fares were less in Ireland than in Australia, whilst 
the service was better. 

On the other hand, there seems little question 
that many of the Irish lines have been constructed 
in a much more expensive fashion than the possible 
traftic justified. ‘The question is undoubtedly a 
very vexed one. A cheap line generally means 
that a large proportion of the gross receipts must be 
absorbed in working expenses, and some engineers 
have held accordingly that it was cheapest in the 
long run to expend capital fairly lavishly on the 
original construction, On the whole, this policy 
is probably a doubtful one in a poor country. The 
savings to be effected by the additional outlay are 
to a large extent problematical, whilst the heavy 
fixed charges form so serious a burden to the line in 
its infancy that, on occasion, it never develops to 
adolescence. In fact, the capital cost per mile of 
light lines in Ireland is just double that neces- 
sary in Belgium, where the lines, whilst giving 
a more frequent service, pay over 34 per cent. 
on their capital, whilst the Irish light lines can- 
not do more than cover their working expenses. 
One difficulty met with ia the construction of 
such light lines has been the tendency of juries, 
appointed to value the land required, to show 
their neighbourly feeling by fixing the price of 
sale unduly high. The French Government have 
experienced the same difficulty, and got over it 
by making it a condition of the grant of public 
money for arailway that the local authorities shall 
supply the land needed as their contribution to the 
total cost. The minority further suggest that, as 
in France, in all such cases the State should retain 
the right to call for additional train services at a rate 
fixed in advance. If the cost ofsuch an additional 
service is 1s. per mile and the receipts 10d., the public 
advantage would be well worth the contribution of 
the necessary 2d. out of the rates. 

Whilst the minority, as stated, believe that the 
principal Irish railway companies have fairly met 
the requirements of the sulle, they are unable to 
give the same certificate to the smaller undertakings, 
and propose therefore that, as has been recom- 
mended by several previous commissions, every 
effort should be made gradually to effect amalgama- 
tions of the Irish lines into one undertaking. This, 
however, they consider should remain in private 
ownership and direction, though controlled, to 
prevent abuses, by some public authority. The 
substitution of public for commercial management 
would, they think, probably not be attended with 
the advantages hoped for by its advocates, and they 
hold the view that economies which might in theory 
be effected by the change in administration would 
be more than neutralised by the loss of the stimulus 
which direct interest in successful working alone 
can give, and by an increase of expenditure which 
would be an inevitable result of such non-commer- 
cial management. 

In conclusion they summarise as follows the 
opinion at which they have finally arrived :— 


1. That while the Irish railway system presents defects 
which ought to be removed, there is little fault to be 
found with the individual management of the larger 
railways; that the comparative want of success of the 
smaller lines is due more to defective legislation than to 
any other reason ; that expansion of traffic has not been 
retarded by the railways, and that the slow rate of ex- 
pansion is attributable less to any action or inaction on 
thei: pert than to causes wholly independent of them. 

2. That the main defect in the railway system of 
Ireland lies in its subdivision among a number of inde- 





rapidly reduced, with a view to concentration of manage- 
ment in the hands of a single company, in not more than 
four years. é 

3. That the need for concentration is greater in the case 
of the small than it is in that of the larger lines, and that 
efforts should be directed first to the absorption of the 
former into the systems controlled by the larger com- 
panies. 

4. That absorption and amalgamation should be effected 
in the first instance by voluntary agreement among the 
companies themselves, and that the process should be 
facilitated by suitable legislation, and encouraged in 
—m cases by financial assistance on the part of the 
State. 

5. That failing voluntary agreement within a period of 
three years, railway ony ny might be compelled to 
amalgamate in not more than four years, on terms fixed 
by arbitration. Some of the inducements which might 
be offered to the companies, as a condition of amalgama- 
tion, could be given under the powers of existing statutes, 
such, for example, as the redemption, authorised by the 
Tramways (Ireland) Act of 1895, of Treasury guarantees. 








THE BRITISH SCIENCE SECTION AT 
THE JAPAN-BRITISH EXHIBITION. 


THE pronounced success of the British Science 
Section of the Franco-British Exhibition, held at 
Shepherd’s Bush two years ago, has encouraged the 
scientists, to whose efforts this instructive display 
was due, to arrange for a British Science Section at 
the Japan-British Exhibition. The organisation has 
been undertaken by Sir Alexander Pedler, F.R.S., 
Dr. E. Divers, F.R.S., and a committee of conveners. 
The organisers are to be congratulated upon the 
success of their endeavours. They have been able 
to secure better accommodation than at the first 
exhibition, and visitors can learn a great deal when 
passing through the long gallery which connects the 
two main entrances to the Exhibition. The exhibits 
are displayed in two of the large rooms, near the 
Wood an entrance. The section has been open 
and practically complete for some time. In order to 
draw attention to this historically and scientifically 
important collection of scientific instruments, speci- 
mens, charts, and models, Sir Alexander Pedler and 
the Committee invited members of the Press last 
Friday to an inspection under their guidance. It 
is earnestly to be hoped that this display of the 
achievements of British science will attract the 
public. Printed explanations are to be found in 
most of the cases and on the walls; a special cata- 
logue of the section has not been prepared this year, 
but the neat and compact general catalogue gives 
adequate information on the Science Section, though 
it:does not deserve praise in other respects. The 
chief branches of science represented are :—Oceano- 
graphy, astronomy, anthropology, meteorology, 
physics, geography, biology, chemistry, mineralogy, 
paleontology, geology, and agriculture. The exhibits 
of the School for Tropical Medicine and of the Home 
Office follow in the next room, which also contains 
the scientific-lecture theatre, in which lectures are 
now given every afternoon. The order stated is 
that in which the exhibits were shown last Friday, 
and it corresponds more or less to the local dis- 
position. We can only make very brief allusions to 
some branches, and will begin with astronomy. 
Astronomy.-—Many of the celestial photographs 
and historical astronomical instruments, including 
some of the splendid series of 162 Greenwich photo- 
graphs of the Morehouse comet of 1908, and 
of the recent Greenwich work on Jupiter’s and 
Saturn’s satellites, the Stonyhurst studies of the 
sun and sun-spots, &c., were shown at the Franco- 
British Exhibition. The photographs of the day- 
light comet of last winter, are, of course, new, as 
are also the less striking photographs of Halley’s 
comet, and recent photographs taken by the Solar 
Physics Observatory in light of definite wave-lengths. 
Of particular interest are, further, the splendid col- 
lections of astrolabes, quadrants, sun-dials, and 
nocturnals exhibited by Mr. Lewis Evans, Mr. E. 
Ball Knobel (who was the guide last Friday), 
and others. The astrolabes, both Oriental and 
European, go back to the thirteenth century ; one 
of Mr. Knobel’s Arabic astrolabes is dated 1224, 
and one Roman sun-dial is ascribed to the third 
or fourth century. The sun-dial, it must be re- 
membered, was the only portable instrument for 
ascertaining time before the invention of the watch, 
and the beauty and perfection of the workmanship 
of some of these dials will delight the student. 
The nocturnals were instruments used up to the 
eighteenth century by sailors for determining the 
time at night by observing certain stars of Ursa 
Major and Minor ; those exhibited by Mr. Knobel 








were made in wood, as was also the curious Davis 
quadrant (for latitude determination), of the time 
of Elizabeth. Mention should be made of the very 
useful collection of astronomical lantern-slides ex- 
hibited by the Royal Astronomical Society, and of 
the drawings of sun, moon, and planets contributed 
by the British Astronomical Association. 
Meteorology. — Passing to meteorology, repre- 
sented on the Committee by Dr. W. N. Shaw, 
Director of the Meteorological Office— Mr. R. 
Lempfert, of this office, was the guide—we find in- 
teresting, and in a certain senso alarming, evidence 
of the advance of the study of meteorology in the 
large collection of original records, diagrams, 
charts, &c. The earliest known British record of 
the weather of Lincolnshire—a manuscript from 
the Bodleian Library, Merlo’s ‘‘ Considerationes ” 
—sufficed for the eight years 1337 to 1344; 
while the ‘‘ British Meteorological Year - Book 
for 1909” is a large quarto volume, containing 
hundreds of closely-printed pages of figures, while 
charts and models in glass are needed for the 
elucidation of the conclusions. We are living in 
meteorologically busy times. There are instru- 
ments which can be employed to show the distri- 
bution of pressure and temperature up to 13 miles 
above ground ; daily weather maps are now avail- 
able for the whole area from the Ural Mountains 
to the Rocky Mountains, radiotelegrams from 
some of the ocean liners supplying the data for 
the Atlantic Ocean ; and the weather observations 
at selected stations, distributed all over the 
United Kingdom, are most minute. When meteo- 
rologists better understand the problems of the 
general and special circulation of the atmosphere— 
and scientific polar expeditions are wanted for that 
reason among others, rushes to the poles having 
little value—they will be able to dispense with a 
great deal of the material that is now still collected 
all over the globe. Meanwhile the observations 
serve their useful purposes. Forecasting has much 
improved of late and has been extended to seasons 
and crops. The shooting of charges into the clouds in 
order to bring down the rain and hail at spots where 
theycan do little harm, instead of destroying valuable 
crops lying further back in the usual ieustennteden 
track, has been abandoned ; but it is known, at any 
rate, that the outbreak of thunderstorms coincides 
with abrupt, small, but marked changes in the 
barometer which can be traced over very large areas 
and are accompanied by sudden changes in the 
wind intensity and direction. That meteorology 
has become an exact science, and has found official 
——_ after a long period of official neglect in 
England, is well brought out by the exhibits. 
hysics.—The physics division has been arranged 
under the subjects of mechanics, heat, optics, pa 
tricity, and magnetism. In the mechanical division, 
Professor J. Milne exhibits one of his latest seis- 
mogra phs, made by Mr. R. W. Munro, of 103, Corn- 
wall-road, South Tottenham, N., and earthquake 
records obtained with that instrument. One of these 
curves was drawn while the instrument awaited com- 
pletion in the workshops at South Tottenham. The 
iron stand of the instrument is carried on three level- 
ling-screws. The boom, an aluminium tube, 3 ft. in 
length, is held in an almost horizontal position by 
means of a silver wire, and rests at its inner end 
on an agate pivot projecting adjustably from the 
stand; the period of the boom is regulated by 
this adjustment. A balance-weight is mounted on 
the boom near the pivot end. The other end of 
the boom carries a lozenge-shaped plate which 
is provided with a slit. hen the toon is de- 
flected, the slit swings over another slit, at right 
angles to the former, made in the cover of 
the box which contains the cylindrical drum. The 
drum is driven by clockwork through worm 
gearing, so that the cylinder advances through 
6 millimetres during one turn in four hours, A, 
small lamp fixed over the slits produces a photo- 
graphic record of the boom movement. The whole 
is encased to keep off flies and spiders, which may 
cause markingssimilar to those made by earthquakes; 
such disturbances are easily recognised and distin- 
guished from earthquakes, however. When the 
ground is quiet, a straight line is drawn on the paper, 
interrupted only by the time-shutter. Tho great 
simplicity of these inexpensive instruments, which 
are reliable, though not quite so sensitive perhaps 
as other complicated, and hence less reliable, 
seismographs, accounts for their great popularity. 
Another exhibition case contains invar tapes and 
invar pendulums of Mr. J. H. Agar Baugh, and 
also the electric micrometer of Dr. P. E. Shaw, 
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which detects movement of jj5595 in- by the aid 


of a train of levers, an electrical contact, and a 
telephone. There are also diagrams traced by the 
elliptical pendulums of Mr. R. G. Kerr, and the 
extensometer and other instruments of the Scien- 
tific Instrument Company, which we have described 
on other occasions. Messrs. Cussons, of Manchester, 
show the rubber hysteresis testing-machine of Pro- 
fessor A. Schwartz, of Manchester. 

In the subdivision for heat we notice, apart from 
historical apparatus, pyrometers and temperature- 
recorders of the Cambridge Scientific Instrument 
Company, of the Féry, Whipple, and Callendar 
types, and the Boys calorimeter for gas-testing, 
made by Messrs. J. J. Griffin and Sons. 

The optical subdivision, to which Professor 
G. Forbes (range-finder), Messrs. W. F'. Stanley, 
Messrs. A. Hilger, Mr. 8. D. Chalmers (crystals 
for optical purposes), Dr. Drysdale (lens-testing 
sets made by Messrs. Darton), Messrs. Newton and 
Co. (triple lantern), Sir J. W. Swan and Mr. D. 
Cameron Swan (early photographs), and General 
Waterhouse (action of light on silver) have con- 
tributed, does not call for detailed notice. 

Electricity and Magnetism.—The electrical divi- 
sion contains valuable historical relics, the original 
Daniell cell, Wheatstone’s bridge, Clerk Maxwell’s 
model of inductive circuits, &. Messrs. Cossor 
illustrate the evolution of the X-raytube. The Uni- 
versity of Glasgow shows the strong discoloration 
of glass which assumes an amethyst colour by the 
radiation from radium. The Scientific Instrument 
Company, of Cambridge, exhibits Duddell oscillo- 
graphs and twisted-strip ammeters, in addition to 
their potentiometer, cadmium standard cells, and 
other apparatus ; and Mr. R. W. Paul shows his 
unipivot voltmeters and other specialities. In Dr. 
C. v. Drysdale’s new standard resistance coil nickel 
is deposited on a bare copper-nickel wire to com- 
pensate for the negative temperature coefficient of 
this alloy. The phase-shifting transformer and 

hase-s fitting device for meter-testing of Dr. 
eyed e, as well as his remarkable potentiometer 
for alternating and direct current measurements, 
have been mentioned in our columns. These in- 
struments are made by Mr. H. Tinsley, of Stanley 
House, South Norwood, who also exhibits his well- 
known Weston cadmium standard cells, the pecu- 
liarities of which his own researches have helped to 
clear up. The potentiometer is being supplied to 
the Germiston station of the Victoria Falls and 
Transvaal Power Company. Alternating currents 
are measured by a null method, and the instru- 
ment is the first in which the actual phase relation 
is read off in degrees on a dial while the poten- 
tiometer measurements are taken. The instru- 
ment combines a Tinsley direct-current poten- 
tiometer, a dynamometer, a throw-over switch, 
and a phase-shifting transformer, which brings the 
dynamometer current into phase with the current 
being measured, simply by the aid of a tangent screw. 

The collection of telegraphic and telephonic appa- 
ratus comprises interesting historical exhibits, sent 
by Sir W. Preece, the Postmaster-General, and the 
Pacific Cable Board, as well as Mr. B. S. Cohen’s 
(National Telephone Company) apparatus for the 
production and measurement of small high-fre- 
quency currents, and two wave- models showing 
the effects of inserting Pupin inductance into 
cables. Mr. L. H. Walter’s tantalum wave-detector 
is shown by Messrs. Cossor, who also exhibit a 
vacuum tube model, due to Dr. Drysdale, for ex- 
emplifying the variations in the pressure and 
current of an imitation cable (a helix) by the 
luminosity of the tube. In the new electro-capil- 
lary syphon-recorder of Mr. Axel Orlig, the syphon 
is guided by three horizontal threads ; the lowest 
of these starts from the electro-magnet, the two 
upper ones are stretched in adjustable steel frames, 
ona cross-bars on the upper threads are connected 
with the lower by inclined threads, apparently glass 
or quartz. 

We may mention in this connection the electrical 
machines for solving mathematical equations, shown 
in other cases, together with the Babbage. calcu- 
lating machine. In these devices the principle of 
the logarithmic slide-rule is combined with addition 
and subtraction by utilising the laws according to 
which electrical resistances combine in parallel or 
series. The products found mechanically by the 
slide-rule are represented by the reciprocals of the 
resistances of certain wires ; the currents through 
these wires are balanced on a Wheatstone bridge, 
which thus multiplies, divides, adds and subtracts, 





and which can also be used for solving equations of 
any degree, integral or fractional. Electric and 
electro-magnetic machines of this type have been 
devised by Mr. A. Wright and Dr. A. Russel, and 
by Dr. Drysdale. 

(Zo be continued.) 





NOTES. 
Iron-Mrnine Inpustry In LORRAINE. 

At a recent meeting of representatives of Ger- 
man iron works some interesting information was 
given about the iron-ore deposits of Lorraine, 
which were pronounced to be the largest so far 
known, inasmuch as they contained some 5,000 
million tons, whilst the Swedish deposits were cal- 
culated to contain only 1200 million tons, North 
America’s were estimated at 1100 million tons, and 
those of Russia at 1500 million tons. The Lorraine 
iron-ore deposits, which at the present day are 
considered worth working, covered, it was said, 
an area of 70,000 hectares, of which 40,000 hec- 
tares were in France, 27,500 hectares in Germany, 
and 2500 hectares in Luxemburg. According to 
Builly 2500 million tons of the French ore should 
be capable of being worked, of which four-fifths 
are in the Briey deposits, which were only dis- 
covered in the nineties of the last century. The 
iron-ore deposits of German Lorraine are esti- 
mated to contain 1800 million tons of iron ore. The 
French ore contains a greater percentage of iron 
than that of German Lorraine, although the assertion 
that the former should contain 40 per cent. of iron is 
incorrect. The working of the Minette district has 
gradually been transformed from surface and level 
drift to shaft mining, whereby the cost has increased, 
being at the present time 2 marks to 2.50 marks per 
ton at level drift and 2.50 marks to 3 marks with 
shaft mining. The introduction of the Thomas 
process gave an immense impetus to the output ; 
whilst the production as far as German Lorraine 
was concerned amounted to only 830,000 tons in 
the year 1879, it had risen in 1909 to 144 million 
tons. German Lorraine and Luxemburg have to 
their credit 70 per cent. of the aggregate German 
output of iron ore. The Briey district had in the 
year 1900 an output of 230,000 tons, whilst the 
production last year had risen to 6,300,000 tons ; a 
vast further increase is impending, as eighteen new 
shafts are being constructed, each calculated to yield 
1 million tons per annum. 


CurRENT ENERGY IN ELEcTRO-CULTIVATION. 


Though more or less sporadic experiments on the 
promotion of plant-growth by means of electric dis- 
charges have been going on for decades, notably 
since Lemstrém revived the interest in electro- 
cultivation about thirty years ago, actual measure- 
ments of the current intensities involved in such 
experiments had not been made, so far as we are 
aware. We remained, therefore, in the dark as to 
the real causes of the beneficial effects observed, as 
we are with regard to certain claimed electric cures. 
According to some experiments conducted by Max 
Breslauer, of the Technical High School at Char- 
lottenburg, in conjunction with experienced farmers, 
near Potsdam, the electric energy of the static 
discharges would, though small in itself, be still 
large indeed compared to the electric energy sup- 
plied by the atmosphere. The experiments were 
made on the lines adopted by Sir Oliver J. Lodge in 
his researches. Wires of galvanised steel, 0.8 milli- 
metre in diameter, were stretched about 10 yards 
apart at a height of about 15 ft. over a field 
covering an area of 15 acres. The wires were 
joined to the positive terminal of a transformer, 
whose other pole was earthed. The insulation 
of the wires was good ; for when the current was 
cut off during the rain, the wires remained statically 
charged for a measurable period. A moving-coil 
galvanometer was matted into the circuit to 
measure the intensity of the currents dissipated in 





the air. The potential could roughly be deter- 
mined with the aid of spark-gaps, assuming that 
balls 25 mm. in diameter have striking distances | 
of 1 mm. per 3000 volts in dry air. The mea-| 
surements proved that a considerable amount of | 
electricity was lost by radiation or dissipation on 
the way from the shed, in which the electricity was 
sag apn to the field. When this loss was allowed 
or, the square metre of field surface radiated upon | 
would appear to receive a current of 0.43 x 10-°| 
milliampere at a potential of 65,000 volts; the | 


total radiated energy was 17 watts, or 0.28 x 10-*| breadth 
watt per square metre, Now K. Kahler found | 


during long-continued careful observations, made in 
1908 at the Meteorological Observatory at Potsdam, 
that most rain and snow brought positive electricity 
down with them to the ground—rain more than 
snow—and that the currents thus received by the 
earth amounted to from 10~—"° to 10-7 milliampere 
per square metre. The electric currents artificially 
produced in the atmosphere would thus be a 
thousand or ten thousand, times stronger than the 
normal atmospheric electric currents, and such 
currents might have appreciable effects, though the 
electro-cultivation was applied for about 2000 hours 
during the summer only, and not throughout the 
year. The silent discharge might effect an oxida- 
tion of the nitrogen, and might therefore act like a 
manure containing nitrogen in a form in which 
the plant could assimilate it ; but in the absence 
of direct proofs speculations upon possible effects 
are of little value. 


Tue CHINGFORD RESERVOIR. 


On Saturday, the 23rd inst., a large number of 
engineers and representatives of local authorities 
travelled down to Ponder’s End, at the invitation 
of Mr. P. B. Barnard, chairman, and Mr. G. S. 
Elliott, vice-chairman of the Metropolitan Water 
Board, in order to visit the Chingford Reservoir 
now in course of construction. Mr. W. B. Bryan, 
the chief engineer, and Mr. Charles Wall, the 
contractor, accompanied the visitors and gave 
them much interesting data concerning the work 
in progress. The guests were received at the 
southern end of the reservoir by the chairman and 
vice-chairman of the Board, and were conveyed 
in three trains, formed of contractors’ trucks 
fitted with seats, along the western side to the 
reservoir head, stoppages taking place for the 
description of various interesting portions of 
the works. The contract was awarded to Messrs. 
Charles Wall, Limited, early in 1908; and the 
ceremony of cutting the first sod was performed 
on April 11, 1908. Since that time the works, 
which are most extensive, have been vigorously 
“sigma by the contractors, and are expected to 

completed in about two years from now. In 
order to enable the reservoir to be made, it 
was necessary first to divert the River Lea, 
the Sewardstone Mill Stream, and the Mar 
Dyke, which flowed through the site of the 
reservoir, and to substitute a new channel for the 
old courses. The new channel f: ws outside and 
along the eastern bank of the rese. .oir ; it carried 
away all last winter’s floods and kept the reservoir 
site free from overflow. In order to build the 
main bank, about 3 million tons of earth are 
required, 14 million tons have already been ex- 
cavated and put in place. The total quantity of 
clay obtained within or near the site, made into 
uddle and put into place, is about 210,000 tons, 
eaving about 90,000 tons to be worked up and 
utilised. The intake channel from the river and 
the site of the proposed pumping-station are at the 
Enfield Lock end of the reservoir, where two re 
inforced-concrete footway-bridges had to be built 
for carrying the diverted public footpath. At the 
southern end the public road has been diverted, a 
new three-arched reinforced-concrete bridge has 
been erected, and a new road, 40 ft. wide, built. 
Several other works of a similar nature have also 
been carried out. When completed, the reservoir 
will be capable of containing 3000 million gallons, 
the water area being about 416 acres. The stored 
water will be conveyed through a channel 2 miles 
in length, to join the existing channels near the 
Chingford pumping-station. There are next, for 
1} miles, the chain of reservoirs, twelve in number, 
close to the High Bridge on the Lea navigation, 
the water finally passing through a canal 1j miles 
in length to the filter-beds at Lea Bridge, whence, 
after filtration, it is to be distributed throughout 
the Board’s eastern district, to a population of 
about 1,600,000. 








Sream- Ferry ¥oR WaAa.tasEy Covuncii. — Messrs. 
Cammell Laird and Co., Birkenhead, launched, on the 
27th inst., the second of the two new twin-screw ferry 
— go built for the Wallasey Urban District 
Youncil. This vessel, named Snowdrop, is of the follow- 
ing dimensions:—Length over all, 160 ft.; breadth, 
moulded, at deck, 38 ft. 6 in. ; depth, moulded, 11 ft. 31n.; 
and mean draught on service about 7 ft. She will be 
fitted with twin-screw inverted triple-expansion _— 
designed to indicate about 1200 horse-power. A large 
promenade-deck over the deck-houses is carried all fore 
and aft, and for a length of 30 ft. amidships for the full 
th of the vessel, thus forming a very extensive space 
for the passengers. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS AND THE AMERICAN 
SOCIETY OF MECHANICAL ENGI- 
NEERS. 

Tur joint summer meeting of the Institution of 

Mechanical Engineers and the American Society 

of Mechanical Engineers opened at Birmingham on 

Tuesday morning, the 26th inst. Members of both 

institutions to the number of between 600 and 700 

came to Birmingham for this meeting, the visitors 

from across the Atlantic numbering, according to 
the lists issued, about 160. On Tuesday morning 

members assembled in the Birmingham and Mid- 

land Institute. The chair was taken at 10 a.m. by 

the Lord Mayor of Birmingham, Alderman W. H. 

Bowater, who, on behalf of the city, extended a 

hearty welcome to the members. In opening his 

remarks the Lord Mayor expressed regret at the 
fact that, owing to a slight accident, Mr. Neville 

Chamberlain, chairman of the Executive Committee 

charged with making the local arrangements for 

the meeting, was unable to be present with them. 

The Reception Committee had, he was glad to say, 

met with the heartiest response from the citizens ; 

and he wished to thank the manufacturers for the 
facilities extended to the visitors to their city. 

The visit had set him thinking of a statement he 

had read, made about 100 years ago, that ‘‘Strangers 

of respectability may gain free admission into most 
of the manufactories.”” If, therefore, the members 
could prove their ‘‘ respectability,” they would find 
no difficulty in gaining admission. He did not, how- 
ever, quite like the use of the word ‘‘ stranger” on 
this occasion ; he would prefer ‘‘ American cousins,” 
or, at least, ‘‘members of the same brotherhood.” 

As Mr. Aspinall had reminded them at a private 

reception on the previous evening, the British In- 

stitution was formed in Birmingham ; it started 
at the Queen’s Hotel, Curzon-street, then the ter- 
minus of the London and North-Western Railway. 

Since it was inaugurated in Birmingham, it had 

flourished. It was fitting that the Institution should 

have selected Birmingham for the joint meeting 
with the Americans. Birmingham he considered 
to be the very centre of mechanical engineer- 
ing. As was well known, the city’s connec- 
tion with the profession dated back to the very 
earliest pioneer days, and the list of celebrated 

Birmingham men, commencing with Watt, down to 

distinguished men of the present day, was a very 

long one. Although Birmingham might not be a 

beautiful city, and the atmosphere might be dingy 

and dark, these features were really indicative of 
great business activity, of which the citizens were 
very proud. The more smoke. there was, they 
thought, the greater the business that was being 
done in the workshops and factories. The engineer- 
ing profession probably caused more smoke than 
any other. He considered that Birmingham’s 
prosperity in the past had, in a great measure, been 
due to the freedom of the city from all chartered 
institutions. There had never been any of the old 
guilds or chartered institutions monopolising par- 
ticular trades or industries, and any son of industry 
had been free to settle there and display his genius 
in ‘‘the toy shop of +, wl In conclusion, the 

Lord Mayor expressed the hope that the visitors to 

the city would have an interesting and instructive 

time. 

Mr. George Tangye, a member of the Reception 
Committee, next addressed a few words of welcome 
to the meeting. He said it was his pleasurable duty, 
as custodian of the Boulton and Watt relics, to 
offer the American Society of Mechanical Engineers, 
as a memento of their visit, a letter written by the 
hand of James Watt, and dated 1797. Some time 
ago he had presented these relics to the city of 
Birmingham, and was at present acting as their 
custodian until some suitable resting place could 
be provided for them. He was sure, however, that 
he would have the consent of the city in making this 
presentation to the American Society. He had an 
intense admiration for Americans. America com- 
prised forty-eight separate and sovereign common- 
wealths, literally covering the country, and had a 
population of nearly 90 millions, harmoniously 
working together without the need of Dreadnoughts 
to keepthem in order. From this unity the nations 
on this side of the Atlantic, whether English, 
French, or German, might, he thought, with advan- 
tage take a lesson. 

The President of the Institution of Mechanical 


for the welcome they had received from the city of 
Birmingham. The Lord Mayor had incidentally 
sauna to Boulton and Watt, and it was, he 
thought, only fitting that the Institutions should 
have met in a city marked by tradition as being 
connected with mechanical engineering work in 
this country for so many years. There was a very 
close connection between Boulton and Watt and 
the American people. Only a few months ago the 
latter were celebrating, with a great deal of 
pomp and display, the opening of the Hudson 
River, and the inauguration upon it of steam 
navigation by Robert Fulton. Robert Fulton’s 
first engine came from Messrs. Boulton and Watt, 
and Birmingham had, therefore, played its part in 
the engineering work on both sides of the Atlantic. 
The celebration itself was interesting, not only on 
that account, but because it showed how enormous 
had been the progress of mechanical engineering 
in the course of a comparatively short number of 
years. What could ioe better demonstrated 
that progress than the great assemblage of Dread- 
noughts, which embodied every form of mechanical 
engineering that could possibly be thought of ? 
Another point of interest about Birmingham, not 
perhaps commonly known, was tha the first man to 
spin cotton without the aid of the human hand—John 
Wyatt—was a Birmingham man. Even in 1730 
Wyatt’s experiments were said to be successful, but 
by 1741 there remained no doubt whatever of this; 
andin the museum at Birmingham there were pre- 
served some of the original hanks of cotton, together 
with their paper wrappers. They were eaads 
unfortunately he thought, in a rather inconspicuous 
place ; in Lancashire, if they had such treasures, 
they would have put them in a golden casket. 
The result of that particular invention, and of 
others which followed, was the employment at the 
present time of something like 500,000 people in the 
cotton industries of Lancashire. That was due toa 
Birmingham citizen. In politics, Manchester and 
Birmingham had distinct schools, each reluctant 
to learn anything from the other ; but in engineer- 
ing this was, fortunately, not so. It was a curious 
fact that the first steam-engine ever erected for the 
driving of a cotton-mill was put in by Messrs. Peel, 
of Warrington, and was made by Messrs. Boulton 
and Watt. In conclusion, Mr. Aspinall referred to 
several of the directions in which Birmingham was 
to-day supporting British interests by the aid of the 
peaceful weapons of commercial conquest. 

Dr. W. F. M. Goss, Vice-President of the 

American Society of Mechanical Engineers, in 
thanking the city of Birmingham and the Institu- 
tion of Mechanical Engineers for the reception 
accorded to the American Society of Mechanical 
Engineers, observed that as a people they were in- 
debted to the city for the agricultural and other 
implements of the pioneer settlers of America. The 
early American manufacturers drew freely upon the 
resources of Birmingham for the equipment of 
their shops and mills. While James Watt and 
Matthew Boulton worked in the Midlands of 
England, America shared in the output of their 
factory. Thus they felt themselves to be, in spirit, 
in full enjoyment of everything they found in this 
country, and in this spirit also they accepted the 
generous welcome tendered to them by the city of 
Birmingham. The American Society had been 
proud to accept the invitation of the British Insti- 
tution, and a goodly number of their members had 
found it possible to lay aside their work to come to 
England in order that they might improve their 
mutual acquaintance. 
It was possible for men greatly to increase their 
efficiency by the stimulus and suggestion that 
followed upon making the acquaintance of others 
and noting their work. In sucha series of meetings 
as that for which they were assembled ideas might 
be caught on the wing, and the simple act of gain- 
ing acquaintances was part of the art of catching 
ideas. It was a trite but true saying that the 
engineer had become the world’s great” civiliser ; 
for the rushlight he had given electric illumination, 
for the stage coach the express train, and for the 
hardship and isolation suffered by the first ocean 
voyager the luxury of the floating palaces in which 
the traveller had no sense of separation from the 
rest of mankind. The engineer had given men new 
occupations, and the fabric of his art so overspread 
the earth that the old world had disappeared, 
giving place to a new. The transforming process 
employed was fortunately in no way affected by 
national boundaries 


that probably no member of the American Society 
of Mechanical Engineers was aware that the Society 
was to receive such a gift. Americans fully shared 
with English engineers the admiration felt for 
James Watt ; it was therefore a matter for peculiar 
satisfaction to them that they should have such a 
memorial of that great man. It would, he felt 
sure, be prized not only by every member of the 
Society, but also by every engineer in America. 

At Dr. Goss’s requert, Mr. C. W. Kice (the 
Secretary of the American Society) then read the 
inscription which Mr. G. Tangye had had placed 
upon the frame enclosing the letter. The letter, 
Dr. Goss explained, was one addressed to Messrs. 
Boulton and Son by Mr. James Watt, and was in 
his own handwriting. In conclusion, he said that 
it might be a satisfaction to Mr. Tangye, and to the 
members of the Institution of Mechanical Engi- 
neers, to know that the letter would be given a 
prominent place in the new building of the ya 
neering Societies of New York, where it would be 
safely kept. 

At this point the Lord Mayor relinquished the 
chair to Mr. Aspinall, who proposed that a message 
should be sent to Mr. George Westinghouse, the 
President of the American Society of Mechanical 
Engineers, expressing the great regret of the Insti- 
tution at his inability to attend the meeting. The 
formal business of the meeting was next transacted, 
the minutes of the last meeting being read, and 
the Secretary announcing the election as members, 
associated members, &c., of 122 candidates. 


AMERICAN AND ENGLISH RUNNING-SHED 
PRACTICE. 


A paper dealing with this subject was then read 
in abstract by Mr. Cecil W. Paget, member, 
General Superintendent of the Midland Railway, 
Derby. This paper was entitled ‘‘ English Run- 
ning-Shed Practice.” On the conclusion of this, 
Mr. F. H. Clark, Member of the American 
Society of Mechanical Engineers, _— a résumé of 
the four following papers :— ‘‘ Handling Loco- 
motives at Terminals,” by Mr. F. M. Whyte, 
Member of the American Society of Mechanical 
Engineers ; ‘‘ Engine-House Practice,” by Mr. F. 
H. Clark, Member of the American Society of 
Mechanical Engineers; ‘‘ American Locomotive 
Terminals,” by Mr. W. Forsyth, Member of the 
American Society of Mechanical Engineers; and 
‘* Handling Engines,” by Mr. H. H. Vaughan, 
Member of the American Society of Mechanical 
Engineers. These papers give, as their titles 
imply, summaries of modern running-shed practice 
on both sides of the Atlantic. As these are all 
reprinted in extenso in the present issue of Enar- 
NEERING, we may refer our readers for further 
details to the pages on which they are reproduced. 

Mr. George Hughes, of Horwich, opened the 
discussion. He said that, though Mr. Paget 
had illustrated in Fig. 5 (see page 157 of this 
issue) of his paper a straight-through shed, it 
appeared to him that, on the whole, greater promi- 
nence was given to the round shed. The form 
adopted by the Lancashire and Yorkshire Railway 
was the straight shed with a dead end, and not a 
through shed; and his general experience was 
that there were no greater difliculties with this 
type than with others. Of course, it was necessary 
for the shedmen to exercise care in shedding 
the engines ; but there were, as a rule, no more 
than seven or eight engines on one road, Certain 
roads were devoted to washing out, and since it 
was known as a rule what engines needed repairs, 
it was possible, with a little common-sense, to 
work the sheds quite economically. With regard 
to round sheds, their main feature lay, of course, 
in the fact that any individual engine could be 
got in and out independently, provided the turn- 
tables were in good order. Obviously, if all the 
eggs were thus put into one basket, great care should 
be taken of it. With regard to washing out, he 
agreed with Mr. Paget as to the desirability of 
introducing hot-water apparatus for changing and 
also for washing out. he gain accruing from 
this was due to reduction of repairs to boilers, 
and in the case of a railway spending 70,0001. or 
so per annum on boiler renewals and repairs, 
the possibility of a gain in this direction was 
clear. He had carefully considered the matter, 
and his company had decided that when extensive 
alterations were carried out at certain sheds, the 
apparatus should be installed. Mr. Paget had 
laid stress upon keeping down the stock of stores 








Engineers, Mr. J. A. F. Aspinall, followed, desiring 
to express his thanks on behalf of the Institution 





With regard to Mr. Tangye’s gift, he thought 


and spare gear, and thus reducing the stand- 
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ing charges. The speaker would ask Mr. Paget! 
what value of stores per engine in steam was kept 
at the running-sheds on the Midland Railway. On 
the Lancashire and Yorkshire Railway the amount 
was 8l. 5s. He could not, however, say whether 
that figure was really high or low. As Mr. Paget 
had pointed out, this state of things had been 
rendered possible by the use of travelling-vans, 
three of which were always at head-quarters, an 
three travelling between head-quarters and the 
various sheds. With this system it was pos- 
sible, if a demand were received at Horwich at 
5.30 p.m., for a big end, for instance, or some 
other part, to deliver it at Goole, 84} miles 
away, by 8.30 next morning. There was also 
a central stores, which considerably assisted 
matters. As a result of this organisation, it had 
been found possible to keep down the percentage 
of engines waiting for materials from head-quarters 
to a comparatively small figure. On the question 
of water-softening, a great deal was done on the 
different railways. His own company had several 
a and for a number of years had also used a 

iler composition consisting of sodium carbonate 
with rather a small percentage of caustic soda. 
This composition had done very well in keeping 
scale soft. On the Lancashire and Yorkshire Rail- 
way they had a great deal of hard water and 
also of water containing a large percentage of salts 
in solution. During the last nine months they had 
used several proprietary substances, some of them 
with considerable success. Mr. Paget had not alluded 
to the matter of engine-cleaning, and nothing had 
been said in the American papers on this matter, 
except ina very general manner. He thought that 
the one great feature in the English running-shed 
practice, which distinguished it from that in America 
and on the Continent, was this matter of cleaning. 
The results of our practice were threefold : it consti- 
tuted a good advertisement ; it had a considerable 
moral effect upon the enginemen, and consequently 
upon repairs to engines ; and it afforded a training- 

ground for young men who eventually became fire- 

men and drivers. These young men were always 
available in the case of emergency and temporary 
shortage of firemen and drivers. He believed that 
at times inconvenience was experienced in the 
United States in relation to the last point. 

With regard to the number of engines waiting for 
repair and being washed out, he had figures which 
coincided very closely with Mr. Paget’s. He would 
like to obtain some information with regard to the 
proportion of failures, upon which little had been 
said. It would, perhaps, encourage others to speak 
on this point if he stated that, in his dwn case, the 
percentage was, in his opinion, high. The average 
was about two engine failures per day, out of a 
thousand engines, the chief cause being leaky 
tubes—occasionally burst tubes. Probably—speak- 
ing from memory-—14 per cent. of the failures were 
due to leaky tubes and 5 per cent. to the bursting 
of tubes. ‘There were other causes, of course, such 
as hot axle-boxes. Another difficulty in running 
works in Britain was the need of keeping the 
men’s hours on duty down to twelve. This called 
for considerable organisation. 

Referring next to turntables, Mr. Hughes said 
that in Fig. 6 (page 157) of his paper, Mr. Clark 
had shown a motor-driven turntable, fitted with 
a motor-driven pony-truck. It would appear that 
American turntables were sometimes even 100 ft. 
long. He had referred to this point because 
recently 60-ft. and 65-ft. turntables had been intro- 
duced on railways in this country, but there were 
many turntables of 55 ft. still in excellent order 
and, comparatively speaking, new. It would not 
be economical practice to scrap these turntables 
simply because modern engines were getting heavy 
at the smoke-box end, and consequently he (Mr. 
Hughes) had recently introduced a small 3-horse- 
power motor-driven pony-truck for operating such 
turntables, and this added very considerably to 
their lives. He was much interested in the plans 
of the East Altoona shed, w:th which he had been 
much impressed five years ago, when he visited 
it. Members would gather from the plan more 
than he could tell them, and he would there- 
fore not describe it, but he would like to make 
mention of an extraordinary operation he had wit- 
nessed there one Sunday morning. A freight engine 
had just come in with the centre driving tyre very 
slack, and he found that a gas ring had been put 
round it, and the tyre was being expanded. Little 
pieces of thin sheet metal were then inserted between 





the rim and the tyre, which was then allowed to 


cool down. Asa result the engine went out again 
within a reasonable time; the fire had not beendrawn 
from the fire-box, and the engine was out on its turn 
again in the afternoon. It was, perhaps, doubtful 
whether this practice would commend itself to 
English engineers. In conclusion Mr. Hughes said 
that in this country the lodging system for drivers 
and firemen (and with them the guards) had worked 


d| satisfactorily, and he had even had recently an 


application from the traffic department to allow 
nediodan to be admitted to these quarters on 
special occasions, when they had to sleep away. 

Mr. Aspinall said he wished at that point to 
make one or two observations, as he would like to 
hear from American friends their views on certain 
matters. Both in this country and in America 
many railway companies had to lift their engines at 
the sheds, either for a hot box or for some other 
reason. For this they used shear-legs, by means 
of which they lifted the engine up. They then 
took the pair of wheels out and examined the 
tyre, axle-box, &c. There was, he thought, a 
much better plan than this, which also had the 
advantage that it was also much better engineer- 
ing. He referred to wheel drop-pits. With an 
hydraulic wheel-drop in the engine-shed, so con- 
structed that a pair of drivers could be placed 
over it, the keeps could be slacked out as soon as 
the engine came in, and the wheels dropped at once 
below the engine. The axle-box could then be 
examined and titted up again in the course of an hour 
or two, the wheels pushed up into their place, and 
the engine could be got out again quickly without 
any trouble. That was better engineering than the 
other system, because it was preferable to drop 
3 tons of wheels than lift 30 tons of engine. He 
would hand in, for publication, photographs of 
the wheel-drops used at the engine-sheds on the 
Lancashire and Yorkshire Railway. He thought 
that, perhaps, Mr. Paget had made one statement 
which might lead to misapprehension. Mr. Paget 
had said that 25 per cent. of his engines were out 
of service. In this country, the speaker believed, 
the percentage of engines at the shops was usually 
about 10 per cent. Possibly Mr. Paget meant 
that the others, making up the 2d per cent., 
were being ‘‘ washed out,” or were detained for 
some trivial little job at the sheds. Mr. Paget had 
mentioned the use of the ‘* Hollerith”’ tabulating- 
machine ; that was an American machine used here 
with great success. In any large locomotive 
establishment drivers’ returns were received in 
large numbers ; he had, for the moment, forgotten 
how many returns were actually received at his 
office every day, but it was not less than 3000. 
These returns showed the miles run, the coal 
consumed, the oil consumed, and the time worked, 
&c. All these figures had to be tabulated. 
The process was roughly as follows :—A document 
came in covered with figures, and, according to 
these, cards were perforated at the places corre- 
sponding to these figures. The figures were repre- 
sented by holes punched in the cards. Each card 
was put in a machine not unlike a typewriter, and 
a lad looked at the figures, and by means of keys 
made the perforations in them as quickly as a type- 
writer could be worked. The cards were then 
taken to a tabulating machine, where a number of 
steel rods came down on the card, and, where there 
was a perforation, the rod passed through. Each 
rod that went through descended into a bath of 
mercury, and completed an electric circuit, by 
means of which the number represented by the 
perforation was recorded. The figures on a thousand 
of these cards could be thus tabulated very rapidly, 
and records made in pounds, shillings, and pence, 
tons of coal, gallons of oil, &c. 

With regard to engine-shed pits, an American 
paper had recently been publishing a series of 
articles on running-shed practice. ‘The author of 
these articles advocated a pit with a convex floor, 
which he could not agree to. The shape shown 
was one which would not clear itself of grease and 
water, packing would not rest on it firmly, and 
men working on it were liable to injury from their 
legs suddenly slipping apart. Another practice 
was to make the pit floor concave, but neither on 
this floor would packing rest satisfactorily, and he 
was of opinion that the proper floor was a straight 
one, sloped to one side with a gutter, covered with a 
perforated wrought-iron plate along the lower side. 

In conclusion, Mr. Aspinall wished to say that 
he considered that the height from the bottom of 
the pit to the centre of the motion should be about 
the average height of a man up to his eyes. 





Mr. J. M. Dodge (Philadelphia, Pa.) said he 
approached the subject from the point of view of a 
constructor of coaling stations, built to suit the views 
of railway men. In the United States they were far 
from having arrived at any standard of practice on 
these matters. Some idea of the variety of condi- 
tions met with was afforded by the fact that in some 
locomotive coaling stations provision was neces- 
sary for the storage of large quantities of coal— 
in some cases as much as 40,000 tons of coal, 
and in other cases there was no coal storage 
at all, reliance being placed on the almost daily 
receipt of small quantities of coal. In some cases 
the simple installation that sufficed would require 
no pit ; it would be.simply a matter of taking in coal 
and water and sand ; but in the case of the large 
40,000-ton station there would be pits and provision 
for coal, water, and sand. The general practice in 
the United States involved the use of the inclined 
trestle and overhead bin. Mention had been made 
of the advantage of plenty of room ; and, of course, 
if there were plenty of room this method was satis- 
factory. If the coaling of locomotives had to be 
done in locations where land was valuable, or 
where it was impossible to make an incline of 
600 ft., or perhaps 1000 ft., the use of mecha- 
nical appliances to fill the bins or pockets over- 
head was necessary. The balanced-bucket type 
of conveyor was largely used in the United 
States in this connection, and was exceedingly 
simple. In this case there were two buckets 
which were raised and lowered alternately. In 


‘some cases the chain-bucket type of elevator was 


used, and in others a sort of incline provided with 
either one or two travelling chains, with spreaders 
between them. As regards cost of coaling, he 
regretted that the engineers on many of the lines 
had not adopted uniformity in cost-keeping, and 
there were no absolutely reliable figures as to 
the cost of coaling the locomotives by the various 
systems and appliances of which he had spoken. 
The available figures, he thought, had been mis- 
used. One division superintendent on one road 
might compare his reports with those of another 
division superintendent on another road, though 
the items making up the cost in the two cases 
might not be identical. The result was that very 
complicated reports were obtained. The speaker 
had known cases in which the reports of the cost of 
coaling locomotives at two separate stations showed 
in one case an expense which was double that of 
the other, notwithstanding that the work was 
done by exactly the same apparatus in the two 
localities. Of course, that was ridiculous, and 
with proper care it should be impossible to get 
such greatly differing results.. Things, however, 
were improving in that respect. He might say 
that he had knowledge of an interesting experi- 
ment on the Santa Fé system, in which trial had 
been made of doing away with all such sub-titles as 
master mechanic, superintendent of bridges, and 
the engineer of maintenance, &c. There was now 
one superintendent, and every man in the division 
below him was an assistant superintendent. Under 
this arrangement the assistants consulted more 
together, instead of corresponding with each other, 
while if a man’s particular business was to look after 
bridges, and he saw a baggage-man guilty of some de- 
linquency, he had authority to correct him. Simi- 
larly, an agent in charge of a station could also be 
corrected, or could be directed to do whatever was 
right or proper by one of these assistant super- 
intendents. Speaking from observation, a group 
of men of equal intelligence, all working for the 
good of the same railway, must, he thought, acquire 
through a term of years almost equal knowledge— 
at all events, they had equal opportunities for the 
acquisition of such knowledge—and it was not 
possible to say where one man’s knowledge ended 
and another’s began. The result was that every 
man on the railroad was competent to attend to, 
say, 90 per cent. of the duties of the other, pro- 
vided they were working under the same manage- 
ment, and had the same superintendent over them. 

Mr. Henry Fowler, of Derby, said that while 
the subject under discussion was the question of 
pela the point which interested him was that 
of repairs. Mr. Paget would, no doubt, permit him 
to point out that on the Midland Railway the number 
of engines usually in the shops was 10 per cent.; the 
other 15 per cent. referred to were engines stopped 
for washing-outor somesuch purpose. Much interest 
attached to the American papers, but, unfortunately, 
they ‘had not had them in hand long enough to be 
able to criticise them effectively. One point was 
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the very large mileage per annum claimed for their 
locomotives. He believed that the Caledonian 
Railway, in some figures given in connection with 
the International Railway Congress, showed a very 
high mileage for British engines, but nothing when 
compared with the figures given at the close of 
Mr. Forsyth’s paper. He did not know whether 
Mr. Clark could say if these engines were pooled, 
or were run on a system by which one locomotive 
was kept toa set of men. Another point, which, 
in view of English practice, seemed rather strange, 
was the number of men mentioned in one paper as 
having charge of particular work. Perhaps Mr. 
Clark could say whether this was general practice, 
or applied only to places like East Altoona. 

On the question of water-softening he was 
surprised to hear the Lancashire and Yorkshire 
Railway had bad water ; he had always understood 
that on that line they had the best water in the 
world. This was becoming a more and more 
serious matter on the Midland Railway, however, 
as for some reason or other the sodium salts in the 
water seemed to be increasing. This he attributed 
to the fact that certain trade products were allowed 
to pass into the water sources more freely than 
was desirable. With regard to the stock kept for 
repairs, he felt rather envious of Mr. Hughes, 
whose furthest station was 83} miles from his head- 
quarters, and he could assure him that he followed 
with much interest his system of delivery by stores 
vans. With regard to casualties, he would say 
that on his line the casualties were, with about 
3000 engines, about fifty per month. Their records 
made him wonder whether they were as far wrong 
as was sometimes stated in continuing to use copper 
tubes. He had not seen a tube casualty reported 
since he came back from Berne on Monday last, 
though he had in that time seen eight daily reports. 

Mr. Clark had set out in his paper the costs of 
engine-house service per month perengine. A point 
that struck him was the figure given for ‘‘ inspec- 
tion.” He would like to know what the 15 cents 
there set out under ‘‘ inspection ” covered. A matter 
with which we were not so troubled in this country 
as were engineers in the United States was the 
question of stay-bolts; the use of copper stay- 
bolts was universal here, with the result that there 
were very few failures indeed. Here stay-bolts had 
not to be examined for breakage in the same way 
and with the organised system that was found 
necessary in the States. Another point of great 
interest, not only to engineers, but to all concerned 
with railway transport, was the question raised in 
one of the papers of the relation between the loco- 
motive and the traffic departments; those who 
had experience of the arrangements made on the 
Midland Railway would appreciate this. It was 
essential that the two departments should work 
together, and not endeavour, as some did, to shift 
not only the expenditure, but all the trouble, from 
one to the other. 

Mr. H. L. Gantt (New York) spoke of certain 
systems introduced in Montreal, where excellent 
work was being carried out by an Englishman, 
whose assistants were also English. The man to 
whom he referred was Mr. H. H. Vaughan, who, 
he said, was, unfortunately, unable to come over 
and read his paper before the meeting. About 
eighteen months ago the President of the Canadian 
Pacific Railway had asked Mr. Vaughan to have 
a report made on the efficiency of the repair- 
shops at Angus, Montreal. Mr. Vaughan en- 
trusted Messrs. Dodge and Day, of Philadelphia, 
with this task, and they had asked the speaker to 
join them in making the report. They had gone 
carefully over the plant, taking about a fortnight 
to do this, and had had the pleasure of reporting 
that the efficiency of the shops was quite up to 
that of other shops with which they were familiar, 
and the workmen and foremen were as capable as 
any with whom they were acquainted. They had 
been asked to criticise, and they had done so on 
general lines. They considered that while a large 
shop was being operated efficiently, and while there 
were able men in charge, the shop was too depen- 
dent on the latter, and there were no means pro- 
vided for the perpetuation of improved methods 
which from time to time might be developed by the 
workmen and the various foremen. They had re- 
ported that some of the foremen were overworked. 
It had been thought that these foremen were in- 
capable, but that was not really the case. If 
their work had been properly laid out and 
planned, they could have easily performed it. They, 
therefore, had made the proposition in the re- 





rt that a central planning department should 

established, in which all the work of the shops 
should be planned for the different departments. 
The existing planning department was, at the time, 
a very crude one, although based on the excellent 
system due to Mr. Fred. W. Taylor, who was 
present at that meeting. They had found that in 
repairing locomotives, while perhaps one set of 
wheels might be ready one day, they might not be 
those for the locomotive which was specially 
wanted out of the shops. To produce more har- 
monious working was the object of the central 
planning department. There was no time to enter 
into details, but he would say that the planning 
department was run by a young Englishman who had 
served his time at Crewe. The success attained 
had been such that Mr. Vaughan himself had told the 
speaker that he had no longer to bother about the 
repairs of his locomotives. Another element was 
that formerly there had been no provision in the 
shops for the education and training of the work- 
men; most of these were French Canadians, who 
were excellent workmen when taught, but they 
needed instruction. In their report they had 
therefore encouraged a system of investigation and 
instructors. The instructors appointed were the 
very best mechanics obtainable. They investi- 
gated the best method of performing any particular 
piece of work, and wrote out detailed instructions 
as to how this work should be performed, giving 
the exact time needed for each operation. The 
workmen were then taught how to perform these 
operations in the time set. As a compensation 
they were allowed pay, not for the time in which 
an expert could perform the work, nor for the 
time in which the latter could show them 
how to perform the work, but for 25 per cent. 
more than that amount of time. The arrange- 
ment worked well. The men got their day 
rate in all cases, and they could make more by 
the piece-rate which was offered them. The speaker 
then exhibited a typical card of instructions. On 
one side of this was a drawing of the piece to be 
made, with reference-numbers, &c., and full details 
of each operation, machine and tool used. On 
the other side of the card were details of the time 
set out for each part of the complete operation. 
The cards were distributed over the entire system, 
from Montreal to Vancouver. With them were 
issued a series of blue-prints of standard-shaped 
tools, on the system developed by Mr. Taylor ; 
also the description and capacity of each machine- 
tool at the Angus shops. The other shops would 
be invited to develop instruction-cards which might 
be even better, and there would eventually be a 
central bureau in control where records would be 
kept of the standard method of doing machine 
work, and thus the best knowledge of how to do 
any machine operation needed would be available. 

Mr. . D. Jones, of Horwich, asked Mr. 
Paget to state the depth of the pits—a figure not 
given in his diagrams. He would like to em- 
phasise the importance of the provision of wheel- 
drops in running-sheds. With those appliances 
one mechanic and a labourer could take out a 
pair of trailing-wheels from a six-coupled tender 
engine in 35 minutes, whereas with hydraulically- 
worked shear-legs 1 hour 25 minutes would pro- 
bably be occupied. Further, the leading pair of 
radial wheels from a six-coupled passenger tank- 
engine could be taken out in a quarter of an hour 
by one mechanic and his labourer. Drops were 
also very useful in dealing with hot axles, or 
replacing springs quickly in emergencies. A good 
deal could be said about the relative merits 
of round and straight sheds, but from what 
the speaker had seen of the ordinary type of 
straight shed (not double-ended) there was, he said, 
really no difficulty in working the engines in and 
out in a very economical manner. The round shed, 
however, appeared to have a slight advantage on 
the question of lighting. He would like Mr. Paget 
to explain how dead engines were dealt with in 
round sheds. The list of examinations given in the 
appendix to Mr. Paget’s paper showed a most 
— system, and he would like to ask what 
kind of a staff was employed in attending to this 
work. He imagined this staff to be considerable ; 
but if failures on the road were got over, the ex- 
pense involved might be more than saved. It 
appeared from Mr. Paget’s paper that links of 
twenty engines were sometimes arranged. That 
seemed to him a large figure, and perhaps Mr. 
Paget would say if it referred to shunting engines 
only. There could be no doubt about the advan- 





tage of allotting engines to regular drivers, as this 
resulted in better all-round efficiency. But as the 
earnings of a locomotive had to be kept up, the 
engines had to be worked as much as possible ; the 
hours of the men, on the other hand, had to be 
kept down, and the provision of relief was one of 
the most important matters for running-shed fore- 
men to attend to. The author had referred to the 
allocation of working costs. Full statistics of these 
were necessary to enable the line superinten- 
dent to put his finger at once on any fluctuation 
in expenditure. 

Mr. J. E. Sague (Albany, N.Y.), referred to his 
experience in connection with locomotive work, and 
said that he had come in contact with English prac- 
tice when locomotive superintendent of the railways 
in Jamaica. Later, at the Schenectady Works of the 
American Locomotive Company, he was connected 
with the development of American practice. He 
was there responsible for the design of locomotives 
for the Midland Railway, coming thus in contact 
with Mr. Paget, with whom he discussed the relative 
advantages of English and American designs. 
Through the heat generated by these discussions 
they arrived at a good deal of truth. Mr. Paget 
had shown that in America they had not paid 
sufficient attention to keeping locomotives on the 
road. Mr. Paget had also shown him, for instance, 
that in their traffic into London it was extremely 
important that no engine failure should occur, it 
being absolutely necessary that the trains should 
not drop out of their proper turn. More re- 
cently his work had been upon the Public Ser- 
vice Commission of New York, the functions of 
which were similar to those of the Board of 
Trade. Part of its work consisted of comparing 
the engine service on the different railways in 
the State of New York. An extraordinary dif- 
ference existed; on some railways the standard 
was extremely high and on others very low. He 
thought American engineers, while in this country, 
could not do better than inquire into the methods 
of inspection and the precautions taken here to 
prevent engine failures. These systems cost a great 
deal of money, but it should be remembered that 
engine failures on the road were among the most 
expensive matters a company had to deal with. It 
might only cost 25 dollars to execute the actual 
repair, but the true cost of the failure to the rail- 
way company from delay and inconvenience might 
amount to 2500 dollars. These expenses ought 
to be reduced as much as possible ; the methods of 
doing this could be learned from England, and 
Americans were fast learning it. As a locomotive 
designer he had learnt much from English 
practice. English designers had arrived at beauty 
of design earlier than Americans. At Liverpool he 
had noticed, on the preceding day, a locomotive 
dated 1866, which was an extraordinary age from 
an American point of view. It looked, however, 
modern according to American eyes, having many 
features in accordance with practice which they had 
just reached in the United States. In the United 
States they would be quite ashamed to use an 
American engine built in 1866, so out of date would 
the design appear. The habit of using wagon-topped 
boilers—once so highly favoured—had gradually 
been discarded for the straight boiler, in imitation 
of English practice. In considering design with 
the object of preventing engine failure, the break- 
ing-points were sometimes found, in American prac- 
tice, to be hidden. It was now thought better to 
arrange so as to keep the breaking-point where it was 
open to discovery on inspection, and the Americans 
were really copying English methods in that. 

Mr. F. H. Giark then replied briefly to the dis- 
cussion. He said that he had been interested in 
the figure Mr. Hughes had given for the cost of 
stores kept for engine repairs ; he did not remem- 
ber having seen similar figures for American roads, 
but he imagined that the cost would be somewhat 
higher. In regard to cleaning the engines, he felt 
that the English railways had, speaking generally, 
a considerable advantage. Some of the American 
roads made a good job of cleaning ; and although 
it was expensive, they felt doubtless that they got 
value for their money. The engines looked much 
better, and it was easier to detect fractures which 
might cause trouble on the road. Mr. Hughes 
appeared to have been misinformed as to the 
length of American turntables ; they had no turn- 
tables of 100 ft. long,* 80 ft. being the present 





* Mr. Forsyth’s paper descriles a turntable of 100 ft. 
diameter (see page 183, third column, line 47).—Ed. E. 
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limit. Endeavours had been made to get turn- 
tables of 85 ft. to 90 ft., but builders did not appear 
to have designs yet for turning out such tables at a 
reasonable figure. Mr. Hughes had seemed a little 
dubious as to the advantage of shimming tyres. 
The speaker suggested that he should try it, 
as he was confident it would work fairly well. 
It was not done generally in America, but it was 
occasionally necessary in order to keep engines 
running ; and they were willing to take the risk, 
seldom experiencing any trouble. Mr. Aspinall 
had discussed wheel-drops (or wheel-pits, as they 
were termed in America) ; they were now the rule 
in the United States. With regard to the number 
of engines in the shops at a time, it was their practice 
to have 10 per cent. in the shops at one time— 
sometimes a little above, generally a little below. 
He thought the convex engine-pit floor a good one, 
but since Mr. Aspinall’s remarks he thought that the 
floor he had described, with a straight slope down 
to one side, rather better. Referring to Mr. 
Fowler’s question as the cost of inspection, 15 cents 
was the cost per day—not cost per month, as stated 
in the table. [In a part of this issue the table on 
page 181 has been corrected in this sense. | 

Mr. C. W. Paget also replied to the discussion, 
and-said he could not answer off-hand Mr. Hughes’ 
question with regard to stores, but would do so 
before his reply was published in the Proceedings. 
Mr. Hughes had urged that cleaning was a good 
investment ; the speaker concurred, for the reason 
that flaws and fractures were more easily detected 
in a clean engine. With regard to Mr. Dodge’s 
remarks on supervision in running-sheds, it was 
doubtless very desirable that the old-fashioned way 
should be abandoned as far as possible, but he 
did not think that, in this country, matters were 
ripe for such interchangeability of supervision 
generally as Mr. Dodge mentioned. 

Mr. Jones had asked what was the depth of the 
pits ; they were 2 ft. 10 in. deep. With regard to 
the staff that made the examinations, this was a 
special staff, which carried out these periodical 
examinations, the ordinary inspection being left to 
the drivers, &c. Mr. Jones had also referred to 
link-working. On his line they had links of twent; 
engines in connection with goods working, as well 
as shunting. On the question of relief, he did not 
think there was the same difficulty in the United 
States as here, where the men’s hours had to be kept 
down to twelve ; it was sometimes almost impracti- 
cable there to keep to that limit. This was, generally 
speaking, part of the running shed work; but on 
the Midland Railway it was dealt with by the train- 
control department, somewhat on the lines of the 
train-despatching department in America. This 
control department knew the position of all trains, 
and eflicient relief could therefore be provided, and 
long hours prevented. Mr. Seague had referred to 
the influence of English practice on American 
design ; the speaker would like to pvint out that 
many instances would be found in English work- 
shops of the influence of American practice. 

he meeting then adjourned till Wednesday 
morning. 

In the afternoon a number of visits were made to 
works and to places of interest in the vicinity of 
Birmingham. Among these visits was one made 
to the testing-station of the Pump and Power Com- 
pany at the South Staffordshire Mond Gas (Power 
and Heating) Company at Dudley Port, Tipton ; 
the works of the Austin Motor Company; the 
Metropolitan Amalgamated Railway Carriage and 
Wagon Company, Saltley ; the Frankley filter-beds 
of the Corporation Water Works ; while excursions 
were also made to Stratford-upon-Avon, Worcester, 
Stoneleigh Park, and Kenilworth. In the evening 
a garden féte was held in the Botanical Gardens, 
Edgbaston, by invitation of the Birmingham Recep- 
tion Committee. The gardens, which are very 
extensive, had been most tastefully illuminated 
throughout, and this féte was well attended and 
most thoroughly successful, in spite of the some- 
what chilly weather conditions which, unfortu- 
nately, prevailed. 


Proceepincs ON WEDNESDAY, JULY 27. 

On Wednesday morning, the 27th inst., the 
members of both associations assembled at 10 a.m. 
in the hall of the Birmingham and Midland 
Institute for the reading and discussion of papers. 
The chair was occupied for part of the time by 
Dr. W. F. M. Goss, representing the American 
Society of Mechanical Engineers, and for the 
rest by Mr. J. A. F. Aspinall, President of the 





Institution of Mechanical Engineers. The first 

per to be taken was that by Mr. H. I. Bracken- 
ury, entitled ‘‘ High-Speed Tools and Machines 
to Fit Them.” This paper, which we reprint 
elsewhere in this issue, was followed by an in- 
teresting discussion, several of the representatives 
of American practice presenting prepared contribu- 
tions, of which we shall give a full report in our 
next issue. 

The discussion of this paper occupied a good por- 
tion of the morning, and the remaining papers rather 
suffered in consequence from lack of time. These 
papers were by Mr. J. D. Steven and by the members 
of the Committee of the American Society of Mecha- 
nical Engineers on Standards for Involute Gears. 
That by Mr. Steven was entitled ‘‘Tooth Gear- 
ing,” while the second paper was entitled ‘‘ Inter- 
changeable Involute Gearing.” Mr. Steven was 
first called upon to read his paper in abstract, after 
which Mr. W. Lewis, representing the American 
Society of Mechanical Engineers Committee, gave 
a résumé of the second, supplemented by data 
only available since the date of compilation of 
the paper. After a brief discussion, the report 
of which must, for lack of space, be deferred till 
next week, the meeting adjourned for luncheon. 
Before the adjournment, however, a list of votes of 
thanks, which it was proposed to send to the 
various individuals and bodies whose courtesy had 
added so greatly to the success of the Birmingham 
joint meeting, was submitted for approval by the 
members. We can only briefly state here that 
when the proposal was put to ‘the audience 
Professor F. k. Hutton said a few words in 
support of it on behalf of the American Society. 
In the afternoon of Wednesday visits were made 
to the Birmingham University buildings and to 
the brewery of Messrs. Mitchell and Butler. 
The closing item of the Birmingham programme 
was a reception held in the evening in the Council 
House by the Right Hon. the ‘Lord Mayor, 
Alderman W. H. Bowater, and the Lady Mayoress. 
This proved to be a pleasant and well-attended 
function, and fittingly terminated the most 
successful earlier portion of the joint summer 
meeting. 


PRocEEDINGS OF THURSDAY, JULY 28. 


Yesterday (Thursday, the 28th inst. ), the members 
of both Institutions left Birmingham in the morning 
and journeyed to London. En route visits were 
= to Coventry and Rugby, Lichtield, Kenilworth, 

Varwick, and Stratford-on-Avon. At Coventry 
visits were paid to the works of Messrs. Alfred 
Herbert and the Daimler Motor Company ; while 
at Rugby visits were paid to the shops of Messrs. 
Willans and Robinson and the British Thomson- 
Houston Company. In the evening a conver- 
sazione was held at the Institution of Mechanical 
Engineers, Storey’s Gate, which, as usual in the 
case of this Institution, proved a very popular 
function. 

Fripay, Jury 29. 


The joint meeting is continued to-day (Friday 
the 29th), members assembling in the morning at 
the Institution of Civil Engineers for the reading 
and discussion of several papers dealing with the 
electrification of railways. fi the evening the Insti- 
tution dinner is to be held, while the week’s pro- 
gramme terminates to-morrow (Saturday) with 
excursions to Windsor and Marlow. 








Tue German Navy.—The new German ironclad Posen 
attained cn her trial trips a speed of 204 knots. 

PREVENTION OF ACCIDENTS AND INDUSTRIAL INDEM- 
nity InsuRANcE.—The National Association of Manufac- 
turers, an American organisation of more than 3000 
members, among whom are included the largest industrial 
corporations in the United States, has recently taken u 
the important question of prevention of accidents on 
industrial indemnity insurance, and has sent a commission 
abroad to study methods and practices in Europe and 
Great Britain. The Commission left New York City on 
July 14 direct for Bremen. It consists of two members, 
Mr. F. C. Schwedtman, chairman of the Association’s 
Committee on Industrial Indemnity Insurance, and Mr. 
James A. rag carmenge counsel and legal adviser of 
the association. essrs. Schwedtman and Emery will 
establish their head-quarters in Berlin and London. In- 
vestigators and actuaries will be located in both places, 
and from these centres the Commission will investigate 
conditions in Bremen, Hamburg, Essen, Dortmund, 
Munich, Hanover, and Leipsic. They will also visit 
Cologne, Diisseldorf, Prague, Budapest, Brussels, Liége, 
Antwerp, Paris, Bordeaux, Amsterdam and Rotterdam, 
and London, Sheffield, Manchester, Birmingham, Liver- 
pool, and Glasgew. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 20. 

Tue falling off in the activity in pig iron has reduced 
the weekly production of Connellsville coke from 
400,226 tons two weeks ago to 350,993 tons last week, 
and the shipments from 11,950 cars for the week end- 
» uly 2, to 9600 cars for the week ending July 9. 

he movements in pig iron have been restricted to 
contracts for a few large lots for delivery during the 
coming twelve months, the Westinghouse interests 
having contracted for 12,000 tons of foundry coke, 
and another large: concern for a larger amount. The 
average price of bar iron in the Pittsburg district for 
May and June has been ascertained to be 1.463 cents., 
as against 1.475 cents for the March and April period. 
The specifications for merchant bars and for tin-plate 
are — in, and the mill capacity in both directions 
is absor for perhaps two months to come. Orders 
for tin-plate and merchant bars are placed far in 
advance; in the case of bars the contracts run over 
until June, 1911. In other lines a weakening ten- 
dency is still apparent. Sheets have been cut by the 
independents 3 dols. per ton on plain black and 4 dols. 
on corrugated galvanised and 2 dols. on painted cor- 
rugated. 

Structural material for bridges and general heavy 
construction —— at last has begun to weaken, 
because of the recent additions to manufacturin 
capacity. a billets, sheet_and tin bars, an 
Bessemer billets, have also fallen off under the general 
influences at work. All wire products are also 
fluctuating downwards in small fractions, but the 
tendency is in the wrong direction from the manufac- 
turer’s standpoint. The structural mills are running 
to 80 per cent. of capacity, and the new orders that 
are coming in are stretched over long delivery periods. 
In steel rails nothing of importance has a as 

et. Much new construction is pending. ork is 

ing pushed upon Stillwell lines, whose terminus on 
the Pacific coast is Topolobampo. The mileage to be 
constructed is 550 miles. Railroad builders are held 
in check by reasons outside of the necessity for more 
mileage. The Government is holding a still rein on 
railway management, and is standing between the 
roads and the public with reference to freight charges. 








CanapIAN Rattway Trarric.—The revenue of the 
three principal Canadian railways in the first half of this 
year was as follows :—Canadian Pacific, 43,982,000 dols. ; 
Grand Trunk, 21,656,136 dols.; Canadian Northern, 
5,955,700 dols. ; total, 71,593,836 dols. The correspond- 
ing collection in the correspondin riod of 1909 was :— 
Canadian Pacific, 35, 303,000 Sols. ; Grand Trunk, 
18,219,863 dols.; Canadian Northern, 6,401,000 dols. ; 
total, 59,973,863 dols. 


Steet Link-Betts ror ELEVATORS AND CONVEYORS.— 
The Gilbert Little Company, Limited, Bradford, inform 
us that in the manufacture of link-belts from steel bars, 
using their—the Little and White—patent process, the 
various styles of attachments are now welded to form 
the chain, instead of consisting of steel strips bent round 
the link sides. The welded attachments do not slip, 
and do not reduce the size of the link opening. 


THe Larck DuNDERLAND IRon-Mines.—The large 
Dunderland iron-mines, Norway, are, after prolonged 
stoppage, now again being worked. Last year the Dun- 
derland Company received an offer from the Krupp firm 
to try a new method for handling iron ore, which was 
controlled by the Krupp firm, and which they thought 
suitable for the Dunderland ore. A consignment of the 
ore was despatched to the Gruson works in Magdeburg, 
where the ore has been treated according to the Urich 
wet-magnetic method for faintly magnetic ores. The 
result appears to have been satisfactory, for on the basis 
of this trial the Dunderland Company has succeeded in 
raising some further capital, which has enabled the 
company to pay back a loan and start afresh. New works 
are now being erected so as to give the Urich method 
a more exhaustive trial. 


THE LATE Mr. Greorce Fiettr.—We regret to have 
to record the death, as the result of a motor-car accident, 
of Mr. George Flett, the engineer and managing director 
of Messrs. Dick, Kerr, and Co., Limited, of ton. Mr. 
Flett, along with Messrs. Ihudford Docker and J. F. Cay 
—all directors of the Metropolitan Amalgamated Rail- 
way Carriage and Railway Company—was_ returning 
from the works of the company to Birmingham in a 
Daimler car, when, in passing along one of the tho- 
roughfares, a boy ran into the road, and in order 
to avoid him the car was suddenly swerved, and mount- 
ing the kerb, was overturned. Mr. Flett was seated 
in the front along with the driver, and was thrown into 
the roadway, receiving such severe injuries that he died 
shortly after his admittance to the General Hospital 
at Birmingham. The other two occupants, who were 
inside the car, which was a covered one, were badly 
shaken, but m to extricate themselves from the 
overturned car by breaking the glass. The driver was 
not hurt. The car unfortunately struck the boy, who 
sustained @ fracture of the skull. Mr. Flett was only 
fifty-five years of age, and held a prominent position in 
the engineering world. Of his professional career we hope 
to say something next week. 
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INDUSTRIAL NOTES. 


Tue work of the Conciliation Boards for the building 
trades proves very conclusively how valuable it has 
been in preventing stoppages of work in dispute cases. 
There is a Central Board for all sections of the 
building trades— masons, bricklayers, carpenters, 
joiners, plasterers, &c. To this Board all appeals are 
sent in cases where the local centre Boards cannot 
agree. During the past year the Northern Centre 
Board dealt with eleven such cases ; of these, one was 
withdrawn, one ruled out of order, eight. were settled 
by the Centre Board, and one was referred to and 
settled by arbitration. It is stated that there was a 
marked improvement in the manner in which the cases 
were presented, and that this tended to save time and 
rendered the work easier. This is conceivable, for, after 
all, the methods adopted are as near as practicable 
those of courts of law. Samples of decisions :—In 
Liverpool the employers gave notice of a reduction in 
wages from 93d. to 9d. per hour; the operatives 
claimed an advance of a farthing per hour. This was 
gained ; wages became 10d. per hour ; hours, 47 = 
week from March to October, and 444 hours November 
to February ; on Saturdays work stops at 12.30 all 
the year round. There are details as to meal- 
times, &c. Manchester stonemasons’ employers gave 
notice of a reduction of 1d. per hour, and inc 
working hours. The Conciliation Board failed to agree ; 
the men ceased work for two days, when the matter 
was referred to arbitration. At Birkenhead the Board 
amended the rules so as to conform with those of the 
Liverpool bricklayers as to wages; overtime to be 
time and a quarter till 10 o’clock, instead of until 7.30; 
and from 10 o’clock till time of starting next day, time 
and a half. There were several cases of joiners’ dis- 
putes at Bolton, Rochdale, Blackpool, Preston, and 
Sheffield ; in the last town bricklayers were included. 
The Board settled the terms and conditions, not only as 
to wages, but as to walking time, overtime, and allow- 
ances when employed beyond the boundary covered 
by the action of the Board. 


The Report of the Labour Party and Trade Union 
Commission on Wages, Hours of Employment, Work- 
ing Conditions, and the Standard of Living in Ger- 
many has been issued by the Labour Party, under the 
title of ‘‘ Life and Labour in Germany.” It is valu- 
able as a permanent record, quite apart from the 
political aspect of the questions which led to the in- 
vestigation—i.e., Protection v. Free Trade, as a set-off 
to the delegations of the Tariff Reform e. Each 
side will draw its own conclusions as to the question 
at issue, but there still remains the more important 
matter of the relative conditions of working-class life 
in Germany as compared with those in Britain. 
Allowance must be made for national differences, 
standard of living, customary foods and drinks, 
clothing, and housing, and those subjects are not 
overlooked in the report alluded to. The method of 
presenting the report is well chosen ; it is not a series 
of individual reports, under or over the names of the 
seven respective writers, but the united report of all, 
just as if it were the final report of a Royal Commis- 
sion or a Select Committee of either House of Parlia- 
ment. There is the difference that it is based on the 
investigations of seven experts in several departments 
of industry, combined with wide knowledge and ex- 
perience of social, economical, and political conditions 
at home and abroad. Mr. J. Ramsay Macdonald, 
M.P., has published his views and conclusions in a 
series of articles in a London daily r, reprinted 
and issued as a pamphlet. The whole presents a 
striking view of life and labour in Germany. 

As regards wages, skilled mechanics earn about 
5s. 6d. per day, able-bodied labourers about 33. 6d. 
per day, the hours of work varying from 56 to 60 hours 
per week. It is said that the difference in wages 
between the skilled mechanic and the labourer is less 
than in England. With regard to unemployment, the 
figures for last year there, as here, are deplorable. The 
distress arising from lack of employment is mitigated, 
the report states, by the high degree of organisation in 
Germany, and the co-ordination between the city, the 
State, and the Imperial authorities, especially in all 
enterprises design 
nation. Then provision is made for sickness, accident, 
and old age. Moreover, the cities own large tracts of 
land, often used for the mitigation of unemployment, 
and a system of registration is in force for the very 
poor. 








The report of the Boilermakers and Iron-Shipbuilders 
again records a further improvement in trade. The 
total number of members on the funds was 7055; 
previous month, 7922—a decrease of 867. Of these 
3513 were unemployed ; previous month, 4461 ; on sick 
benefit, 1180, as compared with 1192 ; on superannua- 
tion benefit, 2362, as against 2269. The total expenses 
were 5520/. 7s. 6d.; previous month, 5389/. Os. 1d.— 
increase, 131/, 7s. 5d. New members admitted, 539 ; 
loss by deaths and arrears, 358—net increase, 181. 
Ihe superannuation levy is 1s. per quarter, which all 
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first-class members must pay, except those on super- 
annuation and sick benefit, and all except these are 
charged for monthly reports. The nominations for 
district auditors are reported this month ; recommen- 
dations are invited for the next issue, the votes to be 
taken in September. There are fifteen districts in all. 
Arrangements are being made for a further joint con- 
ference on the wages question, to consider with the 
Shipbuilding Employers’ Federation the application for 
an advance be all the shipyard members in the whole 
federated area. In the middle of June last an applica- 
tion was made for an advance of Is. per week and 5 per 
cent. on piece rates on the North-East Coast and in 
Scotland. The subject has been discussed by corre- 
spondence, and the executive hope soon to make a 
definite statement regarding it. It is noted that some 
of the members are impatient at the delay, but they 
are assured that everything possible has been done, and 
is being done, to secure the advances mentioned. The 
members are considering whether the executive shall 
consist of seven members instead of five ; the general 
opinion so far expressed appears to be in favour of 
seven, as a lesser number could not accomplish the 
requisite work. Members who are purchasing their 
houses by money lent from the superannuation fund are 
informed that in future a fine of 2s. 6d. per month will 
be imposed in cases where the monthly instalments are 
unpaid. This is done by building societies, but 
hitherto not by the union, and the arrears, it is said, 
are causing trouble and expense—hence the decision. 





The report of the Associated Blacksmiths records 
further activity in trade by a reduction of 30 on the 
unemployed list, a slight increase of membership, and 
a balance on the month’s work of income over expen- 
diture. Three additional members were placed on 
superannuation benefit. The result of the wages con- 
ference with the North-West Engineering Employers’ 
Federation was an agreement to advance wages ls. 

r week and 5 per cent. on piece rates, to date from 
Deptember 7. The men’s representatives pleaded for 
an earlier date, but the employers refused. Members 
are assured that their representatives did their best 
to get the employers to consent to an earlier date. 
However, the Scottish holidays will come between, 
so that employment will be short until after August. 
The total number employed by the members of the 
Employers’ Federation in March, 1906, was 72,358 ; 
November, 1907, 62,690; in March, of this year, 
60,276 ; which shows a shortage of 12,000 men ; the 
figures for June of this year were not ready for publi- 
cation. The three trade unions of smiths in existence 
have been negotiating for amalgamation, three represen- 
tatives of each society attending the conference. Cer- 
tain proposals were discussed and a basis was agreed 
upon, the same to be reported to the several executives 
for consideration, after which a further conference 
will be held with a view of effecting such amalgama- 
tion if the executives and members soneaiell so 
decide. This effort at amalgamation is in accordance 
with the suggestions of the General Federation of 
Trade Unions, which body deprecates independent 
small societies in the same trade, and urges amalga- 
mation, or federation, whichever may seem best i 
those concerned. 





After three days’ cessation of work the unauthorised 
and mischievous strike of the North Eastern Railway- 
men was ended on terms which can only be termed 
generous on the part of the Company. The agreement 
isas follows :—‘‘(1) All men to return to work immedi- 
ately, casual workers included. (2) No legal proceed- 
ings to be taken against the men, and no entries to be 
recorded against them in their histories. (3) The 
general manager undertakes that a number of 

ievances, which the men say exist, shall be inquired 
into ; and if the men so desire he will himself receive 
a deputation within a week, to discuss the mode 
of such inquiry. (4) The general superintendent will 
meet the shunter, Goodchild, and, if he so desires, two 
of his mates, to hear his objection to his removal from 
the East to the West end of Park Lane Yard.” It was 
this very simple matter of removal that led to the strike ; 
the men demanded the reinstatement of Goodchild at 
his original post, which the m ment refused. 
ow, one of two things is essential in all industrial 
undertakings—namely, that the management of the 
concern, firm, or company, shall be supreme in the 
matter of conducting generally the business, or that 
the employees, by their union or otherwise, shall reign 
supreme. All sensible men will at once admit that 
the latter is impossible in the very nature or things. 
There is, therefore, no alternative to the condition 
firstnamed. The officials of the A: mated Society 
of Railway Servants at once condemned the strike as 
unauthorised by the Society’s rules, and as a breach of 
the general agreement entered into by the Railway 
Companies with their employees under the auspices of 
the rd of Trade. e Railway Labour M.P.’s 
took the same view, and all declared that the terms 
agreed to by the North-Eastern Railway officials were 
generous beyond expectations. The men showed great 
reluctance to yield for some time, although they had 











placed themselves in an entirely false position ; but at 
t they accepted the terms. And so the strike ended 
after three days’ obstinate refusal. The subject is 
further dealt with in a separate article. 





Singularly enough, the disastrous strike of the Taff 
Vale men, which led to the Taff Vale case, was on 
similar grounds. There the men demanded the re- 
instatement of a signalman who had been removed 
from one post toanother. That dispute, however, was 
not settled by negotiations. Legal proceedings were 
instituted by the company ; damages were awarded ; 
the case was carried to the higher courts, and Mr. 
Justice Farwell’s judgment was upheld. The cost of 
that ease was 53,000/., and led to heavy costs in other 
similar cases. The Amalgamated Society of Railway 
Servants had also to bear the brunt of the litigation 
as to Parliamentary levies, also a costly affair, not 
only to that society, but to numerous others. One can 
hardly help thinking that the union has not been well 
advised at times of great stress, or that the members 
are not well kept in hand. The latter would appear to 
be the case in the strike of the North-Eastern Railway 
men. If trade-unionism is to hold its own it must insist 
upon discipline, as discipline is as much required in a 
trade union as in a business concern. The members are 
often unruly, obstinate, and overbearing, and only firm 
and unselfish leaders can control them, even, if need be, 
at the loss of official position, as was the case in 
consequence of the engineers’ strike on the North-East 
Coast, and also that of the Railway Servants’ Society. 

Singularly enough, some of the men of the Great 
Eastern Railway Company wished to follow the lead of 
the North-Eastern Railway men, at a meeting held 
while the short strike of the latter was still unsettled. 
The decision of the society, and the action of its 
officials and of the Parliamentary representatives at 
Newcastle, will show the Great Eastern Railway men 
that a breach of contract and action violating the 
general agreement will not be tolerated by the execu- 
tive and general council of the union. To strike on 
Bank Holiday, and so dislocate the passenger traffic, 
would be condemned by the public, as well as by the 
Great Eastern Railway Company. 





As a sequel to the strikes of the Durham miners 
against the agreement made on their behalf, by their 
own representatives and those of the mine-owners, one 
branch has had the hardihood to contest the validity 
of the agreement in a Court of Law. The Judge 
decided inst the branch by upholding the agree- 
ment, and so made ible an action for breach 
of contract against all who resisted and still resist 
acknowledgment of the agreement entered into on their 
behalf. The general secretary of the Association was 
subpeenaed as a witness—no pleasant position for the 
official. He, of course, could only support the action 
of his own executive against the branch. In reality, 
the men defeated ought to rejoice, for the decision 
upholds the validity of a collective contract on a large 
scale. It is to be hoped that proceedings for breach 
of contract will not be taken, for it would only embitter 
and prolong the strife. The men have got the Kight 
Hours Act; they must now obey it, and work under 
it, until it is repealed or amended. 





The agreement between the representatives of 
master cotton-spinners and the operatives, which had 
to be submitted to the employers generally and to the 
operatives, was ratified last week by both bodies, so 
that now peace is ensured for the next five years on 
the wages question. 








MACHINES FOR THE USE OF HIGH-SPEED 
STEELS. 
High-Speed Tools and Machines to Fit Them.* 
By H. I. Brackensury, Member, Newcastle-on-Tyne. 
Part I. 

Introduction of High-Speed Tool-Steel.—Those engineers 
who saw, at the Paris Exhibition in 1900, a lathe running 
at a high speed with a tool with its point red-hot removing 
a dark-blue chip, felt that they were witnessing the be- 

inning of a revolution in tool-steel and in machines fitted 
= its use. This revolution has now taken place, and we 
are slowly accommodating ourselves to the new régime ; 
but many changes have had to be made, not only in the 
direction of making far stiffer and more powerful ma- 
chines, but also in our views regarding the values of cer- 
tain types of machines for producing certain classes of 
work, and the grouping of machines. 

Gradual Extension of its Use.—The use of high-speed 
steel for tools has been gradually extended, the old 
temper steel having to retreat from one position to 
another. For some time high-speed steel was considered 
to be useful only for rough cutting with the tool of the 
usual lathe form. Then its use was extended to twist- 
drills with wonderful result. Again its use was con- 
sidered problematical in capstan and turret-lathes where 
high speeds with copious supplies of oil or lubricant were 
already in vogue, but now no maker of such machinery 


* Paper read at the joint meeting of the Institution of 
Mechanical Engineers and the American Society of 
Mechanical Engineers at Birmingham, July 27, 1910. 
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would advocate the use of anything but the best high- 
speed steel. Milling-cutters of a decitlgtions are made 
of high-speed steel, and although the tool-makers still 
advertise the alternative of temper steel, those who have 
had experience of the high speed milling-cutters would 
not think of ordering cutters of temper steel unless the 
cutter was only required to accomplish a small amount of 
work, in which case it would be policy to run at slower 
rates with a cheaper tool. Reamers, chisels for chipping- 
hammers, rivet-snaps for pneumatic and hydraulic rivet- 
ing devices, have all been found to give the greatest 
satisfaction when made from high-speed steel. Exam- 
ining such a list of uses, it becomes apparent that this 
steel has other properties besides that of retaining hard- 
ness at high temperatures. 

Useful Properties of High-Speed Tool-Steel.—The three 
properties of modern high-speed steel are :— 

1. The edge can be made very hard. 

2. Hardness retained up to a high temperature. 

3. Toughness. 

These are the properties which make the steel so univer- 
sally useful, but when high-speed steel was first introduced 
it had only the property of retaining its hardness up to a 
high temperature. Much has been written about high- 
speed tools, their composition, highest cutting speeds, 
power absorbed for various cuts, &c., by such competent 
authorities as Mr. F. W. Taylor, Dr. J. T. Nicolson, Mr. 
J. M. Gledhill, and others, and it therefore seemed better 
to the author of this Paper to treat rather of worksho 
conclusions than to examine further into matters whic 
have been so ably dealt with by the writers named. 

Classes of High-Speed Tool-Stecl.—There are a few points 
which should be stated at the outset. There are three 
classes of high-speed tool-steel, which will be called in 
this paper 

Class A.—F¥For cutting mild and medium steel. 

Class B.—¥or cutting hard steel, such as tyres, &c. 

Cliss C.—For cutting very hard steel, and for use in 
cases where a sharp and lasting cutting-edge is required ; 
especially useful in cases where deep cuts with fine feeds 
are used. 

Power Required to Remove Matcrial.—More power is 
required to remove a thin wide chip than a chip of 
double the thickness and half the width—that is, to 
remove a chip 1 in. wide with a feed of jg in. requires 
more power than to remove a chip 4 in. wide with a feed 
of Ain. This is less noticeable with tools with sharp edges. 
Tools with blunt cutting-angles require more power than 
tools with sharp cutting-angles to remove the same 
amount of material, the objection to sharp cutting-angles 
being that the edge is apt to break. 

The total power u for a given cut, including the 
power absorbed by friction in the machine, increases at a 
smaller ratio than the increase in cutting speed—in other 
words, less horse-power is used per pound of material 
removed at high speeds than is used at low speeds. This 
is only true up to a certain point. 

Difficulty of Laying Dowa Rules for Cutting Speeds.— 
Figures of the speeds and feeds and depths of cuts which 
can be taken with lathe-tools of high-speed steel under 
ideal conditions are interesting, and are very useful in 
showing in what direction we should modify our old 
methods and design new machines, and to what perfection 
we should strive; but the author does not think these 
figures are of much use as a guide to what is actually 
performed in the general run of workshops. There are 
so many variations in the actual conditions that, without 
a careful study of each class of case, it is difficult to say 
what is the best rate to cut at. Mr. Taylor, in his most 
valuable work, ‘‘The Art of Cutting Metals,” gives 
twelve variable elements, but even this number does not 
cover the whole ground, and such questions specially arise 
where one man works several machines, and where several 
tools are cutting simultaneously. Thus, on certain work, 
where there is a large amount of repetition, it has been 
found possible to employ to advantage lathes with two 
saddles and three rests to turn work from 3 ft. to 4 ft. 
long. As one man looks after two of these lathes, he has 
to keep six tools at work on very hard steel. It is quite 
evident that under these circumstances it is important 
that the tools should not require changing often, as this 
would cause the lathe to be idle for a portion of the time, 
and too much of the workman’s energy would be used up 
in changing the tools and setting in the cuts. One of the 
a vasa of the use of eee steel in the above 
case is that the tools wil! generally run for the day with- 
out requiring to be ground. This work could be doneat 
higher cutting speeds using one tocl and grinding more 
frequently ; the result would be more effective to watch, 
but less satisfactory to pay for. 

Cutting Angle.—Regarding the question of cutting 
angles, careful experiments have shown that the sharper 
the angle is the less the amount of power required to 
remove a given amount of material the feed and depth 
of cut remaining constant. On the other hand, the sharper 
the angle is the more likely is the cutting-edge to 
crumble or break, and the smaller is the body of steel to 
conduct away the heat generatod by cutting. In no well- 
regulated machine-shop do the workmen grind the tools 
they use; grinding-machines with trained operators are 
now almost universally employed for this purpose. 

Value of Standard Anyles.—The importance of working 
tostandard angles is obvious, and the fewer the standards 
the better, so long as the loss in cutting efficiency is not 
greater than the gain in grinding and forging tools to a 
small number of srendnnde, The question of what stan- 
dards are required must on the variety of work 
and material and quality of machines in a shop. The 
author strongly deprecates becoming aslave to standards 
when many variables are involved, and feels that it should 
be the duty of a capable shop-manager or foreman to ex- 
periment with tools of various cutting angles when he has 
@ suitable run of work; 





Importance of Changing Angles as oa of Tool-Steel 
Improves.—High-s) steel has improved in the past 
few years, and will probably —— in the future, and 
with these improvements we find the cutting-edge re- 
mains sharper for a longer time, and the cutting-angles 
may be made more acute. Asan instance, when turning 
axles at the most convenient feed and speed and depth of 
cut, the belt failed to drive the lathe when using the 
standard round-nose tool. A tool was ground with a 
smaller radius on the nose, a straighter cutting-edge, 
anda sharper angle ; the belt was found to have sufficient 
power to drive the lathe with the full depth of cut when 
this tool was used, and the tool was adopted as the stan- 
dard for this particular work. The reasons for the above 
are: (a) The cutting length of the tool was diminished, 
less power being required to take a thick narrow chip 
than a thin wide chip; (b) the sharper angle presents 
less resistance to the chip after it is sheared from the 
body of the material.’ Such a tool would not have been 
suitable for the general practice of the shop where heavy 
feeds are used. 


Fie. 


75 tons, which is about 25 per cent. less than results given 
with tools of which the cutting-angles range from 65 deg. 
to 70 deg.; part of this reduction was probably due to the 
keen cutting-edge which this special high-speed steel 
maintains. The whole of the tests worked out as follows, 
omitting one exceptional case :— 





" : 
Pounds per Pounds per 
Minute Ilorse-Power 
Removed. Minute. 


Horse- 


+ 
Tests. Power. 





Tests made 1909 :— 
Highest figure 
Lowest figure... oe 

Manchester Experiments, 

1903 : — 
Highest figure 
Lowest figure 


0.52 
0.33 


0.49 
0.32 





The 1903 figures represent net horse-power at the tool, 
but the 1909 figures iaclude all losses in the machine. 
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EXAMPLES OF Work RovuGH-TuRNED ON LATHES OVER TwENTY YEARS OLD. 


Article. Material. 


SampLe Jor. 





Shafts 
for 
motor 
generators 


Forge 
Steel 














Middle 
extension 
shaft for 
balancer 








Apprentice Labour. 


Feeds 
kevolutions 


Wages ae 
Rate. REMA4KS, 


| + Bonus. 





. = d. = 


From 
| 1 hour to 
14 hours 


2h. 
per 
hour. 


From 
2.8 to 4.2 | 


Parallel forging; num- 
ber of diameters vary. 





Over 1 in. of material 
to turn off all over. 





Ditto | 34 Lours 








Connecling- 
od 




















Spindle Ditto | 











Excessive amount of 


Ditto | 4} hours | material to turn off. 





|Rough-turn close to 
finished sizes and 
finish ends. 





Rough-turn for grind- 
ing ; 0.03 in. Teft on. 


1 heur 


Ditto 40 min. 











Vertical 
shaft 


| 
| 
| 
| 
| 
| 
| 





' 
2° Ditto 

















Engine | : 
Axle Ditto 





1 
He 
‘ 

Hid 
\ 


fap 
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} 
= ) 
ie oer 














| 


1 hour 


Litto 20 min. |Rough-turn all over. 





\Forging practically 
ied parallel ; rough-turn 
28 and face ens. 


5 hours 


Ditto 40 min 





The following are the i 
interesting as showing what use can be made of high- 
speed steel even in an old machine, a question which will 
be dealt with further on :— 


Machine. | Age. Material. 


Lathe, 15-in. 
centre 





Over 30 years Axle steel.—Breaking 38 tons 
per square inch. Elongation 
24 per cent. 


Tool No. 1.—Clearance, 5 deg.; side slope, 13 deg.; cutting 
angle, 72 deg. i 

‘ool No. 2.—Clearance, 5 deg-; side slope, 25 deg.; cutting 
angle, 60 deg. 

Speed, 52 ft.; feed, yy in. ; depth of cut, § in. 

Cubic inches per minute removed, 19.5. 

Pounds per minute removed, 5.5. 

Use of High-Speed Tool-Steel on Turret Lathes.—On 
turret lathes the highest class of high-speed steel is now 
largely used, and tools with a very sharp cutting-angle are 
employed. A test, carried out at the works of Messrs. 
Al =| Herbert, gave the following result :— 


Reducing a Mild-Steel Bar from 14 In. to } In. Diameter 
at One . 





Weight 
. a pes 
Fi er 
Minute. Minute. 
Ib. 
0.753 


-q Cutting Feed 
Revs. 8 | Per 


Feet Per Revolu- 
Minute. tion. 


Feed 
r 
Minute. 





Carbon steel -.| 140 58.5 | 0.0134 2.01 
Class C,.— Special 
high-speed steel’ 470 185 005 23.5 8.8125 


angle 





Tool clearance angle 7deg. Side slope 35deg. Cutting 
48 deg. 


Economy in Power.—The pressure of the chip on the 
tool in tons per square inch, cutting on steel of a tensile 
strength of 25 tons and 44 per cent. elongation, was 


rticulars of the case, and are | 


T wist-Drills.—Perhaps the most striking instance of the 
value of high-speed steel is given by the use of twist- 
drills. The improvement obtained by the use of this 
steel for drills is more easily grasped than in the case of 
turning tools, as there are far fewer variables. Given 
sufficient power, a high-speed drill does three times the 
amount of work and as less frequently 
than the temper-steel drills. e author is not one to 
advocate the policy of scrapping all old material, but in 
the case of twist-drills, where any quantity of work is 
required to be done on steel, he advises the use of nothing 
but high-speed steel drills. In the Appendix is oe a 
table of ordinary practice with both temper and high- 
speed twist-drills, and no minute inspection is required 
to detect the superiority of the latter (see Table I., page 
177). One instance is given there—namely, a drill } in. 
in diameter passing through a cast-iron block 2) in. 
thick in 8 seconds, which is equal to a travel of 18f in. a 
minute. 

Ss does not permit, nor is it necessary, to extol the 
further uses of high-speed tools, but some figures of actual 
performance are given in the Appendix (see Table I1., 

e 177). 

Pull , not yet taken of High-Speed Tool-Stec!. 
—Although considerable use is made of high-speed steel 
in engineering workshops, the author ventures to sa) 
that, generally, full advantage is not taken of its cutting 

wers. Certainly speeds have been greatly increased, 

ut they have not been increased in the proportion 
| warranted. No doubt valuable economy has been effecte«! 
by the increased speeds, and the length of time tools 
run without the need of grinding. We should not 
content ourselves with these results, but strive to use 
to the full the powers which the steel-makers have put 
in our hands. ‘ 

Savings which can be Made.—The author thinks that, 
although the rapidity kp ener with high-speed tools 
has been well emphasised during the last few years, }1)- 
sufficient attention has been given to the accompany!!; 
savings. Where full use is made of modern machiner) 
the production; in so far as roughing-out goes, 18 three 
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times what it was under the old conditions. This means 
that only one-third the number of machines, one-third the 
amount of space, one-third the number of operators, one- 
third the amount of shafting, and about one-half the 
amount of supervision, are required to produce the same 
amount of work. Further, although the power required 
to drive machines capable of making idl ee of high- 
speed steel is very large, the power absorbed for each 
pound of metal removed is less for high-speed than for 
low-speed machines. 

Machines for Roughing-Out.—There is, in the author’s 
opinion, only one way in which the full saving may be 
made, and that is by setting aside certain machines for 
roughing, and roughing only. It is quite unnecessary to 
replace all or even many of the old machines, which have 
quite enough power to carry the finishing cuts at good 


The mrecer | are some examples of increases in horse- 
power provided : — 


Turret lathe for 2}-in. bars increased from 2h.-p. to 10 h.-p. 
4 


Lathe, 6-in. centre - 1 pa 
= a - 2h * 10 
oo oe 99 ” 5 se Do , 
so = —- 20 a 6 , 
— a od 30 — a 
Slotting-machine, 12-in. stroke __,, 9 - 15 


Special cases of high power are : 

12-in. centre lathe, Fig. 2, on this page, 50 h.-p. 

18 ” ” 

The 18-in. centre lathe took a test cut on steel 14 in. 

deep with a }-in. feed, at a cutting speed of 28 ft. per 

minute, the consumption of power being upwards of 
80 horse-power. 


Fig. 3, on this page, 60 ,, 


machine may be economical when it can be employed on a 
continual run of work requiring such cuts, but would be a 
serious charge when employed on lighter cuts. In the 
desire for rapid production from machines we must be 
careful not to overlook the consideration of the cost of 
power and value of material cut to waste in cases where 
the work could be made nearer to the size in a more 
economical way. The fact that by the use of high- 
speed machines a ton of cuttings can be made at a 
labour cost of 8d. must not make us forget that some- 
one has to pay for a ton of material and 7s. or 8s, 
for power. 

Laws Regarding Limit of Weight and Power of 
Machines.—It is impossible to lay down any law regard- 
ing the limiting point of the weight and power of 
machines, as the variables, which enter into consideration, 








Fig. 2. 





12-In. Centre Latue with 50-Horse-Power Moror. 
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speeds, nor is it desirable to use either the same class of 
machinery or labour for roughing-out as for finishing. 

Use of Old Machincs for High Speed.—There are a 
number of workshops where there is not the inclination | 
nor, owing to trade depression, the capital to buy many 
new machines. In such cases much may be done by 
making a judicious selection of the heaviest of the existing 
machines and increasing their belt speed, so that high 
speeds may be run with the back gear in. In ome | 
instances the cones have been removed and replaced by 
wide pulleys, speed changes being provided for means | 
of sliding gears. Fortunately, the English machine- | 
builders of the past did not hesitate to put plenty of | 
weight into their machines, so that, by increasing the 
driving power, excellent results may be obtained, but it | 
is generally necessary to fit new gears. Fig. 1, on the 
opposite page, shows an account of work produced by 
the above method by machines over twenty years old. 





GENERAL REMARKS ON MACHINES FIT FoR THE USE OF | 
HicH-Spkep STkEL. 

Power which may be Employed Depends on Stiffncss of | 
Work, and not on Size of Machine.—An idea of the 
saving in cutting-time effected by the use of high-speed 
el can be gathered by a comparison of the power allowed 
or machines designed before and after its introduction. 
ngineers have also grasped the fact that the power 
hich may be usefully employed depends upon the 
tiffness of the work, and not on the height of centres in 
e case of lathes, or the length of stroke, &c., in the case 
f other machines. Thus we find instances of 12-in. centre 
hes designed to use 50 horse-power, which is about ten 
ues as much power as was allowed for prior to the 
e of high sp2ed tools. This increase in power must be 

yunted for by a desire for increased depths of cut and 

is as well as increased speeds. There is no doubt that 
interest awakened by the introduction of high-speed 
l-steel has called so much attention to the subject of 
ughing-out work that many improvements have lately 
en made which might have been made in earlier times. | 
e author well remembers cases where recourse was | 
had to putting three belts, one on the top of the other, to 
increase the very limited belt-power of some lathes. | 


PART II. 
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Fig.4. TOTAL COST OF MACHINING A JOB. 
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Limit of Power Applied.—There seems to be no finality 
as to the amount of power which can be applied to a 
machine. We find a milling-machine described as capable 
of removing 1400 lb. of steel per hour, which would entail 
a consumption of not less than 92 horse-power. Such a 








18-In, Cenrre LatHe with 60-Horse-Power Moror. 


are so numerous. There are, however, three prinzipal 
governing factors—namely : 

1. The length of time the machine will be {used for 
heavy cutting. 

2. The length of time the machine will be used for 
light cutting. 

3. The length of time the machine’will be at rest. 

During (1) the machine is used efficiently ; during (2) 
more is being paid for power and capital charges than if 
a lighter machine were used ; during (3) more is paid for 
charges than in the case of a lighter machine. 

These considerations evidently point to the importance 
of using heavy machines for souniinn only, but there are 
many cases where this cannot be done. Take, for instance, 
the case of a drilling-machine which is generally employed 
to drill and ream holes of an inch in diameter, but occa- 
sionally has to drill holes 3in. in diameter. In such a 
case it would be a mistake to install a machine capable of 
drilling the 3-in. holes at a quick rate, as the propor- 


Explanation of Fig. 4. 
: : : 1+ 
Roughing time is taken arbitrarily to be 0.2 (“C’) hours 


where C = cost of machine in £. 


Machine charge shillings per hour. 

1000 

Wages = 8d. per hour. 

Setting-up and finishing time = 14 hours on any machine, 


Setting-Up and 


Roughing Cost. Finishing Cost. 











Cost of 
Machine. Total 
Machine. Man. Machine. Man. 
£ d. d. d. d. d. 
200 5.4 17.9 3.6 12 88.9 
400 3.8 6.3 7.2 12 29.3 
450 3.6 5.3 8.1 12 29 
600 3.1 3.4 10.8 12 29.3 
800 2.7 2.2 14.4 12 31.3 
1000 2.4 1.6 18 12 of 


tion of standing to working time is very large for a drilling. 
machine, and the time during which the machine would 
be employed at its full power would be very small, Some 
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attempt has been made by means of the curves (see Fig. 4) 
to show the tendencies of these various factors ; but, of 
course, each case must be taken on its own merits. In the 


case shown by the curves, the most economical results are | 


given by a machine costing between 400/. and 600/., but 
Fig.5. 


ONE TOOL. SFEEDS PER INCH -2 DEPTH OF CUT, 


POWER TEST OF LATHE. 


It is of great importance to cut the teeth of gear- 
wheels to a considerable degree of accuracy. Some idea | the pitch or form of the teet 
of what vibration may be set up by inaccurate teeth is 

instance :—Two teeth having | hardened. The author has seen the teeth of a cast-iron 
eel on a large (lathe, they were | worm-wheel 7 ft. in diameter almost entirely worn away 


ase by the oe | 
ken out of a gear-w 


Fig.6. 


DIA.CUT 55-7. 


| vibration may be set up b 


te very slight inaccuracy in 


orm and worm-wheels should never be used unless 


POWER TEST OF LATHE. 
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Fig. 7. POWER WAVES DUE TO BAD CEAR-WHEELS. 
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Seconds. 
if the finishing and setting times were reduced, a higher- 
priced machine would be more economical. 

Objections to Stepped Cone.—The stepped cone is rapidly 
becoming obsolete, except in the case of small machines, 
The obvious disadvantages of this method of changing 
speed are the trouble, and, in the case of boys, the danger 
af Gvevien a heavy high-speed belt from one step to 
another and the variation in power available from the 
different belt speeds (see Table TIL, page 178). 

Speed changes are provided for by means of sliding 
gears in the case of medium-sized machines and variable- 
speed motors in the case of larger machines. Such motors, 
worked on the direct-current three-wire system, give a 
large range of speed which is excellent, but it is well to 
notice that at certain speeds with light cuts the efficiency 
of motor and machine may be far from good. Curves on 
Figs. 5 and 6 show the electrical horse-power at various 
speeds for a large lathe, the feed and depth of cut, about 
0.2 in. by 0:2 in. on 40-ton tensile phe (a light cut for 
this lathe), remaining constant for each set of curves. It 
will be noticed that there is a drop in efficiency at the 
change from the low voltage to the high voltage, and an 
extraordinary gain in efficiency when a change is made 
from the high voltage and high gear ratio to the low 
voltage and low gear ratio, the result being that practi- 
cally the same amount of power has to be paid for at 
cutting speeds of 18 ft. and 33 ft. per minute. The motor 
was rated at 40 horse-power on the high voltage, so that 
in one case the motor was giving from 50 to 75 per cent. 
of the full load and in the other case from 25 to 35 per 
cent. of the full load. The teeth for the drive on the 
chuck were cast, and not cut, and the lathe was an old one, 
but in good condition. The curves show what losses of 
power may take place in a lathe which is apparently per- 
fectly satisfactory. 

It appears from the above that heavy lathes which are 
required to do both light and heavy turning should have 
the gear ratio arranged so that the full range of speed 
may be obtained from eithe= voltage, and that builders 
of such heavy machines should give the total efficiency 
of the lathe and motor at various speeds and loads. No 
engineer would purchase a power-generating plant with- 
out obtaining a guarantee of its efficiency at various loads, 
and there seems to be no reason why less care should be 
given to the efficiency of plant using the power. It is 
true that the expenditure on power is in most cases only 
asmall portion of the total expenditure, but when the 
total expenditure is large, the small portion becomes 
quite large enough to trouble about. 

Helical Gears.—The gears which are always in mesh 
should have helical teeth to ensure quiet and smooth 
running, and to prevent chatter. The pinions should be 
hardened, and, of course, all wheels should be made either 


15 20 25 30 
Cutting Speed - Feet Per Mun. 





of forged steel or steel castings. 
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Worm-WHEEL DestROYED BY THE Use or HieH-Speep STEEL. 


Fig.9. ROUGHING LATHE. BUILT 1899. 
75 Revs.Belt Speed 356Ft.per Minute. 


Width of Belt 


mee 639 4 


‘at 100Lbs. per Inch~ 52. 


Z 3 ¢ § § 





Fig. 10. ROUGHING 


350 Revs. 2187 Ft. 
Width 


re) re) 
14% Centres 


(seo ») 


replaced as a temporary measure by pegs filed to shape 
according to the usual millwright method. The result 
was apparently satisfactory on low speeds, but a ver 
unpleasant vibration was set up at higher s 

diagram plotted from the movement of the ammeter 
needle (Fig. 7) showed a considerable wave of current at 
low speeds. This wave took place after the peg-teeth 
had passed out of gear, and was evidently due to the 
power required to regain velocity which had been lost 
when the peg-teeth were in gear. Anyone who has had 
to cut gears for motor-cars knows how much noise and 





LATHE. BUILT 1910. 


Le Mie Oe Settle 


of Belt 6 at 100Lbs. per lh 


in a few days; the introduction of high-aqeet steel lias 
meant the replacing of many worm and worm-whel 
drives by spur-gear drives (Fig. 8). 

All feed arrangements must be amply strong, 4 
certain cases the side pressure is equal to the vertics! 
pressure on the tool. 


i 


PART III “ a 

Lathes Especially for Roughing. — Very werfu 
machines are now built for taking heavy cuts. The be!s 
are made very wide, to give ample support and bear'nz 
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surface for the saddle, and the spindles are made of what 
appears to be excessive strength, but it is most important 
to have ample bearing surface and an absolutely rigid | 
spindle to prevent chatter. A general rule is te make | 
the diameter of the front bearing half the height of the | 
centre. 


Thus, a 6-in. centre lathe would have a 3-in. front | 


bearing. , ; 
A 12-in. centre lathe would have a 6-in. front bearing. 
14-in. oe oo ‘is 7-in. i 


There should always be a hole through the spindle, as 
this is required for the bolt for drawing up expanding 
chucks or for supporting the end of a boring-bar. 

The tail-stock should be very massive and clamped to | 
the bed by two bolts in the case of the smaller sizes, and | 
three bolts for larger sizes; the diameter of the barrel 
should be one-third the height of centres. 


of the tests of the lathe being to screw up the back centre 
with a lever 4 ft. long with a pull of 560 1b. at the end. 
The driving pulley was turned round by hand with ease 
when the resulting pressure was on the spindle. Two 
saddles and three rests are provided, each saddle having 
its own lead screw, so that one saddle can be runin a 
different direction and feed to the other. The nuts, 9in. | 
long, are of cast iron. It is interesting to read in the 
specification of the lathes built in 1899 that they have 
been designed on exceptionally powerful lines to permit 
of very heavy cuts being taken. 

Fig. 11, below, illustrates a lathe for turning straight 
axles up to 12in. in diameter, and on the test with two tools, 
each cut 2 in. deep } in. feed at 50 ft. per minute cutting 
speed, on 35-ton steel, with a motor of 36 horse-power. 

One maker of lathes provides an arrangement of ex- 
panding cones with a belt driving by its bevelled edges, 
and by this means any speed between the highest and 





verted to cut with we steel ; this lathe has since 
been arranged with a direct motor-drive. When the 
author last saw the machine it was turning bolts 8 in. in 
diameter, depth of cut 4in., feed yy in., cutting speed 
300 ft. per minute, removing 56 cubic inches of steel per 
minute. A similar lathe was turning a shaft, the depth 
of cut being §in., feed 4 in., and the cutting speed 80 ft. 
per minute, removing 75 cubic inches of steel a minute. 
These are two examples of what may be done with old 
machines. 

Turret Lathes.—Turret lathes have been greatly 
strengthened, and one capable of dealing with a bar up to 
2} in. in diameter can reduce a bar from 2} in. to lin. in 
diameter at a traverse of 11 in. per minute with an 
expenditure of 20.7 horse-power, when using the latest 
form of high-speed tool steel (Class C). The ordinary 
steadies were found quite useless at this high duty, and a 
roller steady has been introduced with excellent results. 











Fie. 11. Larue ror TuRNING STRAIGHT AXLEs. 





























Fic. 12. 


TaBLe I.—Details of High-Speed Steels. Twist-Drilis. 
Drilling on ordinary grades of mild steel and cast iron, using 
Class ‘‘A” high-speed steel and ordinary tool steel. 
































Size | Cutting | Revolu- Feed Feed in 
Twist-Drills y Speed. tions per Inches 
” | prin. | Feet per per Revolu- per 
"| Minute. | Minute. tion. Minute. 
in. | in. 
High-speed s | 95 720 0.0097 7 
Ordinary. 4 42 320 0.0062 2 
High-speed . ? 100 510 0.0111 5.65 
Ordinary . 3 40.5 205 0.008 1.64 
High-speed . 1 104 400 0.0125 5 
Ordinary 1 38 145 0.01 1.45 
ee of of 98 250 0.014 3.5 
Ordinary +*..| 1} 27.5 70 0.0119 0.84 
High-speed .. 3 95 120 0.0166 2 
Ordinary 3 27.5 35 0.0127 0.445 
! 





Class B.—The life of the drill would be 50 per cent. onger at 
the same speeds and feeds. 

Class C.—The life of the drill would be 100 per cent. longer at 
the same feeds and speeds. 


Figs. 9 and 10, opposite, show plans of a 124-in. lathe 
made in 1899, and of a 14}-in. lathe made in 1910 to replace 
the former lathe for roughing purposes. This lathe was 
Guigees for turning nickel-chrome steel and to stand very 
rough usage, and was therefore made as simple as possible 
with the further advantage of being inex ive. The 
thrust on the spindle was taken up by a ball-bearing, one 


Tasie I1.—Particulars of Cutting with Turning Tools 
of Class B Steels. 


























5 | 
eg | a |\|%s rs 2 | Time Cutting in 
y ial. 5 2e 35s & | Minutes Before 
faterial 3 2 I$ s a5 2 = the Tool Gave 
6” le=| AS | ae Out. 
ift. per) in Ib. per 
| min. | min. 
Hardsteel C. 6, Mn64| 80 12| 1.2 169 
Old hard railway/\4, | ¢ 4 9.3 { Twotools finished 
tyres j . P 10 pairs of tyres 
Medium cast iron aan on 
cutting on scale ..| }70 ;* ‘ 3.6 76 
Steel shaft C. 24, Pail 1 ° ° 
can 8a ps0 | 6| 4 | « 128 
limit 
of 
| drive 
Steel, 30-ton tensile) 250 | 40 1 10.4) \Same tool used 
Ditto | 300 | 40 6.3 for 3tests. Final 
Ditto | 300 | 40 4 10.5 condition good. 
Ditto | 300 32 it 15.6 
40-ton tensile eal, ae | 4 } | 7} tons |82 hours 
| in 82 
hours 








lowest can be obtained. When applied to a cutting- 
off machine, arrangements are made so that the s 
automatically increases as the diameter being cut 
jimini 





hes. 
Fig. 12 shows a lathe built in pre-high-speed days con- 


Pre-Hicu-Sreep LatHE CONVERTED TO HicH SpreEp. 


Tasie L1.—(continued).—Miulling-Cutters. 


Class A for cutting the mild steel. 
Class B for cutting the semi-hard. 


Cutting | Feed. 





. Depth 
Material. Size of Cutter. Feet ver c—% = 
Minute. Minute. one 
in. 
Mild steel 9 in. in diameter by 118 2.5 1 
22 in. long 
” 8 in. in diameter by 65 10.3 } 
8 in. long 
oc d 65 6.2 4 
a mm as 65 4.25 1 
Semi-hard 3 in. in diameter by 75 7 : 
§ in. long 
oe 4} in. in diameter by 4 4 Ys 
10 in. long 


Such a machine fitted with a roller steady averages an 
output at least 33 per cent. greater than the output of the 
older machines designed for the use of —z high- 
speed steel, and at least 100 per cent. more than the 
pre-high-speed tool machines, so that the extra cost of 
the modern machines is small compared to the saving. 
Of course, such cuts as given above are not often ioe, 
so that a provision of 10 horse-power is quit® sufficient 
for all ordinary purposes. Taking the production from 
one of machines built in 1900 as the unit, the 





following figures are obtained, and these are elaborated 
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TABLE IV.—Turee Turret Latues; Comparison or Costs. 























a 
~ 
to Cost of Cost of Tool . Floor Space, Charges, ice 3S Grand Total. 
Price of S = Wages. 2500 Steel for 2500 . cwghee yl Roof, &c., at | Floor Space 25 eo Wages, Tool- 
Machine. 5 & Hours at 7d. Hours. 2 Lb. pet 61. a Square atl0 Per Paes 5 Steel Charges, 
2 3 per Hour. | per 50 Hours. ‘ Yard. Cent. ae. = and Power. 
=e 
a: fee a 
s¢ 35 a a ~ 3 sé c see Se 
4 oh a oe: Ae. Cee we i. | » EOI Ee | 
=e :2 oo 2 = 2e Zt 2 ra a) — 
 'Beig*| 318 |e, 3S 188' 8 Bs | 22) 8 BB Soeies| § | 3 
a) 2 elon) «| lee & lel & leet 1 oe | |S eee se lS 
Gie ££" £2" £16 |2* &€ E€*' 6 (€"' 8 | €* | C la=*8" | C a 
£ Z£esif€ £s 2i¢ea £24/48'6 8/8 6 £ £ 2a €é6. @e' €820/)8€6 
1900 230 230 6 23 0 23 (| 73 $73 0 2 10 210 7510 |7510 36 36 312 312 0 8 10 8 11210 11210 
at 6d. 
190 270 180 (, 27 OF 13 © 73 W138 6 5 4 3 79 5 |52 16 36 24 312 2 8 1612:10 8 125 9; 812 
at Is. 3d. 
1910 325 162 10) 3210/16 £| 73 (3610 12 10 6 5 8510 4215 36 18 312 116 2016 10 8 142 8| 71 4 
at 2s. 6d 


Propvuctioy :—1900 Machine, 1.0. 


each side of the spindle, so that there is no twisting move- 
ment round the horizontal axis of the jib. Change speed 
gear-boxes or variable-speed motors are generally pro- 
vided, allowing from 12 to 15 horse-power for the larger 
sizes. Such machines are capable of drilling inch holes at 


arate of travel of 5 in. a minute, and to drill 100 inch- | 


holes in an hour through plates 1in. in thickness is 
ordinary practice. 

Really fast drilling cannot be done on old jib drilling- 
machines, as the jibs spring and twist, causing the drills 
to break, and in many cases the arrangement for feeding 
and withdrawing the spindle are most unsatisfactory, but 
high-speed drills can still be used to considerable advan- 
tage in some of the Lest makes of pre-high-speed drilling- 
machines by increasing the belt speed. But running the 
drill at a high speed and a fine feed entails considerable 
loss of power. “ 

Milling - Machincs.—The power allowed for milling- 
machines has been greatly increased within the last few 
years, but it is very doubtful if milling-machines should 

e used, except in spec’al cases, for heavy roughing work, 
as the power required to remove material with the milling 
cutter is very large as compared to tools of a lathe type. 
The milling cutter may be compared toa lathe-tool with 
a very long cutting age removing a thin wide chip, 
which, as has already been seen, requires far more power 
than a tool with a short cutting-edge removing a thin 
narrow chip. The actual consumption of power to 
remove a pound of material with a milling cutter is about 
double that required by a lathe-tool. i 

Planing-Machines.—A great advance has been made in 
the cutting speed of planing-machines, and naturally with 
the increase in cutting speed came a desire for a quicker 
return stroke. Heavy planing-machines now have a 
return-stroke speed of 90 ft. per minute, and lighter 
machines are made with a return stroke up to 180 ft. per 
minute, the shock at the reverse being absorbed by recoil 
springs. Various devices are now made which can be 
fitted to pre-high-speed planing-machines, by means of 
which the above results may be obtained at a moderate 
expenditure of money, and the results are most satis- 
factory. It seems a pity that more use has not been 
made of the arrangement fitted to the planing-machines 
designed by Sir Joseph Whitworth for cutting on both 
strokes; certainly for roughing out this is very economical. 





HANDLING ENGINES.* 
By H. H. VaucuHan, Montreal, Canada. 

Tue desirability of pooling engines in place of operating 
them by regularly assigned crews depends, in the writer's 
opinion, on whether the engines are engaged in passenger 
or freight service, and in the latter case, on the conditions 
which exist. 

PASSENGER SERVICE. 

Where traffic conditions admit of the engine making 
greater mileage than can properly be run by one crew, 
two crews assigned to one engine, or three crews to two 
engines, will enable the engine to make as great a mileage 
as is desirable. On account of the comparatively short 
time occupied from terminal to terminal, the crews can 
usually make a round trip without holding the engine 
longer than is required to handle it and prepare it for the 
return trip or to await its train. By using more than one 
crew to the engine, it is theoretically available on its 
return just as soon as though it were pooled. In practice, 
unless pooling is carried to the extent of sending out any 
engine on any train, certain engines are regularly used on 
certain trains or groups of trains, and it is comparatively 
easy toarrange the crewsand engines so that a reasonable 
time may be allowed for repairs and yet ample service be 
obtained from the engine. When working with assigned 
crews it is of course usual to employ some extra passenger 
men to take the place of the regular men, who are also 
available in case an extra trip is required from an engine 
on account of specials or extra sections of regular trains. 
Where regular scheduled trains have to be provided for, 
this system is as flexible and convenient as pooling and 
has the additional advantage in passenger service that the 
men run certain trains sapulasie. and will consequently 
give better service than when handling a number of trains 
indiscriminately. 

Pooling in passenger service probably does not require 
much discussion. the system is not in extensive use, and 
will presumably have few advocates. The writer would, 


* Paper read at the joint “meeting of the Institution 
Mechanical Engineers and the American Society of 
Mechanical Engineers at Birmingham, July 26, 1910. 


1905 Machine, 1.5. 


1910 Machine, 2.0. 


however, state as a result of his experience with both 
pooled and assigned engines in passenger service, that he 
!is most strongly op d to pooling in this service, and 
considers that far better results can be obtained from 
assigned crews. 

FreiGut SERVICE. 

Here conditions are very different. The time is slow 
and a long time is occupied from terminal to terminal, so 
that crews my require a full allowance of rest on arrival, 
or may even hee, to be relieved on the road. Few, if 
any, of the trains run at regular hours, and in place of 
following a defined schedule, the demand for engines 
varies with the traffic. When business is heavy, engines 
are wanted as soon as they are repaired and ready for 
service, making it difficult, if not impossible, to select the 
engines in any particular order. By pooling, such difti- 
culties may be more easily met, especially at large termi- 
nalz. When engines are assigned the practice usually 
required by the agreement with the men is that engines 
shall be prepared and despatched in the order in which 
they arrive, but if the engine is ready its use may be 
retarded by the time required by the crew for rest. In 
pooling, both these objectionable conditions vanish. An 
engine may be turned at once if fit for service, and thus 
rendered immediately available, and the movement of the 
men being entirely independent of that of the engines, 
the detention of engines at a terminal can be regulated 
by simply increasing or decreasing the number in the 


ol. 
rie such conditions, if pooling is not carried on in 
name, it will bein fact, simply because business cannot 
handled unless engines are used without reference to the 
order of their arrival. Granted, therefore, that ling is 
advantageous under these conditions, it should be done 
properly. All the features necessary to a successful pool- 
ing system must be employed, such as thorough terminal 
inspection, independent of the engine crews, and arrange- 
ments for handling tools and —— supplies, and caring 
for headlights, oll-cupe, &. I ling is resorted to 
when business is especially heavy, or when traffic is dis- 
turbed by storms or by other causes, without proper 
arrangements being made, the results are most objection- 
able. Under these circumstances, the condition of the 
power will depreciatt rapidly, and the service rendered 
will be exceedingly inefficient. The maxim is frequently 
stated, ‘“‘If you pool, pool,” and its wisdom has been 
demonstrated by experience. The real question about 
| pooling is, therefore, whether there are conditions under 
which it is preferable to adopt the alternative practice, 
that of running engines with assigned crews. This 
depends on the results obtained from the two systems, 
which are in the writer’s experience as follows : 

Mileage.—It is possible to obtain somewhat greater 
average mileage per engine under the pooling system, but 
the increase does not exceed 10 per cent. when traffic is 
being handled smoothly and without excessive congestion 
and delays. 

Repairs.—When running successfully under the assigned 
engine system, repairs are less than when similar condi- 
tions exist with pooled engines. A man running an 
engine regularly keeps up the smaller details and knows 
what work is required at once, and what must be looked 
after in due time. His inspection reports are more 
reliable than those of a man who has had an engine for 
one triponly. Ashe has torun the engine next trip as 
well, he will handle it with greater care and avoid any 
action that will causs him trouble in the future. Men 
who have been accustomed to running pooled engines will 
not do all this at once, but they most certainly will if 
assigned to an engine for any length of time, and the 
difference is noticeable in engine-houses where some 
engines are assigned and some are pooled, 

“ngines are sometimes taken care of by the head- 
quarter-station system, the work required to maintain 
the engine in proper condition being done at the terminal 
designated as the home station, while at the other termi- 
nal the only work done is that necessary for the return 
trip. With this arrangement, even with pooled engines, 
the same crew will, if possible, make the round trip ; but 
when they are changed, practically as much work is 
required at the away station as at the home station. The 
| result is a considerable increase in the cost of repairs, for 
| there is not, as a rule, very much difference in the cost at 
the home station. 

When the assigned engine system proves inadequate for 
| traffic demands, the results change. Men will endeavour 
to book enough work against the engine to hold it until 
they have rested, and, on the other hand, engines are 
liable to be wanted before repairs that are actually re- 











quired are completed. Under these conditions, engines 
may be better and more cheaply maintained when pooled ; 
but under normal conditions the writer’s experience would 
show that with assigned crews the cost of running repairs 
may be reduced 5 to 10 per cent. and better mileage 
obtained from the engines between shoppings. 

Fuel.—It is almost impossible to determine the fuel 
consumed by an engine on an individual trip, and it is 
consequently difficult when pooling to keep any record of 
the amount of coal used by different men. A record may 
be kept by engines, but it is then impossible to locate 
the responsibility for any excessive consumption. The 
practical result is that, on pooled engines, individual fuel 
records are of comparatively little use. With assigned 
engines, while trip records may not be individually 
accurate, the average of several consecutive trips soon 
becomes so, as the variation of the amount of coat left on 
the tender, while important on one run, is of comparatively 
small importance on a number of trips. There is no 
doubt in the writer’s mind that individual coal records, 
whether by trip or by period, are an important factor in 
obtaining economical results in fuel consumption, both 
from men and from noe, and he ascribes the good 
results that have been obtained on the Canadian Pacific 
Railway largely to the careful way in which the records 
have been watched. 

Apart from the records, the familiarity of the men with 
the engines has an important bearing on fuel consumption. 
Most engines vary slightly in the way they burn the coal, 
in the nature and intensity of the draught, and in the 
best position for the throttle and reversing lever. Crews 
knowing an engine thoroughly learn about these pecu- 
liarities, while they do not when running a different 
engine each trip. One crew will obtain from an engine 
results that are impossible for another crew, and thus the 
result, with assigned crews, is a tendency to higher efti- 
ciency than when every engine has to be drafted and 
adapted to do the work with the poorest crew on the 
division. It is only necessary to watch the difference in 
the way an engine is handled by a regular crew and by a 
»00led crew to realise the advantage of the former, and 
important results have been clearly shown with the same 
men and engines on divisions where the two systems 
have been in effect. 

Service.—The remarks that have been made in con- 
nection with repairs and fuel apply with almost equal 
force to the class of service obtained from the engines, 
with reference to failures, breakdowns, and ability to 
make the time required. A crew that knows the engine 
will get more out of it than one that does not. They will 
notice any difference in its working, and will take more 
interest in getting any defect rectified. They will keep 
their equipment in better condition and will pay more 
attention to bearings which show signs of heating, etc. 
All these conditions lead to better and more efficient 
service. 

Engine-House Expenses.—Inspection, the care of tools, 
the filling of lubricators, headlights and cab lamps, are 
commonly looked after on assigned engines by the crews. 
When engines are pooled this work has to be dune by the 
engine-house force. Ata large terminal this expense is 
not large, but when the number of engines handled is 
small, it is difficult to arrange the duties of the men doing 
this work to prevent it becoming a serious item. Condi- 
tions vary on different roads in this respect, but the fact 
remains that this work is not in any way burdensome to 
men having a regular engine, while it is burdensome if 
pow | are required to prepare a different engine each trip, 
and consequently they object to it very strongly. In the 
majority of cases this work constitutes an additional 
charge on engines that are > 

Conclusion. —In conclusion, the writer considers that in 
passenger service pooling is objectionable under any con- 
ditions, and should be avoided if possible. 

In freight service, pooling is advisable if conditions are 
such that engines cannot be run with assigned crews, and 
probably on iesons where business is so heavy that sixty 
engines per day or over are despatched from the terminal ; 
but the writer's experience is that where assigned crews 
can be used on engines the cost of repairs, the amount of 
fuel consumed, and the class of service obtained, will all 
be more satisfactory. He therefore regards pooling as a 
pai that may be necessary under certain conditions, 
nut that is w erne A not desirable if the alternative system 

. 


can be satisfactorily carried out. 








ENGINE-HOUSE PRACTICE. 
The Handling of Locomotives at Terminals to Sccwre 
Continuous Operation.* 
By F. H. Criark, Chicago, Member of the American 
Society of Mechanical Engineers. 


THE topic assigned me is so comprehensive as to embrace 
nearly all features of engine-house practice. In order to 
put the matter clearly before the meeting, therefore, it 
may be desirable to describe briefly such features of design 
an uipment as are considered good practice in the 
United States. 

Arrangement of Locomotive Terminals.—The engine- 
house and its appurtenances should be located, when pos- 
sible, at a point near the yard or station where the engines 
are released or required, though the plan must usually 
be adjusted to meet existing conditions of topography 
or space. Fig. 1, on the next page, is a plan which may 
serve as a basis of the paper. It no unusual features, 
but it may be considered a fair example of engine-house 
practice. Some space might be saved by the use of a 
different design of cinder-pit, and considerable space by a 


* Paper read at the joint meeting of the Institution of 
Mechanical Engineers and the American Society of 
Mechanical Engineers at Birmingham on July 26, 1910, 
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different coaling-station. Other modifications would 
naturally suggest themselves in considering the applica- 
tion of the plan to any specific case. 

The approach to the engine-house provides two tracks 
for incoming engines, one on each side of the coaling- 
station, and one track for outgoing engines ; connections 
are provided by which the movement may be varied 
if necessary. The coaling-station on Fig. 1 is of a 
design frequently employed in locations where space per- 
mits. This station is of 700 tons capacity. The coal is 
elevated in cars by means of a hoist which pulls the 
loaded cars up a 20 per cent. incline at a rate of about 
40 ft. per minute. The coal is shovelled or dumped out of 
the car directly into bins or skets, if breaking is un- 
necessary ; or on a grating of breaker-bars s 4 in. 
to 6 in. apart, through which the coal drops when broken. 
The station delivers coal to six tracks, five underneath 
and one at theend. The hoist may be operated by steam 





sand is usually hoisted, by means of compressed air or such a tractor to a turntable, the tractor has a heavy 
by some form of conveyor, to a storage-bin, from which | steel frame of triangular shape attached to the turntable 
it is drawn by locomotives when needed. Rotary sand- | by means of engines at two points, the weight being 
dryers, in which sand is fed intoan inclined tube through | balanced on the single tractor-wheel travelling on the 
which a current of hot air are not commonly used, | circular rail in the pit. On this frame are mounted the 
but could no doubt be oa to advantage if a considerable motor, gearing. bearings, shaft, and brake, comprising 
amount of sand were required. |the driving mechanism. Above the machinery, and 


The water supply for locomotive use is usually stored 
in overhead tanks of various capacities. In the case of two | 
steel tanks of 100,000 gallons capacity, recently erected, 
the body of the tanks is unprotected from the cold, 
but the connection between tank and water mains is 
enclosed, as is usual in places where freezing is likely to 
occur. Stand-pipes, or water cranes, are so placed that 
water may be taken without backward movement. 
Ten-inch cranes are frequently found in modern installa- 
tions. These will deliver 2000 to 3000 gallons of water per 
minute under usual conditions. 

Cindersand clinkers from incoming engines are handled 
in various ways. An arrangement in common use which 
has proved very satisfactory is shown 1n Fig. 3, opposite. 
Thecontentsof the ash-pan are dumpedon a platform about 
4 ft. below the top of the rail, with a slight incline towards 
a depressed pit into which cars are run for loading. In 
Fig. 3 the rails are shown supported on wooden piles, the 





Coal Chutes 


yz incoming Engines 


entirely covering it, is mounted the operator’s cab, in 
which the operating mechanism is located. Electric- 
motors are generally considered preferable where current 
can be provided uninterruptedly, and on such installa- 
tions a collector device is applied to the turntable centre. 
This maintains a connection with the feeder line, which 
is brought underground to the centre of the pit, although, 
in case the pit is subject to flooding, an overhead collector 
may be ne 

The Engine-Honse.—Another typical engine-house of 
the circular form is arran: for forty-seven 100-ft. stalls 
and an 80-ft. turntable, with inlet and outlet tracks. In 
this particular instance there are tire-walls separating the 
house into rooms of ten stalls each. The centre stalls 
are provided with —— by means of which driving 
and truck wheels may removed and replaced without 
jacking up the engine. The engines in this house are 
intended to be headed in and backed out. 
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or gasolene engines, or by electric motors, the latter being | 
usually considered preferable where electric current is | 
available. 

Another type of coaling station is shown in Fig. 2. 
This station o an overhead storage capacity of 1200 tons, 
and the construction is entirely of steel and concrete. 
The coal is hoisted in a pair of Holmen counterbalanced 
buckets, and distributed in the bin by means of a special 
automatic tram-car. The coal is received at one side of 
the bin, and is delivered to five coaling tracks, four 
underneath the pocket and one adjacent. To facilitate 
the handling of cars of coal during the winter, three addi- 
tional receiving hoppers are provided, so that coal frozen 
in the bottom of the cars may be removed without inter- 
rupting the main hoist. he coal is then transferred 
from the three hoppers to the main hoist for elevation to 
the overhead pocket. This plant is operated by electricity. 

Various other types of coal ng plants are in successful 
use, the coal being elevated by belt conveyors or small 
bucket conveyors, or handled by cranes of various types, 
with clam-shell or similar Scotian The cost of opera- 
tion ran; from 2 to 10 cents per ton, depending upon 
various factors. 

The sand-drying apparatus, shown in Fig. 1, is placed 
opposite the coaling station, though frequently a part of 
pa coaling plant is used for that purpose. One of the 
most common methods of drying sand is by coal-stoves, 
which differ considerably in design. The moist sand is 
delivered from a hopper to a casing surrounding the 
stove, from which it escapes as it becomes dry. Some of 
the more modern sand-drying houses use exhaust or high- 





pressure steam from the power-house. After drying, the 
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upper ends of which are surrounded by cast-iron pipes, 
with insulating material packed between the pipe and the 
pile. The use of concrete piers is counienes 
where foundation conditions will permit. 
and clinkers removed from the ash-pan are watered and 
shovelled into an open coal-car Bnd in the depressed 
pit. With engine-tracks on each side of the pit, several | 
engines may be accommodated at a time, and the plan | 
affords considerable storage capacity, so that, with a pit | 
of moderate length, a day force of shovellers is sufticient | 
to take care of the accumulation. 
In. some modern plants the slope from the outer rail 
delivers the refuse from the ash- into a concrete pit 
about 8 ft. in width and depth and filled with water. In| 
this case the material is removed by means of a travelling | 
pay-aem, with clam-shell or similar buckets, an 
elivered to cars standing on the side of the pit opposite | 
‘ In other cases pits are provided between the | 
rails, in which buckets are placed, and the buckets are | 
lifted out and the contents } ited in open cars by a | 
gantry or ordinary overhead electric-driven crane with 
elevated runway. 
The engine-houses of the United States, usually being 
circular in form, require a turntable for the delivery of 
engines to and from the house. A common length of 
table for new installations is 80 ft., though a great many 
shorter tables are still in service, and work satisfac- 
torily where the — of engines is not too great. Turn- 
tables are frequently moved by hand, though a more 
economical method, where a considerable number of 
engines are turned, is by tractors driven by gasolene 
engines or electric motors. In a typical application of 


the engine. 
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Reinforced-concrete framing is frequently employed 
though the roofs are generally of wood, and covered with 
ravel. The use of ex iron or steel in roof 
construction is generally avoided because of the rapid 
corrosion. The ~ are connected at the inner ends by a 

which the water escapes through an outlet 
sewer emptying into a large catch basin, or sump, where 
the sediment 1s deposited. The pits in this case are 
: for steam-pipes, though the use of fan blast for 
heating engine-houses is ming more and more general, 
and it is usually found that better results are obtained by 
the use of vitrified tile ducts, laid underground and dis 
charged into the sides of the pits, than by the use of 
- aaaeeryge pipes above ground, which generally need 
requent renewal. An important advantage of the fan 
blast is that it assists in ventilating the house, changing 
the air in from eight to thirty minutes, as usually installed 
and operated. 

There is a great variety of smoke-jacks in use. The 
type which seems to be coming into favour is conical in 

ape, and is frequently made of wood; lined with sheet 
asbestos or similar material. Smoke-jacks are generally 
provided with dampers in houses where fan-heat is used, 
and a space is sometimes left open around the jack for 
assisting in ventilation. 

The satisfactory lighting of engine-houses is a difficult 
i. Oil, gas, and electricity are commonly used. 

ncandescent lamps do very well if kept clean, and have 
the advantage of portability, separate circuits being fre- 
quently provided for extension cords, so that light may 
be carried to any point where it is needed. 

Floors of vitrified or paving-brick, crowned sufficiently 
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to drain to the pits, have been found very satisfactory. 
Drop-pits for the removal of driving and truck-wheels 
are very convenient. They are frequently made to span 
three tracks, and of width sufficient to take the largest 
wheel handled, The jacks used in these pits are generally 
mounted on carri running on rails laid in the pits, 
and they are usually operated by air or water, though 
screw-jacks are sometimes used. Hydraulic jacks are 
usually considered preferable to air jacks, because of their 
more positive action. Cranes are generally provided over 
drop-pits. 

The shop facilities necessary at the engine-house depend 
upon the distance from large repair-shops. Generally 
speaking, the tool equipment should be sufficient to take 
care of running repairs, though if the house is located near 
a repair-shop, some of the machinery that would otherwise 
be necessary may be dispensed with. There should also 
be a tool-room, conveniently located with respect to the 
machine-shop and engine-house, in which small tools of 
all kinds can be conveniently kept, and drawn as required. 
The store-house should be similarly located, and should 
carry a sufficient amount of material to handle the repairs 
frequently necessary. 

There is nothing of particular interest to be said about 
the power | pew of the average engine-house. Boilers, 
engines, and other equipment may be of any type desired. 
It seems to be the custom to figure on about ten boiler 
horse-power per stall, and, on account of the common use 
of air tools, a compressor capacity of about 20 cubic feet 
of free air per minute per stall is usually provided. 

Vil-houses are generally of fire-proof construction, with 
the oil stored in a separate room from the place of dis- 
tribution, from which it is drawn or pum from tanks 





boiler-washing or heavy work of some kind. Switch 
engines, ouneielty those that work night and day, are 
usually so handled. 

The organisation varies with the requirements, but the 
engine-house and its plant are generally in charge of a 
foreman who has general supervision over the inside and 
outside operation. He reports to the master mechanic 
or gen foreman, and attends to locomotive repairs and 
service, including the assignment of engine-men to their 
runs. He usually has an assistant who attends to the dis- 
tribution of work, including the supervision over such 
foremen of the various classes of work as may be required. 
Efforts are usually made to keep the night-work as low 
as is consistent with the prompt handling of engines 
coming in for service or repairs. 

The cost of service varies greatly at different points. 
Most roads do the greater part of their work at the more 
centrally located engine-houses, and comparatively little 
at outside points. This naturally causes a considerable 
difference in the cost of service, but, in addition to this, 
various local conditions, such as the quality of boiler water 
available, the condition of track, the general condition of 
the power, and the available help and wage scales, have 
a considerable effect upon the cost of service. On one 
road with which the writer is familiar the cost of service 
per locomotive varies from 50 cents, or even less, at out- 
side points, to about 3 dols. at one or two important 
central points, where a considerable amount of heavy 
work is done. The average cost by months for all engines 
housed during the eight months from July, 1909, to 
February, 1910, ranged from 1.50 dols. to 1.73 dols. 
These figures include service only. The average cost per 
engine for the eight months is shown in the table. 
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as required. The oil is usually stored in tanks in the 
basement, the size and number of the tanks depending 
upon the amount and variety of oils used. Self-measuring 
pumps are extensively used in modern installations. 

Of recent years there has been considerable demand for 
better and quicker methods of boiler-washing, and, as a 
result, several systems have been introduced. One of the 
earlier arrangements consists of an open cistern of, 
perhaps, 100,000 gallons capacity, located near the engine- 
house. In this the steam blown off from locomotives is 
used for heating water to wash out the boiler, and in 
some cases also for heating fresh water with which to refill 
it. Recent installations are the National, which is of 
the closed-heater type, in which the steam and water 
blown off are used for washing-out and for heating fresh 
water ; and the Raymer system, which is of the enclosed- 
heater type, and performs similar functions. Blowing- 
off, washing, and filling connections are generally provided 
between alternate stalls in the engine-house. 

Locker-rooms are generally provided for e 
and fitted with a sufficient number of expanded-metal 
lockers to accommodate their clothing and small tools. 
These are located in a building near the engine-house 
office. Lockers are also provided for shop-men, and are 
frequently located inside the engine-house on the walls of 
the building. The lockers are generally made of sheet- 
steel, with openings for ventilation. t points where 
boarding and lodging houses are not conveniently acces- 
sible, bunk-houses are frequently provided for the accom- 
modation of the engine-men. These are usually provided 
with toilet-rooms, shower-baths, &c. 

The Engine-House Organisation.—The details of hand- 
ling engines vary greatly on different roads. It seems to 
be generally customary, however, to have the engineer 
relieved at the coaling-station by a hostler, though at 
some plants inspection-pits are encountered before the 
engine reaches the coaling-station, and the engineer is 
relieved at those points. In some cases also the cinder- 
pits are reached before the coaling-station, though it is 
generally considered better practice to have the cinder- 
pits next to the engine-house ; so that if the fire is dumped 
the engine will have but a short distance to travel and 
encounter but little delay before reaching the house. The 
hostler, however, takes coal, water and sand, and moves 
~ engine to the turntable and thence across to the 

10use. 

The engineer makes out a statement on arrival, com- 
monly called a “‘ work report,” on which he indicates the 
condition of the engine and any work which he may know 
to be necessary. The engine usually receives an inde- 
pendent inspection, however, and notes are made of any 
work required-which has escaped the attention of the 
engineer. The foreman, or his assistant, distributes the 


ine-men, 


Average Itemised Cost of Engine-House Service per 
Month per Engine. Passenger-Engincs. 


Dols. 
Hostling 0.12 
Calling... 0.08 
Wiping 0.4L 
Cleaning ras Bes 0.26 
Head-light cleaning... 0.07 
Boiler-washing 0.87 
Tank-washing 0.11 
eter sta ann 0.10 

nspecting 0.15 

Funes ae = 0.16 
Engine-house labourers 0.16 
Turning-table... ae: 0.04 
Clinkering 0.24 
Supply-men ... 0.12 
Coaling-engines 0.10 
Sanding-engines 0.11 
Watching engines we 0.18 


.The cost of service rencered freight-engines on the 
same road during the year ended June 30, 1909, was 8.4 
cents per 1000 ton-miles. 








HANDLING LOCOMOTIVES AT 
TERMINALS.* 
By Frepreric M. Wuytr, New York. 


Introduction.—Detail methods in the handling of leco- 
motive terminals vary so widely that the scope of this 
paper has been limited to well-established practices along 
certain definite lines, in the United States and Canada, 
with some personal suggestions. Steam locomotive termi- 
nals alone are sufficiently developed to permit of extended 
discussion. 

Terminals differ very much.in importance, and the 
pee will be confined largely to the more important ones, 
eaving it tothe judgment of the reader to decide what 


parts apply to the smaller terminals. By the designation. 


‘important terminals” is meant those caring for about 
100 locomotives during each 24 hours. 

Location of Terminals.—Starting with a terminal at 
each end of a railroad, the intermediate terminals are 
located as the topography of the line, the location of 
important towns, or other factors may indicate. Some 
years ago the distance between locomotive terminals was 
shorter than is considered desirable now, and generally 
the divisions have been legthened, so that at the present 
time they range in length from 100 miles to 200 miles ; 
divisions approximately 150 miles in length are quite 
common. Frequently there are locomotive terminals 





work and is responsible for its performance. } 
Especially at large terminals, engines are frequently | 
stored outside, and do not enter the house except for | 


* Paper read at the joint meeting of the Institution 
of Mechanical Engineers and the American Society of 
Mechanical Engineers, at Birmingham, July 26, 1910. 





between the division extremes, but these are usually for 
local and suburban runs, and are of lesser importance, 
—o a few years ago they were the important termi- 
nals. 

From the standpoint of operation, the engine-house 
and its accessories at the divisional point should be located 
close to the freight yard for freight locomotives, and to 
the mger station for mger locomotives. This 
condition is more readily fulfilled for freight than for 
passenger service. For the latter it is sometimes neces- 
sary to place the engine-house 5 to 10 miles from the 
passenger station where the locomotive is detached from’ 
the train. This requires the introduction of separate 
crews for handling the locomotives between the engine- 
house and the station, and also necessitates exceptional 
methods of inspection and reporting and calling the 
crews and equipping the locomotives for the next trip. 
Such conditions exist at Buffalo, on the New York Central 
and Hudson River Railroad. On the other hand, the 
station is not a terminal of the road ; the through trains 
may be — near the engine-house, and the loco- 
motive detached and attached there. Such is the method 
on the Lake Shore and Michigan Southern Railway at 
Cleveland. 

Approach to the Terminal.—The route between the 
train terminal and the engine-house should be as direct 
as ible, and independent of all other movements. 
This is not always possible, however, and in passenger 
service more particularly the route is largely made up of 
main-line track. Especially is this true when the loco- 
motive terminal is at some Sutanes from the station. 

Line of Separation of Re ibility.—So far as concerns 
the mechanical operation of the locomotives, the mechani- 
cal department must be responsible. There are two well- 
recognised and quite different forms of railroad o1 isa- 
tion : the departmental, in which the mechanical depart- 
ment has supervision over the design, maintenance, and 
mechanical operation of the locomotives ; and the divi- 
sional, in which the mechanical department has super- 
vision over the design, construction, and general condition 
of the locomotives, and the transportation department has 
supervision over running, maintenance, and mechanical 
operation. In either of these organisations the responsi- 
bility for the locomotives must change, so far as individual 
officials are concerned, at some place adjacent to the 
engine-house. In some organisations this change is made 
at the turntable, or its equivalent; there are a very 
limited number of rectangular engine-houses, notably at 
the St. Louis passenger terminal, where a transfer-table 
is used and a turntable is not necessary. In these 
organisations the official in charge of the engine-house, 
who is a part of the mechanical department, has super- 
vision over the movement of the locomotives between the 
table and the house and over the locomotives in the 
house ; and the coaling plant, ashpit, and other accessories 
are handled by the transportation department. In other 
organisations the engine-house official has supervision 
over the entire engine-house premises, including the 
coaling plant, ashpit, and all other accessories. 

It is not well established which is the better organisa- 
tion, and not only does the organisation differ on different 
roads, but often the same has changed several times 
from one arrangement to the other. It is prohable, how- 
ever, that the best arrangement is the one which provides 
the highest class official nearest to the place to be handled. 
The best results probably will be obtained from the 
present tendency to place a master mechanic at each of 
these important locomotive terminals and assign to him 
supervision over the entire plant. Such an arrangement 
will place the line of separation of responsibility for 
incoming locomotives on the approach to the poe g Shon’ 
and outside of the coaling plant ; and for outgoing loco- 
motives at the track assigned for locomotives ready for 
service. 

Separation of Locomotives on a Division.—On a division 
having only one important locomotive terminal it ‘is not 
necessary to designate where the important repair work 
will be done, but on many divisions there are two or 
more engine-houses thoroughly ee for the complete 
maintenance of a certain number of locomotives, and on 
these divisions it is necessary to designate those which 
will be maintained at each house. Each engine-house 
will do the periodic work and the running repair work 
on the locomotives assigned to it, and the inspection and 
safety repair work on any locomotive which is run into 
the engine-house. The assignment of the locomotives to 
the different houses is made by the divisional mechanical 
officer, usually designated as master mechanic. There is 
more or less transference of locomotives from one division 
to another for temporary service, but there are serious 
objections to this, especially when the periodic work and 
reports are to be considered, and when the duration of 
the temporary service is more than a few days. On the 
large railr systems it seems quite necessary that an 
individual locomotive record of periodic inspection and 
work be kept by the divisions, and the transferring of 
locomotives from one division to another for a week or 
two results in annoyances, errors, and loss of records 
incident to transferring records when the locomotives are 
transferred. 


Lay-Ovut or A Locomotive TERMINAL. 


It is not the intention of this paper to cover this item 
in such detail as would be necessary for the preparation 
of an ideal lay-out, but rather to deal in generalities which 
may be of greater interest in an international discussion. 
It will be in order to consider, first, the capacity of the 
various facilities which are to be supplied. It is desirable 
to rate the capacity on the maximum demand for a com- 
pao short interval of time—say, one hour or two 

ours—for the coaling, ash-plant, turntable, water and 
sand facilities ; and for longer periods of time for other 
facilities. Some of these ratings may be consistently 
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higher than the sustained rating of 24 hours. There 
should be considered also how much of the terminal will 
become inoperative in case of accident to any one of the 
important units of the terminal, and the approximate 
length of time the resulting disorder may continue ; and 
to provide the necessary assurance of continuous opera- 
tion, by the installation of duplicate units. The water 
and coal plants and the turntable are the most important 
units, po these will need special study. : 

Water-columns are usually so well distributed at a 
division terminal that only a failure of the entire water 
system need cause much delay, so that the important 
consideration is convenience of locatioa. The insurance 
may be taken care of in the general water system. An 
ample supply of water is also of prime importance. 

or insurance of the coaling operation there may be 
selected one of several schemes, one of which is to place 
the cars of coal on one and the locomotives on another of 
two or more adjacent tracks, transferring the coal from 
the cars to the tenders by hand or by locomotive crane. 
Another scheme is to coal the locomotive at the coal- 
stocking plant, if one is near by; or by other means, 
none of which seriously affect the general arrangement of 
the locomotive terminal. 

On the contrary, insurance of turntable service will 
very decidedly affect the general lay-out of the terminal, 
because the spare table must be capable of serving the 
whole ora considerable part of the engine-house capacity, 
inasmuch as failure of one table may occur when a large 
number of the locomotives are in the house served by it. 
The only way in which more than one turntable can serve 
one unit of engine-house capacity, in a circular engine- 
house, is by dividing the house unit into and having 
a turntable for each part. To accomplish this result it is 
considered very good practice to limit the size of a 
separate engine-house to approximately a half-circle, 
and to provide any additional capacity in another half- 
circle, offset from the first at least enough to permit of a 
separate turntable for each. The separate turntables 
should have track connections to the inbound and out- 
bound tracks, and usually have inter-connecting tracks. 

For further insurance of uninterrupted turntable opera- 
tion two motors for revolving i turntable are con- 
sidered desirable, and even necessary, but both should not 
be operated from the same power plant. Sometimes two 
gasolene-motors are used, and sometimes one electric- 
motor is provided for general use and a gasolene-motor 
for emergency use. 

If the house is made up of parts of two circles, one end 
of each part will be placed near one end of the other, and 
the machine-shop, store-house, power-house, and offices 
will drop in very naturally between the two. The drop- 
pits, overhead crane, and other special facilities necessary 
in a limited section of the engine-house, will be placed 


convenient to the vom 
There remains to located only the coaling-plant, 


ashpit, sand-house, and water columns, which will be 
moe primarily for convenience in getting the inbound 


ocomotives to them. There must be ample water facili- 
ties on the outgoing tracks, and it is desirable to have a 
small ashpit and a sanding-place on these tracks. If 
provisions are made to get the outgoing locomotives to 
the coaling-plant on special occasions, then a coaling- 
Jlace is not necessary on the outgoing track. Of these 
facilities on the inbound tracks the ashpit will be nearest 
the turntable, so that the locomotives may be moved the 
shortest distance when there is little or no fire on the 
grates. Sometimes it has been thought desirable so to 
arrange the facilities that coal, water, and sand can all be 
taken at the same time; but if the hostler is to stay in 
the cab, so as to be ready for moving the locomotive 
promptly, it is probable that the difficulty in arrangin 

these facilities for the various lengths of locomotives wil 
make it desirable to place them somewhat more than a 
locomotive length apart, if the ground space permits. 
Sometimes a track arrangement is made that permits of 
advancing one or more locomotives around other loco- 
motives, and when the ground space is available this is a 
good thing todo. The tracks on which the ash-cars are 
taken to and from the ashpit should be independent of 
the inbound and outbound locomotive tracks. 

The Engine-House.—The cross-section and other details 
of construction of the engine-house have such important 
relations to the prompt handling of locomotives at ter- 
minals, pponate in the colder climates, that it is well 
worth while to refer to them. 

The twoitems which have been given most consideration 
during the last few years, for houses located in the colder 
climates, are the heating and the ventilating; they are 
so closely related that they should be considered together. 
For low cost of heating, the area of the cross-section should 
be as small as the locomotives will permit, and until recent 
years it was the practice to follow this principle in the 
design. Unfortunately, good ventilation, which is equally 
important, has not been obtained with the s cross- 
area, and, as a result, the condition of fog and smoke, and 
principally fog, in these low-roofed houses in cold weather 
1s such, at times, as scarcely +o be understood until seen. 

A decided improvement in ventilation has resulted 
from raising part of the roof somewhat = od than the 
necessary headroom would require, placing the ventilators 
at the top of this higher portion. The design of these 
ventilators is undergoing a process of ne and at 
present practically each cond has its own preferred design. 
An advantage of this high-roof section is that additional 
area for windows is given in the enclosing wall, and this 
additional lighting is important for the wider houses now 


necessary. 

In the effort to reduce to a minimum the fog in the 
house in cold weather, special efforts are also made to 
prevent the escape of steam from the locomotives. To 
this end a pipe-line of large diameter is around the 
house, usually above the locomotives, with terminals con- 





veniently arranged for making quickly a pipe connection 
toa ‘alte in the top of the baller. To reduce the steam 
pressure in a boiler the steam is blown through this pipe 
«4 the atmosphere, or to water-heating tanks or hot- 
we. 

Pipe-lines, including cold-water, hot-water, and steam 
lines, are similarly arranged for washing out boilers, and 
provision made for mixing the cold water with hot water 
or steam to get the desired temperature for washing. 
The same pipe-lines, or others, conduct the water from 
the boiler to storage tanks and reheaters. The smoke- 
jacks have elongated bases which cover the safety-valves 
as well as the stack. 

The heating is done by one of two methods: by direct 
radiation from steam-pipes placed on the side walls of the 
pits ; or by hot-air blast. Probably the latter is prefer- 
able. The place of delivery of the heat isas near the loco- 
motive as possible. The capacity for the steam heating 
is usually all that can be obtained from two to six 2-in. 
pipes on each side wall in the pit and some on the outer 
wall of the house; for the hot-air system the capacity is 
the volume of the house every ten to fifteen minutes, at a 
temperature of about 60 deg. Fahr. 
point about heating engine-houses is to keep the doors 
and windows closed and to cover the usual openings at 
the bottom of the doors. It is desirable also that the 
roof timbers be so placed as not to interfere with the flow 
of air upward along the roof to the ventilator outlets. 

It is the general practice to provide several tracks in 
the house, with a drop-pit, into which to drop driving and 
truck-wheels, and to provide in the same section cf the 
house an overhead crane for loading to and unloading 
from cars these wheels, and for handling air-pumps, cabs, 
boiler-fronts and other heavy parts to and from the loco- 
motives. Light portable cranes are provided for lifting 
steam-chest covers, rods, and other heavy parts which do 
not require high lifts. 

There are many smaller details about engine-house 
design and equipment which contribute to the rapid and 
efficient handling of locomotives, but it will be best not 
to burden the paper with them. 

The Coaling Plant.—The uninterrupted operation of 
this plant is of prime importance, and with this in mind 
that design should be chosen which is least liable to be 
deranged and which can be repaired most quickly. With 
sufficient ground space available, these considerations 
will make the choice a trestle, so that cars of coal can be 
pushed or hauled up an incline and the coal dumped 
direct from the cars into the bins, from which it slides by 
gravity into the locomotive tender. This kind of plant 
reduces to a minimum the breakage of fragile coal, some- 
times an important feature. If the incline approach is 
too steep for steam locomotive gperaticn, the motor and 
winch should be in duplicate and the motors not depen- 
dent upon the same source of power, unless there is 
little chance of total disability of the source. 

When the ground-space is limited the mechanical hoist- 
ing-plant, of the bucket or a similar type, is a necessity, 
and it has been selected sometimes when the available 
space would permit of a trestle. There are various forms 
of the mechanical plant, but it will be unnecessary to 
consider them in detail. Usually they are placed cross- 
wise of the tracks. Sometimes the same apparatus used 
to elevate the coal is used to convey ashes from the pits 
and to deliver them into storage-bins or into cars. This 
combination has the advantage of concentration of 
facilities when such concentration is necessary, but there 
are objections to it otherwise. To give the necessary 
capacity at the coal-pockets and ashpits a greater number 
of tracks are necessary, and the risk of personal injury 
from coal falling from the tender and striking the men 
who must be about the ashpit is increased. This con- 
centration will shorten and widen the approach to the 
engine-house. 

The Ashpit.—It is desirable to have a pit capacity 
immediately beneath the locomotives for several hours’ 
busy dumping of pans and grates, whether the ashes 
are handled by hand or by machinery from the pit to 
cars. If handled by hand, this is to provide for economical 
time distribution of labour ; if handled by machinery, to 
provide for continuous dumping when the machinery is 
out of order, The economical transferring of ashes from 
pit to car by hand requires a lower pit for the ash cars, 
adjacent to the ashpit, and sometimes conditions do not 
permit of such an arrangement or of the necessary track 
approach. If the ashpan and fire-cleaners can 
for transferring the ashes from pit to car, at intervals 
when there are no pans or grates to be cleaned, the 
manual labour can be most economically distributed. 
The mechanical parts usually operate crosswise of the 
pit, limiting the length of pit undesirably, and makin; 
necessary several pits side by side, ora further mechani 
installation for transferring the ashes lengthwise of the 
pits to the cross conveyor. With each addition to the 
mechanical devices, complications are multiplied. Water 
hydrants for hand hose are located conveniently about 
the ash-pits, and shelters are provided near by for the 
men to occupy when there is a lull in the work. 

The Sanding Plant.—The sand-drying plant should be 
located convenient to the inbound tracks, but not neces- 
sarily adjacent to them. Convenience in delivering wet 
sand to the nt ag Lg is ee As air-pressure is 
used to elevate the dry sand to the storage-bin, from 
which it falls by — to the locomotive sand-box, air- 

ressure can also used for roy: the dry sand 
or some distance horizontally, so that the place of de- 
livery for the wet sand may be conveniently located for 
such delivery. Sometimes the sand is dried on steam- 
heated tables, but since the temperature cannot be raised 
high enough for satisfactory drying, the preferred dryer 
is the stove. The dry-sand bin, from which the sand is 
delivered to the locomotive, is usually located between the 
coaling plant and the ashpit 


Water Su; 


'y.— Water-columns should be conveniently 
located on : 


th inbound and outbound tracks. 


THE ORGANISATION. 


_ The Master Mechanic.—The usual divisional organisa- 
tion places one man, the master mechanic, in charge of 
the locomotives on the division, both when the locomo- 
tives are away from the engine-house and when at the 
engine-house. One of the ieee terminals is under 
his supervision, and his headquarters are generally at 
that terminal because it is the important point of his 
jurisdiction. He may have assistants with duties both 
at terminals and between them, and he always has assist 
ants, called assistant master mechanics, who confine thei: 
efforts to the terminal, and others who confine thei: 
efforts to the road work. If at the divisional terminals 
the freight locomotives and the passenger locomotives are 
separated, as is often the case, one assistant may have 
supervision over freight locomotives and _ terminals, 
another over nger locomotives and terminals, and a 
third over the intermediate division engine-houses, in 
which both passenger and freight locomotives may be 
or. 


A very important | cared f 


Travelling Foremen.—The assistants in the operation 
on the road are usually designated as travelling engineers 
or road foremen of engines, and travelling firemen. Some 
are assigned to passenger service and others to freight 
service, and they report to the master mechanic ; or if 
there are assistant master mechanics, then to the proper 
assistant master mechanic. Their duties are, nominally, 
to instruct the engine-drivers and the firemen ; to report 
the conditions of the locomotives as delivered from the 
engine-house ; to foresee, when possible, and to report 
work on the locomotives which may require special pre- 
paration or special attention for the preparation of 
material, &c. Too often, and it may be said usually, 
they are kept busy ascertaining and reporting what has 
already happened and explaining it, whereas their efforts 
should be directed to preventing the repetition of unde- 
sirable occurrences. It is conceded, however, that a 
general knowledge of what has happened and the causes 
is essential for the intelligent direction of means for pre- 
venting recurrence. 

Ali of these officials, from master mechanic to travelling 
firemen, are subject to call at any hour. 

Engine-House Foremen.—The organisation at the loco- 
motive terminal will begin with the general foreman, 
who will have general supervision of the terminal, 24 
hours a day and seven days in the week. He will have 
personal supervision in the daytime; the assistant 
general foreman will report to him and have supervision 
at night. These two may arrange between themselves, 
subject to the approval of the master mechanic or the 
assistant master mechanic, for regular rest-days. The 
division of the 24 hours between these two men means 
somewhat more than 12 hours a day service for each, that 
there may be time for the necessary consultation between 
them. Aare of this, and the fact that the change in 
supervision is made in the morning and evening, the 
busiest hours at most engine-houses, and at about the 
same time the other employees change shifts, there is 
being considered, and in fact put into operation at a few 
places, an arrangement for 8-hour shifts, so assigning the 
terminal men that the entire shift will not change at any 
one time. In such an arrangement the general foreman 
would be present during a part or the whole of every 
shift, and one of his three assistants would be assigned to 
each shift. Twenty-four-hour operation is necessary at 
engine-houses, and two complete breaks in each 24 hours 
are not conducive to best results, nor can a man deliver 
his best efforts for 12 hours a day continuously. Hence 
the tendency to shorten the hours of daily service and to 
minimise the effect of each change of shift. 

In addition to the assistant general foreman, the store- 
keeper and chief clerk will also report to the general 
foreman. To the assistant general foreman in charge of 
each shift, the yard foreman, the house foreman, the 
shop foreman, the foreman of labourers, the despatcher, 
and the necessary clerks will report. 

The Yard Foreman.—He should have complete charge 
of the locomotives at the terminal and outside of the 
house. He should take from the house foreman instruc- 
tions as to the particular stall in which each locomotive 
is to be sietek sail report as soon as it is placed ; and 
should take from the despatcher instructions about de- 


used | livering the locomotives to the ee department. 


This arrangement will place under the supervision of the 
yard-foreman, the coaling, sanding, watering, and ashpit 
plants, and the turntables; the care of the locomotives 
which are standing outside of the house; and also the 
special crews that run the locomotives between the 
engine-house and the train terminal, when such crews 
are necessary. od 

The House Foreman.—He should have supervision over 
the workmen in the house, and over the inspectors on the 
incoming track, if there are such inspectors. The various 
foremen reporting to him are those in charge of repairs to 
tenders, boilers, machinery, and air-brakes, an _others 
similar, depending on how far the work is specialised. 
In working out the eight-hour shift arrangement, it has 

m su ted that there be assistant house foremen, 
each with supervision over certain stalls assigned to him ; 
the special work, however, such as air-brake and similar 
work, to be done by special gangs for all the stalls. The 
shop foreman will also transfer machinists, boiler-makers, 
&c., from one assistant foreman to another, as conditions 
may demand. This arrangement of dividing the house 
into sections, each in charge of an assistant foreman, 1s 
being used with satisfactory results. It makes of the 
assistant foreman a high-class inspector, because it places 
him in such close touch with the conditions that he can 
say just what work should be done, and know how 





thoroughly it is done, This is a most important con- 
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sideration, because the engine-men and inspectors may 
report a lot of work to be done, partly to clear themselves, 
as well as to inform the foreman thoroughly. The man 
who does the inspecting and repairing on a Leecmnetine or 
on a number of locomotives day after day, is well informed 
on what must be done and how it should be done; which 
leads to the suggestion of the further step that the main- 
tenance of certain locomotives be assigned to certain 
gangs. This ought not to be impossible in passenger 
locomotive terminals. 

The Shop Foreman.—The importance of the shop fore- 
man depends largely upon the importance of the shop. 
Sometimes his duties are assumed by the engine-house 
foreman. The tendéncy seems to be in the direction of 
providing larger shop facilities, and as these are increased 
the importance of the shop foreman will increase. 

The Work-Report Clerk.—The clerical force perform the 
usual duties of such employees. There is one clerical 
position, however, which is growing in importance, and 
the qualifications for the filling of which are becoming 
more and more exacting; this is the ition of work- 
report clerk. He should understand clerical work, and 
know enough about locomotive parts and repairs to make 
out a satisfactory report of work to be done. He first 
comes into contact with the arriving engine-man, who 
reports on conditions which can be observed only when 
the locomotive is in action. Engine-men do not like to 
write, hence their written reports are short and unsatis- 
factory. The tendency at present therefore is for the 
clerk to write these reports for the signature of the 
engine-man, and the clerk must understand what work is 
necessary and report it properly. As the clerk is almost 
always accessible, the information is thus available in case 
further explanations are required. This clerk also makes 
a record of the incidents of the trip as reported by the 
engine-man, so that in case of inquiry the desired in- 
formation is already on the file. 

The engine-man’s report of work to be done and the 
report of the inspector should reach the work-report 
clerk at the same time, that there may be no delay in 
distributing the work to the respective gangs. 

Bulletin for Completed Work.—Quite as important as 
having the work to be done promptly repor to those 
who are to do it, is the reporting back promptly when 
the work is completed, and to have this information 
easily available for those who need to have it. For this 

urpose various arrangements are provided, the details 

ing worked out to suit the peculiar lay-out of each 
house. The essential features are provided by a black- 
board located conveniently for those who niake the records 
and for those who must read them. This board is ruled 
into vertical columns, one for the number of the loco- 
motive, one for the number of the stall in which the 
locomotive is located, and other columns, depending upon 
how the work in the house is distribu among the 
repair men. For instance, there may be a column headed 
‘‘air-brake,” another ‘‘boiler,” another “‘machinery.” As 
each class of work is completed, each foreman marks on 
the board in the proper column and opposite the par- 
ticular locomotive number his ‘‘O.K.,” indicating that 
his work on the locomotive has been completed. When 
all the spaces opposite a locomotive number are marked 
“O.K.,” it is evident that the locomotive is ready for 
service. The record is er: as soon as the locomotive is 
taken out of the house. The convenience and despatch with 
which these records'can be made are important factors. 

Outfitting the Locomotive.—Contrary to the previous 
practice of requiring the locomotive crew to do some 
cleaning, fill hewn and in general look after the out- 
fitting of the locomotive, the present tendency, and it is 
pretty well established, is for the engine-house force to 
ontfit each locomotive completely for service on the road. 
There remains for the crew, of course, the responsibility 
to know that the necessary repairs and outfitting have 
been done, even though the locomotive is delivered to 
them at the station. 

The Despatcher.—It remains for the despatcher to know 
what locomotives and crews are arriving, and to care for 
the proper despatching of locomotives and crews. 


Poo.ine. 


Some years ago it was the general practice to assign a 
locomotive to a crew, and both crew and locomotive to 
particular runs, and when the locomotive was taken to 
the shop for repairs the crew worked in the shop until the 
repairs were completed, usually devoting much or all of 
its shop time to its locomotive. At that period there 
were few extra passenger runs, and the freight runs were 
very largely scheduled runs, under which conditions it 
was easy to assign locomotives to crews, and crews to runs, 
keeping each crew on its particular locomotive and run. 
As the maximum freight service inc , and the fluc- 
tuation between maximum and minimum freight service 
widened, it became necessary to move a large proportion 
of the freight-trains as extras, which made it impossible 
to assign crews and locomotives to runs not scheduled. 
It was also necessary to increase or to decrease the num- 
ber of locomotives in proportion to business demands, 
which could be done only by withdrawing locomotives 
from service, during which time there would be only the 
interest and depreciation charges on them. 

As a result a plan was developed to increase the service 
of the locomotives by placing any crew on any locomotive 
for service, instead 4s holding it until its assigned crew 
could obtain the necessary rest. While this prevented 
the assignment of locomotives to crews, it made possible 
a larger individual locomotive mil per month or per 
year. The first experience with this arrangement in 
—- service seemed so satisfactory that it promised 
well for passenger service to which it was extended, so 
that a locomotive used one day on one train would be 
used the next day on a different train, permitting the 
operation of a certain number of trains per day with 





ter or less number of locomotives than trains. The 
idea, of course, was to operate a number of trains with a 
less number of locomotives. 

The criticism most generally made upon this system is 
that the personal interest which the man had “ay in 
his own lccomotive is lust. This has been valued very 
highly by some officials, more particularly those of the 
motive-power department, and less highly by others, 
usually of the transportation department, and more par- 
ticularly those who are not so well versed with the trials 
and tribulations of the motive poser department. Under 
the pooling system the effort of the average crew is to get 
through with the particular locomotive as quickly and as 
easily as possible, and to let the next crew get along as 
best it can. 

Such conditions necessitate careful watching of the 
reports from the enginemen, so that everything that the 
engine-house inspector cannot well find is included, and 
also careful inspection and repairing at the engine-houses. 
It may make necessary also an additional expense per 
locomotive for wear and tear, as some argue, and at the 
engine-houses, as others argue ; but whatever the cause or 
amount, this additional expense is the cost of getting the 
additional mileage per locomotive per month or per year, 
and it is a question of whether the cost is more than offset 
by the gain. The argument that it is as well to get the 
mileage-life of a locomotive in 15 years as in 10 years 
neglects the fact that possibly 50 per cent. more locomo- 
tives will be required if it is gotten in 15 years than if in 
10 years, with a resulting interest charge. 
ossibly, also, those who hearken back to the times of 

ed locomotives and crews, and picture to them- 
selves the enginemen setting aan arate and rod-brasses, 
adjusting the piston-rod packing, and doing a long list 
of other work, overlook the difference in the size of the 
parts of present and past locomotives, and that a crew, 
even if it knew a certain work was required, and was 
willing, would be unable to do it, at least alone. Exten- 
sive experiments have been made to determine the relative 
costs of the assigning and the pooling systems, and in 
some of these experiments at least no material difference 
in cost has been found. However, there may be, and 
probably is, some losg in reliability of service in pooling. 

The fundamental idea of pooling is to obtain from each 
locomotive the maximum mileage per month or per year 
—in other words, to keep the locomotive going; and 
various schemes have been devised to accomplish this and 
to obtain at the same time any advantages there may be 
in the personal interest of a crew in its own locomotive. 
One of these is to assign one locomotive to two—or at 
times three—crews, each crew making a round trip from 
terminal to terminal. A variation is to change the crews 
about midway in the trip; this has some decided advan- 
tages, the principal one being that a fresh crew is ob- 
tained at the beginning of each quarter of a round trip, 
or each half of a single trip; and while the rest at eac 
terminal is not of long duration, yet it means much to the 
crew, especially in hot weather; also, inasmuch as the 
crew is not at home at the divisional terminal, the men 
are anxious to start-back so that they may reach home. 
To work out satisfactorily this system of changing crews 
at the middle of a division, it is necessary that the divi- 
sions be so arranged, or be of such length, that there shall 
not too much constructive mileage for the crew—that 
is, that the mileage for which the crew is paid shall not 
be materially less than the actual mileage made by it. 

Since it is quite certain that a locomotive in proper 
condition for service can be used a greater number of 
miles or hours per week or per month than one crew is 
able to stand, it would seem to be good policy to get full 
returns in some way, and not limit the output in miles or 
in hours service to the capacity of the crew; on the 
other hand, the men must be given proper consideration 
and be permitted to make fair wages. The pooling of 
locomotives and of crews in the different kinds of service 
makes it possible to use each locomotive the maximum 
number of miles in a certain period of time, which maxi- 
mum will be about the same as for any other locomotives 
in the same service, granting, of course, that nothing 
serious goes wrong with it ; it also makes possible maxi- 
mum and equal earnings by men of physical equality. 

The assigning of one locomotive to one crew limits the 
output obtained from the locomotive during a month or 
a year to the capacity of the crew ; assi; 
tive in road service to two or more regular crews need not 
limit the output of the locomotive, but may place the 
earnings of the crew below its ability and below average 
earnings for similar work. In yard service it is possible, 
and is the general practice, to assign one locomotive to 
two crews. If in service one locomotive is assigned 
to two or more crews, the run should be arranged to 
permit each crew fairearnings. Another variation of the 
pooling system is to assign two locomotives to three 
crews, to which resort may be made when two crews on 
one locomotive cannot make the average earnings. 

It will be noted that the original idea of pooling was to 
obtain maximum mileage from the locomotives, which 
resulted apparently in taking from the crews, and placing 
upon the engine-house, a large part of the responsibility 
of the condition of the locomotives ; then appeared varia- 
tions which had in view this original idea, coupled with 
the effort to place upon the crews at least a part of the 
responsibility for the condition of the locomotives taken 
from them, or voluntarily given up by them, under the 
straight-pooling system, each arrangement having in 
mind a fair earnings return to the crews. 








Tue InstituTion or Civit Encingers.—The King has 
been graciously pleased to become Patron of the Insti- 
tution of Civil Engineers, of which institution he was an 
Honorary Member for 17 years before his accession to 
the Throne, 
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AMERICAN LOCOMOTIVE TERMINALS.* 


By Witu1aM Forsytx, Chicago, Member of the 
American Society of Mechanical Engineers. 


THE most interesting example of American engine- 
house practice is that in the classification yards of the 
Pennsylvania Railroad at East Altoona, Pa. Here the 
— —_ oe ——— 4 be road is concentrated, 
c , and despatched. e freight tonnage in, 
through this terminal is claimed to be the largest handled 
by any single system of freight yards in the world. The 
total capacity of the yards is 10,500 cars. 

The east-bound traffic is composed largely of loaded coal 
and coke-cars, and the number of cars handled per month 
in this direction is :—Loaded, 61,308 ; empty, 1306 ; total, 
62,614. The west-bound movement is composed largely 
of empty cars, with a total of 62,877 cars per month. In 
1906 an average of ninety trains per day was received 
from the Pittsburg division and sixty from the Middle 
division, and the movement in one direction reached as 
high as one train every ten minutes for six hours. During 
the month of November, 1909, the engine movement at 
this engine-house was as follows :— 


Average number of locomotives de- 


spatched east and west in 24 hours 243 
Maximum number despatched in 24 hours 200 
Maximum number despatched in one hour, 

including switch engines... “a 40 


The trains are operated by consolidation locomotives, 
and on account of the grades on the eastern slope of the 
Alleghany Mountains west-bound trains require three 
engines, two in front and one as a pusher. Hast-bound, 
the line follows a comparatively light gradient along the 
Juniata River, and here large trains can be handled by one 
consolidation engine. There are 35switch engines, requir- 
ing 70 engine crews for day and night operation. During 
the month of November, 1905, there were handled over 
the ash-pit a total of 6497 engines. The number of men 
employed in the yurds is 1830. The number of engine- 
men employed during the month averaged 1012, and the 
number of men employed about the engine-house, shops, 
and coal wharf, and on the motive-power roll was 700. 

Near the centre of the length of the terminal is 
located a large engine-house, with ash-pits, coal wharf, 
sand supply, a good-sized machine-shop, store-house and 
office, with bunk-rooms overhead; also a power-house, 
a fan-house for heating, an oil-house, and a toilet-house. 

The Engine-House.—The engine-house is in diameter 
and cross-section the largest structure ever erected for 
this pur It has an exterior diameter of 395 ft. and 
a turntable of 100 ft. There are fifty-two stalls 90 ft. 
deep. The main portion of the house is 65 ft. wide and 
30 ft. high. On the outer circle there is a lean-to 25 ft. 
wide and 18 ft. high. The = head-in towards this 

ocated alongside the main 
columns at the outer portion of the main building. The 
main portion of the house was made 30 ft. high to accom- 
modate a travelling crane, but columns for supporting 
the crane have not n erected, as jib-cranes secured to 
the main.columps were found more desirable. A cross- 
section of this engine-house is shown on page 184. 

The turntable is operated by an electric motor. There 
ure four drop-tables, also operated by electric motors, two 
of them for driving-wheels, one large table for all wheels 
except the engine-trucks, and another for pony-truck 
wheels. 

The coal wharf is a large structure arranged with a 
trestle-approach having a grade of 3.88 percent. The coal 
is dropped from hopper-cars directly into bins, and no 
cover 1s provided for the cars, as they are emptied entirely 
ty gravity, and no men are employed in the unloading. 

he storage structure is 32 ft. wide and 216 ft. long. A 
special gate and hood are used for regulationg the flow of 
coal from the pockets to the tender. 

At one end of the coal wharf is a sand-house, where 
sand is dried in large stoves and descends through a 
grating to a reservoir, from which it is elevated by com- 
Pp’ air to the sand-bins overhead. 

Near the approach to the coal wharf are four ash-pits, 
each 240 ft. long, two on each side of the wharf incline. 
Each pair is operated by an overhead 5-ton electric 
crane, which spans four tracks, two of them over the ash- 
its for ash-cars. Ashes are dumped from the engines 
into steel buckets which run on wheels on a track in the 
ashpit. These buckets are elevated by the crane and 
transferred to the ash-car, where they are dumped. 
Beyond the ash-pits, at the extreme end of the coal wharf, 
are inspection-pits 80 ft. long and 3 ft. deep, and con- 
nected by an underground passage extending under the 
coal-wharf track. 

Engine-House Organisation.—The work performed in 
an engine-house includes almost everything in connection 
with locomotive repairs that does not require the loco- 
motive to be sent to the general repairshop. Noattempt 
will be made to itemise oa repairs. The work, which 
must invariably be performed periodically, consists of 
boiler-testing every six months; boiler-washing, from 
once a week to once a month, as necessity arises ; stay- 
bolt-testing each week ; examination of smoke-box, draught 
arrangements, and ash-pans, each week ; testing steamand 
air-gauges each month; washing tenders each month ; 
gauging height of pilots each week; gauging tank water- 
scoops each trip; testing air-brakes each trip; draining 
main reservoirs each week. 

Mamner of Reporting and Performing Daily Work.— 
When a locomotive arrives the first information the 
organisation receives as to work necessary is in the engi- 
neer’s report which he delivers at the inspection-pit when 

* Paper read at the joint meeting of the Institution 
of Mechanical Engineers and the American Society 
Mechanical Engineers at Birmingham, July 26, 19! 
(slightly abbreviated). 
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the locomotive is turned over to the inspectors. Five 
inspectors are here employed, as the work must be done 
thoroughly in a minimum time, so that the hostler can 
move the locomotive to the ash-pit and make room in the 
inspection-pit for other locomotives waiting. One in- 
spector examines the under part of the locomotive and 
tender ; one on each side inspects the outside parts, such 
as driving-wheels, rods, steam-chests, guides, crossheads 
and Walschaert valve-gear ; there are two air-brake 
inspectors, one to operate the brake-valve and inspect 
the fittings in cab and air-pump, and the other to inspect 
all other parts of the air and sanding equipment. 

All defects found by the inspectors are entered upon 
regular blanks and transmitted, together with the engi- 
neer’s report, to the gang-leader in charge at the inspec- 
tion-pit, who decides whether it is necessary to send the 
engine to the house or whether the repairs are so slight 
that they can be made on the outside repair-pits in con- 
nection with the outbound storage trac is decision 
is marked upon the report, and upon the steam-chest of 
the locomotive, and the reports are forwarded to the 
work-distributor’s office by pneumatic tube in 45 seconds. 
This saving in time over the 10 minutes ordinarily 
required by messenger is a decided advantage to the 
work-distributor. 

While the inspectors are at work the lamps and torches 
are filled and trimmed by two lamp-fillers. There is no 
further necessity for the engine-house force to open the 
tool-boxes, which are locked by the engineer, and the 
keys, together with his time-card, delivered to the engine- 
despatcher at the foreman’s office. The engineer is then 
relieved of all responsibility and of the care of the 
locomotive. 

The engine moves from the inspection-pit to the ash- 
pit, where the fire-box, ash-pan, and smoke-box are 
cleaned. It then moves to the coal wharf, where the 
tender is filled with coal ; and a little farther on reaches 
the sand-house, where it receives a supply of sand and 
water. It then moves into the engine-house or to the 
out-bound storage tracks, as necessity requires. If it goes 
to the engine-house the track number and the time of 
arrival are reported by telephone by the turntable motor- 
man to the work-distributor, who by this time has the 
work which was reported by the inspector and engineer 
sub-divided and assigned to various gangs. After com- 

leting the work these gangs report the locomotive ready 

or service to the engine-house office, where arrangements 

are made for the movement of the locomotive to the storage 
siding, to await assignment to a trai. If the locomotive 
does not go to the engine-house, it is moved directly from 
the sand-house to the storage siding, and the necessary 
work is assigned to a gang located on the storage tracks, 
after which the locomotive is reported ready for service. 

Engine-Tracing.—At East Altoona there are sometimes 
as many as 200 locomotives within the engine-house 
jurisdiction, and it was found necessary to maugurate 
some efficient method of locating them exactly at all 
times, so that men sent to make repairs will have no diffi- 
culty in finding any particular locomotive required. This 
is accomplished by telephone. Each time a locomotive 
moves to another locality the engine-tracer in the fore- 
man’s office is advised as to where it came from and where 
it has ben delivered, giving the number, the location on 
the track, and the time, in each case. When traffic at 
East Altoona is normal the engine-house must deliver 
ready for service one lovomotive ie | five minutes 
during the whole twenty-four hours of the day, as the 
engines for three divisions are here concentrated. 

Engine-Despatching.—After the engine-tracer has been 
advised that a locomotive is placed on the storage track 
for service, he informs the engine-despatcher, to whom 
the crew callers report. The engine-despatcher is also in 
touch with the yard-master and is the middle man between 
the engine-house foreman and the yard-master. As soon 
as the yard-master receives information that he needs a 
locomotive and crew for a certain train of a given class at 
a certain time, he advises the despatcher, who immediately 
calls out a crew, and when they arrive assigns to them the 
locomotive selected, which is standing on the out-bound 
storage track. A telephone system has been installed 
whereby all crews may be called. The houses of the 
engine men have been equipped with telephones connected 
with the engine-house office, an arrangement which dis- 
penses with —— 

The fireman usually arrives first, and after receiving his 
time-card and keys, he takes ae = of the locomotive, 
and immediately prepares a fire for road-work. The 
engineer, upon arrival, after receiving his time-card at the 
engine-house office and inspecting the bulletin board, to 
read any new orders, goes to the locomotive and oils the 
machinery, and then waits until he is given the proper 
signal to move out of the storage yard. 

Organisation of Staff.—For the operation of ‘this loco- 
motive terminal an elaborate organisation has been worked 
out, based upon the principle that none but the heads of 
sub-departments shall report to, or receive instructions 
from, the foreman, his assistant, or the work-distributor. 
The responsibility of supplying material and the super- 
vision of the workmen are placed directly upon these 

ng-leaders, who are foremen of their respective gangs. 
Jertain questions of discipline must be handled by the 
foreman personally, but questions relating to rates of pay, 
transfers, discipline, &c., ought to originate with the gang- 
leaders, and their duties not be confined to giving out 
work to the men after the distributor has assigned it. 
This results in successful operation, but it also gives 
some dignity to the position of gang-leader, and at the 
same times relieves the foreman of petty details. 

The foreman of a large engine-house should not be an 
ordinary shop-man, but should have some outlook over 
and interest in the operating department. He should be 
a good ry me age commanding the respect of his 
men, should display clear judgment, and form conclusions 





quickly. He should be a good all-round organiser and 
capable of taking care of business promptly.during rush 
hours. He should know how to make brief and intelligent 
reports and possess mechanical ability. His assistants 
should possess sufficient ability to decide what work may 
be slighted or not done at all, and a locomotive still be 
safe to make one or more round trips. 

The engine-house foreman receives from the division 
master-mechanic instructions pertaining to such matters 
as the number of men required, rates of pay, discipline, 
maintenance of his entire plant, and standards. He 
receives from the division superintendent instructions 
relating to crews and despatching of locomotives, and 
carries out such discipline of the engine crew as may be 
imposed by the division superintendent through the road 
foreman of engines. He must co-operate with the road 
foreman of engines concerning the condition of power 
and its performance on the road, and the amount of coal 
and oil consumed. He must carry out orders issued by 
the road foreman of engines concerning the assignment 
of locomotives and crews. At East Altoona the engine- 
house operation is a continuous one throughout the day 
and night, and the night force is practically the same as 
the day force. 

Reporting directly to the engine-house foreman are the 
assistant day foreman and assistant night foreman. Re- 
porting to assistant foremen for office work are the first 
clerk, who takes all the foreman’s and the assistant fore- 
men’s dictation, and the second clerk, who has charge of 
all messengers and ordinary clerks who may be engaged 
in computing the times and earnings of the men and 
in getting together all the information required by the 
master-mechanic’s shop-clerk and for properly keeping 
the records. Next in order is the engine-despatcher, to 
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Next reporting to the work-distributor is the gang-leader 
of boiler-washers, whose men wash out the tenders, blow 
out, wash, fill and fire all boilers, and watch locomotives, 
until they are removed from the engine-house. Next is 
the gang-leader of stay-bolt inspectors, whose men test 
stay-bolts and examine fire-boxesand tubes. There is a 
gang-leader of boiler-makers engaged in renewing tubes 
and stay-bolts, patching, testing and caulking tubes, and 
general boiler work. A gang-leader of engine-cleaners 
has charge of men cleaning locomotives and tenders. 
There is a regular schedule for doing this work, and it is 
so arranged that the work is performed when the loco- 
motives are receiving stay-bolt repairs or boiler-washing. 
A gang-leader of spongers is in charge of packing journal- 
boxes and other work relating to lubrication. .In the 
engine-house there is a gang-leader of machinists, who 
are engaged in setting valves, renewing packing, and all 
other general machinist work on the locomotive proper. 
The gang-leader of tank repairs is in charge of repairs to 
tenders, frames, tanks and couplers, of renewing truck 
wheels, and other tender repairs. The gang-leader of air- 
brake-repair men keeps in order the air-brakes and sand- 
ing equipment. 

The gang-leaders of men on piecework should have not 
more — ten or twelve men under them, with the 
exception of the gang on boiler work, which may require 
from one to four days to complete. 

Pooling Locomotives.—Improved engine-house facilities, 
more system, and better organisation are favourable to 
the pooling of locomotives, and this practice has become 
more general for freight engines in the United States. 
As recently as in 1905 the reports on pooling presented 
at the International Railway Congress indicated that 
pooling was not used on the majority of railways in the 
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whom report the engine-tracer, the callers and the clerks 
who keep the records of engineers and firemen and of 
locomotives arriving and departing. The engine-de- 
spatcher marks up the crew-board, issues time-cards to 
engine crews going out, and accepts and approves them 
upon their return. 

Next in order reporting to the assistant foremen are the 
various gang-leaders. First is the gang-leader in charge 
of the machine-shop. The work of his men is confined to 
machine and vice work, and they are not called upon to 
leave the machine-shop and make repairs in the locomo- 
tive shop or storage yard except in cases of emergency. 
The gang-leader in charge of the blacksmith’s shop has 
charge of all smiths and helpers, as well as the forces of 
flue-welders anu labourers in the engine-house engaged 
in piecing flues and preparing them for locomotive boilers. 
The gang-leader of the power plant has full charge of 
stationary engineers and firemen, electricians, and wire- 
men. Another gang-leader has charge of the ordinary 
—e and sweepers in the engine-house. 

. The foreman in charge of all employees actually hand- 
ling locomotives, from the time they arrive at the terminal 
until they are turned out, also of all workmen en 
in the engine-house or storage-yard, is called the ‘‘ work- 
distributor.” Clerks reporting to his two assistants 
receive the engineers’ and inspectors’ work reports, and 
copy the work required on slips of paper numbered con- 
secutively and properly dated. hese slips are then 
delivered to the gang-leaders of the men. 

The men composing the gangs, working on a piece- 
work basis, are divided into pools of three or four men, 
with leaders. The pool-leaders are under the direction 
of gang-leaders. hen the earnings of three or four 
workmen are pooled, it is found that each man is deter- 
mined that the others should perform their fair share of 
work. The gang-leaders at the inspection-pits are in 
ew of inspectors, lamp-fitters, and engine-preparers, 
pew handle the locomotives between the inspection and 
ash-pite. 

There are three assistant gang-leaders in charge of the 
engine-preparers. Assistant No. 1 has charge of all work 
in cleaning fires pon! pow y the locomotives in the engine- 
house or storage-yard, and of the ashpit men and crane- 
operators who load cinders. Assistant No. 2 has charge 
of the coal-gaugers and sand-house men, turntable ope- 
rators and men engaged in handling locomotives from the 
engine-house to the storage-yard. Assistant No. 3 has 
charge of the men handling locomotives in the storage- 
yard and despatching them when orde for service, 
including engine-watchers, switchmen, and engine-timers. 





United States under normal conditions of traffic. The 
large increase in traffic in proportion to the number of 
locomotives in 1906 and subsequent years has compelled 
most of the roads to resort to the pooling of freight 
enzines and the double-crewing of passenger engines, and 
these methods are now well established on the majority 
of American railways. By improved methods the opera- 
tions of cooling down, washing, and filling with hot 
water may be performed in less than two hours without 
injury to fire-box and tubes, and this alone has contri- 
buted in a large measure to the success of pooling. The 
reduction in boiler pressure from 225 Ib. to 160 and 180 lb. 
has also reduced the number of boiler failures and 
permitted the more continuous use of locomotives which 
results from the pooling system. 

The amount of work which the engineers and fire- 
men do at the engine-houses is now so small that 
it is almost confined .to lubrication of machinery 
and inspection of tools and supplies on engines, and 
no dependence is placed on them for repair work. The 
engineer is required to report any defects or needed 
repairs which he observes while running the locomotive 
or by casual inspection on the outside. The machinery 
underneath is inspected by men regularly employed for 
that purpose, and inspection-pits in the tracks approach- 
ing the engine-house are now regarded as an essential of 
a modern locomotive terminal. 

On some railways where shop facilities are limited, 
locomotives are required to make a large mileage before 
they go in for general repairs. The principal items 
which send engines frequently to the shop are worn tyres, 
defective tubes, and, perhaps, worn driving-boxes. At 
some engine-houses all these repairs are made, the worn 
tyres being replaced by new ones or by others which have 
been turned at the shop. In this way such machinery as 
rods, crossheads, guides and link motion, is kept in ser- 
vice, so that mger locomotives make as high as 
127,000 miles, and freight locomotives 100,000 miles 
between general repairs, one passenger locomotive making 
256,000 miles between shoppings. Passenger locomotives 
average 120,000 miles, and freight locomotives 95,000 
miles. 

On the Chicago, Burlington, and Quincy for the last 
six months of 1909, pooled freight engines made on one 
division as high as 4167 miles per month, and 110 engines 
on three divisions averaged 3777 miles per month. On 
other roads passenger engines double-crewed make an 
average of 6500 to 7500 miles per month, one road report- 
ing for engines in express service 418 miles per day and 
12,780 miles per month. 
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THE ELECTRIFICATION OF THE LAP- 
LAND RAILWAY.*—No. II. 


Ir will be remembered that some extensive 
experimental working with electric traction .was 
carried out on the Tomteboda-Viirtan and Stock- 
holm-Jiirfva sections of the Swedish State Railways 
some two years ago; the experiments attracting 
universal attention, and being at the time fully 
dealt with in this journal. The report was in 
favour of electric traction, but as technical pro- 
gress is exceedingly rapid, the Swedish State Rail- 
ways have sent experts to America, Germany, Hol- 
land, England, Switzerland, and Italy, in order to 
study the most recent developments of electric rail- 
way traction. The experiencethus gained has further 
confirmed the opinion that the single-phase alternate- 
current system is best suited for the purpose. 

With the introduction of electric traction on the 
Swedish State Railways in view, the Government 
has, within the last few years, purchased several 
important waterfalls ; the falls in the Motala River, 
between Norrby Lake and Roxen, the Hammarby 
Fall, in the River Iirle, the Karsefors, and other 
falls in the River Laga, and the Vargon Fall in 
the Gita River, in addition to which the Crown owns 
numerous and vast waterfalls in different parts of 
the country. 

The Swedish Railway Department has, together 
with practical tests and examinations, made ex- 
haustive calculations as to the cost of intro- 
ducing electric traction on portions of the State 
Railways in southern and central Sweden, based 
upon the assumption that power will be derived 
from the said waterfalls. These calculations have 
shown that the economic or financial results of 
the introduction of electric traction depend to a 
high degree upon the density of the traftic on 
the railway sections in question. The relatively 
greatest gain would naturally be obtained on 
the busiest lines, but, on the other hand, the 
Railway Department has felt considerable hesita- 
tion in selecting, for the first important installa- 
tion of the kind, sections of line on which the 
passenger and mail traffic are of special import- 
ance. The irregularities, which would be difficult 
to avoid during the early stages of the new system, 
would give more trouble on such railway lines 
than elsewhere. On the other hand, the Kiruna- 
Riksgriinsen Railway (the electrification of which 
has now been decided upon) will lend itself ex- 
ceedingly well to the purpose, inasmuch as the 
ore traftic, in accordance with contracts entered 
upon, is to be materially increased. If steam trac- 
tion were to be continued, this increased traflic 
could only be dealt with by a corresponding increase 
in the present capacity of the line, by improving 
the profile and building new water stations, coal 
stores, locomotives, &c. 

At present the line will suffice for the transport 
of 3,000,000 tons of iron ore per annum, and this 
quantity is expected to be reached in the year 1913, 
at which time, consequently, the above-mentioned 
extensions would be required. If electric traction 
be introduced, most of the extensions above-named 
will not be needed. The alteration of the profile 
will not be called for until the traffic reaches 
3,850,000 tons per annum (3,750,000 tons from 
Luossavaara - Kirunavaara and 100,000 tons from 
Tuollavaara), which is expected to be reached by the 
year 1918, and experience may show that the latter 
improvement could be dispensed with altogether. 

Another advantage of electric traction will be the 
disappearance of the smoke nuisance in the tunnels 
and sand-galleries between Abisko and Riksgriinsen, 
which has at times caused severe illness amongst 
the railway employees. Further, electric traction 
will make the importation of 41,000 tons of coal 
superfluous. The only drawback of the Kiruna- 
Riksgriinsen section from a trial point of view is 
the climatic conditions, inasmuch as the volume 
of water varies very considerably in the rivers, a 
fact which necessitates certain precautions. From 
snow no trouble of any magnitude is apprehended. 

Neither this nor any other electric system has 
hitherto been adopted on any railway where even 
approximately the same calls have been made upon 
the capacity of the locomotives as will be the case 
here—namely, the hauling of trains of 2000 tons gross 
weight, inclusive of the locomotive, at an average 
speed of 37 kilometres (23 miles) per hour. In addi- 
tion to this important point there are other peculiar 
conditions in connection with this railway section, 


* Article No. I. appeared in our issue of July 1, page 23. 





which necessitate arrangements that must be fur- 
ther tested during the earlier part of the working. 

With reference to the manner in which the elec- 
trification was to be carried out, there were two 
methods to choose between. Either the plant, 
equipment, &c., could be procured in the usual 
way, by tenders, selecting firms of unquestionable 
experience, and relying upon the experience gained 
and the experiments carried out by the State Rail- 
ways themselves, or the whole matter might be 
entrusted to one firm on the condition that they 
took over both the technical and financial risk. As 
the results of the electrification of the railway in 
question would probably be of vital importance as 
regards further installations, the Railway Board 
considered it of the greatest moment to procure 
every possible guarantee, both sechuileciiy and 
financially, and the latter system was therefore 
decided upon. 

In answer to invitations for tenders, the Swedish 
State Railways received two offers, one from the 
well-known firm the General Swedish Electric 
Company, jointly with the Siemens-Schuckert- 
Werke, and one from a Swedish financial syndi- 
cate jointly with the Allgemeine Elektricitiits- 
Gesellschaft. The former was considered the more 
satisfactory of the two, and an assurance was given 
that Swedish industry would secure a considerable 
portion of the work. The main features of the 
contract between the Swedish State Railways, on the 
one side, and the General Swedish Electric Com- 
peny, of Viisteras, and Siemens-Schuckert-Werke, 

erlin, on the other side, are as follow :— 

The firms undertake to manufacture and deliver 
at the places in question— 

(a) Thirteen iron-ore locomotives. 

(b) Two express locomotives. 

(c) Feeding lines (conductors) from the power- 
station (the contract says at Vakkokoski, but, as 
will be understood from what has already been 
stated, preference was given to a power-station 
at Porjus) to Kiruna, and from thence along the 
line to Vassijaure. 

(d) Four transformer stations with complete 
electric equipment, one transformer station to be 
built at Kiruna, one at Tornetrisk, one at Abisko, 
and one at Vassijaure station. 

(e) Contact or overhead conductor-lines over all 
main and branch railway lines on the Kiruna- 
Riksgriinsen Railway section, from the Norwegian 
frontier to the Kiruna station, and over a number 
of specified station lines or sidings. 

The guarantee as to capacity provides that two 
ore-locomotives, one in front and the other behind 
the train, shall transport two iron-ore trains of 1855 
tons from Kiruna to Riksgriinsen per day, and bring 
back the two empty trains of 455 tons weight, 
besides doing the requisite shunting at Abisko 
and Riksgriinsen; further, that these locomotives 
shall be able to do this work without any trouble six 
days running, and that each locomotive engaged in 
this work shall do 90,000 locomotive - kilometres 
(56,250 locomotive-miles) in the year. The express 
locomotives must each be able to take a train of 
200 tons, with load, from Kiruna to Riksgriinsen and 
back three times a day under similar conditions as 
those under which the present steam service is con- 
ducted. These locomotives must also be able to 
do their work six days running without any trouble, 
and to run on an aggregate 100,000 locomotive- 
kilometres (62,500 locomotive-miles) per annum. 

The consumption of energy is guaranteed by the 
firms not to exceed for— 

Watt-hours 
ver Ton- 
ilometre. 


Express trains 31.5 


Passenger trains 31.5 
Tron-ore trains 22.6 
Empty wagons 23.9 


These figures are exclusive of heating and light- 
ing, and are to be measured on the locomotives 
on the high-voltage side of the transformers under 
ordinary conditions of weather, and with rails 
and rolling-stock in good condition. A calcula- 
tion based upon these guaranteed values gives, with 
a traffic of 3,850,000 tons of iron ore per annum, 
and the requisite passenger trains, a quantity of 
energy, measured at the locomotives, of about 
23,547,000 kilowatt-hours, whilst the Railway 
Board has arrived in its calculations at an aggregate 
of 24,975,000 kilowatt-hours, or about 6 per cent. 
more. The amount of energy at the turbine shafts, 


-| corresponding with the above, will be respectively 


about 30,000,000 and 32,000,000 kilowatt-hours. 





The contract further provides that the efficiency 
of the locomotive motors must not be more than 
2 per cent. below certain specified values, and that 
of the locomotive transformers not more than 1 per 
cent. below the value specified for them, the same 
limit of 1 per cent. being fixed for the transformers 
in the transformer stations. For the handling of 
an ore-train only three men are assumed to be 
necessary. When the entire electric installations 
have been duly tried and taken over by the State 
Railways, the working, maintenance, and inspection 
of the electric installations will pass to the State 
Railways, but the firms have the right, and are 
bound, if the State Railways consider it necessary, 
to a a controlling engineer at Kiruna during the 
time the firms guarantee the maintenance costs of 
the electric installations. 

The price of the work to be done by the firms, 
as it stands at the present time, amounts in the 
aggregate to 5,117,000 kr. (284,2771.), subject to 
increase or decrease, according to any alterations. 
The firms guarantee that not more than 35 per 
cent. of the above total shall be paid for foreign 
imports. Should an inspection of the accounts 
prove that more than 35 per cent. has been paid 
abroad, the payment shall be reduced by the 
amount by which such foreign items exceed 35 per 
cent. Should, however, the price of Swedish 
material rise, so as to enable the firms to import 
foreign material, including duty and freight, at 5 per 
cent. less cost than the Swedish material, the firms 
may be exempted from the above regulation. 

he original tender provided for no cash pay- 
ment by the State Railways, but for 4 per cent. 
amortisation and 5 per cent. interest per annum ; 
but as this was not considered favourable, insomuch 
as the State could borrow money at 4 per cent. 
or less, the payment has now been altered to cash. 
Thirty per cent. of the cost is to be paid within 
a month after the Government has instructed the 
State Railways to carry out the electrification in ques- 
tion ; 20 per cent. is to be paid when the principal 
items of the installations have been delivered ; 
40 per cent. is to be paid when the installations, 
after inspection and trial, have been found satisfac- 
tory, and the balance when the final working trials 
have taken place and the installations have been 
found to comply with the stipulated requirements. 

Should the actual maintenance costs for the elec- 
tric installations prove less than the guaranteed 
cost, the State Railways have to pay to the firms 
65 per cent. of such difference. Should, on the 
other hand, the actual maintenance costs prove 
higher than those guaranteed, the firms are to make 
good to the State Railways the whole of such dif- 
ference. There are a number of other provisions 
concerning the liabilities of the contractors for 
occasional years when the maintenance costs may 
be excessive, and to enable theia to take over the 
entire working of the line if the State officials 
cannot manage it at the estimated figure. 

The firms’ guarantee as to the maintenance costs 
forthe installation holds good fortwo years, reckoned 
from the day the works have been definitely taken 
over. The State Railways, however, have the right to 
demand the extension of the guarantee for another 
twenty-three years, in which case the State Rail- 
ways have to pay the firms for such guarantee 5 per 
cent., for the third year, of the cost of installa- 
tion, and 1 per cent. for each year’s further exten- 
sion of the guarantee until the aggregate of the 
guarantee compensations thus paid amount to 10 per 
cent. of the aforementioned costs. 

Within a period of three years, reckoned from 
the time the installations have been accepted by 
the State Railways, the firms are bound, should 
the State Railways demand it, to remove, without 
any compensation whatever, the installations deli- 
vered by them, including the electric locomotives, 
and to pay back the payment received, up to the 
time the removal is demanded, without any interest, 
under the following contingencies :—(a) If the 
working should prove unsafe ; (>) should the ma- 
chinery’ prove unsatisfactory, and not be made 
good ; (c) should the maintenance costs be exces- 
sive, and the firms not undertake the working at 
the agreed figures; (d) should the current con- 
sumption be excessive. In cases (a) and (d) the 
State can take over the installation and exact 
heavy penalties. 

The State Railways have the right, at their own 
expense, to extend both electric lines and trans- 
former station, and also to acquire new electric 
locomotives. In case the firms do not obtain the 
contract for such extensions, the guarantee figure 
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for the maintenance of the ®lectric installation— 
owing to the increased maintenance of lines and 
transformer stations—is to be raised by 7 Gre 
(0.95d.) for each locomotive-kilometre worked with 
other locomotives. 

The contract, naturally, also provides for fines in 
case of nonfulfilment, &c., and the two firms are 
jointly responsible. 

The cost of the installation comprised in this con- 
tract is calculated as under :— a 

r. 


1,352,729 (75,152/.) 
801,508 (44,528/.) 


431,000 (24.0000. ) 
2,005,000 (11,4007. ) 


1. The electric installations : 
(a) Transmission lines 

(b) Contact lines Pe 
(c) Transformer station 
ments mls Bs 
(d) Locomotives (15) ... 
2. For requisite reserve material, 
which the State Railways are 
bound to procure from the start, 
and which cannot be debited to 

the maintenance account 
3. Compensation, which the firms 
have to pay to the State Rail- 
ways for grants, which, in ac- 
cordance with the offer, have to 
be supplied or carried out by 
the State Railways 3 nn 

4. The firms’ general costs . 


equip- 


50,000 — (2,800/.) 


280,000 (15,5557. ) 
196,763 (10,9317. ) 





5,117,000 (284,366/. ) 

The prices calculated for copper conductors and for 
the parts containing copper are based upon a price 
for electrolytic copper of 591. 0.64d. per ton, but is 
subject to future market variations. The total 
weight of copper involved in the contract deliveries 
of the firms amounts to about 765 tons, and that of 
iron and steel to about 4,000 tons. 

Another contract, which is of essential import- 
ance in connection with this interesting installation, 
is the offer from the Luossavaara-Kirunavaara Com- 
pany to buy electric energy from the State hydro- 
electric power-station at the Porjus Falls, which 
is to be ready not later than 1915, until the year 
1932. The company is to pay for this energy an 
annual base price of 35 kr. (39s. 6d.) for each kilowatt 
of the maximum demand occurring during the year 
as recorded by the so-called quarter-hour meters, 
the average of the four highest weekly readings 
being taken to represent this maximum demand ; 
and a further $ dre (0.067d.) for each kilowatt-hour 
used according to kilowatt-hour meter. The com- 
pany, however, is to pay from the commencement of 
the supply, independently of the measured con- 
sumption, not less than 350,000 kr, (19,4401.) per 
annum. 

With reference to the cost of electric energy 
from the power-station at the Porjus Falls, and 
the respective costs of electric and steam traction 
on the Kiruna-Riksgriinsen Railway, the following 
calculations have been accepted. The cost of an 
annual ore transport of 3,850,000 tons on the elec- 
tritied line—that is, the working cost of the one-phase 
installation at Porjus Falls—figures outas follows : 

Kr. Kr. 

Cost of current :— 
Cost at turbine shaft 
Cost of interest, 

writings-off, main- 
tenance of electric 
stations, wages, 
material used at 
power-station, &c. 

Cost of the longer 
line from Porjus, 
with interest, main- 
tenance, &c. ... 134.100 (7,450/.) 


287,000 (15,9607. ) 


190,000 (10,5707. ) 


611,100 (33,9807. ) 
332,500 (18,4722. ) 


604,000 (33,555/. ) 


Guaranteed costs 
Other costs, includ- 
ing interest ies 
1,547,600 (86,0077. ) 
Adding interest at 4 
per cent. on the loss 
of interest during 
the construction ... 26,080 (1,4507.) 
1,573,680 (87,4577.) 
The working cost of the three-phase installation 
is calculated as follows :— 
Kr. Kr. 
367,000 (20,3897. ) 
68,500 (3,805/.) 
———— a 435,500 ( 24,1947.) 


Cost of current 
Lines ; 


Interest on loss of 
interest in course 
of construction 18,920 (1,0517.) 


454,420 (25,2452. ) 
The aggregate working costs of the one-phase and 
the three-phase installations, including the working 





of the railway Gellivare-Porjus and the electrifica- 
tion of the Kiruna-Riksgriinsen Railway, with power 
from the Porjus station, will thus be 2,028,100 kr. 
(112,6721.); which total, with interest on the cost of 
the railway, &c., is further increased to 2,117,980 kr. 
(117,6651.). Should a fifth unit be installed, the work- 
ing cost would be about 60,000 kr. (33331.) more. 

The annual cost of the steam traction for the 
haulage of 3,850,000 tons of ore is calculated by 
the Railway Board to be :— 


Fuel a 
Other costs ... sa = 
Interest and depreciation... 


Kr. 

662,300 (36,8007. ) 
1,084,400 (60,2447.) 
247,000 (13,7222. ) 


1,993,700 (110,766/.) 


In order to complete the comparison between 
electric and steam traction in this case, it must be 
borne in mind that, for the increased traffic, it 
would, if steam traction were maintained, be neces- 
sary to construct a second line of rails over a dis- 
tance of 33 kilometres (203 miles), of which, and 
other necessary work, the annual cost of interest 
would be 192,800 kr. (10,7111.), which will be saved 





by the clectrification of the line. 


require vast quantities of electric energy. As 
already mentioned, water regulations can increase 
the available water-power to some 300,000 horse- 
power throughout the year, of which more than 
half, or 180,000 horse-power, will come from the 
10 kilometres from Porjus to Harspranget. 

The total cost of the works and installations 
necessitated by the construction of the Porjus 
hydro-electric power-station and the electrification 
of the Kirunavaara-Riksgransen is calculated at an 
aggregate of 21,225,375 kr. (1,179,1871.). The 
Government asked for 21,500,000 kr. (1,194,400. ), 
which the Legislature readily granted ; and it must 
be gratifying to Mr. Lindman, the Premier, who 
knows Lapland and its vast resources better than 
most people, that he has again succeeded in passing 
a measure of such importance for that remote part 
of Sweden. 

A few particulars of the line now to be electrified 
may be of interest. Of the Kiruna-Riksgriinsen 
section only 35,242 metres (22 miles), or only about 
one-fourth of the aggregate length, are level, whilst 
49,388 metres (31 miles) have rising, and 45,249 
metres (28 miles) falling, gradients, from Kiruna to 
Riksgriinsen, more than 34,000 metres (21} miles) 











THe KirrunavaaRa Iron-OrE Mountain. 


The final financial comparison between electric 
and steam traction consequently gives the follow- 
ing result :— 

Kr. Kr. 
steam 
traction... . 1,993,700 (110,7667.) 
Revenue from 
sale of energy, 
as arule not less 
than ... 850,000 (19,4442. ) 


Cost of 


2,343,700 (130, 2107. ) 
Annual cost of 

electric traction 

with powerfrom 

the Porjus sta- 

tion bs ... 1,573,680 (87,427/.) 

Cost of three- 
phase _installa- 
tion nes ah 
Interest on the 
Gellivare-Porjus 
Railway, &c. ... 


454,420 (25,245/.) 


(4,9937. ) 
— 2,117,980(117,665/.) 


89,880 


The State’s profit 
is thus ... as 
Adding aforesaid 
saving ... a 


225,720 (12,5407.) 


192,800 (10,7112) 


418,520 (23,2512.) 


Had the Vakkokoski project been chosen, the 
monetary saving would have been quite 50 per 
cent., but it had been entirely exploited by the 
State Railways, whilst the Porjus project leaves a 
wide scope for additional extension for industrial 
purposes, so, if the three-phase installation, as will 
appear from the above, should give the above cal- 





culated loss—454,420 kr. (25,245/.)—annual work- 
ing expenditure, and only 350,000 kr. (19,4441.)| 
calculated revenue from sale of energy, it will | 
unquestionably soon yield most satisfactory results. | 
There are, in fact, already installations planned, 
to which we have previously alluded, which will 


have gradients of 10 : 1000, and about 15,000 metres 
(9 miles) gradients of 8:1000. With regard to 
curves, 62,842 metres (40 miles) are curved, and 
67,037 metres (42 miles) straight line. The smallest 
curve radius, 300 metres (about 15 chains), extends 
over 33 metres (36 yards) ; 400 metres radius (about 
20 chains) over 134 metres (146 yards) ; 500 to 590 
metres radius (25 to 30 chains) over 4161 metres 
(28 miles) ; 600 to 690 metres radius (30 to 343 
chains) over 30,943 metres (19 miles), &c. There 
are several tunnels in the section, of which the 
Nuolja tunnel is 874 metres (953 yards), and the 
Pornehamn tunnel 532 metres (580 yards) long. 








Fencina CANADIAN Raitways.—The Canadian Nor- 
thern Railway Company has been called upon by the 
Premier of Alberta to fence its lines and right-of-way in 
that province; and the work, which was ordered at the 
instance of farmers living along the lines, is to be begun at 
once. As the mileage of unfenced lines is great, a heavy 
tonnage of wire will be required. 


Krupr.—At the commencement of May this year the 
great works of Krupp, of Essen, had 68,905 ne er 
as compared with 63,540 twelve months previously. Of 
the whole working staff of the company, 37,848 were em- 

loyed at the commencement of May at Essen. Krupp 

ad also, at the same date, 10,035 persons engaged in 
working coal. The coal consumption of the company last 
year was 1,394,000 tons, besides 771,000 tons of coke. 


Execrricity Suppty, BoroucH or STepNey.—A copy 
of the abstract of accounts and balance-sheet for this 
undertaking for the twelve months ended on March 31 
last has been sent us by Mr. W. C. P. Tapper, engineer 
and manager. It contains interesting figures. It shows 
that the increase in units sold for power and heating pur- 
poses was in advance of the record for the preceding year, 
whilst the private lighting units were still being influenced 
by the adoption of the metallic-filament lamps. The 
total costs had dropped from 1.505d. per unit in 1908-9, 
to 1.445d. for the past year, while the average income had 
dropped from 1,54d, in 1908-9 to 1.458d, 
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THE POSSIBILITIES OF THE HYDRO- 
PLANE. 


For a great many years the possibilities of the 
hydroplane have been a matter of discussion among 
those interested in high-s' boats, but it has only 
been since the advent of the petrol motor that there 
has been any practical development. 

The essential difference between the ordinary 
boat and the hydroplane is that while the former 
has a displacement which is at all times approxi- 
mately equal to its weight, the latter rises in the 
water at full speed to such an extent that its dis- 
placement is practically nil. The principle on 
which the hydroplane depends for the maintenance 
of its position is, in fact, exactly the same as that 
controlling the motion of a flat stone skimming along 
the water when it is thrown in playing ‘‘ ducks and 
drakes.” In order that the stone should stay at 
the top of the water when thrown, it is nec 
that it should move ata certain speed, and similarly, 
in the case of the hydroplane it is necessary that a 


engine is powerful enough to maintain the speed 
at which it lifts, and this involves an engine weigh- 
ing some 10 lb. per horse-power or less. Such 
engines were not commercially available till the 
advent of the —? petrol motor, and hence 
it is only recently that the hydroplane has made 
any notable performances. 

The great objection to the ordinary hydroplane 
for practical work is that it must be run either at 
nearly full speed or very slowly indeed, and that 
it is of such a shape as to be absolutely unsea- 
worthy. In order to get a speed greater than can 
be obtained in an ordinary boat, and yet to avoid 
the practical objections to the hydroplane, Sir 
John Thornycroft last year built the Miranda III., 
which had great success in the small racing 
class. This Seat was 22 ft. long and of great 


beam, and had a flat place amidships, and also a 
flat fin carried horizontally under the forefoot. The 
advantages of the hydroplane system can be seen 
very clearly by comparing her with the Gyrinus, 





a 26-ft. racing-boat of ordinary form, built and 

















she goes through the water in a similar manner 
to an ordinary boat, and the variation of form 
necessary to make her skim is so small as not 
materially to affect her performance. It will be 
seen from the section that while she is neces- 
sarily flatter amidships than the ordinary type 
of boat, this flat part only extends a very short 
distance, while the bon of the bow is not materially 
different from that of the ordinary high-speed boat. 
There is no reason, therefore, to think that she 
is in any way inferior to the latter. When running 
at high speed, however, the boat lifts till only the 
part from A to B, Fig. 4, carries the weight, the 
rest of the boat being entirely clear of the water 
with the exception of a small length aft of ©, 
which may have enough weight on it to make the 
boat stable longitudinally. The greater part of the 
bottom is thus entirely clear of the water, and the 
frictional and other resistances very greatly reduced. 
It is remarkable how small the disturbance of the 
water is, considering the s of the boat. 

The engine is of the eight-cylinder diagonal type, 


Fig. 3. 
































DECK PLAN. 


_ AT HATCH 


sae —fl_ Figé. 





_— 









































SECTION \AT 7. 


Fics. 1 to 7. Tae Hyproptane Boat ‘‘ Miranpa IV.” 


certain speed should be maintained, or the boat will | engined by the same firm. 


not rise out of the water as desired. 


Both these boats were 
fitted with identical engines, having four cylinders 


It is, of course, essential that the hydroplane| 4 in. in. diameter by 7 in. stroke, and capable of 
should float when at rest, and also when running| maintaining about 60 brake horse-power. The 
slowly, and it, therefore, must have sides giving it} Gyrinus was the fastest boat of her class, and was 


a reasonable freeboard. The original hydroplanes 
were built very much like a punt, with a flat bottom 
of special shape. There are, however, many prac- 
tical objections to this form, for although some very 
high speeds have been recorded in proportion to the 
size of the boat, such vessels are absolutely useless 
except in quite smooth water, and, further, below 
a certain critical speed are very inferior to the 
ordinary boat. 

It is for these reasons that the hydroplane was 
not of any practical use till the advent of an engine 
which was very light in proportion to its power. At 
low speeds the hydroplane has a very much greater 
resistance than the ordinary boat, for the reason that 
it has to plough through the water, and is of very 
inferior form to do it. At a certain critical speed, 
however, the whole boat lifts till there is really no 
bulk of it in the water at all, and then it skims along 
the surface of the water with very little resistance. 
It is obvious, therefore, that the hydroplane will 


have no advantage over the ordinary boat unless the" 


| capable of maintaining about 21 knots, which is in 
| itself a very remarkable result when the small size 
| is considered and the speed which such boats could 
attain a few years ago. The Miranda, on the other 
hand, could go 27 knots, although she was 4 ft. shorter. 
| While she was quite satisfactory as regards speed, 
and a good sea boat for her size as long as she was 
| not driven too hard, it was felt that there was room 
|for considerable improvement in the practical 
| qualities, and therefore Miranda IV. was built. 
| We published illustrations of this boat in our issue 
of July 15, and now give engravings taken from 
the patent specifications showing the principle on 
which she is constructed, and other engravings illus- 
trating the general arrangement of the actual boat. 
This boat is 26 ft. long by 6 ft. beam and 2 ft. 6 in. 
deep. In the general outline she approaches very 
much to the shape of an ordinary boat, but the bottom 
is specially adapted to make her skim at high speeds. 
This arrangement gets over the difficulties of the 
original type of hydroplane, for at moderate speeds 








having cylinders 4 in. in diameter by 7 in. stroke, and 
is illustrated on the next page. The cylinders are cast 
in pairs, and have the inlet-valves over the exhausts. 
There is one cam-shaft to all the valves, the inlets 
being worked by rocking-levers. One carburettor 
is used for all the cylinders, and there is one high- 
tension magneto. The crank-chamber is of alu- 
minium, and has three bearings for the crank-shaft, 
forced lubrication being used. 

The displacement of the boat is about 25 cwt., 
and the power developed by the engine about 
120 brake-horse-power. It is impossible yet to 
speak accurately as to the speed which this boat is 
capable of, for she has only been in the water a 
very short time, and has had hardly any tuning-up. 
Almost directly she was finished, she had to com- 
pete in the Bournemouth Centenary Regatta, where 
she was very successful. She has, however, exceeded 
31 knots under somewhat unfavourable conditions, 
with several persons on board, and it is hoped this 
figure will be exceeded when she is properly tuned 
up. A speed of 31 knots in a 26-ft. boat is, 
however, in itself remarkable, and it is interesting 
to consider what are the ibilities of this type 
of boat. Other things being equal, the speed of a 
boat varies as the square root of her length. We 
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THE ENGINES OF THE HYDROPLANE BOAT 
CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND CO., LIMITED, BASINGSTOKE. 


Fig.é. 
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can see the effect of this proportion if we con- 
sider the history of the torpedo boat and destroyer. 
The original high-speed boat, from which all these 
developed, was one called the Miranda, built by 
Messrs. Thornycroft and Co. in 1872. This boat 
was about 50 ft. long, 4 tons displacement, and 
with 72 indicated horse-power did 16.2 knots, a 
speed as remarkable in its day as that of her 
successor now. The early torpedo boats were 
simply boats of very much the same size and speed 
as the Miranda, but as greater speed was desired 
they were made larger, and it is curious to see that 
in practice the speed has gone up very nearly as 
the square root of the length. Thus, taking the 
Miranda as the starting-point, a 100-ft. torpedo 
boat should have 32 tons displacement, 575 indicated 
horse-power, and go 23 knots. A 200-ft. destroyer, 
in the same way, should have 265 tons displacement, 
4600 indicated horse-power, and go 32} knots, and 
these are very nearly the proportions and speeds 
of the boats of these lengths, though there has 
been a certain tendency to increase both weight 
and horse-power. Thus, although the Miranda 
was only a fast pleasure-launch, she was the 
starting-point from which a large engineering de- 
velopment proceeded, and which has had a very 
considerable influence on naval warfare. 

If the hydroplane can be developed in the same 
way from the new Miranda, we should get a boat 
52 ft. long, 10 tons displacement, with a brake 
horse-power of 950, to dc 45 knots. Such a boat 
could be hoisted up on a battleship, and might 
have very great uses for dispatch work, as the 
speed is considerably greater than that even of the 
fastest destroyers. ith a boat 110 ft. long a 
speed of over 60 knots would be got, and with 
larger boats still higher speeds. The construction 
of such boats depends, of course, on engineers 
being able to build larger engines without increasing 
the weight per horse-power, and it is not suggested 
that it aa 01 be possible, at the present moment, 
to build a 








trol engine of several thousand horse- | Mr. 





Nie 


impossible in the supposition that such engines may 


be builtin the near future. It would, for instance, 
in 1872 have been quite impossible to build large 
marine engines as light per horse-power as the 
original Miranda’s, but with experience it has since 
been done even with horse-powers of over 20,000. 
Similarly in the last few years the power put into 
motor-boats has gone up from a few horse-power 
to 800 without any increase in the weight per 
horse-power, and the size of engines may increase 
just as rapidly in the future, if there is a demand 
forthem. In a matter of this kind, however, it is 
not wise to be in too great a hurry, and progress is 
often much more rapid when no attempt is made to 
take too great a step at a time. 





THE INSTITUTION OF MECHANICAL 


ENGINEERS AND THE AMERICAN 
SOCIETY OF MECHANICAL ENGI- 


NEERS. 
As briefly reported in our last issue, the joint 
summer meeting of the American Society of Mecha- 
nical Engineers and the Institution of Mechanical 
Engineers was continued on Wednesday, the 27th 
ult., members reassembling in the Hall of the 
Birmingham and Midland Institute at 10 a.m. 
After a few words from Mr. Aspinall, the chair 
was taken by Dr. Goss, who called upon Mr. H. I. 
Brackenbury to read his paper on ‘‘ High-Speed | 
Tools, and Machines to Fit Them.” This paper, 
which we published in extenso in our last issue, 
having been read by the author in abstract, the 
discussion was opened by the reading of prepared 


“MIRANDA IV.” 
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| Institution of Mechanical Engineers) followed, and 
remarked that Mr. Brackenbury had, in the very 
last sentence of his paper, called attention to the 
neglect shown by engineers generally of the double- 
cutting principle in planing-machines. With that 
remark the speaker heartily agreed. More than 
fifty years ago Sir Joseph Whitworth showed his 
appreciation of the principle of double-cutting by 
devising a tool-box which cut on both strokes, the 
tool turning, as was well known, half way round 
at each end. That tool-box had been used ever 
since, and was very largely used for plate-edge 
planing. He supposed that all the ship-plates 
and girder - plates made in England had been 
for a long time planed on both strokes, and, in 
fact, since the invention of that simple tool-holder, 
he thought it probable that no one had been so 
; uneconomical as to use an idle stroke on a plate- 
edge planing-machine. Others had endeavoured, 
without much success, to improve upon Whitworth’s 
turn-round tool-box, and had tried to make a good 
double-cutting tool-box. There were difficulties in 
the way, however, for it was not easy to make back- 
to-back tools capable of traversing, or of such a 
form that a proper angle might be given to the 
cutting-edge of the tool, or capable of being used 
in an emergency on one stroke only. The latter, 
for instance, might become necessary when it was 
desired to plane up to a narrow landing, or where 
there was no room to turn the tool round ; or he 
might refer to another instance, such as occurred 
in the planing of points and crossings, where 
obviously it was impracticable to have a heavy cut 
meeting the fine knife-edge of the switch. 

The makers who followed Sir Joseph Whitworth, 
and attempted to develop his principles, did not 
succeed all at once in making these double-cutting 
tool-boxes strong enough to take a cut equal to 
that possible with the ordinary flapper single 
tool-box. Therefore the growth of double cut- 
ting had been slow, but there were inherent 
advantages in the system which must, he thought, 
force themselves upon the attention of engineers 
in course of time. He would confine himself to 
the mention of three of these which were not, 
he feared, generally grasped. In cutting surfaces 
on cast iron, having, perhaps, a number of slot- 
holes or edges, the tool had constantly to encounter 
hard scale. The harder the cast iron, the harder, 
he might say, would this scale be. In cutting 
such surfaces with two back-to-back tools, the 
forward-cutting tool, whenever it came to the edge 
of the slot-hole, chipped away a small particle 
of scale. The backward - cutting tool entered 
clean metal, therefore, and in its turn chipped 
away a small particle of scale at the end of that 
stroke, so that the forward-cutting tool also, in 
its turn, entered clean metal. The consequence 
was that in taking a roughing cut over the cast- 








contributions by three members of the American 
Society. These we print in full this week. The) 
first to be read was one by Mr. John Calder, who | 
gave a résumé of modern American machine prac- | 
tice and outputs; the next was by Mr. L. D. 
Burlingame, of the firm of Messrs. Brown and | 
Sh , Providence, R.I.; while the third was by | 

4 P. Alford, a member of the New York staff 


power, and of the same weight per horse-power, as | of the American Machinist. | 


the smaller one now in use; but there is nothing | 


Mr. J. H. Wicksteed (Past-President of the! 


ing (perhaps with sand and scabs and scale upon 
it) the effect of the first cut was as good as 
that of the second cut, where a single tool, un- 
relieved by a companion, was employed. (f 
course, however, every casting took some set alter 
the first cut, so that a second cut was always 
necessary to rectify the effect of the recovery aiter 
relief from the internal stresses, before the scraping 
cut was taken. 
Another advantage of the double-cutting pru- 
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ciple was that with it a roughing cut of much 
greater uniformity was obtained than was pos- 
sible with a single tool. This was tly due to 
the clearance of the scale, and partly to the fact 
that the cut was divided between two tools. 
Therefore, with a large surface, such as the 30-ft. 
by 12-ft. table surface, full of slot-holes, of a large 
planing - machine, the whole surface might be 
traversed without removing the tool for re-grind- 
ing, because each tool had only done half that 
surface. There was the further advantage that 
the machine need not be provided with a quick 
return stroke, which remained still an advantage 
even if it were only cutting upon one stroke, 
as it was able to take that stroke in either 
direction. In cutting with a parting tool the most 
suitable back-cutting tool was found to be a 
straight parting cutter, whereas the front-cutting 
tool required an expensive parting cutter with more 
overhang, in order to allow of it being ground back 
to prevent it digging into the work. A straight 
parting cutter put into the back tool-holder would 
prevent chattering and catching in the bottom of 
the parting groove. The same remark applied to a 
scraping cut. With a broad scraping-cutter there 
would be less chattering and cleaner cutting, if the 
tool were put into the back tool-holder than if put 
into the front one. 

Some of these advantages were slowly dawning 
upon users of large machines, and the speaker did 
not believe that anyone who bestowed the smallest 
consideration upon what he was doing would now, 
for instance, put down a planing-machine for plan- 
ing turbine-cases—which might be 20 ft. wide and 
50 ft. long—that did not cut both ways; for the 
reason that by double cutting he could finish his tur- 
bine-cases better, and cheaper as far as machinery 
was concerned, and very much cheaper with regard 
to the power consumed. On this point of waste 
power, he thought people were now becoming 
educated by reason of experience with motor-driven 
tools, the power for which cost sometimes 1d., 
but never less than 3d., per unit. They were 
learning what a formidable amount of power might 
be utterly wasted in a quick-return stroke. The 
speaker had above instanced turbine-cases, but, of 
course, engine bed-plates and other work could be 
done advantageously by double cutting. In the 
speaker's opinion it was bad economy to use a quick 
return demanding either an overload upon the motor 
or a larger motor than was required for the cutting 
power necessary for the particular machine. There 
were, of course, other points to be considered. For 
instance, where the tools had frequently to be 
changed, not in such planing work as that where the 
only change was between the roughing and scraping 
tools, but as in work where there were a great many 
angles and corners, when, in fact, right and left-hand 
cornering tools, and tools for running off the edges, 
and a variety of other tools became necessary. This 
consideration was an important one, especially if 
the work was large, for the changing of tools in 
dyplicate might then easily take up the time that 
would otherwise be saved by double cutting. 

The outcome, therefore, was that the two principles 
of quick return and double cutting met at a certain 
point. Tentatively, he would say that machines 
4 ft. or 5 ft. wide and up to 10 ft., 15 ft., or 20 ft. 
long, might, on the whole, be advantageously made 
with a single cutting tool and quick-return motion; 
but in the case of machines of 8 ft. to 10 ft. wide 
and 30 ft. to 40 ft. long, the double-cutting tool- 
box was advisable. The matter was one that should 
always be looked into. The buyer should not put 
himself too unreservedly into the hands of others, 
taking conservative advice, but should consider the 
question for himself, and should not be put off by 
trifling troubles, such, for instance, as the objec- 
tion, often raised, as to too light a tool - box. 
There was no reason why the double tool-box 
should not be made just as strong as a single one. 
It might happen occasionally that it would be 
necessary to Pelt a strong staff to the tool-slide in 
order to reach out 2 ft., 3 ft., or 4 ft., so as to take 
a cut a little distance from the tool-box. In such 
a case, whether there was a double tool-box or a 
single-flap tool-box, the whole tool-box should be 
removed, and the staff should be bolted directly to 
the slide, as close up as possible. There was, he 
admitted, a good deal to be said for quick-return 
machines. Mr. Brackenbury had alluded generally 
tothe question. He wished to conclude his remarks 
by saying that he considered Mr. Brackenbury had 
performed a valuable service in calling attention to 
the neglect of the double-cutting principle. 





Mr. William Lodge, Cincinnati, who spoke next, 
observed that, in listening to the various papers, 
he had been struck by the apparent rapidity with 
which the business was moving, but to non-practical 
men this might be misleading, as, for instance, to 
owners of businesses who were not engaged in the 
actual manipulation of the metal. The total rough- 
ing operations in the building of almost any 
machine would not exceed a quarter of the total 
hours used, so that the saving of time in this direc- 
tion would not make the manufacturer rich imme- 
diately, even if he bought up all the high-speed 
tools available. He was an advocate of high-speed 
steel, had used it, and made machines purposely 
for its manipulation, but that did not influence his 
opinion that, in watching economies in the making 
of machinery, there were many other matters to be 
looked after. 

In the ordinary day-work method it would often 
be found that one man would give, perhaps, one 
hour’s work in ten hours, another two hours, and 
another three hours. The speaker therefore con- 
sidered that the question of handling the men and 
the work so as to get the proper production was a 
factor of as much importance as that of the high- 
speed steel. In this connection, the problem of 
getting the various pieces through the works so 
that delivery should be made to the assembly-room 
at the proper time was of considerable moment. 
The mere roughing of a piece in less time than was 
formerly consumed—to the extent of, perhaps, one- 
twentieth of the whole—was, indeed, something, 
but it was far from being identical with taking care 
of the whole routine in the production from start 
to finish, and it would prove more beneficial to 
give attention to this. r. Lodge then referred 
to one system of taking the work through the 
shop. In this system a hatch of coupons was sent 
along with the work. If, say, twelve operations 
were required for the production of some piece, 
there would be twelve coupons. The first coupon 
would give the first operation, the time it should 
be performed in, and such other information as 
might be necessary if it were either piece-work 
or premium-work. That operation completed, 
the top coupon would be taken off, the second 
showing the time, &c., allowed for the next work. 
That coupon would, in turn, be taken off, and so 
on, and every coupon would find its way to the 
cost-room within an hour of the completion of an 
operation. Thissystem simplified superintendence. 
Ordinarily an inspector investigated the work as 
it left the various departments, and sent it forward 
for the next operation. 

Mr. Dempster Smith said, in regard to Mr. 
Brackenbury’s paper, that he was pleased to ob- 
serve the recommendation that makers should 
be asked to guarantee the efficiency of their 
machines at various loads. At present the maker 
practically designed the machine on his own 
specification, and did not, in the majority of cases, 
know the cut of which the machine was capable at 
any of its speeds. A specification of a drilling- 
machine, for instance, stated that the machine 
would drill holes up toa certain diameter, but made 
no mention of the feed used when drilling the 
largest hole, or of the material used or operated 
on. These factors, together with the s » were 
of as great importance as the largest diameter of 
hole. Ifa certain ratio of net to belt work were 
insisted upon, present designs of gear - drives 
would be greatly modified or altogether withdrawn, 
many of the gears having an efficiency less than 80 
per cent. Little was known even now about the 
durability of gears at high speeds, or the proportions 
which gave the most satisfactory results as to wear, 
so that, whatever the efficiency of the machine when 
new, this efficiency might, in time, be very much 
reduced. It would appear from remarks in the paper 
that Mr. Brackenbury had no high opinion of experi- 
mental research. He had stated that though ex- 
periments made under ideal conditions were useful 
for some purposes, they were of no guidance in 
regard to ordinary shop performances. Of course, 
experiments were made under ideal conditions in 
order to determine the ideal capabilities of tools or 
machines. What was done in the workshop, how- 
ever, depended entirely on the equipment of the 
shop and the management. 

The author further stated that there were ‘‘ so 
many varieties in the actual conditions that it was 
difficult to say what was the best rate to cut at,” 
and had continued by adding to Mr. F. W. Taylor's 
twelve variable elements. The existence of so 
many as twelve variable elements had been disputed 


by Dr. Nicolson and Mr. Daniel Adamson, and the 
inference from their remarks was that, for roughing, 
at all events, the cutting speeds depended entirely 
upon the quality of the steel, the cutting angle, 
shape of tool, area of cut, and the quality of metal. 
He considered that the complicated expression 
adopted by Mr. Taylor in his ‘Art of Cutting 
Metals ” was capable of much simplification without 
introducing serious error. Dr. Nicolson had stated 
that the cutting speed depended on the area of the 
cut—the depth of cut multiplied by the feed as a 
single variable. Mr. Taylor, however, had stated 
that the speed depended on the depth of cut and 
traverse as independent variables. The reader of 
“The Art of Cutting Metals” would observe that 
all references to the — varying with the cut and 
traverse as independent variables were based on 
three sets of experiments made, in 1884, with carbon- 
steel tools. e variation in cutting speed due 
to different depths of cut was obtained } advancing 
the tool into the work in the ordi way, the 
traverse being kept constant ; whereas the variation 
with different rates of traverse was obtained by 
altering the shape of the tool. The second system 
gave the desired difference by altering the inclination 
of the parallelogram of cut by varying the angle of 
the tool, thus keeping the length of the shaving the 
same, but altering its thickness, while retaining one 
rate of traverse. The traverse in all the tests was 
kept at 0.08 in., while the alteration in the angle 
of the tool resulted in a difference in the true depth 
of the cut in one case from 0.005 in. to 0.015 in. 
This system introduced a third variable—namely, 
the angle of the tool. 

In the first series, in which the tool was forced 
into the work to varying depths, the following 
figures were obtained on medium steel :— 


Depth of Cut. | Cut Ratio. | Cutting Speed. | Speed Ratio. 
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In the second series, in which the tool angle was 
varied, the following figures were recorded :— 
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There was a difference of speed ratios for the 
latter set of experiments of 20 per cent., but in 
spite of this Mr. Taylor had taken the mean of 
these, 1.89, for the purpose of making his com- 
parisons with the former set. This introduced an 
error in Mr. Taylor’s conclusion, which was to the 
effect that reducing the thickness of the shaving to 
4 increased the speed 1.8 times, while reducing 
the depth to } increased the speed 1.27 times. 
This was a difference of 42 per cent. 

Mr. Smith continued by discussing Mr. Taylor's 
formula, and concluded by stating that the mathe- 
matical expression for the cutting speed for steel 
for the round-nosed tool could be expressed as 
— for a 4-in. tool, where A was the area of the 


constant 

At 
In this country, the speaker said, a radius of 
about 4 in. to § in. was commonly used for all 
roughing cuts. 

Mr. W. Carter followed. He expressed disap- 
pointment that no mention was made in the paper 
of the newer and improved high-speed steels, or of 
what could be done with machine-tools using these 
steels, which were capable of doing three or four 
times more work than the older high-speed steel. 
The speaker did not agree with Mr. Brackenbury’s 
division of tool steels into three classes. The steel 
classed as ‘‘ C” would do anything that those of 
classes ‘‘ A” and ‘* B” would do, and could be used, 
therefore, if the user were prepared to pay a higher 
price. He did not think it necessary for a workshop 
to have three varieties of steel in use if any one of 
them could give the best results. The author had 
stated that removing metal in the shortest space of 
time was only advantageous up to a certain point, 
and the speaker would ask at what point the economy 
ceased. He would suggest, in regard to cutting 


cut. For cast iron the expression was 





angle and shapes of tools, that the round-nosed 
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tool was wrong in theory, and against all practice, 
and he believed its use was only permitted because 
the tool was easy to maintain. There was no doubt 
that the perfect tool should have a straight line for 
cutting. Mr. Carter here proceeded to illustrate 
his reasons for this view by the aid of sketches on 
the blackboard. In the case of the round-nosed 
tool, the section-line corresponding to the top of the 
tool taken in a vertical plane slightly back from the 
tip would approximate to a straight line, whereas 
the tool actually took a curved chip. A certain 
amount of pressure was required to make this 
curved shape conform to the straight-line top of 
the tool. In the case of a tool having a straight 
line for the actual cutting-edge the chip came off 
straight, and required no pressure beyond that 
absorbed by the ordinary change of direction. 
That, the speaker considered, was one reason why, 
when turning axles, a round-nosed tool was abso- 
lutely wrong. 

Continuing, Mr. Carter said that he felt that the 
comparison of tests under the heading of ‘‘ Eco- 
nomy in Power” in the paper did not give sufti- 
cient detail. He assumed that the tests made at 
the works of Messrs. Alfred Herbert, Limited— 
certainly very fine tests—were made with lubrica- 
tion of the cutting tool, whereas the tests at the 
School of Technology were made with dry tools, 
and the advantage of lubrication was well under- 
stood. In Table II. of the paper the author had 
given cutting speeds for turnings for hard rail- 
way tyres. It stated there that old hard 
railway tyres were cut at a speed of 45 ft. per 
minute, with six feeds per inch, and with 3 in. 
depth of cut. 








It was stated that two tools! 





have been glad to hear the views of railway 
men on that subject. Though he had had much 
experience in turning tyres, he had never seen 
anything at all approaching these speeds. He would 
certainly suggest that a steel which was capable of 
turning hard railway tyres at 45 ft. per minute 
would do much better than 70 ft. per minute with 
cast iron, as given in Table II. ; the two figures, 
he thought, were not consistent. 

Mr. Lodge had remarked that only a quarter of the 
time could be saved by roughing, and though not 
directly connected with the matter of the paper, he 
might refer to practice in one department of most 
shops where considerable economy might be achieved 
—that was, in the grinding and preparation of tools. 
If there must be a correct cutting speed for the 
metals which were to be cut, there must, he thought, 
also be a correct cutting speed for the tools that 
were to be ground. In many modern shops the 
grinding equipment was something to be amazed 
at. Grimdstones were run at all speeds—some- 
times at twice the proper speed; they were not 
kept true, they were the wrong grit, there was 
no water supply, or only an intermittent one. 
Consequently, in sharpening the tools, about twice 
the time was taken that would be occupied if proper 
attention were given to this matter. In conclusion, 
Mr. Carter gave particulars, as an illustration of 
modern machine practice, of a drilling-machine at 
work in Birmingham, which was, to his knowledge, 
the most powerful of its kind yet built. The drill 
was 2,5, in. diameter. It was drilling a steel block 
3$in. deep. The analysis of the block was 0.35 per 
cent. carbon and 0.60 per cent. manganese. e 
drill was fed through that block without any diffi- 


finished ten pairs of tyres. He, Mr. Carter, would! culty whatever at 3 in. per minute, and did 18 in. 











without getting warm. As an instance of what 
could be effected by using really modern steels in 
lathe-work, he gave the case of a cast-iron face- 

late 42in. in diameter, with the usual slots and 

oles in the face. This was machined all over 
complete in 14 minutes, the cutting speed being 
100 ft. per minute, the depth of cut ,';in., and the 
feed } in. ; 

Mr. F. W. Taylor, Past-President of the Ameri- 
can Society of Mechanical Engineers, spoke next. 
He said that with regard to the three American 
papers that had been presented, he thought it 
might be to the advantage of the younger men who 
read them if they slightly discounted the figures 
given. The Proceedings of the American Society 
of Mechanical Engineers were already burdened 
with all that he had to say on the subject of high- 
speed steel, but he wished to discuss a far broader 
subject, of which the art of cutting metals and 
the use of machine-tools were but minor elements. 
In a few years, if the necessary steps were taken, 
there would, under the method he had in mind, 
be a material increase in the output of every man 
and every machine in manufacturing establishments. 
The importance of obtaining this increase of output 
was emphasised by the fact that it presented the 
only means of settling the labour problems which 
faced both the United States and the United King- 
dom. He would say without hesitation that, in 
the United States, and probably also in this country, 
it was possible, with the exception of some works, 
to double the output of practically all the men and 
machines as they now stood. It was to this doubling 
of output that manufacturers must look for a solu- 
tion of the labour problems. It would give the men 
what they most wanted—higher wages, shorter 
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hours, better working conditions. It would give 
the companies what they. needed most—lower 
labour custs, so that they might compete more suc- 
cessfully at home and abroad. 

The problem of increasing the productive capa- 
city of men divided itself into two portions. In 
the first place the first duty that lay before 
manufacturers was that of showing up that fallacy 
in the reasoning of workmen which was para- 
lysing their energies—namely, the belief that it 
was best for the men to go slow instead of fast, 
and to do as little as possible for the money they 
received. There was hardly a labour union in 
the two countries that did not impose restrictive 
legislation upon its members, and every workman, 
from the time that he started as an apprentice 
onwards, was deliberately told by older men that 
‘* soldiering” (as it was called in America) was 
more to his interest than going fast. The extent 
to which the men in America were underworking was, 
of course, well known. The evils of ‘‘ soldiering ” 
were also well understood, resulting as it did in, 
among other things, low wages and higher cost of 
living for the men, and diminished prosperity for 
the whole community. What were engineers doing 
to counteract that fallacy entertained by work- 
people ? 

Mr. Lodge, and some others, had referred to the 
second matter, upon which he desired to speak— 
namely, increasing the output of working men. 
This was to be attained through deliberate scientific 
study of the motions of the men. The extent to 
which the activity of the men might be increased by 
such means was enormous. In order to give asimple 
illustration he would take an example of this from 
bricklaying. Bricklaying was one of the oldest 
arts. Bricks were laid now just as they were 2000 
years B.c. For 4000 years thousands of men 
had been working in all parts of the world, and 
the bricklaying trade should surely, therefore, 
by now have been developed to a high degree of 
etliciency. It had remained, however, for Mr. 
Frank Gilbreth, to take up, only four years ago, 
the subject of motion-study as it affected brick- 
laying. Mr. Gilbreth started his study of motion 
by watching bricklayers. Being a bricklayer, Mr. 
Gilbreth exactly understood the first motion made 
by a bricklayer when building a wall. The brick- 
layer first took a step to the right, which, later, he 
(Mr. Taylor) would show to be unnecessary. Then 
the man stooped down to the floor, disengaged a 
brick from the pile, and raised his body up again 
either to his full height or partly so. Now, was it 
necessary for a bricklayer thus to lower the whole 
weight of his body all the way down to the floor to 
raise an 8-lb. ‘brick up 24 ft.? Mr. Gilbreth had 
gone through a good deal of work to achieve the 
simple improvement he had effected. He thought 
this movement unnecessary, and he had therefore 
devised a small platform, on which the materials 
were placed at the same level as the wall being 
built. So simple was the device that it was 
not easy to understand why it had not been 
done 4000 years ago. Passing to the next point, 
Mr. Gilbreth found that every bricklayer, as 
he raised the brick, threw it over in his hand 
to find the best edges for outside laying. This 
occupied some of the man’s time, so Mr. Gilbreth 
»rovided a labourer, who examined the _ bricks. 
This man was stationed at.a suitable bench, 
and looked the bricks over as they were delivered 
from the cart. He put these bricks, right side 
up with regard to their proper edges and ends, 
on a wooden frame about a yard long. These 
loaded frames, which held just 90 lb. of bricks, 
and were so constructed that the workman’s hand 
came right on to the frame and seized the brick 
without having to disengage it from the pile, were 
carried to the bricklayer. From these the brick- 
layer took his brick in his hand in the exact posi- 
tion in which it was to be laid, without any throwing 
or alteration. 

Ordinarily with the brick pie on the floor and 
the mortar-board in another piace, his materials 
were too far apart for the man to take a dip 
into the mortar and pick up the brick at the 
same time. Two motions were needed. By 
building the scaffold and placing the bricks and 
mortar close together, using a mortar-box instead 
of a mortar-board, both these materials were close 
together and near the man, so that he could pick 
up simultaneously with his right and left hands, 
and only had to turn, spread his mortar, and lay 
the brick on the wall. Then, again, the exact posi- 
tion of the feet had been examined. The bricks 





|and mortar were so located in the new system in 


relation to the wall that the workman could turn 
from one to the other without taking the step 
formerly needed. Mr. Gilbreth had made the 
scaffold, which he devised, adjustable, and it was 
adjusted with the man on it, thus saving more 
time. He had occupied three years in his motion- 
study, but in that time he had reduced the motions 
of the bricklayer from 18 to 5 in the worst case, 
and in one case from 18 to 2. Time did not 
permit of going into details. He would only refer 
to one other point. The men, when laying bricks, 
were in the habit of tapping them down to the 
right height, so as to get the joint of the right 
thickness. Now Mr. Gilbreth insisted on having 
the mortar so carefully tempered that the brick 
could be pressed down by the hand and the 
tapping saved. 

Of course, all this reduction of motion would 
amount to nothing if the unions said ‘‘ nay,” as they 
generally did. Mr. Gilbreth, however, had pointed 
out to the leaders of the unions that there was a 
prospect of bricklaying becoming a lost art, that 
reinforced concrete was growing at such a great 
wee that it had already outstripped uneconomical] 

ricklaying. He thus persuaded the union leaders 
to consent to ‘‘keep hands off,” and allow a trial 
of his system. Mr. Gilbreth, in erecting a large 
building in the neighbourhood of Boston, engaged 
men at a rate of not less than 64 dols. a day, 
while the ruling price in Boston was 4} dols., 
but in paying this high rate insisted on his instruc- 
tions being complied with. Teachers were provided 
for the workmen, and at the end of each day those 
who had not complied with his new rules of brick- 
laying were eliminated. A full gang of workmen 
was soon secured. In a 12-in. wall with drawn 
joints on both sides, using two kinds of brick—not 
an easy wall to make—Mr. Gilbreth had averaged 
300 bricks per man per hour, whereas the best that 
had been done before was 120 bricks per man per 
hour. The point was that the bricklayers were not 
engaged at 64 dols. a day to lay bricks as they 

leased, but as they were told to lay them. 

hat had been accomplished was impracticable 
without the co-operation of the men at the head, 
or without the co-operation of the men and the 
management. It was imperative to eliminate the 
bricklayers who would not conform to the new 
rules, but the workmen themselves could not elimi- 
nate them ; it was for the owner or man in charge 
to do this. Co-operation, he considered, must 
always be coupled with motion-study if the best 
results were to be obtained. 

Mr. Gilbreth, being asked to speak, remarked 
that he would be pleased, if so desired, to write 
and submit a short paper upon the subject which 
Mr. Taylor had dealt with. 

Mr. Brackenbury then replied shortly to the dis- 
cussion. While his paper did not deal with the 
subject of the movements of workmen, he might say 
that he thought that machine-builders were study- 
ing, and had long studied, the movement of men 
very carefully ; nearly every new machine that came 
out had something added to it with the object of 
reducing this movement, and much time was thus 
saved. In reference to Mr. Carter’s remarks 
he would say that there were several references 
in his paper to the newer steels. For really 
heavy roughing work, with very big machines, 
Mr. Brackenbury did not consider there was any 
great advantage in using the most expensive of 
these steels ; for small machines, however, there 
could be no doubt that the better steels were 
advantageous. It had been stated by Mr. Carter 
that the straight-edge cutting-tool was really the 
correct form. He would point out, however, that 
the use of such a tool would often present serious 
disadvantages. For instance, a tool of the form 
sketched by Mr. Carter would be impossible when 
the next operation was finishing by grinding, by 
taking off about ;2, in. The surface left after 
roughing with Mr. Carter’s tool would be too 
uneven to allow of this being done. As far as his 
experience went, he thought there was not much 
relation between the rates of cutting cast iron and 
those for cutting steel. In reference to Mr. 
Dempster Smith’s remarks, the speaker stated 
that he had nothing to say against experi- 
menting under ideal conditions, because he con- 
sidered them most important. He had meant 
to convey that the same speeds as were attainable 
under ideal conditions should not be expected in 
the workshop. He agreed with Mr. Lodge that 
many things other than high speed in roughing 





called for consideration, but these did not come 
within the scope of his paper. In conclusion, he 
thought that Mr. Wicksteed’s remarks as to the 
double tool-box were very valuable, and he hoped 
that they would result in practical fruit. 


TootrH-GEARING. 


Mr. J. D. Steven, of Birmingham, then read in 
abstract his paper entitled ‘‘ Tooth-Gearing.” Mr. 
W. Lewis, Chairman of the Committee of the 
American Society of Mechanical Engineers on 
Standards for Involute Gears, followed with an 
abstract of a joint paper by members of that Com- 
mittee, entitled ‘‘ Interchangeable Involute Gear- 
ing.”’ Both these papers are reprinted in full in 
our present issue. 

Mr. Lewis supplemented his réswmé by the 
following remarks :— 

He said that since his paper was written he had 
had an opportunity of making a short examination 
of notes on the subject taken by Messrs. Green 
and Doble. From these he had deduced some 
values for the friction of gear teeth, which might 
be given as follows :— 


Friction in Terms of Pressure. 


In In 

Teeth. Journals, Total. 
0.01 
0 012 
0.015 
0.024 





20 deg. ad. } mod. 
224 deg. ad. ¢ mod. 

144 deg. B. and S. .. a 
Bilgram’s 15 deg. special. 


0.008 

--| 0.01 
| 0.0133 
0 0215 


0.002 
0.002 
0 0015 
0.0025 


The foregoing figures were subject to some varia- 
tion for speed and pressure, and also to correction 
by Professor Lanza in his review of the work done 
by his students, but Mr. Lewis believed that they 
were scientifically correct within 0.001 or 0.002. 
They were certainly remarkable for the small per- 
centage of power lost in friction, as well as for the 
apparent effect of pinion addendum upon the loss 
sustained. The 20 deg. stub tooth, with addendum 
about 0.24 pitch, showed less than 1 per cent. of 
friction on the tooth. The 22} deg. tooth, with 
addendum about 0.28 pitch, showed about 1 per 
cent. of friction. The Brown and Sharpe 144 deg. 
teeth, with addendum about 0.32 pitch, showed 
about 1.3 per cent. of friction, and the Bilgram 
special 15 deg. teeth showed over 2 per cent. of 
friction. In the latter case the addendum of the 
— was increased considerably beyond that of the 

. and S. standard, and the addendum of the wheel 
was, of course, correspondingly reduced. The loss in 
effect from the long pinion addendum, however, pre- 
ponderated over the advantage of a short addendum 
onthe wheel, with resulting increase of loss in friction. 
But in noinstance was the friction loss of sufficient 
magnitude to exercise a controlling influence upon 
the type of gear tooth to be recommended or 
adopted. The loss in the teeth alone the speaker 
believed to be much less than was commonly sup- 
posed, and the high efficiencies obtained with teeth 
of 20 deg. and 294 deg. obliquity should go far to 
remove the prejudice which had so long resisted 
the step in the right direction, towards the adop- 
tion of a pressure angle and an addendum which 
would completely eliminate interference between a 
12-tooth pinion and therack. When that had been 
done there would be no necessity for any modifica- 
tion of the true involute form, and there would be 
a clearly-defined system of gearing to which any of 
the methods of gear-cutting at present in use could 
be adapted. 

Mr. P. V. Vernon said that his firm had made 
many long and costly experiments, not with a view 
of determining what he might call ‘‘ academic 
points” in the design of gearing, but in order to 
obtain gears that would run silently at high speeds. 
The speaker’s object then was to seek something 
which would give these silent gears, and when the 
latter had been secured, the question of making 
them interchangeable might be considered. The 
results of his firm’s experiments had been small 
from the point of view of actual knowledge, but 
had been valuable in demonstrating how little was 
really known on the subject of gears. The following 
were some of the negative things discovered :— 
There was no general agreement among engineers 
or gear-makers as to the best angle of pressure to 
use ; there was no general agreement as to the pro- 
portions of gear which were best for quiet running ; 
there was no reliable information on the strength 
of cut teeth made by modern methods in various 
materials and at different speeds ; there was no reli- 
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able information as to the effect of different materials 
on the strength, the noise, and the wear of gear-teeth. 
it appeared, in fact, exceedingly doubtful whether it 
was possible to make quiet-running interchangeable 
vear-teeth. Previous speakers had stated that the 
involute system was imperfect. It was certainly 
known that the epicycloidal system was dead. The 
results of the experiments made by Messrs. Alfred 
Herbert had shown that involute teeth did not give 
quiet gears. Hobbed gears were not quiet ; planed 
vears were not quiet. As far as he could decide, a 
cear with **faked” or ‘‘cooked” teeth appeared to be 
the best. It was well known that the gears which 
gave the quietest results in running were those on 
which a correction had been made, and, so far as 
the speaker knew, the means by which that correc- 
tion was made was a secret, in the keeping of one 
American firm. When Mr. Ralph Flanders read 
his paper in December, 1908, a representative of 
that firm practically admitted that the only way 
of getting quiet gears was to get them by making 
an empirical correction on an experimental basis. 
Speaking as a member of both the British Institu- 
tion and the American Society, he would say that 
it was not to the interest of the users of gear that 
that knowledge should continue to remain in the 
hands of that firm alone. He hoped that one result 
of the discussion of this question would be that the 
Committee of the American Society now considering 
gears might be brought into touch with a Committee 
of the Institution, so that investigations could be 
started with a view to finding out what the necessary 
corrections were, and to placing the information in 
the hands of users of gears in both countries. 

The President then requested Mr. C. Rice, the 
Secretary of the American Society of Mechanical 
Engineers, to read a communication received from 
Mr. C. R. Gabriel, member of the American Society 
of Mechanical Engineers’ Committee, on ‘‘ Inter- 
changeable Involute Gears,” bearing upon the sub- 
ject. This communication was, in substance, as 
follows :— 

As regards the adoption of a standard, the opinion of 
the writer was that the present so-called Brown and 
Sharpe standard would hold its own against any system 
for the general use in machinery, and that for many of 
the cases where special cutters or forms of table were 
used the benefits of such modifications were more imagi- 
nary than real. The answer to the difficulties arising 
where high speed, durability, and efficiency were required, 
would be found in substituting better material and better 
methods of treating in the hardening process. However, 
for special purposes Mr. Gabriel did not deprecate the 
use of special forms of tooth. He thought that any care- 
fully-worked-out system would be empirical, as practice 
showed that decidedly better results were obtained by 
certain modifications of the theoretical tooth form. 
Any manufacturer of cutters would certainly strive to 
improve his cutters, regardless of whether they were 
strictly in accordance with theory or not. The opinion 
had been expressed that if such modifications are neces- 
sary, the methods should be known and clearly defined, 
so that makers of gears could use them and make their 
own cutters if necessary. The advantages of gear-manu- 
facturers making cutters were not apparent to the writer, 
as the difficulties attending the making of formed cutters 
would prove expensive as compared with the use of 
commercial stock-cutters made by reliable cutter manufac- 
turers. Moreover, the chances of interchangeability with 
other manufacturers’ gears would be more remote than at 
present. 

In connection with the production of gear-teeth by the 
shaping process, the Committee’s attention had been 
called to the fact that incidentally it was a feature of 
this process that the regular standard 144-deg. cutters 
were less durable, on account of the side strain involved, 
than the usual form of revolving cutter, especially where 
rapid production was required in difficult materials. The 
proposed 20-deg. pressure angle stub-tooth materially 
increased the strength of the reciprocating-gear shaping- 
cutter. Asregards the forms of teeth, Mr. Fellows pro 
to use an involute with 20-deg. pressure angle and an adden- 
dum of # of the modulus. “Me Lewis proposed an involute 
with 22)-deg. pressure angle and an addendum of { of the 
modulus. Both systems were subject to criticism for 
general adoption—in .the first place because of the 
increased angular backlash as compared with the present 
l14}-deg. standard for the like amount of wear, while 
a decrease of the addendum was, he thought, decidedly 
objectionable in the smaller pitches. As the liability to 
error in the depth of tooth and centre distance of shafts 
remained constant for all pitches and sizes of gears, the 
present addendum was none too great, and for some pur- 
poses could be increased with advantage. It was claimed 
for the stub-tooth system that the arc of contact was 
equal to that of the 144-deg. Brown and Sharpe standard, 
and that consequently the excess of addendum in the 
standard system produced unnecessary friction and wear, 
which was eliminated in the stub-tooth system. Tosum 
up the situation he believed that the limits to the inter- 
changeability system were the 12-tooth pinion and rack. 

The present system was superior to any which was 
Primarily based on the generating system where the pres- 
Sure angle and teeth were proportioned with a view to 
facilitating the methods of producing and strengthening 





the cutting tools. This rendered the importance of inter- 
changeability for more quiet running of gears a fact still 
to be demonstrated. One reply to the circular letter issued 
by the Committee brought out the information that one 
concern had experimented exhaustively with the hobbing 
system for a long time with various tooth forms, but had 
ultimately gone back to the Brown and Sharpe standard, 
for which they had now worked out a most satisfactory 
method of making the hobs. This, again, wasan example 
of an empirical system being worked out. He thought 
the working out of these systems were best left to re- 
sponsible gear-cutter manufacturers, whose methods com- 
bined the theoretical with the practical. The Brown and 
Sharpe system had proved itself eminently satisfactory 
for many years, and should not be?given a second place 
to any system without most full investigation. Also the 
introduction of an alternative standard or standards was 
to be deprecated on the ground that it would cause con- 
fusion and economical waste due to the increased stock of 
cutters required for use on all types of machines. 

Mr. L. D. Burlingame concluded the discussion 
on this subject. He considered that Mr. Vernon’s 
point had been very well answered by the com- 
munication from Mr. Gabriel. It had still, he 
thought, to be demonstrated that the practical 
advantages of the form of tooth now in common 
use would not more than outweigh any theoretical 
advantages of a tooth wholly involute. He did 
not believe that any modification of the present 
standard which would necessitate more cutters in 
order to ensure good running gears would meet 
with favour among manufacturers, as it would add 
very greatly to the cost of equipment. All of the 
plans suggested in Mr. Lewis's paper were such as 
would require extra cutters ina set. The speaker 
did not believe that any plan would be generally 
approved which would increase the amount of back- 
lash for a given variation in centre distance or with 
a given amount of wear, or backlash in the align- 
ment of the gear. Unless, therefore, some very 
important advantages could be shown for some new 
system yet to be suggested, it would seem to the 
speaker unwise to bring about the confusion which 
would result from a change not fully endorsed by 
the manufacturing public. 

At the conclusion of Mr. Burlingame’s remarks 
a list of votes of thanks was approved by the meet- 
ing, as reported in our last issue, and the meeting 
then adjourned. The reading and discussion of 
papers was continued in London on Friday, the 
29th ult. The report of this meeting will be given 
in our next issue. 

For the afternoon of Wednesday, the 27th ult., 
two visits had been arranged. One of these was 
to the new buildings of the University of Birming- 
ham, and the other to the brewery of Messrs. 
Mitchells and Butler. The former function was 
very well attended, the members being conveyed 
to the University in the special Clarkson steam 
omnibuses, which proved of such service through- 
out the Birmingham portion of the meeting. Tea 
was provided at the University by the Council, 
while the band of the 5th and 6th Battalions of 
the Royal Warwickshire Regiment played in the 
grounds. It will be remembered that the new build- 
ings of the University were opened by His late 
Majesty King Edward VII., in July, 1909. This 
University is now provided with exceptional facili- 
ties for instruction in engineering subjects, the com- 
prehensive plan adopted by the Council having 
resulted in the provision of much apparatus not to 
be found in other centres of engineering education. 
The new buildings and the apparatus connected 
with the engineering and kindred departments were 
described by us at the time of the formal opening,* 
and it is, therefore, unnecessary to go into detail 
as to what the members of the institutions saw on 
the occasion of their visit on the 27th ult. 

As already mentioned, the meeting was resumed 
in London on Friday. After the morning meeting 
members attended garden parties by the kind invita- 
tion of Sir John I. and Lady Thornycroft, and of 
Dr. and Mrs. Maw. Other parties of members paid 
visits to the Museum of the Record Office and to 
the Times Office, Printing House-square. 


BANQUET TO THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 

One of the most popular items in the annual 
summer programme of the Institution of Mechanical 
Engineers has been the dinner, held at the place of 
meeting. This year the meeting was held partly in 
Birmingham and partly in London, and it was 
decided to convert the ordinary function into a 
banquet offered to our American visitors. This 
took place duly on Friday evening last, at the 





* See ENGINEERING, vol. Ixxxvii., pages 5, 42, 109, &c. 





Connaught Rooms, Great Queen-street, under the 
presidency of Mr. J. A. F. Aspinall. In the 
unavoidable absence of Lord Alverstone, the toast 
of ‘* The President of the United States,” which 
followed the usual loyal toasts, was proposed by Mr. 
Aspinall, and replied to by the American Ambas- 
sador, who, after recalling the mechanical and engi- 
neering triumphs which the world owes to British 
and American brains, enforced the necessity of 
restraining the various disintegrating social forces 
at work, which, had they full sway, might lead to 
a return of the Dark Ages. There was, he pointed 
out, no safety for the beneficent civilisation built 
up by the engineer save in that respect for authority 
—which, he thought, constituted the inner meaning 
of the toast—in obedience to law, and in protection 
to individual liberty and individual property. 

Sir W. H. White, F.R.S., in proposing the toast 
of ‘*The American Society of Mechanical Engi- 
neers,” recalled the fact that the present social 
gathering was only one of a number of a similar 
character. In particular he referred to that held 
in London in 1889, and to the return visits subse- 
quently paid to America by the British Institution. 
The toast was replied to in an eloquent speech by 
Professor F. R. Hutton. After a graceful refer- 
ence to our recent national loss in the death of 
King Edward VII., Professor Hutton said that 
the true significance of such a reunion as the pre- 
sent gathering lay in the fact that the two com- 
munities represented were, in the ultimate, pos- 
sessed of common ideals, which made the greet- 
ings he was commissioned to bring us from America 
more heart - satisfying in Old England, and in 
London, than they could have been in any other 
country or city. The two countries had not only a 
common speech, a common heritage in a splendid 
literature and much of common history, but with 
similar ideals as to a personal God, the great First 
Cause of things material and spiritual, they stood 
on common ground in sympathy and appreciation. 

The toast of ‘‘Our Other Guests,” proposed by 
Mr. E. B. Ellington, was replied to by Dr. R. T. 
Glazebrook, C.B., Director of the National Physical 
Laboratory. This was followed by that of the 
‘Institution of Mechanical Engineers,” proposed 
by Dr. W. F. M. Goss, whose researches on loco- 
motive efficiency, carried out at the Purdue Uni- 
versity, have made his name as well known to 
railway engineers in this country as it is on the 
other side of the Atlantic. In coupling the toast with 
the name of the President, he expressed his own 
indebtedness to Mr. Aspinall for courtesies afforded 
him at Horwich on a previous visit to this country. 

Excursions oN Saturpay, Jury 30. 

On Saturday, the 30th ult., the weck’s pro- 
gramme was concluded by excursions to Windsor 
and Marlow. For these members were divided 
into two parties, one making the trip direct to 
Windsor by the Great Western Railway, and 
thence to Marlow by steam-launches, returning 
from Marlow by special train, the other party 
taking the trip in the reverse order. In this way 
one. party had lunch at Windsor end tea at 
Marlow, while the other lunched on the steam- 
launches and had tea at Windsor. The luncheon 
and tea at Windsor were held in the Guildhall 
by permission of the Mayor, Councillor C. F. 
Dyson, who also kindly undertook in part the 
duties of guide during the members’ brief visit 
to the town. Other gentlemen kindly acting in 
this capacity were Alderman G. Mitchell (Mem- 
ber), Mr. C. Sainty (Member), and Mr. G. Willis 
(Associate Member), whose attention greatly added 
to the pleasure of the visitors. These successful 
excursions fitly brought to a close a programme 
which met, we believe, with the heartiest approval 
of both the members of the British Institution and 
of the American Society, whose joint summer 
meeting of 1910 will probably be remembered as 
one of the most pleasant events in the history of 
each body. 








THE INSTITUTION OF MECHANICAL ENGI- 
NEERS AND THE AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS. 

Joust MERTING. 

As reported in the preceding pages, the discussion at 

the meeting held in Birmingham on the morning of 

Wednesday, the 27th ult., on Mr. H. I. Brackenbury's 
per entitled ‘‘ High-S Tools, and Machines to 

‘it Them,” was opened with the reading of three 

written contributions prepared by members of the 

American Society. These three contributions we 
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of driving-wheels a day, and the Niles-Bement-Pond An inguiry has been made by the Railway Age Gazette, 
Company, New York, report the average capacity of | of New York, as to the output of the principal machine- 
their extra-heavy lathes in four of the best-known rail- | tools-in locomotive repair shops, requesting information 
road shops to be eight pairs of driving-wheels in ten | on work performed under normal conditions during ten- 
hours, and of what is called their ‘‘ Standard ” driving- | hour periods, and the report of this investigation is given 
wheel lathe five or six pairs of wheels in ten hours. | in the issue of this journal for February 4, 1910. 

In these lathes, as in other very heavy machine-| The report on turning worn driving-wheel tyres is from 
tools, the limiting point is the cutting-tool, and in! shops using lathes built between 1901 and 1909, three 
tyre-turning, where it is necessary to change the | lathes being of the latest type and ten of earlier types. 
Fic. 13. Muze Two G T tools frequently, the ability of the operator to do| The majority of the records relate to tyres averaging 

7 ING O FRINDEB- 1 ABLES. this expeditiously. The Pennsylvania Railroad shops | 62 in. in diameter, and show that a majority of the shops 

, F : at Trenton, N.J., average about eight pairs per day ;| are turning the equivalent of five pairs of 62-in. tyres in 

reprint in full below, the figures being reproductions ;} New York Central Railroad’s shops at West Albany, | ten hours, the highest record being eight and the lowest 
of the lantern-slides, by means of which they were | N.Y., average six to ten pairs per day ; Philadelphia and | three. 

illustrated. Reading Railway’s shops at Reading, Pa., average about} Tyre-boring is not such heavy work, as the tyres are 

seven to nine pairs per day ; Lake Shore and Michigan | rolled close to finished size. A large number can be bored 

Southern Railway’s shops at Collinwood average eight to| per day, but this work as carried on in different shops 

shows a wide variation of from six or-eight to forty or 














RaPip Propuction 1x Macuine-Work,” by Jonny | ten pairs per day. 
e CALDER, Mem. Am. Soc. M.E. To facilitate = the tools, William Sellers and | forty-five tyresin ten hours. An output of thirty, to forty 
re Turning Locomotive Driving- Wheels and Axles.—Among | Co., Inc., Philadelphia, have adopted a turret tool-holder my per day would be good practice. The records show } 
thi heaviest work in metal-turning is that of rail by means of which the different forming tools can be| that from two to four cast-iron centrescan be finished per fi 
an urning. The oney of the latest — motor- | successively brought into position, and the Niles-Bement- | day, and that one to two steel centres represent average f 
; ven driving-wheel lathes is remarkable. Test runs | Pond Company use a single-screw tool-clamp in place of | work. . 
Show the possibility of an output of ten to fourteen pairs | a tool-post with four bolts. The records for turning locomotive axles are from : 
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twelve shops, which rank among the best in the country, | that a finishing-tool, the shape and full width of the tread, 
and include: one which reports 4 steel axles 9 in. in/ is fed directly in without any cross-feet, and finally a 


diameter, one 34 axles 9 in. in diameter, two 3 axles 8 in. 
and 9 in. in diameter, one 44 iron axles 7} in. in diameter. 
Four shops report only one steel axle in ten hours, and 
some others report only two. Many repair-shops use for 
axle-turning an ordinary Jathe with narrow belt built 
years ago. Special lathes for locomotive axles built in 
recent years have a 5}-in. belt, or, if direct-connected, a 
25-horse-power motor. The reports on axle-turning show 
that about 50 per cent. of the shops are up to the mark 
set asa suitable capacity for the new type of tools, the 
output of which should be from three to five axles with 
4-in. or 10-in. journals in ten hours. 

Car-Wheel Turning.—The plants of the Niles. Bement- 
Pond Company have built wheel lathes of different types 
for many years, and the records of this company indicate 
that the improvement in tools and steels, in the lathes 
themselves and in the methods of handling the work, 
have increased the output of car wheels three-fold during 
the past ten years in the best equipped shops. Ten years 
ago six pairs a day was considered a fair output; five 
years ago 12 pairs a day; and now many railroads 
ure equipped with lathes turning out from 16 to 20 pairs 
of 36-in. wheels in ten hours. 

The most recent record is from tests made on a Pond 
42-in. motor-driven car-wheel lathe at the West Albany 
shops of the New York Central Railroad. Both Krupp 
and Paige wheels were turned, and the tools were of 
Mushet high-speed steel. The record was 25 pairs of 
36-in. wheels in 7 hours 54 minutes with one operator 
and one helper; average time tor turning, 19 minutes. 
The operations were divided as fo'lows :— 


mins, secs. 
Average time putting wheels on lathe 2. 8 
” » roughing 9 26 
mt » finishing 24 


= a a 
. taking wheels out of lathe 1 17 
Avcrage depth of cut, ,% in.; feed, }} in. ; speed, 16 ft. 


” 





per minute, 


Tn turning the tool is driven directly under the hard | 
skin caused by the friction of the brake-shoes upon the 
wheels, and a roughing cut taken across the tread. After | 





forming-tool is used to give the shape to the flanges. 

Rapid Manipulation of Tools.—During the past ten 
years, the first decade in the era of high-speed steels, has 
come the complete re-designing of machine-tools to secure 
increased rigidity, power, and facilities for obtaining 
quickly the feeds and speeds best adapted for rapid pro- 
p nec Following this has been a general movement to 
provide means for reducing the idle time between succes- 
sive cuts, so that the cutting-tool may be in nearly constant 
operation and the full capacity of the machine be realised. 

Asan example of this, the geand Shipley Machine- 
Tool Company have supplied information on results 
obtained with a recent type of their lathe fitted with 
multiple stops for the longitudinal and cross - feeds, 
whereby all the measurements are obtained mechanically 
after the first setting of the tool. 

This same principle of designing a machine with refer- 
ence to quick handling is further exemplified in the 
vertical turret lathe made by the Bullard Machine Com- 
pany, Bridgeport, Conn., who have also supplied produc- 
tive data, which will be referred to later. Besides being 
of sufficient power to permit two or more tools to operate 
at the same time, the heads have a rapid traverse by 
power; speed and feed changes are quickly obtained 
xy gear changes through levers within easy reach of the 
operator; and there are micrometer dials for the tool- 
slides, by which sizes may be determined without caliper- 
ing the work. 

While the specific way in which such features are 
worked out in machines of different types and manu- 
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facture varies materially, it may be said in general that | 


methods for handling work rapidly and for manipulating 
machine-tools quickly and easily for the purpose of re- 
ducing time between cuts are characteristic of the most 


recent American machines, and are responsible for a large | 


increase in the output, 

Car-Wheel Lathe.—Fig. 1, page 194, shows the type of 
lathe used in the car-wheel turning tests referred to. An 
important feature is the central drive by which power is 
delivered in the same quantity and the same way to each 
wheel, and which makes it sible rigidly to support 
both sides of the wheels, so that they become practically 
a part cf the machine. There is a movable segment in 





jt 


the central driving-gear, entirely automatic in its action, 
which allows the wheels to be rolled into and out of the 
machine. In order to reduce the labour of the operator, 
the movement and clamping of the heads, raising the 
wheels into position, and clamping the tools are accom- 
plished by pneumatic power. 

Manufacturing Lathe.—-Fig. 2, page 194, shows the Lodge 
and Shipley manufacturing Jathe with the multiple stops. 
Those for the longitudinal feed can be set in the desired 
positions on the bar beneath the apron, and thereby 
throw out the power feed at these points, and allow 
the carriage to brought up by hand against a posi- 
tive stop. There are also adjustable stops for locating 
the cross-slide to determine the corresponding dia- 
meters. 

The lathe has a compound rest for turning, and a rear 
plain rest carrying an inverted squaring or necking tool. 
These two rests are connected, and as soon as the longi- 
tudinal feed trips automatically, determining the position 
of a shoulder, the entire cross-slide is fed forward. This 
withdraws the front tool from the cut, and the rear tool 
squares the shoulder and necks the piece if it is subse- 
quently to be ground. 

If large numbers of pieces are to be made, a spacing-bar 
containing notches for tripping the feed is used in place 
of the stops. 

Fig. 3, 194, shows examples of work done on this 
manufacturing lathe. The upper piece is a machinery steel 
change-gear shaft for an 18-1n. lathe. Comparative tests 
were run by the same operator with two groups of 
six shafts each. Using the best engine-lathe methods with 
hand-calipering, the time for the six was 96 minutes, with 
limits of + 0.003 in. With the multiple stops the time 
was 66 minutes, and sizes were within 0.001 in. The 
other piece of work illustrated in Fig. 3 is an armature 
shaft of 050 carbon steel, turned at a surface speed of 
160 ft. pér minute with a feed of 75 per inch. The piece 
had to be reversed in the lathe in order to get at both ends. 
Two chips were taken over the small diameter at th 
ends, onl oun at the centre of the shaft, leaving 0.012 n 
for grinding. The turning time, including handling, was 
21 minutes. In both these examples the time reported 
includes that required to set the automatic stops. ; 

Turret-Lathe Work.—Fig. 4, page 194, shows the 
Bullard vertical turret lathe, and Fig. 5 the successiv¢ 
operations on an automobile fly-wheel, 14in. in diameter, 
he time for producing the piece being 17 minutes, anc 
the average thirty to thirty-two wheelsaday. 

The operations are :—(1) to rough turn the outside of the 
face and the top surface simultaneously ; (2) to rough bore 
and rough face the under surface ; (3) to finish, turn, and 
face ; (4) to finish boring; (5) to bore and ream the hole ; 
(6) to chuck again with the position reversed, and to rough 
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bore and face what was the underside of the web ; (7) to 
finish facing ; and (8) to round the ‘ er 

Milting.— Probably no better results in heavy milling 
have been recorded than were given in a paper upon ‘‘ The 
Development of a ing Milling - Cutter,” by 
Wilf Lewis and William H. Taylor, read before the 
American Society of Mechanical Eegineers at the Decem- 
ber, 1908, meeting. . : 

The machine used was a 42-in. Bement-Miles planer- 
type milling-machine (Eig. 6, page 194) driven by a 
40-horse-power motor. The cutter was of the Taylor- 
Newbold type, having high-speed-steel inserted teeth, 
bent to a helical form before assembling into the helical 
grooves of the cutter body (Fig. 7, page 194), and shaped 
to give a front rake to the teeth. The cutter was 8 in. 
in diameter, 18-in. face, with 18-in. blades. , 

A cut, 1-in. deep, with a table feed of 7in. per minute, was 
taken inacast-iron block 15in. wide. The metal remov: 
per minute was 27.34 1b., or at the rate of 1640.5 Ib. per 
hour. During this cut 89 horse-power were required. 

A cut was taken in 0.030 carbon steel, with a table-feed 
of 11} in. per minute, the depth of the cut being 7, in.; 
17.92 lb. of metal were removed per minute, or at the rate 
of 1075 1b. per hour; 51 horse-power were required. Fig. 8, 
page 194, shows the character of the chip. : 

Extremely heavy milling is performed at the American 
Locomotive Company’s works at Dunkirk, N.Y., on a 
Bement rod-milling machine, 48 in. between housings 
equipped with 62 horse-power motor. During tests this 
machine has removed nearly 23 lb. of metal per minute, 
or at the rate of 1380 lb. per hour, but the motor was then 
greatly overloaded. To remove, regularly, 1200 1b. per 
hour would require a 90 horse-power motor. A practical 
cutting capacity is stated to be 672 1b. of metal per hour. 
The cutter had inserted blades of high-speed steel. __ 

Examples from the Shops of the Cincinnati Milling- 
Muchine Company.—The reduction of time by reducin, 
to a minimum the time consumed between the actua 
cutting operations has been thoroughly studied by the 
Cincinnati Milling-Machine Company, Cincinnati, Ohio. 
The work is planned so that both the machine and 
operator will be working at their maximum efficiency at 
all times. Fixtures are soarranged that the operator can 
insert new pieces of work while the machine is cutting on 
other pieces, Every lot to be milled is accompanied by 
an instruction- sheet, giving detail directions of the 
method of operation, the — and feeds, and all other 
information required by or helpful to the operator. 

In Fig. 9, page 195, is shown a case which illustrates 
these principles. The work to be milled is the bottom 
of a body of a milling-machine vice. Two pieces are 
milled at once, and rough and finished milled at the 
same setting. The vices are not set exactly as shown, 
but are set apart a distance slightly more than the dia- 
meter of the cutter, so that when the table is in its 
central position it does not touch either of the two pieces. 
Then the table is fed to the right, the lef.-hand piece 
being roughed. It is then reversed and the right-hand 
piece roughed while the table feeds to the left. When 
the second piece has been entirely covered, the table is 
again reversed until the cutter is central, between the 
two pieces, when the feed is stopped. The knee is then 
raised 0.010in. for the finishing cut, which is taken 
in the same order as the roughing cut. As soon as 
the cutter has entirely left the left-hand piece, this 
piece is removed and another placed in the fixture, the 
cutter finishing the left-hand piece meanwhile. After 
the cutter has completed its work and has returned to 
the central position, the knee is lowered 0.010in., and 
the operation repeated on two new pieces. 

The feed for both roughing and finishing is 18 in. per 
minute, and the cutter makes 25 revolutions per minute, 
corresponding to a cutter speed of 65ft. per minute. 

Fig. 10, subjoined, is a facsimile of the instruction-sheet 
accompanying this work, which gives the time in 
which it can be completed—the ‘‘standard time,” and on 
attaining this a bonus is paid. The total time allowed for 
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the two pieces is 7 minutes, and it should be understood 
that allowances given include setting up, milling, cleaning 


fixture, &c. They also have a premium time of 9,5; minutes 
for this job, thus using a dual premium and bonus system. 
Fig. 11, e 195, shows a drawing of the vice being 
milled, with the principal dimensions. ms 
Fig. 12, page 195, is a drawing of the inserted tooth- 





cutters. Each special milling has its own set of cutters, 
specified on the instruction-sheet. 

Fig. 13 shows the milling of two tables for a cutter and 
tool-grinder. The metal removed is from 4 in. to @ in., 
except at the central es of the §-in. wide T-slot, where 
from { in. to 4% in. of metal is removed from the solid. 
The total width of the cut is 9in., in addition to the 
T-slots. The feed per minute is 3.8in. The total length 
of the table is 25 in. The total time per table is 
10 minutes. It should be understood that the allowances 
given include setting up, milling, cleaning fixture, &c. 

This company has found, by exhaustive tests, that the 

cast iron used in England and Germany for machine-tool 
construction does not present greater difficulties in milling 
than that used by them in America. It has also been 
found that, by suitable modifications of cutters, and the 
relation of speeds and feeds, other kinds of iron than that 
in use at the company’s works can be cut with the same 
rapidity as outlined in the examples following. 
_ Rapid Gear-Cutting.—Fig. 14 shows a 90.tooth cast- 
iron gear, 3-in. circular pitch, nearly 88 in. in outside 
diameter, and 12-in. face. This was blocked out on a 
Gould and Eberhardt 84-in. by 16-in. gear-cutting 
machine in 2 hours 20 minutes, with a gang of three 
carbon-steel cutters, at a feed of 11 in. per minute. 

A 122-tosth cast-iron gear, 14 diametral pitch, approxi- 
mately 82 in. in outside diameter and 6-in. face, was blocked 
with a ‘‘ Novo” steel-cutter on a Gould and Eberhardt 
machine at a speed of 65 ft. and a feed of 10 in. per 
minute; time, 1 hour 50 minutes. Teeth were finished 
with a carbon-steel cutter at a speed of 52 ft. and a feed 
of 7 in. per minute; total cutting time for both opera- 
tions, 4 hours 8 minutes. 

Fig. 15, page 195, shows the cutting of a 20-tooth pinion 
of open-hearth steel, 3-in. circular pitch, 12-in. face, on 
a Gould and Eberhardt machine, with carbon - steel 
cutters. One roughing and two finishing cuts were taken; 
feed, 1.3 in.; total time, 104 hours. 

By contrast in point of size particulars may be given 
of pinions generated on a Gleason 6-in. bevel - gear 
generating machine, in the Brown-Lipe Gear Company's 
works, Rochester, N.Y. A diaasetral pitch steel pinion, 
10 teeth, g-in. face, was finished, after first rough- 
ing out, in 1 minute 15 seconds. This does not include 
time for adjusting the machine or blank. The builders, 
however, recommend 100 seconds as the cutting time for 
pinions of this size. 

The Abrasive Wheel as a Metal-Cutting Tool.—Under 
the present advanced state of the art of grinding, the 
abrasive wheel is taking its place with the lathe or planer 
tool and the milling cutter as an efticient tool for operating 
directly on rough castings and forgings, from which as 
much as 4 in. of metal may have to be removed in extreme 
cases, or for finishing surfaces over which a single rough- 
ing cut has been taken with a coarse feed, leaving, 
perhaps, ,/; in. of metal to be removed. A sample of suc 
grinding is shown in Fig. 16, e 195. 

An interesting case of this class of work is found in 
connection with chilled-iron car-wheels. During a test 
made at the Pennsylvania Railway shops at Altoona, Pa., 
on a machine built by the Norton Grinding Company, 
Worcester, Mass., 106 pairs of wheels were ground in 
27 hours 20 minutes, or at an average time of 154 minutes 
per pair. Of these wheels, twenty-two pairs were new, 
one pair was of steel, and the rest were flat wheels, and 
it may be noted that the time compares favourably with 
that for turning steel-tyred wheels in the lathe. 

Chilled rolls are also successfully finished entirely by 
grinding in massive machines, without previous turning. 
An example typical of many is a roll (Fig. 17) 4 ft. 5 in. 
long, 12 in. largest diameter, with several shoulders and 
4in. of stock to be taken off, which was ground in 
104 hours. The previous turning time had been 23 hours. 
The wheel used was a No. 24 Alundum wheel—that is, 
24 + to the inch, and one grade softer than medium. 

To pass to the other extreme in point of size of work, 
the Norton Grinding Company had cams to manufacture 
for automobile engines, but not a sufficient number to 
warrant making diesand drop-forgings. Eccentric blanks 
were made from bar stock on the automatic screw- 
machine, and the cam surfaces were then roughed out by 
grinding at the rate of ten an hour, and after hardening 
were finished at the rate of forty an hour. 

Mr. Charles H. Norton, of the Norton Grinding Com- 
pany, writes as follows regarding grinding work :— 

A small four-throw crank-shaft for an aut bile, hined 
complete ready to go into the automobile, with all holes and 
keyways, is produced for 90 cents net Jabour. An ordinary-sized 
crank-shaft for a 30-horse-power engine, including everything, is 

roduced for 2.50 dols. net labour. is is the machining, not the 
ce) ng. 

Cranks for agricultural machinery, about 8 ft. long, having four 
cranks and three bearings, the diameter of the stock being about 
1} in., are machined complete ready for assembling in the agri- 
cultural machinery for 45 cents net labour. 

And I might enumerate many more things, but it is unnecessary; 
they are all similar. In the line of engine work a shaft 6} in. in 
diameter and 10 ft. long is ground from the rough turning, no 
finishing cut being taken in the lathe. The time consumed to 
reduce the diameter J, in., and finish it to a limit of 0.001 in., is 
1} hours. A large ——— weighing about 8000 Ib., being 
about 12 ft. to 14 ft. long, is ground complete in about 5 hours, 
including all the diameters, removing about 7, in. from the dia- 
meter, no finishing cuts being taken in the lathe. 

Surface Grinding. —The grinding of plane surfaces 
instead of milling or planing is regularly done on a ver- 
tical surface grinder made by the Pratt and Whitney 
Company, Hartford, Conn. The machine shown in 
Fig. 18, 196, has a vertical spindle with a vertical 
feed, carrying a cupped grinding-wheel. e work is 
held, preferably by a magnetic chuck, on a work-table, 
either reciprocating or rotating, as desired. 

Examples of grinding work are shown in Fig. 19. _ This 
figure shows square transmission shafts for automobiles, 
ground from the rough bar at the rate of three an hour, 





Piston-rings (shown in Fig. 20, page 196) 7 in., 9 in., 
and 11 in. in diameter, are ground from the rough at the 
rate of 40, 50, and 60 an hour respectively. . 

Aluminium and iron casti for automobiles, &c., 
rough cast surfaces, are ground at the rate of 12 to 40 
pieces an hour. Such parts are shown in Fig. 21, page 196. 





‘* DEVELOPMENT OF HigH-SpgeD DriLiinc-MAcHINEs,” 
by L. P. ALrorp, Mem. Am. Soc. M.E., New York. 
During the last two years there have been several note- 

worthy developments in high-speed drilling-machines, 

and in the results obtained by their use. This discussion 
will be confined to a brief abstract of three articles pub- 
lished during the last few months in the American 

Machinist,* describing machines made by five different 

firms, and records of tests. 5 
In January, 1909, the Bickford Drill and Tool Com- 

pany, Cincinnati, Ohio (since purchased by the Cin- 

cinnati Bickford Tool pre ee shipped four radial 
drilling-machines, each of which was subjected to the 

test of driving a 1}-in. drill in steel at a speed of 310 

revolutions per minute (101.45 ft.) and 0.38-in. feed. The 

least power consumed by this work was 18 horse-power, 
and the maximum 21.3 horse-power. Of the half-dozen 
or more of the ]}-in. drills of various makes submitted 
for trial there was not one that the machine was not 
capable of destroying. é 
rom the experience with these four machines a fifth 
high-speed radial drill was built and exhibited in 

June, 1909, at the Atlantic City Convention of the Master 

Car Builders. This machine had a speed range from 38 

to 519 revolutions per minute; the test peripheral 

ear speed was 960 ft. per minute. It has successfully 

riven a 1}-in. drill in a steel block, stated to be 0.55 
carbon, at 425 revolutions per minute (139 ft.), and 0.02in. 
feed, giving a depth of hole drilled per minute of 8.5 in., 
without the slightest indication of distress. The machine 
has four changes of speed in the head, and makes use of 
but a single reduction in driving drills at 100 ft. per 
minute from ? in. to 28 in. in diameter. The gearing ie 
of 3.5 per cent. nickel steel hardened. The following 
tabulation show; speeds, feeds, and depth drilled per 
minute as determined by a demonstration test :— 

















Diameter Revolutions Feet per Feed per Depth per 
of Drill. per Minute. Minute. Revolution. | Minute. 
in. | in. 

1 425 lll 0.020 8.50 
14 | 266 104 0.020 5.32 
2 187 97.9 0.020 3.74 
24 132 86.4 0.016 1.98 
3 107 84 0.015 1.61 
A large number of drilling tests have been made with 


this machine, and from these the following.tabulation has 
been compiled, showing the power consumed per pound 
of metal removed per minute in driving a 1}-in. drill in 
machinery steel at various speeds and feeds. 


Speed. Feed per Revolution in Inches. 








Rev olutions. Feet. 0.011. 0.016. 0.020. | 0.027. 
124 40.54 9.49 8.08 6.97 6.23 
142 | 46,45 933 | S811 6.96 6.22 
170 55.60 8.86 7.62 6.83 6.21 
202 66.10 8.43 7.49 6.77 6.21 
245 80.19 8.15 7.22 6.61 6.20 





This shows that the power per pound of metal removed 
decreases Meg slowly as the speed is advanced, as com- 

red with the reduction effected through increasing the 
eed. Doubling the speed—that is, running at 245 revo- 
lutions instead of the 124 revolutions, effects, at the 
0.011 in. feed, a saving in power per pound of metal 
removed of 14.2 per cent., while doubling the feed—that 
is, advancing the drill 0.020 in. Pz revolution instead of 
0.011 in., effects at the speed of 124 revolutions, a saving 
of 28.7 per cent., or more than two to one. 

In rd to cutting speeds, these results indicate that 
drills of the twisted type from 1 in. to 2 in. in diameter 
may be operated in steel of 0.55 carbon at a cutting 
s of at least 100 ft. and 0.02-in. feed without more 
than ordinary dulling. There are some steels that can 
be drilled with safety at 125 ft. 

An interesting point is the following:—A 1}-in. drill 
operating at a speed of 100 ft. and 0.020-in. feed requires 
less than 24 seconds to pass through a 2-in. plate. The 
importance of having a drilling-machine that can be easily 
manipulated is thus forcibly shown, for all of the advan- 
tage of high-speed mye bw be lost if too great a length 
of time is consumed in bringing the head and arm into 
position for a second hole after the first has been drilled. 

Tests by the American Locomotive Company.—In Nov- 
ember, 1909, and February, 1910, tests were conducted 
by the American Locomotive Company on three high- 
speed radial drills that had been built to meet the firm’s 
specifications. One each of these drills was made by the 

usch Machine Tool Oompany, Springfield, bp 
Edwin Harrington Sons’ Company, Philadelphia, Pa., 
and the Niles-Bement-Pond Company. All of these 
machines proved capable of driving to destruction any 
drill submitted for test, and produced results that we 
cannot fail to look upon as remarkable. 

In all cases the tests were made on special hammered 


—-—__—_»— 





* See “‘ Radial Drilling-Machines and Records,” by F. E. 
Bocorcelski, p. 479 ; ‘* Tests of a Remarkable High Speed 
Radial Drill,” by H. M. Norris, p. 916 ; ‘‘ High-Power 
Drilling-Machines,” p. 1189, all a the curreit volume 
of the Journal of the American Society of Mechanical 
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steel billets, the carbon content of which was approxi- | feed per revolution of 0.060, corresponding to 31.2 in. 
mately 0.70.. The Bausch machine drove. 14-in. drills at} drilled per minute, and uniformly the drills were in good 
290 revolutions per minute (113 ft.), and 14-in. drills at | condition after having through a 4-in. block. 
330 revolutions per minute (107 ft.), with a feed per revo- | These test-blocks were of cast iron of the following repre- 
lution of 0.0207 in., giving approximately 6 in. of drilled | sentative analysis :—Silicon, 2.94; manganese, 0.60 ; 
hole per minute ; 14, 1,44, and 1-in. drills were. driven at | graphitic carbon, 3.17; combined carbon, 0.15; phos- 
slightly lower speeds and with the same feed. In general | phorus, 0.446 ; sulphur, 0.08. 
the results from the 1}-in. drills were good, but the 14-in.| In a few tests on steel that were reported, 1}-in. drills 
drills showed « tendency to dull too quickly or else broke. | were driven at cutting speeds of 120 ft. per minute, and 
‘The horse-power per pound of metal removed per minute | feeds that gave inches drilled per minute ranging from 
forthe — drills varied from 10.6 to 14.3. |7 to 10.4. Similarly, 14-in. drills were driven at a cutting 
The Harrington machine drove 1}-in. drills at 284| speed of 102 ft., 1#-in. drills at 86 ft.; and 3-in. drills at 
revolutions per minute (110.76 ft.), with feeds of 0,025 in. | 78 ft., with varying feeds ranging from inches drilled per 
and 0.040 in., corresponding to inches drilled per minute | minute of 10.7 to 2.8. 
of 7.07 and 11.36 respectively. In practically every case, 
however, either the drill broke or the electric circuit y ; 
opened, showing that the capacity of the machine ex-| “DATA ON Manvuractukinc MgTHops WITH MACHINE- 
ceeded the capabilities of the drills. Toots,” by L. D. BurtincaME, Mem. Am. Soc. M.E., 
The Pond machine drove 1}-in. drills at 208 revolutions | Providence, R.I. 
per minute (68 ft.) with a feed of 0.022 inch per revolu-| THE extensive set of special tools required to make a 
tion, equivalent to about 4.5 in. drilled per minute with | modern machine-tool on a manufacturing basis, and to 
































being run off on to the floor. 
be set to bore the swivel in three positions without re 
position to bore holes A. After these are 


fixture turned end for end, so that other holes on the 
opposite side to the holes A can be bored (Fig. 2). Th: 
swinging plate is then turned at right angles to its former 
position, and the upper part swung on trunnions provided 
so that lugs C can be clamped by bolts D upon the seat E. 
This brings the fixture in position to face F’, and bore the 
hole for the spindle bearing, &c. The cover J, hinged to 
allow of placing the work in the fixture, is —_ bya 
strap K, which can be loosened and turned half way 
around to disengage it from the cover without removing 
the bolt. The lug G is for the insertion of a bar to aid 
the workman in swivelling the fixture, so that one man 
can operate it. A plug, fitting in a taper hole, for each 
position insures the setting of the fixture so that all holes 
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Varying results as far as the drills were concerned. In | 


some cases the drills broke ; in others holes from 6 in. to 
9 in. deep were drilled successfully. Drills 14 in. in 
diameter were driven at 312 revolutions per minute 
(123 ft.), with feeds up to 0.032 in. corresponding with 
10.07 in. drilled per minute with success as far as the 
machine was concerned. However, only a few inches 
could be drilled before the drills failed. 

All of the drills referrec to in connection with these 
tests were of the flat-twisted type. Both cutting-oil con- 
taining ay 40 per cent. of lard-oil, and cutting 
compounds, were used. The latter gave the better results. 

The author of the article describing these tests, when 
summing up the best speeds and feeds for active service, 
states: ‘‘ For maximum production, and considering the 
life of drills at the same time, it seems best to run a 1-in. 
drill about 300 revolutions per minute (79 ft.) with a feed 
of 0.015 in. per revolution ; 14-in. drills at 225 revolutions 
per minute (88 ft.) at a feed of 0.02 in. per revolution.” 

Performance of Colburn Upritht. Drill. — Within the 
last few weeks the Colburn Machine Tool Company, 
Franklin, Pa., has brought out a new drilling-machine 
of the upright or pillar tvpe. The spindle is 24 in. in 
diameter in the sleeve, and has a nose 3}4 in. in diameter. 
The spindle speeds vary from 45 to 520 revolutions per 
minute, It has a length of power-feed of 16 in., and the 
table has a vertical eer of 15 in. It is driven by a 
25-horse-power motor. The feeds are in geometrical pro- 
gression from 0.009 in. to 0.06 in. per revolution of the 
spindle, 

Tests were made with ‘Celfor” high-speed twisted 
drills in cast-iron, These show that cutting —_ as 


high as 200 ft. per minute, with a feed per revolution of 
0.06in, can be used. Drills up to 14 in. in diameter were 
driven ata speed of 520 revolutions per minute with a 
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attain the degree of accuracy required, is indicated by 
the tool equipment for making the spiral-head swivel for 
a universal milling-machine. The eighteen special tools 
required for making it are listed below :— 

(a) Boring fixture and tools in cupboard ; (/) apparatus 
for grinding ; (c) driver for turning ; (d) counterbore for 
spindle rear-washer seat; (c) jig for drilling front bush- 
ing screw-holes ; (f) reamer for index-stop pin-hole ; (g) | 
taper reamer and test-plug; (h) roughing and finishing 
taper-reamer ; (i) arbor for turning; (j) jig for drilling 
worm-shaft, bushing stop screw-hole ; (k) jig for drilling 
oil and screw-holes ; (/) jig for finishing drilling spindle- | 
stop pin-hole ; () milling cutter ; (n) fixture for graduat- | 
ing; (o) tixture for testing graduations; () test-plug; | 
(q) bushing for testing rear bearing ; (7) device for testing. | 

Among these tools the fixture for boring has been | 
selected as typical of the extent. of the equipment neces- 
sary for the production of such parts. Fig. 1 shows this 
fixture in the cupboard made to store it when not in use, | 
and in the front is one of the spiral-head swivels, for the | 
manufacture of which the fixture was designed. The | 
boring-bars and cutting-tools have their proper place in 
the top section of the cupboard, being so grouped that 
the tools for use in each position are together. The fix- 
ture itself is placed on a carriage in the lower part, this 
carriage being mounted on wheels which are guided on a | 
track. When the front door is opened a section of track | 








attached to it, and matching the track in the cupboard, | 


provides so that the carriage can be drawn out to a 
position where it can be 





ily lifted on to the boring- | 
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will be in perfect alignment. There is a slot for the inser- 
tion of a taper wedge, which, coming against the face of 
the swivel, locates it in proper position before it is 
clamped in place. When not in use the cupboard is com- 
pletely closed and locked. 

Milling Top and Bottom of Milling-Machine Tables. 
Fig. 3 is an example of milling in which the top of one 
table and bottom of another table of a universal milling- 
machine are milled-at one traverse of the machine, the 
milling being done on a Brown and Sharpe No. 5 B heavy 
plain milling-machine. At the completion of the cut one 
table is removed, and the other one, which has been milled 
on the top only, is turned over, so that the bottom may be 
milled while a rough casting is put in its place and the 
cut repeated. This illustrates economy in handling the 
work, as well as in the time of milling. Table I. gives 
details of this operation. The original was made out on 
a printed form, such as is used by the Brown and Sharpe 
Manufacturing Company for such tests, and the data 
given are for regular production under manufacturing 
conditions. It will be noticed that while the large cutters 
are of high-speed steel, the small.cutters, ranning at much 
lower surface speed, are of ordinary carbon steel. The 
cast iron operated upon was of 23,000 Ib. tensile strength. 

An Example of Heavy Milling.—An example of heavy 
milling on a machine of the same size and type as used 
for the milling-machine tables is to be had in tests made 
on a steel block of 65,000 Ib. tensile strength. Eighteen 
cubic inches of metal were removed per minute. The 
output of the motor was 21.05 horse-power, making 0.89 





mill. A hook on the end of each rail prevents the carriage 
This boring fixture is of special interest in that it can 
moving it from the fixture. Asset in Fig. 1, it is in 


. ‘ bored the 
swinging plate is unclamped and the Fag part of the 
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cubie inch removed per net horse-power. At no time 
during the test did the machine show signs of distress or 
appear to labour excessively, and the notable absence of 
vibration was emphasised in the following manner. A 
coin was placed upon its edge at one end of the table, with 
its sides at right angles to the axis of the table. and on the 
oppositeend a full glass of water was placed. The machine 
was then started and many cuts taken without overturning 
the coin or spilling any of the water. ; 

4 feature of note in connection with this test was the 
efficiency of the high-speed-steel cutters employed. One 
gang removed 1800 cubic inches of steel without having to 
he removed from the arbor for sharpening. — 

\ pile of chips from this cut is shown in Fig. 4, page 198. 
The cutters were so nicked as to produce chips about 
y . 10) . 

Poet Milling on No. 5 Vertical Spindle Milling- 
Machines.—Fig. 5 gives an example of continuous milling 
ona Brown and Sharpe No. 5 vertical spindle milling- 





can easily replace the work so as to keep the machine 
going continuously. The cut on each piece is about 8 in. 
long and 4} in. wide at the widest part, and about ,; in. 
deep. 

Fig. 6, page 198, shows the style of inserted tooth-cutter 
used, this cutter being of a design which avoids undue pro- 
jection beyond the end of the spindle, allows the cutter 
to be easily removed, and also makes it possible to use 
the same cutter on machines with different sizes of 
spindles. 

Commercial Gear-Cutting on Brown and Sharpe No. 3 
Automatic Gear-Cutting Machine. — Table II., below, 
gives data for commercial work in cutting 16-pitch cast- 
iron gears with ordinary carbon steel cuttors, high-speed- 
steel cutters, and with and without an air-blast. The 
gears cut when these records were made are all gears 
that passed inspection and were put into use. The last 
gear of each group cut before sharpening the cutter was 
preserved, also samples of chips from each cut. 








Fig. 5. 
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TaBLe 1.—Milling Done on No. 5 B Heary Plain Milling- 
Machine. Lot 25. Operation: Milling Top and Bottom of 
50 No. 1 Universal Milling-Machine Tables. 











June 3, 1907. Brown and Sharpe Manufacturing Co., 
Providence, R.1L., U.S.A 
Cutter. Feed. Size of Cut. 
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+r 190 perhour. The fixure is so made that the workman 
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portion. Even under the fastest outs the gear teeth 
show surprisingly little tendency to break out at the 
back, although cut without: being supported: 

Fig. 7 shows the method of applying the air-blast. A 
Sturtevant blower was used, the air being supplied from 
a tube 1} in. in diameter at a pressure of about 14 oz. 
per square inch, this being sufficient to cool the cutter 
and keep the chips cleared away. 

Cutting Steel Gears on No. 6 Automatic Gear-Cutting 
Machine.—The following records are of commercial work 
done in the gear department of the Brown and Sharpe 
Manufacturing Company. In the first example three 
finishing cutters were used in a gang, finishing three teeth 
at once. In the second of two methods tried better results 
were obtained by using a stocking and finishing cutter 
together than by using two finishing cutters. Oil was 
used as a lubricant in both cases. The data for these 
examples are as follow :— 

(a) Gears of steel castings, 70,000 lb. tensile strength, 














Fic. 7. 

















Fig. 8. Rovueuinc CuTrerR ror GeaAR-CUTTING. 


It will be noted that the use of the air-blast adds 
materially to the rate of production, as will be seen by 
comparing the feed in inches per minute of Nos. 1 and 3, 
where a gain of nearly 70 per cent. is made when using 
the air-blast with carbon cutters, and by comparing 
Nos. 2 and 4, where a gain of 40 per cent. is made when 
using the air-blast with high-speed cutters. ' 

The high-speed-steel cutters with the air-blast give an 
increase of production of almost 4 to 1 over the carbon 
cutters without the air-blast. In cutting cast-iron gears 
of coarser pitches, the gain is in about the same pro 








APPLICATION OF ArR-Biast IN Mitirinc Work. 





Taste II.—16- Pitch Cast-Iron Gears, #-In. Face, 
13,000-Lb. Tensile Strength ; Cutter, 24 In. in Dia- 
meter, 1-In. Hole, 15 Teeth. 

Number .. 1. 2 | & y 4 5. 

—_ —-- ——-} | 

| Kind of steel for Carbon High | Carbon | High High 
cutter | | speed speed 

With or without) With- | With-| With | With With 

air-blast out | oat'} } 

Number of gears { } } 

cut at once ‘ 5.. 746" 4 a 4 4 

Revolutions per { | 

minute of cutter 180., 285 180 |. 340 300 
Periphery speed of 

cutter in feet per 

minute... sai 85 186 118 222 222 
Feed in inches per 

minute .. + 53 15 or) 21 18 
Total face of gang 

in. 4 Sis 3y's | ay 3¥5 


Number of teeth 
in gear being cut 
Cutting time per 
settinginminutes,) 32 
Number of teeth 

cut before re- 

sharpening cutter, 3500 | 6684 | 5534 


35 42 48 70) 72 |78 {30 80 \84 |90 
| | | 
12.615) 35 | 36 |1&.2/18.6 22,7 23.8) 26.5 


12,496 25,502 


3-pitch 5-in. face, 67 teeth. Cutter, 6 in. in diameter, 
1? in. hole, .52 revolutions per minute, 81 ft. surface s 

per minute, 2; in. feed per minute. Feed, 0.049 in. per 
revolution of cutters. The three cutters cut three gears 
in 67. minutes each, without sharpening the cutters, 
which were then in good condition, and could have cut 
several gears more. 

(b) Gears of steel castings, very hard, -probably 
100,000 Ib,, 3-pitch 5-in,. face, 51 teeth. The cutters, 6 in. 
in diameter, 1}-in. hole, 28.61 revolutions per minute, 45 ft. 
surface speed pee minute, 1,4,in. feed per minute. Feed, 
0.042 per revolution of cutters. Cutting time, 54 hours. 
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Taste III. 



































ee & =F ‘in , 
}¢-—~ — -—-GAIND NE ——— -- '$------- 11. 14° -—— > . “3° - ‘4 
SS = ne et 
nu w°s. a to 
na. Nnv°6. 
(51. %. 
Number s Fi 2. 3. 4. ee oe 
Material ' oa ‘Soft machiner Machinery steel Machinery steel, Machinery steel, Cast iron Bearing bronze 
steel . 4 case-hardened | case-hardened 
Part ground we - rs External External External — Internal — External External 
Amount of stock removed (in .012 in. roughing|.025in. roughing .005in. roughing .018in. | .010in. 0.020 in. to -012 in. to 
diameter) : iF ., 002in, finishing!.005in. finishing .001in. finishing Be m2 0.025 in. O15 in. 
-020in, .012in. 
Required limit .. Standard to Standard to Standard to Stan- Stan- Standard to Standard to 


.0U025in. small | .001 in. small 


Number of pieces completed 


perhour.. 13 


In lots of .. 


TaBLe 1V.—Grinding Limits for Cylindrical Pieces. 
Note. —These limits should be followed under ordinary 
conditions. Special cases should always be considered, 
as it may be desirable to vary slightly from the tables. 
Running Fits.—Ordinary Speed. 
To }4-in. diameter, inc. 0.00025 to 0.40075 small. 


> on re y» 0.00075 ,, 0.0015 ,, 

ok i - »» C0015 ,, 0.0025 ,, 

» Bhs ” 1» 0.0025 ,, 0.00385 ,, 

26 » ow 0.0085, 0.005, 

Running Fits.—High Specd, Heavy Pressure, and 

Rocker Shafts. 

To }4-in. diameter, inc. 0.0005 to 0.001 small. 

ol ” »» 0,001 ,, 0.002 ,, 

2 ” ” ” 0.002 , 0.003 ” 

34 55 ” » 0.003 ,, 0.0045 ,, 

06 » » y» 0.0045 ,, 0.0065 ,, 
Sliding Fits. 

To 4-in. diameter, inc. 0 00025 to 0 6005 small. 

wl » ” » 00005 ,, 0.001 _ ,, 

2 oy ” oo GORE 5 OER. a 

» 3h, ” » 002 ,, 0.0085 ,, 

GO 4, 0.003 = ,, 0.005 er 


Standard Fits. 
To }-in. diameter, inc. standard to 0.00025 small. 
005 


” ” ” oo Ve ” 


2 sy ” ” » 99 -:0.001 ” 
1 34 5 ” ” » 9 0.0015 ,, 
” 6 ” ” ” ” ” 0.002 ” 
Driving Fits. 

To }4-in. diameter, inc. 0.0005 to 0.001 large. 

1 ” ” ” 0.001 ” 0.(02 ” 

2 4 ” » 0.002 ,, 0.003 ,, 

» 3h yy ” » 0.003 ,, 0.004 ,, 

” 6 ” ” ” 0.004 ” 0.005 ” 

Forcing Fits. 

To 4 in. diameter, inc. 0.01075 to 0.0015 large 
wl, ” » 0.0015 ,, 0.0025 ,, 
v2 ” » 0,0025 ,, 0.004 ,, 

” 34 ” ” ” 0.004 ” 0.006 ” 

” 6 ” ” ” 0.006 ” 0.008 ” 

Driving Fits.—For such Pieces as are Required to be readily 
taken Apart. 

To in. diameter, inc, Standard to 0.000265 large 
” ” ” ” 0.00025 ” 0.0005 ” 
2 ow ” » 0,000 ,,0,000°5 ,, 
” ” ” ” 0.00075 »” 0.001 ” 
vO ” » 0.001 »» 0.0015 ~ 


Shrinking Fits. —For os Shells § In. Thick and 
88. 


To } in. diameter, inc. 0.00025 to 0.0005 large 
0.0005 ,, 0.001 


” ” ” ” ” 





ee ie Be 
» 34,, ” » 0.0015 ,, 0. a 
96 ” » 0.002 ,, 0.003 _,, 
Shrinking Fits.—For Shells, &c., having a Thickness of 
More than 3 In. 
To } in. diameter, inc. 0.0005 te Q001 large 
” ” ” ” ” ” 
” 2 ” ” ” 0, ” 5 ” 
oe OD > ” ” ” ” 
196 4 ” » OJ » 0,007 __,, 
Grinding Limits for Holes. 
To in. di ter, inc. standard to 0.0005 large 
vl, ” ” » yy 0.00075 ,, 
2 os ” ” ” » 0.001 ,, 
» 34,, ” ” ” » 0.0015 ,, 
8 ,, ” ” ” » 0.002 =, 
» 12,, ” ” » oo OY 


” 





The roughing - cutter used in the second example 
= : new design of stepped stocking-cutter shown in 

ig. 8. 

Roughing-Out Gear-Teeth in a No.5 Automatic Gear- 
Cutting Machine.—The following record was made with 
the \ ad design of stocking cutter in roughing-out gear- 


teeth. 

Gear blanks of machinery steel, 65,000 lb. tensile 
strength, 4} in. in diameter, 6-in. face. Cutter, 3-pitch 
stocking, 5} in. in diameter, 1}-in. hole, 90 revolutions per 
minute, 124-ft. cutting s per minute, 7-in. feed per 
minute ; feed, 0.078 in. per revolution of cutter. Cut 15 
teeth, 0.749 in. deep; total number of inches cut, 90. 


Cutter in good condition at end of cut. Test made with 
old 7}-horse-power motor belted to countershaft of the 
machine. Efficiency of motor, 784 per cent. Gross horse- 
power used, 5.€89. Net horse-power, 3.99, 110 volts, 
40 amy eres. 





.0005 in. small dard to dard to 0.0005 in. small 0.0005 in. sma!l 
0005 in. .0005 in. 
large large 
1 32 one | 59 two 
man men 
100 


20 


200 


Grinding Data, Plain and Universal Grinding -Mua- 
chines. —Tho examples of commercial grinding given 
in Table III. illustrate what is being done under 
actual working conditions in commercial work on the 
variety of pieces indicated, which are of various ma- 
terials and are both soft and hard. A reversal of the 
usual rule where economy is gained by having one man 
operate more than one machine is shown in example 6, 
where work is most economically produced by having 
two men run one machine—that is, having one man 
operate the machine and a helper drive the work on and 
off the arbor. All other data are on one man toa 
machine. These pieces passed inspection within the 
limits given. The average loss from work of this class 
coming below the required limit or being otherwise 
spoiled is less than } of 1 per cent. 

Grinding Limits.—The limits given in Table IV., an- 
nexed, on grinding can be recommended for use in the 
manufacture of machine parts to produce satisfactory 
commercial work. There must, however, be individual 
consideration in each particular case to determine whether 
special conditions exist, so as to require different limits 
from those given in the table. 

Following such a table blindly may lead to more un- 
satisfactory results than to have no table at all. It is 
intended to be used only in the manner above pointed out. 





DE NAEYER’S BOILERS WITH UNDERFEED 
STOKERS AT THE BRUSSELS EXHIBITION. 
In two former issues (see ENGINEERING, vol, lxxxix., 

s 402 and 720) we gave a few particulars of the 

bot er plant at the Brussels Exhibition. We now 
illustrate this plant in the view, Fig. 1, on page 190. 
There are ten water-tube boilers, built by the Société 
Anonyme des Anciens Etablissements Louis de Naeyer, 
Willebroeck, Belgium. ‘The boilers have each 255 
square metres (2745 square feet) of tubular heating 
surface, and four of the ten have superheaters capable 
of raising the steam to a temperature of 350 deg. Cent, 
(662 deg. Fahr.). These superheaters are of the De 
Naeyer type, built of weldless steel tubes, 40 milli- 
metres (1.57 in.) in outside diameter, 4 mm. (0.157 in.) 
thick, having each a heating surface of 70 sq. m. 
(753 sq. ft.), and being placed above the boiler-tubes. 
The boilers have a capacity for 5000 kilogrammes 
(11,000 lb.) of steam each perhour. They are fed by a 
ot and by a centrifugal pump electrically 
driven. The hot gases from the boilers pass through a 
Green’s water-economiser of 1440 tubes, having a heat- 
ing surface of approximately 14,400 sq. ft. The coal is 
carried by a bucket conveyor from a pit in the yard in 
the rear of the boiler-house to the bunkers above the 
boilers, whence it is discharged through chutes into 
the apes of the stokers. The coal burnt comes from 
the Ruhr district, in Germany ; it is small coal, con- 
taining 14.75 per cent.-of volatile matter and 12 per 
cent. of ash. It carries a large percentage of water. 
The principal dimensions of the boilers are the 


following :— 

Tubular heating surface, 

as aforesai si ... 265 sq. m. (2745 sq. ft.) 
Grate area ... = a, ae on oe os 
Volume of water and 

steam... cal ... 20.5 cub. m. (724 cub. ft.) 
Number of tubes in width 18 
Number of tubes in height 9 
Length of tubes ... oe 5.5 m. (18 ft.) 
Outside diameter of tubes 90 mm. (3 in.) 
Diameter of steam and 

water-drum 7 ; 1.5 m. (4 ft. 11 in.) 
Length of drum ... ~~ 6.7 m. (22 ft.) 
Pressure nee ... 11 kg. per sq. cm. (156 Ib. 

; r sq. in.) 

Weight About 32 tors 


The furnaces are 9 ft. 1 in. wide between side-walls, 
and the length of the active grate is 7 ft. 1 in., the 
rate area being about 63 square feet for each boiler. 
Ye illustrate in Figs. 2 and 3, page 191, the stokers 
fitted to the ten boilers in question by the Underfeed 
Stoker Company, Limited, Coventry House, South 
Place, E.C. The coal from the hopper is conveyed 





bottom, which runs the full length of the trough, and as 
it rises from the trough it is distributed to the sides of 
the furnace by the moving grate-bars. The coal, being 
coked and burnt, is constantly carried by the action 01 
the moving grate-bars to the dumping-trays along 
both side walls where the clinker and ash are deposited. 
The dumping-trays are operated by levers from the vut- 
side of the furnace for automatically discharging the asi: 
and clinker. We may add here that mechanical draug!:( 
is an inseparable feature of the system, and in this cas« 
as in most others, the draught is forced instead of being 
induced. A basement below the firing-level contains four 
fans, three of which are large enough for the maximum 
a of the boilers, the fourth remaining as a stand. 
by. The fans discharge into one main air-pipe, and 
the air is supplied to the stokers through branch-pipes 
I, shown in Fig. 3. It is first discharged into the 
chamber J of the stoker, the amount being controlled 
by the damper K, the position of which is adjusted by 
means of a screw lying beneath the stoker-cylinder. 
From J the air passes into the fire-bars. A small 
quantity is discharged into the trough through open- 
ings in the trough-ends of the bars, but the larger 

uantity flows through the bars, which are hollow, into 
the chamber L, whence it rises between the fire-bars. 
By the movement of the latter the ash is delivered on 
to the plates M ; when a sufficient quantity has accu- 
mulated the plates are operated and the clinker falls 
into the ashpits, whence it passes to the conveyor, 
which returns through the basement. The air pres. 
sure in the chamber L for maximum loads is from | in. 
to 14 in. water gauge. 

We illustrate in Fig. 4 the Underfeed Stoker Com- 
pany’s air-heater, which is not fitted to the boilers 
above described, but is exhibited separately. Fig. 6 
shows a complete heater. Fig. 5 is a side view, 
showing the cleaning ae page H a heater in course 
of erection is illustrated in Fig. 7 ; while Fig. 4 
shows an arrangement of air-heating devices placed in 
tandem in the flue between the boilers and the chimney. 
The air-heater we illustrate consists of twenty-five 
semi-circular elements, fitted side-by-side and having 
a heating surface of 1453 square feet. It takes up in 
length 8 ft. 3in., in width 5 ft. 9 in., and in height 
4ft.4in. The elements when mounted to form the 
complete heater touch along their top edges, where 
they are clamped together, leaving a space between 
them ofabout 14 in. The waste gases from the boilers 
pass through these spaces in straight paths, while the 
air to be heated passes inside the elements along curved 
paths; in this way the resistance to both air and 
gases is reduced toaminimum. From theillustrations 
it will be noticed that the arrangement is such that 
there are alternate sheets of air and gas in the appa- 
ratus. The air flows through the latter in a direction 
which is practically the reverse of the path taken by 
the hot gases, the apparatus thus working practically 
on the counter-flow principle. In order to keep the 
surfaces ex d to the hot gases clean, a device is 
provided which is shown in the views, Figs. 5 and 7. 
A hollow trunnion-pipe runs across the heater ; in the 
pipe are screwed small perforated radial pipes, there 
being one perforated radial pipe for each gas-space. 
On steam being turned into the trunnion-pipe, it is 
discharged against the surfaces of the heater through 
the perforations in the radial pipe, and by revolving 
the trunnion-pipe through 180 deg. the steam impinges 
against the entire heating surface, which it thoroughly 
cleanses. It is generally sufficient to carry out this 
cleansing operation once every twelve hours. So far 
as we are aware, this is the first application of a 
cleansing device to air-heaters. 

This system of air-heating apparatus makes it pos- 
sible to obtain a very large Gactier surface in a given 
space ; it has a ver hig efficiency ; the restriction 
to the flow of both the air and hot gases is reduced to 
a minimum ; the building up of an air-heater of its 
various elements is an easy process ; when built up it 
is easily put down and easily enlarged should moditied 
local conditions require it. It can be combined with 
any type of boiler. 





MecuanicaL Coat - Cuttine.—It is estimated that 
there are now about 1700 mechanical coal-cutters at work 
in Great Britain. More than half of these machines are 
worked by compressed air. Mechanical coal-cutters have 
come into the most use in East Scotland and the Midlands. 





LocoMOTIVES FOR THE ITALIAN StaTE RaAILWways.— 
The Rivista dei Trasporti states that the long and 
tedious negotiations between the State Railways and 
the Italian locomotive manufacturers have now been cor- 
clud The Sociéta Breda, Milan, has received orders 
for sixty locomotives of five different types, at prices 
varying between 1.75 and 1.64 lire per kg. (7.8d. and 
7.4d. per pound’ ; ate have been ordered from the 
Costruzioni Meccaniche, Saronno, 1.73 lire per kg. (7.74. 
per pound) ; and forty-five from Ansaldo-Armstrong and 
Co., at 1.70 and 1.64 lire per kg. (7.6d. and 7.4d. per 
pound). The tenders were offered at the uniform price 
of 0.90 lire per kg. (4d. par pound). The negotiations 
concerning the remaining rolling-stock to be ordered from 
the various national works are not concluded: 





under the fire by means of a reciprocating sliding 
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THE PARIS - LYONS - MEDITERRANEAN 
RAILWAY CARRIAGES AT THE BRUSSELS 
EXHIBITION. 

Tur Paris-Lyons-Mediterranean Railway Company 
exhibit at Brussels a first-class bogie carriage having 
a compartment de /uxe and a compartment fitted with 
beds, which we illustrate in Fig. 1, on our two-page 
plate, also a first and second-class bogie-carriage pro- 
vided with sleeping accommodation, illustrated in 
Fig. 2, and a covered wagon for the transport of auto- 
mobiles. Both carriages are mounted on pressed-steel 
two-axle bogies ; the carriage-body is of wood, with 
outside senale of shect-steel, and is fitted to an under- 
frame built up of plates and angles. Their principal 
dimensions are the following :— 


Distance between centres of 


bogie-axles ... si 2.5 m. ( 8 ft. 3 in.) 
Total length of bogie in ee a Oe Sat 
Diameter of wheels at tread 1.04 ., (3,,5,,) 


First-Class Carriage : 


Length outside buffers... 21.9 m. (71 ft. 10 in.) 


Distance between bogie 

centres om sie ~~». ne, een 8? 
Distance between centres of 

end axles ... nik oar SE ee es Di 
Width between sole-bars, 

inside = a cs SE ws, Bw. Bed 
Length of body = co re as ae ow Dace 
Maximum width cf body ... 2.94 ,, (9,, 8,,) 


Height of body (inside) at 


centre of carriage... . 228, (7, 8°) 
Height of body, inside, in 
corridor ~~ Bie £6, 3 


28 passengers 
About 37 tons 


Accommodation for... 
Weight empty am 
First and Sccond-Class Carriage : 


Length outside buffers 20.27 m. (66 ft. 6 in.) 


Distance between bogie 
centres a ass ~~. oe « (en Ba? 
Distance between centres of 


end axles ... an ws ee fp Ge Tad 
Width between sole-bars, 

inside ee or A ci ale 
Length of body i, — «=—ClcLe Oo “i 
Moximum width of hody... 2.963,, (9,, 9,, ) 
Height of body, inside, a 

centre, second-class a enact has. Sal 
Height of body, inside, in 

corridor... iG —- Bits. Ba? 
Accommodation for... 47 passengers 
Weight empty About 36 tons 


Both carriages are provided with couplings with 
equalising lever, and with the Westinghouse-Henry 
compressed-air brake acting upon the eight wheels ; 
they are lighted by oil-gas incandescent lamps, and 
are heated by steam. They are further fitted with a 
pneumatic intereommunication device provided with 
whistles to allow the passengers to cause the stoppage 
of the train. The various compartments open into a 
side corridor, ending at both ends in a covered and 
closed platform, which gives access into the carriage 
from the outside and from the adjoining carriages, in 
the usual way. 

The first-class carriage contains a compartment de luxe 
(lig. 4) and a compartment of sleeping-berths, each con- 
nected with a toilet, and four first-class compartments 
(Fig. 3) also connected with a toilet ; it contains further 
a compartment for the attendant. The compartment 
de luxe is fitted up with two bed-sofas, an arm-chair, 
which can be transformed into a bed, and a chair. 
The two bed-sofas can be isolated at night by a cur- 
tain. The sleeping-berth compartment contains two 
seats, which can be transformed into beds at night- 
time ; they can also be isolated by a curtain. 

I'he first and second-class carriage contains a sleeping 
compartment connected with a toilet, two first-class 
and four second-class compartments, there being also 
two toilets, one for each class and at each end. The 
corridor is separated into two parts by a door. The 
sleeping compartment contains three seats, which can 
be transformed into sleeping-berths. The first-class 
compartments seat six passengers, the second-class 
seating eight. 

both carriages, as will be seen from the views (Figs. 
3 to 6) are of a high finish. 

_ The covered wagon for the transport of automobiles 
is of the following principal dimensions :— 


Length outside buffers . 7.67 m. (25 ft. 2 in.) 
Length of underframe out- 


side buffer-beams ... es. Ma 8a 


) 
Inside length of body -. 6.54 ,, (21,, 65, ) 
Inside width of body i Se oS sy ) 
Inside height of body under 
roof-ribs eee eee ove 2.725,, ( 8 op Al ” ) 
Height of end openings 2.64 ,,(8,, 8,, ) 
Width ofend openings ... 2.24 ,,(7,, 45.) 
Distance between axle 
CONBIRE = axe css -- 870 ,, (12,. 2. ) 
Weight of wagon, empty ... About 9.3 tons 
Weight of load is About 6.4 tons 


At first the Paris-Lyons-Mediterranean Railway | 


carried automobiles on their ordinary 
trucks, but this method did not 
the automobiles being unprotec 


n carriage- 
rove satisfactory ; 
, their fittings and 


| circumstances led the company to 





| 
| 
| 
| 





tools were liable to get stolen ; they had besides, as a 
protection against the weather, smoke, and dust, to be 
covered by tarpaulins, which frequently damaged their 
coach-work ; finally, the large motor-cars now built 
were too long for the available open trucks. These 

desi a new type of 
closed wagon, capable of taking the seichar pleasure- 
cars built. These enter the wagon at the ends, the 
radius of the turning circle of the ears not allowing 
them to enter sideways. The company at the present 
time own eighty-five wagons of this pattern. 

The wagon consists of the usual type of underframe 
carried on two axles, provided with @ special body 
fitted to the underframe. The latter Ade spas special 
comment; the sole-bars gre, connected together by 
buffer-beams and intermediate cross-pieces, strength- 
ened by a central and traction longitudinals, fitted 
together by gusset and corner-plates. It is suspended 
by four laminated springs, with spring eyes curled 
over and fitted to the underframe by hangers; the 
axle-boxes are steel castings, and the bearings of gun- 
metal lined with anti-friction metal. The body con- 
sists cf a wooden frame to which the pine and oak 
boarding is bolted, and is provided at each end with 
a two-leaved door. It forms one compartment, and 
is closed by a roof covered with waterproof cloth. 
Since the doors take up the whole of the ends, the 
wagon body had to be specially strengthened by 
bracing formed of plates and sections. The door sills 
are extended by a movable. flap, which, on being let 
down on the buffers, is level with the platform, for 
loading and unloading the motor-cars. A door is also 
provided in each side of the body for the railway men 
who have charge of fastening the cars inside the 
wagon. A special device is provided for this, con- 
sisting of two tubular scotch-bars having at their 
ends bracings which slide between angle bars, drilled 
with holes and fitted to the'sides:of ‘the body. Each 
scotch-bar carries two wedges, each fitted with a belt, 
and made to slide along and round the bar. When 
the motor-car is placed inside the wagon, the scotch- 
bars are brought close to its wheels and made to 
hold the hinder - by the bracings, which are 
held in position by rods driven through them and 
through the holes in the angle-bars, the wedges being 
pushed under the motor-car wheels at both sides. By 
this means the motor-car is secured longitudinally ; it 
is secured transversely by four leather belts fitted to 
the sides of the body. The wagons are fitted with the 
Westinghouse-Henry compressed-air brake, also’ with 
a steam heating-pipe to admit of its forming part of 
trains in current service. 





36-TON STEAM LOCOMOTIVE BREAKDOWN 
CRANE. 

THE crane illustrated on page 202 is of interest as 
one of the largest breakdown cranes ever supplied to 
a British railway. It has an unusually long and high 
jib of the lattice type and curved in form, and is 
capable of lifting 36 tons at a radius of 20 ft., and 
lighter loads up to a radius of 40 ft. It has lifting, 
slewing, jib-derricking, and travelling motions. fi 
was constructed for the Great Western Railway Com- 
pany by Messrs. Stothert and Pitt, Limited, of Bath. 

The conditions with which the crane had to be 
built to comply were somewhat difficult to meet, and 
demanded careful designing. An initial limitation, 
which with a crane of this size imposes difficulties, is 
that it must be constructed to clear the ordinary 
English railway loading-gauge, while in the present 
case further limitation was met with in the specified 
condition that the load on any pair of wheels should not 
exceed 14 tons when the crane was travelling with 
a train. The various requirements were met by 
arranging the crane with a large portable balance- 
weight at the tail end. The weight can be moved in 
and out to suit different conditions of load, and can 
also be detached from the crane-truck, and lifted into 
the match-wagon by the crane itself. With this weight 
removed, and with water. in the boiler and tank, and 


|fuel in the coal-bunker, the weight of the crane is 


evenly distributed over the axles, and is within the 
specified limit of 14 tons per pair of wheels. The 
crane, as a consequence, is able to travel to its work 
with steam on the boiler ready to commence operations. 

The crane is operated by a pair of double-cylinder 
engines, having pistons 10 in. in diameter and of 12 in. 
stroke. The boiler is of the Hopwood type, 4 ft. 6 in. 
in diameter and 7 ft. high, and works at 100 lb. per 
square inch. The lifting gear is double purchase, 
arranged for two speeds, the load being lifted on 
six parts of a wire rope, 34 in. in circumference. 
The barrel is 2 ft. 2 in. in diameter, and is large 
enough to coil the whole of the rope in one lap, 
and to give a clear lift of 35 ft. above rail-level 
at 20 ft. radius. A brake is fitted, provided with 
a hand-screw for heavy loads, The slewing-gear 
is independent of the other motions, and is operated 
by double-friction cones. The derricking-gear is 
operated by a worm and worm-wheel from the second- 
motion shaft, and is arranged to adjust the radius 
from a minimum of 17 ft. until the jib is lowered on 





to the match-truck. A safety-clip brake is fitted in 
connection with this gear. As will b2 seen from the 
illustrations, the derricking ropes are led over a back 
strut in order to obtain a good angle of lead to the 
tie-rods. The travelling motion is operated by means 
of a shaft, through the centre t, which drives a 
horizontal shaft connected to the running axles by 
sprocket chains. This gear is arranged so that it can 
be disconected when the crane is being hauled. The 
gear-wheels throughout are of cast steel with machine- 
cut teeth, with the exception of the internal slewing- 
ring and its pinion, which have moulded teeth. The 
superstructure has sides built up of plates and angles, 
fitted with adjustable gun-metal bearings for the 
various shafts, and is carried on a ring of live steel 
rollers running between upper and lower roller-paths 
of steel. 

The under-carriage is built up of steel sections, and 
is mounted on ten steel-tyred running wheels. Four 
of these wheels are mounted on a swivelling bogie, 
which has a spring centering device, and is built on 
the general lines of the Great Western bogies for 
passenger locomotives. The side play of the ie is 
unusually ample, and the crane is easily capable of 
travelling round curves of 5 chains radius. The sprin 
buffers, draw-gear, wheels and axles, axle-boxes an 
springs were supplied by the railway company, and 
are of their standard pattern. The crane was tested 
to a load of 45 tons at 20 ft. radius, both at the makers’ 
works and again at Swindon, and after trials at 
Swindon a full range of working loads at different 
radii was established. The test load at 40 ft. radius 
was 18} tons. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 27. 

THE situation in the steel-rail branch of the industry 
is the source of some concern to rail-makers and to the 
steel industry at large. Since the completion of the 
a in Indiana, where the cost of production 
has been reduced to the lowest point, there has been 
an excess of rail-making capacity which will not 
probably be overtaken for a very long time. In view 
of this fact the Edgar Thomson Rail Mill at Braddock, 
Pennsylvania, is being changed to a splice and track 
supply plant. This change is now being made and 
the mill will be turning out these new products before 
the close of the year. Just what effect the new Gary 
plant will have upon some less favourably-conditioned 
rail-mills is not apparent. Railroad building in the 
eastern portion of the United States is substantially 
completed. Of course, much track-laying will continue, 
year in and year out, in the way of making repairs, 
constructing branch lines, and the laying of 
additional tracks to accommodate increasing traffic. 
The great bulk‘of the rail demand in the future must 
come from the Mississippi Valley region and the moun- 
tain and the Pacific Coast region. The bulk of these 
requirements will be naturally filled by the mills in 
the west—namely, those at South Chicago and Gary. 
The Gary plant is simply the nucleus oho definite 
expansions and where adaptations will be made to new 
demands for mill products. At the outset only heavy 
steel products were to be made, such as steel rails, but 
the original conception is being departed from, and 
many other products besides rails will be made. The 
most encouraging feature of the steel trade is the 
requirement of expanding trolley system and projected 
trolley systems in West Virginia, Ohio, Illinois, and 
Michigan. The inquiries now presented, which will 
shortly result in orders, call for 70,000 tons of rails, 
all to be delivered before November 1. Numerous 
trolley enterprises are receiving attention in various 
parts of the country, and their aggregate requirements, 
which will poshably be presented before the close of 
the season, will go far to furnish employment to the 
rail-mills of the west. 











THE ASSOCIATION OF ENGINEERS-IN-CHARGE. — On 
Saturday, the 9th ult., a party of members of the above 
association, about sixty in all, visited the works of Messrs. 
Davey, Paxman, and Co., Limited, at Colchester, the 
ev having the President, Professor Henry Adams, 

q Sass, O.E., at their head. The members were shown 
everything of interest, and expressed themeelves well 
pleased with their visit. 





AERONAUTICS SCHOLARSHIPS.—About a year ago the 
eras body of the Imperial College of Science and 

echnology at South Kensington awarded two scholar- 
ships for research in connection with aeronautics. The 
initiative in this matter was largely due to the Women’s 
Aerial League who voted a contribution for a period of 
years, and one of the scholarships bears the name of the 
**Women’s Aerial League Scholarship.” The students 
in question have held their scholarships at the National 
Physical Labora at Teddington, through the kindness 
of the authorities of that laboratory, and very favourable 
accounts of their work have, it is understood, been re- 
ceived. An additional scholarship is offered for award 
at an early date by the Imperial College. It is gratifying 
to note that the award in question is open to any properly 
qualified individual, irrespective of residence or place of 
—— the desire being to secure the right type of 
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36-TON STEAM LOCOMOTIVE BREAKDOWN CRANE. 
CONSTRUCTED BY MESSRS. STOTHERT AND PITT, LIMITED, ENGINEERS, BATH. 
(For Description, see Page 201.) 
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THE RAILWAY ELECTRIFICATION 
QUESTION. 

Some few years ago questions of railway electri- 
fication had to be thought of in terms of engineering 
possibilities and probabilities ; nowadays their con- 
sideration turns more purely on financial likeli- 
hoods. Not that at any time the financial side of 
the matter could be neglected; but until quite 
recent years the unsolved, or partly solved, engi- 
neering problems were so weighty that they tended 
to overshadow other aspects of the question. Ina 
general way it may be said, at the present time, 
that, from a purely engineering point of view, any 
existing railway, or any existing traffic, could be 
successfully carried on electrically ; but in many 
cases—indeed, in the majority of cases—the financial 
soundness of any electrification scheme may well 
prove to be a very different matter. Certainly the 
majority, if not all, of the existing electrifications 
in this country have justified themselves, or are 
justifying themselves, even if they have not in all 
cases realised the somewhat swollen hopes of their 
promoters ; but it must be remembe that these 
schemes have not been carried out without a fair 
preliminary consideration as to their commercial 
soundness. 

Much rather wild talk has been heard on the 
matter of railway electrification, and a large 
amount of capital was some years ago sunk in 
manufacturing plants which were to deal with an 
enormous demand for electric railway material 
which it was supposed would arise. The somewhat 
exalted line of thinking in connection with this 
subject has not altogether died away even now, and 
a reflex of it is seen in the writings of Mr. H. G. 
Wells and other dealers in prophecy, who always 
equip their Utopias and countries of the future with 
electric-railway systems on a very lavish scale. To 
the mere engineer, however, the peculiar Utopian 
virtue of an electric railway, as compared with a 
steam one, is not very evident, and it is certain 
that no real good to the electrical industry can 
come from attempts to endow electricity, per se, 
with extraordinary qualifications and virtues as an 
agent for the propulsion of trains. Although in- 
flated ideas in reference to this matter have been 
responsible for the loss of a large amount of capital 
invested in manufacturing plants, fortunately they 
have not, in this country at least, led to wild and 
indiscriminate expenditure on the part of the rail- 
way companies. e conservative attitude of these 
companies in this matter has, of course, been the 
subject of a good deal of criticism, but there is no 
doubt that their general position has been reason- 
able enough. Their present prosperity is not such 
as to justify them in undertaking large capital 


208 | expenditure unless it can very definitely be shown 


that they will obtain an adequate return on it, a 
return, that is, which, in the case of a steam road, 
will show such improvement on existing returns as 
to more than cover the new capital cost plus the 
value of the original equipment. The caution of 
the railway companies in this connection has re- 
ceived much justification from the history of electric 
tramway development in this country. Some few 
years ago a period of extreme activity in the pro- 
motion and construction of new tramway systems, 
and the conversion of old, set in, with the result 
that the country is at the present moment, to all 


3] intents and purposes, completely served with elec- 


tric tramways. Some of these systems have, of 
course, done excellently, in cases where the area 
served was suitable, but the total results are dis- 
appointing. According to Garcke’s Manual for 
1910, a number of electric-traction companies, 





having fan aggregate capital of some hundred and 
thirty millions, paid in 1909 an average interest on 
the ordinary shares of 1.79 per cent., and an aver- 
age interest on the ordinary capital, plus the 
preference capital, plus the loan capital, of 2.95 per 
cent. These results are not so encouraging as to 
suggest that electrification is any road to financial 
salvation for our railway companies. 

The actual state of affairs in reference to the 
value of electrification has become fairly clear of 
late years, partly as a result of the work which has 
actually been carried out. The matter is purely a 
relative one. Given a steam railway serving a 
suburban district, on which the stations are fairly 
close together, and on which the potential or actual 
traflic is sufficient to justify, say, a ten minutes or 
quarter-of-an-hour service of trains, it is probable 
that its electrification would justify itself, and that 
a reasonable return may be expected on the capital 
expended in the conversion. There are, naturally, 
local circumstances or conditions in particular cases 
that will strengthen or weaken the arguments for 
change ; questions of terminal capacity, for in- 
stance. r. Aspinall has pointed out, more than 
once, that the question of dealing with the growing 
traffic at the Exchange Station, Livepecl, and the 
difficulty of handling a greater number of steam 
trains with their engine-shunting difficulties, was 
not the least of the arguments which led to the 
decision to electrify the Liverpool and Southport 
line. Similarly one may take it that the conversion 
of the Mersey Railway and the London Under- 
ground was partly due to a desire to improve the 
atmosphere and general cleanliness and make the 
lines more attractive to passengers. Again, one 
may easily imagine the case of a road so difficult to 
work with steam locomotives that electrification 
might carry the day in virtue of its superiority on a 
bad route, although the normal conditions justifying 
electrification might not be altogether fulfilled. 
Conversely, there may easily arise the case of a line 
of railway dealing with both suburban and main- 
line services, on which the suburban service is itself 
likely to repay electrification, but which none the 
less cannot profitably be converted, as, owing to 
interference with the main-line trains, it would not 
be possible to run a suburban service at frequent 
intervals, so that one of the essential justifications 
for electrification would be cut away from the 
beginning. 

zeaving aside special local conditions, such as 
those suggested above, the main case for suburban 
electrification is worth a little consideration. It 
was stated in the previous ph that with a 
steam railway serving a district in which the stations 
were fairly close together, and in which the actual 
or potential traffic justified a ten minutes or quarter- 
of-an-hour service, electrification was likely to be 
justified. The only indefinite factor in this state- 
ment of conditions lies in the words ‘‘ potential 
traftic.” The experience up to the present in 
England has been that electrification of a suburban 
line leads to a great increase in its use by pas- 
sengers, and it is on this fact that a great deal of 
the loose talk about this subject has been founded 
—talk which practically amounts to the assertion, 
‘*Electrify your line and you double your traffic,” or 
treble it, or whatever it may be. This is, of course, 
nonsense. The reason the suburban electrifications 
in this country have been successful is that they 
have only been carried out after very close con- 
sideration of the possibilities of the districts they 
serve, and a careful calculation of the probable 
traffic. None the less, it is quite likely that the 
passenger-attracting capacity of these lines has sur- 
_ even those responsible for their conversion. 

e idea that this success is due to the mere 
electrification in itself, may be dismissed at once. 
It is true that the issue has been obscured some- 
what by the fact that, as a rule, the actual accom- 
modation and comfort offered to the passengers 
has been much improved on electrification ; but it 
is impossible to believe that the average passenger 
is going to be attracted out of his way, except 
perhaps for a day or two, by the idea of riding 
in an electrically - propelled train, even if the 
accommodation is a little superior to what he is 
used to. However, things do not happen without 
causes, and there is no reason to suppose that the 
success of these lines is in any way an obscure 
matter. Briefly, the thing turns on the more fre- 
quent service and the more rapid service, which 
can be given by electric trains in a manner that 
cannot be Steno by a steam service. There is 
no doubt that this rapid and frequent service 
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induces a large amount of traffic which is actually 
created, and is not robbed from competing 
lines or services. An increased mid-day shopping 
traftic, and an increased theatre and evening-party 
sort of traffic later in the day, follow directly 
on the improved facilities. Another type of in- 
crease, which reacts on this, is that new or 
converted suburban lines attract residents from 
other districts to the particular area which they 
serve, purely in virtue of the improved character 
of service. This process can be seen very clearly 
going on in London at the present time. The 
success of some of the London lines may, however, 
be partly due to a further factor. It may be a 
somewhat far-drawn idea, but it seems quite prob- 
able that the ‘‘ garden city” movement, about 
which so much has been heard of late years, is 
partly responsible for the development of such 
districts as Harrow and Golder’s Green, and as a 
consequence for the increasing railway traffic to 
these places. The promoters of building schemes 
in such districts as these, of course, advertise them 
largely as ‘‘ garden cities;” but that is not the 
point. The real success of these places is not due 
to the activities of house agents, it is due to a 
vague and wide-spread idea that has gradually 
worked itself into the minds of a large section of 
the population—of a large section of the middle 
classes in particular. hese people think they 
would like to live in the ‘‘country.” Really, 
of course, nothing would suit them less, but, 
given a frequent, rapid, and cheap service of 
trains to outlying districts, built, externally at 
least, with some regard to the amenities of life, 
and they will gotothem. This is one of the great 
sources of traftic which our railway companies can 
profitably develop. Much has been done, of course, 
in London, while the Liverpool and Southport line 
of the Lancashire and Yorkshire Railway is an 
excellent example of the class of line and service 
in question ; but the undeveloped field is very large. 
The Wirral district of Cheshire, on the west side 
of the Mersey, for example, forms an excellent area 
for such development, and its outskirts are already 
in connection with Liverpool through the Mersey 
Tunnel. There are plenty of other cases—outside 
Manchester and Birmingham, for instance, and other 
large towns. 

Apart, however, from traftic increases due to the 
opening up of new suburbs, there are cases in which 
electrification has enabled a railway running through 
a developed district to recover traffic which it has 
seovieiaar lost owing to tramway or other competi- 
tion. The South London Elevated Railway of the 
Brighton Company is perhaps the best example of 
this, and, although no detailed figures in reference 
t» the electrified lines have been published, it has 
been announced that a very large increase on the 
immediately preceding steam traffic has been 
secured. The success has been such that it was 
announced by the chairman at the general meeting 
last Wednesday that the company are proceeding 
with the conversion of the line through Tulse Hill to 
the Crystal Palace, and hope to have it in operation 
next spring. A further extension through Battersea 
back to Victoria will afterwards be taken in hand. 
There is every reason to suppose that these further 
electrifications will justify themselves, as the existing 
steam lines have suffered not only owing to tramway 
competition, but also from the effect of improved 
facilities in quite other districts, which have had 
the result of drawing aay residents from the area 
served by the South London line. There are 

robably other cases in which suburban electrifica- 
ion would be justified as a means of meeting tram- 
way competition, but in general the most hopeful 
field at the present time appears to be in the 
cultivation of outlying districts. The projected 
Wimbledon and Sutton Railway, and the new line 
to Watford, are examples which come within this 
latter class, and indicate that the possible field is 
by no means exhausted, even in London. 

A number of papers more or less dealing with 
this subject were read before the joint meeting of 
the American Society of Mechanical Engineers and 
the Institution of Mechanical Engineers in London 
last Friday, and although the question of the 
development of traffic which follows the electri- 
fication of suitable suburban lines was not specially 
dealt with, there was, none the less, in general, a 
proper insistence on the peculiar suitability of 
electric lines for suburban services. Some of the 


pers were concerned with the rival claims of 
ifferent systems for such traffic as has been con- 
sidered above, while Mr. Westinghouse entered a 








plea for the adoption of a standard system through- | tionally calm ; yet even the slight wind there was 
out a country, in place of the somewhat haphazard | blew both of them perceptibly out of their course, 
and varied collection of types that is growing up. | and Drexel’s speed over the ground was only some 


These questions are, however, hardly pertinent to 
the subject discussed in the present article, and we 
may leave them to be dealt with later. 








SPEED IN FLIGHT. 


One of the points in connection with flight on 
which it is interesting to speculate is the speed at 
which the future aeroplane is likely to go. Up to the 
present the speeds of the majority of the machines 
have not been as great as one might have expected. 
Most people have an instinctive feeling that flying 
would naturally be the most rapid means of pro- 
gression in existence ; and at first sight it would 
not seem possible for the aeroplane to lift any great 
weight unless it were driven very fast. ‘ In actual 
practice, however, the thing which strikes one most 
in seeing a machine fly is that it appears to go very 
much slower than one expects. No doubt the speed 
appears less than it really is, but when the actual 
speeds are taken they are found to be by no means 
great. True, the actual speed at which the aero- 
plane flies is greater than is usually given as the 
result of the times taken at the various meetings, 
for the courses in these cases are not straight, but 
have sharp turns in them, and in many instances the 
actual distance covered is far greater than that 
measured between the posts. This was very evident 
at Bournemouth, where several of the competitors 
actually went outside the grounds when making a 
speed trial, as they could not round the posts 
closely in the wind. Even when the. posts are 
rounded very closely the sharp turn slows the 
machine very considerably, and there can be no 
doubt that the best method of getting the true speed 
of an aeroplane would be to take it in the same 
manner as that of a boat—i.e., to run it over a 
measured mile and take the mean speed of several 
runs, with and against the wind. 

Making all allowances for these points, however, 
it seems that the speed of many of the early 
biplanes was not much above 30 miles an hour 
through the air, and most of the modern biplanes 
probably do not materially exceed 40 miles. 

Several recent machines, however, have consider- 
ably higher speeds than these. At Bournemouth 
Morane did a lap at the rate of 56} miles an hour, 
and as the course included four sharp turns, this is 
probably equal to a speed of well over 60 miles 
an hour on the straight. This is, however, by no 
means the limit, for Morane did this speed with 
the wings which he used for his altitude flight, and 
he had a pair of wings in his shed with which it is 
said a much higher speed could be obtained ; these 
were never fitted, as he beat all the other com- 
petitors with his ordinary wings. Speeds of nearly 
70 miles an hour were, moreover, attained at Rheims 
on a course with turns in it, and it is therefore 
evident that in the near future 80 miles an hour on 
a straight course will be possible. 

The question arises, therefore, as to what speed 
is likely to be the most useful in the near future. 
As to the general advantage of speed, if it can be 
obtained without serious disadvantages, there can be 
no question. Like any other means of locomotion, 
the value of the aeroplane will primarily depend on 
the distance it can go in a giventime. There is, 
however, a very important point, which will make 
speed in the aeroplane of more importance than in 
any other machine, and that is, the fact that it is 
far more affected by the wind. It is, of course, 
true that a boat is affected by the tide and wind ; 
but in ordinary weather the result of these is far 
less on a boat than that of the wind on an aero- 

lane. Thus a strong tide only runs about two 

nots, while the speed of a fast boat is some ten 
times this, and therefore steaming against the tide 
only reduces her speed 10 per cent. The speed of 
air-currents is, however, very high, a fresh breeze 
going some 15 miles an hour, a strong breeze 30 to 
40 miles an hour, and a gale over 60 miles an hour. 

If the aeroplane is to be of any real use, it must 
beable to make good speed over the ground against 
the wind in any weather it is likely to be used in ; 
that is to say, it will have to make good speed 
against a 30-mile wind. This means that speeds of 
at least 60 to 70 miles an hour through the air will 
be desirable. 

That this is not an exaggerated estimate is shown 
by the results of the sea flights at the Bournemouth 
meeting. The flights of Morane and Drexel were 
made in weather which, for England, was excep- 





36 miles an hour. Grahame White’s speed was still 
slower, only averaging 28 miles; while Loraine, 
who had worse weather, apparently took well over 
half-an-hour to do the 10 miles to the Island, and 
therefore probably only averaged some 15 to 20 miles 
an hour. 

Fast flight, iowever, presents several difficulties. 
One of these is the saditens of starting and landing. 
Once in the air, it seems very probable that the 
faster the machine flies the safer it will be, for 
it will be much less affectcd by the variations in 
the wind. Thus the effect of a puff of wind on an 
aeroplane will not depend on the velocity of the 
puff, but on the ratio of this velocity to that of 
the aeroplane. Hence the faster the machine 
flies the less it will be affected by puffs or other 
variations, and the safer it will be. Starting and 
landing at high speed are, however, more difticult 
and dangerous than at low speeds, especially the 
landing, for although this may be all right on 
specially-prepared ground, there is always a pos- 
sibility of a descent having to be made invol- 
untarily, and the machine must be capable of 
landing safely on any reasonably smooth field. As 
long as the method of alighting is at all what it is 
now—i.e., as long as the machine runs along the 
ground for some distance—it can hardly be safe to 
land at speeds in excess of those used at present, 
and the numerous landing-falls at Bournemouth 
show that the problem has hardly been solved even 
for the present speeds. 

The question arises, therefore, whether a machine 
cannot be made which will fly over a considerable 
range of speed, so that it can be slowed down before 
landing. The problem here is practically to make 
the aeroplane fly at a speed a great deal higher than 
the minimum at which it will maintain itself in the 
air. Now the minimum speed at which an aero- 
plane will fly depends mainly on the proportion of 
wing surface to weight, and therefore to fly slowly 
we must have large wings in proportion to the 
weight. On the other hand, the best speed seems 
to be got with small wings in proportion to the 
weight, and the racing wings of Morane’s machine 
were very small indeed—in fact, they appeared to not 
have much more than half the surface of his “‘lifting” 
wings. 

If the aeroplane is to be efficient at varying 
speeds, either we must have large wings of such 
design that they can be driven fast without exces- 
sive resistance, or else we must have some means 
of reducing the surface of the wings while in the 
air. In the former case the angle of the wings 
would be reduced as the speed increased. There 
does not seem any theoretical impossibility in 
making large wings, set at a low angle, efficient at 
high speeds ; but in practice they entail high resist- 
ances from friction, and from the necessary struts 
and wires to strengthen them. In fact, the position 
is much the same as that of a high-speed propeller 
in which there is always a limit of diameter and 
area beyond which the efficiency falls. There may 
also be difficulties in making the curves of the 
wings suitable for various speeds. Nevertheless it is 
quite possible that a compromise may be arrived at 
which will be satisfactory over the range of speed 
required. In order to judge of this we want 
much more data as to the extent to which the 
speed of the various machines can be varied simply 
by throttling the engine. The flights for the slow- 
circuit prize have, as yet, done little to settle this, 
for both the fast and slow flights have often been 
so wide of the marks, owing to wind and the difli- 
culty of turning sharply, that the actual speed 
through the air is not accurately known. Rolls 
varied his speed from about 25 to 37 miles an hour 
apparently simply by altering his throttle, and, 
considering the size of the engine, the planes must 
have been fairly efficient at both speeds; but we 
want a greater range than this. 

No doubt, theoretically, the right way is to 
reduce the wing-surface when the speed is in- 
creased. There are, of course, many practical 
difficulties in the way of doing this, for it entails 
‘‘furling sail” when travelling at speed in the air. 
Even in a boat, taking in sail in a gale of wind has 
its difficulties, and the speed of an aeroplane 
through the air is as great as that of a gale, while 1! 
seems impracticable for men to move about in an 
aeroplane in the way they do when furling sail on « 
ship. It is not, however, impossible that the difti- 
culties will be surmounted, and it is rumoured that 
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one experienced flyer is building a machine on this 
principle, in which case its performance will be 
interesting. 

A very important point in connection with speed 
is the effect it will have on the consumption of fuel, 
and consequently on the radius of action possible. 
As far as one can judge from the records, moderate 
speed gives the greatest radius of action, provided, 
of course, that the weather is calm. Thus, while the 
fastest speed attained bya Blériot machine at Rheims 
was about 67 miles an hour, the longest distance 
done by a machine of the same make was done at a 
speed of only 48 miles an hour, this being apparently 
the speed which the makers consider will give the 
longest radius of action, while the speed of most of 
the long-distance flights by machines of other makes 
was still slower. When it comes to flying in a wind, 
however, the slow flight may not be so advan- 
tageous, for it entails a much longer effective flight. 
Thus, if we compare two machines, one of which 
can go 45 miles an hour for three hours, and the 
other 60 miles an hour for two hours—the former 
will go 135 miles and the latter 120 miles in calm 
weather. Against a 30-mile wind, however, the former 
would only do 45 miles against the latter’s 60. 








CENSUS OF PRODUCTION (1907). 

A GovERNMENT blue-book has just been issued, 
giving returns received under the Census of Produc- 
tion Act, 1906, and containing particulars relating 
to twenty-one of the more important trades of the 
country. The tables included in the present publica- 
tion are the fourth of a series issued since the Act 
came into force, and cover the following points :— 
Output, cost of materials used, amount paid to other 
firms for work given out to them, and the number of 
persons employed. Although it is not claimed that 
the figures published are absolutely accurate, they 
are considered substantially to represent the facts 
relating to the several industries. The returns given 
cover generally the year 1907, though in some cases 
the period represented is from June 30, 1907, to 
June 30, 1908; and in the case of the Royal 
Ordnance Factories they were furnished for the 
twelve months ended March 31, 1908. The tables 
and figures given in connection with each trade, or 
group of trades, are very numerous, but the sum- 
mary of them may be seen in the table below, 
which shows very clearly the main features of the 
results which are scattered through the book. 





worked up in the same factory into goods of a kind 
separately classified being deducted. In most cases, 
however, the products of the trades included have 
been returned in their finished form. In some cases 
certain firms have made two returns for two separate 
establishments, the goods transferred from one 
works to the other being treated as sales and pur- 
chases. All such Eye: as well as that arising 
from goods being sold by one firm and worked up 
by another, can, however, be eliminated by deduc- 
tion of the total cost of materials used. In the 
case where goods are made for sale the manufac- 
turing firm enters the net selling value of the goods, 
including the value of any work done on them by 
other firms working on commission, and, in the 
case of work done on commission, the value entered 
is the amount received for the work exclusive of 
the value of the material worked upon. Where 
the work on commission is done for other firms 
making returns, the gross output represented 
necessarily includes twice over the payments for 
such work, and, therefore, a statement of the 
amount paid to other firms for all work given out was 
required. The fourth column of the table, marked 
‘*net output,” is the result of deducting the total 
cost of materials used, and the amount paid to 
other firms for work given out, from the value of 
the gross output, for any one industry or group of 
factories is given in column 1. his figure in 
column 4 is considered to express completely, and 
without duplication, the total amount by which the 
value of the products shown in column 1 exceed 
the value of the materials purchased from outside, 
or, in other words, it represents the value added 
to the raw materials in the course of manufacture, 
and is the fund from which wages, salaries, rents, 
royalties, rates, taxes, depreciation, advertisements, 
&c., as well as profits, have to be defrayed. The 
rofit basis has been used for calculating the output 
or private factories and workshops, and the cost of 
production was ee in the case of railway 
companies and the Royal Ordnance factories. The 
last two are therefore not strictly comparable as 
regards gross output and net output. 
here is no doubt that very great care has been 
taken to obtain as far as possible accuracy in these 
returns, but the difficulties in the way of accuracy 
must, we think, be such as to make the returns in 
many cases only very approximate. Schedules 
were issued to firms engaged in the industries 
named, but not including railway companies. The 
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Persons (Net Output 
Gross Out- ; P 
ll | . Given out. Excess of [Employed per Person 
Se Mperitls Amount | Column (1)| (Except | Employed 
od or Value of | - Cost. Paid to Over Out- | (Excluding 
Week Dens ost. Other Columns (2)/ Workers Out- 
: Firms. and (3). | Total. | Workers). 
(1) (2) (3) (4) | (5) (6) 
£ £ £ £ £ 
Iron-mines under the Metalliferous Mines Regulations Act, 
and iron-quarries .. te ‘ ae a of « 1,970,000 244,000 os 1,726,000 11,008 157 
Mines other than coal and iron: .. - be oe ..| 1,688,000 432,000 se | 1,201,000 17,935 67 
Copper and brass factories and workshops (smelting, rolling, } 
= Sei ; 17,040,000 | 14,059,000 29,000 | 2,952,000 | 20,827 142 
Brass factories and workshops (finished ee -.| 6,315,000 3,138,000 28,000 3,149,000 36,541 86. 
Lead, tin, zinc, and other metal (except iron, copper, 
brass, gold, and silver) factories and workshops .. ..| 9,002,000 7,862,000 10,000 1,130,000 8,104 138 
Gold and silver-refic..ng factories . . ie ae ‘ | 51,173,000 | 50,754,000 15,000 404,000 2,188 185 
Wrought-iron and steel-tube factories .. | 6,440,000 | 4,386,000 - 2,054,000 20,129 | 102 
Wire factories and workshops... o* 6,519,000 | 4,362,000 47,000 2,110,000 17,908 118 
Cutlery factories and workshops . . i -. én 1,928,0¢0 | 722,000 134,000 1,072,000 14,674 73 
Tool and implement factories and workshops . . . -.| 8,665,000 1,554,000 74,000 2,037,000 23,455 87 
Anchor, chain, nail, bolt, rivet, acd screw factories and 
workshops .. je. an os be ° ES. --| 5,634,000 3,264,000 51,000 2,319,000 27,906 83 
Lock and safe factories and workshops .. - ss sad 961,000 342,000 9,000 610,000 7,418 | 82 
Galvanised sheet, hardware, hollow-ware, tinned and 
japanned goods, and bedstead factories and workshops ..| 15,191,000 | 8,956,000 72,000 | 6,163,000 69,700 838 
Blacksmithing factories and workshops. . - os Ba 269,000 | §99,000 i 1,370,€00 19,848 69 
Small-arms factories and a os ée 671,000 | 16%,000 24,000 485,000 4,450 109 
ailway carriage and wagon-building factories ; --| 9,609,000 6,027,000 | 14,000 3,568,000 28,193 127 
Scientific instruments, apparatus, appliances, and accessories | 
factories and workshops .. nes es os os ..| 2,526,000 | 993,000 26,000 1,507,000 14,122 197 
Esplosives, ammunition, and fireworks factories and | 
cs re ee eee ee a 1,553,000 | 18,446 116 
Manufactured fuel factories 1,205,000 938,000 267,000 1,537 174 
Total .. - 147,935,000 | 111,725,000 533,000 35,677,000 | 359,479 
Iwilways (construction, repair, and maintenance of perma- | 
_ hent way, plant, rolling-stock, &c.) .. on ia ..| 84,708,000 17,600,000 17,103,000 | 241,526 71 
Royal Ordnance factories .. .... 3,359,810 1,908,151 1,451,659 | 14,533 100 





The figures given above represent the gross out- 
put of each trade—i.e., where goods pass through 
the hands of several manufacturers at different 
‘ages, their quantity and value have been registered 
at each stage, and the value of this gross output is 
therefore greater as a whole than the value of the 
yoods, ready for export, or consumption, manufac- 
tured by each trade considered as a unit. The out- 
put of any certain product in a year is entered 
against each class, whether sold or not, any amount 





total number of schedules was about 27,000, and 
the number of persons employed by these firms 
was, in 1907, about 360,000, exclusive of out-workers. 
The total output represented a net addition of over 
35% million pounds sterling to the value of the 
materials used. It must, however, be impossible 
to be sure that all the replies to the schedules are 
correct ; not necessarily because of any wilful inten- 
tion to make false returns, but because of the great 
difficulty of sending in correct ones. Of course, if 





this be borne in mind, and the figures are regarded 
as, at the best, a fair approximation, then they are 
of interest as a rough indication of how the indus- 
tries are moving, but, like most similar statistics, 
they must be received with caution. 

On examining the table one thing that strikes us 
in particular is the great variation in the net out- 
put per person employed (excluding out-workers), 
as given in column 6. It will be seen that these 
amounts vary from 1851. for gold and silver-refining 
factories to 691. for blacksmiths’ factories and work- 
shops. The figures in column 6 are, of course, 
obtained by dividing, in every case, the amount in 
column 4 by the amount in column 5, or the net 
output by the number of persons employed. It is 
easy to understand that in the case of gold and 
silver-refining factories, in which much skill is 
required, and great precautions have to be taken 
to guard against loss and theft, the net output 
per person should be so high—namely, 1851. ; in 
the case of blacksmiths’ factories and workshops, 
however, it is not so easy to understand why 
it should be so low—namely, 691. The report 
states, however, that returns have not been re- 
ceived from all country blacksmiths, for many 
small smithies where the smith works alone, or 
where only adult male labour is employed, are not 
recorded on the official lists of workshops. These 
places are, however, small, andin many of them the 
work is not continuous. Evidently in trades in 
which the fixed expenses are small, and where there 
is little capital, the net output per person will be 
little more than the average wage in the trade ; while 
when labour is supplemented by expensive machi- 
nery, and capital is sunk in large stocks of material, 
the net output per person must be well in excess of 
the average wage. 

The value of the materials used in copper 
and brass factories is higher than in any other 
industry, with the exception of gold and silver- 
refining factories—namely, 14,059,000/.—the net 
output per person being also high, or 142/. The 
industries included in this are smelting, rolling, 
and casting, finished brass goods being considered 
separately, the cost of the material used for these 
latter being 3,138,000/., and the net output per 
person 861, 

It will be seen from the table that the highest net 
output per person employed, next to the gold and 
silver factories, is in connection with manufactured 
fuel factories, it being there 1741. The total output 
of manufactured fuel amounted to 1,670,000 tons, 
valued at 1,204,000/., about nine-tenths of which 
quantity was made for export. The imports of manu- 
factured fuel are so small as to be negligible. There 
were other products manufactured at these factories 
which raised the total value of the output up to 
1,205,0007. 

One may well doubt the accuracy of the figures 
in column 6 of the table, but they evidently carry 
one meaning that is clear—namely, that labour gets 
quite its fair share of the value that is added 
to the raw material in all the trades enume- 
rated. Whether the figure be the smallest, of 731., 
or the largest, of 174/., anyone who is acquainted 
with the respective trades, and knows the demands 
made on manufacturers for rents, ratys, taxes, 
carriage, repairs, management, and the: thousand 
and one other items, realises that the: sum left 
after the payment of labour is not excessive, and 
that it can only be made to meet the demands 
by the exercise of the greatest business skill, and 
by increasing effort and vigilance. How a cutlery 
workshop can be carried on with an annual return 
of 731. per person employed, in face of the wages 
paid in Sheffield, we do not undertake to explain, 
and we should doubt the accuracy of the figure ; 
but, nevertheless, it is certain that no modern busi- 
ness can long be carried on unless those in com- 
mand give it all their attention and all their energy. 

Many other points of interest in connection with 
this census may be studied from the blue-book 
itself. It is entitled ‘‘Census of Production 
(1907),” and may be procured, either directly or 
through any bookseller, from Messrs. Wyman and 
Sons, Limited, Fetter-lane, E.C., and 32, Abingdon- 
street, Westminster, S.W. The price is 8d. 





THE INTERNATIONAL ROAD 
CONGRESS. 
Tue Second International Road Congress was 
opened on Monday last, the Ist inst., in the Great 
all of the Palais des Academies at Brussels, by 
M. Delheke, Minister of Public Works, who was 
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attended by M. Lagass de Locht, Director-General. 


des Ponts et Chaussées, President of the Congress ; 
M. Mahieu, Secretary of the Permanent Interna- 
tional Association of Road Congresses ; and many 
prominent Belgian officials. On the platform places 
were reserved for the principal delegates of govern- 
ments participating in the Congress. e fine 
hall was brilliantly decorated and the band of the 
Grenadiers enlivened the proceedings. 

In his address the Minister of Public Works ex- 
tolled the immense advantages of good roads, which, 
he said, were essential to prosperity, and productive 
of civilisation and fraternity. In considering the 
complicated and important questions which were to 
be laid before the Congress, he trusted that the 
welfare of the dwellers by the roadside and the 
pedestrian would be regarded, and, above all, that 
careful attention would be given to the problem of 
dust-prevention. In Belgium the effect of the exten- 
sion of railways had for a time appeared to be to 
render the highways comparatively useless, and 
it was seriously proposed to reduce the width 
of the roads constructed by Napoleon, and to cul- 
tivate the areas abstracted from the roads. Now, 
with new methods of locomotion, the demand was 
for increased width on highways. Despite the 
admirable triumphs of aviation, and of dirigible 
balloons, there was still a future of increasing utility 
for the roads. In Belgium the network of public 
roads included 10,000 km. of main roads and 
30,000 km. of minor roads. The speaker invoked 
the aid of the visitors attending the Congress in the 
design of his Government to improve the Belgian 
highways, and expressed the hope that the memor- 
able year of the International Exhibition might be 
the starting point, not only of an improvement 
in these highways, but also of more direct union 
between the nations. 

The President, in his reply, stated that the 
governments of thirty foreign countries had sent 
representatives to the Congress, and that its mem- 
bers numbered 1900. Short speeches were then 
delivered by the representatives of foreign govern- 
ments, including Sir George Gibb, Chairman of the 
Road Board for Great Britain and Ireland. It was 
noted with interest that the delegates from Cuba 
and Japan both used the English language. 

The papers submitted for consideration by the 
Congress are 109 in number. Twelve of these are 
from the United Kingdom, and ten from the United 
States of America. So far as the limited time yet 
available permits an opinion to be formed, none 
of the papers is of a very remarkable character. 
The papers have been dealt with in sections by 
eminent professional men, who, in their reports, 
summarise the results and indicate the conclusions 
which appear to arise from them. 

There is amongst the English-speaking members 
of the Congress a somewhat general feeling that 
the conclusions of the reporters are vague, and in 
some respects unsatisfactory. These members have 
taken a very active in the sectional discussions, 
and have urged with success that some of the re- 
solutions drafted for adoption by the Congress are 
not in accordance with the best modern practice. 

The most important points of difference between 
the Continental engineers and their English-speak- 
ing brethren are as to the suitability, for heavy 
or moderate traffic, of macadam, improved by the 
use of tar or other bituminous binding material, 
and as to the relative merits of soft and hard wood, 
asphalt, and stone-set pavements. On the Con- 
tinent, the measure of success in the use of tarred 
roads and tar-macadam since the Paris Congress 
in 1908 appears to have been disappointing. On 
the other hand, the American and English engi- 
neers are satisfied with the results they have 
obtained. 

Continental practice now favours the use of soft- 
wood pavements, and stone pavements, almost to 
the exclusion, for heavy traffic, of asphalt, though 
that is used with great advantage in London. At 
the meeting on the 2nd inst. the official draft 
resolution respecting macadam was rejected mainly 
by the vote of the English-speaking members ; but 
it is hoped that a resolution of a form giving general 
satisfaction may yet be secured. At the Paris Con- 
ference in 1908 a similar difference in opinion was 
settled by the adoption of a resolution agreeing to 
recommend the use of suitable paving, or other 
improved surfaces, as a remedy for wear and tear, 
as well as a preventive of dust upon roads sub- 
jected to traffic heavy in character. No doubt 
climate has a great influence upon roads, and may 


account for national differences of opinion. 





THE BRITISH SCIENCE SECTION AT 
THE JAPAN-BRITISH EXHIBITION. 
(Concluded from page 168.) 

Chemistry.—The collection. of chemical exhibits 
arranged by Dr. F. M. Perkin and Dr. G. T. 
Morgan, is not large, but characteristic of those 
branches of chemistry which are being most exten- 
sively developed at the present time. Thus we find 
materials and specimens illustrating the calcium 
carbide, cyanamide (nitrolim), and nitric acid and 
calcium saltpetre industries carried on in Norway 
and elsewhere ; distillation apparatus designed for 
the separation of complex natural oils by Pro- 
fessor Sydney Young, for distillation in a cathode 
vacuum tube fitted with carborundum flanges by 
the late Professor Campbell Brown, and appara- 
tus for the automatic regulation of bath tem- 
peratures by Dr. T. M. Lowry; also a sealed- 
tube furnace and explosion-chamber by Dr. G. 
Morgan ; typical specimens of crude petroleum from 
all parts of the world, sent by Sir Boverton Red- 
wood ; and a great variety of exhibits exemplifying 
advance in the science and industry of dye-stuffs. 
From Leeds University come specimens illustrating 
the researches of Mr. A. G. Perkin in natural 
colours, of Professor A. G. Green in artificial 
colours, and of Dr. J. B. Cohen on the relation of 
optical activity to chemical structure. Professor 
Sudborough’s work also concerns colour and consti- 
tution. Dr. Morgan, in conjunction with Miss 
Micklethwaite and Mr. A. Clayton, is engaged in 
the same investigation, and is also preparing new fast 
azo-dyes, and, with Dr. Martindale, compounds of 
therapeutic interest, comprising thorium oleate and 
other compounds of the rare earths, the oxides of 
which constitute the incandescent gas mantles. 
Professor A. Senier and Mr. F. G. Shepheard show 
new organic phototropic compounds, which under- 
go reversible colour changes under the influence of 
light of high refrangibility, changing from yellow to 
orange and red on exposure to light and also on 
heating, analogous to sulphur, mercuric oxide, 
vermilion, zine oxide, and solid carbon dioxide. 

Professor Crossley, who contributes the already- 
mentioned collection of exhibits illustrating the 
fixation of atmospheric nitrogen, sends a unique 
set of the nitration products of orthoxylene, one 
of the constituents of coal-tar naphtha. The 
synthesis of camphor, of which a good deal is to be 
seen in the Japanese (Formosa) Section, and of 
menthol and thymol, all three optically-active 
ayes is- explained by Dr: R. H. Pickard, and 
xy Professor Kipping, F.R.S., in connection with 
the theoretically highly interesting synthesis of 
optically-active organic compounds, in which silicon 
replaces carbon. The Wellcome Chemical and Phy- 
siological Research Laboratories lend specimens of 
the results of the important researches carried on by 
Dr. F. H. Power, Dr. Barger, and others. Messrs. 
Hopkins and Williams show specimens of radioactive 
materials (not from Cumberland, however), of rare 
earths for the incandescent mantle industry, and of 
cinchona alkaloids. Dr. F. M. Perkin shows his 
electrolytic products, and the apparatus used by his 
father, the late Sir William Perkin, in his investi- 
gation of magnetic rotation; it was partly made 
by Messrs. ‘Hilger. The researches of Dr. G. T. 
Beilby, F.R.S., on the hard and soft state of 
metals, and of Dr. Silberrard, on the erosion of 
bronze propellers, have been noticed at length in 
our columns. 

We have likewise noticed the work of the late Dr. 
Ludwig Mond, continued by Dr. Hirtz and Dr. 
Cowap, on nickel carbonyls and the other carbonyls, 
compounds of carbon monoxide with iron, cobalt, 
molybdenum, ruthenium, and other metals, all of 
the eighth group of Mendeleiff’s table, to which we 
referred in our account of the Proceedings of the 
International Congress for Applied Chemistry last 
summer.* The committee have been able to offer 
a remarkably interesting exhibit of these researches, 
comprising the apparatus used. It is built up of 
nickel steel, bronze, copper, and asbestos, and the 
whole fits into a steel cylinder, about 6 in. high 
and 6 in. in diameter, in which it is heated up to 
450 deg. Cent., at pressures up to 500 atmospheres, 
by means of gas burners. e fortunate feature 
which has made the nickel-carbonyl industry a 
practical success is that carbon monoxide dissolves 
only nickel to a liquid volatile product at ordinary 
temperatures and pressures, while the other metals 
mentioned only begin to react at high pressures 


* See ENGINEERING, vol. lxxxvii., page 747. 





gem temperatures, and copper is not attacked 
at all. 

Mention should also be made of Dr. W. P. 
Dreaper’s fine collection of artificial silks, and of 
the pure specimens of selenium and tellurium, ex- 
tracted from the sulphur of the volcanic regions of 
Japan, which Dr. Divers has contributed. 

Oceanography.—The interest of this division, 
designed with the special object of illustrating the 
progress made in oceanography during the past 
forty years, must not be judged from the amount 
of space we are able to devote to it. . The charts, 
models, and apparatus exhibited show that the 
greatest depth of the sea is a little over 30,000 ft., 
approximately equal to the height of the highest 
mountains, and that the temperature of the sea- 
water decreases in the open ocean with depth to a 
little above freezing point, but remains fairly con- 
stant beyond a certain depth in basins which are 
separated by submarine ridges from the general 
circulation. Thus a limit of 55 deg. Fahr. is appa- 
rently reached in the Mediterranean below 100 
fathoms, of 70 deg. Fahr. in the Red Sea at the same 
depth, of 50.5 deg. in the Sulu Sea below 425 fathoms, 
and of 38.5 deg. Fahr. in the Celebes Sea below 
800 fathoms. There are also charts showing the tem- 
perature distribution and other peculiarities of the 
much-overrated Gulf Stream. The good collection 
of compasses, sounding apparatus, and instruments 
used in hydrography and tidal research, and the 
series of hydrographical charts and plates elucidat- 
ing the preparation of Admiralty charts, deserves 
particular mention ; the process of engraving the 
copper-plates can be seen in operation. 

Out of sight of land the tides can be studied 
by the deep-sea tidal apparatus of Rear-Admirals 
Mostyn Field and Purey Cust, which has been made 
by the Cambridge Scientific Instrument Company. 
In this apparatus a small reservoir is charged by a 
powerful pump with a little more than the sufficient 
amount of air to expel all the air from a length of 
rubber tubing, the outer end of which is attached 
to a weight lowered to the bottom of the sea. 
The reservoir having been connected with a delicate 
12-in. Bourdon gauge, communication with the sea 
is opened ; the air pressure then falls steadily until 
it balances that due to the column of water, repre- 
sented by the depth of the submerged tube. ‘This 
operation is repeated at intervals of half an hour or 
more, and then supplies a measure of the rise and 
fall of the tide. By means of a reflecting surface 
on the gauge, to obviate effects of parallax, read- 
ings can be taken to 5 lb. Captain W. Pudsey 
Dawson, R.N., by these means obtained beauti- 
ful tidal curves at a depth of 24 fathoms, in the 
English Channel last year on H.M S. Triton, and 
other observations have been made at depths of 
35 fathoms, and were found to agree very closely 
with tide-gauge observations taken on the beach in 
the immediate vicinity. The knowledge of the 
tidal range is, of course, very important for marine 
surveying. 

Geography.—The Royal Geographical Society 
shows a fine collection of maps, old and new, and 
of old and modern surveying instruments The 
maps of the African explorers, beginning with 
Livingstone and Moffat, have been photographed, 
and most of them prove to be surprisingly 
correct; with the exception of the map due 
to Erhardt and Rebmann, all these were made 
by British explorers. Among the most recent 
maps are those of the Congo Boundary, of 
Eastern Turkey and Persia, of Tibet, and of the 
Antarctic region. The collection of modern 
surveying instruments for explorers and others 
is due to Messrs. Cary Porter, of 7, Pall Mall, 
S.W. ; noteworthy novelties are the transit theo- 
dolite, fitted with Reeve’s compact tangent micro- 
meter, and the sextant, fitted with Reeve’s pendulum 
artificial horizon. 

Mineralogy.—The mineralogical exhibits, arranged 
by Dr. F. Herbert Smith, of the Natural History 
Museum, give a very good idea of the great advance 
that this science has made in recent years, when we 
really began to understand crystallography. Ex 
cellent models explain the problems of crystal 
structure, according to the progressive ideas of 
Bravais (space lattices), of Sohncke (point systems), 
and of Barlow and Pope, as to which we should 
refer our readers to Professor Pope’s Royal Institu- 
tion lecture.* The development of the goniometer 
can be traced. There is a typical collection of 
British minerals. Artificial corundum gems are 


* See ENGINEERING, vol. Ixxxix., page 517. 
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shown by Mr. E. Hopkins, of Hatton Garden ; they 
comprise red rubies, colourless gems, and very pale 
green sapphires, which turn reddish in artificial 
illumination. These gems, as we have pointed 
out in notes on the researches of Verneuil and 
others, are made from alums; the addition of 
a little chromic acid is said to produce the beautiful 
red tint, of titanium the blue tint; a fine blue 
spinel was obtained from alumina, magnesia, and 
cobalt oxide. 

Geology.—The geological exhibits, largely due to 
Professor E. J. Garwood, of University College, 
London, who acted as guide, comprise several of 
direct interest to the engineer. For his studies of 
Alpine tarns (lakes), and their relations to geological 
structure, Professor Garwood has comstructed a 
clever portable sounding apparatus, whichis used on 
sheets of water, where boats are not available, and 
is far more convenient and reliable than sounding 
from boats. Lakes several miles in length, } mile 
across, have systematically been sounded by 
Professor Garwood and his assistant, and the Swiss 
Government has based its estimates of the water- 
power that might be utilised in the Val Piora. dis- 
trict (near Airolo and the St. Gothard) on these 
soundings. The actual apparatus is. exhibited. 
Two wooden posts are erected, one at each side of 
the lake, and between them there is stretched a 
line (plaited waterproofed salmon line) which sags 
to the surface of the‘water near the middle. To 
this line is attached a float, a flat rubber bag, 1 ft. 
in diameter, ring-shaped, carrying a pulley for the 
support of the plummet-line, which passes down 
through the ring. The one end of the connecting 
line is wound ona drum on the one post, which is in 
charge of the assistant, who has merely to haul in 
and to let out to vary the position of the float, and 
the place at which the sounding takes place. The 
other post carries the apparatus for rhanceuvring 
the other ends of the lines, and the recording 
mechanism. Two drums are fixed to the same 
shaft on the post, and are coupled by a spring-bolt ; 
the drum for the float-line already referred to is 
tixed rigidly on the shaft, the other for the plummet- 
line can revolve independently. Both lines are 
carried over recording mechanism to mark the 
distance of the spot from the post and the depth 
at that spot. In front of each drum there is a 
guide-pulley to lead the line on fair and to coil 
it neatly. The pulley is on a swinging frame, 
which can be adjusted by hand. The sounding 
machine has further been improved since its 
description before the Royal Society.* The ob- 
servers start from the end of a lake and work their 
way up. 

Fudbiine Garwood also exhibits a large series of 
specimens illustrating twenty-three years’ work on 
the stratigraphical sequence of rocks and fossils in 
the carboniferous limestones.of Northern England, 
about which very little has been published so far. 
There are other interesting exhibits of zonal 
paleontological and geological research. .We may 
mention, further, the Cambridge selection of boulders 
collected by R. H. Rastall and J. Romanes on the 
glacial drifts of Cambridgeshire and Norfolk, mostly 
rocks that can only have come from Scandinavia, 
and the latest volcanic photographs taken by Dr. 
Tempest Anderson in the Savii (Samoa Islands), 
Hawaii, and New Zealand. 

Paleontology.—In explaining the palzeontological 
exhibits which he has arranged, Dr. F. A. Bather, 
F.R.S., drew attention to the fossil tortoises from 
the Isle of Wight, to the Swanage crocodile, which 
now forms a fairly complete skeleton, owing to 
Mr. Reginald Hooley’s researches in Hampshire, 
and to the geological evidence of evolution, in 
corals, sea-urchins, and other animals. That the 
individual animal passes in its growth through 
Stages representing the former history of its 
race is believed by many biologists, and disputed 
by some. The splendid exhibit of coral colonies 

not only individuals—by Messrs. W. D. Lang 
and C, P. Chatwin would support the belief. 
lhe comparative study by Mr. and Mrs. Clement 
Kteid of the fossil fora of Holland is based chiefly 
on examination of seeds; some of these plants, now 
extinct in Holland, are only known in Japan at 
present. The Lomax Palsobotanical Company, of 
Bolton, shows portions of a gigantic Licopod stem, 
114 fc. in length, recently found at Chequerbent, 
Bolton, in the roof of the Airley Mine. This is 
one of the coal-forming plants, and it shows in 
different portions of its stem different markings, 


" Royal Society Proceedings, A., vol. lxxxi., page 243. 





which had formerly been considered to be character- 
istic of different plants. 

Biology.—Although confined to zoology, and not 
including botany, the exhibit of the biological 
division, which was arranged by Dr. E. W. Mac- 
Bride, F.R.S., of the Imperial College of Science, 
in conjunction with Dr. i. Hammond-Smith, Mr. 
A. Shipley, of Cambridge, and others, is so beauti- | 
fully stocked and well-arranged that we regret not 
to be able to do more than to mention it. The 
origin of different breeds of horses, Mendelian 
research, grouse disease, malaria, parental care for 
the young, the animal anatomy, and the develop- 
ment of the animal brain, from the nerve-ring in 
the star-fish to the convolution of the human brain, 
are all elucidated by splendid specimens, models, 
and diagrams. ; ‘ ‘ 

Agriculture. —Insect pests in their vexatious 
variety can be studied in this division. 

Anthropology.—We have placed the division on 
anthropology, organised by Messrs. John Gray, 
B.Sc., and ‘I’. A. Joyce, treasurer and secretary of 
the Anthropological Institute, last, as it could not 
well be placed first in this journal. But we hope 
it will not be overlooked by engineers. There is 
the Gibraltar skull, found near Gibraltar in 1843, 
credited with an age of 200,000 years, and thus 
older than the Neanderthal skull from the Rhenish 
Prussia ; the Galley Hill skull, found in Kent in 
gravel soil, regarded as the only undoubted palie- 
olithic skull, perhaps 100,000 years old, discovered 
in England ; a skull of the round-headed race of 
the Bronze Age, in Mr. Gray’s opinion an Oriental 
race (the skull resembles the Chinese type), which 
followed the Neolithic race, and built the dolmens 
and stone circles; and there are many other 
original skulls and the implements of which those 
races made use. Of particular interest is the exhibit 
of ancient and modern utensils and methods for 
making fires. The modern instruments used for 
taking anthropometric measurements can all be 
seen, and we should advise our readers to step into 
Mr. Gray’s anthropometric bureau in the Section 
and to submit themselves to examination. If they 
keep the cards, on which their characteristics are 
outlined, and send their sons up for comparative 
tests, the typical measurements of the emitient 
engineer may be settled in due time. , 

A few general remarks may be permitted in 
conclusion. Some exhibitors place the printed 
explanations flat on the bottoms of the cases, in 
positions in which they are practically illegible ; 
that feature receives too little attention. Sir 
Alexander Pedler would like to entrust exhibits 
like that of the researches of the late Ludwig 
Mond to a national scientific museum, leaving the 
apparatus and specimens of less important re- 
searches to local institutions. The idea is good. 
But it is likely to be opposed by many workers, in 
view of the uncertainty of their own posthumous 
national honours. 








Tue Mancuester Suip Canat Company. — The 
fiftieth half-yearly ordinary meeting of the shareholders 
in the above company was held in the Memorial Hall, 
Albert-square, Manchester, on be apy August 4, 
when the directors’ report for the half-year ended 
June 30 last was submitted, and statements of account 
laid before the shareholders. The total expenditure on 
capital account up to date amounted to 16,796,9251., 
leaving a balance to credit of 268,713. The revenue 
receipts of the canal amounted to 253,503/., and the ex- 

nditure to 136,047/., leaving a credit balance of 117,456/. 

he profit of the Bridgwater department was 10,266/., 
leaving a balance to be carried to net revenue account of 
127,7221., to which was added 2,321/. for bankers’ and 

neral interest, making an available balance of 130,043/. 

his was distributed as follows :-—Interest upon the first 
and second mortgage debentures, 44,743/. ; interest upon 
the three-and-a-half and four per cent. debenture stocks, 
10,5007. ; interest upon the mor’ e of surplus lands, 
10007. ; rent of transit shed, dock No. 8, 31302. ; rent of 
dock No. 9 and transit sheds, 12,500/. ; and the remainder, 
58,1702., to the Corporation of Manchester on account of | 
interest on the debentures they hold. The weight of | 
toll-paying merchandise which passed over the canal | 
during the two half-yearly periods under comparison, 1.¢., | 
the six months ended June 30, 1909, and the six months | 
ended June 30, 1910, was 2,048,674 tons and 2,232,499 | 
tons respectively sea-borne traffic, and 136,108 tons and | 
153,620 tons respectively barge-borne traffic, making a | 
total of 2,184,782 tons for the six months of 1909 and | 
2,386,119 tons for the six months of 1910. The result of | 
the half-year’s working of the ship-canal department was | 
an increase of i. as compared with the corresponding | 
half of the previous year, and the amount wou id have 
been larger if the imports of cotton had not fallen off. 
The total net result was an increase of 3467/. in the half- 
year’s working profit, and the net result of the half-year’s 
working of the Bridgwater department was a decrease of 
1438/. in the profit. 
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THE LATE MR. GEORGE FLETT. 


a our last —— we — brief mention of the death 
of Mr. Geor, ‘lett, for man ears t managi 
director of Messrs. Dick, Ker. ad Oo. Limited, of 
Preston and Kilmarnock. The deceased gentleman, 
whose death will be mourned by an commteiiplenan circle 
of friends, since he was universally popular with those 
with whom he came into contact, was born in 1855, 
and received his early training in Glasgow. He joined 
the London office of Messrs. Dick, Kerr, and Co. in 
1882, and specially devoted his attention to tramway 
work, being concerned in the laying and equip- 
ment of lines in all parts of Great Britain. The 
period covered by his experience was a notable 
one. He saw-—and, indeed, took part as con- 
tractor in—the gradual supersession of horse tram- 
ways by mechanical and electric traction. During the 
last’ twelve or thirteen years Mr. Flett was closely 
associated with the manufacturing side of electrical 
engineering, and in this connection was concerned in 
some very notable developments. Amongst these may 
be mentioned the electrification of the Liverpool-South- 
port branch of the Lancashire and Yorkshire Railways, 
to the striking success of which Mr. Aspinall has 
borne testimony in his recent valuable communica- 
tion to the Institution of Mechanical Engineers. Mr. 
Flett was also responsible for the carrying through of 
some very important electrical contracts in Japan and 
other countries of the Far East. In addition to being 
managing director of Messrs. Dick, Kerr, and Co., 
Mr. Flett was a director of the Metropolitan Amal- 
— Railway Carriage and Wagon Company, 

imited, the Patent Shaft and Axletree Company, 
Limited, the Projectile Company, British Aluminium 
Company, Limited, the Rio de Janeiro Tramway, 
Light, and. Power Company, Limited, Mexican Light 
and Power Company, Limited, Monterey Light and 
Power. Company, and the British Engineering Com- 
pany of Egypt. 








THE LATE MR. OSCAR GUTTMANN. 

Tue death of Mr. Oscar Guttmann, the well-known 
authority on explosives, occurred in Brussels on the 2nd 
inst., as the result of a taxi-cab collision. Mr. Giutt- 
mann was one of the British jurors at the Brussels Ex- 
hibition, and his sudden death has naturally greatly dis- 
tressed his colleagues, and will be the cause of general 
regret. Mr, Guttmann, who was born in 1855, was a 
naturalised British subject, and practised as a consult- 
ing engineer and technical adviser in London, chiefly in 
connection with explosive and chemical works. He 
designed and erected the works at Hayle, in Cornwall, 
for the manufacture of cordite, gun-cotton, and dyna- 
mite, and the Acetone Works at Waltham Abbey, 
Woolwich, Clapton, and Manchester, in addition to 
many chemical works in connection with the explo- 
sives industry in this country, on the Continent, and 
in America. In his earlier years he was technical 
adviser to many large works in Austria-Hungary, 
including the St. Lambrecht Dynamite Works and 
the Budapest Gunpowder Works, and at one time was 
chief engineer and general manager to the Société 
Anonyme Dynamite Nobel, with works in Switzerland 
and Italy. Mr. Giuttmann was the author of many 
books and papers, and in 1908 delivered a series of 
Cantor Lectures before the Royal Society of Arts on 
‘*The Manufacture of Explosives; Twenty Years’ 
Progress.” He was a member of the Institution of 
Civil Engineers, and a fellow, and for some years 
vice - president, of the Institute of Chemistry of 
Great Britain and Ireland. 





Prince Rupert.—The development of Prince Rupert, 
which will be the Pacific terminus of the Grand Trunk 
Pacific Railway, showsa substantial progress. The town 
has now a population of between 4000 and 5000. It has 
20 miles of plank streets and is installing telephone and 
electric lighting systems. Of course, the place is very 

tly dependent upon the completion of the Grand 
runk Pacific Railway, but it has also the advantage of 
tributary resources. 





ASSISTANT EXAMINERS IN THE PATENT Orrice.—An 
open competitive examination for not fewer than seven 
situations as assistant examiner in the Patent Office will 
be held by the Civil Service Commissioners in September 
next. The examination will commence on the 20th of 
the month, and forms of application for admission to it 
are now ready for issue and may be obtained on uest, 
addressed by letter to the secretary, Civil Bestéen Cons 
mission, Burlington Gardens, London, W. 

THE GERMAN INstITUTION Or Gas AND WATER ENGI- 
NEERS.—The visit of the above association to Great 
Britain, which was postponed on account of the death of 
King Edward, has now been arran 
during the week commencing October 
visitors will be the guests of the Institution of Gas En- 

neers, the Gas Light and Coke Company, the South 
Metropolitan Gas ee , the Croydon Gas Company, 
and the Corporations o Edinburgh and Glasgow respect- 
ively. The engineer of the gas department of the last- 
named city is now the President of the Institution of 
Gas Engineers. 
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DESIGN OF STRUTS UNDER VARYING 
LOADS. 


To THE Eprtor oF ENGINEERING. 

Srr,—My excuse for desiring to take up some of your 
valuable space must be the importance of my subject. 
Most of your readers are, I think, familiar with Pro- 
fessor Fidler’s classical work on bridge construction, and 
particularly with the chapters on the ‘ Theoretical 
Strength of Struts” and ‘‘ Working Stresses.” In these 
chapters he obtains two formule :— 


2 
a) fep+s, 42.7. 
¥ Il p-p 
or 
Ans 


constant, 


f=pt?. al , taking 
2 ee 


in which f is the yield stress of the material ; p the 
failing load divided by area ; p Euler’s failing load divided 
by area; A the area; I the moment of inertia; 5 the 
initial deflection of strut ; and : 

(ii.) Safe static stress = max. stress + 7 (max. — min.), 
where 7 is a constant depending on rate of loading, and 
is generally taken as unity for web members. 


. e . 
.*, Safe static stress = 2 max. stress — min, stress. 


Formula (i.) gives the failing Joad on a strut when the 
load does not vary. Formula (ii.) gives the allowance to 
be made for varying loads on a member. The logical 
sequence is to go on and obtain a formula for the failing 
load on a strut when the load varies, but Professor 
Fidler contents himself with remarking that the best 
practice is to use whichever of the above formule gives 
the. greatest area. A very simple and approximatel 
correct formula can easily be found which gives a result 
between that of the above method and the extreme 
method of superposing the allowance for variation on 
the strut formula. 

Let p; and p. be max. and min. forces on a strut, and 
let stresses produced by these loads be f, and f,. 


p? 
P-P3 

If @ be taken as unity, the formula reduces to tke 
ordinary Rankine formula 


“h=at¢e ae fr=ht+¢. 
P-rh 


— 


f, = PP ee 
; f= . P- Ps 
the allowance for variation of load is made by 
takiog 
f=2hi-he 
_2pp p, 9 
P- Pi P— P23 
— (27-1 ~ Pz) P- Pi Pa 
11) (P — Pr) 


f 
p (p 
Now put 2~, - p,»=ap, = ‘dynamic load,” and 


we get 
f= yp /eP=- Pa 
P- Pr p> pPr 
f= MP fay (2-a) (e-1) } 
P- Pr] r. tie & 
| , a) J 
by putting 
Py = p, (2—a). 
This formula holds only when p, is a compressive load. 
When the load reverses we have 
=P f=p 
P-Pr 
S=-3n- 
Pp PhP 
=—2*PP+PiPr 
(P—11) p 
Pip {a + #1 (2-a) \ 
P- pr p 


Pri P (a + e), 
P- Pi 
(2-a)(a-1) 
ae 
Yr 
€= o (2- a), when a < 3 > 2, 


where 


, whena < 2>1. 


2+a 


This quantity « vanishes for a = 2 and a=1, and 
increases with r: for intermediate values. For ordinary 
values of e the error entailed by ignoring «¢ is small ; 
O9-5 for = 0.1 the error is 3 per cent. maximum ; for 


2 = 0.5 the maximum error is about 16 per cent. 


When 2! = 0.9, 7@.¢., fora very long strut the maximum 
error is about 40 per cent. (a = 1.15), but decreases 





rapidly for higher values of a. Errors of this magnitude 
come well within the limits of error either of the strut 
formula or the load-variation formula, so I would propose 
that if the load on a strut varies, the variation be allowed 
for by substituting « = 7% load — min. ly | 
Rankine formula— 


max. 

in the denominator of the ordinary 
Viz. : 

P = fA sa 


+ f “ 
a * 3° 
mee =? 


Yours truly, { 
W. Hanna, B.Sc. 





EXPERIMENTS WITH AIR-PROPELLERS. 
To THE EprTorR oF ENGINEERING. 

Sir,—Your article respecting the practical testing of 
various types of propellers for aeronautical purposes 
should appeal Pal « to those keenly interested in such, 
as well as to those engineers who may be attracted to this 
subject. The really genuine nature of the tests now being 
carried out at Barrow-in-Furness, wherein the promoters 
have so cordially invited co-operation from other experi- 
mentalists, is a decided forward step in the right direction 
for securing reliable genuine data. That the present 
screw as employed on aerodynamical machines leaves 
little to be desired as regards efficiency, should prove no 
barrier to the fact that there is still open judgment in the 
belief that a certain propeller will give greater thrusts 
per horse-power, providing the shape be improved, result- 
mg in scientifically attacking the air in rotation, and con- 
sequently augmenting the thrust. 

Taking from a basis the present knowledge to hand 
from an unbiassed standpoint, and ignoring theoretical 
mathematics for actual demonstration, we find the preva- 
lent type universally employed is that of the Chauviére 
form, built up of wooden planks to the curve and desi 
depicted in the shih illustrating in your article the 
admirable system adapted by the Maxim Company. 


(1841) uF 

This propeller in its construction is a precise copy of the 
Chauviére type in that the attacking edge is straight, 
whilst the receding edge is convex or rounded. The 
blades, moreover, are rounded at the tips, the design 
being of true helicoidal curvature, and the blades of 
approved concavo-convex form. Since virtually every 
known aeroplane is fitted with these, or copies of same, 
with but few exceptions, we will for the nonce accept 
this as the acknowledged best and as a groundwork to 
improve upon. 

Clearly, then, it is safe to assert that shape isa by no 
means negligible quality in seeking our ideal screw ; but, 
on the other hand, there are much more important con- 
siderations in the design and construction. Ditch, 
diameter, lightness, area, and smoothness of contour 
form the chief factors in superiority. In the principles 
underlying the efticiency of air-propellers, there is no 
getting away from facts and figures as known, that the 
lighter the travelling surfaces the yreater the diameter 
and the increasing compound pitch, which is at least 
equal to the diameter (vide Maxim) ; we have a propeller 
or tractor whose efficiency and tried worth is unquestion- 
able. For that reason, pbc toa one should accept with 
reserved judgment the claims of some constructors (I am 
———- no particular individual), basing, for example, a 
thrust of 25 Ib. per horse-power with a 7-ft. diameter 
screw, the power at disposal being equivalent to only 
1 horse- power, gn at 100 horse-power a theoretical 
thrust of 2500 Ib. > such this is grossly misleading, 
inasmuch that, however effective the screw, the diameter 
or disc area swept out in rotation or volume of air dis- 
placed is inadequate, the thrust per horse-power in prac- 
tice yielding a bare 5 lb. per horse-power at 100 horse- 
power. To attain a thrust of 25 lb. per horse-power the 
area and diameter should be greatly increased ; to what 
extent the splendid resources at Barrow-in-Furness will 
no doubt reveal. 

From the foregoing, which may appear incomplete, 
but can be authenticated exhaustively, sufficient may be 
apparent to propound a type of propeller theoretically 
superior to known examples. Personally, I would advo- 
cate the construction and tests of a propeller 20 ft. in 
diameter, of built-up laminated spruce and mahogany, 
and of compound increasing pitch, equal to the diameter 
and of approved concavity, carefully varnished to ensure 
lightness and smoothness of running, Certain experi- 
mentalists, in an aeronautical contemporary, claim supe- 
rior qualities in a blade-form reverse to that of the 
Chauviére, wherein the rounded form is the attacking 
edge, whilst others advocate a concave receding edge. I 
have in my possession a propeller, 6 ft. 10 in. in diameter, 
which embodies most of the features advanced above, 
with the additional form of a narrowing of the blade area 
towards the +- This, however, in my opinion is far too 
small a size for the 100-horse-power resources of the 
Maxim Company, and I would much prefer to construct 
a larger screw, embodying further improvements, and 
request that the full power and maximum revolutions 
attainable be applied. e result under these conditions, 
should the Maxim Company care to test, I feel sure will 
prove instructive and interesting, whilst it must be 
clearly understood that no arbitrary, dogmatic, or ab- 
normally superior qualities against “all comers” is 
claimed, the design and characteristics being evolved 





from sage poy types, the data from which is sufficiently 
reliable, and can be further quoted. 

Pending the decision from the Maxim Company, I 
shall be pleased to show and discuss, in true scientific 
and enginecring spirit, a smaller-sized propeller embody- 
ing the above laws, to any other contributor who, like 
myself, has a genuine bond fide interest in the aeronau- 
tical propeller study. 

Yours very truly, 
Epear EK. WIitson. 

85, Glamorgan-street, Pimlico, July 10, 1910. 





‘*PRINCIPLES OF PRODUCTION.” 
To THE Epitor OF ENGINEERING. 

Sir,—I have read with much interest the letter by 
‘*Individualist” in your issue of July 22. ‘Indi 
vidualist’s” letter savours very much of taking up 
cudgels on behalf of the working man, whether in this 
instance the latter deserves it or not. 

Turning to the remarks by the above gentleman regard- 
ing the gh fees charged for examination, also the heavy 
subscription entailed by anyone desirous of becoming 
attached to the engineer’s Alma Matcr—i.c., the Institu- 
tion of Civil Engineers—what I should like to learn is 
how ‘* Individualist” proposes to maintain this organisa 
tion if the fees and subscriptions are modified? I think 
that, contrasting the examination fees with, say, those 
for membership of the Royal College of Surgeons, it will 
be found that the fees for A.M.I.C.E. are very much 
lighter than for M.R.C.S. 

In regard to technical education, with special reference 
to working men, I am not certain what the drain on the 
general public funds is for maintaining the charges 
under the wings of the Board of Education, but it 
must be considerable. When one considers the induce- 
ments which are held out, and the negligible fees charged 
for admission to evening classes, I can hardly see what 
our correspondent has to grumble at ; for if the men are 
cob westiie , their efforts can be directed towards 
obtaining Whitworth and other scholarships and exhi- 
bitions, which will, if judiciously employed, lead them to 
college training galore, if this be the bone of contention ; 
on the other hand, if they do not choose to ‘‘swot,” well, 
then, they must be rational beings and content themselves 
with lesser laurels. 

I have met many men who have obtained Whitworth 
honours with no other training than evening-class work, 
but, strange tosay, they have not been working-men’s sons 
—why? I do not think itis the system, but the individual. 

Ought we not to rather guard the prestige of our Insti- 
tution than to offer easier entrance to it, for the motto 
of things easily got being seldom prized appears to be 
quite applicable to this matter as well as to most things ; 
yet if 1 have not mis-read the rules of the Institution of 
Civil Engineers, I think that there is a chance for a 
working man to enter the portals of the above as an 
A.M.I.C.E., provided that he uses his wits, brains, and 
wages in a proper manner and to the best of his ability. 

With apologies for trespassing on your valuable space, 

Yours truly, 
July 29, 1910. Stup. Inst. C.E. 
To THE EpiTor oF ENGINEERING. 

Str,—Your correspondent ‘S. N. D.,” in this week’s 
issue, again brings up the possibility of one class of worker 
taking up the duties connected with another class—the 
artisan becoming a manager, and the manager producing 
creative work. ow it seems to me that one is too apt 
to forget the effect of a man’s outside relations apart from 
the fact of his training in business or profession ; and his 
point of view will be far more influenced by the former 
than by the latter. Provided a fairly good training, it is 
character which determines the place to be taken in life, 
and is not character defined as the method of looking at 
things? It is very hard for an artisan, say, who has been 
brought up with, and spent his youth with, the sons of 
fellow artisans to obtain that breadth of outlook which 
your correspondent speaks about. More training will 
not give it without other endeavour, such as deep and 
thoughtful reading, and even then the desire has to be 
born, so that it aun may take several generations for a 
change to another position to be effected. 

But, after all, is this to be deplored, as so many seem 
to deplore it nowadays? There is no personal inferiority 
in either of the departments, the three are simply dif- 
ferent branches of the profession, and a man may serve 
his country and his own interests just as well in one as in 
another of them. In a fairly-paid position with moderate 
hours of work he can be quite as happy, and probably 
more so, with his ordinary duties than if involved in al] 
the worry and unsettlement of trying to change his lot 
in life, good though a certain amount of striving after 
improvement may be. 

his is instinctively recognised, and is perhaps why 
there is so much difficulty in rising thus; a man — 
will do well in the position he has been brought up‘. 
and though one from a different position may do as we!! 
in the actual work, he may not fit in at all well with li- 
colleagues. There arises, therefore, the economic fact 
that very _ proof of both suitable training and suitable 
character has to be furnished before such new position 
can be obtained. 

Iam, yours faithfully, 
Westminster, July 30, 1910. ELSMERE HARRIs. 





Cortracr.—Messrs. Edgar Allen and Co., of Shettield, 
have received an order from the Waihi Paeroa Gold 
Extraction Company, Limited, New Zealand, for sixteen 
tube-mills, 16 ft. by 4 ft. Sin. in diameter, with steel 
fittings throughout. 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened strongly, and Cleveland warrants 
advanced sharply. The dealings amounted to 5000 tons 
at 49s. and 49s. 04d. twenty-two days, 49s. and 49s. 1d. 
one month, and from 493. 44d. to 49s. 64d. three months, 
and closing sellers quoted 48s. 104d. cash, 49s. 14d. one 
month, and 49s. 7d three months. Hematite was also 
firm, with buyers at 64s. 10d. cash and 65s. 44d three 
months. In the afternoon a further advance took place 
in Cleveland warrants, when 1000 tons changed hands at 
493. 2d. one month and 49s. 8d. three months, with closing 
sellers at 49s. cash, 493. 3d. one month, and 49s. 9d. 
three months. Friday morning the market was 
<teady, and 4500 tons of Cleveland warrants were dealt in 
at 493. - and 49s. cash, 49s. 14d. and 49s. 2d. nineteen 
days, and at 49s. 34d. one month. At the close there 
were sellers at 49s. 03d. cash, 49s. 33d. one month, and 
493, 84d. three months. In the afternoon the tone was 
firm, and 1500 tons of Cleveland warrants were done at 
49s. 1d. cash and 493. 34d. one month. Sellers’ closin 
quotations were 49s. 14d. cash, 49s. 4d. one month, an 
49s. 9d. three months. Sellers of copper were quoting 
hti/, per ton three months. On Morday the market was 
closed, being August Bank Holiday. When business was 
resumed on Tuesday morning, the tone was inclined to 
be a little easier and 1000 tons of Cleveland warrants were 
dealt in at 49s. O4d. cash, and 49s. 34d. one month. 
Closing sellers quoted 49s. 1d. cash 49s. 4d. one month, 
and 49a. 94d. three months. The market was firmer in 
the afternoon, and Cleveland warrants were put through 
at 49s. 44d. one month, and 49s. 104d. three months. The 
turnover amounted to 7000 tons, and sellers’ closing quota- 
tions were 49s. 2d. cash, 49s. 5d. one month, and 49s. 104d. 
three months. When the market opened to-day (Wednes- 
day) the tone was again firmer, and Cleveland warrants to 
the extent of 6500 tons changed hands at 49s. 4d. and 
49s, 34d. cash, 49s. 7d. one month, and 50s. 1d. three months. 
At the close of the session sellers quoted 49s. 4d. cash, 
40s, 7d. one month, and 50s, 1d. three months. In the after- 
noon the market was steady, and Cleveland warrants were 
done at 49s. 34d. and 49s. 4d. cash, 493s. 7d. one month, 
and 50s. 1d. three months. The business amounted to 
atout 9000 tons, and closing sellers quoted 49s. 44d. cash, 
49s. 74d. one month, and 50s. 14d. three months. 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 61s. 6d.; Calder and Gartsherrie, 62s. ; 
Summerlee, 63s. ; Langloan, 64s. ; and Coltness, 82s. (all 
shipped at Glasgow) ; Glengarnock (at Ardrossan), 63s. ; 
Shotts (at Leith), 62s.; and Carron (at Grangemouth), 
633. Gd. 

Sulphate of Ammonia.—The market for sulphate of 
ammonia has been rather stronger during the past week, 
and a fair amount of business has been put through. 
The current price is quoted at from 12/. 1s. 3d. to 
12/. 2s. 6d. per ton for prompt delivery, Glasgow or Leith. 
The shipments from Leith Harbour last week totalled 
2096 tons. 


Scotch Stcel Trade.—The Scotch steel trade position is 
unchanged, and makers are finding some difficulty in 
meeting the strong demand for prompt delivery of ship- 
plates. The demand for boiler-plates is also very brisk at 
present, but the inquiry for angles is rather poor. Pro- 
ducers have not much reason to complain about want of 
specifications at the moment, either for heavy or light 
material ; in fact, in the latter connection, the uire- 
ments of Canada alone are very heavy, and it is doubtful 
if the full quantities can be despatched before the 
shipping season closes. Structural sections are also in 
demand for the same colony, and the export trade gene- 
rally is fairly good this week.—The Scotch Steel-Makers’ 
Association met in Glasgow yesterday, and considered 
the recommendations of the committee as to working 
agreements. It is understood that these were accepted, 
and that a satisfactory understanding was arrived at, with 
the result that the Association will remain in existence. 


Malleable-Iron Trade.—Malleable-iron makers in the 
West of Scotland have not yet participated in any increase 
of trade, although one or two firms are fairly busy. 
Employment in the majority of the establishments is not 
the full number of shifts, and prices, especially for export, 
are none too good. 


Scotch Pig-Iron Trade.—Since re-opening after the 
holidays, Scotch pig-iron makers have not been very busy, 
but a slight improvement has now taken place in the 
buying of the ordinary qualities. Stocks are fairly heavy. 
Hematite is rather quiet. 


blast-Furnacemen’s Wages Reduced.—As a result of the 
report of Mr. John M. MacLeod, C.A., Glasgow, to 
-rs. James C, Bishop-and James Gavin, joint secre- 
taries of the Board of Conciliation between the owners of 
blast-furnaces in Scotland and the blast-furnacemen as to 
the price of Scotch pig-iron warrants in the Glasgow 
market for the months of May, June, and July, 1910, 
there is a fall of 24 per cent. in the workmen’s wages. 


Wases in the Iron Trade.—Mr. John M. MacLeod, 
C..\., Glasgow, has made the following intimation to 
Messrs. James C. Bishop and James Gavin, joint secre- 
taries of the Scottish Manufactured Iron Trade Concilia- 
tion and Arbitration Board :—‘‘In terms of the remit, 

have examined the employers’ books for May and June, 
1910, and I certify the average realised net selling price 
at works brought out is 6/. 1s. 1.67d. per ton.” This 
means no change in the wages of the workmen. 


Shipbuilding.—While there is quite a fair amount of 
work on hand at the present time, shipbuilders complain 
of the small number of orders for new vessels 
during the past month. Builders in the lower reaches of 
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the Clyde have booked a few orders, but none has been 
reported as having been secured by builders in the upper 
reaches, although the latter have prospects of some in 
the near future. The Scotch output for July was very 
satisfactory, and consisted of 29 vessels, of 38,079 tons, as 
against 36 vessels, of 34,479 tons, for the previous month, 
and 27 vessels, cf 22,628 tons, for July, 1909. The total 
for last month consisted of 25 vessels, of 37,566 tons, from 
Clyde yards, and four vessels, of 513 tons, from the Dee 
and 7 Aa Firth yards. The Clyde output is 5372 tons 
better than June, and 17,828 tons better than July of last 
year, and raises the total for this year to date to 164 
vessels, of 254,361 tons, as against 128 vessels, of 178,827 
tons, for the corresponding period of 1909. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Prices of Raw Matcrial.—In their annual report, pro- 
ing a dividend of 8 per cent., the directors of Samuel 
‘ox and Co., Limited, state that the difficulties of profit- 
able bg en. during the year have been unusually great. 
Owing largely to American demand, the prices of raw 
material have been high, whilst selling prices, owing to 
keen foreign competition and other causes, have been 
exceptionally low, leaving a smaller margin of profit than 
for many years. 


Important Contract.—The contract of His Majesty’s 
Office of Works for the heating installation for the new 
Money Order Office in London has been secured by the 
Brightside Foundry and Engineering Company, Limited, 
of Sheffield. All the calorifiers, ke., will made in 
Sheffield, the contract being of very substantial amount. 


Iron and Stecl.—The past has been a blank week, so far 
as the iron and steel trades of the city are concerned. 
Most of the large firms set down on Friday for a full 
week, taking advantage of the stoppage to take stock. 
This arrangement is growing in favour in the city, where 
it is found more economical than extending the holidays 
of clerks and workmen over the summer months. The 
works closed with a fair amount in hand, and the general 
opinion is that a satisfactory autumn business will be 
done. In view of the general stoppage, there has been 
little delivery of raw material, though prices are described 
ig iron maintains its position, foundry sorts 
are a little stronger, and hematites show no further drop. 
Notwithstanding the competition of foreign material, 
Belgian billets being freely offered at 883. delivered in 
Sheffield, locally made billets have been selling well. 
The export trade is satisfactory, a notable improvement 
having taken place in the South African market. 


South Yorkshire Coal Trade.—Business has been very 
quiet during the week, having been detrimentally affected 
by the holiday exodus. The attendance on ’Cha: last 
week was much below the average. Buyers held off in 
consequence of the partial aooree*, The shipping trade 
is reported to have considerably improved, and steam 
hards have been going out of hand freely at recent prices. 
An improvement is also noted in gas fuel,: gas com- 
panies having come strongly into the market. House 
coal has been selling better than for a few months past. 
Coke is very weak, but smalls are caning seeeiy. Wagon- 
builders report a better business doing both with colliery- 
owners col other buyers. Quotations :—Barnsley best 
Silkstone, 11s. to 11s. 6d.: Silkstone, 8s. 6d. to 9s.; best 
Derbyshire brights, 10s. 6d. to 11s. 6d.; Yorkshire hards, 
9s. to 9s. 6d.; Derbyshire hards, 8s. to 9s.; rough slacks, 
5s. 6d. to 6s. 3d.; seconds, 3s. 6d. to 4s. Gd; smalls, 
1s. 9d. to 2s. 9d. 








Tue Tees TRANSPORTER Brinck.— On Wednesday 
were laid the foundation-stones of the Tees Transporter 
Bridge, between Mid:lesbrough and Port Clarence. One 
foundation-stone was laid by the Mayor of Middlesbrough 
(Lieutenant-Colonel T. Gibson Poole, V.D., Chairman of 
the Middlesbrough Corporation Ferry Committee), and 
the other by Alderman Joseph McLaughlan, the initiator 
ofthescheme. The bridge is similar in design to the trans- 
porter which the Newport Corporation have built over 
the Usk. The Tees transporter has been — by the 
Cleveland Bridge and Engineering Company, Darlington, 
and will be of the braced cantilever type, and consist of 
two groups of piers erected on masonry foundations on 
each bank of the river, and connected by a pair of open- 
lattice main girders of 371 ft. spam, the underside of which 
will be 160 ft. above the water level. These girders will 
each carry, on their lower flanges, two lines of rails. On 
the four lines of rails there will be supports for a travellin 
platform. From this a travelling car will be suspend 
by means of steel-wire ropes. The car, the measurements 
of which will be 41 ft. by 39 ft., will be fitted on each side 
with mger cabins, and its centre will be devoted to a 
‘‘roadway” for vehicular traffic. The car will be designed 
to accommodate 600 people and one tramway vehicle, and 
will be about 50 tons in weight. The ends of the journey 
will be landing-stages at the two sides of the river, and 
the car will be 4 ft. above high-water level. The car will 
be electrically lighted, and its motion controlled from a 
pilot-house placed on the car, but it will also be con- 
trollable from the power-house on shore. Provision will 
be made so that in the event of one of the hauling ropes 
breaking the car will still be able to be brought to one 
side of the river. The contractors for the bridge are Sir 
William Arrol and Co., Limited, of Glasgow. After the 
laying of the foundation-stones, a large number of guests, 
at the invitation of the Mayor, embarked on the steamer 
Sir Joseph Pease, and inspec the river. They after- 
wards landed at the Fifth Buoy Light, where they were 
ayor, and returned 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Better accounts are given 
of the iron trade, at all events so far as Cleveland pig is 
concerned. Buyers are now coming forward after having 
held aloof for some time, and a brisk autumn demand is 
anticipated. The market here has been strengthened by 
the news of the re-establishment of the German Pig-Iron 
Syndicate, which, it is understood, is almost complete, 
and which is formed for one year definitely. Con- 
sumers of pig iron must be short of supplies, as pur- 
chases have m on a very limited scale for the past 
three months. Values of Cleveland iron are higher 
than they have been for over six weeks. No. 3 g.m.b. 
is now 49s. 6d. f.o.b., and sellers adhere firmly to that 

uotation. All other qualities of Cleveland iron are 

rm. No. 1 is 52s. to 53s., according to brand; No. 4 
foundry, 48s. 9d. ; No. 4 forge, 48s. 6d. ; and mottled and 
white, each 48s. All rhe sede doe uotations are for 
early delivery, forward quotations being 6d. higher. 
Quietness continues to characterise East Coast hematite 
pig iron. Buyers in this branch are still backward, but 
improvement in this respect is looked for in the near 
future. Both makers and merchants offer Nos. 1, 2, and 3 
at 64s. for early delivery. Foreign ore remains inactive, 
with values still nominally based on 20s. 6d. ex-ship Tees 
for Rubio of 50 per cent. quality. Coke is plentiful, and 
average blast-furnace qualities are on sale at 15s. 9d. 
delivered here. 


Manufactured Iron and Steel.—Producers of most de- 
scriptions of manufactured iron and steel are turning out 
a lot of work, and though in some branches orders are 
rather scarce, confidence in the future is expressed. 
Common iron bars are 7/.; best bars, 7/. 7s. 6d.; best best 
bars, 7/. 15s.; packing iron, 5/. 15s.; iron shi -plates, 
61. 10s.; iron chip-angles 7l.; iron ship-rivets, t 5s. to 
7l. 7s. 6d. ; steel bars, 6/. 5s.; steel ship-plates, 6/. 10s.; 
steel ship-angles, 6/. 2s. 6d.; steel strip, 6/. 10s.; steel 
hoops, 6/. 12s. 6d.; and steel joists, 6/. 2s. 6d.—all less 
the customary 24 per cent. discount; whilst cast-iron 
columns are 6/, 10s.; cast-iron railway-chairs, 3/. 10s.; 
light iron rails, 6. 10s.; heavy steel rails, 5/. 10s.; and 
steel railway sleepers, 6/. 12s. 6d.—all net cash at works ; 
and iron an stadt gabvanionl corrugated sheets, 24 gauge, 
in bundles, 11/. 10s. f.o.b.—less the usual 4 per cent. 


Skinningrove Iron Company, Limited.—The Skinnin- 
ve Iron Company appeal to investors for 75,000/. in 
ebentures, the additional capital being required for the 
steel works which have just been started by the firm at 
Skinningrove. 


Tron and Steel Shipments.—Shipments for the month of 
July, though not heavy, turned out much better than was 
at one time anticipated. Those of pig iron averaged 
3273 tons per working day, the total despatches being 
returned at 85,108 tons, 73,533 tons of which went 
from Middlesbrough, and 11,575 tons from Skinningrove. 
The total clearances of pig iron for the previous month 
reached 117,957 tons, or a daily average of 4532 tons, 
and for July last year the eg of pig iron amounted 
to 101,610 tons, or an average of 3763 tons per working 
day. Of the pig iron despatched from ieciemans 
last month, 9996 tons went to Scotland, and 1579 tons 
to the Continent. Of the shipments of pig iron from 
Middlesbrough last month, 53,741 tons went abroad, 
and 19,792 tons coastwise. Scotland was once more the 
largest customer, taking 11,225tons. An unusual circum- 
stance was that France was the second largest importer, 
receiving 7178 tons; whilst Germany, at one time the 
best customer of this district, took only 6860 tons. 
Belgium bought to the extent of 5461 tons ; Sweden took 
4807 tons ; Canada, 3895 tons ; and Japan and Roumania 
each over 2000 tons. Manufactured iron despatched by 
sea last month amounted to 11,537 tons, 5944 tons of 
which went to foreign firms, and 5593 tons to coastwise 
customers. India, with an import of 2748 tons, was the 
largest buyer, and the Argentine was second with 1022 
tons. The total steel cleared last month reached 50,301 
tons, 42,492 tons of which went abroad, and 7809 tons 
coastwise. India was also the largest importer of steel, 
receiving 5941 tons ; whilst West Australia took 5773 tons ; 
Brazil, 5256 tons ; Canada, 4400 tons; New South Wales, 
3234 tons; Japan, 3219 tons; Natal, 2324 tons; and the 
Argentine, 2311 tons. 








BriTIsH INTERESTS IN THE ARGENTINE.—On Wednes- 
day, the 27th ult., Sir John Williams Benn, D.L., J.P., 
L.C.C., delivered an address, having the above title, to 
the London Chamber of Commerce. He gave the views 
he had formed during a six weeks’ visit he made in the 
Argentine Republic in April and May last, on the occasion 
of the centenary celebrations and the International Exhi- 
bition, organised for this year at Buenos Aires. He 
reviewed the Government, the growth of the towns, the 
industries and commerce of the country. In regard to 
our share of the trade, be stated that our best houses in 
Buenos Ares were as well equipped for local conditions 
as any others; at the same time, however, it was clear 
that the German traveller or agent had an advantage 
over us in several ways: as a linguist, as an adept inthe 
arts of giving customers what they wanted instead of 
what they ought to want, and also of combining finance 
with trading. If our Secret Commissions Act, he added, 
were put in force in the Argentine, some of our compe- 
titors would lose much of their business. Foreign compe- 
titors ‘‘ hustled” much more than we did. Their diplo- 
matic representatives showed an interest in commerce 
which would shock the well-bred minister. Other 
| interesting data were given. 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—Business has, of course, been a good deal 
interfered with by the holidays. The best large steam- 
coal has been quoted at 16s. 3d. to 16s. 9d. per ton; ordi- 
nary qualities have ran between 14s. 9d. and 16s. per 
ton ; cargo smalls have brought 7s. 3d. to 7s. 9d. per ton. 
The house-coal trade has shown little change ; the best ordi- 
nary — have made 14s, 6d. to 16s. per ton; No. 3 
Rhondda large has brought 17s. 3d. to 17s. 6d.; smalls, 
9s. 6d. to 9s. 9d. per ton. No. 2 Rhondda large has been 
quoted at 11s. to 11s. 3d.; smalls at 6s. 9d. to 7s. 3d. 
per ton. Foundry coke has made 18s. to 20s., and furnace 
ditto 16s. to 17s. 3d. per ton. As regardsiron ore, Rubio 
has realised 19s. 6d. to 20s. per ton, upon a.basis of 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 


Bristol.—The docks committee of the Bristol City 
Council has issued its report for the year ended April 30. 
The total revenue from all sources amounted to 267,082/., 
and the total expenditure, exclusive of interest on 
borrowed moneys and sinking fund, was 171,626/., leaving 
a balance available to meet interest and sinking fund of 
95,4561. The sinking fund charges paid out of revenue 
for the year amounted to 40,843/.; the interest paid out of 
revenue for the year amounted to 195,109/.; the debenture 
stock expenses paid out of revenue for the year to 3198/.; 
the dividends and interest received on account of sinkin 
fund investments to 10,236/.; and the amount of borou 
rate taken ‘for the year to 154,000/. After providing for 
interest, debenture stock expénses, and sinking fund, the 
account closes with a credit balance of 12541. The capital 
expenditure during the past year was 92,043/. The increase 
in revenue for the year from dock dues on vessels and rates 
on goods amounted to 5526/. The total ordinary revenue for 
the year increased by 9774/., and the expenditure by 15381. 
The balance of 95,456/. available to meet. interest, and 
carried to net revenue account, was 8236/. in excess of the 
corresponding sum carried forward in the preceding year. 
The export dues on goods shipped to foreign ports showed 
1 increase of 1298/., and to coastwise ports an increase 
of 1641, 


Railway Economies._-As a result of an ment 
hetween the Great Western and London and South- 
Western Railways there is a possibility that the Great 
Western station at Barnstaple will be dispensed with, as 
far as passenger traffic is concerned, and that the trains 
of that system will be run through to the London and 
South-Western Railway junction station. 


Bristol and Canada.—The Canadian Pacific Railway 
Company’s steamer Royal Edward arrived at Portishead 
Point on Thursday night with 400 passengers. A Great 
Western special train to London, containing 210 passen- 
gers, was the first to get away, and it was quickly 
followed by a Midland special for the North. The Royal 
Edward was detained nine hours at Rimouski waiting 
for mails, and there was also a slight delay in the Straits 
of Belle Isle owing to fog. The exact time occupied in 
the voyage from Quebec to Lundy was 5 days 12 minutes, 
and between Belle Isle and the Disteet; 3 days 19 hours. 
On the homeward passage the best day’s run was 439 
miles. The speed ave throughout the voyage was 
19 knots, although the ship had to contend with head 
winds and heavy seas. 

Taff Vale Railway. — The “expenditure made by the 
Taff Vale Railway Company to the close of June, 1910, 
on lines open for traftic was 5,679,974/., and upon working- 
stock, 653,428/. The further outlay on capital account on 
lines open for traffic in the first half of this year was 
18,2841. This expenditure was incurred principally on 
additional accomniodation at Pontypridd, the Llantrisant 
and Penarth section, &c. The outlay for maintenance of 
way, works, &c., was 37,628/., as compared with 40,7434. ; 
sad for locomotive power, 90,653/., as compared with 
100,8711.. The m2 realised in the locomotive depart- 
ment were principally effected in wages and materi 








Barnstey.—The Old Silkstone Collieries, Limited, 
Dodworth, near Barnsley. is P ing with the deve- 
lopment of its properties in the Barnsley district. Con- 
tracts have been placed for the erection of eighty by- 
product coke-ovens, with complete residual plant, and 
also of a large coal-washery. It is the intention of the 
company to erect an electric generating station of 2000 
kilowatts capacity. 

Tron MINERALS IN GERMANY.—The imports of iron 
minerals into Germany in the first half of this year were 
4,640,652 tons, as compared with 3,766,827 tons in the 
corresponding period of 1908. French iron minerals were 
imported in the first half of this year to the extent of 
607,818 tons; Swedish iron minerals to the extent of 
1,261,475 tons; and Spanish iron minerals tothe extent 
of 1,178,602 tons. 


THE LANARKSHIRE STEEL Comrany’s PockEt-Book OF 
Secrions.—The Lanarkshire Steel Company, Limited, 
Motherwell, Scotland, manufacturers of sectional steel by 
the Siemens-Martin open-hearth —- only, have re- 
cently published a very handsome leather-bound pocket- 
book containing a list of rolled sections manufactured 
by chem. This list includes joists, angles, channels, 
tees, &c., for which the strengths and properties are 
given. In addition there is at the end a chapter contain- 
ing a great variety of useful general information with 
regard to steel, including formule for the moments of 
inertia of different sections. The book in its compact 
form will no doubt be found very useful to shipbuilders, 
engineers, architects, civil engineers, and, indeed, to every 
one connected with structural steel-work. A copy of the 
book may he had on application to the company. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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represents ls. in the case of tin-plates, hematite, Scotc 
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iagrams each vertical line gen ye a market day, and each horizontal line 
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and Cleveland iron, and 11. in all other cases. 


The price of quicksilver is per bottle, the contents of which vary in —— from 70 lb. to 801b. The metal 


prices are perton. Heavy steel rails are to Middlesbrough quotations. 


in plates are per box of I.C. cokes. 





“*Tur Town PLannine Revirw.”—The second number 
of the first volume of this journal has just been published, 
and contains in all ten articles on a variety of subjects 
connected with town planning. Among these is one on 
the city of Liverpool, illustrated by several half-tone 
engravings of some of the features of the city ; many of 
the recent developments are also described and illustrated. 
There is an article on garden city schemes, which forms 
the second part of a review of the subject, the first part 
having sgpenset in the previous number of the journal. 
The publication does not confine itself to British work, 
but includes an account of some of the improvements 
that have been carried out in the United States of 
America, among these being some connected with the 
city of Washington and the city of Minneapolis. The 
journal is —— by the School of Architecture, Uni- 
versity of Liverpool, the price being 2s. 6d. quarterly. 


PERSONAL.—We have been asked by Messrs. Harrison 
and Crosfield, Limited, 23to026, St. Dunstan’s Hill, London, 
E.C., to state that, owing to the rebuilding of their former 
premises at 3, Great Tower-street, and 11, Idol-lane, E.C., 
they have temporarily transferred the various departments 
of the business to the following addresses :—Ceylon 
House, 49-51, Eastcheap, E.C.; 55, Great Tower-street, 
E.C.; 23-26, St. Dunstan’s-hill, E.C. ; and Ceylon Wharf, 
Bankside, S.E.— Mr. Frederic William Bridges, the 
organiser of the Naval, Mercantile Marine, and General 
Exhibition, to be held at Olympia in September next, has 
just received an illuminated address, which was presented 





to him at the final meeting of the Honorary Advisory 
Council of the Printing Exhibition, by all the exhibitors, 
as a mark of their appreciation of the efficiency, un- 
failing courtesy, and distinguished success of his 
management.—We are informed that a company named 
the wson Economic Gas Power Company, Limited, 
has been formed to combine the old-established_busi- 
ness of the Dowson Company with that of the Mason 
Company, of Manchester, who have had special ex- 
rience with gas-furnace work. The well-known 
wson gas plants will‘still be used for engine work, 
and the Mason furnaces and producers for furnace 
work. The works of the combined company will be at 
Levenshulme, Manchester, and the London office will be 
continued at 39, Victoria-street, Westminster. Mr. 
Dowson will act as engineer and managing director of the 
combined business.—At a special Court of the Governors 
of Robert Gordon’s Technical College, held in the College 
Hall on July 29 last, Lord Provost Wilson presiding, 
the recommendation of the engineering and chemistry 
committee that Mr. Alexander R. Horne, B. Se., 
A.M.I. Mech. E., Assistant Professor of Mechanica! 
Engineering in the Heriot-Watt College, Edinburgh, be 
appointed head of the Edinburgh a, preg of the 
College, was unanimously approved.—We are asked to 
state that, following the retirement of Mr. Thos. W hite 
legg at the end of last month, Mr. Robert H. Whitelegs 
been appointed locomotive, carriage, wagon, and 
marine superintendent of the London, Tilbury, and 
Southend ~—— as from the 1st inst. 
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INDUSTRIAL NOTES. 


THE repeated revolt of large numbers of the rank 
and tile of trade-unionists against their duly-elected 
officials has caused, and is causing, great perturbation, 
not to say consternation, among trade-union officials. 
The revolt has manifested itself in different ways in 
ditierent unions, but in one respect there is something 
like a tacit agreement, though only a few members have 
taken part therein—that is, in the repudiation of the 
Parliamentary levy. One man alone is sufficient to 
carry the case into court, as has now been done in a 
large number of instances, resulting in the practical 
pr hibition of all such levies, except upon a voluntary 
asis—a judgment now generally accepted by the 
unions. Important as that case is in its far-reaching 
consequences, the other cases of revolt are of a more 
dangerous character. It will be sufficient to enumerate 
some of the chief as examples. There was the Denaby 
Mine case, in which the miners revolted against the 
decision of the executive, resulting in litigation, the 
costs of which amounted to many thousands of pounds ; 
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the unions, being held responsible, had to pay. 
There was the revolt of the miners in Durham 
and Northumberland against the decision of 
their executives, and a repudiation of the col- 
lective agreement anual into by their own 
representatives on their behalf—an agreement 
now held to be binding‘by the decision of a 
court of law. Then there was the revolt of the 
Engineers on the North-East Coast, costing the 
union and the General Federation of Trade 
Unions a large sum of money and the loss of the general 
secretary of the Engineers’ union. More recently there 
was the revolt of the railway employees on the North- 
Eastern Railway, which ended after a short duration, 
thanks to the generous action of the manager, sanc- 
tioned by the directors. These are only the chief of 
the many revolts in recent years ; they show that there 
is a great and menacing danger facing the executives 
and officials of trade unions, which will require firmness 
and prudence to avert. 





The following report is from a leading London 
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newspaper, more or less ardently a supporter of the 
rights of labour :—‘‘ Addressing an Independent 
Labour Party demonstration at Chester-le-Street, 
Mr. Keir Hardie, M.P., said the strike on the North- 
Eastern Railway showed that the workmen were now 
insisting upon having a say in the conditions of their 
employment ; that they were not going to allow young 
whipper-snappers with a university education and a 
lack of acquaintance with individual lives to order 
them about as if they were dogs. It was to him an 
inspiring spectacle that these thousands of men — 
work and sacrificed their pay in order to stand by a 
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comrade who they believed was being wronged. When 
these men stopped work the whole of the great orga- 
nisation of the railway was thrown out of gear and 
hundreds of thousands were made to suffer in conse- 
quence. That represented the power of the working 
class.” Presuming that the report is accurate, it 
will cause deep regret in many minds of the working 
classes, and in not a few deep indignation, The 
men’s leaders deplored the strike, and did their 
best to induce the men to return to work, and at the 
same time earnestly represented to the strikers the 
generous treatment of the railway directors and 
officials. Such a foolhardy speech at such a time is 
deplorable, and even dangerous, in view of the fact 
that the Great Eastern Railway Company’s men had 
been advocating a similar policy to attain their ends. 


The Card and Blowing-Room Operatives’ Associa- 
tion, an important section of the cotton trade, has 
decided to take a vote of the members before ratifying 
the agreement recently made for wages, on the part 
of the employers (the demand for a 5 per cent. reduc- 
tion in wages) and on the part of both employers and 
employed, that there shall be no change in the rates of 
wages for five years. The card-room hands number 
about 44,000 members of the Association, a large 
number of whom are women and girls. Some object 
to the long term of five years without an opportunity 
of a change in wages; but the — for the dela 
in signing the agreement is said to be that all shall 

rticipate in deciding for or against the agreement. 
ft is stated that there is very Fittle fear of any diffi- 
culty about the proposal to sign, for it is alleged that 
it is estimated that 90 per cent. are in favour of the 
terms agreed upon. The employers and the spinners 
have already signed the agreement, and there is little 
doubt as to the result of the card-room operatives’ 
vote. The delay is expected not to extend beyond the 
present week, the first in August. 


The Textile Workers’ Conference, held last week in 
the Caxton Hall, Salford, was attended by about 150 
delegates. Among the subjects discussed were ‘‘ time- 
cribbing,” which was condemned. A resolution con- 
demned overtime (which is largely resorted to) as 
inconsistent with the universally-expressed desire for 
shorter hours of labour in all sections of the cotton 
trade. Another called for legislation to abate the evils 
of dust in the card-rooms ; and another was in favour 
of compulsory arbitration in labour disputes. A 
further resolution declared in favour of more space 
between the machinery, to avert accidents. One 
resolution was peculiar, calling for an amendment of the 
Companies Acts to restrain by law the erection of new 
mills by company promoters, &c. Fines in cotton-mills 
were pute mn f and Labour Exchanges found favour 
in the Association’s report. The Conference was 
attended by representatives of the different sections, 
each delegate representing the particular branch in 
which he or she was engaged. In some matters they 
united, in others stood ieee. 


The last number of the 4 merican Federationist is full 
of important articles dealing with many phases of the 
Labour question. The question of injunctions is 
exhaustively dealt with from legal and constitutional 
standpoints. The article strongly urges that the 
question of personal rights—human rights—stands in 
a different plane from that of property rights, in which 
the individual human rights are involved. There 
is a severe article by the editor and president of 
the American Federation of Labour against prison 
labour competing with free labour outside the prison. 
There is another on the subject of the creation of 
a ‘Department of Labour.” In insisting upon the 
necessity and‘ duty of organisation, some figures 
are quoted from a speech of the President of the 
National Association of Manufacturers, made at a 
builders’ exchange banquet in Worcester, Mass., on 
the numerical strength of the labour unions. Details 
are given, the aggregate number of members being 
a grand total of 4,482,354, or about 154 per cent. 
of all the wage-earners in the United States. Mr. 
Gompers does not attempt to dispute the figures, 
but he adds thereto the sympathisers outside the 
unions, and makes allowance for the industries 
wherein organisation is weak, often because of the 
difficulty arising out of locality, the wage-earners 
being so widely scattered that organisation is barely 
moun tng A well-known Germen writer has an article 
on ‘The New Features of State Insurance in Ger- 
many,” in the course of which it is stated that trade 
unions are recognised as an agency by the State. 
Some ministers in Toronto have proposed a Labour 
Sunday in all the churches of Canada, and the 
American Federation of Labour has endorsed the 
appeal for a similar institution in America. The unions 
are urged to organise for such, and to attend all places 
of worship on the first Sunday in September in support. 
They are not to shrink from any fair criticism of 
unionism that may be uttered in the pulpits. 


The 7'rades and Labour Gazette has, as usual, plenty 





of topics for adverse criticism. The peculiarity is 
that it can seldom find any subject of public and 
political action to approve. Its last issue falls foul 
of the Prime Minister and his colleagues for the Veto 
Conference. In the first note the Kditor indicates 
that Mr. Asquith called the ‘‘Conference to consider 
whether he really does want a Lords Veto Bill” or 
not. Amore accurate writer would scarcely put it 
that way. Such destructive criticism is not of any 
value, however smart its phrasing. Then the Presi- 
dent of the Local Government Board comes in for 
some hard remarks over the circular on the treat- 
ment of Poor Law children, but it is admited that 
the object was the betterment of the children. Its 
defect is said to be that too much is left to the 

rdians, as heretofore. The Editor’s conclusion is 
that ‘‘the State ought to organise the labour of and 
educate children up to 18 years of age, and after that 
age should be able to demand work of the State at a 
minimum wage of not less than 30s. per week.” Very 
fine, but how is it to bedone? Then the German 
Minister of War comes in for a rebuke, because he 
believes that Socialism is adverse to military dis- 
cipline. The Editor expresses disbelief, but Socialism 
justifies it. The Labour Members come in for their 
share of severe criticism. The note says: ‘‘ There is 
no spirit or go in them, and their constituents have 
now tired of waiting to see them move.” Where is 
the evidence of this? As the London Trades Council 
refused to rescind the adverse minute on the late 
King’s death and funeral, the chairman resigned, and 
stated that his society would leave the council. He 
refused to sign the minutes. 


The Tool-Makers’ Monthly Record states that there 
have been 27 unauthorised stoppages of work by the 
members of the Boiler-Makers’ Society since the 
general agreement, and that the society has warned 
all members against such stoppages. They not only 
break their own rules, but set at nought the general 
agreement entered into on their behalf, and render 
themselves liable to be sued for breach of contract 
individually if the employers so decide. The report 
is full of odds and ends, all bearing upon labour and 
the social conditions under which the workpeople live. 


The latest returns published by the Labour Depart- 
ment of the Board of Trade respecting the iron and 
steel industries show a gradual expansion of trade, 
but no special activity indicative of the oft-predicted 
and expected boom. In the pig-iron industry there was 
a decrease of two in the number of furnaces in blast 
compared with the month previous, but an increase of 
18 compared with a year ago, 17 of these being in 
England and Wales, and only one in Scotland. The 
conditions varied, as four furnaces were relighted, and 
six were either damped down or blown out, all in 
England in both cases. In the iron and steel indus- 
tries there was further improvement; the number 
of men employed increased by 945 in the month, and 
by 1525 since a year ago. The total number of shifts 
worked per man was 5.52—increase, 0.04, and of 0.13 
over a year ago. The improvement, such as it was, 
was general. In the tin-plate and steel-sheet works 
employment continued very good. The number of 
works open increased by one, and of mills in operation 
eight, and 41 in the year. In the shipbuilding trades 
there was further improvement over a month ago, 
when the number unemployed was 9.8 per cent., now 
reduced to 7.6 percent. The decline of unemployment 
was 2.2 per cent., and compared with a year ago 
16 per cent. The proportion is, however, still high. 
The improvement was general, but it varied ; it was 
most = on the Tyne, the Mersey, and on the 
Clyde. In the engineering trades there was further 
improvement ; in most cases trade was described as fair. 
The proportions of unemployed were 4.4 per cent., 
previous month 5.4 per cent., and a year ago 12.1 per 
cent., a decline of 1 per cent. and 7.7 per cent. 
respectively. Some overtime was being worked in 
certain districts, although many men were still idle. 
In Lancashire both short time and overtime were 
reported. Indeed, overtime was worked in many dis- 
tricts, and the prospects were good. In the miscella- 
neous industries, iron, steel, and other metal trades, 
there was fair improvement, so much so that generally 
trade was reported fairly good. Only 2.8 per cent. 
were reported to be unemployed, as compared with 2.9 
per cent. in the month previous, and 4.4 per cent. a 
year ago. There was much variation in the several 
chief industries, but on the whole employment was 
fairly good in most. These facts indicate that much 
material is being used up. 


A serious lock-out is threatened in the shipyards of 
England, Scotland, and Wales, which, if it takes place, 
will directly throw out of work about 170,000 men. It 
seems that since the dispute of 1908 was settled a con- 
siderable amount of dissatisfaction has existed ; it 
being alleged that the engagement then drawn up has 
been frequently broken by some of the men’s unions. 
This, however, is not the immediate cause of the 
trouble, the crisis having arisen out of a strike of a 


small number of men, which occurred on the Clyde last 
week, in connection with a vessel that went into the 
Govan public dry dock on Tuesday last week to have 
some plates removed. The plates had been taken off, 
aid 01 the following Thursday, while all responsible 
offic'als were away, the men held a meeting at 6.30 in 
the evening, and refused to continue work unless 
c2rtain demands were granted. Nothing was known 
by the managers of any feeling of dissatisfaction, and 
work had been pieadiows. Sune under the usual terms and 
conditions, and no complaint had been made prior to 
the stoppage. It appears, therefore, that the strike 
was a.clear breach of the agreement under which the 
men were working, and is another instance of the 
reckless and criminal way in which certain bodies of 
workmen seem now to consider they can act. Although 
the boilermakers and shipwrights have received orders 
from their officials to return to work, they have not, 
up to the time of going to Press, done so. The masters 
resolved that, unless the men on strike returned to 
work yesterday, notices would be posted to-morrow 
in all the federated shipyards terminating on Satur- 
day, August 13, the employment of all members of 
the Boilermakers’ Society and of the Shipwrights’ 
Society. It is also notified that in such an event the 
masters will not allow work to be resumed unless 
assurances of a satisfactory nature with regard to the 
future position are obtained. 


The British Consul at Stockholm throws some light 
upon the effects of the great strike and lock-out in 
Sweden last year, from August to October, 1909, 
inclusive. He enumerates a number of.. industries 
that were adversely affected both as regards imports 
and exports ; also by non-employment, oan lessened con- 
sumption of goods, foods, and drinks as a result of the 
general stoppage of work and the paralysis of trade. 
This was quite apart from the losses in wages, and the 
large expenditure of 126,289/. subscribed by the unions 
in various countries, and by the Swedish Unions them- 
selves. The total amount obtained is said to have 
been 180,233/. The larger amounts contributed were, 
by nationality : Germany, 57,238/.; Denmark, 24,029/. ; 
Norway, 19,357/.; the United Kingdom, only 1987/., 
in consequence of depression in trade ; and the United 
States, 5956/. Twelve other nationalities contributed 
smaller amounts. The Government desires to intro- 
duce legislation to avert such dislocation of trade, but 
the operatives refuse to give up the power to strike, 
and the employers to lock-out ; some lesser measures 
are, however, to be introduced. 


Official telegrams from the Spanish provinces an- 
nounce that perfect calm has been restored ; even at 
Barcelona work proceeds as usual in all the factories, 
only the dockers being still on strike, mostly those 
employed in unloading colliers. The miners’ strike at 
Bilbao still continues at date of writing. 


Any further fear of trouble in the cotton trades may 
now be dismissed, as the Oldham Card-Room operatives 
have voted for the agreement in eight large districts 
out of twelve, and the other four are expected to 
follow suit. In North-East Lancashire the feeling is 
generally favourable to the agreement, so that for five 
years to come there will be peace. 


The Labour Party has called a special meeting to 
consider the subject of the Parliamentary levy. This 
was thought to be necessary in consequence of the 
Miners’ Federation having decided to deduct Is. per 
annum from the general levy for the Parliamentary 
Fund. It is proposed to obtain the consent of every 
member to the course adopted. Will the Courts 
agree? 


The first of a series of strikes threatened by the 
seamen and firemen’s union took place at Manchester 
last week, and was followed by a strike at North 
Shields. In both cases the men demand a return to 
the old rate before the last reduction—namely, 4/. 10s. 
per month, instead of 4/. 5s. per month. In some cases 
the able seamen only get 4/., while the firemen get 
4/. 10s. At Manchester the men also demand that 
all engagements shall be made direct with the masters 
of vessels, and not through the Shipping Federation. 
The officials of the latter body declare that the 
Federation is quite able to cope with the situation 
and to get all the crews that may be needed. One 
out of three vessels was quickly equipped, but the 
other two were unable immediately to obtain the 
required number. The delay caused inconvenience 
and loss. It seems that the non-unionists are shipped 
from Liverpool. 








Coa. 1x CumBERLAND,—After three 
operations coal has been reached at a dept 


years’ sinking 
fof 340 yards 
at No. 5 pit of the Brayton Main Collieries, Cumberland, 


of which Mr. J. Harris is proprietor. The seam won 1s 
the Yard Band, similar to the one at present worked at 
No. 4 pit. The new pit will be one of the deepest in the 
,; Cumberland coal-field. 
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TOOTH-GEARING.* 


By J. D. Sreven, Associate Member, 
of Birmingham. 


THE subject of gearing is one which has received a con- 
siderable amount of attention in recent years. Numerous 
articles have appeared in the technical papers, and 
suggestions have made on different methods of 
cutting wheels, and on various modifications for pro- 
portions of teeth. The views expressed have not so far 
resulted in any marked uniformity of opinion, and it is 
with the hope of very & such discussion that will lead 
to more uniformity that this paper has been written. The 
cycloidal shape has not been considered, the involute 
being in most general use. 

Modern Necessity for Accuracy.—The following remarks 
are intended to apply more particularly to gears of com- 
paratively fine pitches (from, say, the smallest up to 4 DP 
or 3DP), for, although they may be capable of wider 
application, it seems to the author that the advent of the 
automobile, and to some extent of the steam-turbine, has 
created the necessity for the finer pitches being cut with 
greater accuracy than was considered either possible or 
necessary up to twelve or fifteen years ago. The auto- 
mobile manufacturer has steadily raised his standard of 
quietness since the first gears were fitted to, the author 
believes, a Panhard car in about 1895 or 1896, until the 
present time; and during the last two years the advent 
of the piston-valve — has necessitated all other parts 
being made practically noiseless. With the steam- 
turbine also there has arisen a demand. for smooth- 
running high-speed gearing to drive pumps, tachometers, 
&c., and now that attention is being given to the ques- 
tion of using gearing on turbines to reduce the pont for 
ship propulsion, there is likely to be an increased demand 
for accurate wheels in the near future. 

Gear-Cutting Machinery.—A vast amount of ingenuity 
has been expended in the design of machines to produce 
gearing of the accuracy required, and the work turned 
out from many of them could hardly be improved upon. 
In considering the merits of these machines, ene one 
is inclined to ask why so many of them should cut forms 
of teeth more or less different from each other. On the 
whole the differences are slight, but they are often 
sufficient to — smooth rolling between the gears. 
It may be of interest to briefly consider a few of the 
principal makes of gear-cutting machines, particularly 
with regard to this variation in tooth shape produced by 
them, and their ability or otherwise to produce teeth of 
the same shape. 

Bevel Gears.—For cutting bevel gearing there is little 
doubt that the generating machine has largely superseded 
the type working with a former. 

Machines with Formers.—These machines produce not 
a true form of tooth, but one which is adjusted to do 
away with undercut, like that produced by a Brown and 
Sharpe rotary cutter. The formers are to some extent a 
source of trouble, as slight differences in their shape will 
cause difficulty when different numbers of teeth have to 
roll with each other. The advantages of these machines 
are that they are very stiff in construction and therefore 
speedy, and that a strong form of tooth is produced, 
which rolls in many cases quite satisfactorily enough, 
particularly for differential pinions, which do not run 
continuously or at a high speed. The first cost, too, is 
generally less than that of a generating-machine. 

Bevel-Generating Machines.—The best known at present 
are the Bilgram as aes Fig. 1, 211, 
and the Gleason generating bevel-planer, Fig. $ These 
machines are capable of cutting all gears within their 
capacity with true forms of teeth, so that they will roll 
satisfactorily with each other. Increased angle of pres- 
sure can be produced, and proportions of teeth (depth, 
&c.) altered at will on either make of machine. Gene- 
rally speaking, the Gleason machine is the speedier, and 


the Bilgram produces, perhaps, the finer finish. From pe 


the purely machine-shop point of view the first cost is 
high, and they require skilled attention to keep them in 
thorough order, so that a simpler type of tool might be 
more suitable where such skilled attention was not avail- 
able. The gears from these two machines can be made 
interchangeable with very little trouble, and a high 
degree of accuracy can be attained. 

Spur-Gears.—F or cutting spur-gearsa there are three 
principal methods—namely, by rotary cutters, generat- 
ing planing, and hobbing. For the first method the 
Brown and Sharpe machine is probably the best known, 
Fig. 3, e 211, and with cutters accurately made to 
Messrs. Brown and Sharpe’s formula exceedingly satis- 
factory gears are produced. However, all ‘gears having 
below 30 teeth, if made to the Brown and Sharpe figures, 
are undercut below the pitch line to provide for clearance 
of the engaging teeth, as will be seen in the diagrams later 
on; and as undercut cannot be produced with a rotary 
cutter, an amount of adjustment is required in the shape, 
which affects the teeth rolling with those produced by 
other methods. If the standard tooth shape can be so 
altered as to allow of a reasonably small number of teeth 
being cut without alteration to the true form, either above 
or below the pitch line, there is no reason why the single- 
cutter method should not continue to hold its own with 
any others for some time to come. 

Spur - Generating Machines. — Amongst generating- 
machines the Fellows gear-shaper, Fig. 5. page 214, and 
the Reinecker spur-gear planing-machine, Fig. 6, page 214, 
are well known. The Fellows forms the teeth with a 
cutter which corresponds to a pinion of the same pitch 
as the gear being cut. A very satisfactory tooth is so 





* Paper read at the joint meeting of the Institution of 
Mechanical Engineers and the American Society of 
echanical Engineers at Birmingham, July 27, 1919. 





produced, but with the standard form of cutter metal is 
removed below the pitch-line, and the tops of the teeth 
are left practically square, so that they do not roll satis- 
factorily with those cut by the Brown and Sharpe methods. 
An advantage in this machine is that gears can be cut 
close to a solid flange, sufficient clearance only being 
necessary to allow cuttings to get away from under the 
tool. In the author’s experience the Fellows machine 
hardly produces work so quickly as the rotary-cutter 
method. 

The same reasons as the above prevent teeth cut on a 
Reinecker planer from rolling with those cut on a Brown 
and Sharpe machine. The Reinecker is, however, a very 
ingenious machine, planing the teeth with a flat-sided 
cutter exactly as a bevel-planer does, and the angle of 
pressure can be varied in particular cases. Its great dis- 
advantage is the time required to cut a given gear, which 
is about double that taken on a Brown and Sharpe, Fig. 6, 


214. 

‘Hobbing - Machine (Fig. 4, page 211).—The hobbing 
process, which is, of course, really a generating one, has 
of late years come much into favour, and with well-made 
hobs very satisfactory work can be done, at least asrapidly 
as on a Brown and 8 machine. In a paper 
before this Institution by Mr. Thomas ep at the 
summer meeting in July, 1908, some of the advantages 
and disadvantages of this method are stated. The prin- 
cipal advantages claimed are speed and greater accuracy ; 
and the disadvantages, the production of flats on the gear- 
teeth due to the spacing of teeth in the hob, and a ten- 
dency to leave their points too thick. The first objection 
causes trouble in certain cases, but the last objection is 
hardly a real one, as it can be overcome by slightly 
modifying the shape of the hob tooth. : 

The principal difficulty from the machinist’s point of 
view is that unless he can produce gears from a ae. 
machine to roll with others, its use is at once limited. It 
is fairly easy to make a hob which will cut teeth of a 
Brown and Teerpe shape, but these will not then roll with 
those cut by generating methods, so thata double or even 
larger stock of hobs would have to be kept to meet all 
cases. This alone is a serious item of expense in days 
when most tools are made of high-speed steel, costing 
anything over 1s. 6d. per pound. 

Worm-Gearing Machines.—Worm are usually 
made by cutting the worm on a lathe or special thread 
milling-machine, and the wheel by feeding a _ hob 
past its diameter at the proper working centres. In some 
cases a straight hob is used which is fed into instead of 
past the wheel. In neither case is the shape of tooth 
affected by the machine used, so that the importance of 
the merits of different machines from this point of view 
does not arise. 

Advantaye to Machine Shop of Uniform Tooth.—It is 
evident from a brief consideration of a few typical gear- 
cutting machines that any change in tooth proportions 
which would enable any of them to be used with equally 
successful results would be welcomed in many machine- 
shops. At present it is often the case that two or three 
machines can stand idle, while the heap of blanks grows 
larger instead of smaller round others which have pro- 
duced the first few and must cut the remainder for 
the sake of interchangeability. Before advocating a 
change in the standard form of tooth, however, it is 
necessary earefully to consider it as affecting (1) The 
supporting and housing of the gears; (2) the strength of 
the teeth ; and (3) the amount of contact surface and any 
other proportions which go to make a smooth-running 
wheel. Unless we can satisfy the user of the need for 
change, the machinist’s Seentinn are unlikely to influence 
opinion as to the best form. In speaking of users, it 
may be interesting to note here that of six leading auto- 
mobile firms who were asked their opinion on the stan- 
dard tooth, two believed a change necessary, two gave a 
qualified reply to the effect that they sometimes de- 
rted from Brown and Sharpe’s shape, and that they 
always thought there should be more cutters to a set, and 
two others were satisfied with the present state of affairs. 

As it is obvious that we must do away with undercut in 
our tooth if we are to cut at all with a single 
milling cutter, and get the full strength where it is re- 
quired—namely, at the root—an in angle of pres- 
sure seems to be the first alteration desirable. But in- 
creased angle of pressure increases the load on the bear- 
ings, which, carried to an extreme, would be a substantial 
reason for remaining as at present. If, however, an in- 
crease from 144 deg. to, say, 20 deg., or at most 22} deg., 
will satisfy the conditions, there are few cases where 
bearings could not be made safely to take a load greater 
by 5 or 6 per cent. than before. 

Again, if the first alteration is to increase the pressure 
angle, we at once increase the strength of tooth by 
broadening it at the base, so that there can be no objec- 
tion on this score. If then, as they appear to the author, 
these are the two slightly extraneous points likely to arise 
in considering the effect of a new shape, they are not 
difficult to dis of, and there is no reason why the 
matter cannot be considered solely with a view to arriving 
at the best shape for general purposes. 

Models of Tceth.—In order that the subject of tooth 
dimensions and proportions might be examined, there 
has been recently made at the author’s worksa number of 
cardboard rams with teeth carefully laid out full size. A 
table is used having a yn fixed to one side, and 

inst this is laid a cardboard rack. A segment of a 
pinion of twelve teeth is fixed on a centre at the proper 
working distance, and a sheet of glass laid over the whole. 
By moving the rack along the straight-edge the points of 
engagement of the teeth can be most satisfactorily 
observed. The rolling of the segments with each other 
is arranged by fixing them on pins at the proper centres. 
They can then be moved round under a glass plate, and 
their contact, &c., in different positions noted. 








The di ms, Figs 8 to 21, page 215, are produced from 
photographs of such models. In all the diagrams the prin- 
cipal parts of the teeth are lettered thus :—(A) Addendum 

ints ; (P) pitch line ; (B) base line ; (D) working depth ; 
ID) whole depth. 

Table I. shows particulars of the models which were 
used. The large pitch was adopted, so that the differ- 
ences in the various forms could be more clearly seen. 


Tas_e I.—Detatls of Gear Teeth. 


14} Deg. 144 Deg. 20 Deg. | 20 Deg. 











Ordinary. Stub. | Ordinary.) Stub. 

Number of teeth in pinio: 12 12 12 12 
Circular pitch - -. 12,1661 12.1661 12.1661 12.1661 
Diametral pitch 0.2582 0.2582 0.2582 | 0.2582 
Pitch diameter ~ 46.471 46.471 46.471 | 46.471 
Outside diameter .. ° 54.216 52.563 54.216 52.653 
Base circle ..  ..diam. 44.988 44.988 | 43.668 | 43.668 
Working depth .. ,, 38.726 | 40.389 38.726 | 40.389 
Whole dept! -- 37.509 39.172 37.509 89.172 
Standard thickness oe 6.083 | 
Chordal thickness .. me 6.066 | 
Addendum .. 3.872 3.041 83872 | 3.041 
Dedendum .. 4.481 | 3.650 4.481 | 3.650 
Depth.. 8.353 6.691 | 8353 | 6.691 

Brown and Sharpe Tooth.—Figs. 8 and 15, 215, 
show a 144-deg. angle rack, and engaging with it a 


12-tooth pinion laid out correct to figures, and with no 
correction for undercut. This is, of course, the tooth 
which would be generated by a hob or by other form of 
generating machine if the tool was not altered to prevent 
the base of the tooth being so weakened. From this 
diagram the amount of undercut necessary in a 12-tooth 
pinion to enable it to clear the points of the rack-teeth is 
clearly evident, and the sudden change in form of tooth 
just below the pitch-line is somewhat startling to anyone 
who has not so far had the necessity or inclination to 
consider the subject. 

The rack tooth immediately to the left of the centre 
line is seen with its point just meeting the pinion below 
the pitch line, and shows why the clearance is required. 

In motor-car back-axles, where it is quite common to 
have 14 or even 12 teeth in the bevel driving-pinion, this 
weakening of the base of the tooth is of increasing conse- 
quence, as the tendency increases to have a higher horse- 
power than the nominal. If the gears are cut on a gene- 
rating machine the tooth can only be strengthened by 
adopting a greater angle of pressure. 

Figs. 9 and 16, page 215, show the standard Brown 
and Sharpe tooth as it would be produced by a single 
circular cutter. Here the flanks of the tooth are radial 
and give greater strength at the base. The amount of 
rounding-off on the rack tooth is seen in this diagram, 
this being uired, of course, to clear, the part of the 
pinion tooth ‘below the pitch line. With a pinion as 
shown, it i obviously necessary to round off the points, 
not only of rack teeth, but of the teeth of gears containing 
any larger number of teeth than the pinion has when they 
are required to run with it. The amount of this rounding 
is, as stated in Messrs. Brown and Sharpe’s own treatise 
on gearing, to be determined more by experiment than b 
rule. It introduces an uncertain quantity into the wor 
of laying out gauges, and certainly removes, coupled 
with the radial flanks, a great part of the proper form of 
the tooth. 

Figs. 10 and 17, e 215, show an attempt to run a 
generated gear with a Brown and Sharpe standard. It 
can at once be seen that the point of the generated tooth 
on the right-hand pinion is as the other, and 
would have to be considerably rounded, in an actual gear, 
before it could be made to run. 

Fig. 11 shows the same two gears in a different 
position with relation to each other. The points of the 
outer teeth on the Brown and Sharpe pinion are some 
distance away from the flanks of the generated gear, so 
that the load is all on the one tooth. 

In Figs. 12 and 18 is shown a form of short or 
**stub” tooth engaging with a straight-sided rack, the 
angle of pressure being 144 deg. ; while this appears to 

, and to some extent is, stronger than the Brown and 
Sharpe tooth of standard depth, there is still undercut, 
and this will be required in ‘‘stub” teeth in any propor- 
tions so long as the 144 deg. pressure angle is retained. 

Increased Angle of Pressure.—Having seen the limita- 
tions of the tooth with 144 deg. pressure angle, it is worth 
considering whether an increased angle will result in a 
better form for universal adoption. While, as already 

»0inted out, a slight increase in bearing pressure cannot 
be a very serious objection in most cases, there is no 
object in increasing the angle, and consequently pres- 
sure, more than necessary. 

In ~- 13 and 19, page 215, is shown a tooth of standard 
depth, but with an angle of pressure of 20 deg. It will 
be noted that the undercut is very slight, so that it would 
disappear in a gear of a few more teeth than the pinion 
shown. 

We .can now increase the angle by a few degrees, or 
endeavour to dispose of the remainder of the undercut 
by other means. Having reached the required result so 
nearly by an increase of only 5} deg. angle, and conse- 
quently an increase of about 5 per cent. load on the 
bearings, it may be better to leave this proportion as it 
is; or, on the other hand, it may be better to still increase 
the angle and leave the other proportions alone. The 
author is inclined to favour the former alternative. 

In a paper read by Mr. Wilfred wis before the 
Engineers’ Club, Philadelphia, in 1900, an increase of 
— angle to 20deg. or even 224 deg. is advocated, 

ut the depth remains analtered. In a pamphlet pub- 
lished by the Fellows Gear-Shaper Company, in 1907, a 
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20 deg. is advocated, with a short or stub form of tooth. 
Here we have a difference of opinion in two quarters | 
where consideration has been given to the subject, and so | 
long as such differences exist it is difficult for the ordinary | 
user of gearing, with probably but a slight interest in | 
such questions, to decide on the best form for his work. 

A list giving the amount of contact with each form of 
tooth, and various numbers of teeth of each form, would | 
be somewhat lengthy, but Table II., below, giving the con- | 
tact on a 12-tooth pinion, of dimensions as in Table I., 
may be of interest. | 


TABLE IT.—Contact on a Twelve-Tooth Pinion. 


ts Percentage of Work- 


|Length of Working 
3 } urve. 


Description of 
Gear. 


Length of 


Adden-;| Reduced | 
dum | Due to | 
to | Undercut | 
Base | Interfer- 

Circle. ence. | 


Length of Undercut 


ing Curve to Total 


ference Point to 
Tooth Curve, 


Curve from Inter- 
Working Depth 
Tooth Curve. 


Total 





12 teeth, 14}° angle | 

of standard depth) 5.620 | 5.050 | 4.640 | 8.260 
12 teeth, 144° A.O.P. 

stub dept ..| 2.560 | 4.060 3.840 6.400 
12 teeth, 20° A.O.P.| | 

standard depth ../ 2.680 | 5.900 5.750 8.430 
12 teeth, 20° A.O.P./ | 

stub depth --| 1.660 | 4.875 4.875 | 6.535 | 

\ 


$° 
ca 

“5 

eo 


& 


| 
(These figures are approximate.) 


It is well to remember that in teeth such as the Brown 
and Sharpe 144 deg. angle the larger the number of teeth 
running together the less is the contact, owing to the 
rounding of the = ; and whereas when a tooth is used of 
such proportions that the correct shape requires no altera- 
tion, there is no decrease in contact with larger numbers 
of teeth. 

It will be seen from Table II. that, in the teeth under 
consideration, those with oe. yressure angle would 
have rather more contact than the 20deg. stub form, 
were it not that the undercut extends above the base line, 
and so interferes with the contact. As at about 25 teeth 
the proper working-curve will not be interrupted in this 
way, its length with 144 deg. angle, and ordinary depth, 
is 0.175 in. greater than with 20 deg. and stub depth. In 
small numbers of teeth the stub contact is actually the 
greater, and in all numbers of teeth the proportion of 
working-curve to total is much greater. 

Figs. 14 and 20, page 215, show a pinion with such teeth 
in mesh with a rack. This tooth is advocated by the 
Fellows Gear-Shaper Company, but their method of 
fixing the depth seems unnecessarily complicated. The 
advocate having a tye tooth with 5 P depth, a5 
with 7 P depth, a 6 P with 8 P depth, and so on ; the 
depth inevery case but the 4-pitch being that of a pitch 
No. 2 finer. 

As module and various odd pitches have to be dealt 
with, a more general method of tixing this dimension 
would be, in the author’s opinion, an advantage, and to 
take one-quarter of the circular pitch as the addendum in 
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Fig.8. TOOTH 14$°A.0.P. 
AS PRODUCED BY GENERATING PROCESS. 
(BROWN AND SHARPE,) 





ig.9. TOOTH PRODUCED 
BY ROTARY CUTTER 
(BROWN AND SHARPE) 


TOOTH-GEARING. 


Fig. 10. GENERATED TOOTH IN MESH 
WITH SINGLE CUTTER TOOTH 
(BROWN AND SHARPE, 
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(1809-0) 


STUB TOOTH 4° A.0.P. 
IN MESH WITH RACK 


Fig. 12 


Fig.13. FULL DEPTH 20° A.0.P. 


TOOTH IN MESH WITH RACK, 


Fie. 71. TEETH AS IN Fig.70. 
BUTIN DIFFERENT POSITION. 















Fig.14. stuB 20°A.0.P. TOOTH 
IN MESH WITH RACK. 


(4) Addendum Points. 
(P) Pitch Line. 

(B) Base Line. 

(D) Working Depth. 
(D) Whole Depth. 
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From Fig.8. 





(1809.4) 














Fig.19. 


From Fig. 13. 








| Fig.20. From Fig. M4. 
| 
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each case is a much simpler thing to remember. The 
Yee is not much between this and the Fellows 
epth. 

The following figures show what the difference is on a 


6 P gear :— 
Fellows. Author. 
6/8 P. ce P/4. 
Addendum 0.125 0.1309 
Dedendum __... 0.1562 0.1570 
Whole depth ... 0.2812 0.2880 
Thickness Be 0.2617 0.2618 


or a difference of 0.0068 in the whole depth. 


What has been said applies, of course, equally to either 
spur or bevel-gears. 

Worm-Gearing.—While no investigation can be com- 
plete which ignores this important form of gearing, the 
author feels that it is quite impossible to deal with it 
in the scope of a short paper. So many worm-gears are 
now being used in automobile work, and so much 
difference of opinion exists as to efficiency, angles of 
pressure, globoid and straight worms, and other points, 
that it is to be hoped the latest practice may o the 
subject of a paper by someone fully able to deal with it, 
at an early date. 

Concluston.—The author is well aware that this paper 
contains nothing very new on the proportions of r- 
teeth, but, as stated in the beginning, his object cas Gane 
to bring the subject before the members, so that, if 


—-—-— Lines.-Centre line of wheels and at right angles to racks. 
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BL (1803 mt) 
possible, some uniformity of opinion may eventually 
result. Such uniformity would undoubtedly be most 
welcome to everyone who has either to cut or use gearing 
to any extent. 

He also feels, as stated in the early part of this paper, 
that conditions have so radically changed during the past 
few years that there is every reason to consider the ques- 
tion now with an open mind, and in the fullest possible 
manner. If a new form of tooth is desirable, it is his 
opinion that the stub form with 20 deg. angle of pressure 
would be a change in the right direction, because :— 

(a) It can be used right down to twelve teeth in its 
true form, and cut on either a single cutter or generating 
machine. 

(b) It is altogether a stronger form than that most com- 
monly used at present. 

(c) A very large proportion of its face does useful work. 

(d) The possible objections on the score of less contact 
and greater bearing pressure are so slight as to be nearly 
negligible. 

hanks are due to those firms who have so kindly 
replied to inquiries regarding their experience and 
practice, and to the staff of Messrs. E. G. Wrigley and 

Co., for their assistance in preparing and photographing 
the models of gear-teeth. 





APPENDIX. 
Definition of the Angie of Pressure. 
The angle of pressure of a pair of gears may be defined 
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as the angle made by the line of mutual pressure with 
the common tangent to both pitch-circles at their point 
of contact, as shown in Fig. 21, above. 











Tue German Navy. — Four tengete-Seas destroyers, 
built for the German Navy, have been sold to Turkey. 
The destroyers which have been thus sold are the S 165, 
the S 166, the S 167, and the 8168. Four other destroyers 
have been laid down to replace them. It is intended that 
the German squadron in the Pacific shall comprise the two 
large armour-plated cruisers the Scharnhorst and the 
Gneisenau ; the smaller cruisers the Leipzig, Nurnberg, 
and Emden, seven river gunboats, and two destroyers. 





Nortu-East LIncoLNSHIRE.—Facts to establish the 
suitability as an industrial centre of the north-eastern 
district of Lincolnshire, including Grimsby and Imming- 
ham, are collected in an attractive form in a pamphlet 
issued by the publicity department of the Great Central 
Railway, 216, Marylebone-road, London, N.W., and 
copies can be had free on oggenton. The natural 
advantages, which are rapidly creating commercial 
activity in the district, include deep waterways and 
docks available for large ships at any state of the tide, 
protection from gales, coal measures and iron deposits 
within short distance, aecessibility to markets in Sheffield, 
Manchester, Liverpool, &c., with rail and internal water 
communication. Data are given on these and other pointe. 
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INTERCHANGEABLE INVOLUTE 
GEARING.* 


By Witrrep Lewis, Philadelphia, Pa., Member of the 
Society. 


THIS r was prepared at the request of the Meetings 
Committes of the American Society of Mechanical Engi- 
neers as the contribution to the discussion upon the need 
of a standard or standards for gears to be considered at 
the joint meeting with the Institution of Mechanical 
Engineers in July, 1910. By way of explanation it may 
be said that its author is chairman of a committee on 
standards for involute gears, appointed about a year ago 
by the president of the American Society of Mechanical 
Seka to investigate the subject of interchangeable 
involute gearing, and to recommend, if found desirable, 
a standard or standards. This paper, however, is not to 
be considered as an expression of the opinions of the other 
members of the committee, except where so stated. 

After more or less unsatisfactory experience with 
cycloidal gearing, I investigated, about 25 years ago, the 
subject of involute gearing, with the object of determining 
upon & system, for the firm of Messrs. Wm. Sellers and 
Co., with which I was then connected. The conditions 
imposed called for a system applicable to any number of 
teeth between a 12-tooth pinion and a rack, without 





discussed from various points of view, and the desire 
expressed that the Council be petitioned to appoint a 
committee to investigate the subject of interchangeable 
involute gearing, and, if found desirable, to recommend a 
standard or standards. 

In answer to this petition, the Council voted, in January, 
1909, that the President appoint a committee of five 
members to formulate standards for involute gears and 
present the same to the Council. Without anticipating 
in wo Hi | the conclusions of this committee, yet to 
formulated, if indeed an agreement be possible, I believe 
it will be helpful to give publicity to the line of investi- 
gation upon which we have embarked, and thus obtain 
the benefit of such criticism or encouragement as it may 
provoke. 

At the first meeting of the committee in June, 1909, it 
was decided to obtain an expression of opinion from the 
manufacturers of gears pen gear-cutters, and later, in 
October, the following circular letter was sent out :— 

Sir,—A commitee of the American Society of Mechanica] Engi- 
neers has been appointed to ider the subject of standards for 
interchangeable involute gears, and would like to have as much 
light upon the subject as can be given them by the manufacturers. 

Without limiting in any way the type of gears to be used for 
any special service, it is believed to be desirable that some type 
should be known as standard, so that any gears of that standard 
may run together and be perfectly interchangeable. 

The committee is, therefore, interested to know the extent to 











spondents, that perfect cutters do not necessarily produce 
perfect gears, and that close attention must be paid to 
the setting of the cutter, proper indexing, speed, feed, ‘c., 
and from the extent to iia the present 14} deg. system 
is established, it has been argued that even if the pressure 
angle of 144 deg. were not the most desirable, it would be 
better, for the sake of the established practice, to let it 
alone. Quite a number share this opinion and argue 

inst the recommendation of a standard which may 


be | simply add another system to those already in use. 


It may be said in reply that the chief advantages of 
involute gearing over cycloidal gearing, which it has 
pretty generally displ , are the comparative simplicity 
of the involute curve and a slight variation in centre 
distances not permissible in any other system of gearing. 
Despite the difficulty of securing general recognition for 
any system of interchangeable gearing, I believe the 
committee should investigate and report upon some ideal 
standard or standards. 

Attention is called by a number of correspondents to 
the increasing number of — cut by the hobbing pro- 
cess, and the difficulty of making such gears inter- 
changeable with certain cut gears, thus indicating the 
hobbing principle as the first principle to which all cutters 
should conform, the rack being the basis of all generated 
gears. It is admitted that hobbed gears can be used in- 





terchangeably with gears cut by certain other processes, 




















Fia. 1. 


change in the Sellers addendum, which had always been 
made 0.3 pitch for the cycloidal teeth, hitherto used 
almost exclusively by them. 

I found that the involute forms then in vogue were 
confined to obliquities of 144 deg. and 15 dey., with an 
addendum equal to the modulus, or about 0.32 pitch. This 
long addendum with such small obliquities naturally gave 
rise to interference between racks and pinions of less than 
30 teeth, and, rather than modify the involute form, I 
finally recommended the adoption of a pressure angle of 
20 deg. At the same time I was well aware of the fact 
that even this obliquity was not sufficient to prevent 
interference between a 12-toothed pinion and a rack, 
but for such pinions and the gears of 60 teeth, or less, with 
which they commonly engaged, I believed the interference 
would not be noticeable in practice. I was strongly 
tempted to go further and fix upon an —— of 
224 deg., but 20 deg. then appeared such a radical de- 
parture from common usage that the advantages of the 
greater angle were dismissed as being possibly more 
theoretical than real. 

The 20 deg. system, with an addendum of 0.3 pitch, has 
now been in use by William Sellers and Co., for twenty- 
five years, and has given satisfaction in a general way, 
although the interference refe’ to has m more or 
less noticeable on 12-toothed pinions. I reviewed this 
matter ten years ago in a paper read before the Engineers’ 
Club of Philadelphia, advocating an obliquity of 224 deg., 
and suggesting as a much-needed reform in engineering 
practice the consideration of uniformity in interchange- 
able gearing. I then pointed to the action of the Franklin 
Institute more than thirty years earlier, which inaugu- 
rated a standard system of screw-threads, and expressed 
the hope that by the interchange of opinions an agree- 
ment among engineers might be reached leading to the 
gradual disappearance of needless diversity in the forms 
of gear-teeth. 

othing in this direction had been done, however, when 
the subject of interchangeable involute gear-tooth sys- 
tems was brought to the attention of the American 
Society of Mechanical Engineers in a paper by Ralph E. 
Flanders, presented in mber, 1908. A number of 
systems in general use were analysed, and their merits 
* Paper read at the joint meeting of the Institution of 
Mechanical Engineers and the American Society of 
Mechanical Engineers at Birmingham, July 27, 1910. 



































Fias. 1 To 3. 


which involute gears are modified in your practice to avoid inter- 
ference, and it would be ple to have your ideas as to what, in 
your opinion, should constitute standard interchangeable involute 
Any suggestion you may be pleased to offer will be very 
much appreciated. 
Yours truly, 

Witrrep Lewis, Chairman 

Hveo BILeRaM, 

E. R. Feiiows 

C, R. Gasrigu 

GarTano LANzA 


In response to the circular letter above referred to, 
about one hundred answers were received, expressing 
more or less interest in the subject, and giving more or 
less conflicting preferences and conclusions. 

One correspondent said he would hail with delight any 
system whereby complete interchangeability could 
attained on gears running without noise up to 1000 ft. 
&@ minute, as among automobile manufacturers noiseless 
gearing was always the chief end in view. 

It is wndeubtedhy true, as pointed out by other corre- 


Committee on 
Standards for 
Involute Gears 


Gear-TestiInc MacuINne. 


but some doubt is expressed of the possibility of realising 
|an interchangeable system using pinions with a small 
| number of teeth and teeth of reasonable length without 
resorting to some modification of the involute curve. The 
opinion is freely expressed that if such modification 
becomes necessary, the method should be known and 
clearly defined, so that makers of gears can adopt it, and, 
if necessary, make their own cutters. 

| As pointed out in Mr. Flanders’ paper, and as men- 
' tioned repeatedly by our correspondents, the most de- 
sirable quality in gearing, and the one by which it 1s 
almost universally judged, 1s quietness and smoothness of 
running. Next to this come strength, durability, and 
permanence of form, and upon the last, of course, depend 
continued quietness and smoothness of action. Frictivn 
and jonaeal pressure are of less importance, but still 
worth considering, and before reaching any conclusivns 
from theoretical considerations alone, we propose to deter- 
mine, if possible, in a practical way the relative advan- 
tages of some of the systems in common use, and, with 
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these, other systems to which we are disposed to give 
favourable consideration. 

It is understood that the Institution would be pleased 
to have the co-operation of the Society in the work they 
have in hand, looking to a determination of the friction in 
the transmission of power by gearing. In this connection 
we have been reminded of a suggestion of Professor J. 
Burkitt Webb, of Stevens Institute of Technology, made 
soon after the | grange of the Sellers experiments upon 
gears, reported to our Society in 1885. Tn these experi- 
ments an attempt was made to measure the friction loss 
between the teeth of a pair of spur-gears, but the appa- 
ratus used, made lainalig for testing the friction of worm 
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gearing, was not delicate enough for the purpose, and 
the errors introduced exceeded, in some cases, the net 
result, 
Professor Webb then suggested the possibility of so 
dividing one of the pairs of spur-gears to be tested as to 
make the load on the teeth self-contained. The apparatus 
which we have designed embodies this idea, thus making 
t possible to run gears under heavy loads at high speeds 
with a very small consumption of power. We have also 
provided in our apparatus for an adjustment of centre 
distance and means to measure the thrust between 
centres while the gears are running. Of course, the 
thrust between centres can be estimated very closely for 
lute gears from the pressure angle on the teeth, but 
we anticipate results somewhat in excess of this, on 
ount of the excess in friction of approach over that of 
cess ; and if any but involute gears are tested, it will 
so be interesting to compute from experimental data the 
effective obliquities of other systems. 
We propose to determine the friction loss under various 


I 


tooth, and a 224-deg. tooth, with addendum of { module, 
or about 0.278 pitch. These gears will be tested at 
normal centre distance, and also at distances about 1 per 
cent. or 2 per cent. of the pitch greater or less than this; 
and an effort will be made to record graphically the 
noise produced under these different conditions. 

We believe that accuracy and permanence of form can 
thus be given their proper influence on the reduction of 
noise. It may take some time to determine the effect of 
wear, but from the method of loading the teeth and the 
small amount of power consumed some indication of the 
tendency of wear can be obtained. All gears tend to 
wear out of shape, and involute gears more so than 
cycloidal ; but we recognise as a pany that this 
tendency may be checked by the deformation itself, and 
also that the loss in friction at different parts of a gear 
tooth is practically incalculable on account of the varia- 
tions in friction for different velocities of sliding. 

The experiments we propose should therefore give 
information unobtainable in any other way, and throw a 
flood of light on the problem in hand. ‘ 

As it is quite impossible for any of the committee, who 
are all busy men, to make the experiments here outlined, 
we have been fortunate enough to interest, through the 
intervention of Professor Lanza, of the Massachusetts 
Institute of Technology, two of his undergraduates, 
Messrs. Green and Doble, in making these experiments 
the subject-matter for a graduating thesis. Professor 








Lanza hoped. to have the work completed in June, so 
that the results might be communicated for discussion at 
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our joint meeting in July, but this has proved impossible, 
partly because of the magnitude of the undertaking 
and partly of the delay in the completion of the testing- 
machine. 

The apparatus used in making these experiments is 
shown by the illustrations, Figs. 1 and 2, page 216, and 
the line Suntan, Fig. 3, which gives some of the principal 
dimensions and shows the knife-edges on which the ma- 
chine rests. The machine consists of a frame A designed 
to carry a pinion-shaft in roller-bearings at one end, and a 
frame B pivoted to it and designed to carry the gear- 
wheels W engaging with a wide-faced pinion P on the 
pinion-shaft. The frame B is held to the frame A at its 
outer end by an adjustable clamping-bolt C, and provision 
is made to measure the thrust on centres by means of the 
spring D acting between the frame A and an adjustable 
abutment on the frame B. The gear-wheels ‘to be tested 
consist of a central gear with a wide face, and two side- 
gears with narrow faces. The central gear carries two 
heavy cross-pins G, which pass through clearance-holes in 


speeds and pressures for wheels and pinions cut to the | the side-gears, and the side-gears carry two heavy pins H, 
Brown and Sharpe 144-deg. standard, the 20-deg. stub! which pass through clearance-holes in the central gear. 








| the pinion teeth and the side gears pressing 


Between the projecting ends of these pins G and H 
heavy helical sueinge S are inserted, upon which pressure 
can be applied by means of the set-screws K. 

The pressure of these four springs S is resisted by the 
gear teeth, the middle gear pressing against one side of 
ainst the 
otherside. The pinion thus becomes simultaneously a driver 
and a driven gear, and the power required to turn it when 
loaded in this way is only that required to overcome the 
friction of the teeth and whatever resistance there may 
be in the gear journals, The latter presumably is very 
small indeed, but provision has been made to measure it 
by substituting plain cylinders without teeth for the 

rs and pinion, and running these under the same 
journal pressures. By deducting the resistance due to 
journals from the total resistance with running gears, the 
friction of the teeth alone can be determined. 

In operation this machine is driven by an extension to 
the pinion shaft, carried to bearings several feet distant 
to permit of ample flexibility. e knife-edge directly 
beneath the pinion rests upon a permanent support, and 
the other knife-edge is carried upon the platform of a 
small platform scales. The driving moment in the pinion- 
shaft will therefore be measured by the scale- ing at 
the end of an arm 20 in. long, and by reversing the 
direction of motion given to the pinion-shaft the effect of 
any initial lateral strain in the driving-shaft can be 
eliminated. 

Fig. 4, annexed, illustrates three types of 
tested by Messrs. Green and Doble, and wit 
ty may be included later on. 

‘igs. 5, 6, and 7 illustrate a group of involute gears, 
designed by Mr. Bilgram, to engage a rack of 15 deg. 
obliquity, and to demonstrate the possibility of using 
pinions of ten or even nine teeth with such a rack, pro- 
vided the addendum can be varied. Without wishing to 
advocate the use of a variable addendum in interchange- 
able gearing, it is interesting to note the ibility of 
making a tentative solution of the problem in thia 
way. A set of these gears has kindly been furnished by 
Mr. Bilgram for making a comparative test. He has also 
made a set of models, from which the figures have been 
photographed, and, referring to them, he gives the fol- 
lowing explanation :— 

‘*While the involute system of gearing has decided 
advantages over any other, it has the one disadvantage 
that the faces of the teeth of wheels come into inter- 
ference with the flanks of pinions, if the latter have a 
comparatively small number of teeth. Unless the flanks 
of the latter are undercut, the teeth will interlock, or at 
least mesh improperly. 

‘In making a single pair of wheels, a remedy can 
readily be applied. There are two ways in which inter- 
ference can be avoided—namely, either by increasing the 
angle of pressure or by shortening the addendum of the 
wheel. If the latter method is chosen, and it is desired 
not to reduce the working depth of the teeth, it is neces- 


peering to be 
these other 








sary to add to the addendum of the pinion the amount 
taken from the addendum of the obel. 

‘*This latter method is out of the question when the 
problem is given to make an interchangeable set of spur- 
wheels from a rack down to a 12-tooth pinion. his 
problem may be solved by a combination of both reme- 


' dies alluded to.” 
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The method consists of making racks and larger wheels 
with normal addendum, but increasing the addendum of 
oo just enough to — the rack tooth from inter- 
ering with the flank. The samples presented (Figs. 5 to 
7) consist of a rack R and a 36-tooth wheel W, with angle 
of pressure of 15 deg., and addendum equal to the 
modulus. The 12-tooth pinion A, guneentes by a rack, 
corresponding to rack R, shows the undercutting thereby 
produced. Obviously this pinion will not mn Sy as 80 
much of the involute is cut away that the path of contact 
is materially less than one pitch. But there are also 
shown pinions of twelve, ten, and nine teeth, made with 
increased addenda. These were generated by a rack 
like R, but with a somewhat greater addendum than 
that used in generating the wheel W, and a somewhat 
greater cutting depth. If these pinions are then 
mated with wheels of a large number of teeth, they 
will not enter as far as with pinions of equal number 
< — and have therefore a slightly less working 
epth. 

Jn this plan may be based a system of involute gearing 
with a working depth of twice the modulus, and with a 
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moderate pressure angle, 15 deg. in the samples sub- 
mnitted. Finions of a small number of teeth will have an 
increased addendum, but a theoretically correct action is 
maintained. The pinion teeth have a wide base and are 
strong. One disadvantage in those cases in which pinions 
with less than about twenty-four teeth are embraced, is 
that the centre distance aa = mg than that computed b 
the usual rule from the modulus and the number of tee 
of the meshing wheels. Moreover, pinions will not have 
the full working depth when meshing with large wheels 
or with racks; but even in the case of a ten-tooth pinion 
meshing with a rack, the path of contact ex is one 
pitch, so that at least for a portion of the action two teeth 
will be in contact py 

The plan proposed by Mr. Fellows is to use an involute 
with an angle of pressure of 20 deg., and to reduce the 
addendum to three-quarters of the modulus. Such teeth 
are known as ‘‘stub-teeth.” By this method interference 
in case of a rack gearing with a twelve-tooth pinion is 
just avoided, and in the case of two twelve-tooth pinions 
meshing with each other the path of contact is equal to 
about 14 of the pitch. 

Mr. Gabriel prefers the 144-deg. standard of the Brown 
and Sharpe Manufacturing Company, and he has pre- 
pared a contribution to the discussion expressing his views 
on the subject. 

The system which I propose is that of a pressure angle 
of 224 deg. and an addendum of seven-eighths of the 
modulus, ; 

I believe that an interchangeable system of involute 
gearing to be of the greatest value should extend from a 
twelve-tooth pinion to a rack, and in the selection of 
gears to be tested we have chosen a twelve-tooth pinion 
engaging a sixty-tooth wheel. The maximum reduction 
with the maximum strength in a limited space is the 
problem in gearing that generally confronts the engineer, 
and a ratio of 5 to 1 is very often as much as he can 
realise without sacrificing too much strength. I - 
nise, of course, that the adoption of a larger number of 
teeth in the smallest allowable pinion overcomes some 
difficulties, and that this may be a debatable point ; but 
I do not think ~~ ae of interchangeable gearing will 
be satisfactory which does not include pinions of twelve 
teeth. The cycloidal system formerly employed was 
based upon a twelve-tooth pinion, and I Tellove this 
number can be retained for the smallest number in an 
interchangeable involute system without serious objec- 
tion. That is, there is better und for the retention of 
this minimum number than for a higher number, and 
when the pros and cons have all been summed up there 
will be no change in this well-established minimum for 
interchangeable pinions. 

Although the experiments made under the direction of 
Professor Lanza are not by any means conclusive, enough 
has been done to indicate that the friction loss in r- 
teeth is influenced to a greater extent by the length of 
the addendum than by the obliquity of the system. 
Theoretically, the friction loss in involute teeth is inde- 
pendent of the obliquity, and increases with the adden- 
dum. The loss in journal friction should vary as the 
secant of the pressure angle, but the latter is also affected 
by the dead-weight on journals, which even with plain 
bearings is a small matter, while with ball or roller- 
bearings it is a very trifling consideration indeed. 

I believe, therefore, that a pressure angle of 22} deg. 
can be adopted without fear of reduced efficiency in the 
transmission of power; that an addendum of seven-eighth 


module will give an ample arc of action for all combina- | 7 


tions of gears between a twelve-toothed pinion and a 
rack, and that true involute forms made to these con- 
stants will avoid the necessity for any empirical modifi- 
cations, and give results comparable with the best now 
obtained by such means. 





Bretaian Biast-FurNacks.—The number of furnaces 
in blast in Belgium at the commencement of July was 
40, while four furnaces were out of blast. At the com- 
mencement of July, 1909, the corresponding position was: 
In blast, 36 furnaces; out of blast, 8 furnaces. The 
total of 40 representing the furnaces in blast at the com- 
mencement of July, this year, was made up as follows: 
Charleroi group, 17 ; —— group, 17; Luxembourg, 6. 
The output of pig in Belgium in the first half of this 
year is returned at 907,220 tons, as compared with 739,480 
tons in the first half of 1909, showing an increase of 
167,740 tons. The total of 907,220 tons was made up as 
follows: Puddling pig, 100,840 tons; casting pig, 45,040 
tons ; and steel pig, 761,340 tons. 


Our Locomotive Exrorts.—The value of the loco- 
motives exported from the United Kingdom in June was 
156,573/., as compared with 170,080/. in June, 1909, and 
112,564/. in June, 1908. The aggregate value of the 
engines shipped in the first half of this year was 915,699/., 
as compared with 1,411,911/. in the first half of 1909, and 
1,468,584/. in the first half of 1908. ‘There has accordingly 
been a t contraction in our locomotive exports "thie 
year. Some improvement occurred in locomotive busi- 
ness with South Africa, which took engines to the value 
of 131,048. in the first half of this year, as compa: 
with 11,6492. and 6587/. in the corresponding periods of 
1909 and 1908 respectively ; but a marked decline occurred 
in the exports in almost every other direction. South 
America took engines to June 30 this year to the value 
of 438,9162., as compared with 604,592/. and 356,240. 
The colonial demand was as follows in the first halves 
of the last three years :— 


1909. 
£ 
11,649 


400,643 
243,325 


1910. 
£ 


131,048 
142,432 
13,615 


1908, 

£ 
6,587 
623,133 
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FOREIGN ENGINEERING PROJECTS. 


WE give below a list of colonial and foreign engineer- 
ing jects, for several of which tenders are asked. 
Farther particulars concerning the same can be obtained 
from the Commercial Intelligence Branch, Board of 
Trade, 73, Basinghall-street, London, E.C. 

Canada: The Monetary Times (Toronto) of July 9 
states that a contract has n made between the Nova 
Scotia Provincial Government and the Halifax and 
Eastern Railway Company for the construction of a 
railway from Dartmouth by way of the Musquodoboit 
Valley to Guysboro’, with a branch from New Glasgow 
to Country Harbour. The line, which will be about 
200 miles long, is to be completed by September 1, 1913. 
All materials and supplies required for the construction 
of the railway, and the rolling-stock for the first equip- 
ment of it, are to be purch from Canadian ——- 
if they can be obtained from them on terms as favourable 
as from abroad. 

India; Indian Engineering (Calcutta) of June 25 con- 
tains an article on the possibility of the use of windmills 
in India for raising water for ape or other pur- 
poses. At present there are hardly any windmills so 
employed in the country, but Indian Engineering con- 
siders that in many districts there is sufficient regular 
wind to drive windmills for a long enough period to make 
their use a practicable. Storage reservoirs, 
which can be cheaply built in India, would be needed to 
hold the surplus water pum up during a favourable 
wind.—The official Indian Trade Journal (Calcutta) of 
July 7 notifies that tenders are invited by the Go 
Engineer in charge of the New Dock Works, Port 
Trust, Bombay, for the supply and erection of about 
3540 tons of steelwork, and 60 tons of cast-iron work, 
required for six transit sheds at the Alexandria Dock. 
Tenders will be received up to August 15. Copies of the 
specification and form of tender, together with the contract 
x may be obtained from the office of the deputy 
engineer on payment of 15 rs. (1/.). It will be observed 
that the limited time for receipt of tenders will not permit 
of their being despatched by post, and the above intima- 
tion is therefore only of use to those firms having agents 
in India whom they can instruct by cable.—The Pioneer 
Mail (Allahabad) of June 24 states that a scheme has 
been sanctioned by the Nizam of Hyderabad for the con- 
struction near the city of Hyderabad, by the two branches 
of the Musi and Easi rivers which join at Golconda, of 
two large water reservoirs, at a cost of 93 and 45 lakhs 
of rupees (620,000/. and 300,000/.) respectively. The works 
are for the. purpose of protecting the city of Hyderabad 
from floods. 

Egypt : The ptian Journal Offciel states that the 
Department of Municipalities and 1 Commissions of 
the Ministry of the Interior, Cairo, intend, during the 
next few years, to make provision for supplying filtered 
Nile water in a number of towns in Egypt. The depart- 
ment desire to study thoroughly the different systems 
of filtration with a view of finding the most suitable 
for their purpose, and accordingly invite firms interested 
to submit to the department, before November 1, detailed 
particulars of their schemes, together with an approxi- 
mate estimate of the cost of an installation. 

Australia: The Board of Trade have received copies 
of Acts of the Western Australia Legislature (Nos. 38, 
41, and 42 of 1909) dated December 21, 1909, authorising 
the construction of the following lines of railway: (1) 
rom Boyup to Kojonup, a distance of about 51 miles. 
(2) From Goomalling to Wongan Hills, a distance of 
about 40 miles. (3) From Dowerin to Merredin, a 
distance of about 90 miles. 

Japan: H.M. Consul-General at Yiinnanfu (Mr. P. E. 
O’Brien-Butler) reports that a line of railway is to be 
constructed from the Ko-chiu tin-mines (see page 188) to 
Mengtsz-Pishihchai, a station on the Laokay and Yiin- 
nanfu Railway. The line will be from 40 to 50 miles long, 
and 1,000,000 taels are to be provided for its construction. 
About a quarter of its length will be in the Mengtsz 
a = and the rest in the mountains. It will probably 

built either by the French railway company or by 
French and Italian contractors.—H.M. Acting Commer- 
cial Attaché at Yokohama (Mr. R. Boulter) reports that 
it is proposed to set up Government railway workshops 
at Oi, near Tokio. e site for the workshops covers 
more than 80,000 tsubo (about 3,000,000 sq. ft.), and the 
area to be covered by the main workshop is put at 1,000,000 
sq. ft. The workshops, which should be completed by the 
end of 1912, are to be used for the repair of passenger 
coaches and goods wagons, and the machinery at the pre- 
sent railway workshops at Shimbashi is to be transferred 
to Oi. Passenger coaches and goods wagons are now built 
at the Government railway workshops at Omiya, as well 
as at private factories at Osaka and Nagoya, and it seems 
probable, says Mr. Boulter, that the operations of the 
workshops at Oi will eventually extend to the manufac- 
ture of these vehicles. The question of constructing the 
workshops has not yet, however, been finally settled.— 
With reference to the notice on page 159 of the Board of 
Trade Journal, October 28, 1909, relative to a scheme for 
the development of the Hokkaido, H.M. Acting Vice- 
akodate (Mr. G. M. Royds) has forwarded a 
memorandum on the scheme, which has now been sanc- 
tioned by the Japanese Diet, compiled from a recently 
issued official report. The scheme provides for an expen- 
diture of 70,000,000 yen (7,145,800/.), spread over a period 
of fifteen yearsfrom 1910. The fund set up is divided into 
six main divisions, providing for (1) immigration (655,8402, ) 
(2) encou ment of industries, &c. (287,634/.) ; (3) con- 
struction of roads and bridges (2,598,620/.) ; (4) improve- 
mentof lands (247,070. ) ; (5)river conservancy (1,049,746. ) ; 
and (6) improvement of harbours and bays (2,306,890/. ). 
Under the last-mentioned heading, harbour works are to 
be carried outat Rumoe, Hakodate, Abashiri, Wakkanai, 





Muroran, and Nemuro. Particulars are given of the 
works to be execnted at Hakodate, estimated to cost 
170,500/., and at Rumoe to cost 400,5002. 

The memorandum may be seen by British firms at the 
Commercial Intelligence Branch of the Board of Trade, 
73, Basinghall-street, London, E.C. 

Argentine Republic: The Boletin Oficial of June 20 pub- 
lishes a decree approving the plans made by the Direccidn 
General de Ferrocarriles for the first section of the Como- 
doro Rivadavia— Lake Buenos Aires Railway. The 
section will be 104 km. (about 65 miles) in length, and the 
total cost, including rolling-stock, is estimated at 2,631,200 
pesos gold (526, 240/,).—The Boletin of June 22 publishes a 
decree approving 0 ae ame form of contract, drawn up by 
the Buenos Aires Western Railway, for theconstruction and 
working of an underground railway from the neighbour- 
hood of Sadi Carnot-street to join with the lines of the 
Puerto de la Capital.—The Boletin of June 23 publishes 
a decree — > plans presented by the Buenos 
Aires and Pacific Railwa gr an | for the construction 
of the second section of the Al i-Sampacho Railway, 
from the point of junction with the Villa Maria-Rufino 
line for a distante of 167 km. (about 104 miles). 

Brazil: The British Acting Consul-General at Rio de 
Janeiro (Mr. E. Hambloch) nog that, according to 
the Jornal do Commercio, of June 28, in view of the 
excellent results that have attended the trials of wireless 
telegraphy on the Madeira-Mamoré Railway, the Minister 
of Public Works has been authorised by the President of 
the Republic to receive proposals for the installation of 
radiographic stations (Marconi system) in the three Pre 
fectures of Acre. The Acting Consul-General adds that 
there may or may not bea public call for tenders in this 
connection. 

Chili: The Nachrichten fiir Handel und Industri: 
(Berlin), of July 9, states, on the authority of the German 
Consul-General at Valparaiso, that tenders will be received 
by the Direccién General de los Ferrocarriles del Estado, 
Santiago, up to 2 p.m. on September 3, for the supply of 
spare parts for locomotives, passenger carriages, and 

oods wagons. The conditions and specifications may 
obtained at the Servicio de Materiales de la Direc- 
cién General de los Ferrocarriles del Estado, Santiago. 
—The Nachrichten also states, on the same authority, 
that the Sociedad del Ferrocarril de Aguas Blancas, of 
Caleta Coloso, has obtained a concession for the construc- 
tion of a railway, 90 kiloms. (about 56 miles) in length, 
from Carrillas to Pampa Remiendos. 
Bolivia: H.M. Legation at La Paz report that a pro- 

l has been made by the Madeira~-Mamoré Railway 
ompany to the Bolivian Government for the construc- 
tion of a branch railway from the Madeira-Mamoré line, 
across the river Mamoré near the Cachuela de Palo 
Grande, to the bank of the Beni river above the Cachuela 
Esperanza. The line would be about 27 kiloms. (17 miles) 
long, and of metre gauge. e Government have ac- 
cepted the proposal, with some modifications, subject to 
ratification by the Legislature in its next session. 

France: The Journal Offciel of July 19 publishes the 
text of a law, dated July 15, relative to the improvement 
and extension of the port of Bordeaux and its approaches. 
The works provided for include the deepening of the 

of the Gironde and of the Garonne maritime, 
the extension of the river quays on the left bank, the 
extension of floating dock No. 2 by the construction of 
five additional tidal basins, the construction of a graving 
dock, the creation of a place of call at Verdon, &c. The 
cost of the works is put at 136,500,000 francs (5,460,000/.), 
and works costing 80,000,000 francs (3,200,000/.) are to be 
put in hand at once. The law also provides that, from 
its date of promulgation, new scales of tonnage dues and 
charges on merchandise and passengers shal] come into 
force. 

Spain: The Gaceta de Madrid, July 16, publishes a 
notice of the grant to D. Juan Carrascosa of a concession 
for changing the course of the River Gaudalmedina, at 
Malaga, and draining and laying out for building the land 
reclaimed from the Tetudn Bridge to the sea. Work 
must be n within twelve months from July 11, and 
completed in three years.—The Gaceta also contains a 
notice stating that the Ayuntamientos (municipal authori- 
ties) of Ribadesella, Caravia, Colunga, Villaviciosa, and 
Gijén have applied for a concession for the construction 
of a secondary railway from Ribadesella to Gijon. 








“THe Green Book oF Lonpon Socrety.”—We have 
received a copy of this book, which is edited by Douglas 
Sladen and W. Wigmore, and is published at the price of 
5s. nett by J. Whitaker and Sons, Limited, 12, Warwick- 
lane, E.C. It gives lists of the Royal Family, a directory 
of British titles, of peers, peeresses, and official per- 
sonages, Members of Parliament, &c. A short. list of 
scientific men, and lists of scientific periodicals and insti- 
tutions, are given. This is the first annual book of 
reference of the kind published in the new reign. 


Mininc Macainery.—The value of the exports of 
mining machinery from the United Kingdom in the six 
months ending June 30 was 648,802/., as compared with 
412,146/. in the corresponding period of 1909, and 484,691/. 
in the corresponding period of 1908. The colonies 
absorbed a very large proportion of the exports, the ship- 
ments to the princi colonial groups in the first halves 
of the last three years being valued as follows : — 

Colonial Group. = _ 
British South Africa ..  327,v33 
British In << o 17,729 56,363 
A i es 49,610 38,472 54,206 

It will be noticed that the South African demand for 
mining machinery has very greatly increased this year. 
The Indian and Australasian demand has also materially 
improved. 
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AGRICULTURAL APPLIANCES. 


18,812/09. E. H. Nicholson, A. C. Nicholson, and W. 
Harby, Newark. Swath-Turners. [4 8.) August 16, 
1909.—According to this invention, the lengths, either of the con- 
necting-rods or tine shanks, or both, are altered automatically. 
The dise } is provided with pins d, one for each tine e, which are 
pivoted to the flyers c in the ordinary manner. The pins d on the 
dise are connected to the shanks of the tines e by connecting-rods 
f, but instead of these connecting-rods being made, as is usual, of 
one fixed length, they are made of adjustable length. This method 
of construction allows the joint between the connecting-rod f and 
the tine shank e to be placed or pushed over from one side of the 
flyer c to the other side, and the direction of rotation reversed. 
To make the length of the connecting-rods f adjustable and auto- 
matic, slots g are formed in one of the ends, as shown in the en- 
larged detail, Fig. 2, which slot allows the length of the rod to be 
decreased when reversing the motion and passing over the dead 
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centre of the flyer ¢; a spring may be inserted in one end of the 
slot g to bear against the pin d and keep the joint unlocked. As 
shown in the drawings, the slot g is made at the end connected to 
the disc ), but it may be reversed, and placed at the connection to 
the tine ¢, or the slot may be made in the tine shank ¢, and the 
connecting-rods made with plain ends, and the same effect 
obtained. To limit the angle of the tines e, and secure the even 
rotation of the disc b in relation to them, stops kare formed upon 
the disc b, one on each side of the connecting-rods f, fixed in 
definite positions determined by the length of the rods f and the 
tineshankse, and so arranged that while one connecting-rod 2 is 
imparting a positive rotation to the disc b, the stop k!, which lies 
next to the connecting-rod /, nearest the ground, is driving that 
rod forward and retaining the joint between it and its tine shank 
unlocked, thereby avoiding any tendency to jam in whatever 
direction the flyers may be revolving. Accepted June 8, 1910.) 


ELECTRICAL APPARATUS. 


20,10509. C. J. Beaver, Hale, and E. A. Claremont, 
chester. Joint-Boxes. [1 Fig.] September 2, 1909.— 

In filling joint-boxes with insulating compound used in the form- 
ing of connection between lengths of cable, difficulty is ex- 
perienced in ensuring that the box shall be completely and effi- 
ciently filled with such compound. This invention is to obviate 
or minimise the difficulty referred to. The applicants construct a 
funnel « to fit into the opening through which the box is filled, 

















and fill the box with the heated and liquified compound through 


pile func I, and after the box is apparently full leave the funnel 
tonten ‘a with a quantity of heated and liquified compound 
tends © epethee: The weight or head of compound in the funnel 
flowsintc ae the Pony and the compound in the funnel 
escaped aa 20x to fill up spaces whence the gases and air have 
Contraction drops, or is sucked in to fill spaces caused by the 

ction of the volume of the compound. In order that the 





heat of the compound in the funnel may be retained when the 
compound is passing through or standing in it the applicants 
arrange some means of heating or retaining the heat in the funnel. 
Of such means they prefer to construct the funnel with an outside 
jacket } so as to form an annular s) around the body of the 
funnel which can be filled with a hot liquid such as hot water or 
with some of the hot compound which is being poured into the 
box. (Accepted June 8, 1910.) 


585/09. A. M. Weekes, Harpenden. Switches. 
(3 Figs.] May 27, 1909.—This invention relates to switches in 
which the current is caused to over fuses forming part thereof, 
and of the type in which the fuses are carried by the switch-arm, 
and at right angles to the same. The switch-arm a, of approxi- 
mately T-shape, is pivoted to the base b by any convenient form 
of bracket e, which may also carry the operating handle d, and the 
spring for giving a quick action. The cross-bar / of the switch-arm 
is formed of insulating material, and carries at its ends spring: 
clips g adapted to embrace the ends of the fuse k, so asto hold the 


Fig i. yx? 











as 
same securely, but to allow of its ready insertion or removal by 
simply springing it into or out of engagement therewith. At the 
extreme ends of the cross-bar /, and at right angles thereto, other 
spring members / are provided, and these members are adapted to 
engage the main contactsm. The fuse k lies between the spring 
members 1, which form the switch-blades, and the latter are 
preferably secured to the switch-arm. By this means the current 
is by way of one contact, spring switch blade, spring-clip, 
and fuse to the other spring-clip, spring switch blade, and con- 


tact. (Accepted June 1, 1910.) 
3927/10. A. P. Lundberg, G. C. Lundberg, and P. A. 
Lundberg, London. Electric Switches. [1 Fig.) 


February 17, 1910.—The invention has relation to electric switches 
of the type in which the movable contact-makin is under 
spring pressure, which acts in suchwise that the member tends to 
assume always either the “‘ on” or the “off” position. Accord- 
ing to this invention, the lower or innermost part of the push- 








button 3 is formed or provided with an inclined or cone-shaped 
surface 9, and there is interposed between the push-button 3 and 
the movable contact-making member 1, a pivotally-mounted bell- 
crank lever 7, that is under spring action, and is connected at the 
end of ene of its arms with the contact-making member 1, and at 
the end of the other of its arms carries aroller &, which is arranged 
to bear on the inclined or cone-shaped lower part 9. (Accepted 
June 1, 1910.) 


12,937/09. R. J. Houghton, Live 1, P. Allman, 
Manchester, and W. T. Gray, S rt. Electric 
Traction tems. [12 Figs.) June 2, 1909. — Accord- 


ing to this invention, the positive and negative conductors, 
which are independent of the track rails, are carried by bolts 
from a supporting element, which may take the form of com- 
paratively short plates, by means of insulators put together in 
halves and gripped to the supporting element by bolts in such 
manner that the conductor is held to the supporting element by 
alternately succeeding insulators, and so as to leave free the 
upper, lower, and outer faces of each of the two conductors. 
The supporting element takes the form of short lengths of H}- 
girder 1, bolted to foot-plates on the slecpers 3. To the top 
flanges of the girder length is secured a continuous shield 4, 
which serves to protect the conductors 5 and 6 from rain or from 
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being short-circuited. If the shield is of metal, the edges may be 
curled down. The conductors 5, 6 are carried from the girders 
by means of insulators 7, which are put together in halves, the 
ends meeting in holes drilled in the web of the girder. The left 

ductor is ted to one pair of insulating blocks, and the 
right conductor to the next pair, each bolt 9 being arranged to 
bind together the halves of one insulator 5 and its conductor, the 
heads of the bolts being recessed into the insulator 5 so that the 
conductors are effectively insulated from each other. The pro- 
tection hood 4 is of comparatively light gauge, and in order to 
give support to vehicles or traftic where the system passes a level- 
crossing, the light shield 4 may be replaced by a heavier flat 
plate. Light stalks or pillars may also be fitted in intervals along 
the track to give ps to the shield 4 between the girder 
lengths 1. (Accepted June 8, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 

13,230/09. J. M. Hewitt, Manchester, and Hewitt 
Engines, Limited, London. Internal - Combustion 
Engines. (3 Figs.) June 5, 1909.—This invention provides a 
radiating system of improved construction that can readily be 
applied to the engine and ensure the proper circulation of the 
water without external tubing or pump, and be operative when 








the water may be depleted by evaporation or other causes. 
According to this invention, the cylinder jacket extends, as is 
usual, up to the cylinder head, and is open at the top, and the 
radiator is provided with a similar open bottom, and is bolted on 
to the cylinder by a bolt from the cylinder head. The working 
cylinder 6 and valve-cylinders A are surrounded by the water- 
jacket e, having an open top and a seating around the open top. 
The water-tank a has an open bottom formed with a seating 
corresponding to the said seating, and is secured to the cylinder 
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by means of a single central bolt n extending up from the head 
of the cylinders. It will thus be seen that by unscrewing a single 
nut the water-tank a can be removed, and that it directly com- 
municates with the water-jacket. The water-tank a is provided 
with a diaphragm d. Tubes / fixed in the diaphragm connect the 
tank a to the bottom of the water-jackets, and the top of the tank 
is connected to the water-jackets by the tube g. Thus the circu- 
lation is downwards over the cooling-tubes c, and upwards over 
the cylinder walls. (Accepted June 8, 1910.) 


GUNS AND EXPLOSIVES. 


27,121/09. Mannesmannrohren-Werke, Dusseldorf, 
Germany. Torpedoes. (2 Figs.) November 22, 1909.—This 
invention relates to an apparatus for increasing the pressure of 
the gaseous driving-medium for torpedoes in which the driving- 
medium is conducted through a worm or coiled tube heated by 
means of an appropriate heating device. According to this inven- 
tion, the air is heated in a pipe coiled in any desired manner by 
means of a burner surrounded by the said pipe and supplied wit 
gas generated from carbide. The air-heating pipe d in the form 
of adouble coil is arranged around a mantle e, kept glowing and 
placed in a closed casing c mounted on a partition @ of the tor- 
pedo (Fig. 2), so that the heat given out by the mantle is properly 
utilised. The air is supplied from the air-storage vessel throu 
the pipe f to the coil d and passes away to the motor through the 
pipe g. On the wall of the torpedo is mounted a carbide holder 4 
(Fig. 1), which contains the carbide, either loose or in the form of 
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blocks. In the latter case the block is preferably in the fgrm of a 
hollow cylinder, so as to offer the largest possible attacking sur- 
face to the water serving to generate the acetylene. Over the 
carbide-holder is mounted a water-chamber / closed by means of 
a valve, the gas-supply pipe m leading to the lower end of the 
burner e being connected to the upper side of the said water- 
chamber. If the apparatus is to be set in operation, the water- 
valve is opened by means of a vertical rod nm arranged below the 
same and operated by a lever p pivoted on a bracket 0, the lever 
being lifted by the same device which actuates the motor when 
the torpedo is discharged, or by hand through the medium of a 
suitable mechanism, so that the water-valve is forced upwards, 
The rod n is heldin its upper position and the water-valve is kept 
open by means of a spring-actuated locking-bolt engaging in a 
slot in the bracket o, so that water can enter the carbide-holder 
and the gas generated can escape through the water-chamber. 
(Accepted J wne 8, 1910.) 


LIFTING AND HAULING APPLIANCES. 


5282/10. A. F. Rendle and A. B. Churchill, Green- 
wich. Cable Grip. (2 Figs.) March 2, 1909.—This inven- 
tion provides means adapted to hold submarine cables after the 
cables have been raised to the surface by the grapnels. Accord- 
ing thereto, jaws are placed around the cable after it has been 


Fig.1 

















raised, which jaws are closed by an eccentric actuated by a rope 
by which the cable may be further lifted and secured. Means, 
such as a pawl and rack, are provided to retain the jaws in the 
closed position. When it is desired to attach a buoy tothe cable 
the rope, which may be designated the lifting rope, is attached 
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to the buoy. ais one jaw secured to the plate bandcis the 
other jaw secured to the frame d, and free to slide on the plate b 
in guides, On the plate b is pivoted eccentrically at f a disc g 
to which is attached a lever h. The disc g on being turned 
engages with either the bar i on the frame d, or with the top of 
the jaw c, thus moving the frame and opening or closing the jaws. 
The lever h is provided with a hole through which the — 
rope passes. On the plate bis a pawl k engaging with a rack 
on the frame d,a spring being provided to press the pawl into 
contact with the rack. n is a guide for the cable. ie jaws 
being open, they are placed around the cable, and the lifting-rope 
is hauled in, the eccentric disc g is thus turned, and engaging with 
the top of the jaw c, causes it to ——— the jaw a and to grip 
the cable. The jaws are retained in the closed position by the 
pawl kengaging withthe rack l. (Accepted June 8, 1910.) 


17,536/09. Stothert and Pitt, Limited, and G. T. 
Peters, Bath. Cranes. ([2 Figs.) July 28, 1909.—This 
invention relates to hydraulic brake mechanism for cranes. 
According to this invention, a ratchet or free-wheel mechanism 
is interposed between the crank and the crane-gear in such a way 
that the brake is operated only when the hauling mechanism is 
lowering, and not when it is lifting, and therefore the brake offers 
no resistance to lifting. The shaft i, to which the gear-wheel d 
is fixed, has also secured to it a gear-wheel j, through which the 
braking mechanism is driven as follows :—The gear-wheel j drives 
an externally-toothed ring k, to which are pivoted pawls adapted 
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to engage ratchet teeth on a wheel fixed to the shaft 0, to which 
two crank discs p, with their crank-pins, are also attached. The 
crank-pins reciprocate the pistons r in the cylinders s, which 
pump water past valves t, which can be opened to the desired 
extent by the worm-gear u on the shaft », actuated by a hand- 
wheel situated in any convenient position. When the hauling 
mechanism is lowering, the brake mechanism is driven by the 
pawls acting on the ratchet teeth ; but when a load is being lifted 
the pawls override the ratchet teeth, so that the brake mechanism 
is not operated, and consequently no resistance is offered. In 
order that the cylinders s shall not become unduly hot, they are 
water-jacketed, (Accepted June 1, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


4094. W. Peto, and Peto and Radford, Limited, 
London. Pulleys. February 18, 1910. [2 Figs.}—The object 
of this invention is to provide an improved pulley of the type in 
which the rim and oss are made in halves connected together. 
To this end, the invention consists essentially in the novel way of 
forming the rim portion of the pulley in two or more annularly 
recessed parts, each of which is detachably connected to a flange 
upon a correspondingly divided boss clamped upon the driving- 
shaft. The pulley is made in two main parts which, when 
assembled upon the driving-shaft 1, approximately meet diametric- 
ally along by et passing through the centre of the shaft, but at 








2,3 are two semi-bossings clamped 
tightly to theshaft 1. The semi-bossings 2,3 are provided with 
necked extensions 7,8 which are finished off with flanges 9, 10, 
to which are detachably secured the grooved portions 11, 12 
of the pulley. In the present instance, these grooved portions 
11, 12 are internally recessed to fit snugly upon tbe flanges 9, 10, 
and they are firmly retained in place by means of threaded set- 
studs 13, 13 passing through inter-registering holes in the flanges 
and grooved portions. From the foregoing it will be seen that by 
unscrewing the studs 13,13 the pulley 11,12 may be readily 
removed and replaced by others of a larger or smaller diameter 
without disconnecting the whole pulley. (Accepted June 8, 1910.) 


2809/10. J. H. Holmes, Newcastle-on-Tyne. Secur- 
ing Washers, (2 Figs.) February 4, 1910.—This invention has 
reference to the fixing or securing of a member to its carrying body 
by means of a dished or coned washer or washers, which is or are 
flattened to cause it or them to grip frictionally the carrying body. 


right angles to its axis. 
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According to this invention and as distinguished from the washer, 
described and claimed in the applicant’s Patent No. 3971/08, the 
washer is arranged in relation to the member and the carrying 


body in the manner hereinafter specified and is flattened by the 
application of pressure all round and adjacent its operative edge, 
such pressure being removed when the washer has Bee 


n flattened 





and has been caused to grip frictionally the carrying body. In 
the two arrangements illustrated, the washer is flattened and thus 
caused hed gs frictionally the carrying body by means hereafter 
mentioned. In Fig. 1 the washer 6 is illustrated as holding a ring 
10 against a shoulder 11 on the shaft 4, and in Fig. 2, the washer 
is shown holding a ring 12 against a shoulder 13 within the cham- 
ber 14. The disposition of the washer relatively to the member 
is the reverse of that described in the specification of the 
said patent. In Fig. 1 the washer is placed with its con- 
cave side next the member, and in Fig. 2 the convex side is so 
placed. The washer 6 is flattened by pressure applied to the face 
thereof all round and adjacent the operative edge. With the 
arrangement illustrated in Fig. 1 such pressure is conveniently 
applied by means of a tube 15, which is slipped on to the shaft 4 
and one end thereof brought into contact with the face of the 
washer adjacent the operative face. Pressure is applied to the 
projecting end of the tube and transmitted to the washer which 
is flattened, The operative edge is thus caused to become coned 
or tapered and the hole through the washer appreciably smaller in 
diameter towards the convex side, thus effecting a frictional grip 
upon the shaft. With the arrangement illustrated in Fig. 2, the 
pressure is applied by means of a tool that is brought into contact 
with the face of the washer adjacent the operative edge.—( Accepted 
June 1, 1910.) 


RAILWAYS AND TRAMWAYS. 


30,126/09. W. H. Barker, Stoke-on-Trent. Coal- 
Wagon Tipplers. (3 Figs.) December 24, 1909.—The inven- 
tion has reference to that type of tippler having a shute arranged 
with its top back-edge level with, or higher than, the horizontal 
centre-line of the tippler body, and with its ends partly enclosing 
the ends of the tippler frame-rings. The object of the invention 
is to provide, in combination with such a shute, a pair of guide- 
pulleys or runners arranged in contact with the tippler-rings at a 
point substantially level with the back-edge of the shute or above 
such edge. Such an arrangement prevents the coal getting over 
the sides of the shute during the action of tippling and interfering 




















with the runners which support the tippler-body. a indicates a 
shute of the type referred to, made so that its sides or ends b 
come in front of the rings c, thereby enclosing the sides of the 
tippler. The invention consists in arranging in combination with 
such a shute ordinary runners d mounted in brackets f arranged 
much higher than is usual so that they may come in direct con- 
tact with the rings ¢ at a much higher point than is usual. In 
the drawings, the runners engage with the rings ¢c through holes 
formed in the back plate of the shute. It will be seen from the 
drawings that the end-plates b of the shute come entirely outside 
the outer faces of the rings c. (Accepted June 8, 1910.) 


18,136/09. L. W. Williams, O. R. Williams, and D. D. 
Williams, Cathcart. Facing-Point Bars. (3 /’igs.| August 
6, 1909.—This invention has reference to facing-point bars on rail- 
ways. According to ordinary practice the clearance-bar 1 is fitted 
to the one end of each lever 2 of a series of levers having a compara- 
tively heavy bar 3 fitted to their other ends which acts asa counter- 
balance weight. These levers 2 are fulcrumed at a point near 
their centre in brackets 5, and the weight of the clearance-bar 1, 
the position of the fulcrum, and the weight of the bar 3, are all so 
arranged in relation to each other that the clearance-bar 1 is kept 
normally in the “up” position and the bar 3 in the “down” 

ition. The clearance-bar 1 is therefore normally in a position 
evel (or nearly so) with the rail 6 and close to it, and while a vehicle 
is standing on the points the wheel flanges depress said clearance- 
bar 1 and so lock the points all in the usual manner. While 
a train is passing over the points at express speed the flanges of 
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the wheels depress the clearance-bar 1 violently, and this invention 

ists of an arrang t and construction of spring mechanism 
to minimise shock while the clearance-bar 1 is being depressed. 
In carrying the improvements into effect, to the bar 3 is connected 
the ng end of a ‘“‘hanger” 7 which has pivotally connected at 
its other end, the one end of an adjustable connecting-rod 8, the 
other end of which is pivoted to a rod 9 mounted in a “ bridge” 
housing-frame 10 secured to the sleepers, The connecting-rod 8 is 
made adjustable as regards length. A spiral spring 15 is mounted 
on the rod 9 between the collars 13 and 14 and keeps said collars 
apart, and forces the collar 14, which is loose, against the side of 
the frame 10. When the clearance-bar 1 is depressed by the wheel- 
flanges of a vehicle, the bar 3 is raised and this slides the rod 9 and 
so compresses the spring 15, which absorbs shock. One or more 
of these shock-absorbing arrangements may be fitted to each 
clearance-bar. (Accepted June 8, 1910.) 


LS te W. E. Laycock and A. G. Wild, Sheffield. 
B (8 Figs.) July 19, 1909.—This invention has for 
object certain improvements designed to overcome the difficulties 





that arise where it is required to couple up carriages having auto- | 


matic couplings with a buffer in the centre of the car, and cars 
having the o' 
indicates the buffer-stem, which is squared at its inner end, and 
passes through a spring-pressed body b, against the inner end of 
which bears the end of a spring c, which at it opposite end bears 
nst a disc forming part of a boss d passing through a plate 

, Which may com a member of the frame of the carriage. 
e fo movement of the stem is limited by the disc d2 
secured at the end of the buffer-stem. The forward movement of 
the body 0 is limited by the collar e formed thereon, and its rota- 
tion is prevented by means of studs e*, which engage longitudinal 


recesses formed in the exterior surface thereof, The buffer-stem at ' 





inary hook form of coupling with side-buffers. a | 
| greatest leverage. At this time the 


| decrease as the sleeve 12 recedes from the abutment 6. 


the point f is round, and it has revolubly mounted upon it a s!ceve 
g adapted to slide within the part b. The cross-section of the s|eve 
is such that it presents upon its outer surface two longitudinal pro. 
jections forming channels, such as g!, and attached to the guide ¢2 ig 
a plate g? adapted to engage one of the channels, and so prevent 
the accidental rotation of the sleeve, at the same time readily 
permitting its longitudinal movement when it is in an extended 
position and connected to the part b. The sleeve at its inner 
end has formed upon it a plain circular portion A, and one o/ the 
projections upon the sleeve has a recess h? formed in it whereby 
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when the buffer and the sleeve are extended it may be partially 
rotated until an edge of the recess h2 comes into contact with the 
end of one of the internal longitudinal projections i on the part 
b, whereby the sleeve then forms, as it were, a continuation of 
the part b, and its inward movement is resisted by the spring c. 
When the buffer is not required the plate g® is raised and thrown 
back clear of the channel when the sleeve may be partly rotated 
to disengage it from its engagement with the end of the projec. 
tions i, when it can be pushed inwards and the buffer be placed 
in its inactive position. (Accepted June 1, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


28,706/09. J. B. Hamilton and J. B. Hamilton 
and Co., ted, London. Governors. [3 Figs.) 
December 8, 1909.—This invention has reference to governors 
that are required to control the speed of rotation of a body, 
and has for object to provide improvements of such a 
character that it shall be possible, even whilst the governor 
is in motion, to alter the speed at which the governor shall 
come into action without affecting or interfering with the 
accuracy thereof. The governor has, as usual, a part that 
is connected with and operates the member to be controlled 
when the speed exceeds a predetermined limit and moves in one 
direction or the other as the governor-weights move under the 
influence of the centrifugal force. This part is arranged to act 
upon a lever, the effective length of which is variable, the said 
lever being also acted upon by the spring provided to oppose the 
contetiagal tevees of the governor weights, the arrangement being 
such that according as the effective length of the lever is altered 
so will the number of rotations at which the governor is to come 
into action be altered. According to thisinvention, the alteration 
of the effective length of the lever isaccomplished without alteration 
or variation of the stress on the spring provided to oppose the forces 
set up by the centrifugal action of the governor-weight or weights. 
1 is the governor spindle, 2is one of the spring blades carrying the 
weights, 3 is a collar to which, at one end, the spring blades 2 are 
attached, 4 is a lateral extension of the collar 3 provided with a 
groove 5, 6 is an abutment on which is mounted a rod 7, so posi- 
tioned that its free end is above the collar 3. On the free end of 
the rod 7 is a bracket 8, on which bell-crank levers 9, 9 are mounted. 
These levers are so positioned that the one comes on one side of, 
and the other on the opposite side of, the vertical plane containing 
the rod 7 and the spindle 1. One arm of each bell-crank lever 9 is 
approximately parallel with the rod 7, and the other arm of each 
lever extends downwardly and on one side of the collar3, Near 


Fig.t. 
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the lower end of, and on the inner side of, each downwardly ex- 
tending arm is a projection 11, which engages and enters the 
groove 5. Mounted on the rod 7, so as to be movable, endwise 
thereof, is a sleeve 12, with laterally projecting arms 13, which 
come below and extend beyond the horizontal arms of the bell- 
crank levers. Mounted near the outer end of each of these arms 13 
is a depending pin 14, on which pins a cross-bar 15 is mounted and 
is movable. This cross-bar 15 is normally maintained in contact 
with the underfaces of the arms 13 by springs 16. The springs |0 are 


the springs which oppose the forces set up by the centrifugal 
action of the governor-weights. The cross-bar 15 is also prov ided 
on its upper face with upwardly extending pins 18, and the arms 
13 are also provided with holes 19, so positioned that the pins Is 


can pass therethrough. The pins 18 are of such length that they 
abut against the underfaces of the horizontal arms of the bell- 
enon vers. The sleeve 12 is attached to mechanism, such as a 
Bowden wire 20, by which it can be traversed along the rod 7, im 
opposition to the action of a spring 21. When the spindle ! und 
the governor are rotated, and the body tends to exceed the pre- 
determined speed at which the governor is set to become opera- 
tive, the collar 4 is moved endwise, and acts through the gro« eS 
and projections 11 on the downwardly extending arms of the bell- 
crank levers, which are turned about their pivots, and the hor!- 
zontal arms thereof are moved downwardly, and press the pins 1s 
and the cross-piece 15 downwardly against the action of the spr pei] 
16. As before stated, the sleeve 12 is movable along the rod 7, ane 
it will be understood that when it is moved towards or away from 
the abutment 6 the resistance offered by the springs AG te me 
downward movement of the horizontal arms of the bell-crank 
levers will be varied. The greatest opposition will be offere 1 wh 
the horizontal arms of the bell-crank levers are acting with the: 
governor will be set to « 


The resistance to the d: 
levers will 
As t 


position of the collar or sleeve 12 is altered, so will the positi: mn 
the springs 16 relatively to the horizontal arms of the bell-cra 
levers be altered, and as the springs are not connected in any ws) 
with the levers, the alterations of the effective length or lever Me 
of the levers will be accomplished without alteration or \ ariatiou 
of the stress on the springs. (Accepted June 8, 1910.) 





into operation at a maximum speed. 
ward movement of the horizontal arms of the bell-crank 
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VICKERS’ ORDNANCE AT THE JAPAN- 
BRITISH EXHIBITION. 

Ir the primary function of an exhibition, a 
from its recreative utility, be educational, it will be 
conceded by the visitor to the Japan-British Exhi- 
bition that the Vickers display of ordnance achieves 


Table I., and the weights, &c., of tne carriage in 
Table II. This gun ty ale for a muzzle velocity 
of 2700 ft. per second, which gives an energy of 
632 foot-tons, and being alternatively euile Uing 
or semi-automatic in its action, it is possible to fire 
| twenty-five aimed rounds per minute. The breech 
mechanism is of the vertical sliding-block type, the 


high success. There is here demonstrated within | block being operated by a crank pivoted in the 
easy compass a complete record of recent develop- | breech end of the gun. In semi-automatic firing 
ments in naval and field artillery, in association | the crank is rotated by a pawl, which engages with 
with an object lesson on the methods adopted to acam on the crank-axis, when the gun is return- 
ensure high power with that lightness which is im-|ing after recoil. This action opens the breech, 
portant in order to minimise the displacement of | at the same time winding up a powerful clock spring 
ships, on the one hand, and to increase the mobility | attached to the crank-axis. During the opening of 
of a field force, on the other. In respect of the| the breech the cartridge-case is ejected by means 
latter it is interesting, for instance, to note the of a powerful extractor, which is actuated by the 
progress made with field artillery by one or two| breech-block during its fall. A slow initial move- 
outstanding features in the exhibit. The auto- | ment of this extractor exerts a powerful wedging 
matic rifle-calibre gun has recently been recon- | action on the case, dislodging it prior to its rapid 
structed, and it has been ible to reduce the ejection. In loading, the cartridge is pushed 
weight of the gun from 60 lb. to 26 1b. This has smartly into the chamber. This action releases 
been done by introducing a corrugated water-jacket, the breech-block, retaining devices, whereupon by 


pinion, which engages with bevel-teeth at the rear of 
the breech-screw, so that a horizontal movement of 
the hand-lever rotates the breech-screw, thus un- 
locking it. The continued movement of the hand- 
lever swings the mechanism clear of the breech 
opening. The hollowed interior of the breech-sciew 
receives the firing-gear, which is of percussion 
‘* slip-lock ” type, by means of which, if necessary, 
repeated blows may be given the primer without 
opening the breech. A powerful case-extractor is 
actuated by the carrier when the mechanism is 
swung out, and a cartridge-retainer is provided, 
which prevents the cartridge slipping out of the 
chamber when the gun is loaded at high elevation. 

The carriage, which is so well shown in Fig. 1, 
is designed to remain steady when firing at a few 
degrees of depression. It has the independent iine 
of sight, and is fitted with telescopic, open, and 
oniometric sights. A bullet-proof steel shield, 

.144 in. thick, is provided for the protection of the 
men engaged in working the gun. The gun and 
cradle are carried on an upper carriage, which may 





and by replacing all gun-metal by high-grade steel in | the reaction of the clock spring the breech is closed. | be traversed 4 deg. to right or left, and the gun 
the construction of the mechanism generally. The In ‘‘ quick firing” the action of the mechanism is|may be elevated up to 16 deg. or depressed to 
action is entirely automatic, the gun being fed | the same as in ‘‘ semi-automatic ” firing, excepting | 10 deg. on the carriage. The full elevation may 


TABLE I.—VICKERS SONS AND MAXIM'S GUNS. 
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os E./2./8./| 8. |5823)! Light | Heavy +33 ® =5 a : ‘ 4/8 = da 2 
a /)3a E83) 88 0°99 Bin. 2.95-in, | ¢ 5 é Seine | 281 Si oa Bla | aS 
BP 1B 1 al | So [xeh| 22-Cal. | 30-Cal. | ob > < #7 i és $j/nx | e/a} 8? |} 2 
Gun. 
Diameter of bore ee oe ~ ee ts in. 1.457) 1.457, 1.85 | 2.244 3 3 2.95 3 | 4.33 4.724 6 6 7.5 8 9.2 10 12 
Length of bore .. os oe ee oe oe in.}43.5 | 62 (92.5 | 112.2) 42.94 64.96 99.46 | 150 201.15 58.45 228.45 94.5 300 375 388.75, 460 486 600 
Lengthofgun .. .. -. «» ss vss im. 78.75 | 94 [989 | 1186) 47.23 | 69.3 108.8 | 156.995 | 208.45 | 63.55 | 2:6.2 | 102.8 (310.07/ 386.7 400 478 | 600 | 617.7 
Maximum pressure in chamber tons persq.ip., 13 | 14 17 1 | 12 16 16 17 18 |3125 | 18 9.25 18 17.5) 18 18 | 18 18.5 
Weight of charge oe on o* “ os Ib.| .0782|0.1875, 1.066) 1.55 | 0.5 1 | 1.032 3.625 11,25 1 17 5.3 438 (80.03, #0 184 172 Set 
projectile .. es se oe es »| 1 | 1.25 | 38 6 12.5 12.5 14.33 12.5 31 35.27 45.14 90.3 100 200 | 216.7| 880 | 496.6 850 
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— aa ae ft.-tons|22.5 |45.85 | 179.4| 281 | 115 | 20 | 274 632 | 1975 296 | 2010 | 1035 | 7056 |12,540/14,350/24,835| 26,225 |53,400 
Penetration of wrought-iron plate at) muzzle (Gavre) } | e 
formula) ke és ra “ * . ml 19 | a8 | er | vs ss on El od 9.65 16 * 17.8 zs 25.8 | 80.75 | 81.5 | 30.05| 40.2 | 621 
Penetration of mild - steel plate at muzzle (Gavre | | 
formula) ine o* oe os site oe in.| 1.5 | 2.6 5.1 5.4 | 7.5 12.4 - | 138 = 20 | 23.7 | 24.4 | 81.0 31.15 40.4 
Penetration of hard-steel plate at 3000 yards (Gavre| ie 
formula) i < $e oe ae ee - ee = a vee i. is 4.5 - 7.2 | 9.85) 98 |18.75| 14.65 | 20 
Rounds per minute os oe oe ee os --| 800 | 200 30 23 | 2 25 | 25 25 15 “ | 12 10 8 6 4 3 2 








Tast II.—Vickrrs Sons aNnD Maxim’s Gun-MovuntInes. 

















oe —._|be given with either the ranging or the pointing 
rare | sons iia Pr be 4 4 gear. The gun is placed at full elevation for 
z dle ly (eas ; | €8 3 Hed Pi . travelling, and is locked to the teail by means of a 
: , | Ba Ss. \2.c3 we 2 pe < sliding bolt on the trail, which engages with a lug on 
— EB.) 5 | 36 (s424| Light | Heavy - “ sR. | S_ ‘- the cradle in such a way as to relieve the travelling 
a4 | 33 a2 | 29 lence] Sim | 295i | £2 | S | BEB RS] FE |otres both the elevati d the traversi 
gO £0 | SS) ES Seas! op cal | soca. ZX : seo / Se] gs stresses on 1 the elevating and the traversing 
|  —— — — |— — | gears. The pointing-screw is entirely protected 
| Weight of Weight of Weight of Weight of | from dust when travelling. The wheels are 56 in. 
carriage ee ad of carriage! | carriage ie di d h k ° Bb ° ; 
without andlimber without without |in diameter, and the track is 55 in. ‘The cradle is 
pee limber with 86 limber | | limber | of box section, having slides for the gun machined 
ounting. A ; 
Weight of mounting com-c.q. lc. q.1| ¢. q.jc q | cq | & 4. tc q.|toog. tc. q. q. tcg.) tc g | OD the cover, and lined with gun metal. ‘Ihe fie ut 
pletewith shield .. ..41 10432011 83/14 2 73 nae 1 5! 102, 242/ 17 8 [6 3 2 aS cover may be easily removed for inspecting the 
Thickness of shield .. in, 0.1875 0.16 | 0.25 , . 12 . , = : : 4 
qh. oq ib | owt. No | @s q c. 4 1 | No No No t. c. q.| cq — glands of withdrawing the Spring column. 
Weight of shield sf /snics 1 |Shield| 117 2 1 15 | Shield Shield Shield 1122) 8 8 | e running: out Springs are arranged im a single 
Angle ofelevation .. deg. 16 | 15 | 20 | 2 | 2% 16 16 | 15 50 20 | 6 |column round the buffer cylinder, which recvils with 
Angle of depression ..__,, 25 20 20 | 10 15 CO 6 10 10 10 5 10 


'the gun, the whole being enclosed in the cradle, 
_— ene eae and thus protected from dust orinjury. ‘lhe buffer 
with cartridges from a belt, and the firing is con-|that the breech is opened and closed by means of a and springs may be withdiawn frum the ciadle 
trolled at will by pressure applied to the trigger | hand-lever mounted in a bracket on the side of the Without disturbing the adjustment of the sprins. 
lever in the rear. The Vickers mitrailleuse was|gun-cradle. When using the mechanism for quick |The buffer piston-rod is of steel, and is attached to 
originally mounted either on a carriage or tripod ; | firing, the spring gear is removed intact, and the the front cover of the cradle. The recoil-control 
but there has been adapted for it a tripod of an| semi-automatic action pawl is rendered inoperative gear ensures the pressure in the cylinder to be such 
adjustable type which enables the gun to be raised | by means of a switch on the gun-mounting. that uniform stability during recoil is secured, and 
or lowered by means of a handle, to suit any avail- the counter-recoil of the gun occasions no shock to 
able ‘‘ cover,” without altering the elevation of the Tue 75-Mm. Frevp-Gun. | the carriage. : ‘ ; ; 
gun; the height from the ground may vary from| In view of the re-arming of our field forces, the The upper carriage is built up of nickel-steel 
16 in., the lowest position, to 33 in., the highest posi- | illustrations on Plate X. of the 75-mm. field-gun | side-plates connected with transums, one of which 
tion. The weight of the mounting is 34 ib. so that | and of the 4.33-in. howitzer are of interest. he “carries the socket for the traversing pivot. ‘he 
the total weight of gun and mounting only amounts |75-mm. gun (Fig. 1) has been designed to fire a rear transom is clipped to a bracket on the trail. 
to 60 lb., which compares very favourably with the | 14.33-lb. shot at a muzzle velocity of 1660 ft. per | The traversing gear is connected to a socket on this i 
service gun, the weight of which is 60 lb., while the | second, or a 12.5-lb. shot at 1800 ft. per second, | bracket and to the rear transom of the carriage. 
weight of their tripods varies from 47 Ib. to 84lb. |at the rate of twenty-five rounds per minute. |The rear teansom also carries the lower bearings 
‘The 37-mm. gun can fire 1 Ib. shot at the rate of | With an elevation of 16 deg. the range is about for the ranging and pointing gear. The nut through 
300 rounds per minute with a muzzle energy of 22.5/4 miles. The weight of the mounting for the | which the pointing-screw works is carried in the 
foot-tons. The total weight of gun and mounting | heavier gun, with limber and twenty-four rounds, lower bearing on the left-hand side of the carriage, 
is 7.75ewt. The 75-mm. mountain gun has always| is 1 ton 5j ewt. The gun itself is of nickel-steel and is rotated by means of bevel-wheels and a 
been an attractive features at exhibitions, as| construction, and the heavy jacket shrunk over the | hand-wheel. ; 
the gun can fire seven 124 lb. rounds per minute|A tube extends the whole length of the gun, and | The ranging-screw is of steel, and has an exten- 
at a muzzle velocity of ft. per second = 73.4| both are locked together by the breech-ring, which | sion-piece fitted in the pointing-screw. The rang- 
foot-tons of muzzle-energy, and yet its weight of | carries the breech-closing mechanism, and has a lug ing-screw is rotated from the right-hand side of the ! 
8 cwt. can be loaded on four mules, one carrying the | connecting the gun to the recoil system, as shown in | carriage by means of a hand-wheel. The ranging- i 
gun, 296 Ib. ; a second the cradle, 288 Ib. ; a third|the view. The breech mechanism is of swing-block | screw works through an oscillating nut carried by a 
the wheels, 277 lb ; and a fourth the trail, 278 Ib., | type, the block being screwed into a carrier, which | saddle on the cradle, in such a way that it cannot ; 
with others each taking 288 Ib. of ammunition. is pivoted, between lugs on the breech end of the | rotate with the ranging-screw. i 
Interest also attaches to the 124- under semi-|gun. The mechanism is operated by a hand-lever| The sight is connected to the coupling on the 
automatic gun, the ballistics of which are given in| mounted on the carrier, and provided with a bevel- | pointing-screw, so that, when using the pointing- 
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gear the gun and sight move together, and when 
using the ranging-gear the gun moves without 
moving the sight. The range-dial is actuated by a 
vinion engaging with a rack on the sight-bracket. 
he goniometric sight is carried by a stem, on which 
it may be raised above the shield for indirect firing. 
The trail is tubular in section, and is fitted with a 
spade, trail-eye, lifting-handles, and handspike. It 
also carries brackets for the brake gear and shield. 
The axle-tree is of steel, and passes through bearings 
in the sides of the upper carriage. The brakes are 
provided with a quick-releasing gear, worked by 
a handle on the left-hand side. The seats are 
carried on the brake support arms. The lower part 
of the shield is hinged, so that it may be folded up 
and locked to the trail for travelling; the shield 
being kept as near as possible to the trunnions, the 
clearance-holes for the gun and sights are small. 


Tue 4.33-In. Howitzer. 

The 4.33-in. Howitzer, illustrated in Fig. 2, fires 
a projectile of 35} lb. with a velocity of 1100 ft. per 
second, giving a maximum range of about 44 miles. 
The barrel and breech mechanism are generally of 
similar construction to those of the 75-mm. field 
gun described, but there are, of course, important 
differences in the mounting or carriage. The trail 
is of double-channel section, built up of nickel- 
steel flanged plates, strengthened with transoms, 
one of which, near the forward end, is adapted 
to receive the training-pivot. It is fitted with 
bronze bearing-brackets to support the upper 
carriage, which is secured at the front end by 
clips, and at the rear by bolts fitting in radial slots 
in the bearing-brackets. The rear end of the trail 
is fitted with trail-eye and lifting-handles. The 
traversing handspike is hinged at the rear end of 
the trail, and, on moving a spring-catch with the 
foot, it is released from the traversing position, and 
may be folded back on the trail for travelling. The 
rear end of the trail is fitted with a powerful double- 
bladed spade, with large bearing-plates and stiffen- 
ing gussets, 

The upper carriage is built up of two forged-steel 
side cheeks connected together by a steel transom, 
on which are formed the bearings for the oscillating 
box for the elevating-gear, the sockets for the 
trunnions of the balancing-spring, and, at the rear, 
a socket for the traversing pivot. In order to 
obtain a long recoil at full elevation the gun and 
buffer cylinder are kept well forward, their centre 
of gravity being in front of the trunnions. The 
elevating-gear is relieved of the load due to this by 
means of a balancing-spring. This spring is en- 
closed in a case for protection. ‘The gun may be 
loaded at any angle of elevation. 

The elevating-gear allows of 50 deg. elevation and 
5 deg. depression being given to the gun. It con- 
sists mainly of a steel screw attached by a pin-joint 
to lugs on the underside of the buffer cylinder and 
working through a steel nut carried in an oscillat- 
ing box, which is trunnioned in bearings on the 
transom of the upper carriage. The nut is rotated 
by means of bevel-wheels and shafts from a hand. 
wheel at the right-hand side of the carriage. ‘The 
traversing-gear allows of 3 deg. traverse right and 
left. It consists of a steel screw attached by a pin- 
joint toa bracket on the trail, and working through a 
nut carried on the upper carriage by an extension of 
the elevating-gear bracket. This nut can be rotated 
by means of a hand-wheel and bevel-wheels. The 
hydraulic buffer-cylinder is provided with keys to 
take the guides on the slide, 

The slide which carries the gun is of steel, 
machined to fit the keys on the buffer cylinder. 
The gun is attached to it at the forward end by 
means of a bolt passing through the slide and 
through a lug on the gun body. At the rear end 
the gun is held in place by a tongue on the slide 
which fits in a recess formed in a lug on the gun. 
The piston-rod is secured to a lug on the breech 
end of the gun. The running-out springs are sup- 
ported I the running-out vod passing through 
them. To remove the springs it is only necessary 
to remove the nut at the breech end of the gun, 
and the nut attaching the rods to the gun at the 
muzzle end. 

The wheels are 56 in. in diameter with steel 
tyres 3 in. wide on the face. The track is 62 in. 
The wheel brakes are provided with a quick-releas- 
ing gear worked by a handle on the left-hand side. 

A goniometric sight is provided on a bracket 
attached to the trunnion on the left-hand side of 
the carriage. By this arrangement the sight 


traverses with the gun, and the eye-piece is 





always in approximately the same position when 
the sight is in use. The gun may be layed correctly 
without calculation, whatever may be the inclina- 
tion of the trunnions from the horizontal plane ; 
the sight may be used for any angle of elevation of 
the Howitzer. The optical head of the sight is 
carried up above the wheels, and a view may be 
obtained in any direction without moving the eye- 
piece of the sight. 

There are many other interesting exhibits con- 
nected with land artillery ; but we may pass on to 
naval ordnance, referring the reader to the Tables 
on page 221 for the ballistics of other field-guns. 


Tue 12-1n. 50-CatiprE Navat Gun. 


Table I. further simplifies our task so far as 
naval weapons are concerned, since it gives the 
ballistics and weights of mountings of the later 
quick-firing and machine guns. The improvements 
introduced are mostly in detail, all tending to 
increase power and accuracy, and thus visitors view 
with interest such features as follow-the-pointer 
sights, &c. These, however, have already been 
dealt with in Encrveertnc, and pressure on our 
space compels us to confine attention to the 12-in. 
50-calibre gun, exhibited in models. It is true 
that these are not the weapons actually made for 
the British Navy, but they represent the Vickers’ 


practice, and the drawings and illustrations which we. 


reproduce on Plate XI., and on pages 224 and 225, 
are therefore typical of the armament of the latest 
battleships of more than one Power. Figs. 3 and 4, 
on Plate XI., show a gun on the trial mounting 
at the company’s Eskmeals range on the Cumber- 
land Coast. Figs. 5 and 6 are sections respectively 
of a solid-steel and wire-wound gun of 50 calibres 
in length, to give the same ballistics, while Figs. 7 
to 14 illustrate completely the breech mechanism 
with the modifications recently introduced. 

The comparative sections will be studied with 
interest in view of the controversy which is re- 
awakened from time to time as to the advantages 
and disadvantages of the wire-wound and the solid- 
steel systems of construction. Now that steel of a 
thoroughly reliable character is obtainable for guns, 
there is not the same objection to the use of stee} 
rings shrunk on to reinforce the inner tube instead 
of wire, especially as the latter is more expensive 
to manufacture ; but while the Vickers Company 
make both types, the British Navy still prefers the 
wire-wound gun, probably because it ensures much 
greater radial strength, and also because any frac- 
ture of the inner tube due to excessive stress is not 
likely to cause disaster, and may be easily repaired. 

The all-steel gun (Fig. 5) is built up of parallel 
tubes shrunk one over the other. The A tube isa 
stout tube of nearly uniform section from end to 
end. Over this is shrunk the B tube in four portions, 
extending the whole length of the gun, the interior 
of the B tube being a trifle less in diameter than 
the exterior of the A tube before the tubes are 
built together. The C tube is next shrunk on in 
three pieces, which extend nearly to the muzzle. 
There is again a slight difference in the exterior of 
the B tube and the interior of the C tube prepara- 
tory to shrinking ; in this case the difference is 
somewhat greater than between the A and B tubes. 
Next comes the D tube, in one piece about half the 
length of the gun, and it is followed by a short 
jacket. These two last tubes are shrunk on in the 
same manner as the B and C tubes, the amount of 
shrinkage increasing with each successive tube. It 
will be understood that the amount of this shrink- 
age is an important factor in a gun constructed on 
this principle; the manufacture of the gun demands 
a fine degree of accuracy also in the processes of 
machining. The breech-bush which carries the 
breech-screw or plug is screwed into the D!' tube, 
and a ring is shrunk over the rear portion of the 
breech-bush. Over this ring and a part of the D! 
tube is shrunk a collar, which, in combination with 
the D' tube and the breech-ring, withstands the 
rearward pressure when the gun is fired. 

In the case of the wire-wound gun (Fig. 6) there 
is an inner A tube, whose exterior diameter is 
decreased towards the muzzfe, due to a slight taper 
and the existence of a number of small shoulders. 
The interior of the next tube—the A tube—has 
its inside diameter somewhat less than the exterior 
diameter of the inner A tube. The outer tube is 
slightly heated, and the inner A tube is forced 
into it until the shoulders on the inner tube are 
brought up against the shoulders on the outer tube. 
Layers of steel wire are wound on the outer tube 
at varying degrees of tension, the number of layers 





increasing from sixteen at the muzzle to eighty at 
the breech end. About 130 miles of wire, having 
cross-section of 0.25 by 0.06, and a tensile strengt |; 
of 100 tons per square inch, are used in the manu- 
facture of this gun. The jacket and the B tube 
are then. put on over the wire. The breech of the 
gun is closed by a breech-screw or plug, which works 
in the breech-bush, the breech-bush in its turn 
being screwed permanently into the A tube. Over 
that part of the A tube which is not reinforced by 
the wire is shrunk a collar, which, in combination 
with the breech-ring, assists the A tube to take 
up the longitudinal stresses which occur on firing 
the gun. 

The breech mechanism, illustrated by Figs. 7 to 14, 
page 225, is operated by a hand-wheel E, situated on 
a non-recoiling part of the gun-mounting, and also 
by power gear, both of which work through worm- 
gearing, shown in Figs. 11 and 12. The brecch- 
screw threads are arranged in segments of varying 
radii, and the screw F is rotated bya couple-lever 
G. Engaging with a groove in the breech-screw 
lever G is a roller H, which projects from the arm 
of a crank-pinion I, mounted on the carrier J. The 
form of the groove, and its position in relation to 
the crank-pinion I, is such that the maximum pos- 
sible power is exerted when seating the obturator 
K, and a ‘‘locking-point”’ is obtained when the 
breech is closed. When the breech-screw F is in 
the unlocked position, and swung away from the 
breech face, it is retained against rotation by a 
spring-catch L, of the well-known plunger type, 
which engages with the breech-screw lever G. 
The crank-pinion I is provided with a roller- 
bearing M to eliminate, as far as possible, 
the friction of the toggle-joint action of the 
crank, before the final operation of seating the 
obturator K. The crank-pinion I is operated by 
an intermediate pinion N, which isin turn operated 
by a bevel-pinion O on the hinge-bolt P of the 
carrier J. The hinge-bolt P is operated by the 
worm-gear mounted at its lower extremity in a 
bracket on the frame Q. The carrier hinge is pro- 
vided with ball anti-friction bearings. Two series 
of balls are provided—one series to take the side 
thrust, and the other to take the dead-weight of the 
mechanism. The bearings are arranged so that it 
is possible to remove either of them intact without 
dismantling the carrier J and breech-screw F. These 
bearings can be vertically adjusted for centering the 
carrier J and breech-screw F when the mechanism 
is assembled, the bushes being rotated by means of 
adjusting washers. An automatic rebound catch 
R is provided for retaining the breech-screw F 
after slamming, and thus preventing rebound. The 
axial vent-nut T and box-slide S are arranged to 
prevent the slacking back of the nut T, the latter 
being also constructed so as to limit the forward 
movement of the axial vent V and the consequent 
displacement of the obturator K. 

Obturation is effected by means of a plastic 
canvas-covered pad, with a copper protecting disc 
and steel rings. The mechanism is provided with 
separate electric and percussion firing-locks. The 
electric lock J is clearly shown in Fig. 14. 

The firing-gear is operated by means of a link 
system, in place of the usual cam-plate method, 
and with the addition of an appliance for with- 
drawing the firing-needle into a safe position before 
the lock-frame commences to move in the box- 
slide S. 

This link system consists of a link W, pivoted 
at one end to the crank-pinion I, and at the other 
to an intermediate lever X swinging in the carrier 
J, which, in turn, engages with a link Y coupled 
direct to the guide-bolt Z of the lock-frame. The 
leverages of this intermediate lever X are adjusted, 
with relation to the crank-pinion link W and tie 
link-actuating lock Y, so as to reduce the somewhat 
considerable movement of the crank-pinion I to the 
smaller movement required on the lock U, at the 
same time maintaining the slow initial movement 
of the latter during the wedging out of the vent- 
sealing tube A’. - 

The method of retracting the needle is as follows 
—A sliding-bar B!' works in guides in the carrier J. 
This bar B' engages at one end with a withdrawing 
lever C! pivoted on the hox-slide S, the other 
end being provided with an anti-friction roller, 
which engages with a flange on the crank-pinion I. 
Immediately the crank-pinion I is rotated (and 
during the idle movement of the latter relative to 
the breech-screw lever G), an incline on the flange 
engages with the roller of the bar B', forcing the 
bar B' towards the lock U, and thus withdrawing 
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the firing-needle through the agency of the with- 
drawing lever C'. During the opening of the 
mechanism, the flange on the pinion I, which is 
concentric after the initial incline, continues to 
engage the roller on the bar B', and retains it 
in the retracted position until the breech is again 
closed and the screw F locked. The bar B! and 
the lever C! are provided with spring-plungers, 
which return these parts to their normal position 
when the mechanism is closed for firing. An 
hydraulic buffer D! is provided in the carrier J to 
absorb the shock when opening. 

The breech can be opened or closed, when hy- 
draulie power is applied, in a little under 4 seconds, 
and with hand-power only in 6 seconds. This 
result, in combination with the arrangements made 
for the supply of ammunition to the gun, has had 
reat influence on the rapidity of fire of even the 
largest of guns. It will be seen that in Table I. 
the rate is two rounds per minute for this 12-in. 
gun, which develops 53,400 foot-tons of energy 
at the muzzle, equal to penetrating 52.1 in. of 
wrought iron, according to the Gavre formula. 
When one recalls also the immense bursting-charge 
which the 850-lb. shell can carry, it is easy to 
realise how naval strategists and tacticians have 
shown a preference for the 12-in. gun instead of a 
combination of 12-in. and 9.2-in., or 12-in. and 
10-in. guns. As to whether it is the 6-in., 5-in., 
or 4-in. gun which should be associated with the 
12-in. gun, is another question, regarding which it 
need only be said here that there are exhibited 
6-in. and 4-in. quick-firers equally efficient for their 
calibre with the 12-in. gun described, while further 
interest is lent by the collection of ship models and 
electrical manufactures of the company. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS AND THE AMERICAN 
SOCIETY OF MECHANICAL ENGI- 
NEERS. 

Ix our issues of the 29th ult. and 5th inst. (vide 

pages 169 and 188 ante) we published reports of the 

proceedings of the Birmingham portion of the recent 
joint meeting of the Institution of Mechanical Engi- 
neers and the American Society of Mechanical 

Engineers. At the conclusion of the Birmingham 

programme, as already reported, members proceeded 

to London, visiting en route Coventry and Rugby 
and other places, where works, &c., were inspected. 

On Friday, the 29th ult., the proceedings were 

resumed in London, members meeting in the lecture 

theatre of the Institution of Civil Engineers, at 

10 a.m. We give below the report of the discussion 

on this concluding day of the meeting. 

At the outset the chair was occupied by Mr. A. 
Siemens, who briefly expressed on behalf of the 
Council of the Institution of Civil Engineers the 
gratification it afforded them to be able to assist in 
the success of the joint meeting by offering the use 
of their building, which they were pleased to be 
able to place at the service of the two societies for 
this occasion. Mr. Aspinall, President of the 
Institution of Mechanical Engineers, and Dr. 
W. F. M. Goss, Vice-President of the American 
Society of Mechanical Engineers, then replied in a 
few suitable words on behalf of each institution, 
thanking the Institution of Civil Engineers for 
allowing the meeting the use of the room. 


ELECTRIFICATION OF RatLways. 


The chair was then relinquished to Mr. Aspinall, 
who announced that there were five papers down 
for reading and discussion that morning, all dealing 
with the electrification of railways in different ways. 
One of the papers was by Mr. George Westing- 
house, who was, unfortunately, not able to be 
present, but his paper would be read for him by 
Mr. C. F. Scott. Mr. Westinghouse’s paper pleaded 
for the careful consideration and adoption of some 
uniform system of electrification, in order to facili- 
tate interchange working between the railways. 
The whole subject of the commercial success of elec- 
trical railways was dealt with in a paper presented 
by Mr. Pomeroy, who, in his conclusion, pointed 
out that commercial considerations were after all 
the controlling factors. His paper said ‘‘ the idea 
is all too prevalent with the salle, and even with 
Some of the bodies that have been given legal power 
of supervision over railway companies, that any 
expenditure which can be forced upon the railway 
companies is just so much gain for the public. 
Never was there a mere absolute fallacy. In the 


long run the cost of every bit of railway improve- 
ment must be paid for by those who buy tickets 
and ship freight. Economy in the administration 
of our railways is just as important in the interests 
of the general public as if the railways were actually 
under Government ownership.” That passage, Mr. 
Aspinall said, he had read, because it seemed to 
him to sum up the whole matter. That was a 
direction in which it was necessary to look if electric 
railways were to be successful. 

Mr. Aspinall then called upon Mr. F. W. Carter, 
of Rugby, to read his paper entitled ‘‘ Electrifica- 
tion of Suburban Railways.” This paper we intend 
to print in a future issue of ENGINEERING, and in 
the meantime give a short summary of it here- 
with. The paper first referred to the reasons for 
the losses sustained by the railways in recent 
years as regards suburban traffic, and the prospects 
of regaining that traffic by the electrification of 
their suburban systems. The prospect of increase of 
traftic following upon electrification was discussed, 
and it was shown that in England the conversion of 
a suburban system from one method of working to 
the other had met with success in this direction. 
Brief descriptions were given of the various electric 
lines in the United Kingdom, and the manner of 
working them. The question of schedules was dis- 
cussed and particulars given of typical cases. The 
paper then passed on to the discussion of typical runs 
on the continuous-current and single-phase systems, 
the difference between the two types of equip- 
ment as regards acceleration, power, and motor 
losses being pointed out. The author, in conclu- 
sion, remarked that his investigations ‘‘ convinced 
him that, in this country at least, the commercial 
advantage is only demonstrable in general in the 
case of heavy suburban service. Even here it 
should not be taken for granted, for the margin in 
favour of electrification is by no means overwhelm- 
ing.” The author pointed out that in many special 
cases, and in the case of new lines, the arguments 
in favour of putting down an electrical in lieu of a 
steam road were much stronger. 

At the conclusion of Mr. Carter’s summary of his 
paper, the President called upon Mr. H. M. Hobart 
to read in abstract his paper entitled ‘‘The Cost 
of Electrically-Propelled Suburban Trains.” This 
ag we print in full elsewhere in the present issue. 

he paper discussed the reason for considering 
electrification and then passed to an analysis of the 
performance of typical dedeia trains worked on the 
continuous and single-phase systems. The author 
demonstrated by means of this analysis that single- 
phase working was more expensive for this class of 
railway traffic than the continuous-current system. 

Mr. Hobart, having concluded his résumé of 
his paper, Mr. Aspinall relinquished the chair 
to Dr. Goss, who called upon Mr. H. H. Barnes, 
Jun. (New York), to give a summary of the paper 
by Mr. W. B. Potter (Schenectady), the author 
being unable to be present. The paper will be 
reprinted in a future issue of Encineerinc. It 
was entitled ‘‘ The Economics of Railway Electri- 
fication,” and dealt with the relative advantages 
of the 600-volt direct-current, 1200-volt direct- 
current, and single-phase and three-phase systems, 
contending that the 1200-volt direct-current system 
would be found to be the most suitable for inter- 
urban working. The paper, which advanced a 
number of figures relating to the financial aspect 
of the discussion, concluded by stating that ‘‘ the 
saving effected by the 1200-volt direct-current 
system is so marked that a great increase in the 
adoption of this potential for this class of interurban 
railroading may be anticipated, and, on the other 
hand, it will not be surprising if the single-phase 
interurban system is entirely discarded in America, 
unless some marked improvement is made in the art 
and a more economical equipment made available.” 

It was decided to take the next paper as read, 
in the absence of the author. This paper was 
by Mr. L. R. Pomeroy (New York). It was 
entitled ‘‘The Electrification of Trunk Lines,” 
and will be reprinted in full in a future issue of 
EncinEgerinc. Mr. Pomeroy’s paper, as stated pre- 
viously by Mr. Aspinall, constituted an endeavour 
to reduce steam and electric working to the common 
denominator of commercial considerations, by 
placing a value on the various items influencing 
the service under both conditions. In his general 
conclusion the author stated that he considered 
that ‘‘the rapid development of suburban passenger 
traction by electricity will require large power-houses 
at large cities, and these can gradually be made 








sufficient for working the line on further stretches 





in each direction, handling congested terminals, o1 
used where commercially practicable, until it may 
be desirable to electrify the entire system.” 

A paper entitled ‘‘The Electrification of Rail- 
ways,” by Mr. George Westinghouse, was then read 
in abstract by Mr. C. F. Scott. This paper we 
reprint in extenso elsewhere in this issue. 

he discussion on all these papers was taken 
together. The opening speaker was Mr. H. F. 
Parshall. He wished to direct attention to the 
statement made in Mr. Westinghouse’s paper that 
‘*the controlling factor in the cost of electrification 
in nearly all cases is the system of transmitting 
power from the power-house to the locomotive, and 
not the locomotive itself.” ‘That might be so in 
the United States, but was not the case in this 
country, where the Board of Trade required the 
most expensive form of transmission that could be 
thought of. Only a 7-volt drop was allowed in the 
earth return, which involved numerous and fre- 
quent sub-stations of large capacity. It would 
scarcely be credited that in a line like the Central 
London Railway, of which he was the engineer, 
there were no fewer than five sub-stations in 
six miles. These sub-stations had a capacity of 
9000 kw. It was not posssible to comply with the 
requirements of the Board of Trade by any other 
arrangement. In addition a storage battery had 
been provided which would work the entire train 
service for a short time. The arrangements made 
were perhaps more elaborate than would be required 
for surface running, because the passengers had to 
be got out of the tunnel in case of general failure. 
It might therefore be said that this transmission 
system was as elaborate as could possibly be 
expected. With such a system, he found that the 
cost of maintenance of the transmission system 
amounted to about 15 per cent. of the total, and 
for the maintenance and operation of rolling-stock 
was something like 45 per cent., while the cost for 
boilers, power-house, &c., was about 40 per cent. 
Thus the cost of maintaining and operating the 
rolling-stock was three times that of the trans- 
mission system. In America, where the sub- 
stations would be further apart, and there were 
no restrictions so far as earth return was concerned, 
the transmission system would be a great deal 
cheaper. For these reasons he could not accept 
the statement that the controlling feature would be 
the transmission system. 

If these figures of 45 per cent. for rolling-stock 
and 15 per cent. for the transmission system were 
taken, and applied to Mr. Hobart’s figures, which 
were not only representative for installations in 
this country, but also for those in America, it 
would be found, on comparing the continuous and 
alternating-current systems, that the different 
capital charges relating to rolling-stock alone would 
more than wipe out the whole cost of the trans- 
mission system, and would leave a negative balance 
in the case of the alternating-current system. The 
alternating-current system would thus have to bring 
with it a premium for its installation. Further, 
there must be some transmission system with the 
alternating-current single-phase railway. Supposing 
the same amount of energy had to be transmitted 
over the same distance by two systems, one single- 
phase and the other three-phase, with unity power- 
factor, 75 per cent. of the copper would be required 
for the three-phase. In the single-phase installa- 
tion the power-factor was not unity, whereas in the 
three-phase with the use of rotary converters it 
was approximately unity. In America the best 
figure that was given to the speaker was a 75 per 
cent. power-factor in a general single-phase traction 
system. Carrying these two factors into a general 
calculation, and allowing 10 per cent. loss in the 
rotary converter, he reached the conclusion that 
the cost of the high-tension transmission line for a 
single-phase system was 60 per cent. greater than 
that for the direct-current system. That calcula- 
tion was on the basis of equal current density. If 
the calculation were made on the basis of equal 
energy, the cost of copper which would take the 
same amount of energy would, owing to the dif- 
ference of transmission and the power-factor, be 
doubled in the case of the single-phase system. 

The speaker had recently been to America, and, 
through the courtesy of Mr. Murray, had been over 
the New Haven system in detail, and he had also 
been over the New York Central system in detail. 
One fact that impressed him was that either system 
was competent to deal with dense terminal traftic 
in a way that steam traction could not handle 
it. So far as systems were concerned, the New 
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amounted to 215 tons, between Heysham and/30 miles per hour, 1.32 mile service for 88 watt|this basis, with the revised Siemens equipment 
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weight, analysis showed the Heysham train to 
have an output per ton of electrical equipment 
of 8.83 horse-power, compared with 6.04 given by 
Mr. Hobart. A fair comparison on actual weight 
with the schedule he had adopted should have been 
based on the Westinghouse car, the equipment of 
which weighed 12 tons, and gave an output figure of 
7.2 horse-power per ton. 

Mr, Dalziel continued by stating that he thought 
something was wrong with Mr. Hobart’s calcula- 
tion for consumption per ton-mile for the Picca- 
dilly Tube train. He could easily show, and had 
made the calculations, that on the input given the 
mean current input for the motor was of the order 
of 95 to 100 amperes, so that the root mean 
square current per motor could not be less than 
150 to 200 amperes, an extraordinary figure for a 
naturally ventilated motor of half to two-thirds 
of one-hour rating. The consumption for the 
Piccadilly train just referred to, as well as that 
given for the same schedule by Mr. Hobart in his 
Table VII., disagreed entirely with the figures in 
Mr. Hobart’s own book on ‘Electric Railway 
Engineering.” There Mr. Hobart gave for a similar 
schedule a consumption of 72.8 watt-hours per 
ton-mile, with no coasting, and 56 watt-hours with 
32 seconds’ coasting. He found that ccasting 
between stations averaged about 38 seconds, so that 
about 56 watt-hours per ton-mile would, he thought, 
be about correct. Allowing Mr. Hobart something 
for tunnel resistance, and thus bringing the con- 
sumption to 63 watt-hours per ton-mile, he found 
that the figure for the Piccadilly Tube train became 
really 7.4 horse-power per ton of equipment, com- 
pared with the 8.8 already mentioned for the 
Heysham train. Such a result was only to be 
expected in consideration of the fact that forced 
draught was used on the latter. 

Mr. 8S. Stone was the next speaker. He had, he 
said, been hoping to hear something from the 
American visitors as to their experience with regard 
to the wear of the track. He believed it was an 
admitted fact that the wear of track on the 
electric railways in this country was excessive, more 
particularly on those lines on which the multiple 
unit system was used. He believed that on the 
City and South London line, where an electric 
locomotive was used, the wear was not so marked 
On the other lines, especially the District Railway, 
where long trains were used with probably three 
motor-coaches, one in front, and, in rush hours, 
one in the middle and one at the rear, the wear and 
tear of the track was pronounced. 

Some time ago, before the North-Western trains 
were taken off between Earl’s Court and the Man- 
sion House, he had been interested in watching 
the effect of the wear, as far as it was possihle to do 
so, from the carriage. In these trains the light 
from the cars through the windows was reflected 
upon the opposite rail, and he could see quite 
well how the rails were worn in an irregular way. 
He would not say what the wear was caused by, 
but every 40 feet or so these rails could be seen to 
have a bright worn appearance. He thought that 
probably the bogies were wearing and digging into 
one side of the rail until they met with such a 
resistance as threw them over to the other side. 
It had occurred to him that the cause of this wear, 
more particularly on curves, was due, with the 
suthioloanils system, to the fact that when running 
with a motor at either end of the train, and when 
an up-gradient or curve was met, there would be 
increased mechanical resistance at the front coach, 
due to frictional resistance on the rail, when the 
motor at the rear of the train, which had not that 
same resistance to overcome, would push the train 
up from behind. This method had, to the speaker's 
mind, the same effect as that which occurred in the 
case of a train of wagons shunting on a curve. If 
these wagons reached a dead end or some other 
wagons, all the wagons would be seen to bulge out- 
wards on the curve. The speaker could not help 
thinking that that had something to do with this 
excess of rail wear. In the case of a locomotive 
there was always a tension on the draw-bar—that 
was to say, the whole of the force was being exerted 
in front of the train—the train would be pulled 
along the road. If the train were pushed, it would 
be pushing against the road, and on a curve it would 
be pushing against the outer rail. He had often 
thought it would be posible to get out a scheme 
wherein the predominating power could always be 
on the front motor, if multiple-unit trains must be 
utilised. It seemed that the power on the front motor 
should be increased so that there should always be 





a definite haulage on the draw-bar ; in other words, 
all the draw-bars should be kept taut instead of 
having them slack, so avoiding the crushing up of 
the train. He had often watched electric trains 
starting from the stations with the front coach on 
a curve, and the rear one on a comparatively 
straight piece. Under such conditions the rear 
coach would be seen to bump the others up, re- 
sulting in distortion and throwing out of the coaches 
on the outer rail. 

Mr. C. F. Scott said that on this subject compli- 
cations were likely to arise if general rules were 
applied to specific cases without modification. On 
the other hand, there was aptitude to arrive at 
false general conclusions if the latter were based 
on specific cases. On the other side of the water 
there was a tendency to devote energies to contro- 
versy as to the systems rather than to the con- 
sideration of the general features of railway appli- 
cation. Electricity was not only a way of doing— 
often in a better way—something that had been 
done before, but was a means of introducing new 
methods. That would be found to be true by 
reference to industrial applications. Originally 
the argument in favour of the motor, as against the 
belt and shafting, drive, was based on the rela- 
tive power and efficiencies of the two systems. 
The current argument raised for the use in electric 
motors, however, was not that power might be 
saved, but that more power might be efficiently 
used. The case of certain cotton-mills had come 
under his notice not long ago, in which the elimina- 
tion of the previous fluctuations in speed, due to 
steam and shafting driving, by the introduction of 
constant speed of the electric motors, allowed the 
maximum speed to be maintained continuously, re- 
sulting in a gain in the output, which justified the 
cost of the installation of electric power irrespective 
of the amount of power used. 

The papers brought out several of the advan- 
tages of electric traction, among them being that 
of increased capacity on a railway at congested 
points. By saving the double track, or other 
increases in track facilities, there might be a 
great advantage in electric traction. New possi- 
bilities were given to railway terminals where 
ground was extremely expensive. Electric traction 
permitted the double or treble decking of tube- 
railways, so that the same number of tracks could 
be got, one above the other, into very much 
less space than was used with steam traction. The 
space now used by railways might be built over, 
owing to the elimination of steam. This would 
bring much ground, that was new practically useless 
for any purposes other than the railway right of 
way, into efficient service. 

Referring to the data on electric locomotives 
of American design, which were given in Table IT. 
(Appendix No. 2) of Mr. Westinghouse’s paper, 
it would be seen that in three of the loco- 
motives shown the motors were well above 
the truck-axles in the case of two, while in the 
third figure the motor was mounted in the cab, 
the driving being by side rods. While that con- 
struction had been carried out on the Continent, 
it was new to America. The locomotives for 
the Pennsylvania Railroad had very large motors 
in the cab. The speaker believed the last-men- 
tioned locomotives were among the largest (if not 
the largest) ever made, and the most powerful. 
The next locomotive shown—namely, one for the 
New Haven road—was of some interest, as each 
motor was mounted directly over the axle, which it 
drove by gearing at each end. The last two types 
of locomotives shown were locomotives made for 
the New Haven road, for the combined passenger 
and freight service. One has been in service for 
several months ; the other was then about to be 
put into service, the railroad companies wanting to 
determine which locomotive was most suitable for 
both types of service on its route, with the expec- 
tation of operating freight trains as well as pas- 
senger trains. 

In a number of the papers comparisons had 
been made between the direct-current and single- 
phase systems. He wanted to bring out some 
of the general comparisons between the two 
systems. The real difference was that the single- 
phase equipment cost more, and that the advantage 
of the single-phase was in the lesser cost of the 
line. In Mr. Hobart’s paper two elements were 
considered. First was the equipment, and the 
author went into many details which at the moment 
the speaker did not feel competent to discuss. 
Looking at the paper in general, he had found that 


a 


every element of transmission—which was by so: 
recognised as a large element to be considered, and 
was certainly a very important one—had received 
hardly any consideration. The author had passed 
all that over by taking the cost of electricity 
per car mile as 0.90d. for the direct-current, aud 
0.72d. for the single-phase system, one being 
25 per cent. more than the other. The whole 
subject of the transmission systems and power- 
supply was included in that simple comparison in 
which the direct-current was said to have 25 per 
cent. greater cost than the single-phase for power 
at the car, irrespective of the efficiency of the car 
itself. The all-day efficiency throughout the year, 
of the sub-station, varied through a wide range, 
depending on the kind of service, relative size of 
sub-station, and the relation between the capacity 
and the average output, or the load-factor. For 
general average conditions, the speaker believed 
that an efficiency of about 80 per cent. for the 
sub-station was not too high. He thought it 
would not be far wrong to take the cost of the 
power generated for the direct-current system as 
25 per cent. greater than for the single-phase 
system for each kilowatt-hour delivered to the car. 
That was the ratio which Mr. Hobart had taken, 
but he thus allowed nothing for greater first cost of 
the direct-current sub-station or for the operation 
of the sub-station. Evidently those elements would 
increase considerably the cost of direct-current 
power. 

In Mr. Pomeroy’s paper some figures were given 
{copied from a paper by Mr. Wilgus) concerning 
the New York Central Railroad, from which it 
appeared that the total cost of power was 2.60 cents 
per kilowatt-hour. He would point out that a trifle 
over 1 cent (or only 40 per cent.) had been charged 
there to the power, whereas 60 per cent. had been 
charged to the transmission and sub-station. Thus 
60 per cent. of the total cost was accounted for by 
the cost of getting the power from the power-house 
to the car. Making a fair reduction, and taking the 
cost of the sub station part for alternating current 
as about a quarter, roughly, of that for direct- 
current sub-stations, a ratio could be arrived at 
for the relative cost of direct-current and alterna- 
ting-current power. This worked out in a manner 
which showed that the cost for direct-current power 
was not 25 per cent., but 50 per cent. or 60 per 
cent. greater than the cost of the single-phase 
power. If those figures were applied to Mr. 
Hobart’s paper, there would be a material change 
in the results. If his general observations were 
correct, Mr. Scott thought there must have been an 
error of some 25 per cent. in the cost of the direct- 
current power. 

Mr. Carter in his paper had said, in reference 
to Figs. 6 and 7 of his paper, that ‘‘although 
both motors (i.e., the continuous and single-phase 
types) were dynamically capable of working the 
service, the former alone has sufficient thermal 
capacity for the purpose, the other having to 
dissipate three times as much energy as it can 
get rid of by natural cooling.” It would evidently 
be impossible to work motors if they were generat- 
ing three times as much heat as could be dissipated, 
yet in American experience motors had been run 
for some years, and had not attained to any tem- 
perature suggestive of such conditions. On the 
face of it this statement was absurd. 

Mr. Potter's paper furnished some interesting 
figures in the tables relating to typical interurban 
electric service. Accepting these right through 
—though some were open, perhaps, to dispute— 
Mr. Scott noted that in Table II. of Mr. Potter's 
paper the maximum speed of the single-phase cars 
was taken as 55 miles, and that of the direct cars 
as 48 miles. He believed that requirement was 
excessive for the service, and would impose 
serious restriction or extra cost on the alternating 
service. He also noted that the electrical main- 
tenance for the alternating current was given 4s 
14 cents per car mile. That, of course, wis 
a figure which would differ greatly on different 
roads. On a single-phase road of over 100 miles 
in length, and doing a heavy service with large 
cars, the actual electrical maintenance, over a period 
of three years, had, to his knowledge, averaged 
less than 1 cent per car-mile, as against the 1} cents 
given in the paper. He considered that a reduc- 
tion should be made in the cost of the car equip- 
ment. The road taken required in service at one 
time six cars, and he would ask, How many cars 
should the road purchase in order to maintain six 
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hat the figure given in the paper was probably 
excessive. Fifteen direct-current cars were pro- 
vided for six cars in use simultaneously. For the 
single-phase service two idle cars were allowed for 
every one in use. He regarded the total number 
and the difference as unnecessary. If the number 
were reduced to ten cars of each kind, a fair allow- 
ance would be made, and this would bring down 
the car cost materially. Accepting, withou' 
further discussion, the figure of 17,000 dols. as the 
cost per car, the reduction in the cost of cars—the 
largest item in the summary, Table VI.—would be 
very considerable, and would bring the total cost 
for the two systems comparatively close to each 
other. 

In a general comparison of the two roads, the 
electrical requirements for the 1200-volt direct- 
current road were that the line should be sufficient 
for starting one car and running one car as a 
momentary maximum demand between sub-stations. 
Two cars could not start without exceeding the 
maximum allowable momentary demand between 
sub-stations. The alternating-current system was 
worked on the same basis. Two cars might start, 
but the sub-stations were further apart. That 
meant a line which could run to required schedule 
with cars one hour apart. It apparently precluded 
the operation of trailers, or, at least, the operation 
of two-car trains, or certainly three-car trains. It 
would presumably prevent the making up of time 
if one car got behind. If one car got out of its 
regular place on the road, it would not load up the 
system properly. If three cars got on the middle 
section, they would overload it. The greater the 
overload the lower the voltage, and the cars would 
not run. That could be remedied by increasing 
the line element. The capacity of the single-phase 
line could be doubled by doubling the number of 
sub-stations. In the case of the single-phase 
system, the sub-stations cost 20,000 dols., whereas in 
the direct-current system the cost was 106,000 dols. 
The former had an annual maintenance cost of 
600 dols., and the latter of 3200 dols. Conse- 
quently, if the capacity of the line were increased, 
it would be increased at a point where the single- 
phase could be increased at little cost, but at which 
the direct-current system could only be increased 
at very considerable cost. 

The line to which he had made reference was 
operating in Indiana, a State covered with electric 
railways, many of them on the direct-current 
system. In a report made, not long since, to the 
Government of the State, it was shown that the 
operating cost per car-mile of that single-phase 
road—which was operating on a higher schedule 
speed that any interurban road in the world—was 
less than that of any other road in the State. 

The Secretary of the Institution of Mechanical 
Engineers then read a telegram from Mr. Philip 
Dawson, which ran as follows :—‘‘ Am very sorry 
that, owing to being detained at London Bridge, 
cannot take part in the discussion this morning, 
particularly as Mr. Hobart’s fundamental data 
regarding ‘‘ Elevated Electric” are incorrect. 
Weight of equipment 36, not 44 tons ; watt-hours 
per ton-mile 66, not 79; and six motors quite 
satisfactoryto run service. These errors alone vitiate 
all his conclusions. Kindly read this telegram to 
the meeting.” 

Mr. H. M. Hobart desired to make a few obser- 
vations on the paper by Mr. Potter (‘‘ Economics 
of Railway Electrification”). He had not had time 
to follow Mr. Potter's calculations in relation to the 
100-mile line in his own way, but a brief survey 
showed that he was in good agreement with Mr. 
Potter on manypoints. Running through the various 
data, it was the speaker’s considered opinion that 
in the case of the 100-mile line the continuous 
current was a little lower than his own data would 
make it, and that the alternating current was a little 
higher, in cost. The results, in this case, ran each 
other so closely that it would not take much altera- 


tion in the figures to turn the balance in favour 
of the single-phase system. He believed that, in 
the case of such a road, if there were any differ- 
ence, the single-phase system would be cheaper 
neal more appropriate, although the difference 
Ww ild be very slight indeed. It would be remem- 
bered that it was the case of a 100-mile line with 


trons every hour, in each direction, three miles 
between stops, and a schedule speed of 33 miles. 
Mr. Hobart had hastily compared costs by taking 
the cost of the cars per ton of weight, and reduc- 
ne a good deal of his data to such figures. He 
tad been interested to observe that Mr. Scott 





was of the same opinion — namely, that the 
17,000 dols. was high for an alternating current 
car, or, taking relative figures, the 10,000 dols. would 
be low for continuous-current car. Only the ratio 
could be taken, because of the differences between 
the different lines. The cost per ton for the con- 
tinuous-current car worked out at 64/., and for the 
single-phase car 89/. His own figures were between 
these for both cars. It seemed to him rather hard 
on the single-phase car to debit it with such a 
high first cost and then go back on it again and give 
it only a twelve-years’ life instead of the fifteen 
years given to the continuous-current car. These 
and other differences would turn the balance in 
favour of single-phase. The costs taken into 
account by Mr. Potter gave 8d. per car-mile for 
these systems, but these represented not more 
than half the total costs of operating the sys- 
tem, so that the resulting cost per car-mile was 
16d. In this country, even under very rare condi- 
tions, not more than 0.2d. per seat-mile could be 
obtained. Assuming 60 passengers per car, the 
revenue would thus work out at 12d., against 16d. 
expenses. This was decidedly a case in which elec- 
tricity was out of it. Wherever the single-phase 
beat the continuous, it would be found that steam 
beat them both. 

Dr. Angus Sinclair, who spoke next, referred to 
the extension of electrical working to freight ser- 
vice. Mr. Westinghouse considered that that 
would gradually be done. The speaker's experience 
of railway operating did not point that way. It 
would be remembered that rapid changes had been 
made recently in the freight service on some of the 
American railways. The hauling of freight-trains 
had proceeded with little change up to a certain 
point, when some managers found that, by using 
enormously heavy locomotives, a slight reduction 
in the cost of haulage could be effected. They 
were in a good position to make the change, and 
had done so. Others, moved by what they 
had heard about the reduction of the expense 
of haulage, followed the example set, with the 
ultimate result that their roads went bankrupt. 
Mallet or other locomotives of great haulage 
capacity were bought, but the orders had been given 
without due regard to the changes which such 
heavy engines involved. It was found, when they 
were put into service, that the track was too light, 
and it had to be improved. The bridges also had 
to be strengthened for the same reason, and other 
heavy expenses had to be met. The result was 
that instead of reducing expenses they piled up 
debt. Similar questions arose when conversion 
from steam to electricity was contemplated, and 
he believed that the lessons just learnt by the 
railway managers would influence them when further 
change was suggested. Another matter which 
affected the freight business in the United States 
was the great difference in the volume of traffic. 
There were ranges, extending over miles, of sparsely- 
inhabited, unsettled country, where there might be 
little trade at one time and a vast quantity at 
another, the road being sometimes pushed to its 
utmost capacity. The conditions for the country 
as a whole were, in the speaker’s opinion, unsuitable 
for electric traction. The operation of suburban 
business by electricity was quite different, as there 
was, in this case, a certain amount of close contact 
with the work to be done. For the United States 
and American countries generally he saw little chance 
for electric traction. 

Mr. J. G. Wilson observed that Mr. Westing- 
house had advocated the adoption of one system of 
electric traction to the exclusion of others—and the 
standardisation of its details. He would consider 
this matter from the point of view of a railway 
company owning steam roads susceptible of conver- 
version, but not yet converted. So far, three facts 
had been established from the actual results of 
electric traction. Firstly, on suburban roads of 
heavy or moderately-heavy traffic, conversion to 
electric traction was capable of effecting consider- 
able reduction in working cost, even taking into 
consideration the capital to be spent. Secondly, 
that on suburban lines, the adoption of electric 
traction gave the only real, effective, and satis- 
factory means of competing with other means of 
suburban transit. Thirdly, that there were inter- 
urban roads, and possibly cases of areas of excep- 
tionally heavy freight movement, where the adoption 
of electric traction might offer advantages and hold 
out possibilities which the improvement in details 
of electric equipment continually tended to increase. 

The actual progress of eonversion of steam roads 





to electric traction was not commensurate with these 
facts. It was really quite natural that this should 
be so, and one reason (among many) for this was 
that there were two proven methods of making the 
conversion, each supported by eminent authorities. 
This could only perplex the railway man. Mr. 
Westinghouse wished to remove this bar to progress 
by using one method exclusively. The speaker 
agreed that if such a thing were practicable, it 
would have desirable results. He believed, how- 
ever, that it was impracticable, and was not eco- 
nomically sound. An illustration was to hand in 
the case of two railways entering London. The 
Great Eastern Railway had the heaviest and most 
important suburban traffic in the kingdom, while 
the Great Northern Railway had a relatively small 
suburban traffic, but had an important mineral 
traffic, for which electric traction might ulti- 
mately be considered. It could be shown that, 
in the case of the Great Eastern Railway, the 
cheapest method for its suburban traffic would be 
the direct-current system ; in the case of the Great 
Northern mineral traffic, the claims of the single- 
phase system could not be overlooked. Neither 
of these railways, seeking an interchange of traflic, 
would give way to the other, and it was difficult to 
see what inducement could be held out to either 
railway when contemplating a change to one system, 
to adopt the other. He did not think, speaking for 
the railway companies, that it would be possible to 
insist on an exclusive system. To delay conversion 
for the sake of arriving at uniformity would not be 
commercially sound, because the gain was remote 
and problematical, and the advantages which in the 
meantime were being forgone were real, and too 
large for a company to afford to lose them. 

Professor Hutton referred to the belief that the 
complete electrification of railways would gradually 
take place. He thought the desire had overmastered 
the recognition of the broadness of the subject, and 
of the conditions which presented themselves in 
the United States, such as the great areas of the 
prairie country, &c. The conditions respecting 
the transmission of power over these great areas, 
where there were no terminals, no cities of distribu- 
tion, and where long unbroken freight-trains ran 
over great distances, were such as to make the 
suggestion a little premature, particularly in view 
of the emphasis laid upon transmission losses. 
There was no question of the great importance of 
electrification where there were a number of cities 
close together like beads upon a string. The con- 
ditions of the long unbroken tangents, however, 
were different from those in this country, and else- 
where, where the distances were short. He regarded 
it as only fair that those who believed in the elec- 
trification of branch lines should very earnestly 
consider the introduction of the motor-driven (in 
the sense of the internal-combustion motor) branch- 
line service. There were in this type of service 
practically no losses in transmission from the 
power-station, and it would seem as if this was 
the solution of the problem under the special 
conditions. 

Mr. F. W. Carter then replied to the discussion 
so far as it concerned his paper. Mr. Dalziel had 
raised the question of efficiency in connection with 
Figs. 5 and 6 of the paper, and had stated that the 
speaker had obtained ¢ an efficiency of 934 per cent. 
Mr. Carter was unable to say how Mr. Dalziel 
derived this figure, unless he considered the 
efficiency of the motors exclusive of the gears, 
when the figure might be correct, but would not be 
remarkable. It was probably 94 per cent. on the 
average of the running range at full voltage. Mr. 
Scott had failed to understand a statement in the 
paper as to the comparative thermalcapacity of the 
two motors. It was not suggested, the speaker 
said, in that comparison of motors that that par- 
ticular single-phase motor would be used for the 
service. He had only desired to point out that 
the single-phase motor was apparently dynamically 
suitable for the service, but was not one which 
could be used unless forced draught were adopted 
for carrying off the extra heat. As a matter of 
fact, the continuous-current motor was run at 
about the limit of its thermal capacity with natural 
cooling. It was not suggested that the motors 
should be running, one having three times the loss 
of heat of the other. 

Mr. H. H. Barnes, jun., then replied to the 
criticisms of the tables relating to typical inter- 
urban electric service set out in Mr. Potter’s paper. 
Mr. Scott had suggested that the number cf cars 
used for the three classes of equipmert was 
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excessive. 
the figures for the miles per car in service varied, 
and the miles per car per day were taken from 
present practice on the other side. It might 
be admitted, for the sake of argument, that the 
figures were low. In order to illustrate the effect 
of a radical change, he had thoroughly checked the 
figures. If it were supposed that instead of fifteen, 
fifteen, and eighteen cars, only half that number was 
in actual use—although if the number were cut in 
two the road could not be operated—theapproximate 
difference in the annual cost of operation, consist- 
ing of the fixed charges and the charges for opera- 
tion and maintenance, would mean a drop from 
32,000 dols. in favour of the 1200-volt direct-current 
to 20,000 dols. In other words, the reduction of 
cost would’ be rather faster in the case of the 
alternating current. The 20,000 dols. would repre- 
sent about 14 per cent. on the total annual cost. 


It was explained in a foot-note that! 





The question of the inadequacy of the feeder 
copper and of the sub-stations would then arise. 
Halving the number of cars should double the 
car - mileage. The capitalisation of the 20,000 
dols. still left in favour of the direct current 
could be devoted to the purchase of a very large 
amount of feeder copper, and the kilowatt capacity 
of the sub-stations could be materially increased. 
There would still be a number of items which 
would remain constant, and the capitalised 20,000 
dols. would only be applied to the items which 
would change, such as the converters and accessories, 
sub:station equipment and feeders. Even in such 
an extreme case as halving the number of cars, 
therefore, there still appeared, however the figures 
were dealt with, an advantage in favour of the 
direct-current system. 

Another point, continued Mr. Barnes, also bear- 
ing on the tables under discussion, had been touched 


























upon by Mr. Hobart, and related to the figures for 
the alternating current. Those figures, the speaker 
said, represented reasonable averages. Taking as 
an example one feature of the maintenance— 

brushes—in accordance with the speaker's exper!- 
ence the brush maintenance as between alternating 
current and direct current was 100 to 1 against the 
alternating current. That indicated the amount 
of attention which the brushes alone had to receive 








Aue. 12, 1910. ] 


ENGINEERING. 


229 








THE VULCAN SHIPBUILDING AND ENGINEERING WORKS AT HAMBURG. 
(For Description, see Page 230.) 
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in order to maintain a satisfactory service. The 
question of attendance at sub-stations on the 
direct-current system was often made a gocd deal 
of. On the interurban lines of the United States 
the number of men employed for a good service on 
alternating-current lines, even although there were 
no sub-stations, was as great, or greater, than the 
corresponding direct-current lines with sub-stations. 
In conclusion he would emphasise the fact that the 
table was founded upon conditions recognised as 
unfavourable to direct current, in order to give 
alternating current as-fair a showing as possible. 
Under more favourable conditions for direct 
current the advantage of the latter would have 
been still more marked. 

Mr. J. A. F. Aspinall then concluded the dis- 
cussion on the papers. He referred to the Liver- 
pool — Southport line of the Lancashire and 


Yorkshire Railway, stating that he would be pleased 
to s:ow the American members the operation of 
the \ine, and the kind of repairs that had to be 


carried out, so that they might compare notes on 
electric working i in the two countries. Thespeaker 
was pl leased to see in the paper presented by Mr. 
Scott for Mr. W: estinghouse the diagrams illustrat. 
ing the new electric locomotives being constructed 
for the haulage of the heavier electric trains. It 
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Fies. 21 to 27, Frame anp Piate-Benpinc FuRNACES. 


had been soon realised as inevitable that if heavy 
electric trains were to be hauled, and the cost of 
repairing the motors to be kept down, there would 
have to be, to a great extent, reversion to locomo- 
tive practice so far as large bearing surfaces, large 
journals, &c., were concerned, experience with 
caer Ml having shown these things to be neces- 
sary in any hauling machine. The practice now 
being established in the United States overcame 
the difficulty which the speaker had pointed out 
on @ previous occasion—namely, that the centre 
of gravity of the trucks of the multiple-unit 








trains was so low, and that the weight was not 
spring-borne, the result being excessive wear and 
tear of rails. 

Turning to the Liverpool and Southport line, 
the experience of four or five years’ running, and 
of a very large number of ton-miles over that line, 
tended to show that the system in use was perfect] 
satisfactory. They had no trouble with the cars, wit 
the rail, or the generating stations or sub-stations. 
The only matter—looking at the question from a 
commercial point of view—that needed correction 
was the wear and tear of the motor machinery. As 
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say that no general manager could affurd to close Cy 

his mind to the possible utilisation of one or| THE WULCAN COMPANY’S WORKS AT HAMBURG. 
the other of the — systems gener by elec- 

trical experts ; whichever, in fact, might prove to ; : 5 

be pant sort right. The utilisation of the Fug. 30. Kleins Hollow a) 

rolling-stock to its greatest capacity was one of the dita 808, _) py 

items to which greater attention must be paid than wy 

to almost anything else. He had, therefore, been ji 

greatly pleased to observe the diagram, Fig. 1, 

in Mr. Pomeroy’s paper, marked ABCD. This 

diagram illustrated, in a very clear and dis- 

tinct manner, how small a proportion of the time 

of a locomotive, whether steam or electric, was 2LEIOIO-N 
occupied in doing useful commercial work. It y 

appeared from that diagram that 22 per cent. PY Leh ?80%9000 

of the whole time was occupied in repairs and Ys 

maintenance in the shops, and, the speaker sup- 

posed, in reconstruction. Mr. Pomeroy had indi- 

exted that only 28 per cent. of the time was com- 

mercially used, and that 50 per cent. was, to use ; ‘ : - ’ 
the author's words, ‘‘ the oiled or balance of the : -_——- — —-— i Cee 




















time that the locomotive is under steam, with crew, ; 
and ready to go, and represents the time at ter- g i} og <2-250%10 
minal yards, side-tracks, and awaiting orders.” Z algae 

More money, the speaker continued, was to be 
made out of a consideration of that little diagram, 
and that 50 per cent., than out of any of the varia- 
tions of system. 

At the close of Mr. Aspinall’s remarks, Dr. Goss 
vacated the chair, and Mr. Aspinall called upon the 
Secretary of the Institution of Mochenieal Engi- 
neers to read a list of votes of thanks to be sent to 
all who had contributed, by entertainment of one 
form or another, to the success of the meeting. 
Subsequent to the passing of the resolution relating cana | pa’ 2 LP SASS 
to these, Professor Hutton proposed, on behalf of ; f “> r 
the American Society, a number of resolutions of 1s SECTION “fl 
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thanks for courtesies received during the visit. 
These were put to the members of the American y vi. if & 
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Society by Dr. Goss, and passed with acclamation, % TT 
the meeting then terminating. nso 
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THE VULCAN COMPANY’S NEW 
YARD AT HAMBURG. 
(Continued from page 150.) 
Friame-Furnaces aND Surp-Piaters’ SHors. 


In recent years there has been in this country a 
steady aw in the use of producer-gas 
for frame-bending as well as plate-furnaces. The 
old order of coal-firing, with a hearth alongside the 
furnace, is fast disappearing, because the new system 
is not only economical, but ensures a more equable 
temperature, and can be shut down more easily. 
It is, therefore, interesting to note the special 
details of the furnaces constructed for this German 
shipyard, and these are fully illustrated on pages 
228 and 229, Figs. 18 to 24 showing the frame- 
furnaces, and in this case the Duff producers are 
entirely separate. Figs. 25 to 27 show the plate- 
furnaces, in which instance the producer is an 
integral part of each furnace. In both instances 
there are air-ducts under the furnace-hearth for pre- 
heating the air for the producers. 

The building for these furnaces, with the neces- 
sary frame, &c., bending-machines, is in the imme- 
diate neighbourhood of the shipbuilding berths, and 
is constructed in iron lattice-work. When ultimately 
completed, it will consist of ten transversal bays 
of a total width of 150 metres (500 ft.), and a 
length of 55 m. (180 ft.). Only 4950 square 
metres (53,000 square feet) of the total width have 
so far been erected. These bays are in pairs, about 
15 m. (50 ft.) in width, provided with a common 
saddle roof. In order not to obstruct the space 
by too many columns, continuous girders have 
been arranged the whole length of the separate 
bays along the gutters and along the ridges of the | 
roofs, as shown in a perspective view of part of | 
the shop (see Fig. ob on Plate XII.). Ample | 
light is admitted through th» glass roofing and the | 
windows in the sides. An efficient system of ven- | 
tilation is secured through the longitudinal super- | 
structure. 

The furnaces have been installed by the Stettiner | 
Chamotte Fabrik Actien-Gesellschaft, vorm. Didier. 
There are two frame-furnaces with gas-producers, as 
shown in Figs. 18 to 24. Athird frame-furnace and 
its producer will be added later. The length of 
eich is 26 m. (85 ft.), and the total width 7.56 m. 
‘about 25 ft.). Included in this dimension is the 
main flue, which is between the furnaces (Figs. 
20 and 23). The coal-bunker is placed on a plat- Fics. 30 anp 3], Srrucrurat Detaus or Biacssmitus’ SHop BurLpre. 
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form above the 


—- (Fig. 18); and the fuel 
is raised thence 


an electrically-driven hoist of 
i ton capacity, the height of lift being 3.7 m. (12 ft.), 
at a speed of 0.17 m. (6.7 in.) per second. In 
order to secure rapid combustion in the pro- 
ducers, a special air-feeder has been fitted, which 
is supplied from a Jager blower having a capacity 
of 60 cubic metres (2100 cubic feet) of air per 
minute. The producers are of the Duff type, and 
the gas es off through a wrought-iron flue, 
which is lined inside with fire-bricks, and thence 
through the main gas-flue between the furnaces, 
with feeders to both furnaces at six equidistant 
places (Fig. 23). The gas supply is regulated by 
flat valves and burners. These burners are only in- 
tended for the first heating ; as soon as the ignition 
temperature has been reached at the spot where 
the gas enters, these burners are cut out. The 
air for the combustion of the coal in the producers 
is pre-heated by recuperation in the flues under- 
neath the hearth, entering the producer as shown in 
Fig. 24, and is passed through the double vaulting. 
The gases from the furnace are carried away by the 
brick chimney, which has a height of 40 m. (131 ft.). 

At the ends of the heating furnaces are sets of 
angle-levelling machines by Messrs. Davis and 
Primrose, of Leith. The ordinary bending on the 
frame slabs is done by hand or hydraulically. 
Adjacent to the frame slabs are scrieve-boards for 
the marking out of the templates. 

The mechanical equipment of the platers’ shops 
comprises the following machines. A pair of double- 
lever shears, which cut plates up to 40 mm. (1.6 in.) 
in thickness and angle-irons of 300 mm. by 150 mm. 
by 20 mm. (12 in. by 6 in. by 0.8 in.) ; a double 
vertical punch, making holes up to 32 mm. (1} in.) 
in diameter in plates of that thickness ; a patented 
beam and special iron-shearing machine working 
with a pressure of 120 atmospheres (1700 lb. per 
sq. in.) ; and a combined quadruple punching and 
shearing machine, making holes up to 400 mm. 
(15} in.) in diameter and holes of 200 mm. by 
30 mm. (8 in. by 1} in.) in plates 40 mm. and 
24 mm. (1.6 in. and 0.94 in.) in thickness, cutting 
40-mm. plates and punching manholes of 250 mm. 
by 250 mm. (10 in. by 10 in.) into plates of 20 mm. 
thickness, An Arthur plate-bending and straighten- 
ing machine, working on beams in a horizontal 
position up to a depth of 13 in., has likewise been 
installed. A horizontal boring - machine makes 
holes 60 mm. (2.4 in.) in diameter and 450 mm. 
(17? in.) in depth. All the machines are directly 
driven by electric motors, and are served by 
hand - worked jib-cranes. Electric travellers, of 
from 3.5 to 7.5 tons capacity, fitted with three 
motors, traverse the different bays. Connection 
with the shipbuilding berths is, as in all the other 
workshops, by railway tracks, which enter the shops. 

There is an angle-iron and beam shop for special 
sections, heel-post and bow-plates, deck beams, 
and other parts. This building is also constructed 
of steel framing, and has a length of 60 m. (197 ft.) 
and a width of 40m. (131 ft.), with an area of 
2443 sq. m. (26,300 sq. ft.). The roof-joists are 
supported by two central columns, since the width 
is omattiendlilin and the spans of the openings are 
hence about 30 m. (100 ft.). Close to the build- 
ing is an annexe for the pumps for the heavy 
hydraulic machine-tools. Coal-stores are likewise 
provided in this annexe. 

The plates are heated ina plate-furnace combined 
with a producer-gas plant, and clearly illustrated 
in Figs, 25 to 27, page 229. There is an iron table 
in front of the furnace 4 m. (13 ft.) in width and 
8m. (26 ft.) in length. It is made of perforated 
plates, and serves for straightening the plates. An 
electrically-driven vertical windlass of 2 tons power, 
combined with rolls and chains, pushes the pieces 
into the furnaces and withdraws them again. 

There is a plate-bending machine of a useful 
length, 4 m. (13 ft.), dealing with plates up to 
251mm. (1 in.) thickness, provided for the subse- 
quent treatment of the plates. This machine is 
served by a swing-crane, actuated by hand, of 2.5 
tons capacity and 5 m. (16 ft.) radius. Thirty 
circular hearths have been provided for the further 
working of deck-beams, special irons, &c. They 
receive their blast from two high-pressure blowing- 
engines by means of wrought-iron pipes, and two 
exhausters carry off the smoke. One grinding- 
macline and one grindstone have been put down 
for sharpening tools. 

An electrically-driven three- motor crane of 


presses. Parts of unusual length and inconvenient 
shape are transported on the opposite side of the 
building by four travelling hoists of 3 tons capacity 
at speeds of 5 m. and 20 m. per minute. 


GALVANISING-SHOP. 


The galvanising-shop adjoins the plate stores. 
The building consists of iron frame-work and stone 
walls, and covers an area of 450 sq. m. (1800 sq. ft.). 
The hot galvanising process is adopted in the yard ; 
electrolytic processes are not used for this purpose. 
The zinc fumes are effectively removed and good 
ventilation has been provided. The whole build- 
ing is commanded by two electric travelling cranes, 
which are controlled by hand and have a capacity 
of 1.5 tons. 

There are two crucible immersing baths of welded 
iron; one is 9m. (30 ft.) in length, 0.7 m. (2} ft.) 
in width, and 1.75 m. (5 ft. 8 in.) in depth, and the 
other 2.25 m. (74 ft.) in length, 0.4 m. (15? in.) 
in width, and 0.7 m. (2} ft.) in depth. The 
previous cleaning is effected in a wrought-iron 
riveted tank, 9.25 m. (30 ft.) in length, 2 m. 
(64 ft.) in width, 0.8 m. (31 in.) in depth for 
water; in another tank, 0.3 m. in depth and 
2.3 sq. m. (25 sq. ft.) base, for hydrochloric acid ; 
and ina third tank, 9.45 m. (31 ft.) clear length, 
1.4 m. (44 ft.) width, and 2.2 m. (7} ft.) depth, for 
sulphuric acid. The latter two acid tanks are built 
in wood, and are lined with lead. The concentra- 
tion of the hydrochloric acid bath ranges from 
1 part in 8 up to 1 in 5, that of the sulphuric acid 
bath is 1 in 10. 

The two baths for melting the zinc have been 
built into furnaces for producer-gas, supplied by 
the Stettiner Chamotte-Fabrik Actien-Gesellschaft, 
vorm. Didier. The warm water which is wanted for 
the wrought-iron water-tank is heated in a boiler 
on the Strebel system, which is of the counter-flow 
type; the water circulates continuously through 
this boiler and the tank. The gases from the fur- 
nace of this boiler are taken to a chimney of 12 m. 
(39 ft.) height and 200 mm. (8 in.) internal diameter. 


Tue BuiacksmitHs’ DEPARTMENT. 


The smiths’ shops form an important department, 
the main shop covering an area of 60 m. by 30m. 
(197 ft. by 98 ft.). The roof is built on similar 
lines to those adopted in the ship-platers’ shed, and 
is well shown in Fig. 29, on Plate XII. The 
columns supporting the roof are of special interest, 
being of the pin-jointed type of structure, and we 
therefore illustrate them in Figs. 30 and 31 on 
page 230. These drawings are so complete, alike 
as regards structural details, pin-joint, and foun- 
dation, that no description is nec . The 
columns are placed at 7.5 m. (24 ft.) centres, and 
rest on a concrete bed-plate, carried on the simplex 
ferro-concrete columns already described. 

There are in the shop seven quadruple and 
double hearths, placed suitably for the hammers. 
Blast is supplied by a an ae having a 
capacity of 92 cub. m. (3200 cub. ft. per minute). 
The method of carrying off the smoke is clearly 
shown in Fig. 32, Plate XIII. The vents from 
the hoods communicate with a main under the 
floor-level, and the suction draught is provided by 
a centrifugal fan having a capacity of 14,000 
cub. ft. per minute, and driven by a 10-horse- 
power electric motor running at 750 revolutions 
per minute. Four 2}-ton jib-cranes, with 16-ft. 
radius, and four lighter cranes, all hand-worked, 
are installed close to the hammers. Of the latter, 
there are two of the single-pillar type, of 8 cwt. 
capacity, designed for a drop of 25.6 in., one of 
the single-pillar type, of 25 cwt. capacity, with a 
drop of 40 in., and a two-pillar hammer of 35-cwt. 
capacity, with a drop of 47 in., the whole structure 
weighing 42 tons. is last is shown in Fig. 29. 

For the heavier jobs there are two weld- 
ing furnaces, one of which is shown in Fig. 29, 
adjoining the 35-cwt. hammer. The hot gases 
from these are utilised in a Babcock and Wilcox 
water-tube boiler, placed above the furnace. This 
boiler has 172 sq. ft. of heating surface, and 


supplies steam, at 215 lb. pressure, for use tly 
in the hammers, being passed through a reducing 
valve to lower the pressure. The steam-leads 


from this boiler have also connection with the main 
steam-leads, so that this boiler can be utilised either 
for supplementing, or as a substitute for part of, 
the main steam plant. A Cornish boiler is placed 
in the annexe to the forges, as a reserve for supply- 





3 ae capacity, 11 m. (36 ft.) span and 5.5 m. 
(15 ft.) lift, serves the furnaces and the hydraulic 





boilers ;| two 8-cwt. steam-hammers and a 
28-cwt. hammer are now being added. Amongst 
the tools in this shop is one for miscellaneous 
stamping. It has four anvils, which may be 
heightened or lowered by screw-gear, while the 
hammers are mounted on an eccentric shaft over- 
head, driven by belt from an electric motor, and are 
guided in a common bearing-plate. 


Tue Too. Smiruy. 


The tool smithy, shown in Fig. 33, Plate XIII., 
is an iron lattice lean-to building on the western 
side of the ship-platers’ workshop. It covers an 
area of 470 sq. m. (5000 sq. ft.). The building is 
subdivided into the smithy, grinding - room, 
machine-room for the turners, and stores for 
hammers, chisels, pneumatic tools, &c. 

All the tools which are wanted on the wharves 
are made, finished, and stored in these shops. In 
the smithy there are seven double furnaces and one 
circular furnace; a quadruple hardening furnace, 
which receives its blast from a wrought-iron conduit 
over the ground, fed by a precision blower of a 
capacity of 45 cub. m. (1600 cub. ft.) per minute. 
A centrifugal exhauster draws off the smoke and 
fumes ; its capacity is 200 cub. m. (7000 cub. ft.) per 
minute. Both these machines are driven by an 
electric motor of 15 horse-power from shafting. 
There are further installed anvils, one air-hammer, 
of the Béché system, with a tup of 75 kg. (165 lb.), 
a hardening trough for annealing and tempering 
the tools, emery grinding-machines, several lathes 
with a height of centres of 200 mm, (8 in.), and 
taking pieces of 2.2 m. (7} ft.) long. The transport 
of the tools from one storey to the other is effected 
by a small lift for loads of 200 kg. 


MISCELLANEOUS DEPARTMENTS. 

There is a large building, situated cage eager ss | 
to the building berths and to the wharves, in which 
are accommodated on the respective floors several 
of the miscellaneous departments. This building 
covers an area of 9300 sq. ft., and provision is made 
for an extension equal to this area. There are 
three floors, and the building of brick is throughout 
of fire-proof construction. The ground floor accom- 
modates the sheet-iron workers and plumbers, and 
here there are machines for punching plates of 
16 mm. (0.63 in.) and shearing 22 mm. (0.87 in.) 
plates, straightening-rolls, saws, planers, and other 
tools required for the extensive sheet-iron work now 
prepared particularly for warships. In this depart- 
ment also there are fitted hearths with one or two 
machines for light forging repairs, and there 
are here several steam-hammers and a Béche air- 
hammer of 165 1b. weight. The wore is taken 
direct from the shops and exhausts thereto, the 
compression for working the hammer being effected 
by an electric motor. Among the machine-tools in 
this shop are a single-pillar planing-machine, length 
over all 2 m. (6}ft.), taking pieces of 950 mm. 
(37.4 in.) width and 800 mm. (31.5 in.) length; a 
slotting-machine, 400 mm. (15? in.) stroke; one 
vertical boring-machine, making holes 4 in. in dia- 
meter and 8.7 in. deep ; three machines for cutting 
gas-pipe threads, ranging from } in. to 4 in. ; 
one set of rolls, useful length 1500 mm. (59 in.), 
for bending plates of 5mm. (0.2 in.) thickness ; 
a combined shear and punch, which can cut 
sheets of any length, and of a maximum width of 
16 mm. (0.63 in.), bars up to 22 mm. (0.87 in.), 
angle-irons of 100 mm. by 100 mm. by 12 mm. 
(4 in. by 4 in. by 0.47 in.), and rods up to 36 mm. 
(1.4 in) in diameter, and can punch holes 1 in. in 
diameter in sheets of 16 mm. (0.63 in.) thickness. 
There is also a cold saw, the saw diameter bein 
510 mm. (20 in.), which cuts under 45 deg., an 
normally up to 160 mm. by 400 mm. (6.3 in. by 
15} in.). We may mention further a rapid-boring 
machine, a grinding-stone, 40 in. in diameter and 
6.3 in. width, and emery wheels. The electric 
crane carries loads up to 5 tons, 

The plumbers’ shop, adjoining this shop, sup- 
plies all the wrought-iron and lead nom for steam, 
water, and acids. The pipes are heated on a cir- 
cular hearth, 5 ft. in diameter, and bent by a 
‘*Cyclop” machine, which takes pipes up to 2 in. 
in internal width. 

There are on the second floor several Jathes, with 
height of centres ranging up to 9} in., and having 
a length of bed up to 98 in.; boring-machines to 
drill holes up to 2 in. in diameter and 10 in. deep ; 
a shaping-machine of 16-in. stroke, and planes with 





ing steam to the hammers. There are two more 
welding furnaces with superposed water - tube 


a maximum height for the job of 16.5 ft. The 
tin-smiths’ department is also on this second 
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SUGAR-CANE-CRUSHING MACHINERY AT THE BRUSSELS EXHIBITION. 


CONSTRUCTED BY MESSRS. GEBR. STORK AND CO., ENGINEERS, HENGELO, HOLLAND. 
(For Description, see opposite Page.) 
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floor. The rolls are adapted for sheets up to 2 mm. 
(0.8 in.), and are worked by hand. On the to 
floor there are arranged a great variety of small 
machines, shears, presses, &c., for undertaking 
general work. 

The painters’ shop is accommodated in a separate 
building, and there are here rolls for grinding lead, 
a mixing-machine for paints, and a grinding-machine 
for very fine colours. Abeve the painters’ shop 
there is an extensive wash-room for the painters, 
and each painter keeps his brushes, pots, and other 
utensils in a locked cupboard. The building has 
an area of 4800 sq. ft. 

The two remaining views, Figs. 34 and 35, on 
Plate XIII., show respectively the saw-mill and 
the central power-station. Of both these depart- 
ments further illustrations will be given, and 
we consequently defer our complete ie ription. 
In the meantime it may be said that the power- 
station is very comprehensive, including three 
electric generators, air-compressors for driving 
pneumatic machines, and pumps for pressure water 
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Fic. 5, Turee-Rott CrusHinc-Mitti, 


for operating the hydraulic tools in the works, with 
the necessary auxiliary plant and boilers, &c. The 
arious buildings in the wood-working department 
e arranged along the eastern boundary of the 
vorks, the saw-mill being, of course, nearest the 
arbour. The logs are raised from the water upa 
‘amp by mechanical haulage, and the heavy sawing- 
nachines shown in the view, Fig. 34, include a 
vertical frame machine having a clear width of 
00 mm. (35.5 in.), a horizontal block-saw with a 
width of 5lin., and a powerful band-saw. But 
these, with other tools, we hope to deal with in our 
next article. 


ra 


(To be continued.) 








SUGAR-CANE-CRUSHING PLANT AT THE 
BRUSSELS EXHIBITION. 


TuE most conspicuous exhibit in the Machinery Hall 
at the Brussels Exhibition is the sugar-cane-crushing 

lant shown by Messrs. Gebr. Stork and Co., of 

engelo, Holland. This plant we illustrate on the 
present and opposite pages. i 

This installation forms part of a complete mill plant 
as used in modern sugar factories. A complete instal- 
lation would comprise two more mills ereeted behind 
the mills as exhibited. Such a complete mill plant is 
able to work up about 1500 tons of sugar-cane in 24 
hours. Species of cane, very hard, and rich in cellular 
matter, have frequently to be treated, and the plant 





exhibited has been carefully constructed, with a view 


to deal with such hard cane, and to obtain the highest 


sible juice extraction. Since the opening of the 
Deusnete Exhibition, five cane - crushing plants of 
the same type have been ordered from Messrs. Stork 


for Java and Cuba. 
The principal dimensions of the machine exhibited 


are as follow :— 


Diameter of crusher-rollers 26 in. 
Length of crusher-rollers 78 in. 
Diameter of mill-rollers 34 in. 
Length of mill-rollers ; . 78in. 
Average number of revolutions of steam- 

engine per minute , ve a 50 
Rate of gearing for crusher 1: 13.8 

= ea »» first mill : 1: 23.63 

» second mill ... 1: 19.7 


The steam-engine, of 400 horse-power, has been 
built for a steam pressure of 8 kilogrammes per square 
centimetre (120 lb. per sq. in.), and. has a cylinder 
32.28 in. in diameter and 51.18 in. stroke. It is non- 
condensing, as are all steam-engines in cane-sugar 
factories, the exhaust steam being utilised in evapo- 
rators or boiling-pans. Steam distribution is effected 
by balanced Rider piston-valves, controlled by a strong 
spring governor having a high sensitiveness. The 
governor is driven in such.a way that the speed of 
the engine can be regulated within wide limits, accord- 
ing to the quantity and quality of the cane. As a very 
uniform speed of the rolls is essential for the good 
working of the mills, the greatest care has been given 
to obtaining perfect governing. Effective lubricating 
arrangements enable the engine to be kept continuously 
at work. A small oil-pump supplies oil to the main 
bearing lined with white metal. The engine is 
reversible by Stephenson link-motion. It is provided 
with auxiliary steam-valves and barring gear. 

The gearing for driving the rolls consists of toothed 
wheels and pinions of cast steel keyed on steel shafts. 
The crank-shaft has, besides the main bearing next 
the crank, two self-lubricating bearings with white- 
metal lining. It carries two steel pinions, transmitting 
the motion to the wheels on the intermediate shafts, 
as shown in Fig. 2. The toothed-wheel pressure is 
directed upwards forone of the pinions, and downwards 
for the othen, this arrangement enabling the forces to 
be compensated, and relieving the bearings of all 
heavy pressures, and thus materially reduces the 
chances of overheating when doing heavy work. The 
other journals of the transmission-shafts have cast-iron 
bearings with white-metal lining. All bearing-blocks 
are cast in one piece with the bed-plates, and are 

rovided with heavy cap-bolts. The bed-plate is fitted, 
or the driving of the breaking-up rolls, with heavy 
supports, in which the driving che t is carried. 

"he breaking-up rolls are illustrated separately in the 
view, Fig. 4. The rolls are inclined at 60deg. The 
ewer Sue. are of cast steel. The upper steel cap with 
overhanging lips connects both the upper parts of the 
headstocks to which it is rigidly connected. The pres- 
sure of the helical springs is transmitted to the to 
brass by a plunger passing through the top cap. This 
arrangement allows a slight up-and-down motion of 
the top roller without any motion of the cap. The 
headstocks are placed on a cast-iron juice-catchin 
bed-plate supported on four columns and commuted 
by bracing to the first mill. The bed-plate is provided 
with a perforated steel plate, which retains the coarse 
pieces of cane and cane leaves, and lets the juice pass ; 
the juice is collected under the bed-plate. By the 
special construction of the trough leading the broken 
cane to the-first mill, the small pieces left on the bed- 
plate are very easily carried into the mill. The steel 
shells of the breaking-up rolls are made with zigzag- 
shaped grooves, as shown in Fig. 4. 

Both the mills are similar in construction. We 
illustrate one separately in the view, Fig. 5. The top 
bolts, 6 in. in ‘diameter, are placed slanting, in order 
to enable the bottom rolls to be brought close 
together. The bolts run through the headstocks and 
right under the bed-plate. The side-bolts, 34 in. in 
diameter, run along the headstocks. The bottom 
rolls are not adjustable horizontally, but vertically 
only. By this arrangement space is saved between the 
headstocks and the journals, which is otherwise neoes- 
sary for the horizontal adjustment. The lower journals 
can in this way be brought so near to the headstocks 
that they only just clear them. By this means the 
trash-turner is made narrow without any weakening 
of the headstocks. The trash-turner, of wrought steel, 
does not run through the headstocks, but is connected 
to the inner side of them between ears, where it is 
adjustable by means of wedge-bolts. This design has 
been repeatedly worked to, and it has proved most 
satisfactory in practice. The side caps and top cap 
have overhanging lips. They are rigidly connected by 
their bolts to the headstocks. The headstocks are 
connected to the heavy cast-iron juice-catching bed- 
plates by means of bolts and wedges. The bottom of 
the bed-plate is inclined to facilitate the juice dis- 
charge. 

All brasses are water-jacketed. The top brasses are 
under hydraulic pressure by means of a atone in the 
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top cap. The pressure depends upon the load of the accu- 
mulators, and may amount to about 440 tons per roller. 
The accumulators are worked by automatic steam 

umps. Each mill is connected to a separate accumu- 
ator with steam-pump. For the vertical adjustment 
of the bearings of the bottom rolls, wedges of equal 
breadth with the brasses are moved by means of a 
threaded bolt—see Fig. 5. The mill-rolls have hollow 
shafts of soft steel, the pinions are of cast steel and the 
shells of a special mixture of hard cast iron having 
the property of acquiring a coarse rough surface by the 
reaction of the cane juice and ba, . This is a main 
condition for the good working of the mills. 

The carrier is driven by means of chain wheels from 
the second mill. By throwing a friction coupling on 
or off, the carrier can be started and stopped. The 
form chosen for the carrier facilitates the transport of 
the bagasse from the first to the second mill. 

The accumulator-weights are raised about 10 in. by 
the pumping. At this height the steam is automatic- 
ally shut-off and the pump only starts again working 
when the weights sink below that limit from loss of 
water. At the said limit the accumulator contains 
sufficient water to allow the top roller to lift within 
certain limits. By increasing or decreasing the number 
of weights on the accumulator the pressure on the top 
brasses can be varied. As may be seen from Fig. 2, 
the accumulators and steam-pumps are erected near the 
mills and oc rn A very little floor space. The whole in- 
stallation may daily be seen working at the Exhibition. 

We may mention here, in concluding this brief 
description of one of the finest displays at the Brussels 
Exhibition, that Messrs. Gebr. Stork and Co. are the 
sole concessionnaires for Holland and her colonies of 
Babcock and Wilcox water-tube boilers and of the 
new Humphrey gas-pump, one of the latter being shown 
in the British Section in the Machinery Hall, quite 
close to Messrs. Stork’s stand. 








TRACTORS AT THE ROYAL AGRICULTURAL 
SOCIETY’S TRIALS AT BALDOCK. 
Tue MANN AGRICULTURAL Motor, 


Tur motor entered for the Royal Agricultural 
Society’s ploughing trials at Baldock by the Mann’s 
Patent Steam-Cart and Wagon Company, Limited, 
Pepper-road Works, Hunslet, Leeds, is of the com- 
pound steam type, with locomotive boiler. As will be 
seen from the illustrations, Figs. 1 and 2, on page 236, 
the main peculiarity consists in the fact that, instead 
of the driving-wheels being mounted on each side of 
the tender in the usual way, they are placed close 
together, and have the bearings outside them, the water- 
tank being above. It is claimed that by this means the 
driving-wheels can be made wider for a given over-all 
width of engine, and that therefore the weight of the 
engine is not concentrated on such a small area of 
ground. In the tractor entered for the competition the 
road-wheels are 4 ft. in diameter by 20 in. wide, and are 
thus very much wider than is usual for tractors of this 
size, the tare weight being stated to be 4 tons 17 owt. 

The boiler is of the locomotive type, having about 
60 ft. of heating surface, and working at a pressure of 
200 Ib, per sq. in. The engine is of the compound type, 
having cylinders 4 in. and 6 in. in diameter by 7-in. 
stroke, with single eccentric reversing gear and runs 
at about 350 revolutions per minute. A counter-shaft 
is driven through a two-speed gear, giving speeds of 24 
and 5 miles an hour, from which the final drive is by 
chain to the back axle. The latter is of the live type, 
and carries a winding drum at one end. All gears 
have machine-cut teeth. The steering-wheels are 
2 ft. 1 in, in diameter by 7 in. wide, and are mounted 
ona centrally-pivoted arch, the steering being by worm 
and wheel direct on to the turntable. All wheels are 
mounted on laminated springs. The boiler is fed by 
a feed-pump and an injector, and the water-tanks have 
a capacity of 200 gallons. 


Tue Ive. AGricul7uraL Motors. 


The two motors entered by the Ivel Agricultural 
Motors, Limited, 45, Great Marlborough - street, 
London, W., for the ploughiog trials at Baldock, 
referred to in our Note on page 240 of the present 
issue, are identical, with the exception that one of 
them is fitted with two speeds and has magneto 
ignition, while the other has only one speed and has 
coil and accumulator ignition. The former is illus- 
trated in Fig. 3.on page 236 of the present issue, the 
bonnet, which covers the whole cf the working parts, 
being removed to show them. 

The general arrangement consists of a horizontal 
engine with the shaft across the car giving motion to 
a counter-shaft from which the back axle is driven, 
the whole being carried on a channel steel frame. 
The vehicle is three-wheeled, having two driving- 
wheels and a single steering-wheel. 

A two-cylinder op motor is employed, having 
cylinders 6} in. in diameter by 5-in. stroke, the ex- 
haust-valves being placed horizontally and driven 
direct, while the inlet-valves are vertical and of the 
automatic type. The carburettor is of the float 


feed type, and is arranged to use either petrol 
or paraffin, an exhaust-heated vaporiser being pro- 
vided for the latter. Normally the engine is started 
on petrol, and when the vaporiser is hot enough 
the paraffin is turned on, a small tank at the forward 
end of the frame being provided for the petrol, and a 
large one under the driver's seat for the paraffin. The 
engine gives 18 to 20 brake horse-power at 850 revolu- 


tions per minute. A friction-clutch is mounted on the, 


engine-shaft, from which the power is transmitted to 
the countershaft by means of a Renold silent chain, 
and from thence to the back axle by a roller-chain. In 
the tractor illustrated there are two chains from the en- 
gine-shafttothecounter-shaft, twospeeds being thus pro- 
vided of 24 and 5milesan hour respectively. In theother 
tractor there is only one chain, giving one speed of 2} 
miles an hour. A reverse is provided by means of spur- 
gearing from the engine-shaft to the counter-shaft. A 
pulley for driving a thrashing-machine is mounted at 
the end of the engine-shaft and controlled by a fric- 
tion-clutch. ‘The whole is mounted on springs, the 
back axle having leaf springs, while the forward axle 
has a spiral spring mounted in the steering-column. 
The,differential gear is in the back axle, and the road 
wheels are 40 in. in diameter by 9 in. wide. 

The weights of the machines are approximately 
35 ewt. for the one-speed, and 40 cwt. for the two- 
speed respectively. 

Tue WaAuLis AND STEEVENS STEAM TRACTOR. 

The Wallis and Steevens tractor entered for the 
Royal Agricultural Society’s trials at Baldock is in 
every way one of their ordinary standard tractors, 
and complies with the Motor-Car Act in every par- 
ticular. The construction is generally the same as 
that of an ordinary traction engine on a small 
scale. An illustration of the engine is given in Fig. 4, 


Page 240. 
The boiler is of the usual locomotive type, with the 
engine mounted on the top of it, and has a grate area 
of 2.36 sq. ft., and a heating surface of 73.12 sq. ft. 
A moderate working pressure of 170 lb. per eq. in. is 
adopted, the makers thinking that the economy ob- 
tained by increasing the pressure is not worth the extra 
trouble. A superheater giving a modest superheat is 
laced in the smoke-box. The engine is compound, 
aving cylinders 4} in. and 8} in. by 9in., runnin 
normally at 250 revolutions per minute. A specia 
feature is that the whole of the working parts are 
enclosed and run in an oil-bath, this arrangement pro- 
tecting them entirely from dust, and ensuring perfect 
lubrication. One countershaft is provided between the 
engine and the road wheels, and there are two speeds of 
24 and 5 miles per hour respectively at normal revo- 
lutions. 

The engine is spring-mounted, having coil springs to 
the back axle and leaf springs to thefront. The diameter 
of the driving-wheels is 5ft., and width 16in., while 
the front wheels are3 ft. 3}in. diameter, and 6in. 
wide. The tank capacity is 160 gallons, and the boiler 
is fed by two injectors, the makers finding that feed- 
pumps give trouble on the road from vibration. 

A water-lifter and hose, and a winding-drum and 
rope on the back axle are provided. The total length 
of the engine is 13 ft. The steering-gear is of the usual 
traction-engine type. 





Power Diacram.—The Bell Rock Belting Company, 
of Norton Works, Salford, Manchester, inform us that they 
will be pleased to present gratis on application to the 
chief engineer of the principal firms throughout the ec 
dom a copy of their very useful power diagram to enable 
them to determine the correct width and thickness of 
belting necessary to transmit a given horse-power at 
given speeds. 


Free Packs AT THE IMPERIAL COLLEGE Or ScIENCE 
AND TECHNOLOGY, 1910.—On mber 21, 1909, the 
London County Council decided to make a maintenance 

rant of 8000/. to the Imperial College of Science and 
Teheckeey, South Kensington. In return for this grant it 
secures the privilege of nominating twenty-five students 
for one year’s free instruction at the Imperial College. 
These nominations are now to be made for the first time. 
The instruction will be of an advanced nature, and there- 
fore only advanced students who are qualitied to enter 
on the fourth year of the course should apply. There is 
no restriction as to income, but mtending candidates 
must be ordinarily resident in the Administrative County 
of London, and must students at an institution 
aided, maintained, or approved by the Council. The 
free studentships do not entitle the holders to any main- 
tenance grants, but cover all ordinary tuition fees. No 
examination will be adopted for the final selection of the 
students from the applications received. The free student- 
ships will be awarded on consideration of the t 
records of the candidates, the recommendations of their 
teachers, the course of study vee A intend to follow, and 
generally upon their fitness for advanced study in Science 
applied to industry. It is yay possible that, in special 
cases, the free places may extended to two or more 
years. Owing to the summer recess, it has been decided 
to accept entries for the free places until Saturday, 
October 1, 1910. Application forms (T. 2/268) can 
obtained from the ucation icer, London County 
Council, Victoria Embankment, London, W.C. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a weak tone, and Cleveland 
warrants were done at 49s. 3d. cash, 49s. 6d. and 49s. 5d. 
one month, and 49s. 11d. three months. The turnover 
was 5000 tons, and closing sellers quoted 49s. 24d. cash, 
49s. 54d. one month, and 49s. 114d. threemonths. Buyers 
of hematite offered 65s. three months, and sellers quoted 
65s. cash and 65s. 74d. three months. In the afternoon 
the market was steady and quiet, and the dealings con- 
sisted of two lots of Cleveland warrants at 49s. 5d. one 
month and 49s. 11d. three months. Sellers’ closing 
quotations were 49s. 24d. cash, 49s. 5d. one month, and 
49s. 11d. three months. Hematite was quoted at 65s. cash 
sellers and 65s. one month buyers. On Friday morning 
a quiet tone in ruled, and 2500 tons of Cleveland 
warrants were done at 49s. 2d. cash, 49s. 24d. five days, 
49s, 3d. seven days, and 49s. 1ld. three months. The 
close was firm, with sellers at 49s. 3d. cash, 49s. 6d. one 
month, and 49s, 114d. three months. Hematite, 2000 
tons, changed hands at 65s. 6d. three months, with 
sellers over. In the afternoon the market was fairly 
active, and about 14,000 tons of Cleveland warrants 
were dealt in at 49s. 3d. and 49s. 4d. cash, from 4s. 54d. 
to 49s. 7d. one month, and at 49s. 114d. three months. 
Closing sellers quoted 49s. 44d. cash, 49s. 74d. one month, 
and 50s. 14d. three months. Hematite was unchanged 
at 65s. 6d. three months’ sellers. On Monday morning the 
market was firm, but quiet. The turnover only amounted to 
1000 tons of Cleveland warrants at 49s. 9d. one month, 
with closing sellers at 49s. 64d. cash, 49s. 94d. one month, 
and 50s. 3d. three months. At the afternoon session the 
tone was steady, but business was limited to 4500 tons of 
Cleveland warrants at 49s. 94d. one month, 50s. 1d. Octo- 
ber 14, and 50s. 34d. three months. Sellers’ closing prices 
were 49s, 63d. cash, 49s. 94d. one month, and 50s. 34d. 
three months. There were sellers of hematite at 65s. (id. 
three months, but no buyers. On Tuesday morning the 
market was strong, and 250) tons of Cleveland warrants 
changed hands at from 49s. 10d. to 49s. 11d. one month, 
and at the close sellers quoted 24d. up at 49s. 9d. cash, 50s. 
one month, and 50s. 6d. three months. A further upward 
movement took place in the afternoon, when Cleveland 
warrants were done at 49s. 10d. and 49s. 114d. cash, and 
50s. and 50s, 2d. one month. The turnover was 4500 tons, 
and closing sellers quoted 50s. cash, 50s. 24d. one’ month, 
and 50s. 9d. three months. When the market opened 
to-day (Wednesday) the tone was fairly firm, but became 
easier. The business amounted to about 10,000 tons 
of Cleveland warrants at from 50s. to 49s. 104d. cash, 
and from 50s. 44d. to 50s. 14d. one month, and at 
the close there were sellers at 49s. 11d. cash, 50s. 2d. 
one month, and . three months. Sellers of 
hematite quoted 66s. cash, but buyers named 65s. 3d. 
cash, and 65s. 6d. one month. In the afternoon no 
dealings of any kind were recorded, but at the close of 
the session prices of Cleveland warrants were a shade 
firmer at 49s. 114d. cash, 50s. 24d. one month, and 50s. $d. 
three months sellers. Buyers of hematite offered 65s. 6d. 
one month, but sellers quoted 65s. 104d. The following 
are the market quotations for makers’ (No. 1) iron:— 
Clyde, 61s. 6d.; Calder and Gartsherrie, 62s. ; Summerlee 
and Langloan, 64s. ; and Coltness, 81s. (all shipped at 
Glasgow) ; Glengarnock (at Ardrossan), 63s. 6d. ; Shotts 
(at Leith), 62s. 6d.; and Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—A steady tone prevails in the 
sulphate-of-ammonia market this week, and the price 
remains firm. For prompt delivery, Glasgow or Leith, the 
current quotation is . 12/, 2s. 6d. per ton. The amount 
shipped from Leith Harbour last week was 2240 tons. 


Scotch Steel Trade.—Scotch steel-makers continue to be 
very busily employed turning out ship-plates for local 
requirements, and consumers are still pressing for de- 
livery. Thehome demand for angles is not quite so good, 
but large inquiries have been received this week from the 
Colonies. For structural sections and almost all kinds of 
light material an excellent demand exists, and further 
inquiries are to hand this week for a fair tonnage, the 
requirements of India and Australia alone amounting to 
several thousand tons. The official prices are firm and 
without change. 

Malleable-lron Trade.—The malleable-iron. makers in 
the West of Scotland state that they are a little better off 
for work this week, but that the hand-to-mouth condi- 
tions still prevail. Buyers are not sending in specifica- 
tions in sufficient quantity to keep the works going 
steadily. Prices are still poor. 


Scotch Pig-Iron Trade.—An active demand for the 
ordinary qualities of Scotch pig iron is reported this 
week, and makers have advanced their prices. To-day 
the Scotch iron-masters ome f intimated that they had 
raised their quotations for all brands of pig iron by 1s. 
per ton. Hematite is in better demand at steady prices. 


Shipbuilding. — Messrs. Alex. Stephen and Sons, 
Limited, Linthouse, have just secured orders from 
ee ea emo Brothers, apeee, of the Aamo 

ine, to build two large cargo and passenger steamers for 
their trade from Giesew and Iaverpool to Calcutta. 
The dimensions will be 410 ft. long, 53 ft. beam, and 
32.6 ft. moulded depth, and the dead-weight capacity will 
be 8500 tons. The builders will supply triple-expansion 
engines capable of attaining a oon of 12 knots when 
[ied —iieien Russell and Co., Port Glasgow, ve 
contracted to build another froma go steamer for the 
Nelson Line, Liverpool. This vessel will be practically a 
duplicate of the two vessels at present on hand for the 
same owners.—Messrs. Ramage and Ferguson, Limited, 
Leith, have received an order from Mr. A. H. Brown, 
naval architect, London, to build a steam-yacht of about 
700 tons for a foreign owner. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
efield’s Master Cutler.—Alderman George Senior, 
Shettield’s Master Cutler elect, is a worthy example of 
Yorkshire grit and query. Now head of the firm of 


George Senior and Sons, imited, he started work at the 
early age of 8 as a nailmaker, producing a thousand nails 
a day for the munificent remuneration of 2d. Hecame to 
Shettield at the age of 13, and was cgpeentions to the 
trade of hammerman in a forge at Middlewood. Two 
years after the completion of his indentures he was work- 


ing for the firm of Messrs. Brown, Ellis, and Bragge, now | be 


Messrs. John Brown and Co., the famous armour. makers 
of Sheffield. Later he went as manager to a forge at 
Neepsend, and then to Ponds Forge, of which he is now 


proprietor. He was born at Bradfield in 1838, has filled 
the Lord Mayoralty of, and is undoubtedly the most 
aldane will 


ypular man in, the city of Sheffield. Mr. 
'- the chief guest at the Cutlers’ Feast in October. 


Iron and Steel.—Business has started fairly well after 
the holidays, though there has been little fresh movement 
in raw material. Consumers are only buying pig iron to 
meet immediate requirements and are —s largely on 
stocks in hand. These are becoming depleted, and it is 
anticipated the autumn will see a pronounced improve- 
ment in the demand. No quotable change in prices is 
reported. Naval orders keep the heavy steel trades of 
the city working well, but outside these business is slack. 
A fair demand exists for tool-steel, high-s' twist-drills 
and similar goods, but this is chiefly on foreign account, 
the home consumption being poor. The engineering 
branches are a employed, but threatened with a dis- 
pute in the moulding departments which may prove 
serious. 


South Yorkshire Coal Trade.—The holidays are still 
interfering considerably with business, but the outlook 
is more promising than for some weeks past. Hard coal 
is going out of hand rapidly, and colliery stocks are 
being cleared. A feature of this year’s shipping demand 
has been the late period at which it has reached the 
South Yorkshire district. The new pits in the Doncaster 
district, with cheaper production and easier railway 
rates to the port, have taken up a commanding position 
in the Humber trade, and caused a great displacement of 
orders. Now, however, South Yorkshire is sending out 
a full average quantity. There is a good sale for bc 
slacks and gas-coal. The ’tween harvest time is being 
taken advantage of by farmers to lay in winter’s stocks, 
with a consequent strengthening of the house-coal market. 
Branch coal is in such demand for stocking that it has 
advanced 1s. 6d. per ton, hand-picked Silkstone branch 
being quoted at 13s. per ton at the pit. There is no 
quotable alteration in prices. 








ImperIAL COLLEGE OF ScIENCE AND TECHNOLOGY.— 
During the session 1910-11 a special course of advanced 
lectures will be delivered at the City and Guilds College, 
Exhibition-road, South y moan pr S.W., on “‘ Railway 
Engineering,” under the general supervision of Professor 
W. E. Dalby, M.A., B.Sc., M. Inst. C.E., to include 
lecture exercises, drawing-office, research and laboratory 
work, The fee for the whole course (inclusive) is 20/., 
students being admitted to parts of the course at propor- 
tionate fees as far “as room will permit. October to 
December, 1910, will be devoted to the ‘‘ Steam Locomo- 
tive,” the lectures being delivered by Professor W. E. 
Dalby on Tuesdays and Thursdays from 12 noon to 1p.m., 
beginning on Thursday, October 6, and ending Thursday, 
December 22, and will deal with train resistance, engine 
resistance, problems connected with the design of express 
and freight locomotives, the design of different kinds of 
valve-gear, compound locomotives, superheating, &c. The 
subject of “‘ Railway Organisation ” will be taken by Mr. 
W. T. Stephenson, B.A., on Wednesdays, from 10 a.m. 
toll a.m., beginning Wednesday, October 12, and ending 
on Wednesday, December 21, the lectures on this subject in- 
cluding the general organisation of locomotive and traffic 
(passenger and goods) departments, the arrangement of 
train services and the use of diagrams in connection there- 
with, goods yard and warehouse operating, relation between 
cost of working and rates and fares,&c. From January to 
the middle of February, 1911, Mr. H. G. Brown, M.I.E.E., 
chief engineer to the Mackenzie and Holland Westing- 
house Power Signalling Company, Limited, will lecture 
on ‘‘ Railway Signalling” on Tuesdays and Fridays from 
12 noon to 1 p.m., beginning on Tuesday, January 17 
and ending on Friday, February 17, and will deal with 
modern systems of signalling, comprising mechanical, 
electro-pneumatic, and all electrical. systems, accom- 

nied with drawing-office work. From January to 

farch Mr. W. T. Stephenson will deliver another course 
of leciures on ‘*Railway Organisation,” the course to 
commence on Wednesday, January 18, to Wednesday, 


March 29, from 10 a.m. to 11 a.m. each From 
the middle of February to the end. of June Mr. 
Philip Dawson, M. Inst, C.E, will’ deliver a course of 


lectures on “Electric Traction and Railway Electrifica- 
tion,” the lectures commencing on Tuesday, February 21, 
and ending Tuesday, June 27, will be given from 12 noon 
to | p.m. each day, and the lectures will deal both with 


tramway and railway engineering. There will also be a 
Course of lectures on ‘“* Bridge ign and Permanent 
Way,” by Mr. H. Deans, B.A., M. Inst. C.E., on Wed- 
on ‘ys, from 5 p.m. to 6 p.m., commencing Wednesday, 
ebroary 22, and ending Wednesday, May 24. They 
will deal with such subjects as the relation’ between 
‘rain-carrying capacity and the curves and gradients of a 
railway, modern developments in construction of railway 
periuanent way and structures, &c., and one day a week 
Will be devoted to bridge design in the drawing-office. 


th | h 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. ~ 
The Cleveland Iron Trade.—The anticipated improve- 
ment in the iron trade appears to have commenced so far 
as Cleveland pig is concerned. Inquiries for that com- 
modity are now reported to be on a good scale, both on 
home and Continental account, and traders generally take 
a very eo view of prospects. At the same time there 
are still buyers who are very cautious as to forward 
dealing, though the opinion prevails that nothing is to 
gained by waiting. Some speculative business is 
reported, but most of the transactions recorded are 
of the legitimate kind. A firmer stand is taken by pro- 
ducers of Cleveland iron, many of whom have fairly 
good order-books. Deliveries are now heavy, and so far 
this month shipments of pig iron average 5000 tons per 
working day. The increase of Cleveland iron at the 
warrant stores has been checked, and this assists to stiffen 
the market, whilst improvement in copper has also tended 
to strengthen the situation here. Values of Cleveland 
pig are higher than they have been since May last. No.3 
is now 50s. f.o.b. ; No. 1, which is very scarce, fully 53s. ; 
No. 4 foundry and No. 4 forge, each 49s. ; and mottled 
and white iron, each 48s. 6d.—all for early delivery, 
forward quotations being 6d. above these rates. East 
Coast hematite pig continues very dull, notwithstanding 
the satisfactory situation of firms who consume hematite. 
Offers to sell mixed numbers at 63s. 6d. for early delivery 
do not tempt buyers to come forward, and, indeed, it is 
unders' that purchases might be made at below that 
figure. Foreign ore continues lifeless, with quotations 
still nominally based on 20s. 6d. ex-ship Tees for Rubio 
of 50 per cent. aw. Coke is — and average 
irre qualities are obtainable at 15s.6d. delivered 
ere. 


Manufactured Iron and Steel.—On the whole, satis- 
factory accounts are given of the manufactured iron and 
steel industries. Some departments are so busily em- 
ployed that they intend working through next week’s 
customary holiday for the local races, if they can induce 
the workmen to do so. Steel-rail ers are rather 
quieter than they have been, but they are turning out a 
lot of work. Activity is most pronounced in the depart- 
ments producing plates, angles, fees sheets, and railway 
chairs, Exports of sheets are reported to be on a very 
eavy scale. Values round are well maintained, and 
advances may shortly be made for some descriptions. 
Common iron bars are 7/.; best bars, 7/. 7s. 6d.; best best 
bars, 7/. 15s.; packing iron, 5/. 15s.; iron ip plas 
61. 10s.; iron ship-angles, 7/.; iron ship-rivets, 7/. 7s. 6d. ; 
steel bars, 6/. 5s.; steel ship-plates, 6/. 10s.; steel ship- 
angles, 62. 2s. 6d. ; strip, 6. 10s.; hoo; 
61. 12s. 6d.; and steel joists, 62. 2s. 6d.—all less the us 
24 per cent. discount. Cast-iron columns are 6/. 10s.; 
cast-iron railway-chairs, 3/. 10s.; light iron rails, 6/. 10s. ; 
heavy steel rails, 5/. 10s.; and steel railway sleepers, 
61. 13s. 6d.—all net cash at works. Iron steel gal- 
vanised corrugated sheets, 24 gauge, in bundles, are firm 
at 11/. 10s.—less the customary 4 per cent. 





New TELEPHONE CABLE.—A submarine telephone cable 
of a nove] type was recently laid across the Channel from 
Dover to Cape Grisnez by the British Post Office, in 
order to improve telephonic communication between 
Great Britain and France, and also to determine the 
extent of possible improvement between places which 
have hitherto been beyond telephonic range. This is the 
first cable of the kind laid in tidal waters and across the 
open sea, although a similar cable had been previously 
laid in Lake Constance. 





LANCASHIRE COLLIERY DEVELOPMENT.—Contracts to 
the amount of 500,000/. have been by various coal- 
owning firms in Lancashire for sinking new mines, deepen- 
ing existing shafts, and installing electrical plant, besides 
surface improvements. Amongst those who are tapping 
new seams and improving their ee are the Astley 
and Tyldesley Coal Company, Limited, the Wigan Coal 
and Iron Company, Limi 
pany, and the Clifton and Kersley Coal Company. 





THE ENGINEERING AND MACHINERY ExuisitTion.—The 
Marquis of Graham, C.V.O., will formally open the 
Naval, Mercantile Marine, and General Engineering and 
Machinery Exhibition at Olympia, London, on Septem- 
ber 1. Machine-tool makers are particularly well repre- 
sented. The exhibitors include leading firms of manufac- 
turers and engineers in London, Glasgow, Birmingham- 
Manchester, s, Bradford, Huddersfield, Hull in- 
burgh, Sheffield, and other industrial centres. The ex- 
hibits comprise metallurgical processes and raw materials, 
castings, machine-tools, shop-tools and appliances, lifts, 
pstagepeisores, contractors’ plant, grinding and crush- 
ing machinery, tubes and fittings, transport plant, engi- 
neers’ stores, fire - appliances, kings, mechanical 
stokers and conveyors ; warming, lighting, sanitary and 
ventilating apparatus; dockyard plant, and gas, steam, 
and oil-engines, &c. Special meetings of several engineer- 
ing and scientific societies will be held at Olympia during 
the period of the Exhibition. The programme of events, 
as at present arranged, is as follows :—Tuesday, Sept- 
ember 6, Junior Institution of ineers ; nesday, 
September 14, Institute of Metals; Thursday, Septem- 
ber 15, Institute of Sanitary Engineers ; turday, 
September 17, Institute of Marine neers ; Wednes- 
day, September 21, Society of Engineers; Saturday, 
September 24, Association of Engineers-in-Charge. Pro- 
vision has been made for the admission of workshop 








oe. &c., engineering and technical students, at re- 
uced rates. 





, the Tyldesley Coal Com- | 7, 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has not been active, but 
inquiries have me more numerous. The best 
steam coal has made 16s. 3d. to 16s. 9d. per ton, while 
secondary qualities have between 14s. 9d. and 16s. 
per ton. smalls have brought 7s. 3d. to 7s. 9d. per 
ton. The house-coal trade has ruled quiet, the best ordi- 
nary qualities have made 14s. 6d. to 16s.; No. 3 Rhondda 
large brought 17s. to 17s. 3d., and smalls, 9s. 6d. to 
9s. 9d. perton. No. 3 Rhondda large has been quoted at 
9s. 9d. to lls. 3d.; smalls at 6s. 9d. to 7s. 3d. per ton. 
Foundry coke has brought 18s. to 20s., and furnace ditto 
16s. 9d. to 17s. 3d. per ton. regards iron ore, Rubio 
has brought 19s. 6d. to 20s. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 


The Severn.—Mr. F. G. A. Wood presided at the 
annual meeting of the Severn Commission at Worcester 
on oe he annual report of the committee re- 
ferred to the report of the Royal Commission upon Canals 
and Waterways, and pointed out that it recommended 
the making of the Severn navigable by sea-going vessels 
up to 750 tons. Mr. M. Mordey, Newport, expressed 
disappointment that the committee had not inserted 
some recommendation in their report with reference to 
the report of the Royal Commission on Canals and Water- 
ways. Personally he was in favour of the report of the 
Commission, and he should like to test the feeling of the 
Severn Commissioners as to what should be done to im- 

rove the river. If it was the intention of Birmingham, 

orcester, and other towns to develop the river, they 
should say so. A | amount of general merchandise 
was sent away from Newport, and he was confident that 
if the Severn navigation was improved, such merchandise 
could be carried much cheaper by water than by railway. 
Mr. Mordey proposed that the committee should consider 
the matter, and report to a special meeting of the Com- 
mission. The motion was not adopted. 


The Forest of Dean.—For several years the Gloucester- 
shire County Council has given 500/, annually for the 
ee of providing mining instruction in the Forest of 

n, and among the rewards offered to students are one 
scholarship of 100/., and twelve travelling scholarships 
of the value of 5/. each. The lecturer is Mr. J. J. Joynes, 
the county mining instructor. This year’s examination 
has just n completed, with the result that the 100/. 
scholarship has been won by Mr. H. Reid, of Pettycroft, 
Ruardean. This entitles him to a two years’ course of 
technical and practical training at Wigan Mining Insti- 
tute and Collieries. 

More Welsh Coal.—The Cicely (Atlantic Merthyr) 
collieries, half way between Edmundstown, Trebanog, 
and Tonyrefail, have commenced raising coal throug 
a new shaft. The collieries have been installed with 
the most modern plant. During the sinking operations 
a seam was struck.which proves to be the Upper 
Five - Foot Vein, 6 ft. 4 in. thick, Mr. W. D. 
Woolley, of Tredegar and Caerleon, has been appointed 
manager of the Markham Steam Coal Company, Limited, 
which contemplates sinking operations shortly between 
Hollybush and Argoed, near the Great Western Railway 
Company’s branch to Penar Junction. 


Welsh Coal for Eyypt.—The administration of the 
Egyptian State Railways has invited tenders for 250,000 
tons of Welsh large steam-coal. Deliveries are to be 
spread over eight months. 


The Swansea Valley.—The foundries have been busy, 
and in one case it hae become necessary to extend 
premises. The yield of pig iron has been well main- 
tained. Business was, of course, disorganised by the 
recent holidays. 








Tue Gas Licut anp Coxe Company.—The Gas Light 
and Coke Company is the largest consumer of coal in the 
country. In the first half of this year it carbonised 
922,000 tons of coal, principally obtained from Durham, 
and it had astock at the close of June of 136,700 tons 
The cost of the coal delivered in London was 562,000/. 
e coal contracts recently entered into by the company 
have been concluded at somewhat higher prices than 
those which — in 1909. The company cold in the 
first half of this year 453,000 tons of coke. 





New SvupMarings AND TorPEpO- Boats FOR THE 
Danish Navy.—The nish ‘naval authorities have 
recently placed orders for submarines and torpedo-boats 
with various builders. Of the torpedo-boats, which have 
a displacement of about 200 tons, and which will be engined 
with turbines, giving a full-power speed of 27 knots, on a 
= of 6 ft. 7 in., one was ordered from Yarrow and 
Co., Glasgow, one from Schichau, Elbing, and the remain- 
ing two from Burmeister and Wain, Copenhagen, to the 
drawings of the Scotch and German firms above mentioned. 
The armament of each boat will consist of five torpedo- 
firing tubes and two 75-mm. guns; the boats will be fitted 
with radiotel ~ 9 apparatus. The designs for the sub- 
marines supplied by the firm of Whitehead and Co., 
Fiume, were given the preference ; one submarine has 
been ordered from that firm, and another, to the seme 
design, is being built at the royal dockyard, Copenhagen. 
These boats are 40 m. long, of about 170 tons on lightest 
water-line. They will be fitted with Diesel motors for 
surface propulsion. The radius of action is about 1200 
nautical miles, with a speed of 10 knots ; test surface 
speed is calculated at 12 to 13 knots, when submerged 
8 to9 knots. The first Danish submarine is entirely an 
electric boat. The armament of the new submarines will 


be two torpedo-firing tubes forward, and each boat can 





earry four torpedoes, 
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TRACTORS AT THE ROYAL AGRICULTURAL SOCIETY’S TRIALS AT BALDOCK. 


(For Description, see Page 234.) 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 3. 

THE feature of the iron and steel situation which is 
attracting most attention at present is the continuous 
and heavy demands for wire, largely for agricultural 
purposes. The volume of July Aca reached a 
new high record. August business promises to be 
heavy. Agricultural conditions are excellent, and 
immense crops are being harvested. A financially 
strong corporation has been formed to erect large 
cotton storage houses at numerous central points 
throughout the cotton zone. The purpose is to delay 
cotton shipments immediately after ginning, and en- 
able growers to market their crops to better ad vantage. 

A somewhat similar course is tone ursued in the 
great oil-producing fields in the South-West and in 
California, by the construction of additional pipe- 
lines and the erection of tanks and reservoirs for the 
holding of oil until the markets are ready for it The 
abundance and cheapness of oil for fuel is leading to 
its wider use, not only by railroads, but by manu- 
facturers. The largest lifornia well has fallen 
from 80,000 to 40,000 barrels a day. New wells are 
** coming in. 

The mid-summer activities are above those of last year 
at this time in iron and steel, and would be greater but 
for the hesitancy of some railroad companies to push 
contemplated expansions. Manufacturers and dis- 
tributors of hardware report continuous activity, and 
most orders during July were for prompt shipments. 
Crude iron is dull in all markets. Consumers are 
awaiting developments, notwithstanding prices are 
close to cost. Producers are unwilling to accumulate 
stocks, but there is no alternative while the great body 
of consumers are unwilling to buy for future delivery. 
In finished products a steady distribution is in pro- 
gress, and mills are operated _—— up to the capa- 
city of late spring. The locomotive builders are 
booking spetigvolent orders, and are running to full 


capacity. 








Torrepo-Boat DrsrroyErs. — Messrs. Yarrow and 
Co., of Glasgow, have at present in hand two destroyers 
of a special type for the British Government. They are 
building in Hottand two destroyers, 230 ft. long by 
21 ft. 6 in. beam, for the Dutch Government. They also 
have in hand one destroyer for the Portuguese Govern- 
ment, the hull of which is being built in Lisbon, but the 
machinery and boilers will be supplied from Messrs. 
Yarrow’s works at Glasgow. They are also building two 
fast gunboats, propelled by-internal-combustion engines, 
for the Governor-General of ad, 


**FonpaTION GErorGE Monrrriorr Levi” Prize. 
The Montefiore Electrotechnic Institute of Liége desires 
to make it known that a prize having the above title has 
been instituted and will awarded every three years, 
the first award being in 1911. The value of the prize in 
1911 will be 20,000 francs (800/.). It will be awarded for 
the best original work presented upon the scientific ad- 
vance and on the progress of technical applications of 
electricity in every field. Popular works and simple 
compilations will be excluded. Works must be in Eng- 
lish or French. The jury will consist of ten electrical 
engineers, five bein Belgian and five from other coun- 
tries. The latest date or receipt is March 31, 1911. 
Further particulars are obtainable from the Secretary, 
Association des Ingénieurs Electriciens sortis de I’ Institut 
Electrotechnique Montefiore, Rue Saint Giles 31, Liége. 
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VICKERS’ ORDNANCE AT THE JAPAN-BRITISH EXHIBITION. 
CONSTRUCTED BY MESSRS. VICKERS SONS AND MAXIM, LIMITED, ERITH. 


(For Description, see Page 221.) 




















Fie. 1. 75-Mrciimetrre Frevp-Gun. 
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VICKERS’ ORDNANCE AT THE JAPAN-BRITISH EXHIBITION. 


CONSTRUCTED BY MESSRS. VICKERS SONS AND MAXIM, LIMITED, RIVER DON WORKS, SHEFFIELD. 


(For Description, see Page 221.) 
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CRUISER DESIGN. 


Tue salient features of the armoured cruiser 
Lion, launched from the Devonport Dockyard on 
Saturday last, indicate developments in design which 
suggest ch of view on the of our naval 
authorities. e are not concerned for the present 
with the tactical reasons for the demands upon the 
naval designer—in this instance for exceptionally 
high-speed in cruisers in association with a power 
of attack hitherto adopted only in relatively slow 
battleships. The question of interest to the marine 
constructor is the effect upon design in the attain- 
ing of these results. Only a few years ago the naval 
officer, for instance, regarded with misgiving any 

roposal to increase the length of the ships, 
use the area of the target presented to the 
enemy was augmented. Thus, up till 1901, the 
maximum length of any capital ship in the British 
Navy—and we might almost say also in all fleets— 
was 400 ft., and even in the case of cruisers the ex- 
ceptional length of 500 ft. given to the Powerful and 
Terrible, which were designed essentially for speed, 
was regarded unfavourably by some for the reason 
stated. The naval architect longed for the freedom 
given to the designer of merchant ships, because 
great length enables high speed to be achieved 
more easily than with a short ship. The Dread- 
nought marked a development, and the successive 
cruisers, with gun-power corresponding to battle- 
ships, have shownthis evolution still more markedly. 
The greater range of combat probable in the 
future may have induced the naval tactician to 
waive his objection to the larger target ; but the 
change in the armament, as well as the craving for 
higher s » have been dominant influences 
towards the acceptance of greater length. In any 
case it is a subject for satisfaction that the limita- 
tions imposed on the naval designer are now less 
stringent, although not by any means entirely 
removed, as the unprecedented lengths of the 
later naval -_ are conducive to high efficiency in 
respect not only of speed, but also of convenience 
in effectively disposing the guns. 

The increase in the number of primary guns 
carried has called for careful consideration regard- 
ing the emplacement of these guns in order that 
they may be utilised to the fullest possible extent. 
First, as to the number of guns, the Admiralty 
seem to have made up their mind that eight 
guns disposed in pairs in four barbettes represent 
a reasonable compromise for such cruisers. This 
decision has been criticised because ten guns are 
mounted in battleships having a length far short of 
the 660 ft., between perpendiculars, of the Lion, 
It must, therefore, be accepted that the personal 
equation—the ability of the captain to control so 
many guns—has not influenced the Admiralty, 
although the time may come when the psycho- 
logical question must obtrude itself. Nor is the 
explanation to be found in the matter of the struc- 
tural strength required to withstand the strain 
set up by the discharge of a greater broadside. The 
splendid performance of the Brazilian battleship 
Sao Paulo, which discharged ten 12-in. guns and 
eleven 4.7-in. guns simultaneously on the broad- 
side, without the structure being affected adversely 
in any way by the stress, again proved the ability 
of the designers and constructors to meet such 
demand. We doubt, too, whether considerations 


239 of weight have had much influence except in so 
40 | far as they affect the size and speed of the ship. 
40| An additional twin-gun turret, with guns, mount- 


ings, and armour, would of itself weigh about 
630 tons ; but in order to’'accommodate this with- 
out increasing the draught the length and breadth 
of theship would require to be augmented, and the 


2| consequent increased displacement would demand 


higher engine-power for a given speed, so that the 
weight of machinery would be greater. These 
elementary facts are stated because they are too 
often forgotten; any slight addition to the load 
carried involves an increase in size, power, and 
machinery for the same speed, which in the end 
multiplies the primary additional weight three to 
five times. 

The Admiralty, therefore, instead of increasing 
the number of guns, have preferred to increase 
their size, and there can be no objection now to 





revealing publicly the knowledge possessed for 
some time by those completely conversant with 
naval development. Much has been said, especi- 
ally on the Continent, regarding difficulties with 
the British 13.5-in. gun. We have studiously re- 
frained from referring to these statements, because 
it was not desirable that the real facts should be 
known. The best refutation possible now is that 
the 13.5-in. guns for the Lion are well in hand, 
and that the gun- mountings are nearing com- 
pletion. It will be obvious to the student of 
naval development that the aim in fitting a gun of 
increased bore is not so much to attain a higher 
striking power; the muzzle energy will probably 
be only slightly over 60,000 foot-tons, an increase 
of about 10 per cent.; but the important: point is 
that the larger shell will accommodate a con- 
siderably greater bursting charge, so that when 
the shell reaches its billet it will have enor- 
mously increased destructive effect. The 12-in. 
gun is adequately efficient so far as concerns 
its penetrative power at reasonable fighting 
range. The 13.5-in. gun, with its greater enegy, 
will nullify recent improvements in the resist- 
ing power of armour, so that the total gain is the 
larger bursting charge. The hydraulic mountings 
have been improved, and there will be no reduction 
in the rate of fire. In addition to the eight guns of 
the primary armament, the Lion will carry sixteen 
4-in. guns, and will have submerged tubes for the 
discharge of the largest torpedoes made. 

By limiting the number of guns to eight and the 
number of barbettes to four, it has been possible to 
considerably improve upon the arrangement of 
these guns as a consequence of the greater length. 
In the ships of the Invincible class there was 
a bow and a stern barbette, the two pairs of 
guns amidships being placed in echelon, so that 
they are utilisable on either broadside. This 
arrangement, although largely favoured by many, 
and adopted in several capital ships, has its dis- 
advantage, and in the new cruisers, as well as 
in the later battleships, the barbettes for the large 
guns are all placed on the centre line. The second 
and third pairs of guns from the bow are ata higher 
level than the others, so that four guns may fire 
ahead and four astern. The general disposition of 
the guns interferes with the arrangement of the 
machinery in order that the magazines could be 
located under the turrets—an arrangement which in- 
volves much greater difficulty in the case of a cruiser, 
having boilers to supply steam to maintain something 
like 70,000 shaft horse-power in the turbines. This 
difficulty, indeed, largely influences the number of 
guns adopted. The casual visitor to a battleship 
sees an enormous area of upper deck, which seems 
available for guns of large ulwall bore, forgetting 
that, from the upper deck downward, the area 
required for uptakes from the boilers and ventilat- 
ing-shafts for machinery-rooms absorbs much space ; 
and that the guns are of little use unless well- 
protected magazines are adjacent to them, and 
liberal room allocated for ammunition-hoists. The 
adoption of four turrets in the Lion was therefore 
a wise compromise, in view of the speed demanded. 
The armour protection provided for extends from 
the upper deck to about 7 ft. below the load water- 
line, and not only covers a greater area relative to 
the length of the ship than in the Invincible, but 
will have about 30 per cent. more resisting power. 

It is not without interest to consider the effective 
horse-power required to propel ships of different 
lengths at a given speed, use there is thereby 
established not only the advantage of the greater 
length of the Lion, but the difficulties under which 
Admiralty designers have hitherto worked, in 
comparison with the relative freedom of the 
designer of merchant ships. It has been put on 
record, for instance, that with the limitations 
imposed by other considerations—such as passenger 
accommodation, &c.—the Lusitania and Maure- 
tania could not have been built on a restricted 
length of 700 ft., instead of 760 ft., to cross the 
Atlantic at the speeds they have attained. The 
power, if the lesser dimension had been adopted, 
would have gone up at least 10 per cent., and 
could not have been installed in the space avail- 
able. The Invincibles are 530 ft., the Indefatigable 
555 ft., and the Lion 660 ft. between perpen- 
diculars. The displacement has gone up from 
17,250 tons to 26,350 tons. Assuming a speed of 
27 knots for all three vessels, the effective horse- 

wer per ton of displacement in the case of the 

nvincible is 1.7, in the Indefatigable .1.58, and 
in the Lion 1.43. It will thus be evident that 
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the increased length, with the same weight of 
machinery and the same power, adds materially to 
speed. The Lion, however, will probably materially 
exceed 27 knots, and the gain will be still more 
marked. 

It is only right to say that such high speed has 
been rendered possible only by the invention of 
the turbine, because the steam consumption for 
this type of machinery is so much less than with 
the best reciprocating engines yet constructed for 
naval work. The steam-generating plant, and the 
weight and space required for its accommodation, 
is thus enormously decreased. It is scarcely neces- 
sary to point to the advantage of the decrease in 
space, as well as in weight, in view of what we have 
said regarding the arrangement of the armament 
within a given length. The machinery of the Lion 
is being constructed by the Vickers Company, and 
will no doubt follow the lines so successfully 
evolved in preceding ships. Thus there will be four 
shafts, with turbines working in series on each side 
of the centre line of the ship, each unit including a 
high-pressure and a low-pressure ahead turbine on 
separate shafts, and a high-pressure and low-pres- 
sure astern turbine respectively on cach shaft. In 
accordance with recent practice, no cruising turbine 
will be adopted, but the high-pressure turbine is 
made of increased length, and several by-passes are 
fitted, so that the steam may enter at different stages 
according to the power to be developed. These and 
other improvements introduced will give a favour- 
able economy even at low power. The results of the 
trials, alike from the point of view of efticiency and 
economy, are therefore certain to once more establish 
the satisfactory character of the design work pro- 
duced by Sir Philip Watts and Sir Henry Oram, 
who are responsible for the ship and machinery 
respectively of all our warships. 

It may be interesting to append the dimensions 
of typical cruisers of the last few years. 


Length Be- 


Name. 


} 
| 
| 


pendiculars. 
ght. 


tween Per- 
= | Breadth. 


| Drau: 
Displace- 
ment. 


| knots 
22.25 4 7.5-in., 6 6-in., 
| 22 3-pounders 
23 4 9.2-in., 10 7.5-in., 
16 3-in. 
8 12-in., 16 4-in. 
8 12-in., 16 4-in. 


= 
a 


tons 
10,850 


ft. 
450 


o 


Devonshire(1904)| 684 2 


490 | 

Invincible (1907)| 530 784 26 

Indefatigable | 555 80 26 
(1909) | 


Lion (1910) 660 


Minotaur (1906) | 744, 26 14,600 
| 


17,250 
19,300 


26 
26 


884 28 26,350 28 3 13.5-in., 16 4-in, 


These data show the enormous step taken in 
length, displacement, speed,and power of armament. 
In this period of six years the proportion of length 
to beam has increased from 6.57 to 1 to 7.44 to 1. 
In view of this great increase in beam, the displace- 
ment of the cruisers per unit of length has greatly 
increased. Thus, in the case of the Devonshire 
class, it was equal to 24 tons per foot of length ; in 
the Minotaur, to 29.8 tons per foot of length ; in 
the Invincible, to 32.53 tons per foot of length ; 
whereas, in the case of the Lion, the displacement 
is 40 tons per foot of length. 





CONTRACTORS’ SPECIFICATIONS. 

TuereE is excellent authority for the statement 
that in a multitude of counsellors there is wisdom, 
but, as in the case of most other proverbial sayings, 
the aphorism has its antithesis, equally well 
founded, which is fairly expressed in the maxim 
that a council of war never fights. Nevertheless, 
amongst a multitude of counsellors it would indeed 
be surprising if some individual member did not 
advocate the most propitious policy ; but no 
method has yet been found effective for relieving 
the man of action from the necessity of making his 
own selection from the discord with which his ears 
are commonly assailed. Consular reports have 
repeatedly commented upon the supposed reluc- 
tance of the British manufacturer to change the 
character of his products, in response to some 
local demand, and have enlarged upon the greater 
readiness asserted to be shown in such circum- 
stances by German and American houses. Now, on 
the other hand, we have Professor F. R. Hutton, in 
his eloquent speech at the recent banquet to the 
American Society of Mechanical Engineers, declar- 
ing that British firms were handicapped in compe- 
tition with outsiders by their readiness to work to 
the consumer's specifications, instead of insisting 
on their prospective customer accepting their own. 





It is undoubtedly a great advantage toa manufac- 
turer to be in a position to work to contract 
conditions chosen by himself. Materials may then 
be selected for the ease with which they can be 
machined, and methods of construction standard- 
ised in such fashion as to greatly diminish shop 
costs, with the result that the article may at times 
be put on the market at a price which appears 
astonishingly low to those compelled to satisfy what 
are at times the mere whims of a consulting engineer. 

Not long since rail-makers had to be prepared 
to meet the demands of customers whpse specifica- 
tions differed from each other sufficiently to cause 
trouble in the works, but not enough to materially 
affect the reliability of the rails in service. In 
America, in part owing to the existence of a tariff, 
and in part to the concentration of the bulk of the 
business into the hands of a very few firms, the 
difficulties thus occasioned were overcome by the 
makers frankly refusing to supply rails to what they 
were pleased to consider the fancy requirements 
of their customers, who were accordingly compelled 
to take such material as the steel-makers found it 
most convenient to supply. If reports are to be 
trusted, the results have not been entirely satis- 
factory. A manufacturer realises to the full the 
difficulties he himself experiences in his own opera- 
tions, but apprehends less keenly those of his 
customer, who is especially concerned in reducing 
the costs of maintenance and replacements. So 
unsatisfactory, accordingly, did the plan of working 
to the manufacturers’ standard specifications turn 
out to be, in this instance, that the proportion of 
rails which proved dangerously defective in service 
increased to an abnormal degree, causing the 
greatest trouble and anxiety to those responsible 
for the upkeep of the permanent-way. Where 
effective competition is restricted by agreements, 
or consolidations protected by a tariff wall, 
the manufacturer can undoubtedly pretty well 
fix his own terms of supply; but these are not 
the conditions in which firms have to work 
within the United Kingdom, and other means 
must be found for meeting the needless and 
wasteful troubles occasioned by a multiplicity of 
specifications. In the matter of steel-plate manu- 
facture Lloyds have, in this way, been most service- 
able, though at the outset many of the conditions 
imposed by them were hotly resented by steel- 
makers. The British Standards Committee have 
also done most excellent work in this regard, though 
it is interesting to note that their specifications for 
steel tramway rails had not long been issued before 
the engineers to an important undertaking intro- 
duced into their specifications for rails certain im- 
portant modifications, inserted with a view to 
securing greater durability. 

In view of the results in the American rail trade 
there is, we think, much reason for concluding 
that, so far as the supply of materials of con- 
struction is concerned, it will generally be found 
advisable for the consumer to refuse to adopt 
the seller’s specification, taking his stand on 
the adage that he who pays the piper has a 
right to call the tune. In most cases, however, 
he will find in common use a specification suiting 
his own requirements, which has been prepared by 
experienced independent authorities, such as 
Lloyd’s Register or the British Standards Com- 
mittee, and it will seldom be wise for him to depart 
from these. 

Of course, with the introduction of new methods 
and materials, the manufacturer must to a very 
large degree be responsible for the details of the 
specification. Architects, for example, on the 
introduction of ferro-concrete, wisely allowed the 
contractors themselves to write the clauses govern- 
ing the qualities of the material and the manner of 
using it. In this case the contractors were them- 
selves responsible parties, having the very strongest 
of all reasons for the avoidance of bad work, as a 
failure would have greatly prejudiced the future of 
this system of construction. Having, moreover, 
much of a monopoly, they were under no tempta- 
tion to resort to doubtful expedients in the ho 
of snatching a profit from work obtained at keenly 
competitive prices. That this latter consideration 
is not always effective is no doubt true, as instanced 
by the case of the defective rails on which we have 
already commented above. Moreover, even in the 
case of ferro-concrete, many of the best contractors 
are now anxious for the practice to become general 
of working to independent specifications, as there 
is otherwise a danger that inexperienced firms may, 
in the hope of saving cost, reduce the steel rein- 





forcement to a dangerous degree. The continuance 
of the plan of allowing contractors to furnish their 
own specifications would thus, by force of compe- 
tition, be extremely likely to result in a deteriora- 
tion of the quality of the work. 

Professor Hutton instanced the securing of the 
contract for the Atbara Bridge by an American 
firm as being due to the economies which can be 
effected in works cost when a contractor is per- 
mitted to furnish his own specifications ; but there 
is no small reason for believing that the same 
practice was, at the root, responsible for the failure 
of the Quebec structure. The pressure of com- 
petition had forced builders into a distinctly un- 
mechanical design of strut, and had further led to 
the use of a soft steel, which could be punched, 
whilst for such a structure a hard steel, requiring 
to be drilled, would have been in every way more 
suitable. One of our own leading firms of bridge- 
builders, indeed, claims not to have a single pvnch- 
ing-machine in their yards. Probably it would be 
an extreme step for consulting engineers to specify 
that all structural work should be drilled, since 
there are hundreds of small bridges in which a 
little extra weight is of no consequence, and, 
indeed, from some points of view, actually advan- 
tageous, and for which therefore a soft steel, 
capable of resisting ill-treatment in the shops, is in 
every way suitable. In fact, such structures may 
almost be classed as manufactures ; and where goods 
are manufactured rather than built to special order 
there is much to be said for the acceptance of 
makers’ specifications.- Different engineers will, 
of course, draw the line at different points as to 
where they will adopt a manufactured article in 
place of demanding designs and materials to suit 
their special requirements. Our own locomotive 
superintendents invariably order locomotives to 
suit their special needs, whereas in America 
it appears to be the general practice to accept, in 
this matter, makers’ designs and specifications. It 
may be that this is in part responsible for the ad- 
mitted fact that our engines keep out of the repair- 
sheds longer, though naturally it is not possible 
to build them as cheaply as if the builder were 
able to lay out his works with a view to the 
production in the most economical way of a few 
standard patterns. 





THE WESTERN AUSTRALIAN 
RAILWAYS. 

THE annual reports on the working of the 
Government Railways of Western Australia have 
for many years been characterised by welcome out- 
spoken comments on matters affecting the economic 
working of the department. Weare glad to observe 
that the present Commissioner, whose second report 
was recently issued, follows, in this respect, the 
lead given by his predecessor. The railways form 
one of the few systems of the Australian Continent 
of which practically the complete financial history 
is available in the report. The system can now 
happily show the substantial balance, since its 
inception, of 876,398/. over working expenses and 
interest, the last year for which the report is avail- 
able contributing 157,0791. of this sum. From 
this latter figure it will be evident that the last 
year’s working was of a satisfactory character. The 
figure representing excess of receipts over expendi- 
ture for 1909 might have been considerably larger, 
as might have been the case also in former years, 
if the department had been conducted on more 
strictly business lines. Government, in several 
matters, has so ordered things, in spite of the pro- 
tests of the Commissioner, that they work directly 
to the disadvantage of the railways. Before deal- 
ing with this point, however, which really affects 
revenue, a matter affecting the capital account may 
be noticed. ; 

In the report for 1908 attention was directed to 
the necessity of making provision out of revenue 
for the renewal of capital assets. The subject is 
reverted to in the last report at greater length. A 
look ahead suggests that the useful life of large 
quantities of rolling-stock, and also of other equip- 
ment, will, in all likelihood, terminate about the 
same time. This is the natural result of the large 
purchases and rapid expansion made in quite short 
periods of time in the last decade or so. When 
replacements are small, the necessary charge may 
be made direct on revenue without being seriously 
felt, but when large it will not be possible to charge 
revenue with the required amount without up- 
setting the regularity of the department's finance. 
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It is urged by the Commissioner that a yearly con- 
tribution from revenue should be made to a re- 

lacement fund, and that all capital assets should 
Be renewed from this fund. This, for a time, was 
done for the replacement of rolling-stock, and the 
sum of 234,1801. stands to the credit of the railways 
for expenditure in this connection. This practice, 
however, has been’ discontinued in the last year, 
although the amount is not yet sufficiently large to 
meet the demands that must be made in the future. 
A renewals fund would enable the capital value of 
the property to be _ up, whereas now, appa- 
rently, replacements other than rolling-stock are 
made with fresh capital, while. the State Sinking 
Fund is concurrently utilised for the extinction of 
the debt on the railways. The replacement fund 
policy suggested by the Commissioner, however, is 
not favoured by Government. This is only one of 
the matters in which the Government prefer to go 
their own way. The report suggests others. 

The State railway system now extends to some 
2044 miles of main line, of which just over 100 
were brought into service in the year 1908-9. 
Expansion is steadily proceeding. Railways under 
construction by the Public Works Department 
extend to about 187 miles, while the report states 
that authorised lines to the extent of other 187 
miles were, at the time of issue, shortly to be put 
in hand, and are therefore doubtless well advanced 
by now. No exact figure is given for the cost of 
construction of the sections, but it appears to be in 
the neighbourhood” of 20001. per mile—a figure 
which corresponds roughly to the cost in other 
States of the Commonwealth. With regard to these 
cheaply-constructed lines, the Commissioner re- 
marks that as a whole the agricultural branch lines 
may be considered to be satisfactory, presumably 
from the traffic point of view, though he regrets 
from the railways’ ‘‘ point of view that a better, if a 
more expensive, system of packing the permanent 
way was not adopted when the lines were con- 
structed.” It is very evident that the Government’s 
policy of cheap construction in the first instance 
has not been to the advantage of the railways as a 
department. Most of the lines are in wet country, 
and the earth packing has become so worked up in 
some cases in the winter that train service was 
only maintained with the utmost difficulty. In 
view of this experience the railway department 
has itself ballasted several of the recently opened 
branches after opening to the public, although 
supposed to be finished when handed over by 
the Public Works Department. 

That there is a tendency to this certainly appears 
from remarks in another part of the report relating 
to a certain authorised line. The line in question 
is one to be built, or now building, between Pinjarra 
and Marrinup. It has been located in such a way 
that the grades and curves will be severe, and will 
only permit of very small train-loads. We gather 
from the report that the undertaking has been con- 
sidered rather from the civil engineering aspect, the 
Government the while insisting on cheap construc- 
tion, rather than from the true railway point of 
view. The Railway Commissioner states that he 
has *‘ not been consulted in any way with reference 
to the construction or prospects of any of these 
authorised lines.” Yet who, we may ask, should be 
in a better position than the Commissioner, to give 
due consideration to all the various matters arising 
in railway economics. The actual civil engineering 
work is, if relegated to its proper _— largely 
subservient to other factors, of which traffic pro- 
blems, some of them relating to future development, 
are the more important.” Government, it seems, in 
the desire to bring certain areas within the reach of 
the railway tends to lay too great stress on rapid con- 
struction at small cost. If such a policy be pursued 
too far, there will come a time when the expansion of 
the prosperity of the districts, which it is hoped to 
benefit, will be checked, and then, as has been the 
case elsewhere, the only remedy will be found to 

an expensive one. e problem which Govern- 
ment has apparently set itself seems to be how to 
run & railway out to some predetermined spot at a 
limited cost per mile, rather than how to build a 
profitable railway to that place. The problems are 
not identical, as railway-men well know, and the 
railway economist’s advice (in this case that of no 
less a person than the Railway Commissioner for 
the State) should be of greater value than 
that of other persons, be they civil engineers 
or, as sometimes happens, partisans of a political 

las, 


As regards the influence of Government action 


on the working expenses of the railways, the report 
again refers to the question of the supply of coal 
and water. For some years Government has in- 
sisted on the railways buying a large part of their 
coal from mines at Collie, where, under the foster- 
ing care of the State, the coal-mining industry has 
developed until it is now firmly established. The 
quality of the Collie coal is only fair, though suf- 
ficiently good, providing the price be reasonable. 
Unfortunately for the railways, Government has 
dictated the price to be paid, and the average per ton 
for the year 1908-9 vallel out at one halfpenny less 
than 10s., and this on contracts aggregating 121,128 
tons. The injustice of this price is clear when itis 
stated that small quantities of coal for bunkering, 
&c., are sold to other purchasers for as low a figure 
as 7s. 3d. per ton at pit. Thus the railways bear a 
heavy burden, which if State assistance be still 
needed, should really be distributed and paid, 
directly or indirectly, by the State as a whole. 

For water the railways are likewise compelled to 
pay more than many other consumers, in this case 
not to foster a new industry, but to support another 
Government department. This point has been 
raised in former reports which dwelt upon the 
manifest injustice to the railways, whose accounts 
are saddled thus with heavy charges, so that the 
balance of revenue over expenses is much smaller 
than it might be, if equitable scales were enforced. 
The matter is again noticed now because efforts 
have, in the last year, been ‘‘ made to increase the 
contribution of the railway to the revenue of the 
scheme” of the Goldfields Water Supply Administra- 
tion. The proposal mooted suggested that the 
railways should pay a minimum rate of 20,0001. 
per annum to the Water Supply Administration. 

In return for this, they would be entitled to 
72,727,000 gallons of water, which makes the rate 
one of 5s. 6d. per 1000 gallons. The consumption of 
‘*scheme” water by the railways, however, amounts 
to about 48 million gallons, so that the rate would 
virtually be one of 8s. 3d. instead of the present 
sufficiently high average of 6s. 34d. The railways 
would, therefore, be heavy losers. The balance of 
the water needed by the railways is drawn from 
dams owned by the Railway Department. This 
water is of far better quality than the ‘‘ scheme” 
water, and its use is therefore not likely to be 
given up without a struggle by the railways. The 
effect on upkeep expenses, of good or bad water, is 
so great that unsuitable water becomes actually far 
more costly than the figures for price per 1000 
gallons can ever indicate. It is quite unreasonable 
that the railways should be expected to hamper 
themselves in order that subsidised industries 
should be established, or that other Government 
departments may make a good showing. Ob- 
viously, in equity, the railways should be allowed 
the same rights as other purchasers, and be allowed 
to make the best terms they can for their supplies. 
If they did so, the ratio of working expenses to earn- 
ings would certainly be even lower than the figure 
of 64.56 per cent. to which it has been reduced 
after a series of years, in which with one exception 
it has stood well above 70 per cent. 

The figure of 973,8711., representing expenses for 
the year 1909, against earnings of 1,508,436!., shows 
a reduction of 33,8611. on the previous year. The 
reduction in expenses per train-mile is one of from 
61.01ld. to 56.98d., or 6.6 per cent. This is more 
apparent than real, however, for the only material 
reduction in working expenses is in maintenance of 
way, which shows a reduction of 17,434]. This is 
off-set by an increase of 17,084/. in the locomotive 
department expenses. Of the net reduction of 
33,0001., one item answers for 30,000/. This has 
reference to the practice, now abandoned, of putting 
on one side money for the replacement of rolling- 
stock, and the item does not therefore represent 
greater economy in working, but only what some 
will undoubtedly consider an ill-advised action. 
The State consolidated revenue has benefited tem- 
porarily by 30,0001., which might have been better 
used if allotted to the purpose to which sums have 
been devoted in former years—i.e., the renewal 
of capital assets. 





THE INTERNATIONAL ROAD 
CONGRESS. 

In our last issue (vide page 205 ante) we dealt 
with the introductory proceedings of the Inter- 
national Road Congress, which opened at Brussels 
on the Ist inst. On the second day of the meeting 
'a@ storm in a teacup arose with respect to the 





value of macadamised roads, but this was calmed 
mainly by the efforts of Mr. Boulnois and Colonel 
Crompton, who, with other English - speaking 
members, re-drafted the pa phs in the resolu- 
tion relating to macadam in a form which was then 
unanimously accepted. The rejected resolution was: 
‘*Macadam, even when improved by tarring, will 
not resist intense or heavy traffic. It causes dust 
and mud, and is costly and troublesome to main- 
tain. It should not be prescribed for urban roads 
of any importance, but should be used only in the 
outskirts or suburbs, or as a temporary provision 
in new districts not fully built upon.” 

There is a good deal of truth in the ideas thus 
expressed, but it was rightly thought by the 
sectional meeting that, notwithstanding its disad- 
vantages, macadam well laid and maintained affords 
® very good road surface, and this was strongly 
urged by the English and American engineers. 
The resolution finally adopted is as follows :— 
** Macadam, carried out following the methods of 
Tresaguet and Macadam, causes dust and mud, is 
ae to maintain, and is suitable in large cities 
only for streets where the traffic is not very great 
or heavy. The experimental work carried out in 
recent years with macadam, improved by using a 
bituminous or tarry coating or binder, ought to 
be continued to determine the best method of 
utilising this kind of construction under varying 
conditions and the results considered at the next 
Congress.” 

The whole case in favour of the alteration of the 
resolution regarding macadam was tersely and 
clearly put by Mr. Nelson R. Louis, chief engineer 
of the Board of Estimates, New York. He said 
that two years ago he and most American engineers 
would have agreed that the use of macadam should 
be limited to unimportant roadways. Since then, 
however, there has been a great improvement in 
the use of bituminous binders, and the cost is so 
little increased that macadam still remains the 
cheapest kind of road surface which will meet 
the requirements of modern traffic. The results 
obtained with bituminous macadam in America 
and Great Britain have been so satisfactory 
that it would, in his judgment, be distinctly 
unfortunate if the Congress were to discourage 
further efforts in this direction by a pronouncement 
so unfavourable to the improved form of macadam 
as that first presented to the meeting. He thought 
judgment should be suspended, and that those 
who have effected such substantial improvements 
in the construction of macadam should be en- 
couraged to continue their work, and not be told 
that their efforts to adapt this type of road to the 
conditions which exist in ordinary city streets are 
necessarily futile. 

There is no doubt that the views thus expressed, 
and fortunately given effect to in the resolutions 
adopted, are wise, and that they will be endorsed 
generally. 

At the Congress less difficulty was experienced 
by the members from different countries on 
account of unfamiliarity with French, as, through 
the agency of the Permanent Committee of Road 
Congresses, all the papers were fully translated and 
issued in French, German, and English. There is, 
however, still a good deal of doubt as to the exact 
foreign equivalents of some common technical 
terms, and it is desirable that a brief glossary 
should be prepared to remove such doubt. For 
example, it is not clear to many people exactl 
what is meant by ‘‘asphalte,” ‘‘comprimé,” 
**coule,” or **laminé.”’ 

It appears to us that a point which requires 
scientific investigation and settlement is the exact 
behaviour of a sand foundation under stone pave- 
ment. On the Continent a bed of sand from 
3 in. to 6 in. deep is almost invariably used, and 
the setts are bedded directly on and in the sand. 
The sand is spoken of as a ‘‘cushion,” and is said 
to be elastic. Another view is that it absorbs the 
shock on the pavement, saves the stones from 
damage, and reduces the noise of traffic. It would 
be easy to settle the points in doubt by experiments 
in an engineering laboratory. 

The American engineers at the Congress are 
unanimous in their very high approval of the 
asphaltic roadways which are now used in America, 
and of which an excellent sample was laid some years 
ago on the roadway of the Thames Embankment. 
It is claimed that in such asphalt road surfaces 
eater uniformity can be secured than is possible 





in the use of natural rock asphalt, that the surface 
is not slippery, and that it does not flow appreciably 
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under very heavy traffic. Those who are interested 
in this part of the road question should read the 
ublications on asphalt roads of Mr. Clifford 
ichardson, of New York, who has devoted many 
years of scientific labour to the investigation of the 
best methods of their construction. 

The labours of the Second International Road 
Congress are practically completed, and it is 
gratifying to think they are likely to be fruitful. 
As already indicated, nothing very novel has been 
announced at the Congress, but there has been a 
very useful and friendly exchange of opinions 
amongst the members of the Congress, which is 
certain to produce good results. The period of two 
years since the first International Congress in Paris 
is generally recognised as too short to enable 
experiments of lasting importance to be concluded 
in the interval, and the next Congress will be held 
in 1913, in London or Berlin. 

The International Committee is desirous that the 
next Congress should meet in London, but a diffi- 
culty arises on account of the fact that the British 
Government have not, so far, appointed representa- 
tives on the Committee or subscribed to its expenses, 
though representatives of various Government de- 
partments in Great Britain and Ireland have 
attended the first and second Congresses. It is to 
be hoped that the slight formal difficulties in the 
matter will be overcome, as from many points of 
view it would be very advantageous for all concerned 
if the Congress of 1913 were held in London. 

The special exhibition of plant, materials, &c., 
for road construction, which was arranged in con- 
nection with the Road Congress, is of much interest, 
though not so large as that in Paris two years ago. 
In Belgium there are many interesting remains 
evidencing the occupation of the country by the 
Romans, especially at Tongres (near Liége), a town 
of importance in the time of the Romans in Bel- 
gium. From that place sections of Roman roads 
have been bodily removed and put together at the 
Exhibition exactly as they were found. We intend 
in a future article to deal more fully with these 
matters, and also with certain questions discussed 
at the Congress. 








WORKING OF THE BOILER 

EXPLOSIONS ACTS. 

Tue annual report for the year ending June 30, 
1909, on the outing of the Boiler Explosions Acts, 
1882 and 1890, has just been issued by the Board 
of Trade. During the period named 85 preliminary 
inquiries and 8 formal investigations were held 
under the provisions of the Acts. The 93 explosions 
thus dealt with caused the death of 12 persons and 
injury to 53 others. 

The report states that ‘‘ although the number of 
explosions dealt with is considerably above the 
average for the previous twenty-six years, it is very 
satisfactory to note that the number of persons 
killed is the lowest recorded since the Acts came 
into operation. The number of persons injured is 
also below the average.” Deterioration or corrosion. 
the report adds, is still by far the most fruitful 
cause of explosions. 

In seven out of the eight cases in which formal 
investigations were held, the Courts found that 
persons who had been connected with the boilers 
were to blame for the explosions, and they made 
orders for the payment of costs in three of these cases, 
the total sum ordered to be paid amounting to 1751. 

Of the 93 explosions reported on, 68 occurred on 
land and 25 on board ship. By the former 10 deaths 
and 46 cases of soa injury, and by the latter 
2 deaths and 7 cases of personal injury, were caused. 
In 21 cases the boilers, &c., had been under 
Lloyd’s Survey, the Board of Trade, or marine 
insurance companies, and in 17 cases under boiler 
insurance companies. In the remaining explosions 
the boilers, &c., were either examined by the makers 
or were under no recognised system of inspection. 

Appendices B, C, and D, added to the report by 
Mr. R. Ellis Cunliffe, solicitor to the Board of 
Trade, give some further information. Appendix B 
gives the causes of the explosions as follows :-— 

Deterioration or corrosion =* ' 36 
Defective design or undue working pressure 13 
Water-hammer action... his abe its 9 
Defective workmanship, material, or con- 
struction a - was 12 
orance or neglect of attendants 15 
iscellaneous ... oo ao 9 


THE 


I 
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It is stated that this number (94) is one greater 
than the total number of reports included in the 
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statement, owing to two separate explosions having 
being dealt with in Report No. 1805. 

The 93 explosions are classified as having arisen 
from the following types of boilers, &c.:— 


Horizontal multitubular boilers 
Vertical boilers... ~< ees 
Lancashire boiler 
Locomotive boilers 
Water-tube boilers 
Tubes in steam-ovens .. 

Heating apparatus... 
Steam-pipes, stop-valve chests &c. 
Miscellaneous ... Sie win ae 
Appendix C gives the following list of boilers 
which exploded, and respecting which formal 
investigations were conducted by the Board of 

Trade :— 
Saddle steam-heating type ... 
Vertical ... oe - 
Lancashire 
Road locomotive 
Water-tube type 
Heating apparatus 


TABLE I.—Statistics of Boiler Accidents, 1882-1909. 
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Average of 27 years .. 


STEEVENS STEAM TRACTOR. 


The explosions enumerated in Schedule C caused 
six deaths and injuries to nine persons. The report 
adds :—‘‘ The causes of these explosions have been 
clearly ascertained, and in no case has the explosion 
been attributable to unavoidable accident.” 

Appendix D, reproduced in Table I., at the foot of 
the preceding column, gives the total number of ex- 
plosions dealt with since the passing of the Acts, 
number of lives lost, and number of persons injured. 

On a perusal of the report we note that many of 
the explosions investigated during the year were ofa 
comparatively trivial character, and that the number 
of serious explosions ison the decrease. The latter 
fact is satisfactory and must doubtless be attributed 
to the efficient working of the Boiler Explosions 
Acts, and the effect of investigations conducted by 
the Board of Trade ; to the widespread influence of 
the various boiler inspection and insurance com- 
panies or associations, and to the more general 
enforcement of periodical boiler inspection by the 
Factory and Workshop Act, 1901. 








NOTES. 
AcricutturAL Motor TRIALS. 

Tue trials of agricultural motors, which have 
been promoted by the Royal Agricultural Society 
of England, commenced at Baldock on Tuesday 
last, the 9th inst. The object of these trials is to 
test the capabilities of tractors built for farm-work 
and permissible also under the Motor-Car Act. 
There is no doubt that if such motors can be 
made thoroughly satisfactory, there is a great field 
for them. The ordinary traction-engine certainly 
fulfils its purpose very well indeed as far as it 
goes, but it is heavy, and also labours under 
many legal disabilities. A tractor which weighs 
less than 5 tons, and can be run under the Motor- 
Car Act, has many advantages, and there is no 
doubt also that there are many cases where an 
internal-combustion engine would be preferable 
to a steam one, especially where the water supply 
is not easily accessible or adequate. At the same 
time there are many problems to consider. If 
such engines are used, there is no doubt that 
in such work as ploughing they will have to 
haul the plough direct, as it will be impracticable 
to use the rope-hauled ploughs on a small scale. 
This may introduce difficulties in getting enough 
adhesion on heavy ground, and the effect of con- 
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tinuously running heavy weights over the land 
must also be considered. The result of this will 
be to consolidate the subsoil, and on some kinds of 
land this may not be at all beneficial. The effect 
of the heavy weight on the surface is of 
no importance, because it will be removed in 
the next ploughing, but it is quite possible 
that the effect on the subsoil may be serious, as it 
may interfere with the drainage. Experience 
alone can establish the needs and objections, which 
may vary for different kinds of land. Out of eleven 
entries, seven tractors were present at Baldock 
on Tuesday morning, of which four—namely, the 
two Saunderson and two Ivels—are fitted with in- 
ternal-combustion engines, while the other three— 
namely, the Mann, the McLaren, and the Wallis 
and Steevens—are steam motors of the traction- 
engine type. The relative merits of the two 
systems should therefore be well shown. Very 
little was done on Tuesday, but the McLaren, 
the Mann, and one of the ‘‘Ivel” tractors did a 
ploughing test, consisting of working over about 
6 acres of land with a three-furrow plough. All 
showed themselves capable of doing this, though 
the speed at which it was done varied a good deal, 
the McLaren being the quickest, and the ‘‘Ivel” 
theslowest. Inconsidering the performance of the 
latter it must be remembered that it is only about 
half the weight of the other two. As the trials will 
not be completed for some days, we must leave a 
detailed consideration of them till next week ; but 
meanwhile we give on page 234 descriptions of 
three of the competing motors, with illustrations on 
pages 236 and 240. 


British RatLway ACCIDENTS. 

The Board of Trade now issue the statistics 
relating to British railway accidents some months 
before the analytical report itself appears, and in 
our issue of May 6 we gave a résumé of the statistics 
relating to the accidents which occurred in 1909, 
then just issued by the Board of Trade. Now 
three months later there has appeared the Board’s 
report on these accidents. This report adds little 
to the previous information, except that it places 
together in more or less instructive tables figures 
of some comparative value, showing the relation 
of accidents to passenger traffic. In one table, for 
instance, we find a summary of passengers killed 
and injured from accidents to trains, rolling-stock, 
permanent-way, &c., compared with the passenger 
journeys taken. In 1909 one passenger was killed 
and 390 were injured from these accidents, and we 
are informed that this works out at one killed in 
1,264,800,000 and one injured in 3,200,000 pas- 
sengers in 1909. The report goes on, however, to 
state that the risk is really less than this, as the 
figures for passenger journeys take no account of 
the journeys of season-ticket holders. Now there 
are about 725,000 season-ticket holders, and these 
probably take some 290,000,000 journeys in the 
year, so that the risks really become 1 in 
1,554,800,000 as regards fatal accidents, and about 
1 in 4,000,000 for non-fatal accidents. Although 
this is evidently a fairer comparison than that 
adopted in the report, neither is quite satisfactory. 
A better method still would be to give the number 
of accidents per thousand passenger-miles, or to 
some similar e ; but this, as statistics are com- 
piled in this country, is impossible. Another table 
in the report shows the proportion of accidents to 
servants of the companies to the number employed. 
This table shows an increase in the number of fatal 
accidents and a decrease in the non-fatal class. 
Une employee in every 6086 engaged in the running 
of trains was killed in 1909, and one in 694 injured, 
compared with one in 19,779 killed and one in 538 
injured in 1908. Of the fatal accidents, the risk 
appears to be greatest in thecase of passenger guards. 
n this case, one of every 2825 men employed 
was killed, compared with one in 4690 drivers, and 
one in 6428 in the case of firemen. In the case of 
goods guards and brakemen no fatal accidents are 
recorded as occurring in the movement of trains. 
While, however, the risk of fatal accident appears to 
greatest in the case of passenger-guards, their 
risk to non fatal accidents is least. In other words, 
the proportion of fatal to non-fatal accidents is 
higher for passenger-guards than for other classes 
of employees. Goods guards, on the other hand, 
comparatively frequently meet with non-fatal 
accidents, 1 in 466 being thus injured, compared 
with 1 in 1059 injured of the passenger guards. The 
latest, report is considerably curtailed. Many of 


others are shortened, and the classification altered 
in such a way as to render continuity of comparisons 
quite impossible without scrutiny of the tables of 
statistics published separately three months ago. 
In fact, anyone interested in the matter might, by 
means of the latter and other published figures, have 
provided himself in May with practically every- 
thing in the way of the information appearing in 
the Beast of Trade’s report issued a few days ago. 





STEAM TRIALS OF H.M.S. ‘‘GLOUCESTER.” 
H.M.S. Giovucester, the fourth of the second-class 
protected cruisers ordered under the programme of 
1908-9, has just completed her trials, and Messrs. 
William Beardmore and Co., who built and en- 
ined the vessel at their Naval Construction Works, 
Imuir, are to be congratulated upon the results, 
alike as regards the speed and machinery efficiency. 
The speed attained on the full-power trial was the 
best so far recorded for any ship of the class—namely, 
26.296 knots, when the turbines were developing a 
collective power of 24.335 shaft horse-power, while the 
consumption of fuel was 1.14 Ib. of coal, and0.42Ib. of oil. 
The vessels were designed to maintain a speed of 25 
knots, and the trials of the four so far completed—the 
others being the Glasgow, Liverpool, and Newcastle, 
built respectively at Fairfield, Barrow, and Elswick— 
show that 26 knots can easily be realised. This is par- 
ticularly satisfactory in view of the dimensions of the 
vessels, which are 430 ft. long between perpendicu- 
lars and 47 ft. beam. The displacement is 4800 tons 
on a mean load draught of 15 ft. 3 in. The 
are intended for scout duty, and are fitted wit 
two 6-in. guns and ten 4-in. guns. The four vessels 
so far tried have Parsons turbines mounted on four 
shafts each with an ahead and an astern turbine. 
The Gloucester first carried out a progressive trial 
of over twelve hours divided into three equal periods, 
while the other trials included a twenty-two hours’ 
run and two eight hours’runs. The pow attained in 
each of this complete series of progressive runs, with 
the power recorded, are as follows :— 


8.H.-P. Knots. 
4 hours’ trial rae dol 2,053 12.837 
4 en oe ie 5,513 17.55 
4 ai tied ae 9,400 20.8 
22 ” ie .. 13,968 23.447 
8 “is at ..- 18,983 25.084 
a a 24, 335 26.296 


The twenty-two hours’ trial at 13,900 and the eight 
hours’ trial at 18,000 shaft horse-power were con- 
tinuous, and constituted the fuel-endurance tests. It 
was found that at 13,968 horse-power the fuel con- 
sumption per shaft horse-power per hour was only 
1.59 Ib., and at 18,983 shaft horse-power it was 1.48 lb. ; 
as already shown, very satisfactory results were also 
got at full power. These four vessels complete the 
cruisers of correspondin type given out eighteen 
months ago ; the fifth—the Bristol—has been fitted 
with Brown-Curtis turbines by Messrs. John Brown 
and Co., Limited, of Clydebank. 





HIGH-SPEED TOOL-STEEL. 
To THE EDITOR OF ENGINEERING. 
Srr,—I have read with interest Mr. Brackenbury’s 
per on ‘‘ High-Speed Steel and Its Uses,” and the 
iscussion upon it, and being a practical turner, I venture 
to make the following remarks upon it. 
Two of the greatest evils in workshop practice, on 
lathe work in particular, is the over-standardisation of 
cutting-angles on lathe-tools in up-to-date shops, and 


smaller general engineering shops. Whilst quite 60 or 


the better mechanic to use standard shapes. Let us 
suppose two bars of 8-in. mild steel are to 
one finished to 7? in., the other reduced in most parts to 


acute front-cutting angle, asin Fig. 1, with only a slight 
side-cutting angle of about 8 deg., is necessary if the best 
results are to be obtained, as the removal of a bare } in. 
of metal must necessitate a coarse feed. In the second 
case the reduction of an 8-in. bar to 5 in. necessitates a 
totally different cutting angle. The 3 in. of metal to be 
cleared away can only removed economically with a 
deep cut, say, 8 in., with about ;, in. feed ; consequently 
the cutting angle must face the shoulder of metal being 
removed, requiring the reverse of the former case—viz., 
instead of a side-cutting angle of about 26 deg., a front 
angle of 8 deg. to 10 deg. only (Fig. 2). 

"koe, an angle of 5 deg. to 8 deg. is generally con- 
sidered correct clearance on the front face of a roughing- 
tool, keeping the point somewhat above the centre(Fig. 3). 
Let us suppose the further case of a mild-steel worm- 
shaft, as shown in Fig. 4, which has to be reduced from 
the solid 73-in. bar. The tool is set 2 in. above the centre 
on the first cut, and answers well, having just sufficient 
clearance at this diameter (Fig. 5). It is clear to be seen 
that before the bar is reduced to its 2 in. diameter, the 
tool is far too high above the centre, and refuses to cut 
(Fig. 6). Hence the standard angle has again failed. 





the tables previously given no longer appear, while 


The correct shape in this case is to grind the tool with 


1 deg. or 2 deg. of front clearance, keeping the point of 
the tool on a level with the centre of the bar or lathe centre. 

The most important point is whether the engineer is 
inclined to shape his tools to the class of work he is deal- 
ing with, or whether he is going to accept the shape 
prescribed for him by the manufacturers of high-speed 
steel. The manufacturer has one object—viz., to obtain the 
highest cutting results from his steel, regardless, in most 
cases, of anything else. The engineer has also a desire to 
obtain the highest cutting speeds from the steel he has 
purchased. But he has also to pay for motive-power, wear 
and tear on machinery, &c., items which the marufac- 
turer is little interested in. In these matters I am deal- 
ing with lathes of the pre-high-speed type, and these 
still constitute the majority in engineering shops. In 
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the case of these lathes, whose power is very limited, the 
standard shape high-s tool gives in most cases ver 
indifferent results. But when the tool is ground muc 
more acute, the amount of metal removed can be inc 
from about 70 per cent. to 120 per cent. without affecting 
the cutting-edge of the tool, as the cutting capacity of 
the high-s steel is much in excess of the cutting 
wer of the lathe. Here we have the tool helping the 
the without any injury to itself. Consequently the 
standard angle theory, here, has again completely failed. 
The highest results can only be obtained when the 
mechanic is instructed in the more intelligent use of 
tools. The standard angle tools should be obtainable in a 
works, but their universal use should by no means be 
compulsory. 














Yours truly, 
A. E. Dinsmore. 
9, Cherry-lane, Walton, Liverpool, August 6, 1910. 








HIGH-SPEED TOOLS. 
To THE Eprror oF ENGINEERING. 
Srr,—In the current issue of ENGINEERING, near the 
foot of the third column on page 189, I observe a 


small mistake which conveys an impression different to 


my remarks. : : 
The sentence—‘*‘ Mr, Smith continued . . . round-nosed 


tools could be expressed as oo for a }-in. tool.” The 
latter part of the sentence should have read: ‘‘ round- 


nose tool could be expressed as — Sor a tool having 
+ 


the utter indifference to v3 angle in many of the |4@ nose radius of }-in.” 
0 


As the matter reads at present I am supporting Mr. 


70 per cent. of tools used by the average mechanic are | Taylor’s contention—viz., that the cutting 5 is de- 
unfit to give good results, it is equally as bad to compel | pendent on the section of the tool, whereas I maintain 


that the cutting speed is independent of the cross-section 


machined, | of the tool and dependent on the nose radius only. 


I trust you will see your way to make this correction. 


5 in. in diameter. In the first case only } in. on the | Thanking you for the prominence you have given to my 
diameter is to be removed, consequently a tool having an | remarks. 


Tam, Sir, yours faithfully, 
DEMPSTER SMITH. 
School of Technology, Manchester, August 8, 1910. 








‘**PRINCIPLES OF PRODUCTION,” 
To THR Epiror OF ENGINEERING. 

Sir,—It is encouraging to find other correspondents 
discussing the problems raised in your leading article. 
Since they have been. good enough to refer to my com- 
ments thereon, I will set down a few further thoughts 
which have been crystallised by conversation with others 
interested in their country’s welfare. With your permis- 
sion, Sir, I will again subdivide my letter. 

1. Equal Opportunities.—It seems to be generally agreed 
that, despite the smooth rhetoric of the twentieth-centur 

politicians, all men do not have equal opportunities. It 
18 not a question of whether they all should have a 
“scratch” start in the race for the rewards which come 
to the successful. It is not a question of whether such 
rewards are really worth having; although, engineers 
being decidedly practical people, prefer muffins to the 





promise of muffins, and therefore are all probably of the 
same opinion—that they would like to possess the rewards 
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above mentioned. The point is that the race is not to the 
swift, or, to change the metaphor, the dice are loaded. 
There are exceptional cases where even the loaded dice 
have not sufficed to wholly retard the player in this t 
game, but the knowledge of the existing state of affairs is 
a great deterrent to manya man. It knocks the hope 
out of him; and the man without hope is almost helpless 
in engineering work. It is a misfortune that our nine 
or ten new universities are turning out annually hundreds 
of capable, eager graduates, nearly all of whom quickly 
become disappointed because they see the incapable person 

itchforked into positions by that Devil’s own tool, in- 

uence. The word “management” is so vague that the 
incapables can keep such positions. And, curiously 
enough, there is not such searching analysis concerning 
the positions connected with ‘“‘ management” as there is 
with other posts. 

It cannot be repeated too often that capital and (manual) 
labour are not the prime factors in wealth production. 
You say that the prime factors are ‘‘ enterprise, ex- 

rience, and knowledge.” But, says Hafiz, ‘the 
wrightest gem that sparkles on the neck of a young man 
is enterprise,” and despite the dangers of inexperience, 
one is tempted to write down the prime factor in wealth 
production as that same thing—enterprise. For, in a 
man, enterprise and energy usually abound ther ; 
yet to-day our silly social system, which asks ‘‘ Who is 
that man’s father?” instead of ‘‘ What is that man’s enter- 
prise?’ is crucifying the enterprise of the youth of the 
nation. 

Your clever correspondent -“S. N. D.” only touches 
upon one point—a matter to which (it is easy to see) he 
has devoted considerable study. He deals with the 
problem of temperament, one which, it is true, is mixed 
up closely with success. He will say, ibly, the man 
o Faso is easily crucified ; a few whips from the lash, 
and energy, enterprise, and hope all wither within him. 
But each of us, in our own way, must endeavour tostay the 
lash. I do not think that by a surgical operation you can 
make a dull clodhopper clever ; but I have witnessed, in 
this country, enterprise beating its wings against barriers 
of caste. We boast of our emancipation from many super- 
stitions; but what have we gained, though we no longer 
immolate a bull to Jove, or to Neptune, or a mouse to 
Hecate ; that we do not tremble before Eumenides or the 
Calvinistic Judgment day, if we judge a man by his 
ancestors, and not by his enterprise and energy? And 
yet the Council of the Institution of Civil Engineers 
judges a man’s worthiness to enter their Society by his 
ability to pay a premium, to a member who possibly 
utilises energy and enterprise to lick his postage stamps 
and post his letters. 

2. The Large Producer.—Here, again, we must free 
onr minds of cant. The large producer has often been 
abused and the small producer extolled. The abuse of 
the large producer may be traceable to the points men- 
tioned above. Yet, even with such glaring cases of in- 
justice and suicidal policy, we must accept the large 
producer as a fact. If you tell me, Sir, that there is no 
need for Britannia to rule the waves, and obtain her share 
of the commerce of the world, it is useless to argue this 
matter of the principles of production ; but if you (as most 
of us in this country are supposed to) believe that we 
should struggle hard for these things, then, in the name 
of all that is reasonable, urge your readers to choose the 
best weapons. We must fight our rivals, we must increase 
the trade of the world, by this method of huge syndi- 
cates. We must watch closely how these gigantic con- 
cerns are made effective in America and Germany, and, 
as we failed to initiate, we must imitate. 

Closely bound up with these questions are those of our 
representatives abroad. The Commercial Attaché is 
essential. Such a man would report to this country on 
all such matters. 

3. Tariffs.—This is, of course, thorny ground upon 
which to tread ; but the matter must be faced fearlessly. 
In the Royal Naval Barracks at Chatham many thousands 
of pounds’ worth of steel were used, all of which was 
imported, in a finished condition, from Belgium. We 
cannot continue to ‘‘muddle through.” The laws of 
this country are largely framed by (and often for) the 
lawyers. The people of this country are sick of such 
a state of affairs. The ery for a ‘* business Government,” 
from whatever source it emanates, is popular, because the 
people see that we want more business for the country, 
and in the conduct of the country’s affairs. You, Sir, 
have, so far as I can see, rot dealt with this matter of 
tariffs; but it is closely bound up with “‘ the first prin- 
ciples of production.” 

Again I appeal to you to extend your leader of July 8, 
and then to reprint these essays of commerce in pamphlet 
form, so that such sound views may be readily available. 
The future of our commerce and national existence is 
.closely allied with the subject, the importance of which 
requires to be brought home to your readers. 

I am, Sir, your obedient servant, 
An INDIVIDUALIST. 





AERIAL PROPELLERS. 
To THE EprtTor oF ENGINEERING. 

Sir,—I was very much interested in the letter by 
Edgar E. Wilson in the current issue of ENGINEERING, 
and I am sure that you will agree with me that a dis- 
cussion on the forms and efficiencies of aerial propellers 
will be welcomed by the majority of your readers. 

At the present moment we see propellers for aeroplanes 
designed after the ship propeller, although the designers 
are aware of the difference between air and water. 

In fact, it is only due to the comparative density of 
water that such high (?) efficiencies are obtained with such 
badly-designed propellers as are in vogue at present. 

With air we have a very different medium to deal with, 


-of 8 1b. (!) per horse-power. 


and it calls for vastly different treatment. In the case of 
one well-known propeller we are guarantecd a thrust 


In an article I have before me it states that ‘‘ the thrust 
multiplied by the number of revolutions per minute, and 
— pitch (in feet), gives the work done per minute. 

is — divided by 33.000 gives the horse-power 
to do the work, or :— 
Thrust x R.P.M. x Pitch 
H.-P, = 33.000 


Well, for example, I will give particulars of a propeller 
which I have designed pt constructed. It is a four- 
bladed steel propeller ; blades 8in. x 15in., 6 ft. 10in. in 
diameter, 9-ft. pitch. 

At 520 revolutions per minute it gives a thrust of 143 1b. 
with an expenditure of 7.7 horse-power. According to 
the above equation this should be 


143 x 520x 9 507 | 
33.000 


requi 


= 3% = 20.28 H.-P. 


With this propeller a thrust of 18.57 lb. is obtained per 
horse-power. 
Trusting that other experimenters will kindly give their 
éxperiences, 
I remain, yours faithfully, 
JOHN KIRKBY. 
The Grange, Pilsley, Chesterfield, August 8, 1910. 





‘“*TOOTH-GEARING.” 
To THE EpiTorR OF ENGINEERING. 

Sir,—With reference to the very excellent repro- 
ductions of the diagrams for my paper on the above 
subject published in your issue of August 5, I beg to 
point out an error in the shape of one of the teeth, as 
shown on page 215. 

Figs. 10 and 17, taken from the same models, are in- 
tended to show how interference takes place between a 
—— and a rotary cut-gear, and on the original 

iagrams the point of the tooth on the left-hand gear 
ite r. In your repro- 


considerably overlaps the op ‘ 
rolling perfectly satisfac- 


duction the gear appears to 
torily with its fellow. 

I trust you will find space for this correction, as the 
diagram as printed does not show the point which it is 
intended to illustrate. 

Yours truly, 
J. D. STEVEN. 

Foundry-lane Works, Soho, Birmingham, Aug. 8, 1910. 

[We regret the error in our reproductions of Figs. 10 
and 17 of Mr. Steven’s paper, to which the author calls 


Fig.10. GENERATED TOOTH IN MESH 
WITH SINGLE CUTTER TOOTH 
(BROWN AND SHARPE.) 


attention in the above letter, and we now repeat the 
diagrams duly corrected. —E 


Ep. E.] 











FOREIGN ENGINEERING PROJECTS. 


_ We give below a list of colonial and foreign engineer- 





ing jects, for several of which tenders are asked. 
Further particulars concerning the same can be obtained | 
from the Commercial Intelligence Branch, Board of | 
Trade, 73, Basinghall-street, London, E.C. 
Canada ; With reference to the notice on page 159 of | 
last week’s issue of the Board of Trade Journal, rela- | 





tive to the construction of the new Quebec Bridge, tenders | 


|to the Mexican-American 


for which are to be received at the Department of Rail- 
ways and Canals, Ottawa, up to noon on September |, 
His Majesty’s Trade Commissioner for Can (Mr. R. 
Grigg) has now forwarded a copy of each of three different 
forms of tender for use in connection therewith. In 
connection with the foregoing, Mr. Grigg points out 
that persons tendering will be required to accept the 
fair-wages schedule prepared, or to be prepared, by 
the Canadian Department of Labour, which schedule 
will form part of the contract. Tenders will not be 
considered unless made strictly in accordance with the 
printed forms, and in the case of firms, unless there are 
attached the actual signatures, the nature of the occupa- 
tion, and the place of residence of each member of the 
firm. An accepted cheque for the sum of 500,000 dols. 
(about 103,000/.), made payable to the order of the 
Ministry of Railways and Canals, Canada, must accom- 
pany each tender, which sum will be forfeited if the 
tenderer declines to enter into a contract for the work at 
the rates stated in the offer submitted and in accordance 
with the terms stated in the form of contract accompany- 
ing the specification. H.M. Trade Commissioner for 
Canada also reports that a Canadian Government district 
engineer desires British catalogues of engineers’ and sur- 
veyors’ instruments and supplies. H.M. Trade Commis- 
sioner further reports that a firm at Ottawa wish to get 
into communication with British manufacturers of chains 
of all sizes, and of rubber, leather, and cotton belting. 

Australia: With reference to the notice on page 625 of 
the Board of Trade Journal of June 30, the Imperial 
Trade Correspondent at Adelaide (Mr. J. K. Samuel) 
reports that tenders will be received at the Supply and 
Tender Board Office, Adelaide, South Australia, up to 
3 p.m. on September 20 for the supply and delivery of 
11,865 tons of 50-1b. steel rails and 7524 tons of fish-plates. 
Specifications and forms of tender may be obtained from 
the Supply and Tender Board Office, Adelaide. A copy 
of the specification may be seen at the office of the South 
Australian Inspecting Engineer in London, Mr. 8. A. E. 
Strickland, 85, Gracechurch-street, E.C. 

Italy: Adverting to the notice on page 521 of the Board 
of Trade Journal of March 17, relative to tenders for dyke 
construction in the harbour of Chioggia, the Gazzetta of 
July 27 notifies that, as no award has been made in this 
competition, tenders are again invited, and will be opened 
at 10 a.m. on August 23 simultaneously at the “‘ Direzione 
Generale delle Opere Marittime, Ministerio dei Lavori 
Pubblici,” Rome, and at the ‘ Prefettura di Venezia,” 
Venice. The upset price is placed at 6,057,000 lire 
(242,280/7.), and to qualify any tender a deposit of 
50,000 lire (2000/.) will be required, to be increased by the 
successful tenderer to 10 ag cent. of the accepted con- 
tract + Although the above contract will most 
probably be awarded to Italian firms, nevertheless the 
carrying out of the works may involve the purchase of 
certain materials out of Italy. 

Spain: The Gaceta de Madrid of July 21 states that 
application has been made by D. José Carbonell for a 
concession for the construction and working of a strategic 
railway from Villajoyosa to Denia. The cost of construc- 
tion o ht line is estimated at 17,935,700 pesetas (about 

0007. ). 


Norway.—Tenders are invited for the supply to the 
Norwegian State Railways of a quantity of axles and 
wheels. Tenders, marked ‘‘ Hjul,” will be received at 
‘*Styrelsens Expeditionskontor,” Christiania, up to 
10 a.m. on August 20. It should be noted that in all 
Norwegian Government contracts a preference of from 
10 to 15 per cent. (apart from Customs duties) is given to 
Norwegian manufacturers, and that it is obligatory that 
a resident agent (not necessarily a Norwegian firm) should 
act for tenderers not residing in Norway. 

French West Africa: The French Journal Offciel of 
July 26 contains a decree authorising the raising of a 
loan of 30,000,000 francs (1,200,000/.) for public works in 
the French West African Colonies in 1910 and_ 1911. 
The works include: the completion of the French Guinea 
railways, in connection with which a sum of 8,350,000 
francs (334,000/.) is provided in this year’s Budget ; ex- 
tension of the Ivory Coast Railway, for which 4,000,000 
francs (160,000/.) is provided this year; continuation of 
the Dahomey Railway, for which 1,000,000 francs (40, 000/. ) 
is provided this year ; port works at Dakar, Port-Bouet, 
&c.; construction of hospitals and barracks, &c. 

Cuba: The Gaceta Oficial of July 8 contains the text of 
a law granting a credit of 275,000 pesos for the completion 
of the construction of the Cam 4 aqueduct, including 
the building of a dam across the River Pontezuela, and 
the purchase and installation of two machines, each 
capable of supplying the town of Camagiiey with water 
for 24 hours. 

Brazil: With reference to the notice on page 534 of 
the Board of Trade Journal of June 16, relative to the 
cancellation of a call by the Brazilian Ministry of Marine 


| for tenders for the supply of a permanent lighthouse, 
| the British Acting, 


Consul-General at Rio de Janeiro 
(Mr. E. Hambloch) reports that a fresh call for tenders 
has been issued in this connection. The conditions to be 
fulfilled appear to be similar to those in the previous 
invitation, but there are considerable differences in the 
equipment, &c., required. There is now no mention 0! 
acetylene- ap tus, or of portable huts. The light- 
house itself, with a metal tower, a cement house for resi- 
dential purposes, and one store-house, are required. Prices 
should quoted ‘‘c.i.f. Paré.” Tenders, which will be 
opened on September 5, should be addressed ‘‘Senhor 

ontra-Almirante Superintendente de Navegacao, Minis- 
terio da Marinha, rua D. Manoel 15, Rio de Janeiro.” | 

Mexico: The Diarioof July 9 contains a notice granting 
olding and Improvement 
Company (concessionnaires for the Salina Cruz-Acapulco 
heer’, a concession for the construction and working 
of a section of railway from Rio Verde to Oaxaca. 
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INDUSTRIAL NOTES. 


Tue issue of the ‘‘ Final Notice of Congress” indi- 
cates the near approach of the annual meeting of the 
Trades Union Congress ; the place of meeting is to be 
Sheffield, and the date is September 12 and the five 
following days. This will be the forty-third annua] 
gathering, the sixth of which was held in Sheffield 
thirty-six years ago. In the interval much has 
happened affecting not only labour, but the whole 
social, litical, and industrial conditions of the 
United Kingdom, and, indeed, of the whole British 
Empire. During those thirty-six years the Labour 
movement has had its ups and downs, but generally 
speaking it has made material progress. The agenda 
for the ensuing Congress is a lengthy one, divided 
into sixteen groups of subjects, under some of which 
there are set down for consideration several resolu- 
tions by various affiliated societies. To these will 
be added the amendments by those societies that 
have any to offer. First, societies are reminded of 
the ‘‘ basis of representation,” by the republication of 
“Standing Order No. 4” as regards full payment of 
1/. 103. per 1000 members, or fraction thereof. Each 
body is entitled to one delegate for every 2000 members. 
No delegate’s credential is to be sent unless that order 
is complied with. Dates of closing the accounts are 
given, and also particulars relating to the acceptance of 
amendments to the published resolutions. In the list 
of nominations for the Parliamentary Committee, seven 
groups, out of the eleven, nominate one representative 
only, so that for those there will be no contest ; in 
three groups there are from two to six candidates ; and 
in the eleventh group—miscellaneous trades—there 
are fourteen nominations for six seats. For American 
delegation, there are eight nominations for two 
vacancies ; for the co-operative delegation, two—for 
one required. Two places are proposed for the next 
Congress—Neweastle and Taunton. The contest for 
seats on the Parliamentary Committee is small ; the 
seven unopposed are old members, and the groups are 
the most important of all represented. 

The Miscellaneous Group of Trades is responsible 
for thirty-nine resolutions, seven of which are by the 
theatrical and music-hall profession, three being in 
opposition to the Sunday opening of places of amuse- 
ment for profit. One, by the Stevedores, suggests the 
unification of the Labour forces by the amalgamation 
of the Trades Congress, the Federation of Trade 
Unions and the Labour Party into one body. Another 
proposes the confederation of all trades, another the 
amalgamation of all unions similar in character, so as 
to get rid of plurality of societies in the same indus- 
tries. One aims a blow at ‘‘international black- 
legging ” by legislation ; another complains of under- 
wage payments to the officials of unions. One seeks 
to prevent employers from housing ‘‘strike-breakers ” 
during a dispute. Electoral reform, payment of 
members, a central defence fund, and a universal May- 
Day celebration are also proposed. Four proposals to 
amend the Standing Orders are given in Group II. 
Group IIL. deals with mines and miners ; Group IV. 
with workmen’s compensation ; and Group V. with the 
Factories and Workshops Acts. Group VI. refers to 
the Kight Hours movement, one proposal is for a general 
Act, and three for —s the Act to bakers, rail- 
way employees, and blast-furnacemen. Group VII. 
deals with unemployment, embracing State insurance, 
in six resolutions. One proposal is for compensa- 
tion for loss of employment by the adoption of new 
methods, or State employment at trade-union rates. 
Group VIII. deals with Labour Exchanges; some 
unions appear to be very much afraid of the adminis- 
tration of the Act; they would like it to be worked 
in the interests of trade-union labour alone. That 
could, of course, never be allowed. Group IX. 
includes wage questions—the minimum, speed-and-feed 
system, the fair wages resolution, trade-union con- 
ditions, &e. Group X. deals with postal questions 
in four resolutions. Group XI. concerns matters 
connected with the Shop Hours Act, and its further 
extension. Groups XII., XIII., and XIV. refer to 
coroners’ inquests, industrial conciliation, and certifi- 
cates of efficiency for those in charge of boilers and 
engines ; Group XV. is concerned with education, and 
the last—Group XVI.—with the administration of 
justice. The whole programme, it will thus be recog- 
nise, comprises a formidable list of subjects. 





The Amalgamated Engineers’ Journal calls attention 
to the publication of the fifty-ninth annual report of 
the union, and urges the importance of its study by 
the members, It is, indeed, important that all of the 
members should make themselves acquainted with the 
record of the work done, year in and year out. The 
fulness of these reports is only approximately equalled 
by the reports of co-operative societies, and in a lesser 
degre e by the friendly societies, all of which have to 
Sen’ in yearly reports to the Registrar of Friendly 
Socicties, by whom the facts and figures are condensed 
and re-issued annually by that Department of State, 
as part of the work of the Treasury. It is only in 
the annual reports that one can see the vastness of the 


cert benefits paid yearly to the members. The 
tter conditions of employment are shown in this 
month’s Journal. The total membership at date was 
108,554 ; the increase in the month is 231; and even 
this is not equal to expectations. The registered total 
of unemployed was 3757—a decrease of 859 in the 
month ; the proportion was reduced to 3.7 per cent., 
as com with 13 per cent. a year ago. The total 
on sick benefit was 2397, and of superannuation 
members there were 5960—a decrease of 86 and three 
respectively. The ballot for assistant secretary was 
not completed at date of report. 


The report of the Associated Iron-Moulders of Scot- 
land is almost jubilant’ over the present condition of 
trade as meee this special industry, and the prospects 
in the nearfuture. It refers to the two previous reports 
of improvement, and states that the conditions are 
well maintained. There was a further decrease of 
unemployed members of 88, and an increase of 32 in 
full work. A year ago the idle list contained 1437 more 
names, and the number in full work was 1232 less. 
The increased activity is in the marine and jobbing 
sections, while the light casting section is still some- 
what slack. The improvement in trade is also shown 
in the union’s finances, the gain in the month being 
615/. 103. 9d., bringing up the balance to 44,992/. 9s. 
This is after payment of last quarter’s salaries, and all 
benefits up to date. During the first half of the 
— year 8018/. 10s. 8d. was paid out in provident 

nefits alone—out of work, funerals, and superannua- 
tion. There is no provision for sick allowance in the 
rules of this society. The society has now entered 
into an agreement with the feon Moubioos? Union of 
North America, so that members now leaving for the 
United States or Canada can start work by showing a 
clear card of transfer from the British society ; but 
notice is given that on all such cards must be clearly 
written, ‘‘ Bearer has paid all demands, and leaves for 
abroad with a clear card,” to which must also be 
added the total amount paid to date on such clearance- 
card. Members of the society working in England are 
subject to all rules ag if working in Scotland, and when 
claiming idle benefit must write to the central office in 
Glasgow. Each member must state the reason or cause 
of ‘‘time off” before he can be exempted from contri- 
butions. There is given a further list of five shops in 
Scotland closed against the members. There is in the 
report a brief defence of the Parliamentary levy as a 
rightful method of securing the rights of labour by 
legislation and otherwise. But while the injunction 
lasts the society will obey the law, and not make the 
levy compulsory ; but it nevertheless believes that the 
making of a levy is the right thing in the interests of 
all unl unionists. 





The Jron- Workers’ Journal for this month continues 
and completes the report of the interim general con- 
ference, referred to in these notes a month ago. The 
only matter of public interest was the short discussion 
on joining the General Federation of Trades, to which 
the Iron and Steel-Makers’ Association has not yet 
been affiliated. The letter of the General Federation’s 
secretary was read and was received sympathetically, 
but it was suggested that, as there wasa strike on, the 
decision on the question had better be postponed until 
the dispute in question was settled. This was done. 
A large portion of this issue of the journal is taken up 
with a fairly full report of the trial of fifteen iron- 
workers at the Mold Assizes for unlawful assembly and 
disorder at Hawarden Bridge. The case arose out of 
some disorder near the bridge over which the defendants 
desired to cross. They were interfered with by the 
police, in order to avoid a riot, as a number of non-union 
or union strike-breakers were at the works of the 
company near to. The defence was provocation, as 
the men in the works belonged to another trade union, 
with whom a compact was alleged to have been made 
not to work against the members of the union then on 
strike. Evidence of good character was given in 
favour of the defendants. The Judge allowed that 
there was great provocation, and hence the sentences 
were very lenient. All the oe were discharged 
on their own recognisances of 10/. each to come up for 
judgment if called upon, and to be of good behaviour 
for twelve months. There were four exceptions 
because the men carried weapons, which, however, only 
appeared to be sticks ; these men were fined 2/. each. 





The great international movement on the part of 
seamen and firemen for higher wages and better 
conditions of employment is, so far as the United 
Kingdom is concerned, accompanied by a demand for 
a National Conciliation Board, to which all matters‘of 
dispute shall be referred. A deputation waited 
upon the President of the Board of Trade in order to 
induce him to take steps for the purpose of estab- 
lishing such a board. At that deputation some 
sensational statements were made as regards the 
‘* branding ” of seamen and firemen supplied by the 
Shipping Federation. The allegations have been met 
by explanations to the effect that such ‘‘ branding ” is 








only done at Antwerp, and is done simply by a 


‘* rubber stamp ” to identify the men supplied by the 
federation, or supplied to that body by the agents at 
that port. It is a kind of non-union label, or badge, 
to distinguish the ‘‘ strike-breakers” from the strikers. 
In this aspect it is not so condemnable as at first it 
appeared. Of course British seamen would not relish 
the official marking in any guise. As regards the pro- 
posed conciliation Cesed, the shipowners do not appear 
to be in favour of it, and the Shipping Federation 
oppose it. Still, were it possible, its establishment 
a be of the greatest use in averting the stoppage 
and delay of vessels in the event of a dispute. Such 
a board was adopted in the case of railways, why not 
therefore in the case of shipping? It would not be 
easy to establish local boards, as in the case of rail- 
ways, but such central boards as are advocated exist 
in other trades and occupations. 

The strike of seamen on the Manchester Ship Canal 
for higher pay has collapsed, the places of the strikers 
being filled by non-union men from Liverpool. The 
official leader of the movement, in sanctioning a return 
to work, if berths can be found, expressed the hope 
that Liverpool men would link up for the next effort. 
That only shows that the leaders had not gauged the 
situation which led to the fiasco. What is to become 
of the men who struck work? Will they now swell 
the ranks of the Federation? ~ 





It is said that the discontent of the railwaymen, and 
their attitude in respect of some of the arbitrators’ 
awards has been, and is, causing great uneasiness, 
almost amounting to slarm lest other sudden stoppages 
should take place similar to that on the North-Eastern 
lines. That there is unrest is evident from reports of 
speeches delivered by some of the local leaders in con- 
nection with certain companies. 1t appears, however, 
that there is little need for the discontent if the men’s 
representatives will only approach the management, 
and make known their complaints in a frank and open 
manner. But many of them appear only to be brave 
at a public meeting, when they ought rather respect- 
fully to approach the manager responsible on behalf 
of the company. The men say that the companies 
interpret the awards in their own way without con- 
sideration of the men. This was, and is, denied on 
the part of the North-Eastern Railway, and was 
shown in the treatment of the strikers. Now the 
Great Northern Railway has adopted a similar line, 
but by taking time by the forelock a stoppage has been 
averted. It has been decided, so it is reported, 
that the complaints shall be laid before the Central 
Board—which is the only proper tribunal. The men, 
however, allege that complaints were laid before the 
company’s board as long ago as April last, with the 
request that a board meeting should consider them. 
However, this is to be done now, and the concession 
— well weigh with other companies. But the officials 
and leaders have their duty to perform—namely, to 
impress upon the men that the law is stern as regards 
breaches of contract, and the courts would enforce such 
law in the case of railway servants sternly, because of 
the great loss and inconvenience to the company and to 
the public. Not only so, but it ought to be explained 
to the men that the law of conspiracy applies to them 
as in the cases of gas and water supply. Every man 
who without due notice throws up his work could be in- 
dicted at criminal law, and therefore he risks imprison- 
ment. Few men would dare this if they only knew the 
law. Some might resent the caution, but the majority 
would hesitate to risk a criminal indictment. 





The threatened lock-out in the shipbuilding trades 
was happily averted near the close of last week, after 
a conference of the officials of the unions and of the 
employers. The sectional strike was by two sections 


repairs, the men demanding time pay, the employers 
piecework rates. The strike was unauthorised, and 
was in violation of the agreement of the Employers’ 
Federation and of the Allied Trade Unions. The dis- 
pute arose at Govan on the Clyde. At a meeting of 
the men, addressed by the union officials, on Thurs- 
day in last week ; the strikers recognised the false posi- 
tion they were in, and the caulkers returned to work, 
the drillers and others following on the Friday, so that 
the serious situation ended in But such episodes 
ought not to occur, they endanger the existence of trade 
unions as the collective body with whom the employers 
can alone negotiate. 





A revolt is announced of a section of the South 
Wales Miners ; it came to a head at a mass meeting at 
Maesteg. The leader is the miners’ agent for the district, 
and the unsuccessful Labour candidate at the recent 
by-election in East Glamorgan. He complained of the 
attitude of the executive council of the South Wales 
Miners’ Federation in not sanctioning the dispute at 
certain collieries, the contention being that there was 
no dispute. He supported the men in their refusal of 
the coalowners terms. He brought the question before 
the executive, when the latter endorsed the policy 
already entered upon of there being no dispute. The 





meeting decided to withhold all contributions to the 


of the Boilermakers’ Union and the Shipbuilders, over ° 
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Federation in protest until a full conference is held to 
decide the matter. 


The conference of the National Miners’ Federation 
at the meeting last week came to no decided resolu- 
tion in regard to the question of the Parliamentary 
levy, the subject being relegated to the joint com- 
mittee of the Trades bnion Congress, the General 
Federation of Trade Unions, and the Labour Party. 
Meanwhile steps are to be taken to collect the levies 
in such @ manner as not to disregard the injunctions 
issued on the ground of the judgment in the Osborne 
case. An attempt is to be made to reverse that judg- 
ment by a short Act of Parliament. 


There was no appreciable change as regards the iron 
and steel trades at the Midland market, or on Man- 
chester ‘Change. - Very little business was done, it 
appears, at last week’s meeting, but the tone is reported 
to have been hopeful for the near future. Most of the 
works were idle, owing to the holiday, during the whole 
of last week, only a few re-starting on Friday night. 
This does not show any sharp demand for material. 


The executive of the Ironfounders’ Society refused 
their sanction to the Sheffield members handing in their 
notices, stipulating that a conference of the repre- 
sentatives of the Employers’ Federation and the union 
must be held prior to the issue of the proposed notices. 


A great strike of about 10,000 hands is reported to 
have taken place at Hamburg, in consequence of the 
refusal of the shipowners and the German Shipbuildin 
Yards’ Association to shorten the hours of labour an 
raise wages at the same time. At other ports it is said 
that a strike is imminent, only awaiting sanction. 


The Card-room Operatives in Lancashire have, it is 
reported, been almost unanimous in agreeing to the 
settlement effected at a conference of joint representa- 
tives of employers and employed held recently in 
Manchester. This means a five years’ peace. 


The Labour Ministry in Australia have agreed to 
modify the ee ape in the amendment to the Concilia- 
tion Act, which gave preference to trade unionists in 
cases of labour disputes. It is said that the modifica- 
tion has given satisfaction to those who opposed the 
measure. It is now expec to pass into law. To 
coerce men to belong to a trade union is rather a long 
step. 








THE ELECTRIFICATION OF RAILWAYS. 


The Electrification of Railways: An Imperative Need for 
the Selection of a System for Universal Use.* 


By Grorck WesTINGHousE, Pittsburg, Pa., President of 
the American Society of Mechanical Engineers. 

As an illustration of the wonders of the laws of Nature, few 
inventions or discoveries with which we are familiar can excel the 
static transformer of the electrical energy of alternating currents 
of high voltage into the equivalent energy at a lower volnge. 

To have discovered how to make an inert mass of metal capable 
of transforming alternating currents of 100,000 volts into currents 
of any required lower voltage with a loss of only a trifle of the 
energy so transformed, would have been to achieve enduring fame. 
The facts divide this honour among a few, the beneficiaries will be 
tens of millions. 


In less than twenty-five years a new industrial and 
economic situation has been created by the development 
of apparatus to generate, distribute, and utilise electricity. 
Not lees than two thousand million dollars have been 
invested in plants to manufacture apparatus, in power- 
houses to generate electricity, in lines of copper wire to 
transmit this mysterious energy, in construction of rail- 
ways and their equipment, and in the manufacture of 
products unknown before the advent of electricity. 

Large sums have already been spent in the electrifica- 
tion of portions of standard steam railways in England, 
Continental Europe, and America, and there is now avail- 
able a fund of information of inestimable value to guide 
those charged with the selection of an electrical system 
for railway operations, 

The President of our brother Institution of Mechanical 
Engineers, Mr. Aspinall, in his presidential address de- 
livered April 23, 1909, placed the railway world under 
deep obligation for most valuable information upon the 
electrical equipment and operation of trains of the Lan- 
cashire and Yorkshire Railway, of which he is the 
worthy and skilful general manager. His observations on 
the effects of low centre of gravity and heavy inflexible 
motor trucks upon the permanent way are especially 
valuable in that they direct attertion to costs which at 
first were not considered with sufficient care. 

Believing unreservedly that the increased capacity of a 
railway and its stations, the economies of operation, and 
other advantages will bring about gradually the system- 
atic electrification of steam railways, my wish is that the 
progress of the art may not be hampered, and such elec- 
trification of our main lines delayed or rendered unprofit- 
able, by mistakes which experience, judgment, and 
foresight may enable us to avoid. 

It is my intention in this paper to direct attention to 
the necessity for the very early selection of a comprehen- 


* Paper read at the Joint Meeting of the Institution 
of Mechanical Engineers and_ the American Society of 
Mechanical Engineers, at London, July 29, 1910. 


sive electrical system embracing fundamental standards 
of construction which must be accepted by all railway 
companies, in order to ensure a continuance of that inter- 
change of traffic which, through force of circumstances, 
has become practically universal, to the great advantage 
of transportation companies and of the public. 

Having been identified with railway operations for over 
forty years, and with the development of the electrical 
industry for twenty-five years, I feel that the time is ripe 
for such a selection, unless we are willing to regard with 
complacency the extension of the existing diversified 
P eguers. and the creation of conditions which will prevent 
the general use of the most practical methods of operation. 

Indeed, the tendency seems to be toward diversity 
rather than unity, since different.types of third-rail con- 
struction have been adopted, even for the several con- 
tinuous-current systems in and about New York City, 
which renders interchange of cars or locomotives difficult 
or im ible. 

Although the facts clearly show the contrary, there 
exists a popular impression that the electrification of 
railways is a simple matter, and that it requires only 
decisions by boards of directors to insure the immediate 
substitution of the electric for the steam locomotive. 

The great difficulty in the electrification of standard 
railways is no longer the mm problem of develop- 
ing a locomotive and an electrical system which will 
operate trains, but it is a broad question of financial and 

meral policy of far-reaching scope, considering the 

uture electrification of railways in general, as distin- 
guished from isolated cases of limited extent, and requir- 
ing a combination of the highest engineering and com- 
mercial skill. 

Gauge of Track and Interchange of Traffic.—In the 
first days of railway operation there was probably no idea 
of an interchange of traffic involving the use of the 
engines and cars of one railway upon the lines of another 
railway. It then made no difference whether the gauge 
of track were 4 ft. 84 in.—the one ultimately selected—or 
one of a greater or lesser width by a few inches. The 
gauge selected by Stephenson was a practical one, fortu- 
nately, since it has become almost universal, with a strong 
probability that it will one day be absolutely so. 

Stephenson’s successful demonstrations prompted ex- 
perimenters in other countries, who naturally failed to 
appreciate the inconvenience and losses which were to 
follow the adoption of different gauges. The general 
tendency to extend along the line of least resistance, 
made it inevitable that a railway once started upon a 
certain gauge would make no change, and thus there were 
developed systems of railways with different gauges of 
track. In the early days, too, there were those who 
believed it to their advantage to establish a gauge of 
track that would absolutely prevent the cars and engines 
of a connecting line from coming upon their line. 

In some cases in the United States the difference in 
gauge was—fortunately, as it afterwards proved—only 
14 in., a difference successfully met, for the purpose of 
interchange of traffic, by the adoption of broad-tread 
wheels and minor changes in the track construction. In 
other cases the gauges adopted were 5 ft., 5 ft. 6 in., and 
6 ft., and in some of these cases the necessity for through 
passenger traffic led to the changing of car-trucks at 
certain important places, so that passengers could be 
transported through to their destination without changing 


cars. 
In 1878 there were in the United States eleven different 
gauges of railroad tracks, in addition to the standard 


gauge of 4 ft. 84 in. 

The absolute necessity for uniformity of gauge of 
tracks, both in the United States and Canada, became so 
apparent that in due course all of the roads which had 
gauges wider than 4 ft. 84 in. chan to the present 
standard. Among the remarkable achievements of engi- 
neering was the change of the tracks of an entire system 
of railway of some hundreds of miles within twenty-four 
hours, this change having, however, required months of 
preparation. The losses entailed in the change of gauge 
and of equipment have ever since been serious burdens to 
most of those railways, in that the costs were in most 
cases covered by capital charges. 

It may be conceded that, so far as steam railwa opera- 
tion is concerned, there are now no obstacles to the inter- 
change of traffic in the broadest sense, except in the size 
of vehicles in certain countries where the cost of changing 
tunnels and bridges would be prohibitive. 

Requirements for Interchange of Traffic.—With these 
preliminary remarks I feel certain you will agree that to 
insure interchange of traffic, the fundamental require- 
ments, so far as operation by steam is concerned, with full 
regard for safety, speed, and comfort, are very few in 
number, and are covered by the following :— 

(a) A standard gauge of track. 

(b) A standard or interchangeable type of coupling for 

vehicles. 
(c) A uniform interchangeable type of brake apparatus. 
(d) Interchangeable heating apparatus. 
(e) A uniform system of train-signals. 


Theadditional fundamental requirements for electrically- 
operated railways are :— 


(f) A supply of electricity of uniform quality as to 

voltage and periodicity. 

(g) Conductors to convey this electricity so uniformly 
located with reference to the rails that, without change of 
any kind, an electrically-fitted locomotive or car of any 
company can collect its supply of current when upon the 
lines of other companies. 

(h) Uniform apparatus for control of electric supply, 
whereby two or more electrically-fitted locomotives or 
cars from different lines can be operated together from 
one locomotive or car. 


| Outside of economy in capital expenditure, and economy 








and convenience in operation by steam or electricity, it 
matters not whether each locomotive and car, and the 
ps porns upon them, differ from every other locomotive 
and car in size or details of construction, so long as the 
constructions are operative and the materials employed 
are used within safe limits. 

Development of Alternating - Current Apparatus.— 
Having acqui a considerable experience in the intro- 
duction upon railways of the compressed-air brakes and 
in the pgs os Km of automatic electro - pneumatic 
signals, I was led: in 1885, because of its general analogy 
to operations with which I was familiar, to interest 
myself in the American patents of Gaulard and Gibbs (a 
Frenchman and an Englishman), covering a system of 
electrical distribution by means of alternating currents, 
with static transformers to reduce these currents from the 
high voltage necessary for economical] transmission of 
electrical energy to the lower voltages required for the 
operation of incandescent lamps and other purposes. 

No inventions ever met with ter opposition in their 
commercial development than those relating to the gene- 
ration, distribution, and utilisation of alternating currents, 
and it is a matter of record that the opponents of those 
interested in developing the alternating system even 
sought, through —_ meetings and the appointment of 
commissions, and by various extraordinary means, to 
influence and prejudice public opinion. 

Realising the isitations of the continuous or direct- 
current system, I became thoroughly convinced that the 
extended distribution of electricity for industrial purposes 
could be secured only by the generation of alternating 
currents of high voltage and their conversion by static 
transformers into currents of various voltages. Not- 
withstanding, therefore, the frank disbelief in its practical 
value by eminent scientific authorities, among them the 
late Lord Kelvin, I entered actively into the development 
of the alternating-current system of generation and dis- 
tribution of electricity which is now almost universally 
accepted as the ideal. 

By 1888 Nikola Tesla had demonstrated the practica- 
bility of his induction motors, Oliver B. Shallenberger 
had perfected his meter for measuring alternating 
currents, and it had been proved that a direct-current 
motor with laminated armature and fields could be 
operated either by alternating or by direct currents. I then 
became thoroughly imbued with the belief that further 
invention and - mes would in time make alternating- 
current apparatus practically universal for almost every 


urpose. 
1 In 1892 two single-phase motors of about 10 horse- 
power were built by the Westinghouse Company to deter- 
mine the possibilities of using alternating current for 
traction work. These motors were designed for 2000 
alternations per minute and about 200 volts. They were 
of the series type, with commutators, and had a rela- 
tively large number of poles. These were placed upon a 
car and tested on a short piece of track with very short 
curves and rather steep grades. There was a transformer 
on the car on which rb were several tappings and the 
voltage was varied by means of single-pole switches. It 
was considered at that time that the system would be 
ideal for locomotive work, but as there were no such 
> in view, no large motors of this type were built. 

his development is referred to more at length in 
Appendix No. 5. 

All so-called continuous or direct-current generators 
really generate alternating currents and transform them 
by a commutator into continuous current, and such a 
machine will, by the application of collector-rings upon 
its armature, deliver Poth eens and continuous 
currents. The use of the commutator, however, so limits 
the voltage that large quantities of power cannot be 
generated for economical transmission by direct current. 
A machine so constructed can also receive alternating 
currents through the collector-rings and transform them 
into direct current. As thus used the apparatus is called 
a rotary converter. When the supply of alternating 
current is at very high voltage, rhe to be interposed 
between this supply and the rotary converter a static 
transformer to reduce the high primary voltage to the 
permissible lower voltage. 

Electrical Systems for Ratlways.—As soon as_ these 
qualities of the alternating current had been demon- 
strated, active minds were directed towards the develop- 
ment of apparatus to meet conditions constantly present- 
ing themselves, among the most important problems being 
the electrification of railways. In the twenty years that 
have elapsed, three important electrical systems for the 
operation of railways have been put into practical opera 
tion, all using alternating current in whole or in part. 
These systems are :— 

(a) The continuous or direct-current system, usually 
spoken of as the ‘“‘third-rail” system, which employs 
alternating current for transmitting power when the 
distance is considerable. : 

(b) The three-phase alternating-current system with 
two overhead trolley-wires. - ; 

(c) The single-phase alternating-current high-tension 
system, with a single overhead trolley-wire. 

In a notable case of the latter system, namely, that of 
the New York, New Haven, and Hartford Rai road, the 
motors and controlling apparatus are arranged to utilise 
single-phase current from an overhead trolley-wire at 11,000 
volts, and also to be operated by current from the 650-volt 
third-rail system of the New York Central and Hudson 
River Railroad, thus making a demonstration of the 
wonderful flexibility of alternating-current apparatus. 

The problem before the officials of the New Haven road 
was not merely the electrification of a division of a few 
miles of its track, rendered compulsory by legal require- 
ments, but the selection of a system which would 
meet the needs of a great railway covering several 
States and having other congested centres of traffic which 
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it might soon be desirable to electrify. In view of the 
fact that there had been no considerable demonstration 
of the single-phase system by actual use, and that the 
New Haven trains would be obliged to operate upon 
twelve miles of lines already equipped with the direct- 
current third-rail system, it must be conceded that the 
directors and management of the New York, New Haven, 
and Hartford Railroad showed great courage and confi- 
dence in the judgment of their experts, and rendered to 
all other railroads a service of the highest character, when 
they selected the single-phase system for the electrifica- 
tion of the line mentioned. as ; 

The single-phase method of operation is comparatively 
recent, and is not so well known as the other systems, ex- 


tended particulars are given in the pa pomeeny upon the | be 


extent of operation by this system, and upon the results 
attained in its use by the New York, New Haven, and 
Hartford Railroad. The important experiences gained 
on that railroad furnish very important data to aid in the 
selection of a uniform system of electrical railway opera- 
tion. 

The paper* by Mr. George Gibbs, chief engineer of 
electric traction of the Pennsylvania Railroad, with refer- 
ence to the electrifications by that company, submitted in 
June of this year to the International Railway Congress 
at Berne, Switzerland, gives most valuable particulars in 
regard to the practical electrical operation of a standard 
railway. 

When the officials of the New York Central Railroad 
and those of the New York, New Haven, and Hartford 
Railroad, who now have had an unusual experience, 
also present their available facts as to cost of installation, 
of maintenance and of operation, the railway world will 
have very complete information. 

The results of the working of the three-phase system 
in Italy and Switzerland have been very prominently 
before the world for several years, and its successful use 
there has been a material factor in the development of 
confidence in electricity for the operation of railway 
trains. At the present time, the Italian Government is 
installing upon the Giovi line, which is a heavy-grade 
branch leading out of Genoa, a service for which twenty 
locomotives, rated at 2000 horse-power, are now being 
constructed in Italy. The operation of this much more 
extensive plant will afford additional valuable informa- 
tion as to the cost of installation and operation, and the 
advantages of the three-phase system. 

The equipment of the power-houses which generate the 
current is essentially similar to the three systems which 
I have enumerated ; but the systems differ in the kind of 
motors and the auxiliary apparatus for controlling them, 
and in the methods and apparatus for transmitting the 
current from the power-house to the locomotive of car. 

Railway Motors.—Essential requisites in a railway 
motor are that An shall start ~ _ and op accelerate 
it to the requi speed, and that it shall operate con- 
enone ave desired speed, or speeds. Railway con- 
ditions make desirable speeds varying from the slowest 
to the highest schedule speeds for regular operation, both 
for the movement of freight and passengers, and for 
making up time. 

The steam locomotive, which is limited in power by its 
boiler capacity, is capable of continuous operation at any 
speed up to the maximum, but the maximum speed in a 
given case depends both upon the length of the train and 
the grade of the track. It automatically slows down when 
ascending a grade, so that the actual horse-power de- 
veloped does not vary greatly at different speeds. The 
limitation of the capacity of the electric locomotive is not 
the power available, as is the case with the steam locomo- 
tive, but in the capacity of the motors, and is usually 
fixed by the heating of theircoils. An electric locomotive 
may safely develop for a short time an output which far 
exceeds its normal continuous capacity. @ power and 
speed characteristics of electric locomotives therefore 
differ from those of steam locomotives. i 

The three types of electric motors have certain funda- 
mental differences in speed performance, which are 
important factors in determining the advantages, dis- 
advantages, and limitations of the several systems. 

The Direct-Current Motor.—The characteristics of the 
direct-current series railway motor are well known. It 
automatically adjusts its s in accordance with the 
load, running more slowly if the weight of the train be 
greater, or the ie steeper. The speed with a given 
load, however, is definite; it is dependent upon the 
voltage apumes to the motor, and cannot readily be 
varied. It is true that the speed can be decreased by 
inserting a resistance in the motor circuit, but this is 
wasteful, and is inadmissible except as a temporary ex- 
pedient. It is true also that the motors may be con- 
nected in series, thus dividing the pressure between two 
motors, and thereby reducing the speed one-half; or if 
among four motons, to one-quarter speed. As the system 
of current supply involves a fixed voltage, it is obvious 
that for emergencies no speeds much above the maximum 
—_ determined in the construction of the motor can be 
obtained. Furthermore, on account of the high cost 
imvolved in maintaining a practically constant pag 
throughout the system, the voltage supplied to the 
motors often decreases considerably at the end of long 
lines, at the time of heavy load, thereby further reducing 
the speed attainable. It often happens in railway ser- 
vice that a locomotive should be operated somewhat 


above the normal speed, and sometimes a locomotive 
designed for freight service has to be pressed into pas- 

“The report is entitled Electric Traction: Electric 
Tract on on Large Railroads ; Continuous Current ; Alter- 
nating Current (Monophase or Polyphase) ; Comparative 
Net ( ost. It appears in the Bulletin of the International 
Rail ‘y Congress Association, under Question 8, Report 
No. 2, by George Gibbs, 





senger service. In such cases the’speed with the direct- 
current locomotive would be considerably less than that 
necessary to maintain the schedule speed. A special 
form of field-control can be! used in certain cases for 
varying the speed, although this has so far been utilised 
toa my! limited extent. 

The Three-Phase Motor.—On. the three-phase system, 
the motor is inherently a constant- motor ; it runs 
at approximately the same speed at light load and at full 
load ; it runs at nearly the same pon up @ grade as on 
level track, although the horse-power required on the 
grade may be several times that on the level. Conversely, 
it can run no faster on a level than it can climb a grade, 
In order to give a lower speed, however, the motors may 

aes m the locomotive in pairs in a manner 
e@ arrangement of two enna mg 
a 


u 
equivalent tot 
motors in series, just described. Motors ma 
nn for two or more speeds, but this involves some 
complication in windings and connections. In all cases 
lower speeds can be secured by the introduction of re- 
sistances which increase the losses and lower the effi- 
ciency. In no case can the speed in any of the arrange- 
ments of motors be appreciably higher at very light load 
than it is at full load. 

he motors are of the induction type without commu- 
tators and their inherent limitations, and are of relative 
simplicity in construction. The current is usually sup- 
plied at 3000 volts from two overhead lines through two 
sets of current collectors. 

With three-phase motors as now constructed and 
arranged upon locomotives, it is possible, with no addi- 
tional complication, so to utilise the motors when locomo- 
tives are moving trains upon a descending grade, that 
they become generators and return current to the line, a 
feature of value in certain mountainous districts, but not 
of controlling importance in the selection of a universal 
system. 

The Single-Phase Motor.—The single-phase railway 
motor is a series motor with speed characteristics very 
similar to those of the direct-current motor, as the speed at 
a given voltage is greater or less, depending upon the 
load. The speed with a given load is also greater or 
less, depending upon the pressure applied to the motor ; 
and this is not limited, as with direct-current motors, to 
that supplied by the circuit, and to one-half and one- 
fourth of that pressure, but is capable of adjustment to 
any desired degree of refinement by means of auxiliary 
connections from the secondary winding of the trans- 
former on the locomotive, which is necessary for reducing 
the line voltage of 11,000 volts to a> temas voltage 
required by the motors. Not only may numerous voltages 
less than the normal be arranged for lower s s, but 
higher voltages can be provided to make possible speeds 
considerably above the normal. In this simple manner 
a wide range of efficient speed adjustment is secured 
which is impossible with other systems. 

Like the throttle-lever of the steam locomotive, the 
control-lever of the single-phase locomotive may be placed 
in any one of its numerous notches to maintain the 
required speed. This facility of efficient operation over 
a wide range of speed and power requirements is one of 
the especially valuable features of the single-phase system. 
This difference, however, may be noted: the ability of 
the steam locomotive to maintain its speed continuously 
with heavy loads depends upon the capacity of the boiler ; 
on the other hand, the electric locomotive has an ample 
supply of energy available, drawn from a large power- 
house, and the limit of its endurance is determined by 
the safe temperature of the motor. 

The question of determination of the frequency for 
use on single-phase railways is one of very great import- 
ance. Twenty-five cycles is in general use for power 
transmission purposes, and has been adopted by nearl 
all the single-phase railroads now operating. The Midi 
Railway of France has adopted 15 cycles. The lower 
frequency permits of a marked reduction in the size of a 
motor for a given output, or conversely of a considerable 
increase in output from a motor of given dimensions 
and weight. Three-phase installations in nearly all cases 
employ a seeualanatuer 15 cycles. The choice of frequency 
is one of the most involved, difficult, and important 
problems now presented for solution. 

Summary.—Locomotives equipped with each of the 
three types of motors have been in successful operation 
and have demonstrated their usefulness, capacity, and 
reliability in practical railway service. The three-phase 
motor, having a definite constant-speec characteristic, 
is particularly adapted to certain conditions; but, on 
the other hand, it has a less general adaptability to 
the ordinary varying conditions of railway operation. 
The single-phase motor has a facility of voltage control 
which gives an efficient means of speed adjustment, and 
is in this particular superior to other systems. The 
relative weights and costs of the several types of motors, 
and of the locomotives designed to accommodate them, 
depend upon so many conditions that comparison must 
necessarily be general. It will be found, however, that 
these differences in locomotive cost are, in many cases, 
more than offset by the cost of the other elements in 
the electrical system. 

The control apparatus for all ty 
been develo so that it is reliable and convenient in 
operation. For each system a small master controller 
serves to operate by auxiliary means the necessary electric 
switches for the control of the motors of one locomotive, 
or to operate simultaneously as a single unit the motors 
on two or more locomotives or cars in a train. 

Transmission of Power from Power-House to Locomotive. 
—The controlling factor in the cost of electrification in 
nearly all cases is the system of transmitting power from 
the power-house to the locomotive, and not the locomo- 
tive itself. The choice between the several systems 
must, therefore, be based upon a comparison of the com- 


of locomotives has 








plete systems. The differences between the methods of 
transmitting power are of far greater importance than 
the differences between power-houses or between loco- 
motives. The current for all systems is generated in 
usual practice as high-tension alternating current, for 
the reason that electric energy can be most economically 
transmitted by high-tension alternating current, even 
though it is in some cases converted into direct current. 

The transmission system in use for the three types of 
locomotives are illustrated in Appendix IIT. Even a 
superficial glance at these di brings several points 
into prominence, as follows :— 

The Direct-Current System.—For the direct-current 
locomotive the apparatus which intervenes between the 
alternating-current generator and the locomotive consists 
of a number of links or elements through which the elec- 
tric energy must pass, one after the other. These con- 
sist of :— 


(a) Raising transformers in groups of three. 

(+) A transmission line of three wires, sub-stations, 
which require attendance, containing 

(c) Transformers in groups of three, and 

(d) Rotary converters for receiving the alternating 
current and delivering direct current. 

(e) A third-rail contact-conductor, which for heavy 
work must often be supplemented by copper feeders. 

(f) The track return circuit, which must be provided 
with heavy bonds, and in certain cases supplemented by 
feeders and so-called negative boosters. 


It is necessary to maintain the alignment of the third 
rail within close limits both in its distance from the track 
rails and in its elevation above them, as the contact-shoe 
can have only a small range of automatic adjustment. 

The Three-Phase System.—For the three-phase loco- 
motives the respective links between the generator and 
the locomotives are :— 


(a) Raising transformers in groups of three. 

(6) Transmission line of three wires. 

(c) Sub-station transformers in groups of three. 

(d) Two overhead wires as the contact system. 

(e) A track return which usually requires nothing but 
inexpensive bonding. 


The two overhead trolley-wires require a double system 
of overhead construction, as the wires must be kept sepa- 
rate and well insulated from one another; the two must 
be maintained at equal height above the track, and at 
Switches and cross-overs the construction is complicated. 
——e Sustem.—For single-phase locomotives 

ere is :— 


(a) A raising transformer. 

(6) A transmission line of two wires and sub-stations 
widely s , each containing 

(c) A lowering transformer, which supplies 

(d) A single trolley-wire. 

(e) A track return, usually requiring nothing but 
inexpensive bonding. 

In certain cases where the distance from the power, 
station is not more than 15 or 20 miles, the single-phase 
trolley can be supplied directly from the power-house, 
so that only one single element—+.c., the trolley-wire— 
intervenes between the generators and the locomotives. 

The single-trolley wire permits a relatively wide range 
in height, as the pantograph trolley automatically adjusts 
itself to the position of the trolley-wire. In some cases 
the wire has a normal height of 22ft., but is carried 
under bridges where the limit is 154 ft. 

The three types of railway motors, and the three 
respective systems for conveying power from the generat- 
ing-station to the locomotives, have all successfully demon- 
strated their ability to operate railway trains. It is not my 
purpose to urge the adoption of a particular system, but 
rather to point out some of the well-known characteristics 
of these systems which have a bearing upon their limita- 
tions and their general adaptability to railway conditions, 
and to urge the great gain which will result from a single 
universal system. 

As the electrical manufacturing companies, with which 
my name is associated, manufacture and instal all kinds 
of direct and alternating-current apparatus, I may be 
pardoned for saying that I have not permitted my judg- 
ment to be influenced by any mepmnalanabegn interests, 
and that I have trea this subject so as to give others 
the benefit of a long experience, acquired under circum- 
stances most favourable to ascertaining the facts. 

Requisites for a Universal Electric System.—In select- 
ing a proper electrical system for railway operation, it 
will probably be generally conceded that the following 
elements are of prime importance :— 

(a) The electric locomotives should be capable of per- 
forming the same kinds of service which the steam loco- 
motives now perform. This will be most readily secured 
by electric locomotives which can practically duplicate 
the steam locomotives in speed and power characteristics. 
This includes a wide range of performance, embracing 
through passenger service at different schedule ———, 
local passenger service, through freight service in heavy 
trains, the handling of local] freight by short trains, and 
a variety of switching, terminal, and transfer movements. 
This naturally calls be wide variation in tractive effort 
and in speed, both for the operation of different kinds of 
trains, and also for the operation of the same train under 
the varying conditions usually incident to railway service. 

(b) The electric locomotive should be capable of exceed- 
ing the steam locomotive in its power capacity. It should 
be able to handle heavier trains and to operate at 
higher speeds, and in general to exceed the ordinary 
limits of the steam locomotive in these regards. The 
readiness with which several electric locomotives can be 
operated as a single unit enables any amount of power 
to be applied to a train. 

(c) The electric system should adapt iteelf to require- 


246 


ENGINEERING. 





[AuG. 12, 1910, 








ments beyond the ordinary limitations of the steam loco- 
motive in small as well as large things. It should be 
adapted for use on branch lines, and for light passenger 
and freight service similar to that so profitably conducted 
by inter-urban electric roads, which in many cases run 
parallel to steam roads, not only taking away the traffic 
of the steam roads, but building up a new and highly 
profitable traffic, both in passenger and in express service. 

(d) A universal electrical system requires that power 
should be transmitted economically over oa distances 
and supplied to the contact conductor. The system 
should utilise the most highly perfected apparatus for the 
electric transmission of energy and its transformation into 
suitable pressures for use. 

(e) The contact conductor in an ideal system should be 
economical toconstruct, both for the heaviest locomotives 
where the traffic is dense, and for light service on branch 
lines. It should im minimum inconvenience to track 
maintenance; should give minimum probability of dis- 
arrangement in case of derailment, or in case of snow 
and sleet, and should in general be so placed and con- 
structed as to give a maximum assurance of continuity 
of service. 

The use now made of electricity in steam railway service 
has been brought about, generally speaking, through com- 
pulsion. The steam locomotive has reached its limitations, 
and has been found unsuitable and inadequate in tunnels 
or in terminal service. Even where other considerations 
may have been controlling, the problem has usually been 
a apart one of electrifying a relatively small area. The 
problem has been solved considering those factors 
which were of immediate importance, without giving 
weight to uniformity with other systems or of extensions. 

Now the natural course of development will be the ex- 
tension of these limi zones, until after a time they 
meet. Then there will arise great inconvenience and 
expense if the systemsareunlike. For the present it may 
be a matter of little moment whether different systems 
have their contact conductors in the same position, or 
whether the character of the current used is the same or 
different. As previously stated, in the early days of rail- 
roading, it was of little consequence whether the tracks 
of the different systems in various parts of the country 
were alike or unlike, but later it did make a vital differ- 
ence, and the variation resulted in financial burdens which 
even yet lie heavily on some railways. It is this lar 
view into the future of electrical service which should 
taken by those responsible for electric railway develop- 
ment. 

The Future of Electrification of Railways.—The com- 
plete electrification of a railway will necessitate a re- 
arrangement of ideas and practices in regard to opera- 
tions. Coaling and watering places will not be needed ; 
yassenger trains will be differently composed, some classes 
Gin of less weight, and they will operate more fre- 
quently, thus promoting travel. Other trains will be 
heavier than at present, or will operate at higher speeds ; 
and branch lines, by the use of electrically fitted cars, can 
be given a through service not now enjoyed. 

he movement of freight will undergo great changes, 
due to the fact that electric locomotives can S constructed 
with great excess capacity, enabling them to move longer 
trains at schedule speed on rising gradients. 

The large percentage of shunting operations, due 
entirely to the use of steam locomotives, will no longer be 


nies can combine upon some co- 


~ . 
he railway com ] 
operative plan for the generation of electricity, thereby 


effecting large savings in capital expenditures; and can 
utilise their own rights of way for the transmission of the 
current, not only for the operation of trains, but for many 
other useful purposes. 

Notwithstanding the fact that great strides have already 
been made in cheapening the cost of generating electricity 
by steam-engines, I foresee, from the progress made in 
the development of gas and oil-engine power, a still 
further reduction in cost, which will accelerate the work 
of electrifying existing railways. 

One important aspect of this great question will engage 
the thoughtful consideration of every government— 
namely, the military necessity for uniform railway equip- 
ment in time of war. 

There will be serious difficulties to surmount in the 
selection of a general system. There naturally will be 
arguments in favour of one or another of the systems now 
in use and the inclination of those who have adopted a 
ape system to advocate its general use. There will 

e enthusiastic inventors, and there will be many advo- 

cates of the common view—namely, that there is room for 
several systems, and that each system will best meet the 
requirements of a particular case. There will be those 
who give undue weight to some feature of minor import- 
ance, such as a particular type of motor or of locomotive, 
instead of giving a broad consideration to the whole 
system, and recognising that, in the general problem of 
railway electrification, facility and economy in trans- 
mitting power from the power-house to the locomotive, 
are of controlling importance. 

Were there now only one system to be considered, 
there would be a concentration of the energy of thousands 
on the perfecting and simplifying of the apparatus for 
that system, to the advantage of railway companies and 
of manufacturers. 

In conclusion I can only repeat, and earnestly recom- 
mend to the serious consideration of railway engineers 
and those in authority the  pregead need of determining 
the system which admits of the largest extension of rail- 
way electrification and of a prompt selection of those 
standards of electrification which will render possible a 
pay ay interchange of traffic in order to save expense 
in the future and to avoid difficulties and delays certain 
to arise unless some common understanding is arrived at 
very shortly. 





APPENDIX I. 
The Single-Phase System on the New York, New Huven, 
and Hartford Railroad. 


The most important installation of single-phase appa- 
ratus is that of the New York, New Haven, and Hartford | 
Railroad, leading out of New York City. Practically all | 
the railroad service between New York and ton, as 
well as the New England States, is over the four tracks 
of this railroad. The trains pass into the Grand Central 
Station in New York City over the linesof the New York 
Central and Hudson River Railroad, which is electrically 
equipped with the third-rail system for operation by 
direct current at 650 volts. Selection of the system for 
the New Haven Railroad was restricted by the necessity 
of operating the New Haven trains over the New York 
Central tracks; but the decision was in favour of the 
single-phase system, notwithstanding the limitation that 
the locomotives must operate successively both by single- 
phase current and direct current. 

The trains of the New Haven system leaving the Grand 
Central Station pass over 12 miles of the tracks of the 
New York Central system, operating from the third rail 
by direct current. They then pass to the New Haven 
tracks at full speed, receiving alternating-current at 
11,000 volts from the overh trolley wires which ex- 
tend 21 miles to Stamford, a total distance of 33 miles 
from New York, this being the end of the initial in- 
stallation of the single-phase system. 

The power-house is Gooted near the Stamford end of 
the electrified section, and contains four 11,000-volt turbo- 

enerators having an aggregate capacity of over 16,000 kw. 
he current passes directly from the generators to the 
trolley-wires, as shown in certain illustrations in the 
paper, not reproduced herewith 
he overhead-trolley system consists of a steel contact 
trolley-wire suspended every 10 ft. from a copper trolley- 
wire, which in turn is suspended at intermediate pointsfrom 
two steel catenary tables by triangular-shaped hangers. 
These cables are supported upon insulators resting upon 
yo bridges spaced at distances of 300 ft. along the right 
of way. 

pm of general there are four tracks and in some cases 
more, the comparative light steel bridges are made to 
span the right of way and to carry as many sets of the 
trolley conductors as there are tracks. Stronger bridges, 
to which the catenary cables are anchored, are located 
about every two miles. At certain points these anchor 
bridges are utilised for supporting the block signals and 
also to carry oil circuit breakers which permit the trolley- 
wires to be sectionalised for service operation or in 
emergencies. Normally all the trolley-wires and the 
supporting cables over all the tracks are connected 
together electrically and also to the source of supply at 
the power. house. 

There are forty-one locomotives in regular operation, 
and also four motor-cars with six trail-cars operating on 
the multiple-unit system in suburban service. The alter- 
nating current is taken from the overhead trolley-wire by 
a pantograph which presses a shoe against the wire. The 
direct current on the New York Central zone is obtained 
from the third rail by means of ordinary sliding contact- 
shoes. Both the pantagraph and the contact-shoes are 
manipulated by compressed air. The ‘locomotive is 
described in Appendix IT. 

For reasons of economy in operation the locomotives 
were built under the requirement that each should be 
capable of hauling a 200-ton train from New York to New 
Haven, making all station-stops in accordance with the 
regular schedules, or an express train of 250 tons, and that 
the locomotives should be so arranged that two or more 
could be operated by a single engineer for the movement 
of heavier trains. The particular size selected permits 
about 75 per cent. of the trains to be operated by a single 
unit. 


TABLE I.—Record of Single-Phase Service on the New York, 
New Haven, and Hartford Railroad for Twelve Months. 


Miles Run) Number |Number 

per Loco- | of Power- of 
motive House Line 
Delay. Delays. Delays. 


Number 


Delays. 





1909. 
April . 
May 
June 
July 
August 
September 
October 
November 
December 


1910. 
January 
February 
March .. 


..| 146,189 
..| 155,551 
.. 166,759 
..| 183,434 
.| 177,714 
.. | 189,656 
«| 174,400 
..| 173,370 

. 167,808 


5,854 
17,337 
7,296 


CO et ON me Oo OO 


-| 163,274 
- 138,929 
. 156,901 
\ 


5,831 
11,577 
13,075 


12 
12 





ie bo 


_ During the past year the electric surface has surpassed 
in efficiency all records previously obtained on this 
division with steam locomotives. The actual figures are 
given in Table I., which covers the movement of pas- 
senger trains over the 12 miles of third-rail operation and 
21 miles of single-phase operation, for which 41 loco- 
motives, that have been used from 22 to 33 months, were 
available. 

The early fears as to difficulties in commutation have 
been dispelled by the records of performance, as many of 
the motors have operated over 100,000 miles without 
turning or even sandpapering the commutators, and the 
brushes show an average life of 40,000 to 45,000 miles. 

The average number of miles run per locomotive delay 
—— 2 year exceeds 12,000, equivalent to a dozen 
trips between New York and Chicago, or thirty trips 
between Londen and Glasgow: 





The locomotive delays (many of which only slightly e) 
ceeded one minute duration) include not only those fro: 
electrical causes, but from mechanical defects as well, suc/; 
as loose tyres, burst air-hose, hot journal-boxes, froze) 
steam-hose, &c. A comparatively large number of delay: 
in December and January were due to the very severe 
weather and the unusual amount of snow and ice. Thes-: 
locomotives have been making regularly an average of 
about four and one half trips of 33 miles per day, hauling 
trains 25 to 50 per cent. heavier, or even more in the case 
of express trains, than the locomotives were guaranteed 
to handle. Most of the locomotives have run about 
100,000 miles, but there is seldom more than one (which 
is 24 per cent. of the whole number), out of service for 
repairs, a record said by the officials of the company to 
be much better than for the steam locomotives which were 
replaced. These officials also say that the cost of mainten- 
ance per mile and the number of miles run per electric 
locomotive are far more favourable than with steam 
locomotives, even with the present very short run of 
33 miles. 

The cost of maintenance of the distribution system js 
relatively small compared with that of the low voltage 
third-rail system. The delays due to the transmission 
lines and overhead construction, though few in number, 
include those brought about by extraordinary conditions, 
such as steam from switch engines and by wrong operation 
of switches. 

The heaviest traffic on the New York division of the 
New Haven road, and the occasion on which delays 
would be most deplored, is on the day of the annual 
intercollegiate football game at New Haven. The service 
on this day for 1908 and 1909 was as follows :— 
1908 

128 

30 


1909 
126 


Dall 


Regular trains 
Special trains 


Total trains... sas ou 158 155 
Number of train delays =e nS 2 0 
Total duration of delays 17 min. 


In considering the capability of the single-phase system 
for continuous performance, the record of the six single- 
phase locomotives in service at the St. Clair Tunnel of the 
Grand Trunk Railway is worthy of mention. These 
locomotives have now been running two years, and have 
made about 70,000 miles each, averaging about 100 miles 
per day, or 25 trips of 4 miles. It has not been necessary 
to use a steam locomotive since the regular electric service 
was started (May 1908), and during the last twelve months 
the service has been responsible for but one train delay, of 
eight minutes. The locomotive is described below. 


APPENDIX II. 
Data on Electric Locomotives of American Design. 


The locomotives on which data are given were built for 
heavy railway service. They are for passenger service 
and for combined passenger and freight, and include 
locomotives for direct current, three-phase current, and 
single-phase alternating current, and others adapted for 
operation on either single-phase alternating current or 
direct current. 

A brief description of these locomotives follows, includ- 
ing mention of some of their notable features. 

Locomotives of the Westinghouse Electric and Manu- 
facturing Company. —In Table II., overleaf, the first 
column covers locomotives built for the New York, New 
Haven and Hartford Railroad, for operation on their 
electrified zone between New York and New Haven. The 
electrical system demanded that the locomotives be 
capable of operation both on single-phase and direct 
current. There are 41 of these locomotives in operation. 
A gearless concentric motor for each driving-axle is 
mounted on a quill flexibly connected to the driving- 
wheels. The dead weight on the axles is thus reduced to 
a minimum. 

he second column covers locomotives built for the 
Grand Trunk Railway for operation in the St. Clair 
Tunnel under the St. Clair River. These locomotives are 
designed for operation with single-phase current only. 
They are handling the entire freight and passenger traffic 
through the tunnel. A report of the operation of these 
oy noe is given in the last paragraph of Appendix 
Nol. 

The third column covers locomotives built for the 
Pennsylvania Railroad for operation in their New York 
Tunnel. They are for passenger service only, and operate 
on direct current at 600 volts on the conductor. The first 
locomotive has been run 17,000 miles on test. The centre 
of gravity of these locomotives is high, as the motor is 
mounted well above the driving-axles. The transmission 
from motor to wheels is by cranks and connecting-rods. 
These parts are protected from possible damage due to 
short circuit by interposing between the armature and its 
shaft a friction-clutch which will slip before damaging 
stresses are im on the transmission. The motors are 
the largest railway motors ever built, and are provided 
with commutating-poles, making possible the use of a 
shunted field-control which is applied to these loco- 
motives. 

The fourth column covers a locomotive built for the 
New York, New Haven, and Hartford Railroad for use 
in high-speed freight and medium-speed passenger service. 
It also is fitted for operation both with single-phase and 
direct current. It has been run approximately 3000 miles 
in test service, actually hauling regular freight trains, 
including the steam locomotives, over the electrified se: 
tion of the railroad on the normal schedules for the 
movement of these trains. A pinion at each end of the 
motor meshes with a flexible gear whose centre is rigidl) 
secured to the quill surrounding the axle, the flexible gear 
overcoming the difficulties in securing tooth alignment 
and division of load which are liable to occur when rigit 
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TABLE II.—DATA ON ELECTRIC LOCOMOTIVES OF AMERICAN DESIGN ; 





AND MANUFACTURING COMPANY. 













Built for + os ie _ - F New Haven. St. Clair Tunnel Pennsylvania. 
Electric system ‘ i ~ =n - es A.C., D.C. A.C. D.C. 
Service .. _ oe se ve ne oe - Passenger Pesight & passenger Passenger 
First placed in service - ‘“ . July, 1907 February, 1908 17,000-mile test 
Number in service or on order, May, 1910 41 6 % 
Number of motors per locomotive os ins 4 3 2 
Armature diameter .. sie a ae aa in. 894 30 56 
Core length, including vent opening - 18 14} 23 
Weight of one motor os oe ee i Ib. 16,420 15,660 45,000 
Weight of all motors on locomotive - a o 65,680 46,980 90,000 
Weight of all electrical parts ie “ : = 110,400 58,400 127,200 
Weight of all mechanical parts. ue = ae 94,100 73,600 204,800 
Weight of complete locomotive .. “ : a 204,500 122,000 332,000 
Weight on driving-wheels .. am cs i a 162,000 132,000 207,800 
Weight of complete locomotive for A.C, operation ,, 196,000 132,000 D.C. 
Maximum guaranteed speed miles per hour About 86 30 About 80 
Feature limiting speed ; “< - - Track Armatures Connecting rod 
Maximum tractive effort .. we - ‘a 19,200 43,800 69,300 
Locomotive weight in excess of 18 per cent. adhesion 

maximum T.E., A.C. Spans i Ib 88,700 None None 
Designed for trailing lo: ; a tons 250 500 550 
Balance speed on level with above load ~~ About 75 About 25 60 






- 
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BUILT BY THE WESTINGHOUSE ELECTRIC 

















New Haven. New Haven. 


.0., D.C. A.C., D.C. 
Freight and passenger Freight and passenger 
3000-mile test Building 
1 1 
4 2 
S94 76 
13 13 
19,770 41,600 
79,080 83,200 
130,000 135,000 
130,000 125,000 
260,000 260,000 
180,000 180,000 
241,000 240,000 
45 45 
Armatures Armatures 
40,000 40,000 
18,500 500 


1500 freight, 800 passenger 
: 45 


17, 
1500 freight, 
35 


” 


800 passenger 
ie . en ” 5 ” 








TABLE III.—DATA ON ELECTRIC LOCOMOTIVES OF AMERICAN DESIGN ; BUILT BY THE GENERAL ELECTRIC COMPANY. 








~ Band O. RR. 








ener eeeseeh 





rox 


Great Northern. 


Built for ae we pes - “6 “se “ N. Y. C. and H. R.R. | Detroit River Tunnel. Paris-Orleans., 
Electric system - es me ae we D.C. D.C. D.C, 3-phase D.C. 
Service © ; - . es - re Passenger Freight and passenger Freight and passenger Freight and passenger Passenger 
First placed in service ai - ‘ July, 1906 Tests completed March, 1910 July, 1909. 1899 
Number in service or on order, May, 1910 47 6 2 4 1 
Number of motors per locomotive a - 4 4 4 4 4 
Armature, diameter .. os - a : in. 29 25 25 353 234 
Core length, including vent opening , a 19 1lj 11} 16} 12. 
Weight of one motor.. on ~ ‘ - Ib | 18,150 10,560 10,560 15,000 8,855 
Weight of all motors on locomotive - - » 72 600 42,240 42,240 60,000 35,420 
Weight of all electrical parts al - és 91,200 54,000 54,000 109,000 42,500 
Weight of all mechanical parts .. : ns pa 138,800 146,000 130,000 121,000 67,500 
Weight of complete locomotive .. es os ” 230,000 200,000 184,000 230,000 110,000 
Weight on driving-wheels .. - - ai * 141,000 200,000 184,000 230,000 110,000 
Weight of complete locomotive for A.C. operation _,, D.C. D.C. D.C. 230,000 D.C. 
Maximum guaranteed spe miles per hou 75 30 55 30 45 
Feature limiting speed » - ‘ . Track Armature Armature Armature Armature 
Maximum tractive effort .. oe - = Ib. 47,000 67,000 61,000 77,000 37,000 
Locomotive weight in excess of 18 per cent. adhesion 

maximum T.E., A.C. operation ; os > None None None None None 
Designed for trailing load .. wi ae .. tons 

Freight os o> ° e* ° 90 86 
Passenger Y Ry os . ze: in pa } 2 oa anette 3} on 1} p.c. grade 500 on 2.2 per cent. grade 

sl ae “ . f 435) { Freight 20.5 Freight 26) ~ 300 

Balance speed on level with above load.. ; 1 63 f \ Passenger 22 } { Passenger 30 J 15 $9 





twin gears are used. It is the only electric locomotive 
equipped with spur-geared motors which are bolted 
rigidly to the spring-supported parts of the locomotive. 
Each driving-wheel is driven through helical springs, 
the arrangement being such that the driving-wheel has 
practically free vertical play. The locomotive has two 
trucks, the draw-bar_ pull being transmitted through 
the truck-frames. The body is spring mounted on 
friction plates in place of being carried on truck centre 
pins in the usual manner. It is an exceptionally easy 
riding machine, with very low rolling friction. The per- 
formance has been satisfactory, and a speed of 40 miles 
per hour was attained on level track, with a 1600-ton 
train. 

The fifth column covers a locomotive for the same rail- 
road and service as that just described. The comparison 
between geared and connecting-rod motors for identical 
service is a very interesting feature of this development. 
The weights given in both the fourth and fifth columns 
are those on which locomotives of these types would 
generally be built. The actual locomotives are somewhat 
heavier, due to particular features of design not inherent 
in the type. The effect on the connecting-rods and pins 
of the pulsating torque of a single-phase current is avoided 
hy the introduction of a flexible connection between the 
i and its shaft. This locomotive has not been 
tested, 

hese last two locomotives were orderei by the New 
Haven road to demonstrate the practicability of electric 
traction for freight service, and to assist in determining 
the inost suitable kind or type of locomotive. 

Locomotives of the General Electric Company.—The first 
column of Table III. covers locomotives built for the 
New York Central and Hudson River Railroad for opera- 
tion on the electrified zone of the New York City 
terminal. Forty-seven of these locomotives are in use, 
the first having been put in operation in July, 1906. They 


are used for passenger service only, and operate on direct 
current at 600 volts. The mechanical equipment of this 
locomotive consists of a main driving-wheel with four 
driving-axles and a four-wheel guiding-truck at either 
end. The motor is of the bipolar gearless type, the arma- 
ture Leing mounted directly on the driving-axle, and the 
mechanical structure of the locomotive forming a portion 
Ol the magnetic circuit of the motors. The characteristic 
feature of the locomotive is the simplicity of its electrical 
- | mechanical construction, which contributes to its high 


ency and low maintenance cost. 
tbe second column of Table III. covers locomotives 


one ‘ tor operation at the Detroit River Tunnel. These 
uu 


to be used for beth freight and passenger service 


between Detroit, Mich., and Windsor, Ont., and will be 
operated at 600 volts, direct current. The running gear 
cousists of two trucks connected together with a massive 
hinge, so as to form a single articulated wheel-base, and 
buffers carried on the outer end-frames of the trucks. 
The motor is of the direct-current geared type with com- 
mutating poles, and is interesting as the first application 
of the commutating-pole motor to this class of service. 
Twin-gearing is u Erevan the motor and driving axle, 
and consists of a pinion at each end of the armature shaft 
and a corresponding gear on the axle. The use of twin- 
gearing relieves the armature shaft of torsional strains, 
and maintains the parallelism of the shaft and axle. 
Five of these locomotives have been built and are await- 
ing completion of the tunnel. While they are not in 
actual operation, extensive tests made on a test-track in 
hauling and accelerating freight trains up to 1500 tons in 
weight have proved that this type is very satisfactory 
for the service. 

The third column covers locomotives built for the Balti- 
more and Ohio Railroad for operation of both freight and 

mn ed service through the Baltimore Belt Line 

unnel. Two of these locomotives are in use, and operate 
on direct current at 600 volts. The general design is 
similar to the Detroit Tunnel locomotive described above, 
and the same type of motors are used, but the motors are 
geared for higher speed in order to meet the speeds re- 
quired by passenger service on the relatively lighter 
grades of the Baltimore Tunnel. 

The fourth column covers locomotives built for the 
operation of freight and passenger trains through the 
Cascade Tunnel of the Great Northern Railway. These 
locomotives are designed for three-phase operation at 
25 cycles and 6600 volts on the trolley. The mechanical 
structure consists of an articulated wheel-base similar to 
that of the Detroit River Tunnel locomotive described 
above. The motor is three-phase induction motor with 
external secondary resistance, and fit with a gear at 
each end of the armature shaft. The service for which 
they are ultimately designed is the operation of adivision 
57 miles long, with ruling grades of 22.2 per cent. and an 
average e of 1.55 per cent. Four of these locomo- 
tives are in service, and it may be of interest to note that 
they were involved in the disastrous avalanche of March 1, 
1910, which swept through the electrified yards at 
Wellington, Wash. 

The fifth column covers locomotives built for the Paris- 
Orleans Railway, for use in hauling passenger trains 
from the Austerlitz Station to the Quai d’Orsay. They 





are designed for operating on 600 volts, direct current. 
These locomotives are historically of interest; the first 





one of them having been delivered in 1899, and twelve 
being now in service. Each locomotive has two inde- 
pendent trucks, each truck equipped with two geared 
motors, and carrying weight of cab and platform on the 
centre pin with draught gear and buffer attached to this 
platform. This represents a type of locomotive of which 
a large number have been built, and which has proved 
highly satisfactory for light and medium classes of 
service. 


APPENDIX III, 
Comparison of Systems of Electrification. 


The salient features of the three systems of railway 
electrification are presented in a number of diagrams, so 
arranged as to admit of a ready comparison between 
their essential characteristics, particularly in the circuits 
and apparatus which transmit the power from the power 
station to the locomotive. 

The sketches, Figs. 1 to 4, page 248, show the com- 
monly used types of apparatus and circuits in a simple 
and elementary way, as only a single generator and a 
single sub-station, containing but one group of units, are 
shown, and auxiliaries, such as switchboard apparatus, are 
altogether omitted. 

Fig. 1, showing the direct-current system, illustrates 
the alternating-current generator, the three raising trans- 
formers, the three-phase transmission circuit, the three sub- 
station lower transformers, and the rotary converter, which 
supplies direct current to the third-rail contact system, 

ig. 2, illustrating the three-phase system, is similar 
to Fig. 1 up to the point where the power passes the 
sub-station transformers. Power is then delivered directly 
to the contact system, consisting of two overhead trolley- 
wires, shown suspended from supporting cables in accord- 
ance with the commonly used catenary construction. 

Fig. 3, presenting the single-phase system, has a simi- 
larity to the p ing sketch of the three-phase system, 
Fig. 2, and may be derived from it by simplifying its 
several elements. Single transformers instead of groups 
of three are found in the power-house and sub-station. 
The transmission has two wires instead of three, and there 
is but one trolley-wire instead of two. 

Fig. 4 shows the <a system, where the dis- 
tances are moderate and the generator can supply current 
directly to the trolley-wire at 11,000 volts, thereby elimi- 
nating the high-tension transmission circuit and the sub- 
stations. This is the method employed in the single- 
phase installation on the New Haven system. 

Diagrams of Transmission Circuits and Sub-Stations,— 
Fig. 5 shows the arrangement of transmission lines and 
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contact circuits, and the relative number and location of 
suh-stations for each of the three systems. 

The direct-current sketch, Fig. 5, shows the three-phase 
transmission line running from the power-house to the 
sub-stations, which contain step-down transformers and 
rotary converters for changing the high potential alter- 
nating current to low-potential direct current. It also 
shows the third rail supplemented by an auxiliary 
conductor or feeder. The track serves for the return 
circuit. 

In a certain typical case it was found that the sub- 
stations should be approximately eight miles apart for a 
pressure of 600 volts in the direct-current system. If 
direct current were used at a pressure of 1200 volts, half 
of the sub-stations could be omitted. 

The distances above mentioned are found to be proper 
for a particular case, and the diagram is intended simply 
to show approximately the relative number of sub-stations 
required in the several systems. The actual distances in 
other cases may be more or less than those given. In the 
several systems employing a transmission line the distance 
may obviously be extended to include a greater number 
of sub-stations than are shown. 

The three-phase sketch, Fig. 5, shows the three-phase 
transmission line and sub-stations containing transformers 
only, for reducing the high-potential alternating current 
to low-potential alternating current for use on the double 
overhead-trolley system with track return. The sub- 
stations are spaced the same distance apart as those in the 
direct-current system. This arrangement of sub-stations 
is for 3300 volts on the trolley. With 6600 volts on the 
trolley half of the sub-stations would be omitted. 

The larger single-phase sketch, Fig. 5, shows a single- 
phase transmission line running to sub-stations contain- 
ing transformers only, to reduce the high-potential alter- 
nating current of transmission to a suitable potential, 
11,000 volts, for use on the single overhead trolley with 
track return. 

The smaller single-phase sketch shows a single-phase 
line which is not too long to prevent the entire system 
from being fed directly from the generators without the 
intervention of transmission line or transformers between 
the generators and the trolley circuit. This sketch shows 
the method employed on the New Haven system. 

In thickly-populated districts congested with traffic, 
the generating-stations, of which there should be not less 
than two in order to minimise interruptions to traffic, 
should probably be located at junction points or places 
demanding the greatest power and at distances not 
exceeding thirty or forty miles. With such a disposition 
of power-houses, the overhead trolley-wires will usually 
be sufficient for the supply of current. In like manner, 
where the traffic is not so heavy, the power-houses can 
placed at greater distances, bearing in mind, however, 
that the increase in traffic may subsequently demand 
intermediate power-houses or sub-stations. In cases 
where power-stations are long distances apart, the single 
trolley-wire should probably be supplemented by an 
additional circuit in order to guard against interruptions 
due to defects in the trolley-wire, and to give a sufficient 
supply of power for any contingency. 

Comparative Losses, shown in Fig. 6.—Fig. 6 shows the 
comparative losses between the generators and the loco- 
motives for each of the three systems, based on a class of 
service where the input to the locomotives by the several 
systems is practically the same. 

Assome kinds of service render one type of motor with 
its auxiliary apparatus and control more efficient, while 
under other conditions it may be less efficient, this variable 
element has been eliminated by assuming the same power 
delivered to each locomotive as a basis for general 
comparison of the transmission losses. 

The total height of each column in the diagram indicates 
the total power delivered by the power-house in the 
system designated. The height of the long portion at the 
lower part of each column indicates the amount of power 
which reaches the locomotive. 

The loss between power-station and the locomotives 
is represented by the upper shaded areas. The respec- 
tive losses in raising transformers, transmission line, 
lowering transformers, rotary converters, and the contact 
line (comprising trolley or third rail with track return) 
are segregated. 

It will be noted that the large losses in the rotary con- 
verters appear only in the direct-current system. The 
larger single-phase column shows the losses where the 
distances are such that it is necessary to use a transmis- 
sion line and transformers. The smaller single-phase 
column represents the trolley-wires connec to the 
generators without any intervening transmission line or 
transformers. The loss of power between power-house 
and locomotives is relatively smallas compared with that 
in any of the other systems. This is the condition on the 
New York. New Haven, and Hartford Railroad, where 
the power-house is distant nearly 20 miles from one end 
of the line. 

Comparative First Costs, shown in Fig. 7.—Fig. 7 shows 
the comparative estimates, prepared a few months ago, of 
first cost in a particular case for electrification by the 
direct-current system and by the single-phasesystem. In 
the preparation of these estimates the three-phase system 
was not called for, and as no estimate covering it has 
been prepared, it is not included in the present com- 
parison. The estimates cover asingle-track line 100 miles 
long, involving both freight and nger traftic in both 
through and local service, and include twenty locomotives. 

The costs for power-station include only the machinery 
and building, and do not include cost of hydraulic 
development. It will be noted that the considerably less 
cost of the single-phase system in this case is due largely 
to the lower cost of contact line and sub-stations. 

Comparative First Costs, shown in Fig. 8. — Fig. 8 
shows the comparative estimates of first cost for the three 


systems for pusher service on mountain grades in a a 
ticular case involving the use of twelve locomotives. The 
total length of line is 32 miles, part of which is single 
track, part double track, and part three tracks. n| 
addition to the main line there is a large yard to be electri- | 
fied, there being a total of 90 miles of single track. The | 
location of the power-station was fixed by non-electrical 
consideration. The distances were such that sub-stations 
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| system is nearly equal to the cost of both power-house’and 


locomotives. the other hand, the cost of the single- 
phase contact line, the only intervening element between 
the power-house and the locomotives, is less than one-half 
of the cost of the direct-current transmission and contact 
system. 

Comparative Operating Costs, shown in Fig. 9.—Fig. 9 
shows comparative operating costs for the three systems 
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were required when either direct current or three-phase | 
current was assumed, but the entire system could be fed | 
direct from the generators if single-phase current was used. 
It will be noted that in this case the omission of sub- | 
stations and transmission effects a very considerable | 
saving in favour of single-phase as well as the usual large | 
saving in cost of contact line effected by the use of this | 
system. The cost of the part of the system between the 
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for the pusher service outlined in the preceding diagram 
of first costs. It should be noted that these costs do not 
include fixed charges. If fixed charges were included, the 
difference in operating costs in favour of the single-phase 
system would be much more marked. 

In connection with this diagram it should be noted 
that sub-station attendance is required for the direct- 
current system only. The reason for the three-phase and 
single-phase systems being so nearly on a par is that this 
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case is an ideal one for the application of the three-phase 
system, since it involves constant-speed operation under 
onstant-load conditions. It is notable, however, that 
even under these conditions the single-phase system 
shows somewhat lower operating costs than the three- 
phase system. 
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rhe high operating cost with the direct-current system 
is seen to be due largely to the greater amount of power 
required for operation by this system on account of the 
large losses which occur between the power-house and the 
locomotive in this system, 





APPENDIX IV. 
Electrified Steam Roads and Electric Roads for Trunk 


Line Service. 

The accompanying tables give data upon many of the 
ee canes on which electricity is used in heavy 
railway service. Only such data are included as were 
conveniently available, and such omissions or inaccuracies 
as may occur do not detract materially from the forceful 
presentation of the extent and character of the use which 
is now being made of electricity in railway service. 


TaBLe IV.—Single-Phase Electrification on Steam Rail- 
ways and in Trunk Line Service. 


S (8. 2 Motor- | Loco- 
= | 2° Cars. motives. 
Road. ten) = 
SE S58 og 
on = - & x | | 
am S@"| S* No! hp. (No. hp 
N.Y., N. H., & H. R.R.— 

Mainline ..  ... 21 |100 11,000, 4 | 600 | { #1 Tame 

New Canaan Br. aa, 8 (11,000 2 500 6 900 
Grand Trunk R.R. 35) 12 , 300 Ast a er 
Erie R.R.— 

Rochester Div. .. 34 34 =©11,000 6 400 
Colorado Southern Ry.—; 

DenverandInterurban| 46 46 #611,000 8 500 
Baltimore and Annapolis} } } 

Short line ee --| 25 80 ¢ $300] 12) 400 | .. | o 
Swedish State Ry. 7 | 7{ 20,000) f 2} 240 «1300 
Midland Ry., England... 85 17 | 6,600 1 nod 

20) 250) 3 can 
Prussian State Rys. 16.5; 31 6,600 42) 400} «61 «1600 
| 54! 345 / 
London, Brighton, and 

South Coast Ry. ... 86] 17.2) 6,000 16) 460 
Rotterdam - Haag - Sche- | 

veningen es .. 20.6) 46.5 10,000) 19) 360 Zz 

500 
Spokane and Inland -| 129 | 129 6,600 28) 400 : 4 
Midi Ry. of France 75 12,000, 30) 500 2 1600 


TABLE V.—Continuous-Current Electrification on Steam 
Railways and in Trunk-Line Service. 


New York Central R.R.; 33 | 132 | 650 |187 400 | 47 |2200 
Pennsylvania R.R. .-| @ | % 650 |180 400 | 24 |4000 
West Shore R.R. 44 106 | 650 20 360 om 
Long Island R.R. . 42 | 125 650 137 400 2 {1200 
West Jersey and Sea- 

shore R.R. - .. 75 | 150 650 68 400 er 

5 | 

B. and O. R.R. 3.7] 7.4| 600 a3 { 7, a 
North-Eastern Ry. 37 | | 600, .. 300 2 | 600 
Mersey Tunnel .. --| 48) 600 | 24 400 oo 
Lancashire and York- | 

shire Ry. be ae 60 600 | .. 600 a 
Great Western Ry. a ee | os 600; .. 600 | ../ .. 
Metropolitan Ry. - | oe 600 | 56 600 | 10 | 800 


TaBLE VI.—Car Equipment of Subway and Elevated 
Systems in American Cities. 


The direct-current third-rail system at approximately 600 volts 
is used in all cases. 


| Miles | 
| of 








Motor-Cars, 
| | 
Road. | Single | a. 
| Track.| No. | H.P. 
‘Boston Elevated Ry. 19 219 320 
Ay 
Brooklyn Rapid Transit .. n iit | co 
‘ ness , 969 | 250 
Interborough Rapid Transit(New York), 190 1 764 | 400 
Hudson and Manhattan (New York) ..| 12 140 | 320 
Chicago and Oak Park .. ok wd 19.4 | 65 320 
Metropolitan West Side (Chicago) 51.1 | { os a4 
| lf 
North-Western Elevated (Chicago) . ‘| 25.5 { on | = 
| { 150 | 180 
Southside Elevated (Chicago) 36.5 |, 70 | 150 
(150 | 110 
Philadelphia Rapid Transit pa ot 100 | 250 
TasLeE VII.—Three-Phase Electrification on Steam 
Railways and in Trunk Inne Service. 
s is = Motor Loco- 
+ ee Cars. | motives. 
Road. é bos | 
28 \s23| 26 ——- 
SA Sae| 3° No. hp. | No.|hp 
ied Cae RE Pode Nt i 
Gt. Northern R.R. Cas- 
cade Tunnel ..  * 6 6600 4 |1900 
Italian State Rys.— | 
7 . - P { 7| 800 
Valtelina Ry. .. ..| 66 e- 3000 10 400 1 2/1500 
Giovi Ry. re ..| 12.4 | 37.3 | 3000 | 20/2000 
Mt. CenisTunnel ..| 4.4 | .. | 3000 | 10/2000 
Savona Ceva .. ost oo. | 3000 10/2000 
Swiss Federal Rys. | | -_ 
Simplon Tunnel -| 13.7 14.8 | 3000 { 311300 
Gergal Santa Fé (Spain)) 13.1 | 14.4 | 5500 5 320 


The horse-power ratings of the various motor-cars and 
locomotives are in general the nominal ratings for a short 
period, usually one hour ; but as these ratings have been 
adapted in some cases to the particular service in which 
the motors are to operate, they cannot be taken as a 


basis for an accurate comparison between the capacities 
of different equipments. 


APPENDIX V. 
The Early History of Single-Phase Railway Motors. 


In the paper brief mention was made of two single-phase 
motors of 10 horse-power, built in 1892 by the Westing- 
house Company for determining the possibilities of using 
alternating current for traction work. These motors were 
designed for 2000 alternations per minute and about 
200 volts. They were of the series ty with com- 
mutators, and had a relatively large number of poles. 
They were mounted upon a car and tested ona short piece 
of track with some very short curves and rather steep 
grades. An illustration of the car appears in the paper, but 
is not reproduced her. ‘The current was supplied from 
a conductor placed intermediate between the rails. The 
capacity of the engine and generator used for these tests 
was insufficient for the service, and the voltage drop in the 
rails was excessive. The test showed that the motors would 
run the car, although the current available was hardly 
sufficient for operating the car on the curves and des. 
A transformer on the car served to transform from a 
few hundred volts on the supply circuit to that required 
for the motor. There were several taps on this trans- 
former, and by means of several single-pole switches the 
vol could be varied. Several frequencies lower than 
that for which the motors were designed were employed 
for testing the motors. 

Almost the entire effort in railway work at that time 
was concentrated on electric cars for city service. While 
the single-phase system gave promise of certain advan- 
tages for this service, it was found that there were disad- 
vantages, particularly in the large losses in the conductors 
for supplying the current, which rendered the single-phase 
system much less adapted to this service than the direct- 
current system. 

It was ised that the single-phase system would 
be ideal for locomotive operation, but as there were no 
such projects then in view, no immediate work was done 
in building large motors of this type. 

Some seven or eight years later, the enlarging field of 
railway operation was showing the imperative need of 
some practical method by which high tension could be 
used on the trolley-wire in order to minimise the cost of 
supply circuits. Furthermore, the accrued experience 
and greater knowledge in the methods of designing 
alternating-current motors opened the opportunity for the 
development and perfeotion of the single-phase system. 

Motors of 100 horse-power were designed, built, and 
tested on an experimental track. The results of this 
work and the importance of the single-phase system in 
railway operation were presented in a paper by Mr. B. G. 
Lamme before the American Institute of Electrical 
Engineers in September, 1902. This paper awakened 
widespread interest and was followed by the active 
development of single-phase apparatus by a number of 
manufacturing companies, both in America and in 
Europe. There are now about 60 single-phase railways 
in operation. 





THE COST OF ELECTRICALLY-PROPELLED 
SUBURBAN TRAINS.* 


By H. M. Hosart, of London. 

Synopsis.—Electrical propulsion permits of increased 
speed and capacity, relieves congestion, and increases 
revenue, for suburban passenger traffic, and permits of 
the retention of steam-locomotive methods for long- 
distance traffic. 

Different systems of electrical propulsion of suburban 
trains vary greatly as regards the capital outlay per 
train, and also as regards the consumption of electricity 
per train-mile ; consequently in any project for electrical 
working, it is necessary, not only to compare electrical 
with steam-locomotive methods, but also to compare 
alternative electrical methods. 

Preliminary cost estimations are facilitated by assuming 
that the railway purchases its electricity from electricity- 
supply companies, who themselves own all works up to 
the distributing system and who supply the electricity in 
the form in which it is consumed by the train. ? 

The chief items of cost, which are different from those 
entailed by steam-locomotive methods and which are 
different with different electrical systems, are : 


1. The cost of the electricity. 

2. The annual charges for the rolling-stock. 

3. The cost of the distributing system (overhead trolley- 
line or conductor-rails and the feeders) between the points 
where the electricity-supply company delivers the electri- 
city, and the trains. 


For the purposes of the paper the assumption is made 
(with reservations) that item 3 is independent of the 
particular electrical system employed, and the estimates 
are narrowed down to items 1 and 2, which, for suburban 
passenger trains, usually absorb some 35 to 40 per cent. of 
the gross receipts. 

The two electrical systems subjected to comparison 
are the systems employing series-wound continuous- 
electricity train-equipments (termed the continuous sys- 
tem) and the single-phase system. Continuous equipment 
provides, per ton of equipment, 11 horse-power at the 
axles (averaged over the journey), as against 6 horse- 
peace per ton in the case of single-phase equipment. In 

th cases the cost is some 125/. per ton of electrical 
equipment. For a service where trains pass in each 


* Paper read before the joint meeting of the Institution 
of Mechanical Engineers and the American Society of 
Mechanical Engineers at London, July 29, 1910, 
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direction at intervals of some 12 to 15 minutes, repre- 
sentative figures for the cost of the electricity as delivered 
to the railway company in the required form (that is, 
from the sub-stations) are: 0.87d. per kilowatt-hour for 
continuous electricity, and 0.70d. per kilowatt-hour for 
single-phase electricity. 

Taking into account that the total consumption (after 
allowing for non-remunerative train movements and for 
unavoidable departures from the regular time-table) is 
some 30 per cent. greater than the consumption B 
recorded train-mile, the cost of electricity per recorded 
train-mile is, for 180-foot trains, shown to amount, for 
single-phase trains, to from 10d. to 15d. per train-mile, 
and for continuous trains to from 10d. to 13d. per train- 
mile. The lower values are for a 22-miles per hour 
1-stop per 0.88-mile service (that is, for a comparatively 
moderate service), and the higher values are for a 30-miles 
per hour 1-stop per 1.32-mile service (that is, for a 
decidedly severe service). 

The annual charges for the rolling-stock for these two 
services amount to from 8.6d. to 10.5d. per train-mile for 
the single-phase trains and to some 6d. per train-mile for 
the continuous trains. 

The cost of the electricity plus the annual charges for the 
rolling-stock—that is, the sum of the above two items— 
is, in the case of single-phase trains, some 3d. higher per 
train-mile for the moderate service and some 6d. higher 
for the severe service, than the corresponding costs for 
continuous trains. 

Fixing ideas by assuming the gross receipts in these 
cases to be 50d. ner train-mile, the single-phase system, 
compared with the continuous system, absorbs, for the 
two items in which the selection of the particular electrical 
system affects the question most greatly, 6 per cent. more 
of the gross receipts in the case of the moderate service 
and 12 per cent. more of the gross receipts in the case of 
the severe service. 

The estimates worked out in the paper show that, for 
suburban passenger traftic, the continuous system has very 
decided commercial advantages over the single-phase sys- 
tem, and these advantages are greater the more severe 
the service, that is, the greater the schedule speed and 
the shorter the distance between stops. This is the 
precise class of work where electrical methods afford to 
railways commercial advantages which are unattainable 
by steam-locomotive methods. For services where there 
are many miles between successive stops, and where a 
considerable time elapses between the passage of suc- 
cessive trains, the use of steam-locomotives permits of 
commercial advantages which are unattainable with any 
electrical systems comprising the feature of transmitting 
the energy to the train. 

Preliminary Considerations.—The commercial aspects 
of applying electricity to the propulsion of suburban 
trains involve many factors, and the thorough pen af 
tion of any one of these factors requires careful study. 
In the present paper the author’s aim is to focus attention 
chiefly on the rolling-stock, but it must not be inferred 
that he implies that the other factors affecting the total 
cost are of minor importance. It is absolutely insufficient 
to approach the subject of age | electrification from the 
standpoint that it resolves itself into a mere question 
of contrasting electric propulsion with steam-locomotive 
wopulsion. Were it not for conditions relating to the 
ane amount of capital already invested in steam rail- 
ways, it is certain that the merits of electrical methods, 
would, so far as concerns suburban passenger traftic, lead 
to their general adoption. But the great cities of the 
world are already very liberally supplied with steam rail- 
ways which, in addition to much other important traffic, 
at present handle the suburban passenger traffic for 
which electrical methods have, on many occasions, been 
demonstrated to be especially appropriate. 

Let us, however, conjure up the hypothetical case that 
London is served by all but one of the older of the several 
great railways now entering it (and which are all of 
proven necessity), and that the project is mooted of add- 
ing this one urgently-needed railway. Under these cir- 
cumstances, the author doubts if there would now be 
found more than a small minority of railway engineers 
who, in the face of the demonstrated successes of electrical 
methods of propulsion, would advocate that the suburban 
mussenger service of this new railway should be handled 
steam-locomotives. The new terminus would probably 
be designed and equipped so that the suburban traffic 
would consist exclusively of electrically-propelled trains. 
It is equally probable that beyond some 25 to 30 miles 
from London the through trains would be drawn by 
steam-locomotives. The through goods traffic would also 
be operated by steam-locomotives. As to whether the 
long-distance trains should leave the terminus behind 
steam or electric locomotives is less apparent, and is, 
furthermore, a matter of secondary importance, since the 
presence of a certain number of non-stopping steam-trains 
is entirely consistent with the maintenance of an effective 
service of electrically-propelled suburban nger-trains. 
Consequently, it would not require any drastic alteration 
of methods, gradually to tend more toward steam, or more 
toward electricity, for propelling the through trains when 
traversing the tracks within the 30-mile radius. This 
hypothetical case has simply teen cited in order to 
emphasise mere forcibly the generally-admitted fact that 
it is no longer a question of whether, in electricity, there 
has arrived a better agent than the steam-locomotive for 
the handling of suburban traffic. On the contrary, the 
exclusive (though often amply sufficient) reason for delay 
in replacing steam-locomotive methods by electric pro- 
pulsion is, so far as concerns the suburban nger 
traffic, nearly always related to the large capital expendi- 
ture involved in effecting the change. For not applying 
electrical methods to other classes of railway traffic there 
is, so far as relates to Great Britain, the best of all 
reasons—namely, that steam is, at present, in almost all 





instances, more economical.* In countries where coal is 
scarce and water-power abundant, as, for instance, in 
Sweden, Italy, and Switzerland, the general electrifica- 
tion of the railways may be a thoroughly sound proposi- 
tion, but the distinction between the conditions in Britain 
and in the countries cited is obvious. 

In view of the circumstances, the question of the 
relative cost of various electrical systems of operating sub- 
urban lines mes one of great importanee. Although 
it would be premature to deny the claims of certain 
further systems of electrical propulsion, the two systems 
which are, at the present time, chiefly commanding atten- 
tion, are the systems employing on the trains continuous- 
electricity motors and single-phase motors respectively. 
With a view to concentration, only these two systems 
will be taken into account. 

The conventional methods which are employed in 
— the expenses of operating steam-railways in- 
volve, when applied to estimates for the electrical opera- 
tion of railways, a considerable degree of obscurity and 
lead to uilunlastantiogs, The obscurity is often inten- 
sified by any attempt to adapt these methods, by slight 
modifications, to the new conditions attending electrical 
operation. For the particular investigation which con- 
stitutes the object of this paper, it will conduce to clear- 
ness to break away completely from these conventional 
methods of analysing costs. This is the more justified 
since the paper p mee with broad comparisons, leading to 
broad generalisations. Were it a question of final and 
detailed estimates, the method employed in this paper 
would obviously be inappropriate. 

A railway is an undertaking of such” magnitude that, 
with the extensive adoption of electricity for propulsion, 
it would often be in the interests of economy for the rail- 
way to provide and operate its own electrieity-supply 
stations, and thus save the profits which would be in- 
cluded in the prices at which electricity-supply companies 
would be prepared to sell the electricity. evertheless, 
it is electricity-supply companies, and not the railways, 
which are at present in a position to supply a railway’s 
requirements to best advantage, and in view of the cir- 
cumstance that any single railway almost always traverses 
districts served by many different electricity-supply com- 
panies, it is highly probable that for some long time to 
come, at any rate, a railway would, in many cases, be 
best serving its own interests by purchasing its electricity 
from electricity-supply companies and municipal electri- 
city-supply undertakings. Tt is by no means necessary 
for the author to investigate this question further, but 
merely to state that in this investigation he will 
assume that the railway not only purchases its electricity 
from independent undertakings, but that it looks to these 
independent undertakings to provide all transmission 
lines from the points where the electricity is ‘‘generated,” 
and also to provide all the sub-stations, thus delivering 
the electricity at the required points on the railway com- 
pany’s premises inthe form in which it is collected by the 
trolley-bows or rail-shoes carried by the train. The sub- 
stations are thus the property of the electricity-supply 
company. The railway is, however, the proprietor of all 
the ae i and structures intermediary between the sub- 
stations and the trains.| These structures may consist 
in an overhead-trolley system, or in conductor-rails, to- 
gether with (in either case) the necessary feeders. When 
the single-phase system is employed, the sub-stations 
may contain stationary transformers, or they may consist 
simply of buildings provided with high-pressure switch- 
gear for controlling the inter-connections of the various 
sections of the line. When the trains are equipped with 
motors operated by continuous electricity, the sub-stations 
will be more numerous, and they will be provided chiefly 
for the purpose of housing motor-generator sets trans- 
ewe | the high-pressure polyphase electricity received 
from the electricity-supply station into the relatively 
low-pressure continuous-electricity required at the train. 
The price charged by the independent electricity-supply 
undertakings will be for the electricity in the form in 
which it is delivered from the sub-stations, and owing to 
the greater cost and lower efficiency of the sub-stations 
when supplying continuous electricity, the railway will 
be obliged to pay a higher price for a given quantity 
of electricity when it is in the continuous form than when 
it is in the single-phase form. Prices arrived at by ex- 

rience on a large scale are now quite well a upon 
or electricity in these two forms. While these prices 
vary greatly according to the price of fuel and various 
factors of hke nature, and while they also vary greatly 
with the nature of the load, they can nevertheless be 
estimated with certainty in any particular case. + 


* This is usually the case. The presence of frequent 
tunnels may afford the chief reason for adopting electri- 
city on a givensection, owing to the elimination of smoke 
and steam. But if it is proposed to employ a bare 6,000- 
volt overhead conductor for supplying the trains, the 
presence of tunnels of small dimensions may afford the 
most cogent reason for adhering to the steam-locomotive. 
Heavy grades are much more readily negotiated by elec- 
trically-propelled trains, and consequently, for mountain 
lines, there is an additional incentive for substituting 
electrical propulsion for steam-locomotive methods. 

The railway, in that it owns the property on which 
its tracks are laid, possesses a great advantage over 
electricity-supply companies, since it can construct its 
transmission line (whether overhead or underground) 
without conforming to so many (sometimes obstructive) 
regulations, and without payment for way-leaves. By co- 
operation in extending these advantages to the electricity- 
supply companies from whom it aeonnens the electricity, 
an se ly lower price should be obtained. 

} By allocating to the electricity-supply company the 
burden of providing the transmission system up to the 
sub-stations, and also the sub-stations, legitimate simplifi- 





Thus, so far as the outlay for electrical apparatus an 
equipment is concerned, this method of comparison Jead 
us to the definite proposition of estimating the cost of th: 
rolling-stock and the cost of the structures along the line, 
intermediary between the sub-stations and the trains. 
While the cost of these structures has, up to the present 
been higher with the single-phase than with the cor 
tinuous system, the author does not propose in this pape: 
to discuss these differences ; but he will, on the contrar\ 
assume that the outlay for this portion of the work 
the same for both systems. As to the cost of the 
trains, estimates for each system will be made, since in 
this respect the two systems differ greatly from one 
another. 

To fix ideas, the author will confine his comparisons 
chiefly to trains consisting of three double-bogie coaches. 
It is well known that, under reasonably favourable condi- 
tions, such trains usually yield gross receipts of some 40d. 
to 60d. per train-mile. The cost of the electricity required 
for the propulsion of the trains, together with reasonal)le 
estimates for the capital charges for the trains, including 
the outlay for their depreciation, repairs and renewals, 
make up an aggregate per train-mile which is usually of 
the order of from 35 to 40 per cent. of the amount of the 
gross receipts. Into the disposition of the remainder of 
the gross receipts it is not proposed to enter, since (taking 
the electrical structures along the line,* that is, the 
equipment intermediary between the sub-stations and 
the trains, as representing the same outlay, irrespective 
of the particular system of electric traction adopted), 
the disposition of this remainder will be substantially 
the same, whichever system is employed, and hence 
does not materially affect the results in a comparison 
of systems. It is to the application of that portion 
of the gross receipts (roughly 35 to 40 per cent. or 
thereabouts), the precise amount of which is seriously 
affected by the selection of the service and of the system 
of electrification, that the author will direct his investi- 
gations. It may said that he is guilty of comparing 
alternative systems of electrical operation to the disadvan- 
tage of the interests of electrical operation in general, but 
he does not admit this to be the case. On the contrary, a 
correct interpretation of his results will show that his object 
is to concentrate each system to its appropriate purpose, 
and to admit fully that for long-distance through trains 
steam-locomotive methods are superior to any electrical 
methods as at present developed. For high speeds with 
frequent stops, while both the single-phase system and 
the continuous system have long been recognised to be 
adequate as regards their engineering features, the former 
entails, as he will endeavour to show in this paper, dis- 
tinctly greater outlay and distinctly less net earnings. 
He will also endeavour to show that with decreasing 
speed for a given distance between stops, or with increas- 
ing distance between stops for a given speed, the dis- 
abilities of the single-phase system become less acute. 
The determination of the point beyond which the use of 
the single-phase system will conduce to greater net earn- 
ings than can be obtained by the system employing con- 
tinuous electricity at the trains, is, however, not within 
the range comprised by the subject assigned to the Joint 
Meeting for discussion—namely, ‘‘ The Electrification of 
Suburban Railways,” and hence cannot appropriately be 
dealt with in this paper. Quite aside from any question 
of the relative merits of alternative systems, the author 
would be pleased if the results which he has deduced as 
regards the cost of the rolling-stock and of the electricity 
consumed in its propulsion, should be found useful in 
dealing with electric-railway investigations. 

The severity of a train service is a function of the 
schedule speed and of the distance between stops. Fora 
very severe service, many of the train-axles are often 
driven by motors, while for more moderate services it 
suffices to'concentrate the driving power upon but a few 
of the axles. In eliminating the locomotive and placing 
the motors under the passenger-coaches, the space avail- 
able for the motors is rather restricted, and the plan of 
distributing several relatively sma]l motors on several 
axles is more often a consequence of this space-limitation 
than of any regard for obtaining greater tractive effort by 
the greater total weight on the driven axles. Although 
this latter object is always kept in view, it may be said 
that even the high accelerations employed on electric 
railways rarely require so great a subdivision of the 
driving power as is, for severe services, usually resorted 
to, owing to the space-limitations. 

Analysis of Two 150-ft. Trains.--The author proposes 
first to analyse the design and performance of two 150-ft. 
trains designed for about the same ‘‘average output, 
and similar as regards the capacity and distribution of the 
electrical equipment. In the two 150-ft. trains which 
have been selected for this analysis only two motors are 
employed, and these drive two of the four axles of a 
motor-coach. Each of these 150-ft. trains comprises three 





cations are introduced into the calculations, since thero 
are in Great Britain many electricity-supply companies 


who are prepared promptly to quote prices for electricity 
as delivered at the outgoing cables from such sub-stations. 
For given conditions as regards load-factor and price of 
coal and water, the market price of electricity has for 
some time been quite a definite quantity. | ; 

* This is the only electrical item which is}not included 
in the comparisons, and since it will introduce no serious 
error to take this item as independent of the particula 
electrical system adopted, the author considers it pre 
ferable, in this investigation, to group it with the various 
non-electrical items (including net profits) which make up 
the remaining 60 to 65 per cent. of the gross geuvigts, and 
which, directly, are independent of the precise electri al 
system adopted, although indirectly they may be appre- 
ciably affected. For instance, the design and weight of 
the train affects the permanent-way outlays. 











2 


©&9 


1910. | 


ENGINEERING. 








251 











4 

AUG. I 
50-ft.* coaches, of which one is a motor-coach and the 
other two are trailer-coaches. Thus out of the twelve 
axles only two are driven. The first of these two trains 
is a type designated A, which is employed on the Picca- 
dilly Tube Railway in London, and weighs 61 tons; the 
second is a type Reem gens C, which is employed on the 
Heysham, Morecambe, and Lancaster branch of the 
Midland Railway, and weighs 77 tons. The service for 
which the 61-ton Piccadilly Tube train is employed re- 
quires a schedule speed of 16.4 miles per hour, and the 
runs are of an a distance of 0.45 mile between 
stations. The 77-ton Heysham train has a schedule speed 
of some 31 miles per hour, and there is an average dis- 
tance of 4 miles between stations. It might appear at 
first sight that these two services are not comparable, but 
brief calculations are given below showing that the 
average output to the axles is just about the same in the 
two cases. Furthermore, the average efficiencies of the 
two clectricalequipments do not differ by more than 5 per 
cent. at the outside. This is also the case as regards the 
efficiencies in the two cases of 180-ft. trains, examined in 
a later section of this paper, and with a view to avoiding 
a discussion of so unessential a matter as a few per cent. 
difference in efficiency, the author has, throughout his 
comparisons, employed the mean value of 70 per cent. 
His examinations indicate that in no one of the four 
cases (that is, the two 150-ft. trains and the two 180-ft. 
trains) is the average efficiency of the electrical equipment 
on the train for the services for which the trains are em- 
ployed greater than 72 per cent. or less than 68 per cent. ; 
consequently, the employment throughout of the value of 
70 per cent. is amply exact, and is in the interests of sim- 
plicity. The two particular instances of two-motor, 150-ft. 
trains have been taken because precise data of their 
design and performance is available, and because, while 
they are equipped for about the same average output, the 
one train carries continuous-electricity equipment, and 
the other carries single-phase equipment. For the 61-ton 
Piccadilly train, the output of the equipment, averaged 
over the entire time, including stops, is 87 horse-power ; 
for the 77-ton Heysham train the corresponding figure is 
90 horse-power. The total weight of the electrical equip- 
ment in the two cases is 8 tonst and 14.9 tons re- 
spectively. In each case the service is that for which the 
equipment was selected,t and in each case the ultimate 
temperature-rise in regular service is of moderate amount. § 
Thus we have:—Average output in service per ton of 
electrical equipment— 


a = 10.9 horse-power for the Piccadilly train. 
and 
A = 6.04 horse-power for the Heysham train. 


ey are set forth in parallel columns in 
‘able I. 

Analysis of Two 180-Ft. Trains. — Having now ex- 
amined two 150-ft. trains, composed of one motor-coach 
and two trailers, let us turn our attention to two trains 
for more severe services. The two trains which the author 
has selected for his purpose are each 180 ft. in length, 
and are each composed of two motor-coaches and one 
trailer-coach. Each coach is 60 ft. in length. Each 
motor-coach is equipped with four motors, making up 


*Throughout this paper it has been convenient to 
take as the length of the train the length of each coach 
multiplied by the number of coaches—that is, the length 
corresponding to buffers and couplings has not been 
included. 

+ This estimate of 8 tons is somewhat in excess of the 
weight usually assigned to the equipment of the Piccadilly 
Tube trains. The tigure usually given is 7,3 tons, but the 
author prefers to take 8 tons, since the weight of auxi- 
liary equipment tends gradually to increase in successive 
installations. This is because, with the development of 
electrical methods, refinements are introduced which were 
not deemed necessary in the earlier work. This estimate 
of Stons is ample to cover air-compressors and governor, 
all cables, slate switchpanels, collecting-shoes, and shoe- 
beams for both trucks of the motor-coach, steal tubing, 
bolts, cleats, &c. The estimate of 14.9 tons is for the 
Siemens Company’s equipment as installed on the Hey- 
sham train. 

+ In both cases the capacity of the motors is probabl 
sufficiently liberal to permit that the motor-coach, wit 
its equipment, may haul three trailers instead of two, for 
considerable periods. Indeed, four-coach Piccadilly trains 
have been found by tests to be well within the capacity 
of the two motors of a single motor-coach. But, never- 
theless, the use of two trailers per motor-coach is, both 
pod the Piccadilly and the Heysham lines, the normal 

ase, 

§ Whereas, in the case of the Piccadilly Tube train, 
forced draught is not employed, the motors on the Hey- 
sham tr 11n are only maintained at a sufficiently low tem- 
perature by employing forced draught. 





Consequently, | 


the lightness of the continuous-electricity equipment, as | 
compared with the single-phase equipment of the same | 


average output, is the more marked. 


borne in mind that, in endeavouring to keep down their 
weight, single-phase motors are designed with a higher 
speed, in revolutions per minute, than has been considered 


good practice with continuous motors, and the required 
speed at the train-axles is in single-phase trains obtained 

y the interposition of undesirably high gear ratios. 
In these calculations, as also in those in Table IT., 


the values for the energy-consumption per ton-mile corre- 
ound with the representative valees given in Table VII. 
(page “03), and represent the consumptions under the 

ditions of test-runs. The question of the additional 
consumption to ullow for i 


isi f ‘ the conditions of routine service, 
introduced in a later section of this paper. 


t should be further | 





|electrical equipment varies greatly in the 





TaBxe I, 
Piccadilly Heysham* 
ain. | in. 

Number of motor-coaches - 1 
Number of trailer-coaches - : 2 
Total number of coaches in the train .. 3 
Number of motors. . os os : 2 
Total number of axles in the train 12 
Number of axles driven by motors ba 2 
Length of train on ft. 150 
Weight of train - - .. tons 61 77 
Schedule speed (a) .. miles per hour 16.4 31.0 
Distance between stops . . miles 0.45 | 4 
Energy consumption per ton-mile w.-bhr. 93 | 40 
Energy per train-mile (0) .. kw. -hr. 5.67 | 3.08 
Average input per train(=a@ xb) kw 93.0 95.6 
Average output from motors to axles | 

(taking average efficiency of electrica' 

equipment as 70 = cent.) . hp 8&7 90 
Weight of electrical equipment .. ton: 8.0 } 14.9 
Average output per ton of electrica) | 

equipment .. ee oe -. hp. 10.9 6.04 
Ratio of these two average outputs 10.9 _ L8l 

per ton of electrical equipment .. } 6.04 - 


* The electrically-equipped rolling-stock on the Heysham line 
comprises three such trains. Their regate mileage for the 
year ending June 30, 1909, was only 86-000 miles, or an average 
of only 79 miles per train per day. At 31 miles per hour this 
works out at only 24 hours per train per day. In the analysis, 
however, the author is crediting the Heysham trains with having 
an equipment adequate to work to a schedule speed of 31 miles 
per hour for many consecutive hours. The Piccadilly Tube trains 
do this, day after day, a single train often maintaining its schedule 
speed for 18 consecutive hours, and covering in that time 300 miles. 


a total of eight motors per train. Thus eight of the twelve 
axles of the train are driven by motors, whereas in the 
two former trains only two out of the twelve axles were 
driven. The first of these two 180-ft. trains is of a type 
which may be designated as B, and which is employed 
on the Southport ling, and the second which may be 
designated as D, and which is one of the trains now 
operating on the South London Elevated Railway. The 
trains are thus somewhat longer and are much heavier 
than those which we have examined before. The weights 
of these two 180-ft. trains are respectively 118 tons and 
138 tons. The Southport train runs at a schedule speed 
of 30 miles par hour, and the average distance between 
stations is 1.32 miles. The South London Elevated train, 
which will be designated the S8.L.E. train, runs at a 
schedule speed of 22 miles per hour, and the average 
distance between stations is 0.88 mile. The striking simi- 
larity of these trains as regards their length (180 ft.), their 
seating . “4° and the proportion of motor and trailer- 
coaches, has led to the establishment of comparisons 
between them. But these comparisons have usually been 
of an utterly superficial nature. It has been said that, 
since in the case of the Southport train the stops are less 
frequent and the speed is higher, the severity of the ser- 
vice is substantially the same as in the case of the S.L.E. 
train, and it has been assumed, though altogether incor- 
rectly, that the more frequent stops in the case of the 
S.L.E. train offset the greater speed in the case of the 
Southport train. The author has, however, pointed out 
on various occasions that this is not the case. On the 
contrary, the power which is required at the axles in the 
case of the Southport 118-ton train is 42 per cent. greater 
than the power which is required at the axles for the 
S.L.E. 138-ton train, notwithstanding the 18 per cent. 
greater weight of the latter train, and the power required 
at the axles, per ton of total train weight, is no less than 
65 per cent. greater for the Southport service than for the 
S1.E. service, Some engineers are doubtless well aware 
of the erroneous character of the assertions which have 
been made in this matter, but it is probable that other 
engineers have unguardedly accepted the assertions, and 
have concluded that for practical purposes the two services 
may be regarded as substantially equal in severity. 
he service performed by the Southport 118-ton train 
requires of the electrical equipment an output to the 
axles, averaged over the entire run, of 319 horse-power, 
whereas the relatively much-less-severe service of the 
S.L.E. 138-ton train requires an output to the axles of 
only 225 horse-power. The weights of the electrical equip- 
ments in the two cases are, however, 30 and 44 tons 
respectively. The average horse-power output to the 
axles per ton of clectrica! equipment works out respectively 
at 10.6 horse-power for the Southport train,* and 5.12 
horse-power for the 8.L.E. train. In Table II. these 
calculations are set forth in parallel columns. The calcu- 
lations in Table IT. correspond to the conditions indicated 
in the footnote marked || in the preceding column. 
It will be observed that the average output per ton of 
our cases 





* Asa matter of fact, the Southport trains operating to 
the schedule in question, while still comprising two 
motor-coaches (each equipped with four motors), very 
frequently have two trailer-coaches, and it is consequently 
very conservative to take the three-coach train as repre- 
sentative of the capacity of the electrical equipment of 
two motor-coaches. In the Board of Trade returns for 
1908, the electrical train service on the Southport line is 
given as 1,490,000 train-miles and 5,120,000 car-miles. 
The average train thus comprises 3.4 coaches, which more 
than justifies the author’s standpoint. Possibly, also the 
S.L.E. equipment has a similar margin of capacity. 
Whether or not this be the case, it is as well to base the 
comparisons on the three-coach trains in each case, 
although this is decidedly less than the normal train for 
the Southport line, whereas it is the standard type of 
train operated on the 8.L.E. Railway. 








which we have examined, and questions naturally arise as 
to the cause of these great variations. It might be sug- 
gested that the variations are attributable to diverging 
views as to correct meth of design. As it copes, 
however, the equipments were supplied by four different 
manufacturers who are amongst the we My Bas firms who 
probably have the greatest experience in the manufacture 
of electric ~—s equipments. Denoting the four 


examples as A, B, C, and D, we arrive at Table ILI. 
TaBLe II. 
South 
_ Southport | London 
Train, Elevated 
Train. 
Number of motor-coaches . . : -" 2 
a trailer-coaches o : 1 
Total number of coaches in the train .. 3 
Number of motors .. - oe ~ 8 
Total number of axles in the train 12 
Number of axles driven by motors 8 
Length of train - * se ft. 180 
Weight of train - - .. tons 118 | 138 
Schedule speed (a) miles per hour 30 22 
Distance between stops .. - miles 1,32 0.88 
Energy consumption per ton-mile, w.-hr. 96 79 
- - per train-mile (6) k.-hr 11.3 10.9 
Average input per train(= @ x 6) kw. 340 | 240 
Aver output from motors to axles 
(taking average efficiency of electrical 
equipment at 70 per cent.) h.-p 319 225 
Weight of electrical equipment tons 30 44 
Average output per ton of electrical 
equipment .. - = .. hep. 10.6 5.12 
Ratio of these two average outputs | 1.6 _9 97 
per ton of electrical equipment j —_— 


Engineers familar with the relative standing of the lead- 
ing manufactures of electric railway apparatus, are well 
aware that each of these four firms has resources of such 
magnitude that they are all on a substantially equal footing 
as regards ability to produce the best, lightest and cheapest 
apparatus for the purpose in view. Consequently we must» 
seek some other explanation for the striking difference in 
the results set forth in Table IIT. The two first results are 
within 3 per cent. of each other, and the two last results are 


Tass III. 


Average Output | 
per Ton of Elec- 





Example. trical Equip- Railway. Manufacturer. 
ment. 
hy 
A 10. Piccadilly B. T. H Co. 
B 10.6 Southport (Dick, Kerr, & Co. 
Cc 6.04 Heysham | Siemens. 
D 5.12* 8.L.E. A. E. G. 


* That the S.L.E. equipment works out at only 5.12 horse- 
power per ton, while the Heysham equipment comes to 6.04 horse- 
power per ton, is satisfactorily explained by the circumstance to 
which allusion has already been made in the footnote below 
Table L., to the effect that the Heysham train only averages 
(over the whole year) some 2} hours of service per day, whereas 
the 8,L.E. trains will doubtless aver (over the 865 days in 
the year) at least twice this number of hours of service per day. 
It isstated that for the 8.L.E. line, ‘‘the mileage of each train 
in service varies between 250 and 500 miles per day.” 


within 18 per cent. of each other. The reason for this 
18 per cent. difference is given in the note to Table IIT. 
The mean of the first two results is 10.8 horse-power 

r ton, and the mean of the last two results is 5.( 

orse-power per ton. ‘These two values have the ratio 

1.93:1. The reason for this difference in weight of 
about 2 to 1 is that in the first two cases (that is, the 
Piccadilly Tube 61-ton train and the Southport 118-ton 
train) the equipments are designed for, and operated 
with, continuous electricity, whereas the last two cases 
(the Heysham 77-ton train and the S.L.E. 138-ton train) 
have a designed for, and operated with, single- 
phase electricity. 

As rough, but representative, values we may take it that 
for a train equipped with continuous apparatus the elec- 
trical equipment may, in actual service, and for approved 
over] and heating limits, be loaded up to an average 
output of 11 horse-power per ton weight of the equip- 
ment, whereas single-phase equipments can onl 
worked up to an average output of 6 horse-power”* per 
ton. It has been asserted that, notwithstanding that the 
single-phase equipment for a train required to perform a 
given service weighs twice as much per horse-power as 
the corresponding continuous equipment, this does not 
seriously affect the total train weight, since the weight of 
the electrical equipment constitutes, it is alleged, only a 
small part of the total weight of the train. Let us investi- 

ate this assertion. In Table III. the four trains have been 
esignated as A, B, C, and D. In Table IV., » 252, are 
given the total train-weights, the weight of the electrical 
equipment, and the percentage which the weight of the 
electrical equipment constitutes of the total train-weight. 

Comparing the 180-ft. trains—that is, trains B and D, 
we have seen that the Southport service is much the more 
severe, yet the electrical equipment of the Southport train 
only amounts to 25.4 per cent. of the total weight, as 





* It should be noted that the author is favouring the 
single-phase system very decidedly in crediting it with an 
average output of 6 horse-power oer ton, for this value is 
only attained in the case of the Heysham trains, which 
only average 24 hours in service per day, whereas the 
8.L.E. trains, which do an average of, say, 5 hours per 
day, yield ap average output per day of only 5.12 horse- 
power per ten weight of eleotridal equipment, 
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against 32 per cent. of the total weight for the much 
less severe E. service. It should be of interest to 
ascertain how a train of the ‘‘ D” type would require to be 
modified in order to be suitable to perform the “B” 
service. This and subsequent calculations will be simpli- 
fied by first working out, for all the trains, the average 
horse-power per ton weight of train sous for the 
respective services. This is done in Table V. 


Tasie IV. 


~ which 


Weight of Electrical 


System. 


Weight of Electrical 
Weight of the Train. | 


Equipment. 
tutes of the Total 


Total Train-Weight. 
Equipment Consti- 


Length of Train. 


| Percentage 


ft. 

150 
180 
150 
180 





Piccadilly | 

Southport 

Heysham 
8.L.E. 


Continuous 


Single-phase 


vOnm> | Designation of Train. 








TABLE V. 


System Continuous. Single-Phase. 


Designation of train .. A. B. Cc. D. 


Road .. ss «| Pigeadilly| Southport) Heysham | 8.L.E. 
Length of train .. ft. 150. 180 150 180 
Weight oe . tons} 61 118 77 138 
Average output during! 

service . re 


: h.-p.| 90 
Ditto per ton weight o 
; h.-p.| 


87 319 225 


train - ; 1.42 2.70 1.17 1.63 


The values in the lowest horizontal line of Table V. are 
the real criteria of the severity of the service, and we see 


that the Southport service requires 2 1.65) 


(since 1.63 
65 per cent. more average ee per ton weight of train 
than is required for the 8.L.E. service. The values in the 
lower line of Table V. are (since the efficiency is the same) 
independent of whether single-phase or continuous appa- 
ratus isemployed. For the Southport service there must 
be provided 2.7 horse-power per ton weight of train. Since 
we have seen that, with single-phase equipment, we obtain 
6 horse-power per ton of equipment, we shall require 


2.7 _ 0.45 ton of electrical equipment for every ton of 


6.0 
total weight of train. Thus 45 per cent. of the weight of 
the train will consist of electrical equipment. 

The motor-coaches on the 8.L.K. line weigh 54 tons 
each. Of this 54 tons weight of one of these motor- 
coaches, only 22 tons—that is, only 41 per cent. of the 
total weight of the mutor-coach—is electrical equipment, 
and sonanqneniny the motor-coach, which is at present 
running the S.L.E. service, even with its motors re-wound 
for the required speed, would not have sufficient capacity 
(leaving the same a as on the present 8.L.E. ser- 
vice*) to accomplish the Southport schedule with the 
same heating of the electrical equipment as in the S.L. E. 
service, much less could a train composed of two motor- 
coaches and one trailer accomplish this schedule with 
normal heating and with sapemnente overloud capacity. 
In order to work the S.L.E. 180-ft. train to the Southport 
schedule, its electrical equipment must be considerably 
increased in weight. Let equal the total weight of 
the S.L. EK. 180-ft. train, in tons, when reinforced to render 
it adequate for the Southport service. Then the elec- 
trical equipment must weigh 0.45 W. The weight of the 
8.L.E. 180-ft. train, exclusive of the electrical equipment, 
is 188-44 = 94 tons. Its revised weight when provided 
with an equipment enabling it to conform to the South- 
port service will consequently be W = 0.45 x W + 94. 
Consequently we have :—W = 171 tons. 

The weight of the electrical equipment must thus be — 


171 — 94 = 77 tons, 


and the electrical equipment will be capable of delivering 
an average output of 6 x 77 = 462 horse-power. Thus 
the equipment of the 8.L.E. train must be increased, as 
regards its average ourput, from the 225 horse-power, 
which sufficed for the S.L.E. service, up to the 462 horse- 
power necessary in order that it may accomplish the 
Southport service. This is an increase of 105 per cent. 
The revised S.L.E. train requires to have 462 horse-power 
average capacity as against the Southport train’s 319 
horse-power average capacity—an excess of 45 per cent. 
This further 45 per cent. serves no more useful purpose 
than to carry over the route the increased weight of 
expensive electrical equipment made necessary by the use 
of the single-phase system. The revised S.L.E. train 
weighs 171 tons, as against the Southport train’s weight of 
only 118 tons. Thus the result is that while both trains have 
the same length of 180 ft. the &.L. E. train, when altered to 
be adequate to perform the Southport service, weighs 45 
per cent. more than the Southport train. Moreover, the re- 
vised three-coach single-phase train for the Southport 
service would have to consist of three motor-coaches, in 
place of the two motor-coaches and one trailer which 
sufficed to carry the necessary single-phase equipment to 
perform the S.L. E. service. 

Let us next reverse the above process and adapt the 
Southport train to the S.L.E. service of 22 miles per hour 
and one stop every 0.88 mile. This service requires, as 


> ‘See footnote marked *, column 2, page 251. 


seen from Table V., only 1.63 horse-power per ton of 
total weight of train. 1.63 horse-power of continuous equip- 


ment weighs only i 0.148 ton. Consequently, out 


of each ton of total train weight, only 14.8 per cent. will 
consist of electrical equipment, as against the 32 per cent. 
seen from Table IV. to be required when the 8.L.E. 
service is provided by a train equipped with single-phase 
apparatus. Let us again represent by W the total train 
weight in tons. Then the weight of the electrical equip- 
ment in tons amounts to 0.148 x W. The weight of the 
Southport train, exclusive of the electrical equipment, is 
118 — 30 = 88 tons. Consequently W = 0.148 x W + 88 
= 103 tons. The weight of the electrical equipment of 
the revised Southport train—that is, of the continuous 
train capable of working to the relatively moderate S. L. E. 
service, is only 0.148 x 103 = 15.3 tons, or only 51 per 
cent. of the 30 tons weight of the electrical equipment 
required for the Southport train performing the severe 
Southport service. Obviously, then, were we to operate 
a 180-ft. train to the S.L.K. schedule, employing con- 
tinuous equipment instead of single-phase equipment, we 
should not uire two asteodeadien but we should 
make up our three-coach train of one motor-coach and 
two trailers. The continuous equipment thus weighs 
only 15.3 tons, or only 34.8 per cent. of the 44 tons 
required for the single-phase train of equal length. It is 
interesting to note that this continuous electricity train 
operating on the S8.L.E. service is only required to give 
an average output of 15.3 x 11 = 168.5 horse-power, 


168.5 \ _, 
295 =) 75 per cent. of the 


which amounts to only 


average output uired of the motors on the single- 
phase 138-ton S.L.E. train. 

Cost Estimations.— A rough but thoroughly repre- 
sentative figure for the cost of continuous equipment for 
railways is 125/. per ton. Single-phase equipment at 
present costs decidedly more, but for the purposes of 
this investigation the author will take the cost of the 
electrical equipment, irrespective of whether it is con- 
tinuous or single-phase, at 125/. per ton. Thus for the 
four trains under consideration, the costs for the 
electrical equipment work out as follows :— 


Cost | Total 
per Ton.| Cost. 





Electrical Equipment of Tet 

( couee Weight. 

tons £ £ 
: | { 875 

195 || 1910 

9630 

5500 


Southport service 
8.L.E. service 
Southport service 
8.L.E. service 


Continuous train for 


Single-phase train for 





As to the cost of the remainder of the train, the esti- 
mates will be based on the following data :— 
Bogie-Trucks.—The weight of each motor-truck, in- 
cluding truck-frames, wheels, axles, brake-rigging, &c., 
will be taken at 6.5 tons, the weight of each trailing truck 
at 5.5tons. In both cases the cost of the complete trucks 
will be taken at 22/. per ton 
The weight of all the trucks is:— 
For a train comprising three motor-coaches and no 
trailer (twelve driven axles)—39 tons. 
For a train comprising two motor-coaches and one 
trailer (eight driven axles)—37 tons. 
For a train comprising one motor-coach and two trailers 
(four driven axles)—35 tons. 
The cost of the trucks for these three trains is :— 
£ 
Three motor-coaches and no trailer ... 860 
Two + es one trailer 815 
One ve ie two trailers 770 
The weight of the three coach-bodies, complete with 
underframes, brake-cylinders, upholstering, &c., is :— 


Continuous train for South- 
port service 
Continuous train for 
service 2 ae as 
Single-phase train for South- 
port service ee a 
Single-phase train for S.L. E. 
service oe es ... 188-44 
For an absolutely consistent comparison, these four 
cases should have all worked out at the same value as 
regards the aggregate weight of the three coach-bodies. 
They are, however, so nearly identical (varying _only 
6 per cent. from the mean value), that their mean value 
may be taken as representative for the weight of the 
coach-bodies of a 180-ft. train for this type of service. 


The mean value is 54 tons, or * = 18 tons for each coach- 


= ... 118-30 -37=51 _ tons. 
S.L.E. 
103 —15.3-35=52.7 _,, 
171-77 -39=55 ” 


— 37=57 9 


body. These coach-bodies, complete, may be taken as 
costing 80/. per ton. Thus for all four trains the 
aggregate cost of the three coach-bodies (weighing 
54 tons) will be 80 x 54 = 4320. 

The cost of assembling, and all further costs, will be 
taken at 5/. per ton of train. These further costs are, 
consequently, for the four trains :— 

Continuous train for Southport service, 5 x 118=5901. 

» SLE. »  5&x103=515/. 

Southport ,,  5x171=855/. 

oe S.L.E. a 5 x 138=6901. 
of the four trains are made up as shown 


Single-phase fe 


The total costs 
in Table VI. 

Since these trains have a seating capacity of, roughly, 
one seat per foot,* the two lower horizontal lines in 
Table VI. also give a fair representation of the relative 
costs and weights per seat. We see that for so severe 
a service as that at Southport, the cost of a single-phase 





* See footnote marked + in the next column. 





= 87.0 

t since —— = 
woh vent 

greater per foot of length than is the cost of a continuous 


train. For the much more moderate service of the 
S.L.E. line, the excess cost of the single-phase train per 


foot of length is only 51 per cent. { since = 1.51), and 


1.65) works out to be 65 per cent, 


of 
the percentage continues to fall with every amelioration 
in the severity of the service. 
Taste VI. 


| Continuous Train. |Single-Phase Train. 
| For For For 
8.L.E. |Southport| 8.1.5. 
Service.| Service. | Service, 


| For 
Southport 
Service. 





S15 
4,320 


860 
4,320 
9,630 5,500 

855 690 
15,665 11,325 

171 138 
91.6 82.1 

180 180 

87 63 


0.95 0.77 


770 
4320 
1910 

515 
7515 

103 
72.7 

180 
41.7 
0.575 


815 
4320 
3750 

590 
9475 

118 
80.3 

180 
52.6 
0.655 


Trucks 

Car bodies .. - 
Electrical equipment 
Further costs om 
Total cost of train 
Weight of train 

Cost per ton 

Length of train 
Cost per foot ws 
Weight per foot .. 





It is usually preferable to reduce weights and costs to 
the basis of the weight and cost per foot length of train 
instead of per seat.* Otherwise it is very difficult to 
effect comparisons, for not only have we to take into 
account the varying composition of trains as regards 
first and third-class carriages, but there is the further 
consideration that the policy of railways differs con- 
siderably as to the floor-space and elbow-room which 
are allotted to each passenger. Since, however, the 
average value of the seats per foot for representative pas- 
senger trains of mixed ——— rarely varies much 
from unity,+ the values of the weight and cost per foot 
enable us to readily make mental calculations, as occasion 
requires, of the corresponding weights and costs per seat. 
It is preferable, in all cases, to take the weiglits of the 
trains themselves, and to leave out of consideration the 
weights of the passengers. 

The oe the Energy Consumed at the Train.—We 
have now deduced fairly definite values for the weights 
and costs of the rolling-stock. The component of the 
total cost represented by the electricity consumed by the 
train is also fairly detinite for a given service. The 
consumption at the train is for a given service about 
the same per ton-mile, whether the electrical equipment 
be continuous or singlé-phase. The values given in 
Table VII. afford a reasonable basis for estimating the 
consumption at the train per ton-mile of actual perform- 
ance, when the train is handled by a fairly experienced 
driver, and when it is running strictly to its time-table, 
and over a well-built, fairly straight, and level perma- 
nent way. Although quite practicable variations in the 
acceleration and braking may easily occasion variations of 
10 per cent. or more in the energy consumption at the 
train, nevertheless the values in Table VII. are represen- 
tative of the customary results obtained under the condi- 
tions stated. Ae 

In the case of passenger trains it is preferable, for 
uniformity’s sake, to estimate the ton-mileage on the basis 
of the weight of the empty train. The unrecorded ton- 
mileage corresponding to the weight of the passengers 
carried, together with that corresponding to shunting 
operations and other non-remunerative running, as well 
as the increased consumption on occasions when the time- 
table is disarranged, will usually bring up the total con- 
sumption at the train to a value some 30 per cent. greater 
than the values given in Table VII. This increase is only 
in small part due to the weight of the passengers, since 

* Mr. J. R. Chapman, late chief engineer of the Under- 
ground Electric Railways Company, of London, has also 
advocated the reduction of data to terms of the foot- 
length of train, instead of to terms of per seat, in the follow- 
ing words :—** The arrangement of seats in a car has no 
more ‘to do with electrical working than the colour of 
paint used on the outside. A car will carry the maximum 
number of passengers if it has no seats at all ; it will carry 
the minimum number if it is fitted with arm-chairs. 
Somewhere in between these two designs there is a medium 
which fits the average conditions which the particular 
railway has to meet, and I think that as cars vary in 
size, and seating arrangements also vary, the comparison 
should be made per lineal foot of train, or per square foot 
of floor devoted to passenger accommodation ; probably 
the latter is the best, as it brings into the calculation the 
alternative of equipment underneath the car, as on the 
District Railway, or equipment in a cab, as on the Tubes; 
the latter system reduces passenger accommodation, but 
costs less for maintenance. 

+ The table herewith, giving the number of seats per 


| 

Length | Seats 
of | or 

Train 
in 

Feet. 


Composition Number of Seats. 
of Train 

M = motor- ~— 

|, coach. | 3rd | Ist 

| T = trailer- Class. | Class. 

coach. 


Railway. 


Total length. 





..(@)2M+2T 138 
(b)2M+2T 218 


Heysham ..|1M+2T > — 
+1T 64 6 | 

' 

} 


Southport 132 | 27 
utnpo! os 

Mersey ..| 1M 2 

le eae 2M+1T 116 171 

for several typical trains, 

upon this point, 


foot of over-all length of train 
will be interesting, as bearing 

















1910. | 


AUG. 12, 





ENGINEERING. 





5 


ur 


2 
J 





——> 
with average loads the weight of the passengers rarely 
increases the weight of the train by more than some 5 to 6 
yer cent. In the following estimates the author will take 
the consumption of electricity at the train as 1.30 times 
the values in Table VII. To simplify the investigation, 
he will not go into the question of whether the railway 
provides its own a plant or purchases the elec- 
tricity from a supply company ; but he will merely assume 
that the electricity is obtained at a total cost of 0.65d. per 
kilowatt-hour, as delivered to the sub-stations. Owing to 
the greater loss in transformation at the sub-stations, and 
the creater cost of the sub-stations, in the continuous, as 
contrasted with the single-phase system, he will take the 


TABLE VII.* 


Schedule Energy Consumption in Watt-Hour per Ton-Mile for 

Speed the Various Values of the Distance in Miles 
in between Stops set forth at the Heads of 

Miles the Vertical Columns, and for 20-Second Stops. 
ver wen 

dom. 0.5 0.6 0.7 0.8 0.9 1.0 125 1.5 
1 68 58 50 i 7 ss es 
16 78 66 56 Hf o» se se on 
17 93 76 63 55 50 es - “s 
18 114 90 73 62 55 48 _ os 
19 104 83 70 60 53 a - 
20 my 94 78 66 58 47 a 
22 es 95 7 67 54 oe 
24 os 28 83 65 55 
2% os 100 78 63 
2s oe 89 73 
30 ee 104 2 


* In the author’s opinion the energy consumption per ton-mile 
is, for frequently-stopping trains, very much less ay upon 
the weight and length of the train than is generally believed. It 
would be too irrelevant to the present discussion to enter upon 
the consideration of this point further than to state that the 
energy-consumption values in Table VII. are consistent for test 

ains coming within the range of lengths and weights 
this paper. 

slectricity as delivered from the sub-stations at 
ilowatt-hour for the single-phase system, and at 
”.87d. per kilowatt-hour for the continuous system. These 
amounts cover all outlays, both capital and operating, up 
to the outgoing cables from the sub-stations. The losses 
in the transmission system from the sub-stations to the 
trains are of but small amount in eithersystem. To allow 
for them, he will take the cost of the electricity delivered 
at the trains as 0.72d. per kilowatt-hour for the single-phase 
system, and 0.90d. per kilowatt-hour for the continuous 
system. These last increases in the cost simply allow for 
the electricity wasted in the process of being conveyed 
from the sub-stations to the trains, and do not allow for 
the capital and maintenance charges for the cables and 
the conductor-rails or overhead structures by means of 
which the electricity is conveyed from the sub-stations to 
the trains. The two figures of 0.72d. and 0.90d. per kilo- 
watt-hour respectively are thoroughly representative as 
regards their relative values, though their actual values, 
while representative, will vary considerably, according to 

many local circumstances. 

Furthermore, these values are only applicable for the 
conditions of a suburban service of passenger trains where 
the trains in each direction run, as an average, at inter- 
vals of some twelve to fifteen minutes during some six- 
teen to twenty hours per day. For a less intense service, 
the price for continuous electricity will exceed that for 
single-phase electricity by a greater percentage, since the 
cost of the sub-stations will constitute a larger item, and the 
“‘all-day ” efficiency of the sub-stations will be less. If, 
on the contrary, the trains run at intervals of only 
some three to six minutes, then also the relative figures 
of 0.72d. and 0.90d. at the trains are not applicable ; 
0.69d. for the single-phase system and 0.83d. for the con- 
tinuous system would then be more appropriate, the 
latter in this case exceeding the former “4 only 20 per 
cent., as against 25 per cent. in the case of the twelve to 
fifteen minutes’ service. This is because, while the cost 
of the electricity, as delivered at the trains, in the case 
of hoth systems, decreases with the intensity of traffic, 
the decrease is a greater amount for the continuous 


TABLE VIII. 





- Average 
Designating Lengthof Distance Schedule Syst 
No. Train. Between Speed. agit 
Stations. 
feet. miles. miles per hr. 
I \ { Continuous 
180 1.32 30 
ae, \ Single-phase 
{. Continuous 
Se } 180 0.88 22 { 
Y. Single-phase 


System, owing to the better load-factor at the sub-stations 
and the consequent considerable reduction in the capital 
charges and operating expenses of the sub-stations. For 
his further comparisons, however, the author will take 
the figures of 0.72d. for the single-phase system and 0.90d. 
for the continuous system for the cost of electricity per 
k lowatt-hour delivered at the trains. 
\ vith these data, we may now estimate the cost of the 
vctricity consumed by 180-ft. trains operating to the 
uthport service (as an instance of a severe service) and 
he S.L.E. service (as an instance of a much more 
‘oderate service). The price actually paid for the elec- 
ity for the S.L.E. trains is, at present, decided] 
igher than the figures here taken ; but the fairly high 
rice im that instance is pore to some extent, inci- 
‘ ntal to the experimental nature of the undertaking at 
"is stage. It is well known that in most districts there 


e} 
s 


Ar em 





would, under the conditions already indicated, be reason- 
able profit in supplying railways with electricity at the 
prices stated, and hence it is only on the basis of such 
prices that the comparisons will lead to useful results. 

To fix ideas, it can be taken that the author’s figures 
relate to a hypothetical road so situated that his prices 
for electricity are applicable, and have been quoted, and 
that the engineers of this road are engaged in deter- 
mining :— 

(1) Whether to use the continuous or the single-phase 
system. 

(2) The schedule speed to be provided on various 
sections of line with various distances between stations. 

Prior to making some detailed estimates, the engineers 
of this railway will first arrive at some general compara- 
tive results, as follows :— 

Let the comparison relate to four cases, I., II., III., 
and IV. The general particulars of these cases are set 
forth in Table VIII. 

Out of the 8760 hours in the year, it is rarely prac- 
ticable, on other than tube railways or railways providing 
the class of service associa with tube cabwege, to 
attain (for suburban passenger trains) to much more than 
2000 hours of actual service on the line. Usually the 
figure is decidedly less than 2000 hours. 

For aschedule speed of 30 miles per hour, the profitable 
mileage per train per annum, on the basis of 2000 hours, 
works out at 60,000 miles, and for a schedule speed of 
22 miles per hour it works out at 44,000 miles. Under 
the conditions of actual service, there will not be so 
much difference as this, between the annual average 
mileage per train, for these two schedules. The more 
the service conforms to the conditions of a tramway ser- 
vice, the more uniform and continuous will be the sequence 
of trains; consequently, for the 22-miles-per-hour case 
the author will take the annual average per train at 
48,000 miles instead of the above 44,000 miles, and for 
the 30 miles per hour case he will take the annual average 
mileage of 54,000 miles instead of the above 60,000 miles. 

The total cost of electricity per annum per train is 
obtained as shown in Table IX. 


TABLE IX. 


Schedule speed mls. p. hr. 22 
Distance between stops 
miles 1.32 0.88 
Il. 
Single- 
phase 


IIL, IV. 
Con- = Single- 
tinuous phase 


Designating No. ; I. 

‘ { Con- 
System a . | tinuous 
Weight of train (from Table 

Wee) os - . tons 
Net consumption of elec- 

tricity at trainin watt- 

hours per ton-mile (from 

Table VIL.) .. a “a 
Net consumption of elec- 

tricity at train in kilo- 

watt-hours per train-mile 
Miles per train per annum. . 
Net consumption per train 
per annum: kilowatt- 
hours. . os oe oe 
Gross consumption per train 
per annum (= 1.30 x net 
consumption) _kilowatt- 
hours. . ee ee oe 
Cost of electricity delivered 
at train, per kilowatt- 

hour .. oo $2 d, 
Total annual cost per train 

for electricity oe £ 2,970 
Total annual cost for elec- 

tricity per train-mile dd. 


118 171 103 138 


96 96 79 


113 
54,000 


164 82 
64,000 


10.9 
48,000 


610,000 886,000 523,000 


793,000 | 1,150,000 512,000 680,000 


0.90 0.72 0.90 


0.72 


3,450 1,920 2,040 


13.2 15.3 9.6 10,2 





Questions relating to the depreciation, maintenance, 
and renewals of trains are of so wide-reaching a nature 
that it would be inappropriate to deal with them in this 
brief paper. For comparative purposes, however, the 
author does not believe that the instructiveness of his 
results will be impaired if he takes at the rough figure of 
15 per cent. of the cost of the rolling-stock, the annual 
charges for interest, depreciation, repairs, and renewals. 
He will term these the annual charges for capital, depre- 
ciation, repairs, and renewals per train; and as a check 
to indicate their general reasonableness, he will, in 
Table X., also work out the corresponding values per 
train-mile. 

In Table XI. are brought together the results of 
Tables IX. and X. 

TABLE X. 


Schedule speed miles per hr. 30 22 


Average distance between 

stops . mniles 1.32 0.88 
Designating No. oe - Ll. a | IV. 
System { Contin- Single- | Contin- Single- 
y “s 7 * {uous phase | uous phase 
Total cost of train from 

Table VI. os ée £ 9475 15,665 7515 =: 11,325 
Percentage taken for obtain- 

ing annual capital charges 

per cent. 15 15 15 15 

Annual charges per train for 

capital depreciation, re- 

pairs and renewals .. £ 14% 2350 1130 1700 
Annual charges per train- 

mile .. a es d.! 6.31 10.43 5.65 8.55 


Amongst the many and large remaining costs there 
are none in which the adoption of the continuous system 
will entail greater costs per train than are incu with 
the single-phase system. 

It is well known that the gross receipts for three-coach 
trains on services of this character are usually of the 
order of from 40d. to 60d. per train-mile. Let us fix our 


attention on a case where the gross receipts are 50d. per 








train-mile. It is evident from the results in the lowest 
horizontal line of Table XI. that in such a case, whatever 
be the net profits, they will be less if the single-phase 
system is used than if the continuous system is used. 

he percentage of the gross receipts which could be set 
aside as profits would, for the 30 miles per hour, one 


stop per 1.32 miles service, be £28 x BS 


= 12.45 per 
cent. greater with the continuous than with the single- 
phase system. For the 22 miles per hour, one stop per 
0.88-mile service, they would still be greater by 3.5 — 
= 6.7 percent. It is common knowledge that suburban 
traffic is at present very unremunerative, although this is 
not always obvious from balance-sheets where the profits 
shown are usually very largely from main-line and 
traffic. Confining our attention to the suburban traffic, 
it appears that while there may be a few services in which 
the margin in favour of electrification is great enough to 
stand the higher cost of the single-phase system, there are 
many in which the great difference which the author has 
shown as existing between the two systems would make 
all the difference between commercial success and com- 
mercial failure. 

The subject is a large one with many important aspects. 
This investigation, however, clearly shows that the selec- 
tion of the electrical system, and pb the determination 
of the service to be provided, as regards schedule speed, 
distance between stations, and intensity of traffic, are all 
matters demanding the most careful attention, and that 


TasLe XI. 


30 


Schedule speed, miles per hour 
Average distance vetween 
stops , . miles 


1.32 0.88 


u. | WW. | _IVv, 
Single- | Contin- | Single- 
phase uous _ phase 


Designating No. es ; L. | 
System .. ; Contin- 


; : uous 
Total annual cost per train, 
for electricity ‘a £ 2970 3450 
Annual charges for capital, | | 
j 





1920 2040 
depreciation, repairs, and 
renewals, per train .. £ 

Sum of above two annual 
outlays, pertrain .. £ 

Cost per train-mile for elec- 
tricity .. A os d. 

Annual charges for rolling- 
stock, per train-mile 5 

Sum of above two outlays per 
train-mile oa ~~ d. 


1130 1700 


3050 3740 


9.6 10,2 


5.65 8.56 


15.25 18.75 
Amount by which the single- 
phase train costs more per 
train-mile than the con- 
tinuous electricity train—d. 6.22 3.5 
they are interdependent. It isevident from the nature of 
the case, as illustrated by the problems the author has 
worked out, that the more severe the service and the more 
intense the traffic, the greater is the superiority of the 
continuous system. But it is also demonstrated that even 
for systems of such moderate severity as 22 miles per hour 
and one stop ~ 0.88 mile, and even when the intensit 
of traffic is only one train every 12 to 15 minutes in eac 
direction, the superiority of the continuous system is still 
very substantial. It is, however, precisely for intense 
traffic and for severe services, that is, for services exceed- 
ing the limits amenable to steam-locomotive methods, 
that electricity is pre-eminently applicable. 
A point of considerable interest, disclosed by a com- 
— of the values in the penultimate horizontal line in 
able XI., is that, with the continuous system, the com- 
ponents of the total cost per train-mile, which has been 


19.51 _ 1.28) 
) 


(since 5s 
for the 30 miles per hour, one stop per 1.32 mile service, 
than for the 22 miles per hour, one stop per 0.88 mile 
service ; while with the single-phase system the cost per 
25.73 _ 1.37 
—iAwe 
1875 1) 
for the former than for the latter service. This is 
another point of view, from which the greater appro- 
priateness of the continuous system for severe services 
1s a rent. 

With the object of basing his comparisons on thoroughly 
authenticated cases, the author has taken for the con- 
tinuous-electricity services, roads employing pressures of 
some 600 volts at the trains. There are, however, now a 
considerable number of roads employing a pressure of 
1200 volts with conspicuous success ; indeed, in some of 
these instances single-phase equipments have been re- 
placed by 1200-volt continuous-electricity equipments. 
As early as 1904 the author (see the Hlectrical Review, 
vol. 54, pages 693-765) urged the advantages of doubling 
the customary pressure for continuous electricity traction 
systems, and based his comparisons on the precise lines 
which are now being so successfully adopted. Upwards 
of a dozen roads have now adopted the 1200-volt con- 
tinuous electricity system of traction. This system effects 
distinct economies over the 600-volt system and very 
appreciably accentuates the contrast between the con- 
tinuous electricity system and the single-phase system. 


considered, are 28 per cent. greater 


train-mile is 37 per cent. greater (since 








Leeps CHAMBER OF CoMMERCE YEAR-Book, 1910.— 
This is edited and compiled under the authority of the 
Chamber by the secretary, Mr. Rhodes K. Calvert, and 
is issued in the interests of the trade and commerce of 
Leeds and district. It gives information of general in- 
terest, such as the regulations in force in foreign countries 
with regard to British commercial travellers, &c. It also 
gree a long list of the members of the Chamber of 

Jommerce with reference to their specialities. 
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‘“‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOLFI- 
OATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned, the Specification is not 


ulustrated. 
Where inventions are communicated from abroad, the Names, &c., 
copies oof 5 Moat canta ciamesd of the Patent Office, Sale 
ies of Speci, ‘ions may 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the untform "ages of Sd. 
The date of the advertisement of the sommtnnee of a Complete 
nn ay ig is, in each case, given after the abstract, unless the 
atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
t vertisement of the mee of a Ci i i 
ive notice at the Patent O, of opposition to the grant of a 
‘atent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


983209. E. Wilson, Blackheath, and W. H. Wilson, 
Norbiton. Electric Condensers. (2 Fis.) June 9, 1909. 
~The object of the invention is the construction of a condenser 
suitable for high-frequency work, as is required, for example, in 
radio-telegraphy and for induction coils. The plates 1and 2 form one 
vair of electrodes with an intervening dielectric 3. The condenser 
is built up of a number of such plates according to the capacity 
required. The plates 1 and 2 are preferably rectangular, and sub- 
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divided into parts of which those of like polarity are either joined 
along one side, as shown in Fig. 1, or along two opposite sides, as 
shown in Fig. 2, to terminal bars 4. When the plates are joined 
to two terminal bars, as in Fig. 2, the plates of opposite polarity 
are joined to bars at right angles, as shown. In Figs. 1 and 2, 
each plate is divided into narrow strips by cuts across them at 
right angles to the terminal bars. The object of these transverse 
cuts is to reduce the loss of energy by eddy currents within the 
plates of the condenser. (Accepted June 15, 1910.) 


13,827/09. C.O. Bastian, London. Electrical Heaters. 
{4 Figs.) June 12, 1909.—This invention relates to means for 
transforming electrical energy into heat energy of the type 
wherein the enclosure for the resistance between the terminals 














+ 


is formed of a plurality of short tubes, sleeves, beads, or sections. 
The short tubes a (Fig. 2) or beads } (Fig. 1) are all formed of 
quartz in accordance with the present invention, and the con- 
ductor or resistance c is arranged therein in a coiled form, as 
described in Patent No, 19,333, of 1908. (Accepted June 15, 1910.) 


13,080/09. Evershed and Vignoles, Limited, and 
8. Evershed, London. Electric Energy Meters. 
(5 Figs.) June 3, 1909.—This invention relates to electric 
energy meters, and especially to astatic meters of the motor type, 
in which the coils carrying the main current act upon a flat wound 
armature carrying a current proportional to the pressure ; @ and 
» are the current coils, which are so disposed with relation to the 
armature d that their magnetic axes are normal to the plane of 
the armature disc, and pass through opposite ends of a diameter 
of the imaginary coil which is traced out by the magnetic centres 











of the armature coils in the course of the rotation of the armature 
disc. The main terminals of a meter are usually placed at a con- 
siderable distance from the current coils, in order that the stray 
field caused by the proximity of the cables carrying the main 
current to and from the meter shall not sensibly affect the accu- 
racy of registration. With an astatic armature such a precaution 
is not necessary, and, according to the present invention, there- 
fore, separate connections between the current coils and their 
terminals are dispensed with by—in one form—winding the 
current coils directly upon the metal pieces which form the ter- 





minals. Such a construction is shown in Fig. 1. The coils a, b 
are wound upon metal formers, which are continuations of the 
terminal lugs. The inner end of the winding is screwed and 
soldered to the metal former, as indicated in Fig. 2, and the outer 
ends of the two coils are coupled together at n. The terminal lugs 
project through holes in the case } into an enclosure which serves 
as a terminal box. Within the enclosure the terminals s, t of the 
armature circuit are fixed, and a link is provided to connect one 
pressure terminal to one of the main terminals. This link can be 
disconnected for testing purposes. The inlet and outlet cables 
are indicated by e and f, and the connecting wire for the circuit is 
indicated byg. Therotor of the meter consists of the disc arma- 
ture d, mounted upon an axle 0, upon which are fixed a metal brake 
disc r, to act as a Foucault brake in conjunction with the fixed mag- 
nets m, m; a pinion 13, adapted to drive the first wheel w of the 
counting mechanism, and a commutator c. The pressure current is 
led into the armature by means of brushes 10 and 11 in contact with 
the commutator, and the latter is connected to the armature coils. 
In Fig. 3 a suitable armature winding of three coils—1, 2, and 3— 
arranged as an open circuit-winding is shown. The inner ends 
of the three coils are connected together by means of the ring 12, 
and the outer ends are connected to the three segments of a 
three-part commutator c. In the position shown, the whole of 
the pressure current flows clockwise in coil 3, and counter-clock- 
wise in coil 2; while coil 1 is out of circuit. At the moment when 
a brush touches two segments the whole current continues to 
flow in one coil, but divides equally between the other two coils. 
With disc armatures of the type shown in Fig. 3, the sum of the 
turning moments produced upon the coils by a uniform stray 
magnetic field is always zero ; that is to say, such armatures are 
astatic. (Accepted June 15, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


5092/10. C. F. Carver, Limited,and S. Hursthouse, 
Nottingham. ae a {4 Figs.] March 1, 1910- 
—This invention relates to a single-sleeve shaft coupling for 
coupling together two plain-ended shafts by means of ordinary 
keys, and in which each key engages with both of the shafts to be 
coupled together. The coupling comprises a hollow sleeve a, 
which has end discs b and c, between which are facings d for one 
edge of the keys, and these facings may have side guides¢. The 
holes in the end discs are preferably bored, and may fit the shafts 
h. Both the end discs are slotted and the fazings d are trued 
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to form keyways which are inclined in opposite directions, and 
the keys f are provided with screw-threaded ends and nuts for 
holding the keys in position. The coupling sleeve a is placed 
over the ends of the two shafts, and the keys are inserted from 
opposite ends of the sleeve and forced or pulled into their grip- 
ing position, so that the coupling is true with the shafts. 
When the coupling is used to couple shafts of different sizes the 
keys are in two parts, one of which parts is stepped to fit the 
two shaftsand form a surface which is parallel to the centre line 
of the shafts, or the stepped part may be in two pieces of dif- 
ferent thicknesses, (Accepted June 15, 1910.) 


MOTOR ROAD VEHICLES. 


28,954/09. J. E. Anger, Preston. Motor Road- 
Vehicles. (4 Figs.) December 10, 1909.—This invention relates 
to a spring bearing device for motor road vehicles and is cha- 
racterised by providing the underframe ofthe vehicle with cranks, 
a pair of which are coupled at the ends to each laminated bear- 
ing spring, while to the boss of each crank (which is adapted to 
turn about an axis) is secured one end of a spiral spring whose 
other end is locked, so as to impart a spring resistance to the 
cranks turning, whereby, when the load is applied, it is trans- 
mitted through the cranks to both sets of springs—namely, the 
laminated bearing spring and the spiral springs, bending the 
former and applying a twist to the latter. The laminated springs 
Aare secured to the axle B at their centre. At each end these 
laminated springs are coupled to the underframe of the vehicle 
by the following arrangement:-A pair of spindles D for each 
laminated spring, are mounted in dumb irons E secured to the 
underframe F, and made fast by nuts. Near one end of each of 
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the shafts D is freely mounted the boss of the crank-arm G, which 
at its outer end is coupled to an eye at the end of the laminated 
spring A. On each of the spindles D is secured a collar I, having 
teeth on one face which engage corresponding teeth on the opposing 
face of a collar J loose on the spindle D. The loose collar J can be 
revolved to pass the teeth on the fixed collar I in one direction 
only. One end of a spiral spring, which acts as a torsion spring, 
engages the loose collar J, and the other end engages the boss of 
the crank-arm G. The crank-arms G, in their normal position, lie 
approximately diagonal, and the weight of the vehicle is trans- 
mitted through the crank-armsG to both sets of springs—namely, 
the laminated springs A and the torsion springs K. When, there- 
fore, the load is applied, it is transmitted through the crank-arms 
G to the laminated springs A, andalso to the spiral torsion springs 
K, turning the cranks G in the direction of the arrows, and bend- 
ing the laminated springs A, and apply ing a greater or less twist 
to the torsion springs K, and thus both sets of springs absorb con- 
cussions and vibrations. (Accepted June 15, 1910.) 


14,596/09. Clayton and Co. (Huddersfield), Limited, 
and A. Briggs, Huddersfield. Motor Wagons. (2 F/9s. | 
June 22, 1909.—This invention has reference to motor-wagons 
and comprises an application to such wagons of means by which 
loads can be readily hoisted to or from the same and elevated or 
lowered to or from any desired height. 1 represents the differ- 
ential-shaft driven from the gear-box of a motor wagon. For the 
purposes of this invention, the end of the shaft 1 is connected, 





in this instance by a screwed portion 11, to one end of 
auxiliary-shaft 2 whose other end is journalled in a hearin. : 
carried by a bracket 4 supported on the framework 5. Mouny 
on, and rotatably secured to, the shaft 2 is a hoisting-dru 7 
having attached thereto, at its inner end, a clutch-surface 71.‘ 
set-screw serves for the attachment of a rope to the drum, (np 
the shaft 1, or on a sleeve thereon, and adjacent the inner end of 
the drum 7, a sliding clutch-member 8 is loosely mounted and is 
adapted to be slid endwise on the shaft by means of a lever 9. fast 
at its lower end to one end ofa stud 10 journalled in a fixed bra ket 
11, the opposite end of the stud 10 having fast thereon a verti. 
cally extending arm12. Extending out at diametricall, opposite 
points from the hub of the sliding clutch-member 8 are studs 
engaged respectively by the lever 9 and arm 12, so that move 
ment of the lever 9 causes the sliding clutch-member to be slid on 
the shaft 1 to engage the clutch member 7! carried by the drum > 
or to be clear thereof, according to the position of the lever 9 
The sliding clutch member 8 is in this instance formed integral 
with the sprocket wheel 13, from which motion is transmitted }) 
chain to a sprocket wheel on the rear or driving shaft of the 
motor-wagon to propel the said wagon. The hand-lever 9, }y, 
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which the sliding clutch member 8 is controlled, is shown as 
having at its upper end a spring-actuated pin extending from a 
knob 92, and adapted to engage in one or other of two holes in 
the framework to hold or lock the sliding clutch member in or 
out of engagement with the clutch member on the drum 7. For 
propelling the wagon the clutches are placed in gear, as shown 
at Fig. 1, and if it is desired to hoist goods whilst the wagon is in 
motion, the free end of the hoisting rope is applied to the winding 
drum, around which it is thereby wound, the winding on and 
unwinding of the rope which passes over a pulley-block, hoisting 
or lowering goods on to or from the wagon from or to any desired 
height, the movement of the wagon itself being in this case 
utilised for hoisting or lowering purposes in addition to the 
winding barre]. Ordinarily the hoisting or lowering of goods to 
or from the wagon will be effected whilst the wagon is stationary. 
In this case the sliding clutch member 8 is actuated to withdraw 
it from engagement with the clutch surface or member 7! on the 
winding drum 7, whereupon the sprocket wheel 13 ceases to 
transmit power to the driving axle of the wagon, and the con- 
tinued action of the motor drives the differential or counter-shaft 1 
alone, whereby on passing the free end of the hoisting rope 
around the drum, goods can be hoisted or lowered at will. The 
speed of the winding drum can be varied through the differential 
motion or gear-box in the same way as the speed of the wagon 
itself is varied, and the direction of rotation of the shaft 1, and 
consequently of the drum 7, can be changed at will by the ordi- 
nary reversing gear of the wagon. (Accepted June 15, 1910.) 


RAILWAYS AND TRAMWAYS. 


1424809. R. A. Hadfield, Sheffield. Tramway 
Points. [10 Figs.) June 17, 1909.—This invention relates to a 
tramway point of the kind wherein the tongue is formed with an 
enlarged rounded heel, having one or more outwardly extending 
flanges or projections arranged to work in a corresponding groove 
or recess in the point body, which is provided with a bearing 
portion adapted to fit the enlarged end of the tongue so as to 
prevent vertical and forward movement thereof, and the invention 
consists in forming the bearing portion of the point body with an 
opening or recess fitted with a removable part adapted, when 
removed, to allow of the tongue being inserted in the point body 
and, when secured in the opening or recess, to retain the tongue 
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in place. a is the outwardly extending flange formed at the 
lower portion of the enlarged rounded end } of the tongue und 
arranged to work in the corresponding groove formed in the point 
body. fisa part of the point body constituting the remoyab’ 
portion of the bearing. It is formed by a vertically-movable 
block that is adapted to fit an opening in the point body at one 
side of the bearing-end thereof, and is formed with —— 
adapted to fit oppositely arranged dovetail-shaped recesses 1n vom 
side of the point body, so that when the block is slid vertically 
into position, it will be rigidly held in a lateral direction. Vertica 
movement of the block f may afterwards be prevented by a screw 
bolt. (Accepted June 15,1910.) 
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CHARACTERISTIC ENERGY DIA- 
GRAMS FOR STEAM LOCOMOTIVES. 
By W. E. Darsy, M.A., B.Sc., M. Inst. C.E. 
Tue steam locomotive is a combination of me- 
chanical apparatus by means of which subtle energy 
changes are accomplished. Broadly, the potential 
energy of fuel is in part transformed into mecha- 
nical energy, which is utilised*to overcome the 
resistances to the transference of the train along 
the road. The process of transformation is indirect, 
and takes place only as the result of energy trans- 
ferences from one energy-carrying medium to 
another. The heat energy produced by the com- 
bustion of the fuel is at first associated with the 
gases produced by the combustion. The greater 
part of the energy so produced is, however, imme- 
diately transferred across the heating surface to the 
water in the boiler. The entry of heat energy 


TABLE I.—ENGINES TRIED ON 








the road which are of the greatest possible utility, 
in general it is quite impossible to secure conditions 
where all the quantities concerned can be directly 
measured. 

A modern locomotive-testing plant, however, 
provides a means whereby nearly all the conditions 
of road service may be realised, but with the great 
advantage that a given set of conditions may be 
maintained constant over as long a period as may 
be desired. The pioneer plant was erected at 
Purdue University, and under the able direction of 
Professor Goss data have been accumulated, which 
are of the greatest interest to locomotive engineers. 
Other plants have been constructed, notably the 
fine equipment exhibited by the Pennsylvania Rail- 
road Company at the St. Louis Exhibition, and the 
plant erected by Mr. Churchward at Swindon. 

The data from these plants are so numerous that 
it is difficult to get a proper perspective of the varying 


ST. LOUIS EXHIBITION, 1904. 





























Professor Ashcroft, to Mr. J. B. R. Swan and 
Mr. C. A. Bender, student demonstrators in the 
Civil and Mechanical Engineering Department of 
the Central Technical College during the session 
1908-9, and to Mr. Stock, Whitworth Scholar, a 
student in the advanced course of railway engi- 
neering, recently established at the Central Tech- 
nical College in connection with the Imperial 
College of Science and Technology. Briefly, the 
method is to plot curves for each locomotive on 
one diagram, whose vertical ordinates represent 
the changing quantities concerned in the energy 
transferences, and whose horizontal ordinates re- 
—_ the energy received by the water in the 
oiler per minute. Two sets of experiments have 
been reduced in this way. The first set of data 
was obtained by means of the Pennsylvania Te-t- 
ing Plant at the St. Louis Exhibition. The 
second set of data was obtained by Professor 





THE TESTING PLANT OF THE PENNSYLVANIA RAILROAD COMPANY AT THE 





‘ ® t 
No. of P | P t 
~<a al Boiler | Total ’ Diameter Adhe- | : 
—— Owners, Type. Cylinders. Pres- | Heating _— of Driving- Bn J sion Type of Valve. | vate. 
Trials | sure. | Surface. Wheels oO": Weight. . 
" | Ih, pe sq. ft. sq. ft. in. tons. tons 
sq. in. 

100 Pennsylvania Railroad Company. No. 1499, built, 2-8-0 simple Outside, 22 in. by 28 in. 205 2482. 26 49.2 56 86.70 77.21 Richardson balanced. | Stephenson. 
in the Juniata shops of the company, 1904 

200 Lake Shore and Michigan Southern Railway Com- 2-8-0 , Outside, 21 in. by 30 in. 200 2541.22 33.76 63 80.80 72.60 Allen-Richardson. | Stephenson. 
pany. No. 734, built at Brooks Locomotive 
Works, 1900 

300 Michigan Central Railway Company. No. 585, 2-8-0 cross - com-| Two outside, 23 in. by 210 2819.20 49.43 63 84.40 73.40 Low-pressure Allen-| Stephenson. 
built by American Locomotive Company, 1902 pound $2 in., 35 in. by 32 in. Richardson; high - 

pressure piston. 

400 Atchison Topeka, and Santa Fé Railway System 2-10-2 tandem | Four outside, 19 in. by 225 4306.13 58.40 56.5 127.6 104.4 Piston. Stephenson. 
Built at the Baldwin Locomotive Works, 1903 compound 32 in., 32 in. by 32 in. 

500 Pennsylvania Railroad Company. No. 2512 (De 4-4-2compound | Two high-pressure out-| 225 2656.48 33.39 80 73.2 39.23 Hi h-pressure balanced | Walschaert. 
Glehn). Built by the Société Alsacienne de side, 14.18 in.; two | slide; low-pressure| 
Constructions Mécaniques, Belfort, France, 1904 low - pressure inside, slide. } 

: : | 23.7in. ; stroke, 25.25 in. : | 

600 Atchison, Topeka, and Santa Fé Railway System. 4-4-2compound | Two high-pressure in-| 220 2902.05 48.36 79 90 44.20 Piston. | Stephenson. 
No. 535, Vauclain compound, built at the Baldwin side, 15 in.; two low- } 

Locomotive Works, 1904 pressure outside, 25in. ; | | 
stroke, 26 in. | 

700 Built by the Hannoversche Maschinenbau-Actien- 4-4-2 compound, | Two high-pressure in-| 200 | 1753.15 29.06 78 59.6 29.2 High-pressure piston ; Walschaert, 
Gesellschaft. No. 628, 1904 fitted with side, 14.16 in.; two | including low-pressure Allen) modified by 

superheater low-pressure outside, super- balanced. Von Borries. 
22 in.; stroke, 23.62 in. heater | | 

800 New York Central and Hudson River Railroad 4-4-2compound | Two high-pressure in-| 220 3000 49.9 79 89.25 | 491 Piston. | Stephenson. 
Company. No. 3000, built by American Loco- side, 154 in.; two low- | | 
motive Company, 1904 pressure outside, 

26 in.; stroke, 26 in. - ‘ as 
* Based on the fire side of tubes. t Weights taken with water at second gauge-cock and with normal fire. 
Goss, by means of the Purdue Testing Plant, and 
= vows . sannes YepEVE 7 . . . > lage 
TABLE II.—Suowine Data FROM WHICH THE CuRVES IN DiAGRAM 100 ARE PLOTTED. forms a research in connection with the Carnegie 
: | | Institute. 
9 | of i | . . . 
: | Fs « * “ , . . = A full description of the testing plant shown by 
- amecaiaen ene i ae the Pennsylvania Railroad Company at the St. Louis 
Engine and - | B.T.U. /min, B.T.U./min Draw- ae Boiler EMictency Exhibition, together with most complete details of 
Experiment! Conditions. | x. | LH.-P. = to rong Ra ag Bar ut-Off. efficiency | ) he tests which were carried ou ; . 
Number. | | Coal Fired. Produced. Pull. | from Report, Transmission. tr te ts hic hy) d . t = eight locomo 
stiesaal | saan tives, with drawings of the engines, is to be found in 
ul 40-20-F | 207,200 | 365 262,500 907,20 oats S| ae | “a ‘** Locomotive Tests and Exhibits,” published by the 
0 0 -20- 207,2 365.7 262, 200 5,706 . 78. 7 : . A ‘ : 
il 40-30-F | 2477500 454.5 319,500 247°500 20,864 | 30.45 | 77.4 78 Pennsylvania Railroad Company in 1905. The Penn- 
109 80-20-F | 295,900 | 587.6 494,000 389,000 13,314 | 20.88 60.0 7 sylvania Company organised a representative advi- 
103 s0-20-F | 331,000 650.0 492,200 430,000 12,587 | 22.80 67.2 77 sory commi rrv out . ott 
112 80-30-F | 367,500 779.3 656,900 490,000 17,831 | 29.24 55.9 75 th 7 Come enced . oe é . FB gis ts, Ny ne of 
102 160-20-F | 393,000 | 803.3 811,909 528,000 8,666 22.16 48.4 73 ree re resentat ives Irom the American Society of 
105 160-27-F | 443,000 951.4 941,800 624,000 9,925 28.038 as " Mechanical Engineers, three representatives from 
7 20-30-F 5 5. va va , s BS 5. 7 ° ° . . 
Ne 1-90-F | aussoo | srs | sorgmp arom was | S133 | Se | |_| the American Railway Master-Mechanios’ Associ. 
101 160-40-P | 454,000 | 851.7 1,000,000 630,000 9,118 42.14 45.4 72 tion, and three aftiliated members. Of this com- 
115 120-35-F | 481,300 | 1036.1 951,400 650,000 15,883 33.96 50.6 74 mittee, Professor Goss, then Dean o 30 
117 | 160-35-P | 495,000 | 1023.7 1,016,700 718,000 10,902 | 35.30 48.7 69 ea be me sd b ite Dadoonatey phd bo ago 
| ’ , , . 
Col. 1 gives the combined engine and experiment number. H. H. Vaughan, superintendent of motive power, 
Col. 2 shows the conditions of each experiment ; thus 111, the conditions were a run at 40 revolutions per minute at 30 per cent. Canadian Pacific Railway, was secretary, and the 
on cut-off, with the regulator fully open. three affiliated members were Mr. J. A. F. — 
ol 


Col. 
Col. 
Col. 
Col. 


4, copied from Report. Item 379. Table 110. 


7, copied from the Report, Item 265, Table 111. 


3, Item 344, of Table 102 of the Report, multiplied by 16.1, giving B.Th.U. transferred across heating surface per minute. 
10. 


5, Col. 3 of this table, divided by the boiler efficiency as given in Item 350of the Report. Table 107. 
6, calculated from data in the Report in the way indicated in the article herewith. 


Col. 8, copied from the Report, Items 268 to 271, Table 109 of Report. 


into the water causes those well-known physical 
changes which enable the energy to be carried by 
the steam into the cylinder, where, acting on the 
pistons, a part—a small part—is transformed into 
mechanical energy, the greater part escaping with 
= steam into the atmosphere, in an unavailable 
orm. 

There are many quantities concerned in these 
transferences and transformations of energy which 
must be measured before an accurate knowledge 
can be gained of the way the energy produced is 
utilised or dissipated by the engine. ese quan- 
tities cannot, however, be measured with accuracy 
unless the conditions of working are maintained 
constant over a fairly long time. In service a loco- 
motive is working under continually changing con- 
ditions. The gradient, the track resistance, and 
acceleration are continually varying, and hence 
the rate at which energy is utilised is varying, so 
that, although some measurements may be taken on 








magnitudes in their relation to one another, even 
with close and laborious study. While studying the 
data of locomotive tests, published at various times, 
it occurred to the author that, since one of the 
quantities which is susceptible of the most accurate 
measurement is the rate at which energy is trans- 
ferred across the heating surface from the furnace 


| to the water side, and taken up by the water in 


the boiler, this quantity, used as an independent 
variable in connection with all the others, might 
furnish an interesting general perspective of the 
engine working. 

The curves about to be given will, it is thought, 
show how useful such a method of dealing with the 
subject is, in comparing engine performance and 
engine power, and in estimating what an engine 
can do steadily on the road. The author desires at 
once to express his acknowledgments for much help 
in connection with the reduction of the data from 


eneral manager of the Lancashire and Yorkshire 
ilway; Herr Karl Steinbiss, director, Royal 
Prussian Railway ; and Mr. H. V. Wille, assistant 
superintendent, Baldwin Locomotive Works. The 
entire exhibit of the Penvsylvania Company, in- 
cluding the locomotive laboratory, was in charge of 
Mr. F. D. Casanave. 

There was a permanent operating force of twenty- 
six members, and in addition there were forty 
observers, who remained about two months each, and 
several enginemen and firemen, who remained for 
varying periods of time. Eight engines were tried 
on the plant, some particulars of which are given 
in Table I., annexed. 

The description, dimensions, proportions, and 
average results of each engine trial were arranged 
under 407 numbered headings, so that correspond- 
ing items of different trials always appeared in the 
report under the same number, us item 7 is 
the measured circumference in feet of the fifth 
driving-wheel on the right side. Item 27 is the 
total weight of the engine in pounds. Item 241 is 
the fixed carbon in the coal used in the experiment. 
ltem 403 is the maximum indicated horse-power. 





the report, and with the drawing of the curves, to 


The particular engine and the individual tests 
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on the engine are distinguished by one number 
in the following ingenious way. Each engine is 
given a number, not, however, running in conse- 
cutive units, but in consecutive hundreds. Thus 
the numbers of the respective eight engines are 
100, 200, &c., to 800. The units and tens place 
in these numbers are reserved for the numbers of 
the several experiments carried out on the engine, 
and these numbers run consecutively. Thus, 117 
means the 17th experiment on engine No. 100 ; 
the number 712 means the 12th experiment on 
engine No. 700. 

"he conditions of each experiment are indicated 
by a method which enables them to be realised at 
sight. Against each experiment there is written 
what is called the laboratory designation, which 
consists of two numbers and a letter separated by 
dashes. The first number shows the approximate 
speed in revolutions per minute, the second number 
the approximate cut-off in per cent. of the stroke, 
and the letter indicates the position of the throttle- 
valve, F meaning that it is fully open, P that it is 
only partially open. Thus: 160—34-—F indicates 
an experiment at 160 revolutions per minute with 
34 per cent. cut-off and with the regulator fully open. 

In tabulating the results the combined engine 
and experiment numbers are written in a vertical 
column, and extending across the page from page 
to page are columns numbered to correspond with 
the several items of the experiment. The method 
is illustrated in Table IT. on page 255. There are 
twelve tables of results given in connection with each ! 


DIA S. 


EFFICIENCY 


ese transferred across Heating Surface pear Minute, x. 


engine, and an oo which includes drawings, 
and a complete table of dimensions, weights, &c. 
Summaries of average results are shown by addi- 
tional tables and curves. 

The tables give (the first zero in each number is 
left for the engine number) :— 


001. General boiler conditions. 

. Evaporation. 

. Boiler-power. 

. Coal and rate of combustion. 

. Cinders and sparks, 

}. Draught, rate of combustion, smoke-box, and 
fire-box temperatures. 

. Evaporative performance. 

. Smoke-box gases. 

. General engine conditions. 

. Mean effective pressure ; indicated horse-power 
steam consumption. 

. Dynamometer records, 

. Engine friction, 





brief description will show what a mass of 
data is tabulated in this magnificent report. 


The author’s method of representing the results 
of a locomotive trial is shown in Diagram 100, on 
Plate XIV., where the data resulting from the trial 
of engine No. 100—a simple consolidation—are 
plotted on a base representing the rate at which 
energy is transferred across the heating surface 
from the furnace to the water-side, the rate being 


heat transferred per minute. In each trial the 
equivalent evaporation of water in pounds per hour 
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0 





measured by the number of British thermal units of | 


LOCOMOTIVE SCHENECTADY N°2. 


| best straight line has been drawn through these 
| points, and granting that this represents the indi- 
| cated horse-power with fair accuracy, it follows that 
in all conditions of working with a full open regy- 
lator, the indicated horse-power is a linear function 
of the heat transferred across the heating surface, 
This is a somewhat surprising result, but it is fully 
confirmed by other experiments, as will be scen 
below, with the exception of those experiments at 
the higher rates of combustion on Diagram 8(\\), 


TYPE 4-4-0 
OUTSIDE CYLINDERS 
RICHARDSON BALANCED 
VALVES. 

STEPHENSON MOTION. 
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MS. 


& Abnesion WEIGHTS 
—— GENERAL DIMENSIONS. 





Dia.ot DrivingWheels - 69-25" 
Dia.of Gylinders - 16° 
Stroke of = 24" 


Length betwIubeFlates 15. 


° of Tubes 
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DIAGRAM B. BOILER PRESS. 160 LBS. 


TRANSMISSION RATE~2000008TU.PER MIN. 
BOILER PRESSURE ~I20L8S. PER SQ. IN, 
CALCULATED AT STARTING = 
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Speed wv Miles 
TRANSMISSION RATE =2000008.T.U.PER MIN. 


BOILER PRESSURE-I60LBS. PER SQ_ IN. 
CALCULATED FORCE AT STARTING- 


DIAG a. 


s 


Draw Bar Pull in Lbs. 


Train Speed in Miles per. B 
(and) ” 


from and at 212 deg. Fahr. is recorded as item 344. 
If the number giving the equivalent evaporation be 
multiplied by 966 and divided by 60, the result is 
the heat energy transferred across the boiler heating 
surface per minute expressed in B.Th.U. In the 
sequel, this quantity will be represented by x, and 
referred to briefly as the energy transferred. 
Applying this process to the records of engine 
No. 100, the figures given in the third column of 
Table IT. are obtained. 

Indicated Horse-Power. Curve Marked No. 1 in 
the Diagram. Scale } in. = 100 Indicated Horse- 
Power.—The fourth column of Table IT. gives the 
indicated horse-power, item 379 in the report. Each 
experiment is represented by a black dot, against 
whichis written thecorresponding speed of the crank- 
axle in revolutions per minute. The first fact which 
strikes one is that, notwithstanding the variations of 
speed and cut-off, the points fall fairly well within 
a straight-line region, with the exception of those 


ia. of Tubes (outside) SqFt 
otal Weight on Drwers-61,000Lbs. Heating SurlceWtal B20 Fi. 
" of Engine-109,000Lbs| Grate Arew......... 170 Sqft. 





where the regulator was only partially open. The 


= 1196 
= 126 SqFt 


Tubes 


Sght 
_ 


LU. transferred across Heating Surface per Mi, x. 


The equation corresponding to this line is 


x 
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Curve 2. Scale } In. = 100,000 B. Th. U. per Minute. 
—This curve shows the number of B.Th.U. corre- 
sponding to the coal fired per minute. This does 
not by any means correspond to the heat produced 
per minute, as a considerable fraction of combustible 
matter is carried away as ‘‘ cinders and sparks, 
and this quantity increases as the rate of com- 
bustion increases. Some measurements were mace 
at the trials, but not with sufficient accuracy tv 
enable the data to be used. A paragraph in th: 
report states that it was not possible to catch al! 
the sparks, but from the weight of sparks collecte:! 
from the roof of the building in which the tests 
were carried on it was estimated that about 10 per 
cent. of the total weight of fuel fired was lost as 
‘‘cinders and sparks,” corresponding roughly to ‘| 
per cent. of the calorific value of the fuel, judging 


1.B.P. = - 96. 
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from the values of the calorific values of the cinders} 3. The heat utilised per minute in evaporating |if there be any in the furnace-gas due to incom- 


and sparks, which were carefully ascertained. The|and superheating the water in the fuel and the 
loss would be distributed unequally amongst the | water brought in with the air, which is carried away | 


ee combustion, and also the unproduced heat in 
ydrocarbons passing away with the burnt gases. 


trials, being small at low rates of combustion and|as steam at the temperature of the smoke-box | If combustion were complete and perfect in the 


greater at high rates. gases. 
Curve 3. Scale } In. = 100,000 B.Th.U. per| 4. The heat lost by radiation per minute. 


DIAGRAM C. BOILER PRESS. 160 LBS. SQ. IN. 


TRANSMISSION RATE-2OQ000BTUPER MIN 
BOILER PRESSURE 180LBS. PER SQ. iN. 
CULATED T RACTIVE FORCE AT STARTING 
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4 Train Speed in Miles perHour 


\ TRANSMISSION RATE=200000 BT.U.PER MIM, 
BOILER PRESSURE 200L8S. PER 3Q.iN. 
CALCULATED TRACTIVE FORCE AT STARTING-14400. 


DIAG Da. 


Draw Bar Pull in Lbs. 





el U across Heating per Min,x. Train Speed in Miles per 


TRANSHISSION RATE= 200000 B.T.UPER MINUTE. 
BOILER PRESSURE ~ 2208S. PER SQ.1NCH 
CALCULATED TRACTIVE FORGE AT STARTING=15620 LBS. 
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Speed per 
TRANSMISSION RATE=2000008TU. PER MIN. 
BOILER PRESSURE 240 LBS. PER SQ.INCH. 
CALCULATED FORCE AT STARTING 
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BU. transterred across Heating per Minute, x. 

Min 'e.—The ordinates of this curve give the heat! The difference of the heat energy in the sum of 

produced by the combustion of the coal fired, esti- these quantities and the total heat in the coal fired 

mated by adding together :— r minute represents heat unaccounted for, which 
1. the heat transferred across the boiler-heating | - robably never been produced. The unpro- 

surface per minute. | duced heat in the cinders and sparks accounts for 


2. The heat carried away by the dry furnace |a large part of this difference, and to this must be 
gases per minute. ‘added the unproduced heat in the carbon monoxide, 


DIAGRAM D. BOILER PRESS. 200 LBS. SQ. IN. 





| Sense that all the carbon in the fuel were burnt to 
carbon dioxide, and all the volatile elements of the 


yt 


pBT U. transferred across Heating Surface per Minute,x, 


DIAGRAM F. BOILER PRESS. 240 LBS. SQ IN. 


~ 


7 


4: Train Speedin Miles perHour od U- transferred across Heating Surface per Miruite, x. 


fuel were properly burnt, the sum of the four 
quantities would be equal to the total heat in the 
coal fired per minute. This equality is only met 
with in a few of the cases, and then only at low 
rates of combustion, as will be seen from the curves, 
Diagrams 100, 300, and 600, on Plate XIV. The 
gas analysis is not given in the report for experi- 
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ments 501 and 502, so that the curve could not be 
completed. 

Before considering the meaning of curves 2 and 3, 
it may be premised that if the curve representing 
‘*heat produced” happens to be a straight line 
through the origin, it indicates that the efficiency 
of transference across the boiler heating surface is 
constant. This may be shown as follows :—If x 
be the heat transferred per minute, and H be the 
heat produced per minute, the ratio «/H measures 
the efticiency of transference; and this can only 
be constant when H is proportjonal to «—that 
is, when the ends of the ordinates representing H 
fall on a straight line through the origin. If the 
actual curve of ‘‘ heat pruduced ” curves upwards as 
« increases, it means that the efficiency of trans- 
ference is decreasing, and vice versd. A line of 
constant efficiency has been drawn on every dia- 
gram so that it passes through the points corre- 
sponding to the lowest rates of combustion. 

Generally, as will be seen from the diagrams, the 
vertical distance between curves 2 and 3 is small 
at low rates of combustion, increasing gradually as 
the rate of combustion is increased. In drawing 
the curves it has been assumed that the whole of 
the heat unaccounted for is due to unproduced heat 
in the cinders and sparks together with the unpro- 
duced heat in the carbon monoxide found in the 
furnace gases. The explanation of the method of 
calculating these quantities will be reserved for 
another article. 

Curve 3 at once suggests the idea that the boiler 
efficiency should really be considered from two 
points of view :— 

1. The efficiency reckoned from the heat in the 
coal fired. 

2. The efficiency reckoned from the heat actually 
produced by combustion. 

In the first method, that in general use, the 
etticiency of the boiler appears to fall off rapidly 
as the rate of combustion is increased, notwith- 
standing the fact that the velocity of the gases 
through the tubes is very much greater as the rate 
of combustion increases, and therefore, according 
to many recorded trials of other types of boiler, 
ought to increase. This anomaly is explained at 
once, however, if the efficiency is measured by the 
second method, for then it appears, as will be seen 
from the curves, that the efficiency is approaching a 
constant value, since the curve sensibly approaches 
the straight line of constant efficiency through the 
origin. 

In order to avoid confusion, the efficiency obtained 
by the second method may be referred to as the 
efficiency of transmission, since it is the ratio of 
heat transferred per minute to the heat actually pro- 
duced by combustion per minute, and thus measures 
the efficiency of the heating surface. The efficiency 
obtained by the first method, on the other hand, 
gives the efficiency of the furnace in combination 
with the efficiency of transmission. 

Columns 9 and 10 of Table II., page 255, show 
the two efficiencies for each of the twelve experi- 
ments on engine No. 100. 

Ourve 4. Scale } In. = 100,000 B.Th.U. per 
Minute.—The ordinates of line 4 represent the 
rate at which energy is transformed into mechanical 
energy expressed in per minute. The 
ordinates are obtained from the best straight line 
giving the indicated horse-power, by multiplying 
the indicated horse-power by 33,000 and dividing 
by 778, thus reducing the rate of working expressed 
in horse-power to the equivalent rate expressed in 
B.Th.U. per minute. Or, using the equation given 
above for the indicated horse-power, and multi- 
plying through by 33,000/778, it becomes 


B.Th. U. transformed into mechanical energy per 
minute in the cylinder = a — 4000 


with sufficient accuracy. Thus, when x = 400,000 
using the formula, the B'Th.U. transformed per 
minute is 36,000, or 9 per cent. of the quantity 
transferred. If the line representing equation 2 
passed through the origin, the ratio of trans- 
formation would be constant; but passing below 
it the ratio of transformation increases as x in- 
creases. At the lower limit where « = 200,000 
the energy transformed is 16,000 B.Th.U. per 
minute—that is, 8 percent. But when x = 500,000, 
the upper limit, the energy transformed is 9} per 
cent. Hence, between the great range of furnace 
action represented by a transference of 200,000 
and 500,000 B.Th.U. per minute, the range of 
transformation varies only between the limits 8 





and 9} per cent., showing how nearly constant the 
efficiency of transformation remains through all 
conditions of working of a locomotive. 

Curve 5. Scale } in. =100 B.Th.U.—This curve 
has been drawn to express the performance in a 
familiar way—namely, so that the ordinates show 
the B.Th.U. used by the engine per indicated horse- 
power minute. The indicated horse-power corre- 
sponding to any given rate of transference, x, is 
represented by the appropriate ordinate to curve 1. 

Hence, when the indicated horse-power is repre- 


Fig. 1. 





COMPARISON OF MEAN I.H.P. LINES. 


of the draw-bar pull at different values of x and 
at the speeds shown. For instance, at 80 reyo- 
lutions per minute, the draw-bar pull increases 
steadily as x increases and roughly follows a linear 
law. There are, therefore, sufficient data for 
determining the constant in this region for the 
product, tractive force multiplied by the speed, 
which product represents the rate of working at 
the draw-bar. For a given horse-power, and 
assuming constant engine efficiency, the product of 
draw-bar pull and speed will be constant, since it 
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sented by a straight line of the form a x—b, the 
equation to curve 4 becomes 
. as « a x 
B.Th.U. per I.H.P. minute = a o— 
431 
which is valid between the limits of the experi- 
ments. 
In the present case, when x = 200,000 


B.Th.U. per I.H.P. minute = 544, 


and when x = 500,000 
B.Th.U. per I.H.P. minute = 470 


These five curves complete what may be called 
the energy diagram of the locomotive. To these 
are added a second group showing various con- 
ditions of working, the use of which will appear 

low. 

Curve 6. The Pull Exerted by the Draw-bar. Scale 
} In. = 2000 1b.—The necessary data are given in the 
report under item number 265, and the values are 
shown in column 7 of Table II. In the diagram the 
draw-bar pulls at the same speed have been linked 
together by straight lines, and the speed in revolu- 
tions per minute is written against each chain so 
obtained. The experiments are insufficient in 
number to enable complete draw-bar curves to be 
plotted, but there are enough to give a good idea 


_ 96° 


300000 
B.IU. transferred across Heating Surface per Minute, x. 





400,000 500,000 600,000 


represents the rate at which energy is used to over- 
come the resistance at the draw-bar. 

Curve 7, Cut-Off. } In. = 10 per Cent.—The cut-off 
in the cylinder is plotted in these curves, and the 
cut-offs at the same speed are linked together by 
straight lines. The data given in column 8 of 
Table II. are copied from Table 109 of the report, 
in which the average cut-off is given under items 
268 to 271. 


DiacramM SHOWING THE VARIATION OF Draw-Bark 
PuLL WITH THE SPEED FOR A GIVEN STEADY 
Rate or Heat TRANSFERENCE. 


Let it be desired to find how the draw-bar pull 
varies with the speed when the boiler receives 
450,000 B.Th.U. per minute. Draw a vertical line 
on the energy diagram through the point x = 
450,000. This vertical line will cut the various lines 
numbered 6, at points which give the tractive pull 
for various speeds. The values corresponding to 
these points are tabulated in Table III. in column 4. 
To obtain a value from the curve corresponding to 
40 revolutions per minute, the curve in Diagram 100 
is produced. it cuts the vertical at 46,600. By 
plotting these figures, the chain-dotted curve shown 
in Diagram 100a is obtained. The curve cannot, 
however, be continued indefinitely upward be- 
cause there is a definite limit to the pull which 














Avs. 19, 1910.] 


ENGINEERING. 





259 











‘ TABLE III.—Relation of Speed to Draw-Bar. Pull. 








Speed. Draw-Bar Pull. 
l. 2. | 3. oe 7 . - j com 
| Calculated 
Calcu- | 
Miles Revolu- | - Le d lated from! = = 
per | tions per! journey Observed. | Indicated! jrgicated 
Hour. | Minute. 8 ‘ Horse- ee 
| e women. | Power. 
6.6 40 | 9.76 46,600 53,400 | 42,700 
13.25 80 19.55 21,960 26,650 | 21,310 
20 120 29.3 | 14,880 17,790 14,230 
26.5 160 39.1 | 9,880 18,330 10,660 





the engine can exert imposed by the load on the 
wheels. The limit can also be stated in terms 
of the boiler pressure and size of cylinders and 
driving - wheel. Using the latter method, and 
solving the ordinary formula for the maximum 
value of the tractive pull which a 2-cylinder simple 
engine can exert—namely, 
Tractive pull = ea a L 

where 

p = boiler pressure = 205 lb. per square inch, 

d = diameter of cylinder = 22 inches, 

L = stroke = 28 inches, 

D = diameter of driving wheels = 56 inches, 
it works out to 39,700 lb. Drawing a horizontal 
line, therefore, through this value, it cuts the curve 
in two parts; the upper part represents tractive 
forces which the engine cannot exert under any con- 
ditions, the lower part shows how the tractive force 
diminishes as the speed increases. It is interesting 
to compare the curve actually obtained in this way 
with the curve derived from the corresponding 
value of the indicated horse-power. For the value 
of x assumed in the diagram the indicated horse- 
power is 948, measuring from the energy diagram; 
that is, work is done in the cylinders at the rate of 
948 x 550 = 521,400 foot-pounds per second. The 
rate at which energy is utilised for traction is given 
by the product 


Tractive pull x speed in feet per second. 


The speeds in feet per second corresponding to 
the revolutions are given in the above table, 
column 3. Call this speed v; then the tractive 
null can be computed from 

Pull = 521,400/v. 


The calculated amounts are added to the table 
and the curve is plotted in the diagram. A second 
curve is also plotted, and a corresponding column is 
added to Table III. showing the tractive pull when 
0.8 of the indicated horse-power is taken in the 
calculation to allow for engine friction. The results 
show clearly that the draw-bar pull can be very 
nearly calculated from 0.8 of the indicated horse- 
power. Similar diagrams can be made for any other 
definite rate of evaporation. 

Corresponding energy diagrams are plotted in 
Diagrams 200, 300, 400, 500, 600, 700, and 800, 
and traction diagrams in 100a to 800a for the 
remaining seven engines tried at the St. Louis Exhi- 
bition. Corresponding quantities are all plotted to 
the same scale, so that the diagrams are comparative. 
And the preceding remarks may be read, mutatis 
mutandis, in connection with any one of them. 

The second set of experiments considered below, 
were made by Professor Goss, in connection with 
the Carnegie Institute, on a simple engine of the 
4-4-0 type and named Schenectady, with the 
object of discovering the influence of different boiler 
pressures on the economy of working. With this 
object in view, 97 individual trials were made, 
divided into six groups, the boiler pressure being 
maintained constant in each group of trials, but 
increasing from 120 lb. per square inch in the first 
grou; to 240 1b. in the last group, through the inter- 
mediate pressures, 160 lb., 180 1b., 2001b., and 
220 ib. per square inch. In each group of experi- 
ments trials were made at different speeds and 
different cut-off. Complete data are published in 
‘High-Steam Pressures in Locomotive Service,” 
published by the Carnegie Institute, 1907. 

The data in these trials are plotted in dia- 
grams A, B, C, D, E, F, on pages 256 and 257, 
im 4 similar way to the data of the St. Louis trials, 
So that the preceding description may be read in 
connection with these diagrams. One small dif- 
ference, however, is to be noted—namely, that the 
small figures in the energy diagrams A to F give 
the speed of the engine in miles per hour, and in 
the traction diagrams Aa to Fa the pulls are plotted 
‘gainst the speeds in miles per hour. 


Fig. 1, page 258, shows all the indicated horse- 


power ‘‘best lines” plotted together, so that_they 
may be compared. the comparison brings out some 
interesting results. Notice how near the results 
from the compound engines run ther. In fact, 
the trials of engines 300, 500, 600, 700, 800 give re- 
sults so reroarkably near one another that it seems 
to suggest that, under steady conditions of running, 
the indicated horse-power for engines of widely 
different construction and type, can be estimated 
at least to an approximation sufficiently near for 
most purposes from a linear expression representing 
the mean line drawn through the group of trials. 
In this case the expression is 


LH.P. = = - 50. 
382 

The lower limit of this expression would correspond 
to a value of x = 150,000. In one case the 
straight-line law regarding indicated horse-power 
fails at the higher speeds, as will be seen from 
diagram 800. The ‘‘best line” refers to the 
trials of this engine, which have been included 
in the general diagram. The general agreement of 
this part of the line with the other indicated horse- 
power lines is very close. 

Another point clearly brought out is that in the 
steady conditions maintained during the trials, the 
compound-engines are more economical than the 
simple engines, their group of indicated horse- 
power lines falling well above the lines for the 
siniple engines in the diagram. 

In the trials made by Professor Goss, the devia- 
tions from the straight-line law for the indicated 
horse-power are still smaller than in the case of 
the St. Louis trials, as will be seen from diagrams 
Ato F. Comparing the results of these A to F trials, 
it will be seen that at the lower steam pressures 
the rate of increase of the indicated horse-power 
per unit of heat transferred is smaller than in the 
case of the higher pressures. There is little differ- 
ence between the results above 160 lb. per square 
inch. It should be understood that the linear 
expressions obtained from these lines should not 
be applied below or above values of x corresponding 
to the lower or upper limit of the experiments. 
The lower limit is marked on each line in the 
general diagram by a dot. 

The numerical values of the constants a, b are 
collected together in the following table for con- 
venience of reference. 


Sr. Louis Tria.s. 
Constants in the Equation ILH.P. = aa — b. 


ax = energy transferred measured in B.Th.U. per minute. 
Engine No. a. bd. 
100 1/431 96 
200 1/408 154 
300 1/386 30 
400 1/349 230 
500 1/391 56 
600 1/382 60 
700 1/37, 30 
800 1/374 83 


Goss Experiments on High-Pressure Steam. 


Diagram. a. b. 
A. 120 Ib. per square inch 1/475 40 
B. 160 * » 1/459 41 
Cc. 180 o *” 1/439 44 
D. 200 o *” 1/450 53 
E. 220 a 1/429 67 
F. 240 1/441 62 


(To be continued.) 
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Petroleum Mining and Oil-Field Development: A Guide 
to the Exploration of Petroleum Lands, and a Study of the 
Engineering Problems connected with the Winning o 
Petroleum. By A. Beesy-THompson, A.M.I. Mech. E. 
London : Crosby Lockwood and Son. [Price 15s. net. } 

Tuts work of Mr. Beeby-Thompson comes at a fortu- 

nate moment. The public mind is exercised on 

oils, as evidenced by the condition of the share 

market, while its increasing employment as a 

source of fuel in manufactures and industry makes 

it incumbent on many to inform themselves of the 
extent to which petroleum can adequately fill that 
larger sphere of usefulness to which it appears 
destined in the immediate future. Careful atten- 
tion to this subject is the more necessary because 

England being a coal-producing country, and her 

position in the world’s commerce depending mainly 

on the successful working of her coal-fields, other 
economical sources of energy have been somewhat 











_ clined her to view with some disfavour the growing 


neglected. Interest and tradition alike have in- 


importance of a competitor which threatened the 

supremacy of her own sources of power. There is, 

therefore, the greater need for the consideration of 

that authoritative and exact information which Mr, 

Thompson is so well qualified to provide. His 

earlier books have proved him to be an instructive 

and graphic writer. He has made us apprehend 

the weird scenes of which Baku has been the 

theatre. He has pictured for us the life led in 

that hive of industry, the method of mining the 

petroleum in that small district, its treatment 

within a limited area, and the beauty and danger 

of the conflagrations that occasionally accompany 

the harvest. That was in the days of small things, 

before liquid fuel had advanced far beyond the 

experimental stage and its usefulness was unre- 

vealed. The internal-combustion engine, with its 
many applications, was still in its infancy. In. 
those days the pre-eminence of Russia’s oil-fields 
was hardly disputed ; she furnished practically one- 

half of the world’s total consumption, and exceeded 
that of the United States. A profounder concep- 

tion of the world’s requirements, coupled with a 
more intelligent employment: of capital and energy, 

has altered that prospect. Now Russia’s output, 

though considerable, is less than one-third of ‘that 
of America alone, and she has to face a rapidly 
growing competition in Roumania and Galicia, 

where the production is advancing by leaps and 
bounds. ith the shifting of the great centres of 
supply has arisen the necessity for a wider outlook. 
The conditions under which the crude oil can be 
collected have varied with the change of environ- 
ment. Adaptations both in mining machinery and 
methods have been contrived ; new treatment of 
petroleum products have to be considered. The 
whole standpoint for viewing the industry has 
changed. 

After an introductory chapter dealing mainly 
with the wide geographical distribution of petro- 
leum, and quoting statistics to show the extent of 
the trade, with the facilities and opportunities for 
enlarging that trade, the remainder of the book 
may be roughly divided into ;three portions. In 
the first is considered the geological conditions that 
have favoured the formation of petroleum and 
natural gas ; in the second, the work of the engineer 
in tapping advantageously these subterranean 
stores ; and lastly, the employment of petroleum 
and natural gas as sources of energy. It will be 
seen, therefore, that to some extent the treatise 
covers the ground already occupied by Sir Boverton 
Redwood’s well-known monograph, though in some 
essential particulars it differs widely from that 
standard authority. The author is an engineer, 
writing for engineers. He is addressing those who 
he anticipates will take an active part in exploiting 
this source of wealth, and with this audience in 
view, the author discusses the several problems as 
they arise from an intensely practical standpoint. 
This attitude is the more necessary because there 
are essential differences in mining, as generally 
understood, and its particular application to a gas 
or liquid products, more or less viscous. An engi- 
neer trained in ordinary schools would not find 
himself efficiently equipped for this special case, 
and the author expresses the hope, with which we 
would willingly identify ourselves, that technical 
colleges may be induced to give greater prominence 
to this special branch. ‘‘ There are few branches 
of engineering,” says Mr. Thompson, ‘‘ that offer 
brighter prospects to an energetic and enterprising 
engineer : there is certainly none that presents 
more varied and interesting problems.” 

One of these problems which stands out con- 
spicuously, though it may be of more interest to 
the geologist and the chemist than to the engineer, 
is to determine the origin of petroleum. The 
character of the problem has altered somewhat 
since it was first debated, as the side issues ob- 
scured the main question; and though of late 
discussed more intelligently, it cannot be said that 
a completely satisfactory answer has been given. 
When petroleum was found in a few isolated 
localities, undue prominence was given to its local 
character, and it was sought to explain its appear- 
ance by the presence of exceptional geological 
conditions, Now, when the oil is recognised as a 
widely distributed deposit, existing in sedimentary 
rocks of all kinds and ages, the introduction of 
special circumstances is necessarily inadmissible, 
and the oa of causes on a scale hardly less 
imposing than those which have built up our coal- 
measures has to be invoked. We have no intention 





of entering into the unprofitable controversy that 
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rages between the supporters of rival theories, 
based upon an inorganic or organic origin, and the 
more minute sub-divisions of the latter school. In 
this cautious conduct we imitate the author, who is 
willing to state the arguments on either side with- 
out drawing a definite conclusion. Sometimes we 
think he is inclined to write himself as a disciple of 
Hofer and Engler, though he never mentions these 
authorities by name. Certainly the advocates of 
inorganic theories would hardly claim him among 
their supporters. If we accept the possibility of 
an organic origin, the distinction between animal 
and vegetable sources is not of great moment. In- 
deed it is extremely difficult to suppose that if one 
has contributed the other has not, particularly if 
the very minute forms of either are included. 
Under certain conditions it is difficult to exclude 
the possibility of an inorganic origin. It does not 
help us much, but whatever the source, it will be 
admitted that natural gas is a secondary product of 
the same decomposition. These are questions 
which will hardly disturb the engineer, who will be 
equally indifferent whether the petroleum was pro- 
duced in the beds from which it is his care to 
extract it, or was introduced subsequently by a 
process of distillation of underlying seams of organic 
matter. Thé chemical problems are of more prac- 
tical importance, because they concern not only 
the removal of impurities, but bring to light curious 
phenomena in the behaviour of hydro-carbons 
during the process of distillation and refinement. 

It is in the second division, dealing with mechani- 
cal problems, that the author is seen at his best. 
His acquaintance with the systems of drilling 
adopted in different parts of the world is intimate 
and thorough. The methods approved in different 
countries according to the character of the geolo- 
gical strata are well described, and the practical 
details given—often very minute—should prove of 
great assistance to the young engineer. Specifi- 
cations of rig and boring-tools, together with forms 
of contract in use in different localities, are added. 
The chapter on boring is, of course, highly tech- 
nical, but will be appreciated by those to whom 
it is addressed. What the layman learns from it 
is that judgment and skill, as well as the need 
for infinite patience under irritating circumstances, 
have to be continually exercised, and that fertility 
of resource to meet exceptional cases is constantly 
demanded. Particularly are these qualities neces- 
sary in the recovery of lost tools, where a great 
variety of conditions can enter, in which previous 
experience is of little service. 

It may and does happen that in certain strata 
the sides of the boring-hole crumble down and fill 
up the boring-tube as fast as it is drilled. Then 
it becomes necessary to sustain the sides by some 
kind of casing, which again will vary according 
to district and circumstances. There is not only 
the inclination and character of the strata to be 
taken into account, but the diameter and depth 
of the well have to be considered. There is, too, 
the possibility of water penetrating, and this 
danger demands especial precautions. The author 
discusses many typical cases and the reasons for 
decision in each. Since oil-wells are worked for 
profit, economical considerations cannot be over- 
looked. The investor will do well to consider what 
it may mean to him, if a well at the surface has 
a diameter of only 12 in. or 14 in. with a reduced 
diameter of, perhaps, 6 in. at a depth of 2000 ft., 
while another well has to start with a diameter of 
36 in., to ensure the same completed diameter 
at the same depth. There is not only the extra 
material to be removed, but the expense of casing 
will be very different under the two circumstances. 
These are points which are not always mentioned 
by company promoters, and it will be found that 
Mr. Thompson's book may be as instructive to the 
capitalist as it is necessary to the engineer. In 
this matter of casing it is impossible to over-esti- 
mate the importance of exclusion of water. At all 
points in the petroleum industry, till the finished 
product appears as fuel, the question of water ad- 
mission is of consequence, in the final stages affect- 
ing ina marked degree the calorific value of the 
fuel, and in the carlier imperilling the loss of the 
whole supply. This is one of the risks the investor 
runs, hom often unwittingly. When water enters 
an oil-well through imperfect casing or other means, 
the oil may be raised as long as the gas pressure is 
maintained, but as s20n as the natural level of the 
oil falls below the hydrostatic head of water, an 
emulsed mixture of oil and water will be raised, 
the volume of water being continually increased. 





The consequence is the loss of the oil-well to the 
proprietor, but the injury does not stop here. 
Owing to the less viscous character of water 
it will find a channel to other points, where oil is 
being extracted on the same field, and other owners 
who have sunk their wells more cautiously will 
ultimately find themselves robbed of their reward 
and compelled to relinquish their property. Such a 
loss may be occasioned by hurry in sinking: a rival 
anxious to get to the oil before his competitor will 
not be sufficiently cautious in casing, entailing ulti- 
mately disastrous consequences. Where percolation 
goes on underground it is very difficult to bring home 
successfully any charge of negligence, even if any 
legal machinery exists for enforcing compensation. 
We have, perhaps, unduly enlarged on this parti- 
cular question because we wish to show that Mr. 
Thompson is really addressing a large audience, 
touching upon questions that all should know. 
We have by no means exhausted the many subjects 
that are discussed here in an acute and informing 
manner, and especially regret to be obliged to 
omit all reference to natural gas. But we are 
sure that all who consider carefully the sketch 
the author presents on this and some other topics 
will be well rewarded, and will appreciate the 
extent of the information brought under their notice. 
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THE ERIE CANAL.—No. III.* 
By Cuartes Preiini, C.E., New York. 

Tue new Erie Canal follows pretty closely the 
line of the old one, the route being shown on the 
map on the next page. Among important changes to 
be made is the reduction in the number of locks 
from five, as at present, to four to overcome the 
difference of level at Lockport. Another improve- 
ment contemplates crossing the Genesee River 
at Rochester on a pond, instead of on the existing 
masonry bridge, the pond to be formed by building 
a dam a mile or two south of the city, thereby 
increasing the harbour facilities. East of Lyons the 
route of the old canal will be abandoned entirely, 
and the new one will follow the trail used by the 
early settlers, and before them by the Indian tribes. 
The Clyde, Seneca, and Oneida Rivers will be utilised 
as well as Lake Oneida itself, after which the canal 
will follow the course of Wood Creek, reaching at 
Rome the highest point on the ridge dividing the 
Mohawk River from the watershed of the Lake. 
As this part of the canal is at a higher level than 
the rest, it will be fed by two reservoirs, to be built 
one at Delta, on the Mohawk River, and the other 
at Hinckley, on West Canada Creek. On entering 
the valley of the Mohawk the canal will follow the 
course of the river down to the Hudsen. Quite a 
number of dams will be needed on this section, in 
order to regulate the depth of the water according 
to the seasons. At. Little Falls the rapids will be 
crossed by means of a lock 405 ft. in height. 

The law regulating the present improvement of 
canals in the State of New York provides for the 
minimum width and depth of the canal prism. 

Accordingly, several cross-sections have been de- 
signed for use through the different materials and 
conditions to be encountered. Fig. 3 shows the 
section through rock ; the width at the bottom will 
be 94 ft., with vertical sides for a height of 9 ft., at 
which there will be a horizontal run of half a foot, 
followed by vertical walls 5} ft. and another run of 
3ft. on eachside. The rock will be cut with aslope 
of 1 to 10, leaving a horizontal passage of 8 ft., at 
which the earth embankments will begin with a 
slope of 1 to 1.5. This method will be followed in 
long cuts only; in case of short ones, the cross- 
section will be as in Fig. 4, the bottom will be 
75 ft. wide, with slopes of 1 to 2 on both sides, so as 
to reach the surface’ of the water with a width of 
123 ft. The rock on both sides will be cut witha 
slope of 1 to 10, and after leaving a horizontal })»s- 
sage 8 ft. wide, the embankment will begin with a 
slope of 1 to 1.5." The standard section through 
earth is shown in Fig. 5, which also indicates when 
the sides of the canal are to be built of removed 
materials and when in cuts. In both cases tle 
bottom width will be 75 ft. ; slopes of 1 to 2 will 
be cut up to a height of 14.5 ft. The upper part of 
the slopes down to a depth of 5 ft. will be pitched 


* No. I. article appeared in our issue of July 1, page 15 
No. II. on July 15, page 76. 
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THE ERIE CANAL; LOCK No. 5. 
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the wall will be carried vertically down to the 
foundations. Within the longitudinal walls the 
culverts are built for filling and emptying the locks, 
the water entering the lock-chamber by means of 
circular openings close to the floor. Figs. 12 to 29 
show the various cross-sections of the lock taken 
along the lines marked in the plan. 

Iron ladders, two on each side of the lock- 
chamber, are fixed to the wall, so that one can 
descend to the bottom when the lock is dry. 
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Within the locks are placed two rows of fender- 
blocks at some distance apart, to prevent barges 
from being damaged during lockage operations, and 
also to protect the walls themselves. Fig. 30, 
on Plate XV., represents the interior of the lock- 
chamber, with the outlets of the culverts close to 
the bottom, as well as the iron ladder and the 
square recesses for the fender-blocks, which are 
made of wood, and which project outside of the wall. 

The approaches of the lock are somewhat of a 
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complicated construction and are at different levels 
corresponding to the height of the lift. The lower 
end has a recess for the gate, and the top carries 
a flight of stairs built in concrete. The upper 
approach contains a step equal to the difference of 
level of the section of the canal. This step has 
the form of a circular segment with a radius of 
30 ft. 32 in., leaving a distance of 10 ft. between 
the middle of the curve and the springing line. 
North of the step are the recesses for the gates, and 
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at a distance of 27 ft. there is a second arched wall 
running parallel to the inner one, with a space 
where the culverts begin and where they are regu- 
lated. All this is shown in the plan and longitu- 
dinal section (Figs. 10 and 11). esides the ordi- 
nary gates for lockage operations, the locks will 


have at each end a needle dam, a recess being left 
in the side-walls to receive the swinging needle- 
beam. This beam will form the top support of a 
nee’le dam, which may be placed across the lock 
for inwatering in case repairs have to be made. 
Th recess for the swinging beam is shown in 
Fig. 51, which is given, with three other engravings, 
on i’late XV. The top of the wall at the approaches 
will be provided with various recesses of different 
shapes, as indicated in Fig. 32, which represents 
the 1 sp of the wall of lock No. 3, taken at the 
upper gate, looking down. The first opening is 
=~ ‘he machinery necessary to operate the gate, 
1e 


‘he second for the gate anchors, the third for the 
valve-gates, and the fourth for the capstan. 
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The lock-gates will be of steel, of the mitering 
single skin-girder type, carrying the principal load 
as beams. They will be operated by electricity 
derived in some cases from dynamos and turbines 
at the locks, and in others from a central station, 
and delivered to the machinery by means of a fibre- 
lined moist-proof electric conduit, to be built in 
concrete all along the line of the canal. 

Another characteristic feature of the new canal 
will be the construction of eight movable dams 
having an aggregate length of nearly 3650 ft., and 
estimated to cost 1,825,000 dols. They will be 
located on the Lower Mohawk River, chiefly be- 
tween Crane Village and Schenectady. These dams, 
or weir bridges, will have all the appearance of a 
bridge of heavy construction ; and, in addition to 
the usual piers and abutments of concrete masonry, 
there will be a concrete structure forming a sill. 
On the lower chord of the down-stream side of the 
bridge a series of steel frames will be hinged close 
together, with overlapping flanges. These frames 





OF LOCK No. 5. 
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will be controlled by chains attached to the lower 
ends, so that the frames can be raised or lowered by 
turning on the hinges. When lowered they will abut 
against the concrete sill built on the bed of the river 
between piers and abutments. Each frame will have 
two sets of gates formed of large rectangular steel 
plates, which can be raised or lowered at will. They 
will slide on the sides of the frames after the manner 
of corrugated-iron doors. When water has to be re- 
tained, the lower gates will be let down so as to rest 
on the sill at the bottom of the river, while the upper 
end of the highest tier of gates will form the crest. 
The advantage of such movable dams is that the 
height of the water can easily be regulated by ad- 
justing the upper gates. The outflow of the water 
is secured by lowering the upper gates, when the 
water will flow through the opening as through a 
weir, or else the gates may be ‘alee a little, when 
the water will flow through the orifice. Duri 
the winter months, as also in times of floods an 
freshets, both frames and gates are raised, being 
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r.tained underneath the bridge floor, thus leaving 
a channel free from obstruction except for the 
spanning bridge. In these movable dams, the sill 
is placed at a maximum depth of 20 ft. and a 
minimum of 16 ft., the lifts ranging from 8 ft. to 
10 ft. 

The improvements in course of construction on 
the Erie Canal will require a number of bridges 
which will be built with a clearance of 15} ft. 
between the lower chord and the surface water. 
Owing to this small clearance, sea-going vessels are 
excluded from the canal for all time. The bridges 
are of the single-span type. Those intended to 
carry highways are constructed in the shape of a 
bowstring truss of the Warren type resting on 
abutments of different construction. The abut- 
ment for a highway bridge across the canal is 
shown by the photograph reproduced in Fig. 33, 
Plate XV. It is constructed of reinforced con- 
crete. Bridges which carry railroad tracks across 
the canal will be built of the truss type, with abut- 
ments of reinforced concrete, as described above. 
Bridges of lighter construction will be built across 
the locks toward and above their lower end for the 





purpose of affording communication between the 
two sides ; such bridges will be of the Warren type, 
of truss with sub-verticals. 

At Medina the line of the new canal will cross | 
the gorge of Oak Orchard Creek, which is nenety | 
90 ft. deep, 200 ft. wide at the bottom, and 5C0 ft. | 
at the top, the water being 30 ft. deep. As no) 
suitable ground was met with for the foundations, | 
it was decided to build a concrete arch carrying a | 
reinforced concrete trough of 103 ft. clear width as 
being deemed the least expensive and most perma- | 
nent. Figs. 34 and 35, annexed, show the elevation 
and cross-section of the proposed structure, which | 
will be one of the characteristic and most elaborate 
features of the entire work. In fact, the Oak 
Orchard Creek will be crossed by means of an 
arch, 285 ft. clear span, which will be the longest | 
reinforeed-concrete arch in the world. It will be | 
5 ft. longer than the Rocky River Bridge, which is | 
almost completed, at Cleveland, and which is only 
second to the Plauen Bridge (295 ft.). The latter | 
is, however, built of stone voussoirs. Other 
characteristics of this important bridge canal are 
the excessive loads which it may carry and the 
great width of the bridge itself. The arch is de- 
signed to carry a total load of 46,000 tons, while 
the moving load, represented by the prism of water, 
has been estimated at 12,400 tons, or 825 lb. per 
square foot. This is an enormous moving load 
when compared with those of other long-span 
arches, in which the moving load was seldom 
assumed at more than 400 lb. per square foot. The 
total width of the structure is 129 ft., of which 
103 ft. will be occupied by the trough carrying the 
canal prism, with a pathway 13 ft. wide on each 
side of the canal. 

Preparatory to the construction of the Medina 
Arch, the Barge Canal Commission has made im- 
portant experiments, which have been recently 
published in many technica’ papers. Owing, how- 
ever, to the small dimensions of the model (;};) the 
experiments, although very conclusive for the 
investigation of facts sought by the Commission, 
have not the scientific importance of those which 
were made several years ago by Austrian engineers 
and architects when the theory of the elastic arch 
was practically tested and confirmed. 





HicH-Sperp Steet: Erratum.—We regret that, by a 
typographical error, the address of Mr. A. E. Dinsmore, 
whose letter on this subject appeared on page 241 of our 
last issue, was given as ‘‘9” instead of ‘‘19,” Cherry- 





lane, Walton, Liverpool. 











SUISTED'’S COALING ELEVATOR. 


SevERAL forms of floating elevator for coaling large | 
steamers in dock or harbour have been built of late | 
years, with the idea of doing away with the slow and | 
dirty system of coaling by hand with baskets or bags, | 
and an interesting and recent example of such devices | 
is illustrated in the two engravings given on Plate XVL., 
which we publish this week. This elevator is the 
invention of Mr. P. H. Suisted, and it has been con- 
structed by Messrs. Day, Summers, and Co., Limited, 
of Northam Iron Works, Southampton. It is intended 
for lifting coal direct from barges and shooting it into 
a steamer’s bunkers. 

The elevator proper is carried on a superstructure | 
built above two pontoons which lie parallel to each | 
other and 28 ft. apart, so that the coal-barges, when | 
being unloaded, can lie in between them. The| 
pontoons are each 80 ft. by 5ft. by 12 ft. 6 in., and} 
carry lattice framings, about 12 ft. high, on the top| 
of which the working deck is fixed. The elevator | 
structure is built up of lattice-work and carries a} 
covered-in hopper at the top, to which the coal is | 
delivered by the elevator buckets. This hopper is | 
fitted with three telescopic chutes. These chutes have | 
universal joints, and may be raised or lowered, and 
swung fore and aft, their range enabling them to feed | 
either into a bunker hatch 40 ft. above the water-line, | 
or into a side-pocket 2 ft. above the water-line. The) 
endless chain, carrying the buckets, is driven by a| 
tumbler situated at the top of the fixed lattice-work | 
structure, while at the bottom of its path the chain | 
runs round a lower tumbler which is carried by a! 
lattice framing situated inside the main structure. | 

This framing is arranged so that it can be lifted 
up inside the main structure, as shown in Fig. 2, 
Plate XVI., leaving a clear way below the deck, so that 
the barges can be towed into position. 

When the barge is in place ronemnen the pontoons, as 
in Fig. 1, the framing is lowered until the buckets rest 
on top of the coal, so that when the chain is set in 
motion the buckets dig into the coal and lift it to the 
hopper at the top of the machine, the action being similar 
to that of a bucket dredger. Buffer springs are fitted 
to the lifting screws of the framework carrying the 
lower tumbler, so that movements of the barge, owing 
to waves, do not interfere with the working of the 
buckets. When a barge has been emptied, and the 
lower part of the bucket chain is lifted up level with 
the deck, the slack of the chain is taken up by two 
weights operating automatically, which cause the third 
tumbler, ronnd which the chain works, to travel 
out along the cantilever-arm, which can be seen in 


Fig. 1. 

The elevator is fitted with steam capstans by means 
of which the barges are towed into position between 
the pontoons, and, if necessary, moved forward to suit 
the buckets while the coal is being removed from 
them. The capstans are fed from a boiler situated on 
the deck, which also supplies steam for the bucket- 
driving mechanism and the lifting-gear. 

The elevator buckets each hold 5 cwt. of coal, and 
the machine can discharge from 100 to 150 tons of coal 
= hour down any of the chutes, or the three together. 

hen building further elevators of this class it is 
proposed to fit four chutes and an automatic weighing 
app iance which will. register the coal as it passes 
through the machine. It is stated that on coal-lifting 
tests which were carried out at the makers’ works the 
absence of dust was very noticeable. The elevator i!lus- 
trated is the property of Messrs. Suisted’s Patent Cval- 
Elevator, Limited, 6, Lloyd’s Avenue, London, E.C. 





H.M. PROTECTED CRUISER ‘*“NEWCASTLE.” 

WE illustrate on Plates XVII. and XVIII. the 
second-class protected cruiser Newcastle, which is 
typical of the ‘‘Town™” class, five of which were 
ordered under the 1908-9 programme, and four under 
the 1909-10 programme, while provision is made in 
this year’s Estimates for the laying down at an early 
date of three more. These vessels are light unarmoured 





ships, intended for reconnaissance work in association 


Yj 


49.6) 
A 


with the more powerful SECTION A 
armoured cruisers of a 
fleet, and, being possessed of a speed of 26 knots, they 
will prove most serviceable. They are not intended to 
penetrate the screen of the enemy’s force, and thus the 
armament is limited to 6-in. bow and stern chasers, 
with five 4-in. guns on each broadside, all clearly seen 
on the starboard beam view of the Newcastle, on 
Plate XVII. They also carry two Maxim guns, and 
have two submerged tubes for 18-in. torpedoes, 
They may be regarded as developments of the ‘‘ Atten- 
tive” scout class, which, although of the same legend 
speed—25 knots—only attained this result under 
favourable conditions, as they were fitted with recipro- 
cating engines, whereas the speed of the four ‘* Town ” 
cruisers so far tried * ranges between 25.8 and 26.296 
knote—a difference largely due to power developed, 
which varied between 22,500 and 24,335 shaft horse- 
wer in the respective ships. But as the machinery 
in all of these ships is of practically the same design, 
each may be credited with a 26-knot speed. In addi- 
tion to this speed advantage, the new cruisers, being 
some 60 ft. longer and of nearly 900 tons greater 
displacement than the vessels of the ‘ Attentive” 
type, can keep the sea more easily ; they have a 
greater armament, since the ‘‘ Attentive” class had 
only ten 3-in. quick-firers and eight smaller guns, 
while the fuel supply carried gives them a much wider 
radius of action. 

The Newcastle, like the other ships of the class, has 
alength, between perpendiculars, of 430 ft., a breadth, 
extreme, of 47 ft., and at a mean draught of 15 ft. 
3 in. the displacement tonnage is 4800 tons. As we 
gave a complete description of the Newcastle on the 


| occasion of the launch of the ship (see ENGINEERING, 


vol. lxxxviii., page 767) we need not here enter into 
details. The lines are exceptionally fine, being a devc- 
lopment of those of the Attentive class. A noticeable 
feature of the view on Plate XVII. isthe outward large 
curve of the bow wave, due to the flare out above the 
load-line. This will make the vessels dry boats in 
a weather, a great desideratum for a scout, which 
may have to undertake a running fight after an enemy's 
destroyer or scout. The high forecastle is also con- 
tributive to the same result. The funnels were con- 
sidered rather short, and have been lengthened since 
the photograph reproduced on Plate XVII. was taken. 

An important feature of the machinery of this class 
of cruiser is that in the case of two of the ships—the 
Bristol and Yarmouth—Brown-Curtis turbines are 
being fitted by Messrs. John Brown and Co., Limited, 
Clydebank, so that the comparison may be made with 
the performance of the Parsons turbines in the seven 
other ships now being built. These latter so far have 
given splendid results, the water consumption per 
shaft horse-power per hour for all purposes having in 
at least one case been 12.60 lb. at full power and 
13.16 lb. at half-power, while the fuel consumption 
for all purposes has been 1.6 lb. at full power and at 
half power. 

The general arrangement of the Parsons turbine 
installation follows recent practice, there being four 
lines of shafting arranged in three separate engine- 
rooms. The high-pressure ahead and separate high- 
pressure astern turbines are arranged on one shaft in 
each wing compartment. One low-pressure ahead 
turbine (in which is embodied the low-pressure astern 
turbine) is mounted on each of the inside shafts, being 
placed in a centre compartment, which also contains 
the maneuvring gear for all the turbines. But in 
these cruisers, as in all warships subsequently laid 
down, there are no separate cruising turbines, a special 
series of blades for cruising purposes being fitted in 
each high-pressure turbine. The view of the high- 
pressure ahead and astern turbines of the Newcastle 
on Plate XVIII. shows the arrangement of valves fur 
by-passing the steam at full power into the second 
expansion stage, and suggest also the greater length 
of turbine required for low-power working. Thesystem 

* The trial results of the three preceding vessels of t'\« 
class were published—the Glasgow, in ENGINEERING, 
vol. lxxxix., page 67 ; the Liverpool, /bid., page 788; thc 
Gloucester, page 241 ante, 
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oi bearings, lubricating, and governing gear are also | On the full-power trial of 8 hours’ duration the power 


clearly seen on this as well as in the view of the low- 
p! essure ahead and astern turbines on the same Plate 
(Fig. 3). Both turbines are within the one casing, 
and the large eduction pipe is a prominent feature. 
The condensers in these cruisers are located abaft the 
turbines, the port and starboard condensing plant 
being in separate water-tight compartments. The con- 
denser and air-pump installation on the Newcastle is 
notable, as the former is of the ‘‘ Uniflux” type, and 
the latter of the ‘* Dual” type, both introduced by 
Messrs. G. and J. Weir, Limited, Cathcart. The gain 
due to high vacua on the steam-turbine is a point which 
emerged early in its development, but it is only recently 
that the majority of engineers have appreciated the 
extent of this gain. From 26-in. to 27-in. vacuum 
there is again of about 4 per cent.; a further gain of 
5 per cent. if the vacuum is increased to 28 in.; and a 
still further gain of 6 per cent. to 7 per cent. when it 
js increased to 29 in. ‘I'he opportunity afforded of thus 





adding to turbine efficiency was early seized by Messrs. | 


| BRAZILIAN TORPEDO-BOAT DESTROYERS. 


Weir, who had been identified with the introduction of 
independent air-pumps for naval vessels, and conse- 
quently had a considerable experience in condenser con- 
ditions. The results of these oon installations 
caused them to direct their attention to the design of the 
main condenser as a chief factor in the attainment of 
high vacua, and after a long series of trials and experi- 
ments, they ultimately produced the design of con- 
denser now known as the ‘“ Weir-Uniflux,” and illus- 
trated on page 270 (Figs. 4.and 5). The two ‘ Weir- 
Uniflux ” condensers for the Newcastle were built by 
the Wallsend Slipway and Engineering Company, 
Limited, by arrangement with, and to the designs of, 
Mesers. Weir. The contour is of the pear or heart-shape 
characteristic of the ‘‘ Uniflux” design, to secure a 
uniform velocity of steam-flow over all the tubes, and 
the cooling surface is considerably less than that 
hitherto considered necessary for ordinary condensers 
for equivalent duties. The shells are of steel, with 
brass tubes and tube-plates and gun-metal doors. For 
the designed power of 22,000 shaft horse-power of the 
Newcastle’s turbines the cooling surface, with con- 
densers of the usual cylindrical design, would have 
been about 22,000 sq. ft. The ‘* Uniflux ” condensers 
fitted to the mcd however, have a total cooling 
surface of 16,820 sq. ft., representing a saving in weight 
and space, which is of vital value in a crowded naval 
engine-room. The following figures show the con- 
densing plant performance at full power—22,000 shaft 
horse-power. 


Sea temperature ... _ _ ... 46 deg. F. 
Vacuum at top of condenser (corrected ; 
to 30 in. barometer) ... 29.02 in. 


Circulating discharge temperature 
Hot-well temperature... ‘ 


Tideg. F. 
- <a 
Temperature equivalent to vacuum ... 


a 

In conjunction with the condensers Messrs. Weir 
have also furnished four of their ‘‘ Dual” air-pumps 
22 in. by 12 in. by 16in. These pumps are of the 
twin type, bat have the distinctive feature of com- 
bining a wet and a sep3rate dry pump in one appa- 
ratus. Whenever the contents of the condenser are 
handled by one pump, or its equivalent—a twin pump 
with common suction—the hot-well temperature for a 
given vacuum is dependent on the amount of air leak- 
age and ae capacity. By the use of separate 
pumps handling the air and water, the dry pump 
having a cold injection non-returnable to the feed, this 
phenomenon can be largely overcome. In this ‘‘ Dual” 
pump the dry pump portion can be kept at a compara- 
tively low temperature, as a closed supply of injection 
water continuously cooled circulates through the pump, 
densifying its contents and consequently increasing its 
efficiency. On the other hand, the wet pump portion 
handles the water from the condenser at approximately 


the steam temperature, and thus secures a high hot- | 


well temperature, a3, of course, none of the feed need 
be cooled down to secure the high vacuum which is 
obtained by the dry pump. 

The boilers, twelve in number, of the small-tube 
type, are arranged in three separate boiler-rooms, and 
in each boiler-room there will be one main and one 
auxiliary feed-pump. The boiler-rooms are adapted 
for use with the , ae stokehold system of forced 
draught, the supply of air being provided by steam- 
driven fans, 
fuel and forced lubrication purposes. 

The Neweastle has completed all her trials, and 
will be commissioned at an early date. The 30-hours’ 
endurance trial was divided into two parts; the 
vessel was required to run for eight hours when de- 


Oil-pumps are provided for both oil- | 


|our previous article. 


veloping about 18,000 shaft horse-power. With a mean | 
air-pressure in the stokehold of 1.22 in. and an average | 


for all four propellers of 461.6 revolutions per minute, 


the shaft horse-power averaged 18,742, while the coal | 
consumption was 1.65 Ib. The vacuum was 29.02 in. | 


The 


that under easy steaming conditions 14,038 shaft horse- 


power was maintained at 420.5 revolutions, the coal in the stokehold of 2.43 in. 


‘he subsequent 22 hours of this run were to be at| 
13,500 shaft horse-power, and at the close it was found | 


| 





| passing from the mast to a special jigger aft, 


averaged 24,669 at 518.2 revolutions, the coal and oil 
consumption being respectively 1.036 lb. and 0.171 lb. 
per shaft horse-power. 

At each power six runs were made over the mea- 
sured mile at St. Abb’s Head, and the results are tabu- 
lated :— 


| 


Mean revolutions .. 422.1 | 465.8 522.9 
Shaft horse-power .. - ‘ 14,051 19,116 25,417 
Speed .. ae ” -. knots 24,342 24.841 26.256 


! 


These results are most creditable, not only to the 
technical officers at the Admiralty, who are respon- 
sible for the design of the ~*~ machinery, but 
also to Sir W. G. Armstrong, hitworth, and Co., 
Limited, who built the ship, to the Wallsend Slipway 
and Engineering Company, Limited, who constructed 
the machinery, and to Mr. Andrew Laing, their 
managing director. 





Ir is seldom now that one firm is entrusted with the 
order for as many as ten vessels for any navy, and the 
successful completion of such an order by Messrs. 
Yarrow and Co., Limited, Scotstoun, Glasgow, for the 
Brazilian Government deserves more than passing 
notice. The practice is to distribute such orders, not 
entirely on economical grounds, but partly to secure 
the experience gained by several firms, if not also to 
obviate any possibility of cumulative failure. Messrs. 
Yarrow have themselves achieved success so con- 
sistently over a long period of years, and with a 
great variety of ships, that no element of uncer- 
tainty could enter into the case, so that the Brazi- 
lian authorities had adequate reason for confidence 
in placing with them the order for the whole ten 
torpedo-boat destroyers required to constitute, in 
association with three battleships and two scout 
cruisers, the modern navy of that progressive South 
American Republic. The results have justified this 
confidence, as evidenced by the tabulated trial records 
of all the ten boats. 

The destroyers are all of one design, which of 
itself is an important advantage, not only from the 
tactical point of view, but also from the standpoint 
of management by Brazilian officers and crews. ve 
partake generally of the characteristics of the Britis 
‘** River” class, in which there were embodied greater 
strength andother qualities toenable the vessels tomain- 
tain their speed in a heavysea. Thus, high forecastles 
were fitted and the scantlings generally increased, the 
consequence being that while in the earlier British 
destroyers a speed of 30 knots was realised, the rate 
for the River class was reduced to 254 knots. In the 
destroyers built by Messrs. Yarrow for the Brazilian 
Government, however, such modifications were made 
as to ensure, in combination with ample strength of 
construction, a guaranteed speed of 2 knots, and in 
every ship this speed has easily beea exceeded. 

It is not proposed here to enter into a detailed 
description of the vessels, as sections and plans of 
them, with illustrations of the machinery, were pub- 
lished at the conclusion of the trials of the first vessel 
early last year (see ENGINEERING, vol. lxxxvii., page 
347). We may, however, give one or two of the 
leading particulars. The length between perpen- 
diculars is 240 ft., the beam 23 ft. 6in., the depth 
14 ft., and the draught 17 ft. 6 in. when the dis- 
placement is 650 tons. The ratio of length to beam 
is 10.2 to 1. The vessels are notable for several 
features, prominent among them being the adequacy 
of the living quarters, the application of retrige- 
rating installation for the purpose of cooling the 
magazines, and the circulation of cold air in the 
ward-room, cabins, and other parts. Each of the 
vessels carries a large motor-pinnace. The Marconi 
wireless apparatus has been installed, the eo 

igh- 


| tensile steel is used in the parts of the hulls where 
longitudinal strength is important, and the rivets used 


are of the same strength per square inch as the 
plates they connect. The ships are divided into ten 
water-tight compartments by bulkheads from the outer 
bottom plating to the upper deck. 

The vessels are fitted with two sets of four-cylinder 
triple-expansion engines, balanced on the Yarrow- 
Schlick-Tweedy system, supplied with steam from 
two double-ended Yarrow boilers. The firing of 
these boilers from both ends is a unique feature, and 
we gave drawings of the boilers in connection with 
The total grate area is 267.5 
square feet, and the heating surface 14,980 square 
feet, the ratio of heating surface to grate area bein 
56 to 1. The highest power developed on an officia 
trial was 8877 indicated horse-power in the case of 
the Parana. This gives 33.1 horse-power per square 
foot of grate area, while the heating surface on this 
occasion was equal to 1.69 square feet per unit of 

wer. This power was realised with an air pressure 
In the case of the 


consumption being 1 85 1b., and the vacuum 28.76 in. | Sergipe almost as high a power was reached—8554 





indicated horse-power with an air 
1.66 in., while in the Alagéas 7400 horse-power was 
obtained with only 1} 1b. of air pressure. These 
results clearly show that the boilers were thoroughly 
adequate for their work, and gave a high rate of 
evaporation. In service this double-ended type of 
boiler has given complete satisfaction, and it promises 
to be extensively adopted. Among the advantages 
resulting from the system is the reduction by one half 
of the steam and feed-pipes, and of the steam-pumps ; 
and there is thus great gain in all warships, and espe- 
cially in torpedo craft, where space, particularly in 
the machinery compartment, is unavoidably limited. 

It will be seen from the table of results that the 
speed attained varied from 27.160 to 28.736 knots. 
This speed, however, might have been raised to 29 
knots if such a procedure had been considered desirable. 
The aim, however, in all the trials was to fulfil the 
guaranteed condition, and to give a speed of 27 knots 
with a slight margin. In foreign work as well as in 
British work this is probably a desirable course, 
because it is possible in steam trials to obtain excep- 
tionally favourable conditions, because not only of 
the experience of the personnel, but of depth of 
water and of weather. No doubt it is important, 
for the accumulation of data and for the gaining of 
experience, to get the best result possible from every 
ship. It is not infrequently, as a consequence, that 
when the ships have gone into service the limita- 
tions im in respect of personnel and other 
conditions make it difficult, if not impossible, to repeat 
the trial-trip performance which, in public opinion, 
throws discredit, unjustly, on the naval staff. It is 
therefore a question whether good relationship and 
subsequent business is not promoted by the realisation 
only of guaranteed results on such trials, as the subse- 
quent improvement upon these results when the vessel 
has been put into service, and is worked with the 
normal personnel and under prevailing weather con- 
ditions, is certain to give satisfaction to the owners. 
If, for instance, all of the Brazilian vessels had been 
run at 29 knots, and had failed at all times to 
achieve corresponding speed in Brazilian waters, there 
might have been disappointment ; whereas now the 
guaranteed speed of 27 knots has been exceeded 
since the vessels have been in commission, with the 
result that there is greater satisfaction at the Brazilian 
Admiralty. Certainly the vessels are capable of 
more than 27 knots, in view of the low air-pressure 
indicated in the table. 


Results of Official Three Hours’ Full-Power Trials. 


“eaena of only 








Revo- Air Pressure 
Name of Boat. Speed. lutions.| 4 -P- in 
. Stokehold. 
knots in. 
Para .. ae i 27.259 333.04 7014 1,22 
Piauhy 27.211 330.7 6563 1.43 
Amazonas 27.178 336.72 6898 1.64 
Matto Grosso - 27.160 338.11 7403 1.63 
Rio Grande do Norte 27.275 | 841.7 7778 1.9 
Parahyba . - 27.200 335.44 6700 | 1.26 
Alagéas e 27.258 | 337.7 7403 | 151 
Santa Catharina 27.305 337.5 6982 1.55 
Parana nr ee .. 28.7386 | 354.4 8877 2.43 
Sergipe en oe 27.605 | 364.5 8554 | 1.66 





Equally favourable results were got on the manceuvrin 

trials. The diameter of the turning circle at ful 
eere was about 375 yards, and at two-thirds speed 
about 330 yards. In the stopping and starting trials 
the boats began to move astern from full speed ahead 
in thirty seconds from the time the signal was given 
by the telegraph, while they began to move ahead 
from full speed astern in twenty-five seconds from the 
time of moving the telegraph. The coal-consumption 
trials showed that at 14 ote speed the radius of 
action was 3690 nautical miles ; the. bunker capacity 
is 140 tons. The other results were equally satisfac- 
tory, and Admiral Bacellar is to be congratulated on 
the completion of a most satisfactory fleet of des- 
troyers. It should be added that the marked success 
of these vessels is in no small degree due to the co- 
0 — of the Brazilian authorities who supervised 
the work. 





ZOELLY TURBINES IN THE GERMAN Navy.—We are 
informed that, in consequence of the excellent results 
obtained in destroyers fitted with the lly marine tur- 
bine, the German naval authorities have ordered from 
the Germania Yard, Kiel, six more boats thus equipped. 
Official data as to the trials have not been published, but 
the figures given in the following report, translated from 
the Zeitschrift des Vereines Deutschcr Ingenieure for 
March 26 last, are understood to be authentic. The 
torpedo-boat G 173, built by Messrs. Krupp and Co., of 
Germaniawerft Kiel, carried out her trials on the measured 
mile in Eckenford Bay. This boat has a displacement of 
650 tons, and is propelled by Zoelly turbines, designed by 
Messrs. Escher Wyss and Oo., the total power being 
16,000 horse-power. On trial, in about 25 metres of water, 
and in a slight wind, this boat reached a speed of 33.35 
knots, the shaft power at this speed being 8200 horse- 
power in each shaft at. about 690 revolutions.. G 173 is 
the first German warship fitted with Zoelly turbines, 
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THE HEATING OF ENGINEERING WORKSHOPS. 


MESSRS. DAVIDSON AND CO., LIMITED, ENGINEERS, BELFAST. 
(For Description, see opposite Page.) 
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THE HEATING OF ENGINEERING SHOPS. 


A WRITER, in commenting on the inadequate pro- 
vision that is usually made for heating engineering 
workshops in this country, humorously remarks that 
we are rather prone to regard the cold weather as a 
kind of malignant visitation that must be borne with 
patient and uncomplaining endurance. Certainly 
there has hitherto been a tendency to consider a 
heating plant as somewhat of a luxury, but, judging 
from the number of installations now being put down, 
it would appear that this attitude is rapidly dis- 
appearing. It is now recognised that the capital laid 
out in a heating plant bears a good rate of interest in 
the shape of better work performed by the men. 

The selection of a heating plant demands careful 
consideration, and depends largely on local conditions, 
such as the character of the building and the nature of 
the work carried on therein. Where a supply of steam 
is available, it may be economical to employ it as the 





being ones with steam from a single boiler, which 


is situated in the corner of the short bay in the machine- 
shop, as may be seen in Fig. 1. The boiler is of the 
vertical cross-tube type, capable of evaporating 1400 Ib. 
to 1600 lb. of water per hour at 80 lb. pressure when 
burning coke fuel. The heating battery for the machine- 
shop is placed close to the boiler, and consists of two 
sections of weldless steel tubes, which are made in one 
piece and tested to 350 lb. per square inch hydraulic 

ressure. The pipes are expanded into the common 
eg so that the liability of leakage is reduced to a 
minimum. In any case, should a leak occur, the base 
is so arranged that an expander can be inserted from 
the bottom without the necessity of taking the battery 
to pieces, the common base being divided into two 
compartments, one for steam and the other for drip. 
All the condensed water is drained into a receiver and 
is automatically returned to the boiler by a steam- 
pump. The battery is also equipped with a steam-spray 
air-moistener, which may be put into operation should 


heating agent ; on the other hand, where the works are the atmosphere in the shops become too dry at any 


compact and electric driving from a supply company is | time. 





The fan attached to the battery is a 25-in. 





Fic. 4. Heatina APPARATUS IN THE 
exclusively used, a direct-fired air-heater may prove 
more suitable. In every case, however, the distribution 
of heat by radiation must be avoided, since it tends to 
warm the building unequally. The plenum and ex- 
haust system is undoubtedly good, as is also the plenum 
system alone, the former ing more particularly 
adapted for buildings in which the cubic contents is 
not very great in comparison to the number of occu- 
pants, as the employment of an exhaust fan provides 
& more vigorous system of ventilation than does the 
Simple plenum arrangement. Most engineering shops 
are comparatively lofty, and it is seldom necessary to 
use exhaust-fans ; consequently the plenum system, 
which passes a large volume of fresh warm air into the 
building and allows it to find ite way outside through 
ventilators and other openings, is quite sufficient to 
keep the air fresh. 

"he heating plant which has recently been installed 
at the works of the Central London Railway at 
Shepherds Bush is arranged on the plenum system, 
anc serves the machine-shop and the car-repair shop. 

he former comprises one tons bay, and a short bay 
of about half the length. The repair-shops have also 
two bays, which, however, are not so high as those of 
the nachine-shop, and each bay is provided with two 
tracks for the cars. These shops are shown in plan 
anc sectional elevation in Figs. 1 and 2, page 266, 
while F ig. 3, on the same page, is a perspective view of 
the interior of the machine-shop. 

“ach department has a separate heating unit, both 
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diameter ‘‘ Sirocco,” which is belt-driven off a 6-horse- 
power motor bolted to the wall above the fan. A 
special arrangement is in operation at the air-inlet 
to the battery, by means of which fresh air from the 
outer atmosphere may be circulated, or the re-circulation 
of the existing air in the shop can be effected at will, 
or any proportion of the two. This arrangement is 
very useful when starting up first thing in the morning 
in cold weather, and pom the shop to be effectively 
warmed without the attendance of the fireman some 
hours before the proper time for starting work. It 
further provides a safeguard for a spell of unusually 
cold weather, when, by the continuous re-circulation, 
the temperature of the air in the shops can be kept 
within reasonable limits. 

The distribution of the warm air in the machine- 
shop is effected by a single line of piping, which is 
supported by the stanchions separating the two bays. 
At each stanchion a vertical branch duct is fitted, 
terminating about 2 ft. from the floor, with two 
outlets, which deliver the air into the bays. Pro- 
vision has also been made for a pipe to convey 
the warm air to the store, which forms part of 
the short bay and is situated on the other side of the 
smithy. 

The second heater unit is situated in the car repair- 
shop, about the centre of the wall dividing this depart- 
ment from the machine-shop, a perspective view of it 
being shown in Fig. 4, above. It consists of a fan 








and steam-pipe battery, the steam being brought from 





the boiler in the machine-shop by means of pipes laid 
in an underground duct. These pipes may be seen 
dotted in Fig. 1. The battery is slightly larger than 
that in the machine-shop, though in other respects iden- 
tical. The ‘‘ Sirocco” fan measures 30 in. in diameter, 
and is belt-driven by a 9-horse-power motor. The 
fresh air in this case is taken in through a vertical 
sheet-metal duct, which projects through the roof as 
shown in Fig. 2, provision being also ‘oele for re-circu- 
lation of the air, as in the machine-shop. Above the 
fan the warm-air-supply duct branches off into three 
directions, two of the branches going to the right and 
left along the wall, while the third crosses to the 
other side of the shop, extending there to the right 
and left along the far wall. All the overhead ducts 
have vertical branches terminating about 2 ft. from 
the floor-level, those along the dividing wall between 
the car repair-shop and the machine-shop having out- 
lets through the wall into the latter department. The 
reason for this arrangement is that along the wall inside 
the machine-shop are a number of machine-tools, which 
are driven from overhead shafting, and consequently 
there is no room available for installing an overhead 
duct. The heating plant has been designed to give two 
complete changes of air per hour; by running the fans 
during the summer months a constant change of atmo- 
sphere can be maintained, and the temperature in the 
shops thereby greatly reduced, while in winter time 
the heating capacity of the installation is sufficient to 
maintain a temperature of 50 deg. in the repair-shop 
and 60 deg. in the machine-shop, with the outside 
temperature at’ 30 deg. 

For heating the worksof Messrs. Brook, Hirst, and Co., 
Limited, of Chester, the makers of the ‘‘ Brookhirst ” 
iron-clad motor-gear, it was necessary to employ an 
entirely different type of plant, owing to the fact that, 
the works being purely electeleal and also electrically 
driven throughout, no steam was available as heating 
agent. A ‘‘Sirocco” direct-fired air-heater was, 
therefore, installed, and the warm air generated by it 
is distributed throughout the works by means of a 
centrifugal fan. The direct-fired air-heater employed 
in this installation is so designed that the heat units 
given off by the combustion of the fuel are directly 
applied to the warming of the air, and as there is only 
one transfer of heat from the furnace to the air, the 
thermal waste is very low, and accordingly the 
efficiency of the heater 1s proportionately high. 

The heater consists of a central furnace, from the 
back of which the products of combustion pass into 
ae smoke-boxes at the right and left-hand side 
of the furnace. From here they are led to the front 
of the heater, along the upper rows of tubes, which 
are arranged horizontally on each side of the furnace. 
The gases then descend and pass through the lower 
rows of tubes into the back smoke-chambers, which 
communicate directly with the base of the chimney. 
Owing to the long distance that the flue-gases have 
to travel, a very large proportion of the heat con- 
tained in them is given off and used in warming the 
current of air which is drawn through the stove b 
a fan. There is no risk of the air being contami- 
nated by the flue-gases, as the heater is so designed 
that the chimney-draught is always slightly in excess 
of the suction of the air-current passing through the 
heater. 

The main warm-air supply-duct extends right across 
the width of the shop, and is provided with four over- 
head branch-pipes, which are at right angles to it and 
run parallel to the bays. The warm air is admitted 
to the building through a series of short vertical pipes 
descending from the branch-pipes and fitted with 
conical-shaped diffusers, which distribute it evenly. 
Each outlet-pipe has a valve for regulation purposes. 
Arrangements are also made for the re-circulation of 
the air in the building, if necessary, in very cold 
weather. In summer time, when the heater is out 
of action, the incoming air passes through a wet 
filter screen, which cools and moistens the atmo- 
sphere to a pleasant degree. The fan is a ‘‘ Sirocco” 
centrifugal fan, 25 in. in diameter and of sufficient 
capacity to change the air contents of the building 
twice in every hour. The heater, which burns coke 
fuel, is capable of maintaining a temperature of 
60 deg. in the works when the outside temperature 
is at freezing point. 

Both the plants deseribed in this article have been 
installed by Messrs. Davidson and Co., Limited, of 
Belfast. 








Canapian Iron Ornt.—The iron-ore deposits in the 
Metagini district of Northern Ontario are highly im- 
portant, and are likely to eventually prove of greater 
value than the adjacent Cobalt silver discoveries. Sfising 
men at Cobalt have been much imp , and syndicates 
are being formed to acquire properties in this new belt. 
Assays of the ore are repor as giving about 60 per 
cent. of iron, and the deposits are said to be extensive. 
The existence of these iron deposits has been known since 
1875; they were located originally by Mr. Richard Bell, 
of the Dominion Geological Survey, but their remoteness 
has stood in the way of their development. The Trans- 
Continental Railway, now under construction, will shortly 
bring the deposits within comparatively easy reach, 
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WORKMEN’S COMPENSATION CASES. 
County Court. 

Erysipclas following a Wound.—A widow’s claim to 
compensation for the loss of her husband was decided at 
Jarrow County Court on July 12. The workman 
(Richards) h been em Maer f at the Palmer Ship- 
building and Iron Works, Jarrow, when he was severely 
Lurnt about the head and body by a splash of slag from 
an ingot. The defence of the employers was that they 
were prejudiced by the neglect = ¢ the workman to give 
notice of his injuries. The certificate of death descri 
the cause of death as “‘erysipelas,” which led them to say 
that an accident was not the cause. The evidence, how- 
ever, showed that this disease is in every case caused 
primarily by a wound, and the wound, in this case, was 
caused by an accident. The fact that the injured work- 
man had not given the employers notice of the accident 
at the time was due to the common belief that burns do 
not lead to disease. The unfortunate man put off the 
notice of the accident, and in a few days the fatal disease, 
resulting from the wound on his head, had got hold of him. 
The law is that in any exceptional case, where the em- 
ployers are not prejudiced by the want of notice, the claim 
is as gocd as if the notice had been duly given. Asa matter 
of fact, the unfortunate man’s life might possibly have 
been saved had the employers had early notice, for they 
would have procured him medical treatment in time. 
a mam of course, the employers had no defence, and the 
widow was awarded 300/. compensation. 

Retrospective Order to Reduce Compensation.—In_ the 
City of London County Court an interesting point, which 
has not previously been decided by the Court of Appeal, 
came up in the case of John Wilson, a buildez’s labourer, 
who was injured two years ago and obtained 14s. 7d. a 
week compensation from his employers, Messrs. Hoseg 
and Co. The judge, on the employers’ application 
for review, on July 1 reduced the compensation to 
10s. a week, the order dating back to April last. The 
workman, on July 21, applied for his 10s. a week for two 
weeks overdue, which the employers had refused, because, 
the ordcr to reduce the allowance being retrospective, 
there was a sum overpaid—t.c., 4s. 7d. a week from April 
till July, which had to be worked off before the wohie 
payments could be resumed. The Judge was of opinion 
the man was entitled to his 10s. a week, and the case is to 
g° to the Court of Appeal, when a novel argument will 
ye raised. In his decision in favour of the workman, the 
Judge thought the case was governed by Sch. 1, Clause 19, 
of the Workmen’s Compensation Act, which says: ‘‘A 
weekly payment. ,. shall not be capable of being charged 
. .. nor shall any claim be set off against the same.” 
Clause 20 says: ‘‘ Where under this schedule a right to 
compensation is suspended, no compensation shall be 
payable in respect of the period of suspension.” This is 
a knotty point for the Court of Appeal, which might have 
been avoided by the Judge, had he not made a ‘‘retro- 
spective order,” which leaves it disputable whether the 
sum ‘overpaid ”’—i.e., 4s. 7d. a week from April till 
July— amounting altogether to 4/. 11s. 8d., is a ‘set off” 
which cannot be deducted. 

Accident in course of Employment, but not arising out 
of it.—An accident to a workman must have occurred in 
the course of his employment, and have arisen out of his 
employment, to cause the liability under the Workmen’s 
Compensaticn Act to rest upon the employer. A hard 
case was decided against a workman at Barrow County 
Court. A young labourer named McGrath, employed by 
Vickers Sons and Maxim, was at work on a night shift 
in a longbay, where there was a fire and a bench and a 
marking-off table. Being forbidden to leave the works 
for supper, he and his mate had warmed their cans at the 
fire, and he was putting down his can on the table, some 
yards from the fire, when he was suddenly enveloped in 
flames caused by another workman pouring naphtha on 
the fire to stir it up. The labourer who did this wrongful 
act was ignorant of the danger of the fumes igniting and 
reaching some yards distant. The employers’ defence was 
that they were not liable for the injuries, which did not 
arise out of the man’s employment 

The newspaper report is pee misleading, in so far 
as it seems to suggest that the Judge decided inst the 
workman use the cause of the accident was the wrong- 
ful act of the fellow workman throwing naphtha on the 
fire. The supper was not the cause of the accident, said 
the Judge, nor was it proved that the men had the right 
to have their supper by the fire. The presence of the can 
of naphtha within reach of the ignorant labourer, who was 
unconscious of the  -¥ of pouring it on the fire to warm 
himself, was the sole cause. The wrongful act of 
a fellow workman could not, as the report seems to 
suggest, be a bar to pea ager to the injured workman. 
This reminds us of the case of Plovett 7. Sawyer (20 
T.L.R., 105 C.A.), where a workman was paid by the 
hour, but not for the dinner-hour, He sat down during 
the dinner-hour within the employers’ premises, and a 
wall fell upon him and injured him. This also was an 
accident in the course of the man’s employment, but not 
arising out of his ey Samay The Master of the Rolls, 
in his judgment ia the Court of Appeal, said ‘‘it would 
be taking too technical a view to say that the pause in 
the course of the man’s work (for feeding) was a eae in 
his employment.” 

Court oF APPEAL. 


Seaman’s ‘‘Course of Employment.”—In the case of 
Gilbert v. Owners of the steam-trawler Nizam, the Court 
of Appeal reversed the decision of the County Court 
Judge of Lincolnshire, who awarded compensation to the 
dependant of an engineer, who, when in port, went 
ashore for his meals, and was killed on returning to his 
ship. No food was prepared for the workmen on 
the trawler, which was in dry dock on the day of the 





accident. The engineer, who was not forbidden, went 
home for dinner, and on ———. stepping to the ship’s 
side, fell into the dry dock. It was argued that in 
this case the going ashore was a necessity in the course of 
the man’s employment, and the County Court Jud 
awarded compensation to the dependant, finding that the 
deceased was on shore as a duty, to get his dinner in the 
course of his employment. ‘ “* 

The Court of Appeal held that if this decision were to 
stand every workman, everywhere, might claim the pro- 
tection of the Act if he met with an accident on the way 
from his home to his work, and this, of course, is contrary 
to the purpose of the Act. The employer is only liable 
for compensation when the workman is injured by 
accident in the course of and arising out of his emplcy- 
ment, and the onus of proof is on the applicant to show 
that the accident arose as stated, and the onus is not 
discharged if the manner in which the accident happened 
is left unexplained, or if the evidence is inconsistent with 
the statement that the accident was in consequence of 
something arising out of the employment. The Act does 
not protect a workman in case of an accident happening 
after leaving his home on the way to the place of his 
work. A ship in dock is a place of work in the same sense 
as if it were a factory. There are many decisions under 
the head ‘arising out of and in the courses of employ- 
ment,” and these all insist on the facts supporting a 
reasonable inference that the accident happened in the 
course of the employment, and of course such inference 
cannot be drawn from the fact that the workman was 
going from his dinner to the employers’ ship or place of 
busines, or that the accident arose out of the employ- 
ment. 








Rarmiry or Gun-Fire.—The Natal, cruiser, which 
headed last year’s returns in the heavy gun-layers’ test, 
has just established a world’s record for the 9.2-in. and 
7.5-in. guns. With one of the former she fired six rounds 
and made 54 hits in 613 seconds, the half hit being a 
ricochet, which counts as such in this year’s firing tests. 
With a 7.5-in. gun six rounds were fired and 54 hits made 
in 40 seconds. The six 9.2 in. guns averaged 4.47 hits per 
gun per minute, and the four 7.5-in. guns made 5.31 hits 
per gun per minute, the total number of hits being 48 out 
of 56 rounds. . 


Tur Panama Canat.—The total excavation on the 
Panama Canal for June was 2,616,609 cubic yards, place 
measurement, against 2,477,618 cubic yards in the pre- 
vious month. There were twenty-six working days in 
June, against twenty-five in May, while the rainfall for 
June was 11.67 in. against 11.23 in. in the previous month. 
The average daily output in June was 100,639 cubic yards, 
against 99,105 cubic yards in May. The amount of con- 
crete laid during June was 124,214 cubic yards, against 
107,043 cubic yards in May ; and 664,155 cubic yards of 
fill were placed in dams in June, against 483,610 cubic 
yards in the previous month. 


University AND CoLteGe CaLennars.—The new pro- 
gramme of the faculty of Engineering and School of 
Architecture at University College has just been issued. 
Separate courses are provided in civil, in electrical, in 
mechanical, and in municipal engineering, the dean of 
the department being Professor J. A. Fleming, F.R.S., 
who holds the Electrical Engineering Chair. Mr. H. Deans, 
M.I.C.E., is the principal lecturer in the department of 
civil engineering and surveying, in which he is asso- 
ciated with Mr. T. Walmisley, whilst Professor 
Cormack, M.I.M.E., is responsible for the course in 
mechanical engineering, and Professor 0. Chadwick, 
M. Inst. C.E., C.M.G., for that in the newer depart- 
ment of municipal engineering. The college is, of course, 
a constituent of the University of London.—Professor 
W. 8S. Abel!, who holds the Chair of Naval Architecture 
at the University of Liverpool, has sent us a copy 
of a pamphlet describing the courses provided and the 

meral training recommended to the students. The 

tter are advised to take the university matriculation 
examination before leaving school, then to enter works 
for three years, during which they should attend evening 
classes, and to follow this up by a further three years 
at the university. 


A British DrepGEr FOR THE PANAMA Canat.—Confir- 
mation has been received by Messrs. Wm. Simonsand Co., 
Limited, Renfrew, from Washington, of the recent report 
appearing in the London Press that President Taft had 
signed and authorised the acceptance of their tender for 
the construction of a large bucket hopper-dredger for the 
Panama Canal. In doing so the President of the United 
States has exercised the discretionary power attached to 
his office. It is of interest to recall that on the last occa- 
sion—about four years ago—upon which Messrs. Simons 
and Co. tendered for dredging plant for the Panama 
Canal, their tender was considerably lower than the 
American offers, but owing to a special resolution 
being put into force by Congress at that tine, the 
British firm were not awarded the contract. In the 
present instance the difference in price, which is con- 
siderable, between the tender of Messrs. Simons and 
Co. and that of the lowest American tenderer, can largely 
be accounted for from the fact that Messrs. Simons and 
Co. are the inventors and first constructors of this type 
of dredger, known as the ‘‘ Bucket Hopper Dredger,” 
and it 1s only reasonable to expect that the great ex- 
pores of the British firm should place them in a more 
avourable position than American builders, who do not 
confine themselves so entirely to one class of work. 


rd | Messrs. Simons and Co., Limited, are to be congratulated 


on their success on this occasion. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was quiet, and 2000 tons of Cleveland 
warrants were done at 49s. 104d. cash, and 50s. 2d. and 
50s.1d. one month. Closing sellers quoted 49s. 94d. cash 
50s. 1d. one month, and 50s. 7d. three months. In th: 
afternoon the market was dead idle, but at the clos 
sellers of Cleveland warrants were firmer, at 49s. 104d. 
cash, 50s. 14d. one month, and 50s. 7d. three months. 
Buyers of hematite offered 65s. one month, and sellers 
named 66s. three months. On Friday morning an easic; 
tone prevailed, and a small business of 3500 tons of Cleyc- 
land warrants was done at 49s. 1ld. and 49s. 114d. one 
month. Closing quotations were 49s. 9d. cash, 50s. one 
month, and 50s. 6d. three months sellers. At the after. 
noon session quietness again ruled, and the dealings in 
Cleveland warrants only amounted to 3000 tons at 
49s. 8d. cash, 49s. 94d. fourteen and seventeen days, and 
at 50s. Gd. and 50s. 54d. three months. Closing sellers 
quoted 49s. 84d. cash, 493. 114d. one month, and 50s. tid. 
three months. Sellers of hematite quoted 65s. cash. 
On Monday morning there was little change in the 
tone of the market, and 1500 tons of Cleveland 
warrants were done at 49s. ll4d. and 49s. 11d. one 
month. Sellers’ closing prices were 49s. 84d. cash, 
49s. 114d. one month, and 50s. 64d. three months. In 
the afternoon the market became firmer, and Cleveland 
warrants changed hands at 49s. 114d. and 50s. one month, 
and 50s. 6d. three months. The turnover was 2500 tons, 
and closing quotations were 49s. 10d. cash, 50s. 1d. one 
month, and 50s. 7d. three months sellers. On Tuesday 
morning the upward movement in Cleveland warrants 
made further progress, but only two lots were dealt in at 
49s. 11d. cash, and 50s. 24d. one month. At the close of 
the session sellers quoted 49s. 114d. cash, 50s. 24d. one 
month, and 50s. = three months. The tone was again 
stronger in the afternoon, when 4000 tons of Cleveland 
warrants were done at 50s. cash, and 50s. 3d. twenty- 
eight days and one month, and closing sellers quoted 
50s. 04d. " 34d. one month, and 59s. 94d. three 
months. Cash sellers of hematite quoted 66s., and there 
were buyers offering 65s. 14d. cash, and 66s. 44d. one month. 
When the market opened to-day (Wednesday) a strong 
tone prevailed and about 10,000 tons of Cleveland warrants 
were put through at 50s. 14d. and 50s. 1d. cash, 50s. 1d. five 
days, 50s. 2d. twelve days, 50s. 34d., 50s. 4d., and 50s. 34d. 
one month, and at 50s. 94d. and 50s. 10d. three months. 
Sellers’ closing prices were 50s. 1d. cash, 50s. 4d. one 
month, and 50s. 10d. three months. In the afternoon the 
market was quieter, and 2500 tons of Cleveland warrants 
were done at 50s. 3d. one month, with closing sellers at 
50s. Od. cash, 50s. 34d. one month, and 50s. 94d. three 
months. The following are the market quotations for 
makers’ (No. 1) iron:—Clyde, 62s. ; der and Gart- 
sherrie, 62s. 6d.; Summerlee and Langloan, 64s. ; and 
Coltness, 81s. (all shipped at Glasgow) ; Glengarnock (at 
Ardrossan), 64s. ; Shotts (at Leith), 62s. 6d.; and Carron 
(at Grangemouth), 64s. 6d. 


Sulphate of Ammonia.—An improvement has lately 
taken place in the inquiry for sulphate of ammonia, 
chiefly for export, and some satisfactory dealing has been 
recorded. The home demand is not quite so pronounced. 
The current quotation is 12/. 5s. per ton for prompt 
delivery, Glasgow or Leith, while for forward parcels the 
price is just a shade under that figure. 


Scotch Steel Trade.—The Scotch steel trade must again 
be reported as satisfactory, with the makers of ship and 
boiler-plates being taxed to their utmost to meet require- 
ments. The local demand for material generally is better, 
while the inquiries from the colonies are on a he scale, 
and, indeed, the export inquiry on the whole is very good. 
Light material and structural sections are all in demand, 
and producers are being kept busy in endeavouring to 
overtake orders. 

Malleable-Iron Trade.—The malleable-iron makers of 
the West of Scotland are still experiencing a fair turn of 
trade, but most of the work is for prompt delivery. They 
have enough on hand, however, for the running of the full 
number of shifts at present, but they cannot see any dis- 
tance ahead. 


Scotch Pig-Iron Trade.—Producers of Scotch pig iron 
are well supplied with orders at the moment and deli- 
veries are heavy, and in some instances in excess of the 
output. For forward delivery large inquiries have been 
received from consumers both at home and abroad. The 
recent advance in quotations has not checked business, 
and the increased prices are being secured quite easily, 
as the tendency is again of an upward nature. Hematite 
is quiet and dealing is on a small scale. One lot for im- 
mediate delivery is reported to have changed hands at 
68s. 6d. per ton. 








Tue Mersry.—The annual report of Mr. A. G. Lyster, 
engineer-in-chief to the Mersey Docks and Harbour 
Board, stated that a scheme was under consideration 
for providing, as soon as possible, wet and dry dock 
accommodation for a single vessel up to 1000 ft. in length, 


with corresponding breadth and draught. The quantity 
of sand removed from the bar and shoals in the Queen's 
and Crosby Channels by the dredgers Leviathan, Corona- 
tion, G. B. w, Brancker, and No. 16 during the year 
ending July 1 was 18,879,460 tons. These quantities 
show a very notable increase on those reported last year. 
The quantity of sand removed from the bar and channe!s 
since the commencement of dredging in 1890 has been 
152,541,910 tons. Soundings taken on June 1 last show thet 
along the dredged cut there is a channel of about 700 {t. 
wide, in which there is but one sounding less than 32 ft. 
at low-water of equinoctial spring tides. The 32 ft. com- 
pares with 30 ft. in 1909 and 28 ft. in 1908, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

}eailway Depression.—The working arrangements re- 
sulting in considerable economies by the railway com- 
panies making them, although a great source of satisfac- 
tion to railway shareholders, are believed to have had a 
very detrimental effect upon Sheffield’s railway industry 
during the past twelve months. At present, however, 
better signs are apparent, and it is hoped that the 
increased demand for steel for railway material from 
makers of springs, axles, &c., is but an indication of a 
better state of affairs. The extent to which manufac- 
turers of railway steel have been affected is shown in the 
reviews of their year’s working just completed by various 
big firms. It has been noted that not only have the lessened 
demands meant a direct decrease of orders, but the dumping 
of foreign steel has been encouraged. Buying by the com- 
panies has been very much below the average, and, added to 
this blow at the home market, there has been a smaller in- 
quiry from big colonial and foreign consumers. Under these 
circumstances the keenness of German competition has 
been doubly felt. In some quarters, however, it isstated 
that companies’ economies are not solely responsible for 
restricted ordering, and there are hints of an understand- 
ing between spring-makers to maintain prices at a higher 
level than is justified by the condition of trade. The 
suggestion is made that the railway companies have held 
back until they could obtain material at more reasonable 
rates. Whether this be so or not, it is a fact that German 
houses manufacturing this material are in the English 
market at prices considerably below the quotations of 
local firms, and to a large extent they have already cap- 
tured the colliery trade in Scotland. 


Tron and Stcel.—A change has come over the iron 
market during the week. The most notable feature is 
the reduction of prices by the Lincolnshire Iron Asso- 
ciation, whose official quotations have been lowered 1s. 
aton. Foundry is now listed at 50s. and forge at 49s. 6d. 
This compares with 52s. and 493. 6d. for Derbyshire 
foundry and forge respectively. One result of the altera- 
tion in the attitude of Lincolnshire makers has been a 
revival of interest in these irons, and a good number of 
contracts have been arranged for both sorts. The 
revival is further influenced, it is generally believed, by 
better prospects for pigiron. The price of Lincolnshire 
pis has levelled up to about the figure of a year ago. 

fematites have been somewhat affected owing to the 
fact that the production of common iron isin excess of the 
demand. East Coast mixed numbers have shown some 
easing off, latest figures being 70s. to 72s. delivered in the 
district. It is difficult to obtain an entirely unprejudiced 
pronouncement upon the general steel trades, but the 
weight of opinion appears to be still on the side of im- 
provement, although a good deal of the work 1s at present 
in small quantities. Better work in the railway and 
general engineering departments would bea very welcome 
addition to Government orders in the case of some of the 
big firms. On armaments these are well employed, but 
an influx of general work is desired to bring them up to 
full pressure. A decision recently come to by an associa- 
tion of manufacturers in Austria, not to give out work to 
trust firms, is expected to throw a good number of orders 
into Sheffield hands. Continental trade is showing an 
improvement and there is a big steel export to Japan. 


South Yorkshire Coal Trade.—In spite of the holiday 
quietness observable on Change last week-end, there is 
an undoubtedly stronger tone in the local coal market. 
Hards have moved up to the extent of about 3d. per ton, 
and even higher prices may be looked for if improvement 
continues in anything like the same ratio as recently. 
Industrial demands love livened up after the holiday 
break, and larger supplies are being sent out on railway 
account. There is every prospect of a continuance of 
good business in shipments, the present outgoing ton- 
nage being a very large one. Gas fuels for shipment are 


also in better request. Coke is depressed, but slacks 
meet with a fair inquiry. House coal manifests a con- 
tinuing improvement, though the local dép6ts have not 
been particularly busy. London orders are rather more 
numerous at collieries, but there are still considerable 
stocks. Prices remain about the same, even in the 


cheaper sorts. The latest quotations are :—Barnsley best 
Silkstone, 11s. to 11s. 6d.; t Derbyshire brights, 10s. 
to lls. éd.; Yorkshire hards, 93s. 3d. to 9s. 9d.; Derby- 
shire hards, 8s. 3d. to 9s. 3d.; rough slacks, 5s. 9d. to 
6s. 6d.; and smalls, 1s. 9d. to 2s. 9d. 





Laki:zst Masonry ARCH IN ScANDINAVIA.—The bridge 


atm built in Norway to carry the railway from 
Christiania to Bergen over the Hallingdal River at 
Svenk 


. rud has the widest masonry span of any bridge 
in Scandinavia, the distance between the abutments 
being 1443 ft. The rise of the arch is 21 ft. 7 in., the 
thickness at the crown being 5 ft. 3in., and at the spring- 


ne Sit, 2in. Thecentering was designed so that it could 
€ left in place during the winter, and on account of the 
Samet : from ice and floods, it was made in a single span, 
uilt up of timber, in the form of a braced arch. 

Frexcn RatmLway Trarric.—The revenue of the six 
great l'rench railway systems (including the State lines) 
in the first half of this year amounted to 33,420,104/., or 
a »/. more than the amcount collected in the first half 
461 The increase upon the Eastern of France was 
= percent, ; upon the Western of France (now worked 
y the State), 2.21 per cent.; upon the Southern of 
3.03 a cent. ; upon the Northern of France, 


cent. ; i 7 iter- 
euece, San upon the Paris, Lyons, and Mediter 
cent, 


per cent. ; and upon the Orleans, 1.88 per 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MipvLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—The local races are, as 
usual, interfering with business, and, in fact, the market 
might very well have been cl this week, for very 
few people have put in an a rance on Change, and 
business has been very quiet. hilst transactions of any 
moment are not looked for this week, it is gratifying to 
learn that there exists an under-current of confidence in 
the near future, and a brisk autumn trade is quite antici- 
pated. Production of Cleveland pig-iron is not much in 
excess of requirements, but the output is a little too 
large, as is shown by the steady additions to the 
warrant stores, which are this month being added to 
at the rate of about 330 tons per day, and the stock 
held there now exceeds 450,000 tons. It is, however, 
hoped and believed that before long the make will 
have to be drawn upon to meet needs. No. 3 g.m.b. 
Cleveland pis is fully 50s. f.o.b., and some sellers ask 
50s. Jad. 5 o. 1 keeps scarce and is quite 53s., whilst 
No. 4 foundry is put at 49s.; No. 4 forge, 48s. 9d.; and 
mottled and white, each 48s. 3d. East Coast hematite 
pig is still very dull. Though mdustries consuming this 
commodity are busy, and likely to be so, hematite makers 
report orders scarce, and mixed numbers are offered freely 
at 63s. to 63s. 6d. Foreign ore is lifeless. The continued 
strike of miners in Spain is having no influence on values 
here. Quotations are on the basis 20s. ex-ship Tees for 
Rubio of 50 per cent. quality, and a cargo is reported to 
have been disposed of at 19s. 9d. Coke is rather stronger, 
demand being better both for home use and for shipment. 
Medium blast-furnace kinds are 15s. 9d. delivered here, 
and foundry coke 17s. to 19s. f.o.b. 


Manufactured Iron and Stecl.— Better accounts are 
given of several branches of the manufactured iron and 
steel industries. This week’s general holiday is inter- 
fering with operations, but so busy are Messrs. Bolckow, 
Vaughan, and Co. at their huge Eston Steel Works that 
they have induced their employees to work through the 
recognised holiday. Quotations all round are main- 
tained, and, in fact, values of some descriptions show a 
decided upward tendency. Principal market rates stand : 
—Common iron bars, 7/. ; best bars, 7/. 7s. 6d. ; best best 
bars, 7/. 15s. ; packing iron and steel, 5/. 15s. ; iron and 
steel ship-plates, 6/. 10s. ; iron ship-angles, 7/. ; iron ship- 
rivets, 7/. 7s: 6d. ; steel bars, 61. 5s. ; steel strip, 67. 10s. ; 
steel hoops, 6/. 12s. 6d.; steel joists, 6/. 2s. 6d.; cast- 
iron railway-chairs, 3/. 10s. ; light iron rails, 62. 10s. ; 
heavy steel rails, 5/. 10s.; steel railway sleepers, 61. 12s. 6d. ; 
and iron and steel galvanised corrugated sheets, 11/. 10s.— 
sheets less 4 per cent. f.o.b., railway material net, and all 
other descriptions less 24 per cent. discount. 








THE UNIVERSITY OF QUEENSLAND.— Applications are in- 
vited for professorships in the new University of Queens- 
land, an institution which is largely subsidised by the State 
Government. “The State has only about half-a-million 
inhabitants, but is desirous of crowning its educational 
system with an adequately staffed and equipped uni- 
versity. The four Chairs for which applications are 
invited are those of Classics, Mathematics and Physics, 
Chemistry, and Engineering. In all four departments 
there will undoubtedly be a good deal of pioneering 
work to be effected, and the work should prove of great 
interest to capable men, who would rapidly attain 
a position of much influence and dignity in the young 
State. The salary offered is 900/. per annum, and appli- 
cations should reach the Agent-General for Queensland, 
Marble Hal], 409, Strand, on or before the 31st inst. 
Details should be given as to education, general quali- 
fication, and teaching experience, though it is to be hoped 
that in the case of the Engineering Professorship too 
much importance will not be attached to the qualification 
last-named, or the field of choice will be unduly restricted. 





Tue OgCHELHAUSER Gas-ENGINE.—We have received 
from Messrs. William Beardmore and Co., Limited, of 
Parkhead, Glasgow, an excellent reprint of the paper 
which was recently contributed to the proceedings of the 
oe ae sang. | Engineering Society, by Messrs. 
J. W. B. Stokes and J. Cunningham, Wh.Sc., descriptive 
of the firm’s Oechelhauser gas-engines. In this paper recent 
modifications in the design of the engine are described, 
by which, whilst maintaining the feature of the two pistons 
working in the one cylinder and acting as their own 
admission and exhaust-valves, the ueth of the engine 
has been cut down, its weight greatly reduced, and the 
possible speed of revolution increased. This has n 
accompanied by a substantial increase in the mecha- 
nical efficiency of the engine, the power now absorbed by 
the gas and air-pumps being less than 7 per cent. of 
the total generated. A suggested design for a 2000- 
horse-power two-cylinder unit is also described ; this 
is actually shorter than an equivalent well - known 
Otto-cycle engine of the same power. The new engine, 
indeed, is 9 in. shorter over all than a 500-horse-power 
unit of the original UOechelhauser pattern, a fact which 
bears eloquent testimony to the improvements effected 
by a anal study of the possibilities of the cycle. Not 
the least interesting section of the paper is that devoted 
to discussion of the causes which, in the past, have occa- 
sionally led to breakdowns with large gas-engines of all 
types. These, it is stated, have’ now been completely 
eliminated in the case of the Oechelhauser engine. An 
interesting chart is given, showing the actual time lost 
from various causes in the original patterns of this engine. 
In the worst case the total time lost from all causes was 
but 192 hours in nearly 10,000, and substantially better 





results are recorded with mere recent engines, 


be more than fully absorbed, and that stocks ' will] be 


NOTES FROM THE SOUTH-WEST. 

Cardiff.—Steam-coal ; poe have shown little change. 
The best large has made 16s. 3d. to 16s. 9d. per ton, 
while secondary qualities have brought 14s. 9d. to 16s. 
per ton; cargo smalls have been quoted at 7s. Gd. to 8s. 
ro ton. The best ordinary household coal has brought 
4s, Gd. to 15s. per ton; No. 3 Rhondda large has 
realised 17s, to 17s. 3d. per ton; smalls, 93. 6d. to 
9s. 9d. perton. No. 2 Rhondda large has brought 10s. 9d. 
to Ils. 3d. per ton; 7s. to 7s. 3d. per ton. 
Foundry coke has been quoted at 18s. to 20s. per ton; and 
furnace ditto, at 16s. 9d. to 17s. 3d. per ton. As regards 
iron ore, Rubio has realised 19s. 6d. to 20s. per ton, upon 
a is of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Welsh Coal for Egypt.—The administration of the 
Egyptian State Railways is inviting tenders for the 
supply of 280,000 tons of steam coal. Deliveries are to 
spread over eight months from December to July, 
1911, in quantities of 20,000 tons per month for the first 
four months and 50,000 tons per month for the remainder 
of the period, subject to an option for the authorities to 
call for an increase up to 30 per cent. in supplies from 
December to May, such extra quantities to be deducted 
from later deliveries. 


Milford Docks.—The report of the Milford Docks Com- 
pany for the past half-year states that in July two pro- 
pertics at Milford adjoining the docks were offered for 
sale, and that the directors considered it to bein the 
interest of the company to secure the whole of one 
property, ard a portion of the other. It being desirable 
to obtain powers to extend the time for the construction 
of the deep-water pier, to acquire the freehold of one of 
the properties just referred to, and to enable the com- 
pany to ensure an adequate supply of ice for the fish 
trade, the directors propose to give notice for a Bill in 
Parliament next session upon these subjects. 


A_ Blast-Furnace Re-Started.—The Cwmbran _ blast- 
furnace of Messrs. Guest, Keen, and Nettlefolds, Limited, 
which was shut down nearly two years since, has mn 
re-started. The foundry, which has been working on 
short time in consequence of the stoppage of the furnace, 
will now be again in full operation. 


South” Welsh Coal.—The exports of coal from the six 

rincipal Welsh ports—Cardiff, Newport, Swansea, Port 
Talbot, Neath, and Llanelly—in the seven months ending 
July 31 were :—Cardiff—foreign, 10,036,687 tons ; coast- 
wise, 1,711,921 tons; total, 11,748,608 tons; Newport— 
foreign, 2,180,239 tons; coastwise, 415,454 tons; total, 
2,595,693 tons ; Swansea—foreign, 1,558,977 tons ; coast- 
wise, 188,329 tons; total, 1747 306 tons; Port Talbot— 
foreign, 857,879 tons; coastwise, 93,954 tons ; total, 
951,833 tons; Neath—foreign (estimated), 105,000 tons ; 
coastwise (estimated), 139,000 tons; total, 244,000 tons ; 
Llanelly—foreign, 112,136 tons; coastwise, 29,465 tons ; 
total, 141,601 tons. The te shipments for the 
seven months were, contiall, 17,429,041 tons. 

Barry.—Two schemes are on foot for the establishment 
of industrial concerns at Barry. The principal of the 
two schemes relates to iron and steel works on 100 acres 
belonging to Lord Ashby St. Ledgers (formerly the Hon. 
Ivor Guest), at Sully, and conveniently near Burry No. 2 
dock. This concern will have a capital of 1,500,000/. 
The chief promoters of the company are London gentle- 
men, the chairman being Mr. Mills, of Glyn, Mills, 
and Co., the well-known bankers. The promoters of the 
other concern have taken 30 acres of land in, the same 
locality, with the option of a further 20 acres. The 
works will be devoted to the production of steel rails, 
and the company will have a capital of 500,000/. 


Welsh Coal for France.—Contracts for 54,000 tons of 
Monmouthshire large coal have been let by the Paris, 
Lyons, and Mediterranean Railway Company at about 
13s. 9d. per ton, free on board at Newport. Orders have 
also been given out for 91,000 tons of small coal ‘at 14s. 6d. 
per ton delivered into truck at illes. A balance 
contract for 81,000 tons is reported to have been placed 
with German firms. 








Tur AvustrRIAN Scout Cruiser ‘*‘ ADMIRAL Spaun.”— 
This cruiser, of 3500 tons displacement, carrying seven 
3.9-in. and two smaller quick-firing guns, was constructed 
in the Austrian Naval Dockyard at Pola, and fitted with 
Parsons’ turbine by the Stabilimento Tecnico Triestino, 
of Trieste. She attained a speed of over 27 knots on 
a recent full-power trial, with about 25,000 shaft horse- 
power. 


Contracts.—Messrs. A. W. Penrose and Co., Limited, 
of 109, Farringdon-road, London, E.C., have secured the 
contract for thewsenttio lifts required in the new Head 
Post-Office at inburgh, the contract amounting to 
4000. This is in addition to the following work which 
they already have in hand for the Post-Office authorities 
—namely, three 30-cwt. goods lifts for the new 
Western District Post-Office; three alternating-current 
lifts, Sheffield; one passenger lift, Leeds; and one 
passenger lift, Newcastle-on-Tyne. 





AGRICULTURAL Macuinery.—The value of the agri- 
cultural machinery exported from the United Kingdom 
in June last was 181,837/., as compared with 142,215/..in 
June, 1909, and 122,844/. in June, 1908. The largest exports 
were made, as usual, to European countries, which figured 
in the totals given for 150,167/.. 125,076/., and 92,724/. 
respectively. The aggregate value of the agricultural 
machinery exported to June 30, this year, was 753,218/., 





as compared with 608,388/, and 545,003/. respectively. 
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THE RAILWAY SITUATION. 


Aw acute philosopher was responsible for the 
statement that happy is the nation which has no 
history. Prosperity, like virtue, is, however, much 
less interesting to read about than misfortune or 
vice, and the excellent results attained on the 
British railways during the past half-year are no 
doubt largely responsible for the somewhat hum- 
drum character of the proceedings at the semi- 
annual meetings, the last of which was held a week 
ago. Taking the principal lines only, the gross 
receipts have increased by 3 per cent. and the ex- 
penses by 14 percent., with the result that the ratio 
of expenditure to receipts has been reduced to an 
average of 64.3 per cent. A notable feature has been 
the increase in the passenger returns. These, during 
the latter half of 1909, showed in most cases a large 
diminution as compared with a year previously, a 
result no doubt largely attributable to the adverse 
climatic conditions, though the tramway competi- 
tion was still capturing short-distance passengers 
in most suburban districts. In the nature of 
things this depletion in the suburban districts could 
not continue indefinitely, and was bound, sooner or 
later, to reach its limit. Fortunately for the rail- 
way companies, the efficiency of the tramway ser- 
vices is hardly capable of further improvement. 
The large and unwieldy cars which it is necessary 
to employ involve frequent stops, so that within 
the Metropolitan area the commercial speed hardly 
exceeds 8 miles per-hour. This fact renders pos- 
sible competition by the railway companies in all 
save the short-distance trips. In this connection 
the results which have followed the electrification 
of the South London line have been particularly 
noteworthy. The chairman of the Brighton Railway 
Company stated at the shareholders’ meeting that 
of the two millions increase in the number of pas- 
sengers carried, 1} millions were directly due to the 
electrification of the line stated. It is proposed, 
accordingly, to extend the system round the loop 
from Peckham Rye to Tulse Hill, the Crystal Palace, 
and Battersea Park. The work is to be pushed 
forward rapidly, as it is hoped to have the system 
in operation in time for the Pageant at the Crystal 
Palace next spring. The returns of the Lancashire 
and Yorkshire Company also bear eloquent testi- 
mony to the advantages of electric traction for 
suburban traffic. In the case of that company 
practically the whole of the increase in the passenger 
traffic, amounting to nearly one-quarter of a million, 
is attributable to the electrified lines, since the 
condition of the cotton trade, and the consequent 
reduced earnings of the population served, have 
kept stationary the passenger traffic over the 
steam-worked lines. In fact, electrification is 
apparently effective not only in diverting traffic, 
but in creating it. 

It is not surprising, therefore, that the London 
and North - Western Company, in conjunction 
with the Great Central Company, are seriously 
considering the question of adopting electrifica- 
tion in the Manchester suburban district. Here 
the sole competitor will be the corporation tram- 
ways, since the municipal authorities, in order 
to secure a profit on this undertaking, refuse to 
license any competing type of mechanically-operated 
vehicle. The Great tern Company is less 


,| fortunate, as, in addition to the tramways com- 


petition, it has to meet that of a number of ex- 
cellent services of motor-buses, and it will not be 
surprising if ultimately this class of competition 
does not prove the more serious of the two, 
though the wear of tyres and the present cost of 
rubber act undoubtedly as a severe handicap. 

The Great Eastern Company have apparently 
no intention as yet to face the heavy capital ex- 
emgine which the electrification of their suburban 
ines would involve. By a lowering of fares, and 
in particular by a reduction in the price of 
monthly season tickets, this company have con- 
verted a loss on the suburban traffic of 24,0001. in 
the half-year ended June, 1909, into an increase of 
20001. The result is, perhaps, not specially grati- 
fying, since, as compared with ten years ago, there 
is still an enormous depletion to be made good. 


large, but indirectly there is a gain by the improve- 





'tented with the new condition of affairs. 


ment in the ‘‘ load-factor” of the line, the total 
return on which is only partially dependent on the 
suburban traffic. Indeed, there is some reason 
for believing that this improvement of the load- 
factor is the most profitable feature of the de- 
velopment of gy» traffic on all the prin- 
cipal lines. On the London and North-Western 
Railway, for example, the passenger receipts for 
the last half-year were just under 3 millions, whilst 
over 4} millions were earned by the carriage 
of merchandise, live-stock, and minerals. On 
the other hand, the nger trains ran over 
14 million miles, whilst under 84 million train- 
miles were attributable to the goods traffic. The 
passenger train-mile earnings were 4s. 2.75d. od 
mile, and the goods earnings 10s. 4.87d. e 
margin of profit is obviously, therefore, much 
smaller in the former case than in the latter, but 
this fact does not prove that the passenger traffic 
is actually unprofitable, and the curtailment of 
facilities and raising of fares, advocated in some 
uarters, would probably result in a net loss. 
he capital cost per mile of an important railway 
is very large, and an adequate return on this 
expenditure can only be secured by as full a user of 
the tracks asis pussible. The cost of an additional 
train, or an accelerated service, does not give rise 
to any proportionate increase in the total charges 
to be met. It is, nevertheless, noteworthy that 
the general improvement in the enger returns 
has necessitated an increased mileage, whilst the 
increase in the goods receipts has for some time past 
been concomitant with a reduction in the mileage 
run. This latter feature still persists, although it has 
now been prominent in the returns for several conse- 
cutive half-years. The London and North-Western 
Company, for example, received from goods 217,858. 
more than in the corresponding period of 1909, 
but ran in this service 8,471,055 miles, instead 
of 8,642,156 miles. Similarly, the Great Western 
Railway received from goods and minerals 66,0001. 
more, but ran 7300 miles less. In this case much loss 
was experienced, owing to the dispute which arose 
in the Welsh coal-field in consequence of the coming 
into force of the Miners Eight Hours Act, which 
occasioned a loss to the company of 55,0001. In 
this connection, however, it should be noted that 
so far the anticipated rise in the price of coal has 
not yet-been altogether realised, but future con- 
tracts may be less favourable. 

In most cases the increase in the number of 
passengers has been accompanied by an increase in 
the average fare. This is probably profitable to 
the companies, since the ‘terminal charges” must 
constitute a considerable fraction of the total cost 
of passenger traffic. The Great Eastern Railway 
returns form, however, an exception to this general 
rule, consequent upon the concessions in the 
London suburban district, to which reference has 
already been made. The average fare has here 
been 4.89d. per passenger instead of 4.99d. This 
figure is eloquent of the large proportion which the 
suburban services of this company bear to the 
long-distance traffic, since on the Great ‘Western 
Railway the fare per passenger averages 11d. 

Probably the most interesting announcement 
made at the various meetings had relation to the 
conclusion of an agreement between the London 
and South-Western and the Great Western Rail- 
way Companies for the pooling of competitive 
traflic. e companies also undertake to facilitate 
the pessage over their own lines of non-competitive 
traflic originating on their neighbour’s undertaking. 
From the point of view of the general public, the 
latter arrangement constitutes the most popular 
feature of these agreements. The passenger cer- 
tainly gains by the fact that each co-operating com- 
pany now endeavours to facilitate his passage from 
its own line to that of its former rival, in place 
of obstructing it. The new agreement, for instance, 
has led to the institution of a direct fast service 
between Bournemouth and Manchester, by which 
the time needed for the journey has been reduced 
by 14 hours. The agreement in question is for a 
period of 99 years, at the end of which time it 
may be terminated by either contracting party on 
the giving of ten years’ notice. Whilst we think 
that the closer co-operation amongst the companies 
has so far decidedly benefited the nger, it is 
less certain that the trader will & equally con- 
It is, of 
course, quite true that in the end a badly-paying 


|line cannot give a really effective service, and in 
The direct profit on the transaction can hardly be | 


so far as these agreements will prevent waste they 
will benefit the manufacturer, but there is always 
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a tendency for a lack of legitimate enterprise to 
result from an absence of competition. 

The companies claim that in future they will 
expend new capital in developing new traffic in 
place of defending that which they already possess, 
and in practice this will probably translate it- 
self into a lesser readiness to meet or anticipate 
the wants of the manufacturer in competitive 
centres than has been shown in the past. Capital 
expenditure is still being kept down by almost 
all companies. For this the dearness of money 
has no doubt been largely responsible, but the 
practice of opposing railway Bills in Parliament, 
whatever advantages they offered to the public, 
with a view to extorting unreasonable concessions 
to labour, has undoubtedly also had its influence. 
In this connection it is worthy of note that the 
chairman of the Great Northern Railway Company 
expressed the opinion that it would not be possible 
to keep down capital expenditure on his line in the 
future to the limit of the past few years. The 
chairman of the London and North-Western Rail- 
way, on the other hand, was able to announce that 
the expenditure on this head during the past six 
months had been the lowest in the history of the 
company. 

Labour questions were alluded to at several 
meetings. he company which has been treated 
worst by its men has, of course, been the North- 
Eastern Railway, which was the first line of the 
country to recognise the Amalgamated Society of 
Railway Servants, and seems to have suffered in 
consequence. The recent strike on so trivial a 
pretext is testimony to a very unsatisfactory 
condition of affairs. Indeed, for years past, the 
men, strong in the — of a union with 
some accumulated funds, have put forth one un- 
justifiable demand after another. A little time 
ago they protested against the system of pro- 
motion by selection, and appeared to favour the 
plan, so dear to mediocrities of every class, for 
promotion by seniority, a system which no under- 
taking with the responsibilities of a railway com- 
pany could entertain for a moment. Again, inter- 
views with some of the men, during the recent 
dispute, seemed to show that there was a feel- 
ing of resentment that the concessions made to 
labour in recent years had been partially offset, so 
far as the shareholders were concerned, by improve- 
ments in methods of working, by which, although 
the men worked shorter hours for higher pay, 
their labour was rendered more efticient, so that 
the increased tonnage handled had not resulted in 
a corresponding increase in the number of hands 
employed. Much of the present unrest arises from 
vague claims made by the men that the companies 
are in various cases evading or misinterpreting the 
arbitrators’ awards. The Great Northern Railway 
Company have accordingly asked the men to give 
definite and detailed particulars of such alleged 
misinterpretations, and if the management and the 
men cannot then agree, the points at issue will be 
returned to the arbitrator for his decision. A 
similar course is to be pursued in other cases, 

In the Metropolitan area the most important 
event of the railway half-year has been the retire- 
ment of Sir George Gibbs from the chairmanship 
of the Underground Railways, consequent on his 
appointment to a post of greater dignity, if lesser 
responsibility, as chief of the Road Board. The 
District Railway Company has had a record half- 
year, carrying 36,000,000 passengers, an increase 
of 3} million on the corresponding return for 1909, 
although the working expenses have been reduced 
by 5} per cent. The result of Sir George Gibbs’s 
work on this line is best shown by a comparison 
with the June half of 1906, when the passenger 
revenue had fallen to 204,0001. from the 400,0001. at 
which it had stood some time previously, and the 
returns were far from suflicient to pay. the deben- 
ture interest. In the past half-year the passenger 
receipts had been raised to 280,000/., an increase 
of 374 per cent., which has been obtained by an 
increase of 38} per cent. in the train-mileage. Fares 
have also been raised from the unremunerative 
average of 1.67d. in 1906 to 1.87d. The large in- 
crease in the number of passengers carried, in spite 
of the increase in fares, well illustrates the prime 
importance of speed and frequency of service in 
the conduct of suburban traffic, a fact which was 
never fully appreciated by railway companies gene- 
rally until the advent of the electric tramcar, and 
is still imperfectly realised by many of the 
larger companies. Within limits, the public 
will rather sacrifice cash than time, and this 





fact will always militate against the tramways 
tapping any substantial proportion of the outer 
suburban traffic. As to frequency of service, in 
the busy time of the day, thirty-six trains per hour 
run on the District Railway between South Ken- 
sington and the Mansion House, and it is intended 
to raise this figure to forty during the next few 
months. The company have also organised an 
excellent service of so-called ‘‘ non-stop” trains, 
which omit to call at certain stations, and so save 
much time. The new 5000-kw. generators installed 
at Lot’s-road by Messrs. C. A. Parsons and Co. 
have, it is stated, effected very substantial savings 
in the cost of current, which is now supplied at 23 
per cent. less per unit. 

The Metropolitan Company, who have also had 
a good half-year, are likewise modernising their 
generating plant at Neasden, and expect to effect 
considerable savings in the cost of current. On the 
other hand, the Central London Company, which 
has, perhaps, the most antiquated plant of any, 
gives no indication of realising the advisability of 
bringing its power-station up to date. 








AGRICULTURAL MOTOR TRIALS. 

As mentioned in our last issue (see page 240 ante), 
the trials of agricultural motors organised by the 
Royal Agricultural Society of England, commenced 
at Bygrave Farm, near Baldock, on Tuesday, the 
9th inst. At the time of going to press last week, 
only three of the machines entered for trial had 
been tested at all, and these only on ploughing 
work. Since then the ploughing tests have been 
completed, and the tractors have been tested in 
other ways, such as reaping, hauling on the road, 
&c., and have also been tried on the brake to show 
their capacity for doing such work as thrashing. 
The Gold Medal offered by the Society has been 
awarded to the tractor entered by Messrs. J. and 
H. McLaren, but official information as to details 
of the various performances will not be available 
till the report is published, and we will, therefore, 
defer full consideration of the trials tillthen. There 
are, however, several points which are apparent 
from a general consideration of the results which 
we may notice at once. 

Taking the ploughing first, the principal test 
of the engines consisted in ploughing with a three- 
furrow plough, which takes a total width of 27 in. 
It was apparent that all the tractors were capable 
of doing this work satisfactorily, but it was also 
evident that the larger ones would have been much 
more profitably employed in hauling a plough with 
a good many more furrows. The Ivel tractors 
weigh some 35 cwt. to 40 cwt., while the steam- 
tractors weigh about 6 tons loaded ; and it seems 
obvious that as the Ivel machines could draw the 
three-furrow plough quite easily, the larger ones 
were under-loaded. The only way in which the large 
tractors could make any use of their power, there- 
fore, was by ploughing faster, and in some cases the 
speed was apparently over 6 miles per hour. If 
ploughing by direct traction is to be really success- 
ful, it appears probable that it will have to be done 
slowly and with a fully loaded engine ; for, if done 
fast, a larger proportion of the whole power deve- 
loped is wasted in moving the engine itself over 
the land. As the loss from the resistance of the 
engine itself is a very large part of the power 
developed, this is of great importance. There will, 
therefore, probably be a gain in economy by reduc- 
ing the speed and increasing the load up to the 
limit at which there is difficulty in getting enough 
adhesion ; but as the Ivel tractor had, under the 
existing conditions, enough adhesion for a three- 
furrow plough on a weight of under 2 tons, there is 
every reason to believe that, under such conditions, 
the 6-ton tractors could have ploughed nine furrows. 
At the same time it has to be borne in mind that 
the adhesion obtainable is largely affected by the 
nature of the ground and the weather conditions, 
so that the experiences at Baldock must not be 
taken as universally applicable. 

In connection with this question of size of 
tractors, we may point out that at least one firm— 
Messrs. Marshall, Sons, and Co., of Gainsborough— 
declined to compete in the recent trials on account 
of their being confined to the use of 3-furrow 
ploughs only. The smallest oil tractors made by 
Messrs. Marshall are capable of ploughing four 
furrows and upwards, and the firm did not consider 
that these more powerful engines could be ade- 
quately tested with the lighter load. 

The time taken for ploughing appears to be 


roughly from 1 to 14 hours an acre, the shorter time 
being with the steam tractor, and the longer with 
the oil-driven ones. It seems probable, however, 
that if more furrows were dealt with at once, the 
large tractors could plough a given area in less time. 

While the direct ploughing was thoroughly suc- 
cessful under the conditions existing, there appear to 
be several points to be taken into account in con- 
sidering its general > The effect of moving 
heavy weights over the land is one of these. The 
effect of this will inevitably be to consolidate the 
subsoil, and there seems to be a good deal of diver- 
sity of opinion as to the probable result of this on 
the productiveness of the land. The possibility 
of bad effects from it, however, emphasises the 
importance of ploughing slowly, and a number of 
furrows at once, so that the tractor should move 
over as little of the land as possible. The question 
of adhesion in wet land is also undoubtedly one of 
importance. The ground on which the trials took 
place is chalk land of light character, and is neces- 
sarily much drier at this time of year than is often 
the case when ploughing is done. Except for a 
slight rain on Tuesday, the 9th inst., which only 
moistened the surface, the weather during the 
ploughing was dry. While these points may be of 
importance in some cases, however, there appears 
little doubt that there should in many districts be 
a large field for ploughing by direct traction with 
tractors of the sizes shown. 

In the reaping tests it was shown that the larger 
tractors could all pull two self-binding reaping- 
machines, each taking a 6-ft. cut. The Ivel tractors 
failed to take two of these machines, but were quite 
successful in hauling one. The crop was a good 
crop of wheat. 

The road tests were not of a very severe charac- 
ter, consisting of hauling a load over 24 miles of 
road which had no steep hills on it, and was in good 
condition and dry. They will doubtless give good 
comparisons of consumption, &c.; but for these we 
must wait for the official report. The weight hauled 
varied from about 3 to 8 tons with the size of the 
machines. 

Comparing the performances of the different 
types, the steam tractors all appeared capable of 
doing excellent work. As they are all small 
traction engines with slight modifications, there is 
nothing experimental about them, and they can 
undoubtedly be regarded as reliable. There were a 
few small troubles from hot bearings, &c., which 
were probably due to the machines being new. The 
superheater in Messrs. McLaren’s engine appeared 
to give it a distinct advantage in power, and pre- 
sumably, also, in economy, and, unless it introduces 
difticulties in operation, should be an advantage in 
practical work. In the road-haulage trials the speeds 
run seemed, in some cases, excessive. According to 
the speedometer on our representative’s car, the 
steam tractors ran at speeds up to 12 miles an hour. 
In fact, the drivers seem to regard the road trials as 
something like a race. Such speeds are certainly 
not economical in ordinary work, the wear and tear 
being excessive. 

Of the internal-combustion engines, the Saunder- 
son tractor looked a very workmanlike machine, 
but appeared to suffer from not having been run 
long enough before the trials began, and seemed to 
want a good deal of tuning up to do itself justice. 
Both the machines sent by this firm had several 
stoppages, for various details, which might probably 
have been avoided if they had been well tried 
beforehand. 
| The two Ivel tractors seemed to run well, and 
| should be very useful where a small and inexpen- 

sive machine is required. The design appears 
| simple, substantial, and workmanlike, while cheap 
|to build and easy to keep in repair. It is, of 
| course, quite impossible to draw real comparisons 
| between machines of very different sizes, and it 1s 
also certain that the relative advantages of steam 
v. internal-combustion will depend very largely on 
the circumstances under which they are employed. 
When it can ‘be kept fully loaded, there seems 
little doubt that the larger the tractor the more 
| economical it will be, for the labour cost is the same 
|for the large as the small. On the other hand, 
| there should be quite a good field for the small 
| tractor of the Ivel type, where there is not enough 
| work fully to load a large one, and where first cos! 
|is a great consideration. ; 
| This latter point materially affects the question 
of the choice between steam and internal-combus- 
| tion tractors. It seems to be generally admitted 





jthat it is not practicable to make a satisfactory 
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steam tractor of the size of the Ivel, and, in fact, 
that the 5-ton tractor (which weighs about 6 tons 
with water and fuel) is the smallest which makes a 
really satisfactory job. Uence in a small tractor 
the oil-engine is a necessity. In the larger sizes 
the choice will probably depend largely on the 
question of the water supply. Where there is a 
good supply of water not very far from the field 
of work, steam will probably be preferred ; at all 
events, in the immediate future. In many places, 
however, water has to be led considerable dis- 
tances, and in this case the oil-engine will have 
very great advantages. The most suitable fields 
for tractor ploughing are often those on the tops 
of rolling hills. The land here is comparatively 
firm, and there is not much danger of its being 
too soft to carry the engine, as may be the 
case in low-lying land of marshy character. On 
such hills the fields are also generally large. This 
isa matter of importance, for it is difficult to go 
as completely into the corners with a tractor as 
with a horse, and also the former in some cases takes 
longer to start. Again, spuds must be used on the 
wheels unless the land is quite dry, and these 
must be removed to go on the road. Big fields and 
firm ground appear, therefore, to be the really 
favourable circumstances for a tractor, and where 
these occur at the top of the hills the leading of 
water to a steam tractor is often quite a prohibi- 
tive expense. In fact, it means that either a 
number of horses must be used or another tractor 
employed to lead water. As the whole object 
of steam ploughing is to replace the horses, the 
former alternative naturally fails in its object, and 
the second is extremely expensive. With a good 
oil-tractor, onthe other hand, the amount of water 
required is negligible, and the weight of fuel to be 
led is very much less than in a steamer. 

Tn future competitions it seems, therefore, that 
it would be a great improvement to divide the 
tractors into classes. There are several other 
points in which the arrangement of the trials could 
probably be improved in the future. As their 
object is the development of agriculture, every 
endeavour should be made to make them inter- 
esting to such spectators as may come to see them, 
and in order to do this they should be condensed as 
much as possible. At Baldock there were farmers 

resent who had come from distant parts of Eng- 
and and even from Ireland. Many of these could 
not stay the whole week, but only one or two 
days, and they therefore wanted to see as much 
as they possibly could in the time. In order 
that they should do so it was desirable that all 
the machines should be kept working for the 
whole of the time as far as possible. Thus it 
would have been an advantage if all the tractors 
could have done their ploughing at once on the same 
day, and this course would, moreover, have secured 
that the conditions would have been exactly similar. 
As it was, there was doubtless little difference, 
though there was enough rain on Tuesday to make 
even the heaviest machines use spuds on their 
wheels, while on Wednesday it was quite possible 
to plough without. Had there been a really heavy 
rain, however, the conditions one day might have 
been quite different to those of another. 

It would also have been a great improvement if 
an earlier start had been made in the morning ; 
little being actually done as a rule till well after 
10 4.. Farmers are accustomed to much earlier 
starts than this, and if the Royal Agricultural 
Society is to have their support in the country, 
it must consider their convenience. The time of 
starting does not compare favourably with the 
Aldershot military tractor trials, when, in spite 
of the fact that they were held in the beginning 
of March, in very bad weather, and that late 
finishes were the rule, 8.30 a.m. saw the competitors 
well on their journey, while in the Scottish motor 


trials the cars were on the road at 7 A.M. 
, be would also add greatly to the interest of the 
rials 


‘f information as to their progress could be 


ye easily obtained than was the case at Baldock. 

t would, perhaps, be impracticable to issue a 

or te programme of the events; but it should 
ain 


ly be possible to publish some idea of the 
iu which they are to be taken, so that those 
time is limited would know more or less 
‘hen the event they are interested in would take 
Place. Failing this, a blackboard and a piece of 
chalk would serve to post up what events were to 
take place during each day. Visitors do not -like 
to have to ask either compétitors or officials for 
information, even if those of whom they inquire 


order 
whose 
when 


have time to answer questions. It is further most 
desirable that some of the principal facts relating 
to the performances should be posted up each day. 
It is, perhaps, impracticable to work out the fuel 
costs, &c., but in the ploughing, for instance, the 
essential facts as to the time taken, fuel consumed, 
and length of stoppage must have been known, and 
could have been posted up at once, as has been 
done in other trials, and such information would 
have been of great interest. 

As an instance of what can be done in this way 
by suitable arrangements, we may mention that on 
the occasion of the very important and complete 
trials of steam ploughing and traction engines 
carried out by the Royal Agricultural Society at 
Wolverhampton in 1871, we were enabled, by the 
courteous aid of the judges and engineers in afford- 
ing information, to give in our issue published in 
London on Friday morning a full report of the 
results obtained at Wolverhampton up to 6 P.M. 
the previous afternoon. 

In conclusion, we may say that.there can be no 
doubt that the trials carried out last week at 
Baldock will prove of great value, and when the 
complete report appears we hope to give them full 
consideration. 








GERMAN HYDRAULIC ENGINEERING 
AT THE BRUSSELS EXHIBITION. 

Tue collective exhibit of hydraulic engineering, 
arranged by the Prussian Ministry of Public 
Works, forms one of the most interesting divisions 
of the German engineering section at Brussels, and 
the fine models (many of them working), diagrams, 
and publications convey a good idea of the great 
activity in this field. The port of Duisburg and 
Ruhrort (since 1905 united under one fiscal adminis- 
tration), situated at the junction of the Rhine and 
Ruhr, within the coal and iron district though in 
one corner of it, is now the largest and busiest 
inland port of the globe. It covers an area of 1570 
acres, and 17 million tons of goods passed through it 
in 1909. Electric power is obtained from the elec- 
tricity works at Essen, near by, at the rate of 0.96d. 
per kilowatt-hour. 

That harbour and regularisation works are being 
pushed forward on most of the German rivers can be 
seen in the Exhibition and in the.excellent catalogue 
of the division. This catalogue also contains very 
valuable statistics and information regarding the 
many artificial lakes that have of late been con- 
structed for water supply, irrigation, drainage, and 
for preventing floods and for generating power. 
Some other statistics—for instance, those concern- 
ing the traffic development from 1875 to 1905— 
might have been abridged, we should think, as 
they have not been brought up to date. From 
the various headings we select certain interesting 
features, beginning with hydrography. 

The Prussian Hydrographic Office (Landesanstalt 
fiir Gewdsserkunde) has since 1902 been measuring, 
by means of registering apparatus, the evaporation 
of water on the Grimnitz Lake, situated in the 
northern portion of the Province of Brandenburg. 
Such observations are difficult, and not many data 
are available. The United States took the matter 
up in 1908 on the Salton Sea, a depression 205 ft. 
below sea-level in Southern California, covering 
440 square miles, and are conducting observations 
on hy sone scale at Reno, Nevada. The vessel in 
which the evaporation is measured floats on the 
water of the lake, and should be under exactly 
the same meteorological conditions as the water 
around it. Difficulties arise because the waves 
wash over the basin, and may both fill and empty 
it, and the rainfall on the spot has also to be 
allowed for. On the Grimnitz Lake the basin is 
surrounded by a raft, which breaks the waves, and 
observations have been made with the average level 
in the basin about 1 in., or about 3 in. below the 
edge of the vessel; thermographs are kept inside 
and outside, and the temperature curves agree. 
Simultaneous records are obtained on shore, both 
in the open and in a shed, a Wild apparatus 
being used in the latter case. The observations 
on shore and on the lake are in accord, especially 
when the water in the lake comes close up to 
the edge of the basin, but very much smaller 
evaporation values are obtained in covered -in 
baildings, particularly when the evaporation is 
strong. We reproduce two monthly means and 
the four months’ mean (July to October) for the 
year 1908. The figures indicate evaporation in 





millimetres; columns I. and II. relate to shore 





apparatus, III. the lake float, and IV. the Wild 
apparatus on shore. 


Evaporation Table. 


— a | 





mm | mm. mm mm. 
July 16 to August 15. 5.84 | 5.18 5.69 2.36 
October 1 to 31 .. 1.86 147 1.72 1.16 
July to October .. 3.63 318 | 3.45 1.79 


It would appear that, in spite of the discrepancy 
mentioned, there is a certain proportionality be- 
tween the records of freely-exposed apparatus and 
of apparatus kept under shelter, which is fortu- 
nate, as exposed apparatus fail from frost and snow. 

The water-level records in rivers, lakes, and 
estuaries are obtained on the spot or in a distant 
oflice, with the aid of the automatic apparatus of 
Dr. Wilhelm Seibt, made by R. Fuess, of Steglitz, 
and E. W. Breithaupt and Sohn, of Cassel ; these 
instruments, have been in use for more than fifteen 
years, and have been found very reliable. 

The Versuchsanstalt fiir Wasserbau und Schiff- 
bau, in Berlin, has made extensive experiments on 
the effect of different shapes of boats on the banks 
and bottoms of canals. Screw-propellers tend tu 
hollow out the canal bottom, and to pile the earth up 
near the banks ; the bottoms in new canals are hence 
made with a slight inward slope, the middle lying 
about 14 ft. below the lower edge of the bank. 
Single screws, as was to be expected, are much more 
injurious in this respect than double screws and than 
screws placed higher up in tunnels. Tank propul- 
sion experiments are being carried out during six 
or seven months of the year. More than 300 models 
have been made in six years; the preparation of a 
paraffin model takes about seven days, the experi- 
ments occupy 1} days, when the boat is only to be 
tested for one draught at speeds upwards of 8 km. 
(5 miles) to its maximum speed; sometimes the 
draught is altered by +0.5 m., and the rudder, 
bilge-keels, &c., are put on for the tests. 

As regards natural building materials, and their 
durability, the Prussian public works, harbour, 
and railway departments have examined building 
structures which have been in existence for at least 
fifty years, or which, although of more recent 
date, show decided evidence of decay. Among 
the 2953 structures which were examined in this 
way are a large number of buildings six hundred 
years old ; some have stood a thousand years. A 
selection was made of the material thus collected, 
and the tests were continued with 2118 samples 
from 1059 buildings, comprising sand-stones, lime- 
stones, slates, granite, gneiss and porphyry, basalts, 
trachytes, and tuffas. Wherever possible, samples 
of the original material, fresh quarried, are being 
examined at the same time, and this condition has 
added 950 samples to the just-stated number. The 
samples were taken from parts liable to more 
or less severe weathering and exposed to the 
action of sea and river water, and the special 
conditions of the atmosphere, water, and ground 
were also inquired into. The results of fifteen 
ser of these tests were published, in 1908, by 

rofessor J. Hirschwald in an official volume on 
‘**Die Priifung der Natiirlichen Bausteine auf ihre 
Wetterbestiindigkeit.” 

The transport of goods to Berlin—in 1810 a city 
of 340,000 inhabitants—was effected mainly by 
water up to the year 1850, By 1860 the railways 
took the main share ; both traffics increased much 
more rapidly than the population of Greater Berlin, 
which now exceeds 3 millions. From 1900 to 1906 
the railways and waterways kept in very close com- 

tition owing to the development of the canals; 

ut since 1906, when the water transport culminated 
with 12} million tons, the railways have outstripped 
the waterways, chiefly because the building trade 
declined. About 70 per cent. of all the goods 
arriving in Berlin by water are building materials, 
comprising some 3 million tons of bricks, or about 
1000 million bricks. These, as well as gravel and 
sand, used to be shipped in wooden barges, which 
were discharged in the ordinary fashion with the 
aid of wheel-barrows. The Ziegel-Transport A.G., 
of Berlin, in conjunction with the Accumulatoren- 
Fabrik A.G., has recently introduced special 
accumulator boats for the brick transport. The 
dimensions of the boats have been adapted 
to those of the locks on the Finow Canal. 
The boats, 40 m. (131 ft.) long and 4.4 m. (16 ft.) 
wide, are built of sheet-iron, 5 mm. (0.2 in.) in 
thickness ; the bottom plates have a thickness of 
6mm. Water-tight bulkheads divide the space into 





274 


ENGINEERING. 


[AuG. 19, 1910. 





five compartments, the three middle ones taking the 
load. The battery consists of eighty cells ; it drives 
a 6-horse-power motor at 120 revolutions, and pro- 
pels the loaded boat at 5 km. (3 miles) per hour, 
the highest speed permitted on canals. the stored 
electric energy suffices for 100 km. (60 miles). 
A boat carrying 60,000 bricks, weighing 180 tons, 
draws 1.4 m. (4 ft. 7 in.) of water. When the 
boat is to be discharged, a crate, constructed in 
iron and wood, is placed on the boat by means of 
acrane; having been filled with 1500 bricks, the 
crate is lifted up and placed on a truck on the 
wharf. The journey of 100 miles from Zehdenick 
to Berlin, which used to take three or four weeks, 
is now said to be accomplished in 8 days, and the 
motor-boat makes up to forty journeys a year, 
three times as many as the wooden barges, largely 
owing to the rapid discharging. Ten of these 
motor-barges are in use. 

The trade of the port of Emden, a prosperous 
harbour of ample depth in the early Middle Ages, 
has increased more than tenfold during the past ten 
gongs: Emden is situated near the mouth of the 
‘ms, which flows into the Dollart and the North 
Sea. Towards the end of the thirteenth century 
the North Sea broke through into the Dollart, con- 
verting the lake into a bay, and the harbour silted 
up. The creation of the Jahde-Ems Canal, and 
particularly of the Dortmund-Ems Canal, which 
follows the Ems more or less in its northerly 
course and joins the Rhine directly to the North 
Sea, has brought the shipping trade back to 
Emden. Coal-tips were yvonne to Emden in 
1900 by Messrs: Nagel and Kaemp, of Hamburg. 
In them the coal wagon descends on a_plat- 
form like the cage of a lift, and is tipped at a 
suitable height ; in order to break the fall of the 
coal, a preliminary heap of coal is piled up by 
means of a crane. The height of the structure is 
23 m. (75 ft.), the travel of the platform 12.5 m. 
(41 ft.), the maximum height of the lower edge of 
the shoot (at 45 deg.) above the quay is 8 m. 
(26 ft.) ; the projection of the shoot, 6 m. (20 ft.). 
The platform supports a total load of 28 tons 
(wagons of 15 tons) ; it is raised with a speed of 
0.322 m., and tilted with a speed of 0,421 m. per 
second (12? in. and 163 in. per second); one 
tipping takes from 3 to 6 minutes, and from 150 to 
300 tons can be discharged per hour. The opera- 
tions are effected by four electric motors, of 130, 
15 (shoot), 70 (tipping), 18 (crane) horse-power, fed 
with direct current of 500 volts ; there are devices 
for retarding the motion before stopping and for 
keeping the load freely suspended if the current 
should fail. 

Among the eight coal-tips recently installed at 
the docks of Cosel, on the Upper Oder, in Silesia, 
are two electric tips, made by Messrs. F. Krupp, 
of Magdeburg-Buckau. They take twelve wagons 
of 20 tons per hour ; it is acknowledged that they 
cost more in working than the automatic tips, but 
it is pointed out that they can be used at high- 
water level, and that the coal is not broken, 
because the hopper descends into the hatch. 

The links in the connection of the Dortmund- 
Ems Canal with the Weser and with Bevergern 
and Hanover in the East, and with Duisburg-on- 
the-Rhine in the West, are being proceeded with. 
The latter canal follows the Emscher River. Thus 
part of the great canal project, to create a water- 
way from the Rhine east to the Weser and Elbe, 
where minor existing canals continue the west- 
east artery, is being carried out. To understand the 
demand for this undertaking, we need only mention 
that the coal transport in the Dortmund district 
had risen from 35 million tons in 1890 to 83 million 
tons in 1908, The project necessitates the creation 
of a new lock near the famous ship-lift at Hen- 
richenburg, near Herne, on the Dortmund-Ems 
Canal. he lock will have a useful length of 
312 ft., a width of 33 ft.. and will overcome the 
whole difference of level to be met of 46 ft. In 
order to economise as much water as ible, five 
basins are being built on each side of the lock, from 
which they spread out in fan-fashion ; they will 
store 75 per cent. of the lock water. The Gute- 
Hoffnungshiitte, of Oberhausen, exemplifies in the 
Exhibition, by specimen parts from mild-steel and 
nickel-steel bridges, how much weight and material 
can be saved by choosing the latter material for 
the bridges which they are now building over the 
Rhein-Herne Canal Section. Their steel contains 
2 or 24 per cent. of nickel. The comparative figures 
of their nickel steel A and mild steel B are:— 
Tensile strength—A, 35.5 to 41.3 tons per sq. in. ; 





B, 23.5 to 27.9 tons per sq.in. Elastic limit—aA, 
24.1 tons per sq. in.; B, 14.6 tons per sq. in. Con- 
traction of area—A, 40 per cent. ; B, 20 per cent. 
The admissible stresses are—A, 9.4 tons per sq. in; 
B, 5.9 tons per sq. in. ; and-the specimen joints 
exhibited of a. lower boom weigh—A, 5600 Ib. ; 
B, 92601b. Allowing for the higher price of nickel 
steel, the total saving realised by its adoption is 
estimated at 16 per cent. 

The Bill for the enlargement of the Kaiser 
Wilhelm Canal, which cuts through Holstein from 
Brunsbiittel, on the Elbe, to Holtenau, near Kiel, 
on the Baltic, was passed by the German Diét in 
1907, and operations were recommenced in 1909. 
We described the canal in a series of articles pub- 
lished at the time of its opening in 1895. The 
building of the canal then cost 7,800,000/., more 
than half-a-million being required for the purchase 
of the ground. The length is 99 km. (61.5 miles), 
the bottom width 22 m. (72 ft.), the depth 10.3 m. 
(a little over 33 ft.); the dimensions of the two 
locks at Holtenau and Brunsbiittel are—length 
150 m., breadth 23 m.; depth 9.6 m. or 9.97 m., 
equal to 492 ft., 754 ft., 315 ft. and 32? ft. (depth). 
The projected bottom width is 44 m. (144 ft.), 
the depth 12 m. (39 ft.), and the width across 
the surface at that level 102 m. (335 ft.). These 
enlargements can be effected without stopping the 
traffic ; an enlargement of the locks is impossible 
under this condition. New locks are hence to be 
constructed, and they are the largest as yet pro- 
jected. The useful length is to be 330 m. (1082 ft.), 
the width 45 m. (1474 ft.), the depth 13.77 m. 
(45 ft.) at mean canal level, which means 12:42 m. 
under mean low Elbe level and 12 m. below the 
lowest Elbe level ; the latter may occur for a 
few hours on forty-two days of a year. The two 
sliding-caissons are to be worked by electricity; 
a third inner gate will sub-divide the lock at one- 
third length. The old arch railway bridges will be 
maintained ; the hydraulic swing-bridges will have 
to be replaced. The enlargement is to cost a little 
over 11 million pounds, 1 million being allowed for 
land purchase. 

Among the dredgers used for harbour improve- 
ment and for river regularisation we may mention 
the bucket-dredger X, built, in 1908, by Gebriider 
Sachsenberg, of Rosslau-on-the-Elbe, and elec- 
trically equipped by the Siemens-Schuckert- Werke, 
for the Government at Stettin. The dredger has a 
length of 140 ft., a beam of 28 ft., 54 ft. draught, 
and works to a depth of 33 ft. The compound 
engine, of 200-horse power at 90 revolutions, drives 
the tumbler through one belt (rather a peculiar 
feature), and a compound dynamo through another 
belt, while the eleven winches for the ropes, bucket- 
ladder, shoots, and spoil-barges are all separately 
driven by electric motors; there is a spare steam 
dynamo. A suction-dredger (system Friihling), 
built by Messrs. Schichau, of Elbing and Danzig, 
for Emden, is also said to work economically, dis- 
charging 1 cub. m. of spoil at a cost of 0.09 mark 
(1.08d.). The suction-dredger II., built by the 
Liibecker Maschinenbau-Gesellshaft for the Elbe 
Regularisation, had, in 1907, discharged 216,810 
cub. m. of sand at a distance of 600 m., at an 
average cost, including amortisation, &c., of 
0.20 mark (2.4d.) per cubic metre. 








NOTES. 


AUSTRALIAN TRANS-CONTINENTAL RatLway. 

Tue great Trans-Continental Railway which the 
ambitious colony of South Australia set out to 
build some thirty years ago appears to be in 
danger of collapse. South Australia added a huge 
northern territory to her already ample limits, but 
it proved a white elephant ; and after struggling on 
against a long period of loss, the colony transferred 
the whole territory—proposed railway and all—to 
the newly-formed Commonwealth of Australia. 
The Commonwealth took a cold, hard business view 
of matters, and it quickly became evident that it 
would run no risks for the completion of the Great 
Australian South to North line. The line stops 
short at present at an obscure township known as 
Oodnadatta; from there to Port Darwin a huge gap 
has still to be filled up, and in all probability it will 
remain so. Withagreat effort a telegraph line was 
carried from Adelaide to Port Darwin ; but it is, of 
course, a much more arduous undertaking to build 
a railway than it is to set up a long row of tele- 
graph poles. After all, however, the great difficulty 
in connection with an Australian trans - conti- 
nental’ railway is not so much to build it, 





or even to raise capital with which to build ii, 
but rather to find traffic with which to make ; 
fairly remunerative after it has been brought in(o 
operation. The population of South Australi, 
is scarcely sufficient to develop the original colony, 
much less to open out an immense northern terr:- 
tory. This is all the more the case in consequence 
of the tendency of the Australian population to 
accumulate in towns, about half the inhabitants of 
South Australia being concentrated at Adelaide 
and Port Adelaide. Another difficulty in the way 
of the development of the northern territory of 
South Australia is its tropical climate. The colony 
of South Australia was founded in 1836, and 4 
population of from 450,000 to 500,000 has gradually 
accumulated in it; but this population is little 
adapted for a tropical climate. At any rate, in 
view of the tropical tendencies of the northern 
territory, it is not likely to be at all vigorously 
opened out, unless there is some special resource 
available, and unless there is some special object. in 
view. It is thought in some quarters that a special 
resource has become available in the new Tanami 
gold-field. There is nothing like a gold-field for 
assisting colonial development ; it remains to be 
seen whether Tanami will respond adequately to 
the great expectations formed respecting it. There 
is some;chance of a western railway being 
carried out by the Australian Commonwealth, 
although it shows little readiness to improve com- 
munication with the northern territory. Western 
Australia has attracted great attention of late, and 
the Commonwealth is urged to assist it still further 
by carrying westward a railway which would secure 
improved communication between Adelaide and 
Perth. But this western development policy is 
very much in the air at present. 


THE Wor.p’s OcEAN FREIGHT-CARRIERS. 


The list of the world’s ocean freight and passenger 
ships shows a gross decrease, when compared 
with that of a year ago, of 866 vessels, of 
939,232 tons, taking cognisance only of vessels over 
100 tons, and the same authority—Lloyd’s Register 
—notified some months ago a gross addition to the 
fleet from shipbuilding works of 1063 vessels, of 
1,602,057 tons. We have thus a net increase in 
the world’s fleet equal to 197 vessels, and 662,825 
tons. Thus in one year we have added over 
16 per cent. to the merchant tonnage afloat. 
But the actual carrying capacity is even greater, for 
of the total tonnage built last year, only 64,487 tons 
were sailing craft, while the sailing vessels removed 
totalled 293,562 tons. Taking only steamers, the 
addition is nearly 900,000 tons. It results that as the 
trade of the world has not been augmented to any- 
thing like the same extent, there is less work for 
the existing tonnage to do, and with less work come 
greater competition, lower freights, and less or no 
profit. Thus there is swept away any foundation 
for believing in an improvement in the shipbuild- 
ing trade in the near future. Until the over-sea 
trade increases at the same rate as the net addition 
to tonnage, there is little a of sound pros- 
perity in merchant shipbuilding, a fact which the 
leaders of trade unions should strongly enforce on 
the men during these times of discontent and 
threatened strikes. This is the more import- 
ant as there has been a greater tendency to 
break up old ships owing to them proving 
unremunerative under prevailing freight rates. 
Thus last year one-eighth of the tonnage removed, 
or 121,383 tons, came under this category, and of 
the total 47 per cent. was British tonnage. ‘This 
means an increased capacity per ton of ships on the 
ocean, as new tonnage is always more efficient in 
this respect than old shipping. Although, there- 
fore, the total removals from all causes is 129,940 
tons greater than in the previous year, and the 
highest for many years, the loss by misadventure— 
wrecks, founderings, collisions, &c.—is less, and 
therefore the list of lives lost is not augmented. 
Strandings and kindred casualties, which are com- 
prised under the term ‘‘ wrecked,” are much the 
most prolific cause of disaster. To such casualties 
are attributable 53.5 per cent. of the losses of 
steamers, and 57.5 per cent. of sailing vessels. 
Cases of abandoned, foundered, and missing vessels, 
more or less similar in the circumstances of loss, make 
up 20.8 per cent. of the steamers and 23.6 per cent. 
of the sailing vessels. As regards vessels owned 1D 
the United Kingdom, it is satisfactory to observe that 
the number of casualties comprised in these clas-es 
in the present return—viz., 26—is the lowest 
recorded since these wreck statistics have been 
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Fie. 3. 
compiled by Lloyd’s Register. The annual loss of 
vessels belonging to the United Kingdom forms a 
very moderate percentage of the mercantile marine 
of the country—1.21—less than that of any of the 
other principal maritime countries, whose percent- 


ag . loss range up to 3.55 per cent. of tonnage 
owned, 


THe Brussets INTERNATIONAL EXHIBITION. 

‘Ye much regret to have to record the total 
destruction by fire of approximately one-third of 
the Brussels Exhibition buildings, the exhibits 
they covered having been completely destroyed also. 
The portions involved are the Belgian Industrial 
Secon, to which access was had through the main 
entrance ; the Brussels Kermesse, at one end of 
th selgian Industrial Section ; the British Indus- 
tria! Section ; a portion of the French and Italian 
Industrial and Fine Arts Sections, which open 
upon the Avenue des Nations ; the Duval Restau- 
rant ; and the French and Ville de Paris Industrial 
Sections, which were parallel with the Avenue du 











30—35-Horst-Power Perrot TRACTOR. 


Solbosch. Several private dwellings, contained in 
a piece of enclosed land giving into the said avenue, 
have also been more or less damaged by fire. The 
fire broke out at 9 p.m. on Sunday last, the 
14th inst.—three hours, therefore, after the various 
halls had been closed to the public. The crowd in 
the grounds at the Brussels Kermesse and other 
side-shows of the Exhibition approximated 100,000 
persons. A drenching rain on Saturday afternoon 
and evening was followed by a most intense heat, 
which ruled during the whole of the following 
Sunday. Up to the present the cause of the fire 
remains unknown. e conflagration, it is said, 
started at a part of the main entrance, and a strong 
wind fanned the flames with amazing rapidity. 
Even had there been adequate means available for 
combatting a fire, and this does not appear to 
have been the case, the destruction of the sections 
involved was practically inevitable from the very 
commencement, owing to the very great inflamma- 
bility of the buildings themselves and of the dis- 
plays they contained. From the roof of the Bovril 
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Pavilion, at the east side of the destroyed Belgian 
Industrial Section, a complete view of the ruins is 
obtainable ; this reveals a mass of twisted latticed 
columns, rafters, and other iron structural work, 
masonry column foundations, and heaps of débris. 
The British exhibits of motor-cars, ships’ models, 
ceramics, textiles, carpets, house decoration and fur- 
niture, mathematical and scientific instruments, food 
products, and so forth, have been totally burnt up 
or destroyed. The Belgian and French Sections 
covered industrial products of a similar nature. In 
many instances, unfortunately, the loss is irrepar- 
able, one which no amount of insurance would 
cover. We take this opportunity for extend- 
ing our sympathy to the owners of the displays 
involved, and to the British, Belgian, and French 
Committees, who had vied with each other, and 
hitherto most satisfactorily, in making the Exhibi 

tion a success. Weare glad to add that the engines 
and machinery exhibited in the Machinery Hall, in 
the rear of the British Industrial Section, have not 
been damaged. 


THe Gritte Water-Tuse Borer. 


By the courtesy of the British Water-Tube Boiler 
Company, Craven House, Kingsway, London, 
W.C., and of Messrs. Fraser and Fraser, Limited, 
Bromley-by-Bow, London, E., we had the oppor- 
tunity on Friday last, the 12th inst., of being pre- 
sent at the works of the latter company to witness 
some tests illustrating the safety of the Grille 
boiler in case one of the tubes should burst. It 
will be remembered that the tubes of this boiler are 
peculiar, having at the water end a kind of brass 
cartridge, which acts as a valve, the object being 
to regulate the flow of the water into the tube to a 
quantity proportional to the evaporative power of 
the tube. These cartridge-shaped valves, or, as they 
are called, Solignac tuyeres, are the great feature of 
these boilers, for, in addition to regulating the circu- 
lation of the water in the boiler, they form a very 
efficient safeguard, in case a tube should burst, by 
at once closing the water end of the tube, so that 


the only opening through which water can pass 
is about } in. in diameter, or an area of about 
0.05 in. As the Grille boiler and the Solignac 


tuyeres were, however, fully described and illustrated 
by us on page 810 of our issue of December 13, 
1907, we need not refer further to their construction 
here. What we are now interested in is the effect 
this Solignac tuyere has when a tube gives 
way. In the demonstration, a U-sha ruptured 
tube, similar in size to the water tu in actual 





use in the boiler, had been inserted into the com- 
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bustion chamber over the fire in the position of an 
actual tube, the two ends of the burst tube being 
brought out through the boiler setting, one end 
being in communication with the steam space of 
the boiler, and the other end with the water space, 
the flow of steam and water into the pipe being 
controlled by two cocks. The size of the opening 
in the ruptured tube was sufficiently large to have 
allowed the whole of the water under a pressure 
of 125 lb. per square inch to have escaped in 
a few seconds, with probably disastrous results 
to the stoker and to anyone standing near the 
boiler. All that happened when the steam-cock 
and the water-cock were opened was that the 
fire became merely damped, and no harm was 
done. The test was carried out with the fire- 
door open and the damper open, with both the 
door and the damper closed,.and with one closed 
and the other open, and in no case did anything 
more serious happen than the blowing out of a 
few cinders on the floor in front of the boiler, 
showing clearly the safety of these boilers in case 
a tube should burst. Demonstrations were also 
given with the water, and the steam turned on 
separately. We understand that similarly careful 
tests have also been carried out on this boiler 
by one of the boiler insurance companies, with 
like satisfactory results. It is stated that a Grille 
boiler with Solignac tuyeres will, in the case of 
a tube with a maximum size of rupture, discharge 
about 2.28 lb. of water per second when under a 
pressure of 160 lb. per square inch, whereas the 
amount of water discharged from a 4-in. diameter 
tube under similar circumstances would be about 
0.5 ton, and a boiler containing 4 tons of water 
would therefore discharge its contents in about 
8 seconds. A Grille boiler of the same capacity 
would discharge its contents in a little over one 
hour. 


Tue Lasour Conriict at THE GERMAN 
SHIPYARDS, 


The great labour conflict which has broken out 
at the German shipbuilding establishments, and 
from which only a few exceptionally-positioned 
yards are exempt, appears ill-advised and unjusti- 
fiable, as far as the men are concerned. At the 
strike three years ago the men obtained several 
concessions from the employers, although the latter 
were aware that prospects were discouraging, and 
that bad times were likely to set in. Still, rather than 
bring about a struggle which was likely to do much 
and widespread harm, the employers chose to make 
the necessary sacrifices for the maintenance of peace, 
and this has now lasted for some three years, a 
period which assuredly has not been prosperous for 
the shipbuilding industry, and in many cases, in 
fact, quite the reverse. (uite recently some slight 
specie improvement has been noticeable, but the 
orders that have been placed are neither very 
numerous nor, what is worse, at prices which leave 
a fairly remunerative margin to the shipyards. 
The men at the Hamburg shipyards, however, 
put forward their demands—viz.: one hour's reduc- 
tion in the daily working hours, and two on the 
Saturday, and at the same time, notwithstanding 
a reduction of about 114 per cent. in the hours, 
they demanded an increase of 10 per cent. in the 
pay, coupled with higher rates for over - time, 
alterations in the calculations of the pay for piece- 
work, &c. The employers absolutely refused these 
demands as utterly unreasonable, in view of the 
existing conditions within the shipbuilding in- 
dustry. The German Metal-Labourers’ Union en- 
deavoured to shift the responsibility on to the local 
Hamburg shipyard workmen’s organisation. The 
leaders of the latter have done their best, in their 
turn, to escape from it, but, on the other hand, 
they have mont done nothing to prevent a struggle, 
which, on the face of it, must be looked upon as 
extremely risky, and the result of which is exceed- 
ingly doubtful, so far as tae men are concerned. 
On August 4 some 9000 hands—that is, all the 

ard hands—left the Hamburg shipbuilding estab- 
ishments, which since then have been entirely idle. 
This, in the first instance, means a weekly dis- 
bursement from the strike funds of about 100,000 
marks. Twodays latertheGerman Shipyards’ Union 
held a general meeting, at which it was decided, 
as a counter-move, to reduce the work at all Ger- 
man yards 60 per cent., by locking-out this per- 
centage of men, this lock-out to take effect on 
August 11. On that day the Bremen Vulcan. yard 
locked-out 900 men ; North German Machine and 


Armature Factory, Bremen, 700 men ; the Teck-' 





lenburg yard at Geestemiinde, 800 men ; the Seebek 
yard at Bremerhafen, 400 men ; the Rickmers yard 
at Bremerhafen, 280 men; the Weser yard in 
Bremen, 2400 men; the three Stettin shipyards, 
3765 men ; the Neptune yard at Rostock, 800 men ; 
the Germania yard at Kiel, 2000 men, on the 13th ; 
the Howaldt yard, Kiel, 1200 men ; and the Stocks 
and Kolbe yard, Kiel, 100 men. At the Germania 
works500 men, not included inthe lock-out, left work 
voluntarily. Withtheexception of the yardsat Elbing 
and Danzig, where other labour conditions prevail, 
all work had practically stopped at the end of last 
week at the German shipyards, which meant that 
the total of locked-out men amounted to some 
35,000, which, it is expected, means weekly pay- 
ments from the strike funds of some 400,000 marks. 
The masters feel convinced that they can hold 
their own, and that the men must eventually give 
in. Negotiations are pending about further steps 
on the part of the masters, and the Westphalian 
mining and iron industries have decided to support 
the employers within the shipbuilding industry by 
not giving work to any of their men. 


Tue JAPANESE FINANCIAL ANNUAL. 


The discussions which are now taking place with 
regard to the proposed new Japanese tariff and its 
probable effects on the trade between this country 
and Japan will, no doubt, cause additional interest 
to be taken in the Tenth Financial and Economic 
Annual issued by the Japanese Department of 
Finance, copies of which have just come to 
hand. It is beyond our province to enter into 
these discussions, as they raise many points on 
which there is much difference of opinion, but the 
Annual contains so much information about Japan 
of great interest to engineers, manufacturers, and 
merchants that we think it desirable to direct 
attention to some of its main features, and no 
doubt those who wish further details will be able 
to consult copies of the publication in some of the 
public libraries or institutions, as the Japanese 
Government sends them freely wherever they are 
likely to be read. The latest edition, like those 
which have preceded it, is a very good illustration 
of the methodical and thorough manner in which 
the Japanese carry through any work which they 
undertake. It is well arranged, and a great deal 
of information is conveyed in a comparatively small 
space. One of its most interesting features is the 
large number of diagrams illustrating the numerous 
tables bearing on the various activities of national 
life. The lessons which were taught in the Engineer- 
ing College on graphical methods in dynamics have 
been extended and applied to almost every phase 
of activity, and they convey at a glance information 
which could only be got by a careful study of 
elaborate tables. We have more then once hinted 
that this method of graphical illustration might be 
adopted more freely with advantage in some of the 
official publications of the British Government. The 
Annual is really a synopsis of the conditions of the 
Japanese Empire, from the point of view of finance, 
commerce, and industry, and, of course, it is im- 
possible in a short notice to do more than give a 
mere outline of its contents. After a brief intro- 
ductory account of the general conditions of finance 
and economy in 1909, details are given of the 
Budget for the financial year 1910-11, and these 
will be studied with special interest at the present 
time, when the financial arrangements of this 
country are being so much discussed, and we have 
no hesitation in saying that, on some points, our 
statesmen might take a few lessons from Japan. 
Details are given of the various taxes, of the 
receipts from Government enterprises and State 
property, of the national debts outstanding, and 
of the present position of the various loans, all of 
which is of interest to the numerous British in- 
vestors who have put money into Japanese funds. 
The scheme for the redemption of the public loans 
is described, and it should be noted that, accord- 
ing to that scheme, the redemption of all the 

ublic loans issued in connection with the Japan- 

ussian war will be completed (if nothing un- 
expected happens) in about thirty years. Infor- 
mation is also given of the revenue and expenditure 
of municipal corporations and of the amount of 
local loans, and these show that, in addition to 
the many activities of the central government, 
local bodies are also doing a great deal to develop 
the resources of the country. The statistics relating 
to agriculture, industry, and commerce are very 
complete, and a perusal of them shows the wonder- 
ful variety of the undertakings which have made 





Japan a commercial and industrial country of great 
importance. The result has been a large increase 
in trade with almost every country in the world, 
and of this very full details are given. Those, 
however, who wish to study this branch of th 
subject thoroughly should obtain the special report 
on the foreign trade of the Empire of Japan, issued 
annually: by the Department of Finance. The 
section dealing with banking and the money marke‘ 
will be read with special interest by financiers, 
while that dealing with communications will appeal! 
chiefly to engineers. Very complete statistics are 
given of the railways, shipping, and harbour works, 
which show most wonderful developments. The 
concluding sections of the Annual are taken up 
with the affairs of Taiwan (Formosa), Karafuto 
(Saghalien), and with a summary of the financial 
and economic affairs of Korea. To the real 
student of things Japanese this publication is 
robably the most important of all that are pub- 
ished. 








THE SAUNDERSON AGRICULTURAL 
TRACTORS. 

Tue two tractors of Messrs. Saunderson and Gifkins, 
Elston Works, Bedford, which took part in the trials 
of the Royal Agricultural Society at Baldock last 
week, were generally similar except for the dimensions, 
and were both of the vertical four-cylinder type, having 
the engine placed with the crank-shaft longitudinally 
to the vehicle and driving the counter-shaft by means 
of bevel gear. Of both tractors we give illustrations 
on page 275 of the present issue, Figs. 1 and 2 showing 
the larger tractor, rated at 50 brake horse-power, and 
Fig. 3 the smaller, rated at 30 brake horse-power. In 
both tractors the engine has the valves on opposite 
sides of the cylinders, which are cast separately, and 
has high-tension magneto and coil and accumulator 
ignition, both the magneto and commutator being 
placed at the top of the cylinders in a very accessible 
position. Water circulation is by pump placed at the 
end of one of the cam-shafts, and a large radiator, with 
a belt-driven fan is provided. 

The cylinders in the larger tractor are 6 in. by 8 in., 
and in the smaller 5 in. by 6 in., the power developed 
being about 50 and 30 brake horse-power respectively 
at 800 revolutions. 

From the engine a cone-clutch transmits the power 
to a three-speed change-speed gear-box, with sliding 

ears, giving speeds of 23, 4, and 8 miles an hour. 
eversing is effected by putting either of two bevel- 
crown wheels into gear, all the speeds being, there- 
fore, available either backwards or forwards. The 
change-speed gear, together with the bevels and 
differential, are all contained in a substantial gear- 
box at the back of the frame, the final drive 
being by spur-gear. The wheels of the final drive 
are kept the same depth in gear by a frame 
which carries the bearings both of the counter-shaft 
and road-wheels, while short lengths of shaft, with 
universal joints at each end, are provided to transmit 
the motion from the gear-box to the pinions, thus 
allowing for the motion of the springs. The road- 
wheels revolve on a dead axle, and are 5 ft. in diameter 
by 12 in. wide in the larger tractor, and 4 ft. in 
diameter by 10 in. wide in the smaller. 

The front axle is in each case of deep I section, 
and is of the Ackerman type, but is pivoted centrally 
to allow for inequalities of the ground, radius rods being 
provided to keep it in position. The view, Fig. 2, on 

ge 275, shows clearly the effect of this arrangement. 
Spiral springs are placed in the steering-pivots. ‘The 
steering-gear is of the worm-and-wheel type, with a 
vertical spindle steering-wheel. 

Each engine can be run either on petrol or paratfiin, 
and an exhaust-heated vaporiser is provided for the 
latter, a special feature being that the inlet pipe is 
exhaust-heated up to the inlets to the cylinders. 

A foot-brake, actuated by the clutch-pedal, is pro- 
vided, and also a serew-down brake acting direct on the 
back wheels. The weight of the larger tractor empty 
is 4 tons 13 cwt., and of the smaller 3 tons 11} ewt. 
The tanks of the larger hold 32 gallons of paraffin and 
8 gallons of petrol, and of the smaller 24 gallons of 
paraffin and 6 gallons of petrol. 








Tue Humpurey Pomp at THE BrussELs EXHIBition. 
—We learn that the jurors at the Brussels Exhibition have 
decided to award a Grand Prix to the Humphrey pump 
in two classes—viz., both as a gas-engine and as a pulp. 


Ovr Locomotive Exports.—There is now little doubt 
that 1910 will witness an appreciable contraction in the 
shipments of locomotives from the United Kingdom. 
The value of the engines exported in July was only 
99,260/., as compared with 7471. in July, 1909, and 
237,3201. in July, 1908; and in the first seven months of 
1910, 1,014,959/,, as compared with . 1,617,658/. and 
1,705,904/. in the corresponding periods of 1909 and 193 
respectively, 
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BRITISH COAL IN GERMANY. 


THE important and continuous increase in Germany’s 


imports of British coal—from 1899 to 1909 the increase 
is over 115 per cent.—continues to cause much dis- 
satisfaction in Germany, and is frequently being com- 
mented upon in technical papers and the press generally. 
It is denounced as one of the most astounding facts 
within the industrial life of Germany that that country, 
which boasts the richest coal deposits of the world, 
should to such an extent fall back upon the coal 
supply of a foreign country. 

The German import of British coal has risen from 
4,873,555 tons in 1899 to 10,498,118 tons in 1909 ; the 
latter figure was even beaten by that of 1907, when 
the German imports of British coal amounted to 
11,952,383 tons, but for that year some exceptional 
conditions of a somewhat peculiar nature prevailed. 
These were the unusually active demand, and, 
secondly, the coal famine, or, at least, the apprehen- 


sions of a coal famine, as far as German coal went, | 


which that year witnessed. Neither of these factors 
can be claimed as an excuse for the almost equally 
important imports of British coal the last two years ; 
when, in fact, a continuous depression was experi- 
enced in the German coal industry in almost all 
districts. 

In no place, perhaps, has British coal to a more 
marked extent encroached upon German coal than in 
Berlin. In 1890 British coal consumption in the German 
capital only amounted to 105,894 tons, or 7.53 per 
cent., whilst last year the respective figures were 
946,102 tons and 39.88 per cent. The total consumption 
of Berlin in the two years was respectively 1,406,961 
tons and 2,372,310 tons. During the same period 
Berlin consumption of Nether Silesian coal has de- 
creased from 194,618 tons in 1890 to 155,710 tons in 
1909, and in percentage to less than half, whilst the 
figures for Upper Silesian coal are respectively 1,021,220 
tons and 964,878 tons, the percentage of the total 
having fallen from 72.58 per cent. to 40.67 per cent. 
Berlin’s consumption of German coal, all told, was, in 
1890, 1,301,067 tons, and in 1909, 1,426,208 tons, which 
respectively represented 92.47 and 60.12 per cent. of 
the total consumption, so, broadly speaking, the 
increase in the consumption is covered by British 
coal. As will be seen from the above, it is more especi- 
ally the coal from Silesia that suffers, and it is from 
that quarter, too, that the complaints are the loudest. 
The figures for Greater Berlin show a still more 
marvellous increase in the consumption of British 
coal; the figures here only go back to 1897, when the 
figures representing consumption of British and Upper 
Silesian coal respectively were 371,317 and 1,387,256 
tons, whilst last year the figures were respectively 
1,489,008 and 1,918,732 tons, an increase, as far as 
Greater Berlin is concerned, of 301 per cent. for 
British coal, and only 38.3 per cent. for Upper 
Silesian coal. 

Fears are openly expressed that British coal is in a 
fair way of, lastingly and fully, securing the Berlin 
market, unless proper precautions are taken soon and 
with the greatest possible energy. 

The striking increase in the import of British coal 
to Berlin the last few years is to a great extent owing 
to the growing consumption of British gas-coal at the 
Berlin gas-works ; that British gas-coal is thus about 
to supersede German coal is accounted for by the 
more favourable conditions of production that are 
found in England, and the consequent cheaper price, 
but more especially it is attributed to the more 
favourable rates of freight, insomuch that British 
coal, with sea and inland water freight, can reach 
Berlin some 3 marks per ton cheaper than can, for 
instance, the Upper Silesian coal by rail. Owing to 
the, as yet, inadequate conditions of the Oder as a com- 
mercial waterway, and the consequent short shipping 
season, this waterway is only of very little moment in 
this connection. 

From the standpoint of the national economist 
Opinions as to the desirability of having some English 
coal in the German market seem to somewhat differ, 
but there are voices raised in favour of no English coal 
at all. In any case there is a likelihood of endeavours 
being made to render German coal better able 
to compete against English, and it is urged that it 
must be an altogether erratic policy to allow 
153,000,000 marks to go out of the country for English 
coal, which sum represents the value of Germany’s 
imports of British coal during last year. 








~ ‘OLEUM AT ALBERTA.—Dakota sands are ex 

ried the Athabaska and elsewhere in the north of 
' ert, where they are charged with tar to the extent 
of 12 per cent. of the whole mass. The tar represents the 
residuum of petroleum which has esca: to the air 


along the exposed edges of the rocks. 
Some petroleum 


are still ing. 
sands is esti escaping. The area of the tar 


mated at 1000 i 

not been fully exploved at ae a SS See 
oil has escaped. 
Hat, Fd 


fully to test the oil possibilities of the province, 





THE PROPULSION OF AEROPLANES. 
To THE Eprtor OF ENGINEERING. 
Str,—Although a subscriber to your paper, I am only | 
a student of engineering, so please do not laugh if I make | 
any mistakes. 

n the propulsion of aeroplanes, why do they not | 
| arrange for the energy of the explosion to act directly 
| upon the atmosphere, instead of through the medium of a 
| piston and a propeller ? 

Surely a number of ‘“‘reactance” tubes tapered as | 

necessary and fed from one central explosion-chamber, 
and, say, placed along the line of resistance somewhere 
near the lower surface of the planes, would produce the 
desired thrust. 
| And from this it is but a step to combine the cylinders 
|and ‘‘reactance” tubes in units, and let each develop its 
| own string of explosions automatically. 

By making these explosion units as long as practicable, 
| and tapered enough, could not an efficiency be obtained 
| comparable with our present 30 per cent., minus losses in 
| engine and propeller ? 
erhaps you or your readers would be good enough to 
| enlighten me. 

Thanking you in anticipation, I am, &c., 
STUDENT. 
Post-Restante, Colombo, Ceylon, July 20, 1910. 








MILLING-CUTTER GUARDS. 
To THE EpitTor oF ENGINEERING. 

Srr,—We are in possession of a patent, No, 22,392, 
dated October 10, 1906, for a type of milling-cutter guard 
which has been used para de + in our own works and by 
a number of other engineers under license. 

This guard, one construction of which is shown by the 
enclosed photograph, has been found quite satisfactory 
in use, and has had the approval of H.M. Inspectors of 











Factories, having, in fact, been the subject of a special 
Home Office illustrated circular of recommendation. 

Believing that it is in the public interest that such pro- 
tective devices should be freely available by all users of 
machinery, we have decided to give up our rights under 
the above patent for the free use of the public. 

In view of the agitation which has been in progress for 
some time on the subject of the guarding of milling 
cutters, we shall be obliged if you will favour this letter 
with the publicity of your columns. 

Yours faithfully, 
For ALFRED Herpert, LIMITED, 
P. V. VERNON. 

Coventry, England, August 13, 1910. 








THE SPEED OF VESSELS. 
To THE EprTtor or ENGINEERING. 

Srr,—I read, on page 187 of your issue of the 5th inst., 
a statement of Froude’s law, in the oracular form: 
“Other things being equal, the speed varies as the 
square root of the length.” 

The statement requires considerable amplification ; the 
other things which are equal in this law are the length of 
voyage or diameter of action, and the fraction of displace- 
ment tonnage available for fuel when no intermediate 
coaling is possible. 

It follows, then, that the only other things which are 
equal, the popular way of saying that they are not to vary, 
are resistance estimated in pounds per ton, as on a rail- 
way, or the equivalent incline uphill, fluid friction being 
taken as proportional to the wetted surface and square of 
the speed through the water. 

As the time of the voyage is reduced cepees | by an 
increase of the speed, the fon h of similar vessels must 
be increased as the square of the speed, and the displace- 
ment tonnage as the sixth power; but the horse-power 
and engineer crew grows as the seventh power, or the 





atural gas and | J 
|and machinery as the speed ; but the coal per ton of dis- 
| placement remains the same. 
present. A large amount of | 
None of the wells sunk about Medicine | as the speed. 
monton, or Calgary have penetrated deep enough | 


horse-power per ton and fraction of tonnage for boilers 


Steam pressure mounts up 
as the square of the speed ; but revolutions are inversely 


In popular language, 1 per cent. decrease in time over 





a given voyage requires 1 per cent, increase in speed, 2 per 





cent. increase in length, 6 per cent. in tonnage, 7 per cent. 


| in horse-power, 2 per cent. increase in pressure, but 1 per 


cent. decrease in revolutions. 

The comparison then is not of a maximum speed attain- 
able for a short spurt with no restriction, but under the 
condition of a speed that can be sustained over a given 
diameter of action, say a passage across the Atlantic. 
Why cannot a rate RE or hydroplane cross the 
Atlantic? the tacit assumption being at full speed. 
Because it cannot carry fuel enough; and to make the 
fuel last, the speed must be reduced, to fall into line with 
Froude’s law of comparison with existing Atlantic 
steamers. 

The interest is just beginning of the application of the 
law to the flying-machine. 

Yours truly, 
G. GREENHILL. 

1, Staple Inn, W.C., August 6, 1910. 

[It was never suggested that the hydroplane would be 


used in the immediate future to cross the Atlantic.— 
Ep. E.] 








THE ASSOCIATION OF CONSULTING 
ENGINEERS. 
To Tue Eprror or ENGINEERING. 

Srr,—Will the Association of Consulting Engineers be 
a truly representative body if its membership is to be 
confined to ‘‘those who are corporate members of the 
Institution of Civil Engineers” ? 

There must be a number of consulting engineers, 
thoroughly competent in their own speciality, who would 
be excluded by this restriction ; and it is open to question 
whether they or the new association would be the poorer 
for their exclusion. 

Certainly in some special lines of work, as, for example, 
telephony, the man who has spent his life in the a is 
better qualified than the average corporate member of the 
Civils. 

It is to be hoped that in justice to those who, for a 
variety of reasons, have not been able to join the Civils 
the proposed restriction will not be maintained. 

I remain, &c., 
Herpert Laws Wess. 

35, Old Queen street, Westminster, 8. W., 

August 15, 1910. 








A Sreep-Grapient ADHESION RaILway.—Some notes 
on the Leopoldina Railway, a short line leading from the 
Bay of Rio de Janeiro up to the suburb of Nova-Friburgo, 
are given in the Zeitschrift des Vereines Deutscher In- 
genieure, by Rud. Engel. This line is a 1-metre-gauge 
railway, having gradients rising to 92 in 1000 in places, 
this being the steepest gradient known to the author. 
There are also curves of minimum radius of 27 metres, 
In addition to the usual brakes, a brake has been pro- 
vided gripping the third or central rail. The maximum 
speed up-er e is 16.4 kilometres per hour (10 miles). 
The load of. the passenger-trains of three cars is limited 
to 38 tons, but this appears to be the usual load. For 
mixed trains of 40 tons the speed is limited to 14 kilo- 
metres. Descending trains may be loaded to 100 tons, 





IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, SouTH 
KENSINGTON.— We announced last week on 235 that 
a course of lectures on *‘ Railway Engineering” is to be 
delivered in connection with the above college during the 
session 1910-1911, at the Royal College of Science. In 
addition to these lectures there are to be others during the 
session on a variety of subjects which ought to prove 
attractive to students; they will be as follow :—‘‘ Economic 
Geology,” by Professor W. W. Watts, M.A., F.R.S., 
F.G.S., and Dr. C. G. Cullis, D.Sec., F.G.S., in the 
Western Galleries of the Victoria and Albert Museum : 
Part A, Mining Geology ; Part B, Engineering Geology ; 
the latter part being taken by Dr. Herbert Lapworth, 
D.Sc. F.G.8. The lectures in Part A will be delivered daily 
(except Saturdays and Sundays) from 10 a.m. to 11 a.m., 
beginning Wednesday, October 5, for four weeks, while 
the first lectures of part B will be delivered on Thursday, 
October 6, 1910, pad the subsequent lectures on two after- 
noons a week at the same hour, on days to be arranged. 
The fee for either part is 2/., and for the complete 
course 37. A course of lectures on ‘Colour Vision,” 
and ‘‘Spectroscopy,” will be delivered by Sir William 
De W. Abney, K.C.B., F.R.S., and by Assistant Pro- 
fessor A. Fowler, F.R.S., respectively ; the lectures on 
colour vision will be on Tuesdays, Wednesdays, and 
Fridays, from 11 a.m. till 12 noon, beginning Tuesday, 
November 8, 1910; the fee for the ten lectures being 
1/. 108. The spectroscopy lectures will begin on Monday, 
October 10, 1910, the time being from 10 a.m, to 11 a.m.. 
one lecture being given each week, at the same time ; the 
fee for the course is 1/. 10s. The subjects forming the 
other courses will be ‘‘ The Internal-Combustion Engine, 
illustrated by a Study of the Indicator Diagram,” by 
Dr. W. Watson, F.R.S. (fee for the course, 1/. 10s.) ; 
** Radioactivity and Electric Discharge,” by Professor 
the Hon. R. J. Strutt, F.R.S. (fee, inclusive, 1/. 10s.) ; 
‘*Measurement of High Temperatures and Optical Py- 
rometry,” by Professor H. L. Callendar, F.R.S.; ‘The 
Magnetic Properties of Metals and Alloys,” by Dr. S. W. 
J. Smith, M_A.. D.Sc. ; ‘*Timber for Engineering 
Students,” by Dr. Percy Groom, M.A., D.Sc., F.L.S. (fee 
for course, 1/.); ‘**Timber: Its Structure, Defects, and 
Diseases” (fee, 3.) ; ‘‘ Fungal Diseases of Plants and their 
Remedies,” by Mr. E. 8S. Salmon, F.L.S. (fee for the 
course, 3l.); and ‘*Gaseous Fuel and Combustion,” by 
Professor W. A. Bone, D.Sc., F.R.S. (fee, 2/.). Further 

rticulars may be obtained from the Secretary, Imperial 
Yollege of Science and Technology, Exhibition-road, 8. W, 
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33-IN. SCREW-CUTTING GAP-BED FOOT-LATHE. 


CONSTRUCTED BY THE BRITANNIA ENGINEERING COMPANY (1910), LIMITED, ENGINEERS, COLCHESTER. 

















39-IN. AND 44-IN. SCREW-CUTTING FOOT- 
LATHES. 


WE illustrate on this and the opposite pages two 
new models of foot-lathes recently ee Ee by the 
Britannia Engineering Company (1910), Limited, of 
Colchester. The Britannia Company’s name is well 
known in connection with this class of work, with 
which they have been connected for some forty years, 
and the present examples illustrate their most recent 
designs, which embody the general experience gained 
in the later developments of this class of tool, com- 
bined with the special experience of the company. 
In both models adequate stiffness and wearing surfaces 
have been combined with such flexibility of arrange- 
ment as toallow of a considerable range of work being 
undertaken. The lathes are far from being toys, = 
should be of especial service to the large class of small 
users who require to undertake work or repairs in 
connection with internal-combustion engines. 

The 3%-in. lathe is illustrated in Figs. 1 to 15, on 
this page. It will be seen that the bed, which is pro- 
vided with a gap, is supported at two points, and has 
a minimum A on he tet It is of very generous width, 
as is shown in Fig. 13. The bed is made indepen- 
dently of the tray and legs, so that the upper part 
can be removed and used as a bench lathe Hi desired. 
The headstock, which is fitted with back gear, is fixed 
to the bed, instead of being made to swivel, as is some- 
times arranged for in lathes of this class, so that a 7 
rigid construction is possible. The mandrel is of steel, 
ground to an accuracy of y,55 in., and has a ,,-in. 
hole through its centre. It is arranged to take stan- 
dard split chucks, and runs in adjustable bronze 
bearings. The general arrangement of the headstock 
is shown in Figs. 4 to 6, while a detail drawing of the 
mandrel is given in Fig. 7. Fig. 8 is the draw-spindle, 
which fits through the ,‘,-in. hole in the mandrel, and 
is used for fixing split-chucks in position. The tail- 
stock, with some of its details, is shown in Figs. 9 to 
13. It is arranged to swivel for taper turning, and is 
curved to give as much clearance as ible for the 
slide-rest feed-handle. It is fitted with a steel barrel, 
with a centre hole, arranged to take split-chucks. 
Fig. 14 is the draw-spindle, and Fig. 15 an adaptor for 
use with split-chucks. 

The lathe is provided with a compound slide-rest, 
and as, owing to the deep saddle which has been fitted 




































































to make the tool suitable for boring work, there is 

comparatively little vertical height available for the 

rest, the middle slide has been made from a steel 

stamping, in order to obtain an adequately strong ; 

construction. For holding down work for boring or Fig 8 MEADSTOCK DRAW SPINDLE. : 

milling the saddle is provided with a number of 93" Fig.M poppet screw nut. 

T-slots, while in addition it is fitted with a large 7 a 4, ° Kail 

apron to protect the leading screw. This screw has © pereeeesemern meer aan ¥ fore —— 
a square thread, and, in addition to the usual discon- = - ——— - — ? ihe lA ») 
necting nut for the rest, is fitted with a disengaging sel gy me (i 
lever at the left-hand end, by which it can be instantly 4 mie: ; : Wig 

stopped, started, or a A hand a for the -- - 5% -—---—--?* g 

leading screw is fit at the right-hand end, the (i aactseee —— y 

handle being brought to the front of the machine and ee oe ees Bom. resi ee Gee 

driving through bevel wheels, in order to add to the : —— er 

convenience of operation. A rack and pinion are fitted 

for the quick traverse of the saddle, and to relieve the 

leading screw from unnecessary work. The rack is 

fitted on the front of the machine, and although it 

cannot be seen in Fig. 3, owing to the flange of the 

bed, its position is clearly indicated in Fig. 1. The 

change-wheels are all machine cut from the solid and 

are supplied in sufficient variety to cut all Whitworth 

surendhe from 1 to 60 per inch, and brass and pipe- 
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threads in addition. s will be seen, the lathe is 
provided with a tray, which is cast separately from 
the bed and legs, making replacement easy in case of 
breakage. The treadle motion is self-contained on 
the legs, and arrangements can be made either for a 
pat or belt-drive. The lathe will take a job 19in. 
ong between centres. 

e@ 4}-in. lathe is illustrated in Figs. 16 to 19, 
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on this page. This machine is, of course, intended 
for a rather heavier type of work than the 33-in. size, 
and consequently differs somewhat in appearance, but, 
In general, the features which are mentioned above in 
connection with the smaller machine have been em- 
bodied in the larger. The tray and the hand-feed for 
the leading screw have, however, been omitted. The 
slide-rest in this case is fully compound, swivels com- 
pistely round, and is graduated for taper-turning and 

ring ; while the headstock is fitted with adjustable 
parallel bronze bearings, and a Hoffmann ball-bearing 
Yo take the mandrel thrust. The mandrel has a }§-in. 
hole through its centre, arranged to take standard split- 
chucks, as shown in Fig. 18. The treadle motion is 
self-contained on the legs, and the fly-wheel pulley- 





19, 


| shaft is carried on anti-friction rollers, of which the 


arrangement will be clearly seen in the figures. A lathe 
corresponding to this, but with 54-in. centres, is also 
manufactu by the Britannia Company. The 44-in. 
lathe will take a job 2 ft. 6in. long between centres, 
while the 5}-in. size will correspondingly take 3 ft. 


INDUSTRIAL NOTES. 

Tue report of the Labour Department of the Board 
of Trade on the general state of employment is based 
on the following extensive official and other returns, 
representing the various groups of industries named : 
ie addition to the employment returns from 
trade unions used for the chart, 4436 were received 

















from employers relating to 1,159,357 workpeople em- 
ployed in coal and iron-mining, the cotton, woollen, 
worsted, and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 7280 statistical 
returns, a large number of returns of a non-statistical 
character were received from employers’ associations, 
trade unions, local correspondents, and other sources. 
From the above it is shown that employment was, on 
the whole, much about the same. There was a 
seasonal decline in the clothing and furnishing trades, 
and a seasonal improvement in the printing trades. In 
some industries employment was temporarily affected 
by holiday suspensions, and also by the dispute on the 
North-Eastern Railway. As compared with a year 
ago, all the principal industries, except coal-mining and 
cotton manufacture, showed an improvement. 

The 416 trade unions making returns had a net 
membership of 698,888 ; of which 26,644, or 3.8 per 
cent., were reported as unemployed, compared with 
3.7 per cent. at the end of the previous month, and 7.9 
per cent. a year ago. 





Employment in the coal-mining industry continued 
fair ; it was not quite so good as a year ago. 

Employment in iron-mining continued good, and 
showed little change as compared with a month ago 
and @ year ago. 

The pig-iron industry was fairly busy—better than a 
year ago. Returns relating to the works of 108 iron- 
masters, apy 23,200 workpeople, showed 311 
furnaces in blast, as compared with 312 a month ago 
and 285 a year ago. 





Employment at iron and steel works showed a slight 
decline on a month ago, but was better than a year 

o. The volume of employment (i.¢., number em- 
ployed multiplied by the number of shifts worked) at 
the works from which returns were received showed a 
decrease of 0.3 per cent. on a month ago, and an 
increase of 10.7 per cent. on a year ago. 

Employment in tin-plate and steel-sheet manufac- 
ture continued very good, but was not quite so good as 
a@ month ago; it was better than a yearago. At the 
works covered by the returns, 480 tin-plate and steel- 
sheet mills were working, as compared with 491 a 
month ago and 446 a yeer ago. 





In the engineering trades employment was fair— 
rather better than a month ago, and much better than 
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a year ago. ‘Trade unions with a membership of 
167,678 reported 4.5 per cent. unemployed, as com- 
pared with 4.4 per cent. a month ago, and 12.1 per 
cent. a year ago. ; 

Employment in the shipbuilding trades showed little 
change on the whole compared with the previous 
month, but was much better thana yearago. Branches 
of trade unions with 56,477 members reported 8.5 per 
cent. unemployed at the end of the month, as com- 
pared with 7.6 a month ago, and 23.9 per cent. a year 
ago. 


In the cotton trades employment in both the spin- 
ning and weaving branches was bad, and worse than 
both a month ago and a year ago. A great deal of 
short time was worked in the spinning branch, and 
there was much slackness in the weaving branch. 
Returns from firms employing 111,694 workpeople 
ehowed a decrease of 7 per cent. in the amount of 
wages paid as compared with a month ago, and of 10.5 
per cent. as compared with a year ago. 

Fy iy sare in the woollen trade continued good, 
and was better than a year ago. Returns from firms 
employing 26,436 workpeople showed a decrease of 
0.1 per cent. in the amount of wages paid compared 
with a month ago, and an increase of 9.7 per cent. 
compared with a year ago. 

In the worsted trade employment showed a slight 
decline compared with a month ago, but was still 
good, and better than a yearago. Returns from firms 
employing 45,473 workpeople showed a decrease of 
1.5 per cent. in the amount of wages ar compared 
with a month ago, and an increase of 7.6 per cent. 
compared with a year ago. 

Employment in the linen trade continued good and 
was better than a year ago. Returns from firms 
employing 50,026 workpeople showed a decrease of 
0.2 per cent. in the amount of wages paid as compared 
with a month ago, and an increase of 3.5 per cent. as 
compared with a year ago. 


Employment in the boot and shoe trade continued 
moderate, but was better than a year ago. Returns 
from firms employing 60,337 workpeople showed an 
increase of 0.6 per cent. in the amount of wages paid 
compared with a month ago, and of 6.3 per cent. com- 
pared with a year ago. . 

In the other leather trades employment was fair ; 
it was rather worse than a month ago and a year ago. 
Trade unions with 3138 members reported 5.1 per 
cent. unemployed, compared with 4.4 per cent. a 
month ago and 4.6 per cent. a year ago. 

Employment in the paper-making trades continued 
good, and was better than a year ago. 

Employment in the printing and book-binding trades 
remained fair on the whole, and was better than a 
month ago and a year ago. ‘Trade unions in the 
printing trades with a membership of 51,201 reported 
4.1 per cent. pong me fps as compared with 4.8 per 
cent. a month ago and 5 per cent. a year ago. In the 
bookbinding trades the corresponding percentages were 
5.4, 5.2, and 7.8. 


Employment in the building trades was moderate— 
rather better than a month ago and much better 
than a year ago. ‘The percentage of unemployed 
among trade-union carpenters and plumbers was 
6.4, as compared with 6.8 a month ago and 10.4 a year 
ago. 

"Restoran in the woodworking and furnishing 
trades continued moderate on the whole, and was 
better than a year ago. With coachbuilders it con- 
tinued good, and with coopers fair. Trade unions with 
a membership of 33,553 reported 4.5 oY cent. of their 
members unemployed, as compared with 4.1 per 
cent. a month ago and 7.1 per cent. a year ago. 

In the brick trade, employment, though still fair on 
the whole, showed some decline as compared with a 
month ago ; it was better than a year ago. Returns 
from firms employing 13,751 workpeople showed a 
decrease of 3 per cent. in the amount of wages paid 
as compared with a month ago, and an increase of 1.7 
per cent. as compared with a year ago. 


As regards agricultural labour, the hay harvest was 
considerably hindered by rain in July, and in most 
parts of the country day libourers lost some time in 
consequence. There was generally a good demand for 
these men, but the supply was — suflicient. 

Employment of teuk and riverside labour in London 
was fair generally—about the same as a month ago, 
and better than a year ago. It continued slack at 
Liverpool. At the other principal ports it continued 
fair on the whole. The average number of labourers 
employed daily at the docks and principal wharves in 
London (exclusive of Tilbury) was 12,954, an increase 
of 0.7 per cent. as compared with a month ago, and of 
4.5 per cent. as compared with a year ago. 


Fourteen labour disputes began in the month, in- 
cluding a short but important strike on the North- 
Eastern Railway. In the previous month there were 





29 disputes, and 41 in same month a year ago. The 
total number of workpeople involved in disputes which 
began or were in progress was 14,094, or 2372 less 
than in the month previous, and 155,296 less than in 
the same month a year ago. The aggregate duration 
of all the disputes of the month, new and old, 
amounted to 161,900 working days, or 5700 more than 
a month ago, and 774,300 less than a year ago. 

nite results were reported in the case of 14 disputes, 
new and old, directly involving 7039 persons. Of these 
14 disputes, five were decided in favour of the work- 
people, five in favour of the employers, and four were 
compromised. 

The changes taking effect in rates of wages affected 
69,300 workpeople, of whom 68,500 received increases 
and 800 sustained decreases. Amongst those whose 
wages were increased were 38,000 coal-miners in 
Northumberland, 10,700 ironstone-miners and lime- 
stone quarrymen in Cleveland and Weardale, 6900 
blastfurnacemen in Cleveland, Durham, and Cumber- 
land, and 6250 blastfurnacemen and iron and steel 
workers in South Wales and Monmouth. The net 
effect of all the changes is computed at an increase of 
about 1600/. per week. 


The quarterly circular of the Labour Party refers 
at the outset to the recent by-election in the Kirkdale 
division of Liverpool. The Labour Party again con- 
tested the seat, as twice before ; at the General Elec- 
tion in January of this year, Mr. A. G. Cameron was 
the Labour candidate of the Amalgamated Society 
of Carpenters and Joiners, and lost by only 223 
votes. He was again the candidate last month, when 
he lost by 841. It is contended that the result was 
not any setback to the Labour movement in the 
constituency, but showed the dominance of the sec- 
tarian spirit aroused as between Protestant and 
Roman Catholic in Liverpool over the King’s Declara- 
tion Bill, a measure now passed by common assent. 
Attention is called to the Press campaign against the 
Labour Party, and the members all over the country 
are urged to follow up all such attacks and reply to 
them, or send copies of such attacks to the central 
office. Attention is also called to the formation of a 
‘*Trade Union Defence League,” to fight the injunc- 
tions of the Courts against the Parliamentary levy. The 
circular does not commend the proposed League, as 
doubtless the Joint Committee of the Trades Congress 
and the General Federation of Trade Unions will 
organise conjointly for the purpose named. An 
autumn campaign is being organised by the Labour 
Party itself on the questions of ‘‘ the Osborne decision, 
the Unemployed, and Armaments,” in view of the 
possibility of an early appeal to the country on the 
Veto question. The balance of cash in hand at the end 
of the quarter was 8429/. 8s. 6d., and of the general 
fund 455/. 16s. So far, therefore, the injunctions have 
not crippled its resources. 


The report of the Amalgamated Society of Car- 
penters and Joiners is the most encouraging for many 
months. The number of unemployed is decreasing, 
and the balance in hand is increasing ; to such an 
extent in the latter case that the council anticipate 
being able to announce in the October report that the 
general levy may be reduced. The total membership 
at date was 55,384. Of these, 2481 were returned as 
unemployed, of whom 1958 were in receipt of donation 
benefit ; on sick benefit, 2481 ; and on superannuation 
benefit, 3965; still a large army to support. The 
quarterly report last issued shows an increase of 
9223/. in the cash balance, which then stood at, 85,272/., 
but was still short of 13,428/. to bring it up to the 
amount required by the rules. At Lilanelly the 
members have secured an advance of 4d. per hour, so 
that the dispute in that district is at an end. The 
Oldham employers had given notice of a reduction in 
wages and of alteration of rules, but after vigorous 
opposition an extension of time was conceded for 
further negotiations ; and then at a conference matters 
were amicably settled without loss to the men in 
wages or working conditions. The report states that 
things are at last looking up in South Africa. In 
Durban the members have secured an advance of Is. 
per day. 


The quarterly report of the General Federation of 
Trade Unions states that ‘‘the financial operations have 
been much as usual,” except in a few instances, as, for 
example, there has been no interest upon capital falling 
due in the quarter, and the Boilermakers and Iron- 
Shipbuilders paid two instalments instead of one. The 
income amounted to 7424/. 13s.,as against 8022/. 11s. 6d. 
in the quarter previous. There were in the quarter 
117 disputes, involving 2479 persons, the cost in fede- 
ration benefit being 21. 10s. 5d. The excess of 
income over expenditure was 5201/. 12s. 7d. ; the aggre- 
gate balance at date, 105,106/. 10s. 10d. The report 
refers to the constant efforts of the committee to settle 
in a friendly way the disputes between union and union, 
but sometimes there are difficulties, as, for instance, one 
of the disputants may not be affiliated, in which case 





there is no power. In order to discourage frivo!.us 
charges, the complaining union will be called upon to 
— a sum to meet expenses ; when the investigati 

taken place and the award given, the union against 
whom the decision is given will have to bear the 
expenses. It is pointed out that the three boclies 
forming the General Board have been doing their hest 
to get an Act passed to reverse the Osborne judg. 
ment, but without avail up to date. It is further 
pointed out that payment of members, and of official 
expenses, will not entirely meet the case, as then the 
unions will be hampered in other directions if the 
Lords’ decision is not reversed. 


mn 


The report of the Operative Cotton-Spinners states 
that the united membership stood at 19,584 at date, 
showing a decrease of five in the past month, but an 
increase of 272 over a year ago. Of the aggregate, 
8339 are what is called ‘‘ full members,” males of full 
age; in this class there was a decrease of 11 in the 
month, and of 57 compared with a year ago. The 
total number of full members on the funds in each 
week was 1327, or at the rate of 15.91 per cent., in 
the previous month 4.83 per cent. only, and a year 
ago 10.31 per cent. Short time is mainly responsible 
for the increase. But the high proportion quoted 
does not represent the members wholly out of employ- 
ment ; these were only 1.11 per cent. ; previous month, 
1.04 per cent.; and a year ago, 1.85 percent. There 
were also 1146 members on the funds through tem- 
porary stoppages ; 27 were due to accidents, and 61 on 
scale of pay when employed at piecing. There were 
32 minor accidents reported in the month ; previous 
month, 43; and the same month a year ago, 18. A 
total of 47 compensation claims were sent in to em- 
ployers ; previous month, 55; a year ago, 56. The 
aggregate claims sent in since the Act came into force 
number 4022, few of which have been contested in 
the Courts. The officials dealt with 32 grievances of 
various kinds, involving no stoppage of work ; previous 
month, 38; the same month a year ago, 22. There 
was a lock-out of members at the Medlock Old Mill, 
and a strike at the Fern Mill Company’s works ; there 
were no prospects of a settlement in either case at date 
of report. Short time was prevalent; it led to a 
decrease of 1519/. 193. 6d. in the funds. The report 
speaks joyfully of ‘‘the unexpected settlement of the 
wages question as a pleasant surprise to our members.” 
It is described ‘‘ as the most important that has ever 
been come to between operatives’ and employers’ re- 
presentatives in the cotton trade.” A good reason is 
given for joy at the result. 


To what extent the great strike in the shipbuildin 
centres in Germany is due to the vesiions 
movement, inaugurated by Mr. Havelock Wilson and 
his colleagues of the Sailors’ and Firemen’s Union, 
it is not possible to say. The almost singular manner 
in which it took place at Hamburg and thence spread 
to other districts would seem to imply that it was pre- 
concerted, and the result of organisation carried on by 
international agency. By strikes and lock-outs nearly 
every district has been affected. At date of writing 
there is no indication of negotiations for a settlement. 
The strike of sailors and firemen on a British vessel 
ended in a fiasco, the ship’s complement of hands being 
made up, so that she was able to sail. This the union 
officials declare to have been an unauthorised strike on 
the men’s own initiative. The National Union have 
sent in to employers the several points alleged to be in 
dispute ; the chief demand, however, is for a National 
Board of Conciliation, with power to fix rates, hours of 
work, and extra for overtime. A ‘ manning scale,” 
and also a ‘‘ food scale” are demanded, and a *‘ cook’s 
assistant.” 


There are indications of greater activity in the iron 
and steel trades at an early date, but no large orders 
had been booked up to and at the market in the Mid- 
lands towards the end of last week, or on Manchester 
’Change. But it is stated that consumers were more 
pressing by reason of the exhaustion of stocks. The 
holidays and the hot weather were not favourable to 
active developments. 

The successor of the late Sir George Livesey as chair- 
man of the South Metropolitan Gas Company states 
that the profit-sharing enterprise of the company 18 
very satisfactory to the company and to the workmen 
shareholders ; all are satisfied, and the concern 1s 
prosperous. It seems, therefore, that the scheme 1s 
successful from all points of view. 


The votes of the shipyard workers in this country 
have been generally in favour of the advance aske« for 
being a month earlier than that offered by the em- 
ployers. The question came up for settlement this 
week at a conference at Carlisle. The conference 
was private. No definite conclusion was arrived at, 
but it was officially intimated that the men’s repre- 
sentatives had arranged to consult their executives 
further. 
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ELECTRIFICATION OF SUBURBAN 
RAILWAYS.* 
By F. W. Carrer, of Rugby. 

Synopsis.—Many of the railways of this country have, 
so far as their suburban passenger traffic is concerned, 
been affected very adversely in recent years by the great 
and increasing competition of tram-cars and motor-omni- 
buses. The companies concerned appear undecided at 
present between giving up a great portion of this class of 
traffic permanently and endeavouring to regain it by 
electrification of their suburban lines. The latter expe- 
dient, although an expensive one, has hitherto invariably 
been found successful in regaining much of the lost 
traffic, and the problem confronting a rary J in regard 
to any section of its suburban lines is that of determining 
whether the ey int see gain from electrification will justify 
the expense to be incurred. 

Modern electric railway apparatus leaves little to be 
desired in the matter of freedom from breakdown, the 
delays from all causes, electrical and mechanical, for the 
month of December, 1909, averaging about 33 seconds per 
day per train on the District Railway and only 2} seconds 

xr day on the Underground Electric Railway tubes. 
The total cost for maintenance and repairs of rolling- 
stock on these lines does not exceed 0.6d. per car-mile. 

There are eighteen electric railways at present working 
in this country, including seven tube lines ; these com- 
prise about 200 miles of route in all, and are for the most 
part worked by motor-coaches, employing a multiple- 
unit system of contro]. The coaches are generally of the 
saloon type. 

In typical suburban service the greater part of the 
energy input is used in accelerating the train, and the 
energy consumption per ton-mile depends principally on 
the nature of the schedule ; in fact, this ye consump- 
tion is a good measure of the difficulty of a schedule ; but 
an even better measure is the uniform acceleration that 
would cause the train to reach the mean running-speed in 
a distance equal to the average distance between stations. 
This acceleration is greatest for the Liverpool Overhead 
Railway’s schedule, a fact which explains the high 
energy consumption per ton-mile actually found in this 
service. A high initial rate of acceleration involves great 
mechanical strains on the bogies, and should not be em- 
ployed unless the difficulty of the schedule renders it 
necessary. The equipment losses during acceleration are 
of the same order of magnitude in the continuous-current 
and the single-phase systems, in spite of the rheostat 
losses in the former system. 

The performance of a given electric train under given 
conditions of suburban service can be very closely pre- 
determined, for the factors liable to uncertainty have but 
small effect on the result. Schedule calculations, how- 
ever, are inadequate by themselves to determine the 
question of the suitability of an equipment, as the limit- 
ing features are usually connected with the heating of the 
motors, which again depends on the energy loss in {the 
motors. This loss is much greater in the single-phase 
system than in the continuous-current system. __ ; 

There appears little prospect of general electrification 
of the railways of this country, as no advantage is appa- 
rent which would in any way justify the expense. It is 
only in the case of heavy pon He service that there is 
prospect of commercial advantage accruing from electrifi- 
cation, and whilst there may be other local opportunities 
for electrical working, there is at present no indication 
that the steam locomotive can be superseded with advan- 
tage for ordinary main-line work. 

The shrinkage of suburban traffic has for several years 
past proved a source of lachrymose complaint at ee of 
the general meetings of our railway companies. The 
extensive tramway systems that radiate from most of our 
large cities provide a convenient, cheap, and compara- 
tively rapid means of transport with which the railways 
are ill-adapted to compete. Where a tramway runs 
directly parallel to a railway, it may be expected to 
secure the greater portion of the purely short-distance 
traffic, and it would seem that the distances over which 
its competition is effective are greater than might at first 
be supposed. At the general meeting of the London and 
North-Western Railway, held on February 19, 1909, the 
chairman in discussing this point said that, ‘“‘he would 
be unwilling to say what the distance was—it might be 
10 or 12 miles—but after such a distance the railway was 
the more punctual and the more certain way for a man to 
get to his destination. Within the 10 or 12 miles the 
tramway competition was very severe, but beyond that dis- 
tance the railways were not so much touched by the tram- 
ways.” The advent of the motor-omnibus has also 
affected suburban railway traffic adversely, particularly in 
the neighbourhood of London, the flexibility of its route, its 
Spee! and general convenience, giving it a great advantage 
mM ministering to the needs of comparatively short-distance 
passengers, 

With the main routes of street traffic worked by tram- 
cars, ind auxiliary routes by motor-omnibuses, the rail- 
Ways, as at present operated, are at a great disadvantage, 
and Lid fair to lose most of their eae nee 
trafic. The second report of the London Traffic Branch 
of the Board of Tradet gives the loss of passengers by 
five railways as upwards of 12 millions in 1908 as com- 
pare? with 1907, and of 47 millions in 1908 as compared 


witli 1902, both figures being exclusive of season-ticket 

hold: "s, and taking no account of the increase in the 

_ er of long-distance passengers indicated by the 
“re 


. Tho railway companies affected appear for the most 
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part undecided between allowing their short-distance 
traffic to go, ne their energies in fostering the 
longer-distance traffic, and endeavouring to reduce the 
effective range of tramway competition by electrification 
of their suburban lines. he latter alternative, wherever 
it has been tried, has invariably succeeded in recovering 
a portion of the lost traffic, besides creating a more desir- 
able traffic for longer distances by the improvement of 
facilities. Whilst it is by no means certain that local 
electrification would prove the best commercial policy in 
the case of all railways handling suburban traffic, it is the 
author’s opinion that there is considerable scope for well- 
considered electrification schemes in this country. 


Where a suburban railway is regularly used to near the 
limit of its capacity, and there is still possibility of in- 
creased traffic, there is every reason to expect a com- 
mercial advantage from electrification. Both here and 
abroad the improved service has always been the means 
of largely increasing the traffic, whilst the capital cost is 
further justified by the greater use that can be made of 
existing lines and terminals under electrical operation. 
The cost of electrification should, in fact, be set against 
the cost of widening and improving the railway to 
accommodate the traffic in view. 

In the more usual caso, however, the management of a 
railway are compelled to estimate the chances of success 
from far less certain data. Consider, for instance, the 
line from Birmingham (New Street) to Sutton Coldfield 
and Four Oaks. It passes through a populous and 
pone residential district, feeding also one of the most 
eautiful pleasure resorts of Birmingham people. The 
present trains, of which there are about thirty per day in 
each direction, make a schedule speed, including stops a 
little over a mile apart, of approximately 18 miles per 
hour, the grades being rather severe. As the whole 
distance in question is little more than 8 miles, it is 
small wonder that the tramway, which now parallels the 
line for a considerable distance, and offers a frequent 
service at low fares, takes the greater part of the traffic so 
far as it extends. Although the population served has 
largely increased in recent years, the passenger traffic on 
the railway appears to have decre: coastal since 
the opening of the tramway, and will doubtless decrease 
still further as the tramway is further extended. If this 
section of the railway were electrified, the schedule speed 
might be increased by 30 per cent. or 50 per cent., and 
trains run every 15 minutes or so throughout the day, 
say two-coach trains during hours of light traffic and six- 
coach trains during the busy hours. The capital cost of 
electrification and the expense of such electrical working 
could be very closely estimated. The real difficulty 
which confronts the management is in estimating the 
increase in receipts which would accrue from the improved 
facilities. This is an economic problem to which no cer- 
tain answer is possible. So many considerations enter 
into the matter that experience in one locality is no sure 
guide in making an estimate for another. 

The appropriate method of treatment for any such 

roblem in estimation is provided by the theory of proba- 
bility. If from the experience of other electrified lines, and 
from knowledge of the particular district, such a curve as 
** A,” Fig. 1, on page 282, can be improvised—the abscisse 
of which represent the increase of passenger traffic result- 
ing from a certain improvement in facilities, whilst the 
ordinates are proportional to the probability of such in- 
crease—the probable value of the advantage of providing 
the improved facilities can be deduced. Assuming the 
operating and capital expenses known, the net profit with 
any particular traffic can be deduced. Let the increase of 

rofit above the old method of operation be represented 

y curve ‘‘ B,” and deduce curve ‘‘C,” whose ordinate is 
the product of the ordinates of curves ‘‘A” and ‘“ B.” 
Then the area of curve ‘‘C,” as compared with that of 
the probability curve ‘‘ A,” gives the probable value of 
the advantage of providing the improved facilities. 
While the probability curve may be subject to consider- 
able uncertainty, the result of such calculation as indi- 
cated above, if properly interpreted, is likely to be of 
much greater all than a figure derived from a simple 
estimate of the increase of traffic. 

It has generally been found hitherto that the increase 
in traffic due to electrification has exceeded the estimates 
formed of it. Thus at the February, 1905, meeting of the 
Lancashire and Yorkshire Railway Company, the chair- 
man stated, concerning the electrified Liverpool-South- 
port line, that ‘‘the increase in the traffic had exceeded 
their most sanguine expectations.” At the February, 
1906, meeting of the North-Eastern Railway Company, 
the deputy-chairman, referring to the Tynemouth elec- 
trification, said that ‘‘in the last half of 1903, with steam 
traction, they had 2,844,000 bookings, and in the last half 
of 1905, with electric traction, they had 3,548,000, an 
increase of, in round figures, 25 per cent. In 1903 the 
gross amount of money earned with steam traction was 
129,000/., and in 1905 with electric traction the gross 
amount of money earned was 151,000/., and they had run 
in 1905 twice as many trains as in 1903. In 1903, to earn 
the 129,000/., the running expenses amounted to 42,761/., 
while to earn the 151,000/. it cost 47,799/., which was only 
5000/. more to do twice the work in 1905 that they did in 
1903. He would give the figures in another way, as many 
persons were inte’ in train-mileage cost. In the 
electric traction on the 31 miles of suburban railway in 
the Newcastle district they had practically doubled the 
train-mileage and doubled the accommodation of the 

ublic, and the running cost per train-mile, allowing for 
Sapecciation of stock, &c., had been with electric traction 
about 9d. per train-mile, as compared with 1s. 54d. per 
train-mile under steam conditions. They had run smaller 
trains, but there were more of them. They were thusable 
to serve the public better and at the same time to make a 
better profit.for themselves.” At the, February, 1907, 
meeting of the North Eastern Railway Company, the 





deputy-chairman explained that in the last half of 1906 
they had carried 4,195,339 mgers on the electrified 
lines as against 3,548,206 in the corresponding half of 1905 
—a further increase of 18 per cent., making a total in- 
crease of 474 per cent. as compa with the last half- 
year that steam operation was exclusively employed. At 
the last February meeting of the London, Brighton, and 
South Coast Railway Company the chairman announced 
that the increase in passengers on the elevated electric 
line between Victoria and London Bridge for the two 
months (December, 1909, and January, 1910) during which 
the line had been open was, as compared with the corre- 
sponding period of 1908-9, 440,536, or 63 per cent. 

It has been stated above that the capital outlay and 
operating expenses can be closely approximated in any 
particular case. The amount wil — largely on the 
difficulty of the proposed schedule. It is in the power 
of electricity to improve very greatly on the performance 
of steam-trains; but the greater the improvement the 
higher the capital and operating costs, and the greater 
the attractiveness of the line. It is a matter of nice 
estimation and computation to determine what improve- 
ment of service wil result in the greatest commercial 
advantage to the railway. The Tynemouth lines and the 
Liverpool-Southport line do not differ greatly in the 
distance between stops. The schedule speed is, however, 
considerably higher on the Liverpool-Southport line, and 
the effect of this on operating expenses is to some extent 
revealed in the above extract from the statement of the 
North Eastern chairman, as compared with that of the 
Lancashire and Yorkshire chairman at the February, 1906, 
meeting: ‘‘ they found, after a full year’s experience, that 
the cost of electric working, as they had expected, was, 
when proper allowances were made for the depreciation 
of the more costly plant, slightly higher per train-mile 
run” (than that of a steam aoe ow Other features 
doubtless affect the comparison,* but the ter portion 
of the difference in running cost can shal be ascribed 
to the difference in the schedule pool 

The electrification of a steam railway can, of course, be - 
considered commercially expedient only when the esti- 
mated net profit under electrical operation exceeds that 
under steam operation by more than the interest on 
the extra capital involved. It is chiefly the burden of 
capitalisation which limits electrification to lines of 
heavy traffic. The extent of the burden is in practice ver 
variable. The total capital involved in the Tynemout 
electrification to date is approximately 244,000/., and the 
annual electrical iaineniene 1,215,000 ;+ taking the 
interest at 4 per cent.—which appears to be about the 
average value of railway investments here—the capital 
burden is seen to be about 1.93d. per train-mile. Again, 
the capital involved in the electrification of the South 
London elevated line has been given as approximately a 
quarter of a million sterling,} and the yearly train-mileage 
is at present some 375,000, to be eventually inc to 
approximately 585,000 miles.§ The burden of the capital 
is therefore about 6.4d. per train-mile at present 
decreasing to 4.1d. if the improved service can be reali 
without adding to the capital expense.|| The capital 
burden in the case of the Mersey Railway has been 
given as 4.3d. per train-mile, and in the case of the Lan- 
cashire and Yorkshire electrified lines as about 2d.. per 
train-mile.4{ These two cases, of course, include gene- 
rating station, which is absent in the first two. 

An indispensable requirement to the success of an 
system for working suburban traffic is immunity from all 
forms of breakdown competent to delay the service. _ In 
this respect modern electric railway apparatus, the design 
and construction of which has been developed by arduous 
experience, if chosen with reference to the nature of the 
service and maintained with care, leaves little to be 
desired. Even when first installed the troubles are usually 
of a minor character, and the consequent delays unim- 
portant, whilst ordinary operation is exceedingly re- 
iable so far as the electrical plant is concerned. The 
author is indebted to Mr. James R. Chapman, late chief 
engineer of the Underground Electric Railways Company 
of London, for the following figures, giving particulars of 
all delays on lines under the company’s control for the 
month of December, 1109 (see Table te 282). The much 
greater loss of time on the Metropolitan District Railway, 
as compared with the tube lines, is almost entirely due 
to the fact that District trains operate to a considerable 
extent over foreign lines, worked for the most part in the 
interest of steam trains. 

The comparative immunity from breakdown is duly 
reflected in the low maintenance costs of the train equip- 
ments. Mr. Chapman dealt with this subject at a vale- 
dictory dinner given in his honour on February 7, 1910, 
on the occasion of his retirement from the position of 
chief engineer to the Underground Company. He said 
that they (the Underground Railways Company) ‘* owned 
over 800 motors, and that every one was the same through- 
out, no matter whether it was working on the District or 
a ‘‘ Tube,” under a car or on a locomotive, all were inter- 
changeable ; and to-day, several years after the original 
purchase, they were negotiating for some more of the same 


* From the Board of Trade Railway Returns, 1908, it 
would seem that the coaches per train average 3.4 for the 
Lancashire and Yorkshire Railway, and 3.1 for the North- 
Eastern Railway. See also President’s Address, Proceed- 
ings of the Institution of Mechanical Engineers, 1909, 
Part IL., 432. 

+ Board of Trade Railway Returns, 1908. 

t See Electrical Review, vol. lvi., 953. 

§ See Light Railway and Tramway Journal, vol. xxii., 


17. 
||. This would involve running each of the present eight 
trains an average of 73,000 miles per annum. 
‘| Proceedings of the Institution of Civil Engineers, 
vol. clxxix., pages 42 and 119. 
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motors to meet the increased traffic requirements of the 
District Railway. On no one of their properties did the 
cost of rolling-stock maintenance and repairs exceed 0.6d. 
per car-mile. The ten District Railway electric locomo- 
tives, now five yearsold, made 1300 miles per day at a cost 
of $d. per mile for all maintenance and repairs. T woof them 
coupled handled a London and North-Western Railway 
nine-coach train to Mansion House far better than a steam 
locomotive had ever done. The maintenance cost was 
1d. per train-mile. The North-Western costs for main- 
taining a steam locomotive were 4d. permile ; the average 
cost for all English railways was 34d. per mile. Five 
years after this system had been designed, the Penn- 
sylvania Railway had experimented for two years, at a 


cost of 200,000 dols., to determine the electric system to | a 


be adopted for bringing their trains through the Hudson 
River Tunnel into their magnificent New York terminal, 
and had decided in favour of the same system as they (the 
Underground Railways Company) had to-day.” 


TaBLE I.—Train Delays, December, 1909. 


District. Tube.* 

Total number of train-miles .. -- 401,295 499,908 

Total number of delays (all causes). . 303 44 

Total time lost by delays min. 1,186 107 

Train-miles per delay .. r a 1,324.4 11,361 

Train-miles per minute lost .. oe 338 4,672 
Total number of delays due to elec- 

trical troubles on the trains és 54 21 
Time lost due to electrical troubles 

i 1354 75 

7,481 28,805 


on the trains .. ‘iP -. min, 
Train-miles per electrical delay 
Train-miles per minute delay on 

account of electrical troubles 
Average mileage per train perday .. 
— —_ = train per day due 

to electrical troubles on the trains 

min. 

e delay per train per day due 
causes... m- -. min, 0.548 0.042 

* i.e, Baker-Street and Waterloo Railway ; Great Northern, 
Piccadilly and Brompton Railway; Charing Cross, Euston, and 
Hampstead Railway. 


The railways in this country operated wholly or in part 
electrically are eighteen in number, working over a total 
of approximately 200 miles of route and 410 miles of 
track. The trains are worked by 87 locomotives and 821 
motor-coaches. The aggregate nominal power of the 
driving motors is approximately 360,000 horse-power, of 
which 184,000 horse-power is provided by one type of 
motor alone—namely, that used cnesbelle by the rail- 
ways operated by or in conjunction with the Underground 
Electric Railways Company, London,* and partly by the 
Metropolitan Railway. 

Of the eighteen electric lines, thirteen are in the London 
area (including seven tube Jines), three in the neighbour- 
hood of Liverpool, one at and near Newcastle, and one 
between Heysham, Morecambe, and Lancaster. As full 
details of all the lines have been published,+ there is no 
necessity to give more than a brief comparative summary 


6,665 


2,961 
185 194.85 


0.062 0.029 


Ave 
to al 


ere. 

The oldest of the London lines is the City and South 
London Railway, which was not only the first tube rail- 
way, but one of the first electric railways to be con- 
structed, having been opened for traffic in 1890. It 
extends for 8 miles, from Clapham Common to Euston, 
and is carried in a 10-ft. 6-in. tube. It is unique among 
electric railways in transmitting high potential continuous 
current (2000 volts), and distributing to the trains by the 
three-wire system, the up and down track-conductors 
being of opposite polarity, whilst the track-rails form the 
middle conductor. The traffic is still worked exclusively 
by electric locomotives. 

The Waterloo and City line of the London and South- 
Western Railway is also comparatively old as electric 
railways go. It is 14 miles long, and is carried in a 12-ft. 
tube. The trains are worked by motor-coaches, mounting 
for the most part gearless motors, directly controlled. 
The track-rails are used as return conductors. 

The Central London Railway was the first to employ 
polyphase transmission of power and conversion to con- 
tinuous current at sub-stations. The line is 64 miles long, 
and is carried in an 11-ft. 8-in. tube. The traffic was 
originally worked by locomotives, but is now handled 
entirely by multiple-unit trains, using the electro-mag- 
netic system of control, this railway having been the first 
to employ the multiple-unit system of operation. Power 
is supplied to the trains by a third rail, and the track- 
rails are used as return conductors. 

The Great Northern and City Railway is the only tube 
sufficiently large to accommodate meal tins rolling-stock, 
the minimum internal diameter being 16 ft. It is 34 miles 
long, and is supplied with power from a central power- 
station, which feeds directly to positive and negative con- 
ductor rails. The trains are of te multiple-unit type, 
using the electro-magnetic system of canna 

The Underground Electric Railways Company of 
London operate three tube lines—namely, the Baker- 
Street and Waterloo Railway (4} miles); the Great 
Northern, Piccadilly, and Brompton Railway (9 miles) ; 
and the Charing Cross, Euston, and Hampstead Railway 
(8 miles). These are all run in tubes of 11-ft. 8-in. mini- 
mum diameter. Power, which is generated at the Com- 
pany’s great power-station at Lot’s-road, Chelsea, is 
supplied to the railways through twelve sub-stations, 
being distributed to the trains by positive and negative 
conductor-rails. The traffic is worked exclusively by 
multiple-unit trains using the electro-magnetic system of 
control. 

The Metropolitan District Railway comprises 25 miles 

* The Metropolitan District ; Baker-street and Water- 
loo; Charing Cross, Euston, and Hampstead; Great 
Northern, Piccadilly, and Brompton ; London, Tilbury, 
and Southend ; and Whitechapel and Bow Railways. 


+ See Appendix. page 284. 





of route, but, including running powers, operates over 
56 miles in all. Of this, 41 miles is ~~ em with power 
from Lot’s-road power-station, through fifteen sub-stations, 


it being distributed to the trains by positive and negative 
conductor rails. The District trains are of the multiple- 


unit type, 

A tes of foreign trains are brought to the song me 
lines at Addison-road Station, whence they are hauled | 
by electric locomotives. The Whitechapel and Bow 
Railway and the electrified portions of the London, 
Tilbury, and Southend and the London and South- 
Western Railways are worked in conjunction with the 
District Railway, using the same or similar rolling-stock, 
and their route mileage is included in the 41 miles given | 


ve. 
The Metropolitan Railway has some 26 miles of sl 
lines electrified. It employs the same system of opera- | 
tion and the same location of conductor rails as the 
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Metropolitan District Railway ; the Inner Circle being, 
in fact, jointly worked by the two companies. The 
Metropolitan Company generate power at their own 
power-station at N en, which feeds their lines through 
nine sub-stations. The trains are, for the most part, 
of the multiple-unit type, both the electro-magnetic 
and the electro-pneumatic systems of control being used. 
A number of trains are made up of the old steam stock 
and hauled by electric locomotives, which also handle the 
goods traffic over the electrified lines. 

The Hammersmith and City Railway is a joint Metro- 
politan and Great Western line. Except on the Metro- 
politan section between Aldgate and Praed-street Junc- 
tion, the power is supplied by the Great Western 
Company's power-station at Park Royal. The trains are 
of the multiple-unit type, the electro-magnetic system of 
control being used. 

The electrified section of the London, Brighton, and 
South Coast Railway extends for 84 miles from Victoria 
to London Bridge Stations, via Brixton. It has the dis- 
tinction of being the first of the London railways to 
adopt the single-phase system of operation. It is supplied 
with power at 6600 volts, 25 cycles, single phase, by the 
London Electric Supply Corporation, the feeding cables 
being run to a central distributing cabin at Denmark 
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using the electro-magnetic system of control. 


Hill through a metering cabin near Queen’s-road Station. 
Thence the power is conveyed to a number of switch- 
cabins which feed the coamlead track conductors. The 
outer of the concentric distributing cable is bonded to 
each length of track-rail, and forms the return conductor. 
The trains are of the multiple-unit type, employing the 
electro-magnetic system of control. 

The Liverpool Overhead Railway is one of the oldest 
of electric railways, having been opened for traffic in 1893, 
It is 7 miles long, and carried on an elevated structure 
alongside the docks. It is a third-rail line, fed from a 
power-station near its centre. The service was reorga- 
nised and greatly accelerated in 1902. The trains are 
worked by means of motor-coaches, the motor control 
being directly operated by the driver. 

‘The Mersey Railway has 4? miles of route, connecting 
Liverpool with Birkenhead by means of a subaqueous 
tunnel. It was converted from steam to electricity in 
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1903, largely on account of the difficulty in mesinteining 
efficient ventilation in the tunnel. Power is supplie 
from a central power-station directly to the conductor- 
rails. The trains are of the multiple-unit type, the 
electro-pneumatic system of control being used. 
The Lancashire and Yorkshire one have some 28 
miles of route electrified in the neighbourhood of Liver- 
pool. Power is generated at Formby _power-station, and 
transmitted to four rotary sub-stations, whence it 1s 
distributed to the third rail, and also to a number of: 
battery sub-stations. The return conductor is an unin- 
sulated fourth rail, bonded to the track-rails. The trains 
are worked by motor-coaches, of which the motors are 
for the most part directly controlled by the driver, 
although a few multiple-unit trains have recently been 
introduced, using an electro-magnetic system of control. 
The North-Eastern Railway have about 30 miles of 
electrified route in their Tynemouth lines. Power is bought 
from the Newcastle Electric Supply Company, and trans: 
mitted three-phase to the five sub-stations which feed 
the conductor-rails. The track is used as return-conductor. 
The trains are of the multiple-unit type, and employ 
the electro-magnetic system of control. Some of the later 
coaches are equipped with commutating-pole motors, the 
North-Eastern being the first railway in the country to 
use this type. A quantity of fish and parcel traffic 1s 
handled by special motor-vans, whilst two electric locomo- 
tives handle goods trains, particularly on the Quayside line. 
The Midland Company’s electrified line at Heysham 1s 
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an inter-urban one of an experimental nature, it being 
the first single-phase railway open for traffic in this 
country. It comprises some eight miles of route, and as 
there are only three stations, the average length of the 
run is about four miles, so that the service has little in 
common with that on a suburban railway, lacking the 
features which go to make the latter class of service 
particularly difficult to operate. The line is fed from 
the harbour power-station at Heysham. The trains are 
of the multiple-unit type, both the electro-magnetic and 
the electro-pneumatic systems of control being used. 

It will be seen that by far the ter portion of the 
electrically-operated traffic is worked by motor-coaches 
rather than separate locomotives. This method of opera- 
tion is peculiarly adapted for working suburban railways 
and will, no doubt, remain the standard. The chief ad- 
vantage of locomotive operation is that the greater portion 
of the electrical apparatus is immediately under the eye 
of the driver. If the apparatus were less immune from 
breakdown this would be worth making considerable 
sacrifice to attain, but practically the advantage is small, 
as balanced against the advantages of motor-coach opera- 
tion. The multiple-unit system of control, in which the 
motors on any bogie and the corresponding motor con- 
trollers form a unit, all such units on a train being ope- 
rated from the driver’s cab, is practically universal in 
the latest equipments, as well for locomotives as for motor- 
coaches, Most of the multiple-unit trains used on surface- 
lines carry the motor-controlling apparatus suspended on 
the underframe of the menewene de In the case of the 
tube lines, however, it is invariably located inside the 
motor-coach, in order to be accessible in case of emergency. 
In the smaller tubes the control compartment is placed 
over the motor-bogie on a raised platform. 

Most of the passenger coaches are of the saloon type ; 
there is, of course, nothing in the nature of electrical 
working to render this type of coach indispensable, 
although the shortness of the station stops and the high 
rates of acceleration usual in electrical service, render it 
preferable from the operating point of view. Some of the 
most popular of the Metropolitan Railway trains, however, 
are of the compartment type, being bogie trains, dating 
from the time of steam operation, converted for electrical 
working.* These trains consists of seven coaches, of 
which the end ones are motor-coaches; they weigh, 
unloaded, some 172 tons and seat 400 passengers—120 
first-class and 280 third-class. The controlling apparatus 
is located in what was formerly the guard’s compartment, 
of which the fore-end forms the driver’s cab. 

The London, Brighton, and South Coast Railway have 
sought to combine some of the advantages of both types 
of coach in the new rolling-stock for their South London 
Elevated Electric line. The coaches are of the corridor 
types, being divided into compartments, and having side 
doors, but having a corridor running the length of the 
coach for distributing the passengers. The trains consist 
of three coaches, of which the two end ones are motor- 
coaches; they weigh unloaded some 138 tons and seat 
188 peas, 

Although most of the railways in this country employ 
the vacuum brake, the electric railways, with the excep- 
tion of the Lancashire and Yorkshire and the Midland, 
have adopted the Westinghouse type of brake. The chief 
reason for this is that compressed air can be stored to take 
off the brakes at a moment’s notice. If the vacuum brake 
be employed it is necessary to use a rather large exhauster, 
in order to fulfil the function of the large ejector on a 
steam locomotive in producing a vacuum rapidly. The 
space and material are therefore not used to advantage 
in this system as compared with a pressure system. The 
locomotives used on the London Underground Railways, 
having to work trains of all kinds, are fitted to use either 
system. 

In suburban service the greater part of the energy ex- 
pended is used in giving speed to the trein, and is ulti- 
mately dissipated in the brakes. Other things being 
equal, therefore, the more frequent the stops the greater 
is the a, required per mile, and the more difficult the 
service, he energy-consumption per ton-mile, unless 
abnormal, is, in fact, a very good measure of the difficulty 
of a service. If this were more generally realised, the 
world might be spared some of the absurd comparisons of 
energy-consumption between different systems, in which 
credit is claimed for obtaining a low energy-consumption, 
which is really due to comparatively easy service. the 
author has pointed out elsewhere,+ the figures derived 
from test of 42 watt-hours per ton-mile for the energy- 
consumption of the Central London Railway trains, and 

37 watt-hours per ton-mile for the Liverpool Overhead 
Railway trains, are strictly comparable, and indicate no 
—_ than totally different services on totally different 
Tallways, 

If it be granted that the natural and normal energy- 
consumption per ton-mile is a reasonable measure of the 
difficulty of a schedule, an even more reasonable measure 


18 to be found in a certain acceleration immediately ex- 
Pressible in terms of the particulars of the service— 
namely, the acceleration that would cause the train to 


reach « speed equal tothe mean running speed in a distance 
equal to that between stops. This is merely a dynamical 
result, and in order to show it let Figs. 2 and 3 (page 282) 
represent speed-time curves corresponding to two 
Schedules, the curves being such that that of Fig. 3 is 
simply that of Fig. 2 magnified twice in every direction. 
+he cistance represented in Fig. 3 is then four times that 
in Fig. 2. At corresponding points P on the two curves 
the acceleration, and therefore the tractive effort per ton 
necessary to produce it, will be the same. The power per 


: See Tramway and Railway World, vol. xx., page 325. 
| Proceedings of the Rugby Engineering Society, 
Vol. vi., page 39; see Electrical Engineer, vol. xiliii., 


Page 303, 








ton required at P to produce the acceleration, being pro- 
portional to the tractive effort and speed, is twice as 
great in Fig. 3as in Fig. 2. The energy per ton required 
to accelerate between corresponding Points P and Q, 
being proportional to the power and to the interval of 
time, will be four times as great in Fig. 3 as in Fig. 2. 
But the distance is also four times as great, and thus the 
ene r ton-mile used in accelerating—probably some 
two-thirds of the whole—is the same for the two services. 
If the mean train-resistance per ton were the same for the 
two curves, the energy per ton-mile required to overcome 
the resistance would also be the same, and we might then 
assert that the total energy output per ton-mile would be 
the same in the two cases. As it is, thereis a small error 
affecting a comparatively small portion of the energy 
which will have to be neglected. This is in general of 
little consequence in cases in which it would be expedient 
to employ the result—that is, in suburban service, where 
a ratio of 4 to 1 in distance with similar s curves is, 
of course, a very exaggerated case. It will be seen that 
the acceleration referred to above, which will be called the 
specific acceleration of the schedule, is the same for the 
two curves, being the square of the mean running speed 
divided by twice the distance. It will also be seen that 
the method is perfectly general : so long as the speed-time 
curves for two services are similar the specific accelera- 
tion will be the same, and the enefgy output of the 
equipments practically the same. It follows that of two 
services that having the higher specific acceleration may 
be expected to show the higher energy consumption per 
ton-mile. Also that if two services have the same — 
acceleration, but differ in energy consumption, the higher 
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can be reduced, in so far as it is not due to lower equip- 
ment efficiency, by running so as to assimilate its speed- 
time curve to that of the lower. 

The specific acceleration of a schedule is a better index 
of the difficulty of the schedule than the energy consump- 
tion, inasmuch as it is independent of the equipment 
efficiency and of the particular manner of running the 
schedule—in effect ucing equivalent services to the 
same mode of operation. This, of course, eae ae 
that the line is not a to reduce the difficulty 
of operation. The Central London Railway, for instance, 
was so laid out that each station is at the top of a _? ; 
thus energy that would otherwise be dissipated by the 
brake-shoes is stored and used for accelerating, making 
the line easier to work and the energy consumption lower 
than would be indicated by consideration of specific 
acceleration alone. ? 

The above is an application of a method which the 
author has more fully elaborated elsewhere.* The follow- 
ing table gives some characteristic schedules arranged 
in order of difficulty as indicated by the specific accelera- 
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Liverpool Overhead 2,145, 19.5 | 11 | 22.9 | 0.179 
Liverpool-Southport -_ 6,535 30 15 | 33.4 | 0,125 
Underground, Inner Circle 2,555 15.7 | 20 | 19.2 0.106 
Baker-street and Harrow. . --| 5,000) 23 20 | 26.6 | 0.104 
South London Elevated .. ..| 4,540, 21.5 | 20 | 26 0.101 
Hammersmith and City .. 2,830 16 20 19.2 0.006 
Central London bi 2,540 14.7 | 20 | 17.7 | 0.000 
North-Eastern, Tynemouth ..| 6,000 20.5 | 30 24.1 6.071 
Midland, Heysham-Morecambe ..|23,500 26.7 |120*| 33.4 0.035 





* Assumed. 


A difficult service—in the sense of a service in which 
the specific acceleration is high—is one in which it is 
advisable, in the interests of low energy consumption, to 


* Transactions of the American Institution of Elec- 
trical Engineers, vol. xx., 991 ; Journal of Proceed- 
ings of the Institution of Electrical Engineers, vol. xxxvi., 
page 240 





employ high rates of acceleration and retardation ; in an 
easy service this is of smaller consequence, and hardly 
worth securing at the cost of heavy mechanical strains on 
the bogies, &c., with the great draught of power incident 
to the use of a high rate of acceleration. The account of 
the tests on the Liverpool overhead trains indicated a 
maximum rate of acceleration of 4.2 ft. per second* (2.9 
miles per hour per second), and this is perhaps as high as 
it is advisable to employ in service. The Sather bane 
record of a run actually made with a coach carrying a 
motor on each axle, in which an average rate of accelera- 
tion of 4.2 miles per hour per second was maintained until 
a speed of 21 miles per hour was reached (see Fig. 4, 
page 282). The test was made with a view of showing 
the possibility of electrical equipments in this connection, 
and the acceleration was certainly faster than would be 
considered comfortable to passengers. 

During the period of acceleration by controller notch- 
ing, considerable energy loss is inevitable in the equip- 
ment. In the continuous-current system the average 
equipment efficiency during notching is usually only about 
57 per cent., the remaining 43 per cent. being lost in the 
motors, rheostats, &c. It Les m hastily assumed by 
some that the avoidance of rheostat losses in the single- 
oe system would result in much lower losses and 

igher mean efficiency during notching. That this is an 

unwarranted conclusion is shown by the authors of a recent 
Paper on the Heysham electrification, + who, although by 
no means blind to the merits of the single-phase system, 
found, as the result both of test and calculation, that the 
mean efficiency of the equipment during notching was 
only 56 per cent. in the cases considered. The effici- 
ency after notching is, of course, considerably higher 
for continuous-current than for single-phase equip- 
ments. 
The claim that the performance of a suburban electric 
train can be very closely predetermined may seem an 
extravagant one, until it is considered how very few are 
the conditions on which it depends. The relation between 
the tractive effort and speed of a given motor is perfectly 
detinitet at any given voltage, as is the current taken, 
whilst different motors of the same type agree closely in 
their characteristics. Assuming the train known as to 
weight, size, &c., the resisting forces due to grades, 
inertia and train-resistance are known. It therefore 
requires a dynamical calculation of no great difficulty 
to determine the effect of the motors on the train for 
any particular route or schedule. The quantities most 
likely to be subject to some uncertainty beforehand 
are the voltage at the train and the train-resistance. In 
suburban work, however, a small error in these has but 
little effect either on the schedule speed or energy-con- 
sumption. Perhaps an idea of the accuracy with which 
the running can be predetermined will be best conveyed 
by disclosing that the author’s practice, in making a 
guarantee of energy-consumption, is to compute it as 
closely as possible under the expected conditions of test, 
and add 5 per cent. to cover bad driving and other unfore- 
seen contingencies. Such a guarantee would, of course, 
be of little use unless accurate instruments were available 
for making tests. Train-testing instruments should be 
specially designed for the work, so as to secure excep- 
tionally large torque and heavy damping. The delicacy 
of ordinary stationary instruments renders them useless 
for train-testing where they are subject to great vibration 
in all directions. 

These schedule calculations are easy and commonplace, 
but quite inadequate by themselves to determine whether 
an equipment is suitable for a pe service. More im- 
portant in this connection are the calculations involving 
the magnitude and distribution of the losses in the motors, 
with the facilities for transferring and dissipating the heat 
generated. Such calculations are, however, almost neces- 
sarily confined to the designers of equipments, as the 
data on which they are based are not generally available. 
In order to give a rough idea of the quantities involved, 
it may be stated that the ultimate temperature rise of 
the hottest accessible part of an ordinary railway motor, 
totally enclosed and without forced ventilation, as mea- 
sured by Centigrade thermometer after continuous service, 
is given approximately by 


T= TWw?, 


where W is the mean motor loss in service (not including 
gear loss) in watts, and w is the weight of the motor in 
pounds, excluding gear and gear case. The motor losses 
in suburban service usually take from 6} per cent. to 7 per 
cent. of the input to the driving equipment§ in the con- 
tinuous-current system, and from 15 per cent. to 18 per 
cent. of this input in the single-phase system. The great 
motor losses incident to the single-phase system form the 
foundation of all the objections raised to the use of this 
system for suburban service. | 

The heating of the motors has always been a limiting 
feature in the design of equipments for this class of ser- 
vice, and the practicable and desirable means of dealing 
with it are well understood. The use of forced draught 
for cooling the motors, whilst practicable for locomo- 
tives and single cars, is quite out of place on multiple- 
unit trains intended for suburban service, where, since the 
equipment may not be inspected for hours together, it 





* The Engineer, vol. xciii., page 284. 

+ Proceedings of the Institution of Civil Engineers, 
vol. elxxix., pages 188 and 189. 

t But subject to small known variation with tempera- 
ture. 

§ That is motors and rheostats. 

|| See Proceedings, Institution of Electrical Engineers, 
vol. xxxvi., page 253; also Proceedings, Institution of 
Civil Engineers, vol. clxvii., page 88, and vol. clxxix., 
page 138 et seq. 
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cannot fail to lead to breakdown, increasing maintenance 
charges, and causing delays to traffic.* 

Fig. 5, on page 282, gives speed, power, and motor-loss 
curves corresponding to typical suburban schedule runs 
with continuous current and with single-phase equipments, 
the former of which carries 20 tons per motor, and the 
latter 23 tons. Fig. 6, on page 282, and Fig. 7, on page 283, 
show the corresponding motor characteristics. It will be 
seen that the great difference between the systems is in 
the motor loss, which amounts to 6.75 per cent. of the 
input in the continuous-current case and to 17.8 per cent. 
in the single-phase case. Although both motors are 
dynamically capable of working the service, the former 
alone has sufficient thermal capacity for the purpose, the 
other having to dissipate three times as much energy 
as it can get rid of by natural cooling. 

The author has confined his remarks to the subject of 
‘*Suburban Electrification,” inasmuch as there appears 
little prospect at present of general electrification of rail- 
ways in this country. The properties which give to 
electrical working its predominant advantages in the case 
of heavy suburban service become of minor importance 
when the distance between stops is considerable and the 
service infrequent. This matter was dealt with by Mr. 
Aspinall in his presidential address, and having also 
been recently discussed by the author} need not be further 
pursued. Whilst it is, perhaps, gratifying to the elec- 
trical engineer to reflect that he can propose means fully 
competent to work the whole railway traffic of this 
country, and can offer three distinct methods of doing it, 
it is futile as things are to regard the problem of electrifi- 
cation from any other point of view than that of the 
ultimate commercial advantage of the railway companies. 
The author’s investigations have convinced him that in 
this country at least the commercial advantage is only 
demonstrable in general in the case of heavy suburban 
service. Even here it should not be taken for granted, 
for the margin in favour of electrification is by no means 
overwhelming. This much can be aftirmed, however— 
that where there is any considerable suburban traffic an 
investigation of the cost of electrification and the economic 
rasults of providing improved facilities will repay the 
trouble rol expense, and in many cases justify proceed- 
ing with the conversion. 

it will be understood that the above remarks are in- 
tended to apply to the electrification of existing steam- 
operated lines. The case of entirely new railways is 
different, and much more favourable to electrical opera- 
tion. In laying out a new branch to an existing railway, 
again, it may be well worth while to consider elec- 
trical operation, the capital cost of which might be 
more than saved in the cheaper road-bed, since steep 
grades are much less objectionable on an electrical than 
ona steam road. Of course, there are likely openings 
for local electrification on existing railways, even apart 
from suburban systems. It might, for instance, be found 
profitable to work the pushers on the Bromsgrove incline 
electrically. It is quite ible, again, that where elec- 
tric power is already available at goods yards and docks, 
the shunting could be more efficiently carried out by 
specially designed electric locomotives, fed perhaps by 
a suitable surface-contact system, than by steam loco- 
motives, that would seem to uneconomical for such 
work. For ordinary main-line work, however, there is 
at present no indication that the steam locomotive can 
be superseded with advantage in this country. 


APPENDIX. 

Following are references to selected articles, papers, 
&o., where further particulars of British electric railways 
can be found :— 

Crry anp South Lonpon Rattway :— 
Electrician, vol. xlviii., pages 166, 256, 337, 529, 564, 
684, and 774. ov ; ? 
Journal of the Institution of Electrical Engineers, 
vol. xxxiii., page 100. 
WATERLOO AND City Rattway :— : 
Proceedings of the Institution of Civil Engineers, 
vol. cxxxix., page 56. . 
Tramway and Railway World, vol. xvii., page 247. 
CentraL Lonpon Raltway :— 
TRACTION AND TRANSMISSION, vol. 
and vol. viii., pages 60 and 140. 
** Electric Railway Engineering,” by Parshall and 
Hobart. 
Great NORTHERN AND City Rattway :— 
Electrical Review, vol. liv., pages 134, 179, and 344. 
Street Railway Journal, vol. xxiii., page 340. 
Bakkr-STREET AND WATERLOO RalLway :— 
Tramway and Railway World, vol. xix., page 197. 
Great NORTHERN, PICCADILLY, AND Brompton Ralt- 
WAY :— 
Tramway and Railway World, vol. xx., page 527. 
Cuartne Cross, Euston, AN? HAMPSTEAD RalLway :— 
Tramway and Railway World, vol. xxii., page 1. 
Lonpon UNDERGROUND RAILways :— 

Street Railway Journal, vol. xxv., page 388, 
MerropouiTan District RaAiway:— 

Tramway and Railway World, vol. xvii., page 97. 
Lonpon, Titpury, AND SouTHEND RatLway :— 

Tramway and Railway World, vol. xxiii., page 342. 


vii., page 265, 


* In this connection, see ‘‘ Electric Traction on Rail- 
ways,” by Philip Dawson, 165. 

+ Proceedings of the Institution of Mechanical Engi- 
neers, 1909, Part 2, 5 425. 

t Proceedings of “the Rugby Engineering Society, 
vol. vi., page 47. See Electrical Engineer, vol. xliii., 
page 305, 





METROPOLITAN RAILWAY :— 
Electrician, vol. liv., pages 340, 381, 417, and 473. 
The Engineer, vol. xcvii., pages 158, 183, 202, and 253. 
Tramway and Railway World, vol. xx., page 325, and 
vol. xxii., page 204. 


HAMMERSMITH AND City RAILwAy:— | 
Tramway and Railway World, vol. xxii., page 89. 


Lonpon, Bricuton, AND SourH Coast RatLway :— 
‘* Electric Traction on Railways,” by Philip Dawson. 


LiverRPooL OVERHEAD RAILWAY :— 
Electrician, vol. xxx., page 421, 
The Engineer, vol. xciil., page 284. 
Electrical Review, vol, li., page 20. 
LANCASHIRE AND YORKSHIRE RAILWAY :— 
The Engineer, vol. xcvii., pages 275, 321, 338, 357, 
and 388. . ; 
Proceedings of the Institution of Mechanical Engi- 
neers, 1909, Part II., page 423. 


Mersey Rariway :— 
Proceedings of the Institution of Civil Engineers, 
vol. clxxix., page 19. 
Journal of the Institution of Electrical Engineers, 
vol. xxxiii, page 979. 
Nortu-Eastern RAILWAY :— 
Tramway and Railway World, vol. xv., page 17. 


MiIpLaND RaiLway :— 
Proceedings of the Institution of Civil Engineers, 
vol. clxxix., page 47. 
Tramway and Railway World, vol. xxiii., page 437. 





ECONOMICS OF RAILWAY ELECTRIFI- 
CATION.* 


3y Wittt1amM Bancrort Porter, Schenectady, New York, 
Member of the American Society of Mechanical 
Engineers. 

NATIONAL pate and importance are largely pro- 
portional to facilities for intercommunication, and since 
overland transportation is to so large an extent dependent 
on railways, any development providing for better railway 
service is of paramount importance. Steam locomotives 
and electric motors are the two recognised means of 
applying power which are available for practical railway 
requirements. The fundamental principles which under- 
lie the problem of train movement are the same in either 
instance, but a true comparison of their relative advan- 
tages can only be made by a study of each particular 


method. 

Much that has been written has treated the subject of 
electrification of steam railways from the general stand- 
point of averages; but, unfortunately, the economic appli- 
cation of electricity is not a subject for generalisation— 
unfortunately, because averages are convenient and 
usually available, but often lead to erroneous conclusions, 
either for or against electrification. It is a mistake to 
assume that the average of the expenses for the entire 
railroad represents the actual expense for the particular 
conditions usually existing on the division under con- 
siderition. 

On account of the investment already incurred, and 
because the question is usually one of determining com- 
parative results, the electrification of an existing steam 
railway is a more — problem than the electrical 
a of a new road. 

Hlectrification, like any other engineering work, in- 
volves an investment against which there will be a fixed 
charge for interest and a liability of depreciation. The 
interest is a constant and permanent charge, which must 
be met irrespective of any economy which may be secured 
by intelligent operation. The subject of depreciation is 
receiving more attention than formerly, the tendency 
having been to make the operating expenses cover this 
charge. However pM the depreciation charge 
must be accounted for, and it is directly influenced by the 
character of the equipment with respect to reliability, 
durability, and capacity to provide for future require- 
ments. 

The utilisation of higher trolley potentials, made pos- 
sible with direct current by the development of the com- 
mutating-pole motor, and with alternating current by the 


‘development of the single-phase motor ; the higher speeds 


of rotary apparatus in the sub-stations ; and the develop- 
ment of the steam turbine have effected a material re- 
duction in the investment required and the cost of 
operation. 

The different methods of electrification applicable in 
any instance should be carefully analysed with regard to 
interest, depreciation, and operating expense, and only 
the net result should be given consideration in deter- 
mining the class of equipment. In this connection it is 
well to bear in mind that the expenditure is a lump sum 
which can be accurately determined, while depreciation 
and operating expense can only be approximated. Refer- 
ence to the corresponding items of expense on railways 
operating under conditions comparable to those of the 
line to be electrified, will supply the most reliable figures. 
Future traffic developments must not be overlooked, and 
the type of initial electrification should be selected with 
due regard to the ultimate requirements. 

There would undoubtedly be an advantage in having 
the character of the energy supplied to the contact con- 
ductor uniform, but this is out of the question on account 
of the great difference in the requirements of specific 
conditions, such as congested urban or suburban service 
* Paper read at the joint meeting of the Institution of 
Mechanical Engineers and the American Society of 
Mechanical Engineers at London, July 29, 1910. 





and comparatively infrequent trunk line train move. 
ments. 

The sub-station and rolling stock may be equipped for 
operation with direct current or alternating current, 
single phase or three phase, and what is commonly spoken 
of as ‘‘the system” usually refers only to that part of the 
general scheme of electrification which comprises th» 
sub-station and rolling-stock equipment. There are ex- 
ceptional cases where the power-station and transmission 
lines have direct relation to the rolling-stock equipments ; 
but with the development of the alternating-current 
transmission this is less frequently the case than it was a 
number of years ago, when 600-volt power-stations sup- 
plied power directly for the operation of 600-volt motors. 

The development of apparatus for higher voltage direct 
current has so far increased its scope that direct current 
at either 600 voltage or higher may be considered the 
most economical for city onl interurban service, and for 
the electrification of steam railways where the density of 
traffic is sufficient to require a relatively large investment 
for rolling stock, as compared with that required for the 
secondary distribution system and the sub-station ap- 
paratus. 

Single-phase and three-phase rolling-stock equipments 
are applicable only to exceptional conditions. The reason 
for this is the greater first cost of such equipments. This 
is especially true when comparing single phase with 
direct current. The type of equipment used on the 
rolling-stock may well be a more important factor in the 
economy of investment and operation than the scheme of 
power distribution. 


TABLE I.—Reasonable Values for Trunk-Line Service. 

Sus-StTaTions. 
11,000 v. 
1-Phase. 





| 600 v. 
D.C. 


1200 v. 
D.C. 


11,000 v, 
3-Phase. 





First cost ‘per kilowatt 
complete .. .. dols. 
Comparison of installed! 
kilowatt .. ++ Pp.C.| 200-250 | 100-125 
Load factor, machines in | 
service - pe} 2040 | 35-70 
Average efficiency .. ,, | 78-88 | 87-92 


26 28 ll 


12 
100 100-125 


40-30 
97-98 


30-60 
97-98 





Yearly operation and main-| 
tenance, each station, dls.; 5000 


5000 2500 


2500 





Contact Conpuctors.* 





Overhead. 


dols. | 56000 5500 
to 7000 to 7500 
88-92 90-96 


100-150 


3500 | 
to 7000 | 
93-97 


First cost, per mile 4500 
to 8000 
Efficiency per cent. 93-97 
Maintenance per mile per | 
year .. dols | 75-125 100-200 | 125-250 


Rouiine Srock.t 





| 
1200 v. | 11,000 v. 11,000 v. 
D.C. | 1-Phase. 3-Phase. 


| 600 v. 
D.C. 





Locomotives. 
First cost, each . 
Weight, tons (2000 Ib.) 
Average efficiency, locomo- 
tive wheels to trolley 
per cent. 
Maintenance per locomo-_| 
tive per mile . cents) 4 4 | 
Motor-Cars (complete). | 
First cost, each .. dols.| 12,000 
Weight, tons (2000 1b.) ..| 43 
Average efficiency, wheel:| 
to trolley .. a ‘ 82 81 
Maintenance per car-mile 
centt | 2 


. dols. 44,000 
125 


47,500 


125 


64,000 
169 


58,000 
160 


85 85 79 | 81 


8 | 5 


13,500 20,000 
44 54 


73 | 


2.2 3.5 


* Variation in cost of third-rail due to different weights of rail 
which may be required. Variation in cost of overhead due to 
variation in the class of construction, such as with wooden poles 
or with steel bridges. P 

+ Other weights of locomotives will cost, more or less, about in 
proportion to their weights. With gearless direct-current loco- 
motives, the average efficiency of locomotive wheels to trolley is 
approximately 88 per cent. 


Under the conditions which exist in America, direct 
current and single-phase are applicable to either level or 
grade work ; while three-phase will probably be limited 
to the latter where its regenerative feature of returning 
energy to the line may beof value. The relative economy 
of the different systems of electrification is dependent on 
the density of traffic and the character of power available, 
rather than on the length of the railway. 

In cases where purchased power is used, or is depended 
on as a reserve, the frequency of the current supplied by 
the power company will have a bearing on the cost of sub- 
stations, and will thus affect the choice of the system. 
For direct-current operation, rotary apparatus is used for 
converting the ss into direct current, and the 
frequency of the supply is thereforerelatively unimportant. 
For single-phase operation under the usual conditions, & 
frequency of not more that 15 cycles is desirable ; and to 
provide this frequency, rotary frequency changers are 28 
necessary as are rotary converters in the case of direct 
current, since the frequency of existing power compares 
ranges from 25 to 60 cycles. i 

With power supplied at the proper frequency for sing!e- 
phase operation permitting the use of static transformers 
and dispensing with frequency changers, the amount of 
energy required for a given trunk-line service 1s in many 
cases nearly the same as for direct current, the greater 
weight of the equip rolling stock, and the lower e*!- 
ciency of the single-phase equipments, off-setting ‘he 
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rotary converters and trolley-line or third-rail losses of 
the direct current. 


CoNDITIONS DETERMINING Raltway EQuiIPMENT. 


The principal conditions which determine railway 

equipment are :— 
Data Sheet. 

(a) Profile of road. ; : ; 

(}) Transportation required—i.ec., weight of trains or 
seating capacity of cars. 

(c) Frequency of trains. ; 

(7) Length of individual runs or distance between 
stops. 

rat Schedule required. 

(f) Length of railway to be electrified. 

In the selection of the electrical system best adapted to 
a particular set of conditions there are three items to be 
considered :—(a) sub-stations, (b) contact conductors, (c) 
rolling-stock. A comparison of these items determines 
the relative economic values of the systems. There are 
certain features under each of these items which may 
properly be examined. For trunk-line service the values 
in lable I. (see page 284) will be found within reasonable 
limits for the usual requirements. 

We will consider briefly the effect of changes in the 
data sheet items. 

(a) Profile.—From a level country to a limiting grade 
of 1 or 14 per cent. there will be little difference in the 
relative values of the systems. With steeper grades the 
conditions will be more favourable for alternating 
current. 

(b) Traffic Requirements.—Heavy individual train-units 
favour the alternating-current system with exception of 
the locomotives ; light trains or multiple-unit operation 
favour the direct-current system. 

(c) Frequency of Trains.—Infrequent service with a 
relatively small number of locomotives favours the alter- 
nating current, frequent service the direct current. With 
increase in number of trains, the direct-current systems 
gain relatively faster than the alternating current in 
economy of operation, due to relatively decreased sub- 
station operation, increased sub-station efficiency, and 
lower cost of equipment maintenance. It is therefore 
well to consider what the ultimate traffic density may 
be, and select the system best suited to meet these re- 
quirements. 

(d, e) Distance between Stops and Schedule Required.— 
Variations in these will not affect the relative value of 
systems unless extreme requirements, such as high 
schedule speed with short runs, make the use of direct 
current imperative. 

(f) Length of Road.—For a similar character of service 
throughout the railroad may be of any length without 
affecting the relative desirability of the various systems. 
What is suitable for the first 50 miles will be equally 
suitable for any extension. 

An examination of these variables will show that a 
change in the conditions to be met will radically change 
the relative economic value of the systems of electrifi- 
cation. 

The single-phase system, by reason of the apparent 
simplicity of its elements and the utilisation of higher 
potential for the contact conductor than is possible with 
direct current, is admitted very attractive. There is the 
other side to the question, that it is impossible to build 
asingle-phase commutating motor comparable in first cost 
and maintenance with a direct-current motor. Over this 
subject of alternating- current single-phase v. direct- 
current systems there has been a great deal of controversy. 
It is our opinion that comparative results obtained up to 
the present time are in favour of direct current. 

Desirable as would be a standard system for all classes 
of service, we cannot hope to establish such a standard 
should it impose an additional expense without adequate 
return. A summing up of all the elements of each elec- 
trical system will generally lead to a definite showing of 
which system is most desirable to meet specific conditions. 
For trunk-line service a higher potential than 600 volts 
will unquestionably be used ; 1200 volts direct current 
will prove economical in some cases, but a still higher 
voltage is required to provide economically for the heavier 
intermittent service. Whether this potential will be 1800 
or 2400 volts direct current or 11,000 volts alternating 
current cannot be settled arbitrarily. 


INTERURBAN RAILWAYS. 


Let us consider the interurban railway situation in the 
United States, particularly in regard to the various avail- 
able schemes of electrification. These are, 600-volt direct 
current, 1200-volt direct current and single phase, the 
three }liase being debarred on account of the complica- 
— the necessary double overhead - distribution 
System. 

The «pplication of single phase to new projects has been 
practic.!ly abandoned, there having been but one or 


two now installations in the last three years. This 
arrest«! development of a system, which for a short time 
held forth considerable promise, has been brought about 
by aceneral recognition of its limitations. Experience 
hassli wn these to be :— 

(a) Lixcessive weight of rolling-stock. 

(b) Excessive cost of rolling-stock. 

(c) liigh cost of equipment maintenance. 

(¢) Increased power consumption. 

(¢) Rapid depreciation of motor. 

(7) i\upid depreciation of car bodies and trucks. 

i reased cost of maintaining track and roadway. | 
a . ‘ver, 1t 1s recognised that any interurban road in 


ee ted States must be capable of operating over 
onde, city tracks from 600-volt direct-current trolley, a 
fondition which hampers the single-phase system on 


accoun’ f increace . : 7 
ccount of increased complications in the control system. 
or 


in 


TABLES RELATING TO TYPICAL INTERURBAN ELECTRIC 
SERVICE. 
TABLE II.—General Data for Cars. 








600 v. | 1200v. | 6600 v. 
— D.C. D.C. A.C. 
Number of cars... + 15 15 18 
Seating capacity, passengers 60 60 60 
Distance between stops, miles .. 3 3 3 
Schedule speed, miles per hour. . 33 33 £3 
Maximum speed, miles per hour 48 48 55 
Weight of each car, tons (20001b.) 35 36 43 
Car-miles per day .. a 2 3000 3000 3000 
Miles per car in service per day 300 300 300 
Miles per car per day, average” .. oe 200 200 166 
Estimated maintenance per car-mile, 
cents) 

a Electrical 0.70 77 1. 50 

b Mechanical ‘a 1,00 1.00 1.25 

Total car barn expense. . 1.70 1.77 2.75 
Amperes starting car 520 280 7 
Amperes running car... = = 174 94 24 
Kilowatt hours per car-mile atcar ... 28 2.88 3. 78 
Cost each car complete .. dols.! 10,000 11,500 , 17,000 


TaBLe I[I.—Sub-Stations. 


Number of sub-stations .. oe os 9 4 2 
Estimated momentary demand 


Cars starting .. . . 1 1 2 
Carsrunning.. - - o 1 1 0 
Peak load... ne - - Oe 416 448 70 
Average load, each sub-station. . = 52 120 275 
Size of each unit ‘“ se - 300 800 300 
Number of units .. ~ ~s - 2 2 3 
Load-factor (machines in service) 0.17 9.40 0 46 
Average efficiency .. im pe - 0.76 0.87 0.96 
Cost of each sub-station complete dols., 24,000, 26,400 10,000 
TaBLE 1V.—Feeder Copper Requirements. 
Maximum momentary demand midway | 
between sub-stations I 
Cars starting .. _ oe 1 1 2 
Carsrunning .. - ‘a . 0 1 0 
Amperés a oe an a 520 374 150 
Distance between sub stations .. 11.8 28 66.6 
Equivalent stub-end feed - os 2.9 7 16.6 
Feeder required additional to 4/0 trolley 4/0 1/0 _none 
Cost of overhead construction per mile, 
including both trolley aud feeder dis. 2,300 2,100; 1,900 


Bonding taken as 400 dols. per mile of track. 

Transmission line taken in each case as 840 dols. per mile of 
track, and assumed to run the entire length of right of way. 

Power-house : No power-house is included, but it is assumed 
that power is purchased at the power-station bus at 1 cent per 
kilowatt-hour, and fed at any convenient point into the trans- 
mission line. 

TABLE V.—Power Consumption. 


Total kilowatt-hours per day at cars ... 8400 8650 11,400 
Efficiency, secondary distribution 0.90 | 0.90 0.94 
Sub-stations ; - om --| O76 0.87 0.96 
Transmission line and power-house 
step-up transformers ~ ° 0.94 0.94 | 0.94 
Combined efficiency 0.64 0.74 | 0.85 


Kilowatt-hours per day at power-house 13,10) 11,700 13,400 
TasLe VI.—Summary of Costs. First Costs. 











Transmission . . dols., 84,000 84,000! 84,000 

Sub-stations. . aos a -. yy | 216,000 106,000 | 20,000 

Secondary distribution .. a: 230,000 210,000 | 190,000 

Bonding oe ee - - 40,000 | 40,000} 40,000 

Oars .. me a as a a 150,000 | 172,500 | 306,000 

Total e — -. 59 720,000 , 612,500 | 640,000 
Annual Fixed Charges. 

Depreciation. —, — Dols. | Dols. | Dole. 
Transmission 20 30.34 2,500 2,500 2,500 
Sub-stations : --| 2 30.34 | 6,500) 3,200) 600 
Secondary distribution 15 46.34 | 10,600 9,700 8,800 
Bonding .. ee vl a 79.50 | 8,200 3,200 3,200 
Cars (A. C.) “ of 62.83 it se 22,600 

» (D.C) ..  ..' 15 | 46.34 | 6,900) 8,000 
Total depreciation. . 29,700 ' 26,600 37,700 
Interest and Taxes :— | 
Interest, 5 per cent.; taxes 1.5 per 
cent. of cost of electrical material) 46,000 39,800 45,000 
Insurance :— 
1.5 per cent. of sub-station and car 
costs “ ~ om os ‘ 5,500 4,200 5,70) 
Total fixed charges 81,200 70,600 88,400 
Annual Operation and Maintenance. 
Transmission ie ~_ ~ ‘ss 3,500! 3,500 3,500 
Sub-station .. “ es = --| 17,000| 7,600 | 500 
Secondary distribution, including} | 
bonds os ss a ..| 9,000} 9,000/ 10,000 
Cars 18,500 | 19,500) 30,100 


Power at 1 cent per kilowatt-hour 

Additional cost, maintenance of track 
and roadway, shops, and supervision, | 
due to heavier cars and more expert 
supervision required for the single- 


47,800 | 42,700 | 49,000 








phase a ae ee 10,900 
Total ue on 5 95,800 | 82,300 _ 104,000 
TasLe VII.—Comparison of Cost of Systems. 
1. First cost. . .| 710,000 | 612,500 | 640,000 
2. Fixed charges .. - + ..| 81,200, 70,600, 88,400 
3. Operation and maintenance. . ..| 95,800 82,300 104,000 
| 
4. Annual cost (item 2 plus item 3) ..| 176,000 | 152,900 | 192,400 
Based on 1,095,C00 car-miles per year, | 
additional annual charge per car-| 
mile above the cost for 1200 volts, in | | 
cents os ‘3 a or ae 0 | 3.6 


| 


* On twelve American single-phase interurban roads the average 
miles per day called for on the published time-tables, divided by the 
number of cars owned, is 138 ; on four 1200-volt roads which have 
been operating over a year this number is 237, the larger number 
of alternating-current cars being required on account of the fact 
that a greater number are necessarily held in the barn for in- 
spection and maintenance purposes. This explains why in the 
table above eighteen alternating-current cars are assumed and 





crurban railways a potential of 1200-volt direct | 


current has been selected, because with the motors wound 
for 600 volts the car may be operated at the same speed 
from either 600 or 1200-volt trolley, by connecting the 
motors all in parallel for 600-volt operation, and two in 
series with two groups in parallel on a 1200-volt section. 

To show deal the relative merits of the systems, we 
have made an analysis of an interurban railroad 100 
miles long, with cars in each direction every hour. This 
condition represents practically the minimum car require- 
ments in the United States, and is therefore feveusalite to 
the single-phase. It is obvious that any increase in 
traffic density will be relatively more favourable to the 
direct-current system on account of the lower first cost of 
cars, lower car maintenance and relatively lower cost of 
sub-station operation. 

Assume a typical interurban condition : 

(a) Profile: rolling country. 

(b) Transportation required: passenger-cars to seat 50 

mgers and having ba e compartment, or the 
equivalent of 60 passengers without baggage compart- 
ment. 

(c) Frequency of trains, one every hour in each 
direction. 

(d) Average distance between stops, 3 miles. 

(ce) Schedule speed, 33 miles per hour. 

(f) Length of road, 100 miles. : 

(g) To operate on existing 600-volt city tracks. 

The general data required are approximated in Tables 
II. to VII., on this page. 

There will be an additional cost of operation and main- 
tenance with the single-phase system for the items of 
track and roadway, due to additional weight of cars, car- 
shop expenses in providing greater facilities for sho 
inspection and repairs, and greater skill in superintend- 
ence of equipment. In a number of instances this 
has been found to amount to several cents per car-mile. 
A conservative estimate would require at least one cent. 
per car-mile to be added for these items. 

The comparison in Table VII. brings out the fact that 
even for conditions selected as favourable to the single- 
phase system, the 600-volt direct-current system is the 
more economical considering operation, maintenance, and 
fixed charges. An examination of the elements which 
enter into the first cost and operation of a system will 
show at once that as the density of traftic increases 
there is a rapid gain in the relative advantage of the 
direct-current over the single-phase system. 

Conclusion.—The saving effected by the 1200-volt direct- 
current system isso marked that a great increase in the 
adoption of this potential for this class of interurban rail- 
a es may be anticipated, and, on the other hand, it 
will not be surprising if the single-phase interurban 
system is entirely discarded in America, unless some 
marked improvement is made in the art, and a more 
economical equipment made available. There is no ques- 
tion regarding the mere movement of trains by any par- 
ticular system—this may be taken for granted. The study 
of electrification is really a problem in economic engineer- 
ing, and not simply a technical problem. 

liability of operation is of the greatest importance, 
not only to the public but to the operating company, and 
in this respect the electric motor, with its simpler con- 
struction, even though the general service is supplied 
from a central power-station, has proved its superiority 
over the steam locomotive. Except in the case of some 
extraordinary accident, the power-station, sub-stations, 
and transmission line, in their entirety, are rarely rendered 
inoperative. The liability to interruption is principally 
centred in the equipment of the rolling-stock, and for this 
reason the mechanical and electrical design of the motors 
control and equipment devices, should receive careful 
consideration. 
The electrical equipment of motor cars and locomotives 
is exposed to a large extent to dirt, water, and snow, 
and not being particularly convenient for inspection, it 
usually receives less attention than the apparatus in the 
power-station and sub-stations. It is the custom on 
many roads to give the equipments a regular inspection 
once in 1000 or 1500 miles, depending on experience, 
and to dismantle them for a thorough overhauling once a 
year. The character of the rolling-stock equipment is a 
factor of far more importance to the reliability of the 
service than is often appreciated. 
The steam locomotive has been brought to its present 
state of development through many years of experience. 
It is an exponent of the highest type of mechanical 
design, and, notwithstanding its limitations, is remark- 
ably efficient as a source of power. During the past 
twenty years the power of the steam locomotive has been 
practically doubled, but the demand to-day is for still 
greater power. 

The multiple-unit idea, to which electric service is so 
well etegted, was utilised in the design of the Mallet 
type of steam locomotive where the driving engines of 
two practically separate locomotives are supplied with 
steam from a single boiler. Mallet locomotives have been 
built having a weight of 441,000 lb. on the drivers, the 
boiler having over 5800 square feet of heating surface, and 
a grate area of 100 square feet. To fire properly a loco- 
motive of this ney is difficult, and, unlike the electric 
locomotive, its effectiveness depends on the steam from 
its own particular boiler. 

With existing road clearances the steam locomotive 
unit, controll | a single engineer, seems to have 
reached nearly the limit of power. The power of a steam 
locomotive being limited by the capacity of its boiler, an 
increase in speed can be secured only by a proportional 
reduction in tractive force. The electric locomotive, on 
the other hand, is supplied with practically unlimited 
power from an independent power station, and can main- 
tain a speed and tractive force that would be impractic- 
able witha steam locomotive. The application of electric 





fifteen direct-current cars. 


locomotives to passenger and freight service will result in 
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faster schedules with equal or even heavier trains than 
are at present handled by steam locomotives. 

Since the electric locomotive is equipped with a number 
of independent motor units, controlled by one engineer 
from a single master controller, it makes no difference, 
considering the complete locomotive asa machine, whether 
it be built as a single unit, or as two or three units having 
the same total weight on the drivers. For convenience 
in operation and repairs, it is probable that a single 
electric locomotive unit will be limited to a weight 
between 200,000 Ib. and 300,000 lb. on the drivers, even 
when built for the heaviest service. There are electric 


locomotives now under consideration which as single|be add 


units will exert a maximum tractive effort of 90,000 lb., 
and which will be capable of maintaining a tractive 
effort of 35,000 Ib. at a speed of 30 miles an hour. 

Many of the terminal and tunnel electrifications have 
been brought about from the desire to do away with the 
danger and nuisance caused by smoke and gas. The 
elimination of smoke has an economic aspect in 
the electrification of terminal stations, in permitting 
material improvement in the character and value of 
railway buildings. The Quai d’Orsay terminal of the 
Paris-Orleans Railway in Paris, which 
tion since May, 1900, was the first instance where a steam 
railway profited by this feature of electrification. 

The enhanced value of railway buildings is seen toa 
marked degree when terminals are electrified in large 
cities in which land values are high. The fact that 
electric operation will poe platforms on two or more 
levels adds greatly to the capacity of the station, or, con- 
versely, decreases the land area required for given traffic 
facilities. In the case of the New York Central terminal 
in New York City there will be two levels of platforms, 
the entire suburban facilities being placed below those of 
the main line. The Pennsylvania terminal in New York 
is another instance of station design affording facilities for 
handling traffic that would be impossible under steam 
operation. . 

The electric locomotive is well adapted for the handling 
of trains where the character of the service will not permit 
the operation of individually equipped cars. Where the 
service is self-contained, individually equipped motor-cars, 
operated in trains with multiple-unit control, are recog- 
nised as providing for the most efficient handling of 
traffic. 

Economy in operation will be secured by proportioning 
the number of cars in a train to the traffic required during 
different hours of the | The patronage on which the 
gross receipts depend will be much encou by pro- 
viding a service with short intervals between trains. In 
the study of any scheme of transportation, due regard 
should be given not only to economical operation, but also 
to the method of handling which will ensure the maximum 

receipts. 

The author desires to express his thanks to Mr. C. E. 
Eveleth for his assistance in the preparation of this 


paper. 





FOREIGN ENGINEERING PROJECTS. 


WE give below a list of colonial and foreign engineering 
projects, for some of which tenders are asked. Further 

rticulars concerning the same may be obtained from the 

‘commercial Intelligence Branch of the Board of Trade, 
73, Basinghall-street, London, E.C. 

Canada: H.M. Trade Commissioner for Canada (Mr. 
R. Grigg) reports that a notice, recently issued by the 
Deputy Minister of the Canadian Naval Service, and 
published in the Montreal Gazette of July 26, contains 
the following conditions concerning the construction in 
Canada of vessels for the Canadian Navy :—The vessels 
are to be built according to the plans and specifications 
of the British Admiralty, which, being of a confidential 
nature, will only be exhibited to approved firms. The 
Department of Naval Service will be glad to hear from 
any Canadian or British firm who would wish to tender 
for the building in Canada of these warships. It would 
be necessary for such firms to show that they have, or 
propose oe in, a shipbuilding plant that will be con- 
sidered sufficient for the building of cruisers of the Bristol 
ty pe, and that they have had such experience as will en- 
able them to eee the building of such ships in 
accordance with the Admiralty specifications. It should 
be borne in mind that the Rush-Bagot convention 
vides that no warships should be built on the Great La 
and, therefore, shipbuilding firms should arran 
establishments elsewhere than on these lakes. Further 
information can be obtained by firms who propose to 
tender, on application to Mr. @. J. Desbarats, Deputy 
Minister of the Naval Service, Ottawa, Canada. 

Spain: The Gaceta de Madrid of August 1 contains a 
notice, issued by the Ministry of Fomento, inviting 
tenders for the construction of quays and breakwaters in 
the harbour of Almeria. The upset price is put at 
1,383,916 pesetas (about 51,2502), a deposit of 1 per cent. of 
which amount will be requirod to qualify tenders. Tenders 
will be received "» to 1 p.m. on September 1 at the Direc- 
cién General de Obras Piiblicas, Ministerio de Fomento, 
Madrid, and at the offices of all the Civil Governments 
of the Peninsula, to any of which addresses they should 
accordingly be sent in sealed envelopes. Local representa- 
tion is necessary.—With reference to the notice on page 
296 of ENGINEERING for March 4 last, relative to the con- 
struction of a bri across the River Vinalopé at Elche, 
the Gaceta of August 3 notifies that, as no award has 
been made in respect of this contract, a further sixty days 
from the date of the Gaceta are allowed for the admission 
of tenders at the Negociado de Construccién de Carre- 
teras, Direccién General de Obras Publicas, Madrid. 
Local representation is necessary. 

Portugal: The Diario do Governo of July 27 contains 
a notice, issued by the Ministry of Public Works, ap- 


ro- 


es, 
for 


been in opera- | bee 





proving the plans submitted by the ‘‘Companhia Real 
dos Caminhos de Ferros Portugueses,” for the construc- 
tion of the section, from Caes do Sodré to Alcantara- 
Mar, of the Cascaes Railway. 

Italy (Sardinia): The Gazzetta Ufficiale of ange 3 
publishes a notice, issued by the Ministry of Public 
Works, inviting tenders for the carrying out of dredging 
operations in the ports and around the coast of Sardinia 
for a period of nine years from July 1, 1910. The upset 
price is = at 3,354,600 lire (134,184/.), and a deposit of 
160,000 lire (6400/.) will be uired to qualify tenders. 
Tenders, which will be ual on September 1, should 
ressed either to the ‘Ministero dei Lavori 
Pubblici,” Rome, or to the “ Prefettura di Cagliari,” 
Cagliari, Sardinia. Although the above contract will in 
all probability be awarded to an Italian firm, neverthe- 
less the carrying out of the work may involve the pur- 
chase of some materials out of Italy. 

Chili: The Diario Oficial of June 1 contains the text of 
the message delivered by the President to the Chilian Con- 
_ on June 1, from which the following are extracts :— 

lans have been accepted for the carrying out of water- 
supply works at Talca and Cobquecura ; application has 
m made for similar works at Yungai, and surveying 
operations are being conducted with the object of increas- 
ing the water supplies at Iquique, Papudo, Calera, Ran- 
cagua, Peumo, San Carlos, and Traiguen. During the 
last financial year forty-eight bridges were built, and a 
further fifty bridges, having a total length of 3508 yards, 
are in course of erection. Tenders will shortly be invited 
for the erection of eighty-seven schools in the Central Zone. 
Powers are granted to continue the construction, in 
various parts of Chili, of fourteen sections of railway, com- 
prising a total length of 358 miles. A contract has been 
concluded for the construction of the longitudinal railway 
from Cabildo to Laguna, a distance of 820 miles, and for 
the construction of 897 miles of the railway from Puerto 
Montt to Tacna. Within four years Puerto Montt will 
be connected with Pisagua by railway. Decrees have been 
issued granting five concessions for the construction of a 
total length of 480 miles of railway. The Diario of June 8 

ublishes a decree authonsing Mr. Owen nard 

cDermott to construct an electric railway between 
Antofagasta and Mejillones. Work must be commenced 
within twelve months, and the line completed in two 
years from May 28 last. The Diario of June 11 
contains a notice inviting tenders for the construction of 
a railway from Confluencia to Tomé and Penco. Tenders, 
which will be opened at 3 p.m. on September 6, should 
be addressed, ‘‘ Sefior Subsecretario, Ministerio de 
Industria i Obras Publicas,” Santiago, Chili. The speci- 
fication and.conditions may be obtained at the offices of 
the Inspeccion Jeneral de Ferrocarriles de la Direccién 
de Obras Publicas, Santiago, Chili. 

Brazil: His Majesty’s Consul at Bahia(Mr. W. H. M. 
Sinclair) reports that a contract was entered into on 
May 31 between the State of Bahia and Mr. Henry J. 
Conill, of Bahia, for the construction of a railway from 
the Bay of Camamou to Salto Grande de Jequitinhonha, 
on the boundary between the States of Bahia and Minas 
Geraes. All the material required for the construction 
and upkeep of the line will be exempt from import duties 
up toa pee of ten years from the date of the comple- 
tion of the line. Steam or electric traction may be used. 
The concessionnaire will have the right to construct any 
telegraph or telephone lines that may be required. The 
district to be served by the proposed railway is reported 
to be fertile, but sparsely populated. 

Argentine Republic: The Boletin Oficial of June 11 pub- 
lishes a decree approving the estimate, amounting to 
1,375,946 pesos gold (about 275,200/.), in respect of a 
scheme for the general improvement of that section of 
the Argentine Northern Railway which runs from Alta 
Cérdoba to Cruz del Eje. The work will comprise the 
rome be the line, permanent-way works, the construc- 
tion of buildings, &c. The Boletin of July 13 contains a 
decree 5 etter 4 the plans and specifications, submitted 
by the Direccién General de Ferrocarriles, for the con- 


struction of a section, 28 miles in length, of the Tinogasta 


Railway—viz., from Tinogasta to Arminga. The cost of 
construction is estimated at 602,098 gold (about 
120,400/.). The same issue of the Boletin publishes a law 
granting to Sefior Héctor Zaldarriaga a concession for 
the construction and working of a railway from Rufino, 
in the province of Santa Fe, to the port of San Nicolds 
de los Arroyos, passing by way of Christopherse, Villa 
Cafias, Colon, and El Socorro. Complete plans and 
specifications must be submitted by the concessionnaire 
within eighteen months from the date of the promulga- 
tion of the law; work must then be begun within six 
months, and the line completed in three years thereafter. 
The Boletin Oficial of July 1 contains a decree approving 
the draft contract with the Argentine North-Eastern 
Railway (Ferrocarril Nord Este Argentino) for the con- 
struction of the sections of line from Concepcién del 
Uruguay to Concordia, and from Concordia to Federal. 
A further decree authorises the Empresa de los Ferro- 
carriles de la Provincia de Santa Fé to construct a branch 
railway, which will run from Charadai in a north-easterly 
direction for 8 miles, at which point one section will 
branch off towards the north for about 19 miles, and 
another will gag 28 miles in a westerly direction. 
The Boletin of July 14 contains a decree granting to the 
Compajiia General de Ferrocarriles de la Provincia de 
nta Fé, permission to construct a section of railway, 
which will run from Reconquista and p in a 
northerly direction for a distance of 25 miles. Fifteen 
months are allowed for the completion of the line. The 
work will involve the building of a bridge across the 
River Rey. 
Uruguay.—The Diario Oficial of July 2 publishes the text 
of a Bill providing for the carrying out of extensive works 
in the harbour of Montevideo. The work foreshadowed will 





include the erection of administrative offices, a building 
for the accommodation of mgers ; warehouses; the 
provision of cranes, including a floating crane, drain. 
age and water-supply works, electric light and motive 
wer, and dock railway lines ; the construction of quays, 
reakwaters and dry docks, and the carrying out of 
dredging operations. Under the terms of the Bill the 
executive authorities are empowered to expend for the 
above purposes a sum of 13,200,000 pesos (about 2,808, 000/. ) 
With reference tothe notice on page 696 of ENGINEERING 
for May 27 last, relative to the construction of a railway 
from the port of La Paloma to Treinta y Tres, the Diario 
Oficial of July 3 publishes a decree, issued by the Ministry 
of Public Works, containing the regulations governing 
the contract. 








CATALOGUES. 


Bore-Hole Drilling Plants.—The Star Drilling-Machine 
Company, of Akron, Ohio, U.S.A., have sent us a copy 
of their catalogue of portable drilling plants for oil-wells, 
artesian wells, prospecting, &c. he machines, which 
are of the percussion type, are operated by a small steam. 
engine. They are made in fourteen sizes, for borings u 
to 3000 ft. deep, and each is illustrated and described, 
Several of the machines are self-propelling. 


Electrical Instruments.—Two small price-lists of elec- 
trical instruments have reached us from Messrs. Cromp- 
ton and Co., Limited, Salisbury House, London Wall, 
E.C. One of these lists deals with various patterns of 
ammeters and voltmeters of the moving iron type for 
continuous and alternating currents. The other list gives 

rticulars of instruments in cases 4 in. in diameter. 

hese instruments, which are of both the moving coil and 
moving iron types, are intended for use on small switch- 
boards or starter-panels or in connection with electro- 
medical apparatus. 

Paraffin and Petrol-Engines.—Messrs. Charles Price 
and Son, of Broadheath, near Manchester, have issued a 
catalogue of internal-combustion engines for marine and 
stationary work. The catalogue contains a general speci- 
fication of the engines, which can be adapted to use either 
paraffin or spirit fuels, and are made in sixteen standard 
sizes from 2 to 48 brake horse-power; non-standard 
engines are made up to 120 horse-power. Illustrations 
show the engines coupled to dynamos, centrifugal pumps, 

rtable and fixed air-compressors, and other machinery. 

veral types of railway-inspection cars, and locomotives 
propelled by these engines are also illustrated. 


Centrifugal Pumps.—A catalogue of centrifugal pumps 
has reached us from Messrs. Holden and Brooke, Limited, 
Sirius Works, West Gorton, Manchester. The advantages 
of centrifugal re over reciprocating pumps are 
pointed out, and the theoretical principles underlying 
the design of the former are explained. Notes on their 
characteristics are also given, together with information 
relating to their installation and running. The cata- 
logue then illustrates and describes the design of the 
firm’s single-stage and multi-stage pumps, which are made 
in two ty with and without self-regulation, and gives 
characteristic curves of results. In conclusion, tables 
are given showing the friction of water in pipes and the 
power transmitted by belts and ropes. 


Double Helical Gear-Wheels.—We have received from 
the Power Plant Company, Limited, West Drayton, 
Middlesex, a pamphlet illustrating the application of 
their machine-cut double helical gears (Wuest type) to 
colliery and mining work, where the use of electric motors 
has created a demand for high-ratio gearing. The 
pamphlet sets forth the advantages of this type of gearing 
over ordinary spur-gearing for the heavy work required 
from winding-engines, hoists, haulage gears, pumps, and 
other machinery, several examples of which are illus- 
trated. Totally enclosed single or double reduction- 
gears, specially suitable for converting existing machinery 
to electric driving, are also illustrated. The single re- 
duction-gears are suitable for ratios from 6:1 to 20:1, 
and the double reduction-gears for ratios from 12:1 to 

cy S 


Hexagon Turret Lathe. — Messrs. Alfred Herbert, 
Limited, of Coventry, have sent us a copy of the twelfth 
edition of their catalogue, Section J, dealing with the 
hexagon turret lathe. The catalogue illustrates a great 
variety of work produced by the tool, and also illustrates 
and describes its special features, among which we may 
mention the ‘‘single-pulley” head. With this arrange- 
ment the machine is driven by a single pulley running at 
a constant speed, the change in speed of the work being 
effected by gearing contained in the head ; sixteen different 
speeds in geometrical progression are provided. A con- 
siderable part of the catalogue is devoted to a description 
of the firm’s roller-steady turning tool, which enables the 
heaviest cuts to be taken with tools of high-speed steel 
without loss of accuracy or finish. The ‘* Coventry 
self-opening die-head, a taper turning tool, and a spec ial 
equipment for the production of stay-bolts for locomotive 
boilers are also described. The lathe is made in three 
sizes, the largest of which produces work up to 34 in. in 
diameter and 42 in. long. 








Tue Society FOR THE DEVELOPMENT OF EXPERIMENTAL 
ScrENCES AND THEIR Practica, AppLications.—This 
Society has been formed in connection with the Imperial 
Moscow University and the Imperial Moscow Technical 
School, to advance scientific investigations and dis- 
coveries by reporting on them, and by giving monetary 
and other assistance. Communications should be ad- 
dressed to the Secretary of the Christopher S. Ledent 
zofi’s Society for the Development of Experiment a] 
Sciences, Moscow, Russia, 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each eae where none is mentioned, the Specification is not 
llustrat 

Where inventions are communicated from abroad, the Names, éc., 
of i Oestfaations tnay;be beamed af the Patent Ofies, Bale 

C a may 2 

(Tie ot oe Southampton Buildings, Jane, W.C., at 
the fees pe _— of 8d. ee of 

Th te o vertisement @ Complete 
Specification is, in each case, A a. after the aberrant, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the —— _—e¢ the -—_ vp bh -m yo “ 

ive notice ‘atent of opposition to grant of a 
Patent on any ef the grownds mentioned in the Act. 


ELECTRICAL APPARATUS. 


21,021/09. J.S. Highfield, London. Electrical Con- 
ductors. (3 Figs.] September 14, 1909.—This invention relates 
to electrical installations carried out by the use of a flat, flexible 
insulating strip carrying two or more supply conductors. Accord- 
ing to the present invention, the strip is simply bent in its own 
plane so that the outside wire is curved through the required 
angle, the radius of the curve naturally depending on the size of 
the conductor. The inner wire or wires are bent through the 
same angle but project up from the plane of the strip, and in this 
manner the spare length of the inner conductor is taken up, In 





Fi 2. Fig.3. 
























20021 - ¥ 
Fig. 1, the strip consists of two wires 1, embedded in insulating 
material 2. At the bend the inner wire 1 projects upward out of 
the plane of the rest of the strip, as seen at 3. This outstanding 
part of the bend requires protection. For this purpose, any suit- 
able hollow casing may be provided of sufficient depth to receive 
the outstanding part. Conveniently, a hemispherical or approxi- 
mately hemispherical metal casing, such as 4 (Figs. 2 and 3), may 
be employed. This casing has slots cut in it of suitable shape to 
fit the strip at the required points of its circumference. (Accepted 
June 29, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


13,667/09. J. M. Hewitt, Manchester, and Hewitt 
Engines, Limited, London. Internai-Combustion 
Engines. [1 Fig.) June 10, 1909.—This invention relates toa 
method of working tandem-cylinder internal-combustion engines 
having different effective areas, and consists in cutting off the 
supply of mixture to either cylinder independently, or to both 
cylinders, and simultaneously opening such cylinder or cylinders 
to the atmosphere, so that three different powers can be obtained. 
The cylinders a and b are arranged one above the other tandem- 
wise, the lower one being of larger diameter than the upper. The 
upper piston ¢ is continued downwards, and carries the lower 
piston d. The lower cylinder working space is thus annular. The 
valves are double-ended piston-valves, and are driven at half- 
speed from the crank-shaft. They are set to uncover the ports 
alternately at either end of the piston-valve, so that openings and 
closings to one cylinder are repeated half-a-revolution of the 
valve-crank afterwards in the other cylinder. Thus one cylinder 
fires one revolution of the crank-shaft after the other, giving an 





mpulse every revolution. Each cylinder has separate induction 
ports e and which open separately into the induction pipe g, 
forming valve-ports h and j. A sleeve k rotating within the 
indution pipe g has a port J registering with the ports h and j. 
The two air or relief-valves m and n have springs which are stron, 
enough to resist the suction during the induction stroke, anc 
their stems terminate near cams o on a shaft p, these cams being 
So arranged that either or both valves can be opened, thus putting 
either or both eylinders out of action. The sleeve k and shaft p 
Pad - nected to a lever or levers under the control of the driver, 
: hat they can be rotated at will, either together or indepen- 
- any When the sleeve and cam-shaft are in the positions 
shown in the drawings, both cylinders are at full power. To 
ca the upper cylinder the sleeve k is rotated anti-clockwise, 
: “! to cut out the top cylinder the sleeve is rotated till the port 
res — induction pipe is covered, and the shaft p is rotated to 
open \alve m. Further movement of the sleeve throttles the 


lower cylinder, until the port j is completely closed, when the 
3 opened. 


Val In the same way the lower cylinder can be cut 





out and the upper one controlled by the throttle, so that as the 
two cylinders have unequal powers three distinct powers can be 
efficiently obtained from the engine—namely, the low-power 
cylinder alone, the high-power cylinder alone, and both workin, 
together, whilst in each case the power exerted can be controll 
in the ordinary way by the throttle-sleeve. (Accepted June 15, 


1910.) 

15,026/09. Albion Motor-Car Com: , Limited, and 
Tg. Murray, Scotstoun. In - Combustion 
Engines. (3 Figs.) June 28, 1909.—This invention relates to 


a two-stroke cycle internal-combustion engine, consisting of unit 
pairs of cylinders having synchronously moving pistons, in which 
the combustion spaces of the pairs of cylinders are interconnected, 
while in one cylinder there is a piston-operated port communi- 
cating with a closed crank-chamber in which is air or explosive 
mixture, while the other cylinder of the pair hasa piston-operated 
exhaust-port. An engine made according to the invention com- 









































prises essentially two or more identical unit pairs of cylinders in 
one axial plane, and operating one crank-shaft. There are two 
A 
Ae a 
J?) 
| 3 
o H 
' 
c H c c 
int 
2 oO’ it ui 
15026. 


unit pairs A,B, Al, B! of cylinders in one axial plane, and 
operating one crank-shaft ©. The pairs of pistons A2, B2, A%, B® 
operate each one crank D, D!, the cranks being at 180 deg. to 
each other, The combustion spaces of each pair of cylinders are 
intere by sages E, El, and in one cylinder A, B! of 
each pair are piston-operated inlet-ports G, G! connected to the 
isolated crank-chambers H, H! respectively by s H2, H%, 
In the other cylinders B, A! of each pair are similarly operated 
exhaust-ports J, Jl icating with a exhaust-trunk 
J%, Explosive mixture is supplied to the two isolated crank- 
chambers H, H! through automatic inlet-valves K, K! drawing 
their supply from a manifold trunk K®, (Accepted June 29, 1910.) 








MINING, METALLURGY, AND METAL- 
WORKIN 


G. 


19,112/09. W. Alexander and A’ plebys, Limited, 
London. Grabs and Buckets. [5 Figs.) August 19, 1909. 
—This invention consistsin providing between the main drum and 
an auxiliary drum a spring element through which the latter drum 
is adapted to be actuated by the former, the spring being so 
arranged that, when the main drum is winding in, the spring 
allows of a varying ratio of speed between the main and auxiliary 
drums until the slack has been taken up, after which the sprin 

acts as an ordinary tr issi 1 t, maintaining an equ: 

speed or a constant speed ratio between the drums, and when the 
ropes are to be paid out both drums rotate together, or at a fixed 
ratio, until the grab isto be opened or the bucket discharged, or a 
similar operation effected, the auxiliary drum being then held, 
whereby the spring is unwound or unflexed, or even disengaged 
altogether. According to the invention, the spring is wound or 
flexed only such an t asis 'y for taking up the slack 
instead of such an t as is 'y for pulling in a length 
of cable, chain, or the like, equal or proportional to the height the 
load is lifted and the distance it is traversed. In carrying out this 
invention as applied to a device having a grab as shown, an 
auxiliary drum a@ is mounted loosely upon the same shaft b as the 
main hoisting drum c. A spring d is fitted so that one end is 
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attached to the auxiliary drum a, and the other end is similarly 
attached to the shaft b. The action of rotating the main drum ¢ to 
lift the load tends to coil up or deflect the spring d, which in turn 
carries round with it the auxiliary drum a, and coils up the slack 
of the auxiliary rope g. The rope h is connected to the closing 
mechanism of the grab i, and the rope g to the frame of the grab. 
A brake j is fitted to the auxiliary drum a, and a clutch k may be 
fitted to enable the drum a to be connected positively to its shaft 
v, or left free to be driven through the springd. To lift thegrabi 
the main drum ¢ is rotated, and coils up its rope h, and at the 
same time rotates the auxiliary drum a through the spring d, 
whereby the slack in the auxiliary rope g, caused by the grabi 
being raised, is also coiled up. The spring d may be adjusted so 
that when coiling up the auxiliary rope g in this way it maintains 


is disengaged, and the main drum ¢ rotated to coil in the rope A, 
the grab will close, and then be lifted, and the auxiliary drum a, 
again driven by the spring d, will coil in the slack in the auxiliary 
rope g. (Accepted June 29, 1910.) 


MOTOR ROAD VEHICLES. 


26,416/09. Humber, Limited, and S. G. Watson, 
Coventry. Motor-Car Bonnets. (2 Figs.) November 15, 
1909.—This invention relates to motor-car bonnets, particularly 
such as are hinged longitudinally. At or about the middle of 
each of the top parts of the bonnet is fixed on each side a 
lever B. The two levers B are pivoted together at C as by the 
usual hinge-pin of the bonnet. At D each lever is provided with 
a depending link E, and these links are connected together. The 





+ oy of the links and connection F are such that one lever 
is free to move in relation to the other up to a certain point, 
when one part of the connection F comes up against a suitably 
formed part G of the lever, preventing further movement. Thus a 
simple form of stop is provided which is symmetrical, and con- 
sequently the bonnet part is prevented from moving far enough 
over so as to come into contact with the corresponding part of 
the closed half of the bonnet. (Accepted June 29, 1910.) 


SHIPS AND NAUTICAL APPLIANCES. 

Portland Forge Company, Limited, and 
J. m, Kilmarnock. Ships’ Rudders. [7 Figs.) 
October 13, 1909.—In Specification No. 4765/07 the applicants have 
described constructions of detachable rings or supports 
adapted to receive the pintles fixed on a ship's rudder or stern- 
post gudgeons, the said blocks being so fitted into the gudgeons 
that they are supported upon solid portions of the stern-post, and 
do not depend for support upon studs, bolts, or rivets. This 
novel arrangement has many advan which are also attained 
with the present modifications. In the preferred form (Fig. 1) 














instead of the bearing-blocks B being screwed directly into the 
rudgeons C, the latter are fitted with internally screw-threaded 
iners F, into which the bearing-blocks are screwed, the liners 
beingexternally tapered or otherwise formed so that they may be 
fitted into position from the upper sides of the gudgeons C with- 
out being liable to drop through. In a modification (Figs, 2 and 
3), the cotter or bolt D, shown in Figs. 11 and 12 of the drawing 
of Specification No. 4765 of 1907, for es the block B, is 
replaced by a key or wedge D of dovetail or equivalent section 
which enters a correspondingly shaped groove at the bottom of 
the gudgeon C, (Accepted June 15, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


14,011/09. Circulators, Limited, 8S. J. Ross, and H. 
Schofield, London. Steam-Generators. (3 Figs.) 
June 15, 1909.—This invention has reference to circulating 
arrangements for steam-generators, more particularly to arrange- 
ments suitable for generators of the Lancashire, Cornish, or 
marine types, in which a sheating or casing is applied saddlewise 
to the furnace flue so as to form a more or less annular chamber, in 
which the water rapidly becomes highly heated and flows upward 
to a suitable discharge nozzle or outlet at the top of the flue, thus 
setting up the desired circulation. The object of the present 
invention is to provide an improved construction of such circu- 
lating arrangements which shall permit of their being fitted 
in position on the flues with very little difficulty, and shall 
also admit of their being very readily taken apart for inspection 
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or cleaning. a is the flue or furnace, and b, b are segmental frames 
which are fitted thereto, c, c being tie-rods for keeping them at 
the proper distance apart. The inner sides of these Feanes are 
provided with flanges d, d, whichform between them grooves for 
the insertion of the curved plates ¢, ¢, which, in conjunction with 
the end frames, constitute the pry tap oe circulation chamber. 
The plates form the outer wall of this chamber, and the heated 
water flows up between them and the wall of the furnace, as will 
be readily understood. / represents a discharge nozzle or mouth 
fitted at the top of casing. At the place where the nozzle is 
situated a gap is provided, so that when the nozzle is removed 
there is sufficient space to admit the curved plates or sections one 
by one, and to permit of their ends being properly inserted into 
the grooves for the purpose of sliding them into position and thus 
building up the saddle-shaped casing. (Accepted June 15, 1910.) 


a predetermined tension in the rope. To open the grab i the| 13,845/09. J. T. Ni Marple. Steam-Gene- 
brake j on the auxiliary drum is applied, and the main drum | rators. (5 Figs.) June 12, 1910.—This invention relates to 
nerenll f so as to pay out the rope h. e grab is now ded | steam-generators, and comprises a furnace, a combustion. 





by the auxiliary rope g, and the paying out of the main rope h 
allows the grab to open. When open to the required extent, if the 
| auxiliary drum a@ is connected by the clutch & to the shaft b, and 
the brake j released, it rotates in harmony with the main drum, 
and the grab may be raised or lowered while still open. If the 
grab is now lowered on to the material to be grabbed, the clutch k 








chamber and a convective evaporator and economiser, eonsisting 
of headers having partments ted in series by nests of 
tubes, through which the water travels in a circuitous course at 
high speed between the headers, and from end to end of the same, 
together with enclosing flues through which the hot gases travel, 
also at high speed, in contact with the exterior of the said tubes 
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in a direction counter to that of the water flowing through the 
tubes. In one application of the invention to the construction 
of a steam-generator suitable for marine pu 8s, four compart- 
mental steam or water drums a, b, c, d are disposed horizontally 
and in square formation. The drums a, b are connected by hori- 
zontal sets e, f of small-bore tubes forming a roof above the 
furnace g. Similarly the drums a, ) are respectively connected 
to the two drums ¢, d by vertical sets of small-bore tubes h and i 
at the sides of the furnace. At the rear of the drums a, b, c,d 
two other drums j, k, connected by vertical sets of tubes 0, 
are provided to form, with a refractory projecting wall J, 
the back of the furnace and also of a combustion chamber m. 
On leaving the furnace the gases pass up through the com- 
bustion <Ghamsber m, where they meet a secondary supply 
of hotair to ensure the complete combustion of any unburnt 
fuel. From the combustion-chamber the gases pass at a high 
speed over the exterior of the tubes e which constitute the 
principal convective evaporator of the boiler. The tubes /, 
which are preferably not straight and are separated by a hori- 
zontal partition q from the tubes e, are exposed to the direct heat 
of the furnace and so form the radiative portion of the evaporator. 
On leaving the convective evaporator the gases pass through a 
duct r to one of the vertical sets of tubesh. After flowing ata 
high speed over the tubes the gases pass successively along the 
back of the boiler, amongst the tubes 0, along the opposite side 
of the furnace over the vertical tubes i, and finally to the suction 
orifice of a fan which discharges them to a chimney. The three 
vertical sets of flues with their enclosing walls form what is prac- 
tically a continuous flue and constitute the economising or feed- 
heating section of the boiler. The cold entering feed-water is led 
into the first compartment of the drum d at the front of the 
boiler where the coolest gases leave. The feed then passes 
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up through one section of the tubes i into the first compart- 
ment of the drum }, whence it is led, by one or more down- 
comer pipes, as #, to the second compartment of the lower drum 
d, Such an up-and-down or zig-zag course is continued several 
times, according to the number of compartments into which the 
headers are divided, until the feed passes (by way of the pipe 
shown by dotted lines s!) to the rear of the boiler, where it 
travels, again in zig-zag manner, through the tubes 0; it subse- 
quently passes, in ike manner, through the tubes /, and leaves 
the economiser portion of the boiler at the place where the hot 
gases enter it from the evaporator. The gases and feed-water 
thus have a counter-current flow, so that the former, as they 
cool, are always meeting with cooler feed-water. From the drum 
@ the feed is led into the first compartment (such as t) of the 
convective and radiative evaporator portion, the compartment 
being formed within the same drum that contains the last 
compartment (such as u) of the economiser. The feeder is thus 
introduced into a first section of the horizontal tubes of . the 
convective and radiative evaporators ¢, f, and so passes across 
the roof of the furnace through the tubes intoa first compartment 
(as t!) of the opposite drum }, which is preferably fitted with a 
float-controlled steam-escape valve to permit any steam formed in 
the tubes to escape into the main space of the drum, whilst 
allowing the water to return to the next section of the horizontal 
tubes. The flow through the respective tube sections is in a 
zig-zag course, as aforesaid. The unevaporated feed-water, freed 
of steam at each turn by an a e-valve, reaches the last section 
preferably at the rear of the boiler, and is finally delivered into 
the open steam and water space in one or other, or both, of the 
upper drums a, b, which thus constitute the main steam reservoirs 
of the boiler. (Accepted June 15, 1910.) 


13,461/09. J. Howden, Glasgow. Steam-Generators. 
May 8, 1909. (3 Figs.}—This invention relates to circulators for 
water-tube steam generators com 1 of thin spiral strips of 
metal for facilitating the rapid circulation of the water in contact 
with the surfaces of the tubes and the free disen ment of the 
steam generated, and has for its object to adapt such spiral strips 
to be readily fitted in and removed from the water-tubes not 
directly accessible for insertion of the circulating strips. To that 
end, the spiral circulating strip A, which, as regards its contour 
may be of the usual form, is composed of two or more lengths or 
sections jointed together as by wire lacing passed through small 
holes punched in the end parts of the sections so that the sections 
may be folded on each other or so inclined in relation to each 


other that the spiral circulating strip may be into the 
steam-drum of a boiler through the usua! man-hole and unfolded 
as it is entered into any one of the water-tubes, so as to form a 
continuous spiral. The strip A, when fitted in the water-tube T, 
may be suspended by a cross-pin or in any other usual way. In 


43.461) 


the modification shown in Fig. 2, the sections, or lengths, of the 
strip A are formed, for example, by cutting cross-slits Q in a long 
strip soas to leave a connecting web portion which, while retain- 
ing the strip in a single piece, permits the sections to be readily 
. 0) on or inclined in relation to each other. (Accepted June 8, 
1910, 

11,022/09. E. Engels, Dusseldorf-Rath, Germany, 
and the Bri Mannesmann Tube Company, 
Limited, London. Superheater Tubes. [4 Figs.) May 
10, 1910.—The present invention has for object to protect the 
superheater tubes at their bends from the action of fire gases by 
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means of protectings caps @ mounted removably on the tube- 
bends and affixed thereto by bending side-pieces «a! of the caps 
into the fork of the tube-bend. These protecting caps can be 
applied to the tubes at any time, and can be readily renewed if 
required, so that the tubes can be used for a considerably longer 
period without having to be removed, (Sealed July 28, 1910.) 


TEXTILE MACHINERY. 


15,684/09. E. N. Baines and J. W. Schmidt, Man- 
chester. Thread-Spoo Machines. July 6, 1909. 
{2 Figs.) This invention relates to the mechanism employed at 
the termination of the winding of the spool for laying hold of the 
thread, drawing the same within an incision in the spool flange, 
severing the thread and ——— the unwound end. According 
to this invention, a semi-circular thread-hook a is caused to 
oscillate at predetermined moments upon astud b. The timing of 
its movement and extent of throw of the thread hook to enable 
the same to lay hold of the thread, as such thread is held between 
the spool and the thread guide when the latter is suitably 
elevated above, and to one side of, the spool, is effected through a 
connecting-link ¢ by a lever d mounted upon a rocking-shaft e 
operated by a suitably formed cam. Upon the stud is also mounted 
a movable block f, hereinafter referred to as the knife-block, to 
which are fitted a shearing-knife g and spring-clip h, having in 
their relative adjustment sufficient space to permit of the entry of 
the thread-hook @ between them in manner hereinafter described. 
The knife-block is free to partly turn upon the stud, its movement 
and position in relation to the flange of the spool being controlled and 
regulated through a coupling link j by a lever k which may be 
adjusted circularly on a rocking shaft / actuated by a suitably formed 
cam, To act in combination with the before-mentioned thread- 


Fug. 7. 




















hook and knife-block with shearing-knife and spring-clip, a spool- 
nicking knife m is employed. In operation, at the termination 
of the winding, a thread-guide shunting-motion is brought into 
action, and by this the thread-guide is raised from the spool and 
moved across the path of the thread-hook, thereby bringing the 
thread into suitable position for the thread-hook to lay hold of 
the same. By the means already described, the thread-hook is 
now partially turned so that in its forward movement it will 
catch the thread and carry the same downwards between the 
shearing-knife and spring-clip. The pressure upon the sides of 
the thread-hook during its descent causes the thread to be 
gripped on one side by the ome. and to be severed on the 
reverse side by the shearing-knife. The spool-nicking-knife having 
already descended and partially withdrawn from the nick which 
it has cut in the spool-flange, acts as a guide to the thread, which, 
when pulled down by the thread-hook as already described, by its 
contact with the spool-nicking knife, is guided into the incision 
in the spool-flange in the usual way. After the spool has been 
doffed from the spindles, the knife-block and thread-hook, still 
holding the unwound end, are simultaneously moved downwards 
until the thread suspended between them, and the guide-thread 
is brought in front of or in contact with the spindle end n. In 





this position a portion of the suspended thread is pinched between 


the spindle ferrule and flange of the next spool when the lati: 
picked up by the spindles in the fashion common to machi:,cry 
of this class. When the thread has been securely nipped in ihe 
manner described ready for restarting spooling, the thread-}iook 
and knife-block are moved to their respective normal positions 
(Accepted June 1, 1910.) “ 


19,844/09. Charles Walmsley and Co., Limited, 21d 
C. Walmsley, Elton, Bury. Beating Machines. |); . | 
August 30, 190¥.—According to the present invention, the bea: ig- 
machine is formed in such a way that it acts as a circulat: ig- 
pump, as well as the disintegrator. For this purpose, the ar:,). of 
the machine are curved backwards, so that when they are rotated 
the material is forced outwards into an annular discha;e. 
chamber leading to the usual circulating conduit or tank. ‘he 
apparatus consists of the usual circulating conduit a and tie 
disintegrator casing b, within which the propeller or beater ¢ 
mounted’on a shaft d rotates. Within the casing two discs , ¢ 
are arranged, one on each side of the propeller c, and each disc is 
toothed or serrated. The propeller ¢ is also serrated in a ‘om. 
plementary manner to the serrations on the dises e, f. The disce 
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on the inlet side is provided with a central aperture to admit the 
material to be treated, but beyond this it is serrated. The other 
disc f can be serrated down to the centre, or the centre portion 
corresponding to the inlet aperture in the dise ¢ can be left 
smooth and somewhat recessed. By this means there is hardly 
any tendency to thrust, especially if the serrations or teeth on 
one side correspond to those on the other. Even if they do not, 
and one side has the teeth right up to the centre, the thrust is 
very trifling. The blades are curved backwards, so that the 
material is forced through the machine into the annular discharge- 
chamber h, and from thence into the passage g. In order that 
the material passing through the machine may be more readily 
propelled into the passage g leading to the circulating conduit a, 
the discs.e and f may be recessed near the outlet aperture, as 
shown. (Accepted June 8, 1910.) 


MISCELLANEOUS. 


9586/10, F. Rippingille, Sutton Coldfield, and H. 

* Birmingham. Nut-Locks. [4 Migs.) April 20, 
1910.—According to the present invention, the nut can be released 
by applying the spanner in any direction whatever, for which 
purpose there is employed in conjunction with the locking 
element a releasing member, which projects beyond two, three, 
or more facets of a four, six, or more-sided nut, so that when the 
spanner is applied in any position the releasing member will be 
forced inwards and will take the locking device out of action. 
The locking device consists of a pawl a pivoted within a recess In 
the nut d, and having a toothed gripping edge of eccentric forma- 
tion engaging with the threads of the bolt e, the arrangement 
being such that whilst the nut is being screwed on, the pawl 
wipes idly over the bolt threads, but as soon as it tends to back 
off or loosen, then the gripping-edge engaging with the bolt 


automatically sets up a jamming or wedging action with the 
threads and locks the nut. According to the present Invention, 
the pawl a is provided with a long tail or rearward extension / 0 
a curved form whose outer edge normally extends slighty 
beyond the three adiacent sides or facets of the nut, the tas 
being located within a recess in the side of the nut. Springs *" 
upon the tail in order to keep the gripping edge in engage'"" 

with the threads of the bolt. On applying a spanner © \*" 
Fig. 2) to the nut in any direction whatever, so as to « ie 
any two facets, one of its two jaws will engage with o1 aed 
projecting parts of the pawl-tail f, and force the latter se = 
compressing the springs and taking the toothed edge of the } ie 
out of engagement with the threads of the bolt, thus releas' ‘ 

the nut and allowing of it being removed in the ordinary mann¢r., 





(Accepted June 15, 1910.) 
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CHARACTERISTIC ENERGY DIA- 
GRAMS FOR STEAM LOCOMOTIVES. 

By W. E. Darsy, M.A., B.Sc., M. Inst. C.E. 

(Concluded from page 259.) 
ON THE CALCULATION OF THE HEat PRropucep By 
CoMBUSTION PER Pound oF Coal FiRep. 

Tue difficulty in making this calculation lies in the 
fact that it is almost impossible to measure directly | 
the weight of cinders and sparks which is formed | 
per pound of coal fired. This may, however, be | 
found from an equation formed to show the relation | 
between the heat produced and the heat accounted | 
for, in which the cinder and spark loss ap as | 
the unknown quantity. The author is indebted to 
a paper entitled ‘*Combustion and Heat Balances | 
in Locomotives,” communicated to the Institution | 
of Mechanical Engineers in March, 1908, by Mr. L. | 
Fry, for the idea of treating the cinder and spark 
loss as an unknown quantity in a general equation. 

If the quantity of cinders and sparks formed 
during a run on the testing plant could be collected, 
and their respective caloritic values ascertained, the 
estimation of the heat unproduced would be a 
simple matter. As mentioned on page 256 ante, a 
paragraph in the report of the St. Louis trials 
stated that cinders and sparks to the extent of 
10 per cent. of the total weight of coal fired were 
collected on the roof of the shed in which the trials 
were made. Hence it is clear that the weight of 
cinders and sparks actually caught and tabulated 
in the report falls short of the weight actu- 
ally produced. First let us form an expression 
for the heat produced per pound of coal fired. 
In forming this it will be assumed that the 
quantity of carbon in the cinders and sparks 
is the same fraction of the total weight as in 
the case of the coal, so that if, for instance, 
the coal contains 80 per cent. of carbon, then the 
cinders and sparks will be assumed to contain 80 per 
cent. of carbon also ; and that the calorific value 
of the cinders is equal to the calorific value of the 
sparks, and that this value is constant. It is also 
assumed that there is no unproduced heat due to 
the escape of unburnt hydrocarbons with the burnt 
gases. With these assumptions the heat produced 
per pound of coal fired will be the difference be- 
tween the calorific value of the pound of coal and 
the sum of the unproduced heat in the cinders and 
sparks, and the unproduced heat in the carbon 
monoxide in the furnace gas. 

Let 

x be the weight of cinders and sparks formed per 
pound of coal fired : 
K, the calorific value of a pound of the coal as fired : 
k, the common and assumed constant calorific value 
of a pound of the cinders and sparks : 
c, the weight of carbon present in a pound of coal : 

Then the heat produced in B.Th.U. per pound 
of coal fired, if no carbon monoxide is found in the 
furnace gas, is 

(a) 


fur- 





K - kz ae 
and the weight of carbon appearing in the dry 
nace-gas per pound of coal fired is 

e(1—2)pounds. . - (d) 

The following table quoted from the report gives 
some idea of the values of K and k. > ad it, it 
will be seen that k may be taken equal to 0.8 K. 




















1, 2. 3. 4. 5. 6. 
ky. ko. K. 
Test Calorific Value in Calorific Value ky ky 
Number 3-Th.U. per Pound. | in B.Th.U. per | os 
er K K 
eens | Pound of Coal 
Cinders. Sparks. as Fired. 
201 10,124 9,244 14,746 0.69 | 0.63 
202 11,004 8,143 14,416 0.76 | 0.56 
205 a 9,684 14,746 .. | 0.66 
203 11,884 11,664 14,966 0.79 | 0.78 
206 12,105 11,884 14,746 0.82 | 0.81 
209 11,774 11,665 14,686 | 08 | 08 
4 12,325 12,104 15,076 | 0.82 | 0.8 
219 12,325 11,885 14,966 0.82 | 0.79 
210 12,325 11,884 14,746 0.84 | 0.8 
208 12,325 11,775 14,636 0.84 «0.8 
213 12,325 11,884 14,746 - 0:84 (0.81 
212 12,164 12,104 14,966 0.81 0.81 





Col. 1 gives the combines en av end in ont ambe 
oa ~ gives — - of the nab Table 2 = number. 

© Sives item 251 of the Report, Tab! e 

Col. 4, copied from Table 208. ” — 
however, the gas analysis shows carbon mon- 
oxide to be present the heat unproduced in it per 
of carbon in the gas may be estimated from 
€ volumetric analysis by using the following ex- 
Pression : Let C, be the percentage of carbon mon- 


shown in a volumetric analysis of the dry-furnace 
gas. Then the heat energy in B.Th.U. unproduced 
per pound of carbon in the gas is given by 
& _ 
10,180 { cs} = U say (ec) 
And hence the energy unproduced per pound of 
coal fired when the coal contains c poundsof carbon 
per pound, and x pounds of cinders and sparks are 
formed per pound of coal fired is 
e(l-2z)U (d) 
Thus if a coal containing 0.8 of carbon produces 
a containing 12 per cent. of carbon dioxide by 
vans and 3 per cent. of carbon monoxide by 
volume, and, if further, 0.2 lb. of cinders and 
sparks are formed per pound of coal fired, the energy 
unproduced through imperfect combustion of part 
of the carbon to carbon monoxide is 


0.8 (1-0.2) { 3 _\ x. 10,180 = 1300 B.Th.U. 


3+12J 
per pound of coal fired. 


The formula is found as follows :—A volumetric 
analysis of a gas may be regarded as showing the 
number of molecules of each constituent present in 
a total collection of 100 molecules. Hence, since 
in one molecule of carbon monoxide there are 
12 parts by weight of carbon, C, molecules contain 
12C, parts by weight of carbon. Similarly, C, 
molecules of carbon dioxide contains 12C, lb. of 
carbon. Therefore, the total weight of carbon 
present in 100 molecules of the gas is 12 C, + 12C,, 
and the fraction of this which is burnt to carbon 
monoxide is 

12C, a C, 
12C,+12C, O,+C, 

This fraction gives the weight in pounds of the 
carbon burnt to carbon monoxide per pound of 
carbon in the dry furnace-gas. 

But 


B.Th.U. 
1 1b. of carbon burnt to carbon dioxide 
“ uces a fee Ro a ... 14,540 
1 lb. of carbon burnt to carbon monoxide 
produces re ‘ie tes Ee eit 4,360 
Therefore energy unproduced per poundof —— 
carbon burnt to carbon monoxide is 10,180 


Hence the energy unproduced in the carbon 
monoxide of the furnace-gas per pound of coal 
fired is 

e(l1-—2z)U 

The expression representing the heat produced 

by combustion per pound of coal fired is therefore 
K -kx-c(1l-2z)U (1) 

This quantity can be computed when x and k 
can be actually measured, and then from the data 
of the experiment the ordinate to curve No. 3 in 
the corresponding diagram is known. 

Failing, however, a direct measurement of x, the 
above expression can be equated to an expression 
giving the heat accounted for since this should be 
equal to the heat produced. The heat accounted 
for may be put under four items, namely— 

1. Heat transferred to the water in the boiler 
across the boiler heating surface. 

2. Heat carried away in the dry furnace gases. 

3. Heat absorbed in warming and evaporating 
the water in the fuel, the water produced by com- 
bustion of the hydrogen, and the water brought in 
by the air-supply, and then superheating the steam 
formed to the temperature of the smoke-box gases. 

4. Heat lost by radiation. 

All these items must, of course, be expressed in 
terms of a pound of coal fired. 

Item 1.—The heat transferred across the heating 
surface per pound of coal fired can readily be 
—— from the report. Let it be represented 
y B. 

Item 2. Heat carried away by the dry furnace 
gas per ‘ye of coal fired. Before this can be 
calculated it is necessary to find the weight of air 
drawn into the furnace per pound of coal fired. 
This may be computed from a volumetric analysis 
of the furnace-gas by the formula 

2(C, + 0) +O,) _ 

5.77 { Oe Ge} = Aer. (e) 

where C,, C,, o represent respectively the number 

of molecules of carbon-monoxide, carbon-dioxide, 

and oxygen shown in a volumetric analysis of 100 
molecules of the furnace gas. 

Then the weight of gas formed per pound of 
carbon in the dry furnace gas is (A + 1) lbs. Ifthe 
specific heat of the gas is taken at 0.24, and the 





oxide and C, the percentage of carbon dioxide, 


| temperature of the air at entry to the furnace is 





t deg., and the temperature of the furnace gas is 
T deg., the heat carried away per pound of carbon 
appearing in the dry furnace-gas is 
(A + 1)(T — 00.24 =F, say . (f) 
and the heat in B.Th.U. carried. away by the fur- 
nace gas per pound of coal.fired is 
c(l-z2)F. - (g) 

Item 3. Heat absorbed in warming and evapo- 
rating the water in the fuel, the water produced by 
combustion of ‘the hydrogen in the fuel, and the 
water brought in by the air supply, and then super- 
heating the steam formed to the temperature of the 
smoke-box gases. 

The water corresponding to the hydrogen in the 
fuel is found by multiplying the hydrogen shown 
in the coal analysis My 9. If the analysis, for 
example, shows 3 per cent. of hydrogen in the fuel, 
the water formed ~ its combustion is 0.27 lb. per 
pound of coal fired, and this ultimately appears as 
steam superheated to the temperature of the smoke- 
box gases. 

The water in the fuel can, of course, only be 
determined by experiment. 

The water brought in by the air supply depends 
upon the hygrometric state of the atmosphere, and 
a reading of the wet and dry bulb thermometer is 
required to find the saturation-point at the time 
the experiment on the engine is being made. 
Knowing this, the weight of water per pound of 
air can be calculated. The calculation may be 
avoided by using a curve of the kind drawn by the 
author, and included in the Report of the Committee 
on the Efficiency of Internal-Combustion Engines, 
published in vols. clxii: and clxiii., Sessions 1904-5 
and 1905-6, of the Proceedings of the Institution 
of Civil Engineers. Experiments on locomotives, 
however, seldom furnish data accurate enough to 
require this refinement in the reduction of the 
results. 

In the case of the St. Louis trials the coal used 
contained about 4 per cent. of hydrogen, the corre- 
sponding weight of water formed per pound of coal 
fired was therefore about 0.36 1b. The coal also 
contained about 1 per cent. of moisture. Allowing 
for the water introduced with the air, it may be 
assumed that about half a pound of water per pound 
of coal fired had to be warmed and evaporated, and 
the steam produced superheated to the temperature 
of the smoke-box gases. Hence, if T and ¢ are re- 
spectively the temperatures of the smoke-box gases, 
and of the air at entry to the furnace, and if the 
specific heat of steam is taken at 0.48, the heat 
absorbed in B.Th.U. per pound of coal fired is 
given approximately by the expression 


4{ (212-2) + 966 + (T-2) 0.48 } = W, say, 


and this quantity will not vary much so long as the 
same coal is used. ; 

Item 4. The heat carried away by radiation. 
This quantity varies with the rate at which the 
boiler is worked, and on the road would be con- 
siderably greater than in a testing-shed. It is 
therefore somewhat indefinite, but not so indefinite 
as the cinder and spark loss. 

Let it be denoted by R, B.Th.U. per pound of 
coal fired. 

Then, adding the several items together, the heat 
accounted for is represented by the sum 

B+c(l-2)F+W+R, 
and the equation of condition is 

K — kaz—c (1-2) U =B+ec(l-z)F+W+R 
from which, solving for x, 

_ K-B-W-R-e(U + F) 

~ k-e(U + F) 

It is usually more convenient to reduce this, so 
that the various items are expressed as a per- 
centage of the calorific value of the coal. Hence, 
multiplying all through by 100/K, it becomes : 


o _ 100c (U + F) 
“ K 
k 100c(U+F) 
a abe 2 

In using this to tind the points on curve 3 in the 
diagrams, it has been assumed :— 

1. That the percentage loss by radiation and the 
per cent of heat absor to turn the water intc 
superheated steam ether come to 10 per cent., 
so that R per cent. + W per cent. = 10. 

2. That 100 c 82 in the Goss experiments 
and 84.2 in the St. Louis trials. 


(2) 


(3) 


x 


_ 100 — B%- WY - 
z= 


(4) 





3. That k = 0.8 K (see table for justification) 
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4. That K = 14,780in the St. Louis experiments YARD AT HAMBU RG. 
and the value of K measured in each trial in the! (Continued from paye 233.) 
Goss experiments. | Woop-WorkinG DEPARTMENT. 
The following example of the method will make THE wood-working department is admirably 
the matter clear :— arranged, and is practically an independent unit, 
The data are those belonging to Experiment the various buildings being arranged along the | 
No. 708 of the St. Louis trials :— leastern boundary of the works from the harbour 
Volum:tric Analysis of the Furnace-Gas.—(Table 708 of | waterway to the general stores, and comprising the 
Report.) | mill—a two-storey structure—with a roof area of 
'7000 sq. ft., having a ramp from the water-level 
_to the upper, the sawing-floor, with 3-ton capstans 
or Fics Po | driven by electric motors, and another ramp down 
r yo cen a a f th Satin |to the yard-level. Adjacent are the timber sheds, 
o = omen tompentars ef See ee os oth on aren of SONS sq. ft., the saw-mill engine- | 
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All the machines are directly driven by eleciric 
motors, and only a few, like the sma!l tool-grinding 
machines, are worked from shafting. Ad jacent 
to the mill is a saw-sharpening shop, the most 
notable tool being a Schmaltz universal grinder, jy, 
addition to the usual machines. 

The four-floor building for the joiners’ and car- 
penters’ work is of brickwork, and of fire-proof 
construction throughout, resembling in its stiuc- 
tural details the stores described in our first article. 
There is an inside stairway fitted with fire-pro f 
doors, and an outside metal stairway as a tire- 
escape. There are two hoists entirely outside 
the building, with a lifting capacity of 3 tons, the 
floor of each cage being 3 m. (or practically 10 {t.), 
square, and the speed 34 ft. per minute. The shafts 


in the St. Louis trials and 0.82 K in the Goss! 
experiments. 


cent. = C). 
= Ce 


0. 


Carbon monoxide 


3.30 per 
dioxide ... ae 10.93 


” ” 


” 


” 


= 709 deg. Fahr, (Table 706 of Report.) 
the temperature of the air entering the ash- 
n = 37.5 deg. Fahr. 
the weight of carbon present in 1 Ib. of coal 
842. 
the average and constant calorific value of the 


t= 
C= 


K 


coal per pound, assumed in working out all | 


the St. Louis experiments = 14,780 B.Th.U. 
= the calorific value of the cinder and sparks 

moans in working out all the experiments 
= 0.8 K. 

{ = the boiler efficiency as given 
(Table 707 of Report) = 48.22. 

°. = the percentage of heat required to warm, 
evaporate, and superheat the moisture in 
the coal, the moisture introduced by the air 
and the moisture produced by the coinbustion 
of the hydrogen in the coal, added to 

%, = the heat lost by radiation, as a per cent. of the 
total energy in the coal fired is assumed to be 
constant, and equal to 10 per cent. 


in the Report 





house, of 2562 sq. ft., and the carpenters’ and 
joiners’ shops—a four-storey building having a floor 
area of some 14,530 sq. ft.—and adjoining it the 


| rigging shop, of 1640 sq. ft. 


Taking these shops in their consecutive order, 
we have, first, the saw-mill, of which a general view 
was given on Plate XIII., accompanying our issue 
of the 12th inst. Two of the heavier sawing- 
machines were supplied by the Maschinenbau A.-G. 
Kirchner and Co., Leipzig. One is a horizontal band- 
saw, shown in Fig. 34, on Plate XIII., of our issue 
just mentioned. The internal width of the frame 
is 1300 mm. (4 ft. 3 in.), and the machine is used 
for fine neat cuts and accurate finish, but it is also 
suited for log-cutting, both in soft and hard timber. 
Examination of a cut made by this machine reveals 
the structure of the wood, and tells the operator 


TABLE 1V.—Batance SHEET. EXperRIMENT No. 708. 





Ileat Produced per Pound of Coal Fired. 


Calorific value per pound of coal as measured in a 
calorimeter .. i - pe oe ‘ 14,780 
B.Th.U. per cent. 
Less heat unproduced by imper- 
fect combustion to carbon 
monoxide .. = z. ad 
Less heat unproduced in the 
cinders and sparks , 


1,430 9.71 


3,300 22.3 


4,730 32.01 4,730 


-. 10,050 


Total 


Heat produccd per pound of coal fired 


Using expression (c) it will be found that, U, the 
heat energy unproduced in the carbon monoxide per 
pound of carbon in the furnace gas is 2360 B.Th.U. 

Using expression (e), A the air drawn into the 
furnace per pound of carbon in the furnace-gas is 


found to be 13.8 lb. And then using (f), F, 
the heat carried away in the gases per pound of 
carbon in the furnace gas is 2383 B.Th.U. 

Introducing these values of U and F, together 
with the values given above for K, k, c, B, and 
W + R, into equation (4), x, the weight of cinders 
and sparks formed per pound of coal fired is found 
to be 0.28 lb. Then the heat produced per pound 
of coal fired is calculated from equation (1), and in 
this case is reduced to 15,050 B.Th.U. 

This is 68 per cent. of the energy of the coal fired. 

Hence, referring to Diagram 700, on Plate XIV., 
published last week, if the ordinate to curve 2 
corresponding to this experiment be divided in the 
ratio of 68 to 32, the lower segment represents the 
heat produced, and the dividing point is a point in 
curve 3. 

The other pciots on curve (3) are found in a 
similar manner. The results may now be used to 
construct a balance-sheet for this experiment, the 
left side showing the heat produced, and the right 
side the heat accounted for. The balance sheet, 
Table [V., is shown in two ways—first in terms of 
the calorific value per pound of coal fired, and 
secondly in terms of a quantity of coal fired sufti- 
cient to have a calorific value of 100 B.Th.U. In 
reducing the results fourd above it is to be observed 
that where the quantities given are expressed in 
terms of the carbon in the furnace gases they must 
be reduced in terms of the pound of coal fired, and 
this reduction is effected by multiplying by the 
expression ¢ (1 — x) = 0.607, this being the frac- 
tion of the carbon in the coal which actually appears 
in the furnace-gas, the remainder of the carbon 
escaping in the unburnt state as cinders and sparks. 





A Russian Exuipition.—A Russian electrical exhibi- 
tion, which was to be opened next month, has been 
postponed until April 15, 1911, in order to coincide with 
the anniversary of the 75th year of Russian railways. 





Heat Accounted for per Pound of Coal Fired. 


B.Th.U. 

Heat transferred across heating 
surface to water in boiler corre- 
sponding to the boiler efficiency 
given in the report. . =~ ne 
Heat carried away by chimney gases 
eal pound of coal fired, calculated 
rom expression (f),¢ (l— 2) F.. 
Heat absorbed in warming, evapo- 
rating and superheating the wate: 
introduced into the furnace, in 
radiation and otherwise unac- 
counted for .. ne oe + 


“B.Th. U. per cent. 


per cent. 


100 


10 


10,050 68 


1,478 





| whether a thicker or a thinner board should be 


sliced off next time; this is useful in the case of 
valuable timber, such as mahogany, walnut, and 
oak. An iron carriage about 4 m. (13 ft.) in 
length, constructed for variable feed and acceler- 
ated return, takes the material up to the machine 
mechanically or by hand. The large vertical saw- 
frame seen in the same illustration has a clear width 
of 900 mm. (3 ft.). This machine cuts boards, 
posts, and timber simultaneously with several 
blades. The blades are easily fixed and sharpened, 
and the frame can, during these operations, be set 
at any level. All the hand-wheels and levers of the 
machine have been placed on the same side of the 
machine from which all the operations are effected ; 
the attendance is hence very simple. There are 
two band saws, with pulleys having a diameter of 
1200 mm. (47 in.) for cuts of 750 mm. and 600 mm. 
(30 in. and 24 in.) in height. This is a heavy tool, 
which cuts blocks of timbers—i.e., keel-blocks— 
vertical rolls feeding the log to the band-saws 
through friction-driven wheels, which may be 
released by bevel-gear clutch. Idle rollsare moved 
forward by hand to suit the thickness of the wood, 
and are held up to their work by counterbalance 
weights on a toggle-lever. Similar weights are 
used for keeping the saw in tension. The saw is 
driven by belting, and its adjustment is by means 
of a pinion operated by hand and working through 
a vertical-threaded spindle connecting to the upper 
bearing of the saw. The circular saws are fitted 
with endless chains of the bicycle type, having small 
carriers, so pointed that they enter the wood, 
which is thus mechanically fed to the saw. 

There is a heavy four-sided roller planing and 
moulding-machine for dealing with pieces up to 
14 in. width and 6 in. thickness, a Dickten planing- 
machine taking widths of 24 in. and thicknesses of 
4 in., a large surfacing machine for maximum widths 
of 36 in. and thicknesses of 28 in. The wood to be 
worked in the last-named machine is gently clamped 
by lateral jaws, and the knives do not tend to move 
the piece. For timbers which offer very little 
resistance a special disc has been fitted into the 
knife-disc to exert a pressure. 


for the cages are constructed of expanded metal 
on angle framing, and the doors of communication 
to the building are fire-proof. A vertical ladder is 
also provided in the hoist- shafts. These various 
conditions have been introduced to comply with 
the Hamburg fire regulations. The building is 
heated internally by steam-piping. The basement 
of the building is utilised for the storage of 
timber, the ground-floor is occupied by the joiners’ 
machinery, the second floor by the joiners’ benches, 
the third floor by the carpenters, and the top floor 
is utilised for storing the completed furniture until 
it is required for the ships, while here also is the 
ship-model-making department. 

The machinery in the joiners’ shop is in most 
cases driven by separate motors placed on the floor 
level, and these motors are enclosed at the ends 
with manhole-doors for access to the brushes. The 
smaller tools, however, are grouped near to the 
walls, and are driven from countershafts. The 
machines are almost entirely of German make, and 
a list of the more important, with their capacity, 
may be given. 

Various table band-saws, of pulley diameter 450 mm. 
(17? in.), giving cuts of 150 mm. (6 in.) height ; a mortis- 
ing machine, working to a length of 300 mm. (12 in.), and 
a width of 200 mm. (8 in.); a universal straightening, 
planing, scarfing, and mortising-machine, planing to a 
width of 900 mm. or 600 mm. (36 in. or 24 in.); Dickten 
planing-machines for a width of 24 in. and thicknesses of 
8in.; a chain mortising machine (Fig. 37, Plate XIX.) for 
mortices of 250 mm. by 150 mm. by 25 mm. (10 in. by 6 in. 
by 1 in.); a milling-machine, whose table measures 
1000 mm. by 900 mm. (40 in. by 36 in.); a boring-machine 
for holes up to 300 mm, (12 in.) in depth, with a range of 
450 mm. (17} in.) ; a universal milling-machine, with upper 
tool and table dimensions as just mentioned ; a vertical 
mortising-machine, cutting holes up to 500 mm. (20in.) in 
length and 150 mm. (6 in.) in depth ; a large double-acting 
moulding-machine for parallel, edged, and conical boards 
up to a thickness of 5 in.; various band-saws for heights of 
900 mm., 750mm., and 650 mm. (36 in., 30 in., and 26 in.); 
a machine making ves up to 2 in. in width; a pen- 
dulum saw, of blade diameter 20 in.; a slot-hole boring 
machine; a round-rod-planing machine for rods up to 
60 mm. (24 in.) in diameter. A heavy milling-machine, 
with iron table, of 1100 mm. by 940 mm. (43 in, by 37 in.); 
a large dowelling and slotting-machine for pieces up to - 
6 in. in thickness and 16 in. in length; an edge-saw, 
of blade diameter 600 mm. (24 in.) ; and several lathes for 
wood-working and model-making, to deal with lengths 
from 2m. to 5 m. (64 ft. to 164 ft.), and with height of 
centres from 300 to 500 mm. (12 in. to 20 in.). 


The equipment, it may be said, is thoroughly 
modern. The driving-belts of the various machines 
are covered with perforated sheet-metal guards 
secured in the framework, so as to obviate acci- 
dent. The shavings and sawdust from the tools are 
drawn into an overhead conduit of galvanised iron, 
and fed to the boilers at the adjacent sawmill 
power-station. The woodworking machines follow 
generally the British practice. 

The circular saws are fitted with a shield which 
completely encloses the saw ; it is pivoted at the 
delivery or rear edge of the saw, so that it may be 
lowered over the saw, the end resting on the timber 
at the feed edge of the saw. In this way there is 
no likelihood of the minder’s hand being injured, 
an accident which is too frequent. 

One of the more interesting tools is illustrated by 
Fig. 36, Plate XIX.—a planing-machine by Messrs. 
C. L. P. Fleck and Sohne, Berlin-Reinickendorf. 
| The cutting-tools are mounted on a horizontal wheel 
|carried on bearings on a vertical slide moving in 
| slipper guides on the main standards. The height 

of the horizontal wheel may thus be regulated 
through worm-gear extending to the cross-member 
of the main frame, and there engaging with bevel- 
gear worked from the floor-level by spindle. The 
| wheel with the cutting-tools is rotated by belting 
from a counter-shaft mounted on standards on each 
side of the travelling table bearers. This tale, 
| 4 m. (13 ft.) in length, is traversed by a shaft and 
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gear, reversing being effected by a sliding-clutch 
operating bevel-gear, which is rotated by friction 
drive. The internal width between the frames is 
51 in. 

Another interesting tool is the chain mortising- 
machine, illustrated by Fig. 37, on Plate XIX., and 
already mentioned. This tool, the design of which 
is clearly shown in the engraving, forms a mortice 
about 10 in. by 6 in. by 1 in. 

A very useful tool in the department is a saw- 
bench, with the saw mounted on a radial arm to 
cross-cut at various angles, the belt being driven 
by a motor on the shaft to which the swinging-arm 
is suspended, sothat it may be mechanically driven 
when the arm is set at any radius. 

The second floor is given up to the joiners’ 
benches and for fitting up the work, and the third 
floor to the carpenters’ benches. As the walls of 
the building are almost entirely glazed, there is 
adequate light. The top floor is divided into four 
compartments by transverse concrete walls, and in 
these compartments the finished woodwork of the 
shop is stored. The vertical doors closing the 
openings between the compartments can be closed 
from the ground level. 

The wood-drying department is entirely separate, 
and for the present there are two chambers, which 
have an area of 200 sq. m. (2150 sq. ft.), and pro- 
vision is made for doubling the capacity. ‘The build- 
ings have double walls, and the roof has two layers 
of tarred paper, as already described in connection 
with the machine-shops. The inner wall is of 
expanded metal covered with concrete, and at 
regular intervals there are square or oblong aper- 
tures, so that the air from the drying-rooms can 
pass between the outer and inner walls into the 
chimney. 

The air is heated by steam from the boiler at 
the power-station for the wood department. The 
steam-pipes are laid into the basement of the wood- 
drying building, and the air is drawn through shafts 
by afan, and, passing among the steam-pipes, flows 
through an air conduit to the drying-chamber, and 
thence passes through openings in the inner wall. 
When the chimneys are closed, the air is induced 
mechanically into exhausters, placed in the basement 
of the carpenters’ shop, where itis utilised for main- 
taining the temperature of the timber stored there. 
These centrifugal exhausters have a capacity of 
15,000 cub. m. (529,750 cub. ft.) of air per hour when 
the electric motor is running at a speed of 475 
revolutions, and developing 4 horse-power. The 
steam-radiators in the basement of the drying 
building have a heating surface of 120 sq. m. 
(12,900 sq. ft.), the pipes being ribbed. The steam 
pressure used is reduced in a suitable valve to 7 lb. 
per square inch. The condensed water is drawn off 
to the pure-water tank in the boiler-house. The 
temperature of the drying timbers is maintained as 
nearly as possible at 70 deg. Cent. (158 deg. Fahr.), 
and the period of treatment is dependent upon the 
quality of the wood and its degree of humidity. 
An important element of success is dependent on 
the arrangement of the timber in the drying- 
room. This is piled up in stacks of equal thick- 
ness, and the boards, as a rule, instead of being 
placed directly on the lath flooring provided, 
are supported at the ends on beams at a height 
of 4 in. from the laths, so that the circulating 
warm air can flow along the lower surface of 
the bottom layer, as well as upon all sides. The 
door of the chamber is practically air-tight, so 
that the chimney draught, or the exhausters, are 
responsible for the circulation of air from the 
radiators through the air-conduits into the chamber 
and thence between the double walls into the 
chimney or timber store in the basement of the 
main building. 

The power-station for the wood-working depart- 
ment is of iron framing and brickwork, founded 
on “Simplex” ferro-concrete piles. The boiler- 
house and engine-room are separated by a main- 
wall. The boiler is of the Cornish type, with 
feed-;ump and oil-filter, and supplies steam to a 
compound-condensing engine of 125 horse-power, 
directly coupled to a three-phase electric generator 
of a capacity of 80 kw. at 500 volts. The boiler 
has a heating surface of 70 sq. m. (753 sq. ft.), 
works at 142 lb. pressure per square inch, and is 
designed to give 3100 1b. a aan per hour, a part 
of which is reduced in pressure for use in the 
dryinz-chambers. This boiler is almost entirely 
fired with shavings, chips, and sawdust from the 
woodworking machinery. It is in contemplation to 

ay down a second boiler and generator set. 





Tue SHIPBUILDING BERTHs. 


On Plates XX. and XXI., and on page 292, we 
illustrate the shipbuilding berths, which have been 
designed as the result of experience in the building 
and launching of very heavy ships. Fig. 38 shows 
the result of careful calculation of the pressures 
exerted by a ship having a maximum launching 
weight of 25,500 tons, the declivity of ways being 
55 mm. per metre. It will be seen that for about 
173 m. (568 ft.) the pressure increases slowly— 
ranging from 58 to 82.5 tons per square metre, but, 
as is well known, immediately the stern of a ship 
floats there is a severe thrust exerted on the launch- 
ing-ways and on the foundations on which they are 
based. The consequence is that within a length of 
19.25 m. the pressure exerted, in this case, suddenly 
increases from 82.5 tons per square metre to 374 tons 
per square metre. In the design of the foundations 
this increased pressure was provided for. 

As in the case of the whole of the other parts 
of the site, the original surface consisted of a fine 
sand with a more or less thin layer.of clay and bog 
material at the end of the launching-ground (Figs. 41 
and 42). This is due to the fact that the site was 
made up largely of dredgings from the Elbe. 
Throughout the whole length of the launching- 
berth ferro-concrete piles were driven at intervals 
determined with regard to the pressure exerted by 
the launching of the vessels. The longitudinal 
spacing of the piles is shown in Fig. 39, while the 
rn Fig. 40, and the sections, Figs. 41 and 42, 
indicate the provision made under the keel of the 
ship and the launching-ways. It will be seen 
that this special foundation is at the centre 18 m. 
(594 ft.) wide, decreasing, by steps forward and 
aft, to 15m. (49} ft.), and at the extreme ends to 
10 m. (32? ft.). This width was determined, of 
course, with special reference to the distribution of 
load due to the building of the ship, as well as the 
= during launching. It will:be seen, from, 

igs. 41 and 42, that the assumption is that the 
permanent way will be laid at 6.80 m. (22} ft.) 
centres, and that these launching-ways will be 
2.2 m. (7j ft.) wide. Throughout the foundations 
for the keel-blocks and launching-ways there are 
transverse division-walls, built up of specially rein- 
forced piles surrounded by concrete. Special interest 
will be taken in the arrangement towards the water 
edge, and it will be seen that while these transverse 
ae are normally about 0.8 to 1 m. (314 in. to 
40 in.) wide, this is increased at the point where 
the maximum thrust due to the floating of the stern 
is exerted upon the foundation. At this point the 
width of the division-walls, to take up the raking 
strain, is increased to over 2 m. (63 ft.). A second 
transverse wall nearly 2 m. in width is introduced. 
Throughout the whole length of the foundations 
for keel-blocks and permanent ways a layer of 
concrete has been placed, varying in thickness, as 
shown in the longitudinal section, and this concrete 
is contained within sheet piling, varying in thick- 
ness in the length of the berth, as shown in Fig. 40. 
The ferro-concrete piles under the keel and ways 
are 32cm. by 32cm. Toward the bow the piles 
are reduced in number in the transverse section, as 
shown in Fig. 39; at the forward end there is a still 
further reduction in the number, the section con- 
tinuing the same. 

Two berths, with the foundations described, have 
been completed, as shown in Figs. 43, on Plate XX., 
a third is completed so far as foundation is con- 
cerned, but the whole length of the superstructure 
has not been erected. Ground is reserved for a 
fourth berth. The lengths of the respective slips 
are as follow :—No. I., 250 m. (820 ft.); No. IL., 
210 m. (690 ft.); No. III., 170 m. (558 ft.). The 
width of each berth is 32 m. (105 ft.). 

These figures were taken into consideration in 
fixing the distance apart between the two launching- 
ways at 6.8 m. (22} ft.), and in distributing and 
determining the number of the piles. For the 
largest berth 1300 piles of about 35-cm. (14 in.) in 
diameter have altogether been driven in. At the 
lower end, where the lower edge of the block lies 
deeper than the limit of the stratum in which decay 
may occur, wooden piles have exclusively been 
used. In the central portion the piles are ‘‘Simplex”’ 
ferro-concrete, and in the other portion combina- 
tion ‘‘Simplex” piles. Before beginning this prepa- 
ration of the concrete blocks, a dyke was constructed 
at the water-side, so that the work could be done 
in the dry. 





The superstructure is illustrated on Plate XXI. 
There is no roof. The cross-section shows in the 


berths three of the largest steamers hitherto 


floated, while Figs. 43 and 44 show in the berths 
the twin-screw steamer George Washington, which 
the Vulcan firm built for the Norddeutscher Lloyd 
of Bremen, and which we described a year ago; and 
the Kaiserin Auguste Victoria, which was built 
at the Vulcan Works, Stettin, for the Hamburg- 
Amcrika Line. The structure consists essentially of 
four rows of columns, each 50 m. (164 ft.) high and 
3 m. (9.84 ft.) outside dimensions, built up of lattice- 
work. These carry the longitudinal and transverse 
girders, the latter of which take the crane tracks 
and wind-bracing. The span of each of the three 
slips is 32 m. (105 ft.), and the total width of the 
three slips, including the intervening columns, 
amounts to 108 m. (355 ft.). The total length 
of the longitudinal girders in Slip I. is 248 m. 
(814 ft.), supported on eight columns in the longi- 
tudinal line, the distance between centres being 
3L m. (101 ft.). At both ends there is an over- 
hang of 15.5 m. (69 ft.). Slip II. is shorter, and the 
longitudinal girders are supported on seven columns, 
3l-m. centres, equal to 186 m., with an overhang 
at both ends. Slip III. has five columns, 31-m. 
centres, and an overhang at.the bow, so that the 
total length is equal: to 139.5 m. (457? ft.).. Thus 
the columns for all berths are on the same trars- 
verse line. 

The foundations of these columns were made up of 
ferro-concrete piles, with a reinforced-concrete base. 

The crane tracks on all these slips are 40 m. 
(131} ft.) above the normal ground-level. The three 
columns in the transverse line for Slips I. and IT. 
are united by the cross-girders in the same plane, 
while the cross-girder of Slip ITI., belonging to the 
same transverse plane, rests freely on the inside, 
but is united to a rigid half-frame, with the column 
on the opposite or outer side of the berth. This 
system of framing is to compensate for all lateral 
stresses on the foundations. 

The longitudinal trusses, those for the 31-m. 


(101}-ft.) span, rest on the tops of the columns. 
The top and bottom members are braced to form 
a parallel girder. These trusses at centre length 


support intermediate girders across the berth, in 
addition to the main cross-girders at the columns, 
and thus the span of the crane-runners is reduced 
to one-half, 15.5 m. The crane-runners have been 
constructed as double-web lattice-girders, and are 
suspended from the cross-girder in pairs, and are 
well braced, both horizontally and vertically. Two 
lateral tracks are fixed to the main columns by 
special girders and braces. 

Gangways, or stagings, between the columns are 
supported by trusses of 31m. span, which have 
been fixed underneath the top staging. A_hori- 
zontal bracing has been provided for each stage to 
give it greater strength, and to take up the horizontal 
wind stresses ; these parts transfer the stresses to 
the adjoining frame. The cross-girders which sup- 
port the flooring lie at the same distances apart as 
the pairs of angles on which the working stagings 
are fixed. Gangways and stairways are provided 
at suitable places. Approach to the cranes is gained 
from the stairways to the gangways on both sides of 
the berths, and thence by foot-bridges and landings. 

In calculating the stresses to be allowed for, the 
weight of the structure, the snow load, and the 
crane-loads have been taken into consideration. 
There are 6-ton cranes in berths I. and II., and 
8-ton cranes in berth ITI.,and additional allowances 
of 10 per cent. of the loads, 5 per cent. for each 
track, have been made for the swinging movements. 
The case has also been considered that all five 
cranes of one berth may be running simultaneously 
in the same direction, or standing together, with 
maximum loads, in one row. The braking effect has 
also been taken into consideration in view of the 
great velocity of the cranes. For a trackway a load 
of 250 kg. per sq. m. (51 lb. per sq. ft.) has been 
allowed ; for the gangways up to the cranes a load 
of 75 kg. per sq. m. (15 lb. per sq. ft.), and for 
the foot-bridges a load of 400 kg. per sq. m. (82 Ib. 
per sq. ft.). The total load on the stagings amounts 
to 250 kg. per sq. m. (51 lb. per sq. ft.) when not 
more than one staging is el ca load on the same 
side of the ship ; it will be 150 kg. per sq. m. (301b. 
per sq. ft.) ~ dl three stagings on the same side 
of the ship are loaded. 200 kg. per sq. m. (41 lb. 
per sq. ft.) have been allowed for the wind-pressure 
acting at right angles, and it has been assumed that 
when the wind-pressure exceeds 100 kg. per sq. m. 
(204 lb. per sq. ft.) normally, the cranes will no 
longer be at work. 

he entire iron structure of the ship-building 
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Fic. 46. Snuirpsurmpinc Bertu ; Layine tHE Keet or THE New Hampurc-AMERIKA LINER. 


slips has been supplied by the firm of Hein, 
Lehmann and Co., of Diisseldorf, the foundations 
and the concrete-work and piling by the firm of 
Koéhncke and Co., of Bremen, and the cranes by 
the Duisburger Maschinenbau Actien-Gesellschaft, 
vorm. Bechem and Keetman. The electrical instal- 
lation of all the cranes for the ship-building yards, 
as well as all the other electric installations, are due 
to the Allgemeine Electricitats - Gesellschaft, of 
Berlin. 

A general idea of the structure, which, for three 
berths, required over 3000 tons of steel, is given by 
Fig. 46 on the present page, which is from a photo- 
graph recently taken. ‘This shows not only the 
main columns, the longitudinal girders connecting 
them, the main and intermediale trusses across the 
berth, and the crane-bearers suspended to these, 
but also—what is equally interesting—the system 
adopted for carrying the keel of aship. It will be 
seen that, instead of timber blocks piled one on 
top of the other in great numbers, especially at the 
bow of leviathan ships, the Vulcan inane have 
made a lattice bolted-up structure for use in con- 
nection with the new Hamburg - Amerika liner 
now being built. 


THe Cranes FoR THE Surp-Burtpine Berrus. 

Each berth is provided with five cranes, the cranes 
in Slips I. and IT. having each, as already stated, a 
capacity of 6 tons, and those of Slip III. a capacity 
of 8 tons. Along the centre of each slip run crabs 
of 1.2-m. (47-in.) gauges. To the right and left of 


each central crab is a rotating crane with a jib 5 m. 
| (16 ft. 5 in.) long, and a track of 5.9 m. (nearly 
| 20 ft.) ; and outside these again, on each side, is a 
| traveller of 7.3-m. (24-ft.) gauge. Thus the keel- 
plates may be laid with the aid of the centre crabs, 
which are of light weight and fast running, and may 
| be assisted in their work by the rotating jib-cranes 
on each side. This places three hooks at the dis- 
posal of the men. By joining the hooks of the one 
| crab and two rotating cranes by means of a cross- 
bar, the total net carrying capacity can be raised to 
18 tons. In this manner the heel-posts, rudders, 
and other heavy pieces can be moved by making 
use of three hooks. In all cases the gearing switches 
can be operated from the foot-board, and half-loads 
can be moved at double the full-load speed. Empty 
hooks and very small loads can be lowered nearly 
at natural-fall speed by cutting out the gearing. 
|There are only three types of motors used in 
|connection with these cranes, in order to reduce 
the number of necessary spare parts. Direct cur- 
| rent of 440 volts is used on all these, as on all 
|other cranes in the works. All the motors are 
| encased and protected against atmospheric influence. 
All the crane mechanisms are provided with electro- 
magnetic brakes which permit of swift and slow 
| sto ping. 

| The 6-ton cranes lift 6 tons at 12 m. (40 ft.) per 
minute, and 3 tons at 24 m. (80 ft.) per minute ; 
| while the 8-ton cranes lift 8 tons at 9m. (30 ft.) 
| per minute, and 4 tons at 18 m. (60 ft.) per minute. 
The crabs of all the cranes move under load at 








20 m. (654 ft.) per minute, and the cranes travel 
under load at.80 m. (262 ft.) per minute, except in 
the case of the central crab, which travels under 
full load at 395 ft. per minute. The jib-cranes can 
turn one complete revolution in one minute. 


Fioatinc Docks. 

There are three floating docks at the works for 
the repair of merchant and naval ships. One Is 
132 m. (433 ft.) long and 21.34 m. (70 ft.) wide, to 
take ships of 6000 tons displacement. One has 4 
length of 155 m. (5084 ft.) and a clear width of 
25.4m. (84 ft.), to take ships of 10,000 tons dis- 
placement. The largest is now being completed, 
and, like the others, was designed by Messrs. 
Clark and Standfield, of Westminster, and is of 
the now well-known bolted sectional type. Its 
total length, including a non-buoyant platform at 
either end, is 220 m. (722 ft.), its over-all breadth 
is 42.880 m. (140 ft. 9 in.), the clear width | eing 
33 m. (108 ft. 3in.). It can lift a ‘vessel displac- 
ing 35,000 tons and of a maximum draught of 1! m. 
(32 ft. 9in.). The dock, which is illustrated by 
Figs. 46 to 50, on Plate XXII., is emptied by sixteen 
centrifugal pumps, each driven by a three-phase 
motor, the current being generated on board the 
dock itself. This plant is powerful enough to lift 
a ship displacing 35,000 tons and drawing! !. 
(29 ft. 6 in.) intwo hours, Although the pumping 
machinery is equally divided over the two wails 
of the dock, the valves are controlled pneuma- 
tically from a single house situated on the top 
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of one of the walls (Fig. 49). The slightly 
brackish waters of the Elbe have so little cor- 
rosive effect on steel plates that self-docking 
is quite a secondary consideration, ten or fifteen 
years will probably elapse before it will become 
necessary to examine the state of the under-water 
portions of the dock. The latter, however, like all 
those built on the same principle, is self-docking, 
being divided into four sections, either of the two 
middle of which can be docked on the two ends, 
and either of the end sections docked on one of 
the central sections specially stiffened up for this 
purpose, and the remaining end one. 

(hese docks have their own power and light 
stations, and are equipped with all the devices and 
tools w hich may be required in the docks, including 
& pneumatic installation. The gangways from the 
“a automatically adjust themselves to the water- 
eve 


FLoaTInG CRANE. 


; The Vulean Company have installed a floating 
— instead of a permanent structure on the 
ari, 


which latter requires the frequent movement 








of the ship, according to the position on which the 
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100-Ton Fioatine SHEAR-LEGs, 


load has to be deposited on board. There is wide 
difference of opinion on the merits and demerits of 
the respective systems, and perhaps the Vulcan 
Company were influenced by the fact that, as they 
had two floating shears at Stettin, one lifting 
100 tons and the other 50 tons, the former could be 
moved to the new yard at Hamburg. This was done. 
Both shears have this distinctive characteristic— 
that they are mounted on two pontoons. In the 
case of the machine now at Hamburg, illustrated 
by Fig. 52, annexed, the front pontoon is 92 ft. 8 in. 
long, 36 ft. wide, and 9 ft. deep, and the other 
74 ft. by 29.5 ft. by 8 ft.3 in. The distance be- 
tween them may be as much as 32 ft. 10 in. centres, 
and they are bound together by girders, with a 
gangway for communication. The front pontoon 
supports, in strong cast-iron toe-pieces, the legs of 
the shears, which are 143 ft. 7 im. long. Instead 
of the usual back leg there are two wire ropes con- 
nected to the girder-work on the rear pontoon. The 
movement of the two pontoons to or from each 
other—effected by cable and capstan gear operated 
from the main engine—determines the extent of 
overhang of the shear-legs, which may attain to a 
maximum of 47 ft. 5 in. at the top. The cross- 





beam on the top of the legs has provision for three 
lifting gears—for 100 tons, 20 tons, and 5 tons 
respectively. The steam-engines for driving the 
winding-drum, &c., are on the larger, the front, 
pontoon, the other is simply ballasted. 


(To be continued.) 





WEST RIDING RIVERS; 1904-1910. 
No. ITI. 


BrapForp SEWAGE, 

By its geographical position and its all-important 
relation to Leeds as the arch-polluter of its river, 
Bradford comes next under consideration. The 
whole question of Bradford sewage and its chequered 
history down to 1905 having been dealt with (see 
ENGINEERING, January to June, 1906), a_ brief 
recapitulation of that part will be sufficient. 

It was shown how, soon after the inquiry of 
1866, on the completion of a new. main outfall 
sewer, an injunction was obtained against Bradford 
Corporation by the owner of the Esholt estate, 
prohibiting this discharge of its sewage into the 
Bradford Beck, an affluent of the Aire, which river 
flows through the estate. The result was certain 
works which were either merely experimental or 
temporary and abortive, the sewage pollution 
meanwhile increasing rapidly. Further injunctions 
were got, which had no effect ; and two owners of 
the estate died without redress to their river, still 
in the worries of litigation. In 1880, 24 acres of 
land were acquired in the Aire Valley for sewage 
treatment, an area which has never been used to 
this day, and whose manifest destiny is building 
land. It served its purpose by raising hopes in 
the riparians below, which came to nothing. 

In 1893, when the West Riding Committee 
(Rivers) came on the scene, and knocked loudly 
at the Corporation’s door, their dormant, energies 
were awakened. For the first time something like 
a real scheme was prepared for treatment by a 
complete and well Ahanabiboud system of chemical 
precipitation and sludge-pressing, on 49 acres of 
land at Frizinghall, within their own borough. 
Like all Bradford proposals, this was a gravitation 
scheme, at the estimated cost of 125.5001. for land 
and works, rising ultimately to 200,0001. This 
scheme received the sanction of the Local Govern- 
ment Board in 1895. The Board were by no means 
satisfied with a scheme without land treatment, but 
on the assurance of engineers that no land was 
available, and that this was the only possible 
scheme, they yielded to the apparent force of 
circumstances, although, all the time, land lay at 
the other side of the ridge, part of which the 
Corporation had, as we have said, already bought 
for the purpose, and the rest of which they have 
since acquired. Again delay occurred, and for 
once with most reasonable cause—a special Act of 
Parliament being got, in 1897, to enable the Cor- 
poration to deal with the woolcombers’ liquid 
refuse on terms well-defined, practical, and per- 
manent. This Act formed a precedent in the annals 
of sewage treatment. ‘* Now,” it was thought, 
‘‘the hopes raised in 1866 will be realised —a 
moderately clean Aire is in sight.” That is thirteen 
years ago ; who can say whether it is in sight even 
yet? The seeds of delay have been pi sown. 

Another delay intervened. This time the cause 
lay in the ambition of the Bradford Council and their 
officials to rival Leeds, not in purging the Aire of its 
filth, and sweetening the air of the beautiful valley 
it once adorned and now defaces for ten miles, nor 
even in its population, but merely in the number 
of acres it contains. To gain this distinction the 
consent of the Local Government Board was neces- 
sary; to get that consent, land treatment of the 
sewage was requisite; and to get the required 
lands an entirely new scheme was necessary. Thus 
one thing leads to another; and thus things im- 
possible at one inquiry become not only possible 
at the next, but the best possible thing to do. 
Bradford made application to the Local Govern- 
ment Board for its extended area, unfolded its new 
sewage scheme in the Aire Valley at Esholt, and 
got its widely expanded boundaries, less the most 
coveted part of them, with a celerity unknown in 
the promotion of sewage schemes. Then, being 
pledged to it, application was made for the sanction 
of the new sewage scheme. This consisted of a 
great outfall sewer in tunnel, 353 acres of land for 
tanks, filters, land filtration area, sludge works, 
&c., to be carried out at a total cost of 436,0001. 





In view of enormous consequential damage, the 
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whole estate of 1704 acres was scheduled, but the 
1351 acres not needed for sewage treatment were 
not included in the estimate. The scheme was | 
sanctioned by the Local Government Board, except | 
as to the area of land, 529 acres only being granted 

instead of 1704 acres. But it was rejected by Parlia- | 
ment on the evidence of an alternative scheme, put | 
forth on behalf of the owners of the estate, which | 
alternative scheme never came within the know- 

ledge of the Local Government Board, although | 
produced before the inspector at the inquiry. 

In 1901 another Esholt scheme was promoted, | 
this time in Parliament ; a scheme entirely trans- | 
formed in almost every line and level, position of | 
tunnel, tanks, filters, conduits, &c., and the out- | 
fall raised no less than 40 ft. in level ; an engineer- 
ing quick-change probably unique in the history of | 
outfall sewers in great cities. ‘The method of treat- | 
ment remained the same, but the estimate was) 
raised from 436,000. to 673,0001., the area of the| 
land being increased from 529 acres to 819 acres, a | 
large portion of which was too high to receive the | 
sewage by gravitation. 

Strong opposition was again offered on behalf of 
the owners, the Misses Stansfield, the eldest of 
whom again appeared as a witness; and on the 
expert evidence produced, the scheme was cut 
down by the Commons Committee to a land area 
of 310 acres, only 236 of which could be covered by’ 
gravitation. Thus for the second time land filtra- 
tion, after a careful sifting of evidence on both 
sides, was thought unnecessary for the 12 millions 
of gallons of Bradford’s daily dry-weather flow of 
sewage then estimated. The fight was resumed in 
the Lords Committee, but without hope, for the Bill, 
thus mutilated beyond recognition, was rejected on 
cross examination without the opponents’ case being 
called for, no doubt as opposed to the evidence 
adduced in its favour before the Commons. 

Thus checked summarily with a strong hand, 

wractically for the third time, the Corporation 
had ample leisure to chew the cud of reflection. 
Another long delay followed. The West Riding 
Rivers Board had supported both the applica- 
tions, and there was none other to complain of 
the prolonged period of inaction which followed ; 
a condition, indeed, rather relished than other- 
wise by the ratepayers. Much experiment and 
discussion followed, which will no doubt bear useful 
fruit in a distant future. In 1902, a new appli- 
cation to Parliament was announced by the Sewage 
Committee. Over 12,000/. had been spent by the 
Misses Stansfield in the defence of their pro- 
perty. The contest was unequal, and the prospect 
of another costly fight, with the certainty of a 
continuous reserve of big battalions in the rear, 
stimulated them to issue a plain statement appeal- 
ing to the ratepayers to give careful consideration 
to the scheme they had put forward from the 
beginning as the proper plan for the solution of 
Bradford's difficulty ; and, above all, before reject- 
ing it again, to understand it. This was done, and 
the whole nature and scope of the scheme being at 
last grasped by a few able men, a unanimous de- 
cision was come to by the Council to accept the offer 
of 216 acres, mostly on the Esholt estate, but leaving 
its hall, parks, and practically the amenities, un- 
touched, for the reasonable sum of 30,0001., without 
any claim for consequential damage. This was 
in 1903. Negotiations followed to settle the basis 
of agreement, but were suddenly terminated by 
an unforeseen event—to wit, the marriage of one 
of the three co-heiresses of the estate, which 
event, coinciding with certain grave doubts on 
the owners’ part which had arisen during the 
negotiations, wrought a complete change in their 
policy, ending in a provisional agreement to sell 
at an arbitration price the whole 1704 acres 
of their estate. The compietion of this agreement 
was presented at a Council Meeting of the Bradford 
Corporation in July, 1904, and the resolution for 
its acceptance passed. 

Necessarily the arbitravion on the land value 
caused further delay. The hearing came on in 
August, 1905, and the umpire’s award of 239,742I. 
was issued in November of the same year. Besides 
this amount, the expenses of the arbitration, 
amounting to 18,339/., were paid by the Corpora- 
tion, making the cost of the Esholt estate over 
258,000/. Other small properties were acquired by 
agreement, and the whole amount paid for lands 
may be taken in round figures at 300,0001. It took 
no less than a year and a-half to carry the agree- 
ment into effect and to put the lands into the posses- 





sion of the Corporation, owing to the promotion of 


the provisional order, which was needed to acquire 
the other lands and powers. Ali preliminaries being 
settled at last, the details of the scheme were pre- 
pared for the first time, together with the final 
estimate of cost. These did not appear for another 
year, when, on December 11, 1906, the Chairman 
of the Sewage Committee introduced his report on 
the final scheme in something like complete form, 
and astonished the citizens of Bradford. 

We have seen that the cost of the complete 
Frizinghall scheme, 1895, was estimated at 200,0001. ; 
that of the first Esholt scheme, of 1899, at 436,000/., 
but without the surplus land ; and that of the second 
Esholt scheme, of 1901, at 673,000. The esti- 
mated cost of the final complete detailed scheme of 
December, 1906, was no less than 1,255,000. The 
citizens of Bradford have proved themselves to be 
a patient race, willing to have greatness thrust upon 
them in the shape of broad acres and of heavy 
rates which many of them cannot see or feel, the 
landlord, asa rule, being the convenient go-between, 
and generously shouldering the burden. But with 
rates at 8s. 6d. in the pound, and another of 16d. 
facing them, in a time of prolonged depression, the 
big ratepayers were at last aroused from their 
slumbers. They had the alternative scheme to 
fight with, now made clear to their understandings, 
and already at one time accepted by a unanimous 
Council, and so fully endorsed as feasible. A 
Citizens’ League was formed, and soon, without 
loss of time or beat of drum, funds poured in from 
silent sources to supply the sinews of war for a 
stubborn opposition. 

The final Esholt scheme, which was the issue of 
the whole eight years’ conflict, has not yet been 
described ; and without going into any details of 
the previous schemes, the general outline of its 
features may be given, as well as those of the 
alternative scheme; both as presented to the 
Council in December, 1906. It consisted of :— 

1, A tunnel 10 ft. in diameter and 5124 yards 
long, to convey the maximum volume of crude 
sewage to Esholt, at a cost of 170,0001., together 
with an arched masonry aqueduct across the valley, 
694 yards long and 75 ft. maximum height above 
the river bed, at a cost of 45,000/. 

2. Screens and detritus tanks, storm - water 
filters, &c., sulphuric acid buildings, and plant 
for the manufacture of the precipitant ; 61,000/. 

3. Precipitation tanks covering 13} acres, with 
a capacity of 24 million gallons, or 48 hours’ dry- 
weather flow ; 100,000/. 

4. Two tank effluentconduitsto the filters; 21,0001. 

5. Sixty acres of percolating filters of coal, with 
revolving distributors ; 420,000/. 

6. Land filtration beds covering 428 acres, only 
301 acres of which could be commanded from 
the filters ; 50,000/. This area was admitted to 
be quite inadequate to deal with the total volume 
treated, and was to be used ‘‘ rather to prolong the 
life of the filter medium than to purify regularly.” 

These were the means of conveying and purifying, 
there remaining— 

7. Certain buildings, covering 34 acres, includ- 
ing engine and boiler-house, press-house, grease- 
house, mess-room, stores, workshops, canal dock, 
machinery, plant, railway siding, Xc.; 41,000I. 

The whole cost of the works was estimated at 
955,0001., to which the cost’ of land was to be 
added, making the total of 1,255,0001. 

The existing works at Frizinghall, used provision- 
ally, and experimentally only, for the treatment by 
chemical precipitation only of one-fourth of the 
Bradford sewage, were to be entirely done away 
with, the whole problem being solved by 1,255,000. 
outlay at Esholt, together with the loss of 270,000I. 
spent at Frizinghall, minus the value of the land. 

The problem to be solved at this cost was the 
purification of the combined sewage and trade 
effluents of Bradford, the daily flow of which was, 
in 1907, as follows :— 

Gallons. 
1. Domestic sewage, dry-weatherflow 7,000,000 
2. Trade effluents Wer = ... 8,000,000 


Total... ' "15,000,000 


This included increase during construction and 
other additions from outlying parts of the borough 
lying in the Aire Valley. 

The total volume of combined sewage and storm 
water to be fully treated was :— 

Gallons. 
21,000,000 
8,800,000 


mm 800,000 


3. Domestic sewage, 3 volumes 
4. Trade effluents 1,4, volumes 


Total... 





Say 30 million gallons for full treatment. Also 
5. Storm water to be treated bysettle- Gallons. 
ment only, and rough filters, 
3 volumes ... a : ... 30,000,000 
These were the requirements of the Loca] 
Government Board as settled before the inquiry. 


ALTERNATIVE SCHEME. 


No estimate of the cost of the alternative scheine 
was submitted, it being deemed sufficient by the 
opposition to bring out several features which were 
at variance with the scheme of the Corporation, and 
the great advantages of which, it was thought, even 
a preliminary investigation from an engineering 
point of view would show to be self-evident. i 

In the first place, the basis of estimated popula- 
tion was reduced in accordance with the last two 
census returns, 1881 to 1901, which gave an increase 
of 0.81 per cent. per annum, at which rate Bradford 
would double itself in eighty-six years. It was a 
mistake to take an exceptionally high estimate in 
view of a scheme to which tanks and filters could 
always be added as required. 

Secondly, the proposed precipitation tanks were 
shifted nearly two miles to a position which, in 
addition to its inherent advantages from a con- 
structional point of view, carried with it the benefit 
of a tunnel of only two-fifths the length ; with the 
level also lowered 10 ft., giving increased fall and 
reduced size. 

Thirdly, the Frizinghall works were to be re- 
tained for chemical precipitation of the sewage, 
sludge treatment, and storm-water filtration. It 
was also claimed that the undoubted nuisance at 
Frizinghall from the sludge-boiling process of 
oil-extraction was the result of wilful neglect, 
inasmuch as by means long known and practised 
in other trades, all the distilling apparatus could 
be enclosed and the vapour carried harmlessly off. 

Fourthly, as a corollary of the above economies, 
coupled with the increased fall, and the reduction of 
the volume of sewage to be passed on to Esholt 
by one-half, the size of the tunnel could be reduced 
from 10 ft. to 7 ft. in diameter, and most of the 
existing tanks and presses could be utilised. 

Fifthly, there was the distinct sanitary and 
economic advantage of passing through the tunnel 
and the syphon beyond a clarified tank effluent 
instead of crude sewage of the foulest and greasiest 
kind. The mere cleansing of a tunnel 3 miles long, 
with but two very deep shafts, conveying such 
a dangerous sewage, was alleged to be a difficult 
problem. 

Sixthly, an inverted syphon of two steel pipes 
was to be substituted for the costly aqueduct, 70 ft. 
in the air. 

Seventhly, land filtration was to be entirely 
eliminated, not only as needless, but as worse than 
useless, owing to the character of the subsoil. This 
was proved by some fifty trial shafts to be mostly 
water-logged, even in its natural state; and if 
flooded with effluent, equalling no less than forty 
times the mean rainfall, could but result in a 
swamp. The Corporation themselves had admitted 
the land to be totally inadequate for the purpose. 

Such were the important items on which the 
experts of the promoters rested, primd facie, the 
strength of their case. 

The Local Government inquiry into the applica- 
tion for borrowing powers was held by Mr. A. A. 
G. Malet, M. Inst. C.E., in October and November, 
1907, and covered four days. Justice was done to 
both sides, the opposition being as strong and 
determined as the promotion, and the inspector, on 
his part at least, bent on getting at the right solu- 
tion of a very difficult problem, as he termed it. 
So difficult, indeed, was it that the Local Govern- 
ment Board did not issue their decision until April 
22 following, or six months after the opening of the 
inquiry. Even then, the sanction was merely pro- 
visional, only 420,0001. of the total 955,000/. being 

nted. 
The line of outfall sewer to Esholt was approved, 
and an order made allowing all intended works 
without the district, as sought ; but the Board de- 
clined for the present to sanction the bacterial 
filters pending the results of further experiments. 
What this may mean in the end none can forecast, 
nor does it, perhaps, greatly concern the present 
generation of ratepayers to know. Two years and 
a quarter have now passed since this partial sanction 
of the scheme was given on the undertaking of tie 
Corporation to carry it out within the stipulated 
term of five years. Of this period nearly one-half 
has now elapsed, and the tunnel remains to be 
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begun, no plans being yet prepared. At last the 
Rivers Board begin to see the meaning of things, 
ani their patience, or at any rate that of their 
Sewage Committee, is exhausted. 

On July 15, 1910, at a meeting of the Rivers 
Board, County Councillor T. B. Ford, chairman of 
the Sewage Committee, recapitulated the circum- 
stances relative to Bradford’s new Esholt Sewage 
Scheme. He showed, amongst other things, how 
that now at least 15 million gallons of sewage, dry- 
weather flow, had to be dealt with, and that the 
effluent from the temporary works at Frizinghall 
was worse than the crude sewage of other towns, as, 
indeed, it may well be, only one-fourth of the whole 
volu ne being treated, and that by precipitation only. 
That Bradford had taken in mt minor works for 
the treatment of the sewage of Idle, Eccleshill, and 
Yeadon (all of which have works of their own, more 
or less inefficient, and lying near Esholt, outside of 
the Bradford basin), but had done nothing whatever 
in respect of the key of the situation. This, he said, 
was the outfall sewer to convey the Bradford sewage 
through the lofty ridge to Esholt. The Committee 
had urged the need of pushing on the tunnel, to 
which Bradford replied by taking in hand the 
minor works aforesaid, at the far end of the tunnel, 
at a cost of 35,0001.; and by explaining further 
that they had decided to bring down the sludge to 
the intended works at Esholt in a 9-in. pipe, at the 
cost of another 35,0001., and that they proposed 
to treat 400 tons of sludge daily by pressure. This 
might be right, but did not touch the essence of the 
matter, he said. The Committee had once more 
urged the tunnel, and in reply got the promise that 
the plans of tunnel and aqueduct should be ready 
by midsummer of the present year, but, to the 
best of his knowledge, nothing in relation to these 
plans had yet been laid before the Bradford Cor- 
oration. Remembering the Local Government 
Board's limit of five years, it was time something 
was done. Further, he continued, some con- 
sideration was due to the dense population living 
on the banks of the Aire below Bradford. Com- 
plaints were rife, and never had he himself seen 
the river in such an awful state between Leeds and 
Bradford as during the recent drought. The Leeds 
Corporation said that it was hard that they should 
be compelled to purify such a polluted river as they 
received from Bradford. It is a universal weakness 
of human nature to plead that, because a nuisance 
is doubly noxious, it is unfair to compel the abate- 
ment of one moiety of its badness until the other 
be removed. 

Finally, he ended a just indictment by citing the 
example of the rest of the county boroughs, and 
recalling the Committee’s proposal to give notice of 
proceedings to be taken within two months, so 
that the penalty might be held over the Corpora- 
tion. But what are the mild penalties of, say, 500I. 
once a year to so mighty an offender, to whom a 
tenfold penalty would still leave a handsome 
profit ? 

To one remark of the chairman exception must 
be taken. He said :—‘‘ The idea had been to pro- 
ceed by means of filters, but then it was thought 
the land would be suitable for irrigation, and so 
the Rivers Board had been willing to let the 
question of filters stand over until the land experi- 
ments had been tried, providing the Local Govern- 
ment Board agreed.” If, indeed, the Rivers Board 
were thus willing to await the experiment, they 
must have been misled, for the Bradford Sewage 
Committee themselves had condemned the land as 
“totally inadequate to deal with the volume to be 
treated, although 301 acres are commanded by the 
filters. The major portion of the sewage effluent, 
therefore, will always go direct to the river.” These 
are the words uttered by their chairman in his 
printed statement setting forth the details of the 
whole scheme, and delivered by him when moving 
its adoption at the Council meeting, held on 
December 11, 1906 ; and they were admitted by the 
Corporation’s representatives at the inquiry for 
borrowing powers in the following September. 
How came the Rivers Board to be under this mis- 
apprehension? It was claimed by the opposition 
that the land was not only inadequate, but quite 
until for its purpose, being, as already said, mostly 
Water-logged to very near the surface. 

To let the question of filters stand over until the 
land is experimented upon, condemned, and super- 
seded by efficient filters of a scientific kind, as 
certainly must be the case, will put off the full relief 
of Leeds from their foul river at Kirkstall at least 
live years—one for the experiments, and four for 





the 52 acres of filters, making fifteen years in all, 
including the time required for the tunnel. 

If it be asked how this conclusion is arrived at, 
let the case of the Greenhow Hill tunnel be well 
considered. This is a tunnel of 6 ft. in diameter 
and 6204 yards long, part of the great aqueduct of 
the Bradford Corporation, from the Nidd catch- 
ground. The Water Works Act under which 
it was made was passed in 1892; the works were 
begun in February, 1894, and completed at the 
close of 1901, the whole time occupied in actual 
construction of works being eight years. The pro- 
posed Esholt Tunnel is 5046 yards long, with two 
shafts, only making six driving-faces for as many 
840 yards lengths; whereas the Greenhow Hill 
Tunnel has three shafts, making eight driving-faces 
on lengths of 776 yards only. Both are in water- 
bearing strata; but the proposed tunnel is, or was 
intended to be, 10 ft. in diameter, and cannot be 
less than 74 ft., while the Greenhow Hill Tunnel is 
only 6 ft. Hence, entirely apart from the peculiar 
circumstances of the two enterprises, other things 
being equal, the former must take the longer time. 
But what are the peculiar circumstances? In the 
one case the water-carrying tunnel was made under 
the strongest possible pressure—that of deficient 
water supply for seventeen consecutive years in the 
Borough of Bradford; whereas in the other case 
every pecuniary interest to the ratepayers lies in 
putting off the completion of the Esholt sewage 
works to a period as remote as possible. Let 
the common-sense of the reader decide as to 
the prospects of completion, which no doubt the 
officials of the Rivers Board have already forecast. 

Bradford’s defence at the Rivers Board meeting 
was a kind of pleasantry, consisting, when summed 
up, of this one remark, that Bradford had entered 
upon certain minor works (which might well have 
been postponed until the tunnel was nearing com- 
pletion, say seven years hence) ; that was their only 
fault. It was added that the whole staff had been 
working at full pressure; not a single moment 
had been lost. Yet at the very time this statement 
was made the local papers announced that the chief 
engineer of the Bradford Corporation had been 
called in by a neighbouring council on a matter of 
special urgency, in no way affected by the Esholt 
scheme, and appointed as consulting engineer. 
These things give food for reflection too obvious 
to be enlarged upon in this place. 

The minute of the Committee thus presented by 
Mr. Ford fell upon somewhat barren ground. Only 
ten members of the.Rivers Board were present out 
of thirty, three of whom did not vote, and by five 
votes to two the minute was referred back for 
re-consideration. The use of the key of the situa- 
tion at Esholt is viewed with a philosophic calm by 
no means reassuring to the riparians below. 

It now seems clear to those outside, and having 
experience in such matters, that the estimate, made 
at the inquiry by the opposing engineers, showing 
that, by reason of the tunnel, the construction of 
the whole is likely to occupy ten or twelve years 
from the date of the inquiry, in October, 1907, will 
not prove wide of the mark. By that time over 
half-a-century will have elapsed since Rawlinson’s 
Commission of three good men began their work at 
Wakefield. As we have seen, Bradford is not 
concerned greatly in the state of the Aire. Leeds 
it concerns much, with the stream of ‘‘ ineffable 
pollution” still to flow for another decade or so, 
along the windings, seven miles long, of their own 
share of the river-bed. Leeds has had long to wait 
under an enforced patience, for it has been living 
in a glass-house, and could not, nor can it yet, 
afford to throw stones, and it must needs wait 
much longer. 

What, in the meantime, may be the further 
metamorphoses of the scheme, who can predict ? 
Already, as we have seen, land treatment has been 
given up as an adequate means of purification even 
in the third degree, and now, as the chairman of 
the Rivers Board Committee has announced, we 
have, instead of the abolition of the whole 
Frizinghall plant, the retention of the precipitation 
works there, and the forcing of the semi-liquid 
sludge by pneumatic pressure in tubes to Esholt. 
From beginning to end the purposes which have 
directed this great scheme appear to have been in 
a state of solution, without any fixed or clear per- 
ception of the difficulties of the problem. A great 
scheme crystallises in the brain of a single able 
engineer, but has an incurable tendency to dissolve 
in the hands of a committee. ‘‘ Too many masters,” 
as the toad said to the harrow, 
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MeELBournNE Harsour Trust.—The gross revenue of 
the Melbourne Harbour Trust in 1909 amounted to 
263,177/., while the net revenue, after paying over a fifth 
to the State Treasurer, was 210,542/., and the surplus, 
40,1691. The annual report of the Trust shows that, 
contrary to expectation, the dredgers ed in widening 
the Yarra have proved the bed to of stiff clay, 
although the surface is sand. The Victoria dock has 
been dredged to a depth of 26 ft. throughout, and is free 
from obstructions. About 800,000 cubic yards of material 
dredged from the river were landed in 1909 by the 
Public Works Department’s contractor for reclamation 
in the West Melbourne swamp, and 480,000 cubic yards 
were deposited in deep water in Port Phillip Bay. The 
average cost of et throughout the year was 3.25d. 

r cubic yard, and 4.04d. - cubic yard for towing and 

epositing. The work of a Lobnitz rock-cutter is referred 
to as having been satisfactory. Plans and specifications 
for a new dredger having been completed, tenders are now 
being invited for it. e dredger will be the largest yet 


ordered by the Trust, and isto have a maximum capacity 
of 750 tons per hour, and a working capacity of between 
500 and 600 tons per hour. 
between 30,000/, and 40,000/, 


The cost is estimated at 
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FOUNDRY PLANT AND MACHINERY. 


FOUNDRY PLANT AND MACHINERY. 
No. XV. 
By JoserH Horner. 


Since the increasing employment of steel for 
castings has had the effect of bringing small melting 
furnaces into extensive use, interesting questions 
arise in reference to the relative economy and utility 
of the different kinds. While a large furnace is 
always more economical than a small one, the latter 
is so suitable and convenient for the small steel 
foundry that usually nothing else can be enter- 
tained. This explains the recent rapid extensions 
of small melting-plants, and the modifications in 
the designs of small furnaces, particularly in the 
baby converters. These had their origin in Sweden. 
Intended, in the first place, for making Bessemer 
steel in small quantities, they have been utilised 
for making steel castings. The principal forms are 
known as the Swedish, the Clapp-Griffiths, the 
Robert, the Walrand-Legénisel, and the Tropenas. 
Practically the use of these is now limited to the 
production of steel for castings, since they cannot 
compete with the large converters in the economic 
manufacture of steel for ingots or even for large 
castings. Such being the case, the controversial 
questions which arise are those concerned with the 
relative utilities of small converters, open-hearth 
furnaces, and crucibles. These questions will be 
answered in different ways in foundries where 
variations occur in the character and extent of the 
»roduct turned out. Only in general terms and on 
ee lines can the facts be stated on which choice 
may be based. 

The small converter has the following points in 
its favour :—It is very flexible. It can be used for 
blows of as little as 10 cwt. of metal. The process 
of converting being rapid—say, about 15 minutes 
—two successive blows can be melted and run into 
a ladle for occasional large castings. Thus a 4-ton 
ladle can be filled with two blows from a 2-ton con- 
verter. The metal is very hot, and the converter 
tipping around the trunnions can be turned to 
empty the contents directly into ladles without 
having time to chill. As several blows can be made 
ina day, a comparatively small moulding area is 
required. The moulding and pouring being con- 
tinuous, the boxes can be knocked out and removed 
at frequent intervals, and thus, with, say, twenty 
or more heats in a day, a very big daily output can 
be obtained, equal to, or greater than, that ofa 
large open-hearth furnace, without the objection- 
able long delay in pouring, unavoidable in the 
latter, apart from its other disadvantages to be 
noted directly. As the metal can be poured from 
the converter into ladles, the amount of recarburisa- 
tion can be nicely adjusted by additions of ferro- 
alloys made in the ladle. And if only a few steel 
castings are wanted, which often happens in iron- 
foundries, the work of the converter can be inter- 
mittent, since it may be al’owed to cool down with- 
out suffering any injury, which is not the case with 
open-hearth furnaces. On the other hand, the 
waste of metal is a drawback. It amounts to from 
15 per cent. to 20 per cent. of that charged into the 
cupola, and the slag contains large quantities of iron 
oxide. Less steel scrap can be utilised in the con- 
verter than in the open-hearth furnace, being the 
amount only which can be melted with the iron in 
the cupola, or from 20 per cent. to 25 per cent. of 
the total. 

The open-hearth furnaces have some advantages, 
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especially when large castings are being made. A 
large quantity of metal can be melted, and it can 
remain in the furnace for an indefinite period, 
quiescent, and protected by its slag without its 
chemical composition being altered. The com- 
position can be varied while it lies in the bed and 
rough a and chemical tests be made at 
intervals as may be deemed desirable. It is an 
economical furnace, the loss of metal being much 
less than that in the converter. Larger quantities 
of steel scrap can be melted than in the converter- 
cupola. But the ehoice is usually determined by 
the economical problems of raw materials available. 

Very small open-hearth furnaces are necessarily 
costly for = and attendance. Yet for castings 
they will seldom exceed 15 tons or 20 tons capacity, 
and some are smaller. Economy in furnaces for 
casting ingots has been found in building enormous 
50-ton furnaces. Fuel is a heavy item, as the 
furnace must be maintained hotter than the metal 
which it contains, which, again, wears the linings 
and entails frequent repairs. It follows that the 
small steel converter plant is, on the whole, of most 
value in foundries where light castings are being 
made. The growth of this system of casting has been 
much facilitated by the demand for small, strong 
and light castings for automobile work and small 
parts of mechanisms, some of which are alterna- 
tively made in the strong copper alloys, in malle- 
able cast iron, or as steel forgings. The small 
eonverter enables firms to make steel castings for 
their own use, or it is frequently installed in a 
section of a large foundry where open-hearth fur- 
naces are employed for heavy work. Then it bears 
a similar relation to the open-hearth furnace that 








the small cupola does to the larger ones, being used 
for light or occasional casts. 

The Robert converter, one of the earliest, about 
1882, used largely in France for small steel casting 
work, has a D cross-section (see Figs. 198 and 199). 
The tuyeres are arranged in a horizontal plane next 
the flat side, set at varied angles in order to impart 
a rotary motion to the metal, and thus bring every 
portion under the influence of the blast. The con- 
verter is tipped to an angle and charged with the 
molten metal, the blast put on, and the vessel 
brought to the vertical position. The blast can 
be blown through the metal, or over its surface, by 
varying the angle of the converter. Its pressure 
is about 4 lb. to the inch. 

In 1890 Mr. A. Tropenas adopted the method of 
blowing over the surface of the bath. Generally 
his converters are made in a 2-ton capacity, as 
costing little more than 1 ton, and being of a useful 
size. They can, however, be made as small as } ton 
capacity. A Tropenas converter, as manufactured 
by the Tropenas Steel Company, New Castle, 
Delaware, U.S.A., is shown by Figs. 200 to 202. 
Its shell is made of g-in. plate, through which }-in. 
holes are sometimes pierced to afford exit to the 
steam when drying the lining. It is carried on trun- 
nions, one of which is hollow, to conduct the blast 
to the wind-box at the back of the converter, which 
box has one row of tuyeres. A worm-wheel is carried 
on the other trunnion, by which the converter is 
tilted, the turning being effected byan electric motor 
in the illustration ; but hydraulic power or other 
means may be adopted, about 4-horse power being 
required for the service of a two-ton converter. 

e air is supplied by a rotary pressure-blower 
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capable of maintaining a pressure up to 4 Ib. to 
the square inch. About 75 horse-power is required 
to operate it, which is preferably supplied by an 
electric motor directly connected thereto. Suitable 
provision is made for the control of the move- 
ments of the motor and supply of blast. 

The cupola must be capable of melting about 
five tons per hour of very hot metal, a large pro- 
portion of which consists of steel scrap, and to 
continue this for eight or nine hours. A wind- 
chest is necessary. It will be about 3 ft. in 
diameter. The blast pressure will equal from 10 in. 
to 14 in. of water. | 

The Tropenas converter has to be lined, as in | 
ordinary Bessemer converters, with sand or with | 
furnace brick set in silicious cement built against 
wooden forms. The tuyere blocks have to be set 
carefully, each series in a true plane. Repairs 
have to be done after each day’s work. 

Cupola practice for Bessemer converters differs | 
from that for iron in the greater heat which has to 
be obtained, very hot metal being essential. The | 
hotter it is when in the converter the better. | 
And as a considerable proportion of steel scrap is | 
melted with the pig in the cupola, this requires 
higher temperature than iron to render it fluid. 
The steel scrap is melted in order to utilise the 
runners, risers, and wasters of the steel foundry, 
and it therefore often forms a considerable propor- 
tion of the charge, perhaps from 25 to 50 per cent. 
of it. This is a case where a high-melting ratio 
is not to be expected. A large volume of blast is 
necessary, which is better obtained by a pressure- 
blower than from a fan. 

Two Tropenas converters were installed at the 
Horwich Works of the Lancashire and Yorkshire 
Railway Company in 1899. The locations of these 
are indicated in the views of the foundries given | 
in Article IV., Fig. 15, page 267, vol. Ixxxix., and 











Figs. 17 to 19, page 268 in that volume. Only one 
converter is usually worked at a time. They are 
each fed by a separate cupola alongside. The air is 


supplied by means of a blowing-engine, the steam- 
cylinder of which is 18 in. in diameter by 36 in. 
stroke, making 58 revolutions per minute, driving 
tandem, with an air-cylinder of 40 in. in diameter, 
fitted with double-acting leather flap-valves. An air 
pressure of from 3 1b. to 41b. per square inch is main- 
tained. The cupolas are both coupled to a No. 4 
Roots blower. The converters are acid-lined with 
silica bricks moulded to pattern. The tuyeres are of 
the same material, and have a life of thirty blows 
before renewal. The greatest wear of the lining 
within the vessel takes place on the slag line, 
which is about on the region of the tuyeres, due to 
the combination of ferrous oxide with the lining. 

After each day’s working the vessel is examined | 
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ARRANGEMENT OF SMALL CONVERTER Pant; Messrs. THWAITES 


Broruers, Limirep, BRapForp. 


and patched where necessary with ganister. It is 
usual to completely re-line the vessel after 300 blows. 

A small Bessemer plant, comprising a modifica- 
tion of the Tropenas converter, as supplied by 
Messrs. Thwaites Brothers, Limited, is shown by 
Figs. 203 to 205. It comprises two cupolas, each 
capable of melting from 4 to 5tons of hematite per 
hour. These are of the ‘‘ Rapid” type, but instead of 
being fitted with the firm’s standard arrangement 
of independent receiver, they are arranged with an 
extra well capacity below the air-belt. The object 
of this is to accumulate a sufficiently large weight 
of metal to completely charge one of the converters. 
Cupola blast is ——s by one of the firm’s 
blowers, delivering about 5000 cubic feet of air per 
minute. As only one cupola is actually in use at 
one time, only one blower is required. 

The melted metal is tapped from the cupola intoa 
ladle, which is carried on a platform weighing- 
machine, so that a correct record of the weight 
charged into the converter can be kept. After 
being weighed in the ladle the metal is tapped into 
a radial spout, which is so arranged that either 
cupola can discharge into either converter. Each 
converter has a normal capacity of 40 cwt., but the 
actual capacity, after being at work a short time, 
reaches 50 cwt., in consequence of the wearing of 
the lining. Blast is vaenlled to the converters by 
one of the firm’s Roots blowers, supplying a volume 
of approximately 4000 cubic feet per minute at 








pressures which vary during the course of a blow 
from 2 lb. to 61b. per square inch. In this instance 
both the high-pressure blower and the cupola 
blower were coupled directly to the motors running 
at the same speed as the blowers, with a Thwaites 
flexible coupling to take up any inequality in the 
wearing of the bearings of the motor and blower. 

The tipping-gear of the converters is electrically 
operated, and is under the control of the steel- 
melter from the controlling cabin. From this 
cabin the melter can also start and stop the high- 
pressure blower, and operate a special relief-valve, 
which can be used to vary the volume and pressure 
of the supply to the converters without stopping 
the blower. A hand-tipping arrangement is fitted 
to the converters ; this is merely a safeguard in 
the event of breakdown of the motors. The coke 
and pig iron are taken to the charging-stage by an 
electric hoist of the firm’s cupola type, with a re- 
versible controller. 

Figs. 206 to 208, on page 298, illustrate the 
‘*Stock ” patent oil-fired converter constructed by 
Thwaites Brothers, Limited, for the works of the 
Darlington Forge Company, Limited, Darlington. 
It melts all classes of castings, from soft steel to 
special steels of all descriptions. It is oval in section, 
lined with a neutral lining of magnesite, and is not 
only used for the conversion or blowing of iron, but 
the actual charge of iron and scrap is melted in the 
vessel itself by means of oil-fuel. It is mounted on 
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trunn:ons working on roller-bearings in the usual 
way, andis also mounted on a turntable, which can 
be revolved in the horizontal plane. The necessary 
blast for burning the oil-fuel is supplied by a 
positive blower of the firm’s high-pressure Roots 
type, and is supplied during the process of melting 
at a pressure of from 41b. to 4$1b. per square inch. 
This blower is also fitted with a small single-acting 
air-pump, which supplies the necessary volume of 
air to force the oil-fuel from a closed tank through 
the pipes to the tuyere-boxes. The pressure for 
this purpose is from 301b. to 351b. per square inch. 


After the melting operation is completed, the same had h 


blower is used for blowing, and during this process 
a current of air at high pressure is maintained 
through the oil inlet-pipes to prevent them from 
becoming choked by oxidation or slag. 

During the process of melting, the waste gases 
from the oil are passed from the nose of the vessel 
through a series of U-pipes arranged in a casing of 
firebrick, and the blower is so connected to this air- 
heater or economiser that the blast for burning the 
oil is supplied at a high temperature, and is also 
available at this temperature for blowing. As the 
converter is mounted on a turntable, it can be 
turned and tipped in any direction, and the charging 
and pouring arrangements can be arranged for in 
any convenient position, as also can the position 
for blowing. The plant occupies a minimum 
amount of space, and can be brought into operation 
at the shortest possible notice. 

It will be noted that as no fuel except oil is 
used, no impurities are taken up in the process of 
melting, and so results can be obtained superior to 
those obtainable from the ordinary arrangement of 
side-blown converters, in conjunction with which 
cupolas are used for melting the charge. With a 
1-ton converter the metal or charge can be melted in 
some 50 to 60 minutes, and only 10 to 15 minutes 
is taken in blowing, so that a blow every two 
hours is a liberal estimate of time. 








BOILER EXPLCSION AT LANGFORD. 

A FORMAL investigation under the Boiler Explosions 
Act, 1882, has been conducted by the Board of Trade at 
Mundford, Norfolk, with reference to the cause and cir- 
cumstances attending the explosion of a boiler at Chalk 
Hall Farm, Langford, on November 23rd last, whereby 
the tenant of the farm, his son, and the driver of the 
engine were somewhat severely injured. The Commis- 
sioners were Mr. A. A. Hudson, barrister-at-law, and 
Mr. G. Fullerton Bell, consulting engineer. Mr. G. C. 
Vaux conducted the case on behalf of the Board of Trade, 
and in laying the facts before the Commissioners said that 
the only party to the investigation was Mr. Henry 
Garrod, a farmer, who was the owner of the boiler that 
exploded. The boiler was of the ordinary locomotive 


type attached to a tracticn-engine, und was used for 3 
t 
| 


rashing 
Brothers. 
year 1886, and was designed 


urposes. It was made by Messrs. Sav 
Limited, Engineers, King’s Lynn, about the 


Farm, Hillborough, bought the boiler when new, and 


subsequently used it for traction work and for driving a | 
It was not insured, and did not | 


| 


thrashing-machine. 
appear to have been tested by hydraulic pressure at any 
time; while, further, no expenenced person had been 
called in to examine it and report upon its condition, 
although Mr. Garrod himself, who had had considerable 
experience in the management of portable enzines, had 
made examinations of it from time to time. About the 
year 1897 the fire-box was repaired by Messrs. Plowright, 





for a working pressure of | 
about 120 lbs. to the squareinch. Mr. Garrod, of Rowley | 


of Swaffham, who applied a patch on the left-hand side. 
In August, 1905, a patch was applied to the right-hand 
side of the fire-box, and nine new ferrules were fitted to 
the tubes. In August, 1908, the first-mentioned patch 
was removed, and a larger patch was put on, through 
which four screwed stays were fitted in place of four which 
had been removed. This repair was made by Messrs. 
Plowright, and the patch appeared to have been good 
and not to have given any trouble. The boiler was fitted 
with two safety-valves, loaded by a lever and a Salters’ 
spring balance up to 120 lbs. on the square inch, at 
which pressure the valves were supposed soliew off. They 
had on two occasions been ground in, but by whom was not 
known. Mr. Garrod worked the engine himself until 
1899, when he employed a man named Elijah Dorling, who 
previous experience with that type of engine, 
to do the work. It was not clear what instructions 
Dorling received from Mr. Garrod as to driving the 
engine, but it appeared to have been worked at a pressure 
of 120 lb. to the square inch by the steam-gauge. There 
was no record of the safety-valves blowing off at that 
pressure during the whole time Dorling had charge of 
the engine. 

On November 20 last the engine was taken to the 
Chalk Hall Farm, Langford, occupied by Mr. Henry 
Bloy. Thrashing was commenced on November 22, and 
was continued until about 2 o’clock on November 23, 
when preparations were made for taking the engine awa 
from the farm, but about 3 o’clock the boiler exploded. 
The top of the fire-box collapsed, drawing in the side- 
plates, and through the opening thus formed the contents 
of the boiler escaped with considerable violence. Mr. 
Bloy and his son sustained injury by being struck with 
the débris, the son being blown about 20 aay away ; 
both were scalded and severely injured, while Dorling, 
the driver, was also scalded. Some of the machinery and 
some stacks of straw were set on fire and destroyed. 
After the explosion the boiler was examined by Mr. 
Coomber, engineer-surveyor to the Board of Trade, and it 
was found that the fire-box was in a dangerous condition 
from corrosion, while the safety-valves were set fast, and 
Mr. Coomber had to tap them with a hammer before he 
could lift them. The fusible plug had been removed and 
a piece of iron put in its place: but as there was no 
evidence of over-heating, that would not be a material 
point in the case. 

Mr. Henry Bloy, tenant of Chalk Hall Farm, gave 
evidence to the effect that he engaged Mr. Garrod tosend 
his engine for thrashing purposes, and that the boiler 
exploded on the afternoon of November 23. He was near 
the engine all day, but did not hear the safety-valve blow 
off. The finger of the pressure-gauge was mostly upright, 
but sometimes a little to the right, as a clock-finger would 
mark five minutes past the hour. 

Mr. Coomber, at this point, said that when the pointer 
was straight up it would indicate a pressure of 100Ib., 
and when it was in the position Mr. Bloy described it 
would indicate 150 Ib. 

Resuming his evidence, Mr. Bloy said he was near the 
engine when the explosion occurred. When he heard the 
sound of the explosion, he opened his mouth to speak to 
the engine-driver, but before he could utter a word he 
was ‘‘ blown to pieces,” and that was all he remembered. 


| He had been under the doctor’s hands ever since, and still 


felt the effects of the explosion. 
Arthur Bloy, son of the last witness, said he did not 
hear the safety-valves blow off at any time he was at the 


arm. 

Mr. G. W. Coomber, engineer-surveyor to the Board of 
Trade, described the construction of the boiler, and said 
that the flange-plate at the firing end of the fire-box first 
gave way at a point below the right-hand girder, tearing 
the plate for its full width ; the crown plate then bent 
downwards and drew the side plates inwards, which sub- 
sequently ripped and were drawn over several stays each 
side. A large opening was thus formed, through which 
the steam and water escaped with at violence. The 
explosion was due to the fire-box having become weakened 
by age and corrosion, and also by the absence of the 
necessary support of the stays, several of which had 
bceome broken. <A further cause was the increase of the 





pressure beyond that for which the boiler was intended, 
through the safety-valves failing to lift at the normal work- 
ing pressure, inasmuch as they were set fast by dirt and 
congealed oil ; they should have blown off at about 120 Ib., 
but he found them so fast that he had some difficulty in 
lifting them. A number of the stays in the fire-box he 
also found to have been broken for a considerable period. 
There was no evidence of over-heating, and he was of 
opinion that the steam-pressure rose to a point beyond 
that which the boiler could stand, and that the safety- 
valves did not relieve that pressure, because they were 
inoperative from dirt and general corrosion. 

Mr. Vaux: Would not the fire box be also weakened 
by the loss of the stays? 

Witness: Certainly ; the fire-box was in a dangerous 
condition, having the stays broken as described. It was 
a difficult boiler to examine, and the broken stays could 
not readily be found; but had an hydraulic test been 
applied, the defect, he thought, would have been dis- 
covered immediately. A practical boiler-maker might 
have found the defect by tapping the stays, and if he 
could not reach them then the hydraulic test should have 
been applied. 

In reply tothe President, Mr. Coomber said there were 
no means of examining the inside of the boiler beyond a 
manhole and five small doors, which were altogether too 
small to be effective, and that was why it was most im- 
portant that an hydraulic test should be made at least once 
in every twelve months. This applied to all locomotive 
boilers. 

Mr. W. H. Plowright, engineer, of Swaffham, de- 
posed to his firm having been called in from time to time 
to repair the engine, but said that, so far as he remem- 
bered, they had never been requested thoroughly to over- 
haul the boiler. If they were asked to put a patch on, 
they would do it, but would not necessarily examine the 
entire boiler. He was sure that his firm had never been 
asked to examine the boiler with a view of ascertaining 
whether it was safe or not—neither had he been asked to 
do this by Mr. Garrod. Witness then described the 
repairs that he had made, which had been done by a 
competent man. 

Edward High said that he was a general smith, and all 
his life had had experience of traction-engines and _port- 
able boilers, having worked for Messrs. Plowright for 
thirty-five years. e remembered putting a patch on 
the boiler that had exploded, and after he had done it, it 
was all right and water-tight. He tested it by filling the 
boiler, but did not apply the hydraulic test. He might 
have looked all round the boiler, but he was not instructed 
to make any special examination. As a rule, when re- 
pairing boilers, he tried the stays with a hammer. but 
could not remember whether he had done so in this case ; 
he generally did what he was asked to do by the man 
who employed him, and nothing more; for if a man 
offered to do more than he was asked, the owners would 
tell him to get off as quickly as possible. If at any tame 
when repairing a builer he saw anything that was un- 
sound, S would undoubtedly call the attention of the 
owner to it. : 

The witness was cross-examined by the President as to 
his methods of procedure when called in to make repairs 
toa boiler, and he adhered to the statement that as 4 
general rule he confined himself to carrying out the 
explicit instructions of the employers, and that in the 
case of the exploded boiler there was no instruction to 
overhaul the boiler, but merely to apply a patch. 

Elijah Dorling, the driver of the engine, said he had 
not served an apprenticeship as an engineer or & boiler- 
maker, but had been engine-driver with Mr. Garrod for 
the last ten rs; previous to that he had been im 
another situation for seventeen years. He worked the 
boiler, at Mr. Garrod’s instructions, to about 120 lb. pres- 
sure, and had seen the safety-valve blow off, but it did 
not do so on the day of the explosion. He cleaned the 
safety-valve every year, the last time being August, 
1909. Sometimes they had a difficulty in getting the 
valves out, and had to lift them with a chisel. 

Mr. Henry Garrod said he had two engines used os 
thrashing pu and the particular boiler that hac 
burst ke had owned for something like twenty-two years: 
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He had never insured it, and had never called in an 
expert to examine it, with the exception of Messrs. 
Plowright’s man and Mr. Johnson’s man, of Swaffham, 
who looked after the tubes. He did not remember ever 
having had any trouble with the safety-valves, although 
he had known them to stick; but if they were looked at 
about once a week they would not go far wrong. They 
sometimes had to use dirty water, and this, he thought, 
was the cause of the sticking. He thought that the 
repairs that the witness High made were satisfactory ; but 
he did not ask him to examine the boiler to see that it 
was safe, but to see if there was anything wrong. 

Mr. Vaux : What did you expect Mr. High to do? 

Witness : To see chulleae the fire-box was sound and 
all right ; it looked straight, and there was no bulge or 

kage. 
ei “ Vaux: And so you thought it looked all right ? 

Witness: Yes; and so did Mr. High. He tapped 
some of the stays with a hammer, and said he thought 
everything was right. 

Mr. Vaux : You did not, as a matter of fact, call in at 
any time a firm of boiler experts to give you an opinion 
a3 to the condition of the boiler ? 

Witness: No, I only relied on the men I had called 
in to see to the tubes and the patching. . 

Mr. Vaux: But they were not called in to examine 
your boiler, were they? 

” Witness: No, they did not come on purpose. 

Mr. Vaux: Did you examine the boilers yourself from 
time to time? Did you go inside the fire-box ? 

Witness : I have m in many times to see if there 
was anything wrong, and if I did not see any bulges or 
leakage I thought it was all right. ; 

Mr. Vaux: Did you ever have an hydraulic test? 

Witness: No, I never heard of testing boilers until the 
explosion occurred, and now everyone is testing them. 

Mr. Vaux remarked that this was being wise after the 
event. 

Continuing his evidence, witness said he did not know 
that he had ever told the driver Dorling to examine the 
safety-valves and see that they were clean and free in 
their seats; he had been used to engines, and witness 
did not think he needed much instruction. 

Mr. Vaux: Did it ever occur to you that you ought to 
call in an expert to tell you whether it was safe to work 
the boiler ? 

Witness: I thought Mr. High would be experienced, 
and relied upon him to report when repair was required, 
or if anything was wrong with the boiler. 

Mr. Vaux: You cannot see whether there is anything 
wrong without examining the boiler properly, can you ? 

Witness: You can see if there is any crack or bulging 
taking place, and a man like High ought to know by 
tapping with a hammer. : 

At this point the President asked Mr. Garrod if he 
thought the boiler could be kept working for ever at the 
pressure at which it was working twenty-two_ F pees 
ago, when it was new, and he replied that he did not 
understand boilers, as he was only an ordinary engine- 
driver. 

The President : Did you ever think it was a dangerous 
thing to have anything to do with that about which 
you know nothing? Boilers are dangerous things, you 
know. 

Witness: Yes, I know. 

The President : The boiler was twenty-two years old, 
you know. 

Witness: Yes, and I know where there is one twenty- 
four years old, and with the same fire-box still in. 

The President : Has that boiler been tested ? 

Witness: Well, I should think it has, but cannot say. 

The President: Is it by an explosion you find out 
whether a boiler is worn out or not? 

Witness : I don’t think about having any “‘ bursting.” 

The President: No, I do not suppose you do. Have 
you insured your other boiler? 

Witness: Yes. 

Mr. Coomber, recalled, said, in reply to the President, 
that he did not think the boiler would have exploded 
with the safety-valves in order, and the fire-box and stays 
in good condition. 

This concluded the evidence, and the President then 
proceeded to deliver judgment. 

It was the opinion of the Commissioners, he said, that 
the case they had been inquiring into was a very serious 
and, in some respects, a very distressing one. In many 
of their inquiries they, of course, found that boilers had 
not been used under proper conditions ; but, in this case, 
there seemed to have been the grossest ignorance and 
negligence—at any rate, so far as Dorling, the engine- 
driver, was concerned. Messrs. Plowright were only 
employed to do particular repairs, and not to make an 
examination; but it did seem that in 1908, when High 
went to make the repairs, he, in a rough-and-ready way, 
tried the fire-box with a hammer. High’s evidence was 
not satisfactory, because, although his firm had not been 
employed to do anything but specific repairs, it would be 


a natural thing for a mechanic to tap and test the fire-box. 
No doubt he did this, and in 1908 Mr. Garrod came to 
the conclusion that the boiler was all right. The boiler 
seemed to have been worked from the beginning of its 


existence to the end of it at the same 


ressure—t.é., 
120 th, 


Mr. Garrod apparently never thought of reducing 


the pressure, as he certainly should have done in the case 
cf this old boiler. The fire-box was in a dangerous con- 
dition, the stays being broken and corroded, while the 


sifety-valves were stuck fast in their seats, a great force 
having to be exerted to remove them. Dorling knew, 
according to his own evidence, that the safety-valves had 
been in the habit of sticking, and he might as well have 
sat on the valves in order to get up pressure, which was, 
in effect, what he did. The Conatitiones thought that 


the inmediate cause of the explosion was the negligence 


of Dorling, but Mr. Garrod was not free from blame ; on 
the contrary, he was very much to blame, for he ought to 
have had the boiler examined and tested from time to time. 

The President then proceeded to reply to the following 
— submitted to the judgment of the Court by the 

rd of Trade :— 

1. When, by whom, and for what working pressure was 
the boiler ie? 

2. When was the boiler acquired by Mr. Henry Garrod? 
Under what conditions was it worked while in his 

ion ? 

3. What repairs were effected to the boiler from time to 
time? Were they sufficient and efficient ? 

4. Were the boiler and its fittings periodically inspected 
by a competent person ? 

5. Was the management of the boiler entrusted, in or 
about the year 1899 and thereafter, toa competent person ? 

6. Were proper measures taken by Mr. Garrod to en- 
sure that the boiler was being worked under safe con- 
ditions ? 

7. Is Mr. Garrod to blame for the explosion? If so, 
should he pay any, and what part, of the cost of this 
formal investigation ? 

The President fully replied to each question, and in 
reference to No. 5 said that the management of the boiler 
was not entrusted to a competent person; no doubt 
Dorling was competent to drive, but he certainly was not 
competent to attend to a boiler of this kind. Dealing 
with questions Nos. 6 and 7, the President said that 
proper measures were not taken by Mr. Garrod to ensure 
that the boiler was being worked under safe conditions. 
Mr. Garrod was not directly responsible for the accident, 
but he was to blame for allowing the boiler to be worked 
when unsafe, and for failing to take any precautions to 
ascertain its condition while it was in his charge or 
ownership. As to whether Mr. Garrod should pay any 

rt of the cost of the inquiry, the Court would like to 

ear what Mr. Vaux had to say. 

Mr. Vaux said it was very difficult to say much on 
behalf of Mr. Garrod, as he did not seem to realise the 
gg yy which rested upon him as the user of this 
boiler. No doubt his laxity was, to some extent, due 
to ignorance, but ignorance was no excuse inlaw. He 
seemed to think that if he examined the boiler from time 
to time, and did not find that the fire-box was leaking or 
bulging, it was all right, forgetting the fact that the 
boiler had been working for a great many years, and that 
the fire-box must have suffered in that time. No doubt 
Mr. Garrod thought that the boiler was safe in the hands 
of Dorling, who had had long experience. He had 
suffered from the explosion, having lost his thrashin 
tackle, so to that extent he had been punished. Bot 
Mr. Garrod and Dorling had given their evidence in a 
straightforward manner; all the questions had been 
answered, and there had been no dodging and no attempt 
to hide anything, as had sometimes been the case. There 
was no doubt Mr. Garrod was deceived more or less by 
Dorling, who did not report to him as to the state of the 
safety-valves, &c. 

The President said that the Court had come to the 
conclusion that they might omit making any order that 


Mr. Garrod should pay any part of the costs of that 
investigation. They a with Mr. Vaux that Mr. 
Garrod m very frank and fair in the evidence he 


had given, and this entitled him to very great consider- 
ation. But they wished to remind him that he must take 
much better precautions in the future, and should either 
insure his boilers, which would secure their periodical 
inspection, or in some way take proper steps to see that 
they were worked under proper and safe conditions. 
Dorling was not a party to that inquiry ; had he been, he 
would have had to pay part of the costs, as his conduct 
was inexcusable. Dorling was much to blame, and 
certainly in this respect had not been a good servant to 
his employer. 
The inquiry then terminated. 








Tue Late Friepricnh Cart Giaser.—We regret to 
record the death of the founder of our Continental con- 
temporary, Glaser’s Annalen fiir Gewerbe und Bawwesen. 
Glaser was a civil engineer, and chief of the firm of 

tent agents of Glaser and Pflaume, which he estab- 
ished in the same year—1877. He was also founder and 
honorary member of the Verein Deutscher Maschinen- 
Ingenieure and an active member of the Verein fir 
Eisenbahnkunde. Born in 1843 at Neunkirchen, in the 
Saar district, he was educated at a trade-school, found 
employment in several metallurgical works, and attended 
the Mining Academy at Leoben in Austria. In 1861 he 
entered into the services of the Chemin de Fer du Nord at 
Paris ; he attended lectures at the Conservatoire des Arts 
et Métiers under Becquerel, Tresca, de Dion, and others, 
and had worked his way up in the French Northern 
Railway Company, when the war of 1870 forced him to 
leave France. He joined the German Army after Sedan 
and was attached to the first army as technical member 
of the railway commission. As such he rebuilt the line 
Chantilly-Beauvais and bridged the River Oise, near 
Creil ; his position was difficult, as he held no military 
rank. After the war, he settled at Berlin. His co- 
founders of the Annalen were Bernhardsi, Beylich, 
Hartwich, Reiche, Schotte, and Tenner, and his cousin, 
Baurat L. Glaser, now succeeds him as the editor of the 
Annalen and also in the firm of patent agents. In his 
journal he strongly advocated the State ownership and 
management of railways. He also fought for the amelio- 
ration of the social status of the engineer, and the new 
Verein Deutscher Maschinen-Ingenieure, already men- | 
tioned, took this question up energetically from its con- 
stitution in 1881. Glaser was also a member of the | 
enquéte commission of the German patent law in 1886. 
He died a fortnight ago. 











THE ROYAL INSTITUTE OF BRITISH 
ARCHITECTS : TOWN-PLANNING CON- 
FERENCE. 


To THE Epitor oF ENGINEERING. 

Str,—Owing to recent legislation, a new era of town- 
ay and reconstruction is about to open in the 

Jnited ng oor That there is no danger of the legal 
and public health aspects of the question receiving in- 
adequate attention is already clear. But it is equally 
important, in the interest of our own and future genera- 
tions alike, that the artistic side of such improvements, 
with its lasting result in beauty and convenience, be not 
less fully and authoritatively considered. 

With this object the Council of the Royal Institute of 
British Architects have made arrangements to hold an 
International Town-Planning Conference, of which His 
Majesty the King has graciously consented to be patron, 
on a comprehensive scale, in the second week in October, 
and we are.glad to state that we are already assured 
of the participation and assistance of many of the most 
distinguished experts on the subject, not only of our own 
country, but of Europe and the United States, as well as 
of others from the overseas dominions of the Crown. 

By an act of disinterested generosity on the part of 
the President and members of the Royal Academy, 
the galleries at Burlington House have been placed at the 
disposal of the Royal Institute for the display of the 
notable designs and illustrations of town-planning and 
remodelling, which have been collected from all parts of 
the world. 

In order that the proceedings of the conference may be 
of the widest utility, and that the welcome offered to our 
numerous foreign guests may Le of the most representative 
character, we desire, by your courtesy, cordially to invite 
the presence and co-operation of all those who are con- 
cerned, in order to secure the best results from a move 
ment of not merely local, but national, and even imperial 
importance. 

Forms of membership, with all particulars, may be 
obtained from the Secretary of the Royal Institute. 

We are, Sir, Your obedient servants, 

JouN Burns, Honorary President of the 
Conference. 

Leronarp Stokes, President. 

Aston Wess, Chairman of the Executive 
Committee. 

Joun W. Simpson, Secretary-General. 

9, Conduit-street, Regent-street, London, W., 
August 24, 1910. 








‘* THE PROPULSION OF AEROPLANES.” 
To THE Epitor or ENGINEERING. 

Sin,—The suggestion contained in the letter of 
“Student” on this subject is interesting, and indicative 
of recent developments and present efforts in engineer- 
ing. but is, and will, I am afraid, remain impracticable. 

t has been proved that to use explosive mixtures 
efficiently compression previous to ignition is essential, 
and to produce sufficient compression without the aid of 
a reciprocating body appears impossible. In order to 
obtain direct action of the explosion on the air as sug- 
gested, it would be necessary to provide compressing 
pumps and mechanism, probably much heavier than the 
present aeroplane engine. 

The suggestion, however, raises what is at all events an 
interesting point of discussion with regard to aeroplane 
1. as well as to all other duties requiring power ; 
or if a satisfactory system to produce continuous explo- 
sions in a tube, without the aid of a reciprocating body, 
could be devised, it would lead directly to the perfection 
of our expectedly most efficient motor—the gas-turbine. 

Yours truly, 
R. A. Baxter. 

Ivancroft, Ardenlee-avenue, Belfast, 

August 24, 1910. 








AERONAUTICS.—The aapest of the advisory committee 
on aeronautics has just been issued as a blue-book (Cd. 
5282, price 8s. 5d.), and describes the results of the experi- 
mental work carried out on their behalf at the National 
Physical Laboratory. It is interesting to learn that the 
difficulties hitherto found in maintaining a steady flow in 
the ‘‘ wind-channel” have now been overcome, and that 
systematic investigations on all questions as to the resist- 
ances offered by different surfaces are being continued. 
Arrangements are also being made for testing air- 
propellers on behalf of different manufacturers. Many 
tests have also been made of the mechanical properties of 
the fabrics used for flying-machines and balloons. A 
very valuable feature of the report is a series of abstracts 
and translations of the most important papers recently 
sublished, the most important being, perhaps, that of M. 
k Sireau, of which a very full summary is given. A long 
report on the resistance offered to motion by balloon models 
is contributed by Dr. Stanton and Mr. Bairstow, as also a 
paper on the relative efficiencies of different designs of 
rudder, and of lifting planes as used for dirigibles. This 
paper would also appear to be of interest to constructors 
of biplanes, as some serious accidents have occurred owing 
to a failure of the steering gear. A r by Mr. Lan- 
chester gives comparative weights ay Noel consumption 
of different aeroplane engines as compared with good 
motor-car engines. The aeroplane engines are much 
lighter per brake horse-power, but are at the same time 
much less economical, the famous ‘‘Gnome” engine 
requiring 0.89 lb. of petrol per brake horse-power-hour, as 
comqeres with 0.54 Ib. for the motor-car engine. Dr. 


. Shaw contributes a very important memoir on 
wind structure, describing such measurements as have 
been made in the variations of wind velocity, which have 
at times caused much trouble to air-men. 
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THE FIELD AND CUST TIDE - RECORDER. 


CONSTRUCTED BY THE 


CAMBRIDGE SCIENTIFIC INSTRUMENT COMPANY, CAMBRIDGE. 








Fig.5. 























Ow this and the opposite page we illustrate a new 
pattern of tide-recorder patented by Admiral Mostyn 
Field, who was the hydrographer at the Admiralty, 
and by Admiral Cust, who is now the hydrographer, 
and constructed by the Cambridge Scientific Instrument 
Company, Limited, Cambridge. A general view of the 
machine is given in Fig. 1, but the principle on which 
it is based and its mude of working will be most 
readily understood by reference to the diagrammatic 
sketch, Fig. 2. Below the recorder, forming, in 
fact, a stand for it, as can be seen in Fig. 1, is 
a reservoir of air compressed to 150 lb. per square 
inch. This air is allowed to escape through a re- 
ducing-valve, supplied by Brin’s Oxygen Company, 
into a pipe, one end of which leads to the top 
of a tank of mercury as indicated in Fig. 2 at A, 
whilst the other end is led to an orifice anchored near 
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to the bottom of the sea, the tide on which is to be | pen, to the scale of the chart on which it works, this 
measured. Through this orifice the air slowly escapes, | chart being carried by the clock-driven drum E. 
a single charge of compressed air being, in fact,|The arrangement just described traces the primary 
sufficient to run the apparatus for 15 days. As the! or long-period tide. This trace is, however, generally 
tide rises and falls the head over the orifice through ! undulatory in character, owing to the superposition of 
which the air is escaping varies, and corresponding to| a secondary short-period oscillation on the top o! the 
this so does the pressure above the fluid in the chamber ! primary tidal wave. The horizontal glass cylinder 
A, Fig. 2. More or less of the mercury is, accordingly, visible to the front in Fig. 1 is an air indicator. All 
forced up into the float chamber B, giving rise to a the air passing to the immersed orifice has first to 
corresponding variation in the level of the float C. bubble through water contained in this cylinder, so 
From this float a thin steel band passes over and is| that should the under water-escape by accident become 
attached to a pulley mounted on a horizontal shaft. | clogged up, the fact is at once evident, since the air 
A second pulley on the same shaft supports by a| ceases to babble through the indicator. 

aetestend a pen-carriage Dand the counter-weight for A separate record to an enlarged scale of the 
the float C (see Fig. 1 on the left). The object of| secondary tide is provided for by means of the 
having two pulleys instead of a single one is to facili- | apparatus shown to the right of Fig. 1 and to the left 
tate the adjustment of the motion of the recording- of Fig. 2. Here the vessel F is also in communication 
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THE FIELD AND CUST TIDE - RECORDER. 
CONSTRUCTED BY THE CAMBRIDGE SCIENTIFIC INSTRUMENT COMPANY, CAMBRIDGE. 


‘ 


“ao m VS Wi wil vit iX XK Ki 


) i AL 


wood] it iit vii vil 1X =X kt mp. ft “ 







1 


tong A CONTINUOUS RECORD OF THE RISE & FALL OF THE TIDE TAKEN AT CHATHAM, MARCH I3910 WITHA 
FIELD & CUST TIDE RECORDER 


ee 























Fig. 12. 


.\ ) | provided through which oil can flow into or out of the 

| interior of the float J (Fig. 3). This float is balanced 
| so that it always tends to maintain its mean position. 
| The alteration of the level of the liquid in the float- 
chamber G takes place, in the case of the primary 
tide, so slowly that the liquid flows in or out of the 
interior of the float at a sufficient rate to enable this 
float to maintain its mean position. The variations of 
level due to the secondary tide being much more 
rapid, the oil is unable to pass with sufficient freedom 
through the orifice in the plug to keep the level of 
the fluid the same, both inside of and outside of 
the float. The latter therefore rises or falls in 
conformity with the secondary tide, and its motion 
is transferred by a multiplying lever, mounted on 
knife-edges, to a pen, which makes a record of 
this secondary tide on the upper portion of the 
chart borne by the drum of the recorder. Owing to 
the fact that the viscosity of petroleum oil varies 
with the temperature, the scale of this secondary 
tide is not a constant one. It was attempted to get 
over this drawback by using in the float-chamber 
liquids such as weds Bly the viscosity of which is 
little affected by the temperature ; but all such fluids 
tried proved te have a corrosive action on the metal 
work, so it was decided to return to petroleum, and 
provide a means by which the scale of this secondary 
tide could be checked from time to time. This is 
effected by an air-gauge, represented by the ver- 
tical glass cylinder near the centre of Fig. 1. Into 
this dip two air-pipes, the outlet from one being 
exactly 3 in. below that of the other. By means of a 
two-way cock the air on its way to its point of final 
escape can be caused to flow at will through either of 
these orifices, the change from one to the other being 














with the air supply, and varying pressures over the 
immersed orifice are accompanied by corresponding 
alterations in the level of the oil floating on the top 
of the mercury in the float-chamber G. The bottom 
of the float in this chamber is not, however, water- 
tight, but is drilled to take a close-fitting plug, as 
indicated at H. A diagonal saw-cut is made in this 
plug, and as the latter is connected to a micrometer 
screw above, as indicated, an adjustable orifice is 








agen by a step in the record of the secondary 
tide, which corresponds exactly to an alteration of 
3 in. in the head. 

The arrangement of the knife-edge, on which the 
lever carrying the pen for the secondary tide is 
mounted, has some special features, which are illus- 
trated in detail in Figs. 5 and 6. The actual knife- 
edge is of the usual form, but its support consists of 
four small rolls of hardened steel, arranged as indi- 
cated at nnnn, Fig. 6. Each of these has an inclined 
flat ground on it, and is mounted so that it can rotate 
about its axis. The flats of each pair of rolls are 
inclined in opposite directions, and the knife-edge is, 
in a sense, wedged in between them. Since the rolls 
can rotate, the pressure must be evenly distributed 
over the whole bearing of the knife-edge. The arrange- 
ment is not claimed to be equal in delicacy to the 
more usual type, such as is adopted for balances, but 
is particularly serviceable where it is important to fix 
with certainty the position of the actual bearing edge. 

A view of the anchor which carries the air-escape 
for the recorder is given in Fig. 12. The air-pipe is 
a copper tube, which is formed into a coil of several 
turns just above the bell P (Fig. 9), in which it ter- 
minates. This bell is supported on a ball-joint as 
indicated, so that it always hangs truly vertical. It is 
closed at the bottom by a brass plate, which is pierced 
at the centre with a 4-in. hole, constituting the 
orifice through which the air finally escapes. 

For testing the instrument, a device for producing 
an artificial tide was rigged up. This is yapvenanted 
in Fig. 7. The air from the recorder enters through 
the pipe shown at R, and bubbles up through the 
water contained in the larger outer tube, which is 
sealed at the top, so that the only escape for the air 
is through the branch shown at 8. The column of 
water through which the air bubbles opposes a con- 
stant head to the motion of the latter ; the variable 
head corresponding to the tidal wave is provided for 
" the arrangement shown at the right of the diagram. 

he air is led through the flexible tube to the pipe ', 
the lower end of which dips into water contained in 
the vessel U. The immersion of the pipe T in this 
water is varied in two ways, corresponding respectively 
to the primary and the secondary tides. In the first 
place, the pipe T is itself reciprocated up and down by 
connecting it by a cord ing over a pulley to the 
crank V, which is rotated by worm-gearing at the rate 
of one revolution in six hours. On the other hand, the 
vessel U is also reciprocated up and down by the 
crank at W, which revolves once in about 20 minutes. 








METHODS IN THE RussiAN ENGINEERING Import TRADE. 
—The Board of Trade has recently published, from a 
report by the British Vice-Consul at Kharkov (Mr. C. 
Blakey), some information which ought to prove useful to 
British engineers and manufacturers. The report relates 
to what the Vice-Consul considers are the best methods 
to be adopted in order to secure trade with Russia. At 
the present time the engineering business in Russia is 
held by the Germans, owing to their thorough technical 
and commercial knowledge, as well as to their great 
energy and methods of finance. This, too, in the face 
of a heavy tariff, and the keen competition of well- 
equipped Russian firms. In certain lines the Germans 
appear to have a well-established reputation, more par- 
ticularly in electrical engineering plant, cranes, lifts, 
transporters, machine tools, pumps, steam, gas, and 
oil - engines and flour - milling machinery.. Any English 
firm wishing to do business with Russia should keep 
the following suggestions particularly in mind. The use 
of the Russian language is not imperative, except in deal- 
ing with the numerous agents who do business in the 
small-tool and hardware trade, or with small retail firms, 
business with the latter being only possible with the 
assistance of experienced travellers. The more impor- 
tant firms of importers, however, and the shipping agents 
in Russian ports, correspond in English, ay and 
German. When any special machinery is offered that 
requires advertising, the advertisement should be in 
Russian, and printed in modern type. Metric measure- 
ments are the best for the dimensions of machinery, 
though English measurements are understocd in many 
Russian factories. Heavy standard-type machine-tools 
not undergoing constant improvements are not much 
imported, being made in Russia, and there is much 
more chance of exporting to Russia machine-tools that 
require a high grade of workmanship, or the weight of 
which is small compared with the cost of labour put into 
them. Among these may be classed bolt -screwing 
machines, turret-lathes, small and multiple drilling- 
machines, and similar light or special machine-tools, also 
high-class engines and steam-turbines. All such machines 
should be made as light as possible, without impairin 
their efficiency. Where possible the heavier parts shoul 
be omitted, as they can be made in Russia. It is a 

neral custom to give prices f.o.b. at a Russian port, pre- 
erably Hull, as from that port there is a regular steam- 
ship service to the Baltic. Firms who are not used to 
custom-house business had better be given a price free on 
rail at the Russian port and an arrangement should be 
made with the custom-house and shipping agent. German 
firms sometimes quote free, duty paid, delivered to cus- 
tomer’s inland station. It is well to remember that eas 
terms of payment are a great assistance when trading wit 
Russia. vrarther particulars on this subject will be found 
in the Board of Trade Journal for August 18. 
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NOTES FROM THE UNITED STATES. 
PuiLaveLruia, August 17. 
THE most active department of the steel industry at 
this time is the manufacture of pipes for the transporta- 
tion of oil, water, and gas. The chief demand is for 
water pipes, and comes from the requirements pre- 
sented by numerous municipalities all over the country. 
Municipal improvements constitute a most important 
factor in the building material market. This favour- 
able condition is indirectly associated with the expan- 
sion of tramway systems in cities and interurban roads 
connecting towns and cities, which results in the 
expansion of suburban population, with its consequent 
requirements in the shape of municipal luxuries in the 
shape of gas and water accommodation. The pipe 
works are crowded with orders, and most of them are 
liberal purchasers of iron for pipe-making purposes. 
Just at this time a good pong Eee rojects are 
being held up by reason of the difficulty of disposing of 
municipal bonds. This is only a temporary obstruction, 
and will be removed, because there is an abundance of 
money for investment in bonds and in all manner of 
municipal securities. The declining tendency in iron 
and steel products is still manifest. Spikes and bolts 
have fallen 0.50 dol., and steel billets and bars are 
being offered a trifle below last week. Rods have also 
declined, and jobbers are not taking advantage of the 
low range of prices. Wire and wire-nails have also 
weakened a little further, so that sales can now be 
made for the export trade—a movement which is now 
assuming some magnitude. It is the firm belief of the 
iron and steel manufacturers that the present low 
range of prices will bring about a September demand, 
which will offset the dulness of the past two months. 
The weakening of prices is not disturbing manufactur- 
ing interests, and they will accept orders for any 
future delivery that may be offered, even running 
into next year. The Sharon, Pa., Steel Company 
is increasing its facilities by an outlay of 150,000 dols. 
The West Penn Steel Company, near Pittsburgh, is 
being enlarged, and the Chicago Bridge and Iron Com- 
any have purchased 25 acres of land near the western 
vorder of Pennsylvania, on which large plants will be 
erceted. 








TURBINES OF THE FreENcH BaTrLesutP ‘J £AN-BART.” 
~—We read in the Moniteur de la Flotte that the Société 
des Forges et Chantiers de la Méditerranée have received 
the order for the propelling-machinery, Parsons’ turbines, 
for the battleship Jean-Bart, the first of the two Dread- 
noughts of the recent French naval programme. The 
turbines are to be built at their La Seyne works; they 
are to aggregate 30,000 horse-power, and to give the ship 
a speed of at least 20 knots. There are to be two turbine 
sets and four propeller shafts. The normal turbine speed 
is to be 300 revolutions per minute, and is not to exceed 
340 revolutions at full speed. The machinery is to be 
built, fitted on board, and ready for the official tests in 
thirty-four months. 


CoytTrActs.—We understand that Messrs. Clarke, 
Chapman, and Co., Limited, Gateshead-on-Tyne, have 
recently received some large orders for their Woodeson 
pa‘ent water-tube boilers, among which are the follow- 
ing :--An order for an installation of boilers for extensions 
to the generating station at Devonport Dockyard, this 
being a repeat order for this type of boiler received from 
the Government during the last twelve months ; four large 
boilers for Messrs. W. Sommerville and Sons for their 
paper works ; four boilers for utilising the waste gases 
from coke-ovens for the Nunnery Colliery Company ; 
four boilers for utilising waste heat from reheating fur- 
naces for Messrs. Wm. Cooke and Sons; four lar 
boilers for Sir B. Samuelson and Sons, Middlesbrough, 
to work in connection with blast-furnace gases ; and one 
boiler to utilise the waste heat from reheating furnaces 
for Messrs. Brown, Bayley, and Co., as well as one for 
the Luton Corporation, and another for a Whitehaven 
colliery. These orders are all for this country ; but, in 
a there are several orders in hand for the Conti- 
nent, &. 


SPECIFICATION FOR PORTLAND 
Crment.—The Engineering Standards Committee have 
just published a revised edition of the above specifica- 
tion, the original of which appeared in 1904. The prin- 
cipal alterations to the previous edition relate to the 
setting-times of cement. 7 has been found that, while 
the final setting-times determined by the British Stan- 
dard and Vicat needles agree yery closely, the initial 
setting-time, as determined >y the British Standard 
needle, differs considerably from that given by the 
Vicat needle, as well as from that obtained by the 
rough-and-ready test of the finger nail. It has been 
decided, therefore, that only one instrument shall be 
specified, and the Vicat néaiile has been adopted. With 
regard to chemical composition, a minimum amount of 
lime has been specified, with the object of excluding 
cements other than Portland, and provision is made for 
limiting the amount of sulphur present in the cement, 
whether as sulphates or sulphides. The instructions for 
gauging cement have also m slightly modified. The 
specification is published at 5s. net, and may be obtained 
direct from the offices of the Committee, 28, Vietoria- 
street, Westminster, S.W., or from Messrs. Crosby 
Lockwood and Son, 7, Stationers’ Hall Court, Ludgate- 
hill, London, E.C. 
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THE SALE AND PURCHASE OF MOTOR- 


SEEING that it is some fourteen years ago since the 
motor-car me the subject of sale and exchange, it is a 
little surprising to find how few cases there are which 
deal with the rights of vendors and purchasers. This 
absence of reported decisions is due to a variety of reasons. 
In the first place, the actual law as to sale of goods is so 
clearly defined by the Sale of Goods Act, 1893, that 
there is but little difficulty in ascertaining it. Secondly, 
cases which do arise are so highly technical that they are 
referred to arbitration or to an ofhcial referee, and are not 
reported. Finally, there has undoubtedly been a reluc- 
tance on the part of the man who is selling a car to give 
any sort of warranty with it. It would be dangerous to 
warrant a car ‘“‘sound in wind and limb” when there 
are so many minor ills which may be the means of 
preventing a car going satisfactorily. 

We are able, however, to record one case, decided last 
week in the Court of Appeal, where an interesting ques- 
tion was considered. It appeared that in February, 1906, 
the plaintiffs (the Bristol Tramways and Carriage Com- 
pany) bought from the defendants (Fiat Motors, Limited) 
a 24-40 horse - power Fiat omnibus complete for 850/. 
Subsequently they ordered six 24-40 horse-power omnibus 
chassis for delivery in April and May. ere was delay 
in delivery of the chassis, and when they were delivered 
the plaintiffs alleged that they could not be used until 
they were reconstructed, as they were too light. It was 
alleged that the defendants well knew the purpose for 
which they were to be used, and that the plaintiffs, having 
relied on the defendants’ skill and judgment to supply 
them with suitable chassis, were entitled to damages. ‘I'he 
plaintiffs relied on Section 14 (1) of the Sale of Goods Act, 
1893, under which, as the defendants knew the purpose for 
which the bus and chassis were to be used, there was an im- 
plied term in the contract that they should be of merchant- 
able quality and reasonably fit for the plaintiffs’ purposes. 
The defendants, in reply, relied on the following proviso to 
the section :—‘‘ Provided that in the case of a contract 
for the sale of a specified article under its patent or other 
trade name, there is no implied condition as to fitness for 
any particular purpose.” The Court of Appeal held that 
neither the bus nor the chassis were sold under a trade 
name. The Master of the Rolls said :—‘‘It is to me plain 
from the evidence that, at the time when these contracts 
were entered into, a Fiat omnibus was not a trade name. 
It, no doubt, meant an article sold by the defendants, an 
English company, and pce Aer cna f by an Italian com- 
pany having intimate business relations with the English 
company, but the whole design, structure, and arrange- 
ment of the Fiat omnibus was a matter of uncertainty, 
according as the makers might from time to time consider 
improvements to be desirable. The defects in the 
omnibuses sold were apparently due to their being too 
slightly built, and being suitable for touring purposes 
rather than for heavy traffic.” In the event, the plaintiffs 
had judgment for 2,300. The point which this case em- 
phasises is that where the vendor of a motor-car knows 
the purpose for which a car is wanted, he impliedly 
undertakes to supply a car which is reasonably fit for 
that purpose. F x al to do this may involve him in un- 
pleasant consequences. 








INTERNATIONAL CONGRESS OF ReEFRIGERATION.—The 
second International Con of Refrigeration is to be 
held in Vienna from October 6 to 12. It is to be divided 
into six sections, dealing with ‘‘The Science of Cold,” 
‘* Industrial Production of Cold,” ‘‘ The Application of 
Refrigeration to Food,” ‘‘The Application of Cold in 
other Industries,” ‘‘ Transport,” and ‘* Administration 
and Legislation.” The hon. secretary for the United 
Kingdom is Mr. R. M. Leonard, 3, Oxford-court, Cannon- 
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Dock or THE CHANTIERS DE LA GIRONDE, BorDEAUX. 
In one of our former issues (see ENGINEERING, vol. 
Ixxxiii., pages 796 to 798) we gave a brief description of 


the wet dock being built at the yard of the Société 
anonyme des Chantiers et Ateliers de la Gironde, Bor- 
deaux, for completing the Vergniaud, one of the six 
French Dreadnoughts ordered from the io The 
construction of the wet dock was ey Lge with— 
according to a paper recently read before the French 
Institution of Civil Engineers—when it was decided 
between the company and the contractors, Messrs. 
Schneider and Co. and Vigner, to make the dock an 
‘* optional ” dry dock ‘‘cale seche de fortune ;” the follow- 
ing conditions were agreed upon :—The pressure tend- 
ing to blow up the floor was not to be counteracted 
by increasing the thickness of the masonry work, 
but series of gullies were to be provided to allow 
the ground water to flow to a 3 whence it would 
be drained by a pump. The Gironde Company agreed 
to determine in each case the time the pumping 
out of the dock should take, the object being not to 
subject the walls too suddenly to the pressure exerted 
on their outside by the een | surrounding ground. It 
was decided further to strengthen the work as originally 
designed, particularly at the foot of the counterforts and 
near the arches built along the two sides. The sill was to 
remain of comparatively small thickness, its object being 
to facilitate the cleaning out of the dock when dry ; special 
foundations—piles and a 5 however, to be pro- 
vided underneath the keel-blocks. The floating caisson 
closing the entrance was to be built sufficiently strong to 
withstand the total water pressure corresponding with 
the difference of level between + 7 m. (23 ft.) and — 5.2 m. 
(17 ft.). The above work has been carried out, and the 
dock has received the Vergniaud for her fitting out. The 
= dimensions remain practically those of our former 
article. 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was firmer, and 4000 tons of Cleveland 
warrants were dealt in at 50s. 14d. and 50s. 1d. cash, and 
at 50s. 74d. October 28. Closing sellers quoted 50s. 14d, 
| cash, 50s. 44d. one month, and 50s. 104d. three months. 
| Buyers of hematite offered 65s. 9d. cash, but sellers 
| wanted 66s. 3d. In the afternoon the market was steady, 
and 2000 tons of Cleveland warrants changed hands At 
50s. ld. cash and 50s. 4d. one month, and the sessivy 
closed with sellers’ quoting unchanged from the morn- 
ing. On Friday morning an easier tone prevaile:(, 
and about 3000 tons of Cleveland warrants were done 
at 50s. 1d. and 50s. cash, and 50s. 84d. three monthis. 
At the close sellers’ quotations were 49s. 114d. cash, 
| 50s. 24d. one month, and 50s. 84d. three months. The 
| market was quiet in the afternoon, and Cleveland war- 
|rants were dealt in at 50s. 3d. one month and 50s, &d. 
| three months, with closing sellers at 50s. cash, 50s. 3d, 
| one month, and 503. 84d. three months. The turnover 
was 500 tons. Hematite—one lot—changed hands at 
66s. 3d. October 13, with buyers over at 66s. cash and 
66s. 3d. one month. On Monday morning the tone was 
steady, and 2000 tons of Cleveland warrants changed 
hands at 49s. 11d. cash and 50s. 2d. and 50s. 24d. one 
month, and closing prices were 50s. cash, 503s. 3d. one 
month, and 50s. 9d. three months sellers. Buyers of 
hematite offered 66s. 3d. cash, but there were no sellers. 
The afternoon session was dead idle, but Cleveland 
warrants were steady at 50s. cash, 50s. 3d. one month, 
and 503. 84d. three months’ sellers. On Tuesday morning 
the market was quiet, and the dealings did not exczed 
4000 tons of Cleveland warrants at 50s. O}d. cash and 
50s. 34d. one month, and closing sellers quoted 50s. cash, 
50s. 3d. one month, and 50s. 9d. three months. Hema- 
tite was firm, with sellers at 66s. 9d. cash, and buyers 
offering 663. 3d. cash and 66s. 6d. one month. In the 
afternoon no business took place, but Cleveland warrants 
were firm, with sellers quoting 50s. 04d. cash, 50s. 34d. 
one month, and 50s. 9d. three months. When the 
market opened to-day (Wednesday), a dull tone 
prevailed, and again no transactions were recorded, 
Ihe prices of Cleveland warrants were nominally easier 
at 49s. 114d. cash, 50s. 24d. one month, and 50s. 84d. 
three months sellers. In the afternoon the market tone 
was weak, and about 3500 tons of Cleveland warrants 
were done at 49s. 10d. and 49s, 104d. cash, 50s. i4d. one 
month, and 50s. 74d. three months. Closing sellers quoted 
49s. 10}d. cash, 50s. 14d. one month, and 50s. 8d. three 
months. Hematite was unchanged at 66s. 9d. cash 
sellers. The following are the market quotations for 
makers’ (No. 1) iron:—Clyde, 62s.; Calder and Gart- 
sherrie, 62s. 6d.; Summerlee and Langloan, 64s. ; and 
Coltness, 81s. (all shipped at Glasgow); Glengarnock (at 
Ardrossan), 64s. ; Shotts (at Leith), 62s. 6d.; and Carron 
(at Grangemouth), 64s. 6d. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has continued fairly good during the past week 
or two, and prices are firm. For prompt delivery, 
Glasgow or Leith, the current quotation is about 12/. 5s. 
per ton. The amount shipped } sone Leith Harbour last 
week was 1554 tons. 


Scotch Steel Trade.—Scotch steel makers are at present 
experiencing a very good turn of trade, and specifications 
are fairly plentiful. Ship-plates are still in great demand, 
and angles also show some improvement. In export 
connections an all-round healthy demand exists, and this 
is specially so for light material. The inquiries on hand 
for structural sections, for the Colonies principally, 
amount to a very large tonnage, while that for rails is 
also good. Makers of the latter are exceedingly busy 
just now, and the outlook is bright. Official prices are 
without change. At a meeting of the Scotch Steel 
Makers’ Association, held in Glasgow last Friday, an 
amicable settlement was arrived at with regard to the 
working of the new scheme which was recently agreed to. 
The new conditions were to come into force without 
delay. 

Malleable-Iron Trade.—The malleable-iron makers in 
the West of Scotland again report an improvement in 
business, and with a better demand for material, and an 
increase in the number of inquiries, the future is regarded 
more hopefully. Another feature of importance is the 
fact that Continental prices have recently been raised, 
and it is thought here that this may be of some advantage 
to the local makers. The various works are managing 
to maintain running the full number of shifts. 


Scotch Pig-Iron Trade.—A good volume of business 
continues to be done in Scotch pig iron, and prices are 
very firm. A steady demand exists from all the prin- 
cipal buying centres, and at least one good line was tixed 
up the other day for immediate dispatch to Canada. 
Hematite is still quiet, and fresh buying is very poor. 
The current quotation is from 68s. to 68s. 6d. per ton. 


i ease Ha Campbeltown Shipbuilding Com- 
| pany have received a contract from the Union Steamship 
| Jompany, New Zealand, for a screw steamer of about 
| 2400 tons dead-weight.—Messrs. George Brown and (v.. 
| Greenock, have secured an order from Messrs. John Reid 
‘and Co., Naval Architects, Glasgow, to build a tug boat 
|for colonial owners.—Messrs. Scott’s Shipbuilding and 
Engineering Company, Greenock, have contracted to 
build a passenger and ‘o steamer of 12,000 tons capa- 
city for the Ocean Steamship Company, Liverpool. 











| Durnam Coat ror Francr.—The Paris, Lyons, and 

Mediterranean Railway Company has let a contract for 
| 125,000 tons of Durham steam-coal. The contract was 
| taken by a Neweoastle firm at 8s. 6d. per ton free on board. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Armour-Plate and German Rolls.—A little stir has been 
caused in the city during the week by a suggestion that 
Shettield armour-plate manufacturers were obtaining 
large rolls made by a German firm. In the report of a 
Tariff Reform delegation to Germany it was stated that 
one of the delegates had witnessed heavy rolls being made 
in Germany for a Sheffield firm. Evidently the delegate 
was under a misconception, for the Sheffield armour-plate 
houses know of no such orders. For the most part, it is 
stated, they make their own. Again, Messrs. Davy 


Brothers, of Sheffield, have specialised in the installation | — 


of these big rolling-mills, and execute a good deal of work 
on foreign account. It was further announced in the 
report that the mills were to be electrically-driven, but 
there is no indication of any intention on the part of the 
Sheffield makers to institute such a drastic change. 


Brightside Foundry.—The Brightside Foundry and 
Engineering Company, Limited, after going through a 
period of depression early in the year, have now ‘‘found 
their feet,” and at the present time are doing well and 
prepared to meet any demand. It was stated at the 
annual meeting the other day that the engineering de- 
partment was working night and day, and that the 
foundry was on full time. Considering the condition of 
the engineering trade during the year, the directors did 
not look upon the dividend of 5 per cent. per annum on 
the ordinary shares as unsatisfactory. The net profit for 
the year was 47051. 

Agricultural Specialities.—During the past season many 
Shettield firms have done excellent business in the various 
agricultural specialities manufactured in the city. The 
output of sheep shears has, in many cases, been a record, 
and in all kinds of machine knives a very active trade 
has been maintained. It is by sheer superiority that 
Sheffield goods of this class have held their place both 
in the Colonies and the heavily protected Continental 
countries. There is at present a very big demand from 
Russia for reaper sections. 


Tron and Steel.—Although the recent reduction in 
Lincolnshire irons has not encouraged buying to any 
notable extent, more activity has been visible in the iron 
market during the week, and there is a better outlook. 
In spite of big consumption, hematites remain rather 
weak, East Coast mixed numbers being as low as 70s. 
German competition in billets has not been nearly so 
keen; in fact, there has been some price advance in 
Continental makes. The local makers are consequently 
doing well upon an increased demand. There are signs 
of a better state of affairs in finished iron. The long 
depression has just been relieved by a number of orders 
for hoops, bars, and sections, and it is expected that 
the demand will be maintained throughout the rest 
of the year. Derbyshire pipe foundries are fairly 
well employed. A continually increasing amount of work 
in the general steel trades promises well for the main- 
tenance of the prophesied improvement. At the same time 
it appears, according to the statements of manufacturers, 
that this does not represent such a favourable state of 


affairs as it would havedone a few years back. They say | Y 


that big increases in turnover are an absolute necessity if 
profits are to be kept up, and this growth in the amount of 
work is becoming more imperative every year. The com- 
petition thus engendered for what work is going forward 
1s quoted in explanation of the undercutting in prices. At 
any rate, work is coming in in large quantities at the 
present moment, and some firms are full up of orders. 
A great deal is being done in tool-steel. A substantial 
order for the Indian railways will bring welcome sub- 
sidiary work on wheels, springs, axles, &c., to Sheffield, 
and contracts have also been placed by the India Office 
with city firms for tyres and oes. 

_ South Yorkshire Coal Trade.—The market for hard coal 
is steady, and prices have been firm throughout the week. 
Under present conditions of good demands there is a 
prospect of even better figures before the end of the 
shipping season. Next week occurs the annual holida, 

at the pits around Barnsley, and with the near approac 

of the Doncaster race week in addition, collieries are 
being rather pressed for deliveries. There are very few 
stocks in hand, in best qualities none at all, and most of 
the pits are working full time. There are big tonnages 
for shipment, and industrial requirements promise well. 
In small coal there has been a big falling off as compared 
with previous weeks. Thescarcity of cotton and the short 
time being worked at Lancashire mills is responsible for 
this. Good prices can be obtained for best slacks, but 
the poorer sorts have weakened. House coal does not 
show much change, though stocking orders are beginning 
to put « fresh complexion on the market, and the country 
trade has already improved. The London demand is 
below the average, but is expected to improve shortly. 
Stocks at collieries are not quite.so heavy. Prices have 
changed very little so far. Latest "Change quotations 
are :—Lest Silkstone, 11s. to lls. 6d. ; Silkstone, 8s. 9d. 
to Ys. 3d.; Derbyshire brights, 1@s. 6d, to 11s. 6d. ; 


Yorks! ire hards, 9s. 6d. to 10s.; Derbyshire hards, 
. _. to os. = ; rough slacks, 5s. 6d. to 6s. 3d. ; smalls, 
8. bd. to 2s, » 








IT\.1AN Stegt.—The production of steel in Italy in the 
teti years ending with 1909, inclusive, was as follows :— 


Year Tons. Year. Tons. 
1900 111,589 1905 244,793 
1901 123,310 1906 332,924 
12 108,864 1907 346,749 
a 154,134 1908 437,674 
O04 177,086 1909 .. .. 608,795 

It will be observed that the output made considerable 


progress during the decade. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.— Business is generally looking 


up in the pig-iron trade, and the position of makers has | good 


improved considerably, for they have booked good orders 
this month, and are no longer pressing their iron upon 
the market for sale. It is now the consumers who are 
the more anxious to operate, as they are not likely to be 
able to satisfy their autumn requirements on more 
favourable terms than the present ; indeed, it is almost 
certain that they will have to pay more if they wait. 
verybody is expecting brisker trade and higher prices 
this autumn, and the market is cheerful and sanguine 
notwithstanding that statistics are not so favourable this 
week as they have been, and stocks are accumulating in 
Connal’s store at a somewhat rapid rate, 3500 tons having 
been added in the first three days of this week, and over 
13,000 tons this month, every day but two showing some 
increase. The news from Germany and the United 
States as to the over-production of pig iron has a rather 
bad effect upon the market, and that there is over- 
roduction in this district is generally conceded ; 
ut still the outlook is encouraging, and producers 
are not ina hurry to sell. They couid sell heavily for 
delivery. up to the end of the year if they would 
accept the premiums that consumers offer on prompt 
prices, but these are not considered adequate. The 
ge a f.o.b. price for No. 3 Cleveland g.m.b. pig iron is 
per ton; for No. 1, fully 53e.; for No. 4 foundry, 
49s. 3d.; for No. 4 forge, 49s.; and for mottled and white, 
48s. 6d., with 6d. to 1s. per ton more in each case for 
delivery over the autumn season. It is unfortunate that 
the East Coast hematite pig iron fails to show improve- 
ment; some might well be looked for when the steel 
mew be becoming steadily brisker all round, and more 
particularly those branches which are the chief consumers 
of hematite iron. Too much, however, is being produced, 
and this keeps prices down. The quotation by makers 
for mixed aioe is 63s. Gd. per ton, that being the 
lowest price that has been reported this year, and it is 
3s. 6d. per ton below the best figure of the year—67s. in 
April. But second hands do not hesitate to accept 63s. 
German competition in this branch is complained of, 
for German hematite iron is being sent vid Rotterdam 
to South Wales, and some has even gone to Barrow. 
South Wales has been a good market for East Coast 
hematite iron. The strike in the Bilbao district 
is preventing the importation of Rubio ore from that 
quarter, and ironmasters here have to procure “rue of 
ore more largely from the south of Spain and North 
Africa, though the majority of hematite makers on the 
Tees and Tyne have still good stocks of Rubio ore in their 
yards. Furnace coke has become firmer in price, it is 
more freely taken, and makers are not pressing it so 
strongly on the market. Fully 16s. per ton has now to 
be paid for it delivered here. 


Manufactured Iron and Stecl.—In most branches the 
demand has become more active, and works are more 
fully occupied than they have been for the last three 
years. But it cannot be reported that the situation has 
improved enough to justify producers in advancing quota- 
tions. Prices have not been raised for a long time, but 
it is expected that plates and other shipbuilding material 
will be advanced very shortly. The present quotation 
for iron and steel ae is 6/. 10s., less 2} per cent. ; 
for steel ship-angles, 6/. 2s, 6d.; for iron ship-angles, 7/. ; 
for packing iron and steel, 5/.-15s. ; for iron ship-rivets, 
7l. 7s. 6d., all less 24 per cent. f.o.t. The demand for 
galvanised steel sheets is such that the works, running to 
their fullest capacity, are barely able to satisfy it, and 
not less than 11/. 10s., less 4 per cent., will be accepted 
for f.o.b. deliveries of 24 gauge. Excellent shipments 
of these, and also of black sheets, are reported. The 
inquiry for steel rails, &c,—1.c., railway chairs—is again 
improving, and prospects are encouraging. Heavy steel 
railsare at 5/. 10s. net f.o.b., and railway chairs at 3/. 10s. 
The bar-iron makers still are affected by depression, and 
have difficulty in keeping their mills in full operation, 
but nevertheless they maintain the price of common iron 
bars at 7/., of best bars at 7/. 7s. 6d., and of best best bars 
at 7/. 15s., all less 24 per cent. f.o.t. 


Electrical Plant at the Newport Blast-Furnaces.—The 

enerating -station at the Newport blast-furnaces of 
| en Samuelsons, at Middlesbrough, started two years 
ago, originally had a capacity of 4000 electrical horse- 
power. The main equipment consisted of two 1650-elec- 
trical-horse-power turbo-alternators of the Parsons type, 
driven with steam superheated with blast-furnace gas. 
There is also a 700-horse-power high-pressure turbo-alter- 
nator. Two 1250-k.w. three-phase turbo - alternators, 
running at 2400 revolutions per minute and fonerating at 
6600 volts, have recently been installed. e turbines 
are of the double-flow reaction type, the steam being 
expanded from atmospheric ——- to condenser pres- 
sure. Condensation takes place in condensers situated 
beneath the turbines, the air-pumps being of the West- 
inghouse-Leblanc type, water-sealed, the pumps of which 
are driven by squirrel-cage motors, The plant has been 
matin nln by the British Westinghouse Electric and 
Manufacturing Company, Manchester; the owners of 
the station are the Waste Heat and Gas Electrical Gene- 
rating Stations, Limited, and the whole of the work has 
been carried out to the designs of Messrs. Merz and 
McLellan, consulting engineers to the Waste Heat Com- 
pany, and to the Cleveland and Durham Electric Power 
Company, to whom the bulk of the power generated is 
supplied. This scheme affords another example of that 
co-operation between the owners of the waste heat and 
the electric power companies to which Sir Hugh Bell and 





other ironmasters have recently directed attention. 





NOTES FROM THE SOUTH-WEST. 


Curdiff.—The steam-coal trade has been quiet, but for 
prompt loading sellers have declined to make conces- 
sions ; for later shipments the tendency was scarcely so 
The best large steam coal has been quoted at 
16s. 3d. to 16s. 6d. per ton; ordinary qualities have 
brought from 14s. 9d. to 15s. 6d. per ton ere n 
little change in house coal; the best sy! ualities 
have made 14s, 6d. to 16s. per ton; No. hondda 
large has brought 17s. to 17s. 3d. per ton ; smalls, 9s. 6d. 
to 9s. 9d. perton. No. 2 Rhondda large has made 10s. 9d. 
to lls. 6d. per ton; smalls have been quoted at 7s. to 
7s. 3d. per ton. Foundry coke has realised 18s. to 20s. 
per ton, and furnace ditto, 16s. 9d. to 17s. 3d. per ton. 
As regards iron ore, Rubio has made 19s. 3d. to 19s. 9d. 

r ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


The “ Indefatigable.”—The last pair of twelve breech- 
loading 50-calibre guns has been lifted on board, thus 
completing the main armament. A commencement has 
also been made with the secondary armament of 4-in. 
quick-firing guns, deliveries of the mountings having been 
carried out by the Coventry Ordnance Works. Each 
mounting weighs approximately 25 cwt. The conning- 
towers have been lifted on board, and the work of fixing 
them is well advanced. In the machinery department 
efforts are being made to complete the work of connecting 
up the turbines and preparing for the steam trials, and 
the end of October or early part of November is now 
spoken of as the probable date at which they will be 
commenced. 


The Geological Survey.—In South Wales the re-survey- 
ing of Sheets 227 egy 244 (Linney Head) has been 
carried to the sea. In Pembrokeshire the survey of the 
Slode coalfield has been completed. 


Gloucester Wagon Company.—The report of the 
directors of the Gloucester Railway Carriage and Wagon 
Company, Limited, for the year ending Youn 30 states 
that the disposable balance, after deducting the interim 
dividend paid March 1 (9197/.) is 25,2120. The directors 
recommend a dividend for the past half-year at the rate 
of 10 per cent. per annum free of income-tax (18,394/.), 
making 7} per cent. for the year, a balance of 6818/, 
being carried forward. The company now repairs and 
maintains 24,956 wagons, including its own. 


Brecon and Merthyr Railway.—No relaying was carried 
out during the past half-year, but about one.mile has 
been re-sleepered, and four bridges have been renewed 
with steel girders. The cost of locomotive power was 
less by 1477/., all items being down without exception, 
while a provision of 775/. has been made for new engines. 
There has been a large saving in coal, stores, and other 
materials, although twelve engines have undergone heav 
repairs in the shops. The lighting of the shops wit 
DeLaitte Petrol-Gas has been a success, having greatly in- 
creased their efficiency, while being also less costly than oil. 
The net result of the past half-year’s working was a saving 
in expenditure of 4156/., and the ratio of working 
expenses was reduced to 60.08 per cent. against 62.66 per 
cent. in the corresponding period of 1909. Excellent 

ress has been made with a large new colliery at 

was. The shafts are down 215 and 140 yards respec- 
tively, and the maximum depth of 600 yards is expected 
to be reached in twelve months. Extensive new sinkings 
of the Powell-Duffryn —— are in progress at Pen- 
garn, and a connection has n effected with the Brecon 
and Merthyr system. 


The Eight Hours’ Act.—At a meeting of the Cardiff 
Chamber of Commerce on Friday the president (Mr. 
Trevor Jones) said the Eight Hours’ Act had done an 
immense amount of harm, and had resulted in a big loss 
to the South Wales coalfield. Statistics prepared by Mr. 
F. L. Davis showed that there was a loss of 3 per cent. 
a man, despite the fact that several new collieries had 

n opened up in the district. The chairman of the Taff 
Vale Railway Company, at the half-yearly meeting, had 
also stated that they had carried 550,000 tons of coal less 
A.J past six months, and that was a serious thing for 

Jardiff. 





AUSTRALASIAN WIrELESS.—The Australian Federal 
Government has decided to accept the recommendations 
of a radio-telegraphic conference, held at Melbourne in 
December, with respect to a system of wireless stations 
in-the Pacific... High-power stations will be erected at 
Sydney, at Doubtless Be , New Zealand, at Suva, Fiji, 
and at Ocean Island. These statignéare to be capable of 
receiving and transmitting waves up to 6000 ft., in addi- 
tion epioedinary commercial waves. Medium-power 
stations are to be erected at Tulagi, in the Solomon 
Islands, and at Vila, in the New Hebrides. High-power 
stations are defined as having a normal range of 1000 
nautical miles and over,. while medium-power stations 
will have a range of 500 nautical miles. Taking it for 
granted that the Commonwealth and the New Zealand 
Governments will construct the Sydney and Doubtless 
Bay stations at their own expense, the cost of the 
remaining stations is estimated at 42,000/., of which the 
Imperial Government's proportion would be 23,334/., the 
Commonwealth’s 12,833/., New Zealand’s 2333i., and 
Fiji’s 3500/. The annual cost of maintenance is estimated 
at 13,820/., to which Great Britain would contribute 77161., 
the Commonwealth 4234/., New Zealand 748/., and Fiji 
1122/. There is, however, good ground for thinking that 
the cost of construction will be well below the estimate, 
the contracts of the Commonwealth for its Sydney and 
Fremantle stations (each having a range of 1250 miles) 
having been let for 41502. each to the Australasian Wire- 
less, Limited. 
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BATTLESHIP DESIGN. 


THE preparation of the Neptune for her steam 
trials, which will be run in a few days, the launch 
of the Orion, and the newspaper reports regarding 
the design of the ship to take the place of the 
Orion on the building slip at Portsmouth Dockyard, 
are prominent features of the week in connection 
with current Navy news. Most attention has 
been devoted to the last of these three important 
items, because of the sensational character of the 
report that the new vessel is to be fitted with 
internal-combustion engines. Such a statement 
was made about a year ago in connection with the 
Indefatigable, and might be treated by engineers 
with the same silence as then; but it is advisable, 
in view of the wide publicity given to the statement, 
to refer to the situation and to the potentialities of 
internal-combustion engines. It may be stated at 
once that, to say the least, the probabilities are 
distinctly opposed to the adoption of gas-engines 
on a large scale in war-vessels for some years. 
The idea is undoubtedly practical, and was fore- 
shadowed in the paper read two years ago at the 
Institution of Naval Architects by Mr. James 
McKechnie, of the Vickers Company, who very 
properly adduced reasons for stimulating research 
work in order to overcome the difficulties, in detail 
rather than in principle, which must be solved 
before the great advantage of gas-engine propulsion 
can be realised. There is no need to again recapitu- 
late these advantages and difficulties of the system, 
although we are tempted to enunciate some of them 
clearly, in order to moderate the enthusiasm of the 
expert of the daily newspaper, and to show that the 
adoption of the system will not render obsolescent 
all existing ships. 

The difticulties are associated with the design 
of a satisfactory gas-producer rather than with 
the engine, and the spirit of aspiration prevailing 
must be satisfied with the conviction that not only 
are constructive engineers, but Admiralty officials, 
devoting experience and complete knowledge of the 
conditions to the solving of the problems. It is 
easy to manufacture a producer which will run effi- 
ciently with anthracite coal, but, as has time and 
again been pointed out, this fuel is not only 
limited in supply, but its distribution throughout 
the world is restricted, and thus, although the con- 
sumption, measured by units of weight, may be 
low, the cost per unit of power must be high, while 
the unreliability of supply is operative in the case of 
a fleet which is spr over the whole globe. Nor 
is it quite clear that there will be economy either 
in space occupied or in weight. It is very pro- 
blematical, too, whether funnels can be dispensed 
with, as the exhaust from the engines has to be dis- 

sed of. There may be saving in the complement 
in the stokehold staff, and other gains may accrue ; 
but consideration must be had to the net result, 
when advantage and disadvantage alike in economy 
and weight and cost are carefully balanced. 

We have much greater hope of the oil-engine, 
because here no producers are required, and it is 
possible to save largely in space occupied and also in 
weight. Moreover, te time occupied in filling the 


“°* | tanks must be considerably less than in coaling ship, 


while the space utilisable for storing oil on board ship 
is less valuable, from the point of view of fighting 
requirements, than that for coal-bunkers. Courage 
is, however, necessary in adopting the oil-engine in 
lace of, or in association with, the steam-turbine, 
use of the high efficiency realised by, and the 
strategic advantages of, this widely-adopted system 
of propulsion. 

t is true that the fuel consumption per unit of 
power must be considerably less with the oil-engine, 
and that there are other advantages, but when it is 
remembered that at the present time the unit of 
power adopted in practical work in the case of oil- 
engines is very small, and that an advance in size 
introduces difficulties more pronounced than a 
similar increase in the case of many mechanical 
appliances, it will be seen that naval constructors, 
as well as Admiralty officials, must walk warily in 
view of the seriousness of failure. We are, never- 
theless, certain that within a short time the oil- 
engine will be applied, at all events tentatively, 
for the propulsion of warships—a view which is the 





more justifiable when consideration is had to the 
distinct success achieved in submarine craft. More- 
over, on the Continent there is every indication of 
a great step being immediately taken, because we 
learn on good authority that oil-engines with single 
cylinders, of a power up to 2000 horse-power, are 
being built for experiment in marine propulsion, 
and that the fe: oe of reversing has been over- 
come to such an extent as to justify distinct promise 
of success. In this work the German naval authori- 
ties are said to be interested to a considerable 
extent, and they have agreed to a certain measure 
of financial support. Various naval shipbuilding 
firms also are involved. 

It is important, therefore, that our Admiralty 
should encourage in the immediate future more 
than in the past the valuable research work which 
is in progress. The potentialities of success estab- 
lished by the experimental work of at least one 
of our naval construction firms are such that 
there is justification for the authorities at White- 
hall offering financial support in connection with 
the application of the system to a destroyer or 
even a second-class cruiser. It is scarcely fair 
that the financial responsibility of possible failure 
should rest entirely upon the contractors, in view 
of the great tactical advantages which would 
accrue from the application of the system. Given 
conditions which promise a tactical success, the 
Admiralty, we think, might very reasonably adopt 
the conditions accepted by at least one Continental 
Power—of paying one-half of the cost of the experi- 
ment in the event of failure, while agreeing to pay 
the full cost in the event of success. Alternatively, 
if satisfied that the promise of success is based on 
sound engineering knowledge and experience, the 
work of fitting a cruiser should be carried out on 
the principle of ‘‘time and lime.” We have no 
doubt that success would be achieved, if not imme- 
diately, certainly as the result of trial and error ; 
and in the interests of naval progress and commer- 
cial supremacy we hope that the Admiralty will 
take such steps. For the present, however, no 
definite decision has been come to in connection 
with the application of internal-combustion engines, 
but the Admiralty are watching the development of 
events with greatly intensified interest. 

The other two naval events of the week to which 
we have referred—the forthcoming trials of the 
Neptune and the launch of the Orion—of them- 
selves suggest the spirit of enterprise which charac- 
terises the Admiralty technical officers at the 
present time. The Neptune is a development of 
the Dreadnought design, and the engravings pub- 
lished on pages 304 and 309, prepared from 
photographs by Mr. Stephen Cribb of Southsea, 
clearly show at least one of the important features 
of the modern battleship. This is concerned with 
the arrangement of the guns in order to secure the 
maximum utility from all of the weapons. It will 
be remembered that in the Dreadnought there were 
five turrets, each with two 12-in. 45-calibre guns. 
Three of these turrets were arranged in the centre 
line of the ship, one forward and two aft ; but only 
two could be used for firing astern and two forward. 
On each beam amidships in the same 'thwartship 
line there was a turret, each with two guns, so that 
all of these guns could fire ahead and astern. These 
a? in the waist of the ship could, however, only 

fired on beam-bearings on the side of the ship on 
which they were placed. Thus the broadside fire 
was only eight guns, as in the later German ships. 
Almost simultaneously with the laying down of 
the Dreadnought there was evolved the design 
of the Invincible, and here in the emplacement of 
the guns the old practice of echelon turrets was 
adopted, so that the beam guns could fire on either 
broadside, the port guns firing across the deck on 
the starboard beam, and the starboard guns simi- 
larly bearing on the port beam. All of the eight 
12-in. guns could thus be brought to bear on either 
broadside, and at the same time there were six 
guns to fire ahead or astern. 

As we pointed out in a recent article on cruiser 
design (see page 237 ante) the view of tacticians 
has undergone a change, since less importance is 
now attached to bow and stern fire, and more to 
broadside action. As a consequence, naval archi- 
tects have greater freedom in the disposition of 
guns, and all of the guns in the Lion and in the 
battleship Orion and the later ships of these types 
are fitted in the centre line. 

The Neptune, however, belongs to the class 
where echelon emplacement is adopted for the 
amidship guns, while, as in some of the battleships 
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succeeding the Dreadnought, the guns in the two 
aft turrets are placed on different levels, the rear 
guns in these adjacent turrets being at a higher 
level than the aft guns. This is well shown in the 
engraving, Fig. 1 on page 304, where the pair of 
rear ¢uas is shown trained fore and aft, while 
the aft pair of guns is trained on the beam. 
Forward there is a turret for one pair of guns 
on the same level as the rear guns, to the 
right of the engraving, Fig. 1. The method of 
mounting the amidships guns is clearly shown in 
Fig. 2, on page 304, which shows, to the right, the 
aft pair on the starboard side, and the plan of the 
deck-house accommodating the aft bridge and 
engine hatch. This arrangement enables the guns 
to be trained through almost a complete circle, in 
order to allow these two weapons to fire on the port 
beam. The superstructure to connect the fore- 
bridge and the aft-bridge, and to carry the boats 
and the torpedo-repelling guns, isa further interest- 
ing feature of the views. A structure of girder- 
work, of considerable span, carries the necessary 
gangways and chocks for boats, and the supports 
of other top-hamper. 

While this arrangement of guns had considerable 
advantages from the standpoint of bow and stern 
fire, it limited the are of training of at least one 
pair of guns on each beam, and, consequently, 
the system of placing the guns on the centre line 
was adopted, as in the Lion and Orion. In this 
case it became possible to mount four guns in two 
turrets at different levels forward as well as aft 
as in the Neptune, and thus four guns fire ahead 
as well as four astern ; in the centre line there is 
another pair so placed as to give a wide angle of 
training on both beams. Moreover, the guns of the 
Orion are of 13.5-in. bore and 45 calibres in 
length, instead of 12-in. guns of 50 calibres in 
the Neptune ; but as we reviewed the condi- 
tions which justified this advance in our previous 
article, already referred to, it is not necessary 
to make further mention of these. The change 
in the size of gun, however, adds considerably 
to weight ; probably the net increased load from 
gun, gun-mounting, armour for the barbette and 
for the same supply of ammunition for the larger 
charges, is from about 600 to 800 tons. But to 
aie these guns to be satisfactorily placed an 
increase in the ship’s length was necessary ; to 
ensure the same speed higher power was required ; 
and to give the same radius of action a greater fuel 
supply, so that the total increase in displacement is 
much greater, and thus the Orion marks in size and 
tonnage a very large step as compared even with 
the Neptune, as the following table clearly shows : 


Particulars of Successive ‘* Dreadnought” Types 




















of Battleships. 
: a 
Sigidd| 8 | 
Name. 2'6/ 6S! é | Guns. 

Ss AF eB | 

ft. ft. tons s.b.-p.| : 
Dreadnought (1906) | 490 82 17,900 23,000 |10 12-in., 24 12-pdr. 
Bellerophon (1907)..| 490 82 18,600 23,000 | 10 12-in., 16 4-in. 
St. Vincent (1908) ../ 500 84 19,250 24,500 |10 12-in., 20 4-in. 
Neptune (1909) .| 510 85 19,900 25,000 | LO 12-in., 16 4-in. 


Orion (1910) .. . 545 88} 22,500 27,000) 10 13.5-in., 16 4-in. 
The designed speed in all cases was 21 knots, and has generally 
been exceeded on trials. 

The turbine machinery of the Neptune, which is 
about to go on trial, has been manufactured by 
Messrs. Harland and Wolff, of Belfast, with whom 
are associated, as in other manufacturing enterprises, 
Messrs. John Brown and Co., Limited, of Clydebank, 
whilethe turbines of the Orion have been constructed 
by the Wallsend Slipway and Engineering Com- 
pany, Limited. The machinery follows generally the 

wractice which has been almost standardised for our 
battleships. Thus there are four shafts, with an 
ahead and an astern turbine on each, but the high- 
pressure turbines in both cases are in one casing, 
while the low-pressure turbines are in separate 
casings. There are no cruising turbines, the practice 
being adopted of passing the steam into an inter- 
mediate stage of the high-pressure turbine at full 
powerand of utilising the whole of the range of expan- 
sion at low powers. The turbines are designed to run 
at 320 revolutions, taking steam at the high-pres- 
sure end at 170 1b. pressure, while the boilers work 
at 235 lb. The power to be developed by the 
Neptune’s machinery is 25,000 shaft horse-power on 
an 8-hours’ trial, when the speed, it is anticipated, 
will be at least 21 knots. In the case of the Orion 
the power is 27,000 shaft horse-power to get the 
same speed. 


THE BRITISH ASSOCIATION MEETING 
AT SHEFFIELD. 


On Wednesday next, August 31, the eightieth 
annual meeting of the British Association for the 
Advancement of Science will be opened at Sheffield 
in the Victoria Hall, under the presidency of the 
Rev. Professor T. G. Bonney, F.R.S. Sheftield 
has been modernised since it first entertained the 
Association in 1879. When enfranchised in 1832, 
it sent two members to Parliament; it has now five 
Pe an ge in Westminster. Incorporation 
followed in 1843 ; the borough became a city in 
1893, and the Duke of Norfolk, who will welcome 
members as Chancellor of the University of 
Sheffield, was the first Lord Mayor in 1897, when 
Queen Victoria opened the new Town Hall. Firth 
College, out of which the University has grown, 
was founded in the year of the first Association 
visit. King Edward and Queen Alexandra inaugu- 
rated the University in 1905, and the present King 
and Queen opened the new University Library, a 
donation of Mr. Edgar Allen, last year. The popu- 
lation of Sheffield, now nearly half a million, has 
doubled in the last thirty years. 

Horace Walpole described Sheffield as ‘‘ one of 
the foulest towns in England in the most charming 
situation.” The surroundings have not lost their 
charm, and the city has improved, although the 
introduction of the heavy-steel trade, the manufac- 
ture of armour-plating, ordnance, and railway 
materials, could not directly be expected to diminish 
the contrast between town and country which 
annoyed the builder of Strawberry Hill Castle a 
century and a half ago, when Sheffield was famous 
for her cutlery only. That fame was well estab- 
lished in Chaucer’s time, though the incorporation 
of the Cutlers’ Company only dates from 1624. 
The Company still enjoys the privilege of having its 
own Trades Mark Registry, and the Master Cutler 
of Sheftield—at present Mr. Herbert Barber—still 
occupies a position next to that of the Lord Mayor. 

The old cutlers did not make their steel. The 
iron ores of the district have been worked from 
ancient times, but there were no blast-furnaces in 
the district before the just-mentioned date. The 
local clay ironstone contained about 0.6 per cent. 
of phosphorus and gave a good cast iron and 
wrought iron, but not a good steel, and the iron for 
the blades came partly from other parts of England, 
but chiefly from Sweden and Styria. Why an 
industry becomes centred in a particular locality 
is generally a question difficult to answer. Shef- 
field is supposed to have developed into an 
industrial centre—for one reason, among others— 
because the rivers, which stopped working the iron 
mines, facilitated trade. The Don, which flows 
through Sheffield, receives four tributaries near the 
city, and the name ‘‘ Sheffield ” has been identified 
with the ‘‘Escafeld,” the ‘‘ Field of Waters” of 
the Domesday Book. 

Benjamin Huntsman, of Doncaster, succeeded in 
1740 in melting in the crucible broken pieces of 
blister or shear steel; he settled at Handsworth 
and Attercliffe, parts of modern Sheffield. Henry 
Bessemer established his firm at Sheffield in 1856. 
The open-hearth process of Siemens-Martin, which, 
as Professors Arnold and McWilliam say in the 
excellent ‘‘ Handbook and Guide,” prepared for 
the meeting, is gradually ousting the Bessemer 
process, also became established at Sheffield, and 
Mr. E. J. Saniter, the originator of one of the 
best desulphurising processes, is now with Messrs. 
Steel, Peech, and Tozer, of Sheffield. The great 
metallurgist, Dr. Henry Clifford Sorby, who died 
in 1908, was descended from one of the first 
master cutlers. Three eminent Sheffield firms 

ossess shipbuilding yards turning out complete 

ttleships, Messrs. Thomas Firth and Sons, asso- 
ciated with Messrs. John Brown and Co., at Clyde- 
bank ; Messrs. Cammell Laird and Co., of Sheffield 
and Birkenhead ; and Messrs. Vickers Sons and 
Maxim, of Sheffield and Barrow. The Hadfield 
Steel Foundry Company was established in 1872, 
and some 400 works are now engaged in the iron 
and steel industry. 

Historically Sheftield has not played an important 
part. The walls of the old castle were destroyed 
during the Civil War, and the castle was after- 
wards demolished, as being beyond repair, by the 
order of the Parliament, on whose authority the 
Earl of Manchester had pointed his guns at it. 
Trade stagnated after the war, until Bolsover in- 
vented ‘‘ Sheffield plating ” (fusing silver on copper) 





in 1742, which, in its turn, had to give way to 


electro-plating, and Huntsman revived the shear- 
steel industry, as already mentioned. Sheffield 
Castle and other seats of the Earl of Shrewsbury in 
Hallamshire—the old name of the district—ar 
associated with the most interesting period of 
Sheftield’s history—-the imprisonment of Mary 
Stuart. The Queen of the Scots was secretly re- 
moved to Sheffield from Chatsworth in 1570, and 
she spent fourteen years there, in the custody of 
the fifth Earl of Shrewsbury, George Talbot, fourth 
husband of the renowned Bess of Hardwick. hie 
alleged intriguing and marriage project with Thomas 
Howard, Duke of Norfolk, ended there, and the 
— with Anthony Babington, which brought 
ary herself to the scaffold, began there. 

Another more recent tragic event is the flood of 
1864, which has left a deep impression upon the 
people of Sheffield. In this case engineers, or the 
contractors, were at fault or had overrated their 
a. The Dale Dyke Reservoir, 8 miles from 

heftield, had been completed in the winter 1863-4, 
and contained on March 11, 1864, nearly 700 million 
cub. ft. of water, retained by an embankment nearly 
100 ft. in height, tapering from 500 ft. at the base 
to a width of 12 ft. at the top. The embankment 
was thought to be capable of resisting any pressure. 
The dam was full after heavy rainfall, and a gale was 
dashing the waves against the embankment, but the 
inspector considered everything safe in the after- 
noon. A crack was pointed out to the contractor in 
the evening. As no water escaped through it then, 
the crack was ascribed to the previous frost ; but 
the contractor opened the sluices and sent for the 
engineer again. When he arrived at 10 o'clock he 
decided to blow up the weir in order to relieve the 
pressure. The first attempt failed. During the 
second attempt the embankment gave way, a little 
before midnight, and the avalanche of water, rush- 
ing down the Loxley and then down the Don, killed 
240 people within half an hour. 

When the Association met at Sheffield in 1879, 
electrical engineering was still sufficiently young 
to justify the Council in having a lecture on 
«© Electricity as Motive Power,” by the late Pro- 
fessor W. G. Ayrton. Mr. W. Crookes discoursed 
on ‘‘Radiant Matter,” and Professor Ray Lankester 
on ‘* Degeneration ;” both these subjects have 
likewise grown, each in its own way, and would 
form appropriate subjects again. The discourses 
of this year will be less controversial. Pro- 
fessor W. Stirling will lecture on ‘‘ Types of 
Animal Movement,” Mr. D. G. Hogarth on ‘* New 
Discoveries about the Hittites,” and Mr. C. T. 
Heycock will give the Saturday evening discourse 
to operatives on ‘‘ Alloys.” In the sectional pro- 
ceedings, lectures and general dircussions, in pre- 
ference to disjointed papers on various subjects, 
will be more general. An Association which has 
reached octogenarian age might claim a certain 
amount of indulgence, on the plea that times 
have altered. It is better, however, that the 
Association should alter with the times, and re- 
organisation has steadily been going on. While the 
number of sections has been increased, conforming 
to the growth of science, specialisation in the papers 
presented to the different sections is discouraged 
by the Council and officers. The success of such 
general rules largely depends on the individuality 
of the chairmen, however, and it cannot be said 
that the sectional presidents have always proved 
able chairmen. There is often far too much lati- 
tude given to the author who does not understand 
that the section room of the British Association 
is not the place where intricate detail should be 
discussed, unless the method or the apparatus 
be themselves the subjects under discussion. 
Though the British Association can no longer 
be what it was in its youth, when science stood 
in need of popular aid for its advancement, the 
Association has not lost its importance. Proof of 
this is given by the resolution of the Common- 
wealth of Australia to invite the Association over 
to their country in 1913 or 1914. When this project 
was informally discussed at Winnipeg last year, 
1915 was the earliest probable date mentioned. 

In accordance with the increasing demand for 
general discussions, the proceedings of the sections 
will overlap a good deal. The Engineering Section, 
G, whose President is Professor W. E. Dalby, will 
discuss the principles of mechanical flight (to be intro- 
duced by Professor G. R. Bryan) in a joint meeting 
with Section A, Mathematics and Physics, and coml- 
bustion and the report of the Gaseous Explosion 
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of files, the laws of electro-mechanics, and the optical 
determination of stress, are othersubjectsto be raised. 
Professor L. W. Hobson, of Cambridge, a pure 
mathematician, will preside in Section A, in which 
Dr. Chree is to open a discussion on atmospheric 
electricity. Thanks to his not being a Sheffield 
man, Mr. J. E. Stead will be able to take the chair in 
the Chemical Section, B—the practice is against the 
appointment of chairmen from the district. Metal- 
lurgical and chemical communications will be made 
by the Sheffield experts, and the problem of the 
economical use of coal will be raised by Professor 
H. E. Armstrong. The Agricultural Sub-Section of 
B will meet under the chairmanship of Mr. A. D. 
Hall, Director of the Rothamsted Experimental 
Station. In the Geological Section, C, Professor 
A. P. Coleman, of Toronto, will preside, and joint 
discussions are planned with Section E, Geography, 
under Professor A. J. Herbertson, of Oxford. 
The presidents of the other sections are: D, Zoo- 
logy, Dr. Hans Gadow ; F, Economic Science and 
Statistics, Sir H. Llewellyn Smith ; H, Anthropo- 
logy, Mr. W. Crooke; I, Physiology, Professor 
A. B. Macallum; K, Botany, Professor J. W. H. 
Trail ; and L, Educational Science, Principal H. A. 
Miers. 

We add the names of the general officers of the 
British Association :—President, Professor T. G. 
Bonney, Sc.D., LL.D., F.R.S.; treasurer, Pro- 
fessor John Perry, F.R.S.; general secretaries, 
Major P. A. MacMahon, R.A., F.R.S., and Pro- 
fessor W. A. Herdman, F.R.S.; assistant secretary, 
Mr. O. J. R. Howarth, M.A.; assistant treasurer 
and chief clerk, Mr. H. C. Stewardson. The 
Association offices at Burlington House were closed 
on August 24, and the Reception Room at Sheffield, 
in the Cutlers’ Hall, will be opened on Monday 
next. With one exception all the sections will 
meet within a quarter-of-a-mile of the Reception 
Room. The local officers have been fortunate in 
being able to make these arrangements. Alderman 
H. K. Stephenson is the local treasurer, and Mr. 
R. M. Trescott, the Town Clerk of Sheftield, and 
Mr. W. M. Gibbons, M.A., Registrar of the 
University of Sheftield, are the honorary secretaries. 
One of the great receptions will this time be a com- 
bined garden party. The University Building and 
the Mappin Art Gallery both adjoin Weston Park, 
and on Tuesday, September 6, the Duke of Norfolk 
will, as Chancellor, receive some guests in the 
University, while the Earl of Fitzwilliam, as Lord 
Mayor, will welcome the others on behalf of the 
city ; the garden party will then be held in the 
park between the two buildings. 

The hand-book deserves special mention. It has 
been edited by Mr. W. 8. Porter, M.D., and Mr. 
Arnold T. Watson. The latter is also the author 
of the article on the silver trade and assay oftice. 
Of the authors of other sections in which we are 
more particularly interested we notice: Professors 
J.O. Arnold and A. McWilliam (iron and steel 
industries), Professor W. Ripper, M. Inst. C.E. 
(engineering industry), Mr. Douglas Vickers and 
Sir Trevor Dawson, R.N. (armour and ordnance), 
Mr. M.H. Habersohn and Professor F. W. Hard- 
wick (mining industry). The 1879 meeting was only 
attended by 1404 members ; a fuller attendance is 
expected this year. The Saturday will, as usual, 
be devoted to excursiuns, and a large number of 
works will be thrown open to members. 

In future issues we shall report the proceedings 
of those sections interesting to our readers, com- 
mencing with the Engineering Section. 








THE EFFECT OF FOREST 
DENUDATION, 

Great diversity of opinion exists as to the effect 
of forests on climate, particularly with regard to 
the intluence of extensive wooded areas on varying 
the amount of rainfall and the character of floods. 
Ithas been stated authoritatively, and the assertion 


has bec n regarded as an axiom in some quarters, 
that forests affect not only the amount of precipita- 
tion, hut control the flow of streams to such an 
extent that the climate of a district can be so mate- 


rially changed by the destruction of trees, and the 
consequent increase of droughts and floods, that 
the well-being of future generations is seriously 
menaced. Professor Maw, in his excellent work on 
Forestry,” speaks with no uncertain voice. He 
declares that the lanting of water-catchment areas 
is always desirable, ‘‘ not only on account of any 
increase in the rainfall, but chiefly 
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the water is more gradually drained from the land, 
and the — is thus more constant.” He gives 
instances of tracts of land in Belgium and other 
parts of Europe that have been rendered fertile in 
consequence of the increased rainfall and humidity 
of the atmosphere resulting from the afforestation 
of a part of the area. Similarly, he points out 
that certain districts in Austria, and in the 
Russian steppes, that were once very fertile are 
now almost barren, owing to the destruction of 
the forests having reduced the rainfall and in- 
creased the summer temperature. On the other 
hand, Professor Willis Moore, Chief of the United 
States Weather Bureau, traverses these statements 
completely, both on theoretical and _ statistical 
grounds. We think that Professor Moore’s con- 
clusions are justified, and that far too much import- 
ance has been attached to the action of forests on 
rainfall ; that issues have been confounded and 
false reasoning applied. Even admitting that 
infertility has followed tree destruction, this fact 
may point simply to a coincidence in time, and 
affords no evidence to connect the two. The ques- 
tion, it. will be scen, is one of very far-reaching 
importance, because as the world becomes more 
thickly populated, and the demand for foodstuffs 
increases, the tendency must be continually to con- 
vert forest lands into cultivated fields. If deforesta- 
tion, therefore, augments droughts and _fioods, 
economical problems of grave character come to 
the fore. In the interests of posterity, forests 
should be conserved, and the quantity of land avail- 
able for agriculture proportionately diminished. 
It may be that another argument in favour of 
reafforestation, which is recommended by some as a 
panacea for recognised evils, is placed in the hands 
of enthusiasts, and another point of view is 
presented from which the cause of the floods, as 
reported from many parts of Europe, may be con- 
sidered. 

It may be admitted, says Professor Moore, that 
in both Asia and America trees once grew more 
abundantly than is now the case. There is also 
some evidence that rainfall has diminished, but 
this decrease of precipitation might better be re- 
garded as the cause, rather than as the result, of 
the barren condition of the soil. A lessened rain- 
fall implies a change of climate, but the evidence 
in historic, as in geologic, times shows that where- 
ever marked climatic changes take place, they are 
essentially universal, and not local. It could hardly 
be otherwise, for climate is governed by conditions 
operating in regions far remote. For example, the 
rain which is precipitated in the central district of 
Montana has its origin mostly in the vaporous atmo- 
sphere rising from the Gulf of Mexico and the ad- 
jacent ocean. This moisture is carried by the pre- 
vailing winds far into the interior of the Continent. 
The central area of the United States is bathed in 
a succession of rains, which gradually thin out and 
disappear as the eastern edge of the Rocky Moun- 
tain plateau is reached, because the currents of air 
from the gulf cannot extend further inland. Here 
we see that the climate of a particular spot is 
determined by such grand physical features as an 
ocean on the one hand, and a range of mountains 
on the other. In presence of such gigantic forces 
a few trees on the surface are quite negligible. 

There is another argument to be drawn from 
altitude, or the height above the ground at which 
rain is formed. It might be very well urged that 
any local modification of temperature and humidity, 
caused by the presence or absence of forest growth, 
could not extend upward more than a few hundred 
feet, and it is known that in this stratum of air 
saturation rarely occurs even during rainfall. Pre- 
cipitation is the result of conditions that exist at 
altitudes too great to be controlled or affected by the 
small thermal irregularities of the surface air. A 
further argument might be deduced from the dead 
or decayed forests themselves. There are plenty 
of instances in which dead forests have stood long 
after streams have receded, and this fact would 
seem to prove that the forests are the last to dis- 
appear rather than the first, and therefore their 
removal did not precede the drought ; but the forests 
ceased to exist when the rainfall became deficient. 
Statistics of rainfall support the same general con- 
clusions. In New England, where deforestation 
has been longest at work and most extensive, there 
has been a steady rise in the rain curve since 
1836, up to a few years ago; and in the Ohio 
Valley, where the forest area has been greatly 
diminished, there has been no decrease of rainfall 
shown by the average of the fluctuations of the 


curve. These facts are important, says Professor 
Moore, and cannot be successfully disputed. 

There is, however, a second and hardly less im- 
portant question. Although forests may not 
influence the amount of rainfall, they may exercise 
an important and beneficial effect on the conserva- 
tion of the water, causing the run-off to be more 
gradual, and so making a more economical use of 
the rain. This is a large and more difficult problem 
to decide, because so many variables enter. The 
slope of the ground, the condition of the soil, the 
nature of the forest, whether deciduous or ever- 
green, the character of the winter, whether snowy 
or rainy, the suddenness of the return of spring, 
and other factors. But it may be accepted that 
cultivated soil outside a forest, when ploughed and 
broken down to a depth of 8 in., acts as a sponge 
to retain the water quite as well as the ordinary 
humus of a forest, especially when we consider that 
in a forest less rain actually enters the humus. 
The total run-off from the two regions does not 
eventually differ greatly, but it does differ in the 
speed. Here again the conditions that determine 
disastrous floods do not depend so much upon the 
quantity of run-off, as upon the relative times at 
which the waters collected in the tributaries enter 
the main channel. It is difficult to sec that forests 
play any large part in affecting the height of floods, 
since a time factor enters with greatest effect. 

Some light can be thrown on the question by 
appealing to French experience, for, in connection 
with the floods around Paris, observations have been 
collected for nearly three centuries. Three rivers 
—the Yonne, the Upper Seine, and the Marne—con- 
tribute their waters to the Paris river. The Yonne 
has the most rapid flow, and comes from a wooded 
district. The other two streams are subject to 
slight rises of short duration, their stage of water 
varying but little. The difference of time in the 
arrival of the waters of the Upper Seine and Marne 
and those of the Yonne is four or five days. If, 
therefore, the joint streams, swollen by heavy 
rains, or possibly heavy rains on top of deep snows, 
are overtaken by the swifter-moving waters of the 
Yonne, increased by a rainfall of four or five days 
later date, the whole will combine at, say, the 
bridge of La Tournelle, before any considerable 
part has got away, and a flood is the result. Care- 
ful synchronisation of arrival, it is seen, is neces- 
sary to produce disastrous effects, and this is proved 
by the comparative rarity of the floods. Since 
1615, and counting the recent flood of last February, 
there have been sixteen severe inundations regis- 
tered at the bridge of La Tournelle. Grouping 
these by half-centuries, we have the following 
table :— } 
Date of Inundations. fe. rene ee ot 


1600-1650... ™ me 27.53 
1650-1700. woe 26.36 
1700-1750 25.34 
1750-1800 22.42 
1800-1850 21.65 
1850-1910 23.89 


The slight increase at the end of the table is 
striking. It is due to the inclusion of the Feb- 
ruary flood, which reached a height of 27 ft. 10} in., 
and the number of such floods has been singularly 
few. The tendency is to show a continual decrease 
in the height of the flood. The figures, too, convey 
a warning that regularity of series is not to be 
counted upon. M. Belgrand, who drew up the 
report some years ago, pointed out, as he was en- 
titled to, that the continual decrease of the floods 
was remarkable. A decrease of something like 6 ft. 
was shown in the mean height of the flood, and yet, 
he adds, ‘‘ the trees have been steadily and unceas- 
ingly cut down, and the forests transformed into 
cultivated farms. What would we gain, then, 
to-day, I ask, in re-wooding our fields? It would 
be but an unfortunate attempt to restore the old 
order of things, when the floods of the Seine rose 
to 29.53 ft. above the low stage.” Similar testi- 
mony comes from Germany. Dr. Lauder prepared 
a report, in which he traced the history of the 
floods of the Danube for 800 years, taking into 
account 125 different floods. His conclusion was 
that progressive deforestation of the country had 
had no effect in increasing the frequency of the 
floods, or in augmenting their height. Among 
other things he showed that the flood of 1899, which 
was a summer flood, was severest where it came 
from the heavily-wooded districts. In America 
Professor Moore is compelled to deal with shorter 
intervals of time, but his conclusions are the same. 








In presence of the carefully discussed statistics it 
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seems impossible to evade the decisions that the run- 
off of rivers is not materially affected by any other 
factor than the precipitation, and that in spite of 
the rapidly disappearing forests, in consequence of 
the need of a larger extent of agricultural lands, 
floods are not of greater frequency or longer dura- 
tion than formerly. 





THE SECOND INTERNATIONAL ROAD 
CONGRESS. 

Tue Second International Road Congress, which 
aseembled at Brussels on the 31st ult., is a thing of 
the past, and it is now possible to review its pro- 
ceedings, which terminated with a farewell banquet 
at Namur on the 9th inst., on the conclusion of a 
two-days’ tour in the Ardennes. 

The Congress was divided into two sections. The 
first section dealt with Road Construction and 
Maintenance, and was sub-divided into two grou 
for the consideration of town work and rural work. 
The second section dealt with Road Traffic. Usually 
three meetings were held simultaneously, but the 
sub-sections of Section 1 had some joint meetings. 

The questions submitted were as follow :— 

1. On metalled and paved roads :—The use of 
binding materials ; the use of trackways on paved 
roads ; progress made in the struggle against wear 
and tear and dust. 

2. The foundation and drainage of roads. 

3. Light railways and tramways on roads. 

4. Cleansing and watering in large towns. 

5. The choice of surfacing materials in large 
towns. 

6. Road work in relation to lighting and water 


supply. 
7. The influence of weight and speed of vehicles 
on special structures (bridges, &c.). 

8. The design of road vehicles which will wear 
best and cause least damage to the road. 

9. Public road conveyances other than tramways. 

The papers submitted on these questions were 
109 in number. Twelve of them were from the 
United Kingdom and ten from the United States of 
America. All the papers, along with the reports 
of the nine special reporters to whom they were 
assigned to be summarised, were furnished to the 
members of the Congress before the sittings com- 
menced. As the papers and reports were fully 
translated into French, German, and English there 
was much less difficulty on the point of language 
than was experienced in Paris in 1908. On the 
whole the official arrangements were very well 
devised and carried out. Convenient rooms were 

ut at the disposal of the German-speaking and 
English-speaking members, who held several special 
meetings in preparation for the general sittings of 
the sections. The chair at these meetings was 
admirably filled by Sir George 8. Gibb, chairman of 
the Road Board. 

Question I. Metalled and Paved Roads, Binding 
Materials, Trackways on Paved Roads, and Pro- 
gress made in Combatting Wear and Tear and Dust. 
—It was resolved by the Congress that :— 

1. It is desirable to study and develop the use of 
binding materials in metalled roadways, special 
attention being given © to determine in each case 
the character of the binder best suited to local 
conditions. () To determine as exactly as possible 
the physical and chemical characteristics which it is 
desirable to specify for tar, bituminous, asphaltic, 
_ or other binders. 

2. To compare the results obtained by various 
methods of construction, and to investigate the 
effect of preliminary storage of tarred materials. 

3. To study wear and deterioration, and to ascer- 
tain the best construction for adoption where 
ordinary macadam is unsuitable, and stone-paving 
is not practicable. 

4. Apart from exceptional cases, depending on 
local conditions, the construction of track-ways in 
— roadways can be considered as only a make- 
shift. 

5. That superficial tarring may be considered as 
definitely accepted in practice, but the advantage 
of spreading sand or chippings after tarring is not 
yet proved, and should form the subject of com- 
parative tests. 

6. That careful comparison should be made with 
regard to efficiency of the use of hot and cold tar 
applied by hand and by machines. In comparing 
results, the quality of the metal, the intensity of 
the traffic, and the climatic conditions should be 
regarded. 

7. That with regard to the available economical 





supply in each district, it is important to specify 
carefully the conditions to be fulfilled, especially 
as regards the maintenance of the ‘‘ life,” or lasting 
qualities, of the binding material. 

8. That it is desirable to ascertain the relative 
merits of heavy coatings with tar and more frequent 
light coatings, and of tar macadam. 

9. To re-affirm the resolution of the Paris Con- 
gress of 1908—viz., emulsions of tar or of oil, hygro- 
scopic salts, &c., have a real but not a lasting 
efficiency. Their use should, therefore, be limited 
to special occasions, such as race meetings, pro- 
cessions, and festivals. . 

Seventeen papers were submitted on the points 
raised in the first question. Of these five were from 
America, and only one—that of Mr. Drummond, 
Paisley—from the United Kingdom. 

Mr. Skougard, Director-General des Ponts et 
Chaussées, Christiania, furnished an interesting 
paper which well exemplified the great disparity in 
conditions existing in different countries. In Nor- 
way, Mr. Skougard said, the only rollers available 
were drawn by horses, and the treatment of the 
roads with tar was out of the question on the 
ground of expense. Mr. Kuarakoulakoff, of Sofia, 
said the tarring of roads was not feasible in 
Bulgaria, as imported tar cost about 10l. per 
ton, and the local wood tar could only be obtained 
in small quantities, and cost about 16l. per 
ton. Mr. Vincent Sanchis, of Valencia, reported 
favourably on metal trackways on macadamous 
roads, and said they reduced the cost of maintaining 
the road to one-tenth. Professor Blanchard, of 
Brown University, Providence, Rhode Island, 

inted out that in the present state of knowledge 
it was not possible to draw up a specification for a 
bituminous binding material which would secure a 
material possessing all the qualities desirable. The 
standardisation of the methods of analysis was the 
first step which must be taken. He was, however, of 
opinion that satisfactory progress was more likely 
to be made by independent research in different 
countries than by the efforts of an International 
Committee. A special Committee of the American 
Society of Civil Engineers was now, he said, charged 
with the duty of collecting information regarding 
bituminous binders. The chairman of this Com- 
mittee, Major W. W. Crosby, contributed an in- 
teresting paper on ‘‘ Experiments with Ten dif- 
ferent Bituminous Binders ;” this included analyses 
of those binders under about thirty heads. 

Mr. J. E. Pennybacker, Chief of Road Manage- 
ment, United. States Department of Agriculture, 
made a valuable report on ‘‘ Road Administration 
in the United States,” in which was set out, in brief, 
clear form, the history of roads in that great coun- 
try and the recent great development of State-aid 
and control. He said: ‘‘ It is a significant testi- 
monial in favour of State-aid that no State which 
has once adopted it has abandoned the policy or 
remained unprogressive. The tendencies towards 
centralisation, indicated by the experience of many 
States, show that the State will ultimately be the 
unit of administration, and will largely control and 
direct the road work of the counties and town- 
ships.” There is a great task for roadmakers in 
the United States. As recently as 1904 a census 
taken by the Office of Public Roads revealed the 
fact that out of a total of 2,151,000 miles of roads 
only 38,000 miles were surfaced with stone and 
108,000 miles with gravel. The total annual ex- 
penditure on these roads was then 15,800,0001., of 
which it was stated at least one-third was wasted by 
inefficient, local administration. 

Mr. 8S. Percy Hooker, chairman of the New York 
State Department of Highways, in his paper on 
Question 1 said :—‘* Until within the past fifteen 
years we have had no supervision of road construc- 
tion or maintenance. Divided into small political 
divisions not exceeding six miles square, our roads 
have been entirely in the control of the inhabitants 
of that small sub-division. In the State of New 
York this has been changed, and all roads are now, 
to a certain extent, in charge of the State Com- 
mission of Highways, though out of the 81,000 
miles of highways, only 8000 will ever be under the 
direct supervision of the Commission, so far as 
maintenance or construction is concerned.” 

Mr. Harold Parker, chairman of the Massachu- 
setts Highway Commission, Boston, furnished par- 
ticulars regarding the disintegrating effect on ordi- 
nary macadamised roads of intense traftic with 
motor-cars, and stated that greater success had been 
attained in checking this action by the use of tar in 
England than on the Continent. He claimed to 





have succeeded in making road-surfaces with 
asphaltic oil and varying proportion of asphalte, 
which could not be — apart by automobile 
wheels, or worn out by steel-tyred wagon wheels. 
His paper, like most of the American papers, was 
of a practical kind, and gave full and clear specifica- 
tions of the work referred to. 

Mr. P. Le Gavrian, Engineer des Ponts et 
Chaussées, Versailles, secretary of a commission 
——_ to study the suppression of dust, con- 
tributed a very valuable report based not only on 
his experience of heavy traffic roads near Paris, but 
also on replies to queries addressed to chief enyi- 
neers throughout France, Corsica, and Algiers. As 
Mr. Gavrian voices the consensus of opinion of the 
French engineers, his views deserve special atten- 
tion. He said the use of calcareous sand, mizrl, 
chalk, and dolomite (carbonate of lime and mag- 
nesia) as binding. material for hard stones which 
had no binding qualities in themselves, had been 
very extensive in France and was good enough for 
moderate traffic, but quite insufficient on roads 
with much traffic, especially if that included many 
high-speed motor-cars. Hydraulic lime mortar in 
proportion varying from 75 to 400 kilogrammes to 
1 cubic metre of sand had been used in several 
departments ; but with such binding the road-crust 
was inelastic, and soon cracked and disintegrated. 
Cement-mortar binding had the same defect, and as 
its use increased the cost of metalling by from 
1 franc to 3} francs per cubic metre, it was not pos- 
sible to recommend it. Mr. Le Gavrian stated, 
however, that a road crust of cement concrete of 
considerable thickness ‘‘recovered some relative 
elasticity,” and gave a good road surface suitable for 
use where traftic was moderate and where cement 
was Tr The writer remembers an important 
street in Edinburgh which for many years carried 
heavy traffic on a concrete road crust, and the Road 
Paving and Cement Company, Uxbridge, in their 
application of the Kelly system of concrete road 
formation, claim to secure satisfactory results. 

Mr. Le Gavrian’s report as to the use of tar in 
France was very interesting. It showed that while 
the French engineers had tried rolling metal into 
a layer of tar, with or without further superficial 
tar coating, and had used surface tarring to a very 
great extent, they had not yet made any extensive 
use of tar-macadam. He frankly said, ‘‘Tar- 
macadam has not yet been sufficiently studied in 
France ; judging from English experience, it may 
be anticipated that—although it will not turn out 
to be a radical cure—still it will prove to be a 
remedy not to be despised. Tar-macadam, un- 
doubtedly more costly than the simple tarred 
coating, will always have the. advantage of homo- 
geneity, that quality of paramount importance to 
all good roads.” A recent proposal to undertake 
the manufacture in France of ‘‘ Tar-Mac” on a 
large scale has been abandoned, owing to the im- 
possibility of procuring in France any slag of the 
quality required. Some experiments have been 
made in France with the use of asphaltic binders, 
but it is deemed too soon to pronounce any definite 
opinion regarding them. 

Mr. Honore Saunier, surveyor of highways, 
Rouen, advocated the increased use of trackways 
for wheels on roads. There are only about 23 kilom. 
of roads with such trackways in France, and general 
opinion is not in their favour. According to 

. Saunier, the use of tar on roads in France had 
not increased much-since 1908; nor had the struggle 
against wear and tear and dust made progress worthy 
of attention. Bad weather appeared to have greatly 
interfered with some important trials of ‘‘ Tarvia” 
in the Rouen district. 

Mr. Robert Drummond, county road surveyor, 
Renfrewshire, presented an interesting paper sum- 
ming. up experience in Scotland with the most 
modern methods of road repair, but stated the time 
since the first International Road Congress was too 
short to enable much definite progress to be 
reported. The use of mud for binding was, he said, 
being gradually abandoned in favour of basalt or 
whinstone chippings, and in populous places tarred 
chippings were used, or tar-spraying. Tar-macadam 
had been tried with very successful results. 
According to Mr. Drummond tar-macadam, taking 
everything into account, was as cheap as any of the 
other coatings, and gave much better results. It 
was only the question of initial expense which pre- 
vented the general adoption of tar-macadam. With 
the improved practice, in addition to the improved 
conditions, the life of the surface was prolonged in 
the proportion of 3, 4, and 5. The extra costs per 
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Square yard were, he said, as follow :—Binding with 
chippings or gravel instead of mud, 1d.; binding 
with tarred chippings, 2d.; tarred macadam bound 
with tarred chippings, 5d. He reported in favour 
of wheel trackways made of granite blocks, 12 in. 
wide and 6 in. deep, and stated they were occa- 
Slonally used, and found very advantageous on 
steep hills with heavy traflic. 

The last paper contributed on Question 1 was 
that of Mr. Paul Etier, Chief of the Public Works 
Department of the Canton of Vaud, Switzerland. 
It contained very interesting information regarding 
recent practice in the ‘‘ Playground of Europe.” The 
Swiss engineers were, Mr. Etier said, evidently alive 
to the exigencies of modern traffic on roads, and were 
endeavouring by means of steam-rolled coatings to 
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widen and strengthen their main roads. Attention |local materials; and (b) a recommendation that 
was being paid to the superelevation of the outer | good drainage is desirable. : 
side of the road on curves, and ditches were being| Five papers were contributed on this question, 
filled with large stones, and the roadway widened | including one of much interest by Mr. Vernon M. 
over them on important lines. Mr. Etier concluded | Pierce, Chief Engineer, Office of Public Roads, 
that the improved macadamised road would be| Washington. His conclusions were, however, in 
found satisfactory with regard to the new kinds of | close accordance with ordinary good practice in the 
locomotion, and that it would continue to be in| British Islands. 
Switzerland the only kind of road between towns. Question 3. Light Railways and Tramways on 
Question 2. The Foundation and Drainage of | Roads.—Nine reports dealing with this question 
Roads, and Methods of Carrying out the Work.—The | were presented ; only one of these, that of Mr. R. O. 
resolutions of the Congress on this question are Wynne Roberts, was from the United Kingdom. 
absolutely unimportant to English engineers, and| The resolutions of, the Congress on the third 
simply amount to (a) a statement that foundations | question are not of much interest. They recite 
should be adapted to the local circumstances, and | some objections to railways on roads, and the diffi- 
be carried out economically, and, if possible, with | culties of maintaining tramway tracks in good order, 
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which are well known, and which, moreover, have 
been successfully dealt’ with in recent British 
practice. It was agreed that outside towns light 
railways along roads should, as far as possible, be 
constructed on a raised siding cut off from ordinary 
trafiic. The opinion of French engineers is adverse 
to the construction of light railways along rvads, 
but in Belgium such railways have been found 
advantageous, and about 1130 miles have been con- 
structed in that country. In England about 325 
miles of such railways have been constructed, and 
in Ireland about 300 miles, but it appears unlikely 
that light railways on roads will be largely extended 
in the British Islands. It is usually better for all 
parties that light railways should secure their own 
right of-way at some distance from the roads. 

Question 4. Cleansing and Wutering.—The reso- 
lutions of the Congress on this question were of 
a very elementary character. It was agread that 
the use of machinery was desirable, and that auto- 
mobile machines were likely to be of much value in 
large towns. So far such machines have not proved 
quite satisfactory. Belfast has just acquired a 
motor sweeping-machine, which automatically picks 
up the dust. 

Mr. Alfred Ballo, of Budapest, gave a detailed 
account of the system of street cleaning in that 
city, which is carried out continuously from 6 A.M. 
till sunset by men, each of whom has a definite 
portion of the strect in his care. The footpaths 
are similarly in the care of youths, whose duty it 
is to collect all litter, such as pieces of paper, fruit 
refuse, cigar-ends, &c., and put them in the dust 
barrows of the street scavengers. Mr. Bailo uses 
on his macadamised strects an oil called ‘‘ Blue 
oil,”’ obtained in refining petroleum, and is satisfied 
with the results obtained. Three dressings a year 
are given ; about one-fifth of a gallon per square 
yird for the first dressing, -and about half that 
quantity for the other dressings. Elaborate ex- 
periments have been made by exposing Agar plates 
in streets with different kinds of surfaces, and these 
have shown that oiling the streets has an immense 
effect on the reduction of bacteria in the air of the 
streets. 

Mr. Ballo says: ‘‘ The municipal sanitary ser- 
vice iy organised differently in almost every town. 
It is really incomprehensible why so little attention 
has been paid to it, entailing, as it does, enormous 
expense. Although the modern system of town 
sanitation makes no inconsiderable demands on the 
knowledge of the officials, men are placed at its 
head who sometimes, indced, have a university 
education, but who have no knowledge of street 
hygiene. Unfortunately, our universities have as 
yet no special courses in this subject, and so it 
comes about that nearly all real experts in it are 
self-taught,” 

Mr. Bret, engineer-in-chief, Paris, contributed 
an exhaustive description of the system of street 
cleansing in use in Paris and other important cities 
in France. His paper was illustrated by photographs 
of electric and petrol motors of various types for 
watering and sweeping. He said :—‘‘ The cleans- 
ing of public highways, useful as it is in the country, 
becomes an ahsclute necessity in towns. It is of 
the highest importance in the maintenance of roads 
for the convenience and safety of the traftic, and for 
the health of the inhabitants. Wet sweeping— 
that is, sweeping preceded by watering or spraying 
—should be practised to the total exclusion of dry- 
sweeping, as the latter is inconvenient and un- 
healthy Sluicing with water should be done as 
often as possible in much - frequented streets. 
Watering should be repeated so as to keep down 
the dust while avoiding an excess of water, but 
this must not be depended on as a substitute for 
cleansing.” 

One of the most interesting papers presented 
at the Congress was that of Mr. '. H. Yabbicom, 
M. Inst. C.E., city engineer, Bristol. It began 
with a somewhat detailed account of sanitary 
legislation in the Britisi: Isles, written, as the 
Belgian general reporter said, ‘‘with a facile 
pen and with much humour.” Mr. Yabbicom 
appears to share the opinion of the late Sir 
Robert Rawlinson, C.B., that no sanitary work is 
of as much importance as scavenging. After stating 
that dust carries microbes and their spores into 
our dwellings, Mr. Yabbicom said : — ‘‘ It is 
therefore not only for the sake of well-being and 
of comfort that our streets should be freed absc- 
lutely of every kind of deposit, and that they should 
be bathed in pure water and plenty of it, wherever 


this is possible ; that dust should be prevented from 





rising in clouds, which irritate our mucous mem- 
branes, and may introduce pathogenic germs ; that 
snow should be cleared away promptly to avoid the 
lowering effect on our vitality. These are all de- 
sirable results, for which the community is willing 
to pay ; but the necessity of clean streets as a safe- 
guard against the spread of disease is more impera- 
tive and should be carried out in a complete and 
efficacious manner, not only with the consent of the 
—e but even, if necessary, against their 
will.” 

An interesting summary was given of information 
regarding the systems of street cleaning in twenty 
large centres of population: Holborn, Islington, 
Westminster, West Ham, St. Pancras, Birkenhead, 
Birmingham, Bradford, Bristol, Cardiff, Hudders- 
field, Leeds, Leicester, Liverpool, Manchester, 
Newcastle-on-Tyne, Sheffield, Edinburgh, Glasgow, 
and Belfast. The total mileage of various kinds of 
street surfaces has been ascertained in sixteen of 
these places, and is about 3200 miles. Of this 
mileage 32 per cent. is paved with stone setts, 3 per 
cent. with wood, 5 per cent. with various materials, 
including asphalte, and 60 per cent. is macadamised. 
On this point the Belgian reporter made the fol- 
lowing note:—‘‘This strong predominance of 
macadam in the great cities of the British Isles is 
in itself a cause of relative inferiority. But it 
should be noted that the roads are made up of very 
hard materials, that they are well kept and 
watered regularly, that the climate is not so dry as 
that on the Continent, and that, finally, tarring 
in all its forms is very general.” 

In the large Swiss towns 80 per cent. of the street 
mileage is macadamised. In Germany, on the 
other hand, from 50 to 80 per cent. of the area of 
the streets in large towns ispaved. Mr. Yabbicom 
draws attention to the fact that asphalte and wood 
paving have-not been adopted to any great extent 
except in the South of England. In Glasgow only 
one mile of wood pavement has been laid, and has 
not found favour. In Birmingham and in Bristol, 
about 15 miles of wood pavementis in use. Nearly 
half the street mileage in Holborn, and a con- 
siderable part of that in Westminster, is laid with 
asphalte, which is also the favourite pavement in 
the City of London. In eight of the twenty areas 
reported on by Mr. Yabbicom, the streets are 
swept during the night, in seven others by day, 
and in the remaining five both by day and night. 


(To be continued.) 








THE WATER SUPPLIES (PROTECTION) 
BILL, 1910, AS AFFECTING THE 
NATIONAL WATER SUPPLY. 


By E. Batmey-Denton, M. Inst. C.E., and 
Grorce Lowruian, C.E. 


Tue report of the Joint Select Committee of the 
two Houses of Parliament appointed to consider 
this Bill has now been published, and enters into 
many considerations in regard to our national water 
supply. Numerous conclusions have been arrived 
at, none of which are new, but most of which will 
commend themselves to the public mind. As a 
matter of fact, the report, in the main, merely 
accentuates the records in the past. It enumerates, 
and enlarges on, the opinions expressed by several 
Royal Commissions—e.g., the Duke of Richmond’s 
of 1869; the Metropolitan Water-Supply Commis- 
sion of 1893; the Sewage-Disposal Commission 
(interim report) of 1901, and the final report in 
1903. 

Summarising matters, it may in all fairness be 
said that the nation, with regard to its water supply, 
is no better off in 1910 than it was forty years 





ago.. The supply is not used to the best advan- 
tage. Flood waters are still not conserved and so 
manipulated as to prove a benefit, and not an evil, 
to the community. Universally beneficial schemes | 
are often thwarted, owing to local jealousy, and in 
their place haphazard schemes, so to speak, are | 
substituted, in order that the promoting authority | 
shall alone benefit, without reference to its neigh- 
bours. Indeed, it must be acknowledged that 
hydraulic information is often withheld from those 
who should be made acquainted with it, simply in 
the interest of one authority, which considers that 
by this means it is safeguarding its own interests. 
The quantity and quality of our underground 
water is not by any means universally understood. 
Reliable information with regard to it is not to be 
obtained, over any considerable area. If an engi- 
neer wishes to ascertain the level of the under- 


ground water in a district for which he has been 
commissioned to obtain a supply, he is practically 
dependent upon the results obtained from the bore- 
holes which he is perforce obliged to sink, as the 
unavoidable preliminary, because, in nine cases 
out of ten, he is refused information, not only hy 
adjoining private individuals, but also by neivh- 
bouring public authorities. In a word there is 4 
lamentable lack of co-operation throughout the 
country. 

In addition to these matters, the powers given |)y 
the Legislature for the protection of rivers from 
pollution are often not understood, and more fre- 
quently still not acted upon, with the result that 
sewage disposal works are often dumped down in 
proximity to water works, to the danger of the public 
health. Such things ought not to be, and would 
not be, if there were an unbiassed authority to 
prevent it, and to ensure that the powers for pro- 
tecting our rivers from pollution, even as now 
possessed by local authorities, were effectively 
exercised, 

History, with water supply, as with other things, 
indeed, repeats itself. In 1869 the Duke of 
Richmond’s Commission reported : That the future 
control of water supply shall be entrusted to a re- 
sponsible public body, with power to purchase and 
extend existing works and levy rates. That no 
town or district should be allowed to appropriate a 
source of supply which naturally and geographically 
belongs to a town or district nearer to such source, 
except under special circumstances which justify 
the appropriation. That when any town or district 
is supplied by a line or conduit from a distance, 
provision ought to be made for the supply of all 
places along such line. That in any provincial 
water bill attention should be given to the practic- 
ability of making the measure applicable to as 
extensive a district as possible, and not merely to 
the particular town. 

In 1910 Lord Desborough’s Committee advise 
the creation of an organisation empowered to 
inquire into the whole question of surface and 
underground water supplies from a comprehensive 
standpoint, to supervise the future allocation of 
supplies, and to serve as an authoritative adviser to 
Parliament in the consideration of particular 
schemes. As no uniform action has been taken 
to remedy an acknowledged want since 1869, it 
follows that, practically speaking, the lapse of 
forty-one years (during which time sanitary science 
has made great advances) has produced no systematic 
improvement on one of the most elementary 
requirements of national water supply. Surely the 
time has now arrived when action should be taken. 
It is evident that Royal Commissions produce no 
real result—experience has taught us this—there- 
fore, let Lord Desborough’s Water Supplies (Pro- 
tection) Bill now provide the stepping-stone to 
some positive action. 

Judging from the concensus of public opinion the 
country would appear to be in favour of such a 
course, and procedure somewhat on the following 
lines would appear to offer the readiest solution :— 

1. The powers and duties of local authorities 
(urban and rural) would remain as at present. 

2. A watershed authority should be constituted 
in every watershed of the country. 

3. A national water authority should be created 
in London who would be responsible for everything 
in connection with water supplies, subject, of 
course, to the final authority of Parliament. 

As to local authorities (1), they would, as stated, 
promulgate water schemes, and, as now, be the 
first authority to whom the private individual would 
apply for advice, redress of evils, or assistance in 
difficulties. 

The watershed authorities (2), of which there 
are about 200 in England and Wales (some of the 
smaller of which might be grouped), would be the 
principal innovation. They would have jurisdiction 
over all water supplies within their respective water- 
sheds, and over all financial matters connected 
therewith. The members of these boards would be 
county councillors, or specially co-opted members, 
in proportion to the area of their county within 
such watershed. Their officers, such as engincers, 


|land-valuers, clerical staff, &c., would, of course, 


be salaried. Approximately their duties would be 
to examine and report on all schemes recommended 
for adoption by the local authorities within their 
jurisdiction, to investigate all questions of com- 
plaint as to lack of, or as to impure character of, 
water supply, when made by responsible individuals, 
and to effect a settlement thereon, subject, if desired, 
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to the approval of the national authority, and to levy 
and collect all water-rates, or to requisition the rating 
authorities within their jurisdiction to do so. The 
individual would be greatly affected by the con- 
stitution of these Boards. In cases of deficient 
water supply he would appeal to them, and on 
their verdict either the nearest works of water 
supply would be extended to him, or he would be 
permitted himself to carry out a private supply 
under supervision of the Board. If at any future 
time it should be considered advisable to give up 
such private supply, while still of some value, the 
individual could be compensated for his unex- 
hausted improvement, by a reduced rate, subse- 
quent to valuation. Thus the question of com- 
vensation would be settled by these Watershed 
Dende; but retrospective compensation is out of 
the question. In England, except by Act of Par- 
liament, it cannot be granted, whilst in the United 
States, whose Constitution is founded on the 
English, it is impossible altogether. 

Lord Desborough’s Committee very truly say in 
their report :—‘‘In view of the dearth of infor- 
mation before them regarding geological formations 
in connection with underground water supplies, 
that no general definition or limitation of a ‘ pro- 
tected area’ can, with any pretence to accuracy, 
be made. In respect to this point, each case 
should . . . . be decided on its merits.” No one 
who knows and realises the ever-varying porosity 
and character of our strata can gainsay the truth 
of this statement. The two-mile hard-and-fast 
radius is absurd. 

Above the watershed authorities there would be 
constituted a Central National Water Authority (3), 
situated in London, and exercising jurisdiction in 
water questions all over the country. To this 
body would be submitted all questions of supply, 
and matters in connection therewith. They would 
hold local inquiries whenever necessary. All 
doubtful questions of rating and finance would be 
submitted to them for settlement. They would 
have complete control of the proposed hydro- 
geological survey of the United Kingdom. 

It is undeniable that a complete and comprehen- 
sive knowledge of our underground waters, to say 
nothing of our minerals, would be of immense value 
to the country. An accurate knowledge as to the 
presence of water, and of its quality and level, 
would prove a national asset of value, whilst in- 
formation would be gained as regards minerals 
which would place on record, without possibility of 
refutation, the value of the top surface land, an 
object which the present Chancellor of the Exche- 
quer is attempting to effect by means of an Inquisi- 
tion, which can satisfy no one and must mystify 
and injure hundreds of landowners. 

As examples of the value of such a survey, by 
means of boreholes, it may be asked who would 
have thought of the presence of Kent coal twenty- 
five years ago; and who thought of the presence 
of Middlesbrough salt until a boring for water 
revealed it? Who can surmise what other sur- 
prises as regards minerals may be in store for us / 
The discovery of petroleum, or of natural gas, 
and even gold, may not be altogether out of the 
question. 

The work of this survey (remembering that the 
Ordnance Survey was in progress for considerably 
over one hundred years before completion) would 
be gigantic and of a special and technical character, 
and therefore, when considered in conjunction 
with the nation’s water supply business, it seems 
probable that (as the Local Government Board is 
overtaxed already with its Poor Law work and other 
duties) a new body would have to be constituted ; 
hence the suggestions above for a separate National 
Water Authority. 

As will have been realised from the above state- 
ments all water supply undertakings would, before 
presentation to a Seer have passed before 
three separate bodies :—(1) The Local Urban or 
tural Council, who would formulate them ; (2) The 
Watershed Board, for approval or rejection ; and 
(3) The National Water Board, who, after local 
inquiry and sanction, would present the scheme to 
Parliament. After such investigations it is not 
likely that there would often be opposition. The 
powers conferred by the Railways Construction 
Vacilities Act, 1864, in respect to submission to 
Parliament of previously settled schemes might be 
accepted as a precedent, and embodied in the new 
arcangements, in order to expedite and cheapen the 
I arliamentary portion of the procedure. Sections 
l4, 15, 16, and 17 of this Act provide that any 





Order shall be deposited on the table of each House 
within seven days after its settlement, if Parlia- 
ment is then sitting, or, if not, then within seven 
days after the next meeting of Parliament ; then 
that if no opposition is made within six weeks the 
said Order shall straightway become law. Some 
such procedure wouldavoid expensive Parliamentary 
fights, while retaining ultimate control in the hands 
of Parliament by simple and efficacious means. 

Immediate legislation on the above lines, or on 
a somewhat similar basis as to the constitution of 
new authorities, is essential if the water supply of 
the country is to be obtained on a universally fair 
and satisfactory basis. The usefulness of the hydro- 
geological survey as regard our mineral wealth need 
not be further enlarged on. 








NOTES. 

ENGINEERS AS GENERAL ManacGers or Rariways. 

Tue directors of the Caledonian Railway have 
taken a most commendable course in promoting 
Mr. Donald A. Matheson, M. Inst. C.E., the 
engineer-in-chief of the line, to be general manager. 
In this they have followed the precedent set first 
by the Lancashire and Yorkshire Railway in 
choosing Mr. J. A. F. Aspinall, the chief mechanical 
engineer, for a corresponding post ; and next by 
the Great Western Railway in the selection of Mr. 
James Inglis, the engineer-in-chief also, as general 
manager. It seems somewhat surprising that more 
of our railway companies have not adopted long ago 
such a practice, because reflection will establish, 
in the mind even of the lay man, the fact that 
railway management is very closely allied to 
engineering, since so much depends on the satis- 
factory solution of problems embraced by this 
branch of applied science. The expenditure 
of capital on permanent works and rolling stock, 
the maintenance of the track and other property, 
and of rolling stock, bulk largely in the financial 
success of the undertaking. Again, as regards 
general administration, it is indisputable that the 
training of an engineer offers opportunities for 
the development of those faculties of resource, 
organisation, and control, which constitute the ideal 
manager. In the case of those companies which 
have promoted their engineer to be general manager, 
success has abundantly justified the step. Mr. 
Matheson, by his work before entering the service 
of the Caledonian Railway, now many years ago, 
and since his appointment as engineer-in-chief, 
has shown sound engineering ability in design, with 
a rare conception of the fitness of details, as well as 
originality in constructive work, and has combined 
with this professional skill liberality in thought 
and sympathetic breadth of interests—as displayed 
by his contributions to engineering literature. 
The profession will, therefore, be pleased with his 
appointment. 


ExpLosion OF AGRICULTURAL BOoILERs. 


The explosion of a traction-engine boiler at 
Langford, which has recently formed the subject 
of a Board of Trade inquiry,* is another of the 
many illustrations which have, from time to time, 
proved in connection with the use of boilers for 
agricultural purposes that there is very frequently 
no attempt to inspect and maintain them in 
good condition, and that they are owned and 
attended by ignorant persons who are totally 
unaware, or regardless, of the risk they are running 
and the danger involved to themselves and the 
public. In the present case the boiler was 22 
years old, but had never once been inspected by 
any one having practical knowledge or experience. 
The fire-box was patched, and it, as well as the 
stays, were wasted by corrosion, while the safety- 
valves were stuck so fast that the Board of Trade 
engineer-surveyor had to use considerable force to 
lift them. The boiler was worked when new at a 
pressure of 120 |b. per square inch, and on the day of 
the explosion it was still working at that pressure, 
a surprising fact to which the Commissioners drew 
specialattention. That the explosion occurred is no 
wonder-—indeed, the only ground for surprise is that 
it had not occurred long before. Many boilers 
used for agricultural purposes have exploded, and 
we have on other occasions drawn attention 
to the necessity of the Factory Act being ex- 
tended so as to embrace such boilers within the 
sphere of its operations. We fail to see why a 
first-class boiler, working, say, at a cotton mill, 


* A report of this inquiry appears on page 298 of the 
present issue. 


attended by a competent engineer, should be sub- 
ject to compulsory inspection, and a boiler used in 
agriculture, owned and attended by ignorant men, 
should be left alone and practically ignored until it 
bursts, when a Board of Trade Commission is 
appointed to investigate the case, with the result 
that it declares that the boiler should certainly 
have been inspected in the interest of safety. lt 
appears to be time that the Government took steps 
to compel all boiler-owners to place their boilers 
under competent periodical inspection. This is a 
very simple and reasonable precaution, demanded 
for the safety not only of the public but also of the 
boiler-owner and his workpeople. 


GRANULATION OF Briast-Furnace Siac. 


Blast-furnace slag, when granulated in cold water, 
is in a certain measure hydraulic, and has, there- 
fore, been utilised in cement manufacture. The 
slag takes up 30 or 40 per cent. of water during 
granulation, which water has subsequently to be 
removed again. As this is an expensive operation 
various attempts have been made to effect the granu- 
lation in other ways. For instance, jets of steam or 
of compressed air are directed against the slag as it 
leaves the furnace, or the slag is directly discharged 
on a rotating table which throws off drops of the 
slag. In both cases the drops are hurled against a 
cold wall. Then, however, another trouble arises 
as the drops unite to lumps of unequal size, the 
larger ones remaining liquid inside. For the 
subsequent use of the slag in cement manufacture 
the material should not only be uniform in size, but 
have been also uniformly chilled. To secure this 
object the Buderus Eisenwerke have adopted the 
following arrangement, which is described in Stahl 
und Eisn. The slag is discharged from the fur- 
nace directly into the upper end of an iron drum, 
50 ft. long, and 6 ft. in diameter, which is slowly 
turned about its slightly inclined axis. Imme- 
diately underneath the slag discharge is the broad 
nozzle of a compressed-air pipe. The particles 
of the liquid slag are blown down the drum 
and against the walls, along which they travel 
slowly. The drum is provided with blades inside, 
and is cooled on the outside. The slag granules are 
thus effectually cooled, both by the air to which 
they offer new faces in their motion down the drum, 
and by the water. The discharged granules are 
mostly like grains of sand, sometimes as big as 
cherry-stones. They fall into a bucket elevator, 
which carries them up to a bin. The discharge 
takes place under a chimney, which carries vapour 
off. Mr. G. Jantzen, of Wetzlar, who designed 
this arrangement, states, in the article mentioned, 
that the air-current is moistened in order to pre- 
vent the formation of slig-wool. The plant has 
been working for a year, about 100 tons of slag- 
sand being turned out daily. The compressed air 
has, so far, been drawn from the blowing-engines. 
The process has answered so well, however, that a 
special turbo-blower is being installed, when it 
will be possible to raise the capacity by increasing 
the air-pressure. A 10-horse-power cngine is 
suflicient for a drum of the dimensions indicated. 
Dr. Passow, of Blankenese, near Hamburg, has 
tested the strength of cements made with water- 
granulated slags and with air-granulated slags. They 
gave equal satisfaction, provided that the silica 
contents be not too high. Bricks prepared from 
both kinds of slag-sands have proved satisfactory. 








“Tue Lonpon Citizens’ YeAR-Book, 1910.”—This is 
published at the price of 2s. by Messrs. George Allen and 
Sons, 44and 45, Rathbone Place. It contains information 
on the government of London ; the London elections and 
the organisations for same, together with statistics and 
other data of interest ; the various London boards, cor- 
porations, and authorities; the London finances, parks 
and open spaces, markets, &c. Plans are given of the 
London boundaries and electoral divisions, and portraits 
of prominent London citizens. 





Tue Setpen AvutTomosiLe Patent.—This patent, which 
was declared a master patent by the United States 
courts a year ago, as described in an article in our 
issue of October 29, 1909, has again been before the 
courts, and the United States Circuit Court for the 
Southern District of New York has just issued perpetual 
injunctions restraining John Wanamaker, Thomas B. 
Wanamaker, L. R. Wanamaker, R. C. Ogden, the VU. J. 
|Gude Company, Henry Neubauer, and A. C. Neubauer 
|from infringing the Selden automobile patent. Under 
| the provisions of these injunctions the parties enjoined 
cannot directly or indirectly make, offer, or advertise for 
sale, sell, usc, import, or dispose of any gasoline auto- 
mobiles in infringement of the Selden patent without 
| violating the injunction. 
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INDUSTRIAL NOTES. 


Tue issue of the fifty-ninth annual report of the 
Amalgamated Society of Engineers reminds one of the 
origin and growth of what might be fittingly called 
‘*The New Trade Unionism in 1850,” and its first 
trial in 1851, by the inauguration of the Amalgamated 
Society of Engineers. Prior to that date there were a 
lot of local societies with no real bond of union ; they 
were, in a sense, strike-as-you-like factions, sometimes 
in opposition to one another, at other times struggling 
to attain higher rates of wages in particular firms or 
in districts. The lock-out in 1852 put an end to sec- 
tional warfare, or nearly so, costing the union over 
45,000/. The new unionism of 1889-90 was a bastard 
thing in comparison, which has landed the unions in liti- 
gation, in the Taff Vale decision, the injunctions against 
the Parliamentary levy, and other defeats in courts of 
law. Recently sectional warfare has only been ended 
by a mutual agreement between the Master Engineers’ 
Federation, covering all trades and the nineteen unions 
representing the various and different branches of 
these groups of trades. By this means five years’ 
comparative rest from strife is secured. Last year, 
1909, the depression in trade continued until towards 
its close, when a revival set in, and the improvement 
has continued, although slowly, to the present, but 
the long-anticipated boom is yet to come, if, indeed, 
it ever comes, in the engineering and shipbuilding 
trades. The engineers suffered badly as a result of the 
depression, which was intensified by the action of the 
branches on the North-East Coast, the members of 
which continued a strike in spite of the advice of the 
leaders, a lock-out being the result. That ended, but 
the bad results continued, from which the centres on 
the North-East Coast did not emerge during last year, 
nor have they fully recovered up to the present time. 
A system of central conferences and local conferences 
was established after the disastrous strike and lock-out. 
During last year the employers submitted twenty-one 
applications for reductions in wages and piece-prices, 
covering large districts. Of these eleven were with- 
drawn, and in the other ten compromises were effected 
so that great strikes were averted. 

The report speaks of the Trade Board Act and the 
Labour Exchanges Act as the two Acts of last year 
held to be of the greatest utility to the working 
classes, the first by its operation in the chain-making 
industry and to the home-worker generally, and the 
latter as regards the provision of employment. 
The members of the union are asked to support 
Parliamentary representation by voluntary contribu- 


tions now that —anr levies are declared to be 


illegal by courts of law. ‘The society has at present 
two Members, Mr. Barnes, M.P., and Mr. Duncan, 
M.P. ; three other candidates were defeated. During 
last year the membership declined from 108,120 to 
107,140, showing a loss of 980. In the previous year 
the decrease was 1964. The entrances in 1909 were 
6441 ; previous year, 7044 ; the deaths, 1250 ; previous 
year, 1328; the exclusions for arrears therefore were 
very great. Out of work was the — cause, the 
men could not keep up their contributions and levies. 

The total income from all sources amounted to 
399,406/. 6s. 3d.; previous year, 490,658/. 5s. 10d. 
The contributions, fines, and levies produced 370,756. ; 
previous year, 424,979/.; entrance fees, 3092/., or 
518/. less than in 1908. Interest in 1909, 21,624/.; in 
1908, 24,195/. On the other hand, the investments for 
superannuation increased. This provision for old age 
is guarded with scrupulous care in this and all other 
chief trade unions, as well it may be, for it is one of 
the noblest benefits of the union, although sick benefit, 
out-of-work, accident benefit, and funerals are almost 
equally dear to the mass of the members. 

The public are chiefly interested in the items 
of the vast amount expended, for by those will 
they test the national value of the institutions known 
as trade unions. The provident benefits, and the 
sums paid out under each head, in 1909, were as 
follow :—Donation benefit, out-of-work, 204,684/. 
previous year, 244,746/. This was less by over 
40,000/. than in 1907, in which year there was the 
strike on the North-East Coast. Sick benefit, 59,813/. 

previous year, 59,206/.; superannuation, 136,796/.— 
previous year, 129,904/. This large sum tends always 
to increase ; it is only decreased by the death of the 
annuitants, unless by declaring off, a not frequent 
occurrence. Accident benefit, 3736/.—previous year, 
2500/. This is altogether apart from compensation 
under the Workmen's Compensation Act. Funeral 
members and members’ wives, 15,364/.—previous year, 
15,749/. This is a slightly increasing section, but the 
growth is regular and gradual. Benevolent fund, 8768/. 
—previous year, 3832/. This amount is variable, 
according to the state of trade generally. It consists 
of grants in aid to necessitous members. The funds 
are raised by levies. Assistance to other trades greatly 
varies ; the state of the funds and of the society 
generally determine the amounts in each year. 

In spite of all the heavy expenditure under the 
above and other heads, to which must be added con- 
tingent benetit—that is strike pay, which tends to 





decrease, except under abnormal circumstances — 
the general fund on January 1 of this year was 
191,252/. 188. 2d.; the superannuation reserve fund, 
382,046/. 9s. 6d.; aggregate balance at the close of the 
year, 573,2991. 7s. 8d. is will be largely increased 
this year, and for some time to come, by the covenant 
of peace, by which all disputes are now the subject of 
discussion and negotiation at local and central confer- 
ences, composed of the representatives of the parties 
affected, equally proportioned. 


The American Federationist is full of important 
matter on labour organisation, rates of pay, hours of 
employment, and the agencies at work for the im- 
provement of the condition of the masses of the 
workers. The articles are not one-sided, but the 
majority is naturally in favour of labour. In cases 
where the opponents of labour are unscrupulous the 
Federationist is unappeasable ; it attacks the speakers 
or writers in a way which would be dangerous in 
Britain under our laws of libel. In this number two 
i ngs men are put on the rack. The article is 

y Mr. Samuel Gompers, the editor, and is entitled 
‘The Price we Pay.” A lady contributor writes 
upon ‘‘ The Campaign in Illinois for the Ten-Hour 
Law,” enacted in this country fifty years ago ; two 
other articles are by ladies, on ‘‘ Charity and Social 
Justice,” and the other, ‘ KEmployin - Class View 
of Household Help.” The editorial Tist comprises 
eight fairly long articles, on various subjects, in 
which the editor and president of the Federa- 
tionist and of the American Federation of Labour 
shows how thoroughly he is abreast of the labour 
questions of the time. He suffers no attack to 
remain unreplied to, nor does he allow his opponent 
to glide off into side issues to conceal his defeat. In 
this kind of labour controversy the British workman 
is at his worst, while the American citizen workman 
is at his best. The capacity thus to enter into literary 
controversy is advantageous to the community, for the 
public are thus able to ascertain the differences and to 
appraise them. Strikes are often at least delayed by 
open discussion, and the chances are that a solution may 
be found. Some of the more extravagant of the men’s 
leaders taunt the federation with being over-quiet with 
the Civic Federation. That is not so, however; it 
merely gives the chance to the Civic Federation to 
discuss matters and to negotiate, if the employers are 
ae We never really know what has been removed 
out of the way, we only see the failures when they 
result in a strike—when, in fact, the negotiations, for 
reasons there well understood, have broken down and 
strife has entered into the controversy. 


The Board of Trade returns respecting the state 
of a issued by the lent Department, 
show that the average number of days worked at the 
oe in England Ka Wales was 5.03 in England and 
Vales, 4.30 in Scotland, and 5.12 in Ireland. The 
highest, in South Wales and Monmouth, was 5.78 
days. In quarries the average was 5.53, inclusive 
of iron, shale, stone, tin, &c. In the pig-iron in- 
dustry the number of furnaces in blast was 311, 
in the previous month 312, a year ago only 285; 
increase over a year ago, 26. In the tin-plate and 
steel-sheet trade the number of works open was 84, 
increase of 1 over a year ago ; the number of mills in 
operation was 480—an increase of 34 over a year ago 
but a decrease of 11 compared with a month ago. The 
slight decrease in the month is not regarded as any 
serious decline, or indication thereof. There was a 
slight decline in employment at iron and steel works 
compared with a month ago, but a great improvement 
over a year ago. The total employed was 91,369 
—an increase in the month of 219, in the year of 
6753. The shifts worked were 5.49, decrease 0.03, 
increase over a year ago, 0.18. In the shipbuilding 
trades the proportion of unemployed was 8.5, previous 
month, 7.6, a year ago, 28.9; increase in the month, 
0.9; in the year a decrease of 15.4. In the engineering 
trades the proportion of unemployed was 4.5, previous 
month, 4.4, a year ago, 12.1. On the North-East Coast 
overtime was being worked, but some men were still 
out of employment. In the miscellaneous iron, steel, 
and other metal trades employment on the whole was 
good, better than a month ago and a year ago. The 
degrees of activity differed in the various sections, 
but in nearly all the improvement was fair in most 
cases. Speaking generally, the reported out-of-works 
was 2.5 per cent., previous month, 2.8 per cent., a year 
ag 4.6 per cent. Altogether the situation was favour- 
able, for there was no indication of a relapse into 
depression. 


Taxicab drivers belonging to the Waterloo Taxi 
Garage, Camberwell, recommenced work on Sunday, 
a settlement having been arrived at in the dispute 
between them and the directors of the company. The 
men’s grievances will be considered at an early date, 
but sufficient concessions were made at a conference on 
Saturday to enable the strike to be terminated at once. 
The strike centred round the refusal of a driver to be | 





ness of his takings. The men regarded this action as 
a test case, aul thay considered that the directors had 
not tliag oy the matter of the falling off in th« 
takings. Other points were in dispute, among them 
being the payment granted to washers of cabs, whose 
money was reduced a week ago. Prior to the strike 
the washers were receivin . per cab, but the pro- 
prietors had since redu the amount to 7d. The 
washers at once joined the London Carmen’s Trade 
Union. One important matter bearing on the strike 
has been the recognition which the men claim to have 
secured of their unions. At the Waterloo Garage 
about half the men belong to the London Cab-Drivers’ 
Trade Union and the Motor-Cab Drivers’ Protection 
Association. The directors stipulated that in future 
all complaints should be made through both unions. 

A mass meeting of taxi-cab drivers was held in 
Trafalgar-square on Sunday to protest against a state- 
ment said to have been published recently in a news- 
paper that taxi-cab drivers robbed their employers of 
150,000/. a year, and other charges of a similar nature. 
Mr. Sam Michaels, general secretary, said that if the 
statement was correct, why did not the Chief Com- 
missioner of Police take action ? 


The employers and representatives of the members 
of the Boiler-Makers’ Society in the Clyde district 
held a conference at Glasgow, on Wednesday last, to 
consider a demand made by the men for an increase 
of wages amounting to ls. per week on time rates and 
5 per cent. for piecework. This is quite apart from 
the national shipyard agreement, and the action 
was irrespective of the present agitation by the 
eighteen trades for an advance in wages. It was 
understood, from an official announcement made at 
the close of the conference, that both parties had 
agreed to recommend that the advance should take 
place as from the middle of October. 


The colliery engine-winders in Lancashire, Cheshire, 
and North Wales, are now unsettled, and it is reported 
that unless an eight-hours working day is granted 
they will give notice to cease work. If a stoppage 
takes place 110,000 miners will be idle. 


The Joint Board, consisting of the executives of the 
Labour Party, of the General Federation of Trade 
Unions, and the Parliamentary Committee of the 
Trades Union Congress, met in the earlier part of the 
present week at the offices of the General Federation 
of Trade Unions, at 8, Adelphi Terrace, Strand, to 
consider what is called the trade-union crisis, caused 
by the decision in the Osborne case relating to com- 
pulsory levies in support of the representation of 
labourin Parliament. The meeting was specially con- 
vened, for the executives of some of the larger unions 
are somewhat alarmed at the position, and the danger 
lest even the voluntary levy should involve them in 
litigation, without intending to act in opposition with 
what appears to be the legal intention of the courts. 
The Joint Committee spent two hours over the Osborne 
case, and in considering the events which have fol- 
lowed that judgment. Eventually the following re- 
solutions were carried :— 

1. That the decision does not merely affect Parlia- 
mentary representation, but makes it impossible for 
trade-union branches to join in the work of local trades 
councils, and also strikes at the freedom of discussion 
and of resolution, which has always been enjoyed by 
the Trade-Union Congress, in so far as that Congress 
has taken action of a political character in the interest 
of wage earners. 

2. That the decision denies the right of trade 
unions to carry out their normal statutory purposes of 
regulating the relation between employers and em- 
ployed, in so far as modern conditions of industry and 
the highly organised state of capital makes Parlia- 
mentary action necessary for that purpose. 

3. That the decision deprives the trade unions of 
the freedom and right which they have enjoyed for 
nearly fifty years, and which they have exercised only 
with the approval of their members, and to the advan- 
tage of the community. 

The Joint Board claim, therefore, that these rights 
shall be restored at once, so that trade unions may be 
put in a position to fulfil their statutory functions in 
such manner as the members of the respective unions 
may decide in accordance with their rules. 

The Joint Board regrets that the Government 
refused to grant facilities for the consideration of 
the measure introduced for the objects aimed at 
by the board, and has given no guarantees for the 
fulfilment of their pledges to introduce a Bill for 
the payment of members and returning officers 
expenses ; and the board calls upon all the affiliated 
organisations, in view of misrepresentations in the 
Press :—‘‘ (1) To co-operate in the enlightenment o! 
— opinion on the issue ; (2) to approach their 

arliamentary representatives on the subject; (*) 
to urge their members to make this a test ques- 
tion at all elections.” The matter will be one ! 
urgency at the forthcoming Trades Union Con- 


reduced to an ‘‘odd man” in consequence of the small- | gress at Sheffield. 
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SCUTTLES AND SLIDING WINDOWS FOR SHIPS. 


CONSTRUCTED BY CALLENDER’S CABLE 







AND CONSTRUCTION CO., LTD., ERITH. 
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Tue illustrations on this page show two new forms 
of ships’ windows which are being manufactured b 
Callender’s Cable and Construction Company, Limited, 
of Belvedere, Kent, under Mr. H. P. H. Anderson’s 
patents. The first of these, shown in Figs. 1 to 7, is 
a special type of the ordinary round scuttle. Its 
peculiar features are concerned with the method by 
which both the glass frame and the outer metal dead- 
door are locked in position when closed. In both 
cases they are pulled down on to their rubber joints 
uniformly all round their circumference, so that an 
effective water-tight job is made, while in the case of 
the glass frame there is no likelihood of the glass 
being broken owing to cross strains, as sometimes 
happens when the frame is pulled down at one or two 
points only. At the same time the arrangement is 
very neat, as there are no swinging eyebolts, the glass 
frame being clamped by turning the milled-head screw, 
shown at the left-hand side of Figs. 1 and 2, and the 
dead-door being correspondingly clamped by turning 
the centre milled-head. 

The detailed construction of the scuttle may be 
followed from the figures. It consists of a main 
frame a, which is fit on to the ship’s bulkhead, and 
on to which both the glass frame and the dead-door 
are hinged. This frame carries inside it a metal 
ring c, inside of which the glass frame lies, when it is 
in the closed position, as shown in Fig. 2. he 
ring ¢ is shown independently in Figs. 3and 4. The 
glass frame is locked by rotating this ring through a 
small are by means of the locking bolt b, which works 
in a slot in the ring. The actual locking is performed 
by four ring segments d, which lie on the top of the 
ring c, and similarly fit round the outside of the glass 
frame when it is closed. These four segments are of such 
a length that when lying directly above the ring c, as 
shown in Fig. 3, there is a small amount of end-clear- 
ance between them, but when they are drawn together 
inwards they just make up a complete ring. The 
segments are bevelled on their lower sides, and when 
drawn together in their inward position they fit into 
a bevelled groove in the glass frame and so pull it 
firmly down on to its packing and hold it round its 
entire circumference. The position of these segments 
when in their inward, locking, position will be clear 
from the cross-sectional view, Fig. 2. 

As before stated, the locking is carried out by rotating 
the lower ring c through asmall are. Connection is made 
between this ring oat the segments by means of curved 
feathers set at an angle, as shown at ¢, in Fig. 3, and 
in the cross-section, Fig. 6. The segments are free to 
slide on these feathers, and when in position in the 
main frame a are prevented from rotating with the 
ring « by the stops f, shown in Fig. 1. . The result is 
that as c is rotated by the bolt }, the curved feathers 


slide in the segments, causing these latter to move 
inwards and grip the glass frame. Bolt b is operated 
by raising and lowering the short spindle on which it 
works. This spindle is square at its lower end, and 
fits into a square hole in the main frame, so that it is 


prevented from rotating. The end is twisted to form 
& spiral, and as bolt b has a square hole in it the rise 
or fall of the spindle rotates it. 
Screwed at the top, and is operated by rotatin 
The dead-door is 


The square spindle is 
the 


milled nut. ocked by means of four 
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bolt-segments g, one of which is indicated by heavy 
dotted lines in Fig. 1, in order to make the arrangement 
somewhat more easy to follow. These bolt-segments 
are capable of travelling inwards and outwards, and 
are bevelled on their circumferential edges. When 
the door is closed and the bolts are moved outwards, 
these — engage with a corresponding bevelled lip 
on the glass frame and pull the door down on to its 
packing. The arrangement will be seen in the cross- 
sectional view, Fig. 2. The bolts have angular slots 
at their inner ends which engage with a cone / in such 
a way that as the cone is moved in or out by the centre 
milled-head screw the bolts are caused to travel out or 
in, and either lock the door or release it. A section 
through the hinge whic carries both the glass frame 
and the dead-door ie shown in Fig. 7. This hinge is 
arranged with an upper milled screw in such a way that 
when one or both of the doors are open the screw may 
be tightened aud the hinge jammed to prevent the 
doors swingirg about owing to the motion of the boat. 
The second example, shown in Figs. 8 to 10, is a 
rectangular sliding cabin-window. It consists of a 
main frame of channel section, provided with lugs to 
secure it to the bulkhead, and carrying a sliding frame 
in which the glass is fixed. This frame has 
a rack k secured to its lower left-hand side, which 
ears with the lower worm/. This worm is driven 
y the upper worm m, which is in turn driven by the 
worm-wheel n, which is rotated by means of a handle 
ae on its square spigot. Rack & runs the whole 


ength of the sliding frame, so that the window may 
be closed or opened by screwing it up or down. When 
the window is closed, however, the lower end of rack k 
clears the worm /, as shown in Fig. 8, so that further 
rotation of the worm does not affect the position of 
the window. 


A second loose rack p is provided, 


which is carried by the sliding frame on a lower pro- 
jecting tongue, along which it can move. The position 
of this rack is arranged so that it begins to gear with 
the worm / just before rack & leaves it. The result is 
that as the window is closed and rack & leaves the 
worm, the continued rotation of the gearing causes 
rack p to slide up the projecting tongue and pusb- 
rod q, to which it is connected by a link, in the right- 
hand direction, against the pressure of a spiral spring, 
which normally keeps the rack p in its lower position 
on the projecting tongue. Rod ¢ continues to travel in 
the right-hand direction until it is stopped by the rack p 
coming up against the end of the rack &, and in doing 
so it pushes a piston and compresses a rubber bulb r, 
which lies in a pocket in the main frame. This bulb 
is connected up to a rubber tube which lies in an 
undercut groove made in the face of the main frame, 
against which the sliding window lies, and is filled 
with glycerine or some similar substance, so that as 
the bulb is compressed the tube expands and makes a 
tight joint all round between the sliding and fixed 
frames. The position of the rubber tube will be seen 
in the various cross-sections shown in the figures. 
When the window is in use the gearing in the lower 
part of the main frame is protected by a cover plate, 
which has been omitted in the figure in order to show 
the arrangement more clearly. 

Shafts and a bevel-gear arrangement shown at the 
left-hand side of Fig. 8, are u when the window is 
to be operated by power. The upper horizontal shaft 
is driven by a motor or other source of power, and can 
be made to drive the vertical shaft in either direction 
by means of the two bevel-wheels, whose position is 
controlled by the lever shown. The vertical shaft 
drives worm-wheel » by a second gearing as shown, 
and is fitted with a spring-controlled slipping clutch, 
which prevents damage should the shaft continue to 
revolve after the window is closed. The hand-wheel 
shown below this clutch serves to disconnect it when 
necessary, so that the gear may be operated by hand 
even if the shaft is running. 

It is claimed that this type of window gives a 
specially tight joint, owing to the expanding packing 
device, and also that the whole arrangement is very 
neat and lighter than corresponding windows of other 
types. As mentioned, the rubber jointing-tube is 
placed in an undercut slot, so that very little of its 
surface is exposed, and trouble owing to deterioration 
or mechanical damage is improbable. A special rubber 
mixture is used, which is said to be unaffected by oils 
or alkalies, or by considerable variations in tempera- 
ture. This type of expanding-tube packing may also 
be used with the round window previously described, 
if desired. 








STEAMER TRAFFIC ON THE YENESEI.—The Russian 
Government is desirous of establishing a regular steamer- 
traffic on the Yenesei, and will, with that end in view, 
subsidise the Siberian Steamer Company on the condition 
that the company, for a period of ten years, arrange for 
at least six trips in each direction during the navigable 
season from Krassnojarsk to the mouth of the river, for 
which purpose the Crown places at the company’s dis- 

] pms steamers, belonging to the Crown, and a 
number of lighters. 





JaNz’s “‘Figutine Suips.”—*‘ Fighting Ships,” founded 
and edited by Mr. Fred T. Jane, and published at 21s. net 
by Messrs. Sampson Low, Marston, and Co., Limited, 
London, has become indispensable to all who take an 
intelligent interest in naval affairs ; and the number is 
increasing greatly, since the vital importance of the sub- 
ject, apart altogether from its attractiveness, has won the 
attention of many students not otherwise corinected with 
naval architecture. To these Mr. Jane’s annual appeals 
with special force, because of its wealth of lucid illustra- 
tion and the facility afforded for making comparisons 
between different types of ships and between the fleets of 
different Powers. In this, the thirteenth, issue there 
have been added 500 new illustrations—plans, silhouettes, 
or funnel distinctions of individual ships. By these 
latter it is possible to identify a ship seen at a long dis- 
tance at sea. Greatest interest centres in the elevations 
and plans, illustrative of the disposition of guns; 
armour, funnels, &c., and Mr. Jane seems to have 
worked assiduously to make these as complete and 
as accurate as possible. It is inevitable that, with 
the great desire for secrecy, some of these should 
be wrong; but the general result is satisfactory. The 
German Navy is this year moved forward to second 
place, and special attention has evidently been devoted 
to the sean al the Kaiser’s new ships. This year less 
space is given to special articles, which is commendable, 
as this field is so admirably cove by Brassey's Annual, 
Professor Hovgaard writes on the future development of 
the sea-going battleship, and raises again the question 
whether the torpedo and mine as used from submarine 
and surface craft does not terminate the power of the 
battleship in narrow seas ; but he fails to appreciate the 
true function of the ship-of-the-line. Mr. Percival A. 
Hislam, in dealing with the financial aspect of growing 
displacements, has a congenial task ; but tactical efficiency 
nether than cost must be the dominant note, and there- 
fore the arguments are more attractive to the taxpayer 
than convincing to the naval student. Mr. Arthur Rice, 
in an article on a reserve of electrical power in warships, 








advocates the use of a battery of large accumulators, 
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THE ELECTRIFICATION OF TRUNK 
LENES.* 


By L. R. Pomeroy, New York. 


Ir is assumed, from a physical and mechanical view- 
point that electric traction can meet all the demands and 
requirements of rai service. Therefore, whether 
electricity will replace steam traction or not is entirely a 
commercial problem. 


THE Common DenomInaToR—CoMMERCIAL 
CONSIDERATIONS. t 

It may be said at the outset that whatever system of 
electrification is adopted, a very large outlay has to be 
faced, and no case for electrification can made out 
unless an increase in net receipts can be secured sufficient 
to more than pay interest on the extra capital involved. 
This increase may be brought about either by decreasing 
the working expenses for the same service, by so modify- 
ing the service us to bring in a greater revenue, or by a 
combination of these. 

However, there is hardly a steam road in existence to- 


day which does not have divisions or sections where | p 


distinctly local traffic can be handled more profitably by 
light, comparatively frequent electric service than, as 
now, with heavy steam trains. Both steam and electric 
service can be operated over the same tracks without 
detriment or embarrassment to either. In so doing each 
kind of service would be approximately handled in a 
manner best suited to the conditions of each. 

The fundamental principle, based on the present state 
of the art, seems to be that if you cannot accomplish 
something by means of electricity that is now impossible 
by steam traction, there is nothing to justify the change ; 
the mere substitution of one kind of power for another, 
merely to obtain the same result, is not commercially 
warranted. 

There are certain inherent advantages in electrical 
operation that have shown up very well, because the 
increase in business has absorbed the increased interest 
account, but these cases hardly apply to trunk-line condi- 
tions, as the law of induced travel has no bearing on 
freight train operation, the principal business of trunk- 
line roads. 

In heavy work the limiting feature of the steam loco- 
motive is the boiler, and the maximum adhesion can be 
utilised only at low speeds. For example, a 2-8-0 locomo- 
tive with 180,000 lb. on the drivers has a tractive force, 
at 10 miles per hour, of about 40,000 lb., or 4.5to1 At 
30 miles per hour the tractive force becomes 13,250 lb., or 
30.2 to1. As tractive force governs the tonnage hauled, 
the ability of the electric locomotive to utilise almost 
indefinitely power proportional to the maximum adhesion 
and produce a draw-bar pull entirely independent of the 
critical speed of the steam locomotive, as limited by the 
boiler, is a marked feature. 

In heavy-grade work the ability to increase the speed 
shows up favourably to the electric locomotive as can. 
ing the capacity of a given section, but here also the 
business has to be sufficient to absorb the increase in fixed 
charges. 

With steam locomotives a coal consumption, when 
running, of 4 to 5 lb. per indicated horse-power hour, 
really means 6 or 7 lb. at the rail, when the eons due to 
firing up, laying by in yards and ‘sidings, blowing off at 
the pops, and consumption of the air-pumps are taken 
into account. Whereas, under electric operation, with an 
efficiency of 65 to 70 per cent. between the power-house 
and the rail, a coal consumption of 4 lb. per kilowatt-hour 
at the rail can be counted on. 

The writer is informed that the Metropolitan Street 
Railway station (1903), with a 40 per cent. load factor, 
produced power, at the switchboard, at the rate of 
4.7 mils per kilowatt-hour (or 3.5 mils per horse-power 
hour), ety with a load factor of 55 per cent. which prevails 
in the winter time, the cost is at the rate of 4.43 and 
3.3 mils, respectively. These costs cover all expenses 
and repairs except fixed charges. The coal consumption 
is 2.9 lb. per kilowatt and 2.16 lb. per horse-power hour. 

L. B. Stillwell is authority for the statement that the 
Interborough is producing power at the rate of 2.6 lb. of 
coal per kilowatt-hour, or 3 lb. at the draw-bar. 

Another authority gives the following figures for the 
elevated roads for cost of power, 0.005 dol. per kilowatt- 
hour at the switchboard, 0.0066 dol. at the third-rail 
shoes, or 0.0089 dol. at the rims of the drivers. These 
figures are exceptional end hard to duplicate, and, as the 
fixed charges are not included, the writer would consider 
1} cents per kilowatt-hour at the rail a conservative 
figure, and will use this cost in the following computations. 


RELATIVE Cost oF CoAL FoR STEAM AND ELEcTRIC 
OPERATION. 


It may be fair to assume that where average coal is 
used we can count on about 2.25 dols. per ton for locomo- 
tive coal on the tender, while a much cheaper grade can 


* Paper read at the joint meeting of the Institution of 
Mechanical Engineers and the American Society of 
Mechanical Engineers at London, July 29, 1910. 

+ Commenting on the problem of electrification of the 
Central Pacific over the Sierras, Mr. Kruttschnitt says : 
‘* Eastern critics may be inclined to the opinion that we 
are dallying with this matter. We have found that it 

uys well to make haste slowly with regard to innovations. 
Electrification for mountain traffic does not carry the 
same appeal that it did two years ago. Oil-burning loco- 
motives are solving the problem very satisfactorily. Each 
Mallet compound locomotive having a horse-power in 
excess of 3000 hauls as great a load as two of former types, 
burning 10 per cent. less fuel and consuming 50 per cent. 
less water.” — Wall Street Journal. 





be used in the power-house, costing, with modern coal- 
handling facilities, about 1.50 dols, per ton. At this rate 
the relative difference in the cost of coal at the rail would 
be represented by tue following figures :— 


Electric Power-Station > Ib "_ x 1.50 dols. 


p.c. off 
Steam Locomotive 7 x 2.25 dols. 15.75 dols. 


or 50 per cent. in favour of electricity. The following results 
of the Mersey Tunnel operation are pertinent: Under 
electric operation one ton of coal at 2.10 dols. yields 2.29 
1000-ton miles at 224 miles per hour, while, with steam, 
one ton of coal, at 3.84 dols., yields 2.21 1000-ton miles at 
172 miles per hour. The difference, amounting to 55 per 
cant., is in favour of the electric operation, thus :— 


[210] 225. 17.75 _ [: _ 2.10] , 22.5 x 


_ .5 x 2.21 
L 3.84 Sm 331 3.84] 2.29 x 17.75 
= 55 per cent. 


On mountain grades or in heavy freight service, 
where the boiler of the freight locomotive is forced to the 
limit, and the boilers are designed for this particular 
urpose, the showing is still more favourable to the 
electric side. Especially is this true when the steam loco- 
motive is detained on side tracks for as long a period as 
it takes to make the run, which is very frequently the 
case, since, under these conditions the cost for fuel be- 
comes a larger proportion of the total operating expense. 
A 2-8-0 locomotive with 50 square feet of grate surface 
burns 300 lb. of coal per hour while lying on side tracks. 
Reports from Mallet locomotives indi 


7.50 dols. 


icate that from 600 
to 800 lb. are burned per hour under the same conditions. 

The cost of a unit of power with the steam locomotive 
becomes relatively higher under maximum than minimum 
boiler demands, while with electricity the cost per unit is 
at a uniform rate, whether working under extreme or light 
power demands. 

For example :— 

Case 1.—A consolidation (2-8-0) type locomotive with 
180,000 lb. on 57-in. drivers, 50 square feet of grate surface, 
working under maximum conditions on a 14 per cent. 
grade, would burn 150 Ib. of coal per squere foot of grate 
surface per hour and evaporate from 12 to 15 Ib. of water 
per square foot of heating surface per hour. Under these 
conditions the cost per 1000 ton-miles would figure out as 
follows :— 

F x price per ton x R x 1000 

2000 x m.p.h. x E x TF 
where 

F = coal per hour (150 lb. x 50 square feet of grate 
surface.) 

R = resistance to be overcome [( grade per cent. x 20) 
plus 6}. 

E = 80 percent. efficiency to cover losses such as clean- 
ing fires, idle time while under steam, cylinder 
condensation, air-pump consumption, &c. 

T F = tractive force, in this case 180,000 lb. on drivers 
+ 4.5 = 40,000 lb. 
Substituting these values the formula becomes :— 
7500 Ib. x 2.85 dols. x 36 x 1000 — 1.90 dols. 
2000 x 10 x 80 p.c. x 40,000 


If the same service is handled by electric locomotives 
the cost on a similar basis becomes :— 
R x (watt hr. per ton-mile) x 1000 tons x price per kw. at rail 
: 1,000 watts 
_ 36 x 2 x 1000 x 0.01} dols, 
7 1000 
If locomotive coal is taken at 1.70 dols. per ton (the 
price in eastern Pennsylvania for low-grade soft coal), the 
cost for coal for locomotives, under the foregoing condi- 
tions would be :— 


= Cost per 1000 ton-miles, 


= 0.90 dols. 


1.20 dols. x 1.70 
2.85 
()) Electric current reduced 1 c. per kw. hour at the rail : 


0.90 x le. _ 9,72 dol. 
lic 
Case 2.— An express passenger locomotive of the Atlantic 
(4-4-2) type, with the following data : Cylinders 21 in. by 
26 in., boiler pressure 200 lb. per square inch, weight on 
drivers 102,000 lb., heating surface 2821 square feet, grate 
surface 50 square feet, rate of combustion 150 lb. per 
square foot of grate surface per hour, speed 70 miles per 
hour. Figuring as in Case 1 
7500 x 2.85 x 20 x 1000 
2000 x 70 x 80 p.c. x 5350 
Under electric conditions we have 
20 x 2 x 0.01} dol. x 1000 tons _ 0.50 dol. 
1000 watts 


(a) Steam, = 0.716 dol. 


= 0.71 dol. 


or 284 per cent. 


If coal is taken at 1.70 dols. per ton, as in Case 1, the 
cost is reduced from 0.71 dols. to 0.42 dols., making the 
difference slightly in favour of steam. 

These figures apply only to the conditions named, and 
average conditions on an undulating profile, when coasting 
is occasionally possible. With the benefits of momentum 
grades, also, the figures would be relatively less, but the 
electric locomotive would respond and benefit accord- 
ingly, so that the percentages would be approximately 
the same. 

When steam locomotives are loaded to their capacity, 
as is generally the case where tonnage rating is practised, 
the rate of combustion of 150 Ib. of coal per square foot 
of grate surface per hour will still hold good and remain 





constant, the tons hauled being the variable, responding or 
being modified by the speed or physical conditions of {je 


Savines CLAIMED FOR ELECTRIFICATION. 

In view of the foregoing the following extract from an 
article by Mr. C. L. De Muralt will be of interest. The 
figures are from the annual report of 1903 of the roads 
named. 

Cost of Operating Trunk-Lines. 
N. Y. ( 
dols. 
4,635,877 


295,58 


Fuel for locomotives 
ater 99 9 = 
Other supplies for locomo- 
tives... vee ove 
Wages: 
Engine-men and round- 
house-men ne 
Other train-men ... aa 
Switchmen, flagmen, and 
watchmen Hs we 
Other expenses of conduct- 
ing transportation 
Repairs to locomotives 
other equipment 


334,673 


5,716,848 
4,442,127 


3, 900, 427 


14,540,542 
4.412, 983 
10,674,726 
8,542, 935 
4,122,018 
1,858,319 


4,928, 443 
2,991,335 


2,511,552 


11,607,538 
3,608,972 
5,661,992 
6,145,341 
2,454,691 
1,786,494 


” ” 
“ structures 
General expenses 
64,928,894 46,962,491 
Mr. De Muralt then applies the figures found during 
the course of his investigation, which would lead to the 
following reductions if electricity was adopted as a motive 


power :— 

P. R. BR. N. Y.C. 

dols. dols. 

Fuel 10 per cent. ... es 600,013 463,388 

Water saved entirely ee 335,286 295,583 

Other supplies 50 per cent. 191,274 167,536 
Wages, engine-men, &c., 

-. 1,499,212 


25 per cent. 
2,206,492 


pe 1,207,361 
Repairs to locomotives 


1,804, 486 
Total amount saved 4,762,277 3,942,154 
The saving in water alone, capitalised at 5 per cent., 
equals 6,750,000 dols. for the former, and nearly 
6,000,000 dols. for the latter road. As large as these 
alleged savings are, yet they would not amount to more 
than 2} to 3 per cent. on the necessary increase in capital 
to electrify the roads on which the foregoing savings 


apply. ; ; 
Vhile the first cost for power-stations and electric 
equipment represents a large outlay, yet such items as 
the cost for repairs of locomotives and shops, expensive 
hostlering at terminals, coaling and water stations, and 
the incidental labour charge and repairs thereto will, in 
the aggregate, be materially reduced. The comparative 
saving in repairs will be indicated by the following 
figures :— 
Repairs. Steam. Electric. 
Per Cent. Per Cent. 
Boiler als ae a 20 0 
Running gear ss 
oe ong os i 15 
sigging and painting ... ‘ 5 
euboten - oe “ aa 0 
Tender _... es a : 0 


Other Comparisons between Steam and Electric Locomo- 
tives.—It is further claimed that, with electric operation, 
greater mileage is possible with the electric locomotive, 
and that fewer units are necessary to perform the same 
service. Great stress is laid on the fact that the ordinary 
freight locomotive makes only 3000 miles per month, or 
100 miles per day, against which is put forward the ability 
of the electric locomotive to perform practically con- 
tinuous service, suggesting the propriety of comparing 
electric and steam operation on the basis of ton-miles per 
annum each is able to make and also the relative weight 
on driving-wheels and not their total weight. ; 

The operating efficiency of a steam locomotive in freight 
service 1s so low, averaging about 3000 miles per month, 
that it is generally thought due to limitations, pcr sc, in 
the locomotive, Poon it is mainly due to operating and 
traffic conditions, which limitations would apply with 
equal force to the electric locomotives, so that, barring 
some increase in speed, the electric locomotive can make 
no greater mileage than its steam competitor in equiva- 
lent service, consequently its splendid ability to perform 
almost continuous service cannot be realised in practice 
for reasons aforesaid. 

Let the rectangle A B C D represent a day of twenty- 
four hours the shaded area A Bx y that portion of the 
time for which the mechanical department is responsible 
= 22 per cent. ; the areax y q z, the average time the 
locomotive is performing useful work = 28 per cent.—i.¢., 
actually pulling trains, 3000 miles per month, 100 miles 
per day ; while the portion of the diagram bounded by 
qzC D, the period or balance of the time that the loco- 
motive is under steam, with crew, and ready to g and 
represents the time at terminal yards, side tracks and 
awaiting orders, &c., = 50 per cent. 

It is just here that our electrical friends make the great 
mistake of claiming ‘‘ greater capacity” for the electric 
locomotive over its steam equivalent. It isconceded that 
under electric conditions the area A Ba y may be reduced 
as much as one-half and perhaps, owing to greater speed, 
the area 2 y gz may be increased, but the ‘‘lost motion 

riod due to traffic and operating causes will be rela- 
latively the same for both. The percentages are from an 
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actual three months’ test on a trunk line reported in 1904 
in the proceedings of the American Railway Master 
Mechanics’ Association by the committee on time service 
of locomotives. ' oe ; 

The only cases where electric operation is commercially 
justified is in congested local passenger situations where 
the conditions closely approach those of a ‘* moving side- 
walk” and the records show that these cases have been 
profitable only when a large increase in business has been 


realised. 














A B 

x y 

q 2 
50% 

Cc D 





A modern Atlantic (4-4-2) type locomotive weighs, in- 
cluding tender, 321,620 lb., with a maximum tractive force 
of 23,500 lb. The ratio of total weight to tractive power 
is 13.3 to 1. The New York Central electric locomotive, 
with a total weight of 192,000 lb. and a tractive effort of 
27,500 1b. has a ratio of 7 to 1. The comparison is still 
more favourable for electric freight locomotives where 
the entire weight is on the driving wheels. 


PowerR-StTaTION CAPACITY. 

The impression is quite prevalent that if 100 steam loco- 
motives ae requi to operate a certain division, if 
operated electrically, a power-station capacity the equiva- 
lent of 100 locomotives would be necessary, whereas the 
generator capacity, barring the installation of spare units, 
would be of such size as to meet the average load. This 
average can be determined 7 laying down a train sheet, 
from which the load at any hour in the day can be seen 
and the peaks located. : 

For ordinary computations the number of trains to pro- 
vide for is, approximately :— 

The total train miles per hour 


Mean speed 
This formula is the result of cancellation from the 
following :— 
(a) horse-power days + aggregate horse-power. 
That is: 
==" 





(dis. miles) x (No. trains) x (tons) x R 

47,520,000 ft.-lb. in one day 
. tons x R x miles per hour 
; 375 ‘ 

R=resistance due to gravity + resistance due to speed 
+ curve resistance. Transposing and cancelling 
Dis. miles x No. trains 
(c) : . 
24 x m.p.h. 

For illustration take a typical case—distance, 183 miles. 





Load. Average Speed. 
37 freight-trains at 15 m.p.h. 37x15 m.p.h. = 555 
22 expresses at ae as 22x50 , ==1100 
21 locals at mw ws 21x30 , = 630 
89 trains total. 80 2285 
2285 + 80 = 28 average m.p.h. 
80 trains x 183 miles _ 22 trains. 


24 hr. x 28 m.p.h. 


J 











1 
—! 


<—— D miles 


For more accurate work a train-sheet should be made 
either with miles as ordinates and time as absciss, or one 
with trains as ordinates on a time (abscissa) base. _ 

Relative to R—i.¢., resistance—for gravity: divide the 
profile into sections, one for each change in grade, plus or 
minus as the case may be :— 

H 
D x 52.8 
Each 1 per cent. e= 20]b. = R. 
R for curves 0.56 lb. per deg. 
R for level sections = 2 + mb. 

Consider the example of a road or division 100 miles 
long on which _& given train requires 2000 horse-power to 
keep it in motion. If twenty cars take a maximum of 
100 horse-power each, the electrical conductors and dis- 
tributing apparatus will never be required to deliver more 
than 100 horse-power at any one point. If, on the other 
hand, the entire traffic of the line must be concentrated 
i @ single train, the electrical conductors and distributing 
<pparatus must deliver the full 2000 horse-power at each 


= per cent. grade. 


load the capacity of the distributing apparatus at each 
and every point must be twenty times as great as the 
capacity when twenty cars are used to give the same total 
load Hlectric traction has proved its superiority for dis- 
tributing loads, but concentrated loads are still handled 
almost exclusively by steam locomotives. 


Some ADVANTAGES OF Exectric LOCOMOTIVES. 


In the annual report of the P. R. R. (1903) the Presi- 
dent states ‘‘ that the congested condition of your system 
has brought about a large increase in the ton-mile cost, 
which, for 1903, was 25 per cent. greater than for 1899. 
In order to prevent the increase in ton-mile cost, it is 
necessary to move freight trains faster in places where 
traffic is dense, and for such purposes the electric loco- 
motive is most efficient.” 
With steam locomotives the most economical average 
oo for freight service is 12 to 15 miles per hour, where 
there is ample track space for the free movement of trains. 
With a dense traffic this free movement can only 
obtained by a higher speed, and if the large train tonnage 
be maintained, more horse-power is required of the engine 
and boiler. It is difficult to increase the size of steam 
freight locomotives without resorting to the Mallet com- 
pound articulated type, and here we have the equivalent 
of two locomotives in one machine. 
With the electric locomotive it is possible to develop a 
much greater horse-power and a large percentage of over- 
load at the time when needed, and do it more economically 
than with steam. The New York Central electric loco- 
motive has a maximum peak horse-power of 3000, which is 
25 per cent. above normal. This maximum is about 
double the power which can be obtained from the New 
York Central standard ‘‘ Atlantic” (4-4-2) type loco- 
motive. Similar proportions can be obtained for electric 
freight locomotives, and their size and power are not 
limited by boiler capacity. If the steam locomotive is 
capable of developing 30,000 T.F. at the draw-bar at 
12 miles per hour, or 
30,000 x 12m.p.h. 

375 
and it is required to increase the speed of the train to 
20 miles per hour and maintain the same tonnage, then 
1600 horse-power will be required, which means the em- 
ployment of a much larger locomotive or double heading. 

The advantage of the overload capacity on short moun- 
tain grades or for strategic peaks is one of the strong 
points in favour of the electric machine, and would make 
electric operation applicable to special cases rather than 
a universal substitute in the broad light of commercial 
considerations. 


= 960 horse-power. 


GENERAL CONCLUSIONS. 


Our conclusion from this survey of the situation is that 

the rapid development of suburban passenger traction by 
electricity will require large power-houses at large cities, 
and these can gradually be made sufficient for working 
the line on further stretches in each direction, handling 
congested terminals, or used where commercially prac- 
ticable, until it may be desirable to electrify the entire 
division. 
Electric operation, as compared with steam, shows to 
greatest advantage in urban and suburban passenger 
service. Here, if multiple-unit trains are employed, so 
that a considerable fraction of the total weight is carried 
on the driving-wheels, thus permitting a high rate of 
acceleration to be used, a schedule speed quite impractic- 
able in steam operation can be maintained. Moreover, 
a more frequent service can be given without a propor- 
tional increase in expense, whilst in times of light traftic 
small trains can be run, the energy consumption per 
train in such service being almost in proportion to the 
number of coaches. The law of induced travel, however, 
applies to urban and suburban passenger service, but does 
not hold for trunk lines and especially freight service. 


To DETERMINE WHETHER IMPROVEMENTS ARE 
JUSTIFIABLE. 

Under trunk-line conditions the only thing that in- 
terests railway managers is the traffic available at the 
present, relatively speaking ; the future is too indefinite 
to be capitalised to any great degree in advance. It is 
more in the line of insurance companies to “ capitalise 
expectations.” 

n grade revision the authorisation for expenditure is 
based on the saving in train-miles capitalised. The follow- 
ing is a concrete case from a Western road, or rather the 
summation of the engineers’ report as to just what the 
proposed rearrangement would amount to. The rate of 
50 cents per train-mile is to cover those items of cost 
directly affected by the change. 


Number of trains ) wit 
perday—7 f 
f§_ Div. of) , wo { 365 ) 
(225 milesf ~ SOc. x \ days f 
Under the circumstances it will be seen that the value 
of 1 per cent. reduction in train-mil per mile per 


_ 1850 tons present conditions 
1600 tons proposed 


= 45,990 dols. 


Power-station 13.5 cts. 
Road service 5 


The cost of current, when power-station designed load 
is attained, is 2.6 cents per kilowatt-hour delivered 
at contact shoes. This includes all operating and main- 
tenance costs, interest on the electrical investment re- 
quired to produce and deliver current, depreciation, taxes, 
insurance, and transmission losses. The following table 
summarises the data :— 


Water per 1000 gallons : 








Operating Fixed 

Items. Cos Charges. Total. 

cents cents cents 

Power-station 0.58 0.44 1.02 
Transmission losses 0.19 0.15 0.34 

Distribution systems : 

Sub-stations 0.32 0.92 1,24 
Totals 1.09 1.61 2.60 


In adiscussion by G. R. Henderson (page 102, vol. Ixi., 
Trans. A.S.C.E.), are given road service costs per 1000 
car-ton miles :— 


Steam. Electric. 
Dols, ‘ols. 
Supplies 2.03 1.37 
Wages... is ee ia 0,28 0.31 
Interest, depreciation, and 
repairs to locomotive 0.46 0.34 
2.77 2.02 


The item ‘‘ Electric Supplies” is composed of operatin 
expenses and fixed charges, and may be ennipesdl thes med 
53.3 kw. hour at 0.0109 dol., 0.58 dol. operation. 

52.3 0.0151 ,, 0.79 ,, fixed charges, 
52.3 0.026 1.37 


[Fixed charges = (73 4 


” 


1.37 
expenses. ] 


The brackets are ours. The difference in cost between 
steam and electric traction in road service is 2.77 — 2.02 
= 0.75 dol. per 1000 car-ton miles. 

The fixed charges on the power plant and the transmis- 
sion system are 0.79 dol. per 1000 car-ton miles, or about 
the same as the saving; so that if the train movement 
were but one-half the assumed amount (averaging 6000 
horse-power at the rails, or 6000 kilowatts at the station) 
the cost for electric service would be slightly higher than 
for steam, or 2.81 dols., as against 2.77 dols., per 1000 
car-ton miles. 

The Manhattan Elevated Railroad, with about 38 miles 
of road, was electrified at an expense of 17,000,000 dole. 
The operating ratio, under electric conditions, has been 
reduced from 61 to 46 per cent. of gross receipts. The 
net result, after taking care of the increased capital, &c., 
shows 15 per cent. profit ; but it isa significant fact that 


) = 57 per cent. of operating 








train amounts to 1.95 dols. perannum. The total amount 
capitalised at 5 per cent. equals 919,800 dols. In some 
such manner the steam railroad manager arranges the | 
proposition of the electric scheme and decides accordingly. | 


Some EXAampLes. | 


Ina + - before the American Society of Civil Engi- 





and every point. In other words, with the concentrated 


neers by W. J. Wilgus, some interesting data concerning 
New York Central operations were given :— 
Dols. 
Cost of coal per 2000 lb. anthracite steam 
locomotive, terminal service : 4.46 
Cost of bituminous coal, road service 3.12 
= me power station... 2.72 





the increase in business was 46 per cent. (carrying about 
250,000,000 people per annum—690,000 per day average, 
or 28,800 = hour). 

There has just been reported the four years’ electric 
operating results of the Mersey Tunnel road, connecting 
Liverpool and Birkenhead. The net profit, allowing 
interest, &c., on the increased capital due to electrifica- 
tion, amounted to 15 per cent., but it took an increase in 
traffic of 55 per cent. to make this operating result pos- 
sible. Ton-miles increased from 43 to 67 million, or 55 
per cent. Total expenses, including interest on electric 
capital (but not depreciation), equal 0.586 dol. per ton- 
mile. Interest equals 0.106 per ton-mile, or 22 per cent. 
of operating expenses. 

President Harahan, of the Illinois Central Railroad, 
reports the results of the investigation that has been 
made relative to the proposed electrification in the follow- 
ing words :— 

** Our suburban traffic is the only service which would 
in any degree be adapted to electric operation ; but even 
in this particular service it can be readily shown to be 
unjustifiable at the present time. I submit below a 
statement of the results which are estimated to accrue if 
the entire suburban service were electrified, compared 
with the present steam operation :— 


Results of Operation of Suburban Business at Chicago 
Jor Fiscal Year ending June 30, 1909. 








2 Dols. 
Gross earnings al si ind 1,056,446 
Operating expenses (82.9 p.c.) plus taxes 946,734 
Net revenue es 109,712 
Estimated Results under Electrification. 
Gross earnings bed ies — ... 1,056,446 
Operating expenses (66 p.c.) 697,254 
Taxes ... os Sis . 14,42 
. - 771,681 
Net revenue (electric operation) 284,765 


(steam operation) ... 


” 


Increase -— - — on 175,053 
Estimated cost of electrification... 8,000,000 
Interest and depreciation, 10 p.c. aa 800,000 
Saving in operation under electrification 175,053 
Deficit —e 624,947 

‘**Our suburban traffic is not sufficiently dense to 


warrant the expense necessary to electrify these lines, 
and it is evident from the one go figures that even 
under electrification there would not be an increase in 


traffic sufficiently large to offset the annual loss from 
operation. 


It simply proves that under present condi- 
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tiens of cost of;electrification of steam7railways, where it 
means a replacement of a plant already installed, and 
serving the purpose, it is not justifiable to electrify either 
in whole or in part your Chicago terminals at this time.” 

The suburban district of the Illinois Central Railroad 
covers about 50 miles of , and carries in round 
numbers 15,000,000 suburban passengers per annum, or an 
average of 41,150 per day, or 1700 per hour. An increase 
of 100 per cent. in earnings would not enable the road to 
break even. s 

The Railway Age Gazette, in commenting editorially on 
Mr. Harahan’s statement, says :— 

‘*Tt may be accepted as conclusively demonstrated that 
the New Vork Central and the New Haven roads are 
moving trains by electricity more economically than they 
moved them by steam in their suburban district. To 
enable this to be brought about, however, extremely 
heavy capital costs had to be assumed, and the charges 
on these capital costs make the entire operating cost, 
including overhead charge, far higher than it used to be 
in the days of steam operation. 

‘*For example, a standard express train of eight cars on 
the New Haven road pulls out of Grand Central Station 
headed by two half-unit electric locomotives, each of 
which cost very nearly 40,000 dols. The capital cost of 
the motive power of this train is in excess of 75,000 dols. 
{the interest and depreciation amounting to 20 dols. per 
og! go brackets are ours. The cost of motive power 
at the head of a similar New York Central — 
train, opera by electricity, is about one-half this 
sum. Moreover, it will be recalled that Mr. Wilgus 
estimated that the direct costs of electrical equip- 
ment represented only one-fourth of the total charges 
attendant upon electricity. The cost of making every- 
thing ready and safe for this kind of operation is far 
greater than the highest estimates are apt to contem- 

late.” 
” From a report of the Electrical Commission of the State 


of Massachusetts the following extracts are taken (letter | becc 


of Mr. C. 8. Mellen, president of the New Haven road) : 

‘*We believe we are warranted in saying that our 
electric installation is a success from the standpoint of 
handling the business in question efficiently and with 
reasonable satisfaction, and we believe we have arriv 
at the point where we can truthfully say that the inter- 
ruptions to our service are no greater, nor more frequent, 
than was the case when steam was in use. But we are 
not prepared to state that there is any economy in the 
substitution of electrical traction for steam; on the 
contrary, we believe the expense is very much greater.” 

The Boston and Albany Railroad Company reports the 
result of their study, and estimates the uirements as 
follows :—A power station of 6000 kw. will be necessary, 
with storage batteries, to handle the peak load. The 
total cost of the installation is estimated at 4,000,000 dols., 
and the interest, taxes, and depreciation at 9 per cent., 
or about 400,000 dols. per annum. A stock argument for 
electric operation is the saving to be made in operating 
eaeee, but concerning this the following statement is 
made : 

**Some slight economies would accrue in the transport- 
ation expenses under this operation, which would be 
substantially absorbed by the additional expenses to be 
incurred for the maintenance of the additional apparatus 
installed, and the net economies would be so small as to 
be inappreciable in the consideration.” 

Another stock argument of the advocates of electric 
locomotives is the growth of traffic which is supposed to 
result from electric operation. This argument is met as 
follows in the report :— 

**Considering now the possibilities of increasing the 
traffic, the statistics of the Boston and Albany Railroad 
show substantially the following number of passengers 
handled in the above territory per annum :— 

1891... 4,552,918 1899... 3,897,364 
1894... 4,799,578 1907... 4,435,841 


**The absence of any material increase in traffic is 
srobably due to the fact that the circuit is occupied ds.a 
cage residential district, not susceptible of rapid sub- 
division of property, and more particularly to the fact 
that suburban lines are being rapidly extended into all 
such outlying districts and afford a more advantageous 
means of collecting and distributing local travel through 
the commercial and residential districts than could 
possibly be afforded by a railroad constructed and 
operated upon private right of way and devoted largely 
to long haul operations.” 
EXxamP_e TO ILLUSTRATE A ConcRETE Cask. 

The following illustration representing a concrete case 
is selected sause of its elementary character, more 
especially as the case is so simple that all the variables 
affecting the comparison are eliminated, and the amount 
of coal to perform the operation is directly known :— 

Conditions: trailing load, 1600 tons; average grade, 
1.3 per cent.; distance, 8 miles ; speed, 15 miles per hour 
for electric and 14 miles per hour for steam locomotive. 

(a) Electric 

1600 net tons 
190 Loco. (2) tons 


1790 gross tons 


{1.3 p.c. grade x 20 = 261b. 
=< 5 deg. curves aX 
Level ee 
Gross tons 7 R_x Distance _ jw. hr. at the rail. 
500 
Substituting values : 
1790 x 35 x 8 
500 
Equivalent kilowatt load at power-house = 
_Tons x R x m.p.h. 
500 x efficiency per cent.’ 


= 1000 kw.-hr. (at rail) 





where the efficiency between the rail and generators 
equals 65 per cent., substituting, as before, 


1790 x 35 x 15 _ 2900 kw. 
500 x 65 per cent. 


For this particular case current can be purchased from 
an adjacent power-house at the very low rate of one cent 
per kilowatt-hour at the rail. 

At this rate the power cost per trip will be 1000 kw. 
at one cent = 10 dols. 

(b) Under steam conditions we have the same as before, 
1600 net tons + weight of two locomotives, 300, or 1900 

tons. 

The coal consumption for this particular run is 6000Ib, 
_ The price per ton to equal the electric cost_for power, 
is :— 

6000 lb. x price per ton _ 
3000 = 10dols. 
Transposing : 


2000 x 10 
6000 x 3.33 dols. 

But as coal for this particular case costs the road 1.70 

dols. per ton, the relative cost, coal against power, is 
6000 x 1.70 dols. _ 
“3000 ~ = 5,10 dols. 

There is a difference in ton-mile hours in favour of the 
electric locomotive, due to speed and redu gross ton- 
nage, as follows :— 

1790 x 8 x 8 
15 


1. Electric = 7640 gross ton-mile hours. 


1900 x 8 x 8 
14 
To make the comparison correct the coal consumption 
of the steam locomotive should be proportioned on the 
ton-mile hours produced, and the cost of coal then 
mes :— 


2. Steam = 8690 ” ” ” 


5.10 dols. x 8690 _ 5.80 dols. 
7640 
Adding to the foregoing the other operating costs, the 
relative expense becomes :— 
(a) Electric— 

Power ... ae sd sei ‘ 
Lubrication, supplies, repairs, crew at 

0.1158 dol. per 1000 ton-miles, or 

0.1158 x 1790 x 8 _ 

1000 

Interest and depreciation, 
surance, &c., at 10 per cent. 


dols. 
10.00 


taxes, in- 


(b) Steam— 

Coal as above ... oon 

Lubrication, supplies, 
enginemen at 0.25 dol. per 1 
miles, 

0.25 dol. x 1990 x 8 miles _ 
1000 

Interest and depreciation at 10 per cent. 

(two locomotives) 
34,000 dols. x 10 per cent. x 8_ 


365 x 24 x 14 


water, repairs, 
ton- 


Cost per trip in favour of steam, 3.30 dols., 
or 25 per cent. less. 


EXAMPLES TO ILLUSTRATE A CONCRETE CASE. 


The idea is all too prevalent with the public, and even 
with some of the bodies that have been given legal power 
of supervision over railway companies, that any expen- 
diture which can be forced upon the railway companies 
is just so much gain for the public. Never was there a 
more absolute fallacy. In the longrun, the cost of every 
bit of railway improvement must be paid for by those 
who buy tickets and ship freight. Economy in the ad- 
ministration of our railways is just as important in the 
interest of the general public as if the railways were 
actually under Government ownership. 

Recently The Engineer (London) editorially made a 
plea for a ‘‘common denominator” for comparison of 
engineering achievements, using the following illustra- 
tions :— 

“Thus, for example, if we take Mr. Humphrey’s reply 
to Mr. Davey’s criticisms, we see that he gained a mere 
dialectical advantage by showing on the screen a great 
differential pump, and beside it an internal-combustion 
pump, so small by comparison that he had to explain 
that it was not a ‘hooter.’ Both engines could deal with 
the same quantity of water; but the Davey engine 
was lifting it 1500 ft. from a mine, while the gas pump 
could not lift it more than about 15 ft. Indeed, it could 
not do the work of the Davey engine at all.” 

Also a comparison was drawn between the cost of work- 
ing with producer gas-engines and steam-engines. The 
argument was all in favour of the gas-engine, expressed 
in weight of fuel required per hour to develop a horse- 
power. But the aspect of the matter changed when it 
was pointed out that the coal used by the steam-engine 
was slack, costing 1.75 dols. per ton, while the gas-pro- 
ducer worked with anthracite, costing over 6.25 dols. a 
ton. Here the cost of fuel was the common denominator, 
not the weight of the fuel. 

The plea concluded by saying that the common deno- 
minator should be the commercial cost. E. H. McHenry 
expressed the same idea when he said that ‘‘ Engineering 
is making a dollar earn the most interest.” 





FOREIGN ENGINEERING PROJECTS. 


We give below a list of foreign engineerin pro- 
jects, for some of which tenders are asked. Farther 
patois concerning the same may be obtained from the 

mmercial Intelligence Branch of the Board of Trade 
73, Basinghall-street, London, E.C : 

Italy : With reference to the notice on page 267 of the 
Board of Trade Journal of August 11, relative to proposed 
harbour works at Ortona (Chieti), the Gazzetta Ufficiale 
of August 12 notifies that tenders for the carrying out of 
the work in question will be opened at 10a.m. on Septem- 
ber 10, simultaneously at the Direzione Generale delle 
Opere Marittime, Ministero dei Lavori Pubblici, Rome, 
and at the Prefettura di Chieti, Chieti, to either of which 
addresses they should accordingly sent. The upset 
price is put at 2,545,000 lire (101,800/.), and to qualify any 
tender a deposit of 150,000 lire (6000/.) will be required, 
to be increased by the successful tenderer to 10 per cent. 
of the accepted contract price. Although the above con- 
tract will in all probability be awarded to an Italian 
firm, nevertheless the carrying out of the work may 
involve the purchase of certain materials out of Italy.— 
According to the Bollettino Finanze, Ferrovie, Rome, of 
July 21, the Superior Council of Public Works have 
ay favourably on the following :—(1) An application 
which has been lodged in respect of a 70 years’ concession 
for the construction and working of the railway from 
Castelbolognese to Riolo. (2) The plans for the con. 
struction of a section of the railway from Rome to Naples 
—viz., from Minturno to Naples. (3) The plans for con- 
necting Barletta Station with the harbour by railway. 

Roumania: The Oe6esterreichischer Zentral - Anzeiger, 
Vienna, of August 7 states that the Bucharest municipal 
authorities have decided to put in hand, without delay, 
various canal construction and enlargement works, the 
cost of which is estimated at 1,500,000 lei (60,000/7.). It 
is expected that the contracts will be given out during 
the present month. 

Spain: The Gaceta de Madrid of August 9 contains a 
decree, issued by the Ministerio de Fomento, Madrid, 
inviting tenders for the construction of a strategic railway 
from Pamplona to Logrojio via Estella. Sixty days from 
the date of the Gaceta are allowed for the presentation of 
plans and specifications. The line will be single track of 
one metre gauge, and the rails must weigh not less than 
30 kilogs. per lineal metre. This contract is open to 
Spanish firms only, but it is pen that some of the 
material required will have to be obtained out of Spain. 
According to the Gaceta de Madrid of August 10, Don 
Maximo Goizueta, on behalf of the Diputacién de 
Navarra, has submitted to the Direccién, General de 
Obras Publicas, Madrid, an application for the construc- 
tion and working of a secondary railway from Pamplona 
to Santestevan. 

Netherlands : With reference to the notice on page 214 
of the Board of Trade Journal of August 4, relative to 
the proposed establishment of water works at Groningen, 
the Niewwe Rotterdamsche Cowrant now states that the 
reservoir will be built. about 3 miles from Groningen 
(within the boundary of Haren), and that the cost of the 
scheme is estimated at more than 120,000/. 

Morocco: The British Vice-Consul at Tetuan (Mr. 
W. S. Bewicke) reports that tenders will shortly be 
invited for the construction of a road from Tetuan to the 
seaport, a distance of 7 miles. Communications from 
British firms in this connection should be addressed 
direct to the British Vice-Consulate, Tetuan, Morocco. 

Finland: According to the Journal de St. Pétersbourg 
of August 12 the Finnish Senate have instructed the 
Roads and Bridges Department of the Grand Duchy of 
Finland to proceed with surveying operations in con- 
nection with a new railway between Viborg and Biorkoe. 

Argentine Republic: The Boletin of July 18 contains a 
decree, issued by the General Directorate of Railways, 
approving the plans. submitted for the construction of @ 
section, about 28 mules in length, of the Tinogasta Rail- 
way—viz., from Aimogasta to Aminga. The cost of the 
work is estimated at 672,098 pesos gold (about 134,400/.). 

Brazil: The British Acting Consul-General at Rio de 
Janeiro (Mr. E. Hambloch) reports that a credit of 
1,500,000 milreis (about 107,000/.) has been granted in 
connection with the extension works, &c., on the West 
of Minas Railway. 








Errect OF THE UttRA-VIOLET Rays on Watrr.—An 
apparatus has been designed by Messrs. V. Henry A. 

elbronner and Ch. Von Resklinghousen by which the 
sterilisation of running water, by means of the ultra- 
violet rays of light, is demonstrated. With this appa- 
ratus, 125 cub. m. can, it is said, be sterilised per 
hour, or sufficient to supply a town of about 20,000 
inhabitants. The amount of electricity required is said 
to be 36 watts per hour per cubic metre. Water con- 
taminated by various kinds of microbes has been tested, 
and the sterilisation is said to have been complete. The 
water, however, must be previously clarified, as suspended 
matter interferes with the passage of the light rays. The 
appliance consists of a series of tubes, through which 
the water flows, and in which are a emitting the 
ultra-violet rays are placed. It was found that the 
number of microbes in the water before the first lamp 
was about 5250 per cubic centimetre, while after passing 
the second lamp the bacilli had disappeared. In this 
country the Westinghouse - Cooper- Hewitt Company, 
Limited, of 151-2, Great Saffron Hill, E.C., have put on 
the market a water steriliser in which the ultra-violet 
rays are obtained from a Cooper-Hewitt lamp in a quartz 
roo suspended above and close to the surface of the 
liquid. is apparatus has the advantage that thers are 
no carbons to be replaced, and that there is practica!:y no 
mechanism in the lamp. The quartz tube is perfectly 
transparent to ultra-violet rays. 
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MOTOR-SLEDGES FOR THE ANTARCTIC 


CONSTRUCTED BY THE WOLSELEY 


TOOL AND MOTOR-CAP COMPANY, 


LIMITED, 


EXPEDITION. 


ADDERLEY PARK, BIRMINGHAM. 





TuE accompanying illustration shows the three 
motor sleigh-tractors constructed by the Wolseley 
Tool and Motor Car Company. Limited, at their works 
at Adderley Park, Birmingham, and modified as the 
result of tests made in Norway. We fully described 
the sleigh-tractors when completed (see ENGINEERING, 
Vol. Ixxxix., p. 421), and subsequently gave some in- 
teresting facts sent us by Captain Scott regarding the 
evolution of their design (see /bid. 509), so that here 
it is not necessary to enter into details. The 12 horse- 
power Wolseley motor drives through Cardan shaft 
and worm gear, the axles, which have sprocket wheels, 
actuating an endless chain carrying pattens and spuds. 
These grip into the snow and ice, and thereby ensure 
forward motion by the travel of the chain. The details 
involved various modifications from ordinary motor- 
car practice in order to suit the extreme temperature 
and other physical conditions which will prevail in 
the Antarctic regions. 

The trials on the Norwegian ice-fields proved most 
satisfactory, and yielded several suggestions. These 
are shown in our engraving. The petrol-tank has 
been moved from over the engine and placed below 
the driver’s seat, and the casing over the engine has 
been removed to make it more accessible. The engine 
and gear have also been placed higher in the frame, as 
it was found desirable to give as much ‘clearance ” as 
possible. Stretcher poles have been placed at the 
front and back of the tractor in order to increase the 
length of the vehicles and render them less liable to 
fall down such crevasses as are crossed. These poles 
also fit into vertical sockets to form tent-poles for 
camping. A tank has been provided behind each 
engine, and will be heated by the exhaust gas, so that 
snow in it will be melted to give a supply of hot 
water for general use when the engine is running. 

The motor-sledges have just been despatched to 
Port Lyttelton, New Zealand, for shipment on board 
the Terra Nova, Captain Scott’s exploration ship, 
when she arrives there. 





THE PHYSICAL SOCIETY OF LONDON. 

At the meeting of the Physical Society of London, held 
on July 8, Professor H. L. Callendar, F.R.S., President, 
in the chair, a paper entitled ‘‘ The Radio-Balance: A 
Thermo-Electric Balance for the Absolute Measwrement of 
Radiation ; with Applications to Radiwm and Its Emana- 
tion,” was read by the President. 

In this apparatus, which was first constructed in 1905, 
and was briefly described in an article on radiation con- 
tributed to the Encyclopedia Britannica, heat supplied by 
radiation is directly compensated by the Peltier method of 
absorption of heat in a thermo-junction through which a 
measured electric current is In the simplest 
form of the instrument, radiation admitted through a 
measured aperture, 2 mm. in diameter, falls on a small 
copper disc 3mm. in diameter by 0.5 mm. thick, to which 
two thermo-junctions are attached, forming a Peltier 
cross. One couple is connected to a sensitive galvano- 
meter for indicating changes of temperature. The other 
is connected to a battery and rheostat in series with a 
millammeter or potentiometer for measuring the current 
required to reduce the deflection of the galvanometer to 
zero. If Ais the area of the aperture in square centi- 
metres, Q the intensity of the radiation in watts per square 
centimetre, a the absorption-coefficient of the surface of 
the disc, P the Peltier coefficient in volts, C the balanc- 
ing current in amperes, and R the effective resistance of 
the couple, the equation giving the value of the radiation 
in absolute measure is 


aAQ=PC-OCR. 


The absolute value of P is the product of the absolute 
temperature by the thermo-electric power. The value of 

» In the small correction term for the Joule effect, is 
readily determined by observing the neutral current, 
C\=P/R, for which the Joule effect balances the Peltier 
eflect. In practice two similar discs with similar connec- 








tions are mounted side by side na thick copper box, and 
are balanced against each other in order to avoid changes 
of zero due to exposure to sunshine, or rapid variations of 


temperature. 

The advantages of the disc radiobalance are that it is 
very simple to construct and easy to reproduce without 
material variation in the reduction constants. 


from strong sources, but is insufficiently sensitive for 
weak sources ; and the absorption coefficient @ must be 
determined by comparison with a standard. 

In the cup radiobalance, the radiation is received in a 
copper cup, 3 mm. in diameter by 10 mm. deep, so that 
the absorption coefficient is practically equal to unity. 
Greater sensitiveness is secured by employing a pile of 
several couples, insulated from:the cup, in place of the 
single balancing couple. External disturbances are elimi- 
nated by employing a pair of cups, similarly mounted, 
but oppositely connected, enclosed in a thick copper 
cylinder. The Joule effect, represented by the C? R term 
in the equation, is automatically eliminated by passing 
the same current in series through the opposing Peltier 
junctions soldered to the bottom of the cups. The cup 
ex to radiation is cooled, and the cup screened from 

iation is heated, by the Peltier effect, while both are 
equally heated by the Joule effect. A complete observa- 
tion involves reversing the current and switching over the 
radiation screen, in order to eliminate any difference of 
sensitiveness of the two piles. By observing the neutral 
current, each cup can be used separatelv, as with the disc 
balance, but the disc balance cannot be used with the 
Peltier couples connected in opposition, unless the 
balancing couples are insulated from the discs. The cup 
radio-balance is sensitive to less than a tenth of a micro- 
watt, and is very suitable for measuring the heat evolved 
by small quantities of radioactive substances. It was 
applied to radium at Professor Strutt’s suggestion, and 
Professor Rutherford has very kindly supplied samples of 
emanation, and has determined the value of the radium 
sample employed by comparison with his own standards. 
The second sample of emanation had only just come to 
hand, and the absolute values had not been finally reduced 
at the time the paper was read; but it appeared from 
the preliminary reductions that the heat evolution of 
radium in terms of Professor Rutherford’s standards was 
much greater than that given by previous observers. 

The instruments exhibited at the meeting included (1) a 
disc radiobalance equatorially mounted for solar radiation; 
(2)a laboratory pattern, with water or steam jackets for de- 
termining the temperature coefficients, and for investi- 

ting the theory of the instrument; (3) a cup radio- 
on with which the heat production of radium and 
itsemanation were demonstrated. The latter instrument 
is capable of measuring the heat evolved from one milli- 
gramme of radiuin as accurately as one part in 1000. 

Dr. J. A. Harker exp his interest in the paper, 
especially in the details of the construction of the various 
instruments exhibited. 

Mr. A. Campbell asked what were the materials of the 
wires used for the thermo-couples. 

The President, in reply to Mr. Campbell, said he had 
used iron-constantin couples. 

A paper entitled “‘ The Convection of Heat from a Body 
Cooled by a Stream of Fluid,” was read by Dr. A. Russell. 

Attention isdirected to certain deductions made by Bous- 
sinesq from the mathematical theory of the conduction 
of heat in liquids. Complete proofs are given of Bous- 
sinesq’s formule, stress being laid on their limitations, 
and some of their practical applications are pointed out. 
It is proved that en a hot body is immersed in a stream 
of liquid flowing with constant velocity, the cooling is 
proportional to the difference of temperature between 
the y and the liquid. Newton proved experimentally 
in 1701 that this law was true for the case of a hot body 
being cooled by a draught of air. He enunciated his law 
with reference to the forced convection of heat from a 
body, and not, as is often stated, to the natural free con- 
vection from it. Lorenz has shown that in special cases 
the natural convection of heat will vary as the 1.25th 
power of the difference of temperature. Provided that 
the velocity of the cooling draught is kept constant 
between certain limits, Compan has shown that Newton’s 


law is very approximately true even when the difference ' 


\ nsts It is very 
suitable for measurements of solar radiation, or radiation | 


of temperature is as hign as JOU deg. Cent. Anotner 
deduction from the formule proved in the paper is that 
the cooling is very approximately proportional to the 
square root of the velocity of the convection current. 

The author gives the solution of the problem of the heat- 
ing of a liquid flowing steadily, with a velocity less than 
the critical velocity, » Beam a cylindrical tube which is 
maintained at constant temperature. It is shown that, 
in many practical cases, the heating power of the tube 
varies as RO,/so kV «t where R is the radius of the 
tube, @ the difference of temperature between the tube 
and the liquid, s the specific heat, ¢ the density, & the 
conductivity, V the velocity of flow, and / the length of 
the tube. 

It is proved that if a wire be immersed in a stream of 
liquid with its length at right angles to the direction of 
flow, the electric current which will fuse the wire varies 
as the 1.25th power of the diameter of the wire. 

Finally, the effect on thé cooling of an electrically- 
heated cylinder by a stream of liquid, when an insulating 
wrapping was placed round the cylinder, is considered. It 
is shown that in certain cases the effect of this procedure 
is to lower the temperature of the cylinder, an effect which 
can be easily demonstrated experimentally. In order to 
simplify the mathematical work, only the case of incom- 

ressible fluids is considered. Experimental results, 

owever, obtained by various physicists are quoted to 
show that some of the formule are approximately true 
for the cooling of heated bodies by convection with cur- 
rents of air. 

A paper on “ Hysteresis Loops and Lissajous’ Figures, 
and on the Energy Wasted in a Hysteresis Loop,” was read 
by Professor 8. P. Thompson. Attempts have been made 
to find an explanation of the forms of the looped curves 
which express the hysteresis exhibited by iron and steel 
when subjected to cycles of magnetisation. Physical 
explanations to account for their general shape have been 
= by Ewing and Hopkinson, and M. Pierre Weiss 

as put Rowand on electronic theory to account for the 

rincipal features. The author shows that any hysteresis 
oop can be analysed into a harmonic series of closed 
curves corresponding to the various terms in the analysis 
of the current wave, and their constituents are examined 
in the paper. A number of examples of hysteresis loops 
were chosen and subjected to analysis. The loops chosen 
related to various kinds of iron and steel, hard and soft, 
solid and laminated, and taken by various methods. In 
carrying out the analysis the simple approximate method 
described by the author (Proc. Phys. Soc., vol. xiv.) 
was used. Details are given of the analysis of various 
loops, the effect of eddy currents on the size and form of 
the loops is discussed, and an account is given of the effect 
of the higher sine and cosine constituents of the current 
wave. 
Dr. Russell thanked the author for his most interesting 
and instructive paper. In connection with Dr. Thomp- 
son’s orthogonal ellipse, he showed how an indefinite 
number of fon bbohedl teape similar to the ey loop 
can be made up by quadrants of elli each loop having 
the same height, the same area, and the same breadth as 
the orthogonal ellipse. T'wo-beaked loops having equal 
areas, breadths, and heights can also be made up from 
portions of any two curves, provided that these curves are 
similar. He thought it would be of value to discuss the 
harmonics of the magnetising current, as deduced from 
the statical hysteresis loop, when the flux varied accord- 
ing to laws other than the harmonic law. F. J. Dykes 
had investigated the law according to which the flux 
must vary in order that the magnetising current may 
have a pure sine shape. To find the harmonics of the 
flux curve in this case and compare them with the har- 
monics of the current curve in the author’s case would 
be of interest. A practical use of Dr. Thompson’s rapid 
method of analysing the current wave into its harmonics 
is that it enables us, in certain cases, to compute approxi- 
mately the eddy-current losses in iron by utilising J. J. 
Thomson’s and Heaviside’s formule. 

Dr. W. H. Eccles, referring to the emphasis laid by 
Professor Thompson on the hysteresis ellipse obtained by 
his ingenious mode of analysis of the hysteresis loop, sug- 
gested that other closed curves would be obtained if other 








normal functions were used in the analysis. In regard 
to the author’s suggestion that his results affected our 
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notions of the phenomena called hysteresis, he thought 
no change was needed if we kept the term to its original 
meaning of a lag in state, in contradistinction to (what 
is often implied) a lag in time. s 

A paper entitled ‘‘ The Energy Relations of Certzin 
Detectors Used in Wireless Telegraphy,” by Dr. W. H 
Eccles, was taken as read. The paper is a record of the 
results of an experimental examination into the physical 
properties of the electrolytic detector, the zincite rectifier, 
the carborundum rectifier, and a thermo-electric detector 
consisting of a light contact between graphite and galena. 
The conditions of the experiments have been generally 
identical with those arising in the ordinary employment 
of the detectors, and, in particular, the quantities of 
energy given to the instruments, in the form of electrical 
oscillations, have been of the same order in these experi- 
ments as in actual practice. ‘Three ways of investiga- 
tion are followed. he first way consists in applying to 
the detector an electromotive force which is gradually in- 
creased, and measuring the current at each step. The 
second way is to fix the electromotive force at some par- 
ticular value, to send trains of oscillations of various energy 
values through the instrument, and to measure theintensity 
of the sound produced in the telephone on each occasion. 
The third way is to send trains of constant energy value 
throngh the instrument while the steady electromotive 
force applied to it is varied, and to measure at each step 
the intensity of the sound produced in the telephone. 
These modes of investigation give curves that may 
called respectively the steady current curve, the power 
curve, and the sensitiveness curve. The chief fact brought 
to light is that the power curves of all the detectors are 
straight lines, which suggests that all the detectors are 
fundamentally thermal in their action. 








WORKMEN’S COMPENSATION APPEAL 
CASES. 


A Collicr’s Nervous Shock.—In the Court of Appeal 
on July 5, the question was raised whether a fright or 
nervous shock was sufficient to cause accidental in- 
capacity within the meaning of the Workmen’s Com- 
pensation Act. 

The applicant, Yates, was a collier, working at one of 
the South Kirkby and Featherton Company’s pits. 
Hearing acry for help from a fellow workman he ran to 
his assistance and found him in his place prostrate and 
bleeding, some coal and timber having fallen on him. 
The applicant carried out the wounded man, who within 
a quarter of an hour was dead, and the tragic experience 
of his neighbour, Yates, caused him nervous shock so 
that he had to give up work, and when next day the 
under-manager refused him a change of work, he had to 

o home. He claimed that the affair incapacitated 

im, and the County Court Judge found there had been 
genuine incapacity as the result of nervous shock, and 
that he was entitled to compensation fora nervous injury 
which incapacitated him for ordinary work, just as if it had 
been a physical injury. The principle is the same, and 
the appeal by the Colliery Company failed, and the Court 
of Appeal agreed with the County Court Judge. 

Serious and Wilful Misconduct.—The Court of Appeal, 
on July 5, reversed the decision of the County Court 
Judge of Glossop, who found that a lad working in 
the factory of Messrs. Gartside and Co. suffered injury 
to his hand while in the course of his employment at 
a pinion-wheel. The wheel, in accordance with the 
Factory Act, was properly covered, and the employers 
alleged the lad would have suffered no injury but for 
his own foolhardiness in playing with the machine and 
daring his fellow-workers. Here is an instance of the 
Court of Appeal reversing a County Court decisioa on 
the ground that the Judge had misdirected himself. 
The Judge found on the facts that the lad was injured 
in the course of his employment, but he omitted to 
take into account that the lad had been disobedient, 
and that his serious and wilful misconduct, and not an 
accident, was the cause of his injury. The Judge had 
evidently been guided - the fact that, generally speak- 
ing, it is next to impossible for employers to succeed in 
the Court of Seven! when they plead serious and wilful 
misconduct. The onus of proving misconduct is always 
with the employers, who must prove it caused the 
accident. It may be noted that the Act provides that in 
case of death or serious and permanent disablement, mis- 
conduct shall not be a bar to the worker’s claim. 

For example, the reported case of Reeks v. Kynoch, 
Limited, 18 T.L. R. 34, C. A., shows that ‘serious and wil- 
ful misconduct” is hard to prove. 
at a machine. There was no guard on the wheel, and 


= up a screw, and two of his fingers were cut off. The 


Jourt of Appeal held that the essential element of wil- | 
fulness was absent and that the youth acted on the — 
who | 
awarded compensation was upheld and the employers’ 


impulse, and the decision of the County Court Jud 


appeal dismissed. 


Liability of Insurance Conpanics.—Under Section 5 | 





A youth of 19 worked | 
[ | Several links in the proposed route already exist, and are 
the lad on the impulse of the moment leaned over to | I i 


be transferred to her under Section 5 of the Workmen’s 
Compensation Act. The County Court Judge held he had 
no jurisdiction unless and until there had been an arbi- 
tration between the girl and the insurance company under 
the Arbitration Act, 1889. The insurance company had 
denied liability, on the ground that the ope em- 
ployers had committed a breach.of the conditions of the 

alicy by not taking care to look after the machinery. 

he County Court Judge was right in refusing the girl’s 
application, for she could have no greater rig: ts trans- 
ferred to her than were possessed by her =F oyers with 
whom the insurance company had a bond fide dispute. The 
Court of Appeal —— the County Court Judge’s de- 
cision and dismissed the girl’s appeal. : 

Shipping Federation Agreements.— Among the interest- 
ing points recently referred to the Court of — was 
that on July 5, which came up from the Liverpool 
County Court Judge, who refused his consent to register 
an agreement made between the Shipping Federation, 
on behalf of the British and South American Steam 
Navigation Company, and a workman named Neill. The 
workman had under this agreement undertaken not to 
receive any compensation awarded to him if he declined 
to submit himself to a medical referee, who would deter- 
mine his fitness for work. The Court of Appeal has given 
a fair warning against these Shipping Federation agree- 
ments, which the*County Court Registrar properly 
refused to register. The Federation has no legal right to 
make such agreements, which would clearly be a ‘‘con- 
tracting out” of the Act. The Court of Appeal, in 
dismissing the appeal of the British and South American 
Steam Navigation Company, expressed strong disapproval 
of this oe as one of the worst attempts to upset 
the Workmen’s Compensation Act. 

Is Murder an Accident ?—In the unique case of the 
unfortunate widow of the colliery cashier, Nisbet, who was 
murdered in the Newcastle train on his way to the colliery 
with the men’s wages, the County Court Judge awarded 
300/. compensation against the colliery company, whe ap- 
pealed on the ground that this was not an “accident” 
within the meaning of the Workmen’s Compensation Act, 
because it was an intentional and felonious act. 

The Court of Appeal has dismissed the appeal, and the 
Master of the Rolls and his colleagues give ample reason. 
Those who are interested in the administration of the 
Workmen’s Compensation Act are concerned in this 
judgment of the Court, not alone because it immediately 
affects this murder case, but because it applies also to any 
injury which a person suffers in the course of his employ- 
ment, as the result of any felonious act. There were 
other cases quoted with approval, as, for example, the 
case of the Irish gamekeeper who was shot in the course 
of his employment by B erg and the case of the 
engine-driver on the South-Western Railway, where 
injury was caused by a stone thrown at the passing 
train. Thus, though the injury may not have been 
in the ordinary dictionary sense an accident, it will 
be an accident within the meaning of the Act if it be 
an untoward and unexpected event arising out of and 
in the course of the injured man’s employment; the 
question of the felonious intention of the person who 
inflicted the injury has nothing to do with the case. 

Light Work and Reduction of Award.—The case of the 
Upper Forest and Worcester Tin-Plate Company v. Grey 
was an appeal from the review of the compensation made 
by the County Court Judge. The appellant in the case was 
a workman to whom the employers had paid compensa- 
tion of 1l. a week from June, 1908, till November, 1909. 
On application to review, the County Court Jud 
stopped the compensation, but allowed the claim to be 
kept open by the payment of 1d. a week. Against this 
reduced compensation the injured workman appealed, 
because he and his doctor said he was still incapacitated 
for any work. Asa matter of fact the man had not gone 
back tolight work. The Court of Appeal held the Judge 
had not ‘‘ misdirected himself” because he had directed 
the man toexercise himself even when he could no longer 
do his accustomed work. The workman suffered severe 
injuries and was sixty years old, and doubtless he was 
right in saying he could no longer do his former work, but 
he was wrong in refusing the County Court Judge’s order 
to go to light work. 








A Proroskp New INTERNATIONAL STEAM-FERRY LIne. 
—A project which several times has been under considera- 
tion is again attracting attention, and offers, it would 
seem, distinct advantages without any serious difficulties. 
It is the line from Copenhagen via Fehmarn to Hamburg. 
pg Se viz., railway from Hamburg via Eutin, on 
the 
Holstein coast, between which and the Island of Feh- 
marn there is steam-ferry connection, the trip only lasting 
five minutes. Across the island there is a double-track 
railway to a place which has always been thought suit- 
able for steam-ferry connection with the Danish island of 
Lolland, at a distance which, under shelter of the 


of the Workmen’s Compensation Act it is provided where | Mecklenburg coast, can be compassed in 50 to 55 minutes, 


any employer has entered 
in res 


entered intoa contract with any insurers | and on this island some new railway accommodation 
pect of any liability under the Act to any workman, | would have to be provided, Rédby being the port in ques- 
then, in the event of any employer being a bankrupt, or if | 


tion. The bridge across Masned Sund, which the Danish 


a company being wound up, the rights of the employers | Parliament recently negatived by a perfectly level vote, 
against the insurers shall be transferred to the workman. | will no doubt be built at no distant date, and, with a bridge 
This point of compensation law arose on July 6, in the | across the Fehmarn Sound, instead of the present steam- 


case of 


ing v. Pheenix Insurance Company, which was | 
taken from the Birmingham County Court to the Court of | 
Appeal. The applicant, Louisa King, was injured in an | 


ferry, a direct railway, Copenhagen-Kége (the desirability 
of which is also generally admitted), and an acceleration of 
the train service in Holstein, which would be a matter 


accident, and her employers—a company—paid compensa- | of course, an miory comfortable connection, entail- 


tion for a time, bei 


insured in the Phcenix Insurance | ing a saving of several 


ours, will be established between 


Company. Later on the employers’ company was in liqui- | Copenhagen and large portions of Scandinavia, which 
dation. The girl then applied to the County Court that | would in this way be connected with Hamburg, and so 
the rights of the employers against the insurance company | with England and the Continent. 


amburg-Lubeck line, to Grooten Broeder on the | 





CATALOGUES. 


Electric-Light Fittings.—A catalogue of movable and 
extensible electric-light fittings has reached us from 
Messrs. John Dugdill and Co., Failsworth, near Man. 
chester. This catalogue illustrates and states prices of a 
great variety of fittings provided with stiff joints, by 
means of which the light can be placed in any position. © 

Potentiometer—A circular relating to Dr. Drysdale’s 

tent alternate-current a, has been issued by 

essrs. H. Tinsley and Co., Stanley House, Eldon Park, 
South Norwood, 8S.E. The instrument can be used for 
accurate measurements of current and potential. and the 
power-factor can be read direct on a dial. Direct-current 
measurements can also made with the instrument 
which was referred to in our issue of February 12, 1909, 
on page 228. 

Wire-Ropes. — Messrs. Thomas and William Smith, 
Limited, Guildhall, Newcastle-on-Tyne, have issued a 
catalogue illustrating some of the uses to which their 
wire-ropes have been put. The illustrations show the 
application of the firm’s products to aerial ropeways, 
transporters, large cranes, coal-hoists, oil-boring rigs, sus- 
pension bridges, tramways, and all kinds of marine work. 
The catalogue also contains several tables of weights, 
breaking-loads, and other information relating to wire- 
ropes; a number of testimonials from users are also 
included. 


Colliery Tub-Controller.—Robson’s patent automatic 
tub-controller is illustrated and described on a leaflet to 
hand from the Hardy Patent Pick Company, Limited, of 
Sheffield.- The movements of the tubs are arrested by 
means of a stop placed between the rails and operated by 
a foot-lever on one side of the track. The special feature 
of this device is an arrangement by means of which any 
predetermined number of tubs can be allowed to pass the 
stop. When the stop is lowered by the foot-lever so that 
the tubs can their axles engage with the arms of a 
star-wheel, which, after being turned a certain amount, 
brings the stop into action again, and so prevents more 
than the required number of tubs from passing. 


Marine and Stationary Motors.—The Parsons Motor 
Company, Limited, Town Quay, Southampton, have sent 
us a copy of the 1910 edition of their catalogue of marine 
and stationary motors for petrol or paraffin. The cata- 
logue illustrates and describes the special features of the 
engines, and also gives hints on installing and running 
them. Prices are stated and full particulars given of 
engines from 7 to 120 horse-power, with clutches and 
reversing- gears ; separate types are supplied for petrol 
and paraffin in all except the smallest size. The catalogue 
illustrates a number of yachts, launches, and other vessels 
with Parsons motors as main or auxiliary power, and also 
shows the engines coupled to dynamos for electric lighting 
purposes, 

Gas-Engines and Suction-Gas Producers.—Messrs. Sper- 
ling and Willams, 24 and 25, Fenchurch-street, E.C., 
have sent us a copy of a booklet relating to Grice’s gas- 
engine and suction-producer plants, for which they are 
the sole export agents. The booklet, after setting out 
the advantages of this method of power production, and 
drawing ep ee with steam-engines and electric- 
motors, and also with gas engines using town gas, fully 
describes the producers and gives an abridged specifica- 
tion of the engines. One of the most noticeable features 
of the producers is that the casing is of rectangular form, 
which enables ordinary firebricks to be used—an important 
consideration where the producers are to be used in out-of- 
the-way places. Several pages of useful data are included 
at the end of the booklet. 


Fireproof Doors.—We have received from Fireproof 
Doors, Limited, 46, King William-street, E.C., a cata- 
logue of ‘‘Dreadnought” fireproof doors and shutters. 
These doors are constructed of double-channel steel frames 
and pressed-steel plates, the intermediate space being 
filled with a special fire-resisting material known as 
** Askieselos.” e pressed-steel plates are made in the 
form of panels, so that the doors resemble ordinary doors 
in appearance; they also have the ~~ mg of being 

uite light. In a test carried’ out by the British Fire 

revention Committee, one of these doors resisted a 
very fierce fire, the minimum temperature of which was 
1800 deg. Fahr., for four hours. The catalogue illustrates 
a variety of doors for all purposes, and also gives par- 
ticulars of cabinets made on the same principle for the 
storage of books and papers. 


Motor-Cars.—We have received from the Fabbrica di 
Automobili ‘‘ Fides,” Via Monginevro, Turin, pamphlets 
illustrating and describing their 12-horse-power and 30- 
orse-power touring-cars, and also various industrial 
motor-vehicles. These cars are all fitted with the ‘‘ Fides 
oil-pressure change-speed gear. With this arrangement 
gears on the engine shaft mesh with others running loose 
on the propeller-shaft. Adjacent to each of these loose 
ewes which are shaped to form one part of a conical 
riction-clutch, is the other part of the clutch, the latter 
being keyed on to the propeller-shaft. Oil under pressure 
is adimitved between the two members of the clutch, 
which are in this way brought into engagement with each 
other, so that the propeller-shaft is driven. The gears 
are always in mesh, and the speed is changed easily and 
smoothly without declutching ; it is also possible to use 
the reverse speed as a brake. 








New Dry Dock at Matmié.—The new dry dock at 
Malm, on the west coast of Sweden, is expected to be 
ready in 1912. The State and the town have voted 
1,450,000 kr. (80,0002. ) towards its construction, and it will 
be capable of accommodating vessels of about 150 metres 
my 
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AERIAL PROPELLERS AND SOME 
TEST RESULTS. 
3 ’ 
woe M. Inst. C.E., and Rosert OLIPHANT 
BoswaLL, B.Sc. 


Asa preamble to the results which follow it may | 


be stated that :— 

1. Airship stability and safety will be found to 
be very largely dependent on an exceptionally high 
translational speed, which will be necessary to 
reduce the risk of flight, due to prevailing or 
sudden air-currents, to a minimum. 

2. The best ee for a given aeroplane, the 
propeller-shaft of which rotates at the highest 
economical speed for the particular engine mechan- 
ism, is that propeller which produces maximum 
translational speed for minimum brake horse-power, 





CuarRLes Epwarp Lararp, M.I. Mech. E., | 


| 
} 





The question then arises as to which is the best 
experimental method of attack in testing propellers 
for aerial use. 

Three methods suggest themselves :— 

1. The static test method. 

2. The whirling-table method. 

3. Testing under conditions of aerial flight. 

The first two methods only have been attempted 
as far as the authors are aware ; and while the third 
method is undoubtedly the ideal one, the difficulties 
have mage | prevented its being resorted to. 
Nevertheless, the difficulties are not so great as 
would appear at first sight ; the practical solution 
of the problem being chiefly a financial question. 
What is wanted, provided the necessary funds are 
available, is an experimental track for combined 
aeroplane and propeller-testing similar to that 
suggested by the authors. for the former in the 








Fig. 1. 


or, in other words, that propeller which gives the 
greatest thrust per brake horse-power. 

Hence it follows that in the design, construction, 
and testing of propellers, we must have regard 
to:— 

1. The rotational speed of the propeller. 

2. The total thrust and the thrust per -brake 
horse- power. 

3. The aerial or translational speed of the pro- 
peller. 

With respect to the design and construction of 
aerial propellers, it is, perhaps, too much to expect, 
in the present state of our knowledge, that any 
theory elaborated can do more at the present time 
than indicate forms of propellers to be constructed 
vith a view to the experimental determination of 
their relative values. In fact, it is not too much to 
state that, in the first instance, any results of value 
will have to be obtained from the experimental side 
cf the problem, propellers being designed, con- 
structed, and tested, and unsuitable forms elimi- 
nated on the test results. 





conclusion of their article published in EnGIngEr- 
1nG of December 10, 1909. 

Such a track for the testing of aeroplanes, 
engines, and propellers under conditions approxi- 
mating, in many respects, to actual flight has, in 


propellers were tested, and the chief particulars for 
nine propellers and the results derived from the 
tests are given in the following pages. 

Testing Apparatus.—The important question of 
floor space available made it impossible, at the 
| time, to consider any apparatus other than that for 

the static tests, which, although not giving the 

means for determining the aie thrust and horse- 
power under what may be termed ‘‘ ideal condi- 
tions ’”’—that is to say, the conditions attaching to 
actual flight, which can only be obtained by the use 
of apparatus of the whirling-table or continuous- 
track type necessitating a large ground area—yet 
enables a student to compare the results given by 
different forms of blade surface, and to arrive ‘at 
some definite conclusions as to their relative values 
as a means of propulsion. 

The apparatus used is illustrated in Figs. 1 to 3. 





| 
| 








APPARATUS FOR TESTING AERIAL PROPELLERS AT THE NORTHAMPTON LNSTITUTE. 


In its construction oqueeaine already available in 
| the workshop and laboratory for other work was 
assembled and pressed into use pending the design 
‘and installation of a more suitable plant ata later 
date. It was thought that a few tentative experi- 


the authors’ opinion, become an urgent necessity. | ments on this important subject would be of value 
Why should not the British engineer lead the way as indicative of the line to adopt and the scope of 
by inaugurating, using, and developing what is | work for future and more extensive research when 
obviously the correct experimental method of deal- the necessary funds are forthcoming. 

ing with problems of this character? Even from| The apparatus as erected and finally used for the 


the financial point of view the difficulties are not| purpose of these experiments consists essentially 


insuperable. 
During the winter session 1909-10 provision had 
to be made for the laboratory work for students 


taking the aeronautical classes being held in the | 
Mechanical Engineering Department at the North- | 


ampton Institute, Clerkenwell, E.C., and among 
other experimental work carried out with the 


assistance of the students and staff was a series of | 


tests on aerial propeller models, with the object of 
obtaining definite information and comparative 


results for differently shaped models. In all twelve 





of a light steel shaft 1} in. in diameter, carrying the 
propeller at its tail end, and driven by a 2-brake- 
horse-power electric motor (15 amperes 100 volts) 
of the shunt-wound type, mounted on a strong 
wooden framework. he shaft is supported in 
three plummer-blocks provided with lubricators, 
the actual bearing area being small. The connec- 
tion between the propeller-shaft and the motor- 
shaft is made bya coupling which permits of a free 
bat small lateral movement (see Fig. 2). A steel 
flange keyed to the motor-shaft has three project- 
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ing pins which engage with corresponding holes in | friction does not, of course, affect the case at all. | motor when running at varying loads and speed: 
a flange keyed to the propeller-shaft. These holes | The normal running speed of the motor was 1200 | To determine the horse-power with some degree f 
are rounded on the inside, so that practically line | revolutions per minute, but a large variation of| accuracy the following device was resorted to. 4 
contact occurs with the pins. The bearing at the | speed was obtained by using, in conjunction with | small cast-iron pulley was keyed to the shaft, and 

the usual starting switch with five stops, an addi-|a Soames band-brake used. During the measure- 
ment of the thrust given by the propeller the 


propeller end of the shaft is supported on a light 
metal framework, so that the flow of air to or from | tional resistance frame with fourteen stops, giving 
An ammeter and | brake was not used, but observations were taken 


the propeller, according to the direction in which any range of speed required. 


Fig.2.__. Fig. 5. 
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it is rotating, may be influenced as little as pos- 
sible. This precaution, however, was found to be ; 
somewhat unnecessary, in view of the fact that a W, ‘4 
surface of almost equal diameter to the propeller i ee Lp ee 
caused practically no effect on the thrust even when 
brought quite close up to the rotating propeller. rae. 
The apparatus was also erected as far as was neces- 
sary from both the walls and floor of the laboratory, 
to prevent any appreciable effect that they might 
have on the air currents. The thrust is taken and 
measured by means of a bell-crank lever for carry- 
ing the weights placed in a scale-pan, the vertical 
arm pressing on a ball-bearing thrust-block secured 
to the shaft, an arrangement which ensures a 
minimum of friction (see Fig. 3). Weights are 
placed in the scale-pan hung from the horizontal 
arm to equalise the cone > prevent the rn 
from having too great a lateral movement, and to ° 
provide a means for obtaining the necessary ad- PROPELLER N° 3 jee ane Bw seus Size 
justment between the thrusc and the balancing- RIGHT HAND $™ FULL SIZE 
weights, a collar was fixed on the shaft on each 
side of one of the bearings, allowing an axial move- | voltmeter were also connected in the circuit. The| for the thrust, the amperes and volts, as indicated 
measurement of the actual horse-power necessary | by the instruments, and also the speed by means of 


ment of not more than} in. In the experimental 
determination of the thrust, sufficient weights were |to rotate the propeller at the different speeds | a direct-reading speedometer. 
caused some little difficulty. The simple determi-| The propeller was next removed and the brake- 
band placed round the pulley, and a careful adjust- 


added to enable the shaft to rotate with neither of 

the collars touching the bearing. In this position | nation of the horse-power absorbed by the motor, 

of equilibrium it was found that an addition of only | as indicated from the instruments in the motor| ment of the load on the brake-arm made until! t! 
0.05 lb. was sufficient to disturb the balance, show- | circuit, can only give an approximate idea of the | motor-instrument readings and speed were the same 
ing that the friction laterally during rotation was | horse-power actually absorbed by the propeller, | values as before. Although the reading on the 
so small as to be negligible. The question of static owing to the great variation in the efficiency of the| voltmeter forms a direct means for ascertaining 
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that the speed was the same as before, it was found 
0o- 
meter, making any slight alteration in the brake-| 
load due to any small alteration of the voltage in 
To obtain the same resistance in the | 
circuit for each of these tests, the position of the | 
two switch levers was ascertained when making 


advisable to again check the speed with the s 


the mains. 


together, so as to prevent the shaft having any | inconvenient vibrations which might occur at high 
lateral motion, the collars being out of contact with |speeds, but to what extent any vibration would 
the bearing. Under these conditions the efficiencies, | affect such an arrangement is purely a matter for 
both electrical and mechanical, must be the same | experimental investigation. 

in each case, and the horse-power measured by the Fresdior Forms.— All the propellers tested were 
brake will be the actual horse-power required by|made by the firm of Messrs. Handley Page, 


the propeller. Limited, aeronautical engineers, of Creekmouth, 
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the first test, and the same positions used in the 
second test. To maintain the same frictional con- 
a, the load acting on the thrust-bearing was 
“pt ‘he same in the two corresponding tests, and, 
to get over the difficulty of the pressure along the 
shaft not being balanced by the propeller thrust, 
inst 
bearings, the two flanges were digped 


and so causing one of the collars to press 
one of the 
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To obviate the necessity of the double readings 
required by this method to eliminate the efficiency 
errors, it is suggested that a balanced motor be 
mounted on ball-bearings, and provided with an 
arm and suitable mechanism, by means of which 
the torque required to balance the propeller torque 
may be measured directly. This alteration would 
then involve no need of great experimental manipu- 
lation to obtain good results, a point which is of 
some importance when dealing with aeronautical 
students who may not have had much laboratory 
training ; at the same time the experiments could 
be carried out with dispatch. Some form of dash- 
pot arrangement might be a necessity to damp any 
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Barking, and 72, Victoria-street, S.W., and loaned 
to the authors for the purpose of these experiments 
by Mr. J. Handley Page. For convenience of 
reference the principal details of the propellers are 
| given in Table I., page 323, while their exact forms 
are clearly indicated in the illustrations, Figs. 5 to 
13, annexed. Fig. 4 represents graphically the 
relationship between the radial pitch and the radius 
for each one of these propellers. The projected area 
and the developed area for the several models are 
shown in the illustrations, Figs. 5 to 13, by tho full 
thick lines and the dotted lines respectively, these 
areas for each blade being, in addition, tabulated in 
columns 3 and 4 of Table I. 
Test Results.—-All the experimental results for 
the tests on the nine propellers selected are shown 
| graphically in Figs. 14 to 22, and, in addition, 
| tabular results are given in Table II., page 323, 
for three speeds—600, 800, and 1000 revolutions 
| per minute. 
| Comparison of Results.—The best of the test 
results, considering only the thrust per brake 
horse-power, are given, as will be seen by reference 
to Fig. 23, page 322, by the propellers Nos. 1, 2, 3, 
and 4 with the small pitch angles, and greatest blade 
area near the tips. Propeller No. 1 has the least 
. which is practically constant ; propellers 
os. 2 and 4 have constant pitch up to a radius of 
about 15 in., and then undergo rapid reduction of 
pitch, while propeller No. 3 has constant pitch up 
to 15 in., with slight increase near the tips. 

If, however, the results are judged from the con- 
sideration of maximum total thrusts irrespective of 
horse-power, then propeller form No. 5, with the 
broad and more rounded blade and larger angle, 
comes out the best, with the usual forms, Nos. 7 and 
8, coming next. Theexperimental results may be 
taken as some contirmation of the following theory : 

In the case of a static test the propeller blade 
meets the air at an angle which corresponds to the 
pitch angle, while in the case of a moving test the 
angle of attack depends on the ratio between the 
forward and rotational velocities of the blade. 
Considering the first case, 

Let A = area of small element of the blade, which will 





be considered plane. 
6 = angle of attack or pitch angle. 
R = radius. 


V = velocity in feet per second. 
“ = coefficient of friction. 
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Then the forces acting on the small blade element 
are (1) a pressure P, which assume to be normal, 
and is by Duchemin’s law, 

K.a.ve_ 2am 
1 + sin? 6 
(2) a frictional resistance, which is assumed to act 
along blade element and which will be equal 
tou. P. 






































=p.K.A. Vo, 2808 . 
1 + sin? 0; 

The thrust is the sum of the components of these 
forces at right angles to the plane of rotation, and 
the pressure in the direction of motion is the sum 
of the components in that direction. 

Thrust = P.cos@— yw. P. sin? 
Resistance = P. sin @ + uw. P. cosé 

The torque is measured by the product of the 
head resistance and the radius, and since it is 
directly proportional to the horse-power, it follows 
that 

_ Thrust 
Horse-power 


P. cos 0-w. P. sin 0 
R(P. sin@ + u. Pcos 0) 7 
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Fig.23. CURVES SHOWING RELATIVE THRUST PER B.H.P. 
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Dividing by P and cos 6 
1—y. tan *) 1 


Thrust 
Horse-power ~ ( Tand+n/R 

This expression decreases with increasing values of 

6, showing that the thrust per horse-power tends 

to decrease as the pitch or angle of attack increases. 

It can also be shown by differentiation of the 
thrust formula that the maximum thrust is obtained 
when 6 = 35 deg. approximately, assuming » to 
be small enough to be neglected. 

The maximum horse-power is obviously required 
when 6 = 90 deg. 

An inspection of the test results for propellers 
Nos. 5, 7, and 8 will show that the mean value of 
the pitch angles for the important parts of the blade 
is about 35 deg., and these are the propellers which 
give the maximum total thrusts. 

In addition tothe measurement of the thrust and 
horse-power, some experiments were made to deter- 
mine as closely as possible the direction taken by 
the air thrown off from the propeller. To do this 
a light framework or cage of }-in. wire was con- 
structed round the propeller, giving an all-round 
clearance of about 6 in., and light pieces or 
streamers of silk thread and ribbon were attached 
at suitable points. Considering the streamers 
across a diameter, it was found that they were 
strongly impelled outwards up to ‘a point which 
corresponded to a distance of about 3 in. from the 
tip, at which point the regularity of flow was appa- 
rently much disturbed by eddy currents. Proceed- 
ing towards the tip, these eddy currents gradually 
diminished, and from the tip outwards, and round 
the side of the propeller, the streamers were 
markedly drawn inwards. There was also a ten- 
dency for the streamers to be inclined in the 
direction of the rotation, indicating a certain amount 
of whirling action produced by the propellers. 

the back of the propeller the streamers were 
drawn in towards the propeller, and the curious 
efiect was observed that those streamers, for the 


last Sim. of the blade and just beyond the tip, 
wel drawn downwards, and pointed roughly 
to a point corresponding with the point at 
Which the outwa flow ceased on the front 
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TABLE I.—PartTIicu.Lars oF AERIAL PROPELLERS TESTED. 





No. Diameter Projected | Developed : 
t) in Area in Area in Pitch. Remarks. 
Propeller. Inches. Sq. In. Sq. In. 

1 36.25 115 122 About 20 in. constant. slightly concave driving face. Broad at 

tips. Corners left square. 

2 36 120 141 Constant pitch of 27.5 in. up to 15 in. |Concave driving face. Maximum width 
radius, decreasing therefrom to 20 in. | about two-thirds length of blade. Tips 
pitch at tip. rounded off. 

3 36 107 118 Constant pitch of 27 in. up to about owas face almost flat; leading and 
15 in. radius, increasing therefrom to | _ trailing edges straight ; and width con- 
28 in. at tip. stantly increasing to tip. 

4 36 96 110 Gradual increase of pitch from 25.5 in, |Slightl en ee face ; leading and 
at 6 in. radius to 26.5 in. at 14 in. trailing edges straight; and width 
radius, and a decrease therefrom to increasing to about half length of blade, 
22 in. at tip. followed by constant width to tip. 

5 36 106 133 Gradual increase of pitch from 35 in. at |Concave driving face; width increasing 
6 in. radius to 39.4 in. at 16in. radius, | to about er length of blade; 
followed by a rapid increase to 56 in. tips rounded off; plane of blade bent 
pitch at tip. towards driving face at ti 

6 39.375 56 66 Gradual increase of pitch from 34 in. at Leading edge straight; driving face 
6 in. radius to 37.5in. at 16 in. radius, | slightly concave ; width of blade de- 
followed by a rapid increase to 60 in. | Greases rapidly to about half length, 
pitch at tip. then slightly narrows to >. 

7 39 83 104 Gradual increase of pitch from 36 in. at |Usual form of blade; straight trailing 
6 in. radius to 40.5 in. at 17 in. radius, | edge; maximum width at half length, 
followed by a rapid increase to 54.5in. | and converging to a point at tip. 
at ti 

8 38.75 89 102 Rapid increase of pitch from 38.2 in. at |Form of blade similar to that of No. 7. 

6 in. radius to 72.5 in. at tip 

9 35.75 72 109 Increase from! 60-in. pitch at 6-in. radius |Concave driving face. Usual form of 
to 64-in. pitch at 12-in. radius followed | blade, converging to pointattip. Plane 
by a constant pitch of 64 in. to tip. of blade bent towards driving face at 

tip. 
TaBLE II.—Results of Tests. |of the propeller. This appeared to indicate that 

—— _ the last 3 in: of the tip had no effect as regards the 

Propeller Lj 2] ea | & | 8) 6| 7% |s.| 9 |thrust. It was also observed that the direction of 
————_—_——_ |—|—_—__|_!_ _—_ —'—_|- | the flow at the front was not horizontal, but was 
1000 Revolutions. | inclined to the plane of rotation at angles which 
Thrust ) 9 103 / 10.05 &7 | 13.8; 46,10.5)11.6 84 | apparently had some relation with the pitch, being 
Horse-power 0.43) 0.53, 0.55) 0.48 0,98) 0.41'0.83'1.21) 1.33 steeper towards the centre of the propeller where 
‘aa 21 | 19.5185 | 18 |141\112127.9.6 | 63 | the blade has the greatest slope. Also the direction 
800 Revolution: | of the streamers placed on a circle was found to be 
ee rye sas 76) 57 | Wards a point which lay on the axis of rotation. 
Thrust ..| 64) 65) 64 | 54.194) 3 68 76] 57 |e, se all e ons > j 
Horse-power 0.23 0.28} 0.29 0.265, 0.53|.195|0.44 0.62) 0.73 Hence, if a small element of length of the blade is 
Thrust per | | | considered, the air driven from it will move along 
horse-power 23.5, 23.2 | 22 | 20.4 (17.7/15.4\15.5. 12.3| 7.80 | 9 surface that can be compared to the surface of a 
600 Revolutions. cone whose apparent.axis and apex are on the axis of 
Thrust ../8.15| 4.05 | 3.8 | 3.2 19, 4.1) 4.4; 36 |rotation. The position of this apparent apex moved 


Horse - power|0.10 


Thrust 


| 
horse-power 31.530 


per 
28.3 


0.135 | 0.185 | 0.13 (0.24 


| 5.6 
0.00 - 195} sateal aed 


24.6 |28.4/21.2 21 | 16 | 11.50 








nearer to the propeller as the radius lessened, and 
the angle at which the air was driven off became 
greater. It must be understood that there was a 
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considerable amount of. eddying, and that the 
direction of the air, as indicated by the streamers, 
can only form an approximation to what actually 
occurs. 





THE STRENGTH OF GUNS AND 
CYLINDERS. 


By C. A. M. Smrrn, B.Sc., Assistant Professor, 
East London College (University of London). 
In the eleventh ‘‘James Forrest” lecture, en- 

titled ‘‘Some Unsolved Problems in Engineering,” 

it was remarked by the lecturer ‘‘ that the whole 
subject of resistance to compound stress—such, for 
instance, as those existing in the web of a plate- 

girder, or in a flat stayed plate, forming part of a 

steam - boiler—is ohe urgently requiring further 

experimental investigation.” 

n consequence of this suggestion the author has 
carried out numerous tests on mild steel subjected 
to compound stress. Various other investigators 
have worked in the same field, and have arrived at the 
same general conclusions. It has been found that 
when this material is subjected to a compound test 
of tension and torsion, or compression and torsion, 
elastic failure takes place when a certain shear 
stress has been reacheyl. This stress is half the 
tensile stress at the elastic limit in an ordinary 
tension test. 

It is desired to show that this new fact (now 
commonly known as ‘‘Guest’s law”) affects the 
limiting stress for which guns and cylinders may 
be designed. The author has therefore selected 
two separate examples for consideration—viz.: (1) 
a thick cylinder; (2) a thick cylinder built up of 
two parts. 

Actual cases are given, and the numerical results 
tabulated and shown in Figs. 1 and 2. It will be 
seen at once, from a study of the dia 
the material will reach the stress at which elastic 
failure takes place by reason of the shear stress, 
caused by the combination of the two principal 
stresses, and not the shear stress due to either 
— stress considered separately. Thus, in 
fig. 1, ata radius vector of 4 in., the two prin- 
cipal stresses are respectively 10,000 lb. and 
12,500 lb. These produce the same shear stress 
as would be induced by a principal stress of 
22,5001b. Hence the material will reach the point 
of elastic breakdown at a very much lower internal 
pressure than is usually assumed to be the case. 
‘The cases selected follow :— 

Thick Cylinder.—Case of thick cylinder : internal 
diameter =8 in., external diameter = 24 in., sub- 
jected to an internal pressure of 10,000 lb. per 
square inch. 

We have, if P, is radial compression, and P, the 
hoop compression, at any radius 7, 


P, 


— 
b 


re 


=at 


Pa = 6 - 


ao 
And shear stress at same point = ” 


the case of internal pressure—i.e., shear, = 


We have for particular cases of 


when + = 4, P, =10.000, and when y = 12, P, =0. | 


Hence 


4 
Oe + 


b 


10,000 = a + ie’ 


Hence }) = 180,000, a = — 1250. 

Tabulated below are the values of these stresses 
worked out at various radii. The results are plotted 
in Fig. 1. 

Taste I.—Calculations for Radial, Hoop, and Shear 

Stress for Thick Cylinder. 


Shear 
Stress. 


Shear 


‘ 
Pr Stress. || 








4 | 10,000 
44 | 7,640 
5 5,950 | - 
5} 4,700 | - 
6 3,750 |- 
6} 3,010 | - 
7 =_ 
4 | - 
| 


2,420 
~The Case of the Compound Cylinder.—The 


| ~ 12,500 2490 
- 10,140 
8,450 
7,200 
6,250 
5,510) 
4,920) 
4,450) 


4,080) 


1,950 | 


s 1,560 |- 
' 








effect 


ms, that| 


!of making the cylinder in two parts, the outer of 
which is shrunk upon the inner, is now to be con- 
sidered. The final effect on the principal stresses 
will be to add the initial stresses to the stresses 
due to the internal pressure. It therefore remains 
to find the initial stresses. It is assumed that the 
external diameter of the inner cylinder is 16 in., and 
the mutual initial pressure between them = 900 lb. 
per square inch. 
For inner cylinder we have initially 
ez 4, Pp =O Hence a 
r= 8, Pr = 909 
For outer we have 
r= 8 Pr = 900 = 720 
e212, Pry = 0 103,680. 
TasBLeE I1.—IJnitial Stresscs for Compound Cylinder. 
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TaBe III.—Final Stresses. Sum of Initial and Internal 
Pressure Stresscs. 
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4430 
3930 
3500 


2460 | -6400 | 
1960 | 
1530 
1180 


| 10,050 
7,940 
6,430 

| 5,310 





} 
| From these last results (Fig. 2) itis clear that 
| the material is really being stressed twice as much 


3150 
870 | 5 
600 
380 
170 


2 4,470 
2570 
2350 
2140 
1970 


rt 
114 
12 0 — 3940 


as is usually assumed, For at the radius vector 


|4 in., each principal stress is about 10,000 lb. The 


material, if tested as usual in tension, would fail 
| when a definite shear stress was reached. If elastic 
| failure took place at a tension load of 10,000 lb. 
| per square inch, then the shear stress per square 
|inch would be 5000 lb. But the figure and table 
| Show that there is actually a shear stress of 
| 10,050 lb. per square inch. 

The Case of a Water Main.—Consider the follow- 
ing practical problem. A hydraulic main is 6 in. 
internal diameter, 2 in. thick, and there is a water 
pressure of 1000 lb. per square inch. 

Then the stress due to end pressure = 562 lb. 

r square inch. Let P, be the radial pressure. It 

as a maximum value of 1000lb., and it is com- 
pressive (or tensile). The hoop stress P, has a 





value 2126 lb. per square inch. 








Thus we have three principal stresses acting on 
the material, and they are, if tension stresses are + 
and compression stresses are—, as follow:— 

+ 562 + 2126 and — 1000. 
Hence the maximum shear stress is 
_ 2126 4 1000 
Pa 2 

This is equivalent to a principal stress of 3126 |\), 
per square inch—i.e., there is about 50 per cent. 
difference in the real stress on the pipe material 
and that which is actually supposed to exist. 

Thick Spherical Shell. —It can be shown that, in 
this case, 


= 1563 lb. per sq. in. 


b +a, 
r3 


= — -a,and Pr 
rs 


Then it is we that the shear stress due to 
3b 
275° 

In the above cquation, if P,; and P, aro respec- 
tively the internal and external pressures, and R, 
and R, the internal and external radii, it will be 
seen that 


these is 


P, = ice -a, and P, 


Whence 
s P, R,? <- P, R,} , 
R-R? ’ 
p—4 (Pi- Pp) RR 
- R, me k,* 
From which we deduce shear stress 
= 3 (Pa — P,) Ri’ Ry* 
(R.% a R,’) 23 

If R = 0, then the sphere is solid, and this ex- 
pression becomes 0 ; this is to say, the shear stress 
at any point in the solid sphere is 0. 

From this it may be argued that the material 
will not fail (provided Hooke’s law be rigidly true) 
under a hydrostatic pressure. It can be further 
deduced from this argument that when the stress 
has attained a value equal to K—the bulk modulus 
——the sphere will vanish. It is, however, conceiv- 
able that Hooke’s law is not, as is always assumed 
to be the case, a law of simple interest, but is one 
of compound interest, in which case it would re- 
quire an infinite pressure to make the sphere 
vanish. 

The Effect of a Flaw.—It is improbable that the 
sphere will be free from small holes, and it is 
therefore of interest to trace the effect of such a 
flaw. 

Assume the sphere to be a radius R with a flaw 
at radius r, hydrostatic pressure = P. Our expres- 
sion is that shear stress is equal to 
g (P,— Pe) Ry* Ry* 

2 (Rg® - R,*) 73 si 

At the edge of the flaw r = R, and R, = R. 

The internal pressure is atmospheric at the most, 
and can be neglected. 


Shear stress = } 


a 


P r* R3 
(R3 - 73) 7" 

We can. neglect 7° in order to get the minimum 
value of the shear stress under the circumstances. 

Then 
_ 3P rR 

° R3 r8 

It seems therefore probable that, in the practical 
case, the material will fail by shear as above, since 
it is not possible to imagine a solid sphere without 
a flaw. 

The author has tested this theory of the failure 
of pipes and cylinders* in a rough manner, and 
the fracture gives every indication of failure by 
reason of the shear stress when copper is used. 
Mild steel fails by reason of the maximum shear 
stress. ‘When we come to thick cylinders, such 
as guns, it is obvious that the interior portion of 
the material fails first. 

The author has attempted to burst a thick steel 
cylinder by means of internal pressure, and finds 
that he cannot do this. The hole enlarges and 
the material appears to harden. It would seem, 
from these experiments, that the very great care 
which is taken to ensure accuracy of bore of large 
guns is, to some extent, wasted. The suggestion 
is only here thrown out, as the author has had no 
opportunity to make measurements on large guns. 

The construction of the gun is, of course, com- 
plicated, and the stress to which it is actually sub- 
jected is by no means simple. The large British- 
made guns (12 in.) are wound practically from end 


Shear stress = 3 P. 





* See ENGINEERING, March 5, 1909. 
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to end with numerous layers of steel wire of a very 
high tensile strength. The solid portion is really 
the steel tube, which is turned down to smaller 
diameters and thicknesses from the breech to the 
muzzle. The corresponding gun in the French 
navy, as described by the late M. Gustave Canet,* 
has a different construction. There isan inner tube 
with a number of steel hoops shrunk round it. So 
far as the bursting pressure is concerned, M. Canet 
savs that there can be no doubt that if the esti- 
mates of the mathematicians are correct, a wire- 
wound gun is the strongest construction that can 
be made. He then goes on to point out that, owing 
to the enormous advances made in the manufacture 
of steel in large homogeneous pieces free from 
defects, and of high elastic limit, he is convinced 
that wire-winding is not necessary. The case of 
the shear-stress theory of elastic failure, as applied 
to the wire-wound gun, has not been worked out 
for this and other reasons. 

It is difficult to provide data for the stresses 
which actually take place when a gun is fired. Sir 
Andrew Noble has pointed out that, owing to the 
almost infinitesimal time the highest pressures act, 
many guns have withstood pressures that would 
undoubtedly cause their failure were such pressures 
of high duration. It is probably only possible to 
speculate concerning what actually does happen to 
the material under these pressures. 

At the moment of explosion the gases produce 
the pressures shown by the ordinary hoop-stress 
theory. In addition, the action of the rifling—in 
giving rotation to the projectile—also causes a cer- 
tain amount of torsional stress. Further, the gases 
are incandescent, and the heating of’ the interior 
of the bore must cause enormous stresses duc to 
unequal expansion. When the material reaches 
the point of elastic failure, the load is immediately 
removed, and all experiments tend to show that 
the effect of this is to raise the clastic limit of the 
metal. It is possible to conceive that before the 
gun actually bursts the metal has graded itself off 
into material which, at the inner surface of the 
gun, has been very much overstrained, and on the 
outside of the gun is a little beyond the elastic 
breakdown of the material. 

The effect of time and the effect of overstrain 
upon materials subjected to compound stress has 
not, the author believes, yet been fully investi- 
gated ; and clearly, before any very decided state- 
ments can be made concerning the application of 
results of experiments upon steel subjected to 
compound stress can be applied to the design of 
guns, all these things must be a con- 
sidered, and data provided. Very high tensile 
steel is used in gun construction, and it has not 
yet been demonstrated that this material fails 
elastically by Guest’s law, but there has been a 
certain amount of evidence supplied to assume 
that this is the case. It has, however, been 
thought of sufficient interest, at present, to show 
that, provided certain conditions take place, certain 
results will follow. That has been the purposes of 
the present investigation. It may suggest to the 
reader further experiments. 








THE SECOND INTERNATIONAL ROAD 
CONGRESS. 
(Concluded from page 310.) 

Question 5, Choice of Surfacing Materials.—The 
discussion on this question was very keen. Con- 
tinental engincers were inclined to recommend the 
abandonment of macadam for town streets of any 
importance, but the American and English engi- 
neers were very strongly of opinion that macadam, 
especially when improved by tar or other bitu- 
minous binding material, must continue to be largely 
used, even in city streets of considerable importance. 
They, of course, recognised that, when traffic was 
very heavy, pavement must, for convenience and 


economy, supersede macadam, but were appre- 
hensive lest a doubtfully-worded resolution on the 
sulect should check the very great improvement 


in macadamised roads which has been going on in 
the British Islands and elsewhere during the last 
ten years. The English-speaking members acted 
together at the sectional meeting, and on a vote 
were able to defeat the draft resolutions first 
presented. Finally, resolutions of a harmless 
character were agreed upon; these avoided any dog- 





i \Some Comparisons between French and English 
wiery.” Journal of the Junior Institution of En- 
Geers, 1907. (See ENGINEERING, vol. Ixxxiv., page 729.) 


matic statement, and recommended further study 
and experiment with tarred macadam, soft and hard 
wood pavement, and asphalte. It appears to the 
writer that much of the evident difficulty which 
Continental engineers experience with pavement 
other than stone-setting is clearly due to the very 
imperfect way in which the permanent way of tram- 
ways is constructed abroad. In Antwerp tramways 
are laid with a total length of 40 km. of double 
track, this representing 23 per cent. of the total 
length of the streets, which are almost all paved 
with Belgian porphyry or Swedish granite, set on 
2 in. of sand, with a foundation 10 in. deep of 
broken stone. This kind of pavement costs about 
10s. a square yard, of which 7s. represents the cost 
of the setts. The tramways are laid direct on a 
similar bed of broken stone 12 in. deep. It is not 
remarkable that with such cheap construction un- 
satisfactory results are obtained, and that a staff 
of about 70 men are continuously employed to keep 
the tramways in runnmg order. 

Mr. Lemeunier, chief engineer, Antwerp, said : 
—‘* This isa cheap system, but the rolling-stock 
suffers a great deal from the deficiencies of the 
road-bed. The pavement leaves much to be 
desired, especially along the rails in rainy weather, 
and when thaws set in. Under the influence of 
successive deflections, whenever vehicles pass, the 
rain-water, which finds its way under the rails, is 
violently forced out, carrying the sand with it, 
the consequence being that the joints between the 
paving-setts are cleared, and the foundation of the 
stones is scoured away.” Most British engineers 
will be of opinion that, in the long run, and over a 
few years’ working, this cheap system is in reality a 
wasteful and extravagant system. The average 
annual rainfall in Belgium is stated to be 26.4 in. in 
the province of Antwerp, and 50in. in the province 
of Liége, and rain falls on the average every second 
day. 

Ten papers were contributed on the fifth ques- 
tion. An exhaustive report on practice in 80 
German cities with populations excceding 50,000 
was furnished by four engineers, representing 
Berlin, Munich, Strassburg, and Dresden. It is 
only possible to extract a few points from this 
characteristically thorough report, which is well 
worthy of reproduction in full. 

The modern pavement in Germany is asphalte, 
which in the last thirty years has made its way into 
the majority of the towns, and covers in Greater 
Berlin 41.4 per cent. of the total street surface. In 
Charlottenburg as much as 63.8 per cent. of the 
street surface is asphalted. Two kinds of asphalte 
are used—rammed or compressed asphalte 2 in. 
thick on a bed of concrete 8 in. deep, and on minor 
streets cast or mastic asphalte, made with old com- 
pressed asphalte mixed with bitumen or Trinidad 
asphalte and coarse sand.. This is laid in two 
layers, each 1 in. thick, and is said to be harder than 
the compressed asphalte, but to wear less evenly. 

The asphalte limestone used contains from 9 to 
13 per cent. of bitumen, and is obtained from the 
German mines of Limner and Verwhole, the Swiss 
mines in Val de Travers, the central Italian mines 
near San Valentino, and from Sicily. The total 
area laid with mastic asphalte is about one-twentieth 
of the area laid with compressed asphalte. German 
experience is said to have shown that even with 
the heaviest traffic it is not advantageous to have 
the carriage-way wider than from 11 m. to 16 m. 
(36 ft. to 52 ft.). 

Some of the replies from the German towns 
stated that compressed asphalte was unsuitable for 
light traflic, because it became friable for want 
of compression. Evidently asphalte is a material 
which requires most careful handling. If allowed 
to become compressed too much by long continued 
traffic, it is apt to crack and break up. In Paris 
care is taken to renew asphalte before it has been 
reduced to less than 4 in. in thickness. In Ger- 
many compressed asphalte is not, as a rule, used on 
gradients = than 1 in 80, though in some 
towns it has been used on gradients of 1 in 40. 
In one case mastic or cast asphalte has been used 
on short stretches with a gradient of 1 in 25. It 
will be remembered that the American engineers 
find no difficulty in using thin artificial mastic 
asphalte on such steep ients. 

Tn Germany hard wood is not used on gradients 
steeper than 1 in 40, but soft wood is used up to 
lin 30. Onsteeper gradients macadam or small 
stone setts are used. e maintenance of tramway 
margins gives trouble in Germany as elsewhere on 





the Continent, and demands are now made for 





heavier rails and more secure foundations. Special 
attention is being directed throughout Germany to 
the reduction of noise in the streets. 

A very interesting report on the construction 
and maintenance of streets and footways in Puris 
was presented by Mr. L. Mazerolle, municipal 
engineer, from which the following figures and 
opinions are extracted. 

The carriage-ways in Paris have a total area of 
9,300,590 sq. m. (say 11,123,500 square yards), with 
surfaces as undernoted :— 

nad 
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Stone-set pavement 
Wood pavement 
Asphalte 





Total 100.0 


No macadam is in use in streets where re-coating 
more than once a year would be necessary. The 
prime cost of macadam per square yard is about 5s., 
and the cost of maintenance averages 1s. 2d. per 
square yard. About one-third of the total maca- 
dam area was tarred in 1909, at a cost, including 
everything, of about 114d. per square yard. The 
prime cost of stone-set pavement laid on 3 in. to 
4 in. of sand averaged a little over 13s. per equare 
yard, and the cust of maintenance was about 6.4d. 
per square yard perannum. The laying of stone 
setts on concrete had been given up in Paris on 
account of the recognised lack of elasticity of such 
a pavement.” 

The chief fault of stone-set pavement was noite, 
and for this reason it was disappearing on all first- 
class roads with intense traffic. The average cost 
of a square yard of soft-wood pavement, including 
concrete foundation, was about 12s. per square 
yard, and the annual cost of such maintenance as 
was given, which was not considered sufficient, 
about 8d. per square yard. ‘lhe cost of compressed 
asphalte, 2 in. thick, on a eoncrete foundation, was 
about 12s. 6d. a square yard, and the annual cost 
of maintenance was stated at 9.6d. per square yard. 
Asphalte was not used in Paris on gradients steeper 
than 1 in 70. Soft-wood pavement was used on all 
gradients flatter than 1 in 20. American asphalte, 
a mixture of silicious sand and bitumen, was laid 
in 1900 on the Rue de Louvre and Avenue Victoria, 
and had been found satisfactory and less slippery 
than ordinary asphalte. For footpaths, mastic 
asphalte was now almost universally adopted in 
Paris. 

Mr. Hector F. Gullan, superintendent of works, 
Belfast, in an interesting paper, arrived at the con- 
clusion that very carefully-laid stone pavements were 
the most suitable and economical for use on city 
streets, and supported his views by tabular state- 
ments. He gave the life of stone-set pavements 
as fifty years, of soft wood as nine years, hard wood 
as twelve years, and asphalte as fourteen years. 

Mr. Guilan's figures of cost of construction and 
maintenance are interesting in comparison with 
those relating to Paris above noted. In Belfast 
stone-set paving, including concrete foundation, 
cost, he said, 15s. a square yard, and per 
annum for maintenance ; hard-wood and soft-wood 
paving were estimated at 17s. and 15s. per square 
yard, and 4d. persquare yard for maintenance ; and 
asphalte at 15s. per square yard, and about 10d. 
per square yard for maintenance. 

Mr. D. E. Lloyd Davies, M. Inst. C.E., chief 
engincer for Alexandria, Egypt, furnished a care- 
fully-prepared report of interest, in which he recom- 
mended compressed asphalte as undoubtedly the 
ideal pavement for a semi-tropical country. He 
described most promising results obtained by rolling 
natural asphalte rock, broken to 4-in. gauge, to 
form a road surface, and described a natural mix- 
ture of sand, clay, and lime called ‘‘ Tina,” which 
made excellent binding for ordinary macadam. 
The analysis of this material was given ; it might, 
it was stated, be imitated by artificial mixture 
of the ingredients. Mr. Davies also described 
careful investigations made regarding the effect of 
tar, applied to road surfaces, on adjacent vegeta- 
tion, and found that this was unimportant if simple 
precautions were taken. 

Colone] Crompton, C.B., who in this country 
has taken a part similar to that of Dr. Guigliel- 
minetti on the Continent in the crusade for the 
cure of the dust nuisance, contributed a short 
paper of a sanguine character regarding the part 
which tarry binders are playing in the improvement 





of our roads. He stated that improved water- 
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proofed macadam was a satisfactory solution of the 
problem of dealing with the majority of the streets 
in all our towns. Holding such a view, Colonel 
Crompton naturally opposed the somewhat pessi- 
mistic views of the Continental engineers with 
regard to macadam. It should, however, be noted 
that the difference of opinion was only a question 
of degree ; and doubtless, if a clear definition of 
heavy or intense traffic had been available, and a 
more widespread knowledge of tar-macadam, there 
would not have been much difference of opinion. 

The resolutions of the Congress with regard to 
the sixth, seventh, eighth, and ninth questions 
were, from the British point of view, unimportant 
and inconclusive. They related to the laying of 
pipes under roads, the influence of the weight and 
speed of modern vehicles on bridges, the design of 
vehicles, and the organisation of omnibus services. 
Many interesting papers were submitted on these 
subjects, but they did not readily lend themselves 
to summary in the space now available. English- 
speaking engineers were glad to see a resolution 
recommending that the maximum load per unit of 
tyre width of heavy motors should be fixed with 
due regard to the diameter of the wheel. 

During the Congress interesting excursions were 
made to some of the important Belgian quarries at 
Quenart, Lessines, and Poulseur. 

On a general review of the Congress, it cannot be 
said that much new knowledge of a valuable kind 
was disclosed, but there was much friendly and 
instructive intercourse between engineers of all 
nations, promoting the entente cordiale which is so 
much to be desired. The dominant impression of 
the visitors was admiration of the liberal width 
allotted for roads, streets, and boulevards in 
Belgium. Road authorities in this country have 
much to learn from the Continent in this respect. 
Much credit is due to the Belgian engineers for the 
excellent arrangements made for discussions and for 
pleasure. The English-speaking members of the 
Congress much appreciated the hearty welcome and 
constant consideration extended to them, and there 
was a very general desire on their part, as well as 
on that of the Continental engineers, that the 
third International Road Congress may be held 
in London in 1913. 








THE NEW ERIE CANAL.—No. IV.* 
By Cuaries Prewini, C.E., New York. 


Aut along the line of the improvements the 
canal prism is being excavated, either by cutting 
an entirely new way into the hard soil, or else by 
deepening and widening the present waterway, as 
well as the creeks, rivers, mh lakes encountered. 
The various machines used by the contractors 
may be divided into distinct groups—viz., exca- 
vators and dredgers. As most of the machines are 
those commonly employed for similar purposes, no 
lengthy discussion will be necessary. Rock exca- 
vation is carried on by blasting, the holes being 
bored by steam-driven drills of the percussion type. 
Softer rocks are channelled by ines similar in 
appearance to those which were employed in the 

hicago Drainage Canal. 

Machines used in excavating loose soil may be 
classed either as scrapers or as grabbers. The 
simplest scraper is the ‘‘ New Era” grader, which 
consists of a four-wheeled truck provided with a 
plough of large dimensions. In continuation of the 
mould-board of the plough, there is an endless belt- 
conveyor. By a system of cog-wheels connected 
with the axle of the rear wheels, motion is imparted 
to the belt in such a way that the earth which is 
removed by the plough in falling upon the lower end 
of the conveyor is moved along and de-roofed from 
the top of the inclined plane forming the ladder of 
the conveyor itself. This machine, an old one, was 
extensively used in the Western States in the con- 
struction of roads, railroads, and canals. This 
‘* New Era” grader was hitherto moved by a team 
of 18 horses; but, in the present instance, it is 
hauled by a traction-engine, as shown in Fig. 36, 
page 323. The idea of substituting the locomobile 

or the horse is not new. Several years ago, Mr. 
Bushnell designed an automobile grader which, 
although tried with success, was never put on the 
market. This grader was moved by steam-power 
generated by a road locomobile fixed on the same 
truck asthat which carried the excavating appa- 





* No. I. article appeared in our issue of July 1, page 1; 
No. —S" July 15, page 76; and No. ILI. on August 19, 
page 





ratus. It may be here remarked that the powerful —— to be the form known as the Page bueket. 
and comparatively light and compact gasoline This machine consists of an ordinary steel scraper 
engines so much used in recent years have not, as (Figs. 37 to 40, annexed), rectangular in shape, 
yet, been applied to machines employed on public with a strong riveted bale above the front edge, 
works. In connection with the ‘‘ New Era” grader, | to which the chains that drag the bucket ar 
one would think that the gasoline engine would attached. The chains are connected to a ring 


































































































Fies. 37 to 40. Derams or THE Pace ScraPeR-BUCKET. 


give good results, being an efficient machine, cheap, | at the end of the hauling-rope. A second bale 
light, and easily handled. 'is hinged to the lower part near the rear of 

Graders or scrapers are used to prepare the the bucket. On the top of the front bale an 
is attached, which es over a 
the steam-shovel. In the Canal improvements, | small pulley located at the top of the rear bale 
scraper-buckets have been more extensively used and fastened to the same ring at the end of the 
than on previous works of magnitude. The favourite hauling-rope. The bucket, of one cubic yard capacity, 


ground for more powerful machines, especially for | adjustable — 
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FERRO-CONCRETE BRIDGE (CONSIDERE SYSTEM). 
(For Description, see Page 329.) 

















Fig. 1. 





Fig. 2. 


is 5 ft. long, 34 ft. wide, and 2 ft. high: As shown 
by Fig. 37 on the opposite page, it is made of 
riveted steel plates, and provided with a cutting- 
edge when working through loose soil, or with 
sharp steel teeth when working in gravel, broken 
rocks, or more compact soil. Buckets are built 
of different sizes up to two cubic yards capacity, 
we hg attached to the jib of any crane or 
Gerrick, 

_ the operation of the Page scraper-bucket, which 
is explamed by the several views, Figs. 38 to 40, on 
the opposite page, is very simple. As the centre 
ol gravity is in front of the rear bale, when the 
hauling-rope is slackened, the bucket will assume 
4 vertical position and empty the contents auto- 
tnelically, While in this inverted position it is 
lowered down to the soil, where, on account of its 


great weight and its cutting edge, it will penetrate 
decply into the soil. The hauling cable is next 
wound in which drags the bucket along until it is 
= vely filled, as shown in position 2, Fig. 38. 


e the haulage-rope is slowly slackened, the 


hoisting-rope is tightened, so that the bucket takes 


& horizontal position (marked 3 in Fig. 39), after 
Which the jib of the crane or derrick is swung over 


‘rs or spoil-bank. 


The hauling-rope is now 





Ferro-ConcretE Bripce at CHATEAU THIERRY. 





DETAILS OF ARMOURING. 


slackened, as shown in Fig. 40, and the bucket 
assumes again a vertical inverted position and auto- 
matically dumps its contents, returning in this 
position to the point of excavation. 

The efficiency of the machine is estimated at 
between 300 and 400 cubic yards per day. One 
man only is required for its operation ; the bucket 
works on a radius greater than that reached by the 
steam-shovel, while the efficiency of the two 
machines, with buckets of equal capacity, is almost 
the same. There is, however, considerable differ- 
ence in the cost of the work done by the two 
machines. The Page bucket is the cheaper, for the 
following reasons : («) the prime cost of the bucket 
is small, and consequently no interest or sinking- 
fund is needed ; (b) the operation of the machine 
being very simple, a smaller number of high-salaried 
men is needed ; (c) the bucket, being attachable to 
any crane or derrick, can be easily removed when 
not required for excavation, thus leaving the derrick 
free for ordinary work, whereas in the case of the 
steam-shovel the entire machine has to be laid 
aside ; (d) the bucket, being of simple construction, 
does not require such frequent and expensive 
repairs as the steam-shovel. These are the reasons 
why the contractors on the improvements on the 





Erie Canal “seagen the Page bucket-scraper to the 
steam-shovel. 

For excavating the canal prism, revolving cranes 
have been used, mounted on trucks running on 
tracks, as shown in Fig. 42, Plate XXIII., located on 
each side of the canal. With a jib 50 ft. in length 
the middle of the canal can easily be reached. 
Fig. 41, Plate X XIII., shows two of these cranes, 
provided with Page buckets, at work on the canal 
prism. 

In excavating loose soil, the contractors employ 
machines with buckets of the clam-shell or Priest- 
man type. Instead of being attached to the jib of 
a crane, the buckets are suspended from heavy and 
complicated aerialways, so as to form real exca- 
vating, hoisting, and conveying machines. When 
made of rigid beams, these are aerialways proper, 
whereas they become cableways when the bucket 
travels back and forth between the towers: 

The only aecrialway used on the Erie Canal is 
the one shown in Fig. 43, Plate XXIII., which 
is a reproduction of a photograph taken at a 
distance of 600 ft. from the machine. This aerial- 
way is commonly called the ‘‘Grab Machine,” but 
it is in reality an excavating, hoisting, and con- 
veying machine, in which the bucket travels along 
a track laid on rigid beams. A trussed structure 
of the bridge type, 425 ft. long and 56 ft. high, is 
laid across the canal, supported on heavy towers 
erected on trucks which run on tracks laid on both 
sides of the edges of the canal prism to be cut. 
The excavating apparatus consists of a bucket of 
the clam-shell type, of 8 cubic yards capacity, 
attached, as usual, to the end of the hoisting-rope. 
The machine is operated electrically by a current 
from a near-by town. The engineer in charge 
stands in a cab shown under the truss, near thé 
tower, from which he directs all the movements of 
the bucket and the advance of the machine. In 
operating it, the bucket, while open, is dropped 
from a certain height, so as to sink well inte the 
ground. The two hinged parts are then brought 
together, and the bucket filled with the excavated 
material is raised to a height of 30 ft. or 40 ft., 
clear of every obstruction. The operator then sets 
another motor in motion which moves the bucket 
along the truss until it reaches the spoil-banks, 
where the materials are emptied automatically, 
after which the bucket travels back to the point of 
excavation to resume operation. 

Although the ‘‘ grab machine ” finds favour with 
contractors and engineers, it is not very econo- 
mical ; indeed, it accomplishes the work at greater 
cost than many less pretentious machines. 

On Section 19, the excavation and transportation 
of the material are both carried on by means of 
another aerialway, in which the bucket is suspended 
from a wire cable stretched between two high 
téwers. As seen in Fig. 44, it consists of two 
towers, built on wheeled trucks, which run on 
tracks of very wide gauge placed on each side of 
the canal. By such an arrangement, the whole 
machine can be moved backward and forward in a 
direction parallel to the axis of the construction, 
the dead end of the carrying rope being fixed to 
cars weighted down with stones. The illustration 
shows only one tower of the Lidgerwood cableway 
with the suspended bucket in an open position ; 
at the right may be seen one of the full-rope 
carriers characteristic of the Lidgerwood cableway 
system. These full-rope carriers keep the various 
ropes apart, to prevent interference. The carriers 
are made of iron and provided with suitable wheels 
for the hauling and Loisting ropes. They ride on 
the horn in front of the carriage until displaced by 
means of steel buttons located on the button rope, 
so that each button will pass through every carrier 
except one, which will then be pulled off the horn 
of the carriage. As these buttons are distributed 
at regular intervals along the rope, it is evident 
that at each button a carrier will be displaced from 
the horn of the carriage as it passes along. When 
moving in the opposite direction, the carriers will 
be picked up by the projecting part of the 
horn as fast as reached. The bucket used is the 
clam-shell type of large capacity. It is operated as 
the bucket of the grab machine, with the difference 
that the bucket in this cableway is moved by the 
hoisting and hauling-ropes controlled by a double- 
drum reversible engine directed by an engineer. 

Another machine that has been used on the canal 
improvements, and which has excited the curiosity 
of contractors, is the Lubecker machine, shown in 
Fig. 45, Plate XXIV. It is really nothing more than 





a land dredger of the down-digging type, extensively 
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used in Europe, but seldom seen in the United 
States. The Lubecker derives its name from the 
place in which it is made ; it consists of a ladder upon 
which runs an endless chain provided with many 
steel buckets, which pass with great velocity on the 
bank of earth, scraping it and filling them with 
materials. When the buckets reach the top of the 
ladder and revolve so as to run along the front in a 
downward direction, the contents are automatic- 
ally discharged into cars below or conveyors of any 
design. The capacity of the Lubecker is estimated 
at 100 cubic yards per hour ; it is very convenient 
for excavating the canal prism, because it works 
and runs along the sides of the canal. Although 
this machine has given satisfactory results on the 
Erie Canal, it will be found to be still more efficient 
when combined with the upward-digging type in 
excavating very deep trenches. These machines 
succeed one another on the same beam, making 
a cut over 50 ft. high, without removal of the 
tracks used for transporting the material. The 
operation of changing the tracks is troublesome 
and expensive, even when made without using any 
patented method for which a high royalty must be 
paid, as is the case at Panama. Land dredgers of the 
up-digging and down-digging types were exten- 
sively used at Panama by French engineers ; but 
when the American engineers took charge of the 
work, these useful machines were thrown aside and 
replaced by the steam-shovel, the only excavating- 
machine with which the chief engineers of the time 
were familiar. On the works of the Erie Canal, on 
the other hand, the steam-shovel has been almost 
entirely replaced by simpler machines, including 
the much-abused land dredgers. 

When the canal prism has to be excavated, either 
by enlarging and deepening the old canal, or through 
rivers, lakes, and creeks, different machines are em- 
ployed, some of which have made their first appear- 
ance ‘in the United States. The removal of sub- 
aqueous rock, for instance, has always been effected 
by blasting ; but on contract No. 1 of the Erie 
improvements the Lobnitz rock-crusher has been 
used for the first time on public works on that side 
of the Atlantic. This machine is shown in Fig. 46, 
Plate XXIV. ; it was used in deepening the canal, 
and also the bed of the Hudson River. The weight 
of the crusher is 15 tons, and each point is able to 
deliver at least 25,000 blows. 

On contract 12, we found one of the ladder or 
elevator dredgers, seldom seen in the States, 
though commonly employed in Europe. Bucket 
dredgers are also used ; the one shown in Fig. 52, 
Plate XXVI., is in use on contract No. 4. Very 
noticeable is the absence of the dipper dredger, 
which is nothing more than a steam shovel mounted 
on a float; but, as said before, the steam shovel 
has been discarded on the canal improvements 
in the State of New York. The engineer’s duty 
is to select the machine which, in the particular 
case he has to deal with, will do the most work at 
the least cost; in some cases it may be the steam 
shovel; in others, the land dredger or the Priestman 
excavator. 

A device shown in Fig. 48, Plate XXV., which 
indicates how easily our contractors can use a 
machine for a variety of purposes, merits a passing 
notice. In excavating the foundations of Junction 
Lock at Fort Edward, loose material was encoun- 
tered, so that it was deemed best to reinforce the 
soil by sinking piles. The pile-driver was rigged at 
the end of the boom of a derrick, and the long 
radius thus obtained was found very valuable in 
carrying out the work. This arrangement is well 
seen in Fig. 49, Plate XXV. 

A novel feature in cofferdam construction occurs 
in contract 45, in the use which is there made of sheet 
piling. The piles are made of special rolled one- 
section bars consisting of a web portion with flanges 
of like form at each edge adapted to engage with 
similar flanges of the adjacent section. Each piling- 
bar will interlock with the one previously driven, 
as shown in the section, Fig. 51, Plate XXVI. 
A feature of this bar, which was designed by 
the Lackawana Steel Company of New York, is the 
ability of turning through various angles and still 
maintaining a perfect interlock. When the piling 
is driven in ordinary soil, such as clay, sand, or 
quicksand, enough of the soil works into the joints 
to make them practically water-tight. Fig. 50, 
Plate XXVI., shows a curved cofferdam built with 
the Lackawana steel piling on contract No. 5 of 
the Erie Canal at Baldwinsville, New York. To 
sink the piles an ordinary pile-driver is used, the 
head of the piling being fitted with an iron cap 





with a wooden cushion interposed between the cap 
and the hammer of the pile-driver. 

The loose soil from the bed of rivers and lakes is 
excavated by means of dredgers. Machines of every 
variety may be seen on the various sections of the 
a improvements, the most extensively used 

ing the hydraulic dredger. The dredger Ontario, 
shown in Fig. 52, Plate XXVI., was specially 
designed for this purpose. It has powerful centri- 
fugal pumps, and two separate suction-tubes. 
Since the machine was designed to work through 
hard, compact clay, the ends of the suction-tubes 
were provided with cutters of special make, as 
indicated in Fig. 53. The writer was informed 
that this powerful dredger has not given the satis- 
factory results expected, more efficient work having 
been obtained from hydraulic dredgers of much 
simpler construction. It seems that this compara- 
tive inefficiency does not depend upon any structural 
defect of this particular dredger, but is due to the 
limited space in which the machine has to work, a 
condition that should have been considered in 
designing the dredger. 





WEST RIDING RIVERS; 1904-1910. 
No. IV. 
SHEFFIELD SEWAGE. 

Tue Rivers’ Pollution Commission, in their fifth 
report of 1868, dealt with the pollution of the Don 
during its passage through Sheffield. On page 32, 
vol. i., they say :— 

**OF all forms of river pollution arising from 
industries connected with the working of metals 
that produced from the discharges from iron and 
steel wire plate and galvanising works is the most 
intense, noxious, and notorious. In these opera- 
tions iron, either in the form of wire or sheet iron, 
is steeped or ‘pickled,’ as it is technically termed, 
in dilute muriatic acid. ... The dilute acid is 
employed to dissolve oxide of iron from the surface 
of the metal, and as it requires to be of consider- 
able strength to effect this, there is always left in 
the bath a large proportion of free acid.” In solu- 
tion there is a large proportion of sulphide or 
muriate of iron, the bulk of which is discharged 
suddenly iuto rivers or sewers, rendering the water 
unfit for many trade purposes, and for fish life, and 
the sewage unfit for irrigation without previous 
purification with lime. 

A large volume of this noxious material gets into 
the Sheffield sewers, and always remains an obstacle 
to land treatment of any kind, killing all herbage. 
Hence nothing serious was attempted until 1886, 
when chemical treatment, on what was then esti- 
mated as an adequate scale, was applied. 

The plant was carried out and completed in 1886, 
from the designs and under the direct management 
of the late Mr. Gustav Alsing, C.E., a well-known 
Danish engineer, experienced in the chemical treat- 
ment of sewage. is process was the application 
of quicklime in the proportion of 7 grains to the 
gallon. The tank capacity of 3,000,000 gallons was 
very small, even judged by the moderate standard of 
purification of that day ; but the manipulation was 
scientific and thorough, and probably some of the 
mineral constituents of the water of the Don and 
Little Don rivers, such as the ochrey water from 
out-crop coal-workings, assisted the result, which, 
at any rate for a long time, kept down bitter and 
persistent complaints from below. 

In 1901 the population had reached 380,717, and 
the discharge of sewage, dry-weather flow, was 
estimated at 15 million gallons, the tank capacity 
thus being no more than one-fifth of the average 
daily discharge. In 1897 the sludge difticulty 
necessitated new processes ; and a method of deal- 
ing with it, new, but not effective, presented 
itself in the form of settlement in septic tanks 
and filtration through bacterial contact-beds. These 
processes, it may not yet be forgotten, were, 
according to some, to reduce the sludge diffi- 
culty almost to the vanishing point. 
difficulty still looms as large as ever in our cal- 
culations, and will remain until, contrary to all 
our conceptions of natural forces, there shall be 
discovered a practical method of consuming both 
mineral and barren organic matter in tanks or 
filters, which, it may be safely predicted, will be 
never. Nay, the very addition of the filters, with 
their liability to rapid choking and the excessive 
cost attending it, hess by the exaction of greater 
sedimentation, increased the volume of sludge that 
must be disposed of. Shortly after that annus 


Yet that | 


| mirabilis of renewed delusion in the cycles of sewave 

disposal, a complete new scheme was evolved by 
'the city engineer, based on practical experiments 
| with 2? acres of bacterial contact-beds, on which 
area, in 1901, it was found that coke-breeze filters 
passed 300,000 gallons daily per acre with uniformly 
good results, without any accumulation of sludge, 
|under simple sedimentation of 24 hours’ flow, 
Here one of two things must have happened ; either 
this inferential deduction was too optimistic, or the 
compound mineral matters entering the sewage 
'must have possessed unusual virtue of their own 
in aid of settlement. 

On this basis, the city surveyor issued a report 
| suggesting the gradual construction of 674 acres of 
| bacteria beds on the double-contact principle, and 

the raising and conversion of the settling-tanks into 

| septic-tanks, at a total estimated cost of 158,000/. 
|The word ‘‘conversion” seems to imply that no 
|addition was to be made at the outset to the 
| existing tank capacity of 14 millions of gallons, or 
| one-fifth of the proportion used in the experimental 
work, though the other suggestive word ‘‘ gradual,” 
applied to the construction of the bacteria beds, has 
to be read with it, and possibly further extensions 
were Feces gag No doubt deliberation in the 
experimental or infancy period of bacterial treat- 
ment, if reasonably interpreted in action, is wise. 
The scheme was accepted, and the total area of 
land acquired was 1224 acres—a modest estimate 
compared with those of the other two great county 
boroughs of the Riding. 

With Sheffield’s vast works and trade interests 
quicker progress might have been expected than a 
‘*gradual” evolution of thescheme. Nevertheless, 
even for this cautious scheme the Local Govern- 
ment inquiry into Sheffield’s application for borrow- 
ing powers did not take place until nearly four 
years had passed—in December, 1905, when a two 
days’ inquiry was held, after which the Local 
Government Board informed the Rivers Board 
that they were prepared to accept the proposal of 
the City Council as an instalment of what would 
probably be found necessary for the efficient treat- 
ment of the sewage. Inasmuch as the instalment 
was to cost 297,000/., or nearly double the engineer's 
original estimate for the whole, it will be once 
more realised that delays, as usual, had brought 
more difficulties to light, and lent weight to 
the reasons for gradual construction, if not to 
the satisfaction of the Rivers Board. But there 
were delays still in front, for in the following 
December the Corporation informed the Rivers 
Board that Whitehall had sanctioned a loan of 
100,000/. only, or one-third of the amount 
asked, the explanation of which was that the 
Corporation, having already acquired the land, 
were limiting the amount of contract work to the 
settling-tanks, with the intention of carrying out 
the rest by day-work, a method which, it is well 
known, offers an excellent cover from which to 
stalk economy in the execution of compulsory 
works. Yet, at a meeting of the Rivers Board, 
the chairman announced that although, so far as 
he knew, all difficulties had been removed, the 
Sheffield Corporation were not making the rapid 
strides with their new works which they might 
have done. The horse had been brought to the 
water, but could not be made to drink. True, the 
Board’s Sewage Committee had received a letter 
from the town clerk, stating that the Corporation 
were pressing forward the work as quickly as they 
could, and that substantial progress had been made. 
| But, all the sfme, the substance of the work was not 
yet visible in the smallest degree, and the Com- 
| mittee recommended that the Sheffield Corporation 
| be informed that unless the contracts for the con- 
| struction of the works for the new scheme were let 
| by the next meeting of the Committee, proceedings 
would be taken. This recommendation was adopted 
|accordingly, the Board agreeing with their Com- 
‘mittee, which, as fourteen months had elapsed 
since the inquiry, will not be wondered at. = 

In February, 1907, things appeared to be stil! in 
statu qué so far as construction was concerned, 
gradual or otherwise, and the Board commenced 
_ proceedings. This time the humour of the situation 
| was enhanced by the fact that at the very time the 
| Sheffield Corporation were lying under indictment 
to appear before the Court to explain their own ‘e- 
fault, protracted and complete, in the provision of 
the means of sewage disposal, to the serious in)ury 
_ of the riparians below in health and estate, they were 
promoting a Bill to extend the benefit of the city 
| government to an important area of the Rotherham 
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Rural District, including the parish of Tinsley, 
which not only had its own works of sewage disposal 


in full working order and giving general satisfaction 
to the Rivers Board, but was one of the riparian 
areas injured by the default of Sheffield. A clause in 
the petition of the Rotherham Rural District Council 
against the Bill caustically stated the fact of this 
impending prosecution as one reason why Tinsley 
and other areas should not be taken into Sheftield’s 
guidance, in language so much to the point that it 
had probably its influence on the sudden withdrawal 
of the extension project shortly after the petition 
was deposited. he prosecution followed, and 
judgment was given by consent; the Corporation 
undertaking to make such progress in construction 
of works a3 would satisfy the Rivers Board. The 
next step was probably dictated by the ambition 
for extension, for Sheftield now realised, as Leeds 
had already done, that it were best for them to 
take first the beam from their own eye before 
meddling with the mote in that of their neighbour 
below. The scheme so long incubating, not with- 
out danger of addling by lapse of time, was pro- 
secuted at last. Begun in the May following, 
three years ago, a considerable section of the new 
scheme was opened in October last. In its last and 
complete form, the entire scheme, which was 
designed by Mr. C. T. Wike, the city surveyor, 
may be described as follows :— : : 

The mean dry-weather flow of sewage is estimated 
at 12 million gallons per day, a volume no doubt 
established by careful gaugings ; it will be dealt 
with on the site of 100 acres acquired at Black- 
burn Meadows, within the city boundary, and 
bounded on the east by the borough of Rother- 
ham. 

The works will consist of : - 

1. New outfall sewer and valve-chamber. 

2. Two new catchpits, with alterations to the 
two old catchpits. 

3. Nine new sedimentation tanks, and the conver- 
sion of the existing tank area into eight additional 
tanks ; total capacity, 15 million gallons. 

4. Deepening the two existing sludge-wells and 
remodelling the pumping plant. 

5. Sixty half-acre contact-beds, 4 ft. deep, single 
contact. 

6. Sixteen acres of storm-water beds. 

7. Bridge and syphons across the River Don. 

8. Roads, railways, &c. 

This, it must be clearly understood, when com- 
plete, will be the full instalment only of the scheme 
sanctioned for treatment by single contact on the 
understanding that when called upon, if the Rivers 
Board think it necessary, double contact will be 
introduced. The cost is estimated at 270,0001., 
exclusive of land and of the second contact-beds, if 
reyuired—a provision of great significance, despite 
the accidental benefits, whatever they may be worth, 
of the mineral elements derived from the Kiver Don 
water used by the metal trades. 

The cost of the land was 86,0001., and including 
this, and also that of the old works, the outlay, when 
the present instalment is completed, will amount to 
401,0001. What was completed at the opening 
ceremony was the constructional part of twenty- 
four of the seventy-two contact-beds, twelve of 
which were filled with clinker, and in full working 
order. These are expected to treat six million 
gallons per day dry-weather flow, and the sum spent 
was about 100,000. to date. The quantity treated 
will be increased to 12 million gallons as the other 
twelve beds come into use. Lime precipitation is 
still in use, and the quantity treated will be gradually 
increased to 644 million gallons as the works are 
continued, and the precipitation process converted 
into a biological process. As this seems to be for 
full treatment (single contact), and the sewage 
includes a large admixture of trade effluents, the 
fe ise basis of this requirement does not appear, 
out the meaning is generally that further provision 
of land for fine bacterial beds beyond the 64 acres 
may have to be made. 


drink, though none drank it, preferring other more 
comforting liquids at hand. 

The estimated cost is low compared with that of 
the works for Leeds and Bradford, which are 
solving their difficulties by great land schemes at 
three or four times the cost’ per head. But. it 
must not be forgotten that, in the case of 
Sheftield, the filters will possibly have to be 
doubled, and that Sheffield has not to deal 
with sewage of so refractory a character as that 
of Bradford, nor even as that of Leeds; nor 
does it expect to realise any profit from useful 
products extracted from the sludge, as held out 
with some authority by Bradford's experts. Nor, it 
may be further hinted, could Sheffield have utilised 
a much larger area of land in its own neighbourhood 
without pumping. Limited areas limit the imagina- 
tion, and prevent extensive forecasts of the future. 
At one time the Corporation had placed before 
them certain suggestions for the con&truction of 
big land schemes for the distant future in the 
Doncaster, Worksop, and Thorne districts, and even 
for the construction of a great outfall sewer to the 
east coast, which would have cost three times as 
much. In avoiding these Sheftield has done well and 
acted wisely, and yet is prepared for future contin- 
gencies. The science of sewagedisposal tends towards 
perfection of means and concentration of areas. 





FERRO-CONCRETE BRIDGE AT CHATEAU 
THIERRY. ' 

In a letter published in our issue of May 6 last M. 
Considére referred to a special application of his system 
of spiral armouring as a means of providing temporary 
articulations at the springings of an arched bridge whilst 
building. With such an arrangement the arch is free to 
alter its form as the work of construction proceeds, 
and the dead load on it changes. When the structure is 
completed, therefore, the arch is exempt from unknown 
initial stresses, whether they arise from the shrinkage 
of the concrete or from a possible unequal settlement of 
the abutments. When the whole of the dead load is 
on the bridge the virtual joints at the abutments are 
abolished by completing the concreting there, with the 
result that the structure has the stiffness of the rigid 
arch combined with the freedom from unknown 
stresses which is characteristic of the hinged variety. 

On page 327 we give, this week, in Figs. 1 and 2, 
illustrations showing the method of construction in 
—_ as applied toa large arched bridge at Chateau 

‘hierry. The view reproduced in Fig. 1 shows the 
bridge complete, but with the temporary articulations 
at the springing not filled in, and the armouring con- 
sequently exposed. This armouring is shown in de- 
tail in Fig. 2, which is an enlarged view of one 
of the springings in its unfinished state. The main 
reinforcement is bare, the thrust being taken by 
the strongly armoured, but relatively flexible, core. 
Later on the exposed steel reinforcement is to be filled 
in, rendering the bridge an arch with fixed ends, and 
the moments induced will then arise solely from the live 
load, and they are thus both definite and calculable. 





ProposED ELECTRIFICATION OF RAILWAYS NEAR Sr. 
PETERSBURG.—Plans are at present being considered for 
the electrification of a portion of the North Western 
Railway in the environs of St. Petersburg. It is proposed 
to build a power-station for the exploitation of the water 
power of the Wolchow, and the scheme comprises the 
construction of a high-voltage line for the transmission of 
the electric current for other purposes. 





Tuk ENGINEERING AND MACHINERY EXHIBITION, 
O.ymp1a.—Arrangements have been made for several 
engineering and technical societies to hold meetings at 


| 

| ‘*BATTLESHIP DESIGN.” 

To THe Eprror oF ENGINEERING. 

| Sr1r,—I have read with interest the part of your leading 
| article in the current issue referring to warship propulsion 
| by internal-combustion engines. 

With the relative prices of coal and oil in this country, 
there is very little chance of much demand for large-sized 
vertical oil-engines for power purposes on land. The 
experience the builders require is not so much in the 
application of comparatively small-sized engines to ship- 
propulsion, as in the actual — of really large 
engines. I would suggest, therefore, that as the builders 
are not likely to get this experience in any other way, what- 
ever funds may beavailable forexperimental work should be 
partly devoted to the construction of a vertical oil-engine 
of, say, 3000 horse-power, and that this engine should be 
run continuously for long periods on heavy artificial loads, 
and generally subjected to asevere and Jengthy test as far 
as ible under service conditions, alterations being 
made in the engine from time to time as experience 
dictates. 

The above procedure would help the builders tremend- 
ously towards the production of a reliable engine, and 
reliability is what we want. There is no need to build a 
ship in order to perfect a reversing system for the engine, 
or in order to learn how to make an oil-engine that will 
run slowly at low power, and, after all, the above are two 
of our principal difficulties. 

There is only one way to learn how to get over them, 
and that is to build the engine, and build a large one. 

Yours faithfully, 
C. A. St. Georck Moore. 

Ilkley, August 28, 1910. 





PERSONAL.—Messrs. Balcke and Co., Limited, London, 
have appointed the following new agents :— For Scotland, 
Messrs. Morris, Warden, and Co., 68, Gordon-street, 
Glasgow ; for Birmingham district, Messrs. Frank R. 
Cerrito and Co., Exchange Buildings, Stephenson-place, 
Birmingham.—Owing to the lease of their works at 
Chelsea having expired, and to the large increase in their 
business, the Cowper-Coles Galvanising Syndicate have 
secured very much larger works, known as Magnet 
Galvanising Works, Bow Bridge, Stratford, E. 





Tue AssociaTION OF Minne ExecrricaL ENGINEERS, 
Dersy.—This Association has recently issued circulars to 
managers, under - managers, electrical engineers, and 
engineers of all collieries in Scotland, concerning a meet- 
ing which is to be held in Glasgow on the 17th inst. for 
the purpose of forming a branch, or branches, of the 
Association in Scotland. The circulars set forth its 
object—z.¢., the considering of means for minimising the 
risks attending the application of electricity to mining ; 
promoting the adoption of improved methods and devices 
tending to increase safety ; promoting the general ad- 
vancement of electrical science in its application to 
mining; facilitating the exchange of information aud 
ideas, &c. They also give data concerning membership. 
Informal meetings are also to be held in Scotland to 
explain the aims of the Association. 





THE STRIKE aT THE GERMAN SuipyarDs.—This strike 
continues to give a good deal of trouble, and has somewhat 
extended. t is not unusual for the larger concerns 
affected by the strike to try and get work carried out at 
smaller yards where the work goes on; the men at these 
latter, however, often refuse to undertake this work, and 
some 400 hands at the smaller yards have for this reason 
also gone out on strike. The men at some engineering 
works in Altona, which make a speciality of parts for 
ships’ engines, have also gone out on strike, as a sign of 
sympathy, to the extent of 95 hands. th the masters 
and the men seem prepared for a protracted struggle. 
The masters, it one seem, decidedly hold the best posi- 
tion ; their organisations are strong, and other branches of 
a somewhat allied nature within the German industry 
are understood to be disposed to aid their colleagues in 
an effective manner. The men, who, it was thought, were 
rather unfavourably positioned, maintain that they may 
look for support from all German labour unions, should 
their own resources be exhausted. The Government is 
reported to be unwilling to attempt a mediation, unless 





Olympia during the period of the Exhibition, and the fol- 

lowing days have been chosen for their respective visits. 

Tuesday, September 6, Junior Institution of Engineers ; 

Wednesday, September 14, Institute of Metals; Thursday, | 
September 15, Institute of Sanitary Engineers ; Saturday, 
September 17, Institute of Marine Engineers; Wednes- 

day, September 21, Society of Engineers ; and Saturday, 
September 24, Association of Engineers-in-Charge. 





SwepisH Iron.—At the last waren y § of the Union of 
Swedish Ironmasters the report stated that the conditions 
for sale of Swedish iron productions to foreign markets 
had been favourable during the last four months. The | 
anticipated further rise in the price of Swedish iron | 
and steel, which the heavy exports gave reason to expect, | 
has, however, not set in, probably owing to the uncertainty | 
which the less favourable position of affairs in America 
has called forth. The home consumption may be con- 
sidered as normal. The rolling-mills, generally speaking, | 
are fully occupied, and some of them have extensive 
orders in hand. Of the leading articles Lancashire iron | 
and quality steel stand best at present, and lately there | 
has been an upward tendency for these specialities. The 


other ingot iron for home consumption. 





At the ceremony it was stated by Major Dent, 
chairinan of the Rivers Board, that Huddersfield 
Was the lirst county borough which had completed 
its s.\vage-disposal scheme, and that Sheftield would 
be oniy a few months behind it. This remark 
&pperrs to overlook Rotherham’s claims to seniority 
in point of time; the result of its plant has not 
been 'l that was anticipated, however. 

Good progress was made, at any rate, with a 
portion of this first instalment of the restricted 
eager and, as usual in the beginning of things, 
the ciiluent was admired and even warranted fit to 





iron free from phosphorus is hardly so lively, but otherwise | of Metals.” by Mr. J. H. Smith (Belfast). 


requested to do so by both the coullicting parties. 





Tue Iron anp Steet InstituTe.—The autumn meeting 
of the Iron and Steel Institute will be held at Buxton 


| from Monday, the 26th inst., to Friday, the 30th inst. 


The following papers have been offered for reading :— 
‘On Electric Steel-Refining,” by Mr. D. F. Campbell 
(London) ; *‘On the Hanyang Iron and Steel Works,” 
by Mr. G. Chamier (Hankow, China); ‘On Manganese 
in Cast Iron, and the Volume Changes During Cooling,” 
by Mr. H. I. Coe, B.Sc. (Birmingham); ‘On Sulphurous 
Acid as a Metallographic Etching Medium,” by Mr. 
E. Colver-Glauert (Berlin) and Mr. 8. Hilpert (Char- 
lottenburg); ‘‘On the Theory of Hardening Carbon 
Steels,” by Mr. C. A. Edwards (Manchester); ‘‘On the 
Influence of Silicon on Pure Cast Iron,” by Mr. A. 
Hague, B.Sc. (Birmingham), and Mr. T. Turner, M.Sc. 
(Birmingham) ; ‘‘On the Preparation of Magnetic Oxides 
of Iron’ from Aqueous Solutions,” by Mr. 8. Hilpert 
Charlottenburg); ‘‘On the Manufacture of Rolled H 

ms,” by Mr. G. E. Moore (Loughborough) ; ‘‘ On the 
Utilisation of Electric Power in che Iron and Steel 
Industry,” by Mr. J. Elink Schuurman (Baden, Switzer- 


price is firm for plate iron and construction iron, besides | land) ; *‘ On the Briquetting of Iron Ores,” by Mr. C. de 
Business in pig | Schwarz (Liége); ‘‘On Some Experiments on Fatigue 


Visits to 


the tone of the market is firm. The April quotations! works and other places of interest in the Midlands are 
were left unaltered. 


| being arranged, 
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POWER HAMMERS AT THE BRUSSELS EXHIBITION. 


CONSTRUCTED BY MESSRS. 


Fics. 1 to 3. 5-Cwr. Friction Drop-Stamp. 


ARRANGEMENT OF LIFTER. 


Messrs. B. anp 8. Massry, Openshaw, Manchester, 
exhibit at Brussels three models, being accurate repre- 
sentations to scale of their steani-hammers; these 
models are worked by compressed air. They represent 
a 7-cwt. steam-hammer of the overhanging form, with 
slides, the most usec and most successful type of 
hammer introduced for smithy purposes ; a 30-cwt. 
arch-form hammer with slides, as used for the manu- 
facture of large forgings; a type of hammer without 
slides, in which the hammer-head is forged solid with 
the piston-rod, and is guided entirely from the cylin- 
der and stuffing-box. They also show a 2-cwt. pneu- 
matic power hammer driven by an electric motor 
directly coupled to it ; the hammer is both raised and 
forced down by the pressure of air produced alter- 
nately below and above the hammer piston. The 
action is very similar to that of the self-acting steam- 
hammer, hen f the blow is fully equal to that of the 
steam hammer in point of power, as is instanced by 
a few examples of forged pieces of current manufac- 
ture, among which is shown a bar which has been 
forged down from a 4-in. square of mild steel at one 
heat, down to 1 in. squareand 5 ft. 8 in. in length. A 
working model of the pneumatic hammer is also 
exhibited ; in order to illustrate the method of eontrol, 
an actual hammer-valve is placed on the stand, 
mounted in a full-size section of the cylinder. Close 
to this stamp is a 5-cwt. comp -air hammer, of 
exceptional stiffness. In this hammer the air is used 
expansively at all blows, 





| corresponding with the pull on the chain. 


B. AND S. MASSEY, 


ENGINEERS, OPENSHAW, 


MANCHESTER. 

































































GENERAL 


The Massey friction drop-stamps are 
built in a large number of sizes. The 
larger stamps are shown by photographs, 
a small stamp of the 3-cwt. size being ex- 
hibited at work. The advantages claimed 
in regard to the lifter of this type of 
stamp are the extreme simplicity of its 
parts. The form of clutch used is the 
simplest possible—i.e., a band brake lined 
with blocks of hard wood. We illustrate 
in Figs. 1 to 3 the general arrangement 
of the lifter for the 5-cwt. friction drop- 
stamp, Fig. 4 being a general view of the 
stamp exhibited. The sensitiveness of 
control is due to an automatic gripping 
and releasing action, which takes place as 
the tup falls and rises; this has the effect 
of establishing synchronism between the 
hand of the operator and the tup of the 
stamp. The automatic action is obtained 
without the introduction of any extra 
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parts, by simply passing the operating 
chain round the shaft, so that it unwinds 
from it as the tup rises, and winds round 
again as it falls. When it is required to have the 
— suspended after a short travel, the chain is 
pulled to a certain point, and then held stationary ; 
this reduces the friction of the band till it is 
just sufficient to hold the tup at rest at a point 


Fic. 


4. 3-Cwr. Friction Drop-Stamp. 

stamps are usually made in batteries with the lift- 
ing apparatus held independently of the base-blu ks; 
various photographs are shown at the stand ot = ich 
| batteries. The actual stamp exhibited is entirely -«lf- 
| contained, which makes it more convenient in ce! ‘ain 


| cases than the battery form, particularly for sme-‘er 























DEALS ALTO cs. SNE 


~~. 
ty SF 














Sept. 2, 1910.] 


ENGINEERING. 











PLANO-MILLING 


CONSTRUCTED BY MESSRS. KENDALL AND GENT, LIMITED, 








sizes, and where only a single stamp is required. The 
standards are of special design, allowing a large 
amount of space round the dies. The lower die is held 
and adjusted by four strong poppets and screws. 

chong illustrate a number of coke and oil 
furnaces, also built by Messrs. B. and S. Massey. 
Photographs of other sizes and forms of power- 
hammers are also shown. 








KENDALL AND GENT’S MACHINE-TOOLS 
_AT THE BRUSSELS EXHIBITION. 
WE illustrate in the engraving on this page the 


plano-milling machine which forms part of the very | 


complete display of machine-tools made by Messrs. 
Kendall and Gent, Limited, Manchester, at the 
Brussels Exhibition. This plano - milling machine 
is electrically driven by a constant-speed motor and a 
single-pulley gear-box, having four changes of speed 
by steel gears running in oil, any of which can 
changed without stopping the machine. It is largely 
used for milling the flats of locomotive rods and for 
doing other similar work. Its principal dimensions 
are as follow :— 


Length milled - Pe 11 ft. 
To admit between uprights 3 ft. 9 in. 
\'seful dimensions of table .. 11 ft. by 3 ft. 
Diameter of spindle ... ei 5 in. 
"he machine comprises a bed, having accurately- 
planed and surfaced flat guides, resting on the founda- 
tions over its whole least The table has longitudinal 
T--lots cut from the solid, and planed and surfaced 
; it is traversed in either direction by means of a 


semicircular rack and worm-gearing, the thrust of the 
worm being taken by a ball-washer. The machine is also 
provided with independent constant-speed reversible- 
power motion for adjusting quickly, and with an inde- 
pe nt hand and self-acting reversible-feed motion 


y !cans of a cone pulley and gearing enclosed in a 
gear-case, with clutch and lever for engaging and 
dise ugaging, giving a wide range of speeds in correct 
geometric progression. The uprights have a broad 
— resting on the foundation; they are securely 
polted to the sides of the bed, and are connected 
together at top by a distance piece. The cross-slide 











is counterbalanced. The cross-slide is fitted with three 
adjustable supports, bushed with gun-metal, for carry- 
ing the spindle and mandrel; two of these—i.e., the 
one carrying the end of the spindle and that sup- 
porting the outside end of the mandrel—are adjust- 
able by screw and handle, and can be rigidly locked in 


position. The spindle is of steel, having a hardened 
and ground conical neck running in adjustable bearings. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 24. 

THE distribution of iron and steel during the month 
of August on contracts previously placed has exceeded 
by quite a liberal percentage the distribution of thesame 
month last year. Material ordered during the second 
quarter is wanted for constructional purposes for the 
coming three months. On account of the marked expan- 
sion of capacity this year there has been a fair accumula- 
tion of stocks, and this accumulation has brought about 
the decline in prices in all lines of material excepting 
steel rails and tin plates. Prices and conditions for 
delivery are in buyers’ favour, but it is once more 
positively asserted that the lowest prices have been 
reached, which is a very reasonable assumption. With 
the completion of two large furnaces within thirty 
days the pig-iron producing capacity will be 39,100,000 
tons per annum. The present rate of production 
is about 26,000,000 tons, or 334 per cent. below 
maximum capacity, which naturally ensures favour- 
able prices to buyers. The capacity of the new 
furnaces built this year is 4,000,000 tons. Three 
furnaces will start in a few days on steel-making 
irons, but this output will not affect market condi- 
tions. Stocks of Bessemer and basic have been accu- 
mulating, and prices fell this week to 15 dols. for 
Bessemer and 14 dols. for basic under a slow demand. 
A balloon line is to be established at Washington. 
The United States Airship Company has an order for 
eight dirigible balloons, to be built immediately, each 
220 ft. long, equipped with machinery driven by elec- 
tricity, and with a guaranteed minimum speed of 
30 miles an hour. Contract prices, 200,000 dols. Plans 
for longer flights are being laid, and the outcome of 


the present enterprise will influence the prosecution 
of these tentative undertakings, 
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MACHINE AT THE BRUSSELS EXHIBITION. 


MANCHESTER. 








Tue Travian Navy.—The first Italian Dreadnought, 
the Dante Alighieri, has just been launched at Castella- 
mare. She has a displacement of 21,500 tons, and she 
will carry forty guns and three submariné lance torpedo- 
tubes. She is to steam at the rate of 23 knots. She 
will have cost at the close of the current financial year 
1,520,000/., but some further expenditure will have to be 
made upon her in 1912. . 





TrapE.—Messrs. Blackstone and Co., Limited, Stam- 
ford, won the first prize of 5J. with their combined side- 
delivery rake and swath-turner at the Warwickshire 
Agricultural Society's Show, held at Leamington, 
August 24 and 25.—The exhibit of ‘“‘The Coventry” 
Chain Company was amongst those at Brussels which 
came within the fire area and was wholly destroyed. 
They have determined to ship out as near as possible a 
duplicate exhibit at the earliest possible moment. 





Contracts. — Recent orders given to Messrs. Jens 
Orten-Béving and Co., Union-court, Old Broad-street, 
1.C.,. for ** Victoria” turbo-pumps of the automatic 
balancing type, include one pump to deliver 390 gallons 
oe minute against a 228-ft. head for the Municipality of 
elta B.C.;, one pump to deliver 600 gallons per minute 
against 60 ft. for Messrs. Takata; Japan; and several 
others. Their water - turbine plant orders include one 
unit of 250 horse-power at 28 ft. for Soma-Denki, Japan, 
and two turbines of 565 horse-power at 27-ft. head, com- 
— with Béving patent governors, for the town of 
ranham, Quebec. 





Tue Institute or Metats.—The autumn meeting of 
the Institute of Metals is to be held in Glasgow on Wed- 
nesday, Thursday, and Friday, 21st to 23rd inst. The 
following is a list of the papers that are expected to be 
submitted :—1. ‘‘ The Heat TT otmans of Brass, Experi- 
ments on 70 : 30 Alloy,” by Mr. G. D. Bengough, M.A., 
and Mr. D. F. Hudson, M.Se. 2. ‘‘Some Common 
Defects Occurring in Alloys,” by Dr. Cecil H. Desch, 
D.Se., Ph.D. 3. “Shrinkage of the Antimony-Lead 
Alloys, and of the Aluminium. Zinc Alloys, During and 
After Solidification,” by Mr. D. Ewen, M.Sc. 4. “*The 
Effect of Silver, Bismuth, and Aluminium upon the 
Mechanical Properties of ‘Tough-Pitch’ Copper Con 
taining Arsenic,” by Mr. F. Johnson, M.Sc. 5. ‘Me 
tallography as an Aid to the Brass-Founder,” by Mr. H. 
S. Primrose. 6. they ag Alloys Formed from Non- 
Magnetic Materials,” by Mr. A. D. Ross, M.A., B.Sc., 
F.R.S.E. Visits have been arranged to a number of 
works in the district, 
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THE DRUMMOND-BARRETO UNIVERSAL 
MACHINE. 


At the Naval, Mercantile Marine, and General 
Engineering Exhibition, which opened yesterday at 
Olympia, Addison-road, Kensington, there is exhibited 
an entirely new machine for turning, boring, drilling, 
screw-cutting, milling, and gear-cutting, constructed 
by Messrs. Drummond Brothers, Limited, of Guildford. 
This machine has been got out for repair work by the 
firm from the sketches and specifications of the Baron 
Larreto, who intends to use it on board his yacht, the 
S.a King, as a universal repair machine. The tool, of 
course, is not limited to use on board ship, but would 
prove most serviceable in many small works, which 
have to deal with a large range of repairs and yet 
cannot well provide a complete set of machines for 
the purpose. Used as a lathe, it will turn up 
anything between } in. and 36 in. in diameter, this 
range being obtsined by raising the headstock on the 
slides, as shown in our illustrations on page 334. The 
height of the centre can be varied between 7 in. and 
18 in., and to ensure that the mandrel and the tail- 
stock are exactly at the same height, the lathe is 
equipped with turned rods of various lengths, by the 
aid of which tho heights can be eluted absolutely 
correctly. There are twelve speeds in approximate 
geometrical progression, ranging from 275 revolutions 
to 5 revolutions per minute. The highest three of 
these speeds are obtained by direct belt drive, for the 
turning of small objects ; three are through belt and 
direct-gear drive to the mandrel; and six through this 
drive and back gear. There are only two gear-wheels 
additional to the usual four in back-gear lathes to 
obtain these twelve speeds. The pinion of the back- 
gear spzeds operates directly into the face-plate itself, 
the gear of this taking the place of the usual plate- 
wheel on the mandrel. This relieves the mandrel of 
all torsional strain when extra large work, needing 
the slower speeds, is being done. The saddle has 4 
self-acting sliding movement, and carries a T-slotted 
boring-table, which has a self-acting traversing move- 
ment. A quick-change gear-box gives three speeds, 
changeable by hand-lever while the tool is running, 
to the sliding and surfacing motions. For screw- 
cutting there is a lead screw under the saddle guide 
on the bed, and a full set of twenty-two change-wheels 
to enable any screw to be cut. ‘There is a swivellin 
slide-rest for carrying the tools, this rest being souviied 
with two bases, one extra high for large-diameter work. 

For boring and milling the work is clamped to the 
table of the saddle, which is fitted with self-acting 
feed in both directions. The placing in of the neces- 
sary upper bar and centre converts the tool to a milling- 
machine. It is fitted with a substantial universal 
dividing-head for gear-cutting, dividing, and similar 
milling work. The spindle is worm-driven, and two 
index-plates drilled with eight rows of holes each are 
supplied, enabling divisions to be made from 2 to 50 
rising by 1, and all numbers divisible by 2 or 5 up to 
109, and nearly all numbers divisible by 4 or 5 up to 
200, and most numbers from 200 to 300, and also 
many higher numbers. The dividing-head can be 
swivelled through 360 deg., and is graduated. A tail- 
stock is sentied to work on the table in conjunction 
with this head for all jobs when the head is in a hori- 
zontal position, the largest diameter gear so cut 
being 14 in. in diameter. With the blank fixed on the 
head alone, and the head set vertically, the cut being 
taken downwards by lowering the headstock of the 
machine, gears can be conveniently cut up to 40 in. in 
diameter. Provision is made to set the dividing-head 
also at right angles to the table, enabling extra large 
worm-wheels up to 40 in. in diameter to be machined. 
The raising of the head is effected by a hand-wheel, a 
worm and worm-wheel on a substantial screw working 
in a long bronze fixed nut fitted with a ball-thrust. 
The head is extended upwards and bored to receive a 
stiff hollow cast-iron bar, carrying an arm and centre 
for milling purposes ; this bar runs clear through the 
head-clamps and is readily removed when ponte. 

The approximate weight of the machine is 4150 lb., 
the length over all 8 ft. 9in., the width over all 4 ft., 
and the height 5ft. 2in. Much care has been expended 
over the design, and many experiments have been 
made to test the efficiency of the various devices, 
The reputation of Messrs. Drummond Brothers will 
secure for this machine the earnest consideration of all 
firms doing repair work on a moderate scale, as it 
promises to be of very great assistance to such firms, 
enabling them to undertake jobs which at present they 
are obliged to decline, or which can only be done by 
make-shift devices, which take much time to rig up, 
and cannot be depended upon for accurate work. The 
machine is an engineering workshop in itself, and is 
— of almost any work that is likely to be met in 
ordinery jobbing practice. 








Courtenay Bay.—Plans have been prepared by the 
Dominion Dry Dock Company for a great dry dock and 
ship-repairing plant at Courtenay Bay, St. John. This 
is a Canadian undertaking, in which Sir R. W. Perks is 
interested. 





CATALOGUES. 


Dredgers, &c.—We have received from Messrs. Lobnitz 
and Co., Limited, of Renfrew, Scotland, an album of 
illustrations of their works and some of their recent pro- 
ductions. ‘he latter include bucket and suction-dredgers, 
clay-cutting dredgers, gold-dredgers, rock-cutting vessels, 


hopper-barges, steam-tugs, stern-wheel steamers, &c. One | 


of the bucket-dredgers illustrated is stated to be the 
largest afloat. It was built for the Suez Canal Company. 

Accumulators.—From the Chloride Electrical Storage 
Company, Limited, Clifton Junction, Manchester, we 
have received a copy of their 1910 catalogue of ‘‘ Chloride” 
accumulators. The catalogue gives full particulars, in- 
cluding weights, dimensions, capacities, and prices of 
several different types of cells for central-station work 
(traction and lighting), yacht lighting, telegraphy, and 
other purposes. ooden stands and all kinds of 
accessories are also dealt with. 


Locomotives.—We have received from the Hannoversche 
Maschinenbau Actien-Gesellschaft (formerly Georg 
Egestorff), of Hannover-Linden, Germany, a book con- 
taining ashort historical account of their works and illus- 
trating a number of locomotives built by them and Ld 
other firms. All the engines illustrated are fitted with 
Lentz poppet-valves and valve-gear, which are fully de- 
scribed and separately illustrated. 


is given in the English, French, German, Spanish, and 
Portuguese languages. 

Roofing Material.—The Ruberoid Company, Limited, 
81 and 83, Knightrider-street, E.C., have issued a cata- 
logue dealing with their material for covering wood 
roofs. The catalogue points out the many advantages 


of Ruberoid roofing, and illustrates a large number of | 


buildings, of a very diverse character, covered with this 
material. It can supplied in various colours and 
thicknesses, and also in qualities suitable for forming 
damp-courses, covering floors, &c. ; felts and papers for 
underlying slate and tiled roofs, are also supplied. Prices 
of all these materials are stated and instructions given for 
applying them. A large number of testimonials from 
users are also included. 

Superheated-Steam Engince.—We have received from 
Messrs. Douglas and Grant, of Kirkcaldy, N.B., a cata- 
logue of superheated-steam engines manufactured by 
Messrs. Carels Brothers, Limited. of Ghent. The cata- 
logue illustrates cross-compound and tandem-compound 
engines ranging from 700 to 1500 horse power for mill- 
driving or electric-power production. ‘The engines are 
fitted with double-seated balanced drop-valves, and are 
usually supplied with a horizontal jet-condenser. Using 
superheated steam at a temperature of 575 deg. Fahr., 
the guaranteed consumption for compound engines is 
9} lb. per indicated horse-power hour ; for triple-expan- 
sion engine3, under the same conditions, a consumption 
not exceeding 8} lb. per indicated horse-power hour is 
guaranteed. The catalogue was accompanied by a 
general specification of the engines. 


Reinforced-Concrete Construction. — Messrs. Edmond 
Coignet, Limited, 20, Victoria-street, Westminster, S. W., 
have sent us a copy of their standard specification for 
reinforced-concrete work on the Coignet system. The 
specification deals with the quality of the cement, the 
proportions and methods of applying the concrete, dis- 
position of the steel reinforcement, methods of construct- 
ing and striking centering, method of testing finished 
work, &c. We notice that in the clause referring to the 
mixture of the concrete the quantity of cement is given as 
the weight of one bag (224 lb.) toso many cubic feet of 
sand and aggregate. Messrs. Coignet consider this 
method of expression better than stating the number of 
parts of sand and aggregate to one part of cement. 
Another clause refers to the use of emergency props 
| testing. These props, one or more of which are 
placed under the beam, and a small distance away from 
it, serve to prevent any excessive deflection that might 
otherwise occur from bad workmanship or other causes. 
Other interesting points are dealt with in the specifica- 
tion, which is well worthy of perusal by all interested in 
this form of construction. 





THe PosTMASTER-GENERAL v. THE CROYDON BorouGH 
Councit.—A difference having arisen between the Post- 
master-General and the Corporation of Croydon as to 
whether certain wires for the purpose of supplying appli- 
cants with telephonic communication should be placed 
underground or overhead in a number of roads within 
the Borough of Croydon, the matter came on June 16 
before His Honour Judge E. Harington, Croydon County 
Court, who gave his award in favour of the Postmaster- 
General—+.e., in favour of placing the wires overhead, 
the poles or wires to be fitted with appliances to pre- 
vent the humming noise which may be caused by vibra- 
tion. Subsequently, on July 27, the matter was taken 
to the Court of the Railway and Canal Commission, 
before Mr. Justice A. T. Lawrence, the Hon. A. E. 
Gathorne-Hardy, and Sir James Woodhouse, who arrived 
at the same decision as the Croydon County Court, 
adding to it, as a rider, that if the Corporation give 
notice that they will bear the extra cost of laying the line 
underground in any street, then the line shall be placed 
underground in such street. This gave the Corporation 
themselves the determination as to which of the streets 
required an underground system. At Croydon Sir Robert 
Hunter, C.B., appeared for the Postmaster-General, and 
Mr. F. C. oat woe clerk, for the council. In the 
second court Mr. Lewis Thomas, K.C., and Mr. Colam 
appeared for the Corporation, and Sir Robert Hunter for 
the Postmaster-General. 


An illustrated de- | 
scription is also included of Ranafier’s starting-gear for | 
compound locomotives. The printed matter of the book | 


NOTES FROM THE NORTH. 

Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a slightly easier tone, and 
6500 tons of Cleveland warrants were re through at 
49s. 9d. cash, 50s. 14d. October 14, and 50s. 6d. three 
months. Closing sellers quoted 49s. 9}d. cash, 50s. ()\d, 
| one month, and 50s. 64d. three months. In the afternoon 
the tone was steady, but business was quiet. The d:al- 
ings consisted of 2000 tons of Cleveland warrants at 
50s. 2d. October 14, and at 50s. 7d. and 50s. 64d. three 
| months, with closing sellers unchanged from the previous 
session. On Friday morning the market was again quict, 
| and 3000 tons of Cleveland warrants changed hands at 
| 50s. one month, 50s. 6d., 50s. 64d., and 50s. 6d. three 
|months. At the close there were sellers at 49s. ‘i'd, 
| cash, 50s. 04d. one month, and 50s. 64d. three months. 
|The afternoon session was a complete blank as re- 
gards turnover, and no dealings of any kind took place. 
Closing sellers quoted Cleveland warrants at 49s. 9d. cash, 
| 503. one month, and 50s. 6d. three months. On Monday 
morning the market was easier, and about 4000 tons of 
| Cleveland warrants were done at 49s. 64d. cash, and 
| 50s. 34d. three months. Sellers’ closing quotations were 
| 493. 74d. cash, 49s. 104d. one month, and 50s. 5d. three 
|months. In the afternoon Cleveland warrants were 
again weaker, and the turnover consisted of 3000 tons 
at 49s. 7d. and 49s. 64d. cash, 49s. 8d. sixteen days, and 
50s. 3d. three months. At the close there were sellers at 
49s. 64d. cash, 49s. 94d. one month, and 50s. 34d. three 
months. On Tuesday morning there was a further 
decline in Cleveland warrants, and 3000 tons were dealt 
in at 49s. 4d. cash and 49s. 44d. three days. Closin 
prices were 49s. 44d. cash, 49s. 74d. one month, ont 
| 50s. 14d. three months sellers. Quietness ruled in the 
afternoon, and dealing consisted of one lot of 500 tons of 
Cleveland warrants at 50s. 2d. three months, with buyers 
over. Attheclose sellers quoted 49s. 5d. cash, 49s. 8d. one 
month, and 50s. 3d. three months. When the market 
opened to-day (Wednesday) a steady tone prevailed, and 
Cleveland warrants changed hands at 49s. 44d. and 49s. 4d. 
cash, and 49s. 74d. and 493s. 8d. one month. The turnover 
was 2500 tons, and the closing quotations were 49s. 5d. 
cash, 49s. 8d. one month, and 50s.3d. three months sellers, 
In the afternoon the market was quiet, and the onl 
business was two lots of Cleveland warrants at 50s. 14d. 
and 50s. 2d. November 18. At the close of the session 
prices were firmer, and sellers quoted 49s. 6d. cash, 49s. 9d 
one month, and 50s. 34d. three months. The following 
are the market quotations for makers’ (No. 1) iron :— 
Clyde, 62s.; Calder and Gartsherrie, 62s. 6d.; Sum- 
merlee and Langloan, 64s.; and Coltness, 81s. (all shipped 
at Glasgow); Glengarnock (at Ardrossan), 64s. ; Shotts 
(at Leith), 62s. 6d.; and Carron (at Grangemouth), 64s. 6d. 


Sulphate of Ammonia. — The sulphate of ammonia 
market is steady, and a stronger tendency is evident. 
The current quotation is about 12/, 7s. 6d. per ton for 
prompt delivery, Glasgow or Leith. Last week the 
amount shipped from the latter port totalled 3203 tons. 


Scotch Steel Trade.—Healthy conditions continue to 
prevail in the Scotch steel trade, and a strong demand 
still exists for both ship and boiler-plates. In the former 
connection makers are being hard pressed for delivery, 
and one or two of them are rather behind with their 
orders. Quite a lot of fresh buying for forward delivery 
has taken place during the past week, merchants having 
secured most of this business. The home demand for 
angles is very poor, but in the export departments a 
fairly good business is passing. The inquiry for light 
material is very satisfactory, and some good lines have 
lately been fixed up for shipment to some of the Colonies. 
On all sides a strong demand is general for structural 
sections, and makers of this class of material are actively 
employed at present. Prices are firm all round. 


Malleable-Iron Trade.—There has been little change in 
the malleable-iron trade of the West of Scotland, although 
some makers are none too busy, and would gladly welcome 
an increase in the demand. Existing contracts are pro- 
viding a fair measure of employment at the moment, and 
signs are not wanting of improved business in the near 
future. 

Scotch Pig-Iron Trade.—The Scotch pig-iron makers 
continue to be fully employed, and a good general busi- 
ness is ing. The local demand is, perhaps, somewhat 
easier, but there is little falling off in the export trade, 
and, indeed, the inquiry is inclined to be stronger. Russia 
is just now a buyer of No. 1 Scotch, but the customs duty 
of 32. per ton puts business out of the question. How- 
ever, as the need is urgent, the authorities are endeavour- 
ing to get the obstacle temporarily removed. Hematite 
is a shade firmer at about 68s, 6d. per ton, but business 1s 
only of a hand-to-mouth character. 

coy one. BR po Ferguson Brothers, Port Glas- 
gow, have received orders from the Clyde Shipping Com- 
pany, Limited, to build a powerful screw-tug similar to 
the Flying Cormorant, which they built for the same 
owners. It is worthy of note that this will make the 
seventh tug by Messrs. Ferguson for the Clyde Shipping 
Company within six years. 

Pig-Iron Warrants : Bank Rate Increased.—The Seotch 
banks have advanced their charge for loans against |)!s- 
iron warrants to 4 per cent. 











Execrric Power-StaTioN IN THE Far6x ISLAN))* 





A new commercial and industrial concern has bee! 
| started in the Farée Islands for the purpose of exploitin 
| their natural resources. One of the first undertakings ‘v 


be taken in hand is the building of an electric power- 


station, so as to utilise the Fosaven Falls to obtain ches 
| power and light 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Rolling-Mills Booming.—‘‘ Simply congested with busi- 
ness” was the description of the state of trade given at the 
annual meeting of the Sheffield Forge and Rolling-Mills 
Company, Limited, held at the Cutlers’ Hall last week. 
The balance-sheet, which showed net profits on the year’s 
working of 14,659/., was stated to be the best ever pre- 
sented during the existence of the company, and a dividend 
of 10 per cent. was declared. In view of this, the fact that 
much of the business had had to be done at small profit 
gave some idea of its extent. Prospects for the coming 
year were excellent, and if the boom came they would be 
rather harassed to meet it. At any rate, if they were. to 
keep pace with the times and to maintain the foremost 
position they had attained, more money, it was stated, 
would have to be spent on extensions and improvements 
of plant. 

Moorwood’s Liabilities. —A report and statement of the 
affairs of Messrs. Moorwood, Sons, and Co., Limited, 
jronfounders and stove-grate manufacturers, Sheffield, 
was presented at a meeting of creditors held at the 
Cutlers’ Hall on Friday last. It showed liabilities 
amounting to 32,664/., and assets 87,564/., from which 
had to be deducted debenture-holders’ claim of 39,6331., 
leaving a surplus of 15,267/. It was pointed out that the 
result to the creditors was entirely dependent upon the 
assets being realised as a going concern, and not at break- 
up prices. A liquidator and a creditors’ committee of 
inspection were appointed. 

The Moulders’ Dispute.—There are prospects that the 
trouble amongst the moulders may be brought to a peace- 
ful settlement. They and the engineering trade em- 
ployers of the city form two branches of the Friendly 
Society of Ironfounders, and the matters in dispute 
between them are to discussed at a conference in 
Sheffield which has been fixed for September 9. 


South Yorkshire Coal Trade.—The few changes that 
have taken place in the coal market during the week are 
not of much moment. Viewed broadly, the position is 
the same. The level of demand for hards is high and 
steady, with a tendency to increase in regard to steam 
coal for industrial purposes. Shipments are uniformly 
good, with, if anything, a better inquiry from the Mersey. 
On the other hand, Hull is taking a very large tonnage of 
secondary qualities. Apart from the holidays at the 
Barnsley collieries, = are on full time and there is no 
fall in production. Thereare large contract deliveries of 
best hards to railway companies. A freer movement is 
observable in gas-fuel, and a good average demand is 
showing signs of increasing. Steam nuts are quieter 
and slacks are not —_ so favourably placed. There 
is practically no change in values. he falling-off 
in the Lancashire demand, owing to mills working 
short time, is severely affecting small coal. A bigger 
tonnage is being dealt with at house-coal dépéts, indi- 
cative of a general improvement. London merchants 
are making larger calls upon collieries, and stocking at 
country stations is increasing. These revivals, in spite 
of better working at pits, are appreciably reducing col- 
liery stocks. Household stocking requirements become 
daily of larger dimensions, and the beginning of Septem- 
ber will, without doubt, see a big improvement in the 
coal trade generally. Best coals are most sought after, 
cheaper qualities being on the weak side in regard to 
prices, ‘Change quotations are :—Best silkstone, 11s. to 
lls. 6d.; silkstone, 8s. 9d. to 9s. 3d.; Derbyshire brights, 
10s. Gd. to lls. 6d. ; Yorkshire hards, 9s. 6d. to 10s. ; 
Derbyshire hards, 8s. 3d. to 9s. 3d.; rough slacks, 5s. 6d. 
to 63. 3d.; smalls, 1s. 6d. to 2s. 6d. 


Tron and Steel.—Pig iron has been improving lately, 
and with prices stiffening somewhat, better business is 
expected in the near future. The tone in raw materials 
is an all-round better one, and the general iron market is 
firmer. The quietening influence of the holidays is 
already less apparent, and the Lincolnshire common 
irons have revived so far that makers are asking a premium 
on the recently reduced prices. Derbyshire foundry, too, 
is stronger. The curious position of hematites continues. 
Large quantities are being delivered, and there is a fair 
amount of new business, but sellers are not commanding 
any better prises. Of course, a good deal of the contract 
work was obtained at the higher quotations ruling a month 
or two ago. There is nothing very new in finished iron, 
but the arrival of quantities of cheap Continental bars 
1s not very welcome, especially after the recent slacken- 
ing in German and Belgian competition. Scrap is quiet, 
ut prices are kept up. The most pessimistic authorities 
on the steel trades are bound to admit that there is at 


Present a very marked improvement in Sheffield. A con- 
siderable volume of fresh work has come to hand, creating 
a decidedly hopeful trade situation. Armament works 
are as busy ag ever, and have had fresh inquiries from the 

rovernment for projectiles. Rolling-mills are full of 
Work, though forgesare quieter. The engineering demand 
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‘ery Varying quantity, but there is an expectation of 
some goed work in the heavy departments. Common 
- el is doing 7 well on export account, especially with 
the Colonies, and the South African demand for mining 
;. wntinues to grow. A little more hopefulness has 
eon experienced by manufacturers of railway material, 
“7 onsequence of the prospect of American work. 
re > of the United States railways are reported to be 
> ‘ing inquiries for British rails. Makers of tool steel 
ag —. to America in anticipation of an easing 

the duties, & heffield business in this branch is of large 
Proportions, and a reduction in the tariff would be of far- 
rtance. Much of the big trade done by 
ers with Russia in implements and parts is 
the fact that the import duties on these 
there have been suspended for some con. 
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siderable time. Their resumption at the beginning of 
next year is responsible for an even more active export 
at the presentmoment. Special steel and toolsof various 
kinds are experiencing a very satisfactory demand. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The month closes with a 
quiet market. Quotations are easy, and there is very 
little business passing, but traders speak hopefully of the 
near future, and a general opinion prevails that autumn 
requirements will be found to be such as to create a brisk 
demand at almost any time.. In the meantime, however, 
buyers are acting very cautiously, and, on the other hand, 
producers are not pressing sales, A check in the increase 
of Cleveland pig to the public warrant stores is a factor 
that should assist to strengthen the market. No.3 — 
Cleveland pig is 49s. 6d. for prompt f.o.b. delivery. 
No. 1 Cleveland iron continues scarce, and is firm at 
52s. 6d. ; whilst No. 4 foundry and No. 4 forge are each 
48s. 6d. ; and ‘mottled and white, each 48s. Unsatisfac- 
tory accounts continue to be given of the hematite pig-iron 
trade, but the continued activity in the steel industry 
should soon have a beneficial influence on hematite iron. 
Offers to sell Nos. 1, 2, and 3 East Coast hematite at 
62s. 6d. for early delivery meet with little success. 
Foreign ore is still inactive. Consumers have good 
supplies, and declare that the stoppage of cargoes from 
Bilbao, owing to the continued strike of miners in Spain, 
is of little consequence to them, as, in addition to their 
stocks, they can draw from other countries. Values of 
foreign ore are nominally on 20s. ex-ship Tees for 
Rubio of 50 per cent. quality. Coke shows some im- 
provement, and is in good demand for local consumption. 

Average blast-furnace qualities are 16s. delivered here. 


Manufactured Iron and Steel.—In most branches of 
the manufactured iron and steel industries the output is 
large, and producers take a cheerful view of the situation. 
Not only have manufacturers good order-books, but they 
report a fair number of inquiries still coming in. Prices 
of several descriptions show an upward tendency, but u 
to the present no quotable changes can be reported. 
Common iron bars are 7/. ; best bars, 7/. 7s. 6d. ; best 
best bars, 7/. 15s. ; packing iron and steel, 5/. 15s. ; iron 
and steel ship-plates, 6/. 10s. ; iron ship-angles, 7/. ; iron 
ship-rivets, 7/. 7s. 6d. ; steel ship-angles, 6/. 2s. 6d. ; steel 
bars, 62. 5s. ; steel strip, 67. 10s. ; steel hoops, 6/. 12s. 6d. ; 
steel joists, 6/. 2s. 6d. ; cast-iron railway chairs, 3/. 10s.; 
light iron rails, 6/. 10s. ; heavy steel A 5l. 10s. ; steel 
railway sleepers, 6/. 12s. 6d. ; and iron and steel galvan: 
corrugated sheets, 24-gauge, in bundles, 11/. 10s.—sheets 
less the usual 4 per cent.; railway material less the cus- 
tomary 24 per cent., and all other descriptions net cas 
at works. 


Iron and Steel Shipments.—Shipments for the month of 
August were fairly satisfactory. Those of pig iron reached 
100,066 tons, 86,151 tons having gone from Middlesbrough, 
and 13,915 tonsfrom Skinningrove. Of the Skinningrove 
clearances 12,835 tons went to Scotland, and 1080 tons to 
Terneuzen. Of the 86,151 tons loaded at Middlesbrough 
34,083 tons went coastwise, and 52,068 tons to foreign 
countries. Scotland was once again the largest pur- 
chaser, taking 24,222 tons, Italy being second with 
10,685 tons, and Germany third with 10,202 tons, whilst 
Belgium received 6526 tons, Sweden 4525 tons, and 
France 4451 tons. Manufactured iron despatched during 
August amounted to 10,732 tons, 7165 tons going coastwi 
and 3567 tons abroad. India was, as usual, the largest 
buyer, with an import of 2287 tons. The steel shipped 
during August reached 30,942 tons, 6094 tons of which 
were sent to coastwise customers, and 24,818 tons to 
firms abroad. The Argentine was the largest importer 
of steel, taking 4803 tons; India being second, with 
4285 tons ; Natal third, with 3357 tons; and Canada next, 
with 2296 tons. 


Electric Power Plants in the Newcastle Area.—Some 
important extensions have recently been carried out or 
authorised in the systems of the principal electric power 
companies in this district to meet the growing demand 
for power among the local collieries in the Blyth district. 
The Newcastle-upon-Tyne Electric Supply Company have 
recently erected a sub-station with a capacity of over 
4000 horse-power at Seaton Delaval. It contains five 
transformer chambers and two 1000-kilowatt transformers, 
3-phase transformers, transforming from 20,000 to 11,500, 
one 1000-kilowatt transformer from 20,000 to 5500, and one 
100-kilowatt transformer from 5500 to 440 volts, with the 
necessary high-tension switch gear by the Electrical Com- 

ny, of London. The low-tension switchboard is of the 
Resvolle ironclad type, with two 11,500-volt and 15,500- 
nels and three transformer panels. The sub-station 
is fed from the 20,000-volt trunk feeder from the company’s 
Carville generating station. For thesupply of the Church 

it of the Backworth Collieries Company a new 1600- 

orse-power sub-station has been erected. It is a two- 
floor building, dimensions 30 ft. by 22 ft., and contains 
two 800 - horse - power transformers, with the neces- 
sary high and low-tension switch gear of the Rey- 
rolle ironclad type. The transformers are oil-cooled, 
and this sub-station also is fed from the 20,000-volt 
trunk main, Carville, Seaton Delaval. A new three-core 
0.5 lead-covered armoured cablefitted with the Merz price 
ballast protected gear, has been laid to the Church pit for 
the purpose. The cable is constructed with special water- 
proof covering over the lead, and in addition there are 
two pilots and one telephone cable. All the cables are 
laid direct into the und with a wooden cover. The 
electrical supply is also spreading in the Durham area. 
The Glebe pit and the Washington Colliery Company is 
about to be equipped, and an 800-horse-power sub-station 


volt 





ised cama dog ing the pro) 


is being erected by the County of Durham Electric Power 
Distribution Company for the purpose. It will contain 
two 400-horse-power oil-cooled transformers by Brown 
Boveri, and high and low-tension switch-gear of the 
Reyrolle type. The same company is also building a new 
sub-station of 1400 horse-power capacity for supplying 
the Easington pit. This transforms from 20,000 volts 
down to 3000 volts and from 3000 volts down to 440 volte. 
A new three-core lead-covered and armoured cable is being 
laid with an area 0.15 square inch, with a voltage of 6000. 
The high-tension switch-gear is of the ironclad type, b 
Reyrolle and Co., of Hebburn-on-Tyne, and the second- 
- side of.the transformer is connected direct to the 
cable without any switch-gear. 


NOTES FROM THE SOUTH-WEST. 

Cardiff.—Business in steam-coal has been somewhat 
restricted, stormy weather having occasioned further 
delays in steamers due to load. The general tone of the 
market has been easy. The best Admiralty large has 
made 16s. 3d. per ton; attempts to secure 16s, 6d. 
per ton have not been generally successful. The best 
secondary qualities have made 14s. 9d. to 15s. $d. per ten; 
the best bunker smalls have brought 8s. to 8s. 3d., an 
cargo smalls, 6s. 9d. to 7s. 3d. per ton. House coal has 
shown no improvement ; the best ordinary qualities have 
made 14s. 6d. to 16s. per ton; No. 3 Rhondda large 
has brought 17s. to 17s. 3d. ; smalls, 9s. 6d. to 9s. 9d. per 
ton. No. 2 Rhondda large has been quoted at 10s. 9d. to 
lls. 6d. ; smalls, 7s. to 7s. 3d. per ton. Foundry coke 
has been quoted at 18s. to 20s., and furnace ditto at 
16s. 9d. to 17s. 3d. per ton. As regards iron ore, Rubio 
has made 19s. 3d. to 19s. 9d. per ton, upon a basis of 50 
per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 

Steel Works at Sully.—Arrangements for the establish- 
ment of steel works at Sully are being pushed forward 
with all possible despatch, and it has been decided to 
increase the flotation capital from 750,000/. to 1,250,000/., 
the intention being to erect not only extensive steel works 
on the Bendricks, but also rail-rolling mills on the Sully 
Moors, where land has been obtained under an option 
from Lord Ashby St. Ledger. An application has been 
made to the water works committee of the Cardiff Town 
Council for a daily supply of 100,000 gallons of water from 
the city mains, but as the site is within the area of the 
Barry District Council, the sanction of that body must be 
obtained before the request can he acceded to. 


More Welsh Coal.—The Samlet Colliery Company, 
Llansamlet, having taken over the old Caepridd pit, is 
rty. Three modern engines 
have m laid down, and beams, pulleys, and sheaves 
have been fixed over two pits. The ceremony of setting 





h | the winding machinery in motion has been performed by 


Mrs. Williams, The Park, Gowerton. The coal already 
worked by the previous proprietors was known as the 
“* Four-Foot,” but the area was so limited that it proved 
unremunerative, with the result that the place had to be 
abandoned. This was about twenty-two years ago. 
The new company is avoiding this at the outset, and has 
made agreements by which not only the Four-Foot, but 
the Six-Foot, and what is locally termed the “‘ Hughes 
seam,” will be worked. 


Dowlais.—The Big Mill has been busier this week upon 
lighter material than the Goat Mill, which devotes itself 
to heavy steel rails and accessories. It is feared that 
unless exports of iron ore are speedily resumed from 
Bilbao, the position of the South Welsh steel works will 
become serious. Ore is being brought from Caen and 
St. Nazaire. 


Fishguard.—The rapid development of this port has, 
of course, necessitated the carrying out of considerable 
harbour works. The northern breakwater, which affords 
the main protection for the harbour, has been extended, 
and now reaches out to sea for a distance of about 2500 ft. 
It rises to a height of about 70 ft., and nearly 1,750,000 
tons of stone have been used in its formation. On the top 
of the breakwater a parapet screen, extending for 1950 ft., 
and rising to a height of 20 ft., has been built for the pro- 
tection of shipping. A commencement has also been made 
with the work. of extending a quay for Irish traffic in the 
direction of the breakwater; and this, when completed, 
will be over 1000 ft. in length, with an average depth of 
water of 20 ft. 





“Tue Tenpenciks OF Moprrn Coxkinc Practicr.”— 
This is the title of an interesting pamphlet, No. 12 of 
the series, published at a penny by The Colliery Guardian, 
30 and 31, Furnival-street, Holborn, E.C. It passes in 
review and compares together a number of processes for 
the recovery of by-products from coke ovens. 


Etienne Fopor De VarKony.—On the occasion of the 
80th birthday of the Emperor and King, Francis Joseph I. 
of Austria and Hungary, a special honour was conferred 
upon Mr. Etienne de Fodor, general manager, of the 
Budapest General Electric Company. In recognition of 
the scientific services that he has rendered, the King was 
pleased to restore his family’s status of nobility. 





TELEPHONE BETWEEN LONDON AND GeRMANY.—There is 
much and increasing dissatisfaction in leading commercial 
circles in Germany at the Imperial Postal Department 
having again cold-shouldered the oft-repeated wish for the 
establishment of telephonic connection between Berlin 
and other i rtant German centres and London, on the 

lea that a long-distance line would suffer too much 
listurbance in consequence of the combination of aerial 
lines and submarine cable. This objection does not hold 
good in the opinion of those in favour of an Anglo-German 
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THE DRUMMOND-BARRETO UNIVERSAL MACHINE AT THE EXHIBITION AT OLYMPIA, 


CONSTRUCTED BY MESSRS. DRUMMOND BROTHERS, LIMITED, ENGINEERS, RYDE’S HILL, GUILDFORD, SURREY. 
(For Description, see Page 332.) 
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Fig. 3. 


Moorends, eight miles west | North-Eastern Railway. The Yorkshire Coal - Boring 
of Goole. Already one shaft | Company has come nearer to Goole in its search for coal. 








is well over 200 ft. down, | A new company has been formed under the style and title 

and satisfactory p ss is of the Rawcliffe Coal-Boring Company, to search for « oal 

Fic, 2. now being reported every | at Rawcliffe and Eastrington. Rawcliffe is five mules 

Hh gig : week. When completed | from Goole, while Eastrington is a similar distance from 

Goo.r.—There are indications of considerable colliery | the Thorne mine will be one of the deepest in England, the port, but lies across the river. A week ago a !wre- 

enterprise in the district round Goole. Messrs. Pease | the coal lying some 900 ft. below the surface. Abeniy hole was commenced on land belonging to Mr. Ogle, of 
and Partners are pushing forward two shafts at Thorne! a line of rails has been laid between the pit and the! Heck, a village a few miles from Selby. 
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THE NEW ERIE CANAL. 


(For Description, see Page 326.) 























Fic. 45, Luspecker Excavator. 






































Fic, 46. Losnirz Rock-CrusHer. Fic, 47, Orance-PEEL DRrepGER, | 
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THE NEW ERIE CANAL 


(For Description, see Page 326.) 

















Fic. 48. 

















Fics, 48 anp 49, Pire-Driver Riccep at ENp or Derrick. 
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FRIDAY, SEPTEMBER 2, 1910. 


THE ADMIRALTY AND COMMERCIAL 
PROPAGANDISM. 


Ir is said that a representative of a friendly Power 
recently approached the Admiralty seeking definite 
and comprehensive information regarding our latest 
ships of a certain class. The reply made was tothe 
effect that if an order were. placed for a ship of a 
corresponding type with any one of our leading 
naval construction firms, the result would be a 
vessel perhaps even more suited to the tactical re- 
quirements of the Power in question than the 
British vessels. Even the names of the firms were 
mentioned. Guidance, if not a nominal guarantee 
of efficiency, was thus given by a high officer of the 
Admiralty consulted in his official capacity. No 
doubt his reply afforded a ready road out of a posi- 
tion of some difficulty, but there is a principle 
underlying the action which is worthy of considera- 
tion. It should, however, be understood that there 
is no reason whatever to assume that the work of 
design by private firms was appraised at a higher 
value than that of the Admiralty staff. This dis- 
claimer is only necessary because the practice of 
comparing the ships ef different Powers without 
full knowledge of all the details of design is so 
extensive. The conditions laid down by the tactical 
requirements of each Power, for instance, must 
vary ; and as a consequence the designs evolved to 
comply with them must differ widely. Each Power 
has its standards for the thousand-and-one details 
of a ship, which may involve extra cost or weight, 
when compared with those of other Powers ; and 
only those thoroughly conversant, not only with 
sarpe ty J practice in metallurgy and manufacture, 

ut with the needs of the service, can rightly appre- 
ciate the value of such standards as regards fighting 
efficiency. These standards, however, affect what 
may be termed the paper comparison. Given the 
tactical requirements, some of our private firms are 
able to produce a ship with at least the same 
guarantee of efliciency as the Admiralty staff, 
because the more experienced firms have at their 
service naval architects of great experience and with 
full knowledge of warship service conditions. 

The first question which arises in a consideration 
of the principle of Admiralty guidance or guarantee 
to friendly foreign Powers has reference to the 
revealing of official secrets. There are those who 
think that private firms should be discouraged, if 
not prohibited, from designing ships for foreign 
Powers, because they may not be able to ignore the 
more important innovations introduced into such 
ships as they are building for the British Navy. We 
have no sympathy with this view, apart altogether 
from its commercial short-sightedness. Naval con- 
struction, like all other departments of applied 
science, is progressive, and advancement is achieved 
largely through the interchange of views. The tech- 
nical officers of the Navy would be the first to admit 


338 | that in their work they have had invaluable help from 


those naval construction firms who have not only 
built warships, but are frequently engaged in pre- 
paring competitive designs for projected ships for 
foreign governments. In this work they are brought 
into close contact with officers of other navies, and 





- | glean from them reflections on tactics viewed from 


| points of view differing from, perhaps opposed to, 
| those of the authorities at Whitehall. here need 
be no divulging of the secrets of any foreign or 
| British officer, Sut, at the same time, the influence 
|of opinions discussed, and the deductions made 
‘from information given, must have great effect on 
| progress. Moreover, it is setting a low standard to 
|assume that because a firm has on hand a super- 
Dreadnought, or other ship interpreting the modern 
views of the Admiralty, such firm will reveal any 


350 | secret to a client, however promising his patronage 


may be. The actual condition is that naval con- 





struction firms are actuated by the same influences 
as the Admiralty officers, and that there is col- 
lateral, though quite independent, progress in the 
conception of successive ships. It is felt, therefore, 
that, without any disadvantage, there is a distinct 
advantage to the Navy in our leading firms under- 
taking foreign work. 

In view of this, and also of the commercial gain, 
to which we shall refer later, it is of importance 
that the Admiralty should, as far as possible, assist 
our private firms in their negotiations with friendly 
nations. It is notorious that the Kaiser and his 
Government are most active in commercial pro- 
pagandism, and only recently the announcement 
was made that in various directions the extent and 
importance of Krupp’s work were due to the support 
thus gained through government influence. It has 
also been admitted that the United States Govern- 
ment, by various concessions, assisted the American 
firms in securing the order for the battleships re- 
quired by the Argentine Navy. The case of Turkey 
now presents itself. The Admiralty, on being con- 
sulted, agreed to depute an admiral to assist in 
the reorganisation of the Sultan’s fleet, and nego- 
tiations are now in progress in connection with 
the building of new ‘‘capital” ships. There is 
thus presented a most favourable opportunity 
for the exercise by the Admiralty of influence 
towards the securing of this work for Britain. 
There is no need to anticipate any difficulty in the 
apportionment of the work amongst experienced 
naval construction firms in this country, because 
we have already the parallel case of Spain, where 
three of the most experienced firms became 
associated for the purpose of presenting a united 
front, and securing for Spain the advantage of the 
collective experience of leading British firms. The 
three companies, it is understood, have been 
working to a certain extent in the same way 
towards the securing of the Turkish orders, and it 
seems most desirable that the Admiralty should 
offer every help possible. The authorities at 
Whitehall have, it is understood, gone the length 
of guaranteeing the work of experienced naval 
firms in this country. Such guarantee requires the 
greatest care in ensuring the best result, and should 
be given, as far as this is possible, without undue 
interference. The Admiralty, of course, cannot in 
any way dictate to the naval authorities of Turkey, 
but the conditions justify the British Government 
Department in entering a strong plea in favour of 
the adoption of their specifications, so far as they 
affect the efficiency and permanence of details, since 
the credit of the nation is involved, as well as our 
supremacy in the construction of implements of 
war. 

So far as the lines of the ship or the adequacy 
and economy of machinery are concerned, British 
firms are able to ensure the best results. But it is 
possible, even in construction of hull and of boilers 
and machinery, to make departures, for instance, in 
the quality of the metal used, which would involve 
dissatisfaction when the vessels entered into the 
service. More important still is the question of the 
quality of armour. No doubt all firms adopt the 
latest system of cementation and treatment; but 
here, perhaps, more than in any department 
of metallurgy, are experience and scrupulous care 
requisite to ensure uniform results. e consti- 
tuent metals for the casting, the care with which 
the metal is allowed to cool, the temperature of the 
hardening furnaces, the composition of the baths 
subsequently used, and the efficiency of chilling, 
each involve a great difference in the hardness of 
the armour and its shot-resisting quality for a very 
slight variation in minufacture. Andif the British 
Admiralty are to be in the slightest degree respon- 
sible for the result—and we have given reasons why 
they should regard themselves as in large measure 
responsible—they should insist on British firms 
carrying out the work according to the Admiralty 
conception of the process. In this, as in design 
of hull and machinery, there is no need to divulge 
British official secrets, because the armour-plate, 
when completed, does not carry on its surface any 
record of the processes by which the high resistance 
to penetration by shot is attained, nor can such 
result be derived by any process of analysis or 
examination. 

The guns and the extensive machinery by which 
they are operated on board ship call for even more 
consideration if a permanently satisfactory warshi 
is to be produced. Here, itis true, more of Britis 

ractice must be revealed than in connection with 
ull and machinery design; but this is unavoid- 
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able. As soonas one of His Majesty’s ships is com- | 
pleted, the expert officers of foreign governments 
are permitted to make inspection of practically 
every detail in the mechanism, and thus the argu- 
ment against the revelation of secrets in British 
designs practically falls to the ground. Indeed, we 
are inclined to think that, especially in recent 
years, this fear of exposing the principles of 
Admiralty practice is being carried too far. It is 
right pm | proper that important decisions by the 
Board should be withheld as long as possible, and 
in studiously refraining from referring to the 
decision come to in regard to 13.5-in. guns in our 
capital ships we showed our appreciation of this 
view. We considered it undesirable even to men- 
tion the so-called ‘*12a” gun, and it was only 
when the Admiralty themselves decided to change 
this notation of the gun that we made mention of 
the fact that it was of 13.5-in. bore. In gun- 
mountings the same — of withholding in- 
formation is desirable for the same period of time ; 
but when the mechanism is placed on board, and 
when international courtesy makes it impossible to 
refuse foreign naval officers permission to visit the 
ship, and pass through the gun-turrets, the plea 
for continued secrecy cannot be so consistently 
enforced. If a foreign government place orders 
for work with British firms, it is possible to refrain 
from disclosing the novel features in the equipment 
of our ships as long as is desirable or practical 
under ordinary conditions. As a matter of fact, 
however, the mountings, even in British ships, are 
designed by the manufacturing firms, and it would 
be impolitic, from the point of view of national 
industry, if the Admiralty were to insist that the 
same experience, originality, and skill in design 
should not be at the disposal of our clients. There 
is, therefore, every reason why the Admiralty should 
safeguard their certificate of competency to any firm 
—in connection with the Turkish navy work, for in- 
stance—by insisting that the gun-mountings should 
be, though not necessarily of the same design, yet 
constructed of materials and by manufacturing pro- 
cesses which would ensure the same reliability and 
freedom from breakdown as is achieved in the case 
of the ordnance machinery of British ships. This 
can best be done by encouraging the Turkish 
authorities to embody in their specifications such 
clauses as affect the strength of metal, process of 
manufacture and tests as have been found necessary 
in the gun-mountings of British war-vessels. 

This practically involves the construction of such 
machinery by British firms, a point which ought to 
be a first principle in the issuing of any wv 
certificate of reliability in connection with Turkis 
and all other foreign work. Apart from the neces- 
sity of the British Admiralty thus ensuring the ful- 
filment of the result which they guarantee, there is 
the very important question of the utilisation of 
British labour and the advancement of British com- 
mercial interests. Taking the first point, it will be 
recognised that the product of a British firm which 
may have foreign armour or foreign guns cannot 
be regarded as making the most of the contract in 
the interests of British labour. If we take the case, 
for instance, of some of the latest British ‘‘capital” 
ships, costing 1} million pounds, we find that the 
labour value of the hull is not more than 260,0001. 
Indeed, on the Orion, which was launched last 
Saturday week, and is the largest battleship yet 
floated, the total value of the dockyard labour 
is less than 300,000). But taking the materials, 
labour, and auxiliary fittings provided by contract, 
the total value of the hull is less than 450,0001. 
Again, the cost of the ening machinery is 
only about 260,000/., so that the hull and machi- 
nery, including all the material, represent only 
about 730,000/. out of the total of 1,750,000/. The 
armour, on the other hand, will cost between 
360,0001. and 400,000/., while the gun-mount- 
ings represent a cost of quite 420,000/., and the 
guns er 170,0001. It is obvious, therefore, 
that from the point of view of labour the armour 
and the gun-mountings represent considerably 
more than the hull and machinery. This is not 
surprising when it is remembered that it is these 
important items which differentiate the warship 
from the merchantman. Therefore, such action as 
may be taken by the Admiralty in assisting manu- 
facturers to secure work must involve every 
measure possible to ensure that these units in the 
structure will be manufactured in this country. 





and foreign gun-machinery and guns, would be in) 


a most pronounced degree disparaging to British | these lines. 


A tarns, the formation of Loch Maree, of Lake 
warship built here, but fitted with foreign armour | Gennesaret and the Dead Sea, and of the Great 


engineering supremacy. The Admiralty should 
take the strongest measures against this. We 
have the more confidence in advocating such action 
because it fulfils the primary condition which we 
have laid down—namely, that if official guarantee 
is given to the Turkish Government, it ought to 
carry with it the certainty that the experience of 
the Admiralty in details of manufacture, as well as 
the best experience in design and construction on 
the part of the contractor, will be available in the 
design of ship, machinery, armour, and gun- 
mountings. British warship practice can only be 
realised in British manufactories, and it is only 
right to a friendly nation like Turkey that every 
effort should be made to break down the barriers 
created by jealousies between firms of high repute 
without affecting the dominant principle of compe- 
tition. 








THE BRITISH ASSOCIATION AT 
SHEFFIELD. 


Last Wednesday the Rev. Thomas George 
Bonney, D.Sc., F.R.S., Emeritus Professor of 
Geology at University College, London, opened the 
proceedings of the eightieth meeting of the British 
Association in the Victoria Hall at Sheffield. 
Thirty-one years have elapsed since Sheftield 
first entertained the Association, and twice during 
that period geologists have filled the presidential 
chair—Professor Andrew Crombie Ramsay in 1880 
at Swansea, and Sir Archibald Geikie in 1892 at 
Edinburgh. Professor Bonney’s connection with 
the Association dates from the year 1871; he was 
secretary of the Association in the years 1881 to 
1885, and president of the Geological Section C in 
1886. 

The ice problems with which Professor Bonney 
dealt in his presidential address do not trouble the 
engineer. The engineer can, as a rule, dam rivers 
and prevent rapid erosion, but he would not dream 
of hemming in a creeping glacier, which rarely 
causes damage that could not safely be left to 
the consideration of a Parliamentary Commission, 
likely to report in a decade or two. Professor 
Bonney drew attention to some aspects of the 
glacial history of Western Europe. At no very 
distant geological epoch, he said, the climate in the 
northern part of the earth, and also in the southern 
yart, had been much colder than at present. 
Whether the two glacial periods were contempora- 
neous, was less certain; still more doubtful were 
the extent and the effects of the ice and the origin of 
certain deposits, which might be the direct leavings 
of the glaciers, or might have been laid down 
beneath the sea by floating shore-ice and by ice- 
bergs. The study of the European Alps was most 
instructive in this respect, because they were never 
submerged during the Glacial Epoch. 

One school of geologists, which had rapidly grown 
in numbers of late years, claimed for the glaciers, the 
President said, a very large share in the sculpture of 
the Alpine chain. The glaciers were supposed not 
only to have scooped out the marginal lakes, but also 
to have quarried lofty cliffs, excavated great cirques 
and deepened parts of the larger Alpine valleys by 
something like 2000 ft. The other school, while 
admitting that a glacier, under special circum- 
stances, might hollow out a tarn (small lake) and 
modify the features of rock scenery, declared its 
action to be abrasive rather than erosive, and that 
the sculpture of ridges, crags, and valleys was 
mainly accomplished, in pre-glacial times, by 
running water and the ordinary atmospheric 
agencies. Examining these questions with special 
regard to the ‘‘sapping,” the horizontal and back- 
ward action of glaciers, suggested by W. D. 
Johnson, which was often dominant over scour, 
Professor Bonney took the view of the latter school. 
He did not even believe, he said, with Penck and 
Briickner—the merits of whose great work of 1909, 
‘* Die Alpen im Eiszeitalter,” he fullyacknowledged, 
of course—that the glaciers of the Ice Age had 
greatly deepened the valleys of mountain regions. 
Snow, Professor Bonney considered, was preserva- 
tive rather than destructive ; the grinding away of | 
ridges was greater in Norway, and still more in the 
Polar regions, than in the Alps, but the geneial 
outlines of the mountains north of the Dead Sea 
resembled those of the Lakes of Geneva and 
Annecy, and while glaciers might have excavated 


American Lakes could not be accounted for on 





Norwegian glaciers lowered their 


basins by about 80 mm. in 1000 years, Greenland 
glaciers by 421 mm., the Vatnajékul, in Iceland, by 
647 mm. At the last-mentioned rate the Alpine 
valleys would have been lowered by 121 m. during 
the 188,000 years of their assumed occupation by 
glaciers. Yet the actually observed effects of 
glacial action were weak. The huge Linth Valley 
glacier, which crept for miles over a floor of 
stratified gravels, had not produced more than a 
slight superficial disturbance, instead of having 
crushed and torn the rock. 

In our own country and in corresponding parts 
of Northern Europe, Professor Bonney proceeded, 
the possible co-operation of the sea had to be 
taken into account. Glaciers had certainly 
radiated from more than one focus in Ireland and 
Scotland, from the English Lake District, Charn. 
wood Forest and Wales, and trespassed on the 
adjacent lowlands, advancing and receding more 
than once probably. But direct glacier markings, 
smoothed striated rocks, such as could hardly 
have been produced by shore ice, were not 
frequent. They were found near Liverpool, 
at Little Crosby, and on the eastern side near 
Durham ; but a more southern extension of land 
ice on that coast could not be taken for granted. 
There we had evidence of glacial drifts, however, 
consisting near Cromer in the Till and Contorted 
Drift, e.g., of boulder clays and alternating beds of 
sand and clay, which were extraordinarily con- 
torted in the neighbourhood of huge erratics of 
chalk. Professor Bonney discussed these occur- 
rences in detail. Marine shells were not infrequent 
in such clays, and were, in western England, not 
restricted to the lowlands, being, in fact, found up 
to 1200 ft. above sea-level. Passing to boulders 
themselves, he pointed out that the huge masses 
of chalk in the lowest member of the glacial series 
of Norfolk, thousands of cubic feet in volume, had, 
no doubt, come from the immediate neighbourhood ; 
other erratic blocks had travelled from Scotland, 
Wales, and from the north-western side of the 
Kristiania Fjord ; these latter erratics, like most 
of those dispersed over Denmark and Northern 
Germany, were often water-worn. 

Before dealing with these strange wanderings, 
Professor Bonney tried to arrive at an idea of the 
climates of the British Isles, the Alps, and Scan- 
dinavia during the colder periods of the Glacial 
Epoch. Possibly Great Britain had had the average 
temperature of the present Spitzbergen, whose 
mountains rose approximately to the same height 
as those of Great Britain. The ice sheets would 
be produced in the British Isles, and would be 
much smaller than those existing in Scandinavia, 
whose level was, at that time, sume 1800 ft. 
higher than now. If the bed of the North Sea 
had been equally raised, there would still have 
been left a hollow 1200 ft. deep, for the Norwegian 
ice to cross over, and it was difficult to understand 
how the ice could have been pushed across that 
hollow, even on a gentle slope 300 miles in length. 
Three hypotheses had been proposed to help over 
these various difficulties. According to the one the 
British Isles were at a much higher level through- 
out the Glacial Epoch, and the ice covering them had 
flowed out on to the beds of the North Sea and Irish 
Sea; the actual boulder clays were the moraines 
of the ice, and the stratified sands and gravels would 
be deposited in lakes formed by the rivers which 
were dammed up by ice sheets. According to 
another hypothesis, the land, at first rather above 
the present level, had gradually sunk beneath the 
sea, particularly in the west, where 1400 ft. of 
water had covered the present shore, and a slow 
rising had afterwards followed this submergence, 
during which the land had consisted of a cluster of 
hilly islands exposed to strong tides. The third, 
somewhat intermediate interpretation of the 

henomena, due to the late Professor Carvill 

ewis, taught that the boulder clays were deposited 
in a great fresh-water lake, held up by ice-sheets 
and an isthmus replacing the actual Straits of 
Dover. 

The detailed discussion of these three hypo- 
theses filled up the last third of the address. They 
all involved grave difficulties, the lecturer point: d 
out. An assumption of large ice-dammed lakes, « 
modification of the theory of Carvill Lewis, did not 
recommend itself to Professor Bonney either. Tic 
hypothetical Lake Pickering, in the East Riding «f 
Yorkshire, was almost an accepted fact, and much 
had been written in favour of the existence 0! 
Lake Oxford ; but Professor Bonney could find 1 
evidence of the ice-barriers and overflow channels. 
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The thickness of the boulder-clay layers—more 
than 100 ft., without allowing for denudation— 
was difficult to understand, if the material had 
been transported and distributed by floating ice. 
submergence afforded in many respects the more 
acceptable explanation; but Professor Bonney 
would not decide in favour of either of the two 
iain hypotheses. The further study of the northern 
coasts of Russia and Siberia appeared, from this 
point of view, more promising than the exploration 
of the regionsnear the magnetic poles. That, he said, 
might appear a ‘‘ lame and impotent conclusion toa 
long disquisition;” but there were stages in the deve- 
lopment of a scientific idea when it was best to 
attempt to separate facts from fancies and frankly 
to face difficulties instead of ignoring them ; if 
hypotheses yet on their trial were treated as axioms, 
the result might bring disaster, like building a 
tower on a foundation of sand. 

The vote of thanks to the President was entrusted 
to the Lord Mayor of Sheffield, the Earl of Fitz- 
william, to the President of the Royal Society, Sir 
Archibald Geikie, and to the Pro-Chancellor of 
Shettield University, Mr. George Franklin, Eng. 
Litt. D. The first and last of these speakers allied 
their words with bidding a hearty welcome, not of 
the glacial kind, to the Association. Sir Archibald 
Geikie expressed the hope that-the Geological Sec- 
tion, in discussing the glacial problem, would face 
the subject in as impartial a spirit as the President. 
Before the meeting dispersed, the Treasurer, Pro- 
fessor Perry, announced that, so far, 1296 members 
had joined the Association. 

If the Association is in every respect as fortunate 
as it is with the Reception-Room, the meeting will 
bea pronounced success. All the rooms membeis 
like to have in the immediate neighbourhood ; oftices, 
reading and writing-rooms, press-room, c., are 
in the spacious and beautiful Cutlers’ Hall. 





THE DATA OF AERONAUTICS. 

THE report* of the Advisory Committee on Aero- 
nautics, issued last week, constitutes a mine of 
us2ful information to which those interested in the 
recent remarkable development of the art of flying 
will refer for a considerable time to come. Natu- 
rally the time has not yet arrived for the publica- 
tion of an authoritative treatise on aerodynamics. 
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Conclusions arrived at must, for the present, be 
largely provisional and tentative, subject to re- 
vision as experience with actual machines shows its 
necessity. Indeed, there is even yet by no means 
a general agreement as to so relatively simple a 
matter as the variation of the total pressure on a 
plane with its inclination to the direction of the air 
current, and a considerable proportion of the 
volume Just issued is devoted to a discussion of 
the varlous experiments which have been made 
on this head. Unfortunately, M. Rateau’s experi- 
ments, which, to our mind, go far towards explain- 
iny many of the inconsistencies in earlier series of 
observations, were not published in time for a com- 
plete discussion of them to appear in this volume, 
but those interested will find a summary of his 
resiits in our issue of September 17, 1909, page 386. 
One difficulty has been that many observers were 
obsessed with the idea that the relation between 
the normal pressure on the plane and its angle of 
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inclination must be capable of being plotted as a 
smooth curve, and most of them smoothed out 
their observations to satisfy this supposed necessity. 
Dines seems to have been the first to have been 
bold enough to plot down his actual figures without 
‘*faking” them, and he thus found that the actual 
law of pressure variation could not be expressed as 
any simple function of the angle of inclination of 
the plane. This conclusion has been confirmed by 
Professor Rateau, who proffers the explanation 
that when the pressure plate is inclined to the 
stream at a small angle, the flow takes place wholly 
along the front face of the plate, whilst when the 
angle is large the stream divides, flowing partly 
along the back of the plate and partly along the 
front face. Between these limits—that is to say, 
with inclinations of between about 20 deg. and 
40 deg.—there is a region of instability, the current 
‘at one instant passing wholly by the front face, and 
on the next dividing and flowing partially over the 
back face. This region of instability is also very 
apparent in a diagram given by Mr. A. Mallock, 
r. .S., in a memorandum dealing with this matter, 
published by the Advisory Committee. 

Professor Rateau’s observation has possibly some- 
what wide bearings. In the theory of loss by hy- 
draulic shock, as usually set forth in the text-books, 
the relative velocity of the current to the plate on 

|which it is acting is resolved into two components 
| —one tangential to the plate, and the other per- 
| pendicular to it. Since a stream striking a plate 
perpendicularly spreads equally over it in all ee. 
|tions, it was assumed that this normal component 
| of the velocity could not add anything to the average 
| speed of the fluid over the plate ; or, in other words, 
| **the normal component was destroyed.” Some ex- 
periments by Professor Banki, published last year in 
the Zeitschrift Verein Deutscher Ingenieure, showed 
that in actual fact this destruction of the normal 
|component was not recognisable within the range 
of his observations ; and it may be added that very 
|careful experiments on the efficiency of impulse 
| wheels leads to a very similar conclusion within 
| wide ranges of speed. If Professor Rateau’s con- 
‘clusion is correct, the explanation is obvious, and 
| loss by hydraulic shock should be insignificant until 
| the angle between the stream and the surface 


Mr. F. W. Lanchester contributes a valuable 


| meeting it exceeds some 30 deg. or so. 
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memorandum on the resistance experienced by 
planes when immersed in a moving fluid, both in 
normal and in tangential presentation. He calls 
attention to the very remarkable peculiarity ob- 
served both by M. Eiffel and by Dr. Stanton, who 
found that the value of the resistance per unit of 
area increases with the size of the plate used, 
up to a limit of about 5 ft. square. Mr. Lan- 
chester also points out that if the normal pres- 
sure P on a plane is accurately expressed as 
P = Cp V?, where p is the density of the fluid and 
V the velocity, that C should be the same for all 
fluids. For water, he finds C = 0.55, whilst for air 
different experimenters have found values ranging 
from 0.52 up to 0.74. The smallest value was 
observed in the National Physical Laboratory with 
plates 2 ft. square, whilst with larger plates the 
experiments, there made, gave the value 0.62. 
Taking P as the pressure in pounds per square foot 
and V the velocity in miles per hour, the N.P.L. 
find for planes exceeding 5 ft. square that 
Pp = 0.0032 V", 

As to plates in tangential presentation, Mr. Lan- 





chester concludes that the resistance due to skin 





friction on a plate moving endways through a 
current will be from 0.006 to 0,007 that of the 
resistance it would experience in normal presenta- 
tion. Of course, if only one surface of the plate 
is exposed to friction, the coefficient will be halved. 
Working with water, Unwin found many years 
ago that the skin friction, as deduced from experi- 
ments with rotating discs, agreed well with the 
figures obtained by Froude, with long planks towed 
through the water; but such experiments as have 
been made with discs rotating in air have yielded 
results difficult to reconcile with those of Dr. 
Zahm, who measured the skin friction of a long 
plank in an air current. 

Mr. A. Mallock, F.R.S., contributes a very inte- 
resting account of Mr. Froude’s experiments on 
the pressure experienced by planes towed through 
water. The curves obtained plotting the obser- 
vations show many of the peculiarities found in the 
case of air. A series of similar experiments have 
also been made at the National Physical Laboratory 
with models of ships’ rudders. These are of special 
interest, since observations were made with single, 
double, and triple rudders, and the results have 
therefore a direct bearing on the relative advan- 
tages of monoplanes and biplanes. Moreover, some 
of the most serious accidents to aeronauts appear to 
have arisen from an underestimate of the strength 
necessary in the steering-gear. The most important 
result established was that parallel plates interfered 
with each other, even at quite small angles of incli- 
nation, the average normal pressure on two plates 
being less than that on a single plate at all angles 
exceeding 25 deg. This was the case even with 
plates spaced 1} times their length apart. With 

lates set one-fourth their length apart the inter- 
leone was marked even at angles as small as 10deg., 
whilst when the distance between the plates was 
three-fourths their length interference was serious 
at all angles exceeding 15 deg. inclination. In some 
additional experiments in the same series the lift and 
drift were measured for three sets of plates exposed 
toa uniform current of air. In one case the plates 
approximated in form to Mr. Philips’s well-known 
section as largely used in the Parsons steam-turbine, 
though less bluff at the entrance ; whilst in an- 
other case the plates were symmetrical about a 
centre line, and had a fish-shaped cross-section ; in 
a third set of experiments the blades had fixed 
heads, but movable tails, which could be inclined 
either side of the fixed head. The results of the 
observations are plotted as curves, which we repro- 
duce in Figs. 1, 2, and 3. The superiority of the 
approximate Philips’s section is well seen on com- 
paring Figs. 1 and 2, the ratio of lift to drift being 
larger at all practicable angles of inclination. 

The results of a large number of experiments on 
the strength of balloon and aeroplane fabrics are 
described in a report by Dr. Stanton and Mr. 
H. Booth. An interesting, but, perhaps, not very 
unexpected, observation was that the strength of 
the fabric decreased as its length and breadth in- 
creased. It was, however, found that there was a 
limit to this variation of strength with the dimen- 
sions, as all specimens more than 2in. wide and 7 in. 
long yielded concordant results. Single rubber- 
coated fabrics, proofed on the inside, proved to have 
a tensile strength of about 41 1b. to 431. per inch of 
width, there being little difference whether the 
material was tested in the direction of the warp or 
the woof. Doubled fabric, proofed inside and out, 
had a strength of 86 lb. per inch of width in the 
direction of the warp, but of 64 lb. only in that of 
the woof. With triple fabric, however, there was 
again little difference in the strength, whatever the 
direction of the pull, the fabric proving just about 
three times as strong as the single fabric. The 
experimenters observe that apparently there are 
very considerable local variations in the strength 
of these fabrics, divergencies of 15 per cent. being 
found within a length of 6 ft. ‘* Diagonally ” 
doubled material was found to have only half the 
strength of fabric doubled ‘‘ parallel.” Tests made 
by forming cylinders of fabric, and bursting them 
by internal pressure, yielded very unsatisfactory 
results, the joints failing under tensions amounting 
to less than half the calculated tensile strength of 
the material. 

Some experiments on the permeability of balloon 
fabrics to hydrogen establish once more the remark- 
able superiority of gold-beaters’ skin. An envelope 
of this material, weighing 91 grammes per square 
metre, allows 0.4 litre of hydrogen to through 
it per square metre in twenty-four hours, whilst 
the best of the rubber-coated fabrics, weighing 
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328 grammes per square metre, passed about six 
times as much. 

Whilst, as will be seen from the foregoing, the 
experimental side of the study of aeronautics is 
receiving full attention, the mathematical aspect of 
the subject also gets due recognition, and Mr. 
F. J. Selby, the secretary of the Commission, con- 
tributes a highly useful summary of important 
papers by Lieutenant Crocco and M. R. en 
The time no doubt has not yet arrived when the 
mathematical theory of the stability of aeroplanes 
and dirigibles can be considered much more than 
qualitative and provisional in character. Certain 
mathematical enthusiasts, it is true, have claimed 
that the true line of advance in aeronautics is for 
the State, or some millionaire philanthropist, to 
subsidise a few mathematicians to study the subject, 
holding all experimental flight in the meantime 
in abeyance. Such claims, however, show a singular 
ignorance of the history of advance in engineering. 
It may, no doubt, be asserted that engineers have 
in the past merely ‘‘ muddled through,” but against 
this defence of the mathematicians’ position can be 
placed Sir J. J. Thomson’s description at Winnipe 
last year as to the enormous difficulties experiencec 
inthe application of mathematics to the much simpler 
problems of the physicist. If the latter finds that 


‘* carefully designed apparatus refuses to work ” in | ¢ 


the laboratory, where it is possible to suppress to 
a large degree all disturbing factors, the mathe- 
matical student of aeronautics, with his very im- 
perfect data as to the values of constants, is little 
likely at this stage to be able to do more than 
indicate possible dangers or advantages, leaving 
to the practical man the work of proving or 
disproving his conclusions. 








FAILURES OF MACHINERY. 

THE instructiveness of accidents has long been 
recognised in this country, where we have acquired 
the habit of probing unfortunate occurrences to the 
bottom with the object of, if possible, revealing 
their cause. Although the machinery provided for 
this purpose may, in trivial cases, seem cumber- 
some, good often comes of the investigations, the 
public benefiting by the protection afforded, while 
engineering knowledge and practice is sometimes 
improved thereby. It is the custom of well- 
managed engineering works to keep track, if pos- 
sible, of failures in machinery supplied by them. 
The manufacturer, however, is not always in a posi- 
tion to do this. The user, on the other hand, 
especially if on a large scale, acquires a great deal of 
information of this kind, which would be valuable 
to the manufacturer. To take a case in point, the 
railways, as large users of steam-engines of a 
particular form, have the opportunity of noting and 
classifying failures with the special object of reduc- 
ing their frequency for the future. The great care 
given to the prevention of accidents by these means 
on British railways was remarked upon by one of 
the American visitors at the recent joint meeting, 
in Birmingham, of the Institution of Mechanical 
Engineers and the American Society of Mechanical 
Engineers. That the compliment was not mis- 
placed is evident from the fact that accidents to, 
or failures of, rolling-stock, reported to the Board 
of Trade in 1909, numbered, exclusive of coupling 
failures, only 307 for the whole of the United King- 
dom, for a train-mileage of, perhaps, 425 million 
miles. There were, of course, pom unreported 
failures of: minor importance, but the point is that 
regularity of service was not seriously interfered 
with by breakdowns. 

Not many users, of course, have such facilities as 
the railways of classifying failures and learning 
lessons therefrom. Nor do many possess the same 
facilities for putting to good service the knowledge 
so gained. The number of power units kept at 
work under the care of a locomotive department is 
often so large that failures even if only compara- 
tively infrequent, may be numerous enough to 
prove some marked tendency, the result of experi- 
ments in the direction of rectification being watched 
with equal profit. The small user is not interested, 
in the same way, in the general trend of engineering 
design. He certainly is quite indifferent to the 
improvement of any engine but his own, and does 
not care a straw whether some failure he has had 
proves instructive or not to the designer of an 
engine for somebody else. It is often question- 
able whether the small user cares to pay any 

remium at all for reliability even of his own plant. 
he amount of second-hand plant which changes 





hands at ridiculous figures, and in a state only fit 
for the scrap-heap, suggests the prevalence of far 
too much indifference on these matters, in spite of 
all the precautionary measures taken by the State. 
The position of the manufacturer is different 
again. In the case of a large customer, or even of 
many first-hand sales, the maker can keep himself 
informed on the behaviour of the plant for which 
he is responsible. But in many other cases it is 
impossible for the manufacturer to keep in touch 
with his products even when sold new, while on a 
second sale all track of them may be lost. 

Under these circumstances, as directing atten- 
tion, both in regard to design and practice, to facts 
from which lessons may be learnt, the reports of 
bodies in a position to investigate and collate 
failures are extremely valuable. The annual 
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Tasie Il.—Gas and Oil-Engines. 


Description of Parts which are Sustng 
Believed to have Given Way 
First. 


1908, 1909. 


per cent. | per cent. 
34.3 1.3 


per cent. 
Valves and valve-gear.. 29.6 
Cylinders and cylinder ends 
Pistons as ob es “s 
Connecting-rods and their bolts 
Main shafts .. n ” a 
Governors and governor-gear_ .. 
Silencing- boxes and exhaust- 
pipes ‘a “ wi o 
Fly-wheels and driving-drums .. 
Clutches and couplings .. ol 
Frames and pedestals 
Bolts*.. ‘is 2 ee 
Total wrecks, cause not ascer- 
tained ee aa ae 
Main driving-ropes or belts 
Miscellaneous oa - 
Gas-producer plants 
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* These bolts do not include bolts in -. air-pump buckets, 
valves, connecting-rods, valve-gear, and other moving parts, the 
bolts in these parts being tabulated with the parts to which they 
properly belong. 

report of Mr. Michael Longridge, chief engineer of 
the British Engine, Boiler, and Electrical Insur- 
ance Company, Limited, has long been conspicuous 
from this point of view. It is drawn up with the 
special object of being instructive, and with a view 
to revealing, if possible, any tendency which it might 
be desirable to encourage or repress. Except, of 
course, within its own business sphere, such work 
on the part of an insurance company can be only 
advisory. It is, as the Americans say, ‘“‘upto” the 
manufacturer to make use of the knowledge thus 
freely placed at his disposal. The service actually 
done by Mr. Longridge in this way has been very 
considerable. 

The report of Mr. Longridge deals separately 
with steam-engines, gas-engines, electrical machi- 
nery, and boilers. We reproduce in Table I. here- 
with the percentages of failures in 1909 and 1908 
attributable to the various parts of steam-engines, 
as derived from statistics relating to engines insured 
by the British Engine, Boiler, and Electrical Insur- 
ance Company, Limited, together with the corre- 





sponding average for twenty-five years previous 
to 1908. From this table it will be seen that 
failures of valves and valve-gear were relatively 
far more numerous in 1909 than in the years 
covered by the average figure. On the other 
hand, failures of spur-gearing, air-pump motion, 
bolts, were fewer than the average of twenty-five 
years would indicate. The failures of main shafts 
are less numerous, but of cranks slightly more 
frequent. The causes of the breakdowns so listed 
can be classified as follows :—41 per cent. due to 
old defects or deterioration by wear and tear; 
18 per cent. due to weakness, bad design, work- 
manship, or material; 14 per cent. negligence of 
attendants or owners ; 27 per cent. unaccounted 
for. The percentage due to old defects, wear and 
tear, &c., is reported as being higher than usual, 
and the defects due to bad design, &c., lower than 
in former years, pointing, Mr. Longridge thinks, 
to improvement due to the wider dissemination of 
technical knowledge, and also to broader apprecia- 
tion of the work of others. 

The failures of gas-engines coming under the 
notice of the company are tabulated, according to 
percentages, in Table II. herewith. The most 
marked divergence of the figures for 1909 from the 
average for the 25 years prior to 1908 is shown in 
the improvement in pistons, and in the large 
increase in failures of main-shafts ; gas-producer 
plant also showing a higher percentage of failure. 
Of all these failures 19 per cent. were attributable 
to old defects, or deterioration by wear and tear ; 
23 per cent. to weakness, bad design, workmanship 
or material; 24 per cent. to negligence; while 
34 per cent. were unascertained. 

Passing to examples of specific failures, we would 
first refer to three due to neglect. Oneof these, 
occurring to a 10}-in. by 22-in. horizontal steam- 
engine, was due to neglect of the fact that a wood 
wedge between the front end of the crank pedestal 
sole and the snug on the bed-plate came out. The 
pedestal was left free to move, being held only 
by the bolts. Naturally an accident followed. 
Another breakage reported on was due to the fact 
that new engines were put down on old founda- 
tions, of which the stones had become so saturated 
with oil that the cement squeezed out of the joints. 
In spite of the fact that the joints were cleaned and 
pointed, and subsequently re-cleared and grouted, 
the foundation continued to prove unsatisfactory, 
and the bed-plate finally cracked. In this connec- 
tion it is pomted out that the wedging of engines 
on their foundations is often inadequate, so that, if 
there is much oil about, and the cement becomes 
softened, working must inevitably ensue. The 
wedges should be ‘‘ of substantial thickness and 
large surfaces, bedded to machined surfaces on the 
underside of the bed-plate at each holding-down 
bolt. . . At the crank end projections may be cast 
on the underside of the bed-plate to engage in 
recesses in the concrete, to prevent end motion.” 
If wedges are not used, the bearing surfaces of the 
bed-plate must be made broad enough to ensure 
a wide surface of hard cement, even if the outer 
edges of the grouting be deteriorated by the action 
of oil. ‘*The most substantial job, however, is to 
cover the concrete, where the engine is to rest upon 
it, with strong cast-iron plates with raised facings 
to receive the planed feet of the engine-bed, and 
raised edges to retain oil and water.” 

An uncommon case of neglect in the shops, 
though cases of somewhat similar character are 
now and then met with, is reported on as having 
occurred in connection with an air-pump. ‘The 
failure in this case was due to a T-headed bolt and 
nut getting into the air-pump bucket after the cores 
had been removed, and being left there when the 
core-holes were finally plugged. Here it had jolted 
about until the bolt and nut were separated, in time 
a hole being worn in the bucket. The bolt finally 
fell through this hole, and by the next descending 
stroke of the bucket was driven through the cover 
of the pump. 

Cases of bad fitting are also commented upon, 
among them being a failure due to the bad fitting 
of cotters, and one due to cracking of a cylinder 
by making a joint with thick material all inside 
the line of studs. Bad alignment in the case of 
bearings of an inverted vertical compound engine 
was also responsible for failure of a crank-shaft. 

As regards points of bad design, Mr. Longricze 
notices a case of the failure of a shaft starting from 
the sharp corners at the end of a keyway. This 1s 
a point to which attention has often been directed. 
Another case coming within this class is that of the 
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failure of a McNaught gudgeon. In this case the 
boss in the beam holding the pin was found to err 
on the weak side. As usual, the centre of the 
bearing was cored out, the pin having thus two 
fits. It broke between these fits, 4 in. inside the 
inner edge of one. It is suggested that with weak 
bosses the spring results in throwing back the 
plane of effective support, so that these gudgeons 
fail, as a rule, at the inner edge of the support 
rather than the outer. ; } 

The part of the report of greatest interest this 
year is, perhaps, that in which crank failures are 
dealt with. In the case of a non-condensing com- 
pound, Mr. Longridge describes the material of 
the webs of a broken crank as absolutely rotten, 
most likely having been ruined by improper heat 
treatment during manufacture. Analysis showed 
slightly high sulphur and phosphorus, but the real 
fact to be noted is that specimens cut from the 
crank web, and tested on a Sankey repeated bending 
machine, gave discordant and for the most part 
extremely poor results. 

The majority of the gas-engine failures com- 
mented upon are crank failures. In one case of a 
fracture across the web, mechanical tests showed 
that the material was brittle, analysis also proving 
the presence of a high percentage of phosphorus 
(0.078 per cent.). In two other cases of fracture 
across the web, the opportunity was taken of 
testing the material in a Sankey bending ma- 
chine. In both cases specimens were cut from the 
web, parallel with the arm, and also parallel with 
the shaft. In both these cases the results showed 
great disparity between the figures for specimens 
in these two directions. In each case the pieces 
cut parallel to the crank-arm were only able to 
withstand little in the way of impact or fatigue 
tests. This point has been raised before, and these 
and other tests suggest that the material in the 
web of a forged crank is much weaker than that of 
the shaft, and allowance should be made in design 
accordingly. ‘‘If a unit stress of 8000 1b. to 
9000 Ib. be permissible upon necks and crank-pins 
of forged crank-shafts, the unit stresses on the 
crank-arms should not exceed 4000 lb. to 4500 lb. 
per square inch,” says the report. Mr. Longridge 
suggests, in this connection, that the time has come 
for abandoning the forged crank, and adopting the 
built-up type. 

Omitting reference to that part of Mr. Long- 
ridge’s report which relates to failures of electrical 
machinery, in which are noted, however, some 
quite interesting cases, we will, in conclusion, refer 
to boiler inspection. Under this heading there 
still crop up some of the old stagers, such as cases 
of bricks laid on the safety-valve levers, &c. In 
one case a man had put six bricks on the levers, 
resulting in a valve load of 1101b. per sq. in., 
instead of 70 lb. per sq. in. He complained that 
the valves leaked, and he kept the pressure right 
by the gauge. In another case an inspector found 
that a safety-valve fitting had been replaced by a 
blank flange, and the boiler worked as usual, 
awaiting the arrival of a new valve. A lever and 
spring safety-valve, in another case, was found to 
have been fitted with a new spring which, as it had 
been placed in the fitting, gave a pressure of 
160 lb. when the pointer read 70 Ib. 

A curious account, of what perhaps some one 
considered as a bargain, is given of a second-hand 
locomotive type of boiler carrying a portable engine. 
This whole outfit, it appears, cost the purchaser 61. 
In this boiler, which the purchaser wished to 
insure, the smoke-box tube-plate was patched ; 
the fire-box casing was wasted round the mud-holes 
from @ in. thick to } in.; the fire-box stays were 
grooved from } in. to 7% in.; the foundation 
ting was grooved through on one side and covered 
with a 2-in. layer of cement ; the crown plate was 
corroded and patched on the water side, and the roof 
bulyed and patched in two other places on the fire 
side. The fire-hole sheet and side sheets had five 
more patches, while the side and tubé-sheets were 
grooved § im. to 4 in. deep. The tubes were so 
thin that they could be broken when tapped with 
. ha te The insurance of this treasure was 

a interesting instance of the effect of water 
fi 1 peat bogs on boilers is illustrated and 
described in this report. The illustration shows 
« steel fire-box plate deeply pitted with innu- 
erable small holes, thocnah which leakage took 
Pisce to the fire-box. The surface is truly remark- 
able, the pin-holes, apparently from the report, 


covery of this effect the feed has been changed. 
We may finally refer to the case of cracks, starting 
from rivet-holes, suddenly making their appearance 
in a boiler shell-plate eleven years old. Tensile, 
bending, and fatigue tests on specimens prepared 
from this plate discovered nothing in the way of 
inferior quality. The first two were quite satisfac- 
tory, though the last were not quite so, on account 
of the test specimens not being well prepared. 
Analysis, however, revealed the high percentage of 
0.147 phosphorus and the presence of 0.0126 nitro- 
gen, rendering the material quite unfit for boiler- 
work, though why failure occurred only after eleven 
years working it was im ible to determine. 

We may add that, in addition to the matter 
dealing with plant, the report contains accounts of 
tests on a turbo-blower, an exhaust-steam 500-kw. 
turbo-generator, a compound steam tandem engine, 
and Dr. Nicolson’s experimental boiler. 





THE CROYDON BOURNE FLOW. 
ALTHOUGH scientific questions are often canvassed 
in the law courts, it is but seldom that a decision 
depends upon a matter which is of interest to the 
geologist. Such a case, however, has recently been 
reported. It involved a discussion with regard to 
a singular phenomenon, with which those who live 
near Croydon are very familiar— namely, the 
Bourne Flow, which generally appears at intervals 
of from seven to eight years. The facts were very 
simple. The Croydon District Council had occasion 
to drain certain roads in their district in such a 
manner that the water lodged on the plaintiff's 
land, and occasioned a nuisance to him. He 
brought an action for trespass, and an injunc- 
tion. The defendants justified their action by 
alleging that they had merely allowed the surface 


Mr. Jukes Browne’s description very men | sum- 


marises the result of the evidence which was 
adduced in the case before Mr. Justice Walton. 

Sometimes a rise in the subterranean water level 
can be measured by its rise in deep wells; thus a 
bourne occasionally issues at Seven Barrows, near 
Lambourn, in Berkshire, and a well near by then 
overflows, though in dry seasons it is sometimes 
dry ; this well is 73 ft. deep. At other places 
where bournes issue in Berkshire the rise of water 
in the wells has been found to be from 70 ft. to 
100 ft. 








IMPROVEMENTS ON PATENTED 
INVENTIONS. 
Wuart constitutes an improvement on a patented 
invention? If an improvement is suggested on a 
—— article, to whom does the improvement 


long? These are questions which often vex the 
minds of those who are interested in patents, 
whether commercially or otherwise. A patented 


article may be exceedingly useful and ingenious, 
but when it gets into the hands of those who are to 
work it in practice some little alteration may be 
made or suggested which enhances its value two- 
fold. In such circumstances it may be necessary to 
enquire—Who is entitled to the benefit of the 
improvement ? 

An improvement may be a good subject for 
a patent, but where the invention consists ‘of such 
an improvement the patent must be limited to 
that improvement only, and must distinguish it 
from the rest of the machine. In the case of 
Foxwell v. Bostock the patent was for improve- 
ments in sewing-machines. The real invention was 
the use of a shaft with three cams upon it ; but the 
patentee gave only a general description of the 

















damages and an injunction. 


the district provide sufficient drainage. But from 
time to time the saturation level rises much higher, 


up the valley. 
being, and continues to flow for several months. 
At other times the flow is so small that it can 


Physical Geology, thus explains the phenomenon 
of a Winterbourne or Bourne flow :—‘‘ Many dry 
valleys in chalk districts may be regarded as the 
flood courses of subterranean streams ; 


its way underground through the chalk ; but after 
long-continued rains the level of saturation rises, 


higher up the valley than the usual spring-head— 
often, indeed, at several successively higher points. 
The above figure represents a vertical section 
along such a valley, vv being the slope of the 
valley bottom, and the line ac representing the 
level of saturation in ordinary seasons, so that there 
is generally a spring at a. me pe however, that 
a wet season raises the general water-level to the 
height bd, this will cause the water to issue at 
successive points between a and b. The line hh is 
intended to represent the average elevation of the 





piercing the plate right through. Since the dis- 


chalk downs above the bottom of the valley.” 


water to into an ancient water-course. The 
Public Health Act allows a local authority to drain 
surface water into any natural water-course. The 


d 
v a ——— = — += = ———C 
(1860) a 
question arose, Was this a water-course? It was 


shown that for a number of years past the Bourne 
Flow, whenever it did occur, had passed across this 
particular piece of land, but that it varied very 
much in intensity. Mr. Justice Walton, who tried 
the case, came to the conclusion that he could not 
regard the Bourne course as a water-course within 
the meaning of the Act ; that the defendants must 
make other provision for disposing of the surface 
water; and that the plaintiff was entitled to 


Much interesting evidence was given as to the 
cause and incidence of this Bourne Flow in the 
neighbourhood of Croydon. It appears that, under 
normal conditions, the level of saturation in the 
chalk does not rise very high. Unless there is 
heavy and continuous rain, the wells and springs in 


and the water begins to pour out of the chalk high 
Sometimes a river springs into 


scarcely be noticed. Mr. Jukes Browne, in his 


that is 
to say, the bottom of the valley is above the level of 
saturation in ordinary seasons, and the water makes 


and the water issues to the surface at some point 


machine. Lord Chancellor Westbury held that 
this was not sufticient, and that the specification 
should have described the improvement and defined 
the novelty otherwise than by a general description 
of the whole machine. 
This rule, however, does not apply when the 
invention lies not in the introduction of a single 
improvement into an old machine, but in the new 
mode of arranging old parts. In such case the 
patent is for the combination, which is of itself, 
ex necessitate, the novelty, and the new combina- 
tion must be described and claimed. 
While the complete specification should generally 
conform with the provisional, it should include 
improvements of the invention discovered during 
— protection. As Messrs. Wallace and 
illiamson say in their ‘‘ Law of Letters Patent ”’ :— 
‘*The invention is assumed to be a growing thing 
in the mind of the applicant, and the law encou- 
rages him to prosecute its development during the 
period allowed him for preparing his complete 
specification. Hence, it is no disconformity to 
include in that document improvements and modi- 
fications which have occurred to the inventor subse- 
quent to the date of his application for letters 
patent. On the contrary, it is the duty of the 
inventor to set out such improvements in his com- 
plete specification, if he has discovered them ; other- 
wise the public would not. have, at the end of his 
monopoly term, the full benefit of his invention.” 
Again, in Jones v. Heaton, Tindal, C.J., said that a 
patentee was bound to give in his specification the 
most improved state of his invention up to the date 
of enrolling the specification. 
A grant of letters patent does not preclude an 
inventor from improving his patented process. 
Hence, if he subsequently discovers that the use of 
one particular ingredient will best achieve the 
patented result, and in practice adopts that im- 
provement, the fact that he had not pointed that 
out in his specification will not void his letters 
patent. A patentee will be well advised, however, 
if he apply for additional protection for the 
improvements he has made, and combine the two 
or more provisional (errs in one complete 
specification. He will thus protect himself against 
possible objections by the Comptroller, and, more- 
over, the courts, in considering the validity of the 
patent, will have regard to the respective dates of 
the provisional specifications relating to the several 
matters therein. 
In the British Dynamite Company v. Krebs, the 
patentee’s invention was the manufacture of 
dynamite by causing nitro-glycerine to be absorbed 
in porous unexplosive substances, such as charcoal, 
silica, paper, or similar materials. At the trial it 





was proved that a silicious earth, found in Germany 
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and known as ‘ Keiselguhr,” would, after being 

calcined and reduced to powder, absorb the nitro- | 
glycerine better than any other substance, and yet 
retain its condition of powder. This material—the | 
superior suitability of which the patentee had as- | 
certained after his patent was taken out—was that 

used by his workmen. It was not suggested that | 
the materials mentioned in the specification would 

not make dynamite, but that the patentee had not 

disclosed the best means. The Court of Appeal, 

having held the patent bad, the House of Lords 

reversed their decision. 

With regard to improvements which are dis- 
covered after the assignment of a patent, it has been 
held that an assignment of a patent, coupled with 
an assignment of all improvements which may 
subsequently be effected in the invention by the 
assignor, is good, and will operate as an assignment 
of any patent subsequently granted for such 
invention. 

But where an assignor of letters patent cove- 
nanted that any improvements on the inventions 
assigned, of which he should, during the con- 
tinuance of the patents, become possessed, should 
be held to be part of the property assigned, sub- 
sequently became by purchase interested with 
others in two patents not relating to the assigned 
inventions, such patents were held not to pass to 
the assignee under the covenant. 

As a gencral rule, when a license is granted, the 
licensor, if he is wise, takes care to ensure that 
the benefit of all improvements shall not be lost 
to him. He may do this by securing the insertion 
of some such clause as the following in his license :— 
‘*Tf at any time hereafter during the continuance 
of their license the company or the licensees shall 
invent, discover, or make any improvement or im- 

rovements in the said . . . . or the mode of mak- 
ing or using the same, or which may be applied to 
the manufacture or user thereof, or shall become 
the owner of any such improvement (whether 
patented or not), then and in every such case the 
company or the licensees, as the case may be, shall 
communicate such improvement or improvements 
to the other of them, and shall give full and sufli- 
cient information, instruction, and assistance re- 
specting the mode of working or using the same 
as far as practicable to render the same available for 
their benefit, and such improvement or improve- 
ments shall belong to the company, and it shall be 
entitled to apply for and obtain Letters Patent in 
respect of such improvement, and the licensees 
shall furnish all necessary information and do every 
act which may be necessary or convenient to enable 
the company to obtain such Letters Patent, or for 
vesting the exclusive right thereto in the company, 
and the licensees shall be entitled to the exclusive 
right to the use of such improvement in Great 
Britain for the purpose of the manufacture of the 
said . . . in accordance with the said designs or 
any variation thereof to which the company may 
agree in writing.” 

Perhaps the most important point to emphasise 
in relation to improvements is that the mere fact 
that a particular machine is an improvement on 
someone else’s patent affords no answer to a charge 
of infringing that patent. 

‘* Although the respondents’ invention,” said Lord 
Chelmsford in Saxby v. Clunes, ‘‘is a decided im- 
provement upon the appellant’s, yet, if in carrying 
it out they make use of any part of the appellant's 
invention to which his patent extends, and which 
is new and material, they are liable for infringe- 
ment.” 

‘*Tf,”’ said Lord Esher, M.R., in another case 
(Needham v. Johnson), ‘‘the defendants have used 
the plaintiff's combination, and also something 
added to it, that combination remaining a necessary 
part of their machine, but the addition to it being 
an improvement, and if they have used that, but 
without acknowledgment—that is to say, without 
acknowledgment that they are using an improve- 
ment—that would be an infringement no doubt. 
If they had invented such a machine as I have 
described, they would have been entitled to take 
out a patent, not for that machine as a new 
machine, but for an improvement on the plaintiff's 
machine. If they had claimed the improvement on 
the plaintiff's machine, they could not use their 
improved machine without paying the proper price 
to the plaintiffs for having used their machine, 
although improved. If they used it without paying, 
they would infringe.” 

In illustration of this, suppose a licensee were 





te find that, hy a slight alteration in the patented 


article, greater economy or greater eflicizncy would 
be effected, he might continue t» use the patented 
article with the improvement ; but as soon as his 
license came to an end he wouli te an infringer. 
It is with a view to avoiding questions of this 
kind that the licensee is placed under a stringent 
covenant which compels him to give the licensor 
the full benefit of all improvements which he makes 
in the invention which he is working. 








NOTES. 
ExpoiraTion OF Peat Deposits. 

Tue exploitation of the vast peat deposits which 
many countries contain is a problem which of late 
years has engrossed the attention of numerous 
scientists and engineers without any great practical 
results, so far, having ensued. Methods which at 
the outset were considered as an ingenious solu- 
tion of the question, have, on closer testing, had 
to be abandoned, and considerable disagreement 
has existed, and does still exist, with regard to the 
most profitable course. A large installation has 
now been started in Germany, under the best pos- 
sible auspices. The Siemens-Schuckert Company, 
having secured from the Prussian Government a 
concession, extending over seventy-five years, for 
the exploitation of the large ‘‘ Konigsmoor,” near 
Aurich, has built at the peat deposits an electric 
station which supplies power for the necessary work 
in connection with the scheme. The peat is not 
used direct as fuel, but is placed in gas-generators, 
which, in addition to the gas required, yield con- 
siderable quantities of sulphate of ammonia. The 
first work to be done is the digging, or rather plough- 
ing, by large motor-ploughs, of a system of canals of 
an aggregate length of 25 miles, and along with the 
colonisation of the vast ‘‘ K6nigsmoor,” which seems 
the main object of the undertaking, more generators 
are planned, which will supply electric current to a 
number of towns—Aurich, Emden, Leer, Wilhelms- 
haven, Wittmund, &c. According to calculations 
made, the peat, which has to be removed for the 
construction of the canals, alone will suftice for the 
generation of 5,000,000 kilowatt-hours annually for 
a period of 66 years. 


RaILways IN CHINA. 


East and West are rapidly drawing nearer, and 
already it is possible (if there is no loss of time 
on the way or in making connections with the 
steamers) to travel from London to Hong Kong in 
18 days, and developments are being made which, 
when completed, will allow the journey to be made 
in 14 days, or even less. Progress is being made 
with the Canton- Kowloon Railway, and also with the 
Canton-Hankow Railway, which are stages in the line 
connecting Hong Kong—Kowloon is on the main- 
land, opposite Hong Kong—with Pekin. A direct 
branch from the Trans-Siberian Railway to Pekin 
would complete theconnection, andmake the journey 
between London and Hong Kong possible in the 
time mentioned. In the latest report of the acting 
British Consul at Canton we are informed that 
construction on the Canton-Kowloon Railway, 
which is being built according to the standard of 
first-class European lines, has been proceeding 
steadily for some time, with the result that the 
first 30 miles will be ready for traffic this month. 
The line, when completed to the junction with 
the British section at Samchun, will, in its 
89} miles, contain, including terminals, fifteen 
stations and eleven halts. There have been con- 
siderable engineering difficulties to be overcome 
in the construction of this line, and a very large 
amount of bridge-work. In the second district, 
from mile 31 to mile 50, there is a total girder 
opening of 3200 ft. The main bridge over the 
East River at Sheklung is proceeding satisfac- 
torily, the foundations being nearly completed, 
and the delivery and erection of steel-work for 
the large spans having commenced. The British 
section of the railway, which is within the British 
Concession at Kowloon, is rapidly approaching 
completion, and it is expected to form the through 
connection to Hong Kong in June or July, 1911. 
On the Canton-Hankow Railway progress is being 
made, and trains and traffic are now running to 
Wongshek, a market town on the North River, 55 
miles by rail from Canton. Construction, however, 
is practically finished to Ying Tak, 90 miles from 
Canton, and about one-third of the whole distance 
to the boundary of the province. Ying Tak is a 
district city of some importance, and the opening 
of the station there will have the effect of bringing 





places up the river three days nearer Canton, 
Construction is also proceeding, though less ener- 
getically, on the next 30 or 40 miles, so that ulti- 
mately Hankow will be reached. As that town 
is situated on the great Kiver Yangtze, the rail- 
way will be the means cf opening up a lare 
amount of territory to foreign trade. At present 
no fast trains are run, but a speed of 40 to 45 miles 
is attained in places by the local trains. The com- 
pany during the past Chinese year, 1909-10, carried 
1,456,466 passengers, and received in passenger 
fares and freight 294,391 dollars, an average of 
24,500 dollars per month, thus proving that the 
Chinese are not slow to take advantage of any 
arrangements which are made for improved facili- 
ties in travelling or carrying goods. It is interest- 
ing to note that the construction of a trunk line 
connecting Hankow, or, rather, Wuchang, imme- 
diately opposite Hankow, on the south bank of the 
Yangtze, was first advocated by Sir MacDonald 
Stephenson, and that in every subsequent scheme 
for a comprehensive system of railways in China it 
has occupied a prominent position. The necessity 
for its extension to Pekin is equally evident, and 
the construction of a direct connection with the 
Trans-Siberian Railway, which will shorten the 
distance to Europe, cannot be very long delayed. 


RapIaTION IN A GAsEOUS EXPLosion, 


The first report of the British Association Com- 
mittee on Gaseous Explosions, presented at Dublin 
in 1908, drew attention to the importance of 
radiation in determining the rate of cooling of the 
hot gas produced by igniting an inflammable mix- 
ture in a closed vessel. Professor B. Hopkinson, 
F.R.S., noticed subsequently that when the walls 
of the cylinder were coated inside with bright tin- 
foil, the maximum pressure reached in a mixture of 
coal-gas and air seemed to be increased, and the rate 
of cooling was decidedly smaller. On June 9 last 
he read a paper on this subject at the Royal Society, 
which was based upon experiments made by Mr. 
W. T. David, advanced student in the Engineer- 
ing Laboratory at Cambridge. The walls of the 
cylinder were silvered inside, and successive explo- 
sions were taken with the walls first highly 
polished and then blackened. The diminution 
in the rate of cooling with the reflecting walls 
was very striking, amounting to 50 per cent. 
during the first quarter of a second ; there was, 
moreover, a difference of about 3 per cent. in the 
maximum pressure, the polished walls giving 
the higher pressure. Bolometer tests were also 
made, and the bolometer was sometimes placed 
behind a window of fluorite provided in the cylin- 
der wall. In that case about one-third of the total 
heat loss to the black walls was due to radiation 
for one-tenth of a second after maximum pressure, 
and the radiation was still perceptible half a second 
after maximum pressure, when the temperature of 
2100 deg. Cent. had fallen to 1200 deg. Of the 
whole of the heat given up by the gas in cooling to 
atmospheric temperature, at least one-fifth went in 
radiation. Passing to particulars, we find that the 
cast-iron explosion vessel was cylindrical, 30 cm. 
by 30 cm. The silvering was done by electro- 
plating, and the blackening by putting on a very 
thin layer of lamp-black and shellac. A great deal, 
it was noticed, depended upon careful polishing 
and the complete removal of the blackening for 
subsequent tests. The pressures were recorded 
either by a pencil indicator of Messrs. Dreyer 
and Co., whose reciprocating drum was replaced 
by a revolving drum, driven through a worm-gearing 
by an electric motor, or by Professor Hopkinson’s 
optical indicator of the piston and spring type; 
owing toa slight oscillation of the pencil, the former 
indicator was not so reliable at maximum pressure. 
The maximum temperature reached with the 
polished lining was about 70 deg. Cent. higher than 
with the blackened lining, which would represent 
about 5 per cent. difference in the total thermal 
energy, provided that the combustions were equally 
complete, and the thermal equilibrium the same in 
both cases; this would appear improbable from 
some experiments of Mr. David, which suggeste«l 
a ‘stronger radiation of the gas with polished 
walls. The tin-foil lining would reflect only half 
as well as silver. The recording bolometer for 
temperature measurement consisted of a strip 
of silver or platinum, bent in zig-zag; the differ- 
ence of potential produced by passing a continuous 
current through the strip was balanced by a con- 
stant electromotive force, and the instrument re- 
corded the increment in the electromotive fers-. 
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arising when the explosion heated the strip, by 
means of a reflecting galvanometer. The strip 
was polished or blackened, the latter being 
done either as mentioned or with the aid of 
camphor smoke. The bolometer used for testing 
the radiation through the fluorite window was 
mounted on a wooden cylinder, which was pushed 
into a gun-metal tube screwed into a boss on the 
end-cover of the vessel, which carried at its inner 
end the plate of fluorite. When a plate of glass 
was substituted for the fluorite, the heat received 
by the bolometer was reduced to one-third, and 
the bright platinum recorded only 20 per cent. 
as much as the blackened surface, which is 
in accordance with the figure of Hagen and 
Rubens for the reflecting power of platinum. The 
experiments seem to have been conducted very 
carefully and checked in various ways, both by 
experiment and calculation. It would appear that 
the radiation in a closed explosion vessel resembles 
that of a non-luminous flame (Bunsen burner), 
which, according to R. von Helmholtz (the late son 
of the great Helmholtz), and to Julius, consists, at 
atmospheric pressure, mainly of two bands of wave- 
length 4.6 » and 2.8 p», which come from the 
carbonic acid and steam respectively. Condensa- 
tion of steam on the polished walls probably com- 
plicated the phenomena. 


Tue Navat, Mercantite Marine, anpD GENERAL 
ENGINEERING AND MAcHINERY EXHIBITION. 
As events have turned out, the Exhibition which 

opened yesterday at Olympia is much more a general 

engineering and machinery than a naval and mer- 
cantile marine exhibition. At the time of going to 

press the Exhibition as a whole was still in a 

somewhat backward state, and we can therefore 

in this issue only give a general idea of what 
is to be seen there, reserving for later issues 

a more detailed account of the most interest- 

ing exhibits. The feature of the Exhibition is 

the display of machine-tools, made for the most 
part by British manufacturers of the lighter 
machines, such as lathes, milling-machines, drills, 
gear-generators, &c. Quite a number of the stands 
show such machines in motion, and these will 

doubtless attract a good deal of attention, as did 

the displays of this kind at the exhibitions at 

Olympia a few years ago. The greater attractive- 

ness of a machine in motiag appears so palpable 

that it is to be regretted that at some stands where 
there are very interesting machines no provision 
for this has been made. Next in importance 
to engineers’ machine-tools is, perhaps, the 
show of wood - working machinery. Some of 
these machines will be seen in motion, though, 
presumably, not actually at work. Machines of 
this class shown by well-known firms include saws, 

planers, moulding and trimming-machines, &c., 

while there are also universal moulding and pattern- 

making machines. Small machine-tools and port- 
able tools of various types find place at other stands. 

Large and small portable shears are also to be 

found. Several firms show small engines, including 

steam and internal-combustion engines of various 
types. Pumps also make a good display in several 
parts of the hall. A good deal of room is devoted 
altogether to stands exhibiting valves, boiler fittings 
of considerable variety, recording instruments and 
gauges, packings, anti-friction metals, and all other 
engineering necessaries. The marine part of the 
Exhibition is to some extent disappointing. The 
stands showing exhibits pertaining to marine work 
are scattered and not very numerous. There are, 
however, some interesting models of ships at 
various stands, including models of the Campania, 
the Orsova, H.M.SS. Agamemnon, Gloucester, and 

Carnarvon, of hopper barges, and other types of 

vessels, &c. A few examplesof steel castingsarestaged 

here and there, but the most conspicuous of the big 
things is probably the 15}-ton anchor for the White 

Star liner Olympic. This anchor is claimed by 

the makers, Messrs. N. Hingley and Son, Limited, 

Dudley, to be the largest in the world. Exhibits 

of stcering-gear, ships’ telegraphs, binnacles, sema- 

phorcs, and miscellaneous fittings, a stand devoted 


to diving appliances, &c., about cover the remaining 
matter relating to the marine part of theshow. A 
noticeable feature of the Exhibition is the number of 
stands at which acetylene-generating plant is shown 
for lichting and other purposes. At some of these 
Stands portable plants taking the form of flares are 
shown, It is impossible, in view of the unfinished 
State of the Exhibition at the time of going to press, 


and the shortness of this notice, to deal at all 





adequately with this Exhibition, which will remain 
open till the 26th inst., and further matter must 
therefore stand over till our next issue. It may be 
said, however, that the impression obtained was 
that the show is well worth visiting, even supposing 
it presents little strikingly novel, but just good 
standard practice. 








THE LATE MR. ISIDOR LOEWE. 

We regret to learn of the sudden death in Berlin, 
on Saturday, the 27th ult., of Mr. Isidor Loewe, who 
was best known to British engineers as head of the 
firm of Ludw. Loewe and Co., but who was recognised 
by those who are cognisant with the recent industrial 
development of Germany as a most influential factor 
in this — auxiliary to the advancement of the 
German Empire. Although only in his sixty-second 
year, Mr. Loewe had raised himself to a high position 
in the commercial life of Berlin, and had won the 
favour of the Kaiser, who bestowed upon him the 
highest commercial dignity attainable in the empire. 
Mr. Loewe became first associated with the firm of 
Ludw. Loewe and Co. (which had been founded by 
his brother) in 1870, and on the death of Mr. Ludwig 
Loewe, in 1886, he became the head of the concern, 
taking over the management of the business, It was 
natural that a concern whose products were precision 
tools should develop a corresponding characteristic of 
exactitude in the management of their establishment, 
and this, combined with a broad, liberal interpretation 
of industrial needs, resulted in the Loewes’ work 
in Berlin becoming a model, not only for the general 
organisation and the arrangement of the various shops 
and machine-tools, but also for advanced methods of 
cost-keeping, and of training young engineers. In 
this latter respect the firm has all along nm recog- 
nised as a pattern, and the influence of the appren- 
tices trained under Mr. Isidor Loewe’s réyime has 
been widespread. 

While thus concerned in what may be termed the 
development of the parent company, Mr. Isidor 
Loewe organised many other manufacturing esta- 
blishments, being possessed of that commercial acumen 
which was also a characteristic of his two brothers, 
one of whom, it will be remembered, was associated 
with several British naval and armament concerns. 
Thus, in 1878, Mr. Isidor Loewe established a small- 
arms and smokeless-powder factory in Berlin, and 
later in the year brought about the amalgamation 
between this and the Mauser Works and the Rott- 
weiler Powder Works. Some years later a still further 
fusion took place amongst the various firms producing 
small arms and explosive compounds, the concern 
ultimately becoming the Deutsche Waffen und Muni- 
tionsfabriken. 

Mr. Loewe also recognised the immense potentialities 
of the electrical industry, and in the early stages 
organised the Union Company in Berlin, which worked 
in association with the Thomson-Houston Electrical 
Company of Boston, and this company, in association 
with the Deutsche Bank, was responsible for the con- 
struction of many of the electrical tramways and 
other similar concerns in German cities. Mr. Loewe 
also was associated with the Deutsche Nile Tool Com- 
pany and with many other concerns. Of a progressive 
temperament, and with t financial courage, he 
was ever ready to consider the proposals of inventors, 
and, at the same time, had a high respect for the 
importance of advanced technical knowledge. Thus 
he enforced the importance of apprentices devoting 
their time to theory, and by this and other means 
won the distinction of an honorary degree from the 
Charlottenburg Technical Institution. 





Brazit; Irs Naturat Riches anv INDUSTRIES.-— 
This is the title of an interesting folio-book, which is 
—— in English on behalf of » Commission for the 

nomic Expansion of Brazil, by Messrs. Aillaud et 
Cie., 96, Boulevard Montparnasse, Paris. It contains 
over 380 pages of information regarding the history and 
the physical conditions of the country, together with 
very complete particulars on its vegetable, animal, and 
mineral wealth. The book will prove of great value to all 
who carry on business with Brazil, or who contemplate 
settling in the country. 





IMPROVEMENT IN GERMAN INDUSTRY.—According to 
a report from the Swedish Consulate in Berlin the state 
of the German industry is slowly but steadily improving. 
It is generally ex ted. that the present harvest will bring 
about a thorough improvement in the financial position, 
and the last few weeks have witnessed a decisive increase 
in speculation based upon the anticipated industrial 
improvement. The official statistics for July show an 
improvement in the labour market, although the number 
of applicants for work is still increasing. The number of 
hands wanted in July, 1910, was no less than 26 per cent. 
higher than for July, 1909, at the same time as the appli- 
cants for work show an increase of 8 per cent. For each 
100 hands wanted there were 125 applicants this last July, 
against 147.2 in July, 1909. The corresponding figures 
for the month of June were 125.4 and 148.9, 





WORKMEN’S COMPENSATION CASES. 
County Court. 

Recording an Agreement.--At Dunfermline Sheriff 
Court on August 7 a labourer (Burke) applied for registra- 
tion of an a ment made with his employers, Messrs. 
Easton, Gibb, and Son, Limited, contractors at Rosyth. 
Under this agreement the applicant had been paid 9s. 8d. 
a week for six weeks, when the employers stop pay- 
ment of any further compensation, alleging that they 
had discovered the applicant’s injury was not due to an 
accident, but to suppuration of his thumb owing to his 
having pricked it with a pin. 

The Sheriff held that the employers could not merely 
object to the recording of an agreement which they had 
already acknowledged by their payment of compensation. 
On the other hand, the applicant had not submitted him- 
self for examination, as by law he ought to have done, in 
order to have the agreement recorded. The Sheriff there- 
fore suspended the compensation and kept the case open. 
It will be noted that in recording an agreement the Court 
requires to see the medical certificate as proof of the 
genuineness of the agreement. 

Refusal to do Light Work.—As soon as an injured 
workman has sufficiently recovered to be able for light 
work he should accept it, although he may be still in- 
capacitated for his ordinary work. The workman’s 
temptation to remain idle as long as incapacity for his 
former work lasts is a serious matter, and the judges are 
beginning to show a stern opposition to the suggestion of 
‘*making the Workmen’s Conpenntion Act an Act for 
the creation of idlers.” 

This was illustrated in the case of a workman (Gooley) 
who, in the course of his work as a boiler-maker, earning 
27s. a week, at the Globe Boiler Works, Northampton, 
lost three fingers, and was permanently incapacitated for 
work as a boiler-maker. He had been compensated by 
his employers from the date of the accident up till July 2, 
and on August 17 he asked the judge to make an order 
for the weekly compensation (14s. 6d.) to continue. It 
was shown that the firm had offered the applicant 18s. per 
week as a painter's labourer, and he had not accepted it, 
and in Court objected that the employers had offered no 
guarantee of permanent employment. 

The judge, however, refu to make an order for the 
continuation of the 14s. 6d. per week compensation, which 
would be a premium on idleness, and directed the appli- 
cant to try the light job till October, and, if it did not 
prove a satisfactory one, as promised, to come to the Court 
again and the case would be reviewed. 

If in October the applicant be not satisfied, the judge 
has, of course, to review the case. It is not to be under- 
stood that, in cases where a permanent disability reduces 
the earning capacity of a workman, the law considers him 
amply compensated when he is paid half-wages from the 
date of the accident until his employment at light work 
and thereafter at wages at a reduced rate, when compared 
with the earnings before the accident. It has been held in 
the Court of Appeal that partial incapacity will be deemed 
to result from the accident where the applicant’s oppor- 
tunity of finding employment has been narrowed in 
consequence, and where it is impossible for him to earn 
the same wages as he might have earned if he had a 
wider choice. Clark 7. Gas Light Company (21 T.L.R., 
184 C.A.). For partial incapacity, resulting from the 
accident, the workman is, under the Act, entitled to com- 
pensation. 

When Doctors Differ.—When the immediate cause of 
death in the case of an injured workman is disputed by 
medical men, and when it is shown to the Judge that 
there is no close connection between the immediate cause 
of death and the accident, it is necessary that the appli- 
cant for compensation should prove a direct chain of 
causation between the accident and the workman’s death. 

A case of some difficulty came before the Cardiff 
County Court on August 18, when the widow of a work- 
man claimed compensation for her husband’s death from 
his employers, in whose employment he had his eye 
injured from coal-dust, and had to have the eye removed. 
It was alleged on the widow’s behalf that this operation 
brought on debility and exhaustion, which caused the 
workman’s death. On the other hand, there was no clear 
chain of direct causation, as medical evidence also showed 
that the exhaustion and debility followed cancer and 
cirrhosis of the liver. 

This was one of those cases where medical authority 
decides, and the judge could not find on the evidence 
that the accident was primarily the cause of the man’s 
death. This, however, is the kind of case which ulti- 
mately is often brought to the Court of Appeal. The 
**chain of causation” is a subtle line of argument, and 
often the common-sense view of the judges of the Court 
of Appeal differs from the narrower professional view, 
which refuses to take account of the shock which followed 
an operation, and might not have happened but for 
the accident. It is still a moot point if in such case 
the workman would have died when he did either of 
cancer or other natural cause, had there been no injury 
and no operation. 

Importance of Recording Agrcements.—The registration 
of an agreement as soon as it is made is of the greatest 
importance, and it should be remembered that a verbal, 
or even an implied, agreement can be registered. The 
registration is essential, so that an ment, once 
recorded, cannot be upset or modified by any subse- 
quent agreement that has not been recorded. The 
neglect to register any agreement sometimes means 
trouble in the Courts, especially when it is sought to get 
an order for a settlement. 

A case came before the judge of the Manchester 
County Court on August 19, where a workman named 
Duffy, a woud-blocker, had made a verbal agreement 
with his employers for compensation for an injury 
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which was permanent, and incapacitated him from his 
ordinary work. This case very specially demanded a 
registered agreement, but both parties had neglected 
their obvious duty, and Judge Parry pointed out that he 
could not now deal with the application for a settlement. 
In settlements for permanent injuries the agreement 
must be approved by the Court, because an inadequate 
sum might > upon by an ignorant and needy 
workman. In the Manchester Court the Judge and the 
Registrar have very properly decided not to consider 
settlements unless the agreements have been previously 
filed. His Honour Judge Parry warned pach tnt and 
insurance companies against the too common neglect to 
register their agreements ; and in this case of Duffy, in 
spite of the protest of the insurance company, he de- 
ciaed to consider the proposed settlement on the 
basis of an agreement that had not been previously 
registered. 

Serious and Wilful Misconduct.—Miners are bound to 
comply with the Mines Regulation Act, and any neglect 
will be deemed serious and wilful misconduct within the 
meaning of the Workmen’s Compensation Act, when 
miners come to apply for compensation for injuries. 

At Newcastle Toonte Court, on August 18, Edward 
Armstrong claimed compensation from his employers— 
the Seaton Delaval Coal Company—for injuries received 
in the relief pit. The applicant said he sat down on his 
shovel when the coal ell and broke his leg. It was, 
however, shown that the applicant was in the position of 
“kirving without spraggs,” and the Judge held this. was 
carelessness amounting to serious and wilful misconduct, 
and so precluded him from recovering compensation. The 
application was opposed by the Coal Company, not for 
monetary reasons, but, very properly, to maintain a proper 
observance of the regulations in the pits. 

Ship's Firemen and Ruptwre.—Marine firemen, as well 
as seamen, are somewhat liable to rupture. The medical 
officer of the Shipping Federation said, in his evidence in 
the case of a fireman against the Moor Shipping Line, 
that out of the last 3000 men he had pas Ze found 
some 3 per cent. wearing trusses for hernia. The em- 
ployers in this case of the fireman, who claimed 15s. 3d. per 
week compensation, argued that hernia, or rupture, was no 
excuse for incapacity, that a truss was the simple remedy, 
and their medical officer would certify the applicant as fit 
for sea. The Medical Board of London, it seems, has 
given instructions to pass all men wearing a truss. Upon 
this evidence the County Court Judge gave judgment for 
the applicant, and awarded him 1d. per week compensation 
to keep the case open in the event of any serious results 
following. 

Hovusr or Lorps, 

Sailor Drowned.—¥ rom our note on ‘‘Sailor’s Drowning” 
(Marshall v. Owners of the Wild Rose), in ENGINEERING, 
July 22, it would be understood how subtle are the argu- 
ments, and how difficult the points of Jaw under the 
Workmen’s Compensation Act, which arise in cases of 
accidents to men engaged for service on board ship. It 
would seem that Section 1 of the Act applies equally in all 
cases, whether to workers on board ship or on land : ‘* If in 
any employment personal injury by accident arising out 
of, and in the course of, the employment is caused to 
a workman, his employer shall be liable to pay compen- 
sation.” Although the principle is the same, whether the 
workman is a sailor or a landsman, the interpretation of 
the section is not always the same, for the circumstances 
in each case suggest the question whether the workman 
was about his apy ae business when the accident 
happened, and in a sailor’s case there is necessarily wider 
scope permitted to the interpretation of what is the 
course of the workman’s employment. Another decision 
by the House of Lords shows that the sailor’s employer 
has greater responsibility and risk than the master of a 
workman ashore. 

In the case of Moore v. The Manchester Liners, 
Limited, the County Court Judge of Liverpool awarded 
compensation to the widow of a seaman who lost his life 
by drowning when scrambling on deck after spending 
the evening shopping with his mates on shore at 
Brooklyn, U.S.A. he deceased was a stoker, his 
active employment for the day was ended, and he and 
his mates went ashore to buy some clothing and other 
necessaries, and, as sailors often do, wound up the evening 
in drinking-saloons, returning to the dock “merry,” but 
not drunk. They found there was no gangway on which 
to board the ship, but orly a ladder hanging loosely to the 
ship’s side. By this contrivance all but the last man 
reached the deck; the deceased slipped into the water and 
sank. The Court of Apes was divided in opinion, but 
the majority reversed the decision of the County Court 
Judge, Lord Justice Fletcher-Moulton taking the oppo- 
site view. When the case from the Court of Appeal 
reached the House of Lords, the judges there were also 
divided in opinion, but the majority agreed with Lord 
Justice Fletcher-Moulton, and reversed the judgment of 
the Court of Appeal, and upheld the award of the County 
Court Judge, awarding compensation to the widow. The 
Lord Chancellor, in delivering judgment of the House of 
Lords, expressed the view that ‘‘if an accident befalls 
a man in the course of his employment, if it occurs 
while he is doing what a man so emplo may be 
reasonably expected to do, within a time during which 
he is employed, at a place where he may reasonably be 
during that time, the employer is liable.” In the earlier 
case—decided by the House of Lords in agreement with the 
Court of Appeal—the man, who fell into the water, was 
drowned at a time when he was supposed to be in his bed. 
There is thus no conflict with the latest judgment, 
although in both cases the victims of accident were in the 
shipowner’s service at the time. In the case of the man 
employed on the Wild Rose, he had exposed himself to 
danger by leaving his berth in the night and resting in a 
dangerous place on deck; whereas in this case of the 
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sailor drowned at Brooklyn, he, in scrambling on deck, 
did what a man may reasonably do, and at a place where 


his employment. 
It is interesting to note that in deciding the case of this 


seaman drowned at Brooklyn, two judges out of five in the | protected against the same risks.” 
House of Lords, and in the Court of Appeal two judges | minority of the House of Lords, as exp 
Eoeoune should | Macnaghten, seems to say that as the sailors went ashore 


out of three, were of opinion that the s 


| 


he might reasonably be expected to be during the time of | injured by an accident arising out of his employment. 


the employment.’ A seaman, for example, who is on 
shore on leave, and is knocked down by a wagon, is not 


But if he is sent ashore on ship’s business he is during 
that errand in the same position as a messenger, and 18 
The judgment of the 
ressed by Lord 


not be liable, and this suggests that it would have been | for their own purposes (whether with or without leave is 


more satisfactory had there been in the Workmen’s Com- immaterial) they interrupted the course of their employ- 


pensation Act a special clause dealing withaccidentsarising 
out of and in the course of the em couse applicable to 
seamen. Now, of course, the decision of the majority of 
the House of Lords is the law, and must govern the 
judgments of the inferior courts in all future cases. 
t the ruling of the majority of the House of Lords is 

not narrow, but is in ment with what the Legislature 
robably meant, ma accepted from the words of the 
rd Chancellor—‘ In every case the accidént to be the 
ground for compensation must also be one ‘arising out of 


ment. This unfortunate sailor before he slipped was 


telling his mates he had still enough money for a drink 


\the next night. As the owners had some justification 


for the defence that the man suffered the fatal accident 


| because he was tipsy, and not in the course of his emp!vy- 


ment, the public will regret that the will of the Legislature 
is not always so clearly exp as to make it necessry 
to have “‘judge-made law:” . This is exemplified ') * 
majority in the highest court differing from a maju'''s 
in the Court of Appeal. i 
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A NEw lamp, intended to replace the flame-arc lamp, 
has recently been brought out by the Westinghouse 
Cooper-Hewitt Company, Limited, 151-2, Great Saffron 
Hill, Holborn Circus, EC. This lamp, of which we 
illustrate the essential parts in Figs. 1 to 3 herewith, 
is of a very compact pattern, and is of great illuminat- 
ing power. It is a special type of mercury-vapour 
lamp, possessing several interesting features. The 


base of the lamp, with the mechanism, is shown in 
Figs. 1 and 2, while the lamp itself, which consists of 
& quartz mercury-vacuum tube, is shown plainly in 
Fig. 3. In the 3000-candle-power lamp illustrated 
the luminous rapa of this tube is about 4 in. long. 
The tube is held in a tilting cradle, fitted with balance- 
weights, and operated by the link projecting through 
the base to the right of the suspension arm in Fig. 3. 
The upper end of this operating link is connected to 


the magnet of a large solenoid mounted on the upper 
side of the base, as seen in Fig. 1, and is coupled to 
a dashpot arrangement. 

The tilting operation necessary to produce the 
mercury are is automatic, and is performed by the 
large solenoid, shown in the centre of the base, working 
in conjunction with an automatic cut-out arrangement, 
in which is embodied the smaller coil shown on the far 





side of the lamp in Fig. 1, and on the near side in 
Fig. 2. These illustrations, with a diagram of con- 
nections (Fig. 4), will serve to make the action of the 
lamp clear. In Fig. 4 the tilting solenoid is repre- 
sented by A, and the cut-out coil by B. On switchin 

on, current flows through the cut-out C, and throug 

the coils of B, to thenegative main. The energising of 
the coils at A causes the magnet seen in Fig. | to fitt 
tilting the cradle and lamp-tube. The tilting of the 
quartz tube causes the mercury contained at the right- 
hand end (Fig. 3) to flow down towards the other end, 
completing the tube circuit. The coil B is in series 
with the tube, and now comes into operation, breaking 
the solenoid circuit at C, of which the parted contacts 
are visible behind the cut-out coil in Fig. 2. This 


de-energises the solenoid A. The magnet then falls | 


away into the position shown in, Fig. 1, the balance- 
weights fixed to the cradle being large enough to 
ensure this. The tube remains in this position while 
burning and when switched off, and is tilted auto- 
matleuliy once only at starting. The source of light 
consists of vaporised mercury, a continual cycle of 
vaporisation and condensation pi ing while the 
lamp is burning. The resulting light is of a bluish- 
white character, the temperature of the quartz tube 
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| being such that it glows and provides rays, which, to 
|some extent, correct the pronounced colour of the 
ordinary mercury-vapour light. 

| As it is essential that the correct polarity should be 
|observed, in order to prevent damage to the tube, a 
simple automatic device is introdu into the mecha- 
|nism to ensure this. This arrangement is to be seen 
in Fig. 1. It consists of a small permanent magnet 
suspended from the arm which carries the dashpot 
leylinder. If the polarity is correct, the lower end of 
| this permanent magnet is repelled from the locking- 
a on the magnet arm below, and the lamp is tilted. 
f, on the other hand, the polarity is incorrect, the 
permanent magnet is attracted to and fouls the lock- 
ing-piece, and the lamp-cradle cannot be drawn up. 
The lamps are fitted with clear or opal globes, and in 
outward appearance do not differ greatly from are- 
lamps. The mechanism shown in the illustrations is 
entirely enclosed and protected from dust. The globes 
are provided with chains, and for inspection pu 

can be lowered away from the base to the length of 
these chains. 

The quartz tubes, which form the most expensive 
part of the lamp, are guaranteed by the makers for 
1000 hours. The average life is, however, much 
| higher, and is stated to 2000 hours. Tubes that 
have given out through loss of vacuum can be repaired. 
The lamps have the low ———. of 0.25 watt per 
|candle-power. They are intended for direct-current 
| cirouits for working in parallel. 

The advantages presented by such lamps for large 
| installations, such as engineers’ shops, are numerous. 
|In the first place there is no combustion, so that there 
is no consumption of carbons, and no dirt produced in 
working. The expense of re-carboning and of globe- 
cleaning is thus practically abolished. The light is 
steady, and as all the parts are above the source of 
light, which is of com tively large area, no shadows 
are thrown on the globe, and the diffusion is good. 

The light-distribution curve for a lamp taking 3.5 
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amperes at 250 volts shows a mean hemispherical 
candle-power of over 3000, with a maximum illumina- 
tion of 4500 candle-power at 65 deg. to 70 deg. to the 
horizontal. The running costs of a 1200-candle-power 
Westinghouse Silica lamp taking 4 amperes at 100 
volts are said to work out at 1.27d. per hour, with supply 
costing 3d. per kilowatt, including an allowance for 
replacement of tubes. This is calculated on a 2000- 
hour life for the tubes. If the life is cut down in the 
calculation to the 1000 hours for which the tubes are 
guaranteed, the cost per hour is 1.54d. These figures 
compare with 2.565d. for the flame are, and 2.88d. for 
the enclosed arc, using ordinary carbons of similar 
candle-power on line voltages of 65 and 110 respec- 
tively. In the case of the Westinghouse Silica a 
the rt of 1.20d. is given as the cost for current, an 
0.17d. as the allowance for the replacement of the tube 
on the 2000-hour basis. . The comparative figures for 
the flame are are given as 0.975d. for current, with 
0.29d. for cost of carbons, in addition to which 1.2d. is 
included as the cost of maintenance, cleaning, labour, 
&c. In the case of the enclosed are the cost of current 
is placed at 2.64d., of the carbons at 0.04d., and of 
maintenance, cleaning, &c., per hour at 0.2d. 


INDUSTRIAL NOTES. 

Tur Seventeenth Annual Report of the Board of 
Trade on Changes in Rates of Wages and Hours of 
Labour in the United Kingdom in 1909 covers an 
important period in industrial history, during which 
there was decreasing wages, from the depression so 
long deplored. The year 1909 was, indeed, the second 
year of decrease, but 1908 and 1909 did not nearl 
destroy the previous gain in wages of 1906 and 1907, 
two years only of pene recovery. The diagram of 
fluctuations extends over fourteen years, 1896 to 
1909, and shows five years of rising wages, five years 
of falling wages, and again two years of rising wages 
and two years of falling wages; the tendency had 
previously been to periods of five years each, but not 
absolutely regularly. Taking the whole period of 1896 
to 1909, the aggregate gain in wages was 696,452/.; 
the loss in the lean years, 357,000/.; so that there was 
a net gain of 399,000/. in wages during the whole 
period. Labour’s aggregate advantage may be re- 

arded as great, considering the fluctuations in trade 
in the years quoted. The figures given do not include 
individual promotions, with their advances in rates of 

, or increments under a scale of pay, or changes 
affecting less than five persons; but all above that 
number are included, and the whole indicates the effect 
of all collective agreements, which are now more 
common in this country than in any other. Presently, 
with the tendency to collective bargaining, such annual 
reports will fairly indicate the rise and fall in the 
market rates for labour. The statistics will also in 
their fullest form indicate the state of the labour 
market as regards employment, for when wages advance 
there must an increased demand for labour, and 
vice versd ; thus the state of the labour market as 
regards employment will be reflected in the statistics 
respecting the rise and fall of wages. Accurate 
figures are more than ever needed now, as legislation 
has stepped in, regulating trade, and providing for the 
periodical depressions by the Labour Exchanges Act. 

In a well-arranged table is given the rise and fall of 
wages in each five years in the order of groups of trades, 
and it is rather surprising to see how all, or nearly 
all, are similarly affected in each of the five years. 
For example, in 1896-1900 every group participated in 
the advance. But in the next five years of a falling 
rate only seven felt the decline, while six got some 
accruing advantage. In the next period—1906-7—all 
the groups got a rise, though far less in amount, but 
sufficient to cover the losses of the previous five years ; 
in 1908-9 all the groups except four suffered a decrease 
in wages, but the aggregate decline was comparatively 
small, ‘Taking the whole — of 15 years, every 
group of trades was at a higher level in wages in 1909 
than in 1896. The table itself is too large to quote, 
but the gist of it is given in the above brief summary. 
The methods of effecting the changes in wages were 
mutual negotiation between the parties involved, con- 
ciliation and arbitration, and sliding scales. The 
largest percentage was by conciliation boards, media- 
tion and arbitration, 68.2 per cent.; by negotiation or 
other direct methods, 28.5; and by sliding scales, 3.3 
per cent. only. The reason of the lower percentage 
under the latter head is that the sliding scale has been 
abandoned in some of the coal districts, in districts 
now affiliated to the Nationa! Federation of Miners. 
In another table is given the numbers and percentages 
of the persons affected by changes in wages from 1900 
to 1909 inclusive. There is an increased proportion 
of those who had to submit after a stoppage of work, 
reaching in 1909 to 13.3 per cent.—the highest ; in the 
other years the proportions varied from 1 to 4.9 per 
cent., only two reaching the latter figure. But the 
encouraging sign is the number of changes in rates of 
—— made without any stoppage of work whatsoever. 

e changes in the hours of labour were more 
numerous than usual by reason of the passing of the 











Mines Eight-Hours Act; the hours, being now regu- 
lated by Togislotion, are permanent unless and until 
the Act be repealed or modified in its application. 
The working hours in factories were also reduced by 
legislation, but not to any great extent. The total 
changes affected 562,891 workpeople, of whom 3212 
had their aggregate hours of working time in- 
creased by 6399 hours per week, and 559,679 had 
reductions amounting in the total to 2,398,721 hours 
per week. The net effect of all the changes was thus a 
reduction of 2,392,322 hours in the weekly workin 
time of the people affected. The chief trades affec 

by reductions in wages, other than the miners and 
textile workers, were the building trades in several 
great centres of industry, and the result was mostly, 
if not wholly, attained without ms of work, by 
the operation of the conciliation boards now general 
in those trades. In the last ten years the reductions 
in hours of labour have far outnumbered the increase in 
each year, so that the net gain has been in favour of 
labour. 

The compilers of the report have wisely given the 
preliminary figures for the first half of the present year, 
1910, so that they shall be as fresh and up to date 
as possible. The first six months of the present year 
have seen a gradual improvement in trade—progres 
sive since January. In that six months the changes in 
wages resulted in an increase of 2790/. per week, affect 
ing 449,094 persons. Of the total, 299,435 received 
a net increase of 8384/. per week, and 145 suffered a 
reduction of 5594/. per week ; the remainder fluctuated 
up and down, leaving their wages about the same at 
the close of the half-year. The list of workers chiefly 
affected is given, the miners being the chief in the 
reductions, but in the other groups many gained an 
advance. 


The railway unrest has considerably lessened, and is, 
one can say, abating, so that the danger of any stop- 
pages on a large scale is disappearing. The union 
officials appear to have the men better in hand, 
especially in the two great trunk lines, the Great 
Eastern and the Great Northern. The general secre- 
tary, in an interview on Friday last, said:—‘‘I am 
much more hopeful of a peaceful outcome than I have 
been any time during the last month.” He blames 
the companies for the difficulties over the awards, 
because they, or some of them, acted as though they 
alone had the right to interpret the terms, in their 
own favour, whereas the men demanded that the 
umpire, or the Central Board, ought to have the power 
of determination in case of a dispute. The com- 
panies deny some of the allegations altogether, and it 
is found that neither the agreements nor the awards 
provide any machinery for a reference if the award 
does not meet the case; there is only provided the 
machinery for conciliation, and thence, if no agree- 
ment be arrived at, for arbitration and the award, 
ut not beyond it. The Great Western, the South- 
Western, the South-Eastern, and the Brighton and 
South Coast Companies came to terms with their 
employees without resorting to arbitration. The 
North-Eastern had their own scheme. The London 
and North-Western agreed with the principle of the 
Central Board trying to adjust the differences in inter- 
pretation when they arose. The troubles have arisen 
chiefly with the Great Northern, the Great Eastern, the 
North British, and to some extent with the Midland 
Companies. The first named has considerably modified 
its attitude, and the trouble is in a way of being removed, 
for the company has agreed toa reference, upon certain 
conditions, to the Central Board ; the Great Eastern 
has met the deputation to arrange, and the North 
British, it is said, is comin oe So the path of 
peace is open, without obstacles. 


It was thought that the question of wages in the 
chain-making trade had been settled under the Trades 
Boards Act, at a conference of employers and em- 
ployed, after the Act was carried and the chain- 
makers were added to the schedule of the Act. But 
it seems that some employers conceived the idea of 
‘* contracting out” during the six months before the 
terms ne upon had expired. Some of the women 
workers signed, others refused ; then came the lock- 
out. The latter occurred about the same time as the 
publication of the list of minimum time and piece rates 
of wages, which after six months became the legal rate, 
and compulsory. The dispute is in advance of the 
legal fixtures, and will, to some extent, terrify the 
poor workers, mostly women, whose earnings barely 
exceed 2d. per hour. The supporters of the women 
started a fund, and the response was fairly liberal. 
The strike pay just distributed was 5s. to the 
unionists and 2s. 6d. to the non-unionists, the first 
will nearly cover the weekly — of those locked 
out. Money was coming in freely at date of the 
distribution. 


The report of the National Union of Boot and Shoe 
oe contains a long and full account of the 
life and work of the late president of the union, and 


many references to him from the numerous branches. 
He was one of those men who made friends very 
quickly, and, what is more, he kept them. He was 
very successful in negotiations, and averted or settled 
numerous disputes in all parts of Great Britain. The 
employers had confidence in him because he insisted 
upon carrying out awards, and still more because he 
severely condemned unauthorised strikes ; he insisted 
that notice be given to the central office, so that every 
effort should Be made to settle the dispute without 
stoppage of work; in both he was very successful, 
Trade was above the average in the past month, and 
disputes almost non-existent. In one district in Scot- 
land, near Edinburgh, the operatives succeeded in 

aining their desired minimum of 30s. per week. At 

lasgow the award of the umpire was not quite satis. 
factory to some of the employers, and he was there- 
upon asked to settle by arbitration the question of 
a minimum wage, which he undertook to do. That 
award has been given. The report thinks that it will 
settle very materially other questions, as to overtime, 
&c., and pave the way for more general “statements,” 
embracing all the more difficult points in. practice, 
These are so numerous that 116 can be enumerated in 
the making of one pair of boots from start to finish. 


-| Fifty years ago one man made a similar pair from start 


to finish. The case of Osborne v. the Amalgamated 

Society of Railway Servants, over the Parliamentary 

levy, led the council to re-draft the rules in accordance 

with the suggestionof theChief Registrar ; but the rules 

have not been registered, and the society is going to 

vere the matter before tne Trades Congress at Shef- 
eld during Congress week. 


The decision of Mr. Justice Goff, in the Supreme 
Court of New York, has surprised and irritated the 
Labourites of all sections, for it affects all; it is in 
reality to the effect that strikes are illegal. But the 
Judge hedged it about with the limitation—if it, the 
strike, had the effect of closing factories by calling 
out the workers, in which case the parties were guilty 
of conspiracy in restraint of trade. Presumably 
the case will be carried to the Appeal Court, for the 
American unions will never take the decision of Mr. 
Justice Goff lying down ; it will be fought fiercely in 
the law courts, and then, it is to be feared, the 
forces of labour and of capital will be brought into 
conflict in one of those labour struggles which threatens 
the fate of the industry involved. No sooner was the 
decision known than thousands of excited strikers 
— the streets, denouncing the judge, the police 

ing called out in every ward of the city of New 
York. This was a test action begun by a number of 
big clothing manufacturers, who had been involved 
in, or affected by, the East Side strike, which had been 
in progress some time. The dispute has now entered 
into a new phase—it is a fight between sweated labour 
on the one hand, and the unionised labour of the United 
States and of the outside States, acting in union. 
So far the unionists have won over a large number of 
shops ; whether these will again revert to a non-union 
scale remains to be seen, but out of the 800 shops 
which have yielded some at least will still stand firm. 
The strikers complain of great hardships as regards 
low wages, long hours, and bad conditions of employ- 
ment. 


The Independent Labour Party now seems to be in 
hot water, for a section has revolted, and has pub- 
lished a a in which the malcontents have 


formulated their complaints. The trouble seems to be 
that the sometime Independent Labour Party have 
helped the Liberals on some occasions, and so enabled 
the Government to tide over difficulties which other- 
wise might have overwhelmed them. When such 
help occurred is not made known, but doubtless 
the critics are armed with dates and figures to 
sustain their attitude. It was thought at one time that 
the Independent Labour Party contained all the mal- 
contents maga! ore government, in their full vigour 
of opposition. Now it appears that within that body 
there are men more aggressive and unappeased, who 
are quite willing to become the pioneers of the new 
crusade. 


An effort is reported to exploit trade unions over the 
Parliamentary Levy question, a man having devised 4 
plan whereby he can gain subscriptions for a society 
called by him the Trade Unionists’ Defence League. 
The object seems to be to collect funds to secure in- 
junctions in cases where a Parliamentary levy is 10 
existence, although the unions generally have taken 
care to act outside of the judgment in the case of 
Osborne v. the Amalgamated Society of Railway 
Servants, and others since that date. The tactics 
and methods of the person in question appear to have 
been followed closely, so closely that. he has not been 
able to collect his correspondence, and it may be, there- 
fore, that his magnificent idea has been forestalled and 
condemned. The Free Labourers’ Association has nut, 
it appears, joined in this mode of warfare ; they, at 4 ny 
rate, are not afraid to face their opponents on tie 





platform or in published reports ; they state thou 
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own plans and defend them. They get subscriptions 
from employers and defend such, on the ground that 
they get strike-breakers when needed. In this newly 
srojected society public contributions are solicited from 
all and sundry, to be used to the disadvantage of the 
trade unionists of the country. 








AusTRALIAN Ratway Construction.—In most of the 
States a considerable amount-of railway construction 1s 
now in hand. Track-building is proceeding in Queens- 
land at the rate of about a mile per day. The chief 
desire is to keep pace with the demands of settlement ; 
but in some cases the increase of revenue from existing 
lines also suggests that the establishment of new com- 
munications 1s a good investment. The making of a 
trans-continental line from Port Augusta to Kalgoorlie 
has recently received an impetus from the determined 
action of the acting-Premier of Western Australia, Mr. 
Wilson, who has announced that Western Australia is 
prepared to construct at once its section from Kalgoorlie 
to the South Australian border, if the South Australian 
Government would make a line from Port Augusta to 
meet it. The latter Government does not see its way to 
undertake this, but the upshot of the correspondence on 
the subject has been that the Federal Prime Minister has 
announced that he considers it a national obligation to 
make the railway in its entirety. Legislation, it is 
understood, will be proposed during the ensuing session 
which will enable this to be done. 





Tue Evecrron Tuzory or Conpuctivity.—According 
to the electron theory of the late P. Drude (1900) the con- 
ductance of metals for heat and electricity is due to the free 
electrons, which are subject to the kinetic gas laws, and 
the ratio of thermal conductivity to electron conductivity 
should be constant for different metals; the theory 
involves knowledge of the number of gaseous molecules 
per gramme and of J. J. Thomson’s elementary electric 
charge. The theories of Riecke and of Reinganum differ 
somewhat from that of Drude, but the ratio of the two 
conductivities is agreed to be of the order of 10-1. As 
this ratio has more particularly been investigated by 
Wiedemann and Franz, the constancy law is frequently 
associated with their names. Recent metallographical 
researches now show that metals of the platinum group 
give too small a ratio, aud metals like bismuth and iron 
too high a value. Most alloys, especially those which 
form mixed crystals in solid solutions, also show too high 
a ratio—t.c., their electric conductivity is relatively too 
small or their electric resistance too great. The behaviour 
of alloys has been studied by Rudolf Schenck (Annal. der 
Physik, vol. 32, page 261). The electric conductivity of an 
alloy might become smaller than that of the pure metal, 
either because the foreign metal binds some electrons and 
diminishes the number of free electrons, or because it 
increases the internal friction of the solvent. Riecke 
favours the first assumption, Schenck the latter; the 
dissolved metal absorbs kinetic energy in its slow diffu- 
sion, and that should become discernible in the change 
of the optical and thermo-electric properties observed on 
adding another metal toa pure metal. Some of Schenck’s 
experiments were made with thermo-couples of the type 
platinum—platinum-rhodium, in which the hot alloy is 
generally positive to the pure metal, and his observations 
and formule agree with the observations of other 
investigators. 





THE WATER SupPLy OF THE MASCHINENFABRIK AUGS- 
BURG-NiiRNBERG.—At a recent meeting of the Niirnberg 
branch of the Verein Deutscher Ingenieure, Mr. Einberger 
read a paper on the pumping plant of the Maschinen- 
fabrik Augsburg-Niirnberg at Niirnberg. The old plant 
on which they started in 1898 has recently had to be sup- 
plemented. This plant consists of six wells, ranging in 
depth from 21 metres to 43 metres (69 ft. to 142 ft.), and 
arranged, about 120 metres apart, in a line east-west, at 
right angles to the ground-water flow. The collecting 
well, which hasa depth of 33 ft. and a diameter of 8} ft., is 
situated between the fourth and fifth wells, and 1s con- 
nected by syphons with the wells on both sides. The air 
is withdrawn from these syphons ; the air-pipe goes up to 
the top of the pump-house, and the pump is placed in the 
descending branch of this pipe. The water-pumps are 
two double-acting plunger-pumps driven by electric 
motors of 6 horse-power. This plant was connected to the 
municipal water supply. As other pumping plants were 
installed near by, the ground-water level was lowered by 
more than 6 ft., and when more water was wanted in the 
works an extension of this plant did not appear advisable. 
It was decided to sink another well down to a depth of 
‘0 metres (230 ft.), and to go deeper still if the required 
amount of water could nos be secured. By means of a 


tool, falling through a height of 2 ft. 30 times minute, 
a hole was bored to a depth of 80 metres (260 ft.), the 
ground proving sufficiently firm to facilitate the opera- 


tions. The hole tapers from a diameter of 20 in. down to 
18in. The water level remained at 20 metres when 
puuping went on uninte:ruptedly for days, and the 
water proved chemically and bacteriologically satisfactory. 


The installation was therefore proceeded with. The 
pump cylinder is suspended from welded steel pipes 
‘c-ewed into one another, 12 in. in diameter, at a depth 
cf 23 ft. ; the cylinder diameter is 11 in., the stroke 40 in.; 


the 


me nder and piston are made of bronze. Below 


‘linder is the suction-pipe, nearly 8 in. in diameter, 


16} ft. long. It resembles a tubular filter wound with 

wire gauze. The links consist of 2.2-in. iron rods, Running 

at 15 revolutions per minute the pump delivers 15 litres 

os gallons) of water per rote It is driven by an 

ra ty 7 a the pulley, of 40 in. in diameter, serving as 
1v-wheel, 


The bore-hole is lined with cylinders of 
Perforated sheet-iron, and charged with fine gravel. 





LARGE CENTRE BALL-BEARING FOR 
BREYDON SWING-BRIDGE. 

WE give below two perspective views of a large 
centre ball-bearing which has been made for the 
Breydon Bridge at Yarmouth, having been designed 
in: the engineer’s office of the Midland and Great 
Northern Railways Joint Committee at Melton Con- 
stable, Norfolk. 

The Breydon Bridge was opened in 1903, and the 
centre bearing then used was formed of sixty-nine 
balls which worked in two rings having Y grooves. 
The balls, which were 2 in. in diameter, appear to 
have been the largest in use at the time, and the Y 
grooves were theoretically correct in form. In busy 
times this bridge turns about 400 times in a month, 
and it was found after some years that, owing to the 
V grooves of the bearing not having been properly 
hardened, considerable wear had taken place. On 
account of this it was decided to alter the bearing, 
and, after consultation with ball-bearing specialists, 
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another bearing was designed and made, having twenty- 
two balls of my Hated diameter—namely, 34 in., which 
were arranged to run in segmental grooves. The radius 
of the grooves is 2} in., the form of the ball-race being 
clearly shown in Fig. 1. The balls may be seen in 
position in Fig. 2. 

When this bridge was built very great difficulty was 
experienced in getting the original bearing made, and 
in the case of the second bearing no English firm 
could be found willing to undertake its construction. 
It has, however, now been made in a thoroughly satis- 
factory manner, and has been fitted in place by the 
railway company’semployees. The firm who made the 
bearing specified that the rings would be ground, as 
shown on the drawing, to the following tolerances :— 


+0 
Bore = mes cea ted ose { .0012 in. 


* 0.004 in. 


Total height of the bearing ... — { 


The firm who undertook the work have, we under- 
stand, supplied balls up to 5 in. indiameter for various 
purposes. The designers would have preferred to use 
a cage for separating the balls, but they could not do 
so without reducing the number of balls below what 
was considered safe. As, however, the speed at which 
the balls run is very low, this lack of a cage is not con- 
sidered a very important matter. As far as we know, 
this bearing is one of the largest of its class in use 
under a bridge. 








VictoRIAN Mrinerats.—Being on a visit recently to 
Warrnambool, the Victorian Premier, Mr. Murray, was 
asked by a deputation to arrange for an expert examina- 
tion of the districts of Nyllawarre and Nirranda, with 
the view of determining the value of iron and coal 
deposits believed to exist. The Premier promised that 
he would have the localities inspec y Mr. Dunn, 
the Director of the Geological Survey, and that a 
diamond drill would be sent as soon as it could be 
spared from the Jowlett. 


BRITISH RAILWAYS ; SOME FACTS AND 
A FEW PROBLEMS.* 


Address to the Engineering Section, by Professor W. E. 
Datpy, M.A., M. Inst. C.E., President of the 
Section. 

Ir is remarkable how few among us really realise the 
large part that railways play in our national life. ow 
many of us realise that the capital invested in the railway 
companies of the United Kingdom is nearly twice the 
amount of the National Debt; that the gross income 
of the railway companies is within measurable distance 
of the national income; that to poomene this income 
every inhabitant of the British Islands would have to 
pay annually 3/. per head; that the railways employ 
over 600,000 people, and that about eight million tons of 
coal are burnt annually in the fire-boxes of their locomo- 
tives? I hope to place before you in the short time which 
can be devoted to a presidential address a few facts con- 
cerning this great asset of our national life, and some 
problems connected with the recent developments of 
railway working—problems brought into existence by the 
steady progress of scientific discovery and the endeavour 
to apply the new discoveries to meee the service and 
to increase the comfort of the travelling public. 

A great deal of interesting information is to be found in 
the Railway Returns issued by the Board of Trade. I 
have plotted some of the figures given, in order to show 
generally the progress which has m made through the 
years, and at the same time to exhibit the rates of change 
of various quantities in comparison with one another. 

Consider, in the first place, what the railways have cost 
the nation. This is represented financially at any instant 
by the paid-up capital of the companies. he total 
paid-up capital in 1850 was 240 millions sterling. In 1908 
this amount had increased to. 1310 millions. The curve 
marked ‘‘ Total” in Fig. 1 shows the total paid-up capital 
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plotted against the year. It will be noticed that the in- 
crease per annum is remarkably regular up to about 189', 
After this date the capital increases at a somewhat greater 
rate, but in 1900 the rate drops, with a tendency to a 
ae apf decreasing value. Part of the increase imme- 

iately after 1896 is, however, due to nominal additions 
to the capital. The extent to which this process of 
watering the stock has been carried is indicated over the 
period 1898 to 1908 by the area between the curve AB and 
the curve marked “total.” By the year 1908 the nominal 
additions to capital amounted to 196 millions of pounds. 
_Curves are also plotted showing the amounts of the 
different kinds of stock making up the total. It will be 
noticed that the onmineey stock 1s a little over one-third of 
the total paid-up capital in 1908—viz., 38 per cent. In 
1870 it was about 43 per cent. 

The lower full-line curve on the diagram shows the 
gross receipts, which amounted to 120 millions of pounds 
in 1908, ‘The dotted line indicates the net revenue after 
deducting from the total receipts the working expendi- 
ture. This, for 1908, was 434 millions, corresponding to 
3.32 per cent. of the total paid-up capital. If the net 
receipts are reckoned as a percen of the paid-up 
capital after deducting the nominal additions, the return 
is increased to 3.9 per cent. These figures practically 
represent the average dividend reckoned in the two ways 
for the year 1908. 

Fig. 2shows by the upper curve the number of miles open 
for traffic plotted against the year. This curve indicates 
o—< activity of construction during the period 1850 to 

870, with a regular but gradually decreasing addition of 
mileage from year to year afterwards. 

At the end of 1908 there were 23,205 miles 
responding to 53,669 miles of single track, including 
sidings. Of this, 85 per cent. was standard 4-ft. 84-in. 
gauge, 12.3 per cent. 5-ft. 3-in., and 2.2 per cent. 3-ft. 

uge. The remainder was made up of small mileages of 
-ft. 11}-in., 2-ft. 3-in., 2-ft. 4-in., 2-ft. 44-in., 2-ft., 
2-ft. 9-in., 4-ft., and 4-ft. 6-in. gauges. 

The two lower lines of the diagram show respectivel 
the number of passengers carried and the tons of quedo 
carried from year to year. 

The curves of mileage, passengers carried, and goods 
carried increase regularly with the increase of capital, 
indicating that up to the present time the possibility of 
remunerative return on capital invested in railway enter- 


open, cor- 


* Address delivered before Section G of the British 
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prise in this country is not exhausted. It is true that 
there isa maximum of goods carried in the year 1907 ; 
but the sudden drop in the curve between the years 
1907 and 1908 seems to indicate that the drop is only 
of a temporary character, and there is every reason to 
believe that the curve will resume its upward tendency 
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with time. In 1908 the railways of the United Kingdom 
carried 1278 millions of passengers, exclusive of season- 
ticket holders, and 491 million tons of goods; the quan- 
tity of goods carried in 1907 was nearly 515 millions of 
tons. 

_ The proportion of the gross receipts absorbed in carry- 
ing out this service is shown by the upper curve of Fig. 3. 
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The proportion has increased, on the whole, regularly, 
from 47 per cent. in 1860 to 64 per cent. in 1908. 

The lower curve shows the net receipts as a percentage 
of the paid-up capital. From 1899 onwards the curve 
A B shows the net receipts reckoned on the paid-up 
capital exclusive of the nominal additions. It will be 
observed that the net receipts have not declined more 
that 4 per cent. since 1870, notwithstanding the increase 
in working expenditure. 

Fig. 4 indicates the cost of working the traffic calcu- 
lated in terms of the train-mile, no data being available 
regarding the actual work done as represented by the 
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ton-mile or the passenger-mile. In some respects the train 
costs, because when 
or empty, the same 


service must be performed by the majority of the depart- 


mile is the fairest way of meng ay | 
a.train is running, whether it is f 


ments. 


The curves bring out clearly that the proportion of the 


train-mile absorbed by these several 


total expenditure 
fairly constant over a series of years. 


services remains 


To the right is exhibited the average for the four years | passe 


1905 to 1908. The figures are also reproduced in the fol- 
lowing table :— 


TaBLe I.—Average Working Costs per Train-Mile of 
the Railways in England and Wales taken over the 
fears 1905 to 1908. 
Pence per 
Train-Mile. 
Locomotive power ... 1 
Repairs and renewals 
wagons... 
Maintenance of 
Traffic oe mene 
General charges 
Ratesand taxes... 
Government duty ... 
Jompensation " = 
Legal and miscellaneous ... 
Total 41.63 


Locomotive power absorbs an amount about equal to 
the traffic expenses ; and companies actually paid in 


of ‘carriages and 


HOSMER age 
SA8SRSass 


permanent-way... 


rendered by the railway companies under the Railw 
Regulation Acts have had the question of ton-mile and 
nger-mile statistics under consideration. There was 
and in the end the committee did not recommend that 
the return of ton-mile and passenger-mile statistics should 
Returning to the London and Birmingham Railway 
accounts, the actual figures given by Mr. Bury, the loco- 
839 :— 
Passenger Trains.—Ton-miles, 21,159,796, Fiving an 
b. of cok 
per ton-mile, costing 0,17d. —_ 
Goods Trains.—17,527,439 ton-miles, giving an average 
mg, r ton-mile. 
able III. shows various amounts and quantities in 
are placed proportional figures, the London and Birming- 
ham item being in every case denoted by unity. 
Fo 
instance, it will be noticed that the gross receipts of the 
London and North-Western Railway in 1908 were twenty- 





considerable difference of opinion concerning the matter, 
be made compulsory on the railway companies. 
— engineer, were, for the year ending December, 
average of 542,533 ton-miles per engine at 0.86 
of 584,247 per engine at 0.57 lb. of coke per ton-mile, cost- 
comparison with one another. Beneath the actual figures 
The comparison brings out some curious facts. 
two and a half times as much as those of the London and 


TABLE III.—Comparison or Capitat, Receipts, Mites Open, TRAIN-MILEs, AND Cost OF WorKING BETWEEN 
THE LONDON AND BIRMINGHAM RAILWAY FOR THE YEAR ENDING JUNE, 1840, AND THE LONDON AND Nortu. 


WESTERN RAILWAY FOR THE YEAR ENDING DEcEMBER, 1908. 





Loans and 
Debentures. 


Stock and Share 


Capital. Total. 


| Receipts. lent Single 
Track. 


l 
Receipts, Cost of | Expendi- 
per Working | ture to 
- |per Train-| Gross 
| Mile. | Receipts, 


Miles Open : 
i . ° Train- 
Gross in Equiva- Miles 





£ 


Interest, £ 
per cent 
43 

39,175,874; 3 
average 
| 


£ Interest 
L. & B, Ry., per cent, 
1840 —.. 3,125,000 93 2,125,000 
L. & N. W. 
Ry., 1908 85,861,760 5 


5,250,000 


app. ave- 
rage on all } 
types of | 
| stock. 


| 


125,037,134 15,515,334 


d. 
98 


£ 
687,000 


| per cent, 


250 714,998 


5406 48,782,644 50 





L. & B. Ry.,| 

140 .| 1 
L. & N. W. | | 

Ry., 1908 27.5 18.4 24 


1 


22.6 0.54 1.62 


| 40 
| 65 
| 

| 





rates and taxes a sum nearly equal to the whole amount 
required to maintain the rolling-stock in an efficient 
state. 

To the right is shown a scale the divisions of which 
represent an amount estimated in pence per train-mile 
corresponding to'1 per cent. of the average dividend. 
This shows that if the whole of the locomotive power 
could be obtained for nothing, the average ‘dividend 
would only be increased by 1} per cent. Reckoned on 
the ordinary stock alone, however, the increase would be 
about three times this amount. 

It may be of interest at this stage to compare the 
financial position and the cost of the working of railways 
in their earlier days with the state of things now. For 
this purpose the position of the old London and Birming- 
ham Solver is compared with the position of the London 
and North-Western Railway, the system into which it 
has grown. The years selected are 1840 and 1908. 

I have taken out the cost per mile of working the traffic 
of the London and Birmingham Railway from some 
accounts given in Winshaw’s ‘‘ Railways.” The details are 
grouped somewhat differently in the list just given, but 
in the main the various items may be com a 

The number of train-miles on the London and Bir- 
mingham Railway recorded for the year January to 
December, 1839, is 714,998. The accounts given are for 
the year June, 1839, to June, 1840. The mileage record 
is thus not strictly comparable with the expense account, 
but it may be regarded as covering the same period with 
sufficient accuracy for our purpose. 

The costs work out as follows :— 

TaBLe II.—Cost per Train-Mile for the Year ending June, 
1840, London and Birmingham Railway. 


Locomotive power ? 
Maintenance of way ... ne Gia. “digs 
Traffic expenses, including repairs to 
wagons - 
General charges, 
Rates and taxes 
Government duty 
Accident account 


Total 


The receipts amounted to 231d. per train-mile. Hence 
the working expenditure was 40 per cent. of the gross 
receipts. 

The gross receipts for the year ending June 30, 1840, 
were 687,104/., which, after deducting charges for loans, 
rents, and depreciation of locomotives, carriages, and 
wagons, enabled a dividend of 9} per cent. to be paid on 
the ordinary stock. 

There are two noteworthy facts in these old accounts. 
First, the allowance for depreciation on the rolling-stock 
of nearly 4 per cent. of the receipts. Secondly, the fact 
that the cost of working the traffic is given per ton-mile. 
This method of estimating the cost of working has gradu- 
ally fallen into desuetude on British railways. One com- 

ny only at the present time records ton-mile statistics. 

ite recently (in 1909) the committee —— by the 
of Trade to make inquiries with reference to the 


including ‘legal charges 





form and scope of the accounts and statistical returns | 


‘Birmingham Railway in 1840, and that the track-mileage 
| open was about twenty-two times as great. The money 
earned per mile of track open is thus practically the same 
after a lapse of seventy years. To earn the same amount 
per mile of track open, however, the trains of the London 
and North-Western Railway had in 1908 to run 68.3 times 
the number of train-miles that the trains of the London 
and Birmingham Railway ran in 1840. That is to say, 
in order to earn a sovereign a London and North-Western 
train has now to run three times the distance which it 
was necessary for a London and Birmingham train to run 
to earn the same amount. 

Another point to notice is that although the mileage 
and the receipts per mile of track open have each increased 
in the same proportion, yet the capital has increased at a 
greater rate, being on the total amount twenty-four times 
as much as in 1840, and the stock and share capital has 
increased twenty-eight times. So that with the necessity 
of running three times the train-mileage to obtain the 
same return per mile of track open there runs the obliga- 
tion to pay interest on an ordinary stock which has been 
increased in a greater proportion than the mileage. 
Lower dividends are therefore: inevitable. The cost of 
working per train-mile has decreased gradually to about 
half its value in 1840, but at the same time the receipts 
per train-mile have dwindled to one-third of the amount 
in 1840. 

These figures show that a more conservative system of 
financing the railways might have been adopted in the 
earlier days with advantage. If when the receipts per 
train-mile were | r a proportion of the revenue had 
been used annually for the construction of new works and 
for the provision of new rolling-stock, instead of raising 
fresh capital for everything in the nature of an addition 
to the railway, the companies would to-day have been in 
a position to regard with equanimity the increasing cost 
of working. 


THE PRoBLEM OF THE LocoMOTIVE DEPARTMENT. 

During the last twenty years the demand on the loco- 
motive has steadily inc The demand has been 
met, though with increasing difficulty, owing to the con- 
structive limitations imposed by the gauge. The trans- 
ference of a train from one place tu another requires that 
work should be done continuously by the locomotive 
against the tractive resistance. The size of the locomotive 
is determined by the rate at which this work is to be 
done. If T represents the tractive resistance at any 
instant, and V the speed of the train, then the rate at 
which the work is done is expressed by the product TV. 
The pull exerted by the locomotive must never be less 
than the resistance of the whole train considered as a 
dead load on the worst gradient and curve combination 
on the road, and it can never be greater than about one- 
quarter of the total weight on the coupled wheels of the 
engine. : 
Again, the tractive pull of the engine may be anal; sed 
into two parts—one the pull exerted to increase the speed 
of the train, the other the pull required to maintain the 
speed when once it has been reached. For an express 
train the number of seconds required to attain the journey 
speed is so small a fraction of the total time interval 
between the stops that the ee of acceleration is not 
one of much importance. But for a local service where 
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stops are frequent the time required -to attain the journey- 
poe from seat is so largea fraction of the time between 
stops that this consideration dominates the design of the 
locomotive, and, in fact, makes it desirable to substitute 
the electric motor for the steam locomotive in many cases. 

An accurate estimate of the rate at which work must 
be done to run a stated service can only be made if there 
are given the weight of the vehicles in the train, the 
weight of the engine, the kind of stock composing the 
train, the speed and acceleration required at each point of 
the journey, and a section of the road ; and, in addition 
to this, allowance must be made for weather conditions. 

A general idea of the problem can, however, be obtained 
by omitting the consideration of acceleration, gradients, 
and the unknown factor of weather conditions, consider- 
ing only the rate at which work must be done to draw a 
given load at a given speed on the level. Even thus sim- 
plified, the problem can be solved only approximately, 
snd although the tractive resistance of a train as a 
whole is a function of the speed, the tractive resistance 
per ton of load of the vehicles and per ton of load of the 
engine differ both in absolute value and in their rates 
of change for a stated speed, and, further, the ratio 
between the weight of the vehicles and the weight of the 
engine is a very variable quantity. f 

For our purpose, however, it will be sufficiently accurate 
toassume that the resistance of the whole train, expressed 
in pounds per ton, is given by the formula 


v2 
T = 5h + pee 


It follows that the horse-power which must be developed 
at the driving-wheels to maintain a speed of V miles per 
hour on the level with a train weighing W tons is 


Dat f~. +ane 
H.-P. = W 70 + 96,000 . 

Fig. 5 shows curves of horse-power plotted from this 
equation for various weights of train. From this diagram 
a glimpse of the problem confronting locomotive engi- 
neers at the present day can readily be obtained. 


'g.5. POWER REQUIRED TO MAINTAIN 
Figs. POM EGON THe LEVEL. 


ROSS & 
GrossLoad ses § 









1200 


8 


Horse Power 
8 





(873.6 per 

To illustrate the point consider the case of the Scotch 
express on the West Coast route.* This is an historic 
service, and goes away back to 1844, in which year the 
first train left Euston for Carlisle, travelling by way of 
Rugby, Leicester, York, and Newcastle, and occupying 
15} hours. It wasnot until 1847, however, that there was 
a through service to Edinburgh wia Berwick. 

In September, 1848, the West Coast service for Edin- 
burgh was established by way of Birmingham and 
Carlisle, the timing being 8 hours 55 minutes to Carlisle, 
and 12 hours to Edinburgh. 

_ In September, 1863, the starting time from Euston was 
fixed at 10 a.m., and in 1875 the train ran via Trent 
V alley between Rugby and Stafford, thus cutting out 
Birmingham and shortening the journey to Carlisle from 
309 miles to 299 miles, the timing being 7 hours 42 minutes 
to Carlisle, and 10 hours 25 minutes to Edinburgh. The 
speed has gradually been increased, and in 1905 the timing 
was 5 hours 54 minutes to Carlisle, and §} hours to Edin- 
burgh. Now the timing is 5 hours 48 minutes to Carlisle, 
but is still 8} hours to Edinburgh. 

Three specific examples are plotted on the diagram, 
showing the power requirements in 1864, 1885, and 1903 
for this train. Typical trains in 1864, 1885, and 1903 
weighed, including engine and tender, 100 tons, 250 tons, 
and 450 tons respectively. The average speeds were 38, 
40, and 52 miles per hour respectively. A glance at the 
diagram will show that the power required to work this 
train was about 100 horse-power in 1864, 400 horse-power 
m_1885, and 1000 horse-power in 1903. 

jt must not be supposed that the increase in the weight 
o! the train means a proportionate increase in the paying 
load. Far from it. On a particular day in 1903, when 
the total weight of the Scotch express was 450 tons 
&pproximately, the weight of the vehicles was about 346 
tons. There were two dining-cars on the train, and the 
dns ee exclusive of the seats in the 
ming-cars, was for 2 —— iving an average of 
1.4 tons of dead load to be auled b She engine per 
passenger, assuming the train to be fall. In the days 





* Tam indebted to Mr. Bo parti 
of the Seotch express service, sian eine ss 





before corridor stock and dining-cars were in service the 
dead load to be hauled was about a quarter of a ton per 
passenger for a full train. 

In a particular boat special, consisting of two first- 
class saloons, one second and third-class vehicle, one 
first-class dining-car, one second and third-class dining- 
car, one kitchen-car, and two brake-vans, seating accom- 
modation was provided, exclusive of the dining-cars, for 
104 passengers, and the dead load to be hauled averaged 
2.72 tons per passenger. Notwithstanding this increase 
in the dead load due to luxurious accom tion, the 
fares are now less than in former days on corresponding 
services. Similar developments have taken place in 
almost every important service, and new express services 
are all characterised by heavy trains and high speeds. 


CHARACTERISTIC ENERGY CURVEs OF STEAM 
LocomorivEs. 

This steadily increasing demand for power necessarily 
directs attention to the problem, What is the maximum 
power which can be obtained from a locomotive within 
the limits of the construction gauge obtaining on British 
railways? The answer to this can be found without much 
ambiguity from a diagram which I have devised, consist- 
ing of a set of A ane characteristic energy-curves to 
represent the transference and transformation of ene 
in a steam locomotive, an example of which is given in 
Fig. 6. While examining the records of a large number 


Fig.6. 
FyPICAL CHARACTERISTIC ENERGY 
CURVES OF STEAM LOCOMOTIVES. 
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of locomotive trials, I discovered that if the indicated 
horse-power be plotted against the rate at which heat 
energy is transferred across the boiler-heating surface, the 
points fall within a straight-line region, providing that 
the regulator is always full open, and that the power is 
regulated by means of the reversing lever—that is to say, 
by varying the cut-off in the cylinders. It is assumed 
at the same time, of course, that the boiler pressure is 
maintained constant. I have recently drawn a series of 
characteristic energy-curves for particular engines, and 
these are published in ENGINEERING of August 19 and 26, 
1910. A typical set is shown in Fig. 6. 

The horizontal scale represents the number of British 
thermal units transferred across the boiler-heating surface 
per minute. This quantity is used as an independent 
variable. Plotted vertically are corresponding horse- 
powers, each ——— being shown by a black dot on 
the diagram. The small figures against the dots denote 
the speed in revolutions of the crank-axle per minute. 
Experiments at the same speed are linked by a faint chain- 
dotted line. A glance at the di m will show at once 
how nearly all the experiments fall on a straight line, 
notwithstanding the wide range of speed and power. 

The ordinates of the dotted curve just below the 
indicated horse-power curve represent the heat energy in 
the coal shovelled per minute into the fire-box—that is, 
the rate at which energy is supplied to the locomotive. 
The thick line immediately beneath it represents the 
energy produeed by combustion. The vertical distance 
between these two curves represents energy unproduced, 
but energy which might have been produced under more 
favourable conditions of combustion. Some of the un- 
produced energy passes out of the chimney-top in carbon 
monoxide gas, but the greater proportion is found in the 
partially consumed particles of fuel thrown out at the 
chimney-top in consequence of the fierce draught which 
must be w: to burn the coal in sufficient quantity to 

roduce energy at the rate required. The rate of com- 
— is measured by the number of pounds of fuel 
burnt per square foot of grate per hour. In land practice 
with natural draught, 20 lb. of coal per square foot of 
grate per hour isa maximum rate. In a locomotive the 
rate sometimes reaches 150 lb. per square foot per hour. 
In the diagram shown the maximum rate is about 120 Ib. 
per square foot per hour, and the dotted curve begins to 
turn upwards at about 70 lb. per square foot per hour. 
The vertical distance between the curves shows what has 
to be paid for high rates of combustion. 

I found that, in almost every case, the curve represent- 
ing the energy actually produced by combustion differed 
very little ‘tom a — line, passing through the 
origin, showing that at all rates of working the efficiency 
of transmission is approximately constant; that is to 
say, the proportion of the heat energy actually produced 





by combustion in the fire-box which passes across the 





boiler-heating surface per minute is nearly constant, and 
is therefore independent of the rate of working. 

The lowest curve on the diagram represents the rate at 
which heat energy is transformed into mechanical energy 
in the cylinders of the locomotive. It seems a small rate 
in proportion to the rate at which heat energy is sup- 
plied to the fire-box, but it is not nearly so bad as 
it looks, because the engine actually transformed 60 per 
cent. of the energy which would have been transformed 
by a perfect engine working on the Rankine cycle between 
the same limits of pressure. The ine efficiency is 
represented in a familiar way by a curve labelled “‘B.T.H. 
per i.h.-p. Minute.” It will be seen that the change of 
efficiency is small, notwithstanding large changes in the 
indicated horse-power. 

The diagram indicates that the indicated horse-power 
is practically proportional to the rate at which heat is 
transferred across the boiler-heating surface, and as this 
is again proportional to the extent of the heating surface, 
the limit of economical power is ed when the dimen- 
sions of the boiler have reached the limits of the con- 
struction gauge, the boiler being provided with a fire- 
grate of such size that, at maximum rate of working, the 
rate of combustion falls between 70 lb. and 100 Ib. of coal 

r square foot of qe r hour. A boiler of large 

eating surface may e with a small grate necessi- 
tating a high rate of combustion to obtain the required 
rate of heat production. Then, although a large power 
may be obtained, it will not be obtained economi Y. 

turning now to the consideration of the type of loco- 
motive required for a local service with frequent stops, 
the problem is to provide an engine which will get into 
its stride in the least time consistent with the comfort of 
the passengers. The average speed of a locomotive on 
local service islow. The greater part of the time is occu- 
pied in reaching the journey speed, and the brake must 
then often be applied for a stop a few moments after the 
has been attained. In some cases the stations are 
so close together that there is no period between accele- 
ration and retardation. Without going into the details 
of the calculation, I may say that to start from rest a train 
weighing, including the engine, 300 tons, in order to attain 
a speed of 30 miles per hour in 30 seconds, requires about 
1350 indicated horse-power. During the period of acceler- 
ation the engine must exert an average tractive pull of 
nearly 15 tons. 

Mr. James Holden, until recently locomotive engineer 
of the Great Eastern Railway, built an engine to produce 
an acceleration of 30 miles per hour in 30 seconds with a 
gross load of 300 tons. The engine weighed 78 tons, and 
was supported on ten coupled wheels, each 4 ft. 6 in. in 
diameter. There were three high-pressure cylinders, each 
184 in. in diameter and 24 in. stroke. A boiler was pro- 
vided with 3000 square feet of heating surface, and a grate 
of 42 square feet area. Boiler pressure, 200 lb. per square 
inch. “This engine practically reached the limit of the 
construction gauge. 

An acceleration of 30 miles per hour in 30 seconds is 
considerably below what may be applied to a passenger 
without fear of complaint. But it is clear that it is just 
about as much as a locomotive ean do with a train of 
reasonable weight. Even with a gross load of 300 tons 
nearly one-third of it is concentrated in the locomotive, 
leaving only 200 tons to carry paying load. The problem 
of quick acceleration cannot therefore be properly solved 
by means of a steam locomotive. But with electric 
traction the limitations imposed on the locomotive by the 
construction gauge and by the strength of the permanent 
way are swept away. 

The equivalent of the boiler power of a dozen locomo- 
tives can be instantaneously applied to the wheels of the 
electric train, and every axle in the train may become a 
driving-axle. Thus the whole weight of the stock, includ- 
ing the paying load, may be utilised for tractive purposes. 
If, for instance, the train weighed 200 tons, then a trac- 
tive force equal to one-fifth of this—namely, 40 tons— 
could be exerted on the train, but uniformly distributed 
between the several wheels, before slipping took place. 
The problem of quick acceleration is therefore completely 
solved by the electric motor. 


Eiectric RaILways. 


December 18, 1890, is memorable in the history of 
railway enterprise in this country, for on that date the 
City and South London Railway was opened for traffic, 
and the trains were worked entirely by electricity, 
although the original intention was to use the endless 
cable system of haulage. This line inaugurated a won- 
derful system of traction on railways, in which indepen- 
dent trains moving at different speeds at different parts 
of the line are all connected by a subtle electric link to 
the furnaces of one central station. 

Since that epoch-marking year electric traction on the 
railways of this country has made a ual, if somewhat 
slower, extension than anticipated. But electrically- 
operated trains have in one branch of railway working 
beaten the steam locomotive out of the field, and now 
reign supreme—that is, in cases, as indicated above, 
where a quick, frequent service is required over a some- 
what short length of road. The superiority of the motor 
over the steam locomotive, apart from questions of cleanli- 
ness, convenience, and comfort, lies in the fact that more 
power can be conveyed to the train and can be utilised by 
the motors for the pu of acceleration than could pos- 
sibly be supplied by the largest locomotive which could 
be constructed within the limits of the construction 
There are many other considerations, but this one is 
fundamental and determines the issue in many cases. 

A few facts relating to the present state of electric 
railways in the United Kingdom may ath of interest. 
At the end of 1908 there were in the United Ki ™m 
204 miles of equivalent single track worked ly by 





electricity, and 200 miles worked mainly by electricity. 
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It is not an easy matter to ascertain exactly how much 
capital is invested in these undertakings for the purpose 
of electric working alone, since some of the lines originally 
constructed for a steam locomotive service have been con- 
verted to electric working. On the converted lines there 
is the dead weight of capital corresponding to the loco- 
motive power provided before electrification took place. 
The capital invested in the 102 miles of tube railways in 
London is a little over 25,000,000/. 

The total number of passengers carried (exclusive of 
season-ticket holders) on the 138 miles of electrical track 
pe the year 1908 was nearly 342 millions, being 
roughly one-third of the total number of passengers 
carried on all the railways of England and Wales during 
the same period. 

The ave cost of working this traffic is 22.3d. per 
train-mile. This figure includes the service of the lifts, 
which is presumably returned with the traffic expenses. 
The charges work out in this way :— 


TaBLe IV.—Average Working Cost per Train-Mile of 
the Electric Railways Worked Wholly or Mainly by 
Electricity in England and Wales for the Year 1908. 


Pence per 
Train-Mile. 
Locomotive power ... ame ies a a 
Repairs and renewals of carriages and 
wagons és a an 
Maintenance of 
Traffic expenses 
General charges 1.52 
Rates and taxes is aS =: ae 
Government duty... sae A ... 0.088 
pe ree pe ahd its 0.116 
Legal and miscellaneous 0.75 


Total ... 22.35 


The corresponding total receipts were 38.65d. per train- 
mile. The working expenses are thus 58 per cent. of the 
total receipts. Comparing this with the figures given 
above for the whole of the lines in England and Wales, 
it will be seen that the cost for locomotive power on the 
electric railways appears to be about two-thirds of the 
cost on steam lines per mile run, the cost for repairs and 
renewals of carriages and wagons about one-half, and the 
cost for traffic expenses about one-half. 

The two kinds of working are not, however, strictly 
comparable, as all the conditions of traffic in the two 
cases are different, and the length of the electric lines is 
relatively so small that the problems which arise out of 
the transmission of electric power over long distances are 
excluded. The traffic expenses and the cost of repairs 
and renewals of carri and wagons, general charges, 
&c., are practically independent of the kind of power 
used for locomotive purposes, and, moreover, the differ- 
ence in weight of electric trains and the steam-hauled 
trains is on the average so great that no comparison can 
be instituted without ton-mile statistics. * 


1.50 
2.40 
5.22 


permanent way 


Meruop or WorKING. 


With two exceptions the method of working the electri- 
fied lines of this country is in the main the same. A third 
conductor rail is laid on insulators fixed to the ordinary 
track sleepers, and is maintained throughout the whole 
of its length at as nearly as possible a pressure of 600 
volts, except in a few cases where the pressure is 500 or 
550 volts. Collecting-shoes sliding along the rails are 
fixed to the trains, and through them current is supplied 
to the armatures fixed to or geared with the axles. The 
current flows through the armatures back to the station 
or sub-station through the running rails, which are bonded 
for the purpose, or sometimes through a fourth rail 
carried on insulators fixed to the track sleepers, as in the 
cases of the District and Metropolitan Railways. 

Differences in the equipment arise out of the geogra- 
phical necessities of the distribution. For a short line 
the power is produced at a central station and is dis- 
tributed by feeders to the conductor rail direct. For 
longer lines power is produced at higher vol (11,000 
volts in the case of the District Railway), and is then 
distributed to sub-stations conveniently placed along the 
line, where it is transformed to a lower voltage, converted 
to direct current, and then by means of feeders is dis- 
tributed at 600 volts or thereabouts to the third rail. 

In 1908 the Midland Railway Company opened for 
traffic the electrified line connecting Lancaster, More- 
cambe, and Heysham. The method of electrification was 
a departure from the general direct-current practice 
hitherto applied to electrified lines in this country. 
Power was supplied to the trains at 6600 volts, single 
phase, at twenty-five alternations per second, along an 
overhead conductor. The pressure was reduced by trans- 
formers carried on the motor-coach itself, and was then 
used by single-phase motors. The traffic conditions on 
this line are simple. 

In December, 1909, the electrified portion of the 
London, Brighton, and South Coast Railway from 
Victoria, round by Denmark Hill to London Bri 
was opened for traffic. This work marks an epoch in the 
history of electric traction in England. For the first 
time the single-phase system was applied to meet the 
exacting traffic conditions of a London suburban service, 
where the main condition is that the trains should be 
accelerated rapidly. The system has shown that it can 
meet all the conditions of the service perfectly. Energy 


* Much valuable information regarding the cost of con- 
verting the line between Liverpool and Southport from 
steam to electric working will be found in Mr. Aspinall’s 

residential address to the Institution of Mechanical 
ingineers, 1909. [This address was reprinted in ENcI- 
NBEFING ; see vol, Ixxxvii., pages 609 and 646. ] 





is purchased and is distributed by overhead conductors 
direct to the trains at 6600 volts, single-phase, at twenty- 
five alternations per second, where it is used by the single- 
phase motors after suitable transformation by apparatus 
carried under the motor carriage. The results of this 
electrification will be of unusual interest, because not only 
has the method applied shown itself to be quite suitable 
for dealing with a stopping traffic where quick accelera- 
tion is the dominating condition, but it contains the germ 
of practicable long-distance electrification. The near 
future may see the extension of the system to the line 
between London and Brighton, giving a frequent non- 
stop service which abe bring Brighton in point of 
time nearer to London than the suburbs on opposite sides 
of London are to one another. 

Some particulars of the electric railways of the country 
are given in Table V. More details will be found in a 
table published annually by the Electrician entitled 
‘Tables of Electric Lighting, Power, and Traction 
Undertakings of the United Kingdom,” and in the rail- 
way returas of the Board of Trade. 


Power SIGNALLING. 


During the last ten years a considerable number of trial 
installations of power-signalling apparatus have been 
made by the railway companies of this country. The 
electric lines have generally adopted power signalling, 
and the District Railway has installed a complete system 
on all its lines and branches. : 

The term ‘‘ power signalling” is applied to any equip- 
ment in which the actual movements of the points and 
signals are done by power, the signalman’s work being 
thus reduced to the movement of small light control-levers 
or switches. Of the several systems tried and proposed 
three bulk largest in the equipments applied in this 
country—namely, the all-electric, the low-pressure pneu- 
matic, and the electro-pneumatic systems. 

The ‘‘all-electric” system is represented by installations 
of the McKenzie-Holland and Wettiahews system on 
the Metropolitan and Great Western Railways, by in- 
stallations of the ‘‘Crewe” system on the London and 
North-Western Railway, and by installations of Siemens 
Brothers on the Great Western Railway. The general 
feature of the all-electric system is that the points are 
operated by motors sunk in a pit by the side of the rails, 
the signals are pulled off electrically, and all the appa- 
ratus is controlled electrically. 

The low-pressure pneumatic system is represented by 
installations on the London and South-Western Railway 
and the Great Central Railway. The points and signal- 
arms are moved by air compressed to about 20 lb. per 
square inch, and led to cylinders.connected to the points 
and to the signal-arms. The control is also done b 
means of compressed air, small pipes leading from eac 
air-cylinder to the cabin. 

The electro-pneumatic system has found most favour in 
this country up to the present time. The equipment 
installed includes such notable stations as the Central at 
Newcastle with 494 levers, and the Glasgow Central with 
374 levers, and the whole of the Metropolitan District 
system of underground railways. In this system an air- 
cylinder is connected to each set of points and to each 
signal-arm. Air compressed to 65 1b. per square inch is 
supplied to the cylinders from a main running along- 
side the railway, kept charged by small air-compressors 
placed at convenient intervals. Each air-cylinder is 
provided with a small three-way air-valve operated by 
an electro-magnet. The movement of each air-valve is 
controlled electrically from the cabin through the 
electro-magnet associated with it. The system grouped 
round any one signal-cabin may be regarded as an 
engine fitted with a large number of cylinders, each 
working intermittently by compressed air, and where 
in each the valve- has been chan to an electric 
cable, all the cables being led to a signal-cabin where 
the operation of the valves is done by means of an 
apparatus which is as easily played upon as a piano, 
with this difference, however, that the notes are 
mechanically interlocked, so that a signalman cannot 
play any tune he pleases, but only a tune which permits 
of safe traffic movement. Moreover, the instrument is 
so arranged that the movement of the small lever deter- 
mining the movement of asignal-arm cannot be completed 
unless the signal-arm actually responds to the intention 
of the ps sty thus detecting any fault in the connec- 
— — _ box and o arm. — i niatat 

e obvious advantage of power signalling is the large 
reduction of physical + oti required Kon the signalman. 
His energy can be utilised in thinking about the traffic 
movements rather than in hauling all day at signal 
levers. One man at a power frame can do the work of 
three at the ordinary frame. The claims made for power 
signalling, in addition to the obvious advantage of the 
reduction of labour, are briefly that the volume of traftic 
which can be deult with is largely increased, that the area 
of ground —e for the installation is considerably 
less than with the ordinary system, with its rodding, 
bell-crank levers, chains, and pulleys, and that where the 
conditions are such that power signalling is justified the 
maintenance cost is less than with a corresponding 
system of normal equipment. 


AUTOMATIC SIGNALLING. 


Several of the power-signalling installations are auto- 
matic in the sense that between signal-cabins on stretches 
of line, where there are no junctions or cross-over roads 
requiring the movement of points, the movement of the 
signal-arm protecting a section is determined by the 
passage of the train itself. The most important equip- 
ment of this kind is that installed on the group of railways 
forming the ‘‘ Underground” system. This includes t 
District Railway with all its branches. On this line the 
particular system instulled is the electro-pneumatic, 





modified to be automatic except at junctions. Signal- 
cabins are p only at junctions and at p where 
points require to be operated. The stretch of line to be 
automatically signalled is divided into sections, and the 
entrance to each section is guarded by a signal-post, 
Calling two successive sections A and B, the train as it 
passes from Section A to Section B must automatically 
put the signal at the entrance to B to “‘ danger,” and, at the 
same time, must pull off the signal at the entrance to A. 
These operations require the normal position of the 
signal-arm to be ‘‘off” instead of at ‘‘danger,” as in the 
usual practice. The position of the arm in this system 
conveys a direct message to the driver. If “on,” he 
knows that there is a train in the section ; if ‘‘ off,” he knows 
that the section is clear. Each signal-arm is operated hy 
an air-motor as briefly descri above, but the cables 
from the valves are now led to relays at the inning 
and end of the section which the signal protects. @ con- 
trivance, by means of which the train acts as its own signal- 
man, is briefly as follows :—One rail of the running track is 
bonded, and is connected to the positive pole of a battery 
or generator. The opposite rail is divided into sections, 
each about 300 yards long, bonded, but insulated at each 
end from the rails of the adjacent sections, and each 
section is connected to a common negative main through 
a resistance. A relay is placed at the beginning and at 
the end of each section, and is connected across from the 
positive to the negative rail. Current flows and eneryises 
the relay, in which condition the relay completes a circuit 
to the electro-magnet operating the admission-valve of 
the air-cylinder on the signal-post, air is admitted, and 
the signal-arm is held off. This is the normal condition 
at ae end of the circuit. When a train enters a section 
it short-circuits the relays through the wheels and axles, 
in consequence of which the relays, de-energised, break 
the circuit to the admission-valve, which closes, and 
allows the air in the cylinder to escape, and the signal. 
arm, mov by gravity alone, assumes the ‘‘on,” oj 
“danger,” position. At the same time the short-circuit is 
removed from the section behind, directly the train leaves 
it, the relays are at once energised, the admission-valve to 
the air-cylinder on the agg name | post of the section is 
opened, air enters, and the signal is pulled down to the 
‘off ” position. 

The speed at which traffic can be operated by this 
system of power signalling is remarkable. At Earl’s 
Court junction-box forty trains an hour can be passed 
each way—that is, eighty per hour—handled by the one 
signalman in the box. As the train approaches the box 
both its approach to the section and its destination must 
be notified to the signalman. When it is remembered 
that with ordinary signalling, to take an express train for 
example, a si man hears some twenty-four beats on 
the gongs in his box, and sends signals to the front and 
rear box, which give altogether some twenty-four beats 
on the gongs in these two boxes, forty-eight definite 
signals in all, for every express train he into 
the section which his signals protect, it will be under- 
stood that the system must be profoundly modified 
to admit such a speed of operation as eighty trains per 
hour per man. The modification is radical. No gong 
signals are used at all. There is a small cast-iron box 
standing opposite the signalman with fifteen small win- 
dows in it, each about 14 in. square. Normally each 
window frames a white background. A click in the box 
announces the approach of a train, and a tablet a 
in one of the empty windows, showing by code the 

The signalman presses a plug 
in the box, a click is heard, ane tablet is seen in a 
precisely similar apparatus in the next box. When the 
train passes the man presses another plug and the tablet 
disappears. 

Four wires run between the signal-boxes along the 
railway, and by combining the currents along the four 
wires in various ways fifteen definite signals can be 
obtained, a number sufficient for the district traffic. Each 
of the fifteen combinations is arranged to operate one 
particular tablet in the box. Current from these four 
wires is tapped off at intermediate stations, and is used 
to work a train -indicator showing the ngers 
assembled on the platform the destinations of the next 
three trains. The whole equipment is a triumph of in- 
genuity and engineering skull, and is a splendid example 
of the way electricity may be used to improve the rail- 
way service quite apart from its main use in connection 
with the actual driving of the trains. 

The facts and problems I have brought before you 
will, I think, show the important influence that scientific 
discovery has had upon our railway systems. Scientific 
discovery and mechanical ingenuity have reduced the 
cost of locomotive working to a point undreamt of by 
the pioneer locomotive builders. Electric railways are the 
direct fruit of the discoveries of Faraday. The safety of 
the travelling public was enormously increased by the 
invention of continuous brakes and by the discovery of 
the electric telegraph, and is greatly increased b the deve- 
lopment of modern methods of signalling. The comfort 
of travellers is increased by modern methods of train- 
lighting, train-warming, and the train-kitchen. Inven- 
tions of a most ingenious character have from time to time 
been made in order to furnish a steady and ample light in 
the carri The smoothness of travelling on our main 
lines i: evidence of the thought which has been lavished 
both on the wheel arrangements of the carriages and on 
the permanent way. Problems in connection with the 
continuous brake are many and interesting. Some of the 
problems of modern signalling would have quite baffled 
the scientific electrician a quarter of a century ag. 
When engineers endeavour to apply the results of a. 
tific discovery they often find themselves confronted by 
new problems unperceived by the scientist. Together 
they may find a solution and thus enlarge the houncerses 
of Enowledge, and at the same time confer a practica 


destination of the train. 
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ENGINEERING. 


(Sept. 2, 1910, 





‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 


The number ef views given in the Drawings is stated 
dem yt where none ne Se ce dpatteaton is not 
inventions are from abroad, the Names, éc., 

i ore See rcatned ot the Patent 0 Sale 

ya on Buildings (Anny tig 2 at 


the a 
‘atent O; ition to the ofa 
pte papi be Fo wentiond to the dat. = 


ELECTRICAL APPARATUS. 


14,352/09. W. C. H. M. Georgi, Newcastle-on-Tyne, 
and A. and " Hebburn-on- 
Distribution 8 


aa {1 Fig.] June 18, 
1909.—For the purpose of cutting out a cable in electric distribu- 


tion systems when a fault occurs between a live conductor of the 
cable and its covering, it has been proposed to conduct the leak- 
age current to earth at the generator-station by way of the cable 
covering, the current in ite passage to earth traversing an electro- 

etic’ device adapted to secure the ese of the switch con- 
trolling the cable. The object of the present invention is to pro- 
vide an arrangement of the kind referred to specific to a three- 
phase alternating-current system for use in mines. The drawing 



































4352. 


diagrammatically illustrates the arrangement, a being the earthed 
neutral point of the three-phase windings b of a generator. The 
covering ¢ of the feeder cable is insulated throughout its length, 
proceeding from the feeder-switch f to the consumption point or 
points, and an electro-magnetic winding d is employed, havin, 

oné terminal connected to such covering, and its other termina 
connected to the earth connection e which is joined to the earthed 
neutral point a. In this way any leakage of current from a con- 
ductor within the cable to the outer covering thereof, will, in its 
return path to the earthed neutral point a, traverse the electro- 
magnetic winding d and directly open the switch f. (Accepted 
June 22, 1910.) 


17,711/08. 8S. K. Thom: 
(10 Figs.) 


pson, London. Electric-Light 

t July 29, 1909.—If a thick insulation be 
applied to the s of pendant electric-light fittings, they 
do not pass easily under and over the pulleys. n course of time 
the metal strands, of which each conductor is made up, become 
fractured and pierce the insulation, and it frequently happens 
that the metal strands of one conductor pierce not only the 
insulation of that conductor, but that also of the other conductor, 
with the result that contact is made between the two sets of metal 
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strands, and, when current is switched on, damage results owing | 
to the short circuit formed. This invention has for object to 
overcome the disadvan mentioned, and in the carrying out | 
thereof the flexible conductors 1, 2 are not stranded together, | 
but are kept separate. This is clearly shown in Fig. 1. The | 
separation of the conductors 1,2 is assisted and preserved by the 
formation of the pulleys 3, which are formed each with two 
grooves 4, 5, a flexible conductor being received in each groove. 
Two separate pulleys mounted on the same spindle may be 


| with the lug J on the underside of the junction. 


employed. Fig. 2-shows in section the cover of a ceiling-rose 

for use in connection with the invention. The central 
hole 8 is provided with a screw-thread, 9 is a stopper a to 
be screwed into the hole 8, and 10, 11 are recessés formed in the 
wall of the hole 8. These recesses, with the stopper, form two 
holes, and each receives a flexible conductor, the flexible con- 
ductors are thus se ted where they pass through the cover of 
the ceiling-rose. e insulator 15, carried by the weight 6, has 
one hole for each cond . (Accepted June 22, 1910.) 


LIFTING AND HAULING APPLIANCES. 


14,671/09._B. Thomas and E. Thomas, Manchester, 
and E. M. Holme, Stockpo: Cranes. [4 Figs.) June 
23, 1909.—In a pressure liquid operating or controlling-valve for a 
hydraulic crane, electrical appli are ted with the said 
valve and are adapted to be successively operated so as to actuate 
the hydraulic valve with predetermined increases of power and 
valve opening, and thereby to give predetermined increases of 
supply of such pressure liquid. 1 is the casing of the hydraulic 
controlling-valve of the crane. The lever 4 is connected with 
three solenoids 7, 8, and 9, controlled by the controller 50. On the 
first of the contact notches 51 of the controller 50, solenoid 7 would 




















eae7') 


be energised, and its core will then ascend until it meets the stop 
16, which is so arranged that the valve will be opened only a 
small but definite amount, allowing a slow corresponding motion 
of the crane. On the controller handle 52 being moved to the next 
par man | notch 51, solenoid 8 would be energised, whereupon the 
valve will be opened a still further definite amount ; and on the 
third actuating notch 51 being reached by the controller-handle 
52, solenoid 9 would be energised and open the valve to a still 
further definite extent. Each valve of this crane requiring to be 
operated would be provided with a similar system to the above. 

e raising valve would be so fitted, and also the lowering valve. 
(Accepted June 29, 1910.) 


6468/10. H. Morris and F. Bastert, Loughborough. 
Overhead Runways. [5 Figs.) March 15, 1910.—This in- 
vention is particularly applicable to that type of overhead run- 
way in which junctions are provided for the purpose of enabling 
the trolleys to pass from one line of runway to another, the con- 
struction of the junctions being such that there are no moving 

s which have to be operated for the purpose. A is the junction 
in one piece having slots B, B! formed in the: bottom flange. 
These slots divide the bottom Ee of the junction into three 
parts constituting tongues C, Cl, C2 connected to the upper 
flange of the junction by the vertical web D. The ends of the 
runway branches E, E}, E? lead up to the junction and are gon- 
nected thereto at the top flange by the cover plate F. The 








bottom flanges of the runways rest upon the lips G projecting 
from the ends of the junction, and are retained in position by set 
screws, the ends of which are flush with the upper surface of the 
bottom flange of the runway. Trolleys H, constructed in a well- 
known manner and provided with lifting gear, are used for con- 
veying loads along the runways. Steering-pins H! are carried 
in the trolleys in such a manner that the leading pin can be 
raised at the will of the operator by means of the lever H2 and 
pendant chains, The steering-pins H! engage, when raised, 
This operation 
is only necessary when it is desired to deflect the trolleys on 
to the curved branch E2, when travelling ia the direction of the 
arrow X. (Accepted June 29, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 

3898/10. Joshua Buckton and Co., Limited, and 
J. H. weueenes, > = es. [6 Figs.) 
February 17, 1910.—This invention refers more especially to the 
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ially-balanced steelyard, | 


class of testing-machine using a 
along which an overhead poise-weight travels from end to end. 
The invention lies in the harnessing of the steelyard down \to_its 


seat, whilst leaving it free to oscillate, the whole of the gear 
being arranged below the knife-edge, thus leaving alll free and 
open for the poise-weight above. A is the steelyard, and 43, in 
dotted lines, is the ‘travelling poise-weight. B is the main gyp. 
porting standard. Dis the seat on which the main knife F y 4 
whilst F represents the upper straining cross-head, together with 
its overhead knifé and steel. No further description is needed 
as the whole arrangement, so far described, is well known. In a 
line vertically below the knife-edge E, stirrups G are arranged 
one on each of the dual beams A which unitedly form the 
horizontal steelyard.. Through these stirrups a cross-bar H jg 
introduced, which, when the steelyard vibrates, just clears the 
foot of the projecting shoulder J of the stand: These stir. 
rups are preferably built up as follows :—From the underside of 
the two beams + pieces G1, Gl, and in these are inserted 
studs or bolts. e cap G3 is bolted up to secure the cross-bar 
and to hold it in position in any convenient way, so that it 
just clears the curve under the shoulder J. (Accepted June 29 
1910.) 


24,325/09. The Hoffman Manufact Como: 
Limited, London and Chelmsford, and A fasiiey’ 
Chelmsford. Thrust-Bearings. (2 Figs.) October 99 
1909.—This invention relates to rotary devices in which angular 
thrust is transmitted through an oscillating member pivoted upon 
a rotating shaft, and consists in the use of a combination of thrust 
and  eagpenyptne ey comprising a central ball or roller-bearing 
having on each side thereof one or more ball or roller-bearings 
the said side bearings being spaced as far apart from the central 
bearing as possible. The transmission machine is of the known 
universal type, having a main driving shaft 1 driving an osciligt- 
ing disc 2 — mounted thereon in an adjustable casing 3, 
which may secured at any angle to the shaft. Seatings tor 
connecting-rods 4 are formed in the disc 2, which rods operate 


Wl 
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pistons 5 working in a cylinder barrel 7. The function of these 
jistons is to force oil or other liquid into a similar series of cy- 
inders connected by connecting-rods to an oscillating disc secured 
upon the shaft to be driven (not shown). Bearings, according to 
this invention, are shown applied to this machine at 8, 9, and 10. 
The bearing 9 is a ball-thrust bearing consisting of a ring of balls 
mounted in a cage and bearing upon race-rings 11, 12. In order 
to allow this bearing to accommodate itself properly to the thrust, 
the race-ring 12 is formed with a spherical surface fitting ina 
corresponding seating in the casing 3. On each side of the thrust- 
bearing 9, roller-journal bearings 8, 10 are placed, spaced as far 
apart as possible. It will be obvious that these roller-bearings 
receive a portion of the thrust, which would otherwise fall upon 
the bearing 9. (Accepted June 22, 1910.) 


MOTOR ROAD VEHICLES. 


20,453/09. R.W. Maudslay and the Standard Motor 
Company, ited, Coventry. Detachable Road- 
Wheels. (2 Figs.) September 7, 1909.—This invention relates to 
detachable road-wheels having a sleeve which is locked by a hinged 
pawl engaging a ratchet on the fixed hub. According to the present 
invention, the parts are so constructed that the ratchet and the 
part of the hinged pawl engaging it can be easily seen when the 
hub-cap is removed, and, further, the cap is used to hold in place 
the pivots of the pawls. The fixed hub A is provided with a 
flange B carrying pins C projecting parallel to the axis of the 
wheel, the detachable wheel D being formed near its nave with 
holes to engage these pins, and taking a suitable bearing at its 
centre upon the hub A. Screwing on the hub A is the locking- 
sleeve F formed with a flange G corresponding somewhat to the 
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usual nave-plate. The sleeve F screws on to the hub A, a 
the wheel D into place and holding it securely. To lock the 
sleeve a ratchet-and-pawl device is u A ratchet J is me 
the fixed hub A and pawls K pivoted on the sleeve F engage wit 
the ratchet, overrunning as the sleeve is screwed up, and — 
ing accidental unscrewing of the same. The spanner used 
unscrew the sleeve is bevelled along one side, and the paw!s K = 
provided with projections L passing through the sleeve F sot = 
when the spanner is slipped into place the bevelled edge € .oo 
the projections L, disengaging the pawls and allowing the sieev 
F to be unscrewed.e The sleeve F is open at its end, as it permits 
the pawls and ratchet to be examined, when necessary. ith 
open end is enclosed by a separate cap M which is prove wi it 
a small flange N overlapping the pivots of the pawis K. Thus = 
is im ble for the pivot pins to fall out, and the pawls @ 


provided with a securing means. (Accepted June 29, 1910.) 
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THE NAVAL, MERCANTILE MARINE, 
AND GENERAL ENGINEERING AND 
\.ACHINERY EXHIBITION, OLYMPIA. 


By Joseph Horner.: 


Tis Exhibition is not so extensive and complete 
as in some previous years. There are more vacant 
spaces, for which the Exhibition at Brussels is held 
responsible. Nevertheless, it is comprehensive ; 
there is a good collection of interesting mechanisms, 
appliances, &c., and there are a number of new 
machines which will amply repay a close study, 
besides which old machines are shown fitted with 
recent improvements. As in previous years, it Is 
not possible to take things in a classified and regular 
order, because the stands of machine-tools are in 
more or less incomplete condition at the time of 
writing, though they will doubtless be finished 
before this is published. Under these circumstances 
we must for the present make such selections as are 
available, and give more detailed descriptions in 
subsequent issues. , 

From the entrance, where the immense 15}-ton 
anchor of the Olympic and the specimen chain 
cable links of the Lusitania face the visitor, to the 
farther end of the building, where the diving-tank 
of Messrs. Siebe, Gorman, and Co., Limited, is, as 
before, a crowded spot of interest, the various 
avenues contain representative selections of exhibits 
which appeal to general engineers and specialists. 
Machine-tools are there in abundance, and the pro- 
ducts of the marine engineers and shipbuilders are 
of interest. Steels and manufactured articles in steel 
are arranged attractively. They include those for 
naval service and railway work, and also samples of 
tools of high-speed steels, some of which are shown 
in operation doing remarkable work ; and in inter- 
esting contrast, the capabilities of Netherton iron 
are demonstrated excellently by a large number of 
specimens which have been subjected to forge tests 
and machine tests of a most severe character. 
Numerous engines and pumps of high-class work- 
manship invite attention, besides pistons, packings, 
lubricants, and so on. 

At Messrs. Beardmore’s stand a paraffin marine 
engine is seriously suggestive of the probabilities of 
the near future in relation to ships of war. Elec- 
trical engineering is more in evidence in the means 
whereby the driving throughout the building is 
effected than in special exhibits at the stands. 
Motors and switches are ubiquitous, and the over- 
head shafts and counter-shafts, when present, are 
motor driven. Beautiful ship models, steering- 
gears, and ship telegraphs are attractive features. 
At Messrs. Chadburn’s stand the telegraphs make 
a brilliant display, and the gongs are being inces- 
santly rung by amateur hands. 

A strong group of exhibits is that of wood- 
working machinery. In this group the most 
remarkable and novel examples are the machines 
which appeal specially to the pattern-maker, doing 
pipe-bend and core-box work, and gears. There are 
three firms showing these machines for pattern- 
work and joinery, and we hope to illustrate in later 
issues examples of the work of each. 

Gears again are well represented. A fine stand 
contains Citroén double helical gears, which in- 
clude a large range of specimens from some of 
very massive dimensions to others of very small 
sizes, all cut on true spiral principles. Messrs. G. 
Angus and Co., Limited, have a beautiful selection 
of raw-hide gears among other products, including 
leather and rubber goods, which will demand a 
special notice. Among gear-cutters shown by 
Messrs. Pfeil and Co. is a new spur-gear generator 
on the Bilgram principle, which we shall illustrate. 
Many milling-machines and grinders are shown. 
Among the latter is a new tool-grinder for lathe and 
plauer-tools by the Lumsden Machine Company, 
Limited. The refinements of modern engineering 
are reflected in exhibits of fine tools for measure- 
ment, and again in Wohler tests for repetition of 
unpact stress, andin thermometry. The Cambridge 
Scientific Instrument Company, who show the 
Wohler tests, have also the Féry pyrometer for 
estimating the temperature of furnaces and mains, 
“c., besides an excellent collection of their gauging 


4 recording instruments, to which we shall return. 
This rapid survey is offered only to indicate to 
eng neering visitors, who may have little time at 
‘posal, the more salient aspects of the Olympia 
Exhihition; a detailed report of the exhibits must 
extend over some issues of this paper. 
Messrs. J. Parkinson and Son, of Shipley,: the 
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well-known makers of vices, whose stand is com- 
plete, have several machines of interest. Their high- 
speed lathes are represented by one example—an 
84-in. centre all-gear head type. We give a photo- 
graph (Fig. 1, page 355) of the lathe and drawings 
of the details of the headstock. The general features 
are as follow :—The bed is of the straight type, ina 
standard length of 10 ft., and has square edges, 
with an upstanding strip on the front shear to act 
as a narrow guide for the saddle. The take-up gib 
is on the front of the strip. This greatly lessens 
the twist and preserves the alignment of the saddle, 
while enabling the feeding to be done with less 
power. It may be mentioned in passing that the 
principle of the narrow long guide is extending 
rapidly on various kinds of machine-tools besides 
lathes. The cross-slide of the saddle is fitted with a 
four-tool turret. The saddle is driven either by the 
screw at the front, or, when feeding, by the back- 
shaft behind the bed. A knob on the saddle permits 
of reversing the direction of feed instantly. The 
method of driving the lead-screw and the back- 
shaft will be seen directly in connection with the 
headstock. A micrometer adjustment is provided 
on the cross-feed screw to indicate ,4; in. on the 
diameter turned. 

There is a novelty in the construction of the loose 
poppet differing from that usual in lathes of this 
type, because it has a power feed to its spindle, 
derived from a chain-gear drive connected from the 
back shaft. Holes can therefore be bored at the 
same time that the outside diameter is being turned 
on face-plate work, thus greatly economising the 
time on a given piece of work. If necessary, a 
drill-guide is used in conjunction, this guide being 
pivoted from the back of the saddle, and being 
capable of carrying a self-opening die-head for 
screwing purposes. An eccentric shaft is used for 
clamping the poppet to the bed, and an extra hold- 
ing-down bolt may be brought into requisition 
should the work be very heavy. 

The other constructional details do not call for 
much comment; the usual channels for lubricant 
surround the cabinet standards, and lead into the 
drip-tray on wheels underneath the bed. Travelling 
and stationary stays are included, though not seen in 
theengraving. The chief feature of interest is the 
headstock, which is shown by the drawings, Figs. 2 
to 6, which give also the connection to the lead screw 
and the back shaft. It will be noted that the gear- 
guards on the lower half of the head are cast solidly 
with the latter, forming a considerable item in the 
stiffening of the casting. The upper portion of the 
guard is removable in order to enable the gears to 
be inspected, and is, of course, independent of the 
bearing-caps. A 5}-in. hole runs through the 
spindle, and the effect of this is to require large 
bearing diameters, the front one being 7.in. in 
diameter by 7 in. long, and the hinder one 68 in. 
in diameter by 6 in. long. At the nose the spindle 
is flanged, to receive a face-plate gear A’ attached 
by bolts. If the lathe is being used for bar-work, 
a chuck is fastened to the slotted face of A, this 
chuck being seen in the photograph (Fig. 1). But 
for work supported between centres a driver-plate 
B is bolted to A, and a driving-bracket or brackets 
is attached to rotate the carrier. The spindle-bore 
is coned inside the nose to receive a bush which 
takes the live centre. On the rear of the driving- 
spindle is mounted a centering-chuck, which sup- 
ports and steadies the bar when being machined. 

Turning now to the mode of driving, the single 
pulley C, 16 in. in diameter by 44 in. between the 
flanges, may be run at either 500 or 275 revolutions 
per minute, the difference in rate being effected in 
the usual manner, with a two-speed counter-shaft. 
For each speed of the pulley six spindle speeds can 
be produced, ranging in all from 23 to 207 revolu- 
tions per minute, thus rendering the lathe adapt- 
able for either chuck or bar work. Instead of 
letting the pulley drive directly to the first train of 
gears, a clutch is inte d, so that the lathe may 
be quickly stopped without the bother of stopping 
the belt, and it is also ible to start the lathe 
gradually with the ead on, and with the pulley 
running at full speed. This arrangement is now 
much favoured by lathe-builders, aud greatly facili- 
tates the operation of the lathe. 

A Hele-Shaw clutch, indicated at D, is the type 
employed, and it is thrown into and out of action 
by a handle a, located conveniently over the front 
bearing (see Figs. 2 and 5). This turns a short 
shaft, on which is a lever operating a long rod 
which actuates lever b, working the clutch. E 
is a hand-wheel keyed on to the pulley shaft, its 








ye being to rotate the lathe spindle by hand 
or effecting adjustments, &c. 

The manner of producing the six gear changes is 
very simple, and is through sliding spur-gears only, 
without clutches, sliding-keys, springs, or other 
complications often found in lathe-heads of the all- 
gear type. There are ten gears in all, arranged to 
work as single or double, and only those gears in 
actual employment are set running in mesh. On 
the pulley-shaft are mounted three gears F, G, and 
H, which are slid ona key by moving the lever c, 
this turning a shaft which passes through the head, 
and rocks a lever carrying the slotted block d, 
embracing the sides of the gear G. F, G, and 
H mesh respectively with J, K, and L, all of 
which run loose on a phosphor-bronze bushing on 
the spindle. For convenience of manufacture, J 
and K are fastened to L through the medium of set- 
screws, and there is an extension on L, at the end of 
which a gear M is cut. These four gears surround- 
ing the spindle normally run‘loose, but may be 
made to drive the spindle through the medium of a 
plate N, which lies within J, and is connected to the 
latter by a cone lock. The latter is only brought 
into use for the three speeds of single gear-—that is, 
using only F with J, or G with K, or H with L. 
But for double gear the lock is disconnected, and 
J, K, L, M run loosely ; then either F, G, or H is 
put into mesh, and the gear M is caused to drive 
a gear © keyed on the end of a large shaft or 
stud, which has a pinion P cut upon its other end. 
The shaft is slid endwise within ‘its bearing to bring 
O into gear with M, and P with the ring of teeth 
on the plate A, previously mentioned. This arrange- 
ment gives another range of three speeds at a slower 
rate, and the torsion on the spindle is greatly re- 
duced, owing to the direct face-plate drive. The 
sliding of the double gears is produced by moving the 
lever e, seen dotted in Fig. 3, and full in Fig. 5, 
this coercing wheel O by a slotted block, see Fig. 5. 
It is necesary to stop the lathe while the gears are 
being slid, but the rapidity of changing is such that 
the whole range of speeds can be tested within 
26 seconds. 

The lead-screw Q is driven in the usual manner 
from gear Ron the tail of the spindle with the 
usual swing-plate. R also connects to a train of 
gears (see Fig. 4) which actuate the back shaft 8, 
Fig. 4. The levers f and g, seen at the front, 
Fig. 2, operate the feed changes, of which there 
are eight, ranging from 8 to 240 cuts per inch. The 
finer feeds are intended for cutting off tool-steel 
and for boring. 

Another machine, though not quite so recently 
introduced as some others on the stand, is a hori- 
zontal automatic profiling machine, which mills 
various outlines, such as, for instance, cranks, links, 
levers, and numerous other objects, combining 
straight and curved lines. Fig. 8, page 355, gives 
an idea of the general appearance of the machine, and 
Figs. 7 and 9 enlarged details of the work-holding 
head. It is unnecessary to go into much detail, but 
it may be briefly stated that the profiling is done by 
an end milling-cutter, the spindle of which runs in 
the slide seen to the right-hand side of the machine 
(Fig. 8), while the work is attached to a plate 
bolted to a slide which moves to and fro in a large 
rotating disc, turned a worm-gear actuated 
through spur-gears from the stepped pulley (Figs. 7 
and 9). he combination movement of the slide 
and the revolving disc has the effect of producing 
circular and straight lines, while for irregular curves 
and straight lines a special former-plate is cut, this 
being seen in Fig. 9, with a pair of levers or cranks 
mounted upon it, the outside edges of the former- 
plate being similar in outline to those of the cranks. 
A roller or tracer-pin, on a short vertical slide above 
the front cutter-spindle bearing, presses against the 
edge of the former, and so coerces the slide of 
the cutter-spindle, with the result that the work 
attached to the former is. milled to identical pro- 
file, though on a smaller scale. The action is auto- 
matic after starting; so that an attendant may look 
after more than one machire. The limit of capa- 
city is for work up to 12 in. long. 

The firm show also three muilling-machines, one 
a light cone-driven type, of ‘‘ plain ” pattern, with 
table movements of 14 in. by 5 in. by 12 in., a very 
useful style, which is of much value. The other 


two machines represent the change which is coming 
over milling-machine design, one having a cone- 
pulley drive with back gears, in the familiar style, 
the other an all-gear drive with a single step pulley. 
For the purpose of comparison we select these two, 
the universal cone-driven machine being shown in 
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Figs. 10 and 11. This is a universal machine, 
though the dividing or spiral heads are omitted 
from the table in the views. Two or three features 
about this machine may be noted; for instance, 
the cone steps follow the fashion now set in regard 
to lathe cones—i.¢., they are large in diameter, with 
small gradations in each step, and the smallest step 
is really of good diameter. Another point, condu- 
cive to strength and freedom from vibration and 
chatter, is that the usual cupboard formed inside 
the standard is omitted, the casting being without 
a side opening, and it is stiffened internally with 
strong ribs. The cupboard for tools, &c., is located 
outside, as seen in both views. The table-screw is 
turned slowly by the hand-wheel on the left-hand 
end, for fine adjustments, or rapidly by the crank- 
handle on the other end, this being geared down to 
the screw for quick rotation. But the most striking 
feature is the arrangement for feeding. An inde- 
pendent drive is employed, instead of obtaining the 
feed from the cutter-spindle, and there is an 
arrangement for preventing accidents through the 
spindle-belt slipping or breaking, while the feed 
still goes on. Some years ago this matter excited 
much controversy, and machine-tool designers and 
users were divided in favour of the single-belt drive 
and feed, and the separate belts for drive and feed. 
Those who opposed the use of separate belts based 
most of their objections upon the risk of the cutter- 
belt slipping or failing, and while some designers take 
little count of this possibility, Messrs. Parkinson 
have provided against damage from this cause in 
the following interesting manner. 

The feeds for each of the three movements— 
the vertical, longitudinal, and cross—are obtained 
from the single-speed pulley A, Fig. 10, driven by 
a belt from the counter-shaft. Sixteen rates are 
provided, from 4in. per minute to 10.4 in. per 
minute travel, produced by gears within the box B, 
Fig. 10, the operating handles being on the farther 
side, and therefore visible. Adjacent to A is the 
slightly smaller loose pulley, on to which the belt 
is shifted to stop the feed, this being controlled by 
a striker or fork D. When the fork is thrown to 
the right to put the belt on A, a small catch E 
drops down, and hitches over a projecting pin on 
the right-hand end of D, thus keeping the latter 
in position, So long as the cutter spindle runs at 


proeer speed the feeding goes on ; but if the belt 


reaks or slips and the cutter runs at less than its 
lowest rated speed, a small centrifugal governor 
F, driven from the spindle, comes into play and 
allows & lever to lift, re tightening up the chain 
G, which draws E upwards, so that it releases D, 
and the latter, under the coercion of a spring, is 
forced over and ships the belt to the loose pulley, 
so stopping the feed. To throw the belt over again, 
the operator places his foot on the treadle-bar H 
(seen in both views), and this, through a rod and 
levers, pulls down the rod J, and through its two 
levers, draws the fork D to the right, when the 
catch E again locks it. 

The third machine, the No. 3K plain miller, 
having table movements of 36in. by 10in. by 
20 in., will be shown in a subsequent issue, with 
details of the all-gear drive. 

Another lathe at this stand is of much lighter 
pattern, of 7}-in. centres, and intended for medium 
weights in turning, and for the tool-room. With 
this object in view it is arranged as conveniently as 
possible for quick manipulation. Its principal fea- 
tures are as follow :— 

There is a gap in the bed, Fig. 12, Plate XX VIL., 
which, though closed by a bridge-piece for the 
saddle to run over, leaves a permanent gap for 
narrow work. The same type of bed is employed 
as in the previous example—that is, with a raised 
narrow guiding-strip. An eccentric lock is fitted to 
the loose poppet, to clamp it quickly to the bed, 
and a cross adjustment for taper-turning is made if 
required. 

he belt-steps on the headstock pulley are large, 
being 7% in., Of in., and (lgin. in diameter respec- 
tively, and the back-gear lock is in the form of a 
plunger, engaging in either one of a series of holes 
drilled in the flange of the cone, a spring holdin 
this plunger in either the in or out position unti 
pushed by the finger and thumb. Twelve spindle 
speeds are obtainable, using a two-speed counter- 
shaft, running at 180 and 220 revolutions per 





minute, this giving a range of spindle speeds from 
31 to 338 revolutions per minute. The spindle has_ 
a Nova hole through it. 
here is a feed-change box at the front of the 
bed, below the headstock, by means of which three | 


rates for sliding and surfacing may be obtained by 
moving the lever outside. Theactual control of the 
feeds is given by a lever on the right-hand end of 
the saddle, which is arranged so that when the 
screw-cutting motion is in, the feeds are locked 
out, and vice versé; while if the sliding feed or the 
cross - feed is in, the others must be out. This 
gives rapid manipulation, and at the same time 
ensures safety. ‘l'o avoid damage, which might be 
caused through the saddle or the cross-slide over- 
running, there is a friction slip on the feed-shaft 


which, though powerful enough to carry the | rotary movement recommencing, 
should the saddle or slide | cating, and the slide travelling upward, this cycle 
Reversal of feed and of} being repeated automatically until the teeth are al] 


heaviest cut, will sli 
be positively checked. 





gear, and swivelled for angle gear, in Fig. 14. The 
blank is mounted on an arbor held in the spindle 
of the dividing worm-wheel, and is rotated at the 
proper rate to correspond with an upward »oye. 
ment of the cutter-slide upon the vertical star dard 
The depth of cut is automatically set. The blank 
is then withdrawn, the rotary movement stopped 
while the cutter-slide returns downwards to its 
original position—that is, a distance equivalent to 
the pitch being cut. Then the sequence of opera. 
tions is repeated, the blank moving forward, the 
the cutter recipro. 


screw-cutting motion is given by a lever on the head- | cut. 


stock. The screw-cutting gears are suitable for 
cutting screws with from 2 to 40 threads per inch, 
while the three quick-change feeds are 20, 40, and 
60 cuts per inch. This lathe, which is known as 


| 


the ‘‘Twink,” is made with a standard length of | 
| above are also derived from this pulley, through the 


| bed of 6 ft. 9in., and admits 40 in. between centres. 


Perhaps the most interesting and novel machine 


to be seen at Messrs. Parkinson’s stand is the Sun- | 
derland self-generating gear-planer, another striking | 
| nected to the worm and worm-wheel for pitching, 


instance of the development of machines for pro- 
ducing gears, other than bevel, by a planing 


The drive is taken first through the four-stepped 
pulley, seen to the extreme left in Fig. 15, and to 
the right in Fig. 13, this driving the crank-dise 
at right angles, which reciprocates the cutter. 
slide. The various other movements mentioned 


medium of the sets of change-gears seen in the 
engravings. Those on the extreme right in 
Fig. 15, at the end of the work slide-bed, are con- 


and those at the base of the vertical standard (Figs, 


process, instead of employing rotary cutters. The/13 and 14) control the proper rate of upward 


requirements of some firms, 


rticularly of the | movement of the cutter-slide. 


This account will be 


motor-car manufacturers, have led to this develop- | sufficient to make the method of operation clear, 


ment, and there are numerous instances where 
rotary cutters, of either single-disc or of hob 


form, are not trusted to produce, or, at any rate, to| machine. 


| 


without going into detailed points that could not 
be elucidated without complete drawings of the 
It may be mentioned that a steady- 


finish, spur-teeth, but a planing process is em-| bracket is used for supporting the rims of the 
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ployed, either wholly or as a corrective method of 
cutting. This particular machine is the invention 
of Mr. John Sunderland, of Keighley, who cuts 
gears for the trade, and is manufactured by Messrs. 
Parkinson. The first machine was designed for 
straight spur-teeth only, but the latest type is 
arranged to cut spiral gears as well, being specially 
produced for the motor-car trade. We show by 
the engravings, Figs. 13 to 15, Plate XXVII., the 
appearance of the machine at Olympia taken from 
various standpoints. 
The action of the Sunderland machine is rather 
a novelty in gear-cutting ; it automatically gene- 
rates the teeth by means of a rack-shaped flat 
cutter, without using a former. The advantage of 
the flat cutter is that it may be manufactured with- 
out difficulty, and errors produced by hardening 
may be readily corrected by grinding. The re- 
sharpening of the cutters is also a simple matter. 
As is well-known, the rack shape of tooth forms 
the basis of accurate whceel-tooth generation, 
and the cutter is therefore made with a suflicient 
number of teeth to make full* contact with the 
number of teeth which can engage with it at one 
time. The cutter reciprocates, and cuts out the 
teeth, and the blank rotates meanwhile, so that a 
correct rolling motion is produced. One cutter will 
produce correct forms for any number of teeth of 
the same pitch. For small numbers of teeth better 
forms and stronger teeth may be cut in the pinions 
to mech with larger wheels. The work of cutting 
is not so severe as when a rotary hob is employed, 
and less heat is therefore generated, so that local 
expansion is lessened. 
n Fig. 14 the machine is seen cutting a spiral 
gear. The flat cutter is fastened in a holder on the 
reciprocating slide, set straight for cutting spur- 





Sem1-Att-GearRep Heap LatHe; tHe CotcHester LATHE Company, COLCHESTER. 


larger gears against the pressure of the tool, this 
steady being seen resting in a sloping position in 
the lubricant tray, and against the sides of the 
machine (Fig. 14). It has four bolts, one at each 
corner, to fit in the tee-slots in the narrow facings 
seen on each side of the cutter-slide (Fig. 14), 
there being a swivel-piece on the steady-bracket to 
allow of accommodating the angular setting of the 
cutter-slide when dealing with spiral gears. The 
cutting speeds range from 20 ft. to 40 ft. per 
minute, and gears up to 18 in. in diameter can be 
cut on the machine shown. 

A special grinding-machine for sharpening the 
cutters used on the Sunderland machine is also shown 
at the stand. The flat cutter is carried on a table 
sliding underneath the grinding-wheel, and is 
moved about by means of levers to bring the action 
of the wheel where desired. 

At the stand of the Colchester Lathe Company, 
of Hythe, Colchester, different types of the firms 
lathes are to be seen. What is known as « semi- 
all-geared head-lathe is designed to form a compro- 
mise between the step-cone belted lathe and that 
with gears only to make the speed changes. The 
advantage claimed is that the good points of a cone 
lathe are secured, with those also of an all geared 
type, and at a less cost than the latter. It 1s 
possible to produce six speeds on this lathe without 
shifting the belt, as there is a two-speed counter- 
shaft and double back gears, so that with the two 
steps a total range of twelve speeds is obtainable. 
They are arranged in geometrical progression, and 
range from 15 to 413 revolutions per minute. ‘The 
highest four speeds, which are used for finish- 
ing cuts, are produced from the belt alone, without 
using the back gear, so that the work does not 
show any teeth-marks. The steps of the cone (see 
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Fic. 16 on page 352) measure 18 in. and 15 in. in 
diameter respectively, and take a 5}-in. belt. The 
double back gears are put into action by moving 
the lever at the front of the headstock, to the right 
for one speed, to the left for another. These double 
gears give reductions of 3.3 to land 10.85 to 1. 

A 28-in. hole is bored through the spindle, 
which runs in parallel phosphor-bronze bearings, 
and the end thrust is received by ball-washers 
located against the hinder bearing. The reverse 
for feeding and for screw-cutting is contained in the 
headstock, operated by a lever. Three changes of 
feed, giving 8, 16, and 32 cuts per inch, are instantly 

roduced by moving the lever in front of the gear- 
ie seen below the headstock. All the gears within 
the apron have their shafts or studs mounted in 
double bearings, a method of construction that is 
much favoured in present practice, instead of letting 
the shaftsrun in a bearing on one side only. Drop- 
worms are arranged for the saddle feeds. 

Lubrication is provided for by a pump driven 
from the countershaft, and this pumps into a tele- 
scopic slide behind the lathe, with hollow spindle, 
thus feeding the vertical pipe on the saddle at any 
position without employing a flexible tube. About 
90 horse-power is needed to drive the lathe, and a 
reduction of 1 in. diameter on the work, with 4-in. 
feed, is regularly practicable. 

A 6-in. cantre lathe at this stand has its bed and 
tray cast in one, making a very rigid job, and pre- 
venting possible distortion when the legs are bolted 
up. The back-gear guards are built on to the head, 
and the reverse for screw-cutting and for feeding is 
contained within the head. A hollow spindle, 
with .ball-thrust, is fitted. The loose Poppet 
spindle is of that type which —- through the 
hand-wheel, which is threaded to fit the screwed 
tail of the spindle. A full-length bearing is thus 
given to the spindle in the poppet, and this con- 
struction seems to be gaining favour now among 
some British firms, particularly for lathes where 
boring is done from the poppet. The disadvantage 
of the ordinary barrel, which, when projecting 
from the poppet, has only a partial support within 
the latter, is thus avoided. The lead-screw and 
feed-rod are placed in close proximity at the 
front, and there is a neat arrangement for putting 
in the surfacing or the sliding motion, by means 
of a quadrant handle on the frontof the saddle. It 
locks in three positions—one neutral, one sliding, 
and the third surfacing. These feeds are inter- 
locking, so that both cannot be in at once. Drop- 
ping worms disengage the feeds from the feed-shaft, 
acting instantly. The usual clasp-nut is employed 
for engaging the screw with the saddle. Double 
hearings are fitted to the apron-gears. The top 
slide of the rest is made entirely to cover the screw, 
so that chips cannot reach it. 

A 34-in. centre lathe shown has the bed, tray, 
and legs cast in one. The change-gears include a 
metric 63-tooth gear, and there is a single point- 
clutch for throwing in the tool when cutting uneven 
threads, so avoiding the familiar device of marking 
the change-wheels. 

There is also a 7}-in. high-speed lathe, with large 
belt-cones, on which a feed rate of 200 ft. per minute 
has been reached, with } in. diameter reduction, and 
32 cuts per inch. * 

At the stand of Messrs. C. W. Burton, Griffiths, 
and Co., of Ludgate-square, E.C., among other 
tools, are some hack-sawing machines, which repre- 
Sent some new points in construction. They are 
manufactured by Messrs. Charles Wicksteed and 
Co., of Kettering, and have been designed with the 
idea of doing work that is often put on metal band- 
sawing machines, circularsaws, and milling-machines, 
since it is believed that the capabilities of hack-saw 
blades have not hitherto been taken advantage of 
4s they might be. In the manufacture of these 
machines, workmanship and methods of construc- 
tion equal to that of first-class machine-tools have 
been employed. The guides of the saw-frames 
pivot on independent bearings, fixed sufficiently far 





“part to ensure steadiness. The saw-frames are of 

malleable iron. A movable weight can be ad- 

juste! to relieve the saw-blade of nearly all pressure 

= doing delicate work, or its full load can be 
ilised. 


An interesting detail of the machines is 
that th saw is lifted off on the return stroke by 
— of an oil-ram, operated by a little pump. 

he advantages are a saving in wear and tear, and 


the fact that a heavier weight can be used than 

— be otherwise possible. A 3-in. mild-steel 

al can be cut through in five minutes. The 
age 


in a day’s work is one superficial circular 


inch per minute on round or square work. Cast 
steel is sawn at a rate of about one superficial inch 
in two minutes. A pump and sud-piping is pro- 
vided for each saw. One blade will saw over 300 
circular inches before it is blunted. 


spindle speeds may be obtained, two direct and 
twelve through gears, changed by levers on the 
headstock. To obtain smoothness in the high 
speeds, the pinion in the first drive shaft is made in 
two pieces, with springs in the direction of the 


Fig. 17, Plate XX VIII., illustrates an ordinary | drive to keep the pinion hard up to its work and 
type of 5-in. saw, taking blades of either 10 in. or | prevent backlash. 


12 in. long by ? in. wide by 0.035 in. or 0.050 in. 
thickness. 

For convenience of taking the machine to the 
work, a special type of girder saw is made (Fig. 18), 
in which the frame is mounted on wheels. An elec- 
tric motor drives the machine, which is capable of 
cutting through a 20-in. by 7-in. girder in 40 minutes. 

Another useful class of machine is the shaping- 
machine pattern, which has two blades set side by 
side, their distance apart being capable of adjust- 


of the machine (Fig. 19) resembles that of a shaping- 
machine, having vertical and horizontal adjust- 
ments. A 4-in. square hole in the centre of the 
table receives the stems of some kinds of work, 
gripped in the vice. Such objects as forks and 
joints are rapidly sawn out on this machine, instead 
of being milled or slotted. The position of the 
work can be adjusted by means of the table, to 
bring any required part under the blades, and the 
position of the latter may also be altered, like the 
ram of a shaping-machine, according to the location 
of the work. The pulley runs at. 100 revolutions 
per minute. 

Most attention is attracted: at the stand by a 
6-in. multiple-blade machine, carrying five saws 
(see Fig. 20), the position apart of these being 
capable of variation from } in. to any distance 
within the range of the machine. Itcan be worked 
with one or with all the blades in action, and is 
suitable for all classes of multiple cutting off, espe- 
cially dies, blanks of various kinds, milling-cutters, 
and other discs. A bar is gripped in a series of 
vices, which are made very narrow. A single weight 
serves to give the pressure to all the saws. An 
oil-ram is fitted for lifting on the return stroke, 
and there is also an ingenious device in the shape 
of an hydraulic lift, which raises the saws up by 
power after the completion of a cut, and sub- 
sequently lets them very gently down on to the 
work again, stopping, if desired, just above in order 
to see if the bar is in correct position. The weight 
used for feeding is very heavy, and unless the atten- 
dant slides it back, he will find it very difficult to 
lift the saws, so that the hydraulic lift device saves 
trouble and avoids breakage of blades. All these 
machines are using ‘‘ Sterling” high-speed blades. 
Other exhibits at the stand of Messrs. Burton, 
Griffiths, and Co. will be dealt with later. 

Messrs. Drummond Brothers, Limited, of Ryde’s 
Hill, Guildford, Surrey, whose universal machine 
we illustrated last week, have several lathes and 
other machines at their stand. Much of this firm’s 
work presents new features, which strike one 
favourably after being accustomed for so long to 
stereotyped forms of small machines, particularly 
lathes for repair work and other small operations. 
A 9-in. centre lathe (Fig. 21, Plate XXVIII.), 
chiefly intended for repair work, is distinguished by 
several good points. S the first place, the form 
of bed is modified, there being a flat-topped sur- 
face for the loose poppet to slide along, and two 
lower-tier ways on each side of it to receive the 
saddle. The latter fits with a narrow guide 
on the front way, and is locked to that way 
only. This design of bed forms a gap type, yet 
it does not possess the objectionable features 
of the ordinary gap-bed, as there is no trouble 
with a loose gap piece, and the saddle (being 
carried only on the lower tier-ways) can be moved 
right up, past the gap, and close to the largest piece 
of work that is swung. The cabinet leg under the 
gap is of good length to support the at this 
point. As the bed is plated over, it forms nearly 
a box section, well adapted to resist the strains 
imposed upon it, and it is well stiffened with 
diagonal braces. The top surface of the cross-slide 
is of unusual shape, being a large T-slotted table 
with a surrounding oil-tray. For turning work the 
top rest is secured to this table, but with it removed 
objects of large dimensions can be bolted down for 
boring or milling. Such work, for example, as 
twin-motor cylinders may be attached to the table, 
and each bore in turn dealt with by setting the 
slide across, using the micrometer dial on the 
screw for accurate setting to centres. 

A two-speed countershaft is used, driving the 








ment from } in. to 4} in. from each other. The table | 


| A nest gear-box is used for screw-cutting and 


feeding, but, if desired, the cone nest gears can be 
dropped out of service, and any ordinary change- 
|gears rigged up on the swing-plate, so that any 
combination can be obtained, and unusual threads 
veut. There are four changes by the levers for each 
| set-up—-quarter, half, equal, and double ; so that, 
if wheels were rigged up for 2 mm., one could cut 
‘+ mm., 4 mm., or.4 mm. Reversal for screw- 
cutting is made at the apron. 

The louse poppet is locked to the V’d edges on 
| the bed, and fits solidly on the flat surface. The 
| barrel is made with a ve char bearing, the 
| screwed portion projecting through the hand-wheel. 
A 1-in. hole is bored through the barrel, so that 
rods may be passed through. The length admitted 
between centres is 5 ft., while the diameter taken 
in the gap is 30} in., with a width of 14 in. 
measured from the face-plate. 

Messrs. Drummond exhibit a neat little 51. lathe 
designed for model-makers and experimenters who 
wish for a small lathe at a low price. This lathe 
was illustrated and described by us in our issue of 
November 20, 1908. Although it seems impossible 
to make anything good for the price named, yet the 
lathe is a really practicable and high-class one, and, 
owing to the construction adopted, it is specially 
adapted for experimental work, where one has no 
special means of turning or milling awkward forms. 

igh-class workmanship is ensured by grinding, 
the bed being thus finished, and the headstoc 
mandrel also. The bearings of the latter are of gun- 
metal, and the end thrust is taken against two flat 
friction washers, which are found as suitable as 
small ball-thrust washers. 

Two other interesting machines shown are both 
foot-driven, one a universal grinding-machine, the 
other a sensitive radial drill, these being designed 
particularly for small motor repair-shops, &c., 
where the expense and the driving of more preten- 
tious machines is out of the question. The driving 
is rendered as easy as possible, the foot motions 
being designed to work with the least possible 
friction. ‘The fly-wheel in the case of the grinder 
runs on Hoffmann ball-bearings, and the other 
spindles are also mounted thus. A pillar behind 
the bed receives the grinding-wheel bearing, the 
latter being adjustable up and down this pillar, 
on which it may be swivelled, while the pillar 
itself is adjustable to and from the table on a 
short slide. The table is mounted on a travelling- 
slide, upon which it can be swivelled, and it carries 
the two heads, one with a hollow mandrel, adapted 
for holding chucks, &c., the other a tailstock with 
spring centre. The headstock is driven by a cord 
passed up through the table. The table is arranged 
with stops acting in either direction. 

The sensitive radial drill comprises a box table 
mounted on legs, which sustain the fly-wheel and 
treadle-gear, and a circular pillar stands at the end 
of the table carrying the radialarm. A saddle takes 
the drill-spindle, ad. justable along the arm, and the 
drive to the spindle is conveyed from a splined 
shaft, lying horizontally, and passing through the 
pulley at the top of the standard. 

Among the exhibits of small tools the ‘‘ Dread- 
nought” milling files attract much attention. 
These interesting and revolutionary tools have 
been described in the columns of ENGINEERING, 
but since that time further developments have 
taken place, and new types cf files, on the Vernaz 

tent principle, have en brought out. It need 
ardly be mentioned perhaps that the files have 
their teeth cut by milling, and are of strong 
shape, with curved fronts, the convexity being 
turned towards the work. These files are novv 
made with tangs forged on, similarly to ordinary 
files, and the principle is also applied to rasps 
for farriers’ an smiths’ use. A heavy pattern of 
the file is made for planing down uneven railway 
and tramway rail-joints, and smoothing irregu- 
larities. The file portion is made catentele, 
and screwed to a rather heavy solid-iron body, 
which has either two cranked handles, adapted for 
two men to operate, or a single curved handle and 
a loop, something like a wood-worker’s plane, so 
that one man can manipulate the tool. The files 





single-step pulley at either of two rates, and fourteen 





are either flat or curved in the longitudinal  direc- 
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81-IN. ALL-GEARED HIGH-SPEED LATHE AT 
CONSTRUCTED BY MESSRS. J. PARKINSON AND SON, ENGINEERS, 


OLYMPIA. 
SHIPLEY. 


(For Description, see Page 351.) 








tion. The length is 20 in., and width 2,3 in., 
while the weight, for example, of a two-man planer 
is about 30 Yb. These iron planes remind one 
curiously of those which are shown in the volumes 
of Holtzapffel, when attempts were made to deal 
with iron by a plane in a similar manner to wood. 
The ‘‘ Dreadnought” files, &c., are shown by the 
Patent File and Tool Company, Limited, of 8, White- 
street, London, E.C. 

Messrs. Alfred Herbert, Limited, Coventry, have 
a stand, which, at the time of writing, is not quite 








complete. We shall deal with the exhibits in a 
later issue. 
(To be continued.) 





Tue IncREASE IN GERMANY’S PopuLATION. — The | 
number of inhabitants in Germany is now estimated at 
64,750,000, and the census of December 1 will, no doubt, | 
bring it up to 65,000,000. Forty years ago France and 
Germany had virtually the same number of inhabitants— 
viz., 40,000,000 each ; whilst France has gone back by 
1,000,000 souls, Germany has increased} her population | 
by more than 60 per cent. 
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MACHINE-TOOLS AT THE MACHINERY EXHIBITION AT OLYMPIA. 


CONSTRUCTED BY. MESSRS. J. PARKINSON AND SON, ENGINEERS, SHIPLEY. 


(For Description, see Page 351.) 
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THE BRITISH ASSOCIATION AT 
SHEFFIELD. 


As already announced in our last issue, the 
Sheftield meeting of the British Association was 
opened on Wednesday, the 31st ult., when the 
President, Dr. T. G. Bonney, of Cambridge, deli- 
vered an address dealing with certain difficulties met 
with in accounting for the peculiar distribution in 
these islands of glacial drift und erratic boulders. 


SECTION G.—ENGINEERING. 


The first meeting of the Engineering Section was 
held on Thursday, the 1st inst., under the presi- 
dency of Professor W. E. Dalby, M. Inst. C.E. 
His inaugural address, entitled 


British Ramwways; Some Facts axp Ficures, 


was reprinted in our last issue, so that it will 
suffice to say here that it presents in a singularly 
concise and lucid form a synopsis of the principal 
statistics of the British railway system. It is 
peculiarly instructive to note that, neglecting the 
increase of nominal capital arising from the process 
of splitting stock, the rate of increase of capital 
expenditure on railways has been almost absolutely 


of Speed Scales-Ratio of cut areas). 
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a a 18 21 
“Time after start of Trial in Minutes. 


constant since the year 1860. In the meantime 
the rate of interest es fallen from an average of 
4} per ceit. in 1870 t> a nominal value of under 
35 per cent. in 1906, corresponding—allowing for 
the watering of stock, to which reference has 
already been made—to a real yield of 4 per 
cent. on the true capitalisation. He stated 
further that, in the case of the London and 
Birmingham Railway, the total working costs per 
train-mile were, in 1840, more than twice as much 
as the average costs are now, but the receipts 
‘ee! train-mile were then 231d. This undertaking 
nad grown into the London and North-Western 
line, which had 22 times the mileage, and 22} times 
the gross receipts, to earn which, however, it was 
necessary to run 68,3 times as great a train-mileage. 
The capital at the same time had been increased 
twenty-fourfold. Turning to the problem presented 
to the locomotive superintendent by the present 
demand for a combination of high speeds and heavy 
trains, Professor Dalby stated that in 1864 the 
West Coast Scotch express weighed 100 tons, and 
ran at an average speed of about 38 miles an hour, 
requiring an expenditure on the level of about 120 
horse-power. In 1885 the weight had increased to 
250 tons, and the speed to 45 miles per hour. This 
required a locomotive capable of developing on the 
level 400 horse-power. To-day this express weighed 
450 tons, and was timed at 52 miles per hour, the 
locomotive having to develop about 1000 horse- 
wer in order to maintain this speed on the level. 
Ie added that though the trains now weighed 
more, there was no corresponding increase in the 
number of passengers. That, in fact, in the case 
of certain heavy corridor trains, when full, the 
weight hauled amounted to 2.72 tons per _pas- 
senger. 


!a vote of thanks to him was moved by Mr. Charles 
| Hawksley, who expressed his pleasure that, as a 
| past-president of the section, the honour of doing 
|so had fallen to him. The address, he remarked, 
'was most admirable and most instructive. Those 
|who had had experience in the compilation and 
‘comparison of statistics would realise that the 
| paper must have required for its preparation many 
|months of labour. For such work Professor Dalby | 
| was eculiarly fitted, he being not only Dean of | 
the Central Technical College at South Kensing- 
ton, and the author of standard works on valve- 
gearing and engine-balancing, but also having had | 
the advantage of practical railway experience, both 
on the London and North-Western line and on the 
Great Eastern. Whilst not wishing to animadvert 
on the engineering professor whose attainments 
were purely theoretical, he thought that the ideal 
type lay in a combination of theoretical and prac- | 
tical knowledge, such as was embodied in their | 
President. 

The vote of thanks was seconded by Professor 
W. Ripper, who remarked that Professor Dalby 
was a locomotive man from the crown of his head 
to the soles of his feet, and had given them in his | 
address an excellent example of . the close relation- | 





ship between the scientific and the practical. It 


Fig.3. 


tools, and to determine what was the speed which 
would break one down in 20 minutes, running with 
the standard cut and feed. The first put into the 
lathe would break down, perhaps, in 1() or 15 
minutes. On altering the speed, the next might 
stand 25 or 30 minutes, and by a system of repeated 
trials the speed was ultimately determined at which 
the tool would fail in 20 minutes. This system 
Professor Ripper continued, was not suitable ler 
general use. In a really satisfactory system each 
tool tested should give a direct and definite measure 
of its cutting power. He had, therefore, introduced 
what he might call a speed-increment test, which 
was the maximum weight turned off by the tool 
before it failed, when the speed of the cut was 
uniformly increased minute by minute. To make 
the test a large lathe fitted with fine adjustments 
for speed was necessary. The tools he employed 
were 1} in. square, ground to the shape shown by the 
diagram exhibited. The tool was started on a stan- 
dard cut and feed, which differed according to the 
material cut. For medium steel containing 0.3 {® 
0.4 per cent. carbon, he used, in the case of high- 
speed steels, a cut of } in. with ,';-in. feed. 

With carbon-steel tools he started the cut at 
20 ft. er second, and increased this speed at the 
rate of 1 ft. per minute for each successive minute 


HIGH SPEED STEELS. 
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was through Professor Dalby, and those about 
him, that great advances in locomotive engineering 
would in the future be made. 

After briefly acknowledging the vote, Professor 
Dalby called on Professor Ripper to read his 
paper on 


Tue Testinc or Latue-Toots. 


In opening his discourse, Professor Ripper said 
that the most striking advances made in engineer- 
ing during the past ten years were the introduction 
of the steam-turbine, the various applications of 
electricity, the motor-car, its accessories and deriva- 
tives, and last, but not least, the introduction of 
high-speed steel. The effects of this latter improve- 
ment, he proceeded, had been remarkable. Not 
only was there a great increase in the output of 
machine-tools, but incidentally it had led to great 
improvements in their build. Though at first used 
merely for roughing cuts, high-speed steel was now 
adopted for high-grade finishing tools of all kinds. | 
A great many tests had been made of it, but in| 
these there had been a certain absence of uni- 
formity. Two methods of testing were in use. In 
the first means were taken to determine how long 
the tool could be run in the lathe before it required | 
to be re-ground. The second plan was to find the | 
cutting speed which would ruin the tool in 20) 
minutes. The method first named was equally 
common and unreliable. The second was due to! 
Mr. F. W. Taylor, the joint inventor of the Taylor- 
White high-speed steel. Mr. Taylor had contributed 
to the American Society of Mechanical Engineers a 
full account of his tests, and laid down the stan- 
dard conditions under which they should be carried 
out. His method was commonly used in América. 








At the conclusion of Professor Dalby’s address 


The plan adopted was to provide eight identical | 


| of the test until the tool broke down. 


700 


Durability in Minutes. 


120 


In the case 
of high-speed steels the speed at starting was 30 ft. 

er minute, but the rate of increase was the same. 
n this test the load on the tool was increased 
gradually and regularly, just as in making a tensile 
test in an ordinary testing-machine. The mean 
cutting speed, multiplied by the area of the cut, 
gave the volume in cubic inches turned off per 
minute, and this number was taken as the figure of 
merit of the steel. The results were easily plotted 
on squared paper, as in Figs. 1 to 3, annexed. The 
ordinates in the diagrams were the cutting speeds 
in feet per minute, and the abscissve the time elapsed 
in minutes. The vertical scale was altered accord- 
ing to the area of the cut, so that the area of the 
diagram was numerically equal to the volume turned 
off in a given time. In his first series of tests the 
plan followed differed a little from that just 
described. In these the speed was kept constant 
during periods of three minutes each, and then 
raised by increments of 5 ft. per minute. The 
object of this had been to allow more time for any 
measurements taken. The stepped diagram, Fig. 1, 
showed a number of these earlier results. How- 
ever, his ee practice was to raise the speed 
in steps of 1 ft. per minute every minute, so that 
the resulting diagram was practically a sloping line 
as plotted in Fig. 2. These a showed the 
comparative cutting powers of high-speed and car}on 
eg jy In. deep 
by x/y-in. feed, so that, as already stated, its vert! al 
scale was smaller than that of the high-speed stcels, 
but in each case the area of the curve showed the 
number of cubic inches turned off before failure. 
In this test each tool gave a definite measure of 
the cutting power of the steel, and the great 
superiority of the high-speed type was very 4}p*- 
rent. The Tables exhibited showed the tabulated 
results of individual tests, and it would be seen that 
these were singularly uniform, although some o! 


For the latter the cut taken was ,;:; 
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the stee!s tested had been prepared in the metal- 
lurgical department of the University, whilst others 
came from outside manufacturers. No single test 
ave a tigure differing much from the general mean, 
which itself constituted evidence of the power of 
the method to yield definite and consistent results. 

The adoption of this method of testing would, the 
speaker continued, reduce greatly the time needed 
for aseries of experiments, as also the cost both of 
the tool-steel used and of the specimen machined. 
For carrying out such tests, however, a large test- 
piece of uniform character was very essential, so 
that a complete series of observations could be 
made without removal of the piece between 
centres and its replacement by a fresh one. 
Unless the lathe were large enough, such changes 
of the work turned could not be avoided. Dr. 
Nicolson had begun his experiments with a 
10-in. lathe, but found this too small, and had 
to change over to a more powerful tool. The 
drive should be electrical by a variable - speed 
motor. Thespeaker’s own lathe had 18-in. centres, 
but with a somewhat stouter bed than was usual 
with this size. The specimens on which the tests 
were made were at the outset 10 ft. long by 25 in. 
in diameter. The main motor was of 40 horse- 
power, and a separate electric motor was used to 
drive the feed. ‘This arrangement allowed separate 
measurements to be taken. The current supply 
was at 200 to 250 volts, and the power absorbed 
was registered on a recording wattmeter. The 
speed of the main motor could be varied between 
200 and 800 revolutions per minute, and that of the 
feed motor between 275 and 1100. The high-speed 
steels tested showed the same regularity of results 
as the carbon steels. He mentioned this because at 
the Iron and Steel Institute it had recently been 
stated that the endurance of high-speed steels was 
better at high speeds than at low, but the speaker's 
own experiments gave no support to this contention. 
He had found, on the contrary, that at low speeds 
the high-speed steels appeared to endure indefi- 
nitely, as shown by the curves in Fig. 3. Carbon 
steels also gave regular curves, though, of course, 
at high speeds they were quickly broken down. 

He had been anxious to find a relation between 
his own speed-increment test and the older dura- 
bility test. To this end he took two series of steels, 
and ran them in his own test till they broke down. 
He made corresponding durability tests, with cutting 
speeds 0.9, 0.85, and 0.8 of the maximum speed 
attained in his own tests, and noted the correspond- 
ing times of failure. The results were shown in 
Fig. 3, page 356, and were, it would be seen, per- 
fectly regular. The ratios of the times of failure in 
the durability tests proved to be the same as the 
ratios of the work done in the speed-increment 





test, which might, therefore, he thought, be con- 
sidered to give a good practical indication of the 
quality of the tool-steel. The cutting-angle, he 
— was a matter of great importance, it 
ing most essential to have all the tools ground to 
the same angle. The test-piece must further be 
uniform in quality. To test this in his own experi- 
ments he had taken both tension and compression 
Specimens from the disc remaining over at the end 
of the series of experiments in the fashion indicated 
in Fig. 4. This specimen was a piece of scrap 
propeller-shafting. The compression pieces were 
turned to be 4 in. in. area, and to a length equal to 
double the diameter. The load taken to reduce 
their height by one-half was determined. It varied 
from 102 to 106.9 tons, indicating a pretty uniform 


hardness throughout. The tensile tests were 
somewhat less regular. The specimens taken from 
an area near the outer edge of the shaft had a 
tensile strength of about 34 tons per square inch, 
with an elongation of 13 to 23 per cent. Those 
from the inner ring appeared somewhat harder, 
the tensile strength being 36.7, 36, and 36.8 tons 
per square inch, and the elongation 13.3, 16.5, and 
15.8 per cent. He considered, however, the com- 
pression tests the more informing, and hoped to 
establish a relation between the hardness of a steel 
and its resistance to the turning tool. 

No discussion followed the reading of the paper, 
but in answer to a question from the President, 
Professor Ripper said that for the medium steel used 
in his experiments the cutting angle was 62 deg., 
but for a 0.5 per cent. carbon steel a cutting angle 
of 75 deg. to 80 deg. would be adopted. 

The meeting then adjourned to Professor 
Ripper’s laboratory, where the lathe was shown in 
operation. Here Professor Ripper pointed out 
that one of the advantages of having the drive for 
the feed independent of the main drive was that it 
made it easy to determine the pressure on the tool- 
point by simple readings of the watt meter. By 
means of preliminary trials with a dynamometer 
brake, the efficiency of the tool could be determined 
corresponding to any power at any revolution. 
Having obtained this calibration, the pressure at 
the tool-point was immediately deducible from the 
speed of the cut, the efficiency of the machine, and 
the reading of the watt-meter. 

The lathe, he further stated, was also arranged to 
take a drill-holder in its tailstock, and provision 
was also made for feeding the latter along the bed 
at a high rate of speed. With this arrangement he 
hoped, he said, in the future to make thorough 
tests of drills up to 3 in. in diameter. 

GasEous EXPLosions 

At the meeting of Section G on Friday, the 2nd 
inst., the Committee on Gaseous Explosions pre- 
sented their third report reviewing the work done 
by the Committee during the preceding twelve 
months. We commence the publication of this 
report in the present issue. The report was read 
in abstract by Professor Bertram Hopkinson, who 
stated that up to the present time investigators 
had not appreciated the importance played by 
radiation in reducing the temperature attained on 
firing the mixture in a gas-engine cylinder. This 
importance was indicated in a variety of ways. Thus, 
if the interior of the combustion-chamber were highly 
polished, the rate of transfer of heat to the walls 
was very materially diminished. In a sense this 
fact had been known for some time, since gas-engine 
builders were aware that an increase of efficiency 
could be obtained by polishing the interior of the 
cylinder. In fact, if a combustion-chamber were 
lined with polished silver, the maximum pressure 
obtained on firing a stated mixture would be sensibly 
increased. From a practical standpoint, the sug- 
gestion was, of course, of no importance, though so 
long as the polish lasted the efficiency would be 
raised by 3 to 5 per cent. 

It was, he continued, not always realised that, 
on firing the charge, the interior of a gas-engine 
cylinder was filled with a flame in all respects 
analogous to that of a Bunsen burner, save that it 
was thirty times as dense and very much bigger. 
The radiation from a Bunsen flame had been studied 
by R. von Helmholtz, the son of a great father, 
and the inheritor of some of his genius, but who 
died before his research was completed. Helm- 
holtz found that with the small non-luminous flames 
used by him the radiation amounted to 5 or 8 per 
cent. Julius, experimenting later, found that prac- 
tically the whole of this radiation was confined to 
two bands in the infra-red of the spectrum, one 
band being due to the presence of CO,, and the 
other to water-vapour, the former body radiating, 
however, 2} times as much as the H,O. At Cam- 
bridge the speaker had made direct measurements 
of the radiation from a charge of gas exploded in a 
combustion-chamber fitted with a fluorite window, 
through which the radiation fell on a bolometer, 
which gave a continuous record of the amount. 
These experiments showed that 22 per cent. of the 
heat transfer to the walls was due to radiation. 

A point as to which physicists were not as yet in 
accord was whether or not the radiation was the 
same from a gas at a given temperature, whether 
this temperature was attained by the application of 
external heat or arose as a consequence of the 





itself burning, and thus entering into a chemical 


combination. In the first case every constituent of 
a mixture of gases was equally heated, but in the 
case of a flame where molecules of, say, carbon 
monoxide and nitrogen met molecules of oxygen, 
the gas first mentioned alone reacted with the 
oxygen, a molecule of CO uniting with one of O to 
form CO,. This latter molecule at the moment of 
its formation must hold within it the whole of the 
chemical or potential energy of its constituents 
before the combination. ‘hese molecules were 
mixed with the inert nitrogen, so that a relatively 
small number of molecules held, in the first instant 
of the reaction, the whole of the energy. Some of 
this they quickly passed on to their inert neighbours, 
but the process, it would be seen, was very dif- 
ferent from what it would be if the final mixture of 
CO, and N had been heated up from the cold by 
outside heat to their final temperature. The ques- 
tion arose, therefore, as to whether the radiation 
was the same in the two cases. 

In the last section of the report a description was 
given of experiments made by Professor Callendar 
on the radiation from open flames in the laboratory, 
and by himself on the radiation from the gases in a 
closed combustion-chamber. These experiments 
both concurred in showing that a flame was toa 
large degree transparent to the same radiation that 
it emitted. Thus Callendar found that if two iden- 
tical flames were placed one behind the other, the 
radiation received was nearly double that from a 
single flame. With a number of such flames, one 
behind the other, the radiation fell off according to 
an exponential law. An important consequence of 
this observation was that in the case of a very largo 
flame the radiation from the inner parts would be 
wholly absorbed by the outer layers, so that a largo 
flame would radiate in proportion to the surface, 
while a small one radiated in proportion to the 
volume. 

The President of the Section, Professor W. E. 
Dalby, then called on Professor Harold Dixon, 
F.R.S., to describe some experiments, made by him, 
on the ignition of gases by adiabatic compression. 

Professor Dixon said that his experiments had 
been made by rapidly compressing gases in a 
glass tube, of which a continuous photograph was 
taken on a rapidly-moving film. The mortality of 
the tubes had, he said, been high, about half 
the total number of the explosions resulting in the 
destruction of the tube. The tilm, which was very 
sensitive, was mounted on the rim of a steel wheel 
driven by an electromotor at speeds ranging from 
20 to 100 revolutions per second, the linear speed 
of the film being commonly 20 to 50 yards per 
second. The tube was placed horizontally, whilst 
the film travelled vertically. A steel piston 
packed with silk was driven into the tube by the 
swing of a heavy pendulum, weighing 50 lb., 60 |b., 
or even 100 lb., compressing the mixed gases 
adiabatically, and firing them by the resultant rise 
of temperature. Theorists had deelared that with 
such a method of ignition the gas would be uni- 
formly heated, and ignite simultaneously at all 
points, being, in fact, regularly detonated. Actu- 
ally, however, he had found that most gases do not 
fire in this way, and he understood that in the 
Diesel engine, where also the ignition was produced 
by the temperature rise due to adiabatic expansion, 
the explosion was never sharp or violent. In his 
experiments ignition invariably commenced at a 
point, the flame then spreading through the tube. 
At the outset he had worked with mixtures of CS, 
and air, because the ignition-point was low—viz., 
about 250 deg. Cent., and the resulting flame very 
bright and easy to photograph. 

Referring to some photographs exhibited, Pro- 
fessor Dixon said that the piston in the tube 
moved from left to right, the black lines visible in 
the figures being reference lines, showing how far 
the piston had moved at the time of ignition, and 
how far in advance of it the explosion commenced. 
Had the mixture detonated, the lower edge of the 
flame in the photograph would have been a hori- 
zontal line ; but, as would be seen, the ignition 
started at one point, and the flame filled the tube 
only gradually. The position of the firing-point 
could be altered by pushing in the piston more or 
less rapidly, and in some cases, therefore, igni- 
tion commenced close up to the, piston; but in 
every experiment the flame took time to fill the 
tube. The firing-point was always rather ill-c fined, 
and the genesis of the flame was entirely different 
from what was observed when the mixture was 
fired by an electric spark. Having discovered that 
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was not detonated, as had been assumed by Nernst, 
the speaker said he had proceeded to determine 
whether there was a prolonged pre-ignition period 
—that was to say, a ‘‘time lag’’ in the ignition of 
the charge after the appropriate temperature had 
been reached. The ignition point of a mixture 
was that at which it became rapidly self-heating, so 
that it finally burst into flame. The pre-flame 
period proved to be more prolonged than the time 

uired for the flame after ignition to spread 
through the tube. To determine this pre-flame 
period, the plan followed was to stop the motion of 
the piston at definite limits of travel. If this were 
properly chosen, the temperature attained would 





be sutticient to ignite the gas. It was then found 


|that with this arrangement ignition was always 


secured, with a piston travel considerably less than 
in the original series of experiments with an un- 
checked movement of the piston. The difference 
in the travel was as much as 11 mm., whilst, after 
ignition, the Hame spread through the tube in a 
time equivalent to a travel of 1mm. Whatever 
the gases used, ignition always began at a point, 
though with an electrolytic mixture of hydrogen 
and oxygen the time taken for the flame to spread 
was very short, detonation being quickly set up 
after ignition commenced. With an excess of 
oxygen the time taken for the flame to fill the tube 
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was increased. In some of the photographs shown 
by Professor Dixon the tube had burst, but a 
photographic record had, nevertheless, been 0!- 
tained of the commencement of the ignition. 

The fact that the ignition always began at 4 

int, Professor Dixon proceeded, had led him to 
ask whether this might not be due to the presence 
of sound-waves set up in the gas by the motion ©! 
the piston. There was, however, little or no indi 
cation of such sound-waves in the photograp!s, 
though he had shown, by another experiment, !P 
which a detonator was fired at one of the tubes 
whilst the gas was being compressed by the piston, 
| that such waves were easily photographed. 
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ar L itself have caused ignition, but repeating the experi- 
/ Be ment without the passage of a spark the photo- 
‘Uj / ’ graphs gave no indication of wave action. 
} é Fisher tn 2 595 In concluding, Professor Dixon said he would 
Wf like to ask whether in his experiments the loss of 
7 | heat by radiation and conduction during the period 
of compression would be sensible. As for the 
, | former, he thought that as the CO, and steam 
0 : were not formed till after the explosion, the 
—_ eer — radiation loss would be insignificant. 
ceamed Strokes. | Mr. Dugald Clerk, in reply to this question, 


moreover, the mixture were fired by a spark, violent 
sound-waves were produced, and appeared in the 
photograph. With this arrangement the compression 
Wave Was in one case so violent that the mixture had 
been ignited, not merely by the direct action of the 
spark, but by adiabatic compression of the gas at 
the distant end of the tube. 

_ Professor Hopkinson had expressed the view that 
violent vortices accompanied the explosion of a gas- 


engine charge, and of such there was some evidence 











in some of the speaker’s photographs, though only said that at 600 deg. he had found a considerable 
after the flame Mad pl tae filled the tu Of loss of heat by conduction, and that this loss in- 
course, in a gas-engine the volumes of gas dealt creased with the velocity of the piston, due, perhaps, 
with were much larger than in his tube of $ in. in|to turbulence in the mixture. In fact, if the 
diameter, and hence the importance of the vortices | speed of compression were doubled, the loss by 
might be greater. If a spark were discharged | conduction was increased by 30 to 40 per cent. 
through the mixture, at the same’time as the F urther, he had found that there was always a 
piston was driven in, the photographs showed the| slight loss by leakage past the piston, amounting 
sound-waves very clearly. In this experiment the | in his own experiments to one-tenth per cent. per 
spark was passed just before the piston would by! stroke, and he thought that there must haye been: 
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a similar leakage loss in Professor Dixon’s experi- 
ments. 

On this head Professor Dixon added that he 
thought the leakage loss would be inappreciable, 
since his tubes were slightly taper. 

Professor Petavel opened the discussion. He 
suggested that by using Se with varying 
weights and correspondingly different rates of com- 

ression the correction for the loss of heat could 

e determined. As matters stood, he thought that 
owing to the conduction loss the temperatures 
found were considerably below the true ignition 
temperatures. It was, he considered, rather strik- 
ing to learn that there was no detonation on 
adiabatic compression, and he suggested that this 
was really due to slight temperature differences in 
different parts of the mixture arising from relatively 
small wave actions set up by the motion of the 
piston, At temperatures very close to the ignition 
point he thought a very small wave action would 
suftice to localise the firing point. 

Mr. Dugald Clerk, the next speaker, congratu- 
lated Professor Dixon on his very ingenious experi- 
ments, and added that as a member of their 
Committee on Gaseous Explosions his advice had, 
both from the chemical and physical aspects, been 
most useful throughout. As to the ignition points 
found, he agreed with Professor Petavel in suspect- 
ing that they were rather too low. To determine 
them Professor Dixon had had to assume that the 
compression was really adiabatic, and to assume a 
value of y. As to the Diesel engine, ignition 
there was not produced by the adiabatic com- 
pression of an explosive mixture. In fact, were 
this done, as indeed had occurred once or twice 
accidentally in the course of experiments, the pres- 
sures attained would be some 2} tons per square 
inch. Actually, however, the body compressed was 
pure air, which was thereby heated to 500 deg. or 
600 deg. Cent., and into this red-hot air the oil 
fuel was sprayed, igniting spontaneously as it 
entered the cylinder. The top of a Diesel engine 
diagram was therefore a horizontal line. In some 
other engines, however, such as the Hornsby oil- 
engine, the ignition was produced by the adiabatic 
compression of the charge against a heated wall. 
It was interesting to note that this method of igni- 
tion had been suggested by Beau de Rochas, but 
had never been used for gas-engines. Professor 
Dixon’s experiments were, he considered, most 
interesting, and, taken in conjunction with those 
of Hopkinson, threw much light on the gas- 
engine. Of course, the use of a tube 4 in. in 
diameter had defects, as both the loss by leakage 
and the loss of heat by conduction were rela- 
tively greater than in a gas-engine. Turning 
to the report, he said the object of the Committee 
had been to do for the gas-engine what had been 
done for the steam-engine by various experimenters 
from the time of Watt. The latter knew of some 
of the properties of steam, but it was only in 1840 
that reliable data had been obtained by Regnault, 
which had served for fifty years, but in which 
certain minor corrections had since been made. It 
had taken the steam engineer from 1770 till to-day 
to arrive at reasonably accurate notions as to the 
nature of his working fluid. In the case of the 
gas-engine the problem was more complex, as note 
had to be taken not only of the physical, but also 
of the chemical properties of the charge. Thus all 
sorts of disturbances came in. The work of the 
Committee had thrown much light on the properties 
of their working fluid. In 1907 there was still 
doubt as to whether or no the specitic heat of CO, 
and water vapour increased with a rise of tempera- 
ture. This had now been settled by the work of 
members of the Committee. In the old days, too, 
much importance was attached to dissociation 
phenomena, as limiting the temperature attained 
in the gas-engine cylinder. If this temperature 
were calculated from the calorific value of the fuel 
and the assumed specific heat of the mixture, it 
had. long been known that the figures actually 
attained in practice fell very far short of this 
theoretical value. Of this many explanations had 
been advanced. Some said it was due to heat 
losses to the walls, others to the effects of disso- 
ciation, and others to a rise in the specific heat 
with the temperature. Modern work had shown 
that the heat loss was not very great. Nernst, 
on the other hand, had proved that at 2000 
deg. Cent. the dissociation could not amount to 
more than 2 per cent. or 3 per cent., and this 
fact gave rise to difficulties, since at the temperature 
named there was a great defect between the actual 





and the calculated temperature. The discovery by 
Professor Callendar and Professor Hopkinson of 
the very considerable radiation loss had thus come 
at avery convenient time. All knew that such a loss 
existed, but it had been believed to be very small. 
The Committee were thus greatly indebted to the 
gentlemen named for their studies during the past 
session. Professor Hopkinson had experimented 
in a cylinder with a mixture originally at atmo- 
spheric pressure, and thus not quite analogous to the 
gas-engine charge. It was very surprising that, of 
the total loss of heat observed, 22 per cent. passed 
away in radiation. Indeed, the observation was 
not only suprising, but somewhat disturbing, since 
one of the axiomatic ideas as to radiation from 
gases, was that each gas absorbed the same radiation 
as it emitted, a hypothesis by which the reversal 
of the lines in the solar spectrum was accounted 
for. Obviously the transparency of flames to their 
own radiation was greater than had been supposed. 

Experimenting on a petrol - engine, Professor 
Callendar had observed that the heat-loss was not 
proportional to the speed. Engineers, on the 
other hand, had long held that the loss must be pro- 
portional to the time of exposure of the walls, and 
this was certainly true when the conditions of the 
experiment were fixed. Callendar had proved, 
however, that a portion of the heat-loss was not 
dependent on the time of exposure alone. The 
same fact had come out very clearly in some ex- 
periments by the speaker still in progress. In 
these he had found, on increasing the speed 
from 90 to 100 revolutions, that for equal mean 
temperatures during the stroke the rate of loss 
increased very much at the higher speed. The 
same was true as to radiation losses. With a 
mixture of gas and air compressed and ignited he 
had found that the loss to the walls increased as 
the speed was increased, thus confirming Callen- 
dar’s results. Professor Hopkinson had shown 
that before explosion there might be a loss of 
3 per cent., and from convection currents on the 
explosion the loss might be as high as 8 to 10 
per cent. These facts showed clearly that it would 
not do to assume that the laws of heat-loss, rele- 
vant to an explosion in a closed vessel, were the 
same as those in force when the explosion took 
place behind a moving piston. Whilst, therefore, 
the work of the Committee had shown that radia- 
tion losses were very important, the speaker thought 
that the whole of the deficit of heat could not be 
thus accounted for, but that part arose from the 
turbulence of the mixture, the importance of which 
would depend upon the shape of the engine, being 
& maximum in cases where a small port connected 
the combustion-chamber with the space at the back 
of the piston. In his own experiments he had, in 
compressing pure dry air, found an effect of this 
kind at temperatures as low as 170 deg. to 200 deg. 
Cent., at which he thought there would be no appre- 
ciable radiation loss. 

The meetings held by the Committee had proved 
most interesting and most valuable. The work 
done by each member threw light on that done by 
the others, and their progress had thus been far 
more rapid than had they worked quite indepen- 
dently. In the first two reports there had been a 
discussion between Professor Hopkinson and him- 
self, the former believing that the law of heat-loss 
was different on the compression from what it was 
on the expansion stroke of an engine. Professor 
Callendar had taken a different view, but the first 
experiments made by the speaker had seemed to 
confirm the suggestion that the loss was greater on 
the compression stroke. On repeating them, how- 
ever, he had found that the apparent effect arose 
from the heating of the walls, and that on very 
largely increasing the water supply to the jacket 
the discrepancy disappeared, and in both cases the 
distribution of the heat-flow was proportional to 
the temperature difference. Proceeding in this 
way, he had determined for the volumetric heats of 
air and CO,, dried, compressed, and expanded, 
values which differed by but } to ? per cent. from 
those found by direct methods, in Professor Callen- 
dar’s laboratory, by Mr. Swann. The range covered 
was from 50 deg. to 200 deg., and the observations 
showed clearly the rise of the specific heat with the 
temperature. He hoped during the next year to 
continue the experiments with flames, and thus 
carry the figures up to 2000 deg. Cent. Such ex- 
periments, however, took a great deal of time. The 
work of the Committee had already extended over 
three years, and he looked forward to its extending 
over two or three years more. It was a very serious 





matter to call in question values established hy an 
experimentalist of Regnault’s standing, but he 
hoped that when they had concluded their labours 
the work of the Committee would stand as long as 
had stood the figures of that great physicist. ss 

Professor W. C. Unwin, who spoke next, ex. 
= the hope that the British Association would 

elp to continue the work of the Committee, which 
was of the utmost importance in connection with 
the gas-engine. It had taken steam engineers many 
many years to track down the “‘ missing quantity” 
of which the indicator diagram afforded evidence, 
and the work of the Committee had reference to the 
discovery. of a number of similar missing quantities 
in the gas-engine diagram. As to the effect of tur- 
bulence in promoting the flow of heat to the cylin- 
der-walls, he asked whether its effect in moving the 
‘* surface film ” might not be one cause of the differ- 
ences observed. 

Mr. H. Wimperis said that the problem attacked 
by the Committee arose because, speaking roughly, 
when a gaseous mixture was exploded only half of 
its calorific value became visible as rise of tempera- 
tures, there being an apparent ‘‘ suppression of 
heat.” It was now established that the discrepancy 
was due in part from a rise in the specific heat of 
the mixture at high temperatures, from losses to the 
walls by conduction and convection, and from radia- 
tion. As for the latter, the question arose as to 
whether a body of gas radiated as a solid body— 
that was to say, from its surface only. The latter 
had been generally assumed, because it was believed 
that gas was not transparent to its own radiation, 
a familiar instance given being the reversal of the 
D, and D, lines in the solar spectrum. As regards 
the latter, however, he thought the explanation 
was that the lines were only relatively dark, the 
solar atmosphere being cooler than the interior. 
In the case of a flame, however, the surface 
layers were as hot as the rest. With respect to 
Professor Dixon’s experiments, he asked if the 
Committee were in agreement with the view that 
in a gas-engine the flame spread throughout the 
chamber in a time small as compared with that of 
one stroke. 

Professor Dalby, the President of the Section, 
said that as reference had been made to Regnault’s 
experiments, carried out at the instance of the 
French Government, he would ask M. Sauvage, who 
was present, representing the institution at which 
these experiments were made, whether any investi- 
gations similar to those of the Committee were at 
present in, progress or proposed in France. 

M. Sauvage, thus called on, said that the French 
Government were not contemplating investiga- 
tions of this kind, and no large-scale experiments 
on the physical properties of gases were now in pro- 
gress in France, though he might mention that M. 
Chesneau was engaged at the Paris School of Mines 
onsome experiments on explosive gaseous mixtures 
which would be conducted on a somewhat large 
scale. No results had, however, been published as 
yet. He thought the plan of appointing a com- 
mittee to investigate the subject, as had been done 
by the British Association, a very sensible one, and 
said that if the world owed to Regnault its know- 
ledge of the properties of steam, it was to England 
they looked for similar data for the gas-engine, and 
also for the practical developments of the investt- 
gations made. : 

Professor Coker, the next speaker, said that in the 
case of the gas-engine there were still any number of 
missing quantities, and in that report the Com- 
mittee had attacked the problem of determining the 
losses by radiation. It was, however, not surprising 
that, considering the short time during which they 
had been at work, missing quantities still existed, 
and perfect coincidence between the observations 
made had not been attained. Both Callendar and 
Hopkinson, for instance, agreed as to the general 
character of their results, yet one or two points in 
which they differed still required explanation. This 
was not, however, surprising, as they worked in 
very different conditions, Callendar experimenting 
with open flames, and Hopkinson with a flame 
enclosed in a combustion-chamber. Callendar had 
shown that, to a very large extent, a flame was 
transparent to its own radiation, but that a thi: k- 
ness of 100 cm. formed a wall through which the 
radiation would not pass. Hopkinson’s results were 
not quite the same, since he found that by polis)- 
ing the walls of his chamber there was a distinct 
increase in the radiation through a depth equiva- 
lent to 150 cm. of open flame. The explanation 
offered was that the lateral extension of the flame 
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had a marked effect. No one could say that this 
was not probable, but he would like to ask that an 
experiment should be made with a vessel of the 
same diameter, but 120 cm. long. 

It was assumed in the report that if two flames 
were placed close together, each would increase the 
temperature of the other. This seemed probable, but 
the speaker would like to have experimental proof 
of it. He suggested that the problem as to whether 
the radiation from a gas in the act of chemical com- 
bination was greater than that due to its actual 
temperature could be tested by observing whether 
the radiation from a gas-engine charge followed 
Stefan’s law, that the radiation was proportional to 
the fourth power of the absolute temperature. 
Another point, on which he desired light, was as to 
the effect of radiation in making measurements of 
the temperatures inside 4 gas-engine cylinder. This 
hehad been attempting to do by means of a platinum- 
iridium couple, and there was no difficulty in thus 
detecting a cyclical variation of temperature, but 
whether this corresponded to the true temperature 
of the gas was another matter. He had found, 
for instance, that the temperature indicated on the 
admission of the charge was higher than it should 
be. The explanation that occurred to him was 
that there was a certain conduction of heat along 
the leads, but it appeared now that part of the 
effect might perhaps be due to radiation from the 
cylinder walls. ; 

Captain H. Riall Sankey, who spoke next, said 
that engineers must restrain their impatience for 
results, the work of the Committee being to prepare 
the bricks for a future edifice. Some time since 
Mr. Clerk had given values of the apparent specific, 
or, as it was now called, the volumetric heat of gas- 
engine gases. On this basis it could be shown that 
the modern gas-engine turned into work 80 per 
cent. to 90 per cent. of the heat, which it would be 
possible for a perfect engine to do, working between 
the same temperature limits. There was thus but 
some 10 per cent. to 12 per cent. left for possible 
improvements. Of this, a little, but not much, 
might be recovered. This result was far superior 
to what was achieved in a steam-engine, a very good 
example of which would have an efficiency ratio of 
70 per cent., and even under special conditions an 
efficiency ratio of 75 per cent. was about the maxi- 
mum recorded. When the work of the Committee 
was finished, it would be possible to say how much 
of the present 12 per cent. loss could be recovered. 
It was, of course, useless to try for the irrecover- 
able. As to the polishing of cylinder interiors, he 
believed Messrs. Sulzer did do this, and had recorded 
very high efficiencies. He had himself tried it experi- 
mentally in the case of a Willans engine, but with 
no useful result. It might, no doubt, be done just 
previous to a test, but as a matter of practice there 
was nothing in it. 

Dr. Rosenhain, who followed, suggested that the 
discrepancy between the results of Hopkinson and 
Callendar was slight considering the difference of 
the conditions under which they experimented. 
Callendar dealt with a number of flames placed 
in series one behind the other. Hence the radia- 
tion from distant flames suffered reflection at each 
surface it traversed, whilst there was nothing cf 
the kind in the case of Professor Hopkinson’s 
experiments. He asked, as there appeared to be 
a considerable difference in the transparency of 
gases to radiation, whether there would be any 
advantage in introducing into a gas-engine cylinder 
4 strongly absorbent vapour along with the charge. 

Sir W. H. White said he wished to speak only on 
the general side of the work of the Committee. He 
had been president of the section when the second 
report was read at Winnipeg, and although there 
was no discussion thereon, he could say that many 
distinguished foreign physicists had spoken to him 
then In strong appreciation of the work done. At 
Dublin the discussion had been a joint one and 
correspondingly valuable, and he hoped this prece- 
dent would be followed in the future, as it would 
have been much better had the representation from 
Section I that day been larger. The work had origi- 
nated in Section G, and been carried on without 
more than the general approval of the Association, 
and with no grant in aid, so that the work done had 
deen carried out almost wholly at the expense of 
individuals, institutions, and firms. Recognition 
Was, it was true, accorded to them last year, and he 
hoped this would be continued and extended. Much 
had been heard lately in the daily Press of a funnel- 
less battleship driven by gas-engines, which had 
‘pparently taken the place formerly occupied in 





the silly season by the giant gooseberry and the 
sea serpent. It could not be too much regretted 
that such incorrect and sensational reports should 
be published, and the public so deceived as to the 
achievement in the immediate future of results 
not to be expected till a much later period. 

Professor Dalby, the President, in winding up 
the discussion, said that he had himself obtained, 
on diagrams taken by an optical indicator, indica- 
tions of the sound-waves to which Professor Harold 
Dixon had referred. These confirmed the import- 
ance of the turbulent motion inside the cylinder. 
With respect to the surface film to which Professor 
Unwin had referred, he might point out that he had 
found experimentally that the temperature gradient 
was different on a compression stroke from that 
on an expansion stroke. In the former the surface 
film was already in place, whilst in the expansion 
stroke it had to be formed. In a report to the 
Institution of Mechanica] Engineers, he had shown 
the great part played by radiation in increasing 
the efficiency of the fire-box surface of a steam 
boiler as compared with the tube surface. 

Replying to the discussion, Professor Bertram 
Hopkinson said he did not think that the dis- 
crepancy between his own results and those of 
Professor Callendar was to be wondered at in 
view of the difference in the conditions in which 
the experiments were made. Callendar had used a 
series of small flames burning at a density less than 
that of air. The flame he had himself used was 
1 ft. long by 1 ft. in diameter, at atmospheric den- 
sity, which was about five times that of Callendar’s 
flames. To directly compare his results with those 
of Callendar his flame would have had to be expanded 
to more than 14 metres both in length and in height. 
He thought that, as Mr. Rosenhain had suggested, 
part of the differences observed might be due to 
reflection from the surface of each successive flame. 

In conjunction with Mr. W. T. David, he had 
obtained experimental proof of the importance of 
lateral extension as follows : Starting with the walls 
of his vessel blackened, they had noted the radiation 
on firing the charge. They then repeated the experi- 
ment, after silvering the surface opposite to the bolo- 
meter, and found that the radiation was increased. 
Finally they silvered the walls of the vessel which 
were not visible from the ition of the bolometer, 
and again got an increased effect. This silvering of 
the walls was, in effect, identical with a lateral 
extension of the flame. He agreed, however, that 
further investigation was necessary. Finally, with 
respect to the effects of turbulence, it was necessary 
to distinguish between that due to the sucking in 
of the charge through a narrow port and that aris- 
ing from the mere motion of the piston. That 
there must be some effect was obvious, since the 
mixture entered a gas-engine cylinder with a velocity 
of some sixty miles per hour. The consequent 
eddies persisted for some time, and were very likely 
still in existence at the moment of ignition. After 
firing they would still persist, and they thus largely 
conditioned the rate of heat-loss. Such eddies were 
a residual effect of the speed at which the gases 
entered the cylinder. In the case of Professor 
Dixon’s experiments, however, the conditions were 
very different. The mixture was initially at rest, 
and the rate of compression relatively slow, and not 
likely to cause turbulence. As to Mr. Clerk’s 
experiments he did not know whether the alternate 
compression and expansion immediately followed a 
suction stroke ; but, if so, he believed the turbu- 
lence observed arose as a residual effect, the amount 
of which would depend on the piston speed. 


‘© A New Meruop or Testing THE CuTTING 
QuaLity oF Fines.” 


The President next called upon Professor W. 
Ripper to read his paper, bearing the above title. 

n opening his paper, Professor Ripper said that 
the file was the most common of all engineering 
tools, and that Sheffield being the home of the 
industry, and the University being at all times 
anxious to assist local industries, he hoped the 
subject he had chosen would be considered of 
sufticient interest and importance to justify his 
paper. Until recently the sole method of testing 
files had been to hand them over to skilled work- 
men and to take their verdict. A few years ago, 
however, Mr. E. G. Herbert, of Manchester, had 
introduced his file-testing machine, and since that 
time some large purchasers of files had specified that 
these must attain a certain standard as tested 
in the Herbert machine. In this machine the file 
was rigidly held between two headstocks on a 





reciprocating table. As the file made its forward 
stroke, a test-bar 1 in. square, was pressed against 
it by a weight of 301b., as indicated in Fig. 1, 
page 358. The stroke of the file was 6 in., and the 
ength of bar filed away and the number of strokes 
taken were automatically recorded on a diagram. 
During the return stroke of the file the test-bar was 
held clear, so that cutting took place on the forward 
stroke only. The test-bar used by the speaker was 
locomotive-tyre steel, containing 0.89 per cent. C., 
0.30 per cent. Mn, less than 0.1 per cent. Si, 0.02 
per cent. P., and 0.02 per cent. S. Unfortunately, 
very early in the history of the machine doubts 
began to be entertained as to the accuracy of its 
records, as files considered to be of the best quality 
sometimes gave very poor results, and further differ- 
ences .of the order of 4 to 1, or even 10 tol, as 
shown by Figs. 2 and 3, page 358, were found 
between opposite sides of the same file, even when 
of the best make. Eventually the speaker had been 
asked to investigate the matter, a new machine 
being provided by Messrs. E. G. Herbert and Co., 
and samples of files furnished by a number of 
Sheffield makers. The results attained were in 
many cases normal, but in others extraordinary 
differences in the cutting power were registered both 
between files of the same batch and between oppo- 
site sides of the same file. On examining the 
diagrams obtained from the machine, of which the 
character was fairly represented by Fig. 4, it was 
impossible not to be struck by their extraordinary 
character. At starting the file was sharp, and pro- 
gressively became blunter and blunter, as indicated 
in Fig. 20, page 359. It would therefore seem obvious 
that the rate of cutting should progressively dimi- 
nish, and that the diagrams obtained should be 
curves sloping more and more to the horizontal. The 
actual diagrams, however, appeared to indicate that 
the file retained its sharpness to the very end of the 
test, and then suddenly broke down, a behaviour 
which was, he thought, hardly conceivable. 

The speaker accordingly reported that the 
machine appeared to differ in its action from hand- 
filing, in that the file moved across the face of the 
test-piece in an absolutely constant path, the 
respective teeth of the file working in identically 
the same grooves or furrows stroke after stroke. 
The result was that the face of the work became 
occasionally glazed, and the file ceased to cut, 
though not really worn out. In the case of hand- 
filing, on the contrary, no two strokes were 
identical, and the difference was to the disadvan- 
tage of the file. 

he speaker had accordingly devised an addition 
to the machine, so as to make its action approach 
more closely to that of hand-filing. This addition 
is shown in Figs. 5, 6, and 7, page 358. To secure 
the desired movement of the file, the latter was 
mounted at each end on a ball-joint. At the one 
end—the tang end—the support was a simple ball- 
joint, but at the other there was also an eccentric 
motion fitted, which was fed round a little at every 
stroke. The consequence was that the axis of the 
file described a narrow cone around the axis of its 
stroke, so that on each successive stroke the teeth 
cut into fresh meta! (see Fig. 7). The rotation of 
the eccentric at the tip of the file was obtained. by 
a worm gear actuated by the reciprocation of the 
machine. To this end a bicycle free-wheel was fixed 
to the worm-spindle, and geared with a chain 
strung between fixed supports. On the one stroke 
of the machine the wheel ran free, whilst on the 
return stroke it rotated the worm, and thus altered 
the relative position of the’ file. 

A large number of tests, he proceeded, had been 
made with the machine, the results of some of which 
were plotted on the curves, Figs. 8 to 10. The irre- 
gular results previously met with were almost elimi- 
nated, throwing considerable doubt on the statement 
that large differences of cutting power commonly 
existed between opposite sides of the same file. 
There was, he said, some difference, but it was more 
of the order of 10 per cent. than of 10 to1, as had 
been asserted by users of the machine in its original 
form. The tests, it was true, had so far been made 
up to a limit of 40,000 strokes only, and it was 
possible that a durability test extended up till the 
file actually ceased to cut might modify this conclu- 
sion. In the author’s opinion, however, such tests 
should not be pushed to this limit, but be stopped 
when the condition was such that it would be, in 
ordinary practice, considered unfit for further use ; 
that was to say, when the standard of cutting had 
fallen to one-fourth the standard required for sharp- 
ness tests. He would suggest that much time 
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might be saved by using the present weight of 
30 lb. for the first portion of the test, to determine 
the cutting power of the file, and then to increase 
this to 50 lb. for the remainder of the test, which 
latter portion might be considered a durability test. 

Figs. 11 to 17, page 359, illustrated, he said, the 
behaviour of files under test up to 40,000 strokes 
under a weight of 30 lb. Each figure contains the 
results of tests on both sides of three files. In each 
case curves for the same file were drawn in the same 
way. In Fig. 16 there is shown a considerable differ- 
ence between files made by the same firm. [It was 
explained in the laboratory afterwards that these 
were portions of a mixed batch of bad and good 
files sent to Professor Ripper to see whether he 
could discriminate between them.] On_ subse- 
quently investigating these files by a microscope, it 
was found that there was a marked difference in 
the shape of the tooth, as indicated in Figs. 18 and 
19 respectively, showing sample teeth at tip and 
tang ends of the two files. Combining he pair 
into a mean curve, it would be seen that the tooth 
of file A was distinctly superior in form to the tooth 
of file B, the cutting angle of the former being 
38 deg., and of the latter 18 deg. 

It might be objected that the addition of his 
mechanism to the machine was merely equivalent to 
increasing the weight between the file and the work, 
since the file at each successive stroke lay at a 
slightly different angle to the face of the work, 
instead of being held rigidly parallel to the same. 
The total stroke of the eccentric motion being, 
however, only }in., and the time of a cycle 48 
double strokes, this criticism lacked force, and, asa 
matter of fact, the rate of cutting was not greater 
than with the original arrangement. 


(To be continued.) 








MINE-LAYING AND TORPEDO-REGULA- 
TION VESSEL FOR PORTUGAL. 

Last April an interesting addition was made to the 
Portuguese Navy in the shape of a small twin-screw 
steamer specially designed for laying submarine mines 
and testing and regulating Whitehead torpedoes. 








Fia. 1. 


We give on the present andfopposite pages illustrations 
of this steamer, which was constructed by Messrs. 
John I. Thornycroft and Co., Limited, of Woolston 
Works, Southampton. Her principal dimensions are :— 


Length over all Pe 117 ft. 
Breadth, moulded ... 19 ft. 6 in. 
Depth, moulded _... 11 ft. 
Draught : 6 ft. 9 in. 


Her speed is 124 knots. 

For mining purposes the vessel is equipped with 
shearlegs at the stern, worked by a combined electric 
and hand winch. 

For torpedo-testing and regulating the vessel is pro- 
vided wih ss revolving 18-in. torpedo-tube amidships, 
and at the break of the forecastle with two eneele. 
cages (or skeleton tubes made of angle-bars, &c.), 
which can be lowered into the water by means of 
special davits, so that the torpedoes can be started 
under water by means of their own power on pulling 
a starting-lever. 

There is a steam steering-gear controlled from the 
bridge, and a hand-gear aft. Electric lighting is fitted 
throughout, and a search-light on a portable stand on 
the bridge. The anchors are stockless, and stow in 
the hawse-pipes; they are raised by means of a com- 
bined hand and steam-windlass. ‘T'wo pole-masts are 
fitted, with a derrick and winch on the foremast for 
raising torpedoes. 

The bridge is placed at the break of the forecastle, 
and the front part of it forms a breakwater ; under- 
neath are the galley, store-rooms, crew’s latrine, &c. 
Aft of the bridge is the torpedo-director house, which 
is fitted up with upholstered seats, table, chest of 
drawers, and book-case. Below deck, beginning from 
forward, are the fore - peak, crew - space, air - com- 
pressing and torpedo space, engine and boiler-room, 
officers’ quarters, mine-hold, and after peak. The 
officers’ quarters consist of mess-room, three cabins, 
bath-room, try, and w.c. 

The memes 1-9 equipped with three small boats—viz., 
one Thornycroft 20-ft. motor launch, one 20-ft. life- 
boat, and one 12-ft. dinghy. A canvas awning is fitted 
over the bridge and from the bridge to the stern. 

The machinery consists of two sets of tri-compound 
surface - condensing engines, and one Thornycroft 
water-tube boiler working under natural draught. 
There are also an evaporating and distilling plant, a 








steam air-compressing engine, bilge and feed-pumps, 
&e. The arrangement of mine-laying gear is shown on 
the profile and general arrangement plan. The photo- 
graph, Fig. 1, shows the vessel under way. 





EneiisH Harspour Provects 1n IckLtanp.—An Eng- 
lish syndicate has offered the Municipality of Rejkjavik, 
the capital of Iceland, to build a port on the condition 
that the syndicate for a period of thirty years has the 
control of the harbour, with: the right to collect all dues 
and to let its own vessels frequent the harbour free of 
any dues. After the lapse of thirty years the harbour is to 
pass into the possession of the town. This English 
offer is understood to have called forth other offers, but as 
these are all understood to stipulate for prompt payment, 
the English offer is viewed with most favour. 


Tue Copper Market.—In their report, dated the 
1st inst., Messrs. James Lewis and Son state that there 
was but little change in the value of standard copper until 
the issue of the American producer’s returns on the 9th 
ult. These being considered favourable, they imparted 
considerable animation to the market, and a large business 
was transacted in standard, prices rising from 54/. 18s. 9d. 
on the 8th to 56/. 3s. 9d. for cash on the 10th, followed 
by a fall to 55/. 15s. om the 11th and an advance to 56/. 5s. 
on the 12th, with a renewed decline to 55/. 15s. on the 
15th. After advancing to 56/. 8s. 9d. on the 17th, values 
fell away to 55/. 6s. 3d. on the 24th, and recovered to 
561. 3s. 9d. on the 30th. They have since declined, touch- 
ing 55/. 11s. 3d on the 1st inst. and closed at 55/. 12s. 6d. 
cash, 56/. 83. 9d. three months prompt. The visible 
supply had increased by 779 tons during the past fortnight; 
stocks were accumulating in Germany and Holland. 
Large purchases of electrolytic and other refined copper 
were made by American, German, and English manufac 
turers during the second and third weeks of the month, 
the Amalgamated Company selling the former freely at 
128 cents per Ib. and at 58/. per ton c.i.f., subsequently 
raising their price to - cents and 58/. 10s. per ton. 
During the previous ten days the demand had fallen off 
and sales had been much reduced in volume, slightly 
lower prices being accepted by some producers. No 
official announcement of any reduction in American })ro- 
duction had been made, but it was rumoured that some 
of the mining companies were diminishing their output 
to a moderate extent. On the other hand, shipments were 
en route from new sources of supply in other parts of the 
world. Politics and finance in the United States might 
be expected to affect trade there during the autumn 
months, but in England and Germany it was likely to 
continue active, 
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FOREIGN ENGINEERING PROJECTS. 


WE give below a list of colonial and foreign engincer- 
ing jects. For several of these tenders are asked. 
Farther data concerning same can be obtained from the 
Board of Trade, Commercial Intelligence Branch, 73, 
Basinghall-street, E.C. : 

Canada: Concerning the contract for the construction 
of the new Quebec Bridge, H.M. Trade Commissioner 
for Canada reports that the date for the receipt of tenders 
has been extended to October 1. Tenders should be 
addressed to Mr. L. K. Jones, secretary, Department of 
Railways and Canals, Ottawa. Work is to be begun at 
once on a large high-level bridge over the Saskatchewan 
River to connect Edmonton and Strathcona. The bridge 
is designed to carry railway, street car, and ordinary 
vehicular traffic. The contract for the approaches and 
substructure has already been let out by the Canadian 
Pacific Railway Company ; that for the superstructure is 
not to be let out yet. 

Ceylon: According to the report of the Ceylon Chamber 
of Commerce for the first half of 1910, a scheme has been 
prepared for the improvement of the Colombo Lake, at a 
cost of akout 293,000/. It is proposed to complete the 
more important zone of reclamation lying to the imme- 
diate south of the city of Colombo, at a cost of about 
167,000/., by the end of 1914, leaving the rest of the scheme 
to be carried out when the public demand for additional 
accommodation warrants it. The following items are 
included in the works to be executed: A canal from the 
harbour to the lake, with locks; reclamation of the north 
end of the Eastern Lake and the north end of Galle Face 
Lake ; walls to reclaimed land, factory slip, lake-side, and 
canal basins; overflow and flood-water channel, Galle 
Face; San Sebastian canal locks and pumps; bridge 
over the entrance to lake-side basin ; canal between East 
and Galle Face Lakes; roads, &c. It is proposed to 
devote a further sum of about 24,700/. to railway exten- 
sion works. 

British India: Tenders are invited by the Commis- 
sioners of Gaya Muncipality for the carrying out of a 
water-works scheme for that town. The contract includes 
the supply and installation of steel suction-pipes, cast- 
iron and steel distribution-pipes, steel rising-main, two 
circular reinforced -concrete reservoirs, &c. 
tenders, which must be made out on the proper forms, 
will be received by the Chairman of the Gas Munici- 
pality, Gaya, up to 4 p.m, on October 3. 

Spain: The Gaceta contains a notice to the effect that 
the Compajiia de los Ferrocarriles Suburbanos de Malaga 
has lodged an “PI lication with the Direccién General de 
Obras Biblicas, adrid, for a concession for the construc- 
tion and working of a secondary railway from Torre del 
Mar to Periana, via Vélez Malaga. The cost of construc- 
tion is estimated at 6,029,746 pesetas (about 223,300/.). 
According to a further notice, bon Rafael Malato Juste 
has applied for a concession for the construction and 
working of a secondary railway from Caspe to Alcaiiiz. 
‘The Gaccta also announces that tenders are invited by the 
Direccién General de Obras Publicas, Ministerio de 
Fomento, Madrid, for the construction of a strategic 
railway from Balaguer to Puigcerdd, ria Pons. The line 
will be a single track of 1-m. gauge, and the rails must 
weigh not less than 30 kilog. per lineal metre. Means 
must be provided for the transport of artillery. Sixty 
days from August 26 are allowed for the presentation of 
olans and specifications. This contract is open to Spanish 
firms only, but it is possible that some of the material 
may have to be obtained out of Spain. 

Turkey: H.M. Consul-General at Constantinople 
reports that tenders are invited by the Turkish Ministry 
of Public Works for a concession for the construction 
and service of a port at Rodosto, on the Sea of Marmora. 
Tenders will be received at the Ministry of Public Works, 
Constantinople, up to December 1 to 14. A deposit of 
T2500/, (2250/.) will be required with each tender, and 
the tenderer will also be required to furnish proof of his 
financial and technical ability to carry out the concession. 
H.M. Consul-General adds that there is a project for 
connecting Rodosto with the Oriental Railway by a branch 
line to Muradli, but this has, as yet, taken no definite 
form. According to a report in the Revue Commerciale 
du Levant for Ju y the Turkish Legislature have autho- 
rised the Oriental Railway Company to duplicate their 
lifie from Constantinople to San-Stefano. 

Brazil ; The Diario Oficial publishes a decree approving 


the plans, submitted by the State of S. Paulo, for the | W 


constriction of an extension of the Ferro Funilense 
Railway, from Arthur Nogueira to the banks of the River 
~~ The railway belongs to the State of 
S. Paulo. 

Uruguay: According to the Diario, the Ministry of 
Public Works have approved the plans submitted by the 
‘*Oficina Hidrografica” for the improvement of the 
River Rosario. The work will include dredging opera- 
tions, the construction of breakwaters, and also a mole 
in Rosario Harbour, on the north side of the Rio de la 
Plata, some 25 miles west of Colonia. The cost of the 
work is estimated at 73,286 pesos (about 15,500/. ). 

Argentine Republic: The Boletin publishes a decree 
yranting to the ‘‘Empresa del Ferrocarril Oeste de 

Suenos Aires” (Buenos Aires Western Railway Com- 
pany, Limited, River Plate House, London, E.C.) powers 
to add a section 124 miles long to the existing line which 
runs from Metileo to Trenel.—The Boletin Oficial pub- 
lishes a notice, issued by the Ministerio de Hacienda, 
approving the plans submitted by the Compajia de 
Ferrocarriles de la Provincia de Buenos Aires, for the 
construction of a section of railway connecting their 
system with the docks at La Plata Harbour. The cost of 
the work is estimated at 551,999 pesos currency (about 
48,0007. ). 

Chili: With reference to the proposed harbour works 





at Arica, Iquique, Mejillones and Antofagasto, estimated 
to cost 2 262, 5001. HM. Legation at Santiago have now 
forwarded a copy of a report on the proposed works by 
the consulting engineer for port works to the Chilian 
Government. 

Venezuela: H.M. Minister at Caracas reports the pub- 
lication of a Presidential Decree, dated July 4, by which 
it is provided that from that date all purchases of 
materials, tools, and implements for public works in 
Venezuela, except of poe articles as from their nature 
are unsuitable for such a course, shall be made by public 
tender ; the purchase being made in the Republic, and 
preference being given to the most advantageous tender. 
The management of the invitations to tender is entrusted 
to the Ministry of Finance, which is to keep a special 
register for this purpose. 





CENTENARY OF THR INDEPENDENCE OF ARGENTINA.— 
We have received, through Mr. J. A. Bouman, Effingham 
House, Arundel-street, Strand, W.C., from the pro- 
prietors of La Nacion, the most important daily news- 
paper in Buenos Ayres, a copy of their special number 
issued to commemorate the centenary of the independ- 
ence of Argentina. This number measures 184 in. by 
12} in., and contains about 700 pages, giving illustrated 
articles on the history of the country, its institutions, 
navy, army, banks, railways and tramways, commerce 
and industry. It contains an enormous amount of data, 


which form interesting reading, and will prove most | 59. 94 


useful for reference purposes. 


UNIversitTy AND CoLLEGE CALENDARS.—The Merchant 
Venturers’ Technical College, in which the Faculty of 
Engineering of the University of Bristol is provided an 
maintained, have issued their calendar for the fifty-fifth 
session, 1910-11, which gives complete information con- 
cerning the various classes held and the various branches 
taught.—We have received a copy of two pamphlets 
issued by the Northampton Polytechnic Institute, 
Clerkenwell, E.C., giving information concerning day 
courses which have been established by the governing 
body of the Institute, for the training in technical optics 


ed |of youths rot less than fifteen years of age, who are 


intending to take up, or who have already taken up, some 
branch of optical work as a profession. 


PERSONAL.—Messrs. Thos. E. Noakes, M.I. Mech. E., 
and Thos. W. Dickson have acquired the goodwill of Thos. 
Noakes and Sons, Limited, which includes all designs, 
drawings, and patterns of boiler and engine fittings and 
other specialities, and will continue the business in the 
future as Thomas Noakes and Sons at 16, Whitechapel- 
road, E.—We regret to have to record the death of 
Mr. J. C. Melliss, which occurred on the 23rd ult. His 
practice will be carried on by Mr. H. J. Melliss, B.A., 
A.M. Inst. C.E., F.G.S., and Mr. T. Pritchard, M. Inst. 
C.E., under the style of J. C. Melliss and Co., at 264, 
Greshan: House, Old Broad-street, E.C.—Messrs. Alfred 
Herbert, Limited, Coventry, have been appointed sole 
agents for Great Britain and the Colonies for the plain 
grinding machines made by the Norton Grinding Com- 
pany, of Worcester, Mass., U.S.A. 


Tue New Cruiser “ Liverroou.”—His Majesty’s ship 
Liverpool], the first of the protected cruisers of the 
‘* Town” class to be delivered, was handed over to the 
Admiralty on the 2nd inst. by Messrs. Vickers Sons and 
Maxim. Itis only 184 months since the keel was laid, 
and the vessel is not, according to contract, due for 
delivery until the end of September. She is 430 ft. long 
between perpendiculars, 47 ft. beam, and at 15ft, 3in. 
draught displaces 4820 tons. On her full-power trial the 
Parsons turbine, with which she has been fitted, main- 
tained for eight hours 24,614 shaft horse-power, and on 
six runs on the measured mile during this trial the speed 
averaged 26.171 knots, which compares with 25 knots 
anticipated in the design. On the acceptance trial just 
completed the results were most satisfactory. The Vickers 
Company have on hand another cruiser of the class, the 
Dartmouth ; seven others are completing or building, and 
others are projected. 

New DreEDGER FOR THE British ADMIRALTY.—Messrs. 
m. Simons and Co., Limited, launched from their 
works at Renfrew, on the 6th inst., to the order of the 
Director of Works of the Admiralty, a Simons patent 


spiral cutter, suction hopper dredger, the St. Lawrence, | 
An independent set of | 


of 2000 tons hopper capacity. 
triple-expansion engines for driving the dredging pump, 
with a complete installation of auxiliary machinery, are 
fitted in a separate engine-room immediately in front of 
the hopper compartment. 
pumping engines, and all machinery throughout the 
dredger, is supplied by three marine-type steel boilers. 
The suction-pipe is carried on a girder led through a well 
forward, and is of sufficient length to enable dredging to 
be done at a depth of 65 ft. below water line. The 
dredger has also been designed for cutting its own flota- 
tion. Thecutter at the mouth of the suction-pipe is driven 
through a line of shafiing and machine-cut steel gearing, 
operated by a set of powerful independent compound 
condensing engines. The contents of the hopper can be 
discharged either through the doors in the ordinary way, 
or overside by the pump for land reclamation. In oad. 
tion to loading into its own hopper, the vessel is arranged 
to discharge into barges moored alongside, or through a 
pipe line. The berth adjacent to the one from which the 
St. Lawrence was launched is occupied by an almost 
similar cutter suction hopper dredger, building to the 


_order of the Government of the Union of South Africa. 


Steam for the propelling and | 


NOTES FROM THE NORTH. 
Giascow, Wedne=day, 

_Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a strong tone, and 1} 
tons of Cleveland warrants changed hands at ‘j‘\s. 
and 49s. 74d. cash, 49s. 9d. and 49s. 11d. one month 
50s. 44d. and 50s. 5d. three months. Closing pric 
firm at 49s. 8d. cash, 49s. 114d. one month, and ‘vs. 5id 
three months sellers. Dealing in hematite to the oxtent 
of 1000 tons took place at 66s. 104d. three months 
the afternoon Cleveland warrants advanced i: price 
and 3500 tons were done at 49s. 10d. cash and five 
days, and at 50s. and 50s. 1d. one month. Sellers 
closing quotations were 493. 104d. cash, 50s. iid. one 
month, and 50s. 7d. three months. On Friday morn. 
ing the market developed weakness, and 3500 tons 
of Cleveland warrants were dealt in at 49s. 6\d. cash 
49s. 84d. and 49s. 74d. seven days, 50s. 1d. one month 
and November 4. Closing sellers quoted 49s. 7d. cash 
49s, 10d. one month, and 50s. 5d. three months. An 
easier tone again prevailed in the afternoon, and dealings 
were limited to 3000 tons of Cleveland warrants at 4s. 6d, 
cash, 49s. 64d. seven days, and 50s. 3d. per ton three 
months. At the close there were cellers at 49s. (id. cash 
49s. 9d. one month, and 50s. 34d. three months. On 
Monday morning a further fall was recorded in Cleveland 
warrants, when 1500 tons changed hands at 49s. 4d, 
cash, 49s. 44d. seven days, and 49s. 6d. ten days. Closin 
sellers quoted 49s. 44d. cash, 49s. 74d. one month, an 
5 . three months. The afternoon tone was better, but 
only one lot of Cleveland warrants were dealt in, at 
49s. 5d. cash. Quotations at the close were firmer, with 
sellers at 49s. 7d. cash, 49s. 10d. one month, and 50s, 44d, 
three months. On Tuesday morning the tone was again 


qd | stronger, and Cleveland warrants were done at 49s, €d. 


and 49s. 7d. cash, and 49s. 9d. one month. The turnover 
was 4000 tons, and closing sellers quoted 49s. 74d. cash, 
49s. 104d. one month, and 50s. 5d. three months. Buyers 
of hematite quoted 65s. 9d. cash. In the afternoon the 
market was dead idle, but Cleveland warrants were 
quoted firmer at 49s. 8d. cash, “49s. 11d. one month, 
and 50s. 5d. three months sellers, with buyers at 14d. 
less in each case. Hematite was easier, with cash 
buyers at 65s. 6d., and sellers at 663. When the market 
~— to-day (Wednesday) quietness again ruled, and 
the dealings consisted of 1000 tons of Cleveland warrants 
at 49s. 7d. cash, with sellers over. The other closing 
quotations were 493. 10d. one month and 50s. 44d. three 
months sellers. The afternoon session was also quiet, 
and another 1000 tons of Cleveland warrants were dealt 
in at 49s. 64d. cash and nine days. Sellers’ quotations at 
the close were the turn easier at 49s. 6d. cash, 49s. 9d. 
one month, and 50s. 34d. three months. 


Sulphate of Ammonia.—A strong tone prevails in the 
sulphate of ammonia market, and buyers are this week 
offering about 12/. 8s. 9d. per ton for prompt lots, Glas- 
gow or Leith. The total exported from Leith Harbour 
last week was just 51 tons. 


Scotch Steel Trade.—Despite tke present trouble with 
the boilermakers, and the consequent disarrangement of 
work in the various shipbuilding yards, there has been 
little change in the condition of the Scotch steel trade. 
A healthy demand is still prevalent for plates, and some 
fairly good lots have been sold to consumers in Ireland 
and England. No improvement has taken place in the 
local demand for angles, but the export demand continues 
good. In lighter material, sheets and thin plates, 
business is very satisfactory, and some respectable quan- 
tities have been sold this week for early shipment to the 
Colonies. A similar demand exists for structural sections. 
The official selling prices are as follow :—Boiler-plates, 
7l. 7s. Gd. per ton; ship-plates, 6/. 12s. 6d. per ton; and 
angles, 6/. 5s. per ton—all less 5 per cent. Clyde area. 


Malleable-Iron Trade.—Makers of malleable iron in the 
West of Scotland report a slight improvement in business 
this week. The demand is better and the majority of the 
works are running the full number of shifts. 


Scotch Pig-Iron Trade. — A quieter tone prevails in 
the demand for Séotch pig iron at the moment, but 
nevertheless deliveries are still on a large scale and more 
than equal to output. Hematite is rather quiet, and the 
current selling price is about 68s. 6d. per ton. 


| Shipbuilding.—The shipbuilding returns for the past 
month are well over the average monthly output for this 
| year. The figures are as follow :— 


The Clyde 
» Forth 
os Ga <> 
= Ge <s 





39 vessels of 41,322 tons 


8 vessels of 1,054 tons 


47 vessels, 42,376 tons. 
| The above total for the month of August makes up the 
| Clyde output for the year to 203 vessels, of 295,083 tons, 
| which is a long way ahead of the output for the corre- 
| sponding period of the past two years. The total figures 
| for all tch yards for the past eight months are 359 
| vessels, of 311,904 tons, which are considered very satis- 
|factory. A fair amount of new work has been placed, 
| and the following contracts are of recent date :—Messrs. 
| Fleming and Ferguson, Paisley, have contracted to build 
a bucket-dredger, of special design, for the Tees Con- 
servancy Commissioners. This vessel will be able to 
dredge close up to the quay walls, and is the second order 
| placed by the same owners with Messrs. Fleming and 
Ferguson.—Messrs. Ramage and Ferguson, Leith, have 
| secured an order to construct a cargo steamer for the 
Union Steamship Company, of New Zealand. The vessel 
will have a dead-weight corrying capesity of about 2750 
| tons, and delivery is wanted in about six months. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Staveley Coal and Iron.—The report of the Staveley 
Coal and Iron Company, Limited, to be presented at the 
annual meeting in Shettield on September 27, states that 
the net profit from the various business operations and 
investments of the company is 121,435/. During the past 
year sinking operations have been in apad ey: at 
the Yorkshire Main Colliery, and it is hoped that coal 
will be reached there about next midsummer. The 
whole of the surface plant and machinery is erected in 
readiness. A dividend of 10 per cent. for the year is 
recommended, which is the same as last. The dividend 
jn 1908 was 20 per cent. 

South Yorkshire Coal Trade.—Operations in the coal 
trade in South Yorkshire wore an unwonted air of 
activity during last week-end. Pits were getting out - 

lies as qeistly as possible in order that deliveries might 
e hindered as little as possible by the difficulties of 
transit during Doncaster race week; consequently the 
past few days have been quiet. Without considering this 
temporary rush of business, however, there are evidences 
of a growing improvement in both the great branches of the 
industry. The tone of the hard-coal market is stronger, and 
there are big demandsfor shipment. Large suppliesare al 
being taken by the railway companies, and the industrial 
consumption generally is a large one. Some gy ex 
is still Coins done in second-grade material. Inquiries 
for gas-coal are rapidly increasing, though deliveries are 
far from completed on some of the big contracts. Coke 
and slacks are quiet, but there is a brisk movement in 
steam-nuts. In house-coal the quantities dealt with at 
depots are steadily increasing, and collieries are working 
off stocks very well. The stoppage, on account of the 
races, of many pits in the district during the week, will 
materially help in keeping down stocks, The London 
demand is better, though below the average, and there are 
more orders from country stations. A much livelier 
trade is expected within a week or so. Up to the present 


prices show no quotable change. ’Change quotationsare :_ 


—Best silkstone, lls. to 11s. 6d.; silkstone, 8s. 9d. to 
9s. 3d.; Derbyshire brights, 10s. 6d. to 11s. 6d; York- 
shire hards, 9s. 6d. to 10s.; Derbyshire hards, 8s. 3d. to 
9s. 3d.; rough slacks, 5s. 6d. to 6s. 3d.; seconds, 3s. to 4s. ; 
smalls, 1s, 6d. to 2s, 6d. 


Tron and Stecl.—Sheftield cannot look with indifference 
upon the position in the shipbuilding industry recently 
rendered acute by the lock-out. The effect upon local 
industries is of an indirect nature, and so far has not 
been particularly felt except to lower slightly the general 
tone of the markets, A continuation of the deadlock 
would, however, be very unfortunate, since the shipbuild- 
ing industry is so important to the steel trades, and it 
is hoped that terms wi ~ aay | be made before any more 
serious consequences ensue. In the iron market, Lin- 
colnshire foundry continues to meet with such a good 
demand that the 1s. premium recently placed on it is main- 
tained. This is equivalent to the rates obtaining before the 
reduction. The Derbyshire irons have also been a little 
firmer. Excess of production seems to be the likeliest 
reason for the position of hematites. Ores are dear, and the 
demand is of large proportions, yet prices remain weak. 
The improvement in finished iron does not appear to be 
materialising very successfully, and there is some price- 
cutting in bars. German billets are at a high figure, 
giving better opportunities to local makers, who are deal- 
ing with a good inquiry. Scrap is steady. There may 
shortly be a rise in the price of rolled semi-steel sections. 
The heavy departments of the big firms are just now 
working well, in the case of the two local armament 
houses, the weight of the orders being materially increased 
by the Spanish naval contracts. The steel trades show 
satisfactory improvement in some directions, and there 

s been no weakening of the general position. 
reliable indication of this is the activity of the rolling- 
mills. Makers of special steel have plenty of business, 
though the American demand is somewhat slacker. 
Against this, however, there has been some increase in 
home ordering. Fresh orders for railway material have 
come from India, and there are possibilities of work for 
Canada and the United States. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Clevelatd Iron Trade.—Notwithstanding the very 
Satisfactory Board of Trade returns, and more favourable 
reports from the United States, the Cleveland iron trade 
continues very quiet. Little business is passing, but a 


feelin of confidence exists, and improvement in the near 
future is anticipated. Deliveries are on a good scale, 
shipments of Pig so far this month coming quite up to 
expectations. No, 3 g.m.b. Cleveland pig + “49s, 6d. 
f.o.b.; No. 1, which continues scarce, “52s. 6d.; No. 4 
foundry, 48s. 6d.; No. 4 forge, 48s. 3d.; and mottled 
and white iron, each 47s. 9d.—all for early de- 
livery—any inquiry on forward account eliciting quo- 
tations of 6d. per ton above these figures. There 
> a rither better feeling in East Coast hematite pig, 
ut producers complain that current rates are unre- 
munerative. A few sales have been recorded on the basis 
of 62s. Gd. for earl delivery of Nos. 1, 2, and 3, and that 
is the general market quotation. Sheffield consumers dre 
in the market, and have endeavoured to fix contracts over 
the next twelve months at the foregoing quotation ; but 
= ‘re not prepared to entertain such offers, espe- 
—— . there are indications that cost of output is likely 


omer Values of foreign ore are unaltered. Con- 
- di rable sales of Scandinavian ore to steel-makers are 
understood to have been made, but hematite producers 


One | 8Tess 





ore just now. Market rates 
are on 20s. ex-ship Tees for best Rubio, Coke is in 
good request for local consumption, with average blast- 
furnace qualities at 15s. 9d. to 16s. delivered here. 


Manufactured Iron and Steel.—Satisfactory and encou- 
raging accounts are given of nearly all departments of 
the manufactured iron and steel industries, Producers 
generally have good contracts made, and they report 
inquiries numerous and orders still coming in. Under 
these favourable circumstances values naturally show an 
upward tendency, and several manufacturers speak of 

vancing rates, but up to the present no quotable changes 
have been made. Common iron bars are 7/. ; best bars, 
7l. 7s. 6d. ; best best bars, 7/7. 15s.; iron ship-plates, 
6l. 10s. ; iron ship-angles, 7/. ; iron ship-rivets, 7/. 7s. 6d.; 
steel bars, 6/. 5s. ; steel ship-plates, 6/. 10s,; steel ship- 
angles, 6/1. 2s. 6d.; steel strip, 6/. 10s. ; steel hoops, 
61. 12s. 6d. ; and steel joists, 6/. 2s. 6d.—all less. the custo- 
mary 24 per cent. discount, Cast-iron columns are 
61. 10s.; cast-iron railway chairs, 32. 10s.; light iron rails, 
6/. 10s.; heavy steel rails, 5/. 10s.; and steel railway 
em, 61. 12s. 6d.—all net cash at works. Iron and 
steel galvanised corrugated sheets 24-gauge, in bundles, 
stand at11/. 10s.—less the usual 4 per cent. f.o.b. - 

Cleveland Bridge Company.—One of the most note- 
one engineering contracts of the present century is the 
re-building of the bridge over the River St. Lawrence. 
The bridge, it will be remembered, collapsed during 
course of erection, in 1907, A special commission ap- 
pointed by the Canadian Government have during the 
past two years been engaged in preparing designs and 
speeifications for an entirely new bridge on the site of the 
old work. In December last the contract for the sub- 
structure—that is, the sinking of the masonry piers—was 
awarded to a firm of Ottawa engineers, at a price of 
448,000/., and tenders for the supply and erection of 
the steel superstructure are to be submitted to the 
Canadian Departments of Railways and Canals before 
October 1. ot only are numerous engineering diffi- 
culties expected to arise in the execution of the work, 
but unusually severe financial stipulations are set 
forth in the Canadian. Government’s specification, 
and therefore, in official circles, it is expected that the 
list of tenders will be less than a dozen, These hail from 
Germany, the United States, Canada, and Great Britain. 
It is understood that two or three of the principal German 
engineering companies will unite in submitting a joint 
tender, whilst three of the leading American and 
two of the Canadian bridge-building firms are 
intending to compete. So far as is at present known, 
the only tender from Great Britain will be one sub- 
mitted = Cleveland Bridge and Engineering Com- 
pany, of Darlington, in association with the Metropolitan 
Amalgamated ilway and Wagon Company, of Bir- 
mingham. In connection therewith, these two com- 
panies propose the establishment of large bridge and 
engineering works in Canada, and they have recently 
formed a new syndicate, which has just been registered 
at Montreal under the title of the British Empire Bridge 
Company, and having a share capital of 1,000,000/. ster- 
ling. The new Quebec Bridge is intended to carry loads 
nearly three times as heavy as that put on the Forth 
Bridge, and the estimated weight of the steel to be used 
is 66,000 tons, distributed over a length of 2800 ft., or 
about 24 tons per lineal foot, as inst 10 tons per foot 
in the Forth Bridge. The Cleveland Bridge Company 
have already established offices in Montreal, and recently 
Mr. Charles F. Dixon, the managing director, and other 
officers of the Cleveland Bridge Company, have visited 
Canada and entered into negotiations for acquiring a site 
in close proximity to Montreal, having frontage on the 
St. Lawrence. 

Colliery Electrification in Durham.—Considerable pro- 
has been made in connection with the supply of 
electrical power in the Durham area. Extensions of ‘the 
power companies’ mains have recently n carried out 
in connection with Murton Colliery, and new cables have 
been ordered for the supply to Easington Colliery and 
to meet the increasing demand for power in the network 
of the Durham Collieries, Limited. In connection with 
the latter, a new sub-station has been built at Phila- 
delphia, with a capacity of 8000 horse-power, there being 
two 4000-horse-power transformers, which convert the 
current from 20,000 to 6000 volts. The power issupplied 
partly by the Philadelphia station and partly from the 
generating station of the Newcastle-upon-Tyne Electric 
Supply Company at Carville-on-Tyne. Some important 
extensions to the electrical equipment of the Boldon 
Colliery, of the Harton Coal ag have recently 
been carried out under the advice of Mr. Maurice Georgi, 
their engineer. These include the substitution of two 
1250-horse-power transformers for two 600-horse-power 
transformers, the change a uired to meet the 
increased demand for power. The sub-station containing 


are buying very little forei 


them is a two-floored structure, 20 ft. square, built by the | rp 


company. Extensions have also been made at the 
Hesledon Colliery, where the existing buildings have been 
duplicated, where transformers of 4000 horse-power are 
now installed, 








CanapIAN Iron Orne.—Large quantities of iron ore 
will soon be shipped from mines at Torbrook, Nova 
Scotia, and near Bathurst, New Brunswick. A branch 
railway from the latter place to the Intercolonial Rail- 
way has been completed, and shipping facilities have 
been provided at Newcastle, on the Miramichi. Dredg- 
ing is being carried on in Bathurst Harbour with the 
view of providing increased shipping facilities. The mines 
near Bathurst have a productive capacity of 1000 or 2000 
tons per day, and the output will probably be about the 
former quantity. Most of it will go to the United States, 
but some will be despatched to Great Britain. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has been quiet upon the 
whole. Colliery proprietors are endeavouring to maintain 
Lepr pen although a number of pits are reported to be 

ort of orders. The best large steam coal has made 16s. to 
16s. 6d. per ton ; secondary qualities have ranged between 
14s. 6d. and 16s. 9d. per ton; cargo smalls hayé made 6s. 6d. 
to7s. perton. Householdcoal has notshown much activity ; 
the best ordinary qualities have made 14s. 6d, to 16s. per 
ton ; No. 3 Rhondda large has brought 17s. to 17s. 3d. per 
ton ; smalls, 93. 6d. to 9s. 9d. per ton. No. 2 Rhondda —— 
has been quoted at 10s. $d. to 11s, 3d. ton ; smalls 
at 7s. to 7s. 3d. per ton. Foundry coke aefien ‘Bey 18s. 
to 20s.; furnace ditto, 16s. 9d. to 17s. 3d. per ton. As 
regards iron ore, Rubio has brought 19s. 3d. to 19s. 9d. 
per ton, upon a of 50 per cent. of iron, and charges, 


including freight, insurance, &c., to iff or Newport. 


Remodelling Keyham.—A careful overhauling of the 
existing fixtures and general equipment of the Keyham 
Royal Naval Engineering College has been made by the 
dockyard and victualling yard officials, preparatory to 
the building being taken in hand for conversion into a 
residential training college for specialist lieutenants and 
sub-lieutenants, under a new scheme of training. The 
estimates provide for the entire remodelling of the cubicles 
and living quarters, together with such other changes as 
will provide suitable accommodation for an average of 100 
officers under training. The instructional equipment will 
also be overhauled. 


The Tin-Plate Trade.—Messrs. Richard Thomasand Co., 
Limited, have decided to augment their present output 
at the Burry Tin-Plate Works b age, | eight new 
mills, equipped with modern machinery, ‘Twenty-four 
new mills are at present in course of erection by the same 
company near the South Wales works, while twelve mills 
are also being laid down by the Old Castle Tin-Plate 
Company, Limited. 


Coaling in Bad Weathcr.—With a view of subjecting 
Engineer-Commander Metcalfe’s coaling-at-sea system to 
the most exhaustive trials, the cruiser Roxburgh has been 
ordered to wait at Portland for bad weather. She will 
then proceed to sea and carry out confidential experiments 
in coaling from the collier Mercedes. Engineer-Com- 
mander Metcalfe is serving in the Roxburgh, and will 
therefore have an opportunity of witnessing the trials. 


The “‘ Blanche.”—The 30 hours’ trial of the Blanche, 


also| which commenced when she left Milford Haven, con- 


cluded before her arrival at Plymouth, and was considered 
successful. During the trial the Blanche made two runs 
over the measured line at Polperro, one at 15,000 horse- 
power, and the other at 11,000 horse-power, The speed 
attained on the first run was 24,4 knots; and on the second, 
22.3 knots. 


Dowlais.—The works have been kept going, but there 
have been complaints of short supplies of iron ore. The 
Goat and the Big Mills have been employed upon heavy 
and -_ railway material. The Bessemer plant has had 
a good output of steel. 





Asiatic TurKkyY.—Plans which call for an investment 
of from 12,000,000/, to 20,000,000/, have been’ completed 
by a New York syndicate for railway development in 
Asiatic Turkey. The enterprise is designed to open up 
the mineral and oil-fields of Kurdistan and the Tigris and 
Euphrates vane. A projected trunk-line will run from 
Sivas to the Gulf of Alexandretta, a distance of 1243 miles. 
The terms of the agreement by which the syndicate is 
admitted to the Turkish field are, that the property shall 
be vested in a Turkish corporation, to whose stock Otto- 
man subjects will be given the right of subscribing up to 
50 percent. The Turkish Government reserves the right 
to buy up the line after 30 years, ‘by making annual 
payments based on net eurningss A valuable wiring 
concession is included in the agreement. 


Tur Kow1oon Rarway.—We learn from papers just to 
hand from Hong Kong that the British section of the 
Kowloon-Canton Railway, to which we recently referred, 
is now practically completed, and that°6n August 3 Sir 
Henr y, the officer administering the Government 
i the Hon. be: eng Director o pe 7 Works, and 
a large party of guests, made an inspection of it. ving 
Murray Pier in two launches, the ern disembarked at 
Kowloon, where a special train was waiting for them. 
The frontier being reached, the party alighted and stayed 
for a short time in Chinese territory ; then a return was 
made to Taipo, after which the special steamed back to 
Kowloon. The opening of the line at this stage has been 
deemed advisable in order to work up the light local 
traffic, and to transport the material for the Chinese sec- 
tion if required, all of which will help in earning revenue. 
he carriages which are being built for the line will 
number eight altogether, and be of what is known as the 
corridor bogie type, illuminated with electric light, 
and ing every convenience.. They will be of 
the following classes: — One first-class, to seat 32 
passengers ; one’ first’ and second-class combined, to 
seat 24 first-class and 44 second-class passengers ; 
one second-class, to seat 82 passengers ; three third-class, 
to seat 120 passengers each ; one third-class, lu e and 
brake, to seat 34 passengers ; and-one third-class, mail 
and brake, to seat 28 passengers. The total‘weight on 
the rails of each coach will be 44 tons. The godds wagons 
will number about forty, and will be of varying éapacity, 
ranging from 30 tons to 15 tons, Altogether:there will 
be four locomotives used on this section, but, of course, 
all the rolling-stock is, to begin with, on a very moderate 
scale, and will be added to as the traffic justifies such a 
step. 
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THE VULCAN COMPANY’S NEW ENGINEERING WORKS AT HAMBURG. 
(For Description, see Puge 374.) 
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THE VULCAN COMPANY'S NEW SHIPBUILDING AND ENGINE! RING w 


(For Description, 
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PLATE XXIX. 





iG woRKS AT HAMBURG; THE ENGINE AND TURBINE MACHINE-SHOPS. 


Description, see Page 3 
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MACHINE-TOOLS AT THE ENGINEERING AND MACHINERY 
EXHIBITION, OLYMPIA. 


(For Description, see Page 351.) 
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AGENTS FOR “ENGINEERING.” 


AUSTRALIA 54 Ste and Gotch, Melbourne ; Sydney ; Brisbane ; 


Turner and Henderson, Sydney, N.S. W. 
T. Willmett and Oo., Townsville, North Queensland. 
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LOCK-OUT OF SHIPYARD IRON- 
WORKERS. 

Tue gravity of the situation caused by the 
lock-out by the Shipbuilding Employers’ Federa- 
tion of the members of the Boilermakers’ Society 
rests not so much upon the direct cause of the 
stoppages of work which have brought about the 
ine abt, as upon the fact that the executive 
council of the trade union have lost the power of 
controlling their members. Because of this, it 
would be a mistake.to think that the lock-out will 
terminate as early as some optimists assume. The 
crisis is in some measure unique, because the union 
leaders recognise not only the justice of the 
employers’ position, but the advantage which must 
accrue to the union if the Federation achieve the end 
for which they have taken such decisive action. In 
their last report the executive council of the union 
stated that while they would be ever ready to defend 
their members against unscrupulous employers, 
who were a menace to g workmen and em- 
ployers alike, ‘‘they would also be prepared to 
defend the majority of their members against the 
careless, irresponsible few who set law and order at 
defiance, and not only injured their trade, but 
brought their good members into disrepute and 
jeo ised the whole funds of their society.” The 
ock-out is really an act to assist the executive of 
the trade union in defending the majority of their 
members against the disaster suggested in this 
quotation from their report. 

As regards the prospect of the employers 
achieving their much-desired end, we may first 
consider the cost to the union. The men locked 
out are the shipyard ironworkers—platers, riveters, 
caulkers, angle-iron smiths, holders-on, &c.; and as 
all federated shipbuilding yards are involved, the 
number locked out is about 20,000, out of a total 
membership of 55,000. Those still employed 
either belong to non-federated shipbuilding yards 
—notably at Belfast, London, and the South of 
England—or are members of the union engaged on 
boiler work, who are not yet involved, because the 
disputes which have brought about the lock-out 
are in shipbuilding yards, and not in engineering 
establishments, which come under a different 
agreement. Even with only 20,000 workers in- 


3| volved, the total of strike or lock-out pay allow- 


able will equal about 12,000/. per week, and as the 
credit balance in the general fund of the union is 
under 51,000/., excluding, of course, the super- 
annuation fund, it will be realised that the union 
is not in a position to maintain the strike for a 
long time, particularly since the cause is due to 
lack of discipline on the part of a small majority 
of the members. Already, too, there have 
been thrown out of work more than 20,000 
workers closely dependent upon the shipyard iron- 
workers, and, should the dispute continue long, 
other. trade unionists will have to be suspended. 
Thus there may be considerable depletion of the 





funds of several unions. Although a small matter, 
this may increase the amount of pressure brought 
to bear upon the members of the Boilermakers’ 
Society in determining the question upon which 
they are this week voting—namely, whether or not 
the executive is to be invested with fuller power 
in order to check the irresponsible recalcitrants 
amongst the members, and to ensure satisfactory 
arrangements and assurances with regard to the due 
observance of the national agreement and working 
conditions generally. 

The employers require such arrangements and 
assurances before work is resumed, and this is indis- 
putably reasonable. The shipyard national agree- 
ment referred to was only arrived at about a year 
ago, and involves practically all shipbuilding firms 
in the kingdom and nineteen of the leading tradé 
unions. By mutual consent it provides most care- 
fully devised machinefy for settling by agreement 
and conference all disputes which may arise in ship- 
building works. One of the conditions attached is 
that there shall be no stoppage of work, the point 
at issue between the worker and the employer in 
all disputes being first referred to loca] represen- 
tatives of employers and employed, and, failing a 
settlement by them, wpe subsequently to the 
central boards, again for consideration in confer- 
ence between the federation and unions. There is 
no need to point to the beneficent character of such 
an agreement. It has worked most satisfactorily in 
all the trades, with the single exception of the Boiler- 
makers’ Society. Sections of the members of this 
union have time and again broken away from all 
authority, leaving their work without considering 
the consequence, and often after carrying their work 
to a stage when the delaying of the’ job or the 
situation of the work was harmful and expensive to 
the interests of the employer. Up till June last there 
were, notwithstanding the national agreement, 
thirty-five stoppages of work in shipyards, of which 
twenty-seven were due to the members of the 
Boilermakers’ Society, and in twenty cases a large 
number of workers were involved. Indeed, so 
serious had the situation then become that the 
executive of the union issued a notice to their 
members generally, pointing out that such stoppage 
of work on the part of the members involved “ a 
violation of rule, a repudiation of an honourable 
agreement we have entered into with other trades, 
anarchy in the society, and an inevitable lock- 
out of all our members. The old method of 
members walking out in a body without consulting 
any authority in the society, either local or national, 
is not only a useless, but a suicidal one, and cannot 
be tolerated.” The situation has certainly not im- 

roved since then ; stoppages in different districts 

ave’ become almost a daily occurrence, and at 
Sunderland alone it is said there were fifteen such 
sectional stoppages last month. 

Matters reached a climax two or three weeks ago, 
when the workmen, after they had stripped the 
bottom of a ship which had been: brought into dry 
dock for repairs, left work precipitately because 
the demands they made for extra remuneration 
were not at once acceded to. It will be noted that 
the employer was in a more or less hopeless posi- 
tion, as the vessel -was in a public dock, and serious 
penalties were incurred, not only in the prolonged 
occupancy of the dock, but in the postponement of 
the completion of the work, and of the return of the 
ship to her station. The refusal of the men to go 
back to their work when instructed by the execu- 
tive council of their union compelled the employers 
to give notice of a general lock-out of the whole of 
the members of the union employed in the ship- 
building yards. On that occasion a week’s notice 
was given, and before the time expired a settle- 
ment was arrived at. Last week there was a recur- 
rence of the same action, also on the Clyde, while 
at the same time workers in Sir W. G. Armstrong, 
Whitworth, and Co.’s Walker Yard left their work 
because the management could not at once alter 
the normal rates to suit the views of the men 
engaged on vessels on the Isherwood system. Not- 
withstanding that the men left their work without 
authority from their union, a conference between 
representatives of employers and workmen was 
held and the provisional agreement settled, with 
the further condition that the conference was to 
be resumed this week in order to arrive at a per- 
manent agreement. The workmen, however, 
refused to accept even the provisional agreement, 
and the employers decided to lock out the whole of 
the members of the union in all shipbuilding yards 
of the Federation, practically without notice—a 
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step which the executive council of the union, in 
their latest circular, admit was quite legal. 

This simple statement of the genesis of the crisis 
clearly establishes the need for some strengthening 
of the powers of the executive council of the union 
in order that they may (to use their own words) 
**defend the majority of their members against the 
careless and irresponsible few who set law and 
order at defianc>.” The Employers’ Federation 
have announced that the ‘‘ resumption of work will 
not be permitted unless and until satisfactory agree- 
ments and assurances are agreed upon with regard 
to the due observance of the Shipyard Agreement 
and working conditions generally.” There is thus 
practically no difference between the aims of the 
executive of the union and the Federation. The 
members of the union have been asked to vote on 
the question whether they endorse the position 
taken up by their executive council, and whether 
they are willing to empower the council to calla 
representative meeting if necessary. We presume 
that such representative meeting is to strengthen 
the powers of the executive, otherwise it would 
almost seem as if the executive had failed to realise 
the gravity of the situation so far as it affects 
future ‘‘ working conditions.” Or are the council 
determined to invest themselves with further 
powers, provided the members endorse the position 
taken up by the executive ? The council are to be 
sympathised with rather than condemned, but they 
must realise their position, unless the union is to 
be wrecked by the mutinous members. 

Nothing is further from the minds of the em- 
ployers, or of industrial economists generally, than 
to see trade unions in a weak position, either 
financially or otherwise. Employers have learned 
that it is conducive to a continuity of industrial 
peace to have working conditions determined not 
for each small section of the trade, but for all estab- 
lishments in the kingdom, and this can only be 
done when all the workers are united. This unity, 
however, must be based on the solid foundation 
of individual as well as collective responsibility 
and rights. There can be no unity without dis- 
cipline, because the rights of all are superior to 
the supposed wrongs of the few. The first re- 
quirement of the situation, therefore, is a unani- 
mous determination to maintain an agreement 
honourably accepted because conducive to the 
welfare of the trade. If such a degree of honour 
cannot be achieved voluntarily by all, then it must 
he enforced under penalty. At present the con- 
stitution of the Boilermakers’ Society provides that 
**in cases were a member or members may have 
acted contrary to the society’s interest, or to the 
injury of his fellow-member or members, and there 
is no specified rule dealing with such cases, the 
executive council shall have power to deal with all 
such cases as they may think fit, either by a fine 
not exceeding 5l. for each offence, or suspension or 
expulsion.” There seems to be doubt regarding the 
question as to who is to determine whether such act 
is contrary to the society’s interest or injurious to 
fellow-members. The executive council, however, 
are vested with authority to carry out all the rules 
of the society, and it seems clear that there is 
power to impose a fine. The legal aspect of the 
question, however, is, as always, very complicated, 
and it seems doubtful if members can be expelled 
without special machinery for the purpose. The 
time, however, has arrived for the punishment of 
such recalcitrants as have vexed both the executive 
council of the union and the employers, and, at 
the same time, have done grave injury to the 
society. There is no doubt that a man who has 
contravened a most important rule in reference to 
work should be punished. It might even be arranged 
that the employer should deduct the fine from his 
wage at the request of the union. But as employers 
can never profit by the penalising of the men, even 
for misdeeds incurring loss, the fines should pass 
to a local charity chosen by the union-—the hospital, 
for instance. In the event of the workmen failing 
to pay the penalty, his membership would natu- 
rally Hon and in view of the superannuation 
benefits thus forfeited, this would of itself be a check 
to that impetuous action which has caused so many 
stoppages. We have no tolerance for the view 
entertained by some unionists that members who 
had thus been expelled, and whose membership 
would thus lapse, would readily secure employ- 
ment. The tendency of all managers is to recog- 
nise that the best workers are within the unions. 

Another phase of the subject has reference to 
the compensation to which employers are entitled 





in the event of stoppages of work in contravention 
of agreement, and involving financial loss. For 
such loss the workers ought to be responsible, 
either themselves, or through their unions. To 
meet such loss, and to bring home to the members 
their responsibility in this connection, a substantial 
guarantee ought to be deposited with trustees for 
the fulfilment of the national agreement. This pro- 
ceeding is frequently adopted in commercial under- 
takings, and the agreement between the federated 
employers and the trade unions comes within the 
same category. We have the more courage in re- 
commending this course, since it is already adopted 
in almost exact analogous conditions by the 
National Union of Boot and Shoe Operatives. In 
their case the agreement between the employers and 
the union includes a clause providing for ‘‘ financial 


guarantees for duly carrying out the provisions of | — 


the agreement and existing and future awards, deci- 
sions of boards, arbitrators, or umpires,” and the 
sum deposited by the union with the trustees for 
this purpose amounts to 1000/. At the same time 
it is provided that ‘‘ if any provision of the agree- 
ment, or of an award, agreement, or decision be 
broken by any manufacturer or body of workmen 
belonging to the Federation or the National 
Union, and the Federation or Union fail within 
ten (subsequently reduced by mutual agreement to 
four) days either to induce such member to com- 
ply with the agreement, decision or award, or to 
expel them from their respective organisations, 
the Federation or Union shall be deemed to 
have broken the agreement, award, or decision.” 
There is a right of claim by -either organisation 
upon the guarantee fund ‘‘for loss sustained if 
work is not resumed on the morning of the fourth 
working day from the date on which the strike or 
lock-out is notified,” the aim being to prevent the 
continuance of sectional strikes unauthorised by 
the authorities. All disputes that arise must be 
considered within four days of notification by the 
Board of Arbitrators, and the payment of claims 
begins from the fourth working day. These con- 
ditions were framed with the assistance of the 
Board of Trade, five years ago. 

It is reasonable to expect that the Shipbuilding 
Employers’ Federation, having taken such decisive 
action, will not yield until the executive council 
of the trade union have been invested with powers 
to compel all the members to recognise their 
individual responsibility for permanent stoppage 
of work when the dispute arises, so long as the 
machinery exists for the settlement of such disputes 
by conference and mutual agreement. The method 
to be adopted is largely one to be determined by the 
trade unionists, and it were well that there should 
be a clear vote by the unionists granting power to 
the executive council to formulate such regulations 
as may meet the moderate requirements of the 
employers. So far the employers have not stated 
the nature of the assurances which they require 
for the due observance of the shipyard agree- 
ment and of working conditions generally. The 
onus of providing the means of ensuring the 
observance of the agreement rests with the trade 
union, because it is their members who have 
failed to carry out the honourable understand- 
ing which they undertook, and the executive 
council have not succeeded in forcing the members 
of the union to do their duty. The general secre- 
tary of the union, in his explanatory circular to the 
branch secretaries, points out that the ‘‘ lock-out is 
directly attributable to small bodies of our own 
members taking the law into their own hands, and 
acting contrary to the advice of all the officials in 
the society, both lecal and national.” The execu- 
tive must find a means of preventing the members 
‘*taking the law into their own hands.” When 
they have indicated the means which they pro- 
pose to take, we have no deubt that sympathetic 
consideration will be given to them by the em- 
ployers, because the Federation have admittedly 
acted throughout in the true spirit of concilia- 
tion, recognising the extreme difficulties of the 
executive council in inculcating the indispensable 
quality of discipline amongst workmen in a 
out an agreement, which cannot always grant ‘‘a 
things to all men.” 








PROGRESS IN AVIATION. 

THE recent conclusion of the second of the two 
greatinternational aviation meetings in Great Britain 
—viz., that at Lanark—affords an opportunity of 
considering what has been the progress of aviation 





during the past year. There are two points of view 
from which the progress of aviation can be viewed 
—firstly, that of the records made at flying meetings, 
and secondly, that of the general progress of fligh*, 
and especially cross-country flight. It will be con- 
venient to consider the records first, although it is 
obvious that the cross-country flight is really much 
the more important, and, in fact, that the perform- 
ances at the aviation meetings are only of value as 
far as they affect improvement in cross-country 
flight. The table given below gives the records up 
to the end of August last year in comparison with 
those up to September 3 this year, and therefore 
affords a guide to the progress which has taken 
place in that branch of aviation which consists of 
making records on a prepared track. 


Comparison of Record Flights, 1909-1910. 


Records to End of 
August, 1909. 
Altitude ee oe ee 508 ft. 8471 ft. 
Distance of longest flight .. 111 miles 350 miles 
Time of longest flight .. 3 hrs. 4 min. 56sec. 5 hrs. 3 min. 5 sec, 
Speed, miles per hour Pee 47 664 


Records to 
September 3, 1110, 





Notr.—In order to make the comparison fair the speed quoted 
for 1910 is the best record on a circular course. On a straight 
course a speed of 77} miles an hour was attained at Lanark. The 
height record of 8471 ft., above given, is that of M. Morane, at 
Trouville on September 3, and the distance record that of 
ps Bielovucie, from Paris to Bordeaux, completed on the same 

ate. 


Passenger Flights at the Rheims Meetings, 1909-1910. 
1909. 1910. 





2 hrs. 9 min. 7 


One passenger 10 min. 39 sec. 
53 miles 


Two passengers ee «| De BB wa 


sec, 


Notr.—The flights with passengers at Rheims only are given, 
as although many good flights have been made with passengers 
recently, some of these have not been officially observed. Some of 
them have been with more than two passengers, and some across 
country for considerable distances. 

In looking through these records, the great point 
which strikes one is the enormous increase in the 
height to which aeroplanes have risen. This isa most 
important advance from every point of view. The 
power of rising to great altitudes is essential if the 
aeroplane is to be used for journeys across country; 
firstly, because it enables hills of reasonable height 
to be surmounted ; secondly, because it is necessary 
for safety. It will be recollected that when the 
possibilities of a flight from London to Manchester 
were discussed last summer, there were some who 
had doubts as to whether it would be possible to 
fly over the range of hills to the North of London, 
as these were higher than the greatest altitude 
which an aeroplane had, up to that time, attained. 
Now hills ten times as high would not be a barrier. 

The increase in height has undoubtedly been the 
main cause of the improvement in cross-country 
flight, as it gives safety in case of the motor stop- 
ping. Many of the ‘‘records” at an aviation 
meeting are made with the machine flying as 
low as possible consistent with its clearing the 
ground. As long as all the ground is smooth 
and suitable for alighting, this practice is, no doubt, 
quite safe, but it is extremely dangerous when flying 
across country. While the motors used for aero- 
planes are far more reliable than they used to be, 
the possibility of such a lightly-constructed machine 
stopping must always be considered. When the 
motor stops the machine will begin to descendat once 
if flying low, this may mean an immediate descent 
into some obstacle or on to rough ground, resulting 
in a serious accident. If flying high, however, 4 
suitable landing place can be chosen anda “vol 
plane” to it made. Hence it seems desirable that 
flights should not be made across country at a lower 
height than about 1000 ft., unless the ground is 
exceptionally favourable for landing. This opinion 
appears now to be generally accepted. 
rom another point of view the increase in the 
height attained is of great importance—viz., 4s 
increasing the usefulness of aeroplanes in war. It 
was often assumed last year in discussing this ques- 
tion that the height to which the aeroplane could 
ascend would be very limited, but we have in the 
short space of a year increased the possible height 
from 500 ft. to over 8000 ft., and there seems 
little doubt that in a very short time the aeroplane 
will be able to fly at any height which is practically 
desirable. 

The distance covered in a single journey, and 
the speed, have not increased in the same startling 
way as the height records. Still the increase has 
been very considerable. Whether striving after 
such ‘‘records” be entirely to the good of the 
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movement may be doubted, for the distance and 
speed an aeroplane will go depend on the propor- 
tion of its total weight which is available for engine 
and fuel. Hence, other things being equal, the aero- 
»lane with the lowest factor of safety in the frame- 
work and wings will make the best records. There is, 
however, probably a good deal of margin yet for the 
reduction of weight without reduction of strength, 
and with further experience we may hope to see the 
speed and radius of action considerably increased 
without reduction in the factor of safety. Both 
these features are of importance ; for, if the aero- 
plane is to be of ractical use, its radius of action 
must be considerably increased, as well as its speed. 
In one respect there has been a great advance— 
viz., in the distance flown with passengers, and this 
is a point the importance of which is too obvious to 
need comment. 

Turning to the more practical side of aviation 
and to the general position, the progress is very 
much more striking than in the records. Even in 
the case of aviation meetings this is very obvious. 
In the first place, the number of machines which 
will actually fly is enormously greater, and they do 
so with much less uncertainty, while there are far 
fewer machines present which will not fly. At 
Doncaster and Blackpool last year the latter were 
in a large majority, and the public were much 
entertained by some of them running about the 
ground without apparently any tendency whatever 
to leave it. 

Probably the best illustration of the general 
improvement in the certainty of handling the aero- 
plane was that afforded by Grahame White's pas- 
senger trips on the first day of the Bournemouth 
meeting. At Blackpool, last September, it is true 
that a passenger flight had been one of the features, 
but it consisted of one aviator taking up another, who 
was practically his partner, and who flew the same 
machine. The flight was of very short duration, and 
only one was made during the meeting, while, judging 
from the expression of the pilot on the occasion, it 
seemed to cause him a good deal of nerve strain. 
This year, at Bournemouth, on the other hand, for 
some two hours an aeroplane was running passenger 
trips with apparently the same ease as a motor-car, 
and, in place of a specially-selected passenger, 
anyone was taken up who was willing to pay the 
fee asked. Further, the navigation of the aero- 
plane, even with a passenger on board, appeared to 
require little more attention than that of a car, and 
the pilot had plenty of time to look about him. 

It is, however, in cross-country flight that the 
greatest advance has been made during the past 
twelve months, and this is of the utmost importance, 
for flying round an aerodrome is of no practical use, 
and is not even interesting to watch for any length of 
time. Up to the middle of last summer the amount 
of cross-country flight which had been accomplished 
was practically nil. True, there had been one or 
two occasions when machines had been taken out 
of the aerodrome, but they could be numbered on 
the fingers of one hand, and were in the nature of 
quite special performances, done in very exception- 
ally favourable weather, and for the sake of 
advertisement. Blériot’s flight across the Channel 
on July 25, 1909, was also a great feat, but stood 
by itself for some time. Possibly the greatest 
step was Count Lambert’s flight last October, when 
he started from the flying-ground at Juvisy and 
tlew round the Eiffel Tower, 15 miles off, and back. 
This, in many ways, was the prototype of modern 
cross-country flight, for Count Lambert flew ata 
height of well over 1000 ft., and, in fact, flew a good 
deal higher than had been previously reached in 
special flights for the altitude ‘‘ record.” Nothing 
shows the progress of flight so much as the fact 
that less than a year ago such a flight was considered 
quite sensational, while now it would not even 
attract any attention. 

Cross-country flights of short duration in really 
calm weather may, in fact, now be looked on 
as almost certainties, while some remarkable 
long-distance flights have been made. Thus the 
London-to-Manchester journey was accomplished 
at the second attempt early in the year, as 
well as the douhlo-Channcl flight. A very re- 
markable series of flights constituting a race of 
790 kilometres (490 miles) divided into six stages 
has recently been completed in France, the winner 
taking just under twelve hours, and therefore 
averaging about 41 miles an hour “ flying ” time. 
Another remarkable flight is that of Moissant, who 
flew with a passenger from Paris to Amiens, and 
the next day flew from there across the Channel, 





taking his passenger with him. A stop was made 
at Calais for petrol, and, after a stop near Dover, 
the journey was continued to within a few miles of 
London. Shorter cross-country and over-sea flights 
have been made, both in connection with the various 
aviation meetings and otherwise, in such numbers 
that it is difficult to even point out individual ones 
for mention. 

While flight may therefore now be looked on asa 
fair certainty when the weather is really calm, such 
weather is rare, in this country at all events, and 
this has been especially the case during the present 
summer. Hence the greatest interest attaches to 
the progress of flight in a wind, and here we have 
probably a greater advance than in any of the other 
directions. A year ago the strongest wind in face of 
which even the most experienced aviator cared to 
ascend in a special ground was what in England 
would be called a very light air, while now cross- 
country flights are boldly undertaken in quite strong 
winds. The very fact that such flights are now 
often carried out on a predetermined day, even in a 
very stormy summer, instead of a specially suitable 
day being waited for, is conclusive evidence of this. 

In fact, the aeroplane has, in the last year, ceased 
to be a mechanical curiosity, which could do littlesave 
make exhibition flights in exceptional weather over 
a prepared track, and has become a practical machine 
for progress across country. The ordinary height 
at which it is flown has of course increased enor- 
mously, and the majority of cross-country journeys 
are made at heights of from 1000 ft. to 2000 ft., 
while on the sea flight at Bournemouth Morane 
ascended to some 4000 ft. That the aeroplane is still 
a very delicate and expensive machine to run is, of 
course, obvious; and it is also obvious that its use is 
attended with considerable risk. In connection with 
the latter point, it must, however, be remembered 
that in aviation meetings there isalways a tendency 
to do sensational things for the sake of advertise- 
ment, and this often necessitates taking greater 
risks than are necessary for practical work. Pos- 
sibly this is more the case on the Continent than 
in England, and it is certainly a fact that the 
number of accidents abroad has been proportionately 
much greater. 

We have therefore now got to the stage when the 
aeroplane must be reckoned with as a machine 
which is a practical factor in human life, and, if 
progress is as rapid in the future as in the past, it 
will very soon be a most serious factor. Even in its 
present state, a machine which can travel 70 miles 
an hour, and fly at such a height that hitting it would 
be extremely difficult, to say the least, must have 
its uses in war, and with increase in the lifting 
power, speed, and radius of action, these uses must 
very rapidly augment. Its useful capabilities in 
time of peace are less easy to foresee ; but that a 
machine which can travel in any direction with the 
speed of an express train is destined to have an 
important influence on civilised life is obvious. 





THE JET-PUMP. 

For certain purposes the water-ejector, or jet- 
pump, is of great service, and owing to the extreme 
simplicity of its construction, it would undoubtedly 
be very widely applied were it possible to obtain 
with it any reasonable efficiency. For instance, 
were the device really etticient, it would have some 
very special advantages as applied to jet propulsion. 
As is well known, efficiency in ship - propellers 
must be sought in the sending astern of a large 
volume of water at a low absolute velocity, It is 
here that the jet-propeller has so far failed, while 
pumps to handle large volumes of water at low 
velocities are necessarily massive and generally 
very wasteful of power. If it were ible to 
attain the desired end by an application of the 
principle of the water-ejector, the screw propeller 
would be in a fair way to supersession, since only a 
small volume of water would enter the engine- 
room, and being raised there to a high pressure, 
would be discharged astern through a jet-pump, 
inducing in its passage the flow of a large volume of 
water, with which it would combine, thus securing 
the desiderated large volume of water leaving with 
a relatively low velocity. 

Unfortunately, however, theory shows that 
even could pipe friction be eliminated, the total 
reaction propelling the vessel would be exactly 
the same, in the case stated, as if the high-pres- 
sure jet were discharged astern at once without 
passing through a jet-pump. In fact, the thrust 
propelling the vessel is in all cases measured 


by the momentum of the water sent astern 
per second, and the defect of the jet-pump lies 
in the fact that the momentum of the discharge 
can never be more than that of the high-pressure 
jet which induces the flow. As there have been 
recent proposals to utilise the water-ejector as a 
jet-propeller, it would seem that the theory of the 
device is much less generally understood than 
might have been expected, and as this theory 
shows that the inefficiency is an inherent property 
of the pump, it may be of service to some of our 
readers to set forth here the argument. The ap- 
paratus in its essential features is well known and 
does not differ in essentials from the ordinary steam- 
injector. A stream of water issuing at a high velocity 
from a jet discharging into the throat of the pump, 
sucks up and combines with low-pressure water, the 
combined jet being finally discharged with a velo- 
city which may be taken as uniform throughout 
the cross-section. 

The theory of the apparatus can be based 
on the principle of the conservation of the 
momentum of the fluid in corresponding stater, 
Thus the suction water is originally at atmospheric 
pressure, and the combined jet is finally dic- 
charged at the same pressure. At the throat 
the pressure is below that of the atmosphere, 
but at some point or other in its passage to the 
throat, the water which constitutes the central 
jet must also have been at atmospheric pres- 
sure. Its velocity at this section is, of course, 
given by the relation v= ,/29 h, where h is its ori- 
ginal head, taking the atmospheric line as zero, 
The momentum of a mass m of the high-pressure 
water as it passes this section will be, therefore, 
mv, At the same pressure the suction water is at 
rest, and hence has no momentum, so that the total 
original momentum of the system, referred to the 
condition when the pressure is atmospheric, is mv 
“y+ In the throat the pressure is below that 
of the atmosphere, and this fall of pressure occa- 
sions an increase of momentum; so that if the 
mass M of suction water combines with the mass m 
of the high-pressure water, the momentum in 
the throat will be mv’ + Mv’, which may be 
written as mv + mAv+ Mv’, so that the in- 
crease of momentum due to the fall of pressure 
is mAv+Mv". From the throat, up to the 
point of issue, the pressure rises, and there is thus 
a decrease of momentum. This rise of pressure, 
in fact, just cancels the previous increase, so that 
on final issue the total value of the momentum is 
mvsimply. This momentum is now, however, dis- 
tributed over the combined masses. If v, be the 
common velocity of these at discharge, we get 
(m+ M)v,=mv. Now for all useful purposes 
the energy available in the jet at issue is its 


2 
kinetic energy, or (m + M) 4 , which is less than 


m v* 


=” the original kinetic energy of the high pres- 


sure jet when at atmospheric pressure. The waste 


f ilable energy is, =( M ) 
of available energy therefore, m 4 
and this waste exists as eddies in the jet and is 
finally converted into heat. The theoretical maxi- 
mum efticiency of the pump is, therefore, . 
m+M’ 
which with mand M equal, is only 50 per cent., and 
falls off rapidly as M becomes relatively larger. 





EMPLOYERS’ INSURANCE AGAINST 
STRIKES IN GERMANY. 

EMPLOYERS’ insurance against strikes differs from 
ordinary insurance. It is not only strikes in docks 
and on railways which threaten enforced starvation 
and distress in parts far away. Most strikes and 
lock-outs affect a wider circle than those directly 
concerned, and while in cases of accidents all the 
parties are anxious to repair the damage done and 
to restore the normal conditions, strikes and lock- 
outs are purposely entered upon in order to make 
the other side suffer until it -yield. That the 
public las to suffer too is partly regretted as 
unavoidable and partly accepted as helpful, inas- 
much as the public will side with the one or the 
other party. Striking is warfare, and if it be 


sound policy to prepare for war with the object of 
preventing war, preparation for strikes and lock- 
outs is equally sound and justifiable. Such prepara- 
tions may, on the other hand, also cause alarm 
and defeat their own object. 





The working men were the first in the field with 
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strike funds. . That the manufacturers, especially 
those commanding large means, did not at first 
feel the necessity of taking common defensive and 
offensive measures, is not surprising. Matters have 
changed, however. So far as we are aware, British 
employers have not yet united in anti-strike insur- 
ance associations. We discussed in January, 1909, 
what the employers have done in France. To- 
day we refer to German conditions. We are 
induced to do so by the publication of a pamphlet, 
‘Die Streik-Versicherung in Deutschland und 
Frankreich,” a dissertation written for the purpose 
of obtaining for the author the degree of doctor, 
and presented to the philosophical faculty of the 
University of Bonn, by Georg Germann, of Essen, 
on the Ruhr. Doctor dissertations are, as a rule, 
written by students at the end of their University 
course ; but they may be compiled at a later period. 
We do not know whether Dr. Germann can claim 
mature experience ; but he seems to have inquired 
carefully into a difficult subject. 

Employers’ insurance against strikes was first 
suggested at Berlin in 1872 after a series of labour 
troubles in the building trade ; the'difficulties were 
patched up, however, and nothing was really done. 
About ten years later the small shipping and 
conveying firms depending upon the trade in the 
Hamburg docks took concerted action, which had, 
indeed, been discussed since 1870. The iron indus- 
trials followed suit, and in 1890 Mr. Hermann 
Blohm, of the well-known shipbuilding firm of 
Blohm and Voss, founded an organisation called 
the ‘‘ Industrie-und Gewerbe-Verband von Ham- 
burg.” Members joining this association were 
asked to contribute towards a guarantee fund, out 
of which a council made grants to members troubled 
with strikes. The grants were not direct dona- 
tions, but they took the shape of loans from a bank 
with which the Verband allied itself; the bank 
also discounted bills of exchange for members. 
Similar associations established in other parts of 
Germany offered immediate aid. In 1889 the West- 
aa colliery-owners united in the Ausstands- 

ersicherungs- Verband, of Dortmund, which means 
‘‘insurance association against strikes.”’ Within two 
years 105 members were on the rolls, the funds had 
risen to 1,455,000 marks (or shillings), and 230,000 
marks were paid out in compensation in one year. 

In 1892 the Prussian Government issued a decree 
which has been of high importance for the develop- 
ment of the strike insurance movement. It was 
decreed that such associations, in so far in particular 
a8 they dealt with lock-out declarations, could not 
be recognised, unless the rules of the association 
made the payment of any compensation dependent 
upon the condition that the employer in question 
had submitted the dispute to an official board of 
conciliation. As the Westphalian masters, like 
most masters elsewhere, would not be tied down to 
compulsory conciliation, their association had no 
legal locus standi, which implies that they could not 
enforce, by action at law, the payment of contri- 
butions and of compensations, nor the observation 
of their rules. The result was that the Dortmund 
Verband, though it continued to exist till 1908, 
became merely a private agreement, and this holds 
also for the other strike associations to which we 
shall refer. The publication of annual reports was 
abandoned. Though the Dortmund Verband has 
thus ceased to exist, a glance at the rules will be 
interesting. Members contributed 0.05 mark (0.6d.) 
per ton of coal mined ; they engaged to pay more if 
necessity should arise. Compensation was given 
on the resulting diminution in the output, at the 
maximum rate of 1.5 mark per ton, subject to 
certain conditions. Although the masters objected 
to ofticial conciliation, they would only allow com- 

nsation if their own board declared the strike to 

unjustified. The period for which compensa- 
tion was granted was limited, and nothing was to 
be paid until the number of hands on strike ex- 
ceeded a third of those empleyed, or unless a whole 
class of workers struck and made operations im- 
possible. When the diminution in the output 
exceeded 30 per cent. of the total output of the 
Verband, moreover, the strike was considered 
general, and not entitling particular firms to special 
consideration. 

Other industrials were ready to acquiesce in the 
official conciliation. The ‘ Industria” company, 
founded at Berlin in 1897, offered to insure members 
in all parts of Germany, and even abroad, and of 
all branches, against loss by strikes and lock-outs, 
compensation to be granted only when the position 
assumed by the members was deemed justified. 





The ‘‘ Industria ” was merely a commercial under- 
taking, however, without connection with special 
industries, and it did not live long. The associa- 
tion of the metal industrials, first of Leipzig, and 
then of all Germany, which was known as the 
Leipziger Gesellschaft of 1900, and which was 
re-organised in 1904, is still in existence ; but 
it does not occupy any important independent 
position, being without capital and only a mutual 
insurance company against strike losses, though 
many of its rules were taken over by the new 
bodies. 

Continued conflicts between masters and men 
led, in the same year, 1904, to a centralisation of 
the various associations under two heads. The one 
was known as the ‘‘ Hauptstelle Deutscher Arbeit- 
zeber-Verbiinde,” the other as the ‘‘ Verein 
Drattecheo Arbeitgeber-Verbinde.” The former 
name signifies ‘‘centre of German workgivers’ 
associations,’ the latter ‘‘ union’’ of the same em- 
ployers. The two organisations left considerable 
latitude to their different associations; they differed 
little in their principles and general rules, but they 
did not adopt the same methods. The Haupstelle, 
less strong in numbers, but representing the 
wealthier body of large firms, aimed chiefly at keep- 
ing order in the trade and at preventing strikes. 
The Verein, or ‘‘union,” which now comprises 
twenty different associations, has more directly 
taken up strike compensation, and aims at establish- 
ing further societies with this object. The further 
centralisation of these various associations caused 
the enlargement of the ‘‘ Verein’”’ into ‘‘ Gesell- 
schaft des Vereins Deutscher Arbeitgeber- Verbiinde 
zur Entschidigung bei Arbeitseinstellungen,” and 
the Hauptstelle similarly turned, in 1906, into the 
‘*Schutzverband gegen Streikschiden.” The metal 
and wood industries are chiefly represented in the 
‘* Gesellschaft,” and the textile industry chiefly in 
the ‘‘ Schutzverband.” A great number of associa- 
tions which insure against strikes have not joined 
either organisation, however. The bakers, glaziers, 
leather-workers, tailors, builders, and some metal- 
workers, for instance, have so far kept apart, and 
the whole movement does not appear to be so 
important as it is in France. 

As regards the rules, the contribution rates are 
mostly based on the wages paid, the rate ranging 
from one to three per thousand. When less than 
répoth have to be subscribed, further demands up to 
that figure may be made. In addition to the annual 
contribution an admission fee may be required, 
generally not more than 0.5 per mille, sometimes 
only 4 per mille (among the textile manufacturers 
of Mirkisch Gladbach, e.g.) reckoned on the annual 
wages. The compensation is likewtse estimated 
on the wage system ; the usual allowance is 25 per 
cent. (German metal-workers, and also in Saxony 
and Bavaria), or 20 per cent. (Unterelbe, one of 
the first of these modern associations, founded in 
1906) of the average daily wages. The German 
metal industries also favour the small firms by 
granting up to 50 per cent., when a firm employs 
only ten hands. This system differs radically from 
the French, which is based on an estimate of the 
loss incurred in payment of rent, fixed salaries, 
taxes, royalties, &c., and the system appears all the 
more peculiar, as compensation is also granted to 
the employer who dismisses other workmen not 
participating in a partial strike. Thus the risks of 
a lock-out are diminished, but the allowances made 
for locked-out hands are smaller than those for 
strikers. 

Both in France and Germany compensation can 
only be claimed when the strikers are judged to 
be in the wrong. The decision rests with the 
board. The German associations require in this 
connection notice of an impending strike. Dis- 
qualification of an employer is not infrequent, and 
in order to prevent or shorten strikes a strike com- 
mittee of the association reserves to itself the right 
of controlling the negotiations with the employees. 
The employer who disregards the advice of this 
committee may forfeit his claim for compensation. 
The amount of compensation is settled by another 
committee of the association, from which there is, 
in some bodies, an appeal to an arbitration court. 
The period for which compensation may be allowed 
is not always fixed by the regulations. In general 
practice, however, the first three days of a strike 
are disallowed. The compensation may be paid at 
the end of the year or immediately, as a loan. 

As regards the financial administration, the 
distinction between provident or working fund, 
guarantee fund, and reserve fund, is not always 





maintained. The two first funds coalesce in the 
case of those associations which always demand a 
fixed maximum contribution. The auditors are 
always given wide power and facilities. Turning 
to special features~in the practice of the two mai: 
bodies, the ‘‘ Gesellschaft.” and the ‘‘ Schutzver 
band,” we find that the ‘‘ Gesellschaft”’ demands 
less from its component associations than ij 
claims from their members, and grants als: 
less; the annual contribution is 0.5 per mille, 
reckoned as in the primary assdéciation on th: 
wages, and the compensation does not exceed 
123 per cent. of the highest daily wages ; there 
is no entrance fee. The ‘‘Schutzverband,” as 
indicated above, aims more in particular at raising 
high guarantee funds, in order to prevent labour 
conflicts. The contribution is 0.25 per mille, and 
compensation is accorded as ‘‘ deemed appropriate 
and in accordance with the means at disposal.” It 
should be mentioned that the ‘‘Gesellschaft,” as well 
as its primary associations, may also reduce the 
rate of compensation if short of means: 

The ‘‘Schutzverband” does not pay anything 
before the respective association has belonged to 
the “Schutzverband” for at least a year, and has 
itself made certain payments in the conflict ; the 
‘* Gesellschaft’ acknowledges claims arising as 
soon as an association has joined. The ‘‘ Schutz- 
verband,”’ on the other hand, does not wait till the 
end of the year, but gives at once what it intends 
to give, and some of its severe rules have quite 
recently been modified in favour of a more liberal 
treatment of the primary association. 

It is not easy to understand from these notes how 
the insurance actually works out ; but the rules of 
insurance companies are generally intricate, and yet 
the companies prosper and grow. Dr. Germann 
considers that the German insurance system against 
strikes suits the German industrials on the whole, 
though, owing to the absence of legal recognition, 
neither the member nor the association can enforce 
claims through a court of law, and though there 
is no guarantee for the solvency of the association. 
Only the latter objection seems to be of practical 
importance. Serious quarrels between the asso- 
ciations and their members have not arisen, and 
the organisation appears on the whole to answer. 
Yet Germany has certainly not been behind in the 
number of strikes and lock-outs. The following 
lock-out statistics state the year, A the number of 
lock-outs, B the number of people concerned, and 
C the number of man-days lost :— 


B. C. 





183,000 
1,797,000 
2,320,000 

906,000 


14,630 
144,047 
93,356 
60,576 


The strike statistics for the same years distinguish 
between offensive and defensive strikes, a difficult 
and not very useful distinction. We use the letters 
A, B, C in the same ways for the offensive strikes, 
and the letters A,, B,, C, for the defensive strikes. 


C}. 





A}. 


292 


Bj. 


14,295 148,000 
30,679 | 396,000 
38,930 637,000 
$4,135 | 642,000 


x B. C. | Year. 
| 514 | 86,786 | . 903,000 | 
1261 | 333,238 | 5,170,000 
2045 | 183,756 | 3,360,000 
678 | 30,187 497,000 





1900 
1905 
1906 
1908 


809 
1014 
1117 | 





The compensation paid to the German metal in- 
dustries in the years 1905, 1906, 1907, and 1908, 
amounted to 119,033, 514,000, 345,000, and 242,031 


marks. These figures would be still larger if some 
of the most powerful firms did not prefer to fight 
their own battles, and did not keep aloof from all 
these associations. Messrs. Krupp declined to 
join on the ground that their benevolent institu- 
tions were the best insurance against strikes. They 
ought to be, but it does not follow that they will be. 








NOTES. 
Curious Errect or Mercury Vapour. 

Some experiments described by Werner von 
Bolton at the May meeting of the Deutsche Bunsen 
Gesellschaft should emphasise the need of extreme 
caution in the interpretation of experiments with 
vacuum tubes in which mercury and india-rubber 
stoppers are made use of. Dr. von Bolton merely 
told the meeting what he had observed, without 
dwelling on the ing of his experiments. He 
took an ordinary test-tube, put some amalgam into 
it, and closed the tube by a rubber stopper. After 
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three weeks he found that the upper portion of the | shown by the gauge, which was usually fitted near 
glass tube next the ag ood was coated black. 

eated to 100 deg. Cent.,| volume of air actually being supplied to the 
the black ring appeared within a few hours, and in | blast-furnace. 
the presence of sulphur within half an hour ; on) was being supplied to it at all, and evidence as to 
the other hand, the presence in the amalgam of | this fact might be obtained too late ; the furnace 
selenium and tellurium, elements closely related | would get cold, leading to endless trouble. In this 
to sulphur, prevented the formation of the black |case the. air in the rotary blower would be simply 
coating. The coating consisted of carbon or of | revolving; whereas in the case of reciprocating 
some carbon compounds ; it burned completely to | blowing-engines the blast cannot return to the 
e amalgam first tried was barium | engines. 
amalgam ; but the amalgams of sodium and of 
other metals proved equally effective, and mercury 
vapour appeared to be the chief agent. A much more u 
pronounced blackening was observed when coal-gas| Mr. Gouvy also considered the various blowing- 
was passed into the tube. The mercury vapour | engines from the economical standpoint, and gave 
seemed to decompose the gas introduced, or the ‘the following table, which is based upon a blast- 


When the amalgam was 


carbon dioxide. 


BLOWING-ENGINES COMPARED. 


the tuyeres, but no indication was given as to the 


It might even occur that no air 


With rotary blowers it was necessary to 
| use, besides the pressure-gauge, recording anemo- 
| meters, combined Pitot tubes placed in the dis- 
| charge-pipes, or other devices of the same nature. 





Central Power-Station, 


Central Power-Station, 














Steam-Driven Engines, Steam- | Gas-Driven Engines, 
Rotary Blower, | Driven Di- Rotary Blower, Jas-Driven 
Electrically-Driven. | rect Blow- Electrically-Driven. Direct 
— : | ing-Engine,) __ < __| Blowing- 
Under is | Rotary or | Gnaie' te Engine. 
Inder Most | Reciproca- | | Under Most | 
2 oe Favourable ting. Poe | Favourable 
8- | Conditions. | Conditions. 
per cent. percent. | per cent. per cent. per cent. per cent. 
Efficiency of blowing-engine ‘ ha is 70 78 | 70 70 78 — 

5 electric motor “ os 26 a 20 90 | ca 90 90 - 
dynamo ta < +4 - iy 90 95 | o 90 | 95 _ 
prime movers oe $a 5 *3 80 90 } a 75 80 - 

Final efficiency i = im a mn me 45.36 60.02 | 70 42.53 | 53.35 8n 
Power of prime-mover for a 250 horse-power blow- 
ing-engine mA - - a me .. 551 h.-p. 417 h.-p. | 357 h.-p. 588 h.-p. 468 h.-p. 313 h.-p. 
Corresponding steam consumption at 6 kgs. 3306 kgs. 2502 kgs. | 2142 kee. -: , a 
(13.2 1b.) per horse-power hour... oo <a (7286 Ib.) (55141b.) | (47211b.) 
Corresponding gas consumption 1.2 cubic metres | 3967 c.m. 3003 c.m. | 2570 ¢.m. a De 
per kilogramme of steam .. os = .. | (140,000 c.ft) (106,000 c.ft) |(91,000 c. ft.) 
Corresponding gas consumption, 3 cubic metres | | 1764 c.m. 1404 c.m. 939 c.m. 
per E.H.-P. hour - _ ie ae om a ‘ | (62,000 c. ft.) (50,000 e.ft.) | (33,000c. ft.) 
Consumption of the gas available for motive P 96.7 9 - er 
my ee eee ee ser hes } 35.3 96.7 | 228 16.7 | 12.5 8.4 


gas given off by the vulcanised rubber or the rubber furnace using 100 tons of coke per 24 hours, equal 


itself. Vapours of chloroform, carbon tetrachloride, 
carbon disulphide, carbon dioxide, were similarly 
decomposed, but the gas had in all cases to be 
moist ; nothing resulted in a completely dry atmo- 
sphere. Unvulcanised rubber turned hard and 
brittle when exposed to mercury vapours in long 
tubes ; mercury vapour also decomposed a bromide 
photographic film. A plug of wadding next to the 
stopper did not prevent the formation of the black 
ring, but energetic cooling of the middle portion of 
the tube did. In some cases Bolton found very 
small colourless crystals in the black coating, and 
as these crystals disappeared when fused with caustic 
potash in an oxygen atmosphere, they were pro- 
nounced to be diamonds. This conclusion certainly 
seems to be hasty, and the observed reactions are 
peculiar in several respects. As mentioned already, 
sulphur accelerated a eabtion. while selenium 
and tellurium stopped it altogether. Mercury itself 
was not so active as the amalgam ; that might be 
because the liquid amalgam has a larger surface 
than the drop of mercury. But why the reaction 
should take place at a much quicker rate with hot 
amalgam, but fail altogether with boiling mercury, 
is ditlicult to understand. We will not discuss 
the question whether or not hydrogen peroxide, 
often regarded as the mischief maker, should be 
concerned in this effect. But we may point out 
that mercury and rubber stoppers and rubber 
tubing are used in connection with most radiation 
experiments, though not in the vacuum tubes them- 
selves. Some such slow effect might account for 
the alleged appearance of carbon in experiments 
supposed to demonstrate a possible transmutation 
of other elements into carbon. 


Biast-FurRNAcE BLow1nG-ENGINES. 


In a paper which he read a short time ago before 
the Société des Ingénieurs Civils de France, Mr. 
Gouvy, consulting engineer, Paris and Diisseldorf, 
compared together the various types of blast- 
furnace blowing-engines. He stated that when a 
blast-furnace was working regularly, and the blast 
had been suitably avon Bro. both in regard to 
pressure and volume of discharge, an electrically- 
driven rotary blower, the prime movers being ga®- 
engines, was an ideal engine. If, however, the 
charge was held up and the blast-furnace got out 
of order, the rotary blower would continue run- 
hing at the speed for which it had been regulated, 
the wind pressure at delivery attaining the maximum 
corresponding with the speed. This pressure was 





to. 4167 kg. (9184 lb.) per hour, and requiring in 
'the most favourable conditions a blowing-engine of 
250 electrical horse-power. The corresponding 
blast-furnace-gas production might be estimated, 
on the basis of 4500 cubic metres, to be, per hour :— 
Cub. M, Cub. Ft. 


; 18,750 = 662,250 
‘The Cowper stoves and losses 
absorbing 40 per cent. 7,500 = 264,900 


There remaining available for 
motive power ... 5 . 11,250 = 397,350 

The above table shows that, from the commercial 
point of view, the direct gas-driven blowing-engine 
requires only 8.4 per cent. of the available gas, and 
comes first in regard to gas-consumption. The 
second place is taken by the electrically-driven 
rotary blower, the prime movers being gas-engines. 
The most costly plant, from the point of view of 
gas consumption, is that consisting of an electri- 
cally-driven rotary blower, the prime movers being 
steam-engines supplied with steam from blast- 
furnace gas-fired boilers. 


VisisLeE Groups oF MOLECULES ? 


In our issue of April 8, 1910, we referred to 
recent experiments tending to prove, if not the 
visibility of separate molecules or of groups of mole- 
cules in solutions, at any rate an optical discontinuity 
due to the presence of molecules. We mentioned on 
that occasion the experiments of Lobry de Bruyn 
and the Tyndall effect. When a light cone is con- 
centrated into pure water, free of all dust and 
suspended matter, the cone is invisible in water, 
or the water is optically ‘‘ void.” When the water 
contains dust or salt solution, the solution ‘ illu- 
minates itself,” as Walthére Spring expresses it. 
Spring deals with the problem in a communieation 
published in the Bulletin de l’ Académie de Belgique 
of last January. He clears the water of dust and 
impurities either by electricity or by coagulating 
colloidal precipitates. Reference to this difficult 
operation was made in a Note on Lerd Rayleigh’s 
lecture on ‘‘ The Colours of the Sky and Sea,” in 
our issue of March 4, 1910.* At one of the con- 
gresses held in connection with the Liége Exhibi- 
tion of 1905, Spring showed that certain diluted 
solutions of salts of the alkalies and of the alkaline 
earths and some other salts were bpp void, 
while diluted solutions of salts of aluminium. 
iron, chromium, silver, lead, &c., were not void if 


intensely illuminated. He thought that.the latter 
salts were hydrolysed into a colloidal hydrate and 
free acid, and that the visible illumination was due, 
not to any want of transparency, but to a hetero- 
geneity. But he found subsequently that concen- 
trated salt solutions are not void, and that the 
liquid alcohols and hydrocarbons are not void 
either, and those with large molecular weights less 
so than those with small molecular weights. That 
suggested light effects due to the homogeneous 
molecules themselves, though the dimensions of the 
molecules themselves would be too small in most 
cases to produce visible effects even under violet 
illumination. The peculiar feature which he 
emphasises at present is, however, the follow- 
ing :—He kept some of his solutions, rejectin 
the colloidal solutions, for four years, and test 
them again. The salts comprised chlorides, 
ape, and nitrates of the alkalies, potassium 
bichromate, platinum chloride, lead acetate.. All 
these solutions were not optically void four years 
ago, but most of them have become so, or nearly 
so, by being kept for four years. In other language, 
the transparency of solutions would appear to 
become greater in the course of time. In explana- 
tion of his observation, Spring suggests, quite on 
general lines, slow changes in the molecular struc- 
ture, which are also marked by changes in the 
electric resistance. That the electric resistance of 


| solutions changes in the course of time has re- 


peatedly been suggested, and one would naturally 
expect a change. The solution must be kept in 
some vessel, and it is impossible to exclude reac- 
tions between the solution and the material of the 
vessel; and as the electric resistance test is exceed- 
ingly sensitive, this test indicates changes. The 
optical test is not less sensitive ; yet one does not, 
understand why transparency should result, except, 
perhaps, by condensation of material particles on 
the walls of the vessel. The particulars which 
Spring gives are not sufficient to justify the 
expression of any opinion. . He did not determine 
the electric resistance four years ago. From com- 
parative resistance tests of old and new solutions 
now made, he concludes, however, that the resist- 
ance of his solutions decreased by a few per cent, 
in the course of four years. There is one notable 
and very peculiar exception, ra er so far, 
His potassium bichromate, originally of the usual 
dark orange colour, had turned yellow, and its 
electric resistance had doubled. e might think 
of some reaction with the glass of the vessel ; but 
the evaporated old solution (apparently no longer 
bichromate, but chromate) yielded new bichromate 
when redissolved in water. 





HANYANG IRON AND STEEL WORKS. 
By Grorce Cuamier, M. Inst. C.E. 


THE awakening of China, which has been made the 
theme of so many homilies and sensational reports of 
late years, is not only due to the propaganda of a 
host of missionaries, engaged, it is claimed, in the 
moral and intellectual enlightenment of the people; 
nor can it be attributed mainly to the alleged dis- 
interested action of European nations in annexing 
portions of the Flowery Land, and extending their 
— of influence over whole provinces. The 
obtaining of concessions, and building of railways 
under foreign management, have undoubtedly con- 
tributed largely to the opening up of the country 
and to the development of trade; but there are 
also other causes, of an internal origin, which are 
working in the same direction, and bringing about 
a beneficial change. 

These are mainly due to engineering enterprise. 
Indeed, the real friend and educator of the Chinese 
has been the engineer. It is due to him that so 
much practical advance has been made in the past ; 
it is to the engineer that China must look in the 
future for a steady improvement in the conditions 
of life, and for the development of an immense 
field of natural resources. 

Among the industries initiated and successfully 
carried out by the Chinese of late, the Hanyang 
Iron and Steel Works, of which a brief description 
will be given, affords one of the best examples. 
This establishment, which already assumes large 
dimensions, is situated at Hankow, by the great 
River Yangtse, some 600 miles from its outlet, 
near Shanghai. It occupies, therefore, quite an 
inland position, which is deemed the most central 
for railway communication in all directions. 








* See ENGINEERING, vol. lxxxix., page 289. 


This advantageous site was not chosen at the 





‘ 
! 
| 
pT 
} 





372 


ENGINEERING. 





[SEPT. 9, 1910. 








initiation of the scheme, which originated with 
Viceroy Chan Chih Tung, one of the most en- 
lightened and progressive of China’s statesmen, 
and who was at that time governing the provinces 
of Kuangtung and Kuangsi. He destined the first 
shipment of machinery for Canton; but, being 
afterwards transferred to the Liang Hu Provinces, 
he caused the whole material to be removed to its 
= position, which is exceptionally favoured 

y proximity to deposits of iron ores and coal-mines 
of almost unlimited extent. 

The works are built on the bank of the Han 
River, at its junction with the Yangtse, on an exten- 
sive area, overlooking a part of the native city of 
Hankow. The installation of the works had a 
modest beginning, and for several years the deve- 
lopment of the industry was slow, and laboured 
under many difficulties. The Tayeh iron-ore mines, 
from which all supplies are drawn, is only 80 miles 
distant from Hanyang, and has proved to be a 
veritable mountain of iron ore, containing from 
60 to 65 per cent. of metal. From this mine 
327,000 tons of ore were excavated in 1908, and it 
is estimated by experts that, by open digging alone, 
a million tons of ore per annum can be obtained 
for a hundred years. The mine is 15 miles inland 
from the bank of the River Yangtse, and is con- 
nected with the waterway by a railway of standard 
gauge. Limestone of pure quality and manganese 
are also obtainable in the same locality. 

The lack of suitable coal for the making of coke 
was one of the principal difficulties in the way of 
the development of the industry, as no coal-mine 
was known to exist in the vicinity, and coke had 
to be imported from Europe in the first instance, 
and afterwards from Kaiping, in North China. 
But subsequently a grand mine was discovered 
at Pinghsiang, in the Kiangsi Province, about 250 
miles from Hankow. The exploitation of this 
valuable deposit, which was carried out with 
energy and despatch, soon altered the whole face 
of affairs. The mine is now connected with the 
waterway by railway, and the coal and coke are 
transferred to Hanyang by lighters, towed by 
steam-tugs. Last year 380,000 tons of coal was 
the output of this mine, and there are already at 
pe pant 280 coke-ovens, and also firebrick 
works and a briquette plant. It is calculated that 
this mine could furnish 1,000,000 tons of good 
bituminous coal per annum for 500 years, so there 
need be no anxiety regarding the supply needed. 

The first installation of the iron works was on a 
limited scale, and comprised two blast-furnaces, 
each having a capacity of 50 tons daily, one Bes- 
semer plant with two converters, one Siemens- 
Martin furnace of 10 tons capacity per charge, a 
rail-mill, twenty puddling-furnaces with a small 
bar and plate-mill. But this plant soon proved 
to be quite insufficient, and, moreover, the Bes- 
semer process did not give satisfaction owing toa 
high proportion of phosphorus in the iron. A 
thorough change, with large additions, was, there- 
fore, inaugurated. H. E. Sheng Kung Pao, at 
that time the head of the Imperial telegraph and 
the Chinese Steamship Company, was entrusted 
with the development of the establishment, and he 
carried out the project with judgment and vigour. 
Mr. V. K. Lee was appointed general manager, and 
was charged with the arduous and responsible work 
of re-organising the industry on a much larger scale. 

For this —_ Mr. Lee visited Europe and 
America, and obtained a complete and extensive 
plant for steel manufacture on the open-hearth 
(Siemens-Martin) process. This machinery was 
erected on the old site, but the principal build- 
ings were reconstructed. Mr. Lee also obtained 
the assistance and co-operation of an able staff of 
European engineers and specialists, under the tech- 
nical direction of Mr, E. Ruppert, a gentleman of 
much experience. 

The works now comprise two blast-furnaces, pro- 
ducing up to 200 tons cf pig iron per day, with 
another one under construction that will increase 
the output to 450 tons; steel-making plant, com- 
prising four Siemens-Martin furnaces, each pro- 
ducing 30 tons per charge, with two more under 
construction of the same capacity; one metal- 
mixer, of 150 tons; one hydraulic stripper ; two 
pouring platforms, with hydraulic pushers; one 
cogging-mill, 40-in. ; one beam and angle-mill, 32-in. ; 
one plate-mill, 30-in.; one rail-mill, 32-in.; one- 
bar-mill, 20-in.; and many auxiliaries ; a complete 
rolling-mill department, with a total capacity of 
750 tons per day ; also extensive mechanical work- 
shops, and shops for brick and refraetory materials ; 





modern joinery and pattern-shops ; and all other 
appliances needed to meet the general expansion. 

he machinery has been obtained from some of the 
best known makers in Europe and America. The 
works and the iron and coal-mines employ about 
20,000 Chinese, with twenty-four Europeans at the 
factory, and seventeen at the mines. 

Mr. V. K. Lee, under whose general manage- 
ment these important works have been brought to 
their present prosperous condition, is of Chinese 
nationality. He is a man of strong individuality 
and broad views, entirely devoted to his mission, 
which has begn the development of the iron indus- 
try in China. His chief assistant is also Chinese, 
and so are the commercial manager and the super- 
intendents of the various business departments. 
These gentlemen are all highly educated; they 
mostly speak English fluently, while many of them 
have studied abroad, and are equally proficient in 
French and German. It is oly in the technical 
branches that Europeans are employed, but their 
aid is, of course, essential in their own spheres. 

At the present time the Hanyang Iron and Steel 
Works are principally engaged in the manufacture 
of steel rails, of which a large and increasing 
demand is needed for local railway construction. 
As to the quality of the metal produced, it must be 
admitted to be excellent. The writer was profes- 
sionally engaged during the past year in testing 
and inspecting this material for three railways in 
China, and he found it superior to all specified 
requirements, and possessing the best qualities of 
mild steel. It is also remarkably uniform. 

A question of much importance to railway engi- 
neers arose concerning the best proportion of 
carbon to be allowed in the metal. Under the stan- 
dard specification adopted, and in accordance with 
modern British practice, it is provided that the 
carbon in the steel shall not be less than 0.30 or 
more than 0.45 per cent. These limits do not ap- 

r to suit the steel manufactured in this locality 

y the open-hearth process. A much larger pro- 
portion of carbon can be safely allowed, with evi- 
dent advantage to the hardness of the metal, and 
without detriment to its malleable qualities. Lat- 
terly the proportion of carbon was increased from 
0.45 to 0.60 per cent., but beyond the last limit 
the contractors did not care to go, as the steel 
became too hard to be readily worked, and involved 
increased expense. The proportion of phosphorus 
is limited to 0.075 per cent. 

The works are capable of supplying also every 
kind of structural steel, and probably in the course 
of time a demand will arise for these productions, 
especially as another large industry—the Yangtse 
Engineering Works—has just been started, under 
promising management, at Hankow. This factory 
may need a large supply of metal for bridge-build- 
ing and general construction. A considerable 
portion of the pig iron is yearly exported to 
America, Japan, and other countries. 

One of the most striking features about all these 
works in China is due to the peculiar conditions of 
labour. In our Western countries the question of 
wages is one of the main considerations, and all 
kinds of labour-saving machinery are in keen de- 
mand. Here it is quite different. The supply of 
manual labour is not only oppressively plentiful, 
but almost incredibly cheap, according to our 
notions of pay. On these works throngs of sturdy 
half-naked men may be seen staggering under 
heavy burdens, and working for twelve hours a day, 
for a daily wage ranging from 34d. to 4d. of our 
money. On this slender pittance they have to find 
themselves in food and lodging of some sort, and 
in many cases support a family. Truly food is very 
cheap in China, ‘but at the present price of rice it 
seems hard to understand how workmen can be 
sufficiently fed on such pay. Yet they appear 
to thrive after their fashion, and are for the 
greater part sleek and robust, while exhibiting the 
most unvarying cheerfulness. The Chinese coolies 
are, indeed, amongst the most easy-going and con- 
tented labourers to be found anywhere. They can 
be seen in crowds carrying heavy loads, to a sing- 
song chorus, and ready to laugh heartily on the 
smallest provocation. The coolie must not be 
hurried or bustled, and he will resent nigger- 
driving ; but give him his time, and let him trudge 
along according to his own native fashion, and he 
will perform a fair amount of work, and give no 
trouble. The higher class of manual labour and 
tradesmen’s work are also performed at rates of pay 
that appear to us altogether disproportionate. It 
will be readily understood why, under these eondi- 





tions, such a large proportion of the work, which in 
Europe and America is always done by machinery, is 
left in Chinato manual labour. It is much the cheapes: 
plan, and also beneficial to the working classes, by 
employing so many hands, and contributing to the 
support of multitudes of the population. As regards 
the ultimate economy effected in the cost of pro- 
duction by this system, it is a question which is 
more intricate than may appear on the surface of 
things. There are counterbalancing agencies to he 
taken into account, and it will doubtless be found 
to vary considerably under different circumstances, 
and with the nature of the work. 

It is impossible to visit the Hanyang Iron 
Works without surprise and admiration at finding 
so many evidences of progress and engineering 
activity, with all the most up-to-date appliances, 
in the heart of this huge country, where, until 
quite lately, the civilisation and mechanical achieve- 
ments of the West were so little known. It is a 
striking and sudden advance, and it is all the more 
creditable to the Chinese from the fact that it has 
been solely due to their independent action—to 
local intelligence and local funds. It shows what 
can be done in China by national enterprise, but 
it would be rash to draw general conclusions from 
this particular instance of latent power. Many 
other attempts to start manufactories, and develop 
industries from local sources, have been made, and 
have lamentably failed. There have been numerous 
disappointments and much loss of money from such 
causes. It is the general opinion of those best 
able to judge, from past experience, that local 
attempts to develop the resources of the country, 
unless directed by foreign intelligence and sup- 
ported by foreign capital, will be doomed to failure. 

What the Chinese mainly lack—and it is a fatal 
deficiency which they are loth to appreciate—is 
practical experience. Cleverness to conceive, and 
aptness to learn, are not wanting, but practical 
acquaintance with work, and the methods of eco- 
nomical production, are mostly missing. A de- 
ficiency, still more deplorable, relates to sound 
business principles and that thorough knowledge 
of detail which are essential to commercial success. 

At the present moment the Chinese ruling classes 
are brimful of the idea of their self-sufficiency, and 
are intent on going alone; but they have not the prac- 
tical knowledge, the business methods, or the money 
to do so. Therefore progress is at a standstill. 
Every forward movement is paralysed through a 
Loramie,‘ omgy same which deters all parties from 
action. The Imperial Government distrusts the 
foreigner, and would willingly dispense with his 
interference, although prepared to borrow from 
him to any extent. The foreign capitalist holds 
aloof, from distrust of the methods to be employed, 
and the destination of his money. But the worst 
distrust of all is that which prevails with the 
masses of the people towards the managing 
officials. There is plenty of money in China, but 
absolutely no confidence. There is probably buried 
treasure among the people sufficient for all the 
railway schemes afloat. But the Chinaman cannot 
be tempted to disburse from a profound distrust of 
the governing bodies. He dreads the ‘“‘squeezing” 

rocess, with which he is only too well acquainted 
in all the transactions of his daily life. Many 
public companies have been formed, and even 
supported at the start, but after a while the share- 
holders have often shown a strong tendency to with- 
hold their calls. They distrust the directors. 

The Hanyang Iron and Steel Works, which has 
lately been formed into a company, is an excep- 
tion ; but it is rather an exception that proves the 
rule. In this case the design was well conceived, 
the conditions have been most fortunate, the busi- 
ness has been honestly conducted on practical lines, 
and it inspires confidence. But the industry cannot 
stand alone: it must depend for its future pros- 
perity on the progress of the country. It is sincerely 
to be hoped that this will soon be brought about 
by a policy of mutual concession and equitable 
dealing between all parties concerned. With con- 
fidence restored, loyal co-operation among all those 
interested in progressive works, and the necessary 
capital, there will be nothing to retard the advance- 
ment of China in the path of internal development. 


- 








Tur “ Orton.”—Some progress has been made in fixing 
the side-armour of the Orion, and her water-tube boilers 
have been lifted on buard by the 100-ton shears. A first 
consignment of the propelling machinery, which is )1ng 
built by the Wallsend Slipway and Engineering ©o™ 
pany, is expected shortly. 
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THE GERMAN PIG-IRON UNION. 


Tue sale union of the German blast-furnaces has now 
been duly registered under the style of Pig-Iron Union 
(Roheisenverband), with its domicile at Essen. The object 
of the union is the sale of pig iron and to look after 
everything connected therewith. The union has taken 
the form of a limited comgeny with a capital of 1,000,000 
marks. The union has taken up the sale of steel-iron for 
the first half-year of 1911, whilst it in the meantime does 
not contract for foundry iron and hematite beyond 1910. 
The negotiations carried on between the union and the 
Norddeutsche Hiitte have resulted in an understanding 
being arrived at, which means that the works in question, 
as the last outside concern, have also joined the union. 
The negotiations with the Siegerliinder works and the 
Lorraine-Luxemburg group, on the other hand, have so 
far not brought about their joining the pig-iron union. 
It is, however, anticipated with a fair amount of confi- 
dence that the Lorraine-Luxemburg group, in spite of 
existing difficulties, will ultimately join the union, but the 
prospects are less promising in regard to the Siegerliinder 
iron works. The negotiations with the latter have 
generally been conducted on the supposition that they 
should join the new syndicate as a special Siegerliinder 

roup, With special accounts and special distribution. 
Vith this arrangement in view it has been pro to 
allot to this group a collective aggregate, which has been 
put at 490,000 tons. This figure the Siegerlinder works 
consider too low, and, on the other hand, the other works 
in the Union hold the view that these works ought to 
join the union without insisting upon any exceptional 
conditions. Within the Siegerliinder group itself there 
seems to be divergent opinions, inasmuch as the Bremer 
Hiitte, the Charlotten Hiitte, and the Geisweider Iron 
Works demand a certain minimum allotment guaranteed. 
This condition, however, would jeopardise a satisfactory 
allotment as far as the rest of the Siegerlander works are 
concerned. The Pig-Iron Union has, so far, held the 
view that the Siegerliinder group could not be admitted 
into the syndicate without the above-mentioned three 
works, and as these works, so far, have shown no inclina- 
tion to yield, it is at present impossible to say how the 
difficulties will be overcome. Negotiations are also 
pending between the Pig-Iron Union and the Buderus 
fron Works, Wetzear, and the Hesse-Nassau Iron Works 
Union about their joining the syndicate, but no definite 
result has so far been arrived at. 





“THE DATA OF AERONAUTICS.” 
To THE EpiToR OF ENGINEERING. 

Srr,—In your last issue I read with pleasure the inter- 
esting article on the above subject. 

You state, ‘*in one case the plates approximated in form 
to Mr. Phillips’s well-known section as largely used in 
the Parsons steam-turbine.” ‘‘The superiority of the 
approximate Phillips section is well seen on em pe 
Figs. 1 and 2, the ratio of lift to drift being larger at al 
practical angles of inclination.” 

Had the plates or blades been correctly formed, in 
accordance with my patent of 1891, the results obtained 
would have been vastly superior—that is, the lift would 
have been much greater in proportion to the drift. 

The correct form was illustrated in your issue of 
February 25, 1910. 

In designing a plate, blade, or aerofoil for obtaining a 
large lift in proportion to the drift, there are three con- 
ditions that must be fulfilled—viz. (1) the greatest con- 
vexity on top must be near the leading edge, in order to 

ive the fluid time to settle down to a steady flow before 
eaving the after edge ; (2) the underside near the leading 
edge should commence with a slight convexity (this is 
only necessary when the same aerofoil has to attack the 
fluid at varying angles) ; (3) the after portion of the aero- 
foil should be as thin as possible, in order that the upper 
and lower streams may unite without shock or the pro- 
duction of eddies. 

When referring to the angle at which a curved blade is 
presented to a stream of fluid, the chord is generally taken 
as a basis, but this is a great mistake; for instance, 
& great lift may be shown, with the chord at a negative 
angle to the current. The correct method is to take the 
mean angle of the upper and lower surfaces of the aerofoil 
near the after edge. This method is also advocated by 
Professor Rateau, and referred to in your issue of Sept- 
ember 17, 1909, page 387. 

To find the | reer distance apart to place blades or 
aerofoils in order that they may not interfere with each 
other, the length of the aerofoil in the line of motion 
suould be multiplied by 1.33; this is correct up to any 
angle likely to be useful in aeronautical work. 

Yours faithfully, 
. Horatio PaILtirs. 

West Barnham, Sussex, September 6, 1910. 





LABYRINTH PACKING. 

P To THE Epitor oF ENGINEERING. 

Tham Referring to the interesting paper, “‘On_ the 
heory of Labyrinth Packing,” appearing in your issue 
e July 22 last, page 136, and the remark made by 

t. Morrow that the values of the number of rings of 
packing, as given by the curves, may be taken as approxi- 
mately correct relating to one another, the following 
results obtained with a small piece of apparatus, as indi- 
om in Fig. 1, may prove of interest. 

. Steam was allowed to expand through a series of four 
similar holes, ¥y in. in diameter, into intermediate spaces 
8 in. in Ciameter, and the pressure was recorded at each 
ao by Bourdon gauges. The initial pressure was regu- 

’y a cock, and the means of the resulting pressures 





at each space obtained for different initial pressures were | has been a bugbear to ball-bearing manufacturers, because 
as shown on the curves of Fig. 2, | it was wont to ap whilst the bearings were stored in 
The corresponding theoretical curves calculated by | a preservative bas snl and ked in store. 
Dr. Morrow’s method from the final pressures before | We had already done what we could to help Mr. 
discharge are, as shown, dotted, and it will be seen that | Duckham in his experiments, but were glad to adopt his 
suggestion that we should make still further experiments 
to see whether a preservative compound of high dielectric 
strength, and which had a minimum coefficient of satura- 
: tion of water, would obviate the marking in question. 
For lower values of rt however, the agreement is not | We therefore prepared a number of bearings d. 
nearly so close, and from the curves of Fig. 2 this differ- | With various compounds, placing them in positions where 


: they would be most severely tested by the presence of 
ence apparently tends to increase the lower the value aes Phere At the end of pon J three months we found that 


of =. & ——- and _ a — the material 7 
a ‘ | Mr. Duckham’s firm re , 88 possessing the 

This is probably due to the greater condensation when highest possible dielectric a prong, Aw properties, 
a less weight of steam is passing with a constant conduc- | had no sign of the black marking or etching referred to 
tion and radiation loss, the friction of the condensed | above; whilst the other bearings, which had been 
steam necessitating a greater fall of pressure at _ = dressed with the usual rust preventatives and greases, 
than that theoretical] uired for the given flow. In| showed this marking most distinctly. These latter pre- 
an actual turbine under these conditions the centrifugal servatives and greases all had a marked tendency to 

aling action due to the friction of the rotating rings On absorb moisture from the atmosphere, and some of them 
this condensed steam would probably still further increase contained metallic salts and fatty acids, which still 


the fall of pressure at each stage, and so again reduce | further tended to reduce their dielectric strengths and 
the number of rings required. power of resisting the absorption of moisture. 
| When making theseexperiments we had hoped to beable 
| to make some definite statements as to the cause of this 
phenomenon of black marking, but, unfortunately, the 
evidence is only negative, and all that we can say is that 
when Messrs, Alexander Duckham and Co.’s non-ab- 
sorbent insulating grease is employed the marking does 
not appear. 

he great importance of most careful treatment of 
hardened and ground steel parts is perhaps not suffi- 
ciently recognised by engineers. The grinding process 
leaves the surface of the metal unprotected, and very 
susceptible to external chemical and electrolytic in- 
fluences. If a ball-bearing is filled with one of the ordinary 
lubricating greases, sometimes known as cup greate or 
solidified oil, or, again, as rust preventative, such must 
absorb its water of saturation, and an etching effect will 
commence upon the balls and race, even though the 
bearing be wrapped in oiled paper, and kept in what is 
considered to be a dry place ; for as long as such a grease 
is employed it will absorb its quota of moisture from 
the atmosphere. Until engineers fully realise the great 
importance of keeping moisture and metallic salts 
away there will be a proportion of failures with ball- 
bearings. 

To minimise such failures, we always recommend that 
not only the ball-bearing parts, but the whole of the 
housing in which they are mounted, shall be completely 
filled with a preservative medium. It is, we know, very 
difficult to have this carried out, because the fitters who 
do the work look upon it as a waste of grease, and fail to 
realise that very little, if any, of such is required 
afterwards. The object, of course, in filling the whole of 
the housing is to exclude the moisture in the atmosphere, 
as difference of temperature will cause the condensation 
r of the moisture in the air, both upon the grease, and more 
Press. especially on the parts of the bearing. Another reason 
for keeping the bearing full of grease is that it prevents 
circulation in the housing of air, which would carry with 
it a certain quantity of dirt. Ball-bearings, therefore, 

From Dr. Morrow’s paper it is seen that for a given | should be mounted in housings which are crammed full of 
initial pressure the necessary number of packing-rings | grease, and further, leather dust washers, or other suit- 
able means, should be employed where the shaft pro- 
trudes through the housing. Stauffer type lubricator 
W \2 - ‘ should be fitted, and a certain amount of grease be occa- 
y so that if we wish y aay — in until it commences to exude past the 
. . ust washers, 
ape WwW A sad pm quadruple the number of rings with | “ [¢ these Proveutions are taken, and the grease which we 

@ same initial pressure and area. recommend be used, not only will the black marking and 


We can produce the same result, however, without : : 
altering the number of rings, by halving the leakage area pra pe y made J of the Sate parts, be prevented, 


A, and in order to reduce the number of rings this area | “Ti, non-absorbent insulatin te bel 

: 2 - grease is bein ut on 
A should be cut down to that least practically ible, | the market by the firm of Sena Alexander Br than 
by reducing the longitudinal clearances between the rings | and Co., of Millwall, who will call it Hoffmann ball-bear- 
toa minimum. ing grease. We are in no way interested financially in 


This longitudinal clearance cannot well be less than 4 : 
0.01 in. even fora small turbine, owing to the oil clearance She inaioen rhe aon bang coapentien ey ad 


necessary for the thrust-block collars, and may be easily Yours faithfully, 

0.025 in. for a large turbine. In any case our area A must) Pye HorrmMaNN MANUPACTURING Gourany, Limirep, 
be calculated from the maximum longitudinal clearance G. F. Barnett. Director 

anticipated, and the number of rings must be then Chelmsford, Essex ‘September 6, 1910. 

arranged so as to give a reasonable practical design. . . , : 


The corresponding theoretical value of w to give this 


for values of ~’ equal to unity or above, the actual 
and theoretical pressures agree remarkably closely. 








Lbs. Press. per Sq.In. Absotute. 





Exp" Exp” 


(1905) 


increases very rapidly as c decreases. In fact, the 


number varies inversely as 








number will show what the leak of steam should be| SursTep’s CoaLinc ELEvaTor.—With reference to the 
for the number of rings chosen. “at the value of W so/ coaling elevator described on page 264 ante, Messrs. Day, 
obtained is excessive (say, more than 5 per cent. of the | Summers, and Co., Limited, the constructors, inform us 
steam passed through the turbine in the same time), then | that it was entirely designed by them at their works. 
the number of rings proposed must be increased accord- 
ingly ; but in any case the designed number must be ‘ 
decided by practical considerations rather than by| ConTracts.—The Town Council of ecgenen ene, 
attempting to define the exact weight of steam to be| Who, some time ago, decided upon the enlargement of the 
panel through the clearances. municipal steam-power plant, has awarded the contract 
Yours faithfully, for a 1200-kilowatt Zoelly steam-turbine to Messrs, Escher 
t M. H. | Wyss and Co., Zurich and London, through the medium 
| of, ee age woe = eliver the elec- 
| trical equipment.—The Maschinenfabrik Augsburg-Niirn- 
THE LUBRICATION OF BALL-BEARINGS. | berg A.G. inform us that they have sessived 4 order 
To THE Eprtor oF ENGINEERING. | from Messrs. Mitsui and Co., Japan, for two 3200-brake- 
Str,—In your issue of April 1 last there appeared a | horse-power gas-engines for generating electricity at their 
letter from Mr. Alexandér Duckham on the subject of | Miike mines ; the engines are to run on coke-oven gas. 
‘* Ball-Bearings and Their Lubrication.” In that letter|—The Hoffmann Manufacturing Company, Limited, 
| he criticised the remarks which Colonel Crompton made | Chelmsford, Essex, have supplied one of their patent 
in connection with Mr. _ Brown’s paper. Mr. | double-row thrust-bearings to the Weaver Navigation 
| Duckham concluded by advancing a theory that the | Trustees for use on Winnington Bridge. The total weight 
| peculiar black marking which starts on the race at some | on the bearing is in the neighbourhood of 220 tons, and 
— distance from the actual point of contact of the | the bridge swings from 700 to 750 times per month. The 
ball, and which has a duplicate on the surface of the ball | conser bas now been running for some time, and has 
itself, also at a distance from the point of contact, may | given complete satisfaction. This bearing is one of several 
| be due to some electrolytic action. This black marking | which this firm have supplied for similar purposes. 
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Toe Encingerinc Works. 





| (61 in.) ion. 45 and 39, igh hones 3 dimensions as in 
light of experience, and with no limitations imposed | No. 49. | No. 44, vertical slotting-machine ; maximum 
by site and other conditions, we think the general eep, 1070 san ua 2 An age ae gee AS ‘ 
plan of these ene See reproduced in the two- Coreht 900 mm. (35.4 in.), ’ distance between dis: 


studied with interest. | 920 mm. (36in.). No. 42, universal radial boring-machine ; 


Tue main shops of the engineering department of 
the works—the turning and a turbine, 
boiler, and coppersmiths’ shops—are located ad- 
jacent to the wharf where the ships are fitted out. 

hese consist of a series of bays, for the most part 
20 m. (65 ft. 74 in.) wide and 88 m. (2623 ft.) long, 
with a height to the crane track ranging from 11 m. 
to 13.8 m. (36 ft. to 45 ft.). A plan of the boiler 
works’ bays is given in Fig. 53; for boiler construc- 
tion there are two bays, with space for a third, and 
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for coppersmith work another bay. The area 
covered is 17,252 sq. ft. Of similar arrangement 
are the turning and erecting and turbine shops, 
with an area of 43,975 sq. ft. The general con- 
struction of the buildings is shown in the sections 
on the two-page plate, the boiler-shop and -copper- 
smithy being shown in Fig. 58, and the engine 
manufacturing shops in Fig. 59, while Figs. 54 to 
56, on this page, show the foundations for the 
columns. Great depth and strength were con- 
sidered desirable for these foundations, not only 
because the ground had been ‘‘made up,” but 
because the buildings are in an exposed position— 
a wind pressure on the end walls, for instance, of 
41 lb. per square foot was allowed for. It will be 
seen that the concrete base was reinforced by 
channel irons, and that the rods in the concrete 
piles were continued through the base in order 
that the weight and frictional resistance of the 
iles might assist against any upsetting moment. 
The system of columns and roof is shown in the 
sections (Figs. 58 and 59) and by the engravings on 
pages 366 and 375 (Figs. 60 to 62). The columns 
are at 6-m. (20-ft.) centres, and, in the case of the 
shops with the heavier cranes, are 2 m. (6 ft. 6 in.) 
square. The system of roof has already been de- 
scribed ; it is designed to get rid of snow easily, 
and to give adequate light and ventilation. 


THe TURBINE AND REcrIPROCATING-ENGINE SHop. 


The turbine-shop is the bay to the left of the 
section (Fig. 59), and has only recently been com- 
pleted. Together with the turbine-testing room 
adjacent, it has a total length of about 150 m. 
(492 ft.) and a height of 21 m. (69 ft.) ; it is served 
by two cranes, each of 50 tons carrying capacity, 
22 m. (72 ft.) span, and 13 m. (43 ft. 8 in.) lift, each 
driven by four electric motors. Next to this bay is 
the reciprocating-engine shop, 18 m. (59 ft.) in 
height, served by travellers of 40 tons and 20-m, 
(653-ft.) span, running at a level of 36 ft. above the 
ground. To the right of this are two lower bays. 
The larger of these 1s equipped with a7.5-ton crane 
of 12.4 m. (nearly 41 ft.) span, running at a 7.8-m. 
(26-ft.) level. The bay to the right is provided with an 
intermediate floor, forming a gallery for small tools. 

The flooring consists thoughout of ferro-concrete 
blocks between reinforced beams, which rest partly 
onfoundation-blocks and partly on ‘‘Simplex” piles. 
Over this is wood paving. In calculating the loads, 
5000 kg. (5 tons) per sq. m. (1024 Ib. per sq. ft.) 
were allowed for large bays, and 2.5 and 1.5 tons 
per sq. m. for the side bays. Five more bays are 
to be added ; the complete shop will have 15,000 
sq. m. (161,460 sy. ft.) under roof. 


MacHINE-TooLs IN THE RECIPROCATING-ENGINE 
SnHop. 


In view of the fact that the management had the 
rare opportunity of selecting the tools, and further 





pase plate (Fig. 57), will 
he extension in the top right corner is the tur- 
bine-testing department. The larger machines, it 
will be seen, are driven by separate motors, others 
from shafting. The bearings of the shafting are 
adjustable, being in halves, within a horse-shoe 
bracket,’ pierced on top and bottom with tapped 
holes, through which there work screws by which 
the height of the bearings can be adjusted to secure 
alignment. This is just discernible in the view of | 
the shop on page 366 (Fig. 60). The machines are 
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| face-plate diameter 3800 mm. (150 in.). 


WWMM bh b 


maximum radius 3 m. (10 ft.), minimum radius 1 m. 


| (40 in.), depth of hole 500 mm. (20 in.), maximum hole 


diameter 350 mm. (13.8 in.). No. 41, slide lathe ; heiglit 
of centres 700 mm. (27.6in.), maximum distance between 
centres 8 m. (26} ft.). No. 55, surfacing lathe ; face-plate 
diameter 2800 mm. (110 in.), height of centres 1100 nim. 
(43 in.). No. 40, surfacing and sliding lathe ; height of 
centres 1700 mm. (67 in.), distance 5 m. (16 ft. 5 in.), 
No. 38, lath Bs 
height of centres 1 m. (40 in.), turning to a length of 
16,500 mm. (54 ft.). No. 37, surfacing and sliding lathe ; 
height of centres 20 in., maximum distance between 
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numbered on the plan, Fig. 57, and the capacities | centres 8 
59 


of the more important may here be enumerated :— 


No. 54, planing-machine ; 4500 mm. (14 ft. 9 in.) length 
of cut, 2500 mm. (8} ft.) width of cut, height of cut 
2000 mm. (64 ft.), table width 2000 mm. (64 ft.). No. 53, 
horizontal drilling and milling-machine ; spindle diameter 
170 mm. (6.7 in.), length of hole 1500 mm. (59in.). No. 52, 
horizontal drilling and milling-machine; spindle diameter 
110 mm. (4.3 in.), feed 750 mm. (29.5 in.). No. 51, hori- 
zontal and vertical planing and shaping-machine ; planing 
to a length of 5m. (164 ft.), and a height of 3.5 m. (114 ft.). 
No. 50, planing-machine ; length, width, and height of 
cut, 7800 mm., 2500 mm., and 2000 mm. (254 ft., 8} ft., and 
64 ft.). No. 49, grind-stone; 47 in. in diameter, 7 in. in 
width. No. 48, Ganz universal radial boring-machine, 
with a maximum range of 2250 mm. (74 ft.), for drilling 
holes up to 230 mm. (9in.) in diameter, and up to 80 mm. 
(3.2 in} ont of the solid. No. 47, horizontal boring and 
milling-machine; spindle diameter 90 mm. (3.54 in.), 
800 mm. (31.5 in.) spindle movement. No. 46,. surfacing 
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lathe ; height of headstock 420 mm. (16.5 in.), height of 
centres 750 mm, (29.5 in.), face-plate diameter 1300 mm. 
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m. ( ft.), face-plate diameter 1500 mm. 
(59 in.). No. 36, double shaping-machine ; length of cut 
2750 mm. (9 ft.), stroke 600. mm. by 650 mm. (23.6 in. by 
25.6in.). Nos. 34 and 35, two radial boring-machines; 
spindle diameter 63mm. (2.5in.), feed 450mm. (17{ in.), 
maximum radius 2000mm. (6}ft.). No. 33, planing- 
machine ; length, width, and height of cut, 98 in., 49 1., 
43in. No. 32, planing-machine ; corresponding dimen- 
sions, 3500 mm., 1700 mm., 1500 mm. (138 in., 6/ 1, 
59in.). No. 31, slotting-machine; stroke 8in., range 
35in. No. 30, horizontal boring and turning-machine ; 
maximum diameter 59in., maximum depth of hole 37.4 10. 
face-plate diameter 59 in. No. 29, similar to, but some- 
what smaller than, No 30. No. 28, horizontal boring 
and milling-machine ; maximum diameter for boring an 

planing 13.8in. and 19.7in., maximum depth of hole 25.9 1m. 
No. 27, as No. 28; larger dimensions up to 27.6 in. and 
29.5in. Nos. 25 and 26, two horizontal drilling and tay ping 
machines ; spindle diameter 3.54 in., feed 20 in. No. 24 
oval-hole drilling and milling-machine for keyway lengths 
up to 23.5in., width 3in., depth 9.5in. No. 23, screw- 
cutting lathe; height of centres 12.2in., distance betw cen 
centres 8,5.m. (26} ft.), face-plate diameter 27.5 in. No. 2%, 
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screw-cutting lathe, like No. 23; distance between centres 
3.5 m. (114 ft.). Nos. 4, 5, and 21, in Bay 2, screw-cutting 
lathes; centres 20 in., distance between centres 3 m. 
or 4 m. (10 ft. or 14 ft.), face-plate diameter 47 in. 
No. 3, screw-cutting lathe ; height of centres 18 in., dis- 
tance between centres 5.5 m. (18 ft.), face-plate diameter, 
53 in. No. 2, milling-machine for helical and worm- 
gearing, up to diameters of 59 in. No. 1, vertical milling- 
machine ; radius of spindle 37.4 in., diameter of spindle 
43in. No. 18, slotting-machine ; table diameter 21.6 in., 
stroke 7 in., range 9.5 in. No. 111, smaller slotting- 
machine. Nos. 7, 8, and 9, shaping-machines. No. 6, link- 
planing machine; length and width of table 23.6 in. and 
17.3in. Nos. 17 and 15, boring-machines. No. 10, high- 
speed boring-machine ; boring up to 5 in. diameter, range 
24 in. Nos. 11 and 16, single-pillar drilling-machine ; 
boring out of the solid up to 2 in., with the aid of boring- 
bar 4in., range 153? in. No. 14, boring-machine for holes 
out of the solid up to 1} in., with theaid of boring-bar up 
to2.7 in., range 11.8 in. No. 13, wall-boring machine; 
hole diameter up to lin., range 27.5 in. o. 113, like 
No. 13 ; largest hole diameter 0.63 in., depth 3.5 in. 
No. 19, grind-stone. No. 20, grinding-machine ; wheels 


23.5 in. in diameter, 3.2 in. wide. No. 59, universal 
tool-griuding machine ; maximum length 25.6 in., maxi- 
mum diameter 4 in. Nos. 67 and 68, two tapping and 
slide lathes. No. 56, grinding-machine; emery wheel 
diameter 27.6in. Nos. 61 and 62, two screw-cutting 
lathes ; height of centres 9 in., distance between centres 
59 in. No. 63, universal double-ended lathe ; height of 
centres 9 in., distance between centres 31.5 in. No. 70, 
belt-joining machine for belt width of 13in. No. 58, 
spiral drill grinding machine ; maximum drill diameter 
8mm. (0.31 in.). No. 57, similar machine ; drill diameter 
up to sin. Ne. 60, grind-stones. No. 66, universal 
milling-machine; height of centres 5.3 in., distance 


between centres 28.5 in. No, 64, shaping-machine. 
Vo. 65, boring-machine, 


M.acutne-Toots IN THE TURBINE-SHOP. 


In the turbine-shop there are five lathes (positions 
1 tod), t ‘king pieces of 3500 mm. (138 in.), height of 
centres above floor 1150 mm. (45 in.), maximum 
Width 100 mm. (40 in.). The view reproduced on 
page 560 (Fig. 61) shows these powerful lathes. 
There are four other lathes (positions 6 to 9), 


Maximuin diameter of piece 3800 mm. (150 in.), 
height of centres above floor 1250 mm. (49 in.), width 
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2000 mm. (78 in.); one cylindrical boring-machine 
(position 10), 3800 mm. (150 in.) diameter, 2500 mm. 
(98 in.) length, height of centres 2300 mm. (90 in.); 
one horizontal boring and milling machine (position 
10) with circular turntable, bore-spindle diameter 
80 mm. (3.2 in.), feed 600 mm (24 in.). 

The tool-making department comprises a smithy 
and a hardening-room, lathe-shop, tool-stores and 
tool-room ; these divisions are separated from the 
shop proper. The smithy contains seven double 
hearths, with anvils and punch-plates, and a Béché 
air-hammer, with a tup weighing 100 kg. (2 cwt.). 
The smoke is withdrawn by an exhauster. 

A tunnel about 20 ft. in height is being constructed 
for crossing the railway tracks on the western side. 
This tunnel is carried through the turbine-shop, and 
the cranes of this shop and of the turbine-testing 
room (Fig. 57) will pass above the tunnel, so that 
both cranes of the turbine-shop can operate in the 
eastern and in the western bays. 

Some of the benches for all the workshops are 
portable. The central heating system on the 
adjacent wharf can keep all the shops at a tem- 
perature of +15 deg. Cent. with the thermometer 
outside standing at — 15 deg. Cent. (+59 deg. and 
+5 deg. Fahr.). 


TuRBINE-TESTING DEPARTMENT. 


The testing equipment comprises one complete 
installation, consisting of pipe system, condenser 
pump, hydraulic brake, &c.; it is capable of testing 
turbines up to 10,000 horse-power. The steam is 
got from the boiler plant in the electric generating- 
station, to be described in our next and concluding 
article. The heating surface now totals about 
1400 sq. m. (15,070 sq. ft.). The steam is con- 
ducted in an overhead, insulated, wrought-iron 

ipe to the station; on the inner wall of the 

tter it branches off to the right and to the 
left for supplying the various turbines. The 
steam from the turbines exhausts into a surface 
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mately 660 sq. m. (7100 sq. ft.). This condenser 
is mounted in a 4 m. (13 ft.) deep pit. The cooling 
water is supplied by an extension of the cooling- 
water conduit, which runs to the electric power- 
station, and the overflow is delivered into an exten- 
sion of the discharge-pipe from the said station. 
The water of condensation is drawn by an air- 
pump from the condenser and delivered into a 
measuring-tank of about 0.8 cub. m. (176 gals.) 
capacity, whence it flows to an outside conduit. 

A pipe, connected toa centrifugal pump, branches 
off from the cooling-water conduit in front of the 
condenser, this pump delivering into a tank of 
about 5 cub. m. (1110 gals.) capacity, located at a 
height of about-14 m. (46 ft.) above the floor-level. 
In order to prevent the tank from overflowing, ‘it 
is provided at top with an overflow pipe, which 
carries the water in excess to the outside conduit 


above referred to. A wrought-iron pipe is fitted 


in the bottom of the tank, supplying water to a 
water brake which records the power of the turbine. 
The brake comprises a movable frame with a lever 
at one side of it: the water pressure causes this 
frame to partially rotate, in opposition to a weight, 
for determining the power of the turbine. 

There are also in the condenser pit an oil and a 
bilge-pump. The oil-pump delivers the oil which 
runs from the bearings into an oil-filter ; the bilge- 
pump drains the pit of any water collecting 
into it. 


Tue Borer-SHop anp Copprer-Smitny. 


These departments for the present comprise 
three bays (Fig. 58), but ultimately there will be 
seven bays. In this case, as in the engine-shops, 
the end walls are of reinforced concrete, the pro- 

rtion being 3 to 1 of cement, with hoop-iron 
ongitudine!s and vertical rod - stiffeners. The 
travellers are of 20 tons lifting capacity. With the 
exception of a plate-edge planing-machine by Ernest 
Schiess, practically all the large boiler-making tools 


condenser, the cooling surface of which is approxi- jare by British makers. We mention a few of the 





ENGINEERING. [SEpr. 9, 1910. 


INDUSTRIAL NOTES. 
Tue strikes at the shipyards of various shipbuilding 
| firms of late have led to a lock-out of, it is estimated, 
| 19,000 shipyard workers, the notices coming into opera- 
| tion on and from Saturday last, the 3rd inst. The cause 
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noteworthy special machines which have been in- | 
stalled in this shop, and some of which are shown 
in the view on page 375 (Fig. 62). The plate-rolls 
can take plates 1 in. in thickness and 10 ft. in 
length ; a combined shearing and punching-machine 





middlemen had been obliged to pay the higher rates, as 
clients were | sg for delivery of the orders placed 
in their hands. The conduct of the few which led to 
the lock-out compares badly with the greater number 
of employers who at once paid the higher rates fixed 
by the Board of Trade, and then concurred in the pro- 


cuts plates up to 40 mm. (1.6 in.) thickness, and 
angle-irons of 300 mm. by 150 mm. by 20 mm. 
(12 in. by 6 in. by 0.8 in.), and makes holes up to 
60 mm. (2.36 in.) in diameter. Another shearing- 
machine for lighter materials up to 0.8 in. in thick- 
ness deals with pieces of unlimited length; it is 
combined witha punch and with a machine making 
I and U-beams, the latter to heights of 8 in. A 
late - edge planing- machine 8 m. (26} ft.) in 
ant cuts the edges of plates 1.6 in. in thickness 
before bending and punching ; the piece is clamped 
by hand and hydraulically. A radial drilling- 
machine, with arms of 8} ft. radius, bores holes 
1 in. in diameter and 16 in. indepth. All these 
machines are directly driven from electric motors ; 
other machines are actuated by shafting and belt. 
There are two large circular hearths, 70 in. in dia- 
meter, served by wall swinging cranes of 1.5 tons 
capacity. The blast is supplied from the pipes 
underground, and the smoke is drawn off by a 
centrifugal exhauster, the intakes being partly 
above and partly below the flooring. An electric 
motor of 15 horse-power drives these machines, and 
this part of the installation is proportioned to admit 
of the extension of the boiler-shop. 

The actual boiler-shop as now completed is only 
intended to deal with light repair-work of ships 
in dock. Plate-heating furnaces have hence not 
been installed yet, but the necessary foundations 
for these parts have been finished. The extensions 
already entered upon comprise an armour-plate 
shop and a 40-ton crane, and suitable boring and 
grinding-machines are being put up. 

The copper-smithy, which is separated from the 
boiler-shop by a strong wall, furnishes all the pipes 
for the machinery department. For this purpose 
there are, among other machines, an electrically- 
driven bench for drawing copper pipes of 150 mm. 
(5.9 in.) in diameter and 6 m. (20 ft.) in length, three 
lathes for turning flanges of 40 in. diameter, pipe- 
bending machines, mechanically and electrically 
driven, for pipes up to 150 mm. and 350 mm. (6 in. 
and 14 in.) in diameter; a circular shear anda Béché 
air-hammer, with a tup of 20 kg. (44 lb.) weight and 
1.2m. (47in.) drop. The arrangements for supply- 
ing the blast, and for withdrawing the smoke and 
fumes, are similar to those in the boiler-shop. 
Tanks, and a pit 13 ft. in depth, are provided for 
soldering. 

The copper-smiths’ shop has been divided into 
two compartments by a Rabitz partition of expanded 
metal with cement covering. This separates the 
machine department from the smithy; but the 
partition stops short at about 7 ft. of the floor-level, 
to allow passage from one department to the other; 
it was considered that the smoke and dust from the 
fires would rise to a higher plane, and would not 
therefore pass from the smithy to the machine- 
shop. Charcoal is used largely for the better work. 


(To be continued.) 








Swepisu Tron Ore For THE Unitep Sratres.—The 
shipments of Swedish iron ore to the United States, 
which commenced last year, are assuming more important 
dimensions, and a new direct Swedish-American steamer 
company is now being formed, principally based upon 
this iron ore export to America—in the summer from 
Lulea, and during the winter from Narvik. There will 
be three steamers of 9000 tons each, and Philadelphia 
will be the principal American port. The Swedish 
Government is backing up the new company. 


Course or Lectures ON Remnrorcen CoNncRETE.— 
This course has been arranged to provide instruction in 
both the practice and theory of reinforced-concrete con- 
struction. The lectures will be given by Mr. H. Kempton 
Dyson, secretary of the Concrete Institute, at the London 
County Council School of Building, Ferndale-road, Brix- 
ton S. W., on Tuesdays and Fridays, from 7.30 to 9.30 p.m.; 
the course will be divided into two sections, the first 
devoted to lectures on construction of reinforced concrete, 
the quantities for same, and workshop and laboratory 
practice, and the second to lectures on theory and design 
of reinforced concrete. An endeavour will be made to 
visit works in course of construction, in order to acquaint 
students with actual working conditions. Fee for the 
course :—For those earning over 30s. a week, 10s. for the 
session ; for those earning 30s. or less per week, 4s. 6d. 
the session ; apprentices, learners, and improvers under 
twenty-one years of age are admitted free. The sessional 
fee covers the whole orany of the classes in every subject 
held at the School of Building. Further particulars can 
be obtained from the secretary of the school. 





of the lock-out is stoppages at various shipyards in 
violation of the agreement entered into by the repre- 
sentatives of the Employers’ Federation und of the 
whole of the representatives of numerous unions of 
workmen employed in the shipbuilding trades. It is 
alleged that the men have been guilty of breach of the 
ordinary law of contract—leaving work without due 
and proper notice—and that they have been guilty of 
breach of the general agreement entered into by the 
representatives of twenty-six trade unions, whose 
members work at some branch of the shipbuilding 
trade, and the Employers’ Federation, also represent- 
ing all such trades. This subject is dealt with in our 
leading article. < 


The non-unionist trouble has again manifested itself 
in some of the districts of South Wales. It is stated 
that 7000 miners were idle at the close of last week, 
owing, it is said, to the fact that some fifteen men 
were found to be ‘‘out of limits” when their cards 
were examined by the officials appointed for that pur- 
pose. The dispute is not with the owners, but with 
the men, who fail to keep faith with the union, b 
joining for a time and then running out throug 
arrears. Most of these promised to pay up all arrears 
on the next pay night, and their promise was accepted 
in good faith. But a few were obstinate, and then 
the women took a hand. The dispute was reduced 
to small dimensions by Monday. The men declare 
that they will settle the matter now once for all —there 
are to be no non-unionists in the pits. They will 
endeavour to examine the cards every two months, 
and will arrange with the employers to do so. This 
method of force is not approved by all, but the 
strife that takes place every now and again is such 
that some definite-arrangement appears to be necessary 
to prevent stoppages at critical times. The employers 
seem to yield to necessity, and, rather than stop the 
pits, give way to the policy of all union labour to 
ensure peace. 


At a meeting held on Tuesday last at the Great 
Northern Hotel, King’s Cross, the Great Northern 
Railway Company and their employees failed to come 
to a settlement of the chief points under dispute, 
though all minor differences were settled. At the close 
of the meeting, which lasted seven hours, the following 
statement was issued by the Amalgamated Society of 
Railway Servants :—In considering the hours question 
the men’s side informed the company they could not 
agree that the ten hours ‘‘ over all” time to passenger 
guards and goods guards was a concession, and claimed 
that it was a correct interpretation of the award and 
Lord MacDonnell’s ruling, and should be applied to all 
other grades granted a ten-hours standard day. After a 
protracted sitting it was found impossible to arrive at an 
agreement. The men’s side contended that they could 
not refer back the question to Lord MacDonnell, as 
they had already done so, and his rulings on the ques- 
tion were what the company had conceded to the 
ne pee guards and goods guards, and therefore they 

ad no alternative but to inform the men that negotia- 
tions had failed on the most important point submitted 
for consideration. 

The company state that the men withdrew because 
they refused to refer the matter to arbitration. 


The Trades Boards Act has effected a great reform 
in the chain-making industry, which is now likely to be 
effective. There was an optional clause in the original 
agreement which gave power of contracting-out within 
a period of six months, and some of the firms took ad- 
vantage of that clause to force some of the workers 
to sign an agreement, but others refused, and these 
were locked out. The trades supported those locked out, 
and public meetings called for the purpose also sup- 
ported them. The Board of Trade took the matter 
up and om a conference of employers and work- 
people at Crac 7 Heath at the end of last week, when 
the matters in dispute were thoroughly thrashed out. 
Subject to signed agreements, on both sides, it was 
finally agreed togive notice to the Board of Trade, at once 
to adopt the minimum rates fixed by the Board of Trade, 
and the association further agreed to use its influence 
with all other manufacturers and middlemen that they 
should be willing to adopt and pay the standard rate. 
The members of the association further agreed to pay 
at the standard rate of 4s. per week to all who cannot 
get work until they get work at that wage. This is 
tantamount to the payment of strike-pay by the em- 
ployers until the expiration of the term—the months of 
“mee agreed upon. This is a very generous agreement 

y the employers, and will, it is hoped, be remembered 
by the workers in days to come, when a living-wage all 
round is secured. There is also a special fund for the 
non-unionists. The secretary of the Women’s Union 


posed action to influence the remainder to pay the 
minimum rates forthwith. 


The unrest in the shipping trade is most unfortunate 
just now, for there is a revival in the transport trade 
generally, if not universally. But the effect of the 
international movement has been to cause unrest over 
a wide area, so that the agitation not only aflects 
British owners, but the shipping of other European 
ports. The discussions at the International Convress 
at as ye ag did not seem to be favourable to a 
general strike; nor, indeed, did the isolated strikes 
at the Manchester Ship-Canal and at Hamburg tend 
to favour such a policy. Nevertheless, Mr. Havelock 
Wilson, the secretary of the British section of the 
international movement, encourages the view that a 
general strike would be advantageous to all sections of 
workers in the vast industries which, in combination, 
include and cover the shipping world of labour. In 
this view he declares that the Germans have their own 
grievances, which will bring them into the general 
action when declared, to take place by signals known 
to the leaders in every port. The signal, it is stated, 
will be given in every British port cn the same day 
or night, as may be most convenient, and they alone 
know the time for the demonstration. That may 
appear to be well organised for the men involved, but 
the captains and ship-masters also know, and they will 
be on the alert. This refers to policy alone; buta 
movement which is meant to paralyse British industry 
will not commend itself to the British artisan to any 
very large extent, certainly not to the extent of a 

eneral strike of British seamen. But what of the 

emand for a conciliation board? That certainly is 
not in accord with a general strike at the command of 


a single organiser, whatever his rank, or of a secret 
committee, by whomsoever appointed. 


The workmen employed by the Cambrian Combine 
have decided at a meeting at Rhondda Valley to 
render two of the company’s pits idle, as a protest 
against the dismissal of workmen at another pit. They 
also resolved that steps should he taken to get all the 
men under the company to strike work without notice. 
This action affects nearly 10,000 men, and it is feared 
that there will be a serious struggle between the 
masters and the men. 


There is a scheme on foot for considering the possi- 
bility of establishing a new industry in this country 
—that of beetroot manufacture. A great many ex- 
periments, about 4000 in number, have during the 
last twenty years been carried out by Mr. Sigmund 
Stein in England, Scotland, and Ireland, the results of 
which, it is claimed, call for further developments. 
It is stated that the demand for mangolds is limited, 
and the price varies. The sugar-beet is, however, 
contracted for at a fixed price for from five to ten 
years, and farmers growing this root would, it 
is said, have a sure profit for many years to come. 
Sugar bounties were abolished by the Brussels Con- 
vention until 1913, and if England preserves the 
present sugar policy the convention will become 4 
permanent institution. The natural increase in the 
world’s population is causing the consumption of sugar 
to grow from year to year, and the abolition of the 
bounties has also tended to produce a like effect. In 
this country the consumption of sugar per head of the 
population per annum is 881b., great quantities being 

uired by the confectionery, jam, and mineral-water 
industries. It is the opinion in some quarters that if 
England does not begin to produce sugar there will 
soon be a sugar famine. It is claimed that we require 
500 factories, each costing 80,000/., which means an 
investment of 4,000,000/. at home. In case the indus- 
try were established, we should keep the 20,000,000. 
at home which we now send abroad every year, and 
about 160,000 hands would be directly employed, as 
well as hundreds of thousands indirectly. The beet- 
pulp which is left after the extraction of the sugar 
is a very valuable feeding material for cattle, 25,000,000 
tons of it being used annually for this purpose on the 
Continent, and the lime used in the saturation process 
is a valuable manure, which could be supplied at 4 
cheap rate to farmers. 

According to the Liverpool Journal of Commerce 
three of the most prominent ship-owning companies 
of Great Britain have been considering a joint scheme 
of far-reaching importance for the further develop: 
ment of the South American passenger and cargo 
trades. The basis of the project, which requires 
to be ratified, is the building of ten liners at a cost : 
nearly two millions sterling. Five of these wil’ be 
high-class passenger steamers, to run between | “a 
pool and the River Plate in conjunction with an ol 





stated at the end of the conference that some of the | 


existing line, and in further conjunction with the new 
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railway across the Andes. The other five steamers 
will be refrigerating liners of the highest type and of 
great carrying capacity and speed, and it is intended 
that they shall run between London and the River 
Plate. The tinal arrangements, however, have, we 
believe, not been decided upon, and the names of the 
companies concerned cannot at present be disclosed. 





The strike of 70,000 cloak-makers in New York, 
which has been in progress for about nine weeks, is 
now atanend. It has been agreed by the employers 
to abolish a in shops, and to recognise union 
hours and wages. Much suffering has been caused by 
the strike and many families of workpeople have been 
ejected on account of their inability to pay their rents. 





According to messages received in Madrid a few 
days ago the strike movements at Bilbao and Saragossa 
are likely to be followed by a general strike at other 
lirge industrial centres in Spain, more particularly at 
Bwreelona. The stoppage of work at Saragossa appears 
t be so complete that the publication of newspapers 
has been interfered with, and many shop-kcepers have 
closed their business premises, work being completely at 
a standstill. At Bilbao work has been partly resumed. 








Sumatra CoaL.—The South Wales Mining and Geo- 
logical Museum, George-street, North Sydney, has now 
on view specimens of coal from the Dutch Government 
mines at Ombilin, on the west coast of Sumatra, and from 
several localities in Borneo. The coal samples have been 
analysed in the laboratory of the New South Wales 
Geological Survey, and some of the deposits are stated to 
be of extraordinary purity, that from the C seam at 
Ombilin containing only 4 per cent. of ash. The Ombilin 
seam varies in thickness from 20 ft. to 60 ft., and has been 
proved over 120 square miles. 





Tue Ong-Man Locomorive.—The Swedish State rail- 
ways are at present contemplating adopting the one-man 
locomotive for.distanees-with a limited local traffic, and 
a commencement has already been made over the Orebro- 
Adolfsberg line. The name, one-man locomotive, is, in 
a way, a misnomer, inasmuch as the driver is not meant 
to manage the locomotive entirely single-handed, but the 
fireman has also to act as guard, collect tickets, &c., or 
the guard undertakes the duties of fireman, whichever 
way one may choose to put it. The Swedish State rail- 
ways have bought ten locomotives with this service in view, 
which has been used in other countries, more especially 
in Germany, for some time and with satisfactory results. 





Testimony To Mr. PreRRE MartTIN.—We have received 
from the Iron and Steel Institute a copy of the pamphlet 
giving an account of the ceremony which took place in 
Paris, on June 9 last, for the recognition of the services 
rendered to metallurgy by Mr. Pierre Martin, the in- 
ventor of the open-hearth steel process. The meeting 
was convened by the Comité des Forges de France ; it 
included representatives from French, British, German, 
Austrian, Belgian, Hungarian, Italian, and Swedish 
works and associations, and was presided over by Mr. 
Schneider. The French Government was represented b 
Mr. Millerand, the Minister of Public Works, and sta 
officers representing the Ministers for War and Navy. 
A commemorative medal was handed to Mr. Pierre 
Martin, who also was appointed an officer of the Legion 
of Honour. All the speakers, both French and foreign, 
testified to the great impulse which the open-hearth 
process had given to the manufacture of steel. In a 
previous issue (see ENGINEERING, vol. lxxxix., page 687) 
we dealt briefly with the proposal started several months 
ago to offer a testimony te the great French metallurgist; 
this found a ready response, and led to the interesting 
ceremony above referred to. 





British STANDARD SPECIFICATION FOR WROUGHT IRON 
FOR UsEIN Ratiway Rouiuine-Stock (‘‘ Best YORKSHIRE” 
AND GRADES A, B, anp C).—This specification, recently 
published by the Engineering Standards Committee, is 
the outcome of the work of a sub-committee appointed on 
May 31, 1907, at a joint meeting of the sectional com- 
mittees on locomotives and on railway rolling-stock 
underframes. In this specification the sub-committees 
thought it desirable to discard the use of the terms, 
“treble best,” “best best,” or ‘‘ best,” as applied to 
Staffordshire iron, as they were of opinion that it was 
preferable to indicate the best practice by suitable tests 
for cach grade of iron rather than use expressions which 
have now lost much of their original meaning. The 
have therefore adopted four grades which they thin 
will meet all general requirements for wrought iron 
used in railway rolling-stock, and recommend that 
the Standard grades be known as ‘‘ Best Yorkshire,” 

Grade A,” “Grade B,” and ‘‘Grade C.” The Engi- 
neering Standards Committee have therefore now re- 
commended five standard qualities of wrought iron, the 
tests for the fifth quality (‘‘Grade D,” wrought iron of 
smithing quality for shipbuilding) having been issued in a 
Separate specification, published in September, 1909 
(Report No. 48). The specification just published con- 
tains many tables of tensile tests, and the wise precaution 


has been taken of inserting at the foot of each a note to 
the etfex t that the ton referred to in the tables contains 
- lb., in order to avoid confusion with the American 
a ton. The specification is published at the price of 
oo 6d., and may be obtained from the offices of the 
ommittee, 28, Victoria-street, S.W., or from Messrs. 
Crosby Lockwood 


L and Son, 7, Stationers’ Hall Court, 
udgate Hill, E.C. 


THE VALUE OF ANCHORED TESTS 
OF AERIAL PROPELLERS.* 
By Watrter A. Scosix, B.Sc., and 8. C. Carrer. 


Some earlier anchored tests of aerial propellers+ were 
intended as a preliminary to experiments which were to 
be made with the propeller moving axially. Unfortu- 
nately, the latter tests had to be abandoned, and when it 
was suggested that the work should be continued, it was 
decided to compare the conditions during an anchored 
test with those in actual flight 

There are very divided opinions regarding the value of 
anchored tests. Some makers declare that the results 
obtained from them are useless, whereas others have 
arranged apparatus for stationary tests. Unfortunately, 





j axial motion, but works in a current of air which has a 


suitable velocity. Then 
V is the velocity of the air approaching the propeller. 
vis the added velocity ; consequently 
V + vis that behind the propeller. 
The work done on the air is 


4m {(Vv + rp? - v2} =4m(2eV 


+ v2), 


| And again, 


F = mr. 
If it be assumed that these are comparable with 
practical conditions, then V corresponds to the velocity 
of the body propelled, and F V = m v V again represents 





the useful work which would be done per second. Conse- 
quently the efficiency is 




















so far as we are aware, no serious attempt has been made 
to justify either opinion ; indeed, the question has not been 
very fully discussed. 

It will be useful to consider the simple theory of pro- 
pulsion as usually treated. 

Let F be the sum of the propulsive forces. 

Let m be the mass of fluid handled per second. 

Let V be the velocity of the body propelled. 

Let v be the uniform sternward velocity imparted to the 
air. 

Then F = mv, and the useful work done per second is 
FV=mvV 


. mv 
The lost power is —; 


, and the efficiency is 
mvV Vv 

= ~5 = 
mvuV+m 2 + 9 


The relative motion is similar if the propeller has no 


* Paper read before Section G of the British Association 
at Sheffield, September 2, 1910. 

+ ENGINEERING, December 25, 1908. 

t+ Lanchester, ‘‘ Aerodynamics.” 
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2 
which is similar to the expression derived above, 

_In such a test the product of the thrust and the inlet velo- 
city of the air is assumed to represent the useful power. 
This treatment has been assumed to apply to an ordi- 
nary anchored test. But this is not correct, because, 
amongst other reasons, there is then an abnormal slip, so 
that the inlet velocity, and consequently the calculated 
efficiency, are very low. There is no justification for the 
use of the outlet velocity from the propeller in calculating 
the useful power. It will be shown later that the inlet 
and outlet velocities of the air both vary considerably, 
and it is practically impossible to state a single value for 
either of them. It is sometimes recognised that it is 
not possible to measure the efficiency of a propeller by an 
anchored test, and therefore the thrust per horse-power 
is stated. It is clear from the above that in both cases 
this is proportional to 

1 
Tez 
5) 


and therefore increases as V or v decreases. This indi- 
cates that a propeller of low pitch gives the greatest 
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12 31 thrust per horse-power, but it cannot be the most efficient, 
= ro because V is made small to attain this result. 
18 50 It was decided to study the air-flow through propellers 
20 64 E in order to obtain definite experimental evidence, and 
22 70 2. since the conditions in an anchored test operate unequally 
24 84 with different propellers, examples of three very different 
26 86 types were tested at the City and Guilds Technical Col- 
= = lege, Finsbury, E.C. The first was a Cochrane propeller, 
32 90 25 in. in diameter, illustrated in Figs. 1 and 2, on the 
: : : preceding page. It will be noticed that the leading por- 
Section 21 In. from Leading Edge on Suction Side. tion is practically at right angles to the shaft, and the 
Right 2 | Left 2 blade curves from this direction, so that the pitch may be 45 
4 | said to be produced by the curvature of the blade. Further 
details of the Cochrane a are given in Table I. <4 wean ee . : 

The next type was a Hollands, 42 in. in diameter, with | flow when the propeller was running. The velocity of 
blades 20 in. long at the leading edge. This propeller is | the air was measured at different points across five sec- 
shown in Fig. 2 alongside the Cochrane’ propeller, and | tions perpendicular to and level with the shaft. A Pitot 
in Fig. 3 separately, and the blade form is defined in| tube was employed for this purpose, in conjunction with 
Table II. & micrometer water-gauge. The velocity-tube was con- 

The third propeller was made with plane-blades set at | nected to one, and the pressure-tube to the other, arm of 
an angle of 1 in 3, which gave a pitch at any point ap-| the gauge. It was possible to measure a difference in 
proximately equal to twice its radius. A blade is drawn | pressure of 0.01 mm. of water. A vane was attached to 
to seale in Fig. 4, on the preceding » the Pitot tube to enable it to be set in thedirection of the 

A —— was mounted on a shaft, about 5 ft. long, | air-flow when a reading was taken, and the apparatus was 
which was coupled to a 1-horse-power electro-motor, | constructed so that it rotated about the point at which 
and the whole was mounted on a light angle-iron frame. | the measurements were made. The vane moved above & 
There was consequently very little obstruction to the air- | divided circle on which the angles were read, but the 
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direction of flow was frequently unsteady, although there | is measured from the leading edge of the propeller near | The velocity at a point is measured in the direction of 


were no disturbing air-currents, and the vane oscillated the shaft. I 
it the mean position which is given in the tables propeller is viewed from its delivery side. 
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The velocities and directions of the air-flow are shown | the constant for the Pitot tube is unity. 
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les TIT., IV., and V. The angles made with the 
the shaft are given, and the sign of an angle may 


ined from the diagrams, The position of a section | 





the air-flow, and it is olotted similarly in the figures. The 
lines indicate these directions at various points across a 
section, and are produced in those cases in which the 
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This does not 
affect the relative values, and is therefore sufficiently 
accurate for the pur of comparisons 


The results are plotted to scale in Figs. 5, 6, andJ7. 
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velocities are small, in order to indicate the directions 
clearly. Each figure shows five sections, and on each 
section a velocity diagram is plotted. 

Each of the diagrams indicates a greater angle of flow 
on the left side. The sections were taken horizontally, 
and there was a slight obstruction several feet hack to 
the right, on the suction side. It was found that the flow 
is affected by even a small obstruction, and these results 
are given to illustrate the fact. But the general character 
of the result is unchanged. 

In the case of the Cochrane propeller, Fig. 5, the inlet 
velocity is small, and increases towards the propeller. 
The air-column leaves at very unequal velocities, but it is 
somewhat divergent, and the velocities quickly become 
much more nearly equal. Air enters the propeller from 
all directions except that of the delivery column, outside 
which there are suction air-currents moving in the oppo- 
site direction. In some cases air is drawn forward and 
is turned sharply round into the wake current without 
passing into the propeller. 

Figs. 6 and 7, for the Hollands and fiat-bladed pro- 
pellers respectively, show very similar results, although 
the designs could scarcely be more dissimilar. The wake 
velocity from the Hollands is most nearly uniform. 

A propeller produces a partial vacuum in front of it, 
and consequently there is an inflow from all directions 
except that of the delivery column. “Just at the propeller 
there is an appreciable intake velocity, but the sectional 
area available for the flow increases very rapidly furtber 
back, and the velocity of the air decreases in a corre- 
sponding degree. The suction velocities are, toa great 
extent, unaffected by the design of the blade. 

During an ordinary anchored test a propeller is used as 
afan. If the drag be not too great, a propeller will travel 
at a speed which approximately equals the product of the 
pitch and the speed of revolution, even when it has only 
two blades. But it does not follow that a fan will deliver 
air at this speed. For example, consider the flat-bladed 
propeller. The greatest delivery speed is 32.5 ft. per 
second at 9 in. radius. The product of the pitch at this 

int, and the number of revolutions per second, is also 
32.5 ft. per second. At smaller radii the flow is in excess 
of the theoretical, but outside the point of maximum flow 
it decreases very rapidly and changes to an inflow. The 
loss at the tips 1s noticeable in all the figures. 

It has been shown that it is probable that tests made 
with the propeller anchored in a current of air will yield 
results J wny are applicable to actual flight. In such 
cases the suction and delivery velocities are approxi- 
mately uniform, and are not very different in magnitude. 
During an ordinary anchored test the suction air-currents 
have different and varying directions, and their velocities 
are varying and low. On the delivery side the velocities 
are unequal—always more so than in the former case. It 
is therefore evident that the air-flow is altogether different 
to that under practical conditions, aud therefore even 
stationary tests which record only the power and the 
thrust are likely to yield misleading results. It is not 
possible to estimate the efficiency, because there is no 
velocity which corresponds to the speed of translation of 
the propeller, even if the other conditions were satis- 
factory. 

Even when a more complicated test is made by 
measuring the air velocities, the only advantage appears 
to be that it is then possible to judge whether the wake 
velocities are approximatel ual, 

In the case of the fiat-bladed propeller, Fig. 7, the 
wake velocities are very unequal, and since these are in 
some places greater than, and at others less than, any 
reasonable speed of translation, it is evident that the 
efficiency must be low. The initial discharge velocities 
are very different, and are equalised later, which indicates 
a loss of efficiency. 

{ {It has been claimed that the thrust of a propeller is 
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approximately the same for all speeds of translation. It 
is doubtful how far this. applies to propellers made to 
different designs, and even if it be true, it is only ible 
to measure the thrust by an anchored test. Although 
there is no apparent reason for it, it is remotely possible 
that there is some relation between the powers required 
to drive a propeller at different translational speeds ; but 
the most satisfactory way to demonstrate whether this be 
so is by direct experiment. 

Some smoke-photographs are given to illustrate further 
the air-flow in these experiments. Fig. 8 shows the flow 
into the Cochrane propeller from the suction side. Fig. 9 
indicates the flow from above, and the forward suction is 
noticeable on the left of the photograph. Figs. 10 and 11 
are similar, but were taken when the Hollands propeller 
was running. 








AIR-SUPPLY TO GAS-ENGINES. 

On the Direct Measurement of the Air Supply to a Gas- 
Engine by Means of an Oritice and the Calibration 
of the Orifice.* 

By W. E. Dausy, M.A., B.Sc., M. Inst. C.E. 


Introduction.—It is always desirable when experiment- 
ing with a gas-engine to know the proportion of air to gas 
in the charge. The measurement is usually made by an 
indirect method. The exhaust gas from the engine is 
analysed, and this, together with an analysis of the gas 
supplied, furnish data from which the air supply may be 
compu In general the method is not very accurate, 
and probably the errors may amount to 10 per cent. even 
in engines running with no Linenilenies governor. 

At the Ashton trials of the Committee of the Institu- 





where the pressure and volume are accurately known. 
The novelty of the method consists in the direct measure- 
ment of the temperature of the air at certain points in the 
cycle when the engine is used asa pump. 

General Description of the Apparatus.—The gas-engine 
with which the apparatus is connected is one of 10 
horse-power, made by Crossley. The cylinder is 7 in. ‘n 
diameter and 14-in. stroke. The air-suction pipe is pro- 
longed, and is finally enlarged into a box 2.66 sq. ft. 
cross-sectional area. A sharp-edged orifice bored out of 
a brass plate is placed in the centre of the flat end of the 
box with the sharp edge on the outside. A U tube on 
the side of the box near the orifice serves to measure the 
difference of pressure on the two sides of the orifice. A 
feature in the experiment is the use of oil in the U tube. 
It damps out oscillations, and does not evaporate, and 
enables a steady reading to be obtained. The diagram- 
matic sketch, Fig. 1, shows thearrangement. The volume 
of the apparatus between the admission valve on the 
engine ps ym orifice in the box is 47.7 cu. ft. 

Method of Calibration.—The engine is coup!ed direct to 
a dynamo, which, for the purpose of these experiments, 
is used as a motor to drive the engine as a pump. he 
air drawn in passes through the Otto cycle, with the 
difference that there is no explosion, so that the expan- 
sion curve corresponds “72 nearly, but is slightly below, 
the compression curve. e are not concerned, however, 
with the greater part of the diagram. All that is neces- 
sary is to measure the pressure volume and temperature 
directly at two points—namely, at the end of the exhaust 
stroke and a point in the compression stroke, just after 
the admission-valve is closed. From the first measure- 
ment the air in the clearance space is found, and from the 
second measurement the total air in the cylinder is com- 
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The difference of pressure pis measured by a differ- 
ence of level h in a U tube containing liquid of a specific 
gravity s. _ Therefore p may be replaced by 


p=s x 62.5x h, 
Putting s = 0.9, the expression reduces to 
W lbs. per second = 0.418 a A /h D (2) 


The area A of the orifice is in square inches; the height 
h is in feet; the density of the air D is in pounds pe; 
cubic foot. 

The coefficient of discharge a can be computed from 


on 
0.418 A Vk D 
W is found from (1) by means of the direct observations 
taken of pressure volume and temperature. The height / 


is observed directly on the U-tube at the side of the box, 
and D is calculated from 


0.665 'T” 

where T and P are respectively the air temperature at the 
entry to the orifice in Centigrade absolute degrees, and P 
is the barometric pressure in pounds per square inch. 

Measurement of the Pressure and Volume.—Diagrams 
were taken with an optical indicator of the author’s 
design, stop down so that the lower part of the 
diagram is obtained to an enlarged pressure scale. A 
feature of the indicator is that each diagram is calibrated 
for pressure by a dead-weight apparatus in situ, imme- 
diately after the diagram is taken and without stopping 
the engine. The taking of the diagram and its calibra. 
tion occupy less than a minute. 
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tion of Civil Engineers (Proceedings of the Institution of 
Civil Engineers, vol. clxiii., session 1905-6), following a 


suggestion of Professor Unwin, an endeavour was made | suitably set. 


to measure the air supply directly by means of an anemo- 
meter placed opposite an orifice in an air-box, the box 
forming an enlarged continuation of the air suction-pipe 
of the engine. The anemometer readings were subse- 
quently calibrated by the device of driving the engine as 
a pump and deducing from the indicator diagrams of the 
pumping the weight of air drawn through the orifice 
SS. to a definite reading on the anemometer. 

Professor Ashcroft, in a paper contributed to the In- 
stitution of Civil Engineers (‘* Experiments on a Method 
of Measuring the Air or Gas Supply to Engines and 
Furnaces,” Proceedings of the Institution cf Civil Engi- 
neers, vol. clxxiii., 1907-8, Part III., page 289), described 
a method of measuring the air supply to an oil-engine 
forming part of the equipment of the Engineering Labora- 
tory of the Central Technical College. 

n air-box was placed on a continuation of the air- 
suction pipe provided with an orifice at one end, a 
part of one side of the box being closed with an india- 
rubber sheet to act as a pressure-equaliser at the moment 
the engine drew in a charge. The peculiarity of the 
method was that the orifice was almost as Lage in 
diameter as the suction-pipe of the engine, consequently 
the difference of pressure on the two sides of the orifice 
was extremely small. This small pressure was measured 
by a specially-designed and sensitive indicator, and the 
quantity of air flowing through the orifice was inferred 
from the small difference of pressure measured by the 
instrument. The orifice was calibrated, as in the Ashton 
trials—namely, by running the oil-engine as a pump, and 
from the corresponding indic.\tor-di m deducing the 
weight of air flowing througl the orifice for a difference 
of pressure measured by the seasitive indicator placed on 
the air-box. 

In the method about to be described an orifice is used, 
but it is made small enough in relation to the quantity of 
air flowing to require a difference of pressure on the two 
sidesof theorifice largeenough to be conveniently observed 
by means ofa U tube. The special feature of the ex- 
periments is the method of calibrating the orifice. There 
are difficulties in deducing the weight of air from a PV 
diagram alone, but no difficulty if the temperature can 
be measured directly at various points on the diagram, 


* Paper read before Section G of the British Associa- 
tion at Sheffield, September 5, 1910, 








puted. The difference is the air drawn in through the! Three diagrams are shown in Figs. 3, 4, and 5, corre- 


orifice per cycle, providing the valves of the engines are 


Let P V T be the absolute pressure, the volume and the 
absolute temperature measured at the end of the exhaust 


stroke. Then 
PV = 0.665 w T, 


in which P is in pounds per square inch absolute. 
V is the volume in cubic feet, 
T is the absolute temperature Centigrade, 
w is the weight of air in pounds. , 


Then the weight of air shut in the clearance space is 
PV 
= b. 
"= 0.007! 
Similarly, if P, V, T, are the corresponding measurements 
at a point just after the admission-valve is closed, 
P, V; Ib. 
0.665 T, 
Hence the air drawn into the cylinder per cycle is 
ai (AY, _PV\ 
0.665 | T, TJ 
If the engine-shaft makes N revolutions per minute, and 
the air passing through the oritice per second is W lb., 
W = 8 (wi - a 
Again, alonga stream-line passing through the orifice 
35 + sis asiamd constant, 


a 


Ww; = 


(w,—w) Ib. 


w). 


where 


r= 


the velocity in feet per second, 
p = the difference of pressure on the two sides of the 


orifice, 
D = the density of the air. 


| sponding to the trials on an orifice 2 in. nominal diameter 
at the three oom 52, 140, and 240 revolutions per 
minute. Each diagram was calibrated ¢n situ for intervals 
of pressure of 5 1b. per square inch. All the pressure-lines 
shown on the diagrams were put on optically by means of 
the ap) tus above mentioned at the time the diagram 
was taken. In each diagram the stop comes into action 
— the pressure has reached about 15 lb. per square 
inch. 

The vertical lines correspond to crank itions of 
200 deg. and 220 deg., reckoned from the dead point most 
remote from the crank-shaft, or 20 deg. and 40 deg. 
reckoned from the nearest dead point. 7-4 are drawn 
optically at the time of taking the diagram. The diagrams 
shown in the figures are just as they left the indicator. 
Nothing has been added to them by hand afterwards, 
except the lettering. ; 

Measurement of the Temperature.—The engine is fitted 
with the apparatus (described in a paper on the ** Measure- 
ment of Temperatures in the Cylinder of a Gas-Engine,” 
Callendar and Dalby, communicated to the Royal Society, 
November 7, 1907) by means of which a direct observa- 
tion of the. temperature can be made at any assigned 
crank-angle a Callender platinum thermometer. 
Briefly, the platinum thermometer is introduced into the 
cylinder th the stem of the admission-valve, which 
is bored. out to receive it. A percussion contact of novel 
design is placed on the cam-shaft, so that the thermometer 
circuit is momentarily closed at any crank-angle desired. 
The duration of contact was in the present case limited 
to 10 deg. of crank angle. The temperature measured 1s 
therefore the average temperature over the interval corre- 
sponding to 10 deg. of crank-angle, the crank-angle corre- 
sponding to the’ middle of this interval being the par- 
ticular angle held to correspond with the temperature 
observed. The temperature is measured at 0 dex. 
‘200 deg.;.and 220 deg.;-reckoning from the dead centre 
remote from the crank-shaft. The temperature used for 
computing W is that measured at 200 deg., because there 





The discharge through the orifice in pounds per second | 
is given by 
W=aDAvrv=aDA 29p 

r/ D’ 


The coefficient of discharge a is introduced to allow for 
the variation of the component velocity over the area of | 


the orifice, and for’ frictional losses. 


| when the engine is 


the actual tem ure is not greatly different from the 
incoming air in which the thermometer is immersed during 


| the suction stroke, and the rate of change of the tempera- 
| ture is small, and also, what is equally as important, the 


gas temperature is approximately the same as the wall 
temperature. : if 
Valve-Setting.—To obtain an accurate calibration of the 
orifice it is obvious that all the air entering the cylinder 
driven as a pump must pass throug! 
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the orifice. With the ordinary setting of the valves, and at 
slow speeds especially, a s amount of air is likely to be 
drawn in through the exhaust-pipe, since the exhaust-valve 
is usually set so that it does not close until a certain frac- 
tion of the suction stroke has been performed. Also the 
admission-valve is set ordinarily to open before the 
exhaust stroke has finished. There is therefore, with the 
normal! valve-setting, a period during which the admission- 
valve and the exhaust-valve are open together, and the 
piston passes through the dead point remote from the 
Penk-shaft during this period. In order to secure that 
there shall be a definite weight of air in the clearance 
space when the piston passes the dead point, and also 
that all the air coming into the cylinder comes through 
the admission valve, and therefore through the orifice, 
the admission valve was re-set so that it closed when the 
crank was 5 deg. over the dead centre, and the exhaust- 
valve was re-set so that it closed 5 deg. before the dead 
centre. It follows from this that the small amount of 
air in the cylinder when the exhaust-valve is closed is 
slightly compre in the clearance space, and that it 
expandsagain until the admission valve is open. This small 
compression and expansion is shown on all the diagrams 
at the point A, The point A therefore corresponds to a 
definite weight of air w, which is calculated from the 
P V and T observed at the point. ‘ hig 

The setting of the admission valve carries with it the 
consequence that it closes when the crank is about 25 deg. 
from the end of the suction stroke. Consequently a 
small expansion of the air in the cylinder takes place, 
until the piston arrives at the dead point, on the turn of 
which compression begins. This expansion towards the 
end of the suction line can be seen on all the diagrams. 
The setting therefore ensures that the measurement of 
pressure volume and temperature takes place well after 
the closing of the admission valve, and corresponds there- 
fore to a definite weight of air in the cylinder. 

Experiments on an Orifice & In. Nominal Diameter.— 
The indicator cards from which the measurements of pres- 
sure were made are shown in Figs. 2, 3, and 4. Particulars 
of the measurements are given in Table I. The measure- 
ment is made direct from the negative by means of a Zeiss 
glass rule. The pressures given in the table are those 
corresponding to the 0 deg. and 200 deg. crank-angle posi- 
tion. Full particulars are given in Table I. of the way 
W is computed, and in Table II. of the calculations for 
the coefficient a. It will be noticed from Table IT. that a 
remains practically constant for the three speeds at 
nearly 0.6. 


Tas_e I.—Details of the Observations from which W of 
Equation 1 is Calculated. 

















a 2a > 2s ~ 2 osc. «= we 
sco aac Se isa ° ae = © 
Sim gan” 38 4 |Seee ce > es 
esis “Fog Ee 22° | Sees 25 55 
Ss = « = — | bs ~ =~ + 
R22 pes $9 aS 3 ee |* sse 3, & 
& 385 £2. Bos) Ss | ELS & <6 
eiude- 8s Ses) F< [POSS A SF wes 
= tve 2 BS! u 1 SES 45a 

eae Of a<| > «~“55 6 s Ee 
Zoe? SE S183) aS | SeSS BR hs 
Bese yeh ym ed} E) | SOS Zid 
52 0 15.4 .0824 287.8 |.00663=w 

200 13.72 .8872 293.8 |.02719=w, .02056 -00891 
140-0 :16.75 .0824 306.9 |.00676=w 

200 11.97 .3872 294.6 |.02366=w, .01690 .01972 
240 «= - 20,23 .0824 | 329.2 |.00762=w | 

200 10.27 .3872 296.4 0202 =w, .01258 -02516 


Tasie I1.—Details of the Observation from which a is 




















Sound. 
Baro- Temperature tee, 
Speed metric of Laboratory ~ eee h, | 
Revs. Pressure. measured near Pounds He: fice 
per Pounds entry to r Cubic in Square oa 
Min. perSquare Orifice. C. Prost Feet. a se 
Inch, Absolute. ¥ 
b2 14.67 292.5 -0755 18 -306 =|. 597 
140 14.67 292.5 -0755 885 .306 |.596 
240 14.67 203.5 -0752 1.505 .306 |.584 
Taste Ill.—Summary of Experiments on Orifices 1 In. 
and § In. Nominal Diameters. 
Actual N, Speed. 
Diameter of Ay —_ Revolutions h, Head in | Coefficient 
Orifice in See r eet. a. 
Inches. , Minute. 
1.014 0.807 132 0.16 0.59 
1 014 0.807 200 0.23 0.62 
114 0.807 240 0.285 0.61 
0.524 0.306 52 0.18 0.597 
} 0 366 140 0.885 0.596 
4 0 306 240 1.505 0.584 
Conciusion.—It is remarkable that the coefficient 
remains practically constant over a wide range of speed 
and over a range of head from 0.18 to 1.5. It would 


seem, ‘herefore, that if an orifice isso chosen that at 
norms! speed the head in the U tube is about 1 ft., the 
‘ur supply can be calculated without serious error by 
using « coefficient whose value is 0.6. The weight of 


vot ", 1m pounds per second would then be given by the 
) c ion 
W=tAWVskD, 
where A is the area of the orifice in square inches, 
® is the specific gravity of the liquid in the U tube, 
/. is the difference of level in the U tube measured 


in feet, 





Dis the density of air entering the orifice in 
ee per cubic foot, and is to be calculated 
rom 


P 
D = o6er" 
where P is the barometric pressure in pounds per square 


inc 
and Tis the absolute temperature in C. degs. of the 
air at entry to the orifice. 


From this it would appear that the rate at which gas is 
— to the engine could be measured in the same way 
with probably greater accuracy than is possible with the 
ordinary wet meter. The chamber, relatively ay could 
be out on the side of the gas- remote from the 
engine, divided into two parts by a diaphragm, in the 
centre of which is an orifice of such diameter that the dif- 
ference of head between the two sides of the pone ors 
would correspond to about 1 ft. of water. I may say that 
I am making one of these and will give some particulars 
of the results in a future communication. 

With the large difference of level in the U_ tubes 
adopted, very small variations in the supply can be de- 
tected, and the difference of level may be almost used for 
as -indicator. 

inally, I think that this method may be used in any 
case in which the air supply is to be measured directly, 
since the above experiments show that with proper 
precautions the coefficient a may be regarded as sensibly 
constant over a wide range of speed and head. 





GASEOUS EXPLOSIONS.* 


Third Report of the Committee, consisting of Sir W. H. 
Preece (Chairman), Mr. DuGALp CLERK and Professor 
BERTRAM Hopkinson (Joint Secretaries), Professors 
Boner, Burstatt, CALLENDAR, Coker, DA.LBy, and 
Dixon, Dr. Gtazesrook, Professors PETAVEL, 
SMITHELLS, and Watson, Dr. Harker, Lieut.-Colonel 
Hotpen, Captain Sankey, and Mr. D. L. CHAPMAN, 
appointed for the Investigation of Gaseous Explosions, 
with special reference to Temperature. 


Srx meetings of the Committee have been held, one each 
at the Universities of Leeds, Manchester, and Cambridge, 
one at the Imperial College of Science and Technology, 
and two at 57, Lincoln’s Inn-fields, by the kindness of 
Mr. Dugald Clerk. In accordance with previous practice, 
notes dealing with their current work have been pre- 
sented for discussion by members of the Committee, as 
follows :— 
No. 
14. Dissociation ... A. Smithells and 
W. A. Bone 
15. Ignition Temperatures of Gases _H. B. Dixon 
16. Siow Theories of Gases ... Sir W. H. Preece 
17. Radiation from Flames H. L. Callendar 
18. Radiation in a Gaseous Explo- 
sion ... B. Hopkinson 


During the session 1909-10 the experimental work by 
members of the Committee, to which allusion was made 
in the second report (1909), has been continued. Mr. 
Dugald Clerk’s measurements of the volumetric heats of 
air and CO, at ordinary temperatures by the method 
of adiabatic compression have yielded results in close 
accordance with those obtained by Swann. The method 
of division of heat-loss employed by Mr. Clerk in reducing 
the results was the same as that which he used in his 
original high-temperature experiments. The correctness 
of the results obtained at the lower temperatures by this 
method goes far to justify its application to the compres- 
sion and expansion of highly heated An account of 
these experiments will shortly be published, and will be 
quickly followed, it is hoped, by an account of further 
work on the compression of flame and heated = on 
which Mr. Clerk is already engaged. Professor Hopkin- 
son has published a paper on the radiation in a gaseous 
explosion, to which more particular reference is made 
later in this report. 

A series of experiments on the temperatures of ignition 
of hydrogen and oxygen produced by adiabatic compres- 
sion (according to the suggestion of Professor Nernst) has 
been carried out by Professor H. B. Dixon. It was found 
necessary to check the descent of the piston mechanically 
when the “ignition point” was reached, instead of allow- 
ing the flame itself to stop the movement, as in Falk’s 
experiments.t With quickly-igniting mixtures, such as 
electrolytic gas, there is little difference between the 
results obtained with a freely-moving and with a checked 
piston ; but with slowly-igniting mixtures, such as mix- 
tures of hydrogen and air and mixtures witha large excess 
of oxygen or of hydrogen, there is a considerable differ- 
ence between the two methods. Thus, while the com- 
pression necessary to fire electrolytic gas agrees closely 
with that found by Falk, the addition of oxygen was 
found to lower the ignition point continuously so far as 
the experiments were carried. Using the value of 7 de- 
duced from Joly’s experiments, Professor Dixon finds that 
the ignition point of electrolytic gas is 557 deg. Cent., 
which is in close agreement with the ignition temperature 
determined by Dixon and Coward last year. 

Professor Dalby is communicating to the Association an 
account of his measurements, by means of an orifice, of the 


* Report presented to the British Association at Shef- 
+ ‘The Ignition Temperatures of Hydrogen-Oxygen 
Mixtures,” by K. G. Falk (Journal of the American 
Chemical Society, vol. xxviii., No. 2, 1906). ‘‘The Igni- 
tion Temperatures of Gaseous Mixtures,” by K. G, Falk 
Journal of the American Chemical Society, vol. xxix., 





o. 2, 1907). 


air supply to a gas-engine. This work, while not bearing 
directly on the matters under discussion by the Committee, 
will be of considerable assistance to those who have to 
experiment on gas-engines and desire to determine the 
proportion of air in the charge. Professor Coker has 
made, and will shortly publish, further measurements of 
the temperatures in a gas-engine cylinder. The Com- 
mittee hope to be able to discuss Professor Coker’s ex- 
periments at greater length next year. 

The Committee are not aware of any important publi- 
cations on the Continent or in America (during the past 
year) which bear directly on their work, though mention 
should be made of a valuable paper by Hans Schmidt* 
dealing with the radiation from a Bunsen flame. 

On the Radiation from Gases.—In the first and second 
reports of the Committee reference was made to the part 
played by radiation in the cooling of the products of an 
explosion, and to its bearing on the measurements of 
volumetric and specific heat, with which those reports 
were principally concerned. he general question of 
radiation from heated gases has, however, from the point 
of view of the Committee, an interest and importance of 
its own which are sufficient to justify a detailed study of 
it in its wider aspects. Radiation plays a part compar- 
able with that of conduction in determining the heat-flow 
from the to the cylinder walls in the gas-engine, and 
it is this flow of heat which is the most important pecu- 
liarity of the gas-engine, and to which are chiefly due the 
leading characteristics of its design. Even to the unin- 
structed eye the most obvious features about large internal- 
combustion engines are the arrangements for cooling, and 
the great size and weight for a given power which is 
necessitated mainly by those arrangements. The diffi- 
culties which the designer has to meet are due in the 
main to the stresses set up by the temperature gradients 
which are necessary to sustain the flow of heat. In the 
present state of the art it is probable that the most im- 
portant service which science could render to the gas- 
engine constructor would be to establish definitely the 
principles upon which depends the heat-flow from hot 
gases into cold metal with which they are in contact, and 
thus to enable him to predict the effect upon heat-flow 
of changes in the temperature, density, or composition 
of the charge, and in the state of the cylinder walls. 

The Committee do not propose in this report to deal 
with the whole of this large question, but will confine 
their attention to one important factor in heat-flow— 
namely, radiation. The subject is a wide one, which 
has excited much attention among physicists and chemists, 
and on several important points agreement has not yet 
been reached. No attempt will, therefore, be made to do 
more than state shortly the experimental facts, and to 
define the issues which have been raised in regard to the 
explanation of these facts. 

ractical Effects of Radiation.—It is believed that the 
first instance in which radiation from a flame was used 
in an industrial process, with knowledge of its importance, 
was the regenerative glass furnace of Frederick Siemens, 
which he described at the Iron and Steel Institute in 
1884. Here the combustible gas was burnt in a separate 
chamber, and the hot products of combustion were led 
into the furnace. The objects to be heated were placed 
on the floor of the furnace out of contact with the stream 
of flame which flowed above them. They would, there- 
fore, receive heat only by radiation, and it was supposed 
that this radiation came in a large measure from the 
flame. Siemens, however, was of opinion (in 1884) that 
the radiation was due to incandescent particles of carbon, 
and that there was little radiation from a non-luminous 
flame. t 

In 1890 Robert von Helmholtz measured the radiation 
from a non-luminous coal-gas flame 6 mm. in diameter, 
and found it to be about 5 per cent. of the heat of com- 
bustion.t The radiation from a luminous flame was 
greater, but not very much greater, rising to a maximum 
of 114 per cent. for an ethylene flame. Discussing the 
Siemens furnace in the light of these results, R. von 
Helmholtz calculated that radiation from the flame in the 
furnace could only account for a small fraction of the 
actual heat transmission. He pointed out, however, that 
a large flame would probably radiate energy at a ter 
rate than a small one. But while admitting that for this 
reason gaseous radiation ne play a part in the heat 
transmission, he suggested that a more important nt 
was radiation from the roof of the furnace, which 
received heat by direct contact with the hot and s0 
reached a very high temperature. He showed by calcu- 
tion that a comparatively small excess of temperature in 
the roof over that of the floor would cause a sufficient 
flow of heat. 

But 6 the discussions on the Siemens furnace and 
the work of Helmholtz show that the idea that a flame, 
even if non-luminous, might radiate large amounts of heat, 
was a familiar one to many people twenty years ago, its 
possible importance in causing loss of heat during and 
after a gaseous explosion and in determining the heat- 
flow in a gas-engine does not a r to have been appre- 
ciated until — recently. Professor Callendar was 
probably the first to draw attention to its significance in 
this connection. In the discussionon a paper about ex- 
plosions, read before the Royal Society in 1906, he said 
that he had found a non-luminous Bunsen flame to radiate 
15 to 20 per cent. of its heat of combustion, and expressed 
the opinion that the loss from this cause in a cl -vessel 
explosion would be of the same order.§ Professor Cal- 


* Ber. der Deutschen Phys. Ges., 1909, page 87. 

+ Captain Sankey has prepared an abstract of papers 
relating to the Siemens furnace. See Appendix * 

t Die Licht- und Wermestrahlung verbrennender Gase, 
Robert von Helmholtz, Berlin, 1890. 

§ Hopkinson, Proceedings of the Royal Society, A, 
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lendar’s note dealing with this matter is published in 
full in Appendix A, and it is only necessary to state here 
that he was led to study the subject by his work on the 
efficiency of the petrol motor. 

There are, in fact, several points about the behaviour 
of a oy which suggest the importance of radiation 
as a cooling agent. é particular matter which at- 
tracted Callendar’s attention was the effect of speed on 
thermal efficiency. His experiments showed that a part 
of the loss of efficiency in an internal-combustion motor, 
as compared with the corresponding air-cycle, was inde- 
— of the speed at which the engine wasrun. The 
oss of heat per cycle could, to a first approximation, be 


represented by an expression of the type A + — where 


nm is the number of revolutions per minute and A and 
B are constants. Theterm A represents a constant loss 
of heat per explosion, and among the many causes con- 
tributing to this constant loss of heat, radiation from the 
fiame is probably important. * 

Another phenomenon which is difficult to explain, 
except as the result of radiation, is the effect of strength 
of mixture on heat-loss. The following table shows some 
results which were obtained by Hopkinson upon a 40- 
horse-power gas-enginet :— 

Percentage of gas in cylinder 
contents «be oa ise 
Total heat-loss per minute 
Total heat-loss as nage 
of total heat supply Ae 29 34 p.c. 
Temperature of piston ... 800 dg.C. 430 dg. C. 

It will be observed that the proportion of heat-loss to 
the walls increases very materially as the strength of 
mixture isincreased. If the transfer of heat were wholly 
due to conduction, it might be expected, apart from the 
disturbing influence of speed of ignition, which in this 
case was not very important, that the percentage of heat- 
loss would rather diminish with increase of charge, 
because the temperature with the stronger mixture 
should be relatively less on account of the increase of 
volumetric heat. The increased temperature of piston 
and valves would work in the same direction. The exist- 
ence of radiation, however, which increases more rapidly 
in proportion to the temperature, would account for the 
ine heat flow. The practical importance of ques- 
tions of this kind is illustrated by these figures, from 
which it appears that the piston is 50 per cent. hotter, 
though the charge of gas is only increased 30 per cent. 

More direct evidence of the importance of radiation is 
furnished by experiments on the effect of the surface of 
the walls. In the second report of the Committee refer- 
ence was made to the belief, which is widely spread amon 
those who are concerned with the becomes Sg design an 
operation of gas-engines, that polishing the interior of the 
combustion-chamber tends to increase efficiency. Some 
experiments were also quoted in which it was found that 
lining an explosion vessel with bright tinfoil perceptibly 
retarded the cooling of the products. More recently an 
explosion vessel has been plated with silver on the inner 
surface, and the results have been compared after explod- 
ing identical mixtures, first when the lining was highl 

lished, and second when it was blackened over wit 
amp-black. It was found that by highly polishing the 
interior of the vessel the maximum pressure reached could 
be ine 3 per cent., and the subsequent rate of cool- 
ing during its earlier stages reduced by about one-third. 
These experiments leave no doubt of the reality and of 
the practical importance of radiation as a factor in deter- 
mining the heat loss in the gas-engine.} 

Reference may also be made to the part played by 
radiation in determining the heat-flow in a boiler. Atten- 
tion was drawn to this by Dalby in a recent report to the 
Institution of Mechanical Engineers § The circumstances 
in this case are widely different from those usually obtain- 
ing in the gas-engine, but the instance serves to emphasise 
the importance to the engineer of the questions which 
will be discussed in this report. 

Amount of the Radiation from Flame.—R. von Helm- 
holtz appears to have been the first to attempt the accu- 
rate measurement of the radiation emitted by a flame. 
He found that a ‘‘solid” flame 6 mm. in diameter, burning 
coal-gas, radiated about 5 per cent. of the total heat of 
combustion. A carbon-monoxide flame radiated about 
8 per cent., and a hydrogen flame about 3 per cent. On 
account of the smal!ness of the flame, his experiments 
have not much application to the problem of the gas- 
engine. The size of the flame affects the matter in two 
ways. In the first place, a large flame radiates more per 
unit of area than a small one, because a flame is, to a 
great extent, transparent even to its own radiation, so 
that radiation is received not only from molecules at the 
surface of the flame, but also from those at a depth within 
it. This matter will be further dealt with in another 
sxtion of the report. The second point is that the cooling 
of the gas is slower in a large flame than in a small one. 
The radiation originates in the vibration of the CO, and 
steam molecules, and the |: fe of one of these molecules as 
a radiating body extends from the moment of its forma- 
tion to the time when its vibrational energy has been 
destroyed by radiation and by collision with colder mole- 
cules, such as those of the air surrounding the flame. The 
smaller the flame the more rapid will be the extinction of 
the vibrations, and the less, therefore, the total amount 


8.5 Fc 
1510 2300 B.Th.U. 


* Proceedings of the Institution of Automobile Engi- 
neers, June, 1907. 

+ Proceedings of the Institution of Civil Engineers, 
vol. elxx vii. (1909). 

+t Hopkinson. Proceedings of the Royal Society, A., 
vol. Ixxxiv. (1910),"page 155. 

§ Proceedings‘ of the Institution of Mechanical Engi- 
neers, October, 1909. 





of radiation per molecule. The products of explosion in 
a closed vessel or in a gas-engine differ consi ge fe 
this respect from any open flame, however large, which 
ible to produce, for they are not subject to cool- 
mixture with the outside air. Moreover, the 
density of the gas is very much ter. : 

Callendar has repeated some of Helmholtz’s experiments 
on a larger scale, and has found that the radiation in a 
non-luminous coal-gas flame 30 mm. in diameter may 
amount to 15 per cent. of the whole heat of combustion. 
Further reference will be made to Callendar’s work under 
the heading of ‘‘ Transparency.” 

Hopkinson has recently made measurements of the 
radiation emitted in the course of an explosion in a closed 
vessel, and subsequent cooling. A bolometer made of 
blackened platinum strip was placed outside a window of 
fluorite in the walls of the explosion vessel. The elec- 
trical resistance of this bolometer was recorded by means 
of a reflecting galvanometer throwing a spot of light on 
a revolving drum, and an optical indicator traced simul- 
taneously a record of the pressure on the same drum. He 
found that the total heat radiated during an explosion of 
a 15-per-cent. mixture of coal-gas and air and the sub- 
sequent cooling amounted to over 22 per cent. of the 
whole heat of combustion. The radiation which had been 
received at the moment of maximum pressure amounted 
to 3 per cent., and it continued, though at a diminishing 
rate, fora long period. Radiation was still perceptible 
half a second after maximum pressure, when the gas tem- 
perature had fallen to 1000 deg. Cent.* 

Nature and Origin of the Radiation from Flames.—In 
the gas-engine cylinder and in explosion experiments we 
are usually concerned with flames in which there is some 
excess of air. A mixture of similar composition, burnt at 
atmospheric pressure, would give an almost non-luminous 
flame ; in the gas-engine there is more luminosity on 
account of the greater density. There is, however, no 
reason to suppose that the radiation in the gas-engine 
cylinder differs materially as regards its quality or origin 
from that emitted by an open flame. 

A very complete analysis of the radiation from different 
kinds of flame was made by Julius, and his experiments 
leave no doubt that the radiation is almost wholly due to 
the CO, and steam molecules. He examined the spec- 
trum of the flame by means of a rock salt prism, and he 
found that in all flames producing both CO, and steam 
most of the radiation was concentrated into two bands, 
the wave-lengths of which are, respectively, 4.4 4 and 
2.8 4. Ina pure hydrogen flame the 4.4 band disappears 
completely, but the other remains; and in the pure CO 
flame the 2.8 band disappears, the other remaining. 
These results are independent of the nature of the com- 
bustible gas, the spectrum depending solely on the 
products of combustion. + 

A confirmation of the statement that the radiation from 
these flames originates in the CO, and H,O molecules 
only was furnished in the course of the work by R. von 
Helmholtz, to which reference has been made above. He 
measured the amount of radiation per litre of gas con- 
sumed, emitted by flames of given size burning respec- 
tively hygrogen, carbon monoxide, and certain compound 
gases, such as methane, giving both CO, and steam. The 
supply of air was adjusted in each case, so that the flame 
was just non-luminous. His results are best given in his 
own words, but it should be stated that he worked with a 
small flame, about 6 mm. in diameter, and ed the 
radiation with a bolometer, taking the steady change of 
its resistance as a e of the amount of radiation 
falling upon it :— 

‘* According to the experiments of Julius described in 
the first chapter, the quality of the radiation of flames 
depends only on the nature of the burnt, and not on that 
of the burning, gases. It is relevant to inquire whether 
the quantity of radiation is also dependent on the mass 
of the products of combustion. I have calculated in the 
second and third columns below how many litres of H,O 
and CO, respectively arise theoretically from each litre of 
combustible gas. I then assume that for every litre of 
water produced as much radiation is sent out as corre- 
a to the radiating power of a hydrogen flame—for 
this gas yields one litre of H,O per litre of combustible 
—and that in a corresponding way the iation from 
one litre of carbonic acid would be determined by the 
radiating power of the carbonic oxide flame, and I can 
then calculate the radiation from the non-luminous flames 
of methane, ethylene, and coal-gas. 


it is 
ing by 








Litres. F. 


Gas. 
Observed. Calculated 


74 


H20. CO, 


Hydrogen vs 0 

Carbon monoxid 1 177 
Marsh gas ae ws 3 1 327 
Ethylene .. 7 és 2 510 
Coal gas .. 0.5 181 


325 
502 
179 


“The correspondence between the calculated numbers 
with the radiation from a flame which has just been 
rendered non-luminous surprised me the more since the 
latter is conditioned, in some measure, by the volume of 
air mixed with the gas, and this is very different for the 
three non-luminous flames. On this account it cannot he 
asserted that this agreement is not accidental. More- 
over, the number of observations is much too small. 
Nevertheless, the experiment seems worthy of record, 
and will be followed up further.” 

* Proceedings of the Royal Society, A., vol. Ixxxiv. 
(1910), page 155. See also Appendix B to this report. 

+ Die Licht- und Wiérmestrahlung verbrannter Gase. 
Dr. W. H. Julius Berlin 1890. 





With rd to the last remarks, it is to be noted that 
the fact that the flame was just rendered non-luminous 
shows that the air was in each case in approximately the 
proportion required for complete combustion. The heat. 
ing value of such a mixture is much the same for al] the 
—— in the above table, and the temperatures of the 

ames would be still more nearly the same, the hicher 
heating value of a CO mixture being partly neutralised 
by the high specifie heat of the products. The agree. 
ment is certainly more than a coincidence. Mr. WT. 
David, from a comparison of the radiation emitted in the 
steam and CO bands respectively in a coal-gas and air 
explosion, infers that CO, radiates about 24 times as 
much as steam per unit of volume. This result, which 
was obtained in ignorance of Helmholtz’s estimate, agrees 
with it almost exactly. 

Cold CO, shows a strong absorption band at the same 

int of the spectrum as the emission band given by a 

ame in which CO, is produced, and water-vapour power. 
fully absorbs the radiation from a hydrogen flame. 

As stated above, it is most probable that the radiation 
in an explosion also consists almost entirely of the same 
two bands as are emitted by the Bunsen flame. A com. 
pee analysis of the radiation from an explosion has not 

mn made, but Hopkinson and David found, using a 
recording bolometer, that the radiation is almost com- 
pletely stopped by a water-cell, and that it is largely 
stopped by a glass plate. It follows that the luminosity 
of the flame in an explosion or in a gas-engine accounts 
for but little of the energy which it radiates. 


(To be continued.) 








MIninc IN British CoLtumBia.—The annual report of 
the Minister of Mines in British Columbia for the year 
ending December 31, 1909, recently to hand, contains an 
account of mining operations for gold, coal, &c., in that 
province. It is an account of the work that has been 
carried on up to the end of last year, and is well supplied 
with maps and diagrams descriptive of what has been 
done. ere are also a number of half-tone engravings 
which give a very good idea of the kind of scenery among 
which the mining operations are carried on. The report 
has been printed by authority of the Legislative Assembly 
of British Columbia. : 


Messrs. Guest, KEEN, AND NETTLEFOLDs, Limirep. 
—In the course of his remarks at the ordinary general 
meeting of the company, held at Birmingham on the 25th 
ult., the chairman stated that the various departments 
of the firm had, on the whole, been fairly well employed 
during the past year the total value of the sales show- 
ing a decrease of less than 2 per cent. as against the 
previous year’s figures. This was due, however, to 
their having, more particularly in the earlier part of 
the year, to book orders at unremunerative prices, for 
the purpose of maintaining the markets against foreign 
competition, and keeping their worksemployed. Although 
the total value of the sales during the year was about 
10 per cent. below what it was for the year ending June 30, 
1907, which was their best year, the wages they had paid 
during the present year were 6 per cent. over what they 
were for the period taken for comparison ; their wages 
were close on a million and a half. The increase was 
mainly in the colliery department. The profits amounted 
to 348,092/. 19s. 3d., which, with the balance brought 
forward, gave a dispensable balance of 539,137/. 2s. 8d. 
The report recommended the same distribution of divi- 
dend and the same allocation to reserves as last year, and 
was accepted unanimously, 


Output oF LuMBER IN THE UNITED StTaTEs.—Some very 
interesting particulars are given by Mr. F. R. Babcock 
in a paper read before the Engineers’ Society of Western 
Pennsylvania on the subject of the lumber industry, 
which now ranks as the fourth largest enterprise im 
the United States, and second only to coal in tonnage. 
From this paper we gather that the annual production in 
the States is about 40,000,000,000 board feet, or about 
3,333,000,000 cubic feet (a board foot being 1 square foot 
in area by 1 in. thick), valued at from 657 to 750 million 
dols. The total area of private and national forests 
amounts to about 600,000,000 acres, or 32 per cent. of the 
total land area of the United States, not including Alaska. 
The national forests comprise about 194,500,000 acres _of 
this total. The returns from 8811 mills, among which 
are all the important mills in the country, show that 
during 1909 a total of 2,318,341,000 cubic feet of lumber 
were produced, or an average of 263,100 cubic feet per 
mill. The increase in the year 1909 over the previous 
year was as much as 43.62 per cent.; there was a slight 
increase over 1907. The large increase in 1909 over 1908 
was due to the panic in the latter year, but the output of 
1909 beat all previous records ; 1907 being the best previous 
year. In the total output of 2,318,340,000 cub. ft. pro- 
duced, soft wood represented 1,930,707,000 cub. ft., against 
387,500,000 cub. ft. of hard wood. Of the soft woods 
yellow pine took the first place, with a total of 814,050,000 
cub. ft., including long-leaf and short-leaf pines, or about 
42 per cent. of the total production of soft wood. Pacific 
Coast fir made up 359,374,000 cub. ft.; white pine, 
185,186,000 cub. ft.; hemlock, 173,470,100 cub. ft., exclu- 
sive of Pacific Coast hemlock, which is of an entirely dif- 
ferent character, and which amounted to about 8,583,000 
cub. ft. The production of shingles was far greater 
the State of Washington than in any other State, and 
amounted to 7,994,251,000. These were of red cedar. 
The increase in the lumber output of the Pacific Uoast 
amounted in 1909 to 44 per cent. over former years, and 
was composed chiefly of fir, spruce, red wood, red cedar, 
sugar-pine, larch, white pine, and hemlock. W hile the 
Eastern States are working out, the Pacific Coast 18 
nearly doubling the output every 24 years, 
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THE SOUTH VARANGER IRON-ORE 
DEPOSITS AND SEPARATING AND 
BRIQUETTING PLANTS. 


Tur South Varanger iron-ore deposits are situated 
south of the Varanger Fjord, and comprise a number 
of separate deposits, as may be seen by the gee 
Fig. |, below. The rock consists principally of 

eiss, and in some places of quartzite and slate ; 
the direction of the deposits is from north to south, 
and the slope is a flat eastern one. The ore is 
found in lens-shaped layers, the direction and slope 
of which are the same as the surrounding rock. The 
layers of ore vary very considerably ; some have a 
diameter of more than 656 ft., whilst others are 
only 16) ft. to 19} ft. in diameter. North of 
Bjornevandt is a layer which is estimated to con- 
tain about 150,000,000 tons of ore. In these large 
deposits the percentage of ore is very high, about 





35 per cent., with 0.04 per cent. phosphorus and 
0.02 to 0.08 per cent. sulphur. the hornblende, 
from a couple of bore-holes carried to the level of 
the sea (360 ft.), showed, at a depth of 262 ft. and 
328 ft. respectively, a percentage of iron of 38.99 
and 37.01. A quantity of ore which was sent to 
Lulea, in order, by way of test, to be subjected 
to the regular process of analysis, showed 34.2 per 
cent. of iron. Some other samples, taken at South 
Varanger by Professor Louis and Mr. Nordensten, 
showed an average of 37 per cent. to 38 per cent. 
iron. A percentage of 34 may therefore, it would 
seem, be reckoned upon with a fair amount of 
confidence. ' 

The deposits to be worked first will be those at 
Bjérnevand. They contain, for surface working, 
about 48,000,000 tons of ore, well suited for sepa- 
ration. Ingersoll boring-machines will be used, 
and the fuses will be arranged in series, electric 


bridge, conveyed directly over a store, next to 
which, at a somewhat lower level, the Hadfield 
crushers are situated. The separating and briquet- 
ting works are, on the whole, arranged in ter- 
races, so that the ore, without mechanical means, 
can pass from one apparatus to the next. In 
the handling of the ore it is essential in the first 
instance to separate the valueless quartz and 
other rock, in order afterwards to concentrate the 
magnetite contained in the magnetite veins, A 
thickness of these veins of 0.6 in. to 0.8 in. would 
very considerably facilitate the process; but as 
they are, to a great extent, much thinner than this, 
fine crushing is necessary before the first separation 
takes place. 

The crushing, separating, and briquetting plant, 
the position of which is shown in the sectional 





diagram, Fig. 2, is arranged as follows :— 
The ore, having at the mines passed through the 
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90 per cent., whilst in other places, as, for instance, 
about ‘‘ Ornevandet,” the ore is found in numerous 
parallel layers, in which the percentage of ore is 
lower. How large the actual area containing the 
deposits is has not yet been accurately ascertained, 
as large portions are covered with earth. Taking 
it at 1,320,000 square yards (273 acres) we shall 
probably be within the mark, some judges being of 
opinion that it may safely be put at 1,500,000 square 
yards (310 acres), As to the quantity of ore con- 
tained in these deposits, it is impossible at present to 
go much beyond a surmise, as the borings have only 
been carried to a depth of about 110 yards ; at this 
depth t here has been no differencein the quality of the 
ore, and it probably extends to a much greater depth 
(several! hundred yards); but even reckoning upon a 


moderate depth of 110 yards the quantity will be 
about 4\'),000,000 tons as a probable minimum, and, 
considering the large area, an estimated capacity of 
1,000,000.000 tons cannot be looked upon as ex- 
ee "he examination of such a large area is 
oth an expensive and a slow undertaking, and it 
will extond over several years. 

am: : IS magnetite, with alternating layers of 
bles os ‘ie and quartz, or, in some places, horn- 
oars epidote. The thickness of the ore and 
ies aks as a rule varies between a few feet 


The percentage of iron averages 34 to 


Briquetung Shed. 


ignition being used, so as to obtain the greatest 
possible effect. The loading will be done by means 
of American steam-shovels of the strongest type, 
capable of handling blocks as large as a couple of 
cubic yards, whereby the expensive loading by hand 
and the consequent blasting of the blocks is avoided. 
Trucks of 10 tons capacity will be used for carrying 
the ore from where it is broken to the coarse 
crushers, and the trucks will have loose bodies. 
The crushers are worked by 250 horse-power 
motors, and can handle pieces of more than a ton 
in weight. They crush the ore to pieces having a 


maximum size of 8 in. cube. The crushed ore is! 


conveyed through a tunnel blasted in the rock 
direct to a railway train, consisting of eight bogie 
ore trucks of 45 tons capacity, which can be loaded 
simultaneously and directly. The railway is located 
at the foot of the mountain slope, and the natural 
features of the ground have been used so as to 
secure a cheap and rapid transit of the ore to the 
railway trucks. 

The separator plant at Kirkenes is situated 
5 miles from the coarse crusher, and at 56 ft. 
lower level ; the railway line has a very favourable 
grade, and one locomotive can convey 600 to 
700 tons of ore down to the separator works in 
the course of 12 hours. 





are fitted with bottom doors, are, by means of a 


The ore wagons, which | 








coarse crushers, one of which is shown in Figs. 4 
and 5, page 385, is taken to hoppers, from 
which, by means of a mechanical feeding, it is 
|conveyed to crushers of the Hadfield type, which 
further reduce it to a maximum size of from 1.6 in. 
to 2in. After this, by means of a transporter-belt, 
it is conveyed to other hoppers, and ie there, 
by means of a feeding-wheel, to the Gréndal ball- 
mills for wet crushing. The ball-mills are about 
6 ft. 6 in. in diameter, and about 5 ft. 9 in. long. 
They are, on the inside, fitted with wearing-plates, 
which can be replaced without taking the mill to 
pieces. With 170 balls weighing 66 lb. each, 
|100 balls weighing 9 lb. each, and running at 
30 revolutions per minute, with a water con- 
sumption of 29 gals. per minute, they grind 6.2 tons 
of South Varanger ore per hour. The result of 
the grinding, as far as the size of the grains is 
concerned, is as follows :— 








Over 0.04 in. ... ; 5 per cent. 
0.04 in. to 0.02 in. ” 
0.02 in. to 0.008 in. . 22 9° 
Less than 0.008 in. . 69 


| This ore-mud runs direct from the mill to the 


Grondal separators. These are so constructed that 


the ore-mud is treated in a rotary drum, which 
contains a series of fixed magnets, whereby the 
This treatment removes all 


' iron is extracted. 
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SOUTH VARANGER IRON-ORE SEPARATING AND BRIQUETTING PLANT. 


unmagnetic grains, and the concentrate which is 
obtained has very nearly the same percentage of 
iron as the magnetite veins in the ore, or about 
58 per cent. The percentage of iron in the differ- 
ently sized grains is shown in the following table : 
Over 0.04 in. .. = ... 29,2 per cent. Fe. 
0.04 in. to0.02in. .... 31.7 
0.02 in. to 0,008 in. 45.4 
Less than 0.008 in. ... 63.8 


from which it will appear that the actual crushing 
of the South Varanger ore does not commence until 
the grains are less than 0.008 in. The shed in which 
two of the coarse crushers are contained is shown 
in Figs. 6 and 7. It is fitted with a travelling 
crane with two crabs, each of 15 tons capacity. 

In order to remove as much of the valueless 
ingredients as possible, and thus obtain an abso- 
lutely pure product only containing magnetite, an 
extremely fine grinding would be necessary ; but 
this would probably prove too expensive. It has 
been sufticient to obtain a product containing about 
G6 to 68 per cent. iron, corresponding with 91 to 
94 per cent. magnetite, and, in order to reach this 
result, the reduction of the grains to between 
©.0066 in. and 0.004 in. is sufticient. This finer 
grinding takes place in tube-mills, which are 
constructed in much the same way as are the 
ball-mills, the principal difference being that 
they are longer, have a smaller diameter, and the 
balls are flint. 
separators is fed direct into the tube-mills, and 
attention must be paid that too much water is 
not carried along. With a proportion of 70 volumes 
of water and 30 volumes of ore the tube-mill works 
satisfactorily, and grinds about 3 tons per hour, 
the result as to size of grains being 

Over 0.008 in. eas ad 0.9 per cent. 
Less than 0,008 in. ‘ 99.1 

The product from the tube-mills is subjected to 
magnetic separation in separators identical with 
those described above. 
with about 66 to 68 per cent. iron, as already men- 
tioned, the percentage of sulphur and phosphorus 
being respectively 0.015 and 0.006 per cent. The 


” ” 
” ” 


” ” 


The concentrate from the former | | 


The result is a concentrate | 


Fic. 3. InTEn1on or Turbo-GesEeRatTor Room. 

generators for three-phase alternating current, 800 
to 850 volts, each of a maximum of 3750 effective 
horse-power ; one steam-turbine generator for three- 
phase alternating current, 800 to 850 volts, of 
360 effective horse - power; one steam - turbine 


concentrate next flows into large receptacles, and is, 
when dried till it contains only 11 per cent. of water, 
ready for briquetting. If intended for export 
straight off, it should be dried so as not to contain 
more than 3 to 4 per cent. of water, as otherwise it 
is apt to freeze intolumps. There are required from | generator for continuous current, 220 volts, of 
2.26 to 2.3 tons of ore for each ton of concentrate. | 275 effective horse-power ; four large electromotor 
When the concentrate has remained a couple of | pumps for three-phase alternating current, each 
days in the bins the water percentage has gene- | pump of 1660 gallons capacity per minute with 230 ft. 
rally been reduced to 10 to 12 per cent., and|head. The order further comprised complete con- 
the concentrate is then conveyed by cranes to a| denser, boiler, and pipe installation, feeding appa- 
large storehouse, where the briquetting of part of|ratus, &c. In the first instance only two out of 
the product takes place. The further reduction of | the three steam-turbine generators, with auxiliary 
moisture is effected by means of artificial drying | machines and boilers, will be installed, but room is 
until the water percentage has been reduced to | reserved in the building (Fig. 3) for additions. 
4 per cent., and the concentrate is then ready for; Special attention was paid to the question of the 
export. By means of cranes the concentrate is | type of boiler, and a commission was appointed to 
conveyed from the storehouse into self-emptying | decide this point. The types under consideration 
boxes, fitted to ordinary railway trucks. In trains| were Lancashire boilers and water-tube boilers of 
of three trucks, each truck with three self-emptying | Babcock and Wilcox’s and of Steinmuller’s systems. 
boxes of 3 tons capacity, the ore, by means of electric | The conditions of working having been carefully 
locomotives, is conveyed over a line 382 yards long | gone into, the commission pronounced in favour of 
to the export quay. On this quay there are two | water-tube boilers, calculations showing that Lanca- 
transporters, by means of which the contents of | shire boilers required a larger staff, in consequence 
the boxes are conveyed into the ship’s hold. Each|of which the working expenses would be higher 
of the two transporters can load 100 tons per hour. | than with water-tube boilers, added to which there 
With regard to the requisite power for these | was the cost of transport, which would be consider- 
large installations, it was originally intended to | ablysmaller for water-tube boilers. Of the two water- 
construct a steam central station at Kirkenes, and | tube boiler systems in question, the commission 
also to exploit the power of the Hore waterfall pronounced in favour of the Babcock and Wilcox 
like Kirkenes, about 5 miles distance from the | system. As the De Laval Steam-Turbine Company 
mines. Each power-station was planned for | doesnot manufacture either electric plant or boilers, 
7500 horse-power. The steam-station was to be | the companyarranged for the supply of these with the 
built first, and afterwards, when the water-power | following firms :—The General Swedish Electrical 
station had been completed, the two were to work Company (Almanna Svenska Elektriska -\ktie- 
together or form a reserve for each other. The | bolaget), Vesteras, Sweden, for electric generators 
ownership of the waterfall, however, proved some-|and motors ; the Thune Engineering Company 
what complicated —the one shore was on Norwegian | (Aktieselskabet Thunes Makaniske Varksted), 
and the other on Russian territory, so the plan of | Christiania, for boilers, stoking apparatus, and 
exploiting the fall was eventually abandoned, and | superheaters ; G. Hartmann, Christiania, for econo- 
| Steam was adopted as the sole power. /misers, feed-pumps, &c. The steam plant w 
| The construction of this important installation | consist of seven Babcock and Wilcox boilers, with 
|was entrusted to the De Laval Steam-Turbine | superheaters and stoking apparatus, as well 4% 
Company, in Stockholm. When fully completed | three 240-tube economisers. ade 
ithe programme provides for three steam-turbine| Of the above seven boilers, one is intended to be 


| 
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held in reserve, two boilers are required to drive a 
3000 to 3750-effective-horse-power steam-turbine, 
and as only two steam-turbines will be installed at 
present, the installation at the outset will only 
comprise five boilers and two economisers. Each 
boiler has a heating surface of 5375 square feet, 
and the working pressure is 180 lb. per square inch. 
As the fuel is to be small coal of comparatively 
low heating value, the fire-bar area was made fairly 
large—viz., 118 square feet per boiler. The boilers 
are the standard type, and the stoking apparatus is 
the makers’ chain type. The superheaters are large, 
1430 souare feet per boiler, and are easily capable 
of superheating the steam to 300 deg. Cent. and 
more. In order to be able to regulate the degree 
of superheat, an escape-pipe is arranged so that 
dry steam can be mixed with the superheated steam, 
and in such a way that any degree of superheating 
can be obtained. 

The two economisers are of the Hartmann type. 
The water and the waste gases move in opposite 
directions. All the sections (each section contain- 
ing ten tubes) are coupled in series ; each section 
can blow out independently, and is fitted with a 
safety-.alve and an air-valve. The soot-scraper is 
workei hy a small electric-motor. Two boilers 


and one economiser, with chimney, form a group 
for one steam-turbine. The odd fifth boiler can 
be coupled on to any economiser. Each boiler 





stands entirely free, which, to some extent, de- 
crease 


lie efficiency ; but, on the other hand, makes 





ee ee nee, 


= 








the boiler more accessible for cleaning purposes. 
The feeding apparatus consists of two pumps of 
the Hartmann - Emeka type, each pump having 
sufficient capacity for the entire boiler installation. 
The exhaust steam from the feed-pumps goes to 
the four heaters for heating the feed-water. 

The steam from each boiler passes through a 
6 in. pipe to a collecting-pipe, common to the whole 
boiler installation, of 9 in. diameter. From 
this collecting-pipe branches lead to the different 
steam - turbines. The steam main is located near 
the floor of the boiler-room, and passes along the 
wall between the engine-room and the boiler-room. 


Fig. 





SOUTH VARANGER IRON-ORE SEPARATING AND BRIQUETTING . PLANT. 
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All the steam-valves, therefore, are easy to get at. 
The pipe lies loosely on rollers, to allow for expan- 
sion. Besides these principal steam-pipes there is 
another system of _ of smaller dimensions— 
4 in. in diameter. his system lies parallel to the 
steam main pipe already referred to, but on the top 
of the boilers. A cross-pipe connects the main steam 
pipe with the 4-in. pipe. ‘Steam is generally taken 
from the 4-in. line for the feed-pumps. The feed- 
pipes are made of thick copper tubes, and the feed- 
water can be made to pass through the heater and 
economiser, or can be by-passed round these. 

The coal transport arrangements were installed 
by the South Varanger Company themselves. The 
coal is conveyed up to a large storage-bin above 
the boilers, and runs in the ordinary way through 
iron conduits to the mechanical stokers. Coal- 
weighing appliances will be fitted in these iron- 
conduits, and exhaustive records will be kept both 
of coal and water consumption and current gene- 
rated. 

In the upper portion of the engine-house are 
installed the two 3000 to 3750-brake-horse-power 
steam-turbines, which are of the De Laval multiple 
type, and run at 1500 revolutions per minute. e 
steam-turbines, by means of spring couplings, are 
directly connected.to the 2100-kilowatt capacity 
three-phase generators. The generators are fitted 
with direct-coupled exciters. Each steam-turbine 
with its generator is mounted on two base-plates, 
in such a manner that the outer bearings of the 
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steam turbine rest on a small base-plate, and the 
part of the steam-turbine next the generator rests 
on the same base-plate as the generator. All the 
bearings of the turbine and generator are supplied 
with oil by means of a pump, which is worked by 
gear from the steam-turbine axle. As a reserve, 
and for starting purposes, a larger oil receptacle is 
mounted on the wall about 6 ft. 6 in. above the 
steam-turbine. When the oil has left the bearings, 
it flows to a collecting-tank, from which it is pumped 
to the storage-tank, to be again used. On its way 
to this tank the oil is carefully cooled. The three- 
phase generators, as already mentioned, yield 
normally 2100 kilowatts, with a main voltage of 
600 volts. The number of alternations is 50 per 
second. The exciters are shunt machines, with 
carbon brushes. The whole arrangement is shown 
in Fig. 3, which is a reproduction from a photograph. 

The exhaust steam froin the two steam-turbines 
passes to a surface condenser located in the lower 
storey: of the engine-house, directly below the 
turbines. A 44-in. pipe connects each steam- 
turbine with its respective condenser. In case 
the turbine is required to work without condens- 
ing, the exhaust steam can be by-passed and led 
direct to the open air through a special pipe. The 
surface condensers are of the contra-flow type, and 
the tubes are of drawn brass, and are tightened by 
means of ferrules. There are three air-pumps to 
each condenser, and they are driven by means of 
spur-wheel gearing by an electric motor. 

For each condenser there are two circulating- 
pumps, of the De Laval Steam-Turbine Company’s 
‘**Zeta” type. Each of these pumps is direct-coupled 
to an electric motor. The steam-pipes of the cir- 
culation pumps lead vertically upward from a channel 
under the engine-house. The discharge water from 
the condensers passes to four electric-motor pumps, 
placed on the lower floor of the engine-house. 
These pumps send the water to the separation 
works. The condenser water from these pum 
has the advantage that it is somewhat heated. In 
case the electric-motor pumps cannot cope with the 
full quantity of water, an arrangement for auto- 
matically dealing with the superfluous water has 
been provided. The water from the hot-wells is 
tg into a warm-water tank, situated on the 
vottom floor of the engine-house. ‘Above this 
tank are fitted two small electric-motor centrifugal 
pumps of the ‘‘Zeta” type, which convey the con- 
densed water to the tank in the boiler-room. Each 
of these electric-motor pumps has sufficient capacity 
for the whole requirements of. the station. 

The installation was started in October, 1909, 
and all its parts, from the véry beginning, worked 
most satisfactorily. It was inspected and tested, 
early in November, by a specially appointed 
Committee, consisting of Mr. Teaticm, C.E., on 
behalf of the South Varanger Company ; Mr. Tore 
Lindmark, C.E., on behalf of the De Laval Steam- 
Turbine Company; and Mr. K. von Krogh, ap- 
pointed by the two gentlemen just mentioned. 

The inspection in the first instance was devoted 
to the economic working of the power-station. The 
contract between the South Varanger Company and 
the De Laval Steam-Turbine Company stipulated 
for a coal consumption not exceeding 2.2 lb. of 
coal per kilowatt-hour, with both the 2100-kilo- 
watt steam-turbines fully loaded and working con- 
densing and with superheated steam. Insomuch 
as this coal consumption applies to net kilowatt- 
heurs, it compr'ses all the coal for the auxiliary 
machinery. The test, as it turned out, could, how- 
ever, not be undertaken in full accordance with the 
contract, as difficulties arose regarding the simul- 
taneous loading of both the generators. Each 
gene had, therefore, to be tested separately. 

he Testing Committee say, in this connection :— 
‘*The boiler installation on this account works 
under somewhat less favourable conditions than 
stipulated.”” This iv only natural, as all the radia- 
tion losses are relavively greater when only two 
boilers are used simu‘taneously :— 

The results of the tests were as follow :— 


Date of tests 15-16 Nov. 16-17 Nov. 
Steam-turbine - ae I II 
Duration of test in hours 
Steam pressure in boilers, 
per square inch ... te 
Steam temperature a 
boilers, Cent. ; ye 
Steam: pressure at steam- 
turbine, Ib. per square 
inch ivi " 
Steam temperature atsteam- 
turbine, Cent. ... as 


6.5 6 


175 lb, 175 Ib. 





Back pressure in steam-ex- 
haust pipe, lb. per square 
inch has we fen 1 
Steam per hour for steam- 
turbine... ., ...  85,5201b. 
Kilowatts yielded by gene- 
2140 
16.61 


52 
2088 


0.818 
33,913 Ib, 
2135 
16 


_ rator eee eve ae 
“~~ per kilowatt hour, 
1 


Auxiliary machines, 
watt-hours Rae 
Net kilowatts tas as 2079 
Pounds coal per net kilo- 
watt-hour... ; “ 1.91 1.95 
The Testing Committee point out that two un- 
favourable circumstances interfered at the tests of 
the steam-turbine generator I.—viz., that, by a 
mistake, part of the combustion gases went straight 
to the chimney without first passing the economiser 
(the effect of the latter thereby being considerably 
reduced). Secondly, the vacuum was unusually 
low, which was caused by the small quantity of 
cooling water available at this test. In spite of the 
unfavourable effect of these factors, the result was 
better at test I. than at test II., which was owing to 
the efficiency of the boilers at test 11. being consider- 
ably lower than at test I.—70.9 per cent. against 77.5 
er cent. The Testing Committee stated that this 
ow degree of efficiency was owing to an incidentally 
unfavourable adjustment of the mechanical stokers. 
There was no time for a third test, nor was it 
necessary, insomuch as the installation had already 
proved itself capable of fulfilling the guarantees 
given. A third test would, however, have shown 
a coal consumption of about 1.78 lb. per net 
kilowatt-hour. When the complete installation 
is being fully worked, it is evident that still more 
favourable results as to coal consumption may be 
obtained, and the coal consumption per net kilo- 
watt-hour will then probably be less than 1.76 Ib. 
With reference to the working of the power- 
station during the tests, the Testing Committee state 
that, ‘‘particularly even readings were obtained 
at both tests, and the different parts of the power- 
station worked particularly well.” As regards the 
working of the steam-turbine, the Testing Com- 
mittee say that they ‘‘ wish to point out that the 
motion of both steam-turbines was unusually steady 
and free from vibration.” 
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THE NAVAL, MERCANTILE MARINE, 
AND GENERAL ENGINEERING AND 
MACHINERY EXHIBITION, OLYMPIA. 

By JoserH Horner. 
(Continued from page 354.) 

VALVELESS pumps by Messrs. Lamplough and Son, 
Limited, of the Albany Works, Willesden Junction, 
London, N.W., are shown by the engravings on 
page 387. One of these is termed a quadruple 
positive rotary blower, air and vacuum pump, and 
exhauster (Figs. 22 to 25). The other is a rotary 
positive pulsating oil or liquid pump (Figs. 26 to 34). 

In the first-named pump rotating pistons 1, 2, 3, 4 
move between the ring A set eccentrically in the 
casing B, and are driven by the spindle C. These 
four segmental pistons, 1, 2, 3, 4, take the place of 
valves. They are attached to the hollow discs 
K, E, E, E, which are provided with pins located 
close to their edges (as shown in Fig. 22), and 
which enter bosses set at the ends of the segmental 
pistons. The discs fit freely in recesses D in the 
end discs F, F, which are rotated by the shaft C 
running in ball-races enclosed in the end-plates of 
the casing. The result is that the wedge-shaped 
spaces enclosed by the ends of the segmental 
pistons are decreased and increased, or vice versd, 
from the maximum to the minimum under the 
coercion of the discs and pins, which can be 
easily 6bserved in the section (Fig. 22). Air 
entering at G, and travelling round the curved 
passage, is imprisoned between the pistons, where 
the spice is widest (at the bottom in Fig. 22), and 
being carried round is compressed by the reduction 
of the space until discharged at H. Delivery is 
made at increased pressure, hence this may be 
termed a ‘‘step-up blower.” The opening to dis- 
charge is made as the supply is cut off in the low- 
duty designs, and ata later period of the revolution 
for high-duty compressors, as may be: seen by the 
relations of the cut-off edges a, a. The makers say 
that the pump will maintain 26 lb. of air pressure 
or 29 in. of vacuum. When used for vacuum it is 
connected to suction instead of to delivery. 

The rotary pulsating pump, termed the ‘‘ Willes- 
den-Albany,” is designed for liquids, for which the 


_| previous pump 
Th 





for compressible fluids is oby’ vusly 
unsuitable. e simplicity of the design is such that 
there are only three movable parts—the segmental 
block or portion A ; the rotating disc B, with an 
eccentric-pin which communicates the sliding nove. 
ment to the pulsating-piston A; and the rotary 
ae C enclosing the sliding piston (Figs. 26 to 34), 
n addition there is the necessary shaft and disc D and 
the stuffing-box, gland, &c., as shown by the draw- 
ings. By the ecccentric drive to the rotary piston 
the sliding piston is moved across, alternately open- 
ing to suction and delivery. The pump wi!! work 
in either direction. Pressures up to 300 1b. to the 
uare inch or more can be ee eg The pump 
illustrated is of }-in. size, which is the diameter of 
the suction and delivery openings. The stock sizes 
made range from fin. to3 in. The first will deliver 
30 gallons per hour at 500 revolutions per minute ; 
the last, 1800 gallons at the same speed. 

The uses of these small pumps are manifold, 
They are suitable for keeping the cylinders of 
——— cool, and for forced lubrication, for 
pumping bilge, circulating, and condensing water, 
for circulating water round the cooling apparatus 
used by brewers and distillers, and for pumping 
the liquors. Dirty water can be pumped, provided 
the dirt is in solution ; but if it is in a state of 
suspension—as, for example, in bilge water—a filter 
or a strainer must be used. Oil and tarry matters 
can be pumped without a strainer. If the pump is 
used for forced lubrication, a relief-valve must be 
fitted, and adjusted to lift at from 30 lb. to 40 lb. 
to the square inch. Oil must be filtered, to remove 
particles of metal, before being used again. 

At the same stand is shown an air-cooled steam- 
condenser, which occupies little space, while con- 
taining a very large cooling area. The steam-tubes 
are flattened (see Figs. 35 to 38, page 387), and the 
interspaces are occupied with brass sheet arranged 
in a zig-zag corrugated fashion. The drawing indi- 
cates this detail only. The condenser framing is rect- 
angular, and stands on feet, and is a conspicuous 
object in the centre of the stand of Messrs. 
Lamplough. This was designed for use in Peru, 
where water is scarce, and often very valuable. 

The stand of Messrs. H. W. Ward and Co., 
Limited, of Lionel-street, Birmingham, contains an 
excellent collection of their machine-tools, many of 
these being newly designed. The trend of latest 

ractice is reflected strongly in two machines at 
-_ one an all-geared milling-machine, with single- 
belt pulley, and a ball-bearing sensitive drilling- 
machine, while examples of capstan and turret 
lathes, other milling-machines, grinders, drilling- 
machines, &c., are exhibited. 

Taking first the all-geared milling-machine, we 
illustrate this by drawings, Figs. 39 and 40, and bya 
photographic view, Fig. 41, page 388. The design is 
pleasing, and the advantages of using an all-gear 
drive are sustained by the style of framing adopted, 
which is very rigid, and well-tied together by the 
improved brace employed. Instead of being con- 
tent with a brace that only reaches to the knee, it is 
carried right down to the base, thus uniting the four 
elements—overhanging arm, steady-bracket, knee, 
and base—in a very efficient manner. It will be 
observed that the base is cast in the form of a tray 
with a raised rim, and that the body or column stands 
upon this, and is bolted to it. The slide at the front 
face of the column is planed the entire length to 
receive the knee, and its upper portion is adapted to 
receive various attachments that are used on these 
machines. The metal around the 5-in. solid-steel 
overhanging arm is continuous, except for the 
necessary splitting, by means of which the arm 1s 
clamped. A split bush, tapered on the outside, 
is employed within the steady-bracket, which 1s 
clamped to the arm, this bush receiving the end 
of the arbor. For certain work a second bracket 1s 
used, encircling the arbor, as shown in the photo- 
graph, but not in the drawing. ; 

& telescopic screw fitted with ball-races is used for 
elevating the knee, the hand-wheel for this device 
being set angularly to clear the other two operating 
wheels for the slides. In some milling-machines the 
spindle for the elevating - screw is located close 
denagiite the cross-feed screw, and it is then impos- 
sible to use both hand-wheels at once, so that the 
operator has then to change a wheel from one square 
to the other as required. This is obviously am 
objectionable and time-wasting practice, and the 
angularly-set wheel is much to be preferred. ; 

The knee is stiffened with internal braces, while 
the cross-slide and the work-table (which latter has 
a surface of 66 in. by 16in.), are both strongly built, 
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VALVELESS PUMP AND CONDENSER AT THE OLYMPIA EXHIBITION. 
LAMPLOUGH AND SON, LIMITED, ENGINEERS, WILLESDEN, LONDON. 


CONSTRUCTED BY MESSRS. 
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and provided with efficient lubricating devices. 
The usual micrometer dials are fitted for ad justing 


each slide to precise amounts. All the gib strips 
on the slides are of tapered form, adjusted end- | 





wise, this being a mode of fitting that has been 
very generally taken up by machine-tool makers in 
recent years, and has several points of advantage 


over the strips which are set up by a number of! 










side screws. Automatic trips and dead-stops are 
fitted to the table and to the slides for arresting 
the self-acting feeds at any predetermined point. 
These feeds are thrown in or out by conveniently 
placed levers, the reversal of direction of feed being 
also produced on moving a lever at the gear-box 
surrounding the vertical splined shaft close to the 
knee. 

Turning our attention now to the arrangement 
of gears for driving the spindle, these may be seen 
dotted in the two views on the engraving. The 
driving pulley, running yore at 342 revolu- 
tions per minute, using a 6-in. belt, is clutched by 
a ball-friction clutch, operated by the long lever, 
seen near the base of the column, at the rear. This 
enables the machine to be stopped or started at 
will, and the belt can be driven direct from a pulley 
on the main shafting, or from an electric motor. 
Sixteen changes of speed are procurable through 
the medium of the various steel gears within the 
head, the rates being 14, 17, 22, 27, 32, 40, 50, 62, 
80, 100, 125, 155, 185, 233, 290, and 360 revolu- 
tions per minute. It is scarcely necessary to trace 
out the various combinations of gears which give 
each speed, but it may be pointed out that back 
gear is incorporated, thrown in or out of action by 
the hand-wheel at the top of the column, to give a 
powerful drive at slow speeds. The claw-clutch 
seen against the large gear adjacent to the front 
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Fig. 41. 


spindle- bearing ae the back gear in. The various 
changes are made by suitable settings of the two 
levers, seen on the front of the column, according 
to instructions on a speed-plate. 

The feed motions, though directly driven from 
the first motion shaft—i.e., that which the constant- 


ALL-GEARED MILLInG-MACcHINE. 


| speed pulley drives—may be varied to give any 


feed within the range, regardless of the spindle 
revolutions. Gears are used to transmit the motion 
from this first shaft to the first in the feed set 
contained within the casing. Three levers are 
used to manipulate the changes, numbering six- 
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AutL-GEARED Mitima-Macuine, 


Fie, 42. Sensitive Demitine-MAcHINE. 


| teen, and of the following rates—in inches of travel 


per minute: 0.28, 0.36, 0.46, 0.61, 0.76, 0.96, 
1.2, 1.6, 2.1, 2.75, 3.5, 4:58, 5.75, 7.3, 9.3, and 
12.3. The last shaft out of the feed gear-box 

down to where a train of three gea's 1s 
situated. within a casing against the column, «nd 
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Fig. 45. 


Fics. 43 to 45. Wurre-Frep Capstan-Latues ; Messrs. H, W. Warp anv Co., Lrp., BrrmincHaM. 






































(2) Rigas. 





























ee 
*1Gs. 46 To 48. Swiver-Taste ror Macuine-Toots ; Messrs. W. Asquirn, Limirep, Haurax. 











from thence the vertical splined shaft, previously 
mentioned, emerges and drives the connection to 
the knee, regardless of the vertical position of the 
latter. 

The system of lubrication adopted on this 
machine calls for some remark, differing as it does 
from the usual oil-holes or pipes and feeders. All 
the bearings are supplied automatically through 
an oil-pump, combined with a reservoir and a 
system of supply-pipes. The pump does not 
actually force the oil into the bearings, which are 
fed by gravity from the reservoir, but the latter is 
kept supplied by the pump, which draws the used 
oil from a drain at the base of the machine, and, 
after straining it, returns it to the reservoir. The 
troubles which sometimes arise through neglect of 
sufficient lubrication are avoided in this way. 

As many of our readers are aware, the Jatest 
developments in the small sensitive type drilling- 
machines consists in the fitting of ball-bearings, not 
only to the spindle, but to all running shafts and 
pulleys. This feature has created somewhat of a 
revolution in drilling speeds for small drills of 
high-speed steel, and the consumption of power has 
been lessened, as compared with machines which 
have plain bearings throughout. Messrs. Ward have 
a pillar type of sensitive drilling-machine, seen in 
the photograph (Fig. 42, page 388), suitable for 
holes up to 1, in. Tt is designed to accommodate 
bulky work, such as gear-boxes, crank-cases, c., 
for motor work, the table being of ample area, and 
adjustable up and down the turned column to a 
range of 184 in., while the head supporting the sleeve 
of the drill-spindle has a range of 14} in. movement. 
The actual spindle motion, or feed, is 7 in., effected 
through the double lever, which turns a pinion 
engaging with the rack cut on the sleeve, within 
which the spindle is confined. ‘lhe counter- 
balanced head, in which the sleeve slides, is clamped 
to the flat face of the column by a short lever, not 
seen in the photograph. There is a hand-wheel 
for turning the vertical screw, which raises and 
lowers the work-table, the latter being secured by 
tightening up the cranked handle at the front edge 
of the table. 

A counter-shaft is situated behind the column ;, 
this shaft runs on ball-races, and carries a pair of 
fast and loose pulleys, and a cone-pulley with 
two steps. This latter is so arranged that it can 
be adjusted along the shaft to bring either step 
into correct position for driving on to either step 
of the spindle cone -pulley. The latter pulley 
runs on ball-bearings on a fixed bush, and it has 
a key fitting in the keyway of the spindle, which 
slides through it. No belt pull comes on the 
spindle, being all taken on the fixed bush. The 
adjustable guide-pulleys run on ball-bearings, and 
the outer one is provided with an angular adjust- 
ment, so as to lead the belt on to whichever cone 
face is required to be used. The inner, or return, 
pulley is capable of adjustment to take up the slack 
of the belt. The spindle speeds are 200, 600, 80, 
and 1200 revolutions per minute. 

Figs. 43 and 44, annexed, illustrate a new class of 
wire-feed capstan-lathe exhibited by Messrs. Ward, 
having a ig of centres of 5} in., with a capacity 
up to l-in. bars. The chief point about this lathe 
is the new type of wire-feed chuck fitted, this replac- 
ing the ordinary design with toggles and a cone 
which move the tube of the split chuck. Troubles 
arising from breakage of toggles, and failure of the 
chuck to suit itself to moderate variations in size 
of nominally standard bars, are eliminated in this 
mechanism. The wire-feed tube is operated by a 
face-cam actuated by two pins moving in spiral 
slots in a bush encircling the spindle, this bush 
being seen in the illustration (Fig. 43). It is slid 
longitudinally by a fork lying in a circular recess, 
the fork forming an extension of a sleeve which is 
moved to and fro on the rod lying below the spindle, 
in the usual manner. The arrangement of chains 
and weight for drawing along the rod-feeding holder 
will be noticed. 

A neat design of bed and headstock is employed, 
the two keing cast. together, with a ebbing 
extending up around the cone pulley to a little 
below the centre. This ties the two bearings well 
together, and minimises the effects of high speeds 
and vibration. Gun-metal bearings receive the 
hardened-steel spindle, which has a ball-thrust. 

The capstan-rest, which has six holes, is of the 
usual pattern, with automatic revolving and indexing 
motions performed on the return stroke ; the lock- 
ing is effected by a square bolt, engaging in notches 
in a hardened steel ring. Six adjustable screw 
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stops at the end of the slide regulate the length of 
stroke for each hole in the capstan. 

The cut-off rest is travelled along the bed by 
turning the hand-wheel seen in front of the head- 
stock ; this rotates bevel-gears and a screw. Stop- 
blocks are attached to a rod at the front to 
form dead-stops. Stops are also placed for the 
cross motion of the cut-off slide, one for each tool- 
post. If required, the tool-posts may be removed, 
and form, or knurling, or other holders substituted. 

In the engraving three pedals are seen beneath the 
bed ; their purpose. is to enable the attendant to 
operate the countershaft gear without using his 
hands. There are two forward speeds and one 
reverse. .The spindle speeds for brass-work are 
800, 1221, and 1972 revolutions per minute. For 
general work, 107, 199, 240, 270, 480, and 853 
revolutions per minute. 

Another capstan lathe built on somewhat similar 
principles is shown ; this has a height of centres of 
4 in., and a capacity up to 4-in. bar. _The general 
details of construction are like those in the 54-in. 
lathe, the bed and headstock being cast in one, 
Fig. 45 ; the spindle has a ball-thrust, and a similar 
arrangement of wire-feed mechanism is employed. 
The capstan rest is also built on similar lines, but 
its body is circular instead of hexagonal. The cut- 
off rest, however, is not moved along the bed by 
hand, but is only adjustable to bring the tools into 
the required positions. It hasa lever for operating 
the cross-movement, instead of the hand-wheel 
employed in connection with the 5}-in. lathe ; the 
lever is adjustable to any desired position, irre- 
spective of the position of the tools. Dead-stops 
are fitted. 

For general work the counter-shaft is supplied 
with two forward and one reverse speed, operated 
by pedals, as in the previous example. But for 
brass work the counter-shaft has only one forward 
and one reverse speed, and is fitted with a larger 
driving cone-pulley to increase the speed of the 
spindle. Two pedals are then used, as seen in the 
photograph. The spindle speeds for genera] work 
are 120, 333, 555, 925, and 1540 revolutions per 
minute, while for brass work they are 1600, 2250, 
and 3333 revolutions per minute. 

At the stand of Messrs. William Asquith, 
Limited, of Halifax, a new universal table— 
Wolfensberger’s patent—is shown, which is well 
worth a detailed study. Its value lies, of course, 
in the saving of time which its facilities for changing 
the position of work under various machines affords. 
This is excellently shown at the stand by a large 
number of photographs illustrative of its many 
utilities, to which eine seem to be hardly any 
limitations. 

The appliance is shown in the engravings (Figs. 46 
to 48, page 389). Two tables, square in the draw- 
ing, but circular if préferred, are carried on a shaft 
which has trunnion bearings that permit it to be 
adjusted through a complete circle. It is rotated by 
hand, or in large sizes by gearing, and can be clamped, 
and, if desired, provided with stops for setting at 
angles of 90 deg. The tables, being fitted on oppo- 
site sides of this shaft, serve to counterbalance each 
other. Each table has a rotary motion in its own 
bearings through a complete circle, and each motion, 
with that of the shaft, can be made in either direc- 
tion. Two objects can be fitted on the two tables, 
in which case they would balance each other ; or if 
an article is bolted on one table only, the other can 
be counterbalanced with suitable weights. The 
various angular adjustments permit of tooling on 
any face excepting that which is bolted to the table. 
The saving in crane service also is a very important 
advantage in dealing with heavy work, the table 
movements being substituted for re-settings by a 
crane. 

With regard to the class of machines for which 
these tables are suitable, the principal utilities lie 
in their attachment to 1adial critling and milling- 
machines. Drilling, tapping, studding, milling at 
different angles on different faces often entail a 
great deal of re-setting and packing-up on a rigid 
table, nearly all of which is avoided by the use of 
this universal appliance. Really the time occupied 
by actual tooling on some jobs is much less than 
that involved in the re-settings. 


the work onit. But an inspection of the appliance 
and the photographs at Messrs. Asquith’s stand, 
which is at the further end of the building, opposite 
the diving-tank of Messrs. Siebe, Gorman, and Co., 


Limited, will reveal more than a brief notice can give. | 
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Messrs. Asquith have also some pneumatic tools 
for chipping, riveting and caulking, drilling, scaling, 
and ramming. 

Occupying a central position in the building is 
the very fine exhibit of Messrs. William Beard- 
more and Co., Limited, of the Parkhead Forge and 
Rolling-Mills, Glasgow. The most imposing feature 
is, perhaps, the series of parts which illustrate the 
building up of a 4-in. 50-calibre breech-loading gun. 
The inner and outer tubes are seen separately, the 
B tube ready to be placed over the front _— of 
the outer tube, and the gun-body completed to the 
wire-wound stage; also the breech - bush and 
breech-ring, and the wire to be wound over the rear 
part of the outertube. The coil of wire is shown— 
a length of 2.6 miles. It is 0.06 in. thick and 0.25 in. 
wide. In a 13.5-in. gun, such as the firm is building 
for the Colossus, 120 miles of this wire are used, 
the gun being wound right up to the muzzle. 

The 60-horse-power marine paraffin engine at 
this stand is of homely aspect beside the gun 
parts, but will interest marine engineers. It uses 
paraffin only as fuel, and no petrol is required 
for starting. The paraffin is vaporised by passing 
it through a vaporiser of special design, which is 
heated by means of a blow-lamp. After the engine 
is started the lamp is no longer required, the 
necessary temperature being maintained by the 
combined heat of compression and explosion. A 
high-tension magneto is fitted. 

he engine is of vertical design, of the two-cylinder 
two-cycle type, developing 60 brake horse-power at 
340 revolutions per minute. The consumption of 
ordinary paraffin at full load is from 0.65 to 0.6 pint 
per ree & horse-power hour, depending on the size 
of the engine. ‘I'he circulating-pump of reciprocat- 
ing type is driven directly from the cam-shaft. 
A gear for starting with compressed air is also fitted. 
These engines are suitable, not only for launches, 
fishing-boats, lighters, &c., but also for electric 
lighting, air-compression, and pumping. 

Boiler furnaces are shown, including a corrugated 
furnace of Deighton section and one of Fox section, 
both with Stephen Gourlay ends. These are both 
welded by means of water-gas, and flanged by an 
hydraulic press. A plain furnace is also shown 
similarly welded and flanged. 

A fine collection of forgings and steel stamped 
work is exhibited at this stand. It includes three 


| air vessels for torpedoes, of nickel steel, treated 
In shaper and | and finish-turned. 
planer work an appliance of this kind is valuable, | 


and lining out would often be facilitated by bolting | shafts, is cut through near the top to show the 


A cross-section of a fluid-com- 
pressed 40-ton octagonal ingot, such as is used for 


solidity. A piece of thick Siemens steel boiler-plate 
is folded flat on itself several times to show its 
ductility. Various steel railway wheels and axles 
are shown. The centres are formed by Kirtley 
spokes, to which the bosses are welded solidly. 





Fig. 50 


In the ‘‘cold spoke” forged centre the boss is 
formed of one bloom, and is not welded, but 
pressed on to the spokes. Motor-car frames and 
piano frames are shown, the former having a tensile 
strength of from 36 to 40 tons per square inch. 

The stands of Messrs. N. Hingley and Sons, 
Limited, of the Netherton Iron-Works, Dudley, 
are specially interesting from the fact that the 
capabilities of good wrought iron ensure its reten- 
tion yet in certain classes of manufacture. It is at 
this stand, just facing the entrance, that one of the 
anchors for the Olympic, of the White Star Line, 
now being built at Belfast, is the most conspicuous 
object there. Weighing 15} tons, it measures 
18 ft. 6 in. over all, and is the largest anchor in the 
world. Two samples of the 3j-in. cables for the 
s.s. Lusitania have been tested to 350 tons without 
fracture, which is 84} per cent. over the Admiralty 
tensile strain of 189.8 tons. There are several 
other samples of stud-link cables which have been 
tested to destruction, showing, in every case, & 
percentage of strength much beyond the Admiralty 
requirements. In one case a 3-in. stud-link was 
tested to 291 tons 12 cwt., which is 100 per cent. 
over the Admiralty tensile strain of 145,5, tons. A 
2}}-in. stud-link was tested to 244 tons 18 cwt., 
or 95% per cent. over the Admiralty tensile strain 
of 12 tons. Short-link chains show similar 
strengths. Thus a 23-in. short-link sample was 
tested to 183 tons 15 cwt., being 171} per cent. 
over the Admiralty tensile strain of 67% tons. 

A 5-in. diameter bar of Staffordshire iron is shown 
tied into a knot, this being done cold. Besides 
these there are numerous specimens of cable iron, 
bent and fractured. which show excellently the 
fibrous character of Netherton iron, and the amount 
of punishment it can undergo without fracture. 

he direct-acting Storey steam-pumps by Messrs. 
Isaac Storey and Sons, Limited, of the Empress 
Foundry, Manchester, are exhibited by the firm. 
Though of the essential design in which the steam 
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cylinder and pump are in one axis, having a| 


common piston-rod, they differ from other pumps 
in the valve-gear, which is of the Storey and Hal- 
lowell patent differential design. This detail is 
of sufticient interest to illustrate by two sectional 
views. The gear is used for direct-acting air and 
circulating pumps, and for boiler feed-pumps, with 
but slight modifications. The valves are all sliding 
valves, which can be scraped when worn. Cylin- 
drical pistons are only used to control the action 
of the valves, and these have spring rings. Economy 
of steam is ensured by the fact that flat slide- 
valves are used, and that a complete double stroke 
of the pump piston is effected with but one charge 
of steam in the controller-cylinder. The pump has 
no dead points, and can be started at any position. 

The method of action is as follows, Figs. 49 to 51, 
page 390:—The main slide-valve A receives its 
motion from a controller B pierced with steam-pas- 
sages and having large and small controller pistons 


C and C!, which, moving in small cylinders at! 


top of the piston C, effected by closing the port 
before the stroke is completed. On the downward 
movement cushioning is effected by the air dash- 
pot F below the exhaust-port of the cylinder C', 
which is provided with an adjustable snifting-valve 
G. The auxiliary valve D is coupled directly to 
the pump-rod through levers, and the valve is 
therefore always in a ition to allow the steam 
to enter or exhaust from the upper controller 
cylinder C. Hence there is no dead centre. These 
pumps for boiler-feed are made in a large range of 
sizes, from 34 in. to 10 in. diameter of pump, 
with 10-in. to 26-in. strokes respectively, with duties 
which, of course, vary with the number of strokes. 

A new machine of value is the cold-iron sawing- 
machine with a friction feed and a swivelling-head 
—see Fig. 52, annexed—for cutting to any angle, 
shown by Messrs. Pfeil and Co., of St. John-street, 
Clerkenwell, E.C. It differs from previous designs 
in the fact that the head which carries the saw is 





adjustable longitudinally to avoid overhang of the 




















Fic. 52, 


opposite ends of the steam-chest, provide the dif- 
ferential relations. The inner end of each of these 


cylinders is open to the steam-chest. The outer | 


face of the small piston C' is in communication 
with the exhaust-pipe, the throttle-valve of which 
is seen at H. The outer face of the large piston C 
can receive the full steam pressure, or be put 
in communication with the exhaust. In the 
first case, the large piston being in balance, the 
smaller one is mee by the pressure of steam, 
carrying the controller B with it. In the second 
case, the outer end of the large piston being open 
to exhaust, the pressure on the inner face moves 
the piston against the lesser pressure on the smaller 
piston, 

The illustrations show two extreme positions of 

the valves. In Fig. 50 the steam-piston of the 
main cylinder is supposed to have reached its lower- 
most position, as also has the auxiliary slide-valve D. 
The larger controller piston C has just opened to 
exhaust by way of the port E in the controller B, 
of the passage in the valve D, and thence to the 
atmosphere through the port E', passing through 
the ad justable exhaust throttle-valve H, the adjust- 
meut being necessary to afford cushioning. 
I'he opposite position is shown in Fig. 49, where, 
the steam pressure having moved the controller B, 
and with it the main slide-valve A upwards, steam 
has been admitted to the lower side of the piston 
in the main cylinder, moving it upwards. The 
outer side of the large controller piston C has just 
been cut off from exhaust by the movement of the 
auxiliary slide-valve D, which has just opened the 
port E to steam, the full pressure of which now 
acts upon both sides of C. The result is that the 
pressure moves the controller downwards, and the 
main valve A admits steam to the top side of the 
main piston, Fig. 50, completing the cycle. 

Un the upward movement, the controller is 
brought to rest by cushioning the exhaust at the 


Cop Saw; Messrs. Prem anv-Co., Loxpon. 


‘saw, on the principle of the adjustable heads of 


| many drilling-machines. 

The increasing demand for accurate spur-gears 
for motor-cars and speed-gears for machine-tools, 
&c., is met by a new machine also shown at the 
stand of Messrs. Pfeil and Co. It is one of the 
Reinecker designs, built on the same principle as 
the familiar Bilgram bevel-gear generating planer, 
‘using roll cones with steel tapes to roll the gear- 
blank, a reciprocating cutter of rack-tooth section, 
and fully automatic arrangements for pitching and 
feeding. Opposite sides of the machine are shown 
by Figs. 53 and 54, page 392. The action is, briefly, 
as follows :— 

The cutter, of VY section, with sides inclined at 
an angle of 75 deg. to the horizontal, corresponding 
with the 15 deg. involute, is reciprocated in a 
strictly linear direction, the blank being locked 
during each stroke. After the return stroke the 
pitching change-gears come into operation, and 
rotate the blank through a distance equal to the 
pitch, when another cut is taken. This action 
proceeds all round the blank, the rotation and 
pitching going on a until the tooth-spaces 
are cut to the depth required, and the involute 
tooth-shapes are generated. Teeth are roughed 
first, and subsequently finished, each in a distinct 
cycle of operations. Or the teeth may be roughed 
out more rapidly by rotary cutters, and finished 
more accurately on this machine than by other 
methods of cutting. Three planing-tools in a range 
to cover all sizes suffice to cut all pitches, but for 
repetitive work a separate tool for each pitch is 
desirable. ° 

Variations can readily be made in the angles of 
obliquity of gears cut on the machine, and also the 
relations of the height of the tooth above pitch line 
can be varied to avoid interferences. Corrections 
of this kind are of great importance when small 





pinions are required. . The machine cuts gears from 


1 in. to 15} in. in diameter and to 4} in. maximum 
width of face. 

The Reinecker hevel-gear-planing-machine, made 
on the Bilgram principle, occupies a position adja- 
cent to the spur-gear generator. In all its essentials 
this. has been described and illustrated in Enat- 
NEERING, so that we need only call attention to it. 
Although it was the first bevel-gear generator 
introduced, many years ago, it still, we believe, 
retains the foremost place in the. estimation. of 
machine-tool men, notwithstanding that it has many 
rivals in the form-planers. - And; as previously 
stated, the new spur-gear generator-is built after 
the same essential design. 

There is also a very large collection of other tools 
at this stand, but as they are mostly old favourites, 
detailed description is not called for. A fine fully- 
equipped tool-room lathe is an interesting object, 
as is also one of the familiar Reinecker relieving 
lathes used for ‘*backing-off, milling, and other 
cutters. A small open-sided surface-grinder is a 
useful class of machine, the importance of which 
is increased by the ever-widening range of grinding 
processes. A friction-driven shaping-machine, 
especially suitable for the tool-room, a collection of 
various drilling-machines and milling-machines, 
besides small tools and cutters, invite one to linger 
at this very interesting stand. 

The all-geared plain milling - machine which 
Messrs. J. Parkinson and Son, of Shipley, have on 
exhibit is a good specimen of.a type of machine 
which is gradually ousting the belt-cone-driven 
class of milling-machine, just as the all-geared lathe 
is displacing so many cone-driven lathes. In the 
present machine Messrs. Parkinson have adhered 
to the same features that underlic the geared- 
head design of lathe, illustrated in our issue of: last 
week—an absence of clutches, springs, or sliding 
keys, and the use of steel gears slid endwise, only 
those actually driving being in mesh. A range of 
sixteen speeds is obtained, using only a single- 
speed belt-pulley, running at 325 revolutions per 
minute, these speeds ranging from 13 up to 360 
revolutions per minute. 

The general features of the machine may be 
gathered from the photographic view, Figs. 55 to 59, 
page 393, which gives. a good idea of the framing 
and arrangement of levers. A closed box-type of 
column is employed, the usual internal cuphennd 
being omitted (as in the universal type of machine 
shown in last week’s number), and a separate cabinet 
fitted to the left-hand side, this being, of course, 
invisible in the. photograph. ‘ 

The. table movements are 36 in. by 10 in. by 
20in., these being rendered automatic, with a choice 
of sixteen rates, produced by means of the gear-box, 
which is seen at the back of the column in the 
view, Fig. 59. 

A chain takes the drive for the feeds from the 
first-motion shaft, and there is a safety slipping- 
clutch between the chain and the gear-box, to. pre- 
vent the breakage of gears through accidents, such as 
the absolute stoppage of a slide by an obstruction, 
or the meeting of a cutter with some dead faco of 
the work, through carelessness on the operator's 
part. From the gear-box a universal . telescopic 
shaft conveys the drive to the knee. Stops are 
fitted for each automatic movement to throw out the 
feed at any required point. 

As the details of the driving-gears present the 
most novelty in this style of machine, wé include 
engravings showing the arrangement of the head, 
Figs. 55 and 56; Fig. 55 being a part sectional view 
looking at the operator’s side of the column ; 
Fig. 56 a rear view; Fig. 57 an elevation of the 
first-motion. shaft and its appurtenances, which are 
rendered invisible in Fig. 55,.owing to the break- 
ing to show a section; while Fig. 58 shows tho 
same portions as Fig. 57, but.in plan. It will 
be noticed that the web of metal extends up 
the sides of the column, and passes around the 
top, encircling the solid-steel arm, 44 in. in dia- 
meter, thus giving a rigid framing. In tracing 
out the details of the drive, the belt pulley A is 
seen in three views; this is connected by a fricticn- 
cluteh to its shaft, and is thrown into and out of 
action through the medium of a rod passing through 
the hollow shaft, and operated by a circular rack 
on'the end of the rod, moved by the quadrant lever 
B. The first gear in the train is that marked C, 
Figs. 56 and 57, keyed upon the shaft, and made of a- 
sufticient width to permit of the sliding of a gear D, 
located upon a fixed shaft'E. D is moved by means 





of the lever F, y yews a fork, seen in Fig. 57. 
There is a gear G made in one with D, and the 
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purpose of sliding these two along the fixed shaft E 
is to put either D into mesh with H, or G with J. 
H and J are keyed together, and run loose, with a 
bronze bush on the hardened and ground cutter- 
spindle K, and running together with these two 
gears are another pair, Land M. These four gears 
serve the purpose of transmission to four others, 
lettered VO. P, Q, mounted upon a bronze-bushed 
sleeve, whieh turns upon an eccentric shaft R. The 
sleeve also carries a pair of gears S and T, which 
can be slid together with the sleeve in order to put 
Sinto mesh with U, or T with V, U and V being 
keyed rigidly upon the spindle K. Levers W and 
X are used to slide these two last-mentioned sliding 
sets into their various positions, W actuating a 
forked block which embraces the sides of wheel T, 
and X a block lying between P and Q. By various 
settings of these levers, and that of F, read off on 
an index-plate attached to the machine, the sixteen 
changes of spindle speed are produced. 

The object of the eccentric-shaft R is to facilitate 
the changing from one speed to another ; it is held 
in position - a plunger Y, Fig. 55, and when a 
change of speed is required this plunger is with- 
drawn, and all the gears on the eccentric-shaft 
are brought out of mesh by making five turns of 
the hand-whel Z, which rotates a worm and whee] 
on the bush of R (see Figs. 55 and 56). The gears, 


being then disengaged, are free to move sideways |, 


by means of the levers W and X to the required 
postions, according to the spindle speed required. 
A hand-wheel A A serves to turn round the gears, 
if required, when putting the gears on the eccentric- 
shaft into mesh again. 

When removing cutters, &c., from the spindle, 
itis necessary to lock the latter, and this is effected 
by means of a locking-plunger B B (Figs. 57 and 
58), which is pulled outwards to cause its claw to 
engage against one or other of four projections 
inside the rim of the large gear U, this detail being 
seen in Fig. 58. This plunger is so interlocked 
with the friction-clutch starting-handle B that 
when the wheel U is locked the handle B cannot 
be moved to start the gears running, nor when the 
clutch is in, and the gears running, ‘can the locking- 
pin be used. 

The pulley A, which is 16 in. in diameter, is wide 
enough to take a 5-in. belt, and about 74 horse- 
power is consumed when at full load. The feed- 
drive is taken from a sprocket-wheel CC, with a 
chain driving on to the wheel DD in the feed- 
train. Although the arrangements of this machine 
are of ‘‘ plain” type, the same construction is 
pe a a for universal machines, in which the 
table swivels and has provision for working spiral 
dividing heads on the table. 

A machine of obvious utility isa new tool-grinde: 
by the Lumsden Machine Company, Limited, oi 
Alexandra Works, Gateshead, illustrated by th« 
photographic views, Figs. 60 and 61, page 400, anc 
shown adjacent to the stand of the Carborundum 
Company, of 29, Clifton-street, E.C. It is of the 
type used for grinding lathe and planer tools, but 
it differs from existing designs in several parti- 
culars, chiefly in the fact that the grinding-whee) 
oscillates instead of the tool. It is not necessary 
now to argue in favour of the great advantages of 
the precision tool-grinder. There are now at least 
four distinct designs of this class of machine 
dealing only with lathe, planer, and slotter tools, 
as distinct from the much greater group of cutter- 
grinders and of twist-drill grinders. Alongside 
this machine is a massive tool, ground on it, 
of 4-in. by 1-in. section. It is a cranked tool, with 
4 in. of cranking, used by Messrs. Vickers Sons 
and Maxim, Limited, for parting off armour-plate. 
But the holder will take from 1-in. square to 6-in. 
by 3-in. cranked tools up to 4-in. by 2-in. with 4-in. 
et, and other forms without any aid from extra 
attachments. 

The tool-holder is carried in a gimbal mounted 
ona circular base on a compound slide-rest. By 
this means the tool can be vet to any angle in three 
planes. The plan angle can be varied through 
20 deg. on each side of the centre. Angles in the 
vertical plane can be set by movable stops and 
pointers to graduations up to 45 deg. on each side 
of the centre. The tool-holder can be locked in 
four positions at right angles. The head can be 
oscillated and locked in a vertical plane at a right 
angle to the plane of the vertical adjustments just 
named, The tool-holder is thus provided with all 
movements required for top, front, and side rakes, 
whether right or left hand, and any radius can be 
imparted to round-nosed tools. 





MACHINE-TOOLS AT 


OLYMPIA. 



































Fig. 54. 


Fies. 53 anp 54. 


The sag “tar of cup form, grinds by its 
annular edge. The drive is by fast and loose pulleys 
at the base of the framing (or by motor) to the 
pulley on the wheel-spindle, so that the machine is 
self-contained. The oscillations of the wheel are 
provided by a crdnk and connecting-rod from a 
gear-box, giving three rates of oscillation, adaptable 
to larger or smaller tools. Alteration in the stroke 





Rerecker’s Spur-Gear Praninc-Macurne; Messrs. Prem anp Co., Lonpon. 


of oscillation can be effected instantly, from 0 to 
6 in.—that is, 3in. on each side of the centre—w hile 
the machine is in motion. The gear-box is belt- 
driven from the shaft below, and is controlled hy 8 
friction-clutch. Water or a cutting compound 1s 
circulated to the wheel and tool by a pump, tile 
water-tank, which is contained in the bed-plate, 
being divided into compartments to allow the grt 
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MACHINE-TOOLS AT THE ENGINEERING EXHIBITION AT OLYMPIA. 


CONSTRUCTED BY MESSRS. J. PARKINSON AND SON, ENGINEERS, SHIPLEY. 
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- to settle, and so save undue wear of the pump. A 
, yes trough encircles the tool-carriage to receive the 
splash. 

Messrs. C. W. Burton, Griffiths, and Co., of 
Ludgate-square, E.C., have one of the’ Schmaltz 
twist-drill grinding-machines (Fig. 62, page 400) at 
their stand. It is representative of a small group, 
fully automatic, which is worked out differently by 
a few firms only, and which is not developed to 
nearly the same extent as the familiar non-automatic 
group ; but, of course, the cost of the machine is 
much higher. 

In this type of machine the drill rotates continu- 
ously, each lip being presented in turn to the 
grinding-wheel. All the motions are fully auto- 
matic, and are derived from the fast and loose 
pulleys, belt-driven in the front of the base (or 
from a motor similarly located). When one lip is 
being ground, the other is thrown off the aol by 
a rotational movement of a disc, which carries the 
tool-holder gripped in combination with an eccen- 
tric and Gage setting of the holder. The essen- 
tial design was illustrated in EnGrneertna for 
November 11, 1904, page 635, but the machine 
itself has been modified in several respects, and is 
now much more substantial. Thirty or more drills 
can be ground per hour. The cutting angle and back- 
ing off can be varied while the machine is working. 
The point is ground centrally, and a point-thinning 
attachment is provided. Abundant lubrication is 
provided by a pump. 

Messrs. C. W. Burton, Griftiths,and Co. have a hori- 
zontal and vertical milling-machine (Fig. 63, page400) 
of French manufacture at their stand, a combination 
which is very popular in France. The advantages 
are obvious, and as the combination is embodied in 
the original design of the machine, it is more sub- 
stantial and rigid than when the vertical spindle 
attachment is adapted as a subsidiary fitting, sug- 

x | gestive of an afterthought. In this case the change 
Fies, 55 to 59. Axi-Gearep Mitiinc-Macuine. |is made by rotating the horizontally projecting 
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head of the machine; and, further, the vertical 
spindle can be used at any angle between the ver- 
tical and horizontal. 

Though the general principle of the combination 
design has been familiar for many years, the all- 
geared drive renders it practically a new type. The 
feeds also are independent of the spindle speeds. 
The latter are sixteen in number, available for 
either the horizontal or vertical spindle, and 
arranged in geometrical progression. The upper 
hand-wheel seen gives eight direct changes, which 
are doubled by the lever above it, and which, when 
at its lowest position, stops the machine. A dial- 
plate indicates the speeds. The top lever is used 
to disengage the vertical spindle. 

Sixteen changes of feed are procurable by moving 
the hand-wheel and levers outside the gear-box 
near the base. The gears are driven from the 
main shaft, and the feeds are transmitted to either 
the horizontal, transverse, or vertical movements. 
Automatic stops are provided for the power-feeds, 
and positive stops for the hand motions. Micro- 
meter dials are fitted to the feed-screws. Pump 
lubrication is provided for the bearings, and a sepa- 
rate pump and tank specially for the cutters. 
This design is made in four sizes ; in the smallest 
the longitudinal table feed is 198 in., in the largest 
43} in. In the first machine the spindle speeds 
range from 20 to 300 revolutions per minute ; in 
the last from 12 to 300. The range of feeds in all 
the machines is from 4 in. to 153 in. per minute. 

The Carborundum Company, of 29, Clifton-street, 
Finasbury-square, London, E.C., have an excellent 
exhibit of carborundum products. A trophy in the 
centre of the stand contains a pyramid of fine 
specimens of crude carborundum crystals, as taken 
from the furnace. This is hardly the place to say 
anything about the merits of this material as an 
abrasive agent. Suffice it to observe that it is 
shown at this stand made up into many shapes for 
a wide range of duties. It is made up in all the 
usual sections of wheels, sticks, hones, and slips 
for sharpening various tools, in paper and cloth, 
grains and powders. There are small portable 
grinders for shop use in bench machine designs. 


In our last issue Figs. 7 to 9, on page 356, were 
entitled ‘‘The Sunderland Horizontal Profiling- 
Machines for Gear-Cutting.” The title should 
have been *‘ Horizontal Protiling-Machine.”’ 

(To be continucd.) 








INDUSTRIAL NOTES. 

REFERENCE is made in our leading article on ‘*‘ Labour 
Disunion ” to the lock-out of shipyard iron-workers, 
to the dispute on the Great Northern Railway regard- 
ing the interpretation of a clause in Lord MacDonsell’s 
award, to the sectional strike and threatened wide- 
spread lock-out in the Lancashire cotton trade, and 
to the South Wales miners’ proposed strike. 

As regards the dispute in the Lancashire cotton- 
spinning trade it appears that a grinder named George 

owe, —— at the Fern Spinning Company’s mill 
at Shaw, Oldham, was discharged last June for 
declining to do certain work allotted to him. The 
matter came before the local Card-Room Association, 
and on the ground that the grinders were being called 
on to do work outside the range of their duties, those 
employed at once struck work at the mill, the total 
number concerned being 230, of whom 106 were piecers, 
over one hundred card-room hands, and fifty-two 
spinners. Attempts have been made to settle the dis- 
pute, but nothing has at present been done, on account of 
the men not being willing toagree to arbitration. The 
announcement made by the masters last Saturday that, 
unless arbitration was accepted by Monday last, a mass 
meeting of the employers would be called for Sept- 
ember 19, and a recommendation made for a general 
lock-out, appears to have come as a great surprise to 
the men. 


The situation has been aggravated by a dispute at 
another mill, the Rutland Spinning mill, also in Old- 
ham, and theCard-Room Workers’ secretary states that 
‘* there are so many points in regard to grinders’ duties 
that cause serious 





men to continue work ; but things are in a very critical 
condition. 


According to the Manchester Guardian the secretary 
of the Bolton Weavers’ Association has been informed 
by a Manchester firm of solicitors that they have been 
instructed by a Derby firm to commence proceedings 
against the Association to restrain the Committee of 
Management from applying any funds of the Associa- 
tion for the purpose of Labour representation. This, 
it is said, is not a matter for surprise, because since the 
aman for an injunction begun against the Preston 

Veavers’ Association, and since, a fortnight ago, the 
Bury Cardroom Association was notified that one of its 
members was going to take action, it has been expected 
that an attempt would be made to get the application 
of the Osborne judgment spread among the cotton 
operatives’ amalgamations and the smaller associations 
of which they consist. The Bolton Weavers’ Associa- 
tion is affiliated to the Bolton Trade Council, and the 
Committee decided to give financial support when, 
a short time ago, the inet Labour Party was organised, 
their contributions being based on a membership of 300. 


The number of workpeople involved in disputes in 
1909 was 300,819, the highest on record since 1894, 
and the total number of days lost by strikes was 
2,773,988, or just over nine days per head of the work- 
people affected. These are the figures given by the 
Board of Trade on Monday last. The year would have 
been one of the best on record had it not been for 
trouble among the miners, which was largely due to 
the Eight-Hours Act. The time lost due to these dis- 
putes amounted to 2,229,487 working days, and 
affected 272,754 men. These figures show an increase 
of nearly 200,000 miners in the number affected by dis- 
putes as compared with the previous year. In the 
report of the rd of Trade emphasis is laid on the 
steady increase which has taken place in the number 
of disputes which have been settled by conciliation. 
Last year the number of disputes settled in this way 
was the highest on record. Disputes to the number of 
385, affecting 320,893 workpeople, have been settled 
in this way. The results of these decisions are 
interesting, and are shown in the following figures : 
—Workpeople successful, 11.2 per cent. ; employers 
successful, 22.2 per cent.; compromise effected, 66 per 
cent.; and indefinite, 0.6 per cent. 


The report given by the Board of Trade with regard 
to the Railway Regulation Act, as concerns the rail- 
way servants’ hours, appears very satisfactory, for 
during the twelve months ending with July last it was 
found necessary to inquire into only four complaints 
by railway servants. Of these two were members of 
station staffs, while the other two were a signalman 
and a driver. In the year in which the Act came 
into foree—1894—as many as 72 cases were investi- 
gated, and in the following year 156, this latter number 

ing the highest number on record. Last year 
there were 10; the year before that, 14; in 1907, 
51; and in 1906, 57 cases. With regard to the 
small number of cases during last year, we must 
remember that questions relating to hours of labour may 
now be dealt with by the Conciliation Board, and in 
case this fails, may be referred to arbitration. In 
many cases, the decisions arrived at did not involve 
any variation in the standard hours of work, almost 
the only important change being the reduction of the 
standard hours of engine-men and goods guards to ten 
hours per day on the North-British Railway, or sixty 
hours per week, in place of the twelve-hour day 
previously in force. It is generally provided, however, 
that men engaged in working the traffic shall have an 
interval of at least nine hours between consecutive 
turns of duty, and that overtime shall be paid ata 
higher rate. Most of the complaints come from signal- 
men, this body of men having registered 255 since 
the Act was passed. Guards ont brakesmen registered 
191; drivers and firemen, 178; station staffs, 139, 
shunters, 79 ; wagon examiners, 16; gatekeepers, 16 ; 
plate-layers, only 2 (one in 1894 and one in 1896), and 
other grades, 25. 


There has been unrest for some time among the lace- 
makers at Long Eaton, and lately it appears to have 
increased. At a recent meeting in that place Mr. 
Knowles, of Nottingham, presided, and the Labour 


| candidate for the Holmfirth Division, Mr. W. Pickles, 
| said that the lacemakers in the town of Long Eaton 


ifficulties between the officials of | 


the two associations that it is absolutely necessary and | 


imperative that the two sub-committees who framed 
the universal tests for cards should meet at an early 
date and try to define and make clear the duties of 
grinders.” This matter is receiving consideration by 
the Employers’ Federation. 


The strike which was threatened in South Wales, 
and which promised to involve the 12,000 men em- 
ployed in the collieries of the Cambrian Trust, has for 


had enjoyed the benefit of the trade society's action 
in Nottingham, but had of late years been underselling 
the Nottingham workers. e complained that in 
neighbouring places lads of from 14 to 18 were engaged 
to work machines, replacing men who once received 
from 2/. to 4/. per week, but the wages of the youths 
were only from 15s. to 18s. per week. He told his 
hearers that unless the rates were kept up by the 
workers they would have to be content with lower 
wages. 


The first annual Congress of the Textile Institute 


the time been averted, the leaders having advised the ; was held at Bradford on Friday last, 100 members 





from different parts of the country being present, 
besides many local members. Lord Rotherham of 
Broughton presided, and in his opening address stated 
that although the Institute was inaugurated only four- 
and-a-half months ago by the President of the Board 
of Trade, 250 members had already been enrolled from 
all branches of the textile trade. They could only 
expect to keep in the front by keeping in touch with 
all the latest improvements and inventions, and by 
welcoming knowledge from wkatever source it came, 
Referring to the importance of the textile trade, he 
said that the interests represented by those present 
were enormous, if they were to judge by the Census of 
Production Act. The annual value of the output 
of the trade now amounted to 320,000,000/. sterling. 
In 1907 the textile imports amounted to 170,000,000/. 
The various textile trades now employed in this 
country about 1,200,000 people. 


There now seems to be some promise that the ques- 
tion of an advance in the wages of the Shettield 
moulders is in a fair way towards settlement. It 
has been pending for some months, and has been 
frequently discussed. On Friday last it was announced 
that the matter will shortly be submitted for arbitra. 
tion, when it is hoped that a decision will be arrived 
at. What the men are asking for is to have their wages 
advanced from 40s. to 42s. per week, the increment 
not being a new one, but a return to the standard 
which was in force upto a couple of yearsago. Atthe 
meeting last Friday six representatives of each side 
were present at the Hotel Victoria, Sheffield, Mr. A. 
J. Capron, of Messrs. Davy Brothers, being in the 
chair, and Mr. Arthur Henderson, M.P., the general 
organiser of the Friendly Society of Ironfounders, was 
the chief spokesmen for the men. The request for an 
advance was based upon the condition of trade, and it 
was urged that there had been a sufficient improve- 
ment to warrant the increase asked for. On the other 
side, it was stated that, although an improvement had 
undoubtedly taken place, it was not sufficient to justify 
the advance. Although the employers were not able to 
grant the request of the men, they offered to submit 
the matter for arbitration. The men’s leaders could 
not at the time accept this offer without a consulta- 
tion with the men, and the meeting was adjourned. 
In the evening, however, at a mass meeting of the 
men, it was decided to leave the matter in the hands 
of their delegates. An advance of Is. per week has 
since been granted. 


t 
It —— that the introduction of shorter hours of 


work by the cotton-spinners in Italy is having an 
effect on stocks, which are on the decline. According 
to The Textile Mercury, at the end of June, 1910, the 
stocks were 15 per cent. lower than on June 30, 1909, 
and 25 per cent. less than at the corresponding date of 
1908. Exports have also increased to the extent of 
11 per cent. and 32 per cent. beyond those of the corre- 
sponding periods of 1909 and 1908. It is said that it 
only wants a drop in the prices of raw material to see 
this industry again have flourishing times. 


According to Mr. Myr! S. Myers, the United States 
Consular Representative in Canton, the quantity of 
Chinese filature silk exported from Canton last year 
exceeded that of 1908, although the value of the 
exportation was about 80,000/. less. In 1909 the total 
quantity of silk goods exported was rather less than 
that exported in 1908, although in value it was as much 
as 1,000,000/. less, which was due to the decrease in 
the value of raw silk. This decrease, which began 
in 1907, explains the greater part of the decrease in 
the exports. It was due to deterioration in quality 
and to the large crop in Japan. The value of the 
raw silk sent from Canton to the United States during 
1909 amounted to 608,000/., as compared with 
900,000/. in 1908 ; waste silk amounted to 50,000/., 
against 23,500/.; and silk goods to 4200/., against 

The year 1907 stands at the top as having 
been the year during which the largest amount 
of raw silk was shipped to Europe, there being 
36,243 bales sent, and to America the largest amount 
was shipped in 1908, the number of bales being 14,760. 
This maximum shipment to America in 1908 was due 
to the fact that in that year the American manufac- 
turers began to make a fabric composed of cotton and 
silk. The shrinkage in the amount sent in 1‘), as 
compared with the previous year, was due either 
to a lack of demand for this new fabric or because 
of a glut in the market. There was also another 
cause of the decrease in 1909, which was the very 
large Japanese crop. 








AGRICULTURAL Macninery.—The value of the agricul- 


tural machinery exported from the United Kingdom to 
August 31, this year, was 1,067,008/., as compared wt" 
907,622/. in the corresponding period of 1909, and 840,54. 5 
in the corresponding period of 1908. Cg a 
machinery shipped to South America figu in these 
totals for 131,730/., 186,3587., and 133,502/. respective: 
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THE LATE MR. C. A. BRERETON. 


We regret to announce that, after an illness of six 
weeks, Mr. Cuthbert Arthur Brereton died at the age 
of sixty, at his residence at Meadowside, Cambridge 
Park, Twickenham, on Monday last. Mr. C. A. 
Brereton was the youngest son of Mr. John Brereton, 
of Brinton, Norfolk. He was educated at Clifton 
College, after which, being desirous of becoming a 
civil engineer, he was placed asa pupil with Mr. R. P. 
Brereton, of Westminster. He obtained a Whitworth 
Exhibition in 1871. 

After the completion of his training, Mr. Brereton 
was appointed resident engineer to the Llynvi and 
Ogmore Railways and the Porthcawl Docks in South 
Wales. This appointment he held from 1872 to 1876. 
For the three following years he was executive engi- 
neer of the Waterford, Dungarvan, and Lismore Rail- 
way. He was also connected with the Lewes and 
Kast Grinstead Railway as assistant engineer, and the 
City lines, Inner Circle Railway, these appointments 
extending to 1884. He was in partnership with Sir 
J. Wolfe Barry from 1893 till 1909, the partnership 
terminating in September last, since which date 
Mr. Brereton had been in business at 24, Queen Anne’s 
Gate, Westminster. In conjunction with his partner, 
Sir J. Wolfe Barry, he was concerned with numerous 
undertakings, among them the construction of the 
Barry Docks and Railways, the Middlesbrough Docks, 
the Surrey Commercial Docks, and with the new 
bridge at Kew. Railway work also occupied a good 
deal of his attention, and in association with Sir .J. 
Wolfe Barry he was connected with work done on the 
Caledonian, North-Kastern, Metropolitan, and Metro- 

jlitan District and other railways, including the 
Vhitechapel and Bow line, and the Great Northern, 
Piccadilly, and Brompton Tube. He was one of the 
consulting engineers for the Roval Edward locks at 
Avonmouth, and for the North-Eastern and Hull and 
Barnsley Railways joint dock at Hull. 

He became a member of the Institution of Civil 
Engineers in 1880, and was for some years a member 
of council and vice-president of the Institution. In 
1886 he became an associate of the Institution of 
Naval Architects. He was a lieut.-colonel of the 
Engineer and Railway Staff Corps. 








THE LATE MR. JASON RIGBY. 

Tuer sudden death occurred, on the 9th inst., of 
Mr. Jason Rigby, who has in many ways been closely 
coanected with railway development in South America. 
Mr. Rigby was born in 1846, and his education was 
directed, as far as possible, towards fitting him for 
an engineering career. He obtained the License in 
Engineering in 1867, and the B.A. degree at Dublin 
University in 1870. In 1868 and the following years 
he worked under Mr. James Price, M. Inst, C.E., 
first as a pupil and subsequently as an assistant in 
connection with the Midland Great Western Railway 
of Ireland. In 1871-2, leaving railway work, he had 
charge of a district of Antrim, being responsible to Mr. 
Tait, then county surveyor. 

His first connection with South Amefica arose in 
1872, when, as one of a party of fourteen, he was 
employed under Captain C. Palen, and later under 
Mr. W. Lloyd, M. Inst. C.E., on the surveys for the 
Parana and Matto Grosso railways. During the three 
years occupied in this work the party did a great deal 
of pioneer work, reaching districts where white men 
had never been before. In 1876, after a short spell 
on railway work in Lancashire, he returned to 
Brazil to survey the Imperial Brazilian Natal and 
Nova Cruz line, and from 1878 to 1883 he was re- 
sponsible for the construction of that railway under 
Messrs. Sir Douglas Fox and Partners. On the 
completion of this line he was appointed general 
manager, a post which he held until 1885, when 
he took up the position of manager of the Great 
Western Railway of Brazil. The latter post he held 
until 1890, when he relinquished it in order to take 
charge of the Minas and Rio Railway, subsequently 
serving the Entre Rios Railways in a similar capacity. 


The completion of three years on the latter system 
saw him, in 1893, appointed general manager of the 
Buenos Aires and Rosario Railway, and in 1899 he 
was elected to a seat on the board in London. He 
also i that year became a director of the Buenos 


Aires (jreat Southern Railway, and subsequently was 
elected chairman of that company. He was also con- 
nected with several other South American companies. 
He wis admitted to the Institution of Civil Engineers 
as an Associate Member in 1876, being transferred to 
Member in 1883, 








ConreiBUTIONS ON ConcreTe.—With the object of 
encouraging the contributions of useful papers on the 


materix!s employed in, and the Fp menor of, concrete, 

in either the general or the special aspects of the subject, 

~ Co neil of the Concrete Institute have decided to 
ara a 


medal annually for the paper they consider to 
x of tl © greatest merit in each session. Communications 
Siould be addressed to the Secretary of the Concrete 
Tastitute, 8, Waterloo-place, Pall Mall, S.W. 





PUMPING PLANT FOR THE TRUSTEES OF 
THE BOMBAY PORT TRUST. 


THE installation of pumping plant which we illus- 
trate on our two-page plate has been manufactured for 
the Trustees of the Bombay Port Trust. The plant is 
to be used for pumping out the Hughes Dry Dock at 
Bombay, and has recently been shipped. 

The general arrangement of the installation is 
shown in Figs. 1, 2, and 3, which are respectively 
an end elevation, a front elevation, and a plan, 
Figs. 1 and 3 showing the boilers, which are not in- 
cluded in Fig. 2. The pumping machinery consists of 
three sets of 45-in. ‘‘ Invincible” vertical double- 
crank non-condensing compound engines. These are 
direct-coupled to ‘‘ Invincible” centrifugal pumps, 
which are fitted with cast-iron discs. The arrange- 
ment is clearly shown in Fig. 2. A perspective view 
of one of the pumps, as reproduced from a photograph, 
is shown in Fig. 4. These three pumps are of suffi- 
cient combined capacity to empty the dry dock of the 
whole of the water contained in it, from a level of 85 ft. 
above Trinity House datum, down to the level of 47 ft. 
above Trinity House datum, in not more than three 
hours, no vessel being in the dock at the time. The 
total amount of water contained in the dock up to a 
level of 85 ft. above Trinity House datum is esti- 
mated at 4,070,000 cubic feet, so that the amount 
of water raised by the three pumps in three hours is 
about 1,818,350 cubic feet. This, too, is done on a 
guaranteed consumption of coal. The head at which 
the pumps have to discharge is nothing at the com- 
mencement of the pumping, but it was specified that 
at the end of the pumping operations the pumps 
should be capable of discharging against a head of 
40 ft. The diameter of the delivery-pipe from each 
pump is 48 in., and the diameter of the suction-pi 
the same. For dealing with the leakage into the dock, 
after it has been pumped out by the main pumps, a 
14-in. ‘‘ Invincible” drainage-pump engine is provided, 
which is of the compound vertical enclosed type, with 
forced lubrication. The pump is capable of delivering 
4000 gallons per minute to a height of 50 ft. 

The main engines, as before stated, are of the ver- 
tical double-crank compound, non-condensing type, 
having cylinders 26 in. and 41 in. by 20in. They are 
shown in perspective in Fig. 5, which is a reproduc- 
tion from a photograph. Kach of the main pumping- 
engines is provided with a water separator and a 
—— and each of the main pumps has on it a 
arge air-ejector. The steam stop-valve, and the valve 
between the air-ejector and the pump casing, are 
arranged for working with rods and hand-wheels from 
the engine platform, the ejector discharge-pipes being 
connected to the main pump discharge-pipes on the 
outer side of the sluice-valves. The discharge-pipes 
of the main pumps are provided with fullway sluice- 
valves arranged to be operated by water supplied at 
a pressure of from 700 1b. to 750 lb. per square inch, and 
all the handles of the valves are arranged to be worked 
from the platform. 

The boilers consist of a battery of five Babcock and 
Wilcox water-tube boilers capable of supplying 
60,000 lb. of steam per hour at a pressure of 160 lb. 
per square inch. The engines are, Ronueee, designed 
to do the specified duty with a pressure in the high- 
pressure valve-chest of 135 lb. per square inch above 
the atmosphere. The boilers are placed at a higher 
level than the engines and pumps, as is clearly 
shown in Fig. 1, and their fronts are all arranged 
so that suitable chain-grate stokers can be fitted later. 
Feed-water heaters, which are heated by exhaust 
steam from the engines, are provided, and are placed 
as shown in Fig. 2, the surface of each heater being 
sufficient to ensure an ample supply of feed-water 
to the boilers at not less than 130 y A Fahr., when 
the boilers are evaporating the amount of water 
specified, and the engines working at their maximum 
power. Working in conjunction with the exhaust- 
steam feed-water heater, a live -steam feed - water 
heater is installed, which raises the full amount of 
feed-water from the temperature at which it leaves 
the exhaust feed-heater to not less than 280 deg. 
Fahr. A high-pressure filter is also provided for filter- 
ing the feed-water. The feed-pumps for the boilers 
are of the Weir type, and are capable of delivering 
6000 gallons of water per hour. 

The contract included the whole of the cast-iron 
suction and delivery-pipes, the steam and exhaust- 
pipes, and the steam and exhaust-valves, the prin- 
cipal valves being of the Hopkinson-Ferranti type ; 
the pipe-supports and hangers, the platforms and 
hand-rails round the engines, as well as the staircases, 
which give access round the cylinders of the main 
pumping-engines, and to the upper parts of the water- 
tube boilers, were also included, sides these there 
is a hand-power crane, capable of lifting, travelling, 
and traversing the heaviest part of the main pumping- 
engines, a water-level indicator to show the level of 
the water from which the main suction-pipes are 
drawing their supply, either from the dry dock or from 
the entrance channel, as the case may be, according 
to which culvert is in communication with the main 


culvert under the engine-room. There arc tachometers 
| for the three main pumping-engines and the drainage 
| pumping-engine. They are driven by a Renold chain 
| from the crank-shaft. Messrs. Gwynnes, Limited, of 
| 8, Cannon-street. E.C., and Hammersmith Iron Works, 
London, S.W., supplied the whole plant ready for 
erection in Bombay, to the requirements of, and subject 
to the supervision of, Sir J. Wolfe Barry and Mr. H. J. 
Barry, the consulting engineers to the Trust. 





THE TOWN-PLANNING CONFERENCE AND 
MUNICIPAL AND DISTRICT COUNCILS. 
To tHe Epiror oF ENGINEERING. 
Srr,—Much of the actual work of preparing the town- 
planning schemes provided for under the new Act will fall 
within the scope, not of the great corporations, but of the 
borough and urban district councils. It is therefore of 
the first importance that these authorities should avail 
themselves of the singular advantages offered by the 
Conference, which will be held in London from October 10 
to 15, for the study, not only of the history of the subject, 
but also of the examples which will be presented of the 
architectural methods adopted in other countries as well 

as in our own. 

The Local Government Board will, I am informed, be 
prepared to sanction such reasonable expenditure out of 
the rates, subject to Government audit, as may be entailed 
by the attendance of representatives at this Conference, 
provided that not more than three members of an autho- 
rity attend officially, one of whom should be the architect 
or surveyor. 

The Royal Institute of British Architects has not hesi- 
tated to incur very heavy expenditure in the fulfilment of 
what it considers to be a public duty, by organising the 
Conference and bringing together the great collection of 
drawings and models which will be exhibited at the Royal 
Academy. It must ager se | be very long before the 
circumstances can recur which have rendered it possible 
to make the present arrangements, and the Royal Insti- 
tute asks that all those who are responsible for the ad- 
ministration of the Town-Planning Act of 1909 will 
support it in the effort which it is making for the public 

ood, and send their applications for membership of the 
Coasiooeman to me without delay. 
IT am, Sir, yours truly, 
Jonn W. Srwpson, F.R.1.B.A., 
Secretary-General. 
9, Conduit-street, Regent-street, London, W., 
September 14, 1910. 








‘““THE STABILITY OF FLYING-MACHINES.” 
To THE Epiror OF ENGINEERING. 

Srr,—With reference to Mr. Johns’s letter in your 
issue of the 15th ult., although it is apparently true that 
the angle of unstable flow decreases as the aspect ratio 
increases, it does not appear that even for the largo 
aspect ratios of modern machines it will be so small as 
the angle of attack. It is, moreover, not very important 
for large aspect ratios, since the absolute displacement 
of the centre of pressure is small on such surfaces. 

With regard to Ferber’s dependence on Joéssel’s law, 
this is by no means absolute. Joéssel’s function is 
inserted in the formule, and affects the numerical results. 
The comparison with Lanchester’s rules shows that 
Ferber’s methods are more or less general. 

I am, moreover, inclined to think that Joéssel’s law is 
true for planes if a coefficient for aspect ratio is inserted, 


so that 
A = ce [0.3 (1 - sin 8) L} 
where ¢ is a function of the aspect ratio decreasing from 
1 for a unit aspect ratio to about 0.3 for very large aspect 
ratios. 
Yours faithfully, 
ERBERT CHATLEY. 
Tangshan Engineering and Mining College, Tangshan, 
North China, August 23, 1910. 








Contracts.—We are informed by Messrs. Ed. Bennis 
and Co., Limited, Little Hulton, Bolton, that they have 
recently received orders for their mechanical stokers, 
furnaces, &c., to the number of thirty-six. Among these 
are an order from the Kettering Urban District Council 
electricity works for three independent coal-elevators for 
feeding the hoppers of Bennis stokers on three Lancashire 
boilers ; the Corporation electricity works at Coventry 
for four sets of Bennis-Miller-Bennett chain-grate stokers 
for Babcock and Wilcox boilers—a repeat order ; and the 
Corporation of Whitehaven electricity works for four 
Bennis stokers and self-cleaning satenaldiseants furnaces 
for Babcock and Wilcox boilers. 


PrrRsonaL.—We have been asked to announce that the 
London office of Messrs. Wright, Anderson, and Co., 
Limited, structural engineers, Gateshead-on-Tyne, is at 
512a, Birkbeck Bank Chambers, High Holborn, W.C., 
and is under the management of Messrs. D. Wemstein 
and Co.—The A E.G. Electric Company, Limited, are 
removing from 121-125, Charing Cross-road, to Pembroke 
House, 133-135, Oxford-street, W.; telegrams, ‘* Gal- 
vanolon,” London; telephone, 8848 Gerrard.—We are 
informed that the Incorporated Institution of Automobile 
Engineers is removing from its present address, Caxton 
House, Westminster, to No. 13, Queen Anne’s Gate, 
S.W., where, in addition to the offices, &c., there will 
be a ing-room for the use of members.—Messrs. Buck 
and Hickman, Limited, have been appointed sole agents 
by the Brown and Sharp Manufacturing Company, Pro- 
vidence, Rhode Island, U.S.A., for their universal and 
plain grinding-machines, 
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THE TESTING OF HEAT-INSULATING 
MATERIALS.* 


By Freperic Bacon, M.A., A.M.1.E.E. 


WITHIN the last two years several important contribu- 
tions have been made to our knowledge of the problem 
of heat insulation. In ENGINEERING at deneeas 1, 1909, 
is to be found a summary of the very exhaustive investi- 
gation of the physical properties of materials commonly 
employed for heat insulation, carried out by Herr Dr. 
Nusselt in the Technische Hochschule of Munich. The 
experiments cover a wide range of temperature, and 
one of the most remarkable results was the establishment 
of the fact that the heat conductivity of such materials is 
not constant, but increases with rise of temperature. 
The principal method adopted in the above-mentioned 
research was to measure by means of a large number of 
thermo-electric couples the heat gradient set up in a 
spherical shell of the insulating material built round a 
central electric heater, 

Again, in ENGINEERING of July 9, 1909, Mr. Charles R. 
Darling gives an account of the results he has obtained 
with a simple laboratory apparatus designed to test 





steam-pipe and boiler coverings under conditions imi- 


age of the heat flux ; (2) incorrect determination of the 
temperature of the surfaces. It is claimed that both of 
these errors have been rendered negligible. In fact, the 
accuracy with which the heat flux and temperature 
gradient could be determined was greater than could 
generally be turned to useful account, owing to the want 
of uniformity existing between two specimens of the 
same material. 

Duplicate specimens of the material to be tested are 
obtained in the form of slabs measuring 18 in. by 18 in: 
and not more than 1} in. thick. A thin, flat heating-net 
of uniformly-wound resistance wire, interwoven with 
asbestos (those manufactured by Messrs Schniewindt, of 
Neuenrade, are excellent for the purpose), measuring 
12 in. by 12 in., is sandwiched in between these slabs, the 
marginal crack left all round the heating-net being filled 
up with strips of felt. A photograph of one of these coils 
is shown on the left of Fig. 11. Direct contact between 
the heating-net and slabs of insulating material is avoided 
by interposing a thin sheet of asbestos millboard on each 
side. a, saa the temperature of the faces of the 
slabs advantage is taken of the fact that there is no 
perceptible drop of temperature between a heat-insulator 
and a good conductor of heat in close contact with it.* 
Sheets of zinc 12 in. by 12 in. are taken, and a flat resist- 


Fig. 2. 
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tating actual practice. The arrangement consists of a 
closed metal vessel containing an electric heater and 
lagged with the material to be tested. Observations are 
made of the average internal temperature and the electric 
energy supplied to the heater. 

The original object of the apparatus now to be described 
was to obtain some exact data for calculating the loss of 
heat through the walls of cold stores in which only a very 
thin layer of insulation could be allowed, so that surface 
effects were important, and to provide a conductivity test 
for heat-insulating material which could be carried out 
with sufficient ease and rapidity for commercial purposes. 
Dr. Nusselt’s method of observing the heat ient in a 
spherical shell of material surrounding a central source of 
heat is an ideal method of determining the heat con- 
ductivity from a purely scientific standpoint, but is 
extremely laborious to carry out, and is not well adapted 
for testing materials supplied in block form. In addition 
to the long time necessary for preparing the apparatus 
and the large number of observations that have to be 
taken and reduced, a considerable amount of material is 
required, and the calculation of the coefficient of con- 
ductivity is a matter of some complexity, owing to the 
fact that the radial heat gradient in a spherical shell is 
not a straight line. 

In order to avoid the labour and difficulty of moulding 
the material to be tested into a shell or covering of com- 
plicated shape, recourse was had to the more direct 
**wall” method, in which the drop of temperature 
between the two faces of a thin slab transmitting a 
known heat flux is determined. The inherent sources of 
error to which such a simple method is liable are : (1) leak- 


* Paper read before Section G of the British Association 
at Sheffield, September 6, 1910. 


(iss7.0) Thickness in Inches 


ance coil of fine double silk-covered wire wound uniformly 
over a central 6 in. square of one of their faces. The 
wire is wound non-inductively and secured to the zinc 
plates by stitches of thread passing through fine holes 
drilled in the metal. A photograph of one of these coils is 
shown on the right of Fig. 11. Zinc plates prepared in this 
way are inse on each side of the slabs of insulation, 
the fine wire coils being in direct contact with the material 
to be tested. Thin wood covers are now put on both 
sides, and the whole is clam firmly together by four 
bolts, with wing nuts passing through two skeleton frames 
of wood, as shown in Figs. 1 and 3. Theapparatus is then 
hung in a vertical plane in a situation screened from 
draughts and sunlight. The terminals of the heating-net 
are led away through an adjustable resistance and suitable 
switch gear toa battery of accumulators. A voltmeter 
and ammeter are connected up to the circuit, from the 
readings of which the watts dissipated can be obtained. 
As the arrangement of slabs is identical on both sides of 
the. heating-net, the heat generated will divide equally, 
half coomng through one wall and half through the 
other. e terminals of the resistances of fine copper 
wire are connected up to a Wheatstone bridge of the 
stretched-wire type Guoegh a system of plugs, which 
enables the ratio of resistances of either pair of coils to be 
determined. A general view of the apparatus is shown 
in Fig. 10. 





* See an article by Lamb and Wilson in the Pro- 
ceedings of the Royal iety, 1899, pose 287, and Nusselt 
in Zestschrift des Vercines Deutscher Ingenicure, June, 1908, 





page 1003, 


By assuming a value for the temperature coefficient of 
the copper wire, of which the coils are wound, the excess 
of temperature of the inner over the outer faces of the 
insulating material can be immediately obtained. The 
— of plugs also allows of the resistance of any one of 
the four coils being compared with that of a fifth coj] 
situated in the unheated surrounding air, the temperature 
of which is measured with an ordinary thermometer, 
This enables the absolute temperature at the inside or 
outside of either of the slabs to be determined. 

Since the coils which give the temperature of the faces 
only measure 6 in. by 6 in., while the heating-net measures 
12 in. by 12 in., it is evident that there is a marvinal 
guard-ring of heat flux 3 in. wide all round the central) 
area, through which the heat gradient is determined. 
the heating-net is wound uniformly, heat is generated 
uniformly all over its surface; the sheets of zinc, being 
also the same size as the heating-net, help to spread the 
heat flux uniformly and maintain a direction of flow 
normal to the surface. With slabs of insulating mzteria] 
not more than 14 in. thick, there can be hardly any doubt 
that the flux of heat through the central 6 in. square over 
which the temperature of the faces is determined is 
uniform, normal to the surface, and of density equal to 
half the watts dissipated in the hcating-net per unit area, 
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With slabs 1 in. thick it will be seen that although the 
total amount of material required for the test is small, 
the value obtained for the heat conductivity of each slab 
will really be the average of 36 cubic inches of the 
material. In all cases the difference of temperature 
between the faces was measured for each of the slabs, 
thereby making sure that the heat-flow through each slab 
was approximately equal, and enabling the average 
coefficient to be determined for a total of 72 cubic inches 
of material divided between two separate specimens, 
although the total number of temperature observations 
involved is only two, and these can be taken immediately 
one after the other by simply changing over the plug 
connections to the Wheatstone bridge. When the ap- 
paratus is once got together, the introduction of fresh 
specimens is only the work of a few minutes. [If it 1s 
desired to test some loose material, such as powdered 
cork or silicate cotton, two more wood frames, similar to 
those in Fig. 1, are used for retaining it in position. _ 

As soon as the material is in position and the heating 
coil and fine-wire coils are connected up, a suitable heating 
current is switched on and the apparatus left until the 
steady state is attained. The time necessary for this 
may be anything from 12 hours to 2 days, depending 
on the nature of the material and the magnitude of the 
heating current. ; 

In Fig. 5 are shown the results of a series of tests on 
boards of yellow pine 1 in. thick. The heat escaping, 
expressed in B.Th.U. per square foot per hour, is shown 
in relation to degrees Fahrenheit. he B.Th.U. per 
square foot per hour have been arrived at by multiplying 
the watts dissipated in the resistance by 5.4 and dividing 
by twice the area of the heating-net. The difference in 
temperature in degrees Fahrenheit has been obtained 'y 
multiplying the percentage increase of resistance between 
the various coils of fine copper wire found by the Whest- 
stone bridge by 4.5. Curve (1) shows the mean difference 
of temperature between the inside and outside faces «! 
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the boards in an enclosed test, as shown in the diagram- | the answer to this question at a glance. From the shape which is specifically stated, the tests were made on solid 


matic section, Fig. 3. Wesee that when the temperature 
difference between the faces is 50 deg. Fahr. the number 
of B.Th.U. escaping per square foot per hour is 52. 
Hence, under the existing temperature conditions, the 
thermal conductivity, defined as the quantity of heat 
measured in B.Th.U., which pass per hour through a 
cross-section of 1 square foot, when the temperature 
gradient is 1 deg. Fahr. per inch, is 52/50 = 1.04. It will 
be noticed that the curve (1), in common with all similar 
curves obtained for other materials tested, is slightly 
convex to the temperature axis, thereby confirming 
Nusselt’s result, that the conductivity of heat-insulators 
increases with rise of temperature. 

Curve (2) of Fig. 5 shows the difference of temperature 
between the inside faces of the boards and the external 
air when the apparatus is arranged so that the outside 
surfaces of the boards are uncovered. Curve (3) of the 
same figure has been obtained by yy! the temperature 
intercepts between curves (1) and (2) for different heat 
fluxes, and the abscisse of this curve accordingly repre- 


Fig. 7. 
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sent the drops in temperature which occur at the outer 
surfaces. The way in which curve (3) bends up shows 





GENERAL ARRANGEMENT OF APPARATUS SHOWING THE 


of the curves it is evident that 
of wood, increasing the thickness only improves the 
insulation at a very slow rate. Results from these curves 
must, however, be accepted with caution, for radiation 
will differ somewhat on the two sides, due to the different 
nature of the bodies involved and their difference in 
absolute temperature. Also, the transfer of heat by air 
contact will be very sensitive to convection currents, the 
precise nature of which is difficult to foresee, but will 
most probably be somewhat different on the two sides. 
Accordingly, the amount of error involved in assuming 
that the drops of temperature at the two surfaces are the 
same, and each equal to the drop found in the laboratory 
ex ———n is not easy to judge. 

n more usual conditions of cold-store construction, 
however, these doubtful surface effects have much less 
relative importance. Suppose, for instance, that the 
insulation consists of a layer of silicate cotton 10 in. thick 
confined between wood boards. From Fig..7 it is seen 
that a total temperature difference of 100 deg. Fahr. (i.c., a 
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ter a moderate thickness | 


slabs or layers of material 1 in. thick, The temperature 
of the inside surfaces of the insulating material varied 
from 50 to 75 deg. Cent. The atmospheric temperature 
was about 17 deg. Cent. In cases where the increase 
of conductivity with rise of temperature was found con- 
siderable, values are given for both limits of temperature. 
To facilitate comparison with the results of Nusselt, the 
conductivities given in the table have been expressed in 
kilogramme-calories passing per hour through a cross- 
section of 1 square metre when the temperature gradient 
is 1 deg. Cent. per metre. To convert the conductivities 
into B.Th.U. per square foot per hour for a temperature 
gradient of 1 deg. Fahr. per inch, the figures given in the 
table must be multiplied by 8.05. Thus for yellow pine, 
0.13 x 8.05 = 1.04 nearly, as previously obtained from 


Fig. 5. 

The specially-prepared cork known as “‘ Expansit.” for 
samples of which the author is indebted to Messrs. 
Grunzweig and Hartmann, of Ludwigshafen, is seen to be 
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a wonderfully light and efficient insulator. The material 
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Fig. 11. 
or A Zinc PLate, 


temperature gradient of 10 deg. Fahr. per inch) would only 
produce a heat flux of about 5 B.Th.U. per square foot 


how very incorrect Newton’s law of cooling becomes as soon | per hour. With this low density of heat flux, curve (3) 


as the drop in temperature exceeds 40 or 50 deg. Fahr. 
We can now make an attempt to 


heat that will eng through a partition made of various 


thicknesses of this material, when certain specified differ- 
ences of uir temperature exist on the two sides. For any 
definite leat flux, the difference in temperature between | 
the two faces of the partition will be the corresponding 
abscissa of curve (1) increased or decreased in simple | 
— m to the thickness; the corresponding abscissa | 
curv 
the surface that will occur on each side of the partition. | 


or exaniple, suppose we have a partition of yellow pine 
I}in. thick, and the heat flux penetrating it is 40 B. Th. U. 
= sql foot per hour. Referring to curve (1) of 
1g. 9, find the drop in temperature in the wood 
itself must be 14 x 38 = 57 deg. Fahr., and that the drop | 
m temperature at each face will be approximately the | 
corresponding abscissa of curve (3)—viz., 26 deg. Fahr. | 


5) is assumed to be the drop of temperature at | 


- ditference in air temperature between the two sides 
: the partition is accordingly (57 + 2 x 26) deg. Fahr. = 
09 deg. Fahr. 
an aie practical aspect of the same problem is: given 
sides “ps nee in air temperature existing on the two 
thieke. ‘ne partition, to find the heat-loss for different 
the “ — of w The curves in Fig. 6, deduced after 


er indicated above, make it possible to read off 


dict the amount vod 


| of Fig. 5 shows a surface temperature drop of less than 


4 deg. Fahr., so that the combined temperature drop at 
the two outer surfaces is less than 8 deg. Fahr.—7.e., less 


| than 7.5 per cent. of the total. 


The following table shows the specific gravity and 
coefficient of heat conductivity as determined by the 
apparatus described for a number of different materials. 

Coefficient of Heat 
Spec. Grav. Conductivity at 50 
to 75 deg. Cent. 


Material. 


Yellow pine across grain 0.860 0,13 
Teak across grain a 0.515 0.23 
Expansit Schrot No. L. 0.051 0.055 
o - No. IL. 0.049 0.061 
Compressed cork slabs . . 0.166 9.060 
0.330 ) 
oF 
Silicate cotton or slag wool ..< - oy ‘ om” en 
| 0.113 J 
Asbestos sheet, } in. thick .. 1,240 0.25 
i. millboard, $in. thick 1,075 0.14 to 0.1 
Air jacket in the vertical plane, 
1 in. wide, walls of asbestos 
millboard é 0.26 to 0.31 


The specific gravity of the loose materials was obtained 
by weighing the amount introduced into the apparatus. 
In all cases, except for the asbestos, the thickness of 
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USED FOR MEASURING TEMPERATURE. 


as tested consisted of small granules, but it can also be 
obtained in block form. When Expansit Schrot No. I. 
was put under test, the first observations gave a con- 
ductivity as high as 0.06, which gradually fell until 0.055 
was reached. The reason for this improvement in insula- 
tion resistance of almost 10 per cent. was found to be due 
to the expulsion of moisture, although the granules 
appeared to be quite dry when first introduced into the 
apparatus. This instance, typical of many subsequent 
experiences, serves to show the deleterious effect of 
moisture on heat-insulators. When the Expansit was 
removed from the apparatus it was found that water had 
been driven to the outer surfaces and the nules were 
all caked together, so that the final result is probably 
not so good as would have been obtained had the 
material been dried before it was introduced into the 
apparatus. 

he somewhat higher conductivity of Expansit Schrot 
No. II. is due to the larger size of the lw mee ti 
it. The most efficient grain size is a point of muc 
interest. The heat-insulating effect produced by a porous 
material is apparently due to the fact that the space 
which it occupies consists mainly of air split up into such 
a fine state of subdivision that convection is prevented by 
viscosity. The more minute the pores the more hampered 
will be the movement of the entangled air; but a limit 
will be reached when the pores are made so small that 
the benefit derived from this cause is counterbalanced b 
the increased conduction of heat that takes place through 
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the substance of the material itself. From the researches 
of Clark Maxwell and Winkelmann it appears that the 
conductivity of perfectly still air is only pee 0.02, which 
may be taken as the ideal towards which the conductivity 
of actual porous insulating material can only approach. 
The author understands from Professor O. Knoblauch, 
of Munich, that a conductivity as low as 0.033 has been 
obtained for Expansit of very fine grain, which is getting 
pretty close to the ideal figure. 

To test the fire-proof qualities of Expansit, a shallow 
layer of Schrot No. I. was put in an open tray and placed 
on an electric heater. When a temperature of 500 deg. 
Fabr. was reached the material began to smoke. Heating 
was continued until the temperature rose to 650 deg. 
Fahr., by which time the material was smouldering 
briskly, but did not catch fire. The heating current was 
then switched off and the charred material allowed to 
cool. A subsequent test showed that the treatment the 
material had undergone had raised its conductivity about 
7 per cont. 

Silicate cotton was experimented with in four different 
densities. Results for the highest and lowest densities, 
representative of very loose and very firm packing, are 
shown in Fig. 7. It will be seen that loose packing 
makes slightly the best insulator for small differences of 
temperature; but firm packing is much the best when 
the temperature difference is considerable. On the whole 
the results indicate that it is advisable to pack the 
silicate cotton as firmly as possible, especially as this 
insures that the material will not afterwards subside, so 
as to leave holes which cannot afterwards be filled up. 
After a temperature difference of 120 deg. Fahr. the 
curve for the loosely-packed silicate cotton bends up in a 
way which resembles the curve obtained for an unfilled 
air-gap. ‘ 

Besides having a low conductivity, and apart from 
considerations of cost, durability, &c., it is desirable that 
the material employed for insulating cold stores should 
have a high specific heat ; for walls having considerable 
capacity for heat will keep down the temperature for 
some time, should the refrigerating machinery be tempor- 
arily stopped. The apparatus described above for 
measuring conductivity 1s also well suited for getting 
comparative values for heat-insulators from this point of 
view. A steady state is established with some specified 
internal temperature, the heating current is then switched 
off and the rate of fall of cham tonpemians determined 
by taking readings periodically, the conditions of cooling 
being in all cases the same. Fig. 8 shows comparative 
cooling curves obtained in this way for Expansit Schrot 
No. IL. and silicate cotton density 0.113. The results 
show that Expansit is superior from this point of view as 
well as being a better insulator, in spite of the fact that, 
volume for volume, it is less than half the weight of the 
silicate cotton. 

Results for asbestos lead one to the conclusion that its 
value as a heat-insulator is due rather to its fire-proof 
qualities than to its low conductivity, which indeed 
appears to be no lower than the conductivity of wood. 

To make experiments on the conductivity of a simple 
air-jacket, two double-thicknesses of thin asbestos mill- 
board were inserted in the positions usually occupied 
by the slabs of insulating material to be tested ; curve (1) 
of Fig. 9 was obtained with this arrangement. Frames 
as shown in Fig. 2 were now inserted in the position 
indicated in the diagrammatic section shown in Fig. 4, 
so that a central air-jacket 9 in. by 9 in. was introduced 
on either side, surrounded by a marginal dead air space 
about 14 in. wide. With this arrangement curve (2) was 
obtained. Curve (3) was constructed by plotting the 
intercepts between the curves (1) and (2), and must repre- 
sent very approximately the difference in temperature 
between opposite walls of the air-jackets. It is at once 
evident that an air-jacket of this description is a very 
poor insulator even for small differences of temperature, 
and that the conductivity increases enormously as the 
temperature difference is increased. 

Curves (2) and (3) refer to an air-jacket with vertical 
walls; as convection must have a great deal to do with 
the transfer of heat from one wall of the air-jacket to 
the other, it is clear that an air-jacket between horizontal 
walls will act differently. The effect was tried of turning 
over the apparatus bodily from the vertical to the hori- 
zontal plane. ‘The temperature differences for the jacket 
that was now uppermost rose from curve (2) to curve (4), 
while for the jacket that was underneath the temperature 
differences fell from the curve (2) to curve (5). The 
explanation of these results appears to be that currents 
of hot air rising freely from the upper horizontal surface 
of the apparatus enabled the heat to be carried off with 
only a small difference in temperature between the top of 
the jacket and the outside air. On the other hand, the 
hot air produced by the heat conducted through the 
bottom horizontal surfaces, instead of being displaced by 
cold air, remained in contact with the lower surface, with 
the result that the outside wall of the lower jacket rose in 
temperature, thereby diminishing the difference in tem- 
perature between the two walls of the jacket. The heat 
conductivity of the two jackets can no longer be calcu- 
lated, for the ratio in which the total heat dissipated 
divides itself between the two jackets is no longer known. 
No doubt by far the greater portion of the heat flux rises 
vertically through the top jacket. 

In conclusion, the author would like to acknowledge 
his indebtedness to Professor J. B. Henderson, D.Sc., 
who originally suggested the form of testing apparatus 
employed. 








Tue Miptanp Rattway and SwansEa.—The Midland 
Railway Company proposes to construct a line from 
Llansamlet to the King’s Dock, Swansea. The Swansea 
Hurbour Trust has adopted a resolution expressing its 
satisfaction with this policy. 





NOTES FROM THE UNITED STATES. 
PHILADELPUIA, August 31. 

THE iron and steel industry is feeling the effects of 
the hesitating policy of the railroads in withholding 
much business that under more favourable conditions 
would be placed. The Government, through its Inter- 
State Commerce Commission, is standing in the way 
of the general advance in freight rates now pending. 
Shippers on the network of western railway systems 
are now presenting voluminous testimony in Chicago 
against the proposed advances. Unrest in railway 
circles as to the outcome of the final adjustment has 
made unfavourable conditions, which are reflected on 
iron and steel. A similar agitation is in progress 
against the Express Companies. Over 120 great com- 
mercial organisations have filed petitions with the 
Inter-StateCommerce Commission asking for an investi- 
gation into express rates. One cause of complaint 
is that the Express Companies pay the railroads from 
40 to 45 per cent. of their gross earnings. The mer- 
chants have a host of serious complaints against 
the Express methods of doing business. The rail-mills 
are anticipating an increase in business from mining 
and manufacturing companies, who will buy small 
rails. The demand for rails for tramways since 
April 1 has been in excessof orders for any previously 
like period. Cities and towns all over the country 
are being connected with such lines. Orders for 
standard rails continue light. Other branches of the 
industry are not reporting much new business. 
Consumers are quietly awaiting developments. The 
largest single order for machinery and equipment 
for a coal and cement company in Alabama is being 
placed this week in Pittsburg, and will amount to 
2,000,000 dols. Makers of machinery report very 
little falling off. In all lines of hardware shops are 
busy, and jobbers report the opening of an active 
autumnal distribution. The enormous crops are bein 
moved and stocks are rapidly accumulating at tale 
centres. The financial situation is sound, and general 
trade conditions are encouraging. 

Sepf®@mber 7. 


The unexpected decadence of orders for steel 
freight-cars since July 1 has caused much concern to 
the steel-car builders, who had counted on a continu- 
ance of business. The builders have orders that will 
keep them busy for three months at least, and they 
hope that before that time withheld orders will again 
flow in. This slowing of orders is, however, only 
temporary, and is one more manifestation of the sudden 
twists and turns of the American market. The low 
prices of material have not stimulated demand to any 
great extent, but it would be safe to say that an 
upward turn of prices would do much to create 4 
more active demand. Enormous shipments of pipe- 
line material have been made during the past few 
weeks to oil-fields in the south-west and on the 
Pacific coast. Some pipe-lines have been recently 
determined upon, and orders for pipe may be placed 
next month. The demand for all manner of wire 
products continues. Two very large wire-mills will 
start this autumn in the Pittsburg district, adding very 
materially to the output. The distribution of wire 
products is one of the most encouraging features of the 
situation, and notwithstanding the enlargement of 
capacity, the widening markets will absorb the entire 

roduct. The steadiness of prices in crude steel has 
om insured by a week's suspension of 25 per cent. 
of the capacity in Western Pennsylvania and Eastern 
Ohio. Sheet steel has weakened by reason of a tem- 
porary slump in demand for material for automobile 
construction. Prices have declined on all grades of 
sheets, and as stocks are large, production will be 
curtailed before long. Tin-plate mills are working full 
time, notwithstanding the close of the canning season 
is at hand. The American Tin-Plate Company has 
enough business booked to keep plants running full 
until February 1. The demands for prompt shipment 
have fallen off. Strikes have seriously interfered with 
production. Mills will accumulate stocks in time for 
the coming season, (eneral trade conditions are 
excellent. 








Tue Municirpat TRAMWAYs AssocIATiON.—This Asso- 
ciation will hold its ninth annual conference on September 
21, 22, and 23, at Bradford. The conference will open at 
10.30 a.m. on Wednesday, the 21st inst., with a reception 
by the Lord Mayor in the council chamber at the Town 
Hall. Subsequently Mr. C. J. Spencer will deliver his 
presidential address. A paper by Mr. 8S. Flint, entitled 
‘*The First Decade of Munici Tramway Working,” 
will be read and discussed. At 3 p.m. members will 
reassemble, after the luncheon interval, for the reading 
and discussion of a paper on ‘‘The Comparative Dura- 
bility of Brake-Shoes and Tyres,” by Mr. J. W. Dawson. 
On Thursday, in the morning, a paper entitled ‘‘Tram- 
ways in Relation to Town-Planning,” by Mr. A. Baker, 
will be taken, while a report prepared by Messrs. E. 
Cross, R. L. Acland, P. J. Pringle, and T. R. Smith, will 
be presented and discussed. In the afternoon of Thursday 
ped on Friday visits and excursions will be made. The 
Association dinner will be held on Thursday evening, and 
a business meeting for the election of officers, &c., on 
Friday morning. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a steady tone, and Cleve. 
land warrants were put through at 49s. 6d. and 49s. 54, 
cash, and 493. 74d. fifteen days. The turnover was nly 
3500 tons, and closing sellers quoted 49s. 6d. cash, 49~. id, 
one month, and 50s. 34d. three months. The market was 
very quiet in the afternoon, and the dealings consisted of 
1500 tons of Cleveland warrants at 49s. 6d. and 
49s. 54d. cash, and 493. 6d. eight days. Closing «»ota- 
tions were unchanged. On Friday morning a s| ightly 
firmer tone prevailed, and 1000 tons of Cleveiand 
warrants were done at 49s. 7d. cash, and 493. 9}d. one 
month, and at the close there were sellers at 4s. 7d, 
cash, 49s. 10d. one month, and 50s. 44d. three months, 
Buyers quoted 4d. less. The afternoon session was dead 
idle, but the tone continued firm. Sellers of Cleveland 
warrants quoted 49s. 7d. cash, 49s. 104d. one month, and 
50s. 44d. threemonths. On Monday morning the market 
was weak, and Cleveland warrants were dealt in at 
49s. 44d. cash, 493. 74d. one month, and 50s. 1d. and 50s. 14d. 
three months. The turnover was 2500 tons, and closing 
sellers quoted 49s. 44d. cash, 49s. 74d. one month, and 
50s. 2d. three months. In the afternoon a further decline 
took place in Cleveland warrants, when 4000 tons changed 
hands at from 49s. 4d. to 49s. 2d. cash, from 4s. Gd. to 
49s. 5d. one month, and at 49s. 11d. November 25. The 
close was weak, with sellers quoting 49s. 2d. cash, 49s. 5d, 
one month, and 493. 114d. three months. On Tuesday 
morning there was some improvement in the tone of the 
market, but the dealings only amounted to 1500 tons of 
Cleveland warrants at 49s. 6d. and 49s. 7d. one month, 
Sellers’ closing prices were 49s. 44d. cash, 49s. 74d. one 
month, and 50s. three months. The afternoon 
session was again quiet, and the only business was one 
lot of Cleveland warrants at 50s. 14d. three months, the 
session closing with sellers quoting 49s. 5d. cash, 4s. 8d. 
one month, and 50s. 2d. three months. Hematite was 
quoted at 663. one month sellers. When the market opened 
to-day (Wednesday) the tone was a shade easier, and the 
dealings were confined to 1000 tons of Cleveland warrants 
at 49s. 4d. cash and 50s. 1d. three months. Closing 
sellers quoted 493. 4d. cash, 49s. 7d. one month, and 
50s. 1d. three months. Sellers of hematite quoted 
65s. 44d. cash. In the afternoon no business was recorded, 
but prices remained steady, and at the close there were 
sellers of Cleveland warrants at 49s. 4d. cash, 49s. 7d. one 
month, and 50s. 14d. three months. The following are 
the market quotations for makers’ (No. 1) iron :—Clyde, 
62s.; Calder and Gartsherrie, 62s. 6d.; Summerlee, 63s. 6d.; 
Langloan, 64s. ; and Coltness, 80s. (all shipped atGlasgow); 
Glengarnock (at Ardrossan), 64s. ; Shotts (at Leith), 62s. 6d.; 
and Carron (at Grangemouth), (4s. 6d. 


Sulphate of Ammonia.—A fairly strong demand has 
been experienced for sulphate of ammonia during the past 
week, and the price has firmed up. Dealing has been very 
satisfactory, and some large parcels have been sold for 
early shipment abroad. The present price is about 12/. 10s. 
per ton for prompt lots, Glasgow or Leith. The amount 
shipped from Leith Harbour last week was 1652 tons. 


Scotch Stecl Trade.— Activity still prevails at the various 
Scotch steel works, and the output of plates continues 
heavy ; but, all the same, the booking of new orders for 
the home market at least is not so good. This is, perhaps, 
largely due to the present trouble with the boilermakers, 
and it is freely stated that an early settlement is not un- 
likely. The export trade is satisfactory, and in the case 
of angles a marked improvement has taken place in the 
number of inquiries for shipment lots. The demand for 
light material shows further signs of expanding, and 
prices are very firm, In structural sections business is 
good, and makers have recently received orders for large 
ots of material for the home market, and for shipment to 
India and Australia, and other parts abroad. Prices all 
round are very firm, with a rising tendency. 


Malleable-Iron Tradc.—The malleable-iron makers of 
the West of Scotland report a healthy improvement in 
the condition of their trade this week, the demand being 
much better. Specifications have come to hand in suffi- 
cient nuntber to ensure steady employment for the next 
week or two at least, and in some quarters this increase 
is said to be partly due to the improved state of trade on 
the Continent, where prices have lately been on the rise. 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
the demand for the ordinary qualities has been rather 
better, and full rates have been paid. Supplies are being 
asked for Canada, India, New Zealand, and South 
America, and stocks are steadily being reduced. The 
inquiry for hematite is very poor, and while business has 
been reported at 68s. per ton, some makers are not sellers 
at 68s. 6d., although buyers name the current price as 
being 67s. 6d. per ton. 

Shipbuilding.—Messrs. John Reid and Co., Whiteinch, 
have received from the Metropolitan Asylums Board, 
London, the order for the sea-going tender which the 
Board recently decided to have built for the training 
ship Exmouth. It is understood that Messrs. Reid’s price 
is shoes 17,9642. 





Our Locomotive Exports.—There was some improve- 
ment in our locomotive export trade in August, the \«lue 
of the engines despatched coming out at 152,850/., as com- 
pared with 140,956/. in August, 1909, and 72,500/. In 
August, 1908. The value of the engines shipped to 5 uth 
America in August was 39,521/., as compared \ ith 
39,3797. and 2902/. The value of the aggregate exports 
to August 31, this year, was no more than 1,167,81*’., of 
compared with 1,758,614/. in the first eight montis © 
1909, and 1,778,404. in the first eight months of 1s 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Beyond fixing business to 
meet early requirements, little inclination to operate in 
pig iron is displayed, and there is not likely to be much 
doing until some of the labour troubles are brought to an 
end. Traders speak hopefully of the future, and the 
fact that there is a contango for forward delivery of pig 
iron is a very satisfactory feature of the market. Values 
of pig iron change very little. No. 3 g.m.b. Cleveland 
is on sale at 49s. 6d. f.o.b., and some business might be 
done at 49s. 44d., whilst No. 1, which continues scarce, is 
52s. 6d. ; No. 4foundry, 48s. 6d.; No. 4 forge, 48s. 3d. ; 
and mottled and white iron, each 47s. 9d.—all for early 
delivery, 3d. to 6d. above these rates being named on 
forward account. East Coast hematite pig is dull. Mixed 
numbers are still on sale at 62s. 6d. for early delivery, 
and one or two sales forward are reported at that rate. 
Sales to consumers in the Sheffield district have been 
recorded at 70s., but they are less 24 per cent. delivered 
at Sheffield, which meansa railway freight of 6s. Foreign 
ore values are unaltered. 


Stocks and Shipments of Piy Iron.—Stocks of pig iron 
continue to increase. Additions of Cleveland pig to the 
public warrant stores this month average nearly 600 tons 
per working day, and the stock held there threatens soon 
to reach 500,000 tons. Shipments of pig iron to date 
this month average 3880 tons per working day, the total 
clearances amounting to 46,565 tons, 42,232 tons of which 
have gone from Middlesbrough, and 4333 tons from Skin- 
ningrove. To the same date last month the total loadings 
of pig reached 46,805 tons, or a daily average of 3900 tons ; 
and for the corresponding part of September last year 
the despatches were returned at 43,754 tons, or an average 
of 3650 tons per working day. 


Manufactured Iron and_Stecl.—Producers ot most 
descriptions of manufactured iron and steel are very busily 
employed, and have contracts made which will keep them 
actively engaged for some time to come, but for the time 
being there is some check in buying, which is attributed 
to the labour troubles. Values all round are well main- 
tained, and, in fact, advances for several descriptions are 
expected to be made in the near future. The principal 
market rates stand :—Common iron bars, 7/. ; best bars, 
7/. 7s. 6d. ; best best bars, 77. 15s. ; packing iron, 5J. 15s. ; 
iron ship-plates, 6/, 10s. ; iron ship-angles, 7/. ; iron ship- 
rivets, 7. 7s. 6d.; steel bars, 6/. 5s. ; steel ship-plates, 
6/. 10s.; steel ship-angles, 6/. 2s. 6d.; steel strip, 67. 10s. ; 
steel hoops, 6/. 12s. 6d. ; steel joists, 6/. 2s. 6d.; cast-iron 
railway pm en 31. 10s. ; light iron rails, 6/. 10s. ; heavy 
steel rails, 5/. 10s. ; steel railway sleepers, 6/. 12s. 6d. 
and iron and steel galvanised corrugated sheets, 24-gauge, 
in bundles, 11/. 10s.—sheets less 4 per cent. f.o.b., railway 
material net cash at works, and all other descriptions less 
2) per cent. discount. 


Electrification at the Lambton Collieries, Philadelphia. 
—An important extension of electrical power has recently 
taken place in connection with the Lambton collieries at 
Philadelphia. These pits, it will be remembered, are 
supplied from the Philadelphia power-station of the 
Durham Collieries Electric Power Company. This 
station is now connected up with the network of electric 
mains which extends throughout the whole district from 
Blyth to Middlesbrough. In fact, the area covered by 
this system is over 500 square miles, and over 1000 large 
pits, works, and other users are now being supplied from 
this network. Owing to the recent establishment of 
stations, where waste heat is being converted into electric 
power—notably at Blaydon, Spennymore, Crook, Tees- 
bridge, and Newport—it is found that it is more econo- 
mical to transmit this power to Philadelphia than to 
produce it on the spot. Hence arrangements have 
recently been made by which power can be supplied 
at Philadelphia by main in sufficient amount to allow 
of the generating-station itself being shut down. This 
has necessitated the installation of no less than 8000 horse- 
power of transformer plant and switch gear at Phila- 
delphia, where a large new sub - station has recently 
been completed. This consists of a two-floored building, 
26 ft. by 34 ft. by 26 ft. high,’adjacent to the present 
engine-room. In this are installed two electric trans- 
formers of 4000 horse-power capacity each, an unusually 
large size even for this district. The function of these 
enormous converters is to transform the current which is 
received from the other generating stations at a pressure 
of 20,000 volts to 5750 volts, at which pressure it 1s trans- 
mitted to the various pits throughout this network. It is 
interesting to note that this is the only district in Great 
Britain where such a high pressure as 20,000 volts is bein 
used for transmitting power in this way, and it was foun 
necessary on this account to obtain the first cables for 
this purpose from Germany. In order to cool these large 
transformers they are immersed in oil, the temperature of 
which is kept down by means of water-pipes fed from the 
cooling-towers adjacent to the engine-room. The high- 
tension switch-gear is of a special ‘‘ brickwork ” pattern by 
the Electrical Company of London, and there are two 
feeder panels, each of 5000 horse-power capacity, and two 
transformer panels of 5000 horse-power capacity. The 
switch-gear for the 5500 volts side is made by the British 
Thomson-Houston Company. The operation of this sub- 
station in relation to the system is somewhat interesting. 
When the Philadelphia generating station is producing 
power, the sub-station transforms it up to 20,000 volts, 
and transmits it to different parts of the system when 
the power-station is shut down ; then the sub-station re- 
ceives its power from the other Doane stations above 
mentioned, and transforms it down to the pressure at 
which it can be distributed throughout the Durham 





collieries network. In addition to this, a number of the | 
collieries in this district are installing exhaust-steam | 
turbines, driving electric generators, and selling their | 
surplus to the power companies, or taking stand-by 
supplies from them. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Hull Coal Returns.—August has been a very busy 
month for the Hull coal trade. There have been somany 
record months for tonnage this year that there is a likeli- 
hood of all figures being exceeded. The total for the past 
month, 659,552 tons, compared with 564,736 for August 
last year. A comparison of this year with last, from 
January up to the present, shows an increase of over 
700,000 tons. The exports on the month are somewhat 
down, 399,513 tons, as against 408,282 tons in August, 
1909. There is still an increase on the eight months, 
however. The 1909 total is 2,108,068 tons exported, and 
this year to date 2,553,729 tons. The Denaby and Cadeby 
collieries easily head the output list with the enormous 
figure of 99,584 tons, though this even is somewhat below 
last August. Several collieries in the South Yorkshire 
area have doubled their output, and in one instance the 
figure is tive times that of August, 1909. 


Messrs. Kayser Ellison and Co.—The excellent result of 
the year’s working of Messrs, Kayser Ellison and Co., 
Limited, is another proof of the good business done by 
Sheffield makers of high-class special steels. The profit 
has been almost doubled in the year, the net amount 
being 31,853. This is an increase on 1907, when there 
was a boom, and the same dividend as then is to be paid 
—14 per cent. The reserve has been increased, and a 
larger sum carried forward. 


New Sheficld Industry.—The manufacture of emery 
grinding-wheels for engineering purposes has been added 
to the list of Sheffield industries by the completion of 
works at Tinsley known as the British Abrasive Wheel 
Company. 
replace, as far as possible, American imported articles by 
meeting home requirements in the home market. The 
works are well ommeeee on the latest methods, and the 
wheels will be made by what is known as the “‘ vitrified ” 
eo. The capital is all English, and much of it has 
been found locally. 


South Yorkshire Coal Trade.—The week ending last 
Saturday is usually one of the quietest in the year in 
South Yorkshire so far as the coal trade is concerned. 
The stoppage of several pits and the difficulties of transit 
during the Doncaster Kace period are the cause, and 
though they were largely provided for, pressure has had 
to be put on during the past day or two. The collieries 
generally are working much better, some being on full 
time, and most of them steadily reducing stocks. Hard 
coals maintain their position. There are big tonnages 
going out for shipment, and the industrial consumption 
is heavy. The inquiry for gas fuels is brisker. Small 
coal is the most unsatisfactory feature, and shows a 
weakening in price. The London demand is one of the 
factors in the improving condition for house coal. Best 
hand-picked coals are much sought after and prices are 
higher. An all-round increase in quotations is likely to 
accrue very shortly, and, in fact, advances have already 
been obtained on many contracts. The latest quotations 
on ’Change are little altered :—Best Silkstone, 1ls. to 
11s. 6d.; Silkstone, 8s. 9d. to 9s. 3d.; Derbyshire brights, 
10s. 6d. to 11s. 6d.; Yorkshire hards, 9s. 6d. to 10s.; 
Derbyshire hards, 8s. 3d. to 9s. 3d.; rough slacks, 5s. 6d. to 
6s. 3d.; seconds, 3s. to 4s.; smalls, 1s. 3d. to 2s. 3d. 


Tron and Stcel.—The iron market has not of late been 
particularly active, but the tone at present is steady and 
suggestive of an improvement, especially in view of the 
big requirements of steel manufacturers during the winter. 
The absence of any considerable number of buyers from 
the market is accounted for largely by the fact that they 
are working on stock bought earlier in the year. Some of 
these have entered into contracts recently, apparently 
anticipating high prices later, and they are anxious to 
hold k deliveries. Derbyshire common irons main- 
tain a more satisfactory position, and makers are obtain- 
ing good prices more readily. Lincolnshire foundry has 
been on sale at the reduced rates. Hematitesare about the 
same, East Coast selling poorly at alow figure. Finished 
iron is slow to fulfil anticipations, and even where orders 
are numerous, they are on the small side. A feeling of 
anxiety is naturally to be found in the heavy steel trades 
on account of the labour unrest in the North, and espe- 
cially because of the position in the shipyard lock-out. 
With the presence of the Trades Congress in the city, 
Sheffield is the focus of interest, and the fact that a spirit 
of conciliation is manifested is a hopeful sign. The 
settlement of the dispute before it has time to affect local 
trade is ardently desired. Up to now it has only meant 
less pressure of work in executing some large shipbuilding 
orders which have recently come in. The heavy firms 
generally are keeping up a high level of production, 
particularly in speciali: departments. Granted the 
absence of crippling labour troubles, there is work on 
armaments, castings, and forgings to last for many 
months. The Board of Trade returns show Sheffield’s 
industries on the whole in a satisfactory light. Railway 
steel shows a little brightening and promises to be more 
satisfactory, though home inquiries are very small. 
Rolling-mills are well engaged. An excellent season for 
edge tools is being followed by a brisk demand for tool 
steel, upon which makers are just now actively engaged. 
Further information comes to hand indicating a very big 
foreign and colonial export of these goods. There is a fair 


The products of these works are intended to | } 





amount of work in files. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has shown a rather 
more active tendency. There have, however, been ample 
supplies of most descriptions of large for prompt loading. 
The best large has made 16s. to 16s. 3d. per ton, while 
secondary qualities have brought 14s. 6d. to 15s. 9d. per 
ton ; cargo smalls have made 6s. 6d. to 7s. 3d. per ton. 
The house-coal trade has shown little change ; the best 
ordinary qualities have brought 14s. 6d. to 16s. per ton ; 
No. 3 Rhondda large has made 17s. to 17s. 3d.; smalls, 
9s. 6d. to 9s. eek ton. No. 2 Rhondda large has realised 
10s. 9d. to 11s. 3d.; smalls 7s. to 7s. 3d. per ton. Foundry 
coke has been quoted at 18s. to 20s., and furnace ditto 
at 16s. 9d. to 17s. 3d. per ton. As iron ore, Rubio 
has brought 19s. 3d. to 19s. 9d. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, in- 
surance, &c., to Cardiff or Newport. 


The Bute Docks.—The exports of coal and coke from 
the Bute Docks continues to exhibit an astonishing deve- 
lopment. In 1840 these exports amounted to 43,651 tons. 
In 1850 they had grown to 661,382 tons; in 1860, to 
1,794,005 tons; in 1870, to 2,104,545 tons; in 1880, to 
4,843,982 tons; in 1890, to 7,420,080 tons; and in 1900, 
to 7,549,312 tons. Last year the shipments were {,614,950 
tons. The Bute Docks are greatly indebted to their ex- 
cellent railway connections. The Lundon and North- 
Western, the Great Western, and the Midland systems 
give a direct service between Cardiff and every part of 
the kingdom, while the Cardiff, the Taff Vale, the Rhym- 
ney, the Brecon and Merthyr, and the Pontypridd, Caer- 
philly, and Newport Railways extend from the docks to 
every part of South Wales. 


Barry.—Barry is developing a wonderful export coal 
trade. In 1890 the shipments amounted to 3,135,439 tons ; 
in 1895, to 4,998,630 tons; in 1900, to 7,198,103 tons ; 
in 1905, to 8,612,460 tons ; and in 1909, to 10,012,505 tons, 


Swansea Harbour Trust.—The revenue of the Swansea 
Harbour Trust in August amounted to 21,052/., as com- 
oared with 19,286/. in the corresponding month of 1909. 
The expenditure, including interest charges, was 23,516/., 
as against 15,300/. The deficit was 2464/., against a sur- 
plus of 39762. The total revenue for the first eight months 
of this year was 166,392/., comparing with 152,439/., and 
the expenditure 191,773/., as against 127,624/., showing a 
deficit of 25,381/., as against a surplus of 24,s15/. he 
coal trade of the eight months was 626,448 tons imports, 
against 616,198 tons, and 3,141,609 tons exports, against 
3,222,531 tons. 


South Wales Coal.—The exports of coal from the six 
—- South Welsh ports—Cardiff, Newport, Swan- 
sea, Port Talbot, Neath, and Llanelly—in the eight 
months ending August 31, this year, were as follow :— 
Cardiff—foreign, 11,388,823 tons; coastwise, 1,950,162 
tons ; total, 15,338,985 tons. Newport—foreign, 2,510,007 
tons; coastwise, 486,900 tons; total, 2,996,907 tons. 
Swansea—foreign, 1,785,177 tons; coastwise, 204,964 
tons ; total, 1,990,141 tons. Port Talbot—foreign, 984,378 
tons; coastwise, 104,934 tons; total, 1,089,312 tons. 
Neath—foreign, {7,216 tons; coastwise (estimated), 
123,940 tons; total, 221,156 tons. Llanelly—foreign, 
128,677 tons; coastwise, 32,925 tons ; total, 161,602 tons. 
The aggregate exports for the eight months were accord- 
ingly :—Foreign, 16,894,278 tons; coastwise, 2,903,825 
tons; total, 19,798,103 tons. 


Fishguard.—On the occasion of the last arrival of the 
Mauretania at Fishguard the vessel reached that port 
shortly after noon. She disembarked a large number of 
passengers and a huge mail. The Great Western special 
mail train arrived at Paddington at 6.5 p.m., and the 
letters brought by it were delivered in London the same 
evening. Two passenger specials from Fishguard arrived 
at Paddington at 6.35 p.m. and 6.40 p.m. respectively ; 
and Paris passengers, after dining in London, left by the 
night boat trains, due to arrive in Paris at 5.50 a.m. 
Continental passengers from New York thus arrived in 
Paris, via Fishguard, before the Mauretania reached 
Liverpool. 


Dowlais.—Both the Big and the Goat Mills have been 
well ‘9 their production being of the usual cha- 
racter. A large tonnage has been brought to bank at 
the collieries. ‘There are complaints of a shortage of 
iron ore. 





Tuk Crapock AGricutturAL Society Snow, 1911. 
—This society is anxious to collect a good assortment of 
sluices and sluice-gates for inspection of farmers; it is 
not limiting the kind of material to be used in their con- 
struction, so that all classes of small sluices and sluice- 
gates will, it is hoped, be represented. Entries must 
reach Mr. Geo. H. Byrnes, Hon. Secretary, Field Trial 
Section, Cradock, not later than noon on February 28 
1911. A 20/. prize will be offered for the best sluice and 
sluice-gate for field use. 





Tuk INCORPORATED INSTITUTION OF AUTOMOBILE ENaI- 
NEERS.—The amme for the coming winter arranged 
for this institution commences with the presidential 
address, to be delivered on Oetober 12, by Mr. F. W. 
Lanchester. Mr. Lanchester’s address will deal with 
‘* Factors that have Contributed to the Advance of 
Automobile Engineering, and which Control the Develop- 
ment of the Self-Propelled Vehicle.” During the winter 
a meeting will be held each month for the reading and 
discussion of papers, the subjects selected for this winter 
being of considerable variety, ranging from carburettor 
action to airship problems and the effect of wheels on 
roads, to the use of pressed steel in motor-car construction. 
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Fic. 62, Twist-Dritt Grinper ; Messrs, Burton, GRIFFITHS, 


anv Co., Lonpon, 
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Burton, GrirrirHs, AND Co., Lonpon. 


Tue Simpton TunneL.—According to a convention, Dominion and the United States. Three of the party | economics, and several others on general business methods 


concluded some years ago between Switzerland and Italy 


have proceeded directly to Winnipeg, in order to concen- 


with respect to the Simplon Tunnel, Italy has a right to | trate their attention on --—o of which subject they 
gh. 


purchase the section of the tunnel upon its territory as 


from June, 1921, upon the repayment of the cost of | 


construction. Experts have, accordingly, been set to 
work to ascertain the exact amount which the Italian 


Government should pay. The length of the tunnel is! of the visits has been prepa 


66,010 ft., of which 35,730 ft. are on Italian territory, and 
30,280 ft. on Swiss territory. The whole cost of the tunnel 
was 3,064,450/., including interest on capital during con- 
struction (360,000/.), the Brigue station, telegraphs, &c. 
The experts consulted have fixed the amount which Italy 
should pay at 1,649, 253/. 


INTERNATIONAL INTERCHANGE OF STUDENTS.—A group 
of University men, representing Cambridge, Edinburgh, 


London, Durham, Newcastle, and Reading, arrived in | 


Quebec in the latter part of August for tours through the 


are students in Edinbur The main group is receiving 
education of a practical character in a general way. On 
arrival they were received by Dr. Lavoie, the head of the 
Immigration Department at Quebec. A long programme 
red by the United Kingdom 
Section for the International Interchange of Students, 
Caxton House, Westminster, S.W. 


Tur Lonpon Scuoo.t or Economics AND POLITICAL 
Science.—The London School of Economics, Clare 
Market, Kingsway, W.C., commences its Michaelmas 
term with several inaugural lectures, the first of which 
will be delivered by the director, the Hon. W. P. Reeves, 
on the subject of ‘‘Second Chambers in the Dominions 
Over-Sea.” The arrangements for the winter session 
include five courses of lectures directly relating to railway 





which have a bearing on this subject. The subject of 
** Railway Economics—Operating,” will be dealt with in 
a course of twenty lectures, by Mr. W. T. Stephenson, 
on Tuesday evenings at 6.15. A corresponding course on 
the commercial side of the subject will also be delivered 
by Mr. Stephenson on Wednesday evenings at 6.15. A 
third course of twenty lectures, delivered on Thursdays at 
6.15 p.m. by Mr. Stephenson, will deal with the ‘‘ Econo- 
mics of Railway Construction and Locomotive bo 
tion.” ‘*The Law of Carriage by Railway ” is the subject 
of a course of twenty lectures to be delivered on Mondays 
at 6.15 p.m., by Mr. H. W. Disney. A course of fou 
lectures will, later in the session, be delivered by M: 
E. C. C. Stevens on ** The Consolidation of English Rai 
ways.” We need hardly remind our readers that the 
courses at this school are specially arranged to meet the 
requirements of the London University B.Sc. (Econ.) 
degree, with honours in Transport. 
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NOTICES OF MEETINGS. 

Tue InstiTuTE OF Martine Enoingers.—Saturday, September 17. 
Visit to the Naval, Mercantile Marine, and Engineering Exhibition, 
at Olympia, W., by invitation of the promoters. 3 p.m., reception 
by the ‘Exhibition authorities. Examination of exhibits till 5 p.m. 
5.15 p.m., tea in the Pillar Hall, on the invitation of the Exhibi- 
tion authorities. 7 p-m., meeting, when the following papers will 
be read :—** Electric-Magnetic Transmission for Main Marine Pro- 
pulsion,” by Mr. Jules Lecoche (Member). ‘‘ The Telemotor,” by 
Mr. W. G. Gibbons (Member). ‘The Internal-Combustion 
Engine,” by Mr. W. P. Durtnall (Member). Illustrated with 


lantern slides. 
Tux InstiruTes oF Merrtats.—Wednesday, September 21, at 


10 a.m., general meeting of members in the Lecture Theatre of 
the Natural Philosophy Building of the University of Glasgow, 
Gilmorehill. After short addresses of welcome, a selection of 
papers will be read and discussed. In the afternoon visits will be 
paid to certain works in the neighbourhood, and in the evening 
there will be a reception at the Council House, George-square. 
Thursday, September 22, at 10 a.m., a selection of rs will be 


read and discussed. “In the afternoon visits will id to 


certain works in the neighbourhood, and to the buildings of 
the Glasgow and West of Scotland Technical College. Friday, 
September 23, there will be an all-day trip on the Clyde, visiting 
the Isle of Arran and the Kyles of Bute. The following is a list 
of the papers that are expected to be submitted :—1. On ‘* The 
Heat Treatment of Brass—Experiments on 70 : 30 Alloy,” by Mr. 
G. D. Bengough, M.A., and Mr. 0. F. Hudson, M.Sc. 2. On 
‘Some Common Defects Occurring in Alloys,” by Dr. Cecil H. 
Desch, D.Sc., Ph.D. 3. On “Shrinkage of the Antimony-Lead 
Alloys, and of the Aluminium-Zine Alloys, During and After Solidi- 
fication,” by Mr. D. Ewen, M.Sc. 4. On ‘ The Effect of Silver, 
Bismuth, and Aluminium upon the Mechanical Properties of 
* Tough-Pitch ’ Copper containing Arsenic,” by Mr. F. Johnson, 
M.Sc. 5. On ‘‘ Metallography as an Aid to the Brass-Founder,” by 
Mr. H. 8. Primrose. 6. On “‘ Magnetic Alloys Formed from Non- 
Magnetic Materials,” by Mr. A. D. Ross, M.A., B.Sc., F.R.S.E. 
The following firms will receive visits:—The Argyll Motors, 
Limited ; Messrs. J. Brown and Co., Clydebank ; the Fairfield 
Shipbuilding Company, Limited ; the North British Locomotive 
Company ; Messrs. Koss and Sons, brass founders ; the Singer 
Manufacturing Company, and Messrs. J. and G. Weir, Cathcart. 

THE ASSOCIATION OF ENGINEERS-IN-CHARGE.—Saturday, Septem- 
ber 24, visit to the Naval, Mercantile Marine, and Engineering 
Exhibition. Reception at 5.15 p.m. Lecture at 7.45 p.m. on 
** Wireless Telegraphy ; its Maritime Importance,” by Mr. G. 
Langler Bullocke (by special permission of Mr. G. Marconi, LL.D., 
D.Se., &c.). Mr. Henry Adams, M. Inst. C.E., &c. (President), in 
the chair. 


READING - Cases.—Reading-cases which will hold twenty - six 
numbers of ‘‘ ENGINRERING ” may be had of the Publisher or of any 
Sremagu, Price 68. each. 
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LABOUR DISUNION, 

Ir is a significant coincidence that the Trades 
Union Congress should be in session at a time when 
there are in progress four disputes of magnitude 
due to elements of disunion in trade organisations. 
Of the general proceedings of the Congress we 
shall have more to say when they have completed 
their deliberations on questions affecting labour 
economics. For the present, it is sutticient to con- 
sider the influence of the Congress upon the ques- 
tion of the maintenance of union, and of all that 
it represents to the workers of the country. The 
President, in his judiciously conceived address, 
enforced the fact that the principle underlying 
trade unionism is that of collective bargaining, 
and, further, that this ‘‘on the one hand demanded 
recognition from the employers, and, on the other, 
equally demanded confidence in the leaders of the 
trade unions and the officers of the various orga- 
nisations.” It is the absence of this confidence, 
and the lack of discipline on the part of members, 
which is at the root of all the trouble in con- 
nection with the present crisis in four of the most 
important industries in the country. We need 
not repeat what we said last week regarding the 
genesis of the shipyard iron-workers’ dispute, 
because it is universally accepted that the trouble 
is entirely due to the refusal of the workmen 
to discipline themselves in obedience to their 
executive council. In South Wales there is a 
threatened stoppage of all the miners because, 
although the average weekly wage is higher than at 
any corresponding period in the history of the indus- 
try, sections of the men refuse to continue at work 
under the agreement ratified in April last, at the 
dictates of the Miners’ Federation of Great Britain, 
which regarded the terms offered by the coal- 
owners as so reasonable as to prohibit any refusal. 
In the cotton industry the crisis is due to workers 
in a mill going on strike in direct violation of the 
agreement which in this, as in all industries, pro- 
vided means to settle any dispute which might 
arise without resort to extreme measures. More- 
over, the dispute in this case is of the most trivial 
character, being founded on the discharge of a 
grinder who refused to carry out some slight 
technical work when ordered by his overlooker. 
A strike, too, has only just been averted on 


the Great Northern Railway, where a dispute 
had arisen owing to an equal lack of common- 
sense and discipline. A conciliation agreement 
was arrived at through the intermediation of Lord 
MacDonnell, and there is difference of opinion in 
some of the districts regarding the interpretation 
of the clause dealing with meal-hours. The men 
contend that Lord MacDonnell did not intend 
under any circumstances that the meal-hours should 
be excluded from the ten-hours working day. The 
obvious solution was to ask Lord MacDonnell for 
an interpretation, but the men now wish for more 
than this, seeking to have the whole question 
opened up, and arguments adduced against the 
exclusion of the meal-hour from the ten-hours 
normal day. 

It will be seen that in all these cases the trouble 
is due to. intractability on the part of the 
workers. As the President of the Trades Union 
Congress pointed out, that organisation ‘must 
urge upon their members the absolute need for 
loyalty and the essential discipline which must 
be granted to them if their word and their bond 
and their agreements were to be respected.” We 
admit that there may be extenuating circumstances 
in almost every one of the recent disputes ; that 
the temper of the men may be sorely tried some- 
times through lack of tact on the part of fore- 
men. There may also be something in the plea 
that local disputes are not settled with sufticient 
promptitude, although in all cases the effect of 
the decision is retrospective. When some of the 
agreements were made we raised the question as 
to whether it was prudent to have a succession of 
courts of appeal, as in all arbitrations the unsuc- 
cessful party in lower courts is not inclined to 
yield until he has reached the stage beyond which 
there isno appeal. It may be desirable to modify the 
agreement in one or other respect in order to 
ensure greater promptitude. But the dominant 
need of the moment, alike in the interests of unity 
of labour and in the interest of the industries of 
the country, is the complete recognition by every 
member of every union of the responsibility to 
ratify the action of the executive authority, or, as 
the President of the Congress put it, the absolute 
need for loyalty and for discipline. 

The cotton operatives must return to their work 
in accordance with their agreement, and rely with 
confidence on their union to have their claims 
carefully considered. Only when every possible 
measure for an amicable solution of the difficulty 
has been exhausted should there be resort to the 
extreme measure of a strike. The employers have 
suggested that there might be a conference with Mr. 
Askwith, of the Board of Trade, as to the list of 
duties imposed on certain workers, as he was largely 
instrumental in bringing about the Brooklyn Agree- 
ment; and in view of the splendid work which he 
has done, of which some indication is given in the 
review of the Board of Trade Report on Conciliation 
in our Industrial Notes on page 394, there seems 
no cause for any unfriendly view by the workers 
being taken of this suggestion. 

In the coal trade wise counsels have prevailed at 
the last moment, and the men have decided to 
defer the question of a strike until after the hold- 
ing of a conference of the whole coal-field next 
week. In the:case of the Great Northern Railway 
dispute also there is a prospect of calmer measures 
being taken than seemed possible so long as the 
echo of the inflammatory speeches of Sunday lasted, 
and we hope that with Lord MacDonnell’s inter- 
pretation the trouble will end. 

In the case of the ironworkers in the shipbuilding 
yards, although there is no immediate prospect of 
the lock-out being discontinued, the atmosphere is 
clearing, but it is difficult yet to see daylight 
through the cloud of doubt which prevails in the 
minds of the workers regarding the position taken 
up by the executive council. Last week we indi- 
cated our belief that the executive council did 
not quite recognise the needs of the case, and the 
result of the vote justifies this view. It was idle 
to ask the workmen, especially when in a temper, 
for a vote of approval of a policy, in opposition 
to recalcitrant members, along lines which had 
not been clearly defined to them. The vote, 
showing a majority adverse to the council, is thus 
explained, and it should not be interpreted 
too readily as homologating the actions of the 
members of the union who had struck. The vote 
in favour of a representative meeting further 
proves this. Provision has been made for such a 





representative meeting. The delegates are to have 
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plenary powers, and it is possible that they may 
arrive at some decision regarding guarantees and 
assurances to the employers in respect to the 
agreement and to working conditions generally. 


Meanwhile the employers deprecate any inter- | 


ference by even the Standing Committee of the 
trades signatories to the shipyard agreement. This 
is a correct attitude, since the immediate difficulty is 
the refusal of the iron-shipworkers to honour their 
acceptance of the agreement, and other unions 
should not be involved if this can be avoided. The 
Standing Committee requested to have a conference 
with the employers, who at their meeting on Wed- 
nesday came to the conclusion that ‘‘ it might com- 
plicate the negotiations with the Boilermakers’ 
Society if, prior to receiving and considering their 
suggestions, a meeting were to take place with others 
than those primarily concerned.” At the same 
time the employers state that if the Standing Com- 
mittee still wish for a conference after hearing 
this view of the Federation, such a meeting could 
be arranged. 

We hope that the delegates of the Boilermakers’ 
Society, when they meet, will approach their 
task with the conviction that the one desire of the 
employers is to maintain the unity of labour organ- 
isations. The statements to the effect that the 
employers wish to wreck the unions are idle, and 
only call for comment because of their pernicious 
influence. It should not be forgotten that nearly 
all the firms that have been forced to lock out 
members of the Boilermakers’ Society, because of 
their refusal to fulfil the conditions of the shipbuild- 
ing agreement, are still employing an equal number 
of the members of the Boilermakers’ Society who 
are still fulfilling the conditions of the engineering 
agreement. This remarkable state of affairs is due 
to the faet that the parties to the one agreement 
are shipbuilding employers, and to the other 
agreement engineering employers ; but not only 
are many of the employers identical in both in- 
stances, but so also are many of the unions. The 
situation is anomalous, but no attempt will be 
made to alter it unless the Boilermakers’ Society 
fail to realise their position and responsibilities. 
If lock-out pay is to S srovided by the society, it 
follows that no firm can & expected to provide out 
of their own engineering exchequer the ‘‘sinews 
of war” for conflict against themselves as ship- 
builders. Similarly, if any other unions concerned 
in the shipbuilding agreement decide to assist the 
boiler - makers financially, corresponding action 
must in fairness be taken in self-defence. At the 
same time it must be held as an undue interference 
and an unjustifiable act for any firm within or 
without the Employers’ Federation to engage the 
services of any person who has been locked out. 
Punishment is always vexatious, but the interests 
of discipline demand that there should be such 
punishment. Consequently it is in the interests of 
the country that those workers whose action has 
been so vigorously condemned by their own leaders 
should be punished in the way indicated. 

This question of the solidarity of action by 
workers and employers must not be lost sight of. 
With a light heart the Trades Congress passed 
resolutions on Tuesday in favour of a national 
federation of trades, and in favour of the amalga- 
mation of unions. There is no objection to 
such a course, provided all agreements made are 
honourably fulélled by all the men; but there 
cannot be amalgamation or union of forces with 
disunion in the fulfilment of obligations. We 
were told that ‘‘the employers will always be 
able to use the bludgeon of the lock-out so long as 
the various sections of workmen are divided ; but 
if they have to fight not one section at a time, but 
all the organised trades in the country, they will 
hesitate.” This is playing with a two-edged sword. 
If the employers are to be attacked by all sections 
at a time, all the employers can retaliate in unity. 
As a matter of fact, the cost of a much more com- 
plicated lock-out than that associated with the 
iron-shipbuilders would not be much greater than 
in dealing similarly with one section. If the coal 
industry is affected, all manufacturing works are 
more or less paralysed. In the event of a railway 
dispute, supplies and productions cannot be trans- 
ported. A dock dispute upsets the import and 
export trade, and through them all manufactures. 
If any integral part of the great industrial world 
ceases to contribute its share, the economic condi- 
tions of every other part are affected seriously, so 
that federation of trades and amalgamation of unions 
gan only be successful if there be no elements of 





disunion within the executive management. The 
attempt to force employers in one industry by in- 
volving all the organised trades of the country can 
only bring disaster to the industry, and, unfortu- 
nately, the worker must needs suffer most in such 
a crisis, because he can least afford to carry the 
burdens consequent on idleness. 





POINTS OF LAW RELATING TO SALE. 

In engineering and allied trades the questions of 
law of most interest to men of business are, of 
course, those affecting the every-day transactions 
of contracts with buyers and sellers. A glance at 
some modern leading cases shows that the law of 
contract, though comparatively clear and simple 
in its elementary principles, presents difficulties 
to busy men who have not made themselves 
familiar with legal problems, and do not realise 
that as a rule even the most complicated disputes 
may be solved by the application of unbiassed 
common-sense and absolute honesty. Legal pit- 
falls are not often created by legal technicalities. 
The pitfalls are rather those which business men 
themselves have digged. The most common cause 
of disputes about commercial transactions is the too 
common practice of using obscure and involved 
language and technical phrases, which the plain 
man only vaguely understands, but which he cannot 
— using in his vain desire to make things appear 
**legal.”’ 

A few illustrations of legal difticulties, as presented 
by modern cases in the Courts, may be of use in 
giving hints as to the general principles governing 
disputed cases of contract and sale. The general 
rules in this branch of law are widely known, and 
it is, we dare say, common knowledge that these 
rules have been codified under the Sale of Goods 
Act, 1893. Section 4 of that Act, it should not be 
forgotten, has provided that the absence of a 
written memorandum of sale, containing the condi- 
tions of sale, does not make the contract void, or 
even voidable. Although the conditions may not be 
enforceable, the contract is good, and therefore the 
property passes to the buyer, and the other legal 
consequence of the contract follow. The reason is 
that, sometimes in the absence of any written memo- 
randum or signed contract, some act has been done 
in relation to the goods sold which recognises a 
pre-existing contract of sale. For example, a firm 
sold goods on rail to S., and they were delivered by 
the Great Eastern Railway at 8.’s station, and S. 
had an invoice containing the terms of the contract 
of sale, but there was no memorandum signed by 
S. The railway company, on a written order of the 
vendors, sent an advice-note to S. informing him 
that the goods were at the station waiting his 
orders. On receipt of this S. tried to sell the goods, 
taking a portion as sample, but did not succeed. 
He never inspected the bulk nor paid any part of 
the price. He soon after was declared a bankrupt, 
and the Great Eastern Railway sought to ~~ the 
goods in transitu; but the trustee of the bank- 
rupt’s estate, as plaintiff in an action against 
the railway company, claimed them as part of 
the bankrupt’s estate. It was held that the 
plaintiff was entitled to judgment, as S. had by his 
action accepted the goods and recognised a pre- 
existing contract, and legal possession therefore 
passed to his estate, and the goods could not be 
stopped, but became part of the assets of S.’s 
estate. Without careful consideration of the prin- 
ciple of the contract, the vendors and the railway 
company imagined that the sale to S. could be 
repudiated in time to save the goods being delivered 
to the bankrupt’s estate. It will be noticed that 
although this case was a hard one for the vendors, and 
the railway company, who ultimately were forced. to 
become creditors for the price of the goods sent by 
rail and for the amount of the freight, the law could 
not ignore absolute justice, for it was proved by the 
purchaser’s acceptance of the invoice, and his subse- 
quent dealing with the goods, that there,had been 
between him and the vendors a complete contract, 
although there was no memorandum signed. Jus- 
tice demands in every case where a contract is 
proved that it shall not be repudiated. 

There are many cases where it has been held that 
conditions of sale should not be imposed to run with 
the goods and be enforceable against subsequent 

urchasers by the first seller. In the case of 

cGruther v. Pitcher (1904), 2 Ch., 306, the plain- 
tiffs were manufacturers of rubber pads sold in 
boxes, inside which were printed conditions as to 
the minimum price at which the goods were to be 





sold to the public, and that acceptance of the goods 
was to be an acknowledgment of acceptance of the 
conditions. The defendant, a retailer, had boucht 
from a factor, and was selling at less than the manu- 
facturer’s schedule minimum price. Here, it wil! be 
observed, there was no contract between the manu- 
facturer and the retailer, who was not bound by 
the conditions, and the Court held there was no 
action against him for underselling. There are 
many such cases where conditions have been imposed 
by manufacturers of proprietary articles intended 
to be sold at fixed prices, but in no such case have 
the defendants, who were cutting prices, been made 
responsible to the manufacturers unless, of course, 
the contract was made direct with the manufac- 
turers. Even when the manufacturers made it a 
condition of sale that acceptance of the goods was 
to be deemed an acknowledgment of the conditions, 
and that a purchase from a factor or wholesale 
merchant was to be regarded as a purchase from an 
agent of the manufacturer, it was decided that the 
wholesale merchant was an independent vendor, 
and not an agent of the manufacturer, and that 
there was no privity of contract between the retailer 
and the manufacturer. 

Conditions as to time of delivery of goods that are 
the subject of contract of sale cannot be made to 
void the contract in the event of delay or non- 
delivery. Time is not an essential element of the 
contract. Ina case where a firm of engineers con- 
tracted to supply a machine within a certain time, 
and failed to deliver within the time stipulated, 
the plaintiffs, reading the terms literally, imagined 
the contract broken, and refused to take the 
machine. The contract was contained in corre- 
spondence, and the Court held that the plaintiffs 
were not entitled to reject the machine, although 
they were entitled to damages for breach of the 
stipulations as to time of delivery. Paton r. Payne, 
35 Sc., L.R., and 112 H.L., Se. (1897). 

In cases where the condition is an essential part 
of the contract and is a condition precedent, the 
literal terms of the contract of sale are upheld, as 
in the case of Ebbw Vale Steel Company r. the 
Blaina Tron and Tin-Plate Company ((1901), 6 Com. 
Cas. 33, C.A.). In this case there was a contract for 
the sale of steel tin-plate bars to be delivered by in- 
stalments over a period of three months, payment to 
be cash fourteen days after delivery of each instal- 
ment, and it was provided that all payments should 
be made on the dates when due as a condition 
precedent to future deliveries. The purchasers, 

aving made default in payment when due, it was 
held that the vendors were justified in refusing 
further deliveries. It will be noticed that a condi- 
tion precedent is an essential part of the contract, 
and is to be distinguished from the contracts con- 
taining non-essential conditions as to time, terms of 
re-selling, &c. 

Another interesting case illustrating a condition 
precedent and waiver by the purchaser, decided 
in the Court of Appeal in 1905, was Braithewaite °. 
Foreign Hardwood Company, Limited (2 K. B., 543). 
The plaintiff sold to the defendants in London 
100 tons of rosewood, to be delivered in two instal- 
ments, cash to be against cach bill of lading. After 
the firstinstalment was shipped the defendants repu- 
diated the whole contract, because, bya collateral oral 
agreement, the plaintiff had undertaken to ship no 
rosewood to other buyers in 1903, and because they 
had heard of another shipment being made by the 

laintiff, thus violating a condition of the contract. 
The defendants refused acceptance of both bills 
of lading in succession, and when the wood was 
delivered the two instalments were sold against 
the defendants at a reduced price, and the plaintiffs 
sued for the difference. Judgment was given for the 
plaintiff, and defendants, on appeal, contended that. 
admitting the repudiation of the contract was wrong, 
the plaintiff could not recover any damages I 
respect of the first consignment, as he was never 
in a position to tender a consignment which the 
defendants could have been compelled to accept. 
inasmuch as a part of the first consignment was 
held by the Court to have been defective. 

The Court of Appeal, however, held that the defen- 
dants, by refusing the first consignment upon the 
ground that they had already repudiated the 
entire contract, waived the performance by the 
plaintiff of the conditions precedent on his part, 
and therefore could not say that the plaintiff was 
not in a position to tender a consignment which 
the defendants would have been bound to accept. 
It will be noticed that the defendants could = 
prove the alleged oral agreement which they 54 
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was a part of the contract. They were therefore 
not justified in refusing acceptance of the bill of 
laiing. By repudiating the whole contract they 
made a fatal mistake, as they might reasonably have 
refused the firstconsignment on the ground of defec- 
tive quality, whereas their rash repudiation of the 
entire contract at the outset was tantamount to a 
waiver of their right to the performance by the 
plaintiff of the conditions to be performed on his 
part. They could not therefore say, as they might 
have done on receipt of the first consignment, 
that the plaintiff was never in a position to supply 
the wood of the kind he contracted tosupply. This 
case is a striking instance of the wrong-headed 
blunders business men make in disputing a con- 
tract. Within the space of a single article it is not 
possible to do more than hint that the law reports 
abound in interesting and instructive cases which 
may with advantage be studied by all business men. 








LIMITS OF SIZE IN AEROPLANES. 

In considering the possible uses of aeroplanes 
in the near future, a very important question is, 
Up to what size can they be built, and what load 
can they carry? At present the chief use to which 
aeroplanes have really been put is to give exhibi- 
tion flights round an aerodrome, and for this pur- 
pose it is not necessary to support any great 
weight, only one passenger being usually carried. 
If this type of machine, however, is to be of any 
practical use, either in war or peace, very much 
greater loads will have to be supported. Even for 
reconnoitering, two men, with instruments and 
petrol, &c., for a run of some one or two hundred 
miles, will have to be carried; and if there is 
fighting in the air, or if an aeroplane is to be used for 
operating on lines of communication, it must carry 
very much more. It will also have to convey con- 
siderable weight if it is to be of any practical use 
in peace. It is interesting, therefore, to consider 
whether it is likely that in the near future it will 
be possible to make aeroplanes carrying loads of, 
say, half-a-ton or a ton. 

If this is to be done, it is quite clear that the 
machine must be very much increased in size. The 
lifting power of an aeroplane of the present dimen- 
sions is very limited, and the greater part of it is 
absorbed in the weight of the structure itself and 
the necessary engine. It is, of course, possible that 
the structure may be lightened in future without 
decreasing the strength, but the extra lifting power 
made available by this means will be very small ; 
and if materially more weight is to be carried, it 
is, as we have said, quite clear that the size of the 
machine must be increased very. considerably. In 
making this increase it will be necessary, however, 
to keep the weight per square foot of surface and 
per horse-power about the same, or there will not 
be a proportionate margin of weight available for 
load. The question is, therefore, whether it will 
be possible to increase the size of the machine 
without increasing the weight r unit, and, 
further, if this be done, whether the ‘large planes 
will be as efficient asthe small ones per unit of area 
and power, 

We may approach this — either from the 
theoretical or the practical standpoint. From the 
purely theoretical point of view it may be argued 
that if we increase the size of any structure, the 
weights to be carried increase as the cube, while 
the areas which take the stresses only increase as 
the square. The areas of the planes would also 
only increase as the square. Hence the weight of 
the structure per square foot of surface would 
increase with the linear dimensions. With regard 
to the engine the same argument applies—i.e., that 
the weights increase as the cube, while the powers 
developed depend theoretically on areas, and there- 
fore only increase as the square so long as piston 
speeds remain the same. It has therefore been 
argued that the weight of all engines per horse- 
power, whether petrol, steam, or otherwise, will go 
up as the linear dimensions. 

This argument, of course, assumes that the two 
machines are made off the same drawings, and in 
practice this is never the case. It is found that 
it is possible to subdivide parts in the larger 
structures in a way which is not practicable in the 
smaller ones, and that in many cases the advantages 
of this subdivision are such that the weight of the 
structures per unit of power does not increase over a 
very considerable range of size. It is therefore 


much more instructive to consider whether there is 


aeroplanes or petrol-engines already built, of in- 
crease in weight per unit of surface or horse-power. 

Taking the question of the engine first, it appears 
that up to the largest sizes to which the high-speed 
type of petrol-engine has been built, the actual 
horse-power obtained is practically proportionate 
to the capacity of the eghushien, and not to their 
area. This law may not be an absolute one for all 
sizes, but appears in practice to ovtain for engines 
from 2 in. to 10in. stroke; a variation in size which 
carries us well above the highest power which is 
likely to be required in an aeroplane in the near 
future. In this case both the weight and power 
increase as the cube of the dimensions, and the 
weight per brake horse-power will, therefore, be 
constant. In the case of motor-cars, engines have 
been made of 200 brake horse-power, and in racing- 
boats of 400 brake horse-power, without the weights 
per horse-power being greater than those of similar 
type engines of smaller size. There seems no 
reason, therefore, why increasing the size of the 
aero-type petrol-engine to, say, 400 brake horse- 
power should increase its weight per horse-power 
materially. In the larger engine, also, advantage 
can be taken of the principle of sub-division of the 
cylinders to a greater extent than can be done 
with a small engine, and it is possible that, by 
using a greater number of cylinders, a more power- 
ful engine could actually be made lighter per 
horse-power. Thus the makers of the ‘‘Gnome” 
engine state that their 100-brake-horse-power engine 
is lighter per horse-power than the engine of 50 
brake horse-power. 

In considering the effect of increasing the size or 
the weight of the structure per square foot of sur- 
face, we have principally to rely on the compari- 
sons of existing machines, and accordingly the 
principal dimensions of several modern aeroplanes, 
varying in size from the ‘* Demoiselle ” of 110 sq. ft. 
surface to the large Cody of 770 sq. ft., are given in 
the table annexed. 














Weight _ Weight 
Type of Area of Horse- without Bh. pill per 
Machine. Planes. Power. Passen- foot Ares. Horse- 
gers. * Power. 
sq. ft. Ib. Ib. db. 
Demoiselle ; 110 30 243 2.23 82 
Blériot. . 150 24 462 3.08 19.3 
Curtiss 250 30 550 2.2 18.3 
Antoinette 376 50 1045 2.96 22.3 
Farman 430 50 900 2.3 19.8 
Oody .. 770 80 1800 2.34 22.5 
Maxim.. 4000 360 7000 1.75 18.9 


In making this comparison it is necessary to take 
into consideration the proportion of horse-power 
to area, as this varies a good deal in different 
machines. The weight is therefore given per unit 
of area and per brake horse-power. It is possible 
that the weights are not absolutely accurate, as 
they are not taken from the results of actual weigh- 
bridge tests by independent authorities, but they 
are probably quite near enough for the purpose of 
comparison of machines of different sizes. 

It will be seen that the weight per square foot of 
surface varies very little with the size, and that 
the maximum is not in the case of the largest 
machine, but one of the smallest. The weight per 
brake horse-power is also very nearly constant if 
we except the little ‘‘ Demoiselle.” This machine 
stands in a class by itself, as the seat and running 
chassis are of a very primitive description, and the 
springs to take the landing shocks are omitted. 
he petrol-tank is also only large enough for a few 
minutes’ flight. If the machine were fitted with a 
landing chassis and seat like other machines, and a 
large petrol-tank, it would be very materially 
increased in weight. The large Cody aeroplane is 
somewhat heavy per horse-power, but it could pro- 
bably be fitted with two 50 - brake - horse - power 
engines of the type used in the Farman without the 
weight being increased, and this would bring the 
weight down to 18 lb. per brake horse-power. 

As far as can be seen from the results of the 
actual construction of modern aeroplanes, therefore, 
there is no increase in the weight per square foot 
of area or per brake horse-power with increase in 
size, and therefore there is no reason to think that 
a further increase in size will increase the weight 
per unit of power or area materially. 

The weight-carrying powers of the aeroplanes 
appear also to be very nearly proportionate to the 
size—t.e., the Farman is about three times the area 
of the Blériot, and while the latter only carries one 





evidence, in the actual construction of either the 


nger, the Farman has carried three, and even, 
for a short distance, four. 





While the above figures afford good reasons for 
thinking that an aeroplane could be built in the 
near future of, say, from 3000 to 5000 sq. ft. area, 
with a carrying capacity of something like a ton 
besides its fuel, &c., it is very interesting to see 
what are the actual proportions of the large machine 
built by Sir H. Maxim in 1892, as compared with 
the more modern types. The figures are therefore 
given for comparison. This machine never made a 
free flight, and it is possibly lucky that it did not 
do so, for the problem of balancing a machine in the 
air had then hardly been studied at all, and the 
Maxim machine might have had a disastrous fall. 
It proved its capacity for lifting itself in the 
air, however, and not only did so, but exerted: a 
considerable excess of lift besides its own weight. 
According to the data given in Sir H. Maxim's 
book, the total area of the planes was 6000 sq. ft., 
but on the occasion of its run at full power it had 
only a total of 4000 sq. ft. of surface, and this 
is therefore the area given in the above table. 
The weight on this occasion is given at 8000 lb., 
including three people and 600 lb. of water, and 
would therefore not exceed the 7000 lb. given 
in the table without these. The power of the engines 
is given as 360 indicated horse-power, and, judging 
from the lifting power, at leastthis amount musthave 
been developed. With regard to the lifting power, 
the machine was actually run on rails with a guard- 
rail to prevent its lifting, and on the occasion of 
the sdhewest run it lifted so strongly as to bend a 
2-in. steel tube, which formed the axle, and tore 
away some of the track. Sir Hiram Maxim esti- 
mates that the upward pressure was about a ton, 
and there does not seem any reason to doubt his 
estimate. 

Granted that a machine was built nearly twenty 
years ago capable of lifting a ton, it seems certain 
that it should be easier to build one now. The 
high-speed petrol-engine had not been developed 
in those days, and steam had to be employed. 
Undoubtedly the steam-engine used was a very 
ingenious piece of construction and very light for 
its power ; but there seems no doubt that a petrol- 
engine could now be made still lighter. A great 
deal of experience in the construction of light struc- 
tures has also been gained since then, and it should 
be possible to reduce the weight of the framing, 
&c., while maintaining the necessary strength. In 
this way it should be possible to make an aeroplane 
of the size of Sir Hiram Maxim’s, with the neces- 
sary running chassis for starting and landing, &c., 
capable of carrying, say, a ton, besides petrol and 
oil for a long run. 

Granted that such a machine can be made to lift 
itself, the question arises whether it will be manage- 
able in the air. That is to say, does the difticulty 
of balancing and handling a machine increase with 
the size. As far as can be scen, there is every 
reason to think that it will not only bo as easy to 
fly the large machine as the smaller, but a good 
deal easier. As the size of any machine increases 
the movements get slower, and, further, it is not 
so easily deflected vy extraneous causes. The flight 
of an aeroplane in puffy weather isin many ways 
analogous to that of a ship in a seaway. In the 
latter case it is well known that it requires the 
greatest skill to handle a small boat in a sea which 
is hardly felt at all by a large one. In the aero- 
‘amas the same law appears to apply. Thus the 

rger machines are admittedly those which are the 
easiest to fly, and the reason why the biplane is 
generally supposed to be easier to manage than 
the monoplane is probably that the biplane is very 
generally the larger machine of the two. 

The comparison of the small modern monoplanes 
and the large Maxim machine also throws some light 
on the question of the relative efficiency of the large 
and small planes. It has often been assumed that 
the front part of the plane is the most efficient, 
and that therefore planes of large size and great 
width would not be so efficient as smaller ones, It 
has, in fact, sometimes been assumed that the lift- 
ing power of a plane is more proportionate to the 
length of the leading edge than to the area. If 
this were so, however, the same reasoning would 
apply to the sails of a boat, and it would pay to 
cut up the sail area of a boat into the greatest 
possible number of sails, whereas it is found in 
_—— that large sails are more efticient, surface 
or surface, than small ones, and that it pays to pro- 
vide the necessary sail area in the smallest number 
of sails which can practically be handled —e.y., 
a cutter will beat a schooner of equal ‘sail area. 





Similarly it is found that it does not pay to make 
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— with a very large number of narrow 
es. 

The lifting power of the large planes in the 
Maxim machine appears to have been at least as 
good per square foot of surface and per horse-power 
as that of the modern machines, although, since the 
time that machine was made, there has been a great 
advance in the fabrics for covering them, and much 
experience has been gained as to the best curves. 

The probability is therefore that the problem 
of making large aeroplanes is primarily one of 
expense. This’conclusion is of great importance 
in considering the possibilities of the aeroplane in 
the near future, especially as regards the question 
of the fighting power of the aeroplane as compared 
with thedirigible balloon. It has often been assumed 
that the present size of the aeroplane is the limit 
to which it can be made. As a matter of fact the 
present limit of size is simply due to the fact that 
the aeroplane has developed as a purely commercial 
speculation, and that the smaller machine pays best. 
Supposing that a maker were to produce a large 
aeroplane, there would be no private sale for it, and 
the prizes offered at competitions are not of enough 
value to make it worth while to build a specially 
large machine in order to win them. 


FRENCH MINING LEGISLATION. 

In former articles we called the attention of our 
readers to the appointment of mining delegates 
selected by the State among the miners and paid 
by the colliery companies ; these delegates act as 
inspectors of all classes of work carried out at the 
collieries. We also reviewed the legislation deal- 
ing with miners’ pensions.* Fresh measures are 
at the present time under discussion, and are 
expected to pass shortly into law. We give a brief 
review of these further on. As an introduction to 
the subject, we may state that a few years ago 
Bills were put forward by socialistic deputies with 
a view to the nationalising of mining concessions, 
an alternative being the working of the mines by 
the men themselves ; it was contemplated that in 
either case the State would simply call upon the 
companies to resign. The Government, on the 
other hand, drew up, in 1908, a Bill, the object of 
which was to re-model entirely the basis of mine- 
working ; they also took into consideration alter- 
nate methods and procedure foran eventual purchase 
of the existing mining concessions. The Parlia- 
mentary Committee who had charge of reporting 
upon the Government schemes did not hesitate to 
recommend a much more stringent one, which 
provided for the complete nationalisation of mines, 
the State to have sole charge of working them. 

The authorities, who are adverse to such measures 
and to State intervention, fully agree that the 
mining laws which, so far, have ruled in France 
cannot be considered above all improvement ; the 
fact is that these laws date as far back as 
Napoleon I.’s reign, and are as little liberal as can 
possibly be imagined, occasionally leading to nume- 
rous difficulties. In France the property of the 
ground does not carry with it that of the mineral 
wealth below the surface. The law which settles 
this is dated April 21, 1810, and applies to 
deep mines, diggings, and quarries, although each 
of these three classes is treated differently from 
the others from the legislative point of view. 
Mines are defined as underground strata known 
to contain gold, silver, platinum, lead, iron, 
copper, tin, zinc, calamine, bismuth, cobalt, 
arsenic, manganese, antimony, molybdenum, plum- 
bago, or other metallic substances, sulphur, coal, 
‘*fossile wood,’ bitumen, alum, and sulphates. 
This wording, as will be seen, is not very precise, 
and leaves much to be desired from the point of 
view of classification. A law passed in 1840 placed 
salt mines, as regards legislation, among those 
enumerated above. The mines are completely 
distinct from the surface g:ound property, and the 
State has full power to distribute the mining rights 
to whom it chooses, selecting concessionnaires at 
pleasure and under certain guarantees. Matters 
are different in regard to workings in the open and 
quarries, where the owner of the ground is not 
dis ssed. The workings in the open apply 
according tothe law tothe winning of diluvial iron 
ore, of pyritiferous earths, aluminiferous earths, 
peat ; in regard to these workings, the rights of 
the owner of the surface land, as above stated, are 
not interfered with, the same applying to slate, 
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building stone, marble, limestone, gypsum, and 
other quarries, whether the winning effected 
by galleries starting from the open quarry or not. 

It is quite true that when the State grants to a 
third party the right to work a deep mine, the 
owner of the land under which the mine is dtiven 
is granted a royalty, which is paid to him by the 
concessionnaire of the mine. This royalty, how- 
ever, is generally only a nominal one, presumably 
to keep up appearances ; it amounts frequently to 
5 or 10 centimes per hectare (3s. 2d. per 100 acres), 
and may be as high as 50 francs per hectare (801. 
per 100 acres), in which case it is considered to be 
excessive. Occasionally, but in very rare instances 
only, the royalty is based upon the quantity of 
coal or mineral taken from the mine, and amounts 
to 5d. or 6d. per ton. 

The right of the State in the matter of mining 
legislation is in France very far-reaching. The 
State can allow anyone to undertake borings and 
research work without in any way approaching the 
owner of the Jand, provided the said land is not 
enclosed by walls. When a coal or mineral bed 
has been found, the State can grant the concession 
to whom it pleases, without having regard to the 
persons who discovered that the bed existed, or to 
the landowner under whose land it lies. The con- 
cessionnaires are not compelled in any way to grant 
an adequate remuneration to the discoverers of a 
mine, the State is alone the judge in the matter, and 
often requires the concessionnaires to pay nothing 
but a derisive indemnity to the men who have had 
all the trouble and anxiety, and who alone have 
borne all the cost of the research work. 

The legislation which is still in force in France 
grants to the concessionnaires the perpetual property 
of a mine, a property which can be transmitted and 
disposed of in the same way as any other form of 
property. From this point of view, and under the 
existing law, the State abandons its powers imme- 
diately the concession is granted. In order to 
affirm the Government’s rights, which form the 
basis of the granting of mining concessions, the State 
compels the concessionnaires to pay a double tax 
to the public treasury. In the first place they pay 
a fixed sum of 10 francs per square kilometre (8s. 
per 0.38 square mile), plus a proportional royalty 
calculated upon the output. The State has re- 
served to itself the right to vary within certain 
limits the latter royalty, specifying at the same time 
—and this forms an undertaking on the part of 
the State towards the concessionnaires —that this 
royalty should never exceed 5 per cent. of the 
net value of the output. The State at the same 
time decided that 10 per cent. should be collected 
over and above the said royalties to form a fund to 
aid the mines which happened to be working at a 
loss or in which an accident occurred cutting down 
the output. 

The French Government had been trying for 
some time to modify the mining legislation sketched 
out in the foregoing, and before carrying out any 
alterations, attempts were made at various times 
to introduce into the specifications applying to new 
concessions special clauses of a socialistic order, 
encroaching upon the private property of thé 


concessionnaires, for the benefit of their work-; 


men. This interference on the part of the State, 
quite apart from the legislative measures referred 
to, is not of a nature to facilitate the mining 
industry of the country. When the State at last 
decided, after much delay, to grant concessions for 
iron-ore mining in the east of France, where most 
important beds have been discovered following 
extensive research works carried out at a very high 
cost, the Minister of Public Works assured Parlia- 
ment that measures would be taken to compel the 
concessionnaires to share profits with their work- 
men. The example of what obtains in some parts 
of England was cited, but the fact that British 
employers started the movement, not the British 
Parliament, was lost sight of. The French Govern- 
ment considered they were justified in compelling 
the concessionnaires to share profits by asserting 
that, otherwise, the said concessionnaires would 
be receiving a present pure and simple. The 
Government chose to forget that the companies 
who applied for the mining rights in question 
were those whose efforts had led to the discovery 
of the mineral wealth in the district; they also 
lost sight of the fact that the workmen had no 
right to any compensation whatever, since the 
State did not wish the new concessions to be 
held in any way as a property. 

Matters are now, however, taking a more definite 





shape ; it is not that the new mining law hasas yet 
received the sanction of Government in its entirety, 
but the object in view is to accelerate matters—to 
institute, as it were, proceedings against metallur- 
gists, rather than to insure fresh resources for the 
public treasury. The result will be to introduce 
into the Budget a number of measures working 
against mining enterprise. 

An increase is contemplated in the royalties on 
mining works. That of 10 centimes per hectare, 
above mentioned, is to be increased tenfold. in 
either case such a tax is only the expression of a 
principle, and isof insignificant value. An annual tax 
of 6 per cent. is further to be levied upon the returns 
of the concession, 5 percent. of which is to be paid 
to the State and 1 per cent. to the local districts. 
Formerly this royalty was based upon the quantity 
of mineral sold at the selling prices ruling on the 
spot, after deducting the cost of working the mine. 
In future the profits derived from all the commercial 
and industrial establishments directly connected 
with the mine or colliery, such as coke-ovens, 
briquetting plant, &c., are to be added for the 
purpose of levying the royalty in question. The 
amount on which this royalty is calculated must 
never be less than the total of the sums distributed 
the previous year to shareholders and bondholders, 
either in the shape of dividends, participation 
in profits, or partial repayment of capital, pro- 
vided that the repayment of capital does not 
take place by reason of the winding-up of the 
company. 

It was, at first, the intention to apply still more 
stringent measures to mining concessions. The 
fixed and progressive tax was to reach up to 3 francs 
per hectare (41. 16s. per 100 acres) for the larger 
concessions, owned, as was surmised, by the richer 
class of capitalists. It was also intended that the 
proportional royalty should amount to as much as 
20 per cent. of all net receipts, the total of which 
would exceed one-tenth of the capital as valued by 
the Government experts. The conditions which 
have been finally proposed are less stringent than 
those which had been foreshadowed ; the latter, 
however, are not lost sight of. TheGovernment must 
surely recognise that they are dealing severely with 
the concessionnaires, since they have provided that 
the latter may ask for a reduction in the area of 
their concession in order to obtain a decrease in 
royalty. The Government reserve the right to 
decline the granting of a reduction in area when 
work has actually commenced at one portion or 
other of the concession. 

The working of the mineral deposits in France 
has always. been difficult. Less than half of the 
concessions granted throughout the country are 
followed up ; this has led the Socialists to state 
that the aim of the concessionnaires has been to 
monopolise the land in order to prevent others 
from stepping in, and to ask that all concessions 
should be cancelled, the mines being handed over 
to the miners. The obvious fact is that the con- 
cessions which are not opened up cannot be worked 
ata profit. .The new conditions now proposed for 
governing the working of mines and collieries will 
lead to many being worked ata loss, and it may be 
stated chere that of the total number of about 1500 
tmines, less ‘than 250 give a profit; the remainder 
are either being worked at a loss or are idle. 








THE NEW AUSTRALIAN NAVY. 

Tur departure on Monday next from Portsmouth 
Dockyard of two destroyers, the first instalment of 
the new Navy of the Commonwealth of Australia, 
is an event of historical importance, and their 
success, not only from the standpoint of excellence 
of design, but also of speed and economy, isa happy 
augury for the future of the Australian Navy. 
These two vessels, along with a third which has 
been shipped in pieces for completion in the 
Commonwealth, with a view primarily of educat- 
ing workers there in naval construction, have been 
designed by Professor J. Harvard Biles, of Glas- 
gow University, and have been built under his 
direction. The contract was made between 
Captain R. Muirhead Collins, the representative 
of the Commonwealth Government, and Secreta! y 
to the High Commissioner of the Commonwealth, 
and the Fairfield Shipbuilding and Engineering 
Company, Govan, who built the Paramatta, and 
Messrs. William Denny and Brothers, Dumbarton, 
who built the Yarra. The third ship was built by 
the Fairfield Company, and is named the Warrego. 

The vessels, two of which, lying alongside the 
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THE AUSTRALIAN TORPEDO-BOAT DESTROYERS. 











wharf at Portsmouth Dockyard, are shown in the 
annexed engraving, represent the latest practice in 
torpedo-boat destroyers, and have a length between 
perpendiculars of 245 ft., a breadth moulded of 
24 ft. 3 in., and a depth of 14 ft. 9in., their displace- 
ment being about 700 tons. The machinery is of the 
Parsons type, driving triple screws, with a high- 
pressure and two low-pressure turbines for steaming 
ahead, and corresponding arrangements for going 
astern. There are also high-pressure and interme- 
diate cruising turbines. The three boilers supplying 
steam are of the Yarrow type, and are fired by means 
of oil fuel. On the full-power trials the Paramatta, 
which was the first vessel tried, attained a mean 
speed for eight hours of 26.869 knots, when the 
turbines were developing 11,212 shaft horse-power, 
while the Yarra, on the same length of trial, main- 
tained a mean speed of 27.08 knots, with about the 
same shaft horse-power. The mean of the two 
fastest runs, with and against the tide, was 28.5 
knots. In both cases the designed speed was 26 
knots, so that the steaming performance was 
thoroughly satisfactory. Equally favourable were 
the results attained on the endurance trials. The 
contract required that the radius of action at 14 
knots with a given quantity of oil-fuel should be 
2500 nautical miles, but the consumption was so 
low as to enable the vessel to steam at this rate for 
nearly 3000 nautical miles. 

The armament, which has been made by the 
Coventry Ordnance Company, includes one 4-in. 
quick -firing gun on the forecastle. One satisfactory 
feature of the 4-in. gun is that the gunner on 
each side (one for rotating and the other for elevat- 
ing and laying the gun) is on a platform which 
rotates with the gun. There are three 3-in. 12- 
pounder quick-firmg guns. These guns are on 
the upper decks, one on each side and one aft; 
they can all fire on either broadside. In addition 
the vessel carries on the upper deck three 18-in. 
torpedo-tubes. The photograph reproduced, which 
is by Mr. Stephen Cribb, of Southsea, shows clearly 
th rrangement for the Marconi system of aerial 
telecraph, and it will be noted that it is of the latest 
desisn. The wires are stretched from the foremast 
to « staff at the after end of the ship specially 
erected for the purpose. It may be said that the 
maneuvring, anchor, and other trials, which were 
all c.rried out by the Admiralty, proved thoroughly 
salisiactory. The vessels, as we have said, will leave 
for \ustralia on Monday next, having on board an 
Aus ralian crew, with all stores required for the 
voyage ; they will take in oil-fuel at various stations 
‘way. Captain Tickell is in charge of the 


vessels, 
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THE MINERAL WEALTH OF THE 
ISLAND OF SAKHALIN. 


Accorpine to recent researches by a Danish 
engineer, embodied in a report by the Danish 
Consul-General] at Shanghai, the island of Sakhalin 
appears to be rich in several minerals, amongst 
them coal, perhaps, more especially. Coal is 
apparently found all over the island, although it is 
as yet impossible to state in how large quantities, 
Judging from the innumerable veins, which on the 
west coast can be traced right into the sea and 
along all rivers and heights, it may be asserted 
with some certainty that the island is immensely 
rich in coal. The engineer in question has himself 
travelled over considerable portions of Sakhalin, 
and had the opportunity of questioning a number 
of natives and criminal prisoners, who, better than 
others, know the interior of the country. They 
have told him of places where coal was to be found 
in large quantities, and these statements he has 
afterwards himself verified. Coal has, for instance, 
been found right up to the surface at Pilevo, 
latitude 50 deg.; at Pjeverjaretzska, 10 miles north 
of Pilevo ; at Agnivo, latitude 51 deg. ; at Due, 
15 miles south of Alexandrowsky ; and along the 
coast and the rivers there are distinct layers of coal- 
dust which has been carried with the ice from the 
mountains to the coast. Especially some 10 miles 
from Agnivo, where the River Agnivo joins the 
Amber, he found, on the information of the native 
Gilliaks, rich deposits of coal. Veins of pure coal, 
5 ft. to 7 ft. in thickness, go right to the surface, 
and the natives stated that the mountain was full 
of coal. Coal-mining has been carried on at Sakha- 
lin ever since the Russians appeared in the island, 
but only on a very modest scale, and in a very 
primitive way. At Due a coal-mine has been worked 
for thirty years without any other plant than a 
winch and a primitive engine, which obtained steam 
from an old ship’s boiler. This mine has now been 
sold to a company, which is going to exploit it 
rationally. 

The old Government mines are located half-way 
between Due and Alexandrowsky, where the crimi- 
nals were employed up to the time of the Russo- 
Japanese War. It was from these mines that the 
Russian Pacific fleet obtained coal, but the mines 
have not been worked since the war. North of 
Alexandrowsky there are several coal deposits, such 
as the Wladimirsky and Adamoffsky, where Russian 
Government engineers the last year or two have 
been surveying. 

Coal from Pilevo and Agnivo has been analysed 
in Shanghai and Hong Kong, and found to be 





superior in some respects to Welsh coal, leaving only 
3 percent. ashes. Its superior quality is well known 
to captains and ships’ engineers in the East, and 
the Norwegian boats trading over Kamshatka and 
Alaska never coal in Japan, but wait till they get 
to Sakhalin and then go into Due. All are unani- 
mous that the Sakhalin coals are better than any 
other kind of coal in the East Asiatic market. The 
Shantung and Tongchang coal require washing, 
which is unnecessary with the Sakhalin coal. 

The island also appears to be rich in petroleum. 
The Russo-Chinese Bank has financed an expedi- 
tion toa place called Tchaiwo, on the bay of the 
same name. According to the report of this expedi- 
tion the borings undertaken, although they were 
neither numerous nor deep, brought considerable 
quantities of petroleum to the surface, and a sub- 
sequent more scientific examination undertaken by 
Russian geologists confirmed this result, and it 
was the general impression of these scientists that 
vast subterranean petroleum reservoirs are to be 
found along the whole of the East Coast of 
Sakhalin. As the petroleum in some places is only 
come upon at a depth of 400 ft., the research 
entails considerable expense. 

The Russo-Chinese Bank has secured a conces- 
sion for the petroleum springs at Tchaiwo, and 
from what so far has appeared the concern looks 
most promising ; installations on a comprehensive 
scale have been made, and there is an excellent 
natural harbour. Other discoveries of immensely 
rich petroleum springs have recently been reported. 

Large deposits of salt have also recently been 
discovered by Russian geologists in the northern 
districts of Sakhalin, where salt is stated to be 
found in clear crystals in immense quantities. 





FIELD-GUN RUNNING-UP GEAR. 

Tue long recoil of modern quick-firing field-guns 
on their cradle rendered necessary the provision of 
an apparatus to run the gun up again rapidly and 
accurately to its original firing position immediately 
recoil was spent. The motive power which ensures 
this result is still very generally obtained by the 
action of steel springs ; there are also, however, a 
large number of guns in which the required motive 
power is supplied by compressed air. The guns of 
the latter type at present in service are of two 
patterns: the French Army field-gun and the field- 
guns built by the Creusot Works. Germany favours 
the spring running-up gear, the principal claim for 
excellency put forward being its simplicity. It was 
also contended that when a satisfactorily high 
quality of steel is used for manufacturing the 
springs there is every guarantee against accident 
and unforeseen fracture, notwithstanding the heavy 
demand made upon it. Captain de Stefano, of 
the Royal Italian Artillery, in his exhaustive 
work on modern quick-firing guns, limited his 
statements on the running-up gear to stating that 
steel springs were generally preferred because their 
working was safer; he did not base the latter 
affirmation onany proof. The well-known Austrian 
engineer, Mr. Kiihn, reported that besides the 
only possible advantage—a saving in weight— 
which it conferred, compressed air had only dis- 
advantages ; air leakages, he added, rendered the 
air-recuperator irregular in its action. This type 
of recuperator, moreover, was, in his opinion, less 
conducive to stability than the spring recuperator. 

We, in this country, have always considered 
the problem in an impartial spirit, as the follow- 
ing instance will show. In his excellent work, 
** Modern Guns and Gunnery,” published in 1905, 
Colonel Bethell, while remarking that our quick- 
firing field-guns were provided with a spring 
running-up gear which gave satisfaction, acknow- 
ledged that there was no valid reason to entertain 
any doubt as to the perfect action of the French 
air-recuperators; he added that these devices 
appeared to have a future before them, at all 
events for howitzers. 

In France, where the air-recuperator has always 
met with marked preference, artillerists have vied 
with each other in justifying their selection of that 
type of recuperator by putting forward arguments 
which are certainly worthy of consideration. 
The étude written by Captain Challéat, of the 
French Artillery, and which appeared in the Revue 
d’ Artillerie* forms an interesting document on the 
subject. From this we find, in the first place, that 


* Revue d Artillerie, vol. Ixv., page 161. “Théorie des 
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compressed air was adopted in France, no doubt | also designed a type of air recuperator. Imme- 
after a series of exhaustive competitive trials, for diately afterwards the German technical Press com- 
use for field artillery (4.72-in. and 6.1-in. howit-| mended the German air running-up gear, stating 
zers) as early as in 1890, at a time when the steel- | that this was an improvement on all the air recupe- 
spring device was exclusively selected for the run- | rators hitherto manufactured elsewhere, an opinion 
ning-up gear of quick-firing naval ordnance. In which, by the way, has not always been held by 
regard to the latter ordnance, France was imitating | the foreign artillery officers to whom the device has 
the British gun-manufacturers, but had not pro-| been offered, and still less by those officers who 
gressed so far. Germany did the same thing, but | have been called upon to test the guns with which 
came later in the day still. It cannot be said, | it has been fitted. This may, perhaps, explain why 
therefore, that French artillerists were led to the superiority of the steel spring running-up gear 


turn their attention to compressed air owing 
to any difficulty in the manufacture of steel 
springs. They took at one and the same time two 
distinct, but parallel, roads, and they are so un- 
exclusive in their opinions that Captain Challéat, 
the authority above referred to, docs not hesitate 


is still advocated in Germany for small-calibre guns, 
while it is acknowledged, on the other hand, that 
compressed air has its advantages for large-calibre 
ordnance and for howitzers. In this country Messrs. 
Vickers and Messrs. Armstrong have manufactured 
field-guns fitted with an air running-up gear, and 


to state that both air and steel springs ‘‘ have their | these two firms are said to find the gear in ques- 
advantages and disadvantages, the importance of tion quite satisfactory. Thus opinions are under- 
which varies with circumstances and the end in| going a change concerning the type of running-up 
view.” The ae ange running-up gear was| gear to be selected for long-recoil guns, and the 
decided upon, both for the howitzers, 1890 pattern, | results of the evolution in progress will be interesting. 
and for the 2.95-in. field gun, 1897 pattern, | 
because the fundamental question of tightness of the | 
joints had been completely solved. Captain Challéat 
states that excellent conditions of stability can be Tue Larce NorweGcian Power Companies. 
fulfilled even when resort is had to air recupera-| AN important change which has taken — place 
tors; he attaches but little importance to the} within the large Norwegian power companies is 
saving in weight which it can lead to, and finds that likely to bring about new developments in other 
the difference in this respect is nota very great one. | directions. Mr. Eyde, the Director-General, has 
In regard to the recuperator springs fitted to the| withdrawn from the directorial boards of the 
long-recoil guns, he simply remarks that the con-| Norwegian Power Company and the Norwegian 
tinuous work which is demanded of these springs | Nitrate Works, with aftiliated companies, which 
at all times, and the considerable and instantaneous | comprise the vast installations at Kjukan, with 
effort they have to meet on firing, are both detri- | railways, ferries, &c., to Notodden, and the Tyin 
mental to their satisfactory maintenance ; he con- }and Matre Falls. The Norwegian Hydro-Electric 
cludes that their safety in action is less in degree | Nitrogen Company (the Notodden installations, with 
than that of compressed air, when the question of Sviilgfos and Vamma) is a separate company, and for 
tightness of joints for the latter is solved. | this Mr, Eyde remains general director. Mr. Eyde, 
We have before us pamphlets issued by Messrs. | at the same time as he has resigned the directorship 








NOTES. 


Schneider and Co. describing the field-guns of their 
system, in which they state that their air running- 
up gear is superior to their own spring running-up 
gear, in regard to the following points: power, 
safety in action, endurance under heavy firing 
service, all qualities which, they contend, are due to 
the compressed air used for motive power. It had 
always been difticult, through lack of sufficient actual 
data, to arrive at a decision among the various 
contradicting theories put forward in different 
quarters ; such data, however, are now available. 
It may well be granted that the spring recuperator 
is a simple device, but this simplicity is one of 
construction. The simplicity of action—and this is 
the feature which interests the military man—may 
be equal for both types. It is stated that, in 
competitive trials of various types of field-guns, 
springs have failed to run up the gun, or have 
broken, although they were of German manufacture. 
We know of no instance in which an air running-up 
gear of modern French construction has failed 


of the first-mentioned concerns, has entered their 
Board of Inspection. He is desirous of giving more 
of his time to electro- metallurgical and electro- 
chemical undertakings, and the large deposits of 
iron ore in the north of Norway should afford a 
sufficiency of scope in this direction. Together 
with other prominent Norsemen, Mr. Eyde has 
secured the control of the Norwegian company for 
electro-chemical industry by buying up shares from 
foreign holders, and this company will now apply 
itself to electric iron and steel smelting, amongst 
other things. This company is the mother- 
company of the above-mentioned concerns at 
em atm and Notodden, and it was this com- 
any which experimented with and perfected the 
Birkeland-Kyde furnace. The conditions of the two 
sets of concerns are as follows :—The Notodden 
installations (the Norwegian Hydro-Electric Nitro- 
gen Company) belong to a Franco-Scandinavian 
company, formed for the purpose of exploiting the 





| Birkeland-Eyde furnace ; the Rjukan companies 
under similar or other circumstances. Circum-| (the Norwegian Power Company, the Norwegian 
stances, too, have soon transpired that of the two | Nitrate Works, &c.) have been formed by the 
different types we are reviewing the field-guns | above-mentioned Franco-Scandinavian group and 
fitted with air recuperators have been the first, and|a German group, represented by the large and 
almost the only ones, to prove their real value in| well-known Baden concern, in conjunction. These 
actual warfare, and in countriesin which local con-| two groups hold exactly the same position within 
ditions were probably much more difficult than | the company, each holding half the share capital, 
those that would have to be met with in Europe. | and each having three votes. Which of these 
The French 1897 pattern field-guns have done | groups will exercise the predominant influence 
excellent service both in China and in Morocco, | in questions of doubt, depends solely upon the 
their hydro-pneumatic brake having acted well. | energy and ability shown by the respective 

Again, the field-guns which the Spanish Army used groups, but Mr. LEyde’s retirement naturally 
in Morocco were supplied to Spain by the Creusot | means a loss for the Franco-Scandinavian group. 
firm. The Spanish papers gave quite recently an|The companies referred to above are large con- 
account of a visit paid by King Alfonso to the bar- | cerns; the Norwegian Company for electro-chemical 
racks of the 2nd Regiment of Artillery on the return | industry has a capital of 2,000,000 kr., the Nor- 
of the latter from Melilla, and mentioned the interes- | wegian Hydro-Electric Nitrogen Company has a 
ting fact that the guns of this regiment had returned | capital of 29,639,700 kr., the Norwegian Power 
in a perfect state, the brakes and recuperators having | Company has a capital of 16,000,000 kr., and the 
required no attention whatever during the whole of |Norwegian Nitrate Works have a capital of 
the campaign, notwithstanding the eves service | 18,000,000 kr. With the exception of the last com- 


which had been demanded of the guns. The guns pany the — is, according to the last edition of 


in question had been away for over four months ; | Norwegian 
they had been transported by rail and sea, and had | 


been wheeled over most difficult ground. They had | Execrric Conpuctivity or INsvLaTors aT HicH 
taken an active part in the campaign, as was proved | TEMPERATURES. 

by the fact that the shields of four guns of one| Experimenters with electric furnaces long ago 
insulators like porcelain, mag- 


battery showed the marks of twenty-seven rifle- | recognised that 

shots. | nesia, &c., fail at high temperatures. But exact 
After such a trial in actual warfare it would be resistance determinations are very difficult to con- 

idle to doubt the effectiveness of the French running- | duct, just because we do not know how to 

up gear. We may even add that long before this confine the current to any desired path at high 

gear had thus proved its value—since 1908, to give temperatures while making sure of good contact 

an exact date—the German gun-manufacturers had | between the leads and the specimen. A year or 


unds and Shares, fully paid up. 





two ago Hinrichsen and Rasch came to the eon. 
clusion ‘that the conductivity of substances like 
porcelain is electrolytic, and that it should follow 
the logarithmic law, log R = a + 6/T, in which R 
is the resistance, T the absolute temperature, and 
a and b are constants. This formula seemed to 
answer for many substances, but there were no 
observations for temperatures above 1000 deg. Cent. 
M. von Pirani and Werner von Siemens have 
recently tested this law for porcelain, quartz, and 
the substance known as ‘‘ Marquard mass,” and have 
confirmed it, on the whole, for temperatures up to 
1900 deg. Cent. on the absolute scale. The descrip- 
tion of their experiments in the Zeitschrift fiir 
Elektrochemie mentions the various difficulties en- 
countered. The specimens were heated in tubular 
carbon furnaces, and carbon tubes or rods served as 
leads. The cement used to join specimen and lead 
consisted of 90 per cent. of powdered graphite and 
10 per cent. of kaolin, the mixture being stirred 
with sufficient sodium silicate to form a paste. The 
cement became very hard and strong, and remained 
firm up to 1400 deg. Cent.; but, owing to the dif- 
ferent expansions of the constituents, the contacts 
suffered, and many different combinations of leads 
and specimens were tried. It resulted, moreover, 
that at high temperatures considerable current 
leakage occurred, even at low potentials, across the 
air, near the surface of the specimen, especially 
when the specimen formed a rod which was fixed 
with both ends in carbon rods. It was observed 
that, when the specimen of 10 centimetres length 
was removed, the air-gap of 10 centimetres width 
had the following resistances :—30,000 ohms at 
1400 deg. Cent., 7000 ohms at 1500 deg., 1200 
ohms at 1600 deg., and only 650 ohms at 1650 
deg. Cent. ; while the resistance of the Marquard 
mass itself, corrected so far as possible, was :— 
1070 ohms at 1400 deg. Cent., 830 ohms at 1500 
deg., and 595 ohms at 1650 deg. Cent. Mecha- 
nical strains had to be avoided, and the measur- 
ing currents were of low density, from 2 to 3 x 10- 
amperes per square millimetre at 10 or 15 volts. 
Alternating currents were preferentially used to 
avoid polarisation, but they were accompanied by 
disturbing induction effects. The thermo-couple 
leads were enclosed in quartz tubes, which had 
frequently to be renewed. The quartz had been 
obtained from the Thermal Syndicate, at New- 
castle, and was fused in the acetylene blow-pipe 
revious to the tests. Above 1260 deg. Cent. it 
vegan to be devitrified, changing into crystalline 
tridymit, which has a lower resistance than vitreous 
quartz. The porcelain and the Marquard mass 
were obtained from the Prussian Porzellanmanu- 
faktur, at Berlin. The porcelain began to change 
above 1300 deg. Cent. ; the Marquard mass bore 
temperatures of 1685 deg. Cent. At 1000 deg. 
Cent. the specific resistances of these three materials, 
measured on cylindrical specimens 2 centimetres in 
length and 1 centimetre in diameter, were about: 
Marquard mass, from 0.9 to 1.5 x 10* ohms ; por- 
celain, 1.7 x 10* ohms ; quartz, 4 x 10* ohms, all 
per centimetre cube. These values are not given 
as absolute, since much depends upon the history 
of the specimen. The agreement with the for- 
mula was, as we stated, on the whole satisfac- 
tory; but there were sometimes very marked 
discrepancies, the observed figures for the Mar- 
quard mass differing from that calculated in the 
worst cases by — 9.2, + 4.4, — 8, — 8, + 4.4 per 
cent. at the temperatures of 1014 deg., 1193 deg., 
1288 deg., 1445 deg., and 1583 deg. Cent. The 
experiments were conducted in the lamp works of 
Messrs. Siemens and Halske, at Charlottenburg. 








Tue Coa.-FIELDs OF ALBERTA.—Large coal-fields exist 
in Alberta, south of the Grand Trunk Pacific Railway. 
The field nearest to the railway is situated in the he 
waters of the Embarras and the Pembina. Over portion 
of the area a seam from 12 ft. to 17 ft. thick can be mined. 
The completion of the projected trans-Continental rail- 
ways through the Yellowhead Pass will greatly extend 
the market for coal, and severely tax the producing 
powers of the present mines ; hence prospecting for more 
coal has become active. The Bighorn coal-basin, which 
was discovered in 1906, has been examined by Mr. 
Mallock, of the Canadian Geological Survey. Mr. 
Mallock’s report will soon be issued, and will deal with 
the country between the Saskatchewan and the Brazeau. 
The areas containing the best grade of coal appear to 
extend in narrow strips from the Saskatchewan tv near 
the Athabaska, behind the Brazeau, Bighorn, and Nika- 
vassin Ranges. The areas may not be minable for « mile 
in width, but they have a total length of nearly 80 miles. 
A section near the Saskatchewan shows nearly 100 ft. of 
workable coal in about nine seams, 
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THE BRITISH ASSOCIATION AT 
SHEFFIELD. 


(Continued from page 362.) 
SECTION &.— ENGINEERING. 


SrncLE-PHAsE TRACTION ON THE SoutH LONDON 
LINE. 


Ar the meeting on Monday, the 5th inst., of 
Section G, Mr. Philip Dawson read a paper on 
the ‘‘Electrification of the London, Brighton, and 
South-Coast Railway between Victoria and London 
Bridge.” His discourse was illustrated by numerous 
lantern-slides, of which we reproduce a selection on 
page 408. In commencing his lecture Mr. Dawson 
said that it was nearly ten years since he was called 
in by the Brighton Railway Company and asked if 
he could suggest any way of remedying the large 
losses the line was experiencing by the competition 
of the electric tramways. He advised the directors 
that the adoption of electrical traction would 
probably not only result in a recovery of the pas- 
sengers lost, but would actually attract and develop 
a larger traftic than that carried before the opening 
of the tram-lines. In meeting tramway competition 
an electrified railway had, he said, a number of 
advantages. In the first place a passenger could be 
fairly certain of arriving at his destination at a 
definite time. Secondly, he could generally get a 
seat in place of being compelled to stand, and, as 
he was also carried at a higher speed, the public 
preferred the train service, even at higher fares. 
As illustrating this he might say that a leading 
County Council tramway official had recently told 
him that, on his frequent visits to Greenwich for 
inspection purposes, he always went from Victoria 
by the electrified Brighton line, although he had a 
pass over the tramways, since, on the railway, he 
could rely on getting to his destination more rapidly 
and within a given time. 

From the standpoint of the electrical engineer, 
Mr. Dawson continued, the South London line 
was badly laid out. At Victoria Station there was 
an incline of 1 in 64, and almost every one of 
the intermediate stations had a rising gradient 
on each side of it, which was exactly the reverse 
of what was desired. In selecting the system of 
electric traction, he had to bear in mind its 
possible extension, not merely to suburbs, 10 to 
15 miles out, but also perhaps to places 25 or 30 
miles down the line, and finally to Brighton itself, 
between which and London there were already 
thirty-six trains each way per day. Bearing in 
mind these possibilities, he recommended the 
adoption of single-phase electric traction at 6700 
volts with a periodicity of 25. Many objections 
were raised. The single-phase system was said to 
have a bad acceleration, the motors were heavier 
and of lower efficiency, and, in view of their greater 
weight, cost more to start with, while it was claimed 
that they would also cost more to maintain. 
With respect to the matter of acceleration, the 
question was purely a financial one, and was really 
independent of the system of traction adopted. 
Actually on the South London line the accelera- 
tion was as good as on the Underground. With 
respect to the question of weight—in the worst pos- 
sible conditions, the extra amount did not exceed 10 
per cent. that of a complete train, and in practice 
5 per cent. was the more usual figure. This was a 
very small amount to pay for the many advantages 
gained. As for the energy consumption, the quan- 
tity expended at the power-station per ton-mile 
was considerably less than with the continuous- 
current system. Thus on the South London it 
amounted to from 70 to 80 watt-hours (measured 
at the power-station) per ton-mile, whilst with the 
continuous-current system the corresponding figure 
was 100 to 120 watt-hours. In the matter of main- 
tenxnce the experience so far gained did not lead 
him to expect any increase as compared with what 
was usual with the continuous-current system. The 
cars used, he proceeded, had all side entrances 
with swing-doors, which, where the heavy traffic 
had to empty itself at a terminus, had great advan- 
tages over the American type, as used on the 
Underground Railway. One of the trains is shown 
in elevation and plan in Figs. 21 and 22, page 408. 

‘1c motors, of which there were four to each car, 
would, he said, each generate 115 horse-power for 
one nour with a temperature rise of under 70 deg. 
Cent , whilst they would with the same tempera- 
tur rise give, for 12 hours, a continuous output of 
60 horse-power. He exhibited on the screen photo- 


graphs of the stator and rotor of these motors. 





So far, he proceeded, the commutators had been 
found to run 50,000 miles before needing to be 
turned up. They soon took the sort of black polish 
familiar in the case of continuous-current mnabiee, 
The sparking was a little more obvious, but appa- 
rently did not injure the commutator in the same 
way that an equal degree would do in the case of a 
continuous-current machine. The bogies used were 
identical in pattern with those previously used on 
the railway, but the side-plates had been increased 
to }4in. in thickness. The motors had an efficiency 
of over 80 per cent., and the power-factor of the 
system was also over 80 per cent. The voltage at 
the motors was 750 volts, and the speed was varied 
by altering the points at which the transformer 
was tapped, as shown in Fig. 23, e 408. The 
contactors used for this were worked electrically off 
a 300-volt circuit. One of the motor-bogies is shown 
in Fig. 24. The motor leads were arranged beneath 
the car-floor, whilst the lighting circuits were affixed 
to the roof, thus keeping the two quite distinct. 
The collector-bows were raised or lowered by com- 
ese may air. Each bow was an aluminium strip, 

aving in it a groove filled with heavy grease. In 
the eight months’ experience already gained, there 
was no sign of any wear of the trolley-wires, and 
the bows themselves ran 15,000 miles before requir- 
ing renewal. As their cost was but 6s. 8d., this 
was not a very serious matter. One of the difficul- 
ties met with was the fact that whilst the normal 
level of the overhead wires was 214 ft. above the 
rails, at certain bridges, especially at the entrance to 
Victoria, this level had to be reduced to 13 ft. 9in., 
so that the bows had to be capable of adjusting 
themselves to this wide range in height. Each 
motor-car, he proceeded, carried four motors and 
two transformers. The latter had given no trouble 
whatever, although the current through them was 
made and broken 300 timesaday. Two cables were 
used between the cars, so as to provide for the case 
of one failing. There were three air-pipes—two 
for the brakes and one for the supply to the bow- 
elevating gear. 

The lighting circuit was low-tension, and at the 
outset, to avoid fluctuations in the light from the 
varying demands for power on the line, Nernst 
resistances had been provided, but these had proved 
quite unnecessary. 

Where the cables were carried by a girder span- 
ning the track, this girder had been purposely made 
narrow, so as to be very flexible in respect to a 
horizontal pull. Thus in case of a line mac ol 
the nearest girders would deflect about 9 in. hori- 
zontally, those next somewhat less, and so on, the 
total unbalanced pull being thus distributed over a 
number of light girders, instead of having to be 
taken by one which must have been correspond- 
ingly heavy. 

Great mechanical strength was provided in the 
case of the insulators, which were tested to 14 tons, 
though the load carried was 1 ton as a maximum. 
As for their electric strength, they were each tested 
by a 65-kilowatt transformer supplying current at 
65,900 volts. In no case did the insulation break 
down, but at 70,000 voits there were instances of 
the current sparking across the surface of the 
insulator. 

The work of erection involved very considerable 
difticulties, since the traftic, which in the case of 
Victoria Station amounted to 800 trains a day, 
could not be interfered with. It was thus impos- 
sible to use a trolley tower ; but, instead, light 
collapsible ladders were employed, easily carried 
and shifted. The usual arrangement was to station 
two men at the bottom of the ladder, whilst one 
worked aloft. There was also a watchman to give 
warning of a train’s approach. In that case the 
two men below collapsed the ladder into the 6-ft. 
way, the manabove either sliding down or hanging 
on above. 

At Victoria Station five platforms had been 
equipped, and seven of the lines entered the 
station. As already stated, the necessity of getting 
underneath the bridges there had involved con- 
siderable difficulties, and foreign emgineers had 

rophesied disaster here. The sudden change of 
9 from 21 ft. 6in. to 13 ft. 9in. did, no doubt, 
involve a shock to the bow, but since the opening 
of the line on December 1 last there appeared to 
have been no extra wear on these bows in conse- 
quence, though the wires at the change of level did 
require occasional renewal, but this result had been 
anticipated. The lowest bridge passed under was 
one at Denmark Hill, and in that case the clearance 
between the bow and the roof was only 1} in., so 








that a special arrangement of insulators was neces- 
sary. ‘ Pull-offs ” were provided at intervals to 
prevent the wire wearing a groove in the bow. The 
arrangement adopted required no additional insu- 
lators, as had been necessary in certain foreign 
installations. 

Fig. 25 gave, Mr. Dawson stated, a good 
idea of the complicated overhead work necessary 
at London Bridge ; in spite of this, however, there 
had been practically no trouble and no maintenance 
expenses. In this case he had considered the alter- 
native of fixing a third or fourth rail, but there was 
no room available, and it would have been necessary 
to have followed the example of the New York 
Central Railway and elevate these rails. Though 
the South London line was only 8} miles long, 
there were comprised in it all the difficulties to be 
met with in main-line working. 

The overhead line was supported on the double- 
catenary system, the supporting wires being mild- 
steel cables, with twelve strands, 0.088 in. in 
diameter, having a breaking strain of 10,000 lb. 
Every one of the insulators worked solely in com- 
pression. For compression stresses porcelain was 
a sound and mechanical material, cou it was 
dangerous when subjected to tension or flexure. 
The insulators were arranged horizontally, so that 
rain might tend to keep them clean. 

To replace an insulator one nut only had to be 
unscrewed and a bolt withdrawn from a tube pass- 
ing through the insulator. The insulator could 
then be dropped out, the tube extracted and placed 
in the new insulator, which was then re - bolted 
into place. The change had been effected experi- 
mentally in three minutes. The insulators were 
each nearly 1 ft. long by 9 in. in diameter, and he 
had already referred to their great mechanical 
strength. Cut-outs were provided, by which 
damage to any section was confined to that section 
alone. From the distributing-room at Denmark 
Hill feeders ran both ways. A concentric cable, 
with an outer covering of bitumen instead of lead, 
ran from end to end of the line. The outer was 
bonded to each rail length, whilst the inner paral- 
leled the feeder circuit. Boosters were provided 
to comply with the Board of Trade regulation 
that the voltage on the return circuit should not 
exceed 20 volts, and, actually, he believed it never 
exceeded 12 to 15 volts. All the switches through- 
out were operated by levers of the signal-cabin 
pattern, as these were more familiar to the railway- 
men. This was considered advisable, since many 
of the distributing-cabins had no attendant, and in 
case an emergency required anything to be done in 
them, this must be effected by the nearest station- 
master or porter. A petrol-electric car was pro- 
vided for inspection and repair purposes. he 
electric plant on this was found serviceable in 
several directions. It could be used for lighting 
whilst repairs were in progress, and also supplied 
the current for testing purposes subsequently. Mr. 
Dawson gave curves showing the comparative cur- 
rent consumption per ton and per train-mile with 
the single-phase and the continuous-current systems 
of traction. 

Proceeding, he said that a St. Andrew’s Cross was 
installed at the approach to each station, showing 
the motor-man exactly the point at which he should 
cut off the current. A neglect to do this at the 
proper time might easily increase the consumption 
by 5 to10 per cent. The trains were overhauled 
after running 40,000 to 50,000 miles. The accele- 
ration was was over half-a-mile per hour per 
second, which was very good, considering that 
the line consisted practically of curves throughout, 
and had gradients in the wrong direction at each 
station. Taking the current consumption per ton- 
mile at the train, the single-phase system used 
rather more than the continuous-current one, but 
at the power-station the comparative merits of the 
two were reversed, since certain losses inseparable 
from the continuous-current system were avoided. 
Fig. 26, page 408, is a view of Victoria Yard, and 
Fig. 27 a view of a train entering Peckham Rye 
Station. 

In proposing a vote of thanks to Mr. Dawson, 
Professor Dalby said that the paper described an 
excellent example of science applied to the opera- 
tion of railways. 

The discussion was opened by Professor 8S. P. 
Thompson, who said that though both systems of 
traction had their respective fields, there had been 
so much prejudice excited against the single-phase 
system that he was very glad to have this descrip- 
tion of an eminently successful installation. He 
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had recently, he added, seen the drawings of a 
single-phase locomotive designed to develop 2000 
horse-power. For long-distance work the system 
had obvious advantages, and it would require 
practical, and not mere paper, demonstrations to 
show that for such service either the continuous- 
current or the three-phase system was superior. 
The electrification of the long-distance lines was, 
he said, the problem of the future, and the experi- 
ence gained on the South London system would be 
undoubtedly most valuable. 

Sir W. H. White complimented the author on 
the way in which he had combined the scientific 
and the practical, and in view of the experimental 
nature of much of the work, and the complications 
to be overcome, he could only congratulate Mr. 
Dawson on his being able to state that there had 
been no trouble. He was glad to say that the 
author was a lecturer at the Imperial College of 
Technology. 

Mr. Dugald Clerk, the next speaker, echoed Sir 
William White’s views. The difficulties to be over- 
come were not merely mechanical, as in the great 
change of level at the bridge-crossings, but also of 
a more abstruse character, and the author must be 
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congratulated on the efficiency with which he had 
succeeded in transferring the energy needed from 
the power-house to the coach. 

Mr. Charles Hawksley remarked that Mr. Dawson 
had stated that there had been no trouble since the 
commencement of the regular running of the elec- 
tric service. He presumed, however, that there 
must, in such novel work, have been some diffi- 
culties at an anterior period, and he thought a 


paper describing these, though it would probably | 
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have been much longer than that read, would have 
proved most interesting. 

In reply, Mr. Philip Dawson said that actually 
there had been very few preliminary difficulties. 
Many of the problems encountered had been 
worked out by means of models and by reasoning. 
The one exception was that arising from the low 
bridges, where the arrangement, though the same 
principle was maintained throughout, was recon- 
structed three times before deemed satisfactory. 


Roapv-REsistaNcE AND Horse-Power. 

The second paper taken was by Mr. H. Wimperis, 
and described the application of his accelerometer 
to the measurement of road-resistance and horse- 
power. This instrument consisted essentially of 
two unbalanced weights, pivoted about parallel 
axes and geared so as to rotate together. (ne of 
the unbalanced weights was a copper dise with a 
hole in it, as shown in Fig. 28, whilst the other was 
the pointer by which the accelerations were read. A 
spring, not shown in the figure, tended to restore 
the pointer to zero, and a magnet, as indic»ted, 
served to damp out any oscillations by the Foucault 
currents it excited in the disc. The effect of using 








Sept. 16, 1910.] 


ENGINEERING. 





409 








two unbalanced weights geared together was to 
cause the instrument to respond to accelerations 
in one direction only. This would, he said, 
be understood by reference to Fig. 29, where 
the pointer and disc were replaced by two un- 
balanced rollers geared together. It would be 
evident that an acceleration in the direction of Q 
would tend to cause both the unbalanced masses to 
rotate in the same direction, which the gearing 
prevented them from doing. On the other hand, 
an acceleration in the direction of P tended to 
produce — rotations, which the gearing per- 
mitted. he instrument would therefore give 
correct indications even if used on ‘a curve or 
on a greatly cambered road. Further, it would be 
obvious that accelerations perpendicular to the 
plane of the disc would also have no tendency to 
rotate it, and hence it would be seen that the 
instrument would respond to accelerations in one 
direction only. In practice the instrument was 
fixed to the vehicle, and carefully levelled. If 
the vehicle came on a gradient, so as to tilt the 
instrument, the pointer would move, and could be 
used to indicate the grade if the speed of the car up 
the slope were uniform. Although the instrument 
was thus sensitive to slopes, it was, nevertheless, 
the fact that in ‘‘ coasting” the indications given 





required no correction on account of the readings 
having been taken up or down hill. The explana- 


Fig.30 34 


RESISTANCE & HORSE-POWER 
CURVES FOR MOTOR WAGON 


RESISTANCE CURVES FOR 
TOURING CAR 


had been confirmed by Mr. Edge, who, racing at 
Brooklands, was in the habit of ‘clearing all the oil 
save a mere smear out of the gear-box, as he had 
found the losses in churning it up were substantial. 
In Fig. 33 Mr. Wimperis gave curves showing the 
relation between megeres and the gearing of the 
car. The lower line represented the resistance on 
the level, and the full line ‘‘ descending” curve, 
the torque of the engine at different speeds. At 
about 18 miles per hour the two curves cut; this 
was the limit attainable on the level with this 
gear. The effect of a gradient was to raise the 
resistance curve by a constant amount, as indicated 
by the dotted lines. It would be seen that, even 


with the throttle full open, the engine torque was 
insufficient to climb a gradient of 1 in 20 on the 


28. 


Pi Fig. 29, 









tans rection of Motion 


Fig.32. 
RESISTANCE & HORSE-POWER 
an CURVES FOR TOURING CAR 


represented by a roller bed, and it would be very 
interesting to compare the results obtained with this 
elaborate and expensive plant with the indications 
of the instrument of the author. If the two agreed, 
it might well be that the accelerometer would be 
adopted in future trials. 

r. Worby Beaumont, who followed, said he had 
the instrument in use for some time and had found 
it most useful and most interesting. Mr. Clerk 
had mentioned the forthcoming dynamometer trials 


TABLE II.—Coasting Resistance at Various Speeds on Motor 
Wagon Fitted with Tilt Body and Solid Rubber Tyres. 


Total weight loaded, 3.28 tons. Engine speed at 15 m.p.h. = 














1000 r.p.m. These measurements are shown plotted in Fig. 30. 
Tests taken on windless day. Roads were good, hard, main 
roads. 
Coasting Resistance in Pounds per Ton. 
Speed, M.P.H. 
Ignition Off. . Clutch Out. | Neutral Gear. 
0 55 ae 
2 55 40 35 
5 57 42 40 
7 60 45 40 
10 65 50 | 45 
12 75 55 50 
15 85 65 55 
17} 105 80 60 
20 ° 95 65 
22 110 70 
25 Re 


Fig.38. 
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tended to throw the needle forward, whilst’ the 
gravitational acceleration tended to throw it back- 
ward, the two effects exactly compensating each 
other, and the indications ‘of the instrument were 
then correct measures’ of the resistances overcome. 
In fact, where it was desired ‘to know the accelera- 
tion or retardation of a vehicle, it was not neces- 
sary to know the slope, the instrument indicating 
on and giving the resistance in pounds per 
on. 

Many measurements, the author continued, had 
been made with the instrument, both on road and 
on rail. In the latter case the spring fitted was such 
as to allow of resistances equal to ib. per ton’being 
indicated. The results of ‘a number of tests on 
roads were, he said, given in Table I. Another 
Series of tests had been made to determine the 
resistance of motor vehicles. The results were em- 
be «died in Tables IT, and III., and plotted in Figs. 30, 
31, and 32. The rise of resistance shown at higher 
Speeds was largely due to the air. A formula 
which fitted the observations well in the case of the 

Vv 


wagon was 
2 
10 ) 


where V was the speed in miles per hour. For the 
touring-car the corresponding formula was 


V\2 

10)" 

A plotted in Figs. 30 to 32 made it pos- 
sible to plot the indicated horse-power, and thus 
det-rmine the mechanical efficiency of the engine. 
The curve obtained, with the ignition cut-off, corre- 
Spouded to the indicated horse-power, and that 
‘declutehed ” to the brake horse-power. The low 


Resistance (Ib. per ton) = 38 + 13 ( 


Resietance = 47 + 11.5 ( 
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resistance when in neutral gear showed that there 
was a considerable loss in the gear-box and in the 
when running free. This view, he stated, 
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Tar macadam, hard if 65 4 Motor-wagon total;|Steel behind, 
Ditto, soft and cut | 140 10{| weight loaded, 4.3) solid rubber 
up | | tons in front. 
Granite setts of 50 10) | Ditto Ditto 
Hard, dry main 73 15 |Heavy touring -car;/Solid rubber. 
road total weight loaded, 

2.25 tons 

Half - rolled road, 150 15 Ditto Ditto 
mnetal 
Clean wood pave- 70 10 |Motor-wagon; total Ditto 
ment with tram- weight loaded, 4.35 
lines tons 
Tar macadam, dry 70 10 Ditto | Ditto 
and hard } 
Ditto, very muddy 95 10 Ditto Ditto 
and sticky 
Road metal, partly 120 10 Ditto Ditto 
rolled | 
Ditto, unrolled 200 10 Ditto Ditto 
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third speed, but on the second speed it would climb 
it at about 10 miles per hour, and a gradient of 
1 in 12 at about 8 miles per hour. 

In declaring the paper open for discussion, Pro- 
fessor Dalby said that, like many others, he had 
tried his hand at devising a satisfactory accelero- 
meter, but, on first seeing the instrument of 
Mr. Wimperis, had abandoned all further attempts, 
the problem being then solved. 

Mr. Dugald Clerk said that, as Chairman of the 
Expert and Technical Committee of the R.A.C., he 
had much to do with tests, and could see many 
ways in which Mr. Wimperis’s instrument could be 
of service. They had in progress arrangements for 
dynamometer tests of cars on an artificial road, 





Heavy Touring-Car Fitted with Solid Rubber Tyres. 

Total weight loaded, 2.25 tons. Car fitted with fixed canopy, 
glass screen (in use), and side curtains (end and last pair of oie 
ones down). Engine speed at 20 m.p.h.=970r.p.m, Tests 
taken against a slight head wind. 8 good and hard. These 
measurements are seen plotted in Fig. 31. 


Coasting Resistance in Pounds per Ton. 





Speed, M.P.H. 
Ignition Off. _ Clutch Out. Neutral Gear. 
5 60 49 45 
8 os if 50 
10 71 54 60 
15 88 75 60 
18 = , 7 
20 102 90 80 
22 120 os 
24 o» 110 
25 : 2 
28 100 


of the R.A.C.; but from his experience of the 
author’s instrument he thought it would be found 
more reliable than results obtained on a rolling 
artificial roadway. He had been particularly 
interested in seeing how it was moot to deter- 
mine not merely the total gross resistance of a car, 
but to apportion it into its different factors. 


TEMPERATURES IN A GAs-ENGINE CYLINDER, 

A paper by Professor E. Coker, dealing with the 
cyclical changes in the temperatures in the cylinder 
of a gas-engine was next taken. 

Professor Coker said that in October, 1908, he 
had described in ENGINEERING experiments in which 
the temperature attained by the walls of a gas-engine 
cylinder had been measured by means of a thermo- 
couple.. These showed that the maximum tempera- 
ture reached was only about 240 deg. Cent., and that 
the cyclical variations were small, being usually 
lessthan 10 deg. Cent. These results had been con- 
firmed by Hopkinson in the case of a larger engine, 
but, so far, no success had, he believed, been 
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obtained in directly measuring the temperature of 
the gas inside the cylinder. This was so high 
that a fine platinum wire could melt. In order to 
gain some preliminary knowledge as to the possi- 
bility of success he had fixed a platinum-iridium- 
platinum couple with wire 14 mils in diameter in 
a suitable plug, so that they projected } in. into 
the cylinder. With light loads and weak mixture, 
this couple showed cyclical: variations of tem- 
perature, though the wires were too thick for the 
temperature of the couple to be truly that of 
the gas. On increasing the richness of the charge 
the platinum was melted. Several attempts were 
next made to use tantalum and tungsten fila- 
ments from incandescent lamps, but without 
success. A  platinum-iridium platinum-rhodium 
couple was next tried, and this stood remark- 
ably well even under a heavy load. The couple 
was at the junction rolled into a ribbon 1} mils 
thick by 30 mils wide. The resulting record of 
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the cyclical variations was, he said, represented 
in Fig. 34, but the observations could not be con- 
sidered accurate, as the couple was too massive, 
the chief interest of the experiment lying in the 
fact that the couple did not fuse. A thinner wire 
was accordingly tried, 0.6 mil thick and 15 mils 
wide. The results then obtained with not too strong 
a mixture were plotted in Fig. 35, and were repre- 
sented by the upper curveI. On increasing the load 
on the engine the peak of the curve fell, as indi- 
cated, and this was afterwards found to be due to a 
partial fusing of the junction. The highest tempera- 
ture measured was 1690 deg. Cent. The tempera- 
ture of fusion was probably below 1950 deg. Cent., 
whilst platinum fused at about 1710 deg. Cent. 
In forming an estimate o* the actual temperature 
reached, it had to be borne in mind that although 
the wire was very thin, it showed some time-lag, 
and indicated thus too low at high temperatures and 
too high at low. He believed, accordingly, that the 
actual temperature attained by the gas 4 in. from 
the walls was not much less than 1950 deg. Cent. 
and above 1850 deg. Cent. 

The discussion on Professor Coker’s paper was 
opened by Mr. Dugald Clerk, who expressed the 
opinion that the method might be found applicable 
to higher temperatures, though he thought that 
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in the near future gas-engine temperatures would 
probably be reduced, so as to raise the ratio of the 
mean pressure to the maximum. 

Professor Fessenden also spoke and suggested 
the use of tungsten wires. These were already 


one important difference in that the solution of the 
problem of stability in flight had been already 
planned out, and that the necessary subsequent 
developments could have been completed had 
assistance been forthcoming, and this would have 


commercially obtainable 3 mils in diameter, and | involved less cost than the destruction of a single 


could no doubt be rolled thinner if required. 


Tue Principtes or MecHANICAL FLIicHt. 
The concluding portion of Monday’s programme 
was intended to have been a joint discussion with 
section A on ‘*The Principles of Mechanical 
Flight,” but owing to the unfortunate line taken 
by Professor G. H. Bryan in opening the proceed- 
ings, it degenerated into a dispute as to whether 


or nothere should be demarcation of work between | 
|repeated, there must be abundant work on the 


the mathematician, the physicist, and the engineer. 
Those who are accustomed to dealing with ideas 


symbols will not question that such a demarcation 
would form a distinct bar to progress, and that 
joint work and joint and early interchange of results 
acquired will tend most to rapid progress. 

As matters turned out, Professor Bryan, instead 
of endeavouring to give to the meeting an intel- 
ligent résumé of the results of his mathematical 
work, unfortunately devoted almost the whole of 
his speech to innuendos deprecatory of the work 
of the engineer, and to advancing the plea that 
the latter should await, before further experiment- 
ing, the publication of the speaker’s final results. 
The impolicy of such a procedure is, perhaps, best 
illustrated by a statement in Nature (August 25 
last) to the effect that Sir George Darwin and M. 
Liapounoff have arrived at diametrically opposite 
conclusions as to the stability of a fluid rotating 
mass having the pear-shaped form which is known 
to be a possible figure of equilibrium. Each has 
checked his own work, and maintains its accuracy. 
The data available as the basis of the calculation 
in this instance are probably not more uncertain 
than those ori which Professor Bryan has to depend 
in his own computations. Practically the sole con- 
tribution made by the opener to the ostensible 
objects of the joint meeting was the statement that 
the stability of an aerodrome for long-period oscil- 
lations was independent of its speed. This conclu- 
sion, if correct, is very important, and should be 
carefully tested by experiment. Lanchester, by 
his ‘‘ physical” methods of reasoning, arrives at a 
contrary conclusion, and claims that this view is in 
accord with his experiments. 

Professor G. H. Bryan, in his opening remarks, 
said that the problem of flight presented separate 
fields of investigation for those who worked on 
paper, in the laboratory, and in the air itself. It was 
important, he thought, that each should concen- 
trate his work in the field for which he was most 
fitted, and develop it to its ultimate conclusions. 
There need, therefore, be no serious antagonism 
between different investigators if each would be 
content to keep to his own line of work. What he 
complained of was the misuse of mathematics by 
engineers, and their slipshod and inaccurate methods 
of reasoning. 

The problem to be solved involved work in diffe- 
rent departments, each of which naturally belonged 
to one class or the other, but the final demonstration 
of the results would, he admitted, possibly fall to 
the practical man. The questions of equilibrium 
and stability belonged of right to the mathematician ; 
the determination of the pressure on plane and 
curved surfaces to the physicist, and the improve- 
ment of the motor to the engineer. To the latter, 
perhaps, also belonged the problems presented by 
the propeller, as it was not possible as yet to frame 
equations to represent the motion of the air round 
a rapidly-revolving screw. Some people advocated 
the use of flapping wings, but he had observed that 
they were always anxious that someone else should 
build machines with these, and he thought engineers 
would agree that the use of reciprocating parts of 
large dimensions would a rise to the most serious 
stresses and strains. Fourteen years ago he had 
heard an address by the late Dr. Elgar, in which it 
was stated that the mathematical theory of the 
stability of ships had not been developed till its 
necessity was proved by the sacrifice of many lives. 
It might have been thought that in the present 
condition of science a recurrence of such a state of 
affairs would be impossible, but he proposed to 
show that the tragic drama had been again per- 


and with material objects rather than with mere | pure calculation. 


| underrated the importance of lateral stability. As 


| aeroplane as to ride a bicycle on one wheel. 





| flying-machine. 


It appeared to him, however, that certain prac- 


| tical men resented the intrusion of the mathema- 
tician, and preferred to risk the uncertainties 


of the experimental method. Even at the present 
day, the number of mathematical workers on the 
problem of equilibrium could be counted on the 


| fingers of one hand. In 1907 he had pointed out, in 
‘Science Progress,” that if the history of marine 


navigation, as described by Elgar, was not to be 


question of equilibrium, which was a matter of 
In that paper he had, however, 


matters stood, it was about as diflicult to drive an 
Rolls 
had described the sensation as that of skidding all 
ways at once. The paper by Bryan and Williams 
in 1904 was not a final word on the subject, but 
merely paved the way for future developments, 
The initial steps were, however, taken, and the 
possibility of solving the. equations indicated, 
though. the results related solely to square planes, 
in which the stability was governed by the shift 
of the centre of pressure. It was, however, far 
too abstruse a paper to attract engineers, and gave 
no definite numerical conclusions which could be 
tested directly. As stated, square planes were 
chiefly dealt with, although he held the opinion 
that narrow planes presented the best opening 
for a mathematical study of the question of 
stability. As stated, no attempt was made to 
solve the resulting bi-quadratic by approximation, 
though it was indicated that this was possible. 
The consideration of certain extraneous factors, 
such as propeller thrust, &c., was omitted, nor was 
the question of lateral stability attempted, which, 
in actual fact, had proved the hardest of all. In 
that paper he had hoped to attract attention to the 
necessity of maintaining a proper balance betwcen 
the theoretical and the practical. Three courses 
were available: in the first place, a small grant 
might have been made, to give the speaker assist- 
ance in his work ; secondly, some other mathema- 
tician, with more time, might have taken up the 
problem ; and, thirdly, if the practical man would 
not provide the money necessary to assist the 
speaker, he might at least have realised the risk of 
working too much in the dark, and have waited till 
the speaker had had an opportunity of completing 
his mathemaical work. 

Abroad his paper had attracted some attention, 
and Captain Ferber had taken up the problem, and 
extended it to the discussion of lateral stability. 
Captain Ferber himself, however, suffered from 
lack of opportunity, getting but-limited leave for 
his work. His calculations had accordingly to be 
hurried, because he was in urgent need of the 
results. The speaker had formed the opinion, in 
which he was confirmed by M. Marcel Brillouin, 
that Ferber’s treatment of the lateral-stability 
problem was inadequate, and was nearly certain 
that the accident in which that aviator lost his life 
would never have occurred had he been given fair 
opportunities for developing further the research. 

r. Lanchester’s book had only been published 
a short time, but it appeared that many of the ex- 
periments and much of the theory had been worked 
out in 1897 and earlicr. Lanchester was a practical 
man, and it was significant that he had specially 
studied the theoretical aspect of the problem by 
determining empirical formula to represent tho 
results of his experiments. He observed, however, 
that Lanchester had not ventured to build 4 
machine on such bases, and in this he thought he 
was wise. 

When recently an additional Government grant 
was given to the Welsh Universities, the speaker 
had been able to take up the problem again, and 
hoped that, after his results had been published, 
questions on aerial stability would be included 


‘in the usual university course in mathematical 


honours. Mr. E. H. Harper had assisted him in 


working out the complicated algebraical expres- 


sions involved. The longitudinal stability of 4 
machine, he proceeded, depended on the position 


formed, the recent history of aerial navigation| of the centre of pressure in the case of a single 
agreeing with Elgar’s statements as to experience | plane, and in the case of a fore and a tail plane 
with shipping in every detail. There was, however, | upon the weight carried by each, and its distance 
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from the centre of gravity of the machine. For|So far as mathematics could go this had been 
the single plane further experimental data were |solved in the eighteenth century, but the work 


necessary as to the shift of the centre of pres- 
sure when the plane had a motion of rotation as 
well as of translation, but the mathematical formulz 
were now ready. This kind of stability, he found, 
decreased as the velocity increased. On the other 
hand, with narrow fin and tail planes the stability 
proved to be independent of the velocity. On this 
head there were no differences between monoplanes 
and biplanes, the stability depending on the way in 
which the weight was distributed between the front 
and back areas. 

Every aeroplane was subject to pitching, both of 
long and of short period. When the rudder was 
in front he had found that the machine was stable 
as to the short-period pitching, but not as to the 
long. This explained the success of the Wright 
machine in skilled hands. An aeroplane lost 
stability when it rose at more than a_ certain 
angle, and this had been the cause of many acci- 
dents. The question of longitudinal stability’ was 
best treated by graphic methods. The question of 
lateral stability had hitherto been almost ignored, 
although it was most important. The grape 
connected with this, in conjunction with that of 
steering, were being studied in Germany by Pro- 
fessor Reissner, and it appeared that in many of the 
machines elementary principles of mechanics had 
been totally ignored. All existing machines were 
laterally unstable, and the aviator had thus to 
resort to the device of warping the wings. So long 
as this was necessary, a false movement would be 
liable to cause accidents. He thought that until 
the warping motion was abolished, flying-machines 
would be unable to carry any large number of 
passengers. Many arrangements now in use, he 
proceeded, became unstable at sharp angles of rise. 

In every advance in engineering, he claimed that 
mathematical treatment became necessary, and this 
necessity was recognised abroad. Was it not 
desirable, therefore, that more facilities should be 
provided for those working on paper and in the 
laboratory ; and though the ultimate appeal must 
be to the practical man, he contended that such 
a course as he proposed would be both cheapest 
and best. It oan be cheapest because mathe- 
maticians could be obtained at less price than a 
mechanic, and it would be best because it would 
avoid the present frequent deplorable loss of life. 
So long as anything remained to be studied, those 
who persisted in flying incurred avoidable risks, and 
were foolhardy rather than courageous. If experi- 
ments would put an end to this working in the dark, 
they would, he contended, be most conducive to 
the welfare of the practical man, since it was he who 
was killed. Had not the practical man already got 
his hands full with other work? Even as regarded 
stability, the tests should be made on models, and 
not with man-carrying machines, and at present 
there was no need for further demonstrations of 
the mechanical possibility of flight. Warning should 
be taken from the history of navigation as described 
by Elgar, and we should not add further to the 
terrible death-roll till no stone was left unturned in 

robing the mathematical theory of stability to the 

ttom. 

The second speaker was Sir W. H. White, who said 
that he totally disagreed with Professor Bryan’s 
suggestion to separate and classify the work to be 
done between the mathematician, the physicist, and 
the engineer. He believed joint action between the 
three was much the best plan, as had been exem- 
it by the work of the Committee on Gaseous 

xplosions. In other regions of work he had had 
some painful experiences with the demarcation of 
labour, and was most anxious to avoid any more. 
The plan embodied in the formation of the Com- 
mittee on Aerial Navigation was in every way 
superior. As to Professor Bryan’s statements as to 
what Elgar had said he wished most emphatically 
to challenge them. The opener had indeed not 
given the meeting Elgar’s statements, but rather 
his own deductions from them. The mathematical 
theory of ship stability had been worked out in the 
eighteenth century, at first in France, though it was 
developed further here later by Attwood, who 
dealt not only with cases of small inclination, but 
with large angles of heel up to the vanishing of the 
stability. The doctrines thus developed were well 
understood by all competent naval architects, who 
did not wait for ship disasters before turning to 
mathematics. No one had a higher regard for 
original mathematical work than himself. Take, 








of Beaufoy, followed by that of Froude, had meant 
more than that of any mathematician. In fixing 
methods and means of analysis, Froude had had 
recourse to mathematics, his classic work _ being 
based on the solution of a certain differential equa- 
tion. It was not, however, found possible to go 
far in this way, and he was driven back on experi- 
ment. Much could be said for mathematics as a 
guide in preliminary investigations. At one time 
he had considered himself something of a mathema- 
tician, and he was still able to appreciate good 
mathematical work. After all, however, those who 
had to make or do things would invariably find that 
the most beautiful formule invariably contained 
some constant or cocfficient which had to be deter- 
mined by the practical man. Let them, neverthe- 
less, one and all go ahead with their own work. 

He would say, however, that had it not been 
for the work of practical men like Chanute and the 
Wrights, and of men who were prepared to take 
some risks, aerial navigation would not be where it 
stood to-day. As for the plan of waiting for the 
mathematician, at the end, constants would be neces- 
sary, which the practical man would have to find. All 
regretted the accidents. Many, however, were due 
to daring souls who would not be stopped. Mr. 
Pilcher, himself a naval architect, he knew well, and 
had begged him not to go on, but could not stop 
him. Pilcher knew the risks, and took them. It was 
such men who determined the mathematician’s co- 
efficients. The course followed by the Govern- 
ment in appointing the “Aerial Committee was 
far preferable to Professor Bryan’s, and he hoped 
that the School of Aviation, to be founded by the 
Aerial League in memory of Rolls, would train not 
only practical aviators, but provide scholarships for 
a course at the Imperial College of Technology. 
We should thus, he thought, maintain a good posi- 
tion, even if we did not lead in the matter of aerial 
flight. The present position of the problem was 
due to the work of the mechanical engineer, by the 
improvements he had effected in reducing the 
weight of the motor. Finally, he would say let 
them get rid once for all of the idea of separate 
water-tight compartments for the mathematician, 
the physicist, and the engineer. 

r. Dugald Clerk, who followed, said that he had 
meant to confine his remarks to a discussion of the 
internal-combustion engine, but he must express his 
strong dissent from some of the points made by Pro- 
fessor Bryan. He did not believe the latter really 
intended to cast a slur on Mr. Lanchester, but his 
remarks were open to that interpretation. He 
quite agreed as to the necessity of mathematics, 
and the great aid that could be got from them. Pro- 
fessor Bryan was, however, under an illusion in 
this matter, since though engineers were not first- 
class mathematicians, they did apply mathematical 
methods to a very large extent. e must, he felt, 
defend Mr. Lanchester against Professor Bryan’s 
imputations. About 15 years ago Mr. Lanchester 
had made very elaborate experiments upon models, 
and basing his calculations on these, became con- 
vinced of the possibility of success, becoming so 
enthusiastic that he tried to get money for the 
attempt, being quite willing to trust his life on the 
accuracy of his deductions. He had come to the 
speaker on this mission, but Mr. Clerk had told him 
that if he did not kill himself he would ruin himself 
financially. It was therefore more the speaker’s fault 
than Mr. Lanchester’s that the latter had not yet 
flown. Nevertheless, he might say that Mr. Lan- 
chester had now completed a machine embodying 
his latest knowledge, which would shortly be tried. 
Coming to the internal - combustion engine, he 
might say that, so far, engineers had effected 
improvements solely on mechanical lines, having 
me the weight per horse-power by making the 
cylinder of high-tensile material and by reducing 
the margin of safety. In this direction great success 
had been obtained and very powerful engines 
constructed of very little weight. It appeared, 
however, possible that, by altering the cycle, weight 
might be still further reduced, or, alternatively, 
the margin of safety increased. Many of the acci- 
dents had arisen from engine trouble. Many of 
the engines dispensed with water jackets, one of 
the most successful being the ‘‘ Gnome,” which had 
rotating cylinders. This was an old idea, due 


originally to Rigg, and had been introduced into | 
petrol-engine practice about 15 years ago, to drive | 


a motor cycle. The plan had some obvious advan- 





ing could be dispensed with. Air-cooling was, 
however, less effective, and in the case of the 
‘*Gnome ” the wall temperature was about 300 deg. 
Cent. This reduced the charge it was possible te 
suck in. Recent work of the Committee on Gaseous 
Explosions had shown that, owing to the increase of 
the specific heat with rise of temperature, it was 
possible to modify the cycle, and, by adopting 
lower temperatures and pressures, to increase the 
efficiency by 15 percent This became of great 
importance in the case of long flights. As designed, 
the compression ratio in the ‘‘Gnome” engine was 
1 to 4$ or1to5. This gave an explosion pressure 
of 450 Ib. and a mean pressure of 90 Ib. per sq. in. 
Hence the ratio of maximum pressure to mean 
pressure was 5 to 1. By altering the cycle and 
reducing the temperature this ratio could be brought 
down to2to1l. It would thus be possible either 
to develop twice the power on the same weight or 
to increase the margin of safety 24 times. As for 
the mathematical aspects of the problem of flight, 
he had no doubt that Sir George Greenhill, who 
was a member of the Government committee, 
would be quite capable of dealing with them. 

Professor Petavel spoke next, and said that he 
wished to remind the meeting that mathematical 
work on the problem of flight had been used to a 
very considerable extent by, for instance, Ferber, 
Soreau, and Lanchester, the work of the latter 
having proved a very valuable guide on many points. 
Problems connected with stability and with the 
ae. paw were frequently so complicated that they 
could not be solved directly. Toa certain extent 
Professor Bryan had admitted this, so far as the 
propeller was concerned, and as to stability the 
limitation of the mathematical processes was 
found in the occurrence of the unexpected. As 
was well known, the Farman machine was rea- 
sonably stable, but the amount of support afforded 
by the tail was influenced by the action of the pro- 
peller, and thus the stability was different when 
the propeller was running than with the machine 
coasting, so that troubles were liable to arise when 
the engine was stopped, when the machine might 
tend to take a wrong angle. This instance was 
one of many, where the only method of attack was 
the experimental. No doubt, so far as possible, 
such experiments should be made in the laboratory, 
but where that failed recourse must be had to the 
risk of actual flight. The aviator was therefore 
the one who was at present doing most for the 
advance of the science, and he would be still more 
useful if he would report more fully to the engineer 
and the mathematician the nature of the difficulties 
he encountered. Many of these arose from counter- 
currents. One machine ing over another would, 
it was found, influence it at a very great distance, 
and be very likely to make it capsize. An investiga- 
tion into this could only be undertaken with actual 
machines. As to the further progress of the machine, 
the advance of the motor had, as Mr. Clerk had 
said, been very remarkable, the weight having 
been reduced to4 lb. per horse-power. The engine * 
might therefore be said to be light enough, and the 
most pressing present problem was that of relia- 
bility and efficiency. The latter became more and 
more important as the length of flight increased, 
and the weight of the fuel became larger, relatively 
to that of the engine. The matter of reliability 
was vital, although an engine failure did not neces- 
sarily mean disaster. Unreliability, nevertheless, 
did limit the art on its practical side, as it was 
not possible to fly with assurance over a difficult 
country. 

Mr. A. Scoble, who followed, said anyone who 
had experimented with models would recognise the 
necessity of experiment as well as of mathematics. 
With models it was often the unexpected that 
happened. He had made many experiments with 
a kite and found it almost impossible to predict the 
effect of an alteration. Coming to propeller tests, 
he protested against the drawing of deductions 
from observations made with anchored propellers. 
To be comparable with propellers driving an aero- 
plane, an anchored propeller should rotate in a 
current of air. As usually tested, such a current 
was not provided. The propeller, therefore, instead 
of being properly fed, sucked in air from all round it, 
the conditions being thus very different from those 
in which the propeller was actually to be used, and it 
was hopeless to expect reliable results. With the 
whirling-table at the National Physical Laboratory 
and with that of Messrs. Vickers Sons and Maxim, 
at Barrow, he thought accurate data should be 


nevertheless, the question of fluid resistance. | tages. No flywhcel was necessary, and water-cool-| established. It was common to estimate propeller 
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efficiency by the thrust developed per horse-power, 
and he observed that some highly advertised 
patterns were designed to develop a maximum 
thrust per horse-power on an anchored test, which 
was most fallacious. 

Mr. Worby Beaumont, the next speaker, said 
that when sections came together for joint discus- 
sions it would be well that the opening should have 
some bearing on the subject presumably under 
discussion ; but Professor Bryan had talked about 
everything else, enlarging on what he called the 
slip-shod methods of the engineer, but saying 
nothing whatever on the principles of mechanical 
flight. He did not wish to comment on the 
modesty of what the opener had to say, nor on 
the way.in which he depreciated the work of 
the practical men, who so far had done all that 
had been done. Everything that touched on the 
discussion had, owing to the method of opening, 
been concerned with practical details, and not with 
a discussion of principles, a result purely due to 
the unfortunate method adopted by the opener. 

In reply, Professor Bryan said it was impossible 
in such a discussion to cover fully the problems 
which arose in connection with resistance, equili- 
brium, and stability. In one way he regretted what 
Sir William White had said, but it was a relief to 
him to learn that the mathematician was not respon- 
sible for the many fatalities. In other respects 
he believed that what had been said would 
widen the breach between the mathematician and 
the experimentalist. It would, no doubt, be well 
if we had more men combining the two, like Cap- 
tain Ferber, and he himself would like to do more 
work on the practical side; but until he had com- 
pleted the eielediion of the long and complicated 
determinants in his mathematical work he would 
be operating in the dark. 

Sir William White had gone back to the early 
days of shipbuilding, but he considered that his 
statements coincided with that of Elgar, who was 
referring to the very early days before the mathe- 
matics of ship stability had been worked out. It was 
not easy to get a man combining mathematical and 
engineering ability, but he had hoped that the com- 
bination might be found in two or three individuals 
if notin one. Sir William White had deprecated the 
plan of working in water-tight compartments, but 
the speaker thought that each investigator should 
confine himself to the work for which he was best 
fitted. He could only say that if proper facilities 
had been afforded him earlier, they might then have 
been conferring on points which could only be de- 
cided in a conference like the present, instead of 
parting at daggers drawn. No practical man could 
get to the bottom of the problem of stability, and 
those who learnt their mathematics at a technical 
school, as Sir William White suggested, would be 
unable to perceive the connection between the fact 
that a determinant vanished when two or three of 
its rows were identical, and the use of two or of 
_ three supporting surfaces for a flying-machine. 
He was very sorry that Mr. Clerk had thought he 
had done injustice to Mr. Lanchester, and was glad 
to hear that he need not hurry in developing the side 
of the subject in which he was interested, as after 
Sir William White’s speech he felt that the respon- 
sibility for any fatalities would not rest on his own 
shoulders. 


Tae OpticaL DeTeERMINATION OF STRESS. 


The first — taken at the meeting of Section G 
on Tuesday, the 6th inst., was one by Professor E. 
Coker, who described some very striking and im- 
portant advances he had made in the optical deter- 
mination of stress. 

Tt has long been known that if a beam of polarised 
light is passed through a transparent solid of uni- 
form thickness and free from internal strains, it can 
be entirely quenched by letting it pass through a 
second Nicol prism suitably arranged. If then the 
transparent body is stiained in any way, light 
passes through the second prism. Those parts 
which remain unstrained appear dark, as before, 
and in this way it is possible to map out the posi- 
tion of the neutral axis of a beam, and in certain 
cases it has proved possible to determine the genera] 
character of the distribution of the stress, and in 
still fewer its numerical value at different points. 
Professor Coker has succeeded in effecting great 
improvements in this optical analysis of stresses. 
Not only has he shown that it is possible to map 
out the stress-lines, but he has further shown that 
it is possible to determine the actual intensity of 
the stresses. Further, by making use of Lumiere 





colour-plates, he has obtained permanent records 
of the optical effects observed. 

At the outset of his paper, Professor Coker said 
that hitherto glass had commonly been used in 
experiments on the optical determination of stress. 
This material had many drawbacks. It was not 
easy to find specimens free from initial strains, and 
the material was difficult to work into the forms 
desired. After considerable experiment, he had 
found that xylonite answered excellently. Though 
not so transparent as glass, it had the advantage of 
being easily cut to any shape desired, and it could, 
moreover, be obtained in > sors measuring 6 ft. by 
3ft., and in thicknesses of } in. it was remarkably 
free from internal strains and very uniform in 
thickness. He had made determinations of its 
elastic constants. Young’s modulus turned out to 
be 299,000 Ib. per square inch, whilst Poisson’s ratio 
was 0.372. The elastic limit was 4000lb. per 
square inch. With plate-glass, on the other hand, 
Young’s modulus was 104 million pounds per square 
inch, and Poisson’s ratio 0.233. 

When a beam of plane polarised light was passed 
through an unstressed plate of glass or xylonite, it 
suffered no decomposition. If, however, the 
material was unequally stressed in different direc- 
tions, it became doubly refracting, and the beam of 


Fig. 37. 


= polarised _ was decomposed into two, one 


ing polarised along the direction of the principal 
stresses, and the other along the secondary. The 
two rays had different velocities, and on being re- 
combined could interfere with each other, giving 
rise to coloured bands when viewed through an 
analysing prism. In regions where there was no 
strain there was no decomposition of the original 
beam, and no interference on emergence, so that 
the light from these portions of the specimen under 
test was quenched by the analyser, and such regions 
accordingly remained dark. The apparatus used 
consisted, he said, of an arc-lamp to supply the 
light, which, after passing through a lens to render 
the beam parallel, was polarised by means of a 
Nicol prism. The beam of plane polarised light 
thus obtained was then sent through the specimen 
under strain. Thence the light passed through a 
second lens and an analyser, and finally on to the 
focussing screen of a camera. Professor Coker 
showed here a number of slides, in which the posi- 
tion of the neutral axis in a beam was clearly shown 
by a dark band (see Fig. 36). In other cases the 
specimen was notched, and then the shift of the 
neutral axis towards the notch was very apparent 
(see Fig. 37). Viewed through the analyser the light 

rts of the specimen appeared coloured, and the 
intensity of the stress could, the speaker said, be 
determined from these colours. The plan followed 
was to mount, side by side with the specimen under 
examination, another which could be subjected to a 
uniform and definitely known stress. Selecting a 
point in the first-named specimen, the stress on the 
second was increased until its colour appeared the 
same as that at the point under consideration. In 
this way the stresses on a specimen eccentrically 
loaded had been determined under different loads, 
and were found to vary uniformly from side to side 
of the specimen. 





A more difficult case arose when the specimen 
was curved like a crane-hook. In that instance ‘he 
direction of the principal stresses varied from p: int 
to point ; but when one of these directions coin- 
cided with the original plane of polarisation of the 
light, a black cross made its appearance, which 
masked the effects it was desired to observe. To 
get rid of this, at the suggestion of Professor 
Silvanus Thompson, he interpolated in the polaris- 
ing and analysing system two quarter wave-plates 
—the first behind the polariser, and the second in 
front of the analyser of his optical-system. These 
were set with their axes inclined at 45 deg. to the 
planes of polarisation of the Nicol prisms. By this 
arrangement the plane polarised wave issuing from 
the first nicol was converted into a circularly polar- 
ised beam. This having no special direction of 
polarisation, had the same aspect for all parts of the 
material under stress. It was again converted into 
plane polarised light by the second quarter wave- 
plate before entering the second nicol. With this 
arrangement the black cross disappeared, but the 
interference fringes remained. The stresses could 
be determined from the colour distribution, as 
already explained. The position of the neutral axis 
agreed well, the speaker said, with the calculations 
of Andrews and Pearson. 

Professor Coker next proceeded to explain how the 
fact that the black cross indicated the direction of the 
lines of principal stress could be used for mapping 
out these curves. He mapped out, for instance, 
the loci of the centre of the black cross in the case 
of a hook specimen when the nicols were turned 
round together through definite angles. With the 
nicols in their original position, corresponding to 
the angle 0 deg., the centre of the black cross was 
found to lie on a certain curve, and along this line 
the directions of the principal stresses were hori- 
zontal and vertical respectively. By turning the 
nicols round through 20 deg. another curve was 
obtained, along which the principal stresses made 
angles of 20 deg. with the vertical and horizontal 
respectively. Proceeding in this way a whole 
series of curves were obtained, and from these it 
was easy to map out the stress lines by a graphic 
method. 

The discussion was opened by Sir W. H. White, 
who said that at Winnipeg Professor Coker had 
given a brief account of his early very promising 
results. He had now, however, obtained not 
merely qualitative but quantitative solutions of 
certain problems in stress distribution, and the 
method vege applicable to forms which were 
far beyond the reach of mathematical analysis. 

Professor Ripper, the next speaker, congratu- 
lated the author on his very interesting and suc- 
cessful work, which illustrated, he thought, the 
advantage of different centres of research, which 
resulted in the development of different methods of 
investigation. The results attained appeared new 
and of great value, affording a means of discovering 
the distribution of stress, in a fashion no other plan 
was capable of doing. It was most interesting to 
note that quantitative as well as qualitative results 
had been attained. The method used, depending 
on the matching of colours, had its analogy in 
common methods of steel analysis. 

Professor Unwin, the next speaker, remarked 
that the paper was exceedingly interesting and 
valuable, as it gave & means of correlating experi- 
ment with theory. He observed with respect to 
the crane-hook that the mathematical solution of 
the problem was attributed wholly to Karl Pearson, 
but Cotterill had been the first, he thought, to 
determine the distribution of stresses in curved 
members in some investigations on an anchor-ring 
published in the early ’sixties. Much had also been 
done in Germany, where the investigations of Bach 
considerably ante-dated those of Pearson. 

Professor Petavel, who followed, wished to 
express the delight with which he had listened to 
the paper. He was particularly struck with the 
use of xylonite. Hitherto either glass or jelly had 
been used, both of which had serious drawbacks. 
He wished to know if the xylonite could be ob- 
tained free from initial stresses, which constituted 
one of the great difficulties in the case of glass. 
He asked also whether xylonite was reasonably 
transparent in thick pieces. He had been particu- 
larly struck with the way in which the author had 
employed both plane and circularly polarised light 
in his investigations. ~ 

Dr. Morrow asked if the author had found 
Young’s modulus constant, and what was the 


| breaking stress of the material. 
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Professor Silvanus Thompson, who spoke next, 
said that not all of them had seen the demon- 
strations at Winnipeg of the beginning of this 
research. Great advances had, however, been made 
since. In the first place, quantitative results 
had now been obtained, and, in the second, by 
the use of Lumiere plates permanent records of 
the effects observed had been obtained. Unfortu- 
nately, such plates were often rather too dense for 
use as lantern-slides, but the colours were beauti- 
fully seen if they were examined in a good light. 
In the earlier part of the investigation the author 
had consulted him as to the possibility of getting 
rid of the black cross, which had been effected by 
means of the quarter wave-plates. His own share 
in the investigation had, however, been very small, 
and now Professor Coker by his method of utilising 
the black cross for the mapping out of the stress 
lines had got rid of the speaker altogether. The 
process was in practice, he proceeded, only applic- 
able to plate specimens, as the colours varied with 
varying thickness as well as with varying stresses. 
It might, perhaps, in certain cases be possible to 
disentangle the two effects bY calculation, but for 
the present the flat strips alone appeared suitable 
for use. 

In reply, Professor Coker said that xylonite 
could be obtained in thicknesses of # in., but even 
after long annealing such thick specimens were not 
free from internal strains. He was glad to hear 
from Professor Unwin of Cotterill’s researches, 
but was acquainted with Bach’s treatment of the 
problem in question. Xylonite in sheets 6 ft. by 
3 ft. by } in. was, he continued, very free from 
internal strains, save close to the edge of the sheet. 
The longer it was kept the better it got. It con- 
tained camphor, which slowly evaporated, produc- 
ing a slight change in its elastic properties. As to 
what Professor Thompson had said, though he was 
good enough to disclaim any share in the investiga- 
tion, the speaker had found him most helpful on 
many occasions. 


Tue Laws or Etecrro-MEcHANICSs. 


A paper by Professor S. P. Thompson, F.R.S., 
constituted the third item of the programme on the 
6th inst., and dealt with the laws of electro- 
mechanics. The author said that his paper was an 
attempt to put into shape some well-known rules 
and laws governing the performance of electro- 
magnetic mechanisms. Such mechanisms had been 
known for nearly a century. One of the simplest 
forms was an electro-magnet—which consisted of an 
arch of soft iron wound with coils of wire—and its 
keeper. On turning a current through the coils 
the keeper came up. A solenoid, which was a 
coil of wire wound on a tube. constituted, with its 
iron plunger, another simple example. On turning 
on the current the plunger was sucked into the coil. 
Such were the simplest types of electro-magnetic 
mechanisms, and he had sought to make the laws 
governing their action as general as possible. This 
was not, indeed, his first attempt, as in the 1900 
Electrical Congress he had also discussed the sub- 
ject of electro-mechanics. Much, indeed, was to 
be found in Maxwell, and he might say that Pro- 
fessor Fessenden had also tackled the problem. 

_In every electro-magnetic apparatus, he con- 
tinued, there were always two parts : firstly, a 
well-detined electrical circuit, commonly of copper ; 
and, secondly, a much more vague and less defi- 
nite magnetic circuit, either wholly of iron or 
partly of iron and partly of air. To illustrate 
the vagueness of the magnetic ‘circuit Professor 
Thompson advanced the instance of a solenoid in 
the neighbourhood of several masses of iron. 
In this case the magnetic lines formed inside the 
coil «s closed circuits surrounding the wires, which 
spreal outas the strength of the curreht increased. 
At the ends of the coil these lines curved round 
through the air, but those that met the masses of 
Iron took an easier route through them. Some lines 
of the :uagnetic circuit therefore threaded the iron, 
and some did not, so that in this case the magnetic 
circuit was undefinable. There were, of course, 
instances in which the magnetic circuit was sharply 
define, as, for example, the case of an iron anchor- 
ring wound with coils carrying the current. 
Whether the magnetic circuit was simple or com- 
plicated, however, no mechanical action was 
obtainc”d unless the two circuits interlinked with 
each other. The problem was to represent this 
interlinkage numerically. If we started with two 


interlinked circuits, each possessed a certain con- 
gurati 


mn. The simplest case was that of an anchor- 


ring wound with a single turn of wire. Each cir- 


cuit then linked the otlier once. By winding on 
more turns the interlinkage was proportionatel 
increased. As already stated, in all cases eac 
circuit had a configuration of its own. The electric 
circuit, for instance, might have some of its coils 
either spread out or close together. In all cases, 
however, whenever a mechanical action was pro- 
duced, there was some accompanying change in the 
configuration of the two circuits taken as a whole, 
so as to alter the amount of the interlinkage of the 
system. 

Let the C denote the current, N the magnetic flux, 
then there was also a third quantity concerned, 
which was the numerical value of the interlinkage. 
This might be unity, or one thousand or more. In 
fact, it was possible to imagine partial interlinkage. 
In the electric circuit, for instance, some wires 
might be so far away that they did not interlink 
with the system as a whole, and this fact must be 
taken into account. Calling S the degree of inter- 
linkage, the potential W of the system was pro- 
portional to C, S, and N taken separately, and thus 
to their product. Thus we had 

W=CSN. 


What, then, was the law of action? It was that 
every electromagnetic system tended to change so 
as to make the product C. S. N a maximum—that 
was, to produce the greatest amount of inter- 
linkage. 

Every piece of electro-magnetic mechanism was 
capable of being regarded from this view-point. 
An electro-magnet attracted its keeper, because 
when the latter moved up, the interlinkage of the 
system increased. This law was true in detail and 
for every part of the system taken separately. If 
the motion of such a part would increase the inter- 
linkage, the part would tend to move accordingly. 
A little iron ball placed near the mouth of a 
solenoid was strongly attracted, but nowhere else. 
The reason was that close to the mouth a small 
change in the position of the ball altered percep- 
tibly the degree of interlinkage. 

The actual force acting on an electromagnetic 
mechanism, he continued, was proportional to the 
change in the product C S N per unit of length 
moved through by the force. In general, however, 
C, S, and N were not independent of each other. If 
the current produced the flux, we had the equation 

47rCS 
N= Zz 
where Z.denoted the reluctance of the circuit. In 
the simplest case, assuming no magnetic leakage, S 
denoted the number of turns in the electric circuit. 
In more complicated cases S was not the number 
of these turns, but the coefficient of interlinkage. 
It might be called the equivalent turns, but the 
speaker preferred the other term. 

We next had the equation 

E--s% N 
dt 
and finally the rate of doing work which was equal 


iW 
to “ dt WS given by the relation 


@W_cr=-cs @N 


dt dt’ 
which might be written 
adW = -CSdN, 


or the elementary change in the work was equal to 
CS multiplied by the change in the flux. 
If C S were constant, we got 
W=CSN. 

Suppose, next, a current passing through a coil, 
and that S was the interlinkage, that N, was the flux 
at a given time. If the interlinkage were altered, 
as, for instance, by the rotation of the armature 
of a motor, C S remained constant, but N, altered 
to Ny. 

The decrease in the product, viz., CS (N, —N,), 
was equal to the work done in the operation—that 
was to say, it was equal to the change in the flux 
multiplied by CS. With CS constant, as in a 
motor, the flux tended to become as much as pos- 
sible. Thus the keeper of an electro-magnet 
moved so as to magnetise itself more strongly, thus 
bettering the magnetic circuit and increasing the 
interlinkage. This rule applied universally. 

If N were not independent of CS, but propor- 
tional thereto, the expression 


dW = -CSdN 


In the case of a D’Arsonval galvanometer the flux 
was constant; but if a current were passed through 
the suspended coil, the latter moved so as to 
increase the interlinkage of the system. 

Suppose next that, as the result of a movement, 
there was a change in the flux, then, although the 
magnetising coil did not alter, the reluctance did. 

e corresponding change in the flux could be 
obtained by differentiating the expression 


47rCS8 
N= : 
Z 
Whence we got 
q@dN__4rC8 
aZ Zz” 


so that the change in the flux was equal to the 
change in the reluctance divided by the inverse 
square of the original reluctance 

The force f exerted was given by the relation 
aw _ aN 


aX =-CS8. sy 


where d X was the distance moved. 
This might be written 


f= 


47s, 

dW = - ““5, -dZ 
N? ., 
=-7,-aZ 


Thus the change in the work done by the opera- 
tion of the mechanism was equal to the change in 
the magnetic reluctance and to the square of the 
original flux. The law of the force exerted followed 
a corresponding rule. In predetermining the per- 
formance of an electro-magnetic mechanism, the 
use of this last formula would help to overcome 
many difficulties, as it was very difficult to deter- 
mine the reluctance in complicated cases. 

He had defined S not as the number of turns, 
but as the degree of interlinkage, and S could be 
determined by comparatively simple experiments 
on the coefficient of self-induction. We had 

L=8N 
Cc 
or the self-induction was equal to the product of the 
flux and the interlinkage per ampere of current. 

If L were determined, and the value of N by 
an exploring coil, S was immediately deducible. 
The foregoing, he said, would explain how dis- 
crepancies arose in predicting in detail the per- 
formance of an electromagnetic mechanism. In 
the case.of a solenoid the pull could be easily calcu- 
lated for a great part of the path of the plunger, 
where S was then simply the number of turns ; 
but for the remainder of the path errors of 20 per 
cent. in the estimate of the pull were common, solely 
because the true. value of the interlinkage was un- 
known. By means of an exploring coil finding the 
flux,and from the value of the self-induction, S could 
be found ; and when this was done for one coil the 
result coald be applied to others. 3 
The discussion was opened by Professor Fes- 
senden, who remarked that Professor Thompson had 
said that the laws stated were well known, but 
had omitted to point out that this was not so 
until the author of the paper had called attention 
to them. He hoped the paper would be incor- 
porated in the next edition of Professor Thompson’s 
treatise, so that those who were already so much 
indebted to this treatise might benefit by his latest 
discoveries along the line described. 


Tue Arr Suppty to a Gas-Enaine CyLinper. 


Professor W. E. Dalby next read his paper, 
describing a method of measuring the air supply to 
the cylinder of a gas-engine. This ae we printed 
on page 380 of our last issue, so that it will be 
sufficient to say here that the plan followed is to 
pass the air through an orifice leading into a 
chamber of 50 cubic feet capacity, which is thus 
interpolated between the orifice and the suction- 
valve of the engine. The engine itself is used to 
calibrate the orifice. The volume trapped at each 
stroke is carefully ascertained. Its pressure read 
by an optical indicator, and its temperature accu- 
rately determined, and from these is determined 
the constant a in the formula 


W = 0.418aA./hD, 


where W denotes the weight passing the orifice in 
pounds per second, D the density of the air, A 
the area of the orifice in square inches, and h the 
head producing flow measured in feet. It was 
found that the constant a had the value 0.60. 

In opening the discussion, Mr. Dugald Clerk con- 








gave 
W= -3CSN. 


gratulated the author on his solution of a problem 
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which had long constituted a great difficulty. In 
the earlier tests of the gas-engine no attempt was 
made to measure the air-supply. This was first 
done by Dr. Slaby using a form of gas-meter, and 
later on Thurston had for the same purpose em- 
ployed a dry meter. Owing to the volume of the 
air passed, however, the difficulties were so great 
that for many years no further attempts were made 
to measure the air-supply accurately. Reliance was 
placed, instead, on ‘‘light-spring ” diagrams, but the 
fact that the temperature inside the cylinder was 
unknown rendered this plan fallacious, and, in 
fact, the dilution of the charge was commonly over- 
estimated, by Dr. Otto amongst others. The Gas- 
Engine Committee of the Institution of Civil En- 
gineers in testing three ‘‘ National” gas-engines 
had measured the air-supply by the flow through 
an orifice, as deduced from the indications of an 
anemometer, which was calibrated in much the 
same manner as in Professor Dalby’s experiments. 
The use of an anemometer was, however, somewhat 
clumsy, and the results recorded exhibited certain 
discrepancies, so that he thought the plan described 
by the author would prove of great service. In 
fact, in the case of large engines it was impossible 
to meter the air, as the size required would exceed 
that of a station meter. 

Dr. Morrow, who followed, expressed his sur- 
rise that the coefficient of discharge should have 
een found independent of the speed. He had 
himself made use of a somewhat similar method of 
measurement, and also had used an anemometer, but 
the latter was unsatisfactory, requiring a great deal 
of calibration. He criticised the method adopted 
for determining the formula of discharge. The 
true relation between the energy along a stream- 
line was, he caid, given by the expression 

my P, V; + P, V; _ %%* + Py Vo 4 P, V2 

29 m-1l 29 n-1 
where the suffices relate to the condition of the 
gas at points 1 and 2. In accurate work it was 
necessary to take into account the work done on 
the expansion of the gas as its pressure changed. 

Mr. Charles Hawksley remarked that the ar- 
rangement described by the author was very 
similar in principle to the Venturi meter, and 
suggested the use of the latter as preferable. 

rofessor W. C. Unwin, who followed, said that 
when about to test one of the earlier Atkinson 
engines he had arranged to measure the air supply 
by a meter, but the latter was accidentally blown 
up the day before the test. With reference to the 
Manchester tests referred to by Mr. Clerk, he had 
suggested the use of an anemometer in the hope 
that the instrument would integrate the fluctuating 
velocity. due to the reciprocations of the piston. 
He thought that good results had been. obtained 
then, but Professor Dalby’s method marked a 
distinct advance.. Mr. Hawksley had referred to 
the Venturi meter, and he had himself intended to 
suggest its use. One advantage of the Venturi 
would be that it would save nearly the whole of 
the 12 in. of head now lost. 

Mr. H. Wimperis asked if the level of the liquid 
in the U-tube used as a gauge fluctuated much. 

A speaker, whose name did not transpire, said 
that, in some experiments at Cambridge, an orifice 
had been calibrated by allowing a definite amount 
of CO, to mix with the air, which was analysed 
after passing the orifice. The coefficient obtained 
was 0.6. 

In reply to the discussion, Professor Dalby said 
that Dr. Morrow was quite correct in saying that 
a term had been neglected in deducing the formula 
used, which was adopted on account of its simplicity. 
He doubted, however, if the correction was of 
importance, but it would be interesting to try. 
This, however, would make no difference in the 
method of calibration, to explain which was the 
primary object of his paper. Professor Unwin had 
rightly gauged the difficulties attaching to the use 
of the orifice. It was extremely difficult to make 
and to maintain air-tight the chamber between the 
orifice and the suction-valve, though they had finally 
accomplished the feat. The suggestion to use a 
Venturi meter was well worth following up, and he 
would do so. The proposal to use an orifice, as a 
means of measuring the air supply, originated with 
Professor Unwin, in discussing the arrrangements 
for the trials of the Committee of the Institution of 
Civil Engineers. In reply to Mr. Wimperis, he 
said oil was used in the U-tube, and oscillations 
were thus damped out. The actual fluctuation was 
about , in. in 12 in. with the engine running at 


240 revolutions per minute. At lower engine speeds 
it was, of course, more. If water had been em- 
cag in the gauge, the oscillations of level would 

ave been great. As matters stood, with oil the 
fluctuations ‘‘drew themselves out” in 30 seconds 
to 1 minute after starting. 


HieuH-Tension ExrectricaLt DIscHARGEs. 


Professor E. Wilson then read a paper by Mr. 
W. H. Wilson and himself, describing ‘‘A New 
Method of Producing High-Tension Electrical Dis- 
charges.” By their new method, he said, his col- 
league and himself had produced a high-tension 
electric generator, having increased reliability as 
compared with existing systems, and capable of 
being run off ordinary electric-lighting mains, 
whether the supply was continuous or alternating. 
He believed that the new instrument would be 
found of advantage to medical men for X-ray work 
and also in radiotelegraphy. 

On the system about to be described, a coil 
giving a 10-in. spark weighed but 10 Ib., instead of 
from 60 lb. to 701b. The principle of the device 
would be understood on reference to Fig. 38, where 
(1) represented an inductance, which was periodic- 
ally coupled up with the supply mains (6) by a 
rotating contact-breaker (5). hen thus coupled 
up the inductance absorbed energy, and when 
this was ‘‘fully loaded” the contact-breaker cut 
off the inductance from the mains, with the result 
that the energy in it surged into the condenser (4). 
At the moment when the whole of the energy 
had been transferred to this condenser, the contact- 
breaker (5) short-circuited this condenser through 














1. Inductance. 4. Condenser. 
2.Primary of Spark Coil. 5. Contact Breaker: 
3. Secondary of Spark @il.6.Supply Qrauit. 


the primary of the spark-coil denoted in the figure 
by (2). The condenser circuit, comprising a capacity 
in series with a low inductance, an oscillating cur- 
rent was set up, inducing corresponding currents in 
(3) the secondary of the spark-coil. The essence of 
the device, it would, he said, be seen, was an external 
inductance which received energy from the supply 
system, which it then transferred to a condenser. 
The advantage of the arrangement in X-ray work 
was that the inverse electromotive force was elimi- 
nated. This inverse electromotive force was respon- 
sible for the blackening of the tubes. Whilst the 
current was building up in the inductance which 
served as a collector of energy, the current in the 
primary of the spark-coil was very small and 
changed slowly, producing, therefore, negligible 
effects in the secondary. X-ray tubes therefore 
gave with this coil more sharply-defined images, and 
maintained their efficiency longer. The C*R loss was, 
moreover, very small, so that the efticiency of the 
device was high, being much better than that of a 
Rumkorff coil. On account of the long periodic time 
of the primary circuit, no oil or coal-gas wasneeded to 
suppress the spark at the contact-breaker, as the 
condenser sufficed in itself to quench the spark. 
There were relatively few turns in the secondary, 
which kept down the time constant of the appa- 
ratus, and the low resistance of this secondary 
became important in the case of wireless telegraphy. 
The final result was a more compact and lighter 
coil, so that it was possible to devote more atten- 
tion to the lamination of its iron, thus keeping 
down all losses, which, in ordinary coils, were very 
high. In the coil exhibited the winding was an 
aluminium strip, having a total resistance of 3000 
ohms only, and with copper the resistance would 
be less still. The elimination of sparking at the 
contacts still further enhanced the efficiency. A 
portable battery of a few secondary cells sufficed to 





work the coil. It would, he proceeded, be observed 





that the oscillatory current on the break did not 

through the battery. The iron loss on the 
inductance connected to the supply mains was s)nall, 
since the frequency was low, being 50 per second 
or so, and hence the iron here did not require lami- 
nation. A small motor, run off the supply mains, 
drove the contact-maker, which had a mercury 
break. 

Professor Dalby, in declaring the discussion 
open, expressed his regret that the time at their 
disposal would make it necessary for speakers to 
be very brief. Sir Oliver Lodge, who spoke first, 
said he had himself some time ago devised a method 
of getting high-frequency sparks by using an in- 
ductive kick to excite the coil, and asked the 
authors if they had seen a description of his appa- 
ratus. His arrangement had given very good 
results. 

Professor 8. P. Thompson asked if the operation 
of the contact-maker had to be accurately timed. 

In reply, Professor Wilson said he had not been 
aware of Sir Oliver Lodge’s paper, and in reply to 
the last speaker, said that the time constant of the 
circuit had to be carefully considered, so that the 
condenser should be short-circuited at the instant 
at which it held all the energy in the circuit, and 
the current was accordingly zero. On switching 
on the supply mains, the current built up against 
the choking effect of the inductance. The latter 
was then cut off from the supply, and at this instant 
held a store of energy, whilst the condenser was at 
the voltage of the mains. For the instant it added 
energy to the inductance, causing a momentary 
increase of the current. The energy then, how- 
ever, surged back into the condenser, and at the 
instant the current was at zero this condenser was 
short-circuited through the primary of the spark- 
coil, the amount consisting then of a capacity across 
a low inductance, on which an oscillatory discharge 
ensued. 

Heat Insvnation. 

The final paper taken at the meeting on the 
6th inst. was contributed by Mr. F. Bacon, and 
described tests on the comparative efficiency of 
different materials as insulators of heat. This 
paper we publish on page 396 of our present issue, 
so that it will suflice-here to say that electrical 
methods were used both for generating the heat to 
be transmitted, and for registering the tempera- 
tures attained. Powdered cork, suitably com- 
pacted, proved the most effective of the different 
insulators tried. 

The discussion was opened by Professor Petavel, 
who said that the arrangements used by Mr. Bacon 
appeared satisfactory. He had himself, some time 
ago, made a series of experiments on the efficiency 
of a number of varieties of steam-pipe coverings. 
There also cork had proved, with one or two excep- 
tions, the best of the insulators tried. They had found 
in commercial steam-pipe coverings differences in 
efliciency of as much as 3 to1, though the prices of 
several of the worst were higher than those of the 
best. The question as to the best thickness and best 
density of the insulating material was very impor- 
tant, particularly when a cylindrical surface was to 
be covered. In the case of a small pipe and a bad 
insulator it was quite possible to increase the loss 
of heat by augmenting the thickness of the covering, 
since the increase in the effective diameter from 
which heat was lost, by radiation and convection, in 
such cases more than compensated for the increased 
thickness of the coating. At Manchester also they 
had found that there was a definite density which 
gave the best results. With material too loosely 
packed there was loss by the establishment of con- 
vection currents in the air occluded, whilst if too 
tightly packed the coating was transformed into 4 
better conductor than it need be. 

As to the law connecting the variation in the heat 
loss with the temperature difference, he believed 
that this depended on the difference in_ tempera 
ture of the outside of the coating and of the sur- 
rounding air. Where this difference was large 
there was a sharp increase in the loss with the rise 
of the interior temperature, but when small the 
rate of loss was proportional to the difference 
between the temperatures of the inside and outside 
coatings. 

Sir Oliver Lodge, who spoke next, drew atten- 
tion to a paper by Professor Porter in the current 
issue of the Philosophical Magazine, which bore out 
the suggestion that it was useless to lag with 
ordinary material asmall pipe, as this would me rely 
cause it to lose heat faster than before. Phys:cists 
used to teach their classes that whilst it was pos 
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sible to insulate electricity almost perfectly, this 
was not the case with heat; but since the intro- 
duction of the silvered vacuum vessel by Dewar 
this distinction no longer held. He feared, how- 
ever, that it would be impossible to apply to engi- 
neering practice the system in question, as the 
difficulties would be extremely great. 

Professor Dalby, who followed, said that he had, 
some years since, been associated with Dr. Thomp- 
son in some experiments with different laggings 
applied to a steam-pipe 6 in. in diameter and 10 ft. 
long. They had found that with each material 
there was a certain thickness of lagging which it 
was non-commercial to increase, as the radiation 
from the increase of the external surface increased 
faster than did the insulation due to the increase 
of thickness. 

Professor Thompson said he could confirm what 
the last speaker had said, and supplemented it by 
the fact that Lord Kelvin had, from theoretical 
considerations, pointed out years ago that it was 
absurd to lag very small tubes and wires. This 
had been flippantly given as the reason why ‘‘spiders 
and daddy long-legs did not require to wear 
trousers.” 

In reply, Mr. F. Bacon said that he wished to 
add to his paper the observation that he found 
moisture in the insulating material to have much 
influence on the results recorded. The conductivity 
of his coverings steadily improved whilst this mois- 
ture was being driven off. 

As originally arranged, Section G had intended 
to conclude its proceedings on Tuesday, but the 
time-table provisionally fixed proved inadequate for 
the papers and the ee discussions. Four 
papers had accordingly to be taken on Wednesday, 
September 7. 


Setr-Ratstnc Rotiers ror Maps and Pians. 

The first, entitled ‘*‘Gravity Self-Raising Rollers,”’ 
was contributed by Mr. R. W. Weekes, and de- 
scribed a highly convenient arrangement for the 
mounting of maps and wall diagrams. This paper 
we shall shortly publish in full, and a description 
of the arrangement would hardly be intelligible 
without the aid of the illustrations. The discus- 
sion was very brief, being practically confined to a 
few questions already answered, directly or by impli- 
cation, in the paper itself. 


THe MecuanicaL Hysteresis OF RuBBER. 

The second paper, by Professor A. Schwartz, on 
a ‘Machine for Testing Rubber by Means of its 
Mechanical Hysteresis,” was, in the absence of the 
author, read in abstract by Mr. H. Wimperis, who 
said that the principle of the machine was indicated 
in Fig. 39, subjoined. The strip of rubber to be 
tested, usually measuring # in. by ;'; in. by4 in. long; 
was connected, by a flexible cord passing round a 


‘ HYSTERESIS OF RUGBER. 
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pulley, with a spring-balance as indicated. The 
upper ends of both the rubber test-piece and the 
Spring were connected, the one to a drum and the 
other to the pencil of a recording gear. The load 
Was applied to the specimen by pulling down the 
pulley, and it would be seen that from the arrange- 
ment of the apparatus the pull on the test-piece and 
the pull on the spring were equal, though the corre- 
sponding extensions were different. The diagram, 
obtained in a cycle comprising the gradual loading of 
the specimen and the gradual removal of the load, 
had, he said, the character indicated in Fig. 40. On 
repeating the cycle the area of the hysteresis curve 
i -veased, the maximum extension under the same 
] 
t 


‘owever, that with high-grade rubber the area of 
ho hysteresis diagram became practically constant 
‘ter the sixth repetition of the cycle. 

_ The discussion was opened by Professor Fessen- 
cen, who said that the determination of the 
hysteresis diagram constituted a fairly good method 





‘caximum load being greater. The author stated, | h 





of testing the quality of rubber. He had, however, |deep and 200 metres square, covered with two 
found that for the same quality of rubber the | thicknesses of wired glass. The upper glass reduced 
amount of hysteresis was dependent on the character | any loss from the cooling action of the wind, which 
of the adulterant or admixture employed. Rubber, | would otherwise give rise to serious condensation 
he continued, had very peculiar mechanical proper- | losses. In this tank steam was to be generated at 
ties, due, as had originally been pointed out by | atmospheric pressure and utilised in exhaust-steam 
Faraday, to the circumstance that the gum was an/| turbines, which, during sunshiny periods, would, 
aggregate of two substances—one horny and the|in part, supply the transmission-line direct, the 
other plastic, and to this was also due the unusual surplus being used to pump up water from the tank 
value of Poisson’s ratio for the material. The | at the bottom of the storage-shaft to that at the 
mechanical properties of rubber could be simulated | top. The total cost of the exhaust-team turbines 
by imagining a series of spheres of copper con-| and generators would be 12/. 10s. per horse-power, 
nected together at their points of contact, and making a total of 201. 10s. for the first cost of the 
filled with water. Such an aggregate would take | plant, the total annual charge on which would not 
a large extension under a tensile force, the spheres | exceed 30s. per horse-power. 
deforming into ellipsoids, and compressing the | Taking next the case of the wind, he had found 
contained fluid. If such a system were heated | that the equivalent of a windmill 300 ft. in diameter 
whilst under tension, it would contract, owing to| would be needed to generate 800kw. Actually, a 
the expansion of the water tending to restore the | number of small units would be used, all driving the 
deformed spheres to their original form. Such a|same shaft. The windmills would be commonly 
system had also a large mechanical hysteresis. | available when the sun was not shining. From 
The heat generated on compression had to leak out, | estimates made when acting as the engineering 
and by using a good conductor for the admixture, | member of the Canadian Government Power Com- 
in the case of india-rubber, its hysteresis was de-| mission, he had found that the annual cost per 
creased, and the rubber would, in consequence, last | horse-power in the case of a steam plant of 100,000 
longer in service. . ae gd capacity would be 3l. Gas-power 
could be furnished at 21. At Niagara, where the 
conditions were very favourable, water-power cost 
15s. per annum, and in some other very exceptional 
cases it might be got at an annual charge of 10s, 
perannum. Hence his proposed system would be 
unable to compete with water where the conditions 
for the latter were very favourable. In very few 
cases, however, would water-power cost as low as 
10s. per annum. At Niagara the initial cost of the 
‘*natural resources” in its ordinary sense, such | last 100,000 horse-power installed had been 91. per 
did not really exist. A wood only became ‘‘ a| horse-power, but in somespecial conditions this figure 
natural resource” when some one learnt to utilise it, | might be brought down to 61. Usually, however, 
just as the wind became one only when some other | water-power cost very much more than this. As to 
individual learnt to build a boat and sail it.|the solar methods, he stated that a plant of 3000 
Strictly speaking, the real natural resources of a | horse-power was now in course of erection, and would 
nation consisted in its organisers and discoverers, | probably be at work within the next twelve months. 
who alone made productive the latent wealth of an |The site was a copper-mine where fuel was very 
ore body or coal-mine. An attempt to conserve | expensive; and as an old disused shaft already 
the latter would really, he claimed, bar progress, | existed, the cost of excavation would be saved, so 
as there would be no impulsion for able men to dis- | that the plan would be tried under very favourable 
cover substitutes. circumstances. 

The difficulty in using the sun and the wind as| The discussion was opened by Mr. R. W. Weekes, 
sources of power lay, he proceeded, in the fact that | who — out that the author, owing probably to 
the energy was required to be available at any time, | the loss of his notes, had failed to include in his 
whilst the proposed sources were intermittent. | estimates the cost of the solar tank. 

Owing to the capital cost involved, and the outlay! Sir W. H. White, who spoke next, said that his 
necessary on depreciation and maintenance, storage | experience had been that in all these schemes for 
of the energy by secondary batteries was commer-|the working of intermittent sources of energy the 
cially impracticable, since to provide for the| works of construction turned out to be so costly 
necessary case, of a fortnight’s complete intermis- | that the scheme had to be dropped. In this con- 
sion in the supply of energy, the amount neces- | nection he recalled evidence given by Mr. Merz 
sary to be invested would not be less than.140l. | in connection with the last attempt to provide 
per horse - power, on which the annual charges | London with a system of electric power supply, 
for interest, depreciation, and maintenance would | which showed that in most cases it was cheaper to 
aggregate 261. The author therefore proposed to|use steam than water to drive generators. He 
store the energy by means of water, a cubic yard of | thought that though the author had no doubt tried 
water falling 1000 ft. being able to develop one|to be conservative in his estimates, the latter 
horse-power hour. It would, however, be too} should nevertheless be received with caution. His 
costly to erect tanks 1000 ft. high. On the other | experience was that in the case of original schemes 
hand, shaft-sinking and excavation were relatively | of this description there was a natural tendency 
cheap, and he had obtained contract. prices from|to frame such estimates on a somewhat hopeful 
three independent firms to do the shaft sinking and | basis. He could not challenge the figures given, 
excavation necessary for a plant to develop 5000) but he had never known any invention in which 
horse-power for a fortnight at a cost of 8s. per|such preliminary figures had not ultimately proved 
cubic yard, inclusive of a lining of ferro-concrete, | tco 10w. 
The capital expenditure on this head amounted| Professor Dalby asked the author whether he had 
therefore to 51. 12s. per horse-power installed, and | considered, in his estimates, the cost of trans- 
the annual cost, inclusive of depreciation, mainten- | mission. 
ance, and interest, to 9s. per horse-power. The| Professor Coker, who spoke next, thought there 
generating plant he estimated would cost 2l. 103. | were no really definite figures as to the availability 
per horse-power for the turbines and pumps, making | of solar radiation. He had had to examine into’ 
the total capital charges on the storage system to be|some most ingenious schemes to utilise this in 
8l. per horse-power, the total annual charges on | Western America, but they had ultimately come to 
which would be 13s. per annum, which was a com-|nothing. As to the case of wind power, this 
mercial proposition. As for the primary generating | was utilised on a very considerable scale in Den- 
ear he proposed to use in the first place the sun. | mark, but never in large units, a circumstance which 
n iki this source delivered energy to the | suggested that very serious difficulties arose when 
extent of between 37,000 and 56,000 ‘‘ big ” calories | the size was increased. 

r square centimetre per annum. Inthe Northern; In reply, Professor Fessenden said that the 

nited States the corresponding figures were 50,000 cost of the solar tank was 10s. per horse-power. 
to 75,000 per annum, and in Arizona it was) As to Sir William White's suggestion that his esti- 
approximately 100,000. Expressed in kilowatt-| mates were sanguine, he could only say that he 
ours, it appeared that a surface of 100 square had really tried to be conservative. The output 
metres in mid-Europe received per annum 50 mil- | from the solar tank was estimated from complete 
lion kilowatt-hours ; a similar area in the Northern tests of a model 10 m. square. Previous attempts 
United States 75 million, and in the Western United on the same line had failed largely because it was 
States 100 million kilowatt-hours per annum. To attempted to generate steam under pressure. As 
make use of this energy supply for power pur- to the water-turbines he had test figures showing 
poses he proposed to construct a shallow tank, 8in. efficiencies of 87 per cent. Those installed at 





Power Propvuction BY THE SUN AND WIND. 

The next paper taken was contributed by Pro- 
fessor Fessenden, being entitled ‘‘ The Utilisation 
of Solar Radiation, Wind-Power, and other Inter- 
mittent Sources of Energy.” Unluckily, the author 
had mislaid his notes, so that for the figures given 
he had to trust his memory. The author, in open- 
ing his discourse, remarked that, using the term 
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Niagara had an efficiency of 84 per cent., whilst in 
his estimates he had figured on 75 per cent. As 
to the question of transmission saleel te Professor 
Dalby, this was now being effected at Niagara at 
100,000 volts, and with new forms of insulator it 
would be possible to use 500,000 volts. In reply 
to a question by Captain Sankey, Professor Fes- 
senden said that the solar tank at the 3000 
horse-power plant under construction would, in a 
blazing sun, supply steam at a rate equivalent to 
30,000 horse-power. 


Tue STRENGTH OF THICK CYLINDERS. 


The last paper read before Section G was by 
Mr. G. Cook, and described an ‘‘ Experimental 
Investigation of the Strength of Thick Cylinders.” 

The author said there was no logical reason for 
doubting below the elastic limit the accuracy of 
Lamé’s law as to the distribution of stress ina thick 
cylinder under internal pressure. In fact, in the 
case of brittle materials, such as cast iron, the 
bursting strength coincided closely with that esti- 
mated from Lamé’s formula. In the case of ductile 
materials, however, stress was no longer propor- 
tional to strain once the elastic limit was exceeded. 
The principal trouble experienced in his experi- 
ments was in the maintenance of the pressure, 
but the difficulties had been surmounted and he 
had now got good results with three specimens of 
mild steel, each of }-in. bore by 1}-in. outside dia- 
meter. The pressures used had attained 15 tons per 
square inch. A number of tests had also been made 
on cast iron, and with this material the agreement 
with theory proved quite satisfactory. The steel 
specimens were turned out of a mild-steel bar 2} in. 
in diameter, and had the form shown in Fig. 41. At 
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the open end the diameter of the bore was increased 
to 1} in., and threaded to a depth of 1 in. The 
specimen was connected up by tubing to a Petavel 
pump, capable of giving pressures of 20 tons per 
square inch. The yield-point was determined by 
means of a diaphragm-gauge, with which increases of 
100,00 12. in diameter could be measured. This 
yield-point was taken to be the point at which, 
whilst maintaining the pressure constant, the 
liquid in the capillary tube of the gauge continued 
tomove. The pressure was afterwards increased until 
th» tube burst by a longitudinal crack. Specimens 
from the same steel bar were tested in the ordinary 
way to determine the ultimate strength and elastic 
limit of the material. The yield-point in the ex- 
periments in which the specimens were burst proved 
to have its theoretical value, assuming Lamé’s law. 
This fact appeared of importance, since, in a recent 
issue of ENGINEERING (see page 324 ante), Professor 
©. A. Smith, assuming Guest’s law to hold, had 
claimed that the yield-point should be observed at 
half this value. xotually, however, no signs of any 
yield-point were visible till the tensile stress on 
the material, as calculated by Lamé’s equation, 
was equal to that at the yield-point observed in 
the ordinary tensile test. 

The cast-iron cylinders tested had outer diameters 
equal to from 2.4 to 1.5 times the inner, and with 
these the bursting strengths observed agreed well 
with theory, so that the author believed that Lameé’s 
law was not seriously departed from, even after the 
elastic limit of the material had been exceeded. 
This might perhaps be attributable to a hardening 
of the material under flow. Any strengthening 
effect from the enlarged ends could hardly extend 
more than one diameter in from the shoulders. 

The discussion was opened by Mr. H. M. Martin, 
who, referring to the last statement of the speaker, 
pointed out that in the case of a thin cylinder, at 
any rate, the effect of the ends would be the reverse 
of strengthening, since experiments by Mr. Spence, 
confirmed subsequently by theory, showed that the 
effect of the ends was actually to give rise to an 
increase of the radial deformation at a point some 
little distance from them. 

Mr. Charles Hawksley asked the author if there 
would be any practical difficulty in making use of 
longer tubes. 

Professor E. G. Coker, who followed, said it 
was interesting to find that in the case of cast iron 
the theoretical formula held right up to fracture. 





He could not, however, understand how it could 
hold for ductile materials, and thought further 
experiments were necessary. The author had used 
pieces with enlarged ends. In some experiments 
with which he had been concerned some years ago 
at Manchester, the difficulties arising from the 
unknown influence of the ends were got over by 
using plain tubes, and having pistons fitted at each 
end. 

In reply, the author said that in the case of a 
thin tube the effect of the ends was undoubtedly 
to weaken the shell, but he did not know if this 
would be so in the case of thick tubes. As to Mr. 
Hawksley’s query, the difficulty of using longer 
tubes lay mainly in boring them, and he thought 
the actual length was sufficient, being 6 in. between 
the shoulders, ; 

Before the meeting dispersed, a vote of thanks 
to Professor Dalby for his services in the chair, to 
Professor Coker in his capacity as recorder of the 
section, and to Mr. H. Wimperis and Mr. Boulden, 
who acted respectively as the general and the local 
secretary of the section, was proposed by Sir W. 
H. White, and carried with acclamation. After a few 
words in reply from the President, the proceedings 
of the section terminated. 


(To be continued.) 








FOREIGN ENGINEERING PROJECTS. 


WE give below a list of colonial and np engineering | go Ff, 


projects, for several of which tenders are asked. Further 

rticulars concerning these can be obtained from the 
Jommercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. 

Canada: The Municipality of Dauphin, Manitoba, 
intend to establish water supply and sewage works. 
Tenders have already been invited, but other contracts 
remain to be placed. These latter include (1) furnishing 
all materials for and constructing water-works pump- 
house (contract B); (2) furnishing all materials for and 
constructing sewage-disposal works (contract Q); (3) 
furnishing and erecting steam fire-pump (contract @) ; 
(4) furnishing materials for and constructing dam and 
gate-house (contract I); (5). furnishing materials for and 
constructing sewage-pumping station (contract P); (6) 
eeneaeeam (contract U); (7) sewage-ejectors (con- 
tract V); (8) furnishing and laying air-pipe line (con- 
tract T). 

Australia: The Commercial Intelligence Branch of the 
Board of Trade have received a copy of a report to the 
South Australian Commissioner of Public Works on the 
utilisation of the Murray River for navigation and irriga- 
tion, and for the development of the resources of the river 
valley. The — proposes a system of navigation 
works for the whole of the Murray River from Lake 
Alexandrina to a point some miles above Wentworth, a 
distance of 485 miles, to be eventually extended as far 
up as Echuca, on the main stream, and Hay, on the Mur- 
rumbid To initiate this work, the execution of the 
Lake Victoria storage scheme, as put forward by the 
Royal Commission of 1902, is recommended. The effect 
of this would be to raise the level of the river at the 
eastern boundary of South Australia by 2 ft. for a period 
of nearly four months in each year. The cost of that 
portion of the works within South Australia is estimated 
at 482.000/.; the Lake Victoria works are estimated to 
cost 165,000/._ The construction of a barrage across the 
arm at the head of Lake Alexandrina is also proposed. A 
recommendation is made further in favour of a sea-level 
canal from Goolwa to Victor Harbour, to carry the river 
traffic down to the ocean ; the cost of construction is esti- 
mated at about 456,000/. This, however, it is suggested 
should be held over pending the development of traffic, 
which would be provided for meanwhile by the Goolwa- 
Victor Railway. 

Germany : The Moniteur des Intéréts Matériels (Brussels) 
announces that tenders will shortly be invited for the 
carrying out of harbour works at the port of Rostock. 
The upset 2 te is put at 3,900,000 marks (about 192,000/.). 

Spain ; The Gaceta de Madrid contains a notice issued 
by the Direccién General de Obras Publicas, granting to 
the Compajiia Gaditana de Minas La Caridad de Aznal- 
collar a concession for the construction of a railway from 
Gerena to Gerena railway station. In the working of 
the line the following polling hock will be required :— 
Two locomotives with tenders, twenty uncove wagons, 
two covered trucks, two luggage-vans, and two second 
and third-class (combined) coaches. Notices issued by 
the Direccién General de Obras Publicas, Madrid, an- 
nounce that concessions for the construction and working 
of the following railways have been applied for :—By Don 
Gregerio Barrios y Sanchez, for a line from Alcdzar de 
San Juan to Cuenca; by Don José Carbonell y Morand, 
for a line from Alicante to Villajoyosa ; and by Don Cosme 
Sanchez del Alamo y Vallejo, for a line from Alcazar de 
San Juan to Malagon. 

Italy : The Gazzetta contains a notice inviting tenders 
for the construction of a lighthouse in Lido Harbour. 
The upset price is put at 51,630 lire (2065/.), and to qualify 
tenders a deposit of 1000 lire (40/.) will be required, to be 
increased by the successful tenderer to 10 per cent. of 
the accepted contract price. Tenders, which will be 
opened _on September bo should be addressed to the 
Signor Prefetto, Regia Prefettura di Venezia, Venice. 

Italian Somaliland: According to an announcement in 
the Sole (Milan), the Italian Superior Council of Public 





Works has reported in favour of a project for the con. 
struction of a line of railway from Mukdishu to Afgoi. 

Austria-Hungary : New water-works, or enlargements 
of existing water-works, are to be undertaken in the 
following towns:—Pressburg, Szekesfehervarand Didsg ; jir 
(Hungary), and Morchenstern (Bohemia). 

Servia: According to a notice in the Moniteur Of ic] 
du Commerce (Paris), the Servian State Railways wil] 
shortly invite tenders for the supply of a number of |»co- 
motives, 50 r coaches, and 8S wagons. 
Inquiries in this connection should be addressed to the 
Direction des Chemins de Fer de I’Etat Serbe, Belgrade. 

Turkey: The following items are taken from ‘he 
Turkish Budget for 1910:—Improvement works on 
Hedjaz Railway, 10,890,158 piastres ; military clothing 
and equipment, 89,217,726 piastres ; lighthouse con- 
struction, &c., 2,393,302 piastres ; road construction, «c., 
52,548,750 piastres; irrigation and drainage works in 
Mesopotamia, 18,000,000 piastres. Extraordinary credits 
have m granted to the Ministry of Public Works of 
94,606,200 piastres annually for two years, for the con- 
struction of national means of communication; and to the 
Ministry of War of 175,000,000 piastres annually for three 
years, for munitions of war, &c. 100 piastres = 18s. 

Brazil: The Diario Official publishes a decree, No. 8101, 
approving the estimate of 5,611,225 milreis(about374,000/. ), 
submitted by the Companhia Docas de Santos, in respect 
of various complementary works connected with the exten- 
sion of the quays.at Santos Harbour. The estimate pro- 
vides for the purchase of two locomotives and ten wagons. 
It also — a decree approving the plans submitted 
by the Director-General of Ways and Communications for 
the construction of a section, 53 miles long, of the S. 
Pedro-S. Borja Railway in the State of Rio Grande do 
Sul. The cost of the work is estimated at 4,040,422 
milreis (about 270,000/.). A decree is further issued 
approving the plans, submitted by the Companhia Estrada 

e Ferro S. Paulo-Rio Grande, for the construction of a 
section, 36 miles — of the S. Francisco line, forming 
part of the S. Paulo-Rio Grande Railway. The cost of 
the work is estimated at 5,849,252 milreis (about 390,0002.). 








THE TestTinc oF LatTHE-Toois : ErratuM.—Professor 
W. Ripper asks us to make the following correction in 
our report of his paper on ‘‘ The Testing of Lathe-Tools, 

ublished in our last issue. On page 356, col. 3, line 36 
rom top, insert after the word “number” the words 
‘** multiplied by the duration of the test in minutes.” 


Tron-OrrE Deposits tn Brazit.—The Brazilian Govern- 
ment, according to Internationale Wochenschrift, has had 
various districts of the country surveyed with a view of 
ascertaining more accurately the extent of the iron-ore 
deposits, with the result that iron ore containing 60 to 
75 per cent. iron has been found in fifty-two different 
places in the State of Minas Geraes, and the aggregate 
quantity is estimated at 12,000,000,000 tons. In addition 
equally high-percentage ore is stated to have been found 
in seven other states in Brazil, whilst good ores, though 
not containing such high percentage of iron, are found in 
all the states. Alone the iron-ore deposits in Caracas are 
said to be so enormous that they can supply the world’s 
requirements of iron for a period of 160 years. The iron- 
ore deposits at Minas Geraes are certainly at a distance 
of some 300 miles from the coast, but the construction of 
a railway to the excellent port of Victoria is under con- 
templation. 


Triats or H.M.S. “ Briancut.”—The speed trials of 
the Blanche, cruiser, built at Pembroke Dockyard, have 
been completed. The opening up of the machinery 
remains to be done, and there is no doubt that the whole 
of the work will be completed well within the contract 
time. The machinery, which was constructed by Messrs. 
Hawthorn Leslie and Co., Limited, Newcastle-on-Tyne, 
consists of an installation of Parsons turbines, having 
one high-pressure ahead and one high-pressure astern tur- 
bine on each wing shaft, and one low-pressure ahead, with 
which is incorporated one low-pressure astern, turbine on 
each of the centre shafts—that is to say, there are four 
lines of shafting in all. In this vessel the latest 
Admiralty practice of dispensing with a separate cruising 
turbine has been carried out, and so an improved engine- 
room arrangement in the limited space available has thus 
been quelle The turbines are supplied with steam by 
12 Yarrow boilers of the latest type. The speed trials 
required were eight hours at 15,000 shaft horse-power, to 
be followed immediately by 22 hours’ trial at 11,000 shaft 
horse-power, making one continuous period of 30 hours, 
and an eight hours’ full-power trial at the contract power 
of 18,000 shaft horse-power, there being the usual circle, 
steering, gun, and torpedo trials in addition. The results 
are tabulated :— : 
8 Hours’ 22 Hours’ onsen . 

Trial. ‘Trial, Full Powe 

472.6 _ 

15,274 — 


Trial. 

602.7 

18,542 
1.1 


Mean revolutions. . 
Shaft horse-power 
Air-pressure : in. .. a <i 
Coal consumption : Ib. per shaft 
horse-power hour bi me 
Oil consumption : lb. per shaft 
horse-power hour... o* 
uivalent coal consumption : 
b. per shaft horse-power hr. 
8 ot pn measured mile: knots 
Shaft horse-power on measu Bet 
Me ce te ae aw SRE 11,000 19,777 
Revolutions on measured mile. . — 516 
The whole installation of machinery and boilers worked 
satisfactorily, and the exceptionally small water |\»s 
indicated the tightness of the joints of the system. Phe 
trials were run during a period of very stormy weathe: 


1.48 


23.33 
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(Continued from page 382.) 


Molecular Theory of Radiation from Gases. -- Much 
difference of opinion exists as to the physical interpreta- 
tion of the facts described in the aes sections. The 
issues in this controversy can conveniently be stated in 
terms of the molecular theory, and it is therefore desir- 
able to give a short account of this theory. But it will 
be apparent that_the issues are not merely of theoretical 
interest, but are in large measure issues of fact capable 
of being tested by experiment, and that the answers to 
important practical questions may depend on the manner 
in which they aré settled. — 

According to the kinetic theory, the energy of a gas 
must be referred partly to translational motion of the 
molecules as a whole and partly to motions of some sort 
internal to the molecules. The translational motion is 
that which causes the pressure of the gas, and in the case 
of gases for which = is constant (with which alone we 
are concerned in this discussion), the translational energy 
per unit of volume is equalin absolute measure to 14 times 
the pressure. This part of the energy may conveniently 
be called ‘‘ pressure energy.” It amounts to nearly 3 
calories per gramme molecule, or to 12 foot-pounds per 
cubic foot per degree Centigrade. 

The other part of the energy produces no external 
physical effect except radiation, and at ordinary tempera- 
tures, when there is no radiation, its existence and amount 
are inferred from the fact that when work is done or heat 
put into the gas the corresponding increase in pressure 
energy amounts to only a fraction of the whole. The 
internal motions to which this suppressed energy corre- 
sponds may be pictured as of a mechanical nature, such 
as the vibrations of spring-connected masses or as rota- 
tion about the centre of gravity of the molecule, but 
there is not the same reason as exists in the case of the 
transitional energy for supposing that they are really 
of this character. They may be, and, indeed, probably 
are, electrical phenomena, at any rate in part. Any 
radiation from the gas must take its origin in this internal 
motion, and so much of that motion as gives rise to radia- 
tion must be of a periodic character, and have a frequency 
equal to that of the radiation emitted. It will be con- 
venient to call the whole energy which is internal to the 
molecule ‘‘ atomic energy,” pom part of it which gives 
rise to radiation may be called ‘‘ vibrational energy.” The 
vibrational energy may be imagined as due to high-fre- 
quency vibrations within the molecule, and the rest of the 
atomic energy as due to slower movements—perhaps 
rotations of the molecule as a whole—which do not pro- 
duce any disturbance in the ether. This remaining 
energy may conveniently be called ‘‘rotational,” it being 
understood that the motion to which it corresponds is not 
necessarily a physical rotation, but is some internal 
motion which gives no external physical effects. _ 

When the gas is in a steady state the various kinds of 
energy will bear definite ratios to one another, dependent 
on the temperature and pressure. It may be expected, 
however, that after any sudden change of temperature or 
pressure the gas will not at once reach the steady state 
of equilibrium corresponding to the new conditions. For 
instance, it may be that in the rapid compression of a gas 
the work done goes at first mainly to increasing the trans- 
lational energy. If in such case the compression be 
arrested, and if there be no loss of heat, this form of 
energy will be found in excess; and a certain time, 
though, possibly, a very short time, will elapse before the 
excess is transformed by collisions into atomic energy, and 
the state of equilibrium attained. This change would be 
manifest as a fall of temperature or of pressure without 
any change of energy. : 

If, on the other hand, the gas be heated by combustion, 
the first effect is undoubtedly an increase in the energy 
of those molecules, and of those only, which have been 
formed as the result of the combustion ; and it is prob- 
able that in the first instance the energy of the newly- 
formed molecules is mainly in the atomic form. Before 
equilibrium can be attained there must be a process of 
adjustment, in the course of which the energy of the new 
molecules will be shared in part, with inert _molecules— 
¢.g., the nitrogen in an air-gas explosion—while the trans- 
lational form of energy will increase at the expense of the 


atomic energy. The final state of equilibrium reached 
will be the same at the same temperature, whether the 
gas was heated in the first instance by combustion or by 
compression ; the assumption that this is the case is in- 


volved in any statement of volumetric heat as a definite 
physical quantity. The pressure energy in the final state 
of equilibrium is certainly shared equally between the 
different kinds of molecules, but the atomic energy is not 
necessarily equally shared. It is known, for example, 


that tle steam molecules, after an explosion of hydrogen 
and cir, carry, on the average, more energy than the 
nitrozen molecules, though the pressure energy is the 
sam 

The process of attaining ne ee after an explosion, 
which has just been described, would (if heat-loss were 
arrested) result in a rise of temperature, and in the ordi- 
P : L port presented to the British Association at Shef- 

eid 


nary case of rapid cooling it would retard the cooling. 
It would therefore be indistinguishable, as regards pres- 
sure or temperature effects, from continued combustion 
or after-burning. 

Stated in terms of the molecular theory, the first 
question as to which there is difference of opinion is 
whether the radiation from a flame arises from gas which 
is in equilibrium or whether it comes from molecules 
which still a larger share than they will ultimately 
(in the equilibrium state) be entitled to, of the atomic 
energy which resulted from their formation. If the pro- 
ducts of combustion of a non-luminous Bunsen flame were 
heated—say, by passing through a hot tube—to the 
average temperature of the flame (taken to be equal to 
that of a solid body of moderate extent immersed in it), 
would they emit substantially the same amount of radia- 
tion ? In order to clear the ground for the discussion of 
this question it will be convenient, first, to state two or 
three points about which there will probably be general 
agreement. First, there is here no question of the origin 
of luminosity, for the luminous part of the radiation from 
the flame possesses practically no energy. Second, the 
radiation, whether in the heated gas or in the flame, 
arises almost entirely from the compound constituents 
CO, and H.O; in neither case does any come from the 
molecules of nitrogen or of excess oxygen. And, thirdly, 
the powerful absorption of cold CO, for the radiation 
from a CO flame, and of water vapour for that from a 
hydrogen flame, will probably lead all to admit that these 
gases when heated will emit some radiation of the same 
7— The only question is, how much ? 

. von Helmholtz was of opinion that the radiation in 
a flame comes mainly from molecules which have just 
been formed, and which are, therefore, still in a state of 
vigorous vibration. Pringsheim, Smithells, and others 
take the same view. This is practically equivalent to 
saying that this radiation, like the radiation of higher 
frequency which gives luminosity, is due to chemical 
action, and not to purely thermal causes. On the other 
hand, Paschen and some others have maintained that the 
radiation from a flame is purely thermal, or that it arises 
from gas which has attained the normal or equilibrium 
state, and is substantially the same as that which would 
be emitted if the products of combustion were heated. 

It will readily be seen that the difference between the 
two opinions really turns on the question of the time 
taken y a gas which is not initially in, or has been dis- 
turbed from, the equilibrium state to attain that state. 
All will concede that the CO, or steam molecule will 
radiate more powerfully just after its formation than at 
any other time. If, as R. von Helmholtz contended, the 
greater part of the radiation which it gives out in the 
course of its life is to be ascri to this early period of 
its history, we must suppose that that period is suffi- 
ciently extended to give time for the emission of a con- 
siderable amount of energy, with a rate of radiation 
which, though greater than that of the gas in its ultimate 
equilibrium state, is at least of the same order of magni- 
tude. In other words, we must suppose that the process 
which may indifferently be called attainment of equili- 
brium, or continued chemical action, must go on in the 
gases as they pass through the flame for a time of the order 
perhaps of one-tenth of asecond. For if it be supposed that 
equilibrium is reached in an-excessively short time—say in 
1.1000 second or less—then the radiation, if ascribed to that 
short period, must be supposed to be of corresponding 
intensity—there must be a sudden and violent flow of 
energy by radiation just while combustion is going on, and 
very little radiation after it is complete. This is, how- 
ever, negatived by the bolometer measuréments made 
during an explosion, which show that radiation goes on 
for something like half a second after maximum pressure 
(see Appendix B). Those who hold that the radiation 
emitted by CO, and steam is mainly due to continued 
combustion must be prepared to admit that such combus- 
tion goes on for a long period after the attainment of 
maximum pressure in an explosion. The issue involved 
here is, in fact, the same as that in the controversy about 
“‘after-burning.” 

The principal argument advanced by R. von Helmholtz 
in support of his view is the experimental fact discovered 
by him that the radiation of a flame is diminished by 
heating the gas and air before they enter the burner, in 
spite of the fact that the temperature of the flame must 
be raised. This he explains by the acceleration of the 
approach to the state of equilibrium which would be 
brought about by the more frequent collisions between 
= newly-formed compound molecules and their neigh- 

urs. 

The question of the velocity with which a gas ap- 
proaches its normal state after a disturbance has been 
much discussed in connection with the kinetic theory. 
Immediately after an explosion we have an extreme case 
of such a disturbance, the atomic energy being, at any 
point which the flame has just reached, in considerable 
excess. The transformation of this energy into the pres- 
sure form will proceed at a rate diminishing with the 
amount remaining to be transformed, and, in the final 
stages of the process at all events, proportional thereto. 
The slowness of approach to the state of equilibrium may 
be measured by the time required for the reduction of the 
untransformed energy in any specified ratio. It is usual 


to take : the 


corresponding time may be called the ‘‘time of relaxa- 
tion.” Estimates of this time, based on the kinetic theory 
of gases, may be made in various ways, but they all 
involve hypotheses as to the nature of the action between 
the molecules, and must be regarded as little more than 
speculation. It will be well, however, to indicate the 
meral character of the arguments on which they are 

By methods which need not be considered in 


as this ratio, and, following Maxwell, 








detail here it is possible to calculate the number of colli- 


sions with its neighbours which the average molecule 
undergoes per second. This calculation can be approached 
in various ways, based on different kinds of data, but 
they all lead to the same result, at any rate as regards 
order of magnitude—namely, that a molecule of air at 
normal temperature and pressure collides on the average 
3 x 10° times per second with other molecules, At every 
collision the energy distribution in the colliding molecules 
is modified, both as regards the manner in which it is 
shared between the two and the relative proportions due 
to vibration and translation in either. It is argued that 
after every molecule has suffered a few thousand colli- 
sions, which will happen in a millionth of a second, the 
gas must have reached a steady average state. This argu- 
ment would, however, be upset if the interchange of 
energy as between vibration and translation at each colli- 
sion were sufficiently small. It is only necessary to 
suppose that a vibrating molecule loses less than one- 
thousand millionth part of its vibratory energy at each 
collision to raise the time of relaxation to something of 
the order of a second. Any objection to this supposition 
must be founded on some hypothesis, which cannot be 
other than entirely speculative, as to the mechanism of a 
collision. The kinetic theory, therefore, can give no 
information about the absolute value of the time of relaxa- 
tion, though it provides valuable suggestions as to the 
way in which that time is affected by the temperature and 
density of the gas. 

There is plenty of physical evidence, however, that 
under ordinary circumstances the time of relaxation is 
excessively short. The phenomena of the propagation of 
sound shows that compressions and rarefactions of atmo- 
spheric air may take place many thousands of times in a 
second without the gas departing eoqeseety at any 
instant from the state of equilibrium. The experiments 
of Tyndall, in which an intermittent beam of radiant 
energy directed through the gas caused variations of 
pressure sufficiently rapid to give sounds, show that the 
transformation of vibrational into pressure energy under 
the conditions of his experiments is a process far more 
rapid than any with which we are accustomed to deal in 
the gas-engine or in the study of gaseous explosions. The 
departure from equilibrium which follows combustion is, 
however, of a special kind, and it may be that the gas is 
slower in recovering from it than when the disturbance is 
that produced by the propagation of sound at ordinary 
temperatures. 

Transparency.—The radiation from hot gas is compli- 
cated by the fact that the gas is to a considerable extent 
transparent to its own radiation. The radiation emitted, 
therefore, depends upon the thickness of the layer of gas, 
instead of being purely a surface phenomenon, as in the 
case of a solid body. This property, besides being of 
great physical interest, is important from the point of 
view of the Committee, because upon it depends, or may 
depend, the relative magnitude of radiation losses in 
engines or explosion vessels of different sizes. 
he transparency of flames is well illustrated by some 
experiments which Professor Callendar has been making, 
and which he showed to the Committee. The radiation 
from a Méker burner (which gives a ‘‘solid” flame with- 
out inner cone) was measu by means of a Féry pyro- 
meter, the reading of which gives a measure of the radia- 
tion transmitted through a small cone intersecting the 
flame and having its vertex at this point of observation 
(see Fig. 1). Callendar pro to give the name 
‘* intrinsic radiance ” to the radiation of a flame measured 
in this way, divided by the solid angle of the cone. When 
a second similar flame was placed behind the first in the 
line of sight, it was found that the reading recorded by 
the pyrometer was considerably increased, but not 
doubled ; the first flame appeared to be partly, but 
not completely, transparent to the radiation emitted 


B 


Fig.1. 
rf :*) 
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by the second. A _ third flame placed behind the 
first two contributed a further, but smaller, addition 
to the radiation, and as the number of flames in the row 
was increased the radiation received from each fell off 
according to an exponential law. The total radiation 
from the whole row (which is that recorded on the pyro- 
meter) tends to a finite limit as the number of flames is 
increased. The radiation from a depth of 12 cm. is about 
half, and that from a depth of 100cm. is within half per 
cent. of that emitted by an infinitely great depth. 
The general result of Callendar’s experiments is to 
show that flames of a diameter of 3 cm. or less burning at 
atmospheric pressure emit radiation approximately in 
roportion to the volume. If the diameter be increased 
Capond that figure, the radiation will also increase, but 
not in proportion to the volume of the flame. The radia- 
tion from very large flames would tend to become pro- 
portional to the surface, but no certain inference as to the 
diameter of flame for which this would be substantially 
true can be drawn from Callendar’s experiments, because 
he was looking along a thin row of flames in which there 
was but little fateral extension. 
The flames met with in a gas-engine cylinder or in 
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explosion vessels differ from open flames, such as can 
readily be produced in the laboratory, both in respect of 
the lateral extension which has just been mentioned, and 
also in respect of density. In both these particulars the 
difference is rather great, the least dimension of the mass 
of flame in a gas-engine cylinder being only in the 
smallest sizes comparable with the diameter of the Méker 
burner flame, while the density of the gas just after 
firing in the gas-engine is from twenty to thirty times 
that of the burner-flame gases. It does not seem possible 
from theoretical considerations to determine the effect of 
these two factors with sufficient accuracy to enable any 
quantitative inference as to radiation in the gas-engine to 
be drawn from laboratory experiments on flames, but it is 
useful to discuss their probable qualitative effects. 

In Fig. 1, P is the point of observation at which the 
pyrometer is placed, as in Callendar’s experiments, and 
the portion of the flame from which the radiation is 
measured is that intercepted by the small cone. Ifa 
second similar flame B is placed behind A at a consider- 
able distance, but so that it is intersected by the cone, then 
the radiation recorded by the pepe will be increased, 
say, by 50 per cent., showing that of the radiation emitted 
by B and falling on A 50 per cent. is absorbed, and the 
remainder is transmitted to the pyrometer. The absorbed 
energy is, of course, not lost, but must result in slightly 
increased radiation from A in all directions. The flame 
A appears to be a little hotter because of the proximity of 
B. Thus the increase of radiation absorbed at the pyro- 
meter is due, not only to the radiation transmitted from 
B, but also to an increase in the intrinsic radiance of A. 
If the two flames are a considerable distance apart, the 
latter part is negligibly small, since the flame A does not 
then receive much radiation from B, and what it does 
receive is dissipated in every direction. But when flame 
B is pushed close up to A into the position of B! (Fig. 2) 
this effect may be considerable, <4 it is obvious that it 
will be greatly enhanced if the two flames are extended 
laterally, as in Fig. 3. For in such case flame A must get 
rid of the energy which it is receiving by radiation from 
B! mainly by an enhanced radiation in the direction of P. 
It may, therefore, be expected that the effect of lateral 
extension will be to make the flame apparently more 
transparent. 

To a first approximation it may be expected that the 
radiating and absorptive powers of a gas at a given tem- 
perature will be proportional to its density—that is to 
say, two geometrically similar masses of flame, in which 
the temperatures at corresponding points are the same, 
and the densities in inverse proportion to the volumes 
(so that the total masses are the same), will radiate in the 
same way and to the same total amount. It would seem 
that this must be so, so long as the vibrations of the 
radiating molecules are the same in character and ampli- 
tude in the two cases. For there will then be the same 
number of molecules vibrating in exactly the same way, 
and arranged in the same way, in the two cases. The 
only difference is in the scale of the arrangement, and 
this can only affect the matter if the distance between 
molecules is comparable with the wave-lengths of the 
radiation emitted, which is not the case. Itis only, how- 
ever, within moderate limits that the molecular vibrations 
are independent of density. Angstrim found that the 
absorption of the radiation from a given source in a tube 
of CO, at ordinary temperature and atmospheric pressure 
was reduced by increasing the length and diminishing the 
pressure* in the same proportion so as to keep the mass 
of gas constant. Schiifer found that on increasing the 
pressure the absorption bands of this gas were widened, 
so that the curve-connecting intensity of radiation and 
wave-length did not remain of the same shape.t These 
experiments were made at low temperatures, and at the 
higher temperatures in which the Committee are more 
yarticularly interested there has been but little work. 
There is no reason to doubt, however, that the character 
and amount of the radiation from CO, and steam at high 
temperatures will change with the density. 

From the point of view of the molecular theory such a 
change might be anticipated from either of two causes. 
An increase of density implies a proportionate increase in 
the frequency of molecular collisions, and this would 
result in greater facility of interchange between the 
translational and atomic types of energy. It is possible 
that the equilibrium proportion of the two types might 
be different in consequence. The denser gas may con- 
ceivably possess, with a given amount of translational 
energy, more atomic energy, and therefore radiate more 
strongly at a given temperature. It is certain that there 
would be a more rapid attainment of equilibrium in the 
gas after an explosion, or a rapid expansion. Another 
possible cause is a direct inter-action between the mole- 
cules apart from collisions, Two molecules at a sufficient 
distance apart will vibrate practically independently, 
each behaving as though the other was not there, except 
that there will be a tendency for them to vibrate in the 
same phase. But if the two are close together, they 
react on one another, so that the natural period or periods 
of the two together will not be the same as those which 
each would have if it were isclated. 

Such direct measurements as have been made of the 
radiation after a closed-vessel explosion suggest that the 
flame is more transparent than might be inferred from 
the experiments on open flames. According to informa- 
tion given to the Committee by Professor Hopkinson, 
Mr. W. T. David has found that the radiation received 
by a bolometer placed outside a fluorite window in the 
cover of a cylindrical explosion vessel 30 cm. by 30 cm. is 
greatly increased by highly polishing that portion of the 
opposite cover which can be ‘‘seen” by the bolometer. 


* Ark. for Mat. Astron. och Fysik, Stockholm, vol. iv., 
No. 30, page 1. 
+ Ann. der Physik, vol. xvi. (1905), page 93. 





This implies that a thickness of 30 cm. of flame under 
these circumstances can transmit much of the radiation 
which it emits. The density of the gas in this case was 
atmospheric, and the 30 cm. thickness in the explosion 
vessel would be equivalent to perhaps 150 cm. of open 
flame if absorption were simply proportional to density. 
According to Callendar’s experiment, such a thickness 
would be almost completely opaque. It is possible that 
the lateral extension is sufficient to account for this result. 

e open flame should be a cylindrical mass, of dimen- 
sions 150 cm. by 150 cm., instead of a long strip with a 
cross-section of 3 cm., in order to make the two cases 
strictly comparable. It will be remembered that in the 
discussion above it appeared that the laterally extended 
flame would seem to be more transparent. 

In the course of the year Mr. D. L. Chapman, of 
Oxford, and Mr. H. E. Wimperis have joimed the 
Committee. 

The Committee recommend that they be reappointed, 
and ask for a grant of 100/. 


(To be continued.) 





BaTreRsEA PoLyTEcHNIC.—The calendar of the Batter- 
sea Polytechnic for the coming session states that in con- 
nection with the engineering and building department, 
new evening classes are being commenced in pattern- 
making and architectural measurements, and in connec- 
tion with the gun-making section of the London Chamber 
of Commerce, a course of study extending over three 
years has been arranged in gun and ammunition manu- 
facture. Thechemistry department is extending its work 
by providing more advanced instruction in paper-making 
and bacteriology, and new classes in soap manufacture. 
The mechanical and electrical and physics laboratories 
built last year are now being equipped. 


WatTER-SOFTENING.—The advances that have been 
made during the last few years in the size of automatic 
water-softening plants are very noticeable, indicating 
that not only is water-softening coming more gene- 
rally into use, but that it is being applied to large indus- 
tries ; indeed, it is now in many cases required as a neces- 
sity, where « few years ago it was rather viewed in the 
light of a luxury—very nice, perhaps, but hardly justifi- 
able. As a proof of the growth in the size of these plants 
we note that three complete installations have, during the 
last few weeks, been ordered from Messrs. Lassen and 
Hijort, 52, Queen Victoria-street, London, E.C.: one, 
capable of treating 20,000 gallons per hour, for Sir W. G. 
Armstrong, Whitworth, and Co., Limited ; another, cap- 
able of treating 15,000 gallons per hour, is intended for the 
Great Western Railway Company ; while the third, cap- 
able of treating 23,000 gallons per hour. has been ordered 
by Messrs. J. and P. Coats, Limited, of Paisley. This last 
is, we understand, the fifth consecutive order for soften- 
ing plant from this firm. 


ProJeEcTED RarILways IN CuinA.—In a report issued 
by the Board of Trade it is stated that the chief obstacle 
to railway development in China is the antagonism 
between the Central Government and the inhabitants of 
the provinces. The former desires to get all the railways 
under the supreme control of the Board of Communica- 
tions, and recognises the necessity for foreign loans ; the 
latter are jealous of Government interference, and insist, 
with varying degrees of failure or success, on providing 
their own capital and their own engineers. In spite, 
however, of all obstacles, the construction of railways is 
bound to continue, and ample opportunities for British 
enterprise will be afforded for many years to come. 
Competition for supplying material is exceedingly keen, 
and the only firms that have a chance of success are 
those which are directly or indirectly represented by 
technical experts on the spot. It is perhaps not fully 
realised in the United Kingdom that Chinese railway 
engineers are not, as a rule, qualified to draw up detailed 
specifications of locomotives and other requirements, and 
are largely dependent on the assistance of the manu- 
facturers’ agents. Thus it is that, even in the case where 
tenders are publicly invited in time for firms at home to 
compete, the result is often necessarily a foregone con- 
clusion. Credit is due to the builders of such railways as 
the Sunning and the Pekin-Kalgan lines, which were well 
and cheaply constructed without foreign assistance ; but it 
may be pointed out that the supply of native engineers 
capable of similar undertakings is at present strictly 
limited, and it is unreasonable to expect, in connection 
with purely Chinese railways, the same level of efficiency 
in the specification and decision of tenders as prevails, for 
instance, on the South Manchuria Railway. Anindication 
of the interest taken by the Central Government in the 
future of railways in China is afforded by the establishment 
in September, 1909, in connection with the Ministry of 
Communications at Pekin, of a school for training rail- 
way officials. The school is built for 600 students, but 
the number is at present limited to 350, who come from 
all parts of the Empire, and vary in age from eighteen to 
twenty-five. There are about thirty teachers, including 
one British, one American (a drill sergeant), two French, 
and two German. Most of the teachers are Chinese 
students returned from abroad, and they are well paid. 
The full course 1s three years, and the students are 
divided into three sections according to the foreign lan- 
guage—English, French, or German—taught them in 
addition to other subjects. The curriculum includes the 
Chinese language, drill], geography, history of Chinese 
railways, mathematics, drawing, chemistry, physics, 
traftic management, railway book-keeping, elements of 
engineering—steam and electrical—workshop administra- 
tion, and railway company law. 





THE KARLSVIK IRON WORKS, LULE&. 


THIs concern has issued a report of its working from 
the start up to June 30, 1910. It has so far not been 
a financial success, but now promises better results. [t 
was built at this high latitude for the purpose of utilis. 
ing Lapland iron ore and Lapland charcoal; it was said 
in the prospectus that people might di e as to 
whether the charcoal should be conveyed to the place 
where the ore was to be found, or vice versd, but no cne 
would surely argue that they should be sent in different 
directions, when they were actually found on the same 
spot. This, however, was what had hitherto been done 
with Gellivara iron ore and Norrbotten charcoal. Another 
reason for building the works was found in the new 
Grondal separating method for producing export pig iron, 
free from phosphorus and of the highest quality, from 
residue iron ore rich in phosphorus—the same method 
which is now being adopted elsewhere on a large scale 

The ore, which arrives by the Riksgriinsen-Lulea Stute 
Railway, and by a special line, is conveyed direct to the 
rough-crushing plant, goes from there to the separating 
plant, with its eight mills and forty magnetic separators, 
the pean being ‘‘slig,” or concentrate, which, prac- 
tically speaking, is pure iron ore containing about 72 per 
cent. iron, the ore, prior to the process, containing only 
45 to 50 per cent. iron. The concentrate goes on to the 
storehouse and briquetting works, the latter with eight 
furnaces, where the concentrate, having first been shaped 
in briquette presses, is roasted by means of the gas from 
the blast-furnaces. The briquettes are smelted in two 
blast-furnaces, like ordinary iron ore, only, as the stone 
has been removed, the consumption of charcoal is natu- 
rally smaller. The pig is conveyed on an electric railway 
from the blast-furnaces to the quay. ; 

The separating and briquetting of the iron ore having 
commenced some time previously, the one blast-furnace 
was started in October and the other in December, 1906. 
The production to June 30 this year amounted to 
Tons. 
106,500 
102,000 

71,500 


Concentrate 
Briquettes... 
Pigiron ... ee 


For this production have been used :— 
Tons. 
105,400 
52,500 
1,600 
4,500 


Small Gellivara ore ; 
Residue Gellivara ore . 
Ore from Central Sweden 
Limestone and quartz .. 
Coal ae aa 20,000 
Charcoal ie 193,000 lasts. 

Since the beginning of 1909 only residue ore, which is 
often counted as almost worthless, has been used. 

A small quantity of concentrate and briquettes have 
been sold as such, but for the future the entire manufac- 
ture will be based upon high-class export pig iron. Lulea 
pig is well thought of by the leading steel manufacturers 
of Europe, and has also secured a market in other parts 
of the world. 








Coat-MininG 1N British CoLumBpra.—According to 
the latest returns from official sources, the output of coal, 
in the above province, amounted in the year 1909 to 
2,400,600 tons (2240 lb.), of which 998,494 tons were con- 
sumed in Canada, 678,137 tons were exported to the 
United States, and 63,509 tons were exported to other 
countries. The coal was mined chiefly by three com- 

nies, the Wellington Colliery Company, the Western 

‘uel Company (both on Vancouver Island), and the 
Crow’s Nest Pass Coal Company, in East Kootenay, 
about 88 per cent. of the total coal mined being pro- 
duced by these companies. About 60 per cent. of the 
gross output was mined in the coast district. Coal amount- 
ing to 5782 tons went into stock, while, in addition te 
the sales, 394,124 tons were used for making coke, and 
260,554 tons were consumed in the furnaces of colliery 
boilers, &c. From the carbonisation of the 394,124 tons 
of coal, 258,703 tons of coke were produced, of which 
210,884 tons were consumed in Canada, and the remaining 
40,478 tons were exported to the United States. In 
addition to the sales to Canada and the United States, 
7199 tons went into stock, and 142 tons were used in 
boiler furnaces. 


INFLUENCE OF PRESSURE ON THE BOILING - POINT OF 
Metats.—Experiments recently communicated by Harold 
C. Greenw to the Royal Society prove that the influ- 
ence of pressure on the boiling points of metals is very 
considerable. The higher the pressure the higher the 
boiling-point. The experiments were carried out in 
atmospheres of nitrogen and of a gases, and 
in two different apparatus (one by R. S. Hutton 
and Petavel), suitable for reduced and increased pres- 
sures. Expressing pressures in atmospheres or in 
millimetres of mercury, and boiling-points in ‘ degrees 
Centigrade, it was found that bismuth boiled at 1420, 
1740, 1950, 2060 deg. under pressures of 1, 6.3, 11.7, 16.9 
atmospheres, while at lower pressures of 102mm. and 
257 mm. it boiled at 1200 deg. and 1310 deg. Cent. The 
figures for lead are: 1320, 1420, 1525, 1870, 2100 deg 
Cent. under pressures of 105 mm., 266 mm., and 1, 6.», 
11.7 atmospheres; silver boiled at 1660 deg. and 1750 
deg., with pressures reduced to 103 mm. and 265 mm.; 
copper at 1980 deg. and 2180 deg., with pressures at 
102 mm. and 257 mm. In the case of zinc the pressur 
was raised to a higher figure, and the following figures 
resulted :—Boiling-points, 1120, 1230, 1280, and 1510 dex. 
Cent. at 6.3, 11.7, 21.5, and 53 atmospheres. The nature 
of the gas made no difference at the low pressures. 
Temperatures were determined with the aid of a Wanner 
pyrometer. 
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SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOLFT- 
CATIONS UNDER THE AOT OF 1907. 
umber of views given in the Specification Drawings is stated 

The n =o gt ‘e joned, the Spectfeation és not 
Uustrated. 

here inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
te date of the eheetipement of the euaptaee of a Complete 

The date a) 

Specification is, in each case, given after the abstract, unless the 
atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the nce of a Complete Specification, 

ive notice at the Patent O, of opposition to the grant of a 
atent on any cf the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


24,770/09. L. M. Waterhouse, Hampton Wick. Elec- | 
tings. 


trical Fit (5 Figs. } 4 , 19 r n 
relates to electrical fittings. gay my bw this invention, a series of 
radial ducts 1 are provided in the base 2 of the fitting ; these 
ducts, in the case of a ceiling rose, lead through an annular wall 
8 into a central recess 4 in the fitting ; the wall 3 carries the 
terminals 5, and its periphery is serew-threaded to take the cover 
of the fitting. The ducts are of circular cross-section and of deep 


trough shape in the peripheral portion of the base, with which | 
If, therefore, the flexible con- | 


the face of the cover makes joint. 


Fig.1. 2 


1 Ns 
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| 
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ductor 7 be led into the fitting through one of the ducts, and the 
cover be then screwed on, it will be seen that the conductor will 
be firmly gripped between the face of the cover and the groove in 
the peripheral part of the base, the insulation covering of the 
eonductor being sufficiently elastic to admit of it being slightly 
compressed locally. The flexible conductors may thus be led 
from the wall or ceiling directly into the fitting, and be firmly 
gripped at its point of entrance, thus facilitating the erection and 
eheapening the cost thereof very considerably. (Accepted July 6, 
1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


22,11009. T. H. Gardner and E. Gardner, Patri- 
croft. Internal-Combustion Engines. (2 Fiys.)] Sept- 
ember 28, 1909.—For reversing the direction of rotation of internal- 
combustion engines, it is usual to replace the set of cams employed 
in running in one direction by another set adjusted for running 
in the reverse direction. When the forward and reverse cams 
are fixed upon the same shaft, the change may be effected by 
imparting an axial sliding movement to the shaft, whereby one 
set of cams is brought to the operative and the other to the 
inoperative positions. With this arrangement, however, a diffi- 
culty is experienced, particularly in a multi-cylinder engine, due 
to the abutment of portions of the cams against the end or side- 
face of the rollers or rods actuated by the cams; such abutment 
prevents lengthwise movement of the cam-shaft, and means mus 








be provided for avoiding it. In the example shown in Fig. 1, a 
‘upplementary cam-shaf¢ a extends the length of the engine, the 
ams b thereon being so disposed with relation to the tappet-rod 
perating levers ¢ that a partial rotary movement of the second 
\fta@ will result in the levers ¢, together with the tappet-rods e, 
being lifted clear of the valve-operating cams ¢, thus permitting of 
changing of the latter to suit the desired direction of rotation 
the engine. After such cam-changing operation, the supple- 
‘ventary cam-shaft a is partially rotated to move its cams b Shear 
! the tappet-rod operating levers c, when the latter fall and rest 
‘pon their respective cams d. When the valve-operating cams 
curectly act upon the tappet-rods ¢ (as shown in Fig. 2) crank- 
ms b mounted upon a suitable shaft a engage flanged nuts f 
pon the tappet-rods for lifting the latter clear of the operating 
im3d. (Accepted July 6, 1910.) 


HYDRAULIC MACHINERY. 


15,175.03. F. Lamplough, London. Hydraulic Power 
‘rausmission, (4 Figs.) June 27, Rp 5 invention re- 
‘tes to that type of hydraulic transmission apparatus comprising 

shaft driven by the prime mover and operating a set of prima: 

‘ovors, a second set of hydraulic motors receiving the liquid from 

“ Primary motors, a second shaft, driven by the second set of 

iraulic motors, and a casing, free to rotate, containing the 

1 iid which circulates through the two sets of motors and back 

0 bn casing. According to the present invention, radial 
inders are fixed to and rotate with said casing. Each shaft is 
ovided with an ordinary crank, one of which is connected to 


October 28, 1909.—This invention | 


b, b, b are the 
c of a primary = hydraulic motor driven by the shaft 
a; and c,c,¢ are the cylinders of a en! triple hydraulic 
motor, which gives motion to the shaft d. Both the primary and 
secondary cylinders are coupled together within an oil-tight case 
é, with which they rotate upon a common axis formed by hollow 
trunnions ¢!, e®. The shaft a carries a crank f for operating the 
| pistons g of the cylinders). The shaft d has a crank h which 
|is driven by the pistons i of the cylinders c. The motion 
| of each piston g or i is controlled by an annular valve 
| 1 or cl formed on its respective cylinder } or c, and the motion 
| of each of the said valves }! or cl is controlled by an eccentric. 
According to the work—that is to say, the greatest load the 
transmitter would be called upon to equalise between the engine 
or the motor and the load—the ratio between the primary and 
secondary motors is arranged, for example, four to one, in which 
| case the primary hydraulic motor would be equivalent to one- 
| fourth the capacity of the secondary hydraulic motor. The 
| primary hydraulic motor draws its supply of liquid from the 


| 
} 


- ae device to control the automatic action. 
ylin _ 
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centre chamber p of the casing e, and the secondary hydraulic 
motor discharges into the said chamber—that is, during the 
period when the device is converting or transforming the power ; 
when no suction of the ene ! hydraulic motor or discharge of 
the secondary takes place, the drive is direct, as the two crank- 
shafts a and d, the case ¢, and the two sete of cylinders b, ¢ will 
be rotating in unison. On rotating the crank-shaft a the whole 
of the structure attempts to rotate as one piece on the ball-bear- 
ings e}, e2 ; then, should the resistance be too great, the primary 
pumps will come into action and draw a supply of liquid from the 
centre chamber p and pump it into the pressur b 
q, which latter connects the fluid with the secondary pumps ; the 
consequence is that when the structure is stationary, or just 
commencing to move, four revolutions of the crank-shaft a will 
represent one revolution of d. When the entire structure 
revolves as one piece, the conversion of power is complete. By 
the arrangement of the apparatus described the speed of the 
fluid medium decreases as the speed of the whole structure 
increases, (Accepted July 6, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


30,485/09. Willans and Robinson, Limited, and J. 
C. Peache, Rugby. Toothed Gearing. (3 Figs.) De- 
cember 30, 1909.—This invention relates to gearing in which the 




















driving and driven shafts revolve at different speeds. The driving 
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and driven shafts a and db are in line, and a pinion a! fixed to the 





‘¢ pistons of the primary motors, and the other is connected to 
" second set of motors. By this construction, the apparatus | 
sutomatically adjusts itself to varying loads without employing | 





shaft a = with two wheels c!, cl fixed to two shafts c. These 
side shafts c also carry pinions c2, which gear with a wheel b! on 


the driven shaft. The teeth of the pinions and wheels are helical, 


and pinions, There is a thrust-collar d to prevent the driving- 
shaft a from moving endways away from the driven shaft b. The 
two side shafts ¢ are free to move endways in their bearings, but 
thrust-collars ¢ are provided to limit their movement away from 
the driving-shaft a. These thrust-collarse are carried by a pivoted 
equalising-lever f. A thrust-bearing is also provided between 
the ends of the driving and driven shafts. Owing to the inclina- 
tion of the helical teeth the driving force transmitted by the 
pinion a! on the shaft a tends to pull that shaft towards the shaft 
0, and to pull the side shafts c endwards in the opposite direction. 
The driving force transmitted by the pinions c2 on the side shafts 
¢ for a like reason tends to pull those shafts towards the thrust- 
bearings ¢ on the equalising-lever f, and to force the wheel J! on 
the shaft b in the opposite direction; but since this second driving 
force is greater than the first driving force in the ratio of the 
diameters of the wheels c! and pinions c2 on the side shafts c, the 
thrusts arising from it overcome the thrusts arising from the first 
driving force, and a thrust is maintained on all of the thrust- 

arings. In virtue of the equalising-lever f the work of trans- 
mission is equally divided between the two side shafts ¢, for if 
more power is transmitted through one of them, the resultant 
unbalance of pressures causes the lever to take up a new position, 
thus gy the heavier drive and restoring the equal division 
of power. e driving and driven shafts are subject only to pure 
torsion—that is, the equality af driving force on either side pre- 
serves them against any tendency to move out of alignment. 
(Accepted July 6, 1910.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


28,532/09. H. J. Robinson and Kynoch, Limited, 
Birmingh Blasting - Fuses. (3 Figs.) December 7, 
1909.—This invention relates to electric fuses and detonators for 
blasting. According to this invention, the fuse or detonator 
has, in combination, a head of lead secured to the electric con- 
ducting wires by pressure, an enlarged part of the head by which 
it issecured to the fuse or detonator-tube, an extension of the 
head to form a recess for the flashing mixture, and a sealing- 
disc for retaining the flashing mixture in position in the 
recess. Fig. 1 isasection of a fuse-head having a flange C at the 





extreme end, and provided with a hole A for the reception of 
the electric conductors, an annular recess B for the reception of 
the detonator-tube, a recess D to contain an insulating washer 
pierced with holes to retain the conductor wires and the firing 
composition, and a second recess to receive a sealing-disc D!. 
Fig. 2 shows an electric detonator complete with detonator-tube 
forced on the fuse-head and into the annular recess B, which may 
be first filled with waterprocf cement or varnish, or may be 
closed by pressure on to the outside of the detonator-tube. 
(Accepted July 6, 1910.) 


RAILWAYS AND TRAMWAYS. 


3935/10. H. A. Thomson, Perth. Railway Points 
and Switches. (3 Figs.) February 17, 1910,.—This invention 
relates to mechanism for operating railway points or switches, in 
which the hand-lever connected to the points or switches is 
retained in its upright or set position by means of a spring or 

rings, and the invention consists in arranging the lower end of 
the hand-lever so as to bestride the inner arm of the bell-crank 
lever. 1 is a box, provided at its inner side with a pocket 1! of 
) beso 4 is the bell-crank lever connected to the points. 6 is 
the spring, located within the pocket 1’, and connected at its 
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outer end to one arm of the bell-crank lever, and provided at 
its other end with a fulcrum-piece 12, which bears against the 
contracted end of the pocket 1). Thelower end of the hand-lever 
2 bestrides the inner arm of the bell-crank lever 4. 9 is an addi- 
tional spring, whose object is, firstly, to keep the hand-lever 2 in 
an upright position and prevent it swinging to and fro by the 
movement of the bell-crank lever 4, which takes place when a 
train passes trailing-ways through the points; and, secondly, to 
return the hand-lever to its normal position immediately after 
the hand is removed. (Accepted June 29, 1910.) 


21,649/09.—_C. D. Burnet and the Tudor Accumulator 
Co , Limit London. Rail-Joints, (2 Figs.) 
September 22, 1909.—This invention relates to anchoring rails for 
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tramways against longitudinal movement, and especially to the 
short lengths of transversely d rails which have been used for 








the angle and pitch of the teeth being the same on a!] the wheels 


that purpose. Such transversely disposed rails have been eecured 
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to the running rails hitherto by some form of mechanical fastening 
liable to work loose under the shock of passing vehicles. The 
present invention consists in a tramway rail having a transversely 
disposed anchor-rail welded thereto by means of the arc-welding 
rocess. The ends of two adjacent lengths of rail aa are dispo 
in proximity to one another directly on the er flange of a wide- 
flanged girder b, arranged transversely to the line of rail, this 
girder preferably projecting only a short distance beyond the 
edges of the bottom flange of the rail. By help of the arc-welding 
process a patch of metal is applied and covers the adjacent corner 
portions of the bottom flanges of the rails and the neighbouring 
parts of the supporting girder, the bottom flanges of the rails 
thereby being welded to each other directly for a certain portion 
of their butting contact, reckoning from the corners, and being 
welded also along their edges to the top flanges of the supporting 
girder for a certain distance, reckoned in the same manner. In 
place of, or in addition to, the patches of metal cc described, 
other patches may be used passing from the rail to the supporting 
girder as desired. To assist in maintaining correct alignment, 
patches of metal may be used clear of the girder and bridging the 
Putt-Joint ; thus, for example, a patch of metal d may be applied as 
shown to form a continuous tread across the joint, excess of metal 
being subsequently removed by grinding or other suitable process. 
(Accepted June 22, 1910.) 

201409. H. G. Whiting, Cork. Rail Crossings. 
(3 Figs.| August 26, 1909.—This invention relates to tramway 
rail crossings. lis the main casting, formed with treads 2 but 
without any checks, and without grooves as usually understood. 
Supporting ledges 3 are formed on the casting, upon which the 
removable bearing-piece 4 rests. This removable bearing-piece 

















20/4. 


has a greater height towards the centre 5 than at the ends 6, so 
that at and near the gap the flanges of the wheels run on the 
bearing-piece. After the bearing-piece 4 has been placed in 
position.on the supporting ledges 3, the check-plates 7 are placed 
in position and bolted to the casting, some of the bolts passing 
through the holes 8 in the bearing-piece so as to maintain this 
piece firmly in position. (Accepted June 22, 1910.) 


9391/09. A. G. Sp , Lond Buffer-Springs. 
16 Figs.|. April 20, 1909.—4 ccording to this invention, each of the 
india-rubber rings between two adjacent metal plates of a com- 
pound spring is built up of annular parts, one or some of which 
is or are connected to one of such metal plates, and another, or 
others, of which is or are connected to the other metal plate, 
another annular part, or other parts, being in some cases pro- 
vided, that may be connected, or not, to either metal plate, the 
various parts of each india-rubber ring being of any desired 
shape in cross-section, but such that, when assembled to consti- 
tute a complete india-rubber ring, the cross-sectional area of such 
ring will correspond to that heretofore usual or necessary to suit 
the desired purpose for which the spring is to be used. India- 
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U U 
rubber part rings @ of one spring element are carried by, and 
project laterally from, a metal plate 5, but fit into the india-rubber 
part rings ¢ carried by the metal plate d of the next adjacent spring 
element, the part rings a and ¢ of each spring element bearing 
against the metal-carrying plate 6 or d of the adjacent spring 
element. Each india-rubber part ring @ and ¢ is of less radial 
thickness than heretofore usual, and is such that the combined 
radial thickness of each pair of juxtaposed india-rubber part 
rings a and ¢ is, say, about equal to that of each ring in the 
previous constructions of springs, or such as is necessary to suit 
any desired requirements. (Accepted June 29, 1910.) 


732/09. J. A. Panton, Liverpool. Brake-Blocks. 
{9 Figs.} December 8, 1909.—This invention relates to brake- 
blocks. The brake-shoe consists of a cast body reinforced by a 
“late B. This plate is made of equal width throughout. At mid- 
fength it is stamped to form an upwardly-recessed hump E, 


and in th‘s are a pair of parallel slots F. G is an attaching-lug 





made from a flat strip of metal, which is bent into an inverted 
U shape, so that its two arms H are parallel with each other, 
and their distance apart equal to the distance apart of the slots F. 
The parallel arms have slots punched into them to give a passage- 
way for acotter J. The arms of thelug are passed through the 
slots F,so as to project through them on the other side, the 
cotter J is then passed crosswise through the slots in the arms H 
with the ends projecting each side to prevent the lug G coming 
out. The cotter lies in the recess formed by the hump E.. At 
the other side of the back B the lug G is left projecting far 


enough to give a passage-way to the key K, by which the shoe is 
secured to the brake-head L. The cast metal of the shoe is now 
run through and around the steel back, and around the ends 
of the arms H and its attaching cotter J, and firmly fixes the back- 
ing upon the body of the shoe. The lug G thus becomes an in- 
tegral part of the backing and of the body of the shoe, and it is 
absolutely impossible for it to separate owing to the arms H of 
the lug being actually interlocked with the steel back and secured 
to it. The great advantage of making the lug G separate from 
the steel back B is that it can be made of thicker metal than the 
back B. (Accepted June 29, 1910.) 


13,743/09. G. H. Sheffield, London, and J. D. Twin- 
berrow, Hexham-on-Tyne. Buffers. [3 Figs.) June 11, 
1909.—This invention relates to buffers for railway vehicles, and 
of the self-contained type, wherein the buffer-head is formed 
integral with a central stem, and two springs—a light one and a 
heavier one—are employed for absorbing the buffing shocks. The 
invention consists in arranging the first spring of the buffer as a 
comparatively light flexible spring, while the second spring is 
heavier, and arranged to give an increasing rate of increase in 
resistance towards the end of its stroke, the said springs being 
separated by an intermediate washer. A cup-shaped washer a is 
mounted upon the stem b of the buffer. The barrel portion of the 
washer a is edapted to slide within a cylindrical guide d. Of the 
springs, one, a helical spring f, abuts at one end against the 
washer a, ard the omel, a volute spring /, is so arranged that 
the total stroke of the buffer is div ited betwote it and the spring /, 
the two springs receiving the load in series. They are separated 





by a washer i mounted on the stem }, which is provided with 
shoulders adapted to come to a bearing in the washer 7 and on the 
endg of the guide d, which provides a solid bearing or stop, and to 
prevent each spring receiving more than the predetermined length 
of stroke. The cross-bending is taken up by cross-bending of the 
peripheries of the two washers a, i in the guide d. The springs 
are arranged so that the relation of the load to deflection varies 
in each of the two springs forming the series. Thus in the front 
pe the resistance is simply proportional to the deflection, and 
the rear spring is arranged to give a decreasing amount of 
deflection for equal increments of load. When pressure is applied 
to the head of the buffer, the stem ) moves backward, compressing 
both springs f, h; the spring f shortens more rapidly than the 
spring A, and when it is compressed by the desired amount any 
increase of stress thereon is prevented by a shoulder of the stem 
bearing upon the intermediate washer 7, upon which it continues 
to a) until the spring A is pressed home. (Accepted June 22, 
1910. 


SHIPS AND NAUTICAL APPLIANCES. 


8671/10. Fleming and Ferguton, Limited, and 
R.C.Cochran, Paisley. Self-Ejecting Barge. (3 Fiys.) 
April 11, 1910.—This invention relates to self-ejecting barges in 
which a large hold having a double bottom is disposed amidships, 
and is provided with one or more longitudinal gutters, troughs, 
or the like, terminating in a pocket or well, whence the sewage 
or the like is discharged by means of a pump. A large hold A 
having a double bottom B is disposed amidships, the upper plate 
C of the bottom forming one or more longitudinal gutters adapted 
to direct the sewage to a pocket D at the aft end of the hold, from 























whence it is discharged by means of a centrifugal pump E con- 
nected to the main engine-shaft F. The gutter may be formed 
by sloping or curving the plate C downwards from the sides of 
the hold, or by inclining or arching the said plate upwards and 
towards the centre from the sides of the hold, or a central longi- 
tudinal gutter may be formed beneath the horizontal top plating 
of the double bottom, the contents being withdrawn from the 
hold by the pump through perforations in said plating. The 
suction pipe E! of the pump E passes through the bulkhead I and 
dips downwards into the pocket D, the sewage being discharged 
through a branch-pipe J. (Accepted June 29, 1910.) 


15500/09. A. F. Yarrow, Blanefield. Steering Ships. 
[2 Figs.) July 2, 1909.—The object of the present invention is to 
improve the mancuvring power of turbine ships by employing, 
instead of the usual single rudder in the centre line of the vessel, a 





rudder in line with each of the propeller-shafts and immedia: -|y 
in rear of the screw or screws mounted thereon (such as jas 
already been proposed for twin-screw ships), so that the colun:ns 
of water forced rearwardly from the screws when the vesse! js 
driven ahead will strike the various rudders. To attain this. 
object, the rudders, according to the present invention, are 
operatively connected so as to be actuated simultaneously by 
steering-gear, but in such manner that one or more may be 
readily disconnected in case of damage, leaving the remain jer 
available for steering the vessel. The post of the central rudder 
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ao is connected with the shaft 6b of the steering-engine through 
bevel-gear cc, pinion d, and quadrant rack e, while the posts of 
the port and starboard rudder a),@2 are connected with the 
quadrant rack ¢, by independently detachable links /, f and arms 
9,9. . The quadrant rack ¢ is normally rigidly connected with the 
post of rudder ao, but in order to meet the case of the central 
rudder being so damaged as to prevent it being turned, thereby 
rendering the other rudders also useless, the quadrant e is so 
mounted on the top of the rudder post as to enable it to turn 
thereon as a centre when the means of securing it to the rudder 
post is rendered inoperative. (Accepted July 6, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


3322/10. G. Westinghouse, Pittsburg, U.S.A. 
Turbines. (4 Figs.) February 10, 1910.—This invention relates 
to turbines of the kind in which fluid under pressure is caused to 
pass through a primary section consisting of a turbine-wheel of 
the re-entrant type and then through a secondary section com- 
prising blading of the combined impulse and reaction type. The 
turbine comprises a rotor element made up of low-pressure drums 
land 2 and a central portion carrying the re-entrant wheel 4. 
The wheel 4 carries a single row of blades while the drums 1 and 2 
carry a plurality of rows of blades. The casing midway between 
its ends is formed with connecting chambers 9, 10, 11, and 12 for 
the second, third, fourth, and fifth stages of expansion of the 
re-entrant wheel. The nozzles for these stages are carried in 
floating sectionally-formed nozzle members. The nozzles are 
preferably divided into groups and the members carrying them 
are adapted to normally lie in close proximity to the blades of 


Fig 1 

















the re-entrant wheel. Suitable packing members are provided 
between the several collecting chambers lying on the same side ot 
the running-wheel, and these, together with the floating nozzle 
members, reduce to a minimum the leakage of the expans 
stages of the primary section. Those portions of the casing s'r- 
rounding the rotor sections 1 and 2 are formed more or less ste})- 
wise to accommodate the expanded motive fluid and carry annul «r 
rows of vanes which are arranged alternately with the annulur 
rows of blades carried by the sections 1 and 2 of the roto 
The blades and vanes of the divided low-pressure section are 5» 
formed and spaced apart that the motive fluid exhausted from ' 
primary section, and which is equally distributed to the two 
divisions of the low-pressure section by means of the clearan 
around the end of the running-wheel of the primary section in ' 
upper half of the casing, is fractionally expanded and gives \')’ 
its energy both between the blades in the moving rows and (!\" 
vanes in the stationary rows. (Accepted July 6, 1910.) 
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THE BRITISH ASSOCIATION AT 
SHEFFIELD. 
(Continued from page 416.) 


SECTION A.—MATHEMATICAL AND PHYSICAL 
SCIENCE. 


Section A met in Montgomery Hall on five 
mornings. The provisional programme issued on 
Thursday, September 1, enumerated 45 papers and 
reports—not a particularly large figure for Section A 
—and proposed the sub-division of the Section into 
a physical and a mathematical department on one 
morning. The official reports were not specified in 
this provisional programme, which underwent re- 
peated alterations. By sub-dividing on two morn- 
ings—on the second into a physical and a meteoro- 
logical department—and by sacrificing a few papers, 
the Section succeeded in disposing of 53 commu- 
nications, comprising several special discussions, 
without prolonging its proceedings beyond 2 p.m. on 
any day. The high standard of the transactions was 
maintained, although the absence of men like Sir 
Joseph Larmor and Mr. John Milne, the latter 
owing to illness, was, of course, felt. The officers 
of the Section were :—President, Professor E. W. 
Hobson, Sc.D., F.R.S., of Cambridge; Vice-Presi- 
dents: Professors W. M. Hicks, F.R.S., of Shef- 
field; R. T. Glazebrook, C.B., F.R.S.; A. H. 
Leahy, M.A., of Sheffield ; Horace Lamb, D.Sc., 
F.R.S., of Manchester ; and Dr. C. Chree, F.R.S., 
of Kew Observatory ; Recorder, Professor A. W. 
Porter, B.Sc., of University College ; Secretaries : 
Messrs. E. Gold, M.A., F. Horton, M.A., D.Sc., 
H. Bateman, M.A., all of Cambridge; A. S. 
Eddington, M.A., M.Sc., of Greenwich Observa- 
tory; and S. R. Milner, D.Sc., of Sheffield. 


MATHEMATICS, 


The presidential address, which Professor Hob- 
son delivered to Section A, was a charming dis- 
course on ‘*‘ Mathematics as a living and growing 
science related to and permeating other great 
departments of knowledge.” The Section dis- 
played a keen interest throughout the hour 
and a quarter that the reading occupied. The 
address should be heard and read; it hardly 
lends itself to abstracting, and we are afraid that 
our remarks will appear disjointed and will not 
truly reflect the author’s line of argument. Pro- 
fessor Hobson himself spoke of ‘‘ remarks, neces- 
sarily fragmentary and incomplete, upon the sco 
and tendencies of modern mathematics.”’ Probably 
no other departmene of knowledge, he said, played 
a larger part outside its own narrow domain than 
mathematics ; it shared with astronomy the honour 
of being the oldest of the sciences, but it had also 
the energy of perpetual youth. The Royal Society 
catalogue contained 39,000 papers on subjects of 
pure mathematics that had appeared in 700 

riodicals during the nineteenth century, and that 
ist did not comprise treatises, dissertations, and 
monographs. Mathematicians and physicists were 
apt to misunderstand one another, because their 
concepts stood on different planes as to the degree of 
abstraction necessary for their formation. The 
calculations in mathematics were directed towards 
ideal precision ; those in physics consisted in ap- 
proximations within assigned limits of error. The 
prejudice that pure mathematics had its sole raison 
d'étre in its function of providing useful tools for 
application in physical science was by no means 
extinct. A direct answer tothe question, Cui bono ? 
seldom carried conviction. No defence was needed 
for abstract mathematical problems ; but it might 
be pointed out that many applications had been 
wholly unforeseen by those who developed the 
methods. The more refined mathematical methods 
applied by Delaunay, G. W. Hill, Poincaré, and 
E. W. Brown to gravitational astronomy had thrown 
much light on questions relating to the solar system, 
and new weapons might have to be forged to supply 
the dynamical explanation for an empirical law, 
such as Mendeleieff’s periodic law. Professor Hicks, 
it will be seen, made a contribution to this effect. 

Passing to formal definitions of mathematics, 
Professor Hobson said the attempts to mark off 
the domain from the adjacent provinces of formal 
logic and of physical science had met with doubtful 
success. It was no longer adequate to say that the 
subject-matter of mathematics consisted of magni- 
tude and geometrical form. One might state that 
it dealt with form in a very general sense. The 
mathematician and logician, B. Pierce, described it 
a the “science which draws necessary conclusions.” 





E. Papperitz had given a definition which seemed 
to identify mathematics with the Mengenlehre, or 
theory of aggregates, of G. Cantor:—‘‘ The subject- 
matter of pure mathematics consists of the rela- 
tions that can be established between any objects 
of thought when we regard these objects as con- 
tained in an ordered manifold ; the law of order of 
this manifold must be subject to our choice.” 
Bertrand Russell’s definition strikingly illustrated 
the tendencies of the modern school of logic ; it 
began as follows :—‘‘ Pure mathematics is the class 
of all propositions of the form ‘p implies q,’ where 
p and q are propositions containing one or more 
variables . . .” The full quotation by Professor 
Hobson amused the Section. 

The belief that the truths of mathematics had 
absolute certainty, he continued, could not be 
maintained in that rigorous form; for the validity 
of whole lines of reasoning had been questioned at 
times, and the standard of what was deemed 
necessary to constitute a valid demonstration had 
changed in the course of time. Professor Hobson’s 
subsequent remarks contained many a corrobora- 
tion of these facts, though they were not men- 
tioned with that object. The precise meaning of 
the proposition 7 +5=12 had much been dis- 
puted; in the language of Kant, it presented a 
synthetic or an analytic judgment. The deductive 
logical demonstrations of Euclid’s ‘‘ Elements of 
Geometry ” were no longer upheld as models ; his 
method of superimposition was indeed open to 
serious objections. A continuous function had been 
supposed necessarily to possess a differential co- 
efficient, because a curve always had a tangent ; 
but Weierstrass had produced a function which was 
everywhere continuous, and which nowhere pos- 
sessed a differential coefficient. The geometries of 
Euclid, of Lobatchewsky, and of Riemann differed 
with respect to the axiom of parallels; but the 
question, Which of these was the true geometry ? 
had, in Poincaré’s opinion, no meaning. 

Far from wishing to minimise the philosophic 
interest of the attempts made by the Peano-Russell 
school to exhibit mathematics as a scheme of 
deductive logic, Professor Hobson maintained 
that the purely deductive method was wholly 
inadequate as an instrument of research. Logic 
was the grammar of mathematics ; but knowledge 
of the rules of grammar and of the letters of the 
alphabet did not enable a man to write a book. 
Geometry, reduced to the purely deductive form 
of Hilbert and the modern Italian school, had no 
necessary connection with space. Butsuch schemes, 
triumphs of constructive thought, could never have 
been constructed apart from the space perceptions 
that suggested them, although the concepts of 
spatial origin were transformed almost out of recog- 
nition. When Henri Poincaré, one of the greatest 
mathematicians of our time, described the way in 
which he was led to his mathematical discoveries— 
the first stage consisted of a long effort of concen- 
trated attention upon the problem; during the 
second he was not consciously occupied with the 
problem at all, but the central idea suddenly flashed 
into his consciousness ; the third stage consisted 
of the work of carrying out in detail and reducing 
to a connected form the results to which the central 
idea had led—he did not describe a purely deduc- 
tive process; it was something more interest- 
ing to the psychologist than to the logician. The 
mathematician was, after all, a human being, not a 
logic-engine; and those who studied Euler, Lagrange, 
Cauchy, Riemann, Sophus Lie, and Weierstrass 
would not doubt that a great mathematician was a 
great artist. 

In his concluding remarks, Professor Hobson 
referred to the teaching of elementary mathematics. 
Thanks in no small measure to the reforming zeal 
of Professor John Perry, it had been recognised 
that the abstract treatment of the subject was not 
only wholly unsuitable as a training for physicists 
and engineers, but also to a large extent a failure 
in relation to general education, because it neglected 
to bring out clearly the bearing of the subject on 
the concrete side of things. Professor Hobson was 
in complete agreement with this general principle, 
but he saw dangers in making the recent changes 
in the mode of teaching. In the earliest teaching 


the subject should wholly be treated as observa 
tional studies (physical science) ; at a later stage 
a mixed treatment should be employed, observation 
and deduction going hand in hand. The mixed 
treatment left much opening for variety of method, 
and to have escaped the thraldom of Euclid 





would avail little, if the study of geometry were 





to fall under some other rigidly prescribed scheme. 
A foreseen reaction against the reformed teaching 
threatened from that side Examiriers complained 
that the lack of a regular order in the sequence 
of the propositions increased their’ difficulties in 
appraising the performance of the candidates and 
in standardising the results of the examinations. 
From the standpoint. of the examiner, it was an 
enormous simplification if all the students had 
learnt the subject from the same text-book in the 
same order. But Professor Hobson emphasised 
that the convenience of the examiner,.and even . 
precision in the results of examination, should be 
sacrificed when they were in conflict with the 
vastly more important interests of education. ‘‘ Of 
the many evils which our examination system has 
inflicted upon us, the central one has consisted in 
forcing our school and university teaching into 
moulds determined, not by the true interests of 
education, but by the mechanical exigencies of the 
examination syllabus.” This statement met with 
the hearty approval of the Section, and we entirely 
concur with it. 

Professor Hobson finally dealt with another 
objection to the reformed teaching. Students were 
made to accept as proofs arguments which were 
not really proofs, and the logical training was thus 
vitiated. Those who demanded a purely deductive 
treatment hardly realised, however, what their 
demand involved. Euclid was not rigorously logical, 
as stated already ; there were now available toler- 
ably satisfactory methods of purely deductive treat- 
ment of geometry, but not yet of mechanics, in 
+ gs of the work of Mach, Hertz, and others. On 
the other side, a purely logical treatment was the 
highest stage in the training of the mathematician, 
and wholly unsuitable and, indeed, impossible in 
those stages beyond which the majority of students 
never passed. Thus it would in the case of all 
students, except a few advanced ones, only be a 
question of degree, how far the purely logical factor 
in the oo should be modified by the intro- 
duction of elements derived from observation or 
spatial intuition. ‘‘I draw then the conclusion that 
a mixed treatment of geometry, as of mechanics, 
must prevail in the future, as it has done in the 
past, but that the proposition of the observational 
or intuitional factor to the logical must vary in 
accordance with the needs and intellectual attain- 
ments of the students, and that a large measure of 
freedom of judgment should be left to the teacher.” 
This was a remarkable advocacy of freedom of 
teaching for a professor of pure mathematics. 
That he should also insist on a firm grasp 
of the principles (with special regard to calculus) as 
distinct from the mere processes of calculation, 
because essential if mathematics were to be reall 
useful to the physicist and engineer, was bot 
natural and desirable. 

= pas a vote of thanks for the address, 
Sir J. J. Thomson said he quite agreed that 
every science should work its salvation in its own 
way, and that the development of mathematics on 
the logical side should only he taught to specialists. 
The logical side did not fascinate everybody ; yet 
there was, at Cambridge, a tendency to bring 
this side in contact with students at too early a 
stage. Mathematics should not be a pathological 
museum. Some minds found a morbid satisfaction 
in the contemplation of cases where Taylor’s theorem 
could not be applied. 

Sir Arthur Riicker concurred that the new ten- 
dency should not be allowed to interfere too much. 
But the tendency to specialisation went side by side 
with a tendency to generalisation, and these ten- 
dencies led back to philosophy, which had been 
deprecated not long ago. 

n reviewing the sectional proceedings, we group 
the papers, as has been our custom, irrespective of 
the order in which they were read. 


MATHEMATICAL Papers, 


We can hardly do more than mention the nine 
communications presented to the Mathematical 
Department, and discussed on the Friday of the 
Sheffield week, under the presidency of Professor 
Hobson. These were memoirs by Major P. A. 
MacMahon, F.R.S., on ‘* Functions Derived from 
Complete and Incomplete Lattices in Two Dimen- 
sions, and the Derivation therefrom of Functions 
which Enumerate the Two-Dimensional Partition 
of Numbers ;” by Dr. H. F. Baker, of Cambridge, 
on ‘‘A Certain Permutation Group ” (suggested, 
the author stated, by children trying to construct 





cycles by altering the combinations of the letters of 
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a word stage by stage), and on ‘‘ The Trisections of 
Elliptic Functions ;”- by Professor A. W. Conway, 
of Dublin, on ‘‘ The Convergence of Certain Series 
used in the Electron Theory ;” by Lieut.-Colonel 
A. Cuningham, R.E., ‘‘ Two Notes on the Theory 
of Numbers ;” by Dr. Duncan M. Y. Sommerville, 
of St. Andrews, on ‘‘ The Need of a Non-Euclidian 
Nomenclature ;” and by Mr. H. Bateman, M.A., 
on ‘The Foci of a Circle in Space and Some Geo- 
metrical Theorems Connected Therewith,” and on 
‘*The Present State of the Theory of Integral 
uations.” This last-mentioned memoir is to be 
printed in extenso in the Report, the only Section A 
paper, apart from reports, honoured in this way. 


Inrt1aAL Motion or ELectRIFIED SPHERES. 


The paper by Dr. J. W. Nicholson, of Cambridge, 
on *‘Some Problems of Initial Motions of Elec- 
trified Spheres,” was also read in the Mathematical 
Department. It concerned problems recently 
treated by G. W. Walker in a communication 
presented to the Royal Society, and discussed the 
motions of spheres, conducting or dielectric, with 
mass of purely electric origin, and without any 
Newtonian element. The results were of import- 
ance for the theory of electrons. 

We pass to physical papers, beginning with those 
concerning electrons, radiations, and the general 
inter-relations between physical and chemical pro- 
perties. 

Tue Evotutions or A Vortex. 

We mention considerations offered by Professor 
W. M. Hicks on *‘The Evolutions of a Vortex.” 
It was not a mathematical paper. Professor Hicks 
dealt with the possibility (sometimes doubted) of 
cutting a vortex, of turning it inside out, of obtaining 
coreless tubular vortices in which the motion was 
merely cyclic (to the right or left, not in all direc- 
tions), and discussed the velocity of translation, 
energy relations and other problems, which, Pro- 
fessor Hobson hoped, Professor Hicks would 
further work out, if only in order to obtain vortex 
models. 

Positive ELEctRICITY. 

Sir J. J. Thomson gave a further account of his 
experiments on ‘positive rays” in discharge- 
tubes, on which he discoursed at Winnipeg last 
ear. In these continued studies, he stated, he 

ad found that the investigations became simpler 
and more definite when he worked with very large 
tubes or bulbs. For, when the vacuum-tube was 
small, the negative dark space near the cathode 
extended up to the wall, and the discharge might 
crack the glass. With large tubes the pressure of 
the gas in the bulb could be reduced much lower, 
and the dark space could attain large dimensions 
before reaching the glass wall. He had used 
bulbs of a capacity of 11 litres, but had found 
tubes of 2 litres, such as — in boiling-point 
determinations, sufficiently large as arule. A fine 
tube extended backward from the cathode, through 
which the rays (positive or canal rays) d on 
to the willemite screen. The willemite layer on 
the screen should be uniform, and his assistant, 
Mr. Everett, ground the willemite very fine, and 
allowed it to settle in alcohol. The screen which 
formed the one end of the bulb was flat and circular, 
and the general arrangement was as in his pre- 
vious experiments, the positive rays passing through 
an electric field and through one or two electro- 
magnetic fields on to the screen. The potential 
difference between the electrodes and the gas 
pressure were varied, and the bulb was charged 
with different gases. 

When neither field was excited, the positive rays 
would produce a bright spot in the centre of the 
screen. The electric field would deflect and draw 
out the spot into a horizontal band, the magnetic 
field into a vertical band ; when both fields were 
turned on together, an inclined band of positive rays 
would be seen, and sometimes also a backward con- 
tinuation of this band due t» negative rays (Fig. 42). 
The inclination of the band would indicate the 
velocity of the:particles. By altering the order of 
the fields and their strengths and lengths, sharp- 
angled or curved bands were obtained (Figs. 43 
ona 44). In very large tubes, at high exhaustion, 
the positive band would become faint, and would be 
replaced by bright spots, which occupied different 
positions in different ; the position of these 
spots would change with the potential difference, 
and when several gases were in the bulb, the 
different patches were arranged in the same ver- 
tical (Fig. 45). The patches were not really circular, 





but parabolical arcs curved upwards. Negative 
bands corresponded to some of these patches, but 
not to all, and in the case of hydrogen two spots 
were noticed, one near the origin, in the same 
vertical as the others, the other further out. Our 
diagrams are crude attempts at illustrating these 
effects. In explanation of these phenomena, Sir 
J.J. Thomson suggested that the following types 
of radiations could be distinguished :— 

1. Rays not deflected either by electric or 
magnetic force. 

2. Secondary rays produced by rays (1); these 
were deflected by electric and magnetic forces, and 
had a constant velocity of about 2 x 10° cm./sec., 
the velocity being independent of the potential 
difference (varied between 3000 and 30,000 volts) 
and of the gas pressure; the e/m also had the 


Tig42. Fig. 43. 
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constant value 10‘. This value had been supposed 
to be greater than the normal—namely, 1.5 x 10'; 
that point should be investigated in every possible 
way. That the rays (1) were not deflected was 
shown by the partly horizontal or vertical paths 
(Figs. 43 and 44); these rays passed through the 
cathode tube, and striking the molecules with a 
certain minimum velocity, produced the secondary 
rays (2). These secondary rays (2) were accom- 
panied by negatively-charged rays of the same 
velocity and of the same e/m. 

3. Rays characteristic of the gases in the bulb, 
and conspicuous only at low gas pressure. Their 
velocity depended on the potential difference, 
and when several gases were present (hydrogen, 
helium, air, ¢e.g.), the maximum kinetic energy of 
the rays corresponding to each of the gases was the 
same, and seemed to be that due to a fall through 
the potential difference between the negative glow 
and the cathode. The values of e/m for the 
different gases were inversely proportional to the 
atomic weights. Thus these rays were probably 
atoms of the gas carrying unit charges, and in the 
case of hydrogen there seemed to be rays corre- 
sponding both to the atom and to the molecule (the 
outer patch in Fig. 45). In the cases of mercury, 
vapour, air, and the hydrogen atom the negative 
bands were also visible ; in the cases of the hydro- 

en molecule and the atoms of helium, carbon 
Sir J. J. Thomson did not, so far as we under- 
stood, say which gas he experimented with] and 
neon, the negative constituent had not been 
detected. There was a considerable range in the 
velocities of the rays from the same gas ; but at low 
gas pressure most of the particles seemed to move 
at nearly the maximum velocity. The rays cor- 
responding to the different atoms could be sepa- 
rated by deflecting them with the aid of the magnetic 
and electric fields. Each kind of ray produced a 
kind of spectrum under the simultaneous action of 
both the fields. He had not yet succeeded in obtain- 
ing separate patches for the oxygen and the nitrogen 
in air ; but when the bulb was charged with carbon 
monoxide, the carbon band could be distinguished 
from the oxygen band. Exceedingly small quan- 
tities of gas could be dealt with in this way, and 
he was now continuing the research with very 
intense magnetic fields. Sir Joseph also indicated a 
method for determining the intensity of the field. 

4. The fourth type of rays was the one he had 
formerly called ‘‘ retrograde ” rays. They travelled 
from the cathode in the same direction as the 
cathode rays. They had negative constituents, and 
seemed to be of types (1) and (2); rays(3) had not, 
so far, been detected among them. 

During the discussion Sir Oliver Lodge expressed 
his admiration for this confirmed discovery of posi- 
tive rays by Sir J. J. Thomson, which supplied 
physicists with a new method of spectrum analysis 
apg to gases, which could be brought into 
tubes ; and Professor Hobson remarked that Nature 
seemed to have adopted our symbols, positive and 
negative. 


THe Numper or ELeEcTRONS IN THE ATOM. 

Dr. J. A. Crowther, of Cambridge, described 
experiments with § rays which he had made to 
determine ‘‘ The Number of Electrons in the 
Atom.”’ Prout’s idea, that the various atomic 





weights might be multiples of the atomic weight of 
hydrogen, had had to be abandoned, Dr. Crowther 
pointed out. But the negative particles, each about 
troo Of the mass of the hydrogen molecule, were 
the same in all the gases examined in vacuum tubes, 
and one fundamental substance thus appeared to 
enter into all substances. Sir J. J. Thomson had 
suggested that the elements consisted of a ring of 
electrons within a matrix of positive electrificat:on, 
and had calculated the mean deflection ¢ that one 
8 particle of known velocity would undergo in pass- 
ing through a plate or sheet of material of known 
thickness ¢. According to a theorem due to Ray- 
leigh the quotient p/dt was equal to a constant 0, 
which involved only the number of electrons in 
addition to known constants. Dr. Crowther now 
explained that he had tested the accuracy of this 
relationship by observing the scattering which a 
parallel beam of § particles—sifted by magnetic 
deflection so as to contain only rays of fairly the 
same velocity—experienced in passing through the 
absorbing sheet. Beyond the sheet was arranged 
a circular aperture (a stop) of lead which was 
adjusted until half the number of 8 rays passed 
through, the others being reflected. 

In interpreting the results, Dr. Crowther said, 
some assumption had to be made as to the nature 
of the positive electrification. Two expressions 
had been found. The positive electrification in 
the atom either occupied (I.) a volume comparable 
to that of the atom, or (II.) was divided into 
small units comparable in size with the electrons. 
The subjoined table stated the number of electrons 
divided by the atomic weight of the substance ex- 
perimented on. It would be seen that the numbers in 
the first column were practically constant and equal 
to 3. The numbers in the second column increased 
with the atomic weight. Experiments on the 
scattering of Réntgen rays made it almost certain 
that the number of electrons in the atom was 
proportional to the atomic weight, as given by the 
firstassumption. It might thus be concluded that 
the positive electrification in the atom occupied a 
volume comparable with that of the atom, and 
that the number of electrons in the atom was three 
times the atomic weight of the substance. 





Substance. > Il. 





Carbon .. 
Aluminium 
Copper .. 
Silver .. 
Platinum 


ATTRACTION ConsTaNts OF MOLECULES. 

The discussion on Dr. Crowther’s paper was 
postponed to enable Dr. R. D. Kleeman, of 
Adelaide, at present at Cambridge, to read his 

per on ‘‘The Attraction Constants of Molecules 
and Their Chemical Properties ;” there was not 
time for any discussion, however. Dr. Kleeman 
explained that he had formerly shown that the 
attraction of an atom was proportional to the 
square root of the atomic weight of the atom. It was 
hence to be expected that the chemical properties 
of compound substances would be functions of the 
square roots of the atomic weights of the atoms and 
of other quantities. His researches concerned 
surface tension, capillarity, latent heat, density, 
molecular weight, and other features, and his 
formule contained various constants which would 
be the same for any group of substances, but differ 
from group to group. The examples quoted 
referred to the halogen compounds of benzene, to 
esters, amines, nitrites, &c., and had more chemical 
interest. The immediate value of the research 
would lie in the facilitation of the grouping of 
organic compounds. 


Motecutar WEIGHT or Rapium EMANATION. 


Sir William Ramsay, K.C.B., and Dr. R. 
Whytlaw Gray presented a paper on ‘‘ The Mole- 
cular Weight of Radium Emanation.” Dr. Gray 
stated that on the disintegration theory the mole- 
cular weight should be 226.5 — 4 = 222.5, because 
one atom of radium (atomic weight 226.5) by 
splitting off one a particle (identical with one atoin 
of helium, atomic weight 4) passed into emanation. 
Heavier particles, yet undiscovered, might also he 
present, however, and the determination of the 
atomic or molecular weight of the emanation was 
very important for this reason, as well as for fixing 
the position of the emanation in the periodic table. 
They had condensed the emanation to a colourless 
liquid and found the liquid as inert as the gaseous 
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emanation. They had previously determined the 
boiling point and critical point of radium emanation, 
and, presuming it to belong to the argon series of 
inert vases, had assigned to it the atomic weight 176, 
by extrapolation ; any error in the argon constants 
would seriously affect that number, however. From 
experiments on the diffusion of emanation against 
air, carbon dioxide and nitrogen, they had con- 
cluded an atomic weight of 180 or 164. Allowing 
the emanation to escape through a small aperture, 
Debierne had found the value 220. 

The most reliable determination of the molecular 
weight (or atomic weight) in the case of a gas was 
to determine the vapour density.* While they had 
been trying to construct a balance sufficiently deli- 
cate to weigh the very minute quantity of emana- 
tion at their disposal they had heard of the micro- 
balance of Bertram D. Steele and Kerr Grant, of 
Melvourne, which weighed to aon milligramme ; 
and they had themselves constructed a balance of 
this type. It was made of fused quartz, beam 
length 10 em., knife-edge length 0.5 mm., total 
beam weight less than 0.5 gramme. The centre 
of gravity was adjusted by volatilising a minute 
quantity of quartz with the aid of the oxygen coal- 
gas flame, and an oscillation took about 1 minute. 
The oscillations were observed with the aid of a 
mirror on the beam and a ray from a Nernst lamp 
entering through a window into the brass case in 
which the balance was enclosed. The case could be 
evacuated by a pump. The one pan was formed by 
a quartz bulb containing a known mass of air ; the 
other pan was a little bucket, into which the object 
was placed. By altering the air-pressure within 
the case the buoyancy of the air acting upon the 
bulb was altered, and thus a difference in the gas 
pressure of, say, 1 mm., would correspond to a 
definite change in the effective weight of the object. 
The balance was calibrated with the aid of fine 
aluminium wire cut to different lengths. The 
balance was placed in a cellar. 

They had, Dr. Gray continued, } gramme of 
radium, which gave in eight days 0.1 cub. mm. 
of emanation, and their balance should be sensi- 
tive to... milligramme ; they attained a sensitive- 


100,000 

ness tO 5), milligramme. The difficulty was to 
pass this minute amount of the gas into a weighing 
tube. The emanation was for this purpose mixed 
with hydrogen and pumped into a fine-drawn-out 
tube, through calcium oxide ; the mixture was cooled 
in the lower portion of the tube, where the emana- 
tion condensed to a liquid, while the hydrogen was 
allowed to escape and was burned ; the reliquefied 
emanation was then driven into the upper portion 
of the tube, which was sealed off. Some emanation 
was lost, of course, and it was finally not quite free 
from hydrogen and helium. The final amount of 
emanation in the weighing-tube of quartz was only 
0.072 cub. mm. The weighing-tube, resembling a 
pin, was placed inside another jacket tube of quartz, 
point downwards, and in a glasscup. After weigh- 
ing the tubes and cup together with their small gas- 
charge, the point of the tube was broken by pressing the 
pin. The air in the balance-case was then exhausted, 
so that the emanation passed out of the tube, being 
replaced by rarefied air, and the tubes (deprived of 
their gas charge) were re-weighed. The weighing 
required several corrections. The emanation-tube 
would be at a higher temperature than the air out- 
side ; the filling of the weighing-tube took twenty- 
four hours, during which time the emanation might 
change ; the tube became strongly electrified, and 
attracted dust particles. Dr. Gray explained how 
these various difficulties had been overcome, and 
stated that five complete determinations had been 
made, each with less than 0.1 cub. mm. of emana- 
tion. The resulting molecular weights ranged from 
223 to 215—mean, 221— instead of the expected 
222.5. This radium emanation, for which they pro- 
posed the name ‘‘niton” (shining, because it 
phosph sresces), would belong to the series of inert 
gases-—argon, krypton, xenon —occupying the 
second vacant place after xenon. [The first vacant 
place would require a molecular weight of 176. | 

Sir. Ramsay added a few particulars to Dr. 
Gray’s remarks, and explained the rather strange 
etymoloxy of the suggested name ‘“‘niton.” In 
discussing the communication, Sir J. J. Thomson 


. If D be the density referred to air, which is 14.44 
aie as heavy as hydrogen (atomic weight, 1), then the 
; lecular weight M of a gas, whose molecule consists of 
Wo atoms, M = 2. 14.44. D. In thecase of amonatomic 


gas the molecular and the atomic weight are the same. 








confined. his remarks to the undesirability of. pre- 
maturely fixing any new name ; that should be left 
to the Sm Congress, which was to meet at 
Brussels on September 13. Sir Oliver Lodge dwelt 
on the wonderful delicacy of the microbalance, 
which, Professor Orme Masson, of Melbourne, 
added, from personal knowledge, had been improved 
by Steele and Grant and was now used by them for 
micro-analysis. There was no critical discussion of 
the communication, which, we think, should be 
received with some reserve. The emanation was 
described as inert. But Sir W. Ramsay said they 
nad carefully avoided all contact between the 
emanation and the grease of the stop-cock of the 
pump, because they had found that the emanation 
attacked the grease, yielding a continuous supply 
of hydrogen. We should inthis connection remind 
our readers of a recent Note* on an observation 
made by W. von Bolton, that carbon is deposited 
when mercury vapour can act on rubber. There 
was, of course, no contact between rubber and 
mercury in the essential parts of the apparatus de- 
scribed ; but there may have been in accessory 
parts. The most obvious objection to the deter- 
mination was raised by Dr. Gray himself. He 
pointed out that the quartz tube containing the 
emanation, its quartz jacket, and the glass cup were 
many hundred times (20,000 times, we understood) 
heavier than the gas actually to be weighed. So 
many corrections have to be applied on such 
delicate weighings that a critical survey is almost 
impossible. 


Seconpary RapiatTion From Carson at Low 
TEMPERATURE. 


On behalf of Mr. V. E. Pound, Professor J. C. 
McLennan, of Toronto, communicated a paper on 
‘‘The Secondary Radiation from Carbon at Low 
Temperature.” The experiments, he explained, 
were made in a vessel which was charged negatively, 
and in which a carbon plate was held over a tray 
containing polonium ; the tube holding the plate was 
cooled by liquid air, and the vessel was exhausted 
with the aid of a Gaede pump and placed in an elec- 
tromagnetic field. The loss of charge of the plate 
suggested a secondary radiation from the carbon, 
which was 1} times as strong at low temperature as 
at ordinary temperature. . In similar experiments 
made with palladium instead of carbon, the opposite 
effect was observed, the secondary radiation being 
two or three times stronger at ordinary tempera- 
ture than in the cold. 


ActivE Deposit oF ACTINIUM. 


A note on ‘‘The Active Deposit of Actinium,” 
by Mr. W. T. Kennedy, was likewise read by Pro- 
fessor McLennan. It concerned the question 
whether the ratio between deposit and emanation 
was the same for all pressures, and it demonstrated 
that the quantity of the emanation varied with the 
pressure of the gas (range from 0 to 800 mm. 
of mercury), in which the actinium salt was placed. 
It was also concluded that a great number of the 
particles were neutral. 


Recort or Raprum B rrom Ravium A. 


Dr. W. Makower, of the University of Man- 
chester, presented a paper, by himself in conjunc- 
tion with Dr. T. Russ and Mr. E. J. Evans, on 
‘*The Recoil of Radium B from Radium A.” 
During the radioactive transformation, which in- 
volved the expulsion of an a particle in a vacuum, 
the residue of the atom, from which the a particle 
had been expelled, recoiled, Dr. Makower ex- 
plained, in the opposite direction to that particle. 
Similarly, RaB recoiled from RaA, and they had 
found that the RaB was electrically charged, 
positively, and not negatively. The experiment 
was performed by coating a wire with A and 
making the recoiling RaB pass between two brass 
plates 1 mm. apart, kept at a potential difference 
of 1000 or 2000 volts. The RaB fell upon a brass 
strip, which was removed after an exposure of 
10 minutes and brought under a rectangular window 
of aluminium cut in a sheet of lead-foil, the window 
being 3 mm. by 1mm.; the lead formed the base of 
an a-ray electroscope. 

The magnitude of the deflection observed was of 
the order of the magnitude to be expected, if the 
RaB carried the atomic charge of electricity and if 
its atomic weight were 214. Experiments had also 
been made on the magnetic deflection of the RaB 
in a powerful electromagnetic field. The radius 


* See ENGINEERING, page 370 ante. 





of. curvature of the radiation in this field gave the 
value m v/e = 7.26 x 10°. In other experiments 
the RaB recoiling was allowed to pass through a 
slit ; these experiments gave the value 6.52 x 10°, 
which was fe mw more accurate ; the mean would 
be 7 x 10°. According to Rutherford the mv/e 
for the a particle from RaB was equal to 3.4 x 10°. 
As now the momentum of the a particle and that of 
the recoiling atom should be the same, these 
numbers (the former being about double the 
latter) indicated that the RaB carried the atomic 
charge of electricity, since the a particle carried 
twice that charge. From the electrostatic de- 
flection the velocity of the RaB particles re- 
sulted to be 3.23 x 10° cm./sec., and the atomic 
weight should be 194. According to the disintegra- 
tion theory the atomic weight should be 214; the 
figure found, 194, was near that anyhow, and the 
very small deflections were difficult to measure 


A Maenetic Fietp Movine THroven Space. 


A paper by Mr. W. F. G. Swann, of Sheffield, 
on ‘*The Magnetic Field Produced by a Charged 
Condenser Moving through Space,” raised the old 
controversy of the motion of ether through space. 
The author explained that, as it was impoesible to 
detect magnetic flux with the aid of a compass, he 
he had tried detection by means of a moving coil. 
He showed that in the care of a closed circuit (a 
coil) at constant potential moving through space in 
company with a system of charged bodies, the total 
magnetic flux through the circuit was zero. When, 
however, the space within the coil was partially 
filled with a dielectric, then a magnetic flux through 
the coil should exist, provided the specific inductive 
capacity could be looked upon as an absolutely 
continuous quantity throughout the dielectric; but 
if the dielectric action was to be explained entirely 
by the presence of electric charges or doublets, no 
resultant flux should be observed even in this case. 
His apparatus gave practically no flux, and he hence 
regarded his experiments as supporting the doublet 
theory of dielectric action. In his experiments two 
coils, wound in opposite directions, were mounted 
on the same horizontal axle and rotated between 
three parallel condenser plates, such that coil. 1 
was between plates 1 and 2, and coil 2 between 
plates 2 and 3 ; the opposite winding would elimi- 
nate the earth’s field. The coils were partly em- 
bedded in paraffin ; condenser plate 2 was charged, 
the other two were earthed ; after discharging the 
condenser, the apparatus was turned through 
180 deg. 

Sir 7, J. Thomson considered the paper very 
important, but did not see how, in the absence of 
any relative motion between condenser and dielec- 
tric, any effect should be expected. Professor 
Trouton, of University College, London, who has 
long worked on the same problem, said that it 
required great courage to embark on such investi- 
gations. Professor A. W. Conway thought that an 
effect might be anticipated, and not completely be 
masked, because the electrons were supposed to 
move freely in a conductor, but not in a dielectric ; 
if Sir J. J. Thomson were of the opposite opinion, 
he seemed to believe in the astndials of relativity. 


Puoto-Extectric Faticve. 


Dr. H. Stanley Allen, M.A., presented a com- 
munication on ‘‘ Photo-Electric Fatigue,” a critical 
review of the problem, which was supplemented by 
a valuable and long literature list, beginning with 
the researches of H. Hertz and Hallwachs of 1888 
and brought up to 1910. Hertz, Dr. Allen pointed 
out, observed in 1887 that the electric spark passed 
more readily when the gap was illuminated by ultra- 
violet light, and Hallwachs then found that a 
negatively-charged body — lost its charge when 
exposed to light, especially to ultra-violet rays. 
The loss of charge was due to the emission of nega- 
tive electrons from the illuminated surface; but the 
photo-electric activity of a polished metal plate 
decreased rapidly with time, and that was known 
as the fatigue of the Hallwachs effect. The fatigue 
was first attributed to the direct action of the light, 
but Hallwachs showed in 1904 that it proceeded in 
complete darkness, and this conclusion, which had 
been questioned, was — by the recent 
researches of the author and of others. They alsu 
confirmed Hallwachs as to the fact that the fatigue 
was more rapid in large vessels than in small ones, 
and as to its being independent of the e!ectrical 
condition of the plate. e fatigue occurred also 
in hydrogen ; but the moisture film, so difficalt to 
remove, might play an important part. These 
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experiments referred to gases at ordinary pres- 
sure. Experiments in vacuum had led to contra- 
dictory results, and the marked fatigue, first 
observed for the alkali metals by Elster and Geitel, 
had been questioned. 

The fatigue had been ascribed to (1) a chemical 
change of the surface (oxidation) ; (2) a mechanical 
change (roughening) of the surface ; (3) a forma- 
tion of an electric double layer (Lenard) ; (4) dis- 
integration of the metal, due to the expulsion of 
electrons by light (Ramsay and Spencer); (5) 
a change in the surface film of gas, or in the 
occluded in the metal (Hallwachs). The author 
inclined to the fifth view, considering that copper 
oxides showed the fatique as well as copper (Hall- 
wachs), and that the effects of agents like ozone 
and water vapour were more marked in large than 
in small vessels. 

(To be continued.) 








GLASGOW AND WEST OF SCOTLAND 
TECHNICAL COLLEGE. 
By Jonn G. Kerr, M.A., LL.D. 

Wirtn the opening of the fourth section of this 
edifice, visited yesterday by the members of the 
Institute of Metals, the City of Glasgow becomes 
possessed of a great Technical College in, dare 
we say, its final development, magnificent in 
architecture, splendidly equipped in every depart- 
ment, skilfully adjusted in its arrangement and 
accommodation, and most inclusive in the scope of 
its undertakings. The first stage of the build- 
ing operations was marked by the laying of the 
memorial stone of the building in 1903 by His 
Majesty King Edward VII., and in 1905 the first 
section of the College was formally opened by the 
Right Hon. Lord Pentland, Secretary for Scotland. 
Only ten years have elapsed since leading citizens 
of Glasgow met under the convenership of the 
Lord Provost, Sir Samuel Chisholm, Bart., and de- 
termined that in the interests of Glasgow as a great 
industrial centre, and of the Clyde area generally, 
an endeavour should be made to provide adequate 
facilities for the technical instruction of the com- 
munity, and, as a means to that end, to erect and 
equip a new central institution not inferior in any 
way to the most aspiring of the many Technical 
Colleges which had arisen in the British Empire 
during the last quarter of a century. Through their 
spokesman, the late Sir W. Robertson Copland, 
C.E., LL.D., Chairman of the Governors, whose 
name will ever be held in grateful memory for his 
unwearied and effective service, the promoters of 
the movement asked for 150,000/. In the report of 
the meeting at which the project was launched, 
subscriptions amounting to half that sum were 
announced. To-day the donations and grants exceed 
350,0001., considerably more than double what 
was looked for ten years ago. In view of this re- 
markable response, and in view also of the virtual 
completion of the enterprise as regards the housing 
of the College, it seems appropriate, at this time, 
to make some reference to the progress of technical 
education in Glasgow up to its present culmination, 
and to give in some detail an account of the build- 
ing, the organisation, the departments of work, 
and the specific aims of the Glasgow and West of 
Scotland Technical College. 


Tue Proaress oF TecHNIcAL Epvucation. 


Needless to say, the ideas involved in the phrase 
‘**technical education” are not of yesterday in the 
Clyde district. The success attending the appeal 
by Sir W. Robertson Copland and his associates 
attests the genuineness and depth of the belief in the 
importance of scientific training in industrial pro- 
gress. But this belief had taken shape in Glasgow 
before the end of the eighteenth century. ost 
great movements come in a curious way to be asso- 
ciated in the public mind with outstanding person- 
ages. The case under consideration illustrates this. 
ee the central dominating figure is John Ander- 
son, Oriental scholar, physicist, and friend of French 
revolutionaries. During his occupancy of the Chair 
of Natural Philosophy in the University of Glasgow 
(1757-1796) he took a deep interest in the practical 
——— of scientific knowledge. He frequented 
the workshops of artisans, and, as a sequel, arranged 
in the University courses of lectures to mechanics, 
dealing specifically with the problems that cropped 
up in their every-day experience. His colleagues 
on the Senate looked askance at the non-academic 
garb and bearing of this new order of student, who, 
nevertheless, was the prototype of the technical- 





college student of to-day. This fact and the 
related fact of Professor Anderson’s bequest in 
1796, providing for the foundation and support of a 
new university, in which science instruction would 
be carried on and extended on lines serviceable to 
those engaged in industries and manufactures, 
establish Glasgow’s claim to the honour of having 
inaugurated pioneer work in formal technical educa- 
tion and justify the declaration of the Governors 
that the College, of which they are justly proud, is 
the lineal descendant of the oldest institution of 
the kind in Great Britain, or, for that matter, in 
the civilised modern world. ; 
But, notwithstanding the immediate association 





|which converted the modest workshop, where, 


through the favour of the University, Watt found 
an asylum from the antagonistic hammermen, into 
a technical college instinct with life and ho 
pervaded with scientific spirit and with ideas to ~“ 
turned to practical account in the service of man? 
Whatever causes may have been at work durin 
the last half of the eighteenth century, it is beyond 
question that in the succeeding three or four 
decades there was to be found in every town of 
note in Scotland a vigorous movement for techni- 
cal education. The mechanics’ institutes, which 
came into existence during the awakening, offered 
courses of instruction in chemistry, natural philo. 
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of Professor Anderson with this the earliest of 
technical schools, and the lasting glamour of his 
name, it cannot be forgotten that Joseph Black and 
James Watt were most powerful, if less obviously 
direct, influences in fostering a respect: for applied 
science. Black’s work on evaporation and con- 
densation, and his teachings on specific and latent 
heat, are the foundations on which rest the great 
developments of steam-power, while Watt, whom 
Lord Brougham speaks of as Black’s ‘‘ young 
coadjutor,” by philosophic research, fertile genius 
and unparalleled skill in experimenting, endowed 
humanity with inventions which have affected 
a the whole course of civilisation. As we 
reflect on the career of James Watt, we find en- 
couragement in advocating that, for the nation’s 
sake, the highest opportunities for study and inves- 
tigation should be placed at the service of our able 
youth. For was it not the infective enthusiasm of 
Anderson (for whom Watt repaired the old New- 
comen engine) and the inspiring example of Black 











Front ELEVATION OF BUILDING IN GEORGE-STREET. 


sophy, and mathematics, and were attended by 
crowded and eager audiences. In Glasgow, with 
which we are specially concerned for the moment, 
not only did the Andersonian University flourish 
and bear fruit, but it was found possible for one of 
its most important sections, the Mechanics’ Class, 
to separate from the parent body and start inde- 
pendent life in a new building and under a new 
name, ‘‘ The Glasgow Mechanics’ Institution. In 
the attendance at some of these classes (one course 
in Glasgow is credited with a roll of 900) there 184 
suggestion of phenomenal fervour, and it cannot 
be wondered that visitors from other countries 
should have been impressed with the sigas of an 
eager quest for scientific knowledge. M. Dupin, 
a distinguished engineer, in 1827, called the atten- 
tion of France to what he found in Scotland. 
He paid a tribute to the Andersomian ‘ ollege, 
which he described as ‘‘a school for teaching 
the theory of the mechanical and chemic! arts, 
intended not only for the directors of wor! shops, 
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but particularly for the simple working man,” and 


he entreats his country to follow the example set 


by Glasgow. 


As time advanced, there came a relapse in this impulse, originating in the Great Exhibition of 
general activity. In many cases students were too 1851, and under the fostering care of the Prince 


| only possible here and there for mechanics’ insti- 
tutes to maintain continuity of aim and method. 
Better days, however, were coming. Under an 
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old, their preliminary training was inadequate, the 
lecture system was somewhat illusory, financial 
difticulties cropped up, and so the promises of the 
early years of the first stage of technical education 
Were not realised, Save in the larger cities, it was 
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Douste Errect Evaporator ; TECHNICAL CHEMICAL DEPARTMENT. 


| Consort, a strong revival of interest in science- 
teaching spread over the land. The operations of 
the Science and Art Department created a ‘‘ People’s 
University,” guiding the formation of classes, the 
lines of study, the training of teachers, and also 








| supplying financial help on the basis of examination 


results. Among the agencies which in due course 
took advantage of these provisions were Ander- 
son’s College and the Mechanics’ Institution. The 
latter, in 1881, assumed the style ‘‘ College of 
Science and Art,” and in 1886 was, with its original 
source, incorporated into the Glasgow and West of 
Scotland Technical College. It was at this date that 
the Commissioners appointed under the Educational 
Endowments (Scotland) Act, 1882, placed in the 
hands of a body of Governors the endowments 
belonging to them and one or two other institu- 
tions, including the fine provision for technical 
chemitry gifted by Dr. James Young, of Kelly, and 
the bequests of John Freeland, whose name. is 
now cummemorated by the Freeland Chairs of 
Chemistry and Natural Philosophy. Acting under 
the scheme arranged by the Commissioners for the 
administration of this combination of endowments, 
the Governors of the College, although handi- 
capped for close on twenty years by unratisfactory 
and insufficient buildings, were able to offer valu- 
able opportunities to a very large number of young 
men desirous of becoming well trained and well 
equipped for the industrial life on which they had 
entered. The teaching staff of the new organisa- 
tion had high ideals set before them, but it is safe 
to say that the traditions handed down from Garnett 
and Birkbeck, Ure and Graham, Herschel and 
Forbes, Penny, Thorpe and Dittmar—to mention a 
few names from the distinguished roll of the older 
professoriate—did not suffer in the hands of their 
successors. Hard as it may be to appraise with 
any feeling of cei tainty the outcome of educational 
work, there can be no doubt regarding the appre- 
ciation in which the services of the managers and 
the staff have been held by the multitude of young 
men whose futures have been affected, by the 
employers of skilled labour, and by the public at 
large. The magnificent pile of architecture in 
George-street is final testimony on that score 


Tue Burprnas. 

The site for the College was happily chosen, A 
portion of it was formerly ouiniel = the century- 
old building associated with Professor Anderson’s 
name. The College in its central position (some 
200 yards east from the Municipal Buildings along 
George-street), with an electric-car service to its 
gates, and in close proximity to the termini of the 
three railway systems, is conveniently accessible 
from all parts of Glasgow and from the surrounding 
districts. From the illustration, Fig. 1, page 424, 
it will be seen that the stately edifice designed by 
the architect, Mr. David Barclay, F.R.1.B.A., 
although, as will appear later, scrupulously planned 
in every detail of its internal arrangements to meet 
the educational requirements, takes its place among 
the attractive and imposing buildings of Glasgow. 
This view gives the front elevation in George-street 
with a portion of the Montrose-street side. The 
frontage in George-street is 346 ft. long, and over 
100 ft. in height. In the style of architecture a 
free treatment of the Italian Classic has been 
adopted. The frontage has a centre block of three 
bays, slightly projected, in which are three spacious 
arched doorways, each 11 ft. wide and 20 ft. high. 
The first-floor story is 21 ft. in height, and in the 
centre block and wings this story is treated with 
solidity and breadth, forming a base to a columnar 
facade of columns in pairs, 22 ft. in height, carry- 
ing an entablature, broken around pillars and 
surmounted by an attic story of square disen- 

aged pillars, on which is the finishing pediment. 

he flanking wings are treated as quasi-towers, 
finished with a balustrade and corner turrets. The 
intermediate bays are divided by projecting buttress 
piers, to give, with stability, great width of window- 
openings. In the fenestration two stories of windows 
are framed under semicircled arches, springing from 
imposts, the lower tier divided by circular pillar 
mullions, carrying panelled transoms at the division 
of the floors. The same style is maintained in the 
side elevation. The whole building, which extends 
back 300 ft. in Montrose-street and 160 ft. in John- 
street, consists of six large wings, two parallel to 
George-street and four at right angles to them. 
The walls facing the streets are of red Dumfries- 
shire stone ; all the other exterior walls are covered 
with white enamelled brick, to secure the maximum 
of illumination in the rooms forming the four interior 
courts. (For arrangement of wings and courts, see 
Figs. 2 to 7, on Plate XX XT.) 

The building, from basement to roof, consists of 
six stories, and within its confines the total floor 
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space, including that taken up in corridors, service 
rooms, passages, &c., exceeds 300,000 sq. ft., or, 
roughly, 7 acres. A tour of inspection through 
this, the largest single structure in Great Britain 
devoted to education, discloses the admirable 
arrangement, which has been very closely followed, 
of confining each department to one floor. The 
main departments of the College, and approximately 
the space allotted to each, are as follow :— 


Department. Area in 
sq. ft. 


5,250 


Area in 
eq. ft. 
6,000 
11,000 
18,500 
11,000 
3,200 
5,900 
10,650 
9,500 


Department. 


Decorative Trades .. 
Biology and Bacterio- 


Printing and Allied 
Trad ye 


es Re 
Bakery School 
Textiles on 
Astronomy 
Library R 
Administration ee 
General Class-Rooms 
and Workshops .. 


Mathematics .. 
Natural Philosoj-hy.. 
aera | yen 7 ae 
Technical Chemistry 
Civil Engineering .. 
Metallurgy 
Mechanics. 
Machine Design ca 
Motive Power Engi- 

neering ee -. 15,850 
Electrical Engineer- 

ing .. ee -. 16,700 
Naval Architecture .. 1,000 

Mining and Geology 4,700 

Architecture and Build- 

ing Construction .. 8,100 

Before examining in any detail the educational 
features of the College it may be desirable to 
make a tour of the building, starting with the 
ground floor, to which access is had through the 
arched doorways in the George-street front (see 
Fig. 1, page 424, Fig. 3, and Plate XXXI.). 

From the spacious entrance-hall (50 ft. by 30 ft.) 
a broad two-stage stairway, dividing half-way up, 
lands on the 12-ft. wide corridor, which extends 
right along the ground floor the whole length of 
the building, from the Montrose-street end to some 
30 ft. from the John-street end, where there is cloak - 
room accommodation. Opening from this corridor 
and occupying the space between it and the George- 
street front are suites of administration and com- 
mittee rooms, those on the eastern half being 
devoted to the business of the College, and those 
on the western half being occupied by the officials 
of the Provincial Committee on the Training of 
Teachers and by the officials of the Scotch Educa- 
tion Department. In the flanking ends of this long 
stretch of offices there are two handsome rooms, 
each about 35 ft. square, that in the east being 
used as « board-room, the other being at the disposal 
of the staff of the College. After rising 5 ft. from 
the level on which are these offices, two corridors 
run back from the main corridor and determine 
the inside walls of the ground-floor rooms in the 
end wings. These two brenches are united by a 
corridor parallel to the main corridor and about 
96 ft. distant from it. Taking in order the rooms 
opening from this ground-floor corridor after 
ascending the short stairway at the east end, we 
have a students’ common-room and a suite of three 
rooms for class purposes in the department of 
prime movers, me opening on the left in the cross- 
corridor there is a lecture-room for this department. 
The laboratory work on prime movers is carried 
on mainly in a large shop (70 ft. by 90 ft.) ir 
the basement, the approach to this laboratory being 
by a staircase from what may be called the prime- 
mover corridor. Advancing west along the cross- 
corridor we have on the right hand a laboratory, 
41 ft. by 70 ft, for hydraulics and for testing 
material, and farther on the motor and dynamo 
laboratory, 45 ft. broad and 80 ft. long. On the 
left, opposite the dynamo laboratory, are two large 
rooms for the bakery school. The rooms abutting 
John-street are used for societies connected with the 
College and for women students. A lavatory adjoins 
the cloak-room at the west end of the main corridor. 
From Fig. 3 it will be seen that the inner space 
bounded at the ground-floor levels by the corridors 
and the rooms mentioned is in great part taken up 
with glass roofing for the boiler-room and the 
prime-mover laboratory in the basement floor. 

The main stair approach to the first floor, a plan 
cf which js given in ig. 4, Plate XXXL, is directly 
opposite the landing from the entrance-hall. The 
corridor system in this ‘oor is merely an extension 
of that in the ground tloor. The central room off 
the main corridor, with its windows overlooking 
George-street, is over 30 ft. long. Here is housed 
the Euing Library. In continuity with it and ex- 
tending east to Montrose-street is the library and 


reading-room. The illustration of the library given | 
in Fig. 9, Plate XXXIT., suggests a remarkably fine | 
reading-room, highly serviceable to students and | 





of arches, balcony, and book-cases, gives a feeling 
of retirement and an air of study. 

The east corridor of the first floor bounds a long 
array of rooms for natural philosophy. The first of 
these rooms, on the right as we pass into the cor- 
ridor, is a commodious lecture-theatre, 60 ft. long 
and 35 ft. wide. A steep gallery, accommodating 
250 students, commands the lecture-table. In suc- 
cession we have an apparatus-room, a class-room, 
and two laboratories (Fig. 12, on Plate XX XII.), 
and at the extreme end of the corridor, which in 
this floor reaches the north wall of the building, there 
is a dark room. From the cross-corridor joining the 
east and west corridors there is an entrance on the 
left hand to three additional rooms for physics, and 
to class-rooms and laboratory for naval architec- 
ture; while on the right is the department of 


electrical engineering. The lecture theatre, labora- | 


tories, class-rooms, and drawing-rooms in this 
department are skilfully associated; and the dynamo 
laboratory, 75 ft. by 45 ft., although on the ground- 
floor (Fig. 3), is of easy access. Like the drawing- 
room, which is immediately in its rear, but on the 
first-floor level, the dynamo laboratory has a roof- 
light (Fig..5). In the west corridor, by which we 
return to the main corridor, three class-rooms in 
connection with the school of navigation are pro- 
vided. The civil engineering department occupies a 
set of three rooms off the main corridor, and con- 
tinuous with the library. It is to be noted that 
a corridor connects the main stair landing with 
the cross-corridor, from which the electrical engi- 
neering department is entered. 

The second floor contains the departments of 
mechanics, mathematics, engineering drawing, 
biology, and bacteriology. The space taken up by 
each of these departments is given in the table, and 
a glance at Fig. 5 will show how that space is dis- 
tributed for lecture-rooms, class-rooms, and labora- 
tories. On this floor, with entrance from the cross- 
corridor, is a commodious examination-hall, 90 ft. 
by 45 ft. As this hall has a gallery extending 
round three sides, and a platform, it can be used 
on ceremonial occasions. ‘The accommodation may 
be taken at 1000. 

On the third floor (Fig. 6), the block of rooms on 
the Montrose-street side of the east corridor is 
occupied with architecture and building construc- 
tion, while in the front rooms, entered from the 
main corridor, are to be found certain decorative 
trades. In the central block, reached by a corridor 
from the stair landing, are lecture-rooms ‘and 
laboratories for geology and mining, while metal- 
lurgy is very completely provided for in the west 
rear wing. 

The Departments of Chemistry, Technica] Chemis- 
try, and Textiles are on the fourth floor (Fig. 7). 
The whole of the John-street end of this floor is 
occupied with power and hand-looms. There are 
rooms for lectures on weaving and dyeing, and a 
dyeing laboratory. The equipment for the teaching 
of chemistry in all its aspects and applications is most 
complete. Fig. 10, on Plate XXXII., a chemical 
lecture-room ; Fig. 11, on the same plate, one of 
the chemical laboratories ; and Fig. 13, on page 
425, one of the many appliances of the Technical 
Chemistry Department, are presented merely to 
indicate in passing the importance of the work 
done on the top floor of this great institution. 

Descent from the top flat to the basement may 
be made by several routes other than down the main 
stairway. 

The plans given m Figs. 2 to 7 show, as alterna- 
tive routes, (1) a service stairway some 50 ft. back 
along the east corridor, (2) a goods-lift running up 
through the central blocks, about 50 ft. along from 
the west end of the cross-corridor, and (3) a pas- 
senger lift, intended for the staff, the entrance to 
which on each floor is from the main corridor, a short 
distance west of the mid position. Taking the last 
of these, we land on the west side of the entrance- 
hall, at the janitor’s room. By a stairway in the 
north-east corner of the entrance-hall we descend 
to the basement area (Fig. 2). On the left is a 
large room for cycles, and on the right we pass into 
the main corridor. Between this corridor and the 
George-street wall are workshops. Going east we 
pass rooms for practice in book-bincing, cabinet- 


making, and plumbing, and in the corner a sheet- | 
‘outlet shaft, however, there are two openings, one 


metal workshop. Along the east corridor, which 
is raised 5 ft. from the level of the main corridor, 


entirely charming in its arrangements. The readers’ | are workshops for tailoring and boot-making. To 


tables are clearaway from the distributing counter, 
and yet most conveniently near the book supply, 


while the long stretch of lofty rooms, with its vista | 


the west of the cycle-room, in the front block of 
workshops, are rooms for those engaged in typo- 
graphy and lithography. The corner room is a 





refectory supplied from a kitchen at the end of the 
corridor. rom John-street, through an arched 
way, a railed cart-way enters the basement, 
crossing the west corridor in the boiler - room, 
and passing straight on into the laboratory for 
prime movers. At the boiler-room, a branch 
from the railed cart-way is turned towards the 
goods lift. Beyond the cart-way and between 
the west corridor and the street there is room Space 
60 ft. by 35 ft., which will be utilised for such 


recreation purposes as may be found suitable. 


Apart from the exteasive prime-mover laboratory, 
which will be dealt with later, the most important 
of the arrangements in the basement area is that 
concerned with the ventilation and heating of the 
entire building. Accordingly, it is fitting that our 
general account of the building should terminate 
with a statement of the manner in which thie yen- 
tilation and heating are carried out. 


VENTILATION AND HEATING OF THE BuILpIna, 


The Plenum system has been adopted for ventila- 
ting and heating. Air is drawn down to the base- 
ment by a rectangular well 31ft. by 18ft., the 
walls of which are carried above the surrounding 
roofs. At the bottom of this well is a series of glass 
louvres sloping from the sides of the walls of the 
well to the upper edges of the water-tanks, the 
whole arrangement of these louvres being in shape 
like a truncated and inverted pyramid (see Fig. 8, 
page 425). From the two tanks water is pumped up 
eight vertical tubes equally distributed over the area. 
To,the tops of these tubes are attached revolving 
sprays, which discharge the water or spray hori- 
zontally on to the top of the glass louvres, from 
which it trickles down to the bottom edges of a 
sloping louvreand falls to the one immediately under- 
neath, and so downward until it reaches the tank and, 
this operation of pumping, spraying, and trickling 
is continuously repeated. Near the bottom of the 
well are three large fans, by which the air is drawn 
down the well and between the glass louvres, where 
it is filtered by the water spray and by the water 
trickling from louvre to louvre. As the water in 
the tanks needs renewal every three days, and as 
considerable sediment accumulates at the bottom 
of these tanks, the necessity for filtering is demon- 
strated. After leaving the fan the air is passed 
over a battery of steam-heated pipes, called the 
primary coils. These pipes are arranged in several 
sections, each section being controlled by a sepa- 
rate valve, so that heating can be regulated to suit 
the prevailing atmospheric conditions. From the 
coils the air thus washed and warmed is forced along 
horizontal passages or ducts (Fig. 2), the floors of 
which rise gradually, thereby decreasing the area of 
the passages from the air entrance to the extreme 
end. The floors of these passages are of concrete, 
finished with granolithic ; the ceiling is finished 
with cement plaster, and the walls are of brick, 
pointed with cement. These passages are washed 
and hosed out regularly. In the walls of the hori- 
zontal passages rectangular recesses are formed, 
which are partly bridged over at the ceiling of the 
ducts, and formed into shafts, each of which rises 
vertically in the interior of the walls to a height 
of 8 ft. above the floor-level of the room to be 
supplied with the filtered and warmed air. The 
opening into the room from the vertical shaft is 
known as the fresh-air inlet. At the top it 
is curved in section, so as to change gradually 
the direction of the current from the vertical 
to the horizontal. The area of a vertical shaft 
is determined with regard to the amount of inlet 
air réquired to effect a complete renewal of 
of the air four times per hour in an ordinary class- 
room, and six times per hour in laboratories, and 
yet not have a velocity of more than 6 ft. per 
second. In each of the recesses from which a verti- 
cal shaft springs is placed an auxiliary steam-heater, 
so that additional heat may be available should 
the temperature of the room to which the supply of 
air is being conducted seem to be too low. In 
front of these recesses are sliding damper-plates, 
which can be adjusted so as to allow the air, when 
additional heating is not needed, to pass direct into 
the vertical shafts. For the exit of the vitiated air 
there are outlet shafts constructed like the fresh- 
air shafts in the interiors of the walls. Into each 


at the floor and the other at the ceiling-level, 
operated in such a manner that in opening the 
lower outlet the upper is closed, and rice t'st. 
The exit shafts discharge into passages In the I oof. 
Large ventilators, through which the vitiate. «1% 








= - £= kee @D FF 


-_— ovr wre & 





Sept. 23, 1910.] 


ENGINEERING. 





427 











passes intothe atmosphere, terminate these passages. 
‘As the shafts for outlet air are vertical, they can be 
readily swept down. It is claimed that this venti- 
lation installation, while following the arrange- 
ments common to all ‘‘ plenum” installations, is 
notable not only for its overcoming the difficulty 
of efficiently supplying a very large and complex 
building, six stories in height, but for the special 
means of air-cleansing that has been adopted. The 
total area of the interstices of the louvres is equal 
to the cross-section area of the air-supply well, 
and there is a minimum of reduction in the inlet 
capacity. 

The next article will deal with the organisation 
and with the details of certain departments. 


(To be continued.) 








THE NAVAL, MERCANTILE MARINE, 
AND GENERAL ENGINEERING AND 
MACHINERY EXHIBITION, OLYMPIA. 


By JoserH Horner. 
(Continued from page 394.) 


A curtous crankless engine, shown by Tuckfield’s 
Patent Engine Company, Limited, of 28, Victoria- 
street, London, S.W., attracts considerable atten- 
tion. It is designed by Mr. Tuckfield, an Australian 
inventor, and is the outcome of about twenty years 
of experimenting. The principle of its operation 
will be understood from the sectional drawings, 

ge 428. At the Exhibition it is operated by a 
ae ® at one end for demonstration pu " 
but it is an internal-combustion engine. The biaed 
principle of the design is that the reciprocating 
motion of the pistons, of which there are eight, 
is converted into a rotary motion of the driving 
shaft by means of a swash-plate or ‘drunken 
disc” device. But instead of the rotating swash- 

late imparting a reciprocating motion to rods 
ee parallel with its axis, the action is reversed, 
the rods (piston-rods) producing the wobbling 
motion of the swash-plate, and thence, through the 
intervention of rings of coned rollers, the rotation 
of the main shaft. 

Comparing the views in Figs. 64 to 67, page 428, 
there are eight cylinders A, four being grouped at 
each end, arranged in four pairs with their axes in 
alignment and parallel with the shaft B, which has 
to be driven, and around which the cylinders are 
arranged. The pairs of pistons C of the trunk type 
are connected by their rods D. E is the swash- 
= at an angle with the shaft B, and connected 

y universal joints to the rods D, D by arms on the 
disc. These joints comprise blocks provided with 
holes to fit and turn upon the arms and pivoted by 
trunnions to the rods D. F, F are discs of hemi- 
spherical form, which are fixed on the shaft B at 
the same angle as the plate E, and make anti-fric- 
tional contact therewith with rings of conical rollers. 
The oscillating movement of the disc E imparts the 
rotary movement to the hemispherical discs F, F, 
and thence to the shaft B, and the use of four pairs 
of cylinders prevents dead points. 

The rest is a matter of details. The inlet and 
exhaust valves a and b are seen at the ends of the 
cylinders. They are operated by the disc G loose 
on a sleeve H. The disc is designed to rotate at 
half the speed of the shaft B through the medium 
of spur-teeth c on the sleeve and idle pinions d 
and internal teeth on the disc (Fig. 66). Cams on the 
inner face of the disc operate the valves. To reverse 
the engine the disc can be moved in relation to the 
valves, the cam-pieces being adjusted in slots f in 
the face of the disc, the face being shown in the 
lower right-hand figure. To move the disc endwise 
sleeves J are employed on the shaft B, pro- 
vided with quick-pitched screws, so that when the 
sleeves are moved longitudinally on the shaft by 
the lever seen adjacent, the cam disc can be rotated 
in relation to the valves, and the engine reversed. 

Mr. Tuckfield attaches great importance to the 
frictionless nature of the end thrust of his crank- 
less engine, combined with a large thrust surface 
and rings of coned rollers. He claims that it 
ecouomises power and conduces to long life and 
silent working, and renders it suitable for marine 
and motor-car work, and aeronautic purposes. A 
molel hoat is shown with one of these engines in it. 
r "he stand occupied by Messrs. Chadburn’s (Ship) 
es Company, _Limited, of Cyprus-road, 
- le, Lancashire, is in a prominent position near 
the entrance to the Exhibition. From the popular 
pout of view it divides favour equally with the 





diver’s tank and the patternmakers’ wood-working 
machines in operation. Messrs. Chadburn’s tele- 
graphs are arranged in three platforms which repre- 
sent sections of a vessel’s bridge. The centre one 
is fitted with Admiralty pattern telegraphs, as sup- 
plied to the British, Japanese, Italian, Russian, 
and other navies. The other two platforms are 
arranged with telegraphs suitable for vessels of the 
merchant service. 

As one faces the stand, the platform to the left 
carries a bridge transmitter suitable for twin-screw 
engines. It is connected to two engine-room indi- 
cators which are attached to a bulkhead at the back 
of the stand. There is also a single-dial trans- 
mitter for a single-screw vessel. The latest type 
of transmitter suitable for a turbine-driven vessel 
having three shafts is also shown. One dial of 
this transmitter is connected to an indicator 
for controlling the port turbine, and the other 
dial for the starboard turbine, while there is 
a central lever for carrying ahead orders only for 
the centre turbine, since this turbine does not go 
astern. 

The central platform carries a steering-wheel and 
compass, and an Admiralty pattern wheel-handle 
transmitter for main-engine telegraphs, such as are 
usually employed in the British Navy. Two sizes 
are shown—the larger one as fitted in battleships 
and cruisers, and the smaller one for destroyers. 
Telegraphs are also shown for transmitting to the 
engine-room the number of revolutions at which 
the engines are required torun. These are chiefly 
used for station-keeping purposes. 

The right-hand platform has three transmitters 
suitable for —_ liners, showing ‘‘ look-out ” and 
‘*anchor” orders, and ‘‘ docking” orders for 
working a ship in and out of harbour. There is 
also a steering telegraph for transmitting the 
orders required for regulating the helm from the 
bridge to the after steering - stations. Other 
exhibits include stokehold telegraphs, sounders, 
&c., and an electric telegraph for working the 
boiler-rooms in two large Esse at present under 
construction. Messrs. Chadburn have fitted their 
telegraphs to over 1200 warships of all nations, and 
also to over12,000 vessels of the mercantile marine, 
including the Lusitania and Mauretania. By the 
courtesy of the firm we are enabled to give draw- 
ings i some of the telegraphs exhibited at their 
stand. 

The reliability of ships’ telegraphs is only secured 
by very carefully thought-out designs, and the risks 
of wrong readings, apart from such designs, would 
be much greater in the mammoth vessels now built 
than they are in the smaller class of ships. The 
method of transmission formerly employed — 
namely, shafting and bevel-gears —is open to risks 
of spring of the shafts, alterations in length due 
to the high temperatures of engine-rooms, and 
to back-lash in the gears. Hollow shafting is 
now substituted for solid, and cut gears for cast. 
But other improvements supplement these. The 
‘*Full speed astern” and ‘Full speed ahead ” 
on the dial are also separated by a space, so 
that the handle cannot pass from one to the 
other. Also the horizontal position of the dial 
was changed to the vertical, and the movement 
of the handle was thus made to correspond with 
the direction, ahead or astern, which it was desired 
to give to the engine, and the size of the dial 
was increased. But as the size of the segments 
corresponding with the different movements was 
only about one-eighth of the circle, the movements 
were still too small to ensure that the reading 
of the engine instrument should be identical with 
that on the bridge. For use in the larger vessels 
Messrs. Chadburn have therefore been fitting an 
instrument in which risks in use are eliminated. 
Figs. 68 and 69 show the deck order-transmitter. 
In this a wheel is used fitted with a handle, which 
handle, when at the upper part, is moved in the 
direction in which the vessel should move. The 
pointer on the engine-room dial is moved in the 
same direction as the engine-shaft, and duplex gongs 
are sounded—deep-toned for ‘‘ Ahead,” and shrill 
for ‘*‘ Astern” orders. The transmitting shafting 
must make at least half a revolution for each change 
of order. This is seen clearly in Fig. 72, page 428. 

The movement of the hand-wheel is transmitted 
by bevel-gears to the vertical spindle which runs 
down through the centre of the column, and which 
is thence connected by hollow steel shafting and 
bevel-gears to the engine-room indicator. The 
bevel-wheel has twice, or more, the number of 
teeth of the pinion. If twice, one revolution of the 








hand-wheel gives a half-revolution to the shafting. 
The spindle also actuates a Geneva stop mechanism 
or intermittent gear (see Fig. 72), which moves a 
pointer from the centre of one order to the centre 
of the next, locking the pointer, while a stop arrests 
the motion of the hand-wheel when the extreme 
orders are reached. By a similar arrangement the 
pointer of the engine-room dial (see Fig. 70) is 
controlled. Any spring in the shaft and Back-lash 
in the bevel-gears is taken up during that portion of 
the revolution when the pointer is not being moved. 
Another improvement is the support of the steel 
shafting on ball-bearing brackets, which prevent 
wear, and permit of longitudinal and lateral play of 
the shafts. 

The engine-room telegraphic receiver is shown by 
Figs. 70 to 73, page 428, in which the gong gear 
and movements are shown. The revolution of the 
shafting puts the Geneva stop into movement, and 
also pulls back and releases one or other of the 
hammers of the gongs and moves the pointer. 
These are seen in section, the ahead deep-toned 
gong, and the astern shrill gong lying within it. 

A steering-wheel and pedestal for transmitting 
orders from the bridge or conning-tower to the 
helmsman’s dial is also to be seen on Messrs. 
Chadburn’s stand. Light turns are given from 
‘* hard over” to ‘hard over.” Mitre-gears transmit 
the rotation of the wheel from the wheel-spindle 
to the vertical shaft, and a square thread is cut 
upon the wheel-spindle to serve the purpose of 
moving the indicating pointer. This is effected by 
a onal bracket having a rack cut upon its top edge, 
the bracket being bolted to the nut, which is 
travelled by the screw just mentioned. A pinion 
on the end of the pointer spindle meshes with the 
rack, and the pointer thus moves around the dial 
to show the points to port or to starboard. 

The stands of Messrs. Henry Pels and Co., 
situated centrally in the building, contain a large 
number of the machines for shearing, punching, 
cropping, and so on, with which English firms have 
grown familiar. These machines, being built wholly 
of steel plate and sections, and very substantially, 
totally eliminate all the risks of fracture which are 
associated with the employment of framings of cast 
iron. Though most of the Pels machines are now 
well known over here, and have been illustrated in 
ENGINEERING, it is well to give a résumé of their 
‘leading features in connection with this very fine 
exhibit. Some of them are shown on page 429. 

The most conspicuous machine is the splitting- 
shears combined with a punching-machine and 
bar, angle and tee-cropper, each element of which 
embodies features of utility. The punching-slide 
is fitted with the usual stop-motion to permit 
of exact adjustments of the work, the stop being 
thrown in either by hand or treadle, while it has a 
locking-gear for doing continuous work. The punch 
can be raised or lowered by a lever while the 
machine is in motion, so that it can be set on centre 
marks, and, the slide being engaged, the hole can 
be punched without having been lifted. The punch- 
slide can be raised to a height about equal to double 
the length of stroke when the machine is stopped 
to permit of the changing of punches and dies. 
The shears for sectional forms cut either squarely 
or at a bevel, and clamps are provided for holding 
the work. 

Driving is done either by fast and loose-pulleys, 
or by motor, taking place through double gears. 
The plate-shears are actuated thence by a connect- 
ing-rod, the angle-cropper being driven by an 
eccentric from the main shaft. A very substantial 
build is noticeable in the machine ; one cheek of 
the main double framing is cut from armour-plate 
3} in. thick. The slides also are massive, and large 
journals, bushed with gun-metal, are employed. 
This type of machine is made in a range of seven 
sizes, the one exhibited being of medium dimen- 
sions. It shears plates up to t in. in thickness, and 
will punch holes up to 1} in. in diameter through 
plates }fin. thick. It will cut round bars 23 in. in 
diameter, and bars 2 in. square, — 5in. by 5 in. 
by jin. With special knives it will cut joists 7 in. 
by 4in. by 161b., and channels 6 in. by 3 in. ; 
10 horse-power is required for driving. The whole 
range of these machines covers, for shearing, plates 
from # in. to 1} in. thick, and punches holes from 
} in. to 1} in., cuts bars from 1 in. to 3 in., and 
other sections in similar proportions. 

Another machine of interest is the joist shears 
combined with a universal punching - machine 
(Fig. 76, page 429). A ratchet and pawl holds 
up the shears while the work is being adjusted, 
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BELL MOVEMENT. 


BOX WITH FRONT A BELL GEAR REMCYED. 
Fics. 68 to 73. Enorve-Room Texecrarus ; Messrs. Cuapsurn’s Sure TetecraPH Company, Luoartep, Lrverpoot. 
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Werner’s Hanp-Joist SHEARS ; Messrs. Henry Pets anp Co., Lonpon. 














Joun’s Jorst-SHEARS AND UNIVERSAL Puncn ; Messrs. Henry 
Pets anp Co., Lonpon. 
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Fic. 75. Joun’s Hanp-Lever SHEARS AND Bar- 
Cropper ; Messrs. Henry Pets anp Co., Lonpon. 
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Zic-Zac Mriiuine Fire; Messrs. Netson Broruers, Beprorp. 








Fic. 78.. Macurne-Cut Spur-Gearine ; Messrs. 
AnpRE CiTROEN AND Co., Lonpon. 


It cuts all sections, and all except channels at 
one stroke. Channels only have to be turned 
over, a stroke being taken from opposite sides. 
The blade is seen lifted at the left-hand of 
the engraving. The machine shown will cut 
joists from 4 in. by 1} in. by 5 lb. up to 12 in. by 
5 in. by 32 lb., and channels from 4 in. by 2 in. up 
to9 in. by 3in. The whole group of seven ma- 
chines covers a wide range of sizes from 3 in. by 
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14 in. by 4-lb. joists, to 24 in. by 74 in. by 100-Ib. 
joists, and other sections in like proportion. These 
sections include channels, angles, equal and un- 
equal, tees, and zeds. At the other end the punch- 
ing capacity is up to 1 in. in diameter in §-in. 
plates. The adjustments referred to in connection 
with the previous machine are also embodied in 
this. The driving ia by motor through belt-pulley 
and gears. 

The double-ended notching-machine at this stand 
is designed specially for cutting the ends of joists, 
channels, angles, and tees to fit against the ends or 
sides of other joists, a large volume of which work 
is done in structural steel and in rolling-stock. 
The machine cuts so accurately and cleanly that 
the parts fit together without any correction by 
chisel and file, and the work for all practical pur- 
poses is as neat as that done by cold eaws, and in a 
mere fraction of the time occupied by the saws. 
The reason why the machines are double-ended is 
to avoid turning long pieces end for end, but single- 
ended machines are also made, and these may be 
mounted on a turntable. The action of the tools 
is similar to that of the shears previously mentioned. 
Flanges can be notched away from the ends, with 
rectangular or veed recesses. 

Werner’s hand-power joist-shears (Fig. 74, page 
429) is a portable type for heavy work, manipulated 
by two or three men. It will cut up to 16-in. 
by 6-in. joists. The operating levers are counter- 
balanced. Trestles on rollers are provided for sup- 

rting the free ends of girders. Attachments can 
S added for cutting rounds and squares and for 
punching. 

There are several hand-lever shears and hand- 
lever punches at this stand, fixed and portable. 
Hand-lever shears are combined with a bar, angle, 
and T-cropper, as shown in Fig. 75. These will cut, 
without change of blades, plates of any length and 
width, flats, rounds, squares, angles, and tees. Angles 
and tees can also be sheared on the bevel at any 
angle up to 45 deg. The machine exhibited will 
shear }-in. plate, 1}-in. rounds, 1-in. squares, 
3-in. by 3-in. by #-in. angles and tees. 

Johns’s patent bar, angle, and bevel T-cropper is 
designed for cutting angles and tees, square or at 
any bevel, including curved angles and tees, though 
of small radius. Blades, which are interchange- 
able, will cut round, square, and flat bars. These 
machines can be mounted on a turntable to avoid 
moving bars end for end. 

The ‘‘ Zig-Zag” milling file, illustrated in 
Fig. 77, is being exhibited by the makers, Messrs. 
Nelson Brothers, of 9 and 11, Moor-lane, E.C., 
and Kingston Works, Bradford. The file is 
formed with straight teeth, alternately sloping 
in one direction and the other, and is made with 
a perfectly flat surface without any camber. 
The teeth are milled from the solid metal. It is 
claimed that the file will do very much more work 
than those of ordinary type, and that although 
cutting very quickly, it leaves a very good surface. 
Owing to its flat construction, it cuts equally over 
its whole width. Experiments on a file-testing 
machine, with a cutting stroke of 6 in. and a pres- 
sure of 33 1b., showed that one of the files removed 
480 in. of cast steel 1 in. square in section in 
613,000 strokes, and 150 in. of hard cast iron in 
140,000 strokes, without, in either case, the cutting 
capability being seriously reduced. The files are 
made of a high-grade tungsten steel, and are 
supplied either with a tang like an ordinary file, or 
arranged for screwing to a plain backing, as shown 
in the illustration. The Sacked files are made 
somewhat lighter than the other form, so that they 
are slightly cheaper. A useful combination consists 
of a zig-zag file mounted on an ordinary smooth-cut 
file as a backing, as, after roughing with the milling 
side, the work may be finished with the other side 
of the combination tool. 

The exhibit of Messrs, André Citréen and Co., 
of 19 and 21, Queen Victoria-street, London, E.C., 
comprises selections of the firm’s cut helical gears 
in very small and very large sizes. They are all 
machine-cut on the principle of the true spiral, a 
fact which is very obvious in the case of the smaller 
pinions. They are really 45-deg. angle spiral gears, 
right and left-handed, but cut from the solid. At the 
middle plane, where the junction of the teeth 
occurs, there is no keen angle, but a small radius 
which is favourable tostrength. These gears there- 
fore fulfil the conditions of wholly rolling contact 
of the spiral forms, with the accuracy of the shapes 
which can be obtained only by cutting, while free 
from the objections of cutting each half separately 





and bolting them together. Such being the case, 
we are not surprised to learn that they are being 
employed very extensively in both light and heavy 
mechanisms. The helical is the ideal gear—an old 
gear, but one which has not become popular until 
recently because of the difficulty and cost of cutting, 
and the inaccuracies, often very bad, of gears cast 
from tooth-blocks or patterns. A parallel case is 
that of worm-wheels, generally distrusted until 
improved methods of production and mounting re- 
established them in favour. 

The double helical form of tooth is that which is 
most usually adopted. But a treble helical design 
is frequently used, a form which is easily practic- 


able when the teeth are cut in the solid. As the | 


apices of the teeth should run in a forward direc- 
tion in helical gears, they would, when used for 
reversing, with the same load in both directions, 
wear out sooner when running backwards. This is 
the reason why the Citréen gears are made in three 
sections, a type adopted for reversing gears, espe- 
cially in haulage machinery. These gears include 
bevels as well as helical spurs. Bevel gears 5 tons 
in weight, with treble helical teeth, have been cut. 
Three of these were used together as reversing gear 
for a rolling-mill. They had an 8-in. pitch and a 
2-ft. face, and were made to transmit 1800 horse- 
power. Helical spur-gears are used for hoisting 
and hauling machinery and for transmission pur- 

ses, for machine-tools, and for reduction gears 
instead of spurs or worms, for high speeds and 
great powers. 

The illustration shown in Fig. 78, page 429, repre- 
sents a set of spur-gearing, consisting of a bronze 
pinion and a cast-iron wheel. The latter wheel is cast 
in one with a belt-pulley. These gears were made 
for a transmission where the space was very limited. 
The Citréen gears can be made in high ratio single 
reductions, and in connection with these the 
pinions require a very small number of teeth. The 
minimum number of teeth is four, and specimens 
of pinions with five, six, and seven teeth are shown 
on the stand. There is a set of bevel-gears on 
view which is intended for transmitting 300 horse- 
“tte from a vertical shaft in a spinning-mill. The 
ange wheel is in halves and weighs about 2 tons. 

hese gears have been adopted throughout for 
the steering apparatus of the s.s. Olympic and 
Titanic. Two sets of spur-wheels and two sets of 
bevel-wheels are required for each of these ships. 
The gears are made of steel throughout, the spur- 
wheels having a pitch of 2}in. and a 9$-in. face, 
and the bevel-wheels a pitch of 44 in. and a face of 
12in. These latter have both sides shrouded, the 
width over all being 144in. We understand that 
the makers are now constructing the largest gear 
factory in Europe, where they can manufacture 
this machine-cut double-helical gear exclusively. It 
is expected that the factory will be ready about the 
beginning of next year. 

At the stand of Messrs. Perkin and Co., Limited, 
Leeds, a good selection of machine-tools is ex- 
hibited. It includes lathes, drilling-machines, a 
shaper, a disc-grinder, which are of usual standard 
designs. The following are novelties, which are 
illustrated on Plate XXXIII., and call for special 
notice :— 

A double hack-sawing machine, Fig. 79, is de- 
signed to shorten the time of cutting through a 
large bar or pipe, this being done by using two 
blades, on opposite sides, arranged at a slight angle 
from the vertical. Both blades act at once, but 
when one reaches the centre of the cut, the other is 
thrown out by an automatic mechanism, leaving the 
other to complete the cut. The bows, between 
which the saws are strained, are fed forwards by 
means of adjustable balance-weights and chains. 
Work up to 16 in. by 12 in. can be dealt with in 
this machine ; the saw-blades are 17 in. long. 

Another tool which should be noted is a portable 
valve-seat planing-machine, Fig. 80. It is designed 
for machining ordinary valve-seat and regulator 
valve-seat facings by removing the steam-chest 
cover and bolting the machine to the valve-studs. 
Two adjustable bese are provided, by means of 
which it can be bolted to valve-chests of large 
dimensions. The machine is of special value for 
traction and portable engines, and it can also be 
used asa bench machine. The stroke is 9} in., the 
traverse 9} in. The lever seen above the spur-gear 
that engages with the rack on the ram is used for 
reciprocating the latter to and fro. 

Another object of interest at the stand is the 

rtable rail - drilling machine (Fig. 81). The 

ead can be thrown back instantly to allow of the 


passage of a train ortram. A hole 1 in. in diameter 
|can be drilled through the web of an 85-Ib. rail in 
|4 minutes, or through a tram-rail in 3 minutes, As 
| seen in the illustrations, double handles are used 
to turn mitre-gears, either one of which can be 
clutched to drive a companion on the vertical shaft, 
which, in turn, actuates the short horizontal dril]- 
spindle. A self-acting feed is provided, actuated 
from an eccentric stud on the end of the drill- 
| spindle, which rocks a lever and a dog engaging with 
a ratchet-wheel. The latter is tapped with a square 
_ thread to engage with a screwed sleeve, inside which 
|the spindle revolves. Fig. 82 shows a somewhat 
| simpler apparatus. 
he Crown Works, of Chelmsford, exhibit an 
| interesting new caliper-gauge for precision measure- 
ments (Windley’s patent), in which a large range of 
| Sizes is obtained by the use of a series of thickness, 
| or distance, blocks. These are interposed between 
| the two main parts of the gauge, so as to bring the 
jaws a definite distance apart. The set is seen in its 
case in the engraving, Fig. 83, Plate XXXIIL., 
there being an external and an internal gauge. The 
two portions are drawn together by a quick- 
acting nut and bolt, the latter being passed 
through the distance-block or blocks which are 
required. There are nine blocks in the set, these 
measuring respectively 1 in., $ in., @ in., } in., 
jjsin., § in., py in., yy in., and yy in. These give 
the internal measuring holder a range from 2} in. 
|to 4,3, in. by sixty-fourths—that is, ninety-nine 
| sizes—and the external holder a range from 4}, in. to 
| 225 in., also by sixty-fourths—a total of 163 sizes, 
| By interchanging the blocks in combinations a still 
| larger range is procurable, numbering 425 standard 
sizes in all. All the parts of these gauges are 
repared from a special cast steel and hardened. 
he excellent finish of the surfaces on the blocks is 
shown by the wringing together of several blocks, 
which hold by their cohesion due to the intimate 
molecular contact, notwithstanding that the set are 
held out horizontally. A good test of the accuracy 
of the blocks in regard to thickness is that of 
mutually checking them. Thus the 1-in. block 
may be inserted in the gauge, while a set of, say, 
the g-in., j-in., ;4,-in., 4-in., and j;-in. blocks are 
wrung together and tried between the measuring- 
jaws. This, of course, tests the accuracy of the 
caliper as well, and if the measuring faces have 
become worn, the fact may be detected and the 
necessary rectification performed. 

This principle is also applied to a combined limit 
and caliper gauge, in which there are two pairs of 
measuring-jaws, one pair on each side of the central 
portion. The three faces of each half of the gauge 
are surfaced in equal steps, a + sign being marked 
on the ends which are lower, and a — sign on the 
opposite ends, which are higher than the centre 
face. When + is set opposite +, and — is oppo- 
site —, the gauge is ready for limit measurements. 
By turning the halves around to bring + opposite 
—, the caliper becomes an ordinary one, applicable 
for exact measurements. In addition to the usual 
set of nine distance blocks, two extra ones are 
used, yin. + the limit and J; in. — the limit, these 
being employed for checking the limits of the 
external measuring holder ; for limits in combina- 
tion with the other distance-blocks ; and for limits 
in the end measuring holder. The limits may be 
had either of 0.001 in., 0.00075 in., or 0.0005in. A 
total of 1272 measurements is obtainable in this set. 

The firm also show a set of end measuring gauges, 
of the usual rectangular solid form, to be used 
in combination with a pair of ,, in. + 0.001, and 
#y in. —0.001 pieces. With this set any size from 
syin. up to 12?in. by 64ths is obtainable, either 
A total of 2448 end 








exactly or within limits. 
| measurements is possible. 
There are also a number of straight-edges, tri-bars, 
and other appliances finished by the firm's special 
process, not hand scraping. A surface - plate 
| measuring 6 ft. square attracts attention. 
| In the special class of work which this firm pro- 
| duces there is naturally a large amount of grinding 
|of blocks, most of which can only be held with 
satisfaction on a magnetic chuck. ‘his has led 
to the development of a magnetic chuck of their 
own, shown in the engraving, Fig. 84. The holding 
face, which has its area broken up by white-metal 
| strips, in the usual manner, to provide a number 
of separate pole-pieces, is arranged with a stop- 
strip at the side, and one at the end, to prevent the 
pieces from slipping. Clamps, not shown, are also 
employed. Although ventilation is provided in 
order that the maximum power may be obtained 
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without excessive neta the chuck is waterproof, 
as is also the switch. he latter is of the double- 
pole pattern, and is reversible for demagnetising. 
Current (continuous) at 110, or 220, or other 
voltage is supplied by a flexible wire ; one chuck, 
with a holding face measuring 10 in. by 4 in., con- 
sumes 25 watts ; while the other, 14 in. by 6 in., 
consumes 45 watts. 

Messrs. Wadkin and Co., of the North Evington 
Engineering Works, Leicester, have a most varied 
exhibit, which is usually crowded with interested 
and curious visitors. Besides the mechanical wood- 
worker, the principal centre of attraction, there is a 
really excellent collection of high-class machines of 
other kinds, some of which are shown in Figs. 85 to 
92, on Plates XXXIV. and XXXV. In the face 
of a tariff of 45 per cent., a goodly number of the 
mechanical woodworkers have been sent to the 
United States. This is now a tool of appreved 
utility, a marvellous revelation to the old-time 
pattern-maker or joiner. The work for which this 
machine is of especial value is just that in which 
the old craftsman would have felt secure against 
the innovation of machinery—namely, bend and 
core-box work, and irregular forms which had to 
be cut laboriously and carefully with gouges and 
chisels, and in which the thicknesses of first cast- 
ings in repetitive work were often checked by 
sawing sections, cast in a soft metal, for measure- 
ment and modification. Circular and band-saws, 
and panel planers and mitre cutters, have long 
relieved the craftsman of the more laborious part 
of his tasks, but the mechanical woodworker appro- 
priates the cutting of those irregular forms which 
have hitherto been relegated to the better class of 
hands. It follows that these machines are more 
suitable for some shops than for others, those, 
namely, in which pipe-work and cock and valve- 
work, brass fittings, ornamental work, and such 
like, are specialities. By means of special attach- 
ments the teeth of gear-wheels can be cut, thus 
rendering the machine of a universal character. 

The general outlines of the machine are now so 
familiar that a concise account only need be offered 
here. It is so designed as to cover the peculiar 
requirements of pattern-work, which embraces very 
large as well as minute pieces. Thus there is 
practically no limit to the dimensions of pieces 
which can be put on the table, for though the 
main frame limits the width on one side of the 
table, it is curved deeply outwards, and admits 
large work. In other directions the way is clear, 
besides which the table-mounting is adjustable 
laterally on runners by rack and pinion. 

With regard to movements of the spindle-head, 
and of the table on its mounting, these include all 
possible motions that can be required. Taking 
the spindle first, it swivels to operate at any angle 
between the vertical and horizontal, and is fitted 
with a graduated scale. It can be slid endwise 
also independently of any movement of the head, 
and has two means of adjustment—one quick-acting, 
the other slow by a screw. Its direction of rota- 
tion can also be reversed quickly. A scale is fitted 
to the slide with screw adjustment to give the depth 
of cut. With reference to the table, this, besides 
its lateral motion on its mounting, which permits 
of its removal altogether clear of the cutter-head, 
and of a long traverse, has, in addition, a longi- 
tudinal and crogs-traverse motion on its mounting 
or stand on hall-races, either quickly by hand or by 
screw and rack. The table can also be rotated 
through a complete circle in a horizontal plane, and 
raised or lowered. All movements have two adjust- 
ments—one for rough setting, the other for fine 
adjustment. 

_ The drive is by belt from the rear, but the strik- 
ing gear can be operated from either side of the 
head, and all actuating handles are at the front, 
within reach of the attendant. The foregoing, 
omitting matters of detail for the sake of brevity, 
will give some idea of the flexibility of the machine. 
But its various operations must be noticed sepa- 
rately in order to realise its utilities. The cutters 
are tly-cutters, or adze-cutters, rotated at high 
speeds, and having profiles which are the counter- 
parts of the shapes to be produced, operating in 
similar fashion to the cutters of vertical spindle 
moulding-machines, 

_Commencing with the simplest class of opera- 
tions done on the machine—namely, sweep work ; 
this is cut with the spindle rotating on a vertical 
axis, and carrying fly-cutters in an adze-block. 
di © sweep to be cut is attached to the table 
rectly, or to a small auxiliary table, or to a light 





wooden frame attached to the table, the latter only 


being used when the sweep is of large radius ; this | } 


radius is only limited by the lateral movement 
of the table-mounting on its runners. Always the 
vertical axis of the table is the centre of the 
radius being cut. Depths up to 14 in. can be 
tooled, and if the machine-head is canted, taper in 
any degree can be imparted. 

There isnodifference in the method ofsetting when 
cutting bend-pipe or core-box work; the cutters 
only are different. The bend, roughed out on the 
band-saw, or the half core-box, is set on the actual 
table, or on an auxiliary table, or on a light wooden 
frame fastened to the table for large radius work, 
and the spindle, operating vertically, rotates the 
fly-cutters of the section and dimensions suitable. 
Straight portions of bend-pipes or of bend core- 
boxes are cut by putting in the straight traverse 
movements—longitudinal, or cross of thetable. It 
is easy to see how by combining radial and linear 
movements, and by substituting suitable cutters, an 
immense range of curves and sectional shapes can 
be produced. But there are limitations here, for 
the cutter must have a clear way through. When 
the rotating cutter would run foul of shouldered 
portions the spindle must be used in a horizontal 
position, and the cutters be of other forms. In 
fact, the arrangements are suggestive to the 
machinist of the boring-bar carrying a pair of flat 
cutters ; and the resemblance is rendered more 
obvious by the end support or bracket which is 
fixed to support the ends of the larger cutter-bars, 
without which the excessive ovules from the 
chuck would render the operation of the cutters 
impracticable. Core-boxes of any length and of all 
variations in cross-section can be sha in this 
way by the employment of suitably profiled cutters. 
Depths of cut are regulated by vertical adjustments 
of the table, and longitudinal feeds by the longi- 
tudinal movements of the table. 

The illustrations on Plates XXXIV. and XXXV. 

ive a very good idea of several different processes 

ing carried out by these machines. The two 

illustrations, Figs. 93 and 94, show a variety of 
work they have produced. 

By vertical rotations of the spindle and the use 
of appropriate cutters, joiners’ work is done. This 
includes housing or cutting the recesses in stair 
string-boards to receive the treads and risers, 
cutting dovetails, panel patterns in relief, cutting 
tenons, single or double, and so on. 

Gears are cut on this machine by the special 
addition of a gear-cutting fixture and a universal 
spiral head, identical with that used on a universal 
milling-machine. Spurs, spirals, worms, and bevels 
are dealt with. The methods of cutting, like the 
apparatus, are similar to those adopted on universal 
millers, with the difference that fly-cutters are used 
for wood patterns. 

Our notice of the other machines at this stand 
must be deferred until another issue. 

At the stand of Messrs. Thomas Robinson and 
Son, Limited, of Rochdale, there are a number of 
wood-working machines, some of which present 
features out of the ordinary. We select three 
examples for illustration, the first being an example 
of a mortising-machine, but having the hollow 
chisel only, and set horizontally, is illustrated in 
Fig. 95, Plate XXXVI. It represents a more ad- 
vanced mechanism, inasmuch as the action is auto- 
matic, instead of being hand-operated, as is the 
chisel-slide in some other machines. It is adapted 
for railway carriage and wagon-building and similar 
work, and is particularly suited for rapid repetitive 
production. On referring to the photograph the 
chisel is seen placed at the end of the horizontal 
slide, which travels to and fro in ways on the top 
of the framing, the continuation of the auger spindle 
passing through the fixed driving pulley, which has 
sleeve extensions running in the rings on each 
side, thus taking the belt pull off the auger spindle. 
There is a countershaft behind the machine, anda 
tightener pulley takes up the slack of the belt that 
drives on to the auger-spindle pulley. The counter- 
shaft also drives through another belt and pulley, 
seen at the left-hand side, to a pulley which 
operates gearing and reversi dutclan inside the 
gear-box seen adjacent to the left-hand side of the 
framing. 

The reversing clutches serve to drive the chisel 
slide to and fro, the length of its movement being 
regulated by adjustable stops on a rod ; this throws 
over a lever inside the framing, and actuates the 
horizontal lever seen outside the frame, which con- 
nects to the clutch-reversing fork inside the gear- 








box. The stroke of the chisel may be varied fron 
in. to 8 in. in length. 

The timber is clamped to the table, which has a 
capacity up to 12in. wide by 8in. deep. A 
longitudinal traverse of 12 in. is given through the 
hand-wheel seen, operating a pinion and rack, the 
length of mortise being gauged L adjustable stops. 
A vertical movement is imparted to the table knee 
(the whole weight being counterbalanced) by the 
long self-locking lever seen, which moves over a 
quadrant-bar, fitted with stop-blocks, which arrest 
the movement at whatever position desired. Mor- 
tises up to 5in. deep and 1$in. wide may be cut on 
this machine. 

Fig. 96, Plate XX XVI., is a mortiser, in which the 
well-known mortising chain is combined witha hollow 
chisel, with auger, both of these being located above 
the table, to be brought into operation on the timber 
as desired. The chain is used for cutting the longer 
mortises, while the chisel deals with very. short 
mortises or square holes. The capacity of the chisel 
is up to 1 in. wide by 3 in. or 5 in. deep, according 
to the length of chisel, while with the chain any 
width from } in. to ? in., and 1% in. to 2 in. long, 
while the depth ranges from 34 in. with light chain 
bars up to 6 in. with heavier ones. 

Driving of both chain and auger is effected from 
the same countershaft, located at the base of the 
hollow pillar. The largest pulley on this counter- 
shaft drives up over inclined idlers around the 
pulley on the auger spindle, which slides through 
the pulley. The smaller pulley drives another belt, 
passing up over an idler, down and around anothe: 
on the mortising-chain slide, and again up around 
the pulley on the end of the spindle which carries 
the chain-sprocket. This arrangement permits of 
the up-and-down movement of the chain-slide with- 
out interfering with the belt-drive. In the illus- 
tration the belts are represented by cords only, to 
avoid obscuring portions of the machine. 

The chain-slide is moved up and down by means 
of a counterbalanced hand-lever, and a stop-rod is 
fitted to arrest the motion at a definite depth. 
There is an automatic pressure, seen on the right- 
hand side of the chain, arranged to press down on 
the wood close against the mortise, and prevent 
the timber from tearing out. The chain has a hood, 
and a small fan is placed on the sprocket-spindle to 
suck away the chippings. 

As the hollow chisel has the heaviest duty to 
perform, its slide is carried centrally on the front 
of the pillar. The chisel is held firmly in the 
bottom portion of the slide, which slide is pulled 
down by means of a counterbalanced hand-lever. 
The table arrangements do not call for comment, 
except to mention that the large hand-wheel is for 
turning the rack-pinion that propels the table 
longitudinally, while the small wheel is employed 
for effecting cross adjustment. In order to bring 
the timber to the most convenient height for the 
operator, a raising and lowering screw is fitted 
underneath, worked by the hand-wheel seen. A 
powerful screw-cramp binds the timber on the 
table. It may be noted that the countershaft at 
the pillar base is so constructed that a single lever 
suffices to start and stop either the chain or the 
auger. 

An interesting specimen of a saw-bench, which 
illustrates the refinements which are now demanded 
in these machines for doing a varied class of work, is 
seen in Fig. 97. It is of the two-spindle or ‘‘ dimen- 
sion’ type—that is, there is a saw for ripping, and 
one for cross-cutting, the spindle-bearings for these 
being carried on a ribbed revolvable frame, which 
is turned by a worm and wheel to bring either saw 
— The frame is self-locking. An endless 
belt ing over tightening pulleys drives the saw- 
spindles. 

The table measures 44in. by 40 in., and can be 
canted to an angle of 45 deg., the amount being 
indicated upon ascale. A portion of the table—that 
at the front—is made to run on anti-friction rollers, 
and can be locked when required. On this part 
of the table a mitering and cross-cutting fence is 
pivoted, with a taper plug and holes to locate the 
standard angles. A sol with a movable stop is also 
provided for cutting off, up to 36in. There isa 
universal gauge, which can be used on either side 
of the saw, the gauge sliding in planed ways. The 
face of the gauge carries a steel sliding-piece, which 
forms a support for the timber close up to the saw, 
when the gauge is set at an angle. 

The fence on the fixed portion of the table is 
adjustable to rip up to 21 in. wide on the right- 
hand side, a scale indicating the amount, while a 
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m'‘crometer adjustment provides for fine settings. 
Provision is included’ for canting the fence to 
45 deg., and for swivelling it to 30 deg. either way, 
and it can be employed on either side of the saw, 
so that core-boxes may be roughed out. 
When a “drunken” or .‘‘ wobble”. saw is used, 
the gap between the two tables is increased by 
adjusting the slide-base of the sliding portion ; any 
width up to 2} in. may be obtained. 
Among the other machines at this stand, which 
may be briefly mentioned, is a 36-in. band sawing- 
machine. A canting arrangement is provided, by 
means of which the top pulley can be altered to 
correct the position of the saw-blade. Both the top 
and bottom pulley-shafts run in ring-oiling and 
self-aligning bearings, which are dustproof. 
In a roller-feed saw-bench shown an improved 
device for altering the length of the radial arm is 
included.’ The’ usual chain is bent’ around two 
intermediate idler sprockets, and as the arm is 
moved to ur fro on its pillar slide the slack. of the 
chain is automatically taken up, so that no adjust- 
ment is necessary beyond the mere turning of the 
adjusting hand-wheel. It may be. mentioned that 
the loose pulley for the saw-spindle. revolyes.on a 
sleeve which encircles the latter, but is not in 
éactual contact with it. 

; Planing-machines are represented by a combined 
ha id and power-feed planer, a panel planing and 
thicknessing-machine, and a planing and moulding~ 
machine, All the pressures in these are we 
designed to vary instantly to suit different thick- 
nesses of timber—that is, to fall away as the depth 
of cut increases. The pressure device in front of 
the top cutter-head is built up of sectional steel 
shoes, eack one of which is adjustable indepen- 
de itly, so as to permit of various lengths of knives 
being used. 

There is also a universal wood-worker, adapted 
for a large range of operations, which include saw- 
ing, planing, surfacing, rebating, chamfering, stop- 
chamfering, tonguing, grooving, beading, straight 
moulding, thicknessing, tenoning, slot mortising, 
boring, and other work. A tenoning-machine is 
also exhibited. 

The Cambridge Scientific Instrument Company, 
Limited, of Cambridge, have an exhibit of much 
interest to the scientific engineer. It is crowded 
with their specialities. One of the most interest- 
ing is the impact-testing machine designed for sub- 
jecting notched bars to repetitive transverse tests 
by hammer-blows, the specimen being rotated be- 
tween the blows. This was illustrated in Enar- 
NEERING on May 6 last, page 572. There are various 
pyrometers, including the Féry, special Hohmann 
and Maurer thermometers, as u in engine and 
boiler-rooms, Méker burners and furnaces, various 
standard electrical instruments, as the Weston 
standard cell, the Duddell oscillograph, the Duddell 
thermo-ammeter, the Ayrton- Mather galvanometer, 
some physical instruments, as the ‘‘ Cambridge ” ex- 
tensometer, laboratory stands, &c. We select for 
illustration the H. and M. automatic temperature 
regulator shown in Figs. 98 and 99, Plate XXXVIL., 
the regulator complete being fitted to a hot-water 
tank, Fig. 99. 

The regulator automatically controls the tempera- 
ture of a tank of water, or other liquid, to within 
1 deg. Fahr. A thermostat constitutes the essential 
feature ; it consists of a conical valve, the opening 
of which is controlled by the expansion and con- 
traction of a brass tube about 15 in. in length. 
Looking at the section (Fig. 100, below), A is the 
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brass tube ; B is an internal nickel-steel rod, one 
end of which is held against the end of the tube by 


means of a spring J. The internal rod does not 


materially alter in length with variations in tempe- 
rature, but the sensitive outer tube moves, expand- 
ing with increase, and contracting with decrease, of 





temperature, the effect of this being to draw the end 
E of the rod B away from the seating F, or to move 
it towards it, thus controlling the flow of water. 
The latter passes through the supply-pipe D, thence 
through F to the outlet-pipe H. The squared end 
C of the valve can be turned by means of a spanner 
when the cap K is removed, as seen in the illustra- 
tion, and the valve opening be adjusted thereby 
to suit the temperature desired. A pointer on the 
valve-rod moves over the face of the dial G, showing 
which way to turn for obtaining a higher or a lower 
temperature, and graduations are placed on the dial 
to indicate the amount of movement of the pointer. 

A general arrangement of the regulator, as 
applied to a hot-water tank, is shown in Fig. 99, the 
thermostat being screwed into the side of the tank. 
The steam supply, heating the water in the tank, is 
fitted with a Soa sihen having a diaphragm con- 
nected by piping to the thermostat. Normally the 
globe-valve is wide open, but if pressure-water be 
admitted to the diaphragm the valve closes and 
cuts off the steam. The water supply to the 
thermostat is brought through a strainer to prevent 
the possibility of dirt entering the valve-opening 
and es; a stop-cock is usually inserted 
between the strainer and the thermostat. A drip- 
pipe and cock connect to the diaphragm-chamber, 
from which water leaks away continuously in a fine 
spray. 

Under ordinary working conditions the thermo- 
stat controls the diaphragm in such a manner as to 
ensure the correct amount of steam being supplied 
to the tank at all times, the full opening or entire 
closing of the valve only taking place when sudden 
temperature changes occur. he water pressure 
necessary to work the diaphragm-valve satisfac- 
torily must be at least 10 lb. per square inch, and 
this must be steadily maintained. If the water 
pressure available fluctuates largely, an open tank 
should be placed about 30 ft. above the regulator 
to ensure steady pressure. When the least possible 
variation of temperature is desired, compressed air 
is recommended at 15 lb. per square inch as being 
preferable to water. 

The firm also show a small drilling-machine, 
capable of drilling holes from ;}5 in. up to } in. in 
diameter. 

Messrs. A. A. Jones, Pollard, and Shipman, 
Limited, have a good collection of machine-tools 
made at their works at Leicester. The firm is 
particularly strong in drilling-machines, and several 
examples are exhibited. One is the 26-in. high- 
speed all-geared drilling-machine, which was illus- 
trated with drawings in EncinEERING for May 28, 
1909, being of the type with single column, of 
—— form, carrying on its front face a sliding 

ead to receive the lower end of the spindle, run- 
ning in a sleeve, and lower down an adjustable 
table with slides, giving both transverse and longi- 
tudinal adjustments to the circular table. The 
drive is through a single pulley, with all speed 
changes through gears, and the feeds are similarly 
obtained. It is unnecessary to repeat in detail the 
description which has already appeared in the 
above-mentioned issue, and we therefore content 
ourselves with a list of revised tests made on this 
machine, these being an advance on those given in 
the article just named. 


Dia- Revolu- Outting Penetration Revolutions 
meter tionsof 8 in peed in of Drill- 

of Drill per Feet per Inches per Spindle per 

Drill. Minute. Minute. Minute. 1 In. Feed. 


Material 
Drilled. 


25.58 
23.58 
18 
18 
14.75 
10.1 
10.83 
7.42 
5.83 


566 
566 
432 
4132 
354 
354 
260 
260 
140 


120.27 
120.27 
113 
113 
116 
116 
102.1 
102.1 
73.3 


Cast iron 
Steel 


--—— = 
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temo 


Cast iron 

| 
Another machine which we have recently illus- 
trated is the 3-ft. radial sensitive drilling-machine, 
with patent change-speed gear (see ENGINEERING, 
April 15, 1910). It isa very popular type, developed 
during recent years, and adapted for dealing with 
bulky work which cannot be put under the ordinary 


pillar sensitive drills, but must be done under a 


| larger radial drill, which is not so well adapted for 


light drilling. The drill-spindle is mounted in a 
saddle, which may be adjusted along a radial 
swinging arm, the spindle being driven at any 
position by an endless belt passing over pulleys, 
one situated over the axis of the arm, 


‘other at its extreme end, with jockey-pulleys to 


the!o 
The firm show two twist-drill grinders, of different 


take up the slack close to the spindle-pulley. A 
large box-table receives the work, and a gear-box 
is used for obtaining the different speeds. Since 
the publication of our description the firm have 
brought the machine into line with the most recent 
practice by fitting ball-bearings to all parts. 

In Figs. 101 and 102, page 432, the drill-spindle 
and the pulley for driving the same are shown. A 
ball-thrust is fitted at the bottom end of the spindle. 
sleeve F, the opening for the rack-pinion being 
indicated atG. The spindle touches nowhere inside 
the sleeve, but passes up through the fixed bush H, 
and is driven by keys on opposite sides, from a 
short extension screwed into the pulley J. The 
latter runs only on the two ball-races mounted on 
the fixed bush, so that the bush takes the latera] 
pull of the belt, and no side strain at all comes 
upon the spindle. 

Another drilling-machine of new design is a 
14-in. sensitive type, of the usual pillar class, but 
with ball-bearings throughout, even to the shafts 
in the change-speed gear-box with which it is 
equipped. This represents a somewhat novel 
feature, inasmuch as, although the fitting of ball- 
bearings to motor-car gear-boxes is common, their 
application to gear-boxes for machine-tools is as yet 
a rarity. 

The two views, Figs. 103 and 104, illustrate the 
general appearance of the machine, the construction 
of which is fairly clear without detailed explanation. 
By obtaining speed-changes through a gear-box, 
the trouble of changing the belts from one cone 
step to another is avoided, and there is no need 
to alter the jockey-pulleys to take up the slack 
of the belt. The simple movement of the lever 
A suffices to effect the changes, this lever having 
a spring-plunger, the end of which engages in 
either one of a series of holes in the quadrant B. 
Four speeds are thus obtainable, giving the drill- 
ing spindle rates of 533, 800, 1067, and 1467 
revolutions per minute. The driving-pulley C 
runs constantly at 400 revolutions per minute, 
and is thrown in to drive its shaft by a friction- 
clutch E (as in the previous machine) operated by 
the lever D. Two tables are fitted, one of square 
shape to swing around the column, the other, circular, 
moving up and down a flat way on the face of the 
column, locking, in both cases, being done by 
handles. 

Fig. 105 shows the two idler-pulleys, which are 
mounted on ball-bearings on a stud or shaft, held 
in a bearing that may be adjusted to or fro to 
absorb the slack of the belt. As the bearing 
arrangements of the drilling-spindle and its pulley 
are almost identical with those of the radial 
machine, it is superfluous to repeat the drawings. 
The gear-box is, however, shown in Fig. 106, 
and is worth a little study. The driving-pulley, 
lettered C in Figs. 103 and 104, is similarly 
marked in this view, as well as the lever D for 
operating the friction-clutch E. The pulley C runs 
on a plain bush which is attached to the first shaft 
F, this shaft running with ball-races located at 
the ends of the gear-box casing. A set of four 
cut-steel pinions normally run loose on a bush sur- 
rounding the shaft, but either one can be caused to 
rotate with it by putting a spring-key G into a key- 
way in the boss. This key is moved endwise as the 
shaft H inside F is slid by the collar on its end, 
actuated by the lever B (Figs. 103 and 104). On 
another shaft J are keyed four gears meshing with 
| the four on F, and either one of these is thus 
driven. J runs on ball-bearings ; it transmits the 
| drive through mitre-gears K to shaft L, also fitted 
| in ball-races, and thence the belt-pulley M drives 
up over the idler previously mentioned to the 
| spindle-pulley. 
| The firm exhibit some other drilling-machines, of 

upright type, in which examples of both cone- 
driven changes and constant-speed pulley and all- 
| gear changes are represented, each type being pre- 
ferred by certain users. There is also a 20-in. drill, 
| which the makers have designed specially to meet 
| the competition of cheap American machines. The 
/eame high grade of workmanship is not put into 
| this machine as in the firm’s other products, but it 
| meets the demand for a cheaper drill, which is «juite 
| satisfactory for the users who purchase it. 

| One back-geared milling-machine is shown of 
that class which has a cone drive to the spindle, 
with a gear-box for obtaining the six rates of feed, 
|this box being driven from a wide belt off the 
is indle, thus providing for a safety-slip in case of 
truction, instead of breaking the gears. 
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types, one with a holder for presenting the drill with 
its point lower than its shank, Figs. 107 and 108, 
ve 432. This enables the water to be supplied to 
the point itself, instead of to the wheel. he drill- 
holder is so arranged as to back up the water about 
the point, and so keep the latter well submerged. 
As the water reaches the wheel its velocity is low, 
by comparison with that of the wheels, and it is 
picked up by the latter, and carried away without 
splashing, being thrown by centrifugal force into a 
reservoir, Whence it is again directed on to the 
drill-point. The lower portion of this reservoir 
constitutes a settling-chamber, in which the par- 
ticles of grinding dust and steel sink down. In this 
design no pump is, therefore, required, and the 
grinding-wheel is never submerged in water. Drills 
from } in. up to 14 in. in diameter can be ground. 

The other machine is a universal type, for drills 
from } in. up to 2$in. It is capable of giving any 
desired clearance to all drills at a single setting, 
irrespective of their diameters. The points may 
also be ground at any angle from 140 deg. to 75 deg., 
while any angle can be given to the cutting end, 
from 22 deg. above the standard to 43 deg. below. 

An interesting machine at this stand is a little 
internal gear-cutter, designed specially for cutting 
small gears which have internal teeth, or ratchets, 
or any other forms, which could not be economi- 
cally produced on the ordinary gear-cutters with an 
internal attachment, Gears with blank ends can 
be cut with ease, though it would be impossible to 
drift them out. This type of machine is~ used 
largely in the cycle industry for cutting the internal 
teeth of free-wheel gears. As the action is auto- 
matic one attendant may look after several ma- 
chines. The construction of this machine, which 
weighs only 196 lb., is seen in the four views, 
Figs. 109 to 112, page 433. The action briefly is 
as follows :— 

A slide A is reciprocated by a connecting-rod B, 
actuated from a crank-disc C, which is formed as a 
spur-gear, rotated by a pinion on the end of a 
shaft which is driven by the pulley D, adjacent to 
which is a loose pulley. The cutting speed of the 
tool E is 50 ft. to 60 ft. per minute. On referring 
to Fig. 112, the method of holding the blanks will 
be seen, three of these being shown gripped in a 
chuck F. This has a bush G screwed in after the 
blanks are inserted, using a special spanner on the 
two pins seen in the face of G. Then a central 
screw H is set up to press upon a dise which 
clamps the blanks firmly in place. As the tool 
E reciprocates it only makes one cut in the inside 
of the blank, and then the latter turns by the 
distance of one tooth, ready for the next stroke of 
the tool. This pitching is accomplished by a cam J, 
turned by mitre gears K from the crank-dise C, the 
edge of the cam coercing a small roller on the end 
of a pawl L (Fig. 111), which is pivoted on a lever 
in such a manner that the paw] pushes the ratchet- 
wheel M around by the distance of one tooth—i.e., 
equal to the pitch of the gear being cut. M is 
changed to suit gears of different pitches. 

After each tooth has been shaped out to a 
portion of its depth, a downward feed is imparted 
to the whole slide N to. put on feed, through the 
medium of the ratchet-pawl and wheel O. The 
pawl is rocked by means of a pin P in an eccentric 
disc mounted on the end of the short, vertical 
shaft, which carries the pawl mechanism. A pin 
( inthe face of M stands out and coerces the 
pin P as it comes around, thus giving a certain 
amount of feed at each complete revolution of M. 
The total depth of feed- is controlled by a stop- 
screw KR, against which the bottom of the slide 
N abuts, while a similar screw at the top deter- 
mines the highest setting of N at the commence- 
ment. The bottom stop-screw R prevents further 
down-motion of the slide, and the feed-Yatchet. 
slips between fibre friction washers on each side of 
it, so that the machine remains idle until the 
attendant comes along. Diameters up to ,' in. 
by” 24 pitch can be cut on this machine. It is 
= to cut, for example, eight blanks of 64 teeth 

y 82 pitch in an hour. 

Messrs. F. M. Russell and Co., Limited, of the 
Junction Works, Willesden, London, N.W., show 
two automatic recorders, one which records the 
moveinents of the helm of a ship, the other the 
movements of the engine-shaft. 

The Russell-Ranken steering recorder (Figs. 
113 and 114, page 433) records graphically on a 
paper roll every movement of the helm, and at the 


_ time stamps each minute and half minute in 
e@ margin. 
g 


It shows the amount of helm to port 








or starboard, the length of time taken to operate 
the rudder, and the period during which it has re- 
mained stationary, and all these movements are 
recorded on the moving paper in the instrument. 
It is therefore a check on the helmsman, with 
consequent saving of time in a long voyage. A 
comparison is cited between the work of the best 
and worst helmsmen. The best made 85 move- 
ments of the steering-wheel per hour, the worst 
565, an average of six revolutions of the steer- 
ing-engine, throwing so much more work on the 
engine. Bad steering also affects the running of 
the main engines, entailing loss of time and waste of 
coal. 

The recorder may be connected by enclosed wires 
to the controlling shaft of the steering-engine, or 
to the rudder-post, and be aft, or on the bridge. 
It comprises the following elements :—A recording 
device connected by the steel wires to the rudder- 

t ; every movement of the helm is thus recorded 
y means of a brass point on the roil of sensitised 
paper ; a clock, combined with an automatic appa- 
ratus, anda clockwork mechanism operating the 
paper, stamping about 4 in. per minute. The time 
is stamped on the paper at intervals of a minute 
and a half by an electro-magnet, controlled by the 
clock, and worked by a set of dry cells in the lower 
chamber of the instrument. If desired, the ship’s 
current may be employed for this purpose. By 
scaling off it is possible to tell to seconds where 
the helm was at any given moment. A receiver 
below the instrument takes the record after it passes 
the friction-rollers, which draw the paper over from 
the stock roll. 

The machine is started by winding the clock and 
the clockwork mechanism which operates the paper, 
and the recording clock is set at the correct time. 
The recording-pen regulator is set so that its posi- 
tion coincides with the pointer on the scale. This 
recording instrument should be of value not only 
as a check on the helmsman, but as indisputable 
evidence which might be brought forward when 
legal proceedings relative to collisions and the 
handling of ships are being taken. 

The other recorder at this stand charts every 
movement of the engine shaft, both ahead and 
astern, at full and intermediate speeds and stop- 
pages, and their duration. The number of miles 
is also recorded. This instrument, intended to be 
fixed in the engine-room, is geared to the main 
driving-shaft, and enables the officer who is in 
charge of the engine-room to satisfy himself at all 
times that the orders of the navigating officer have 
beer properly executed, incidentally giving a very 
valuable record in case of collisions by showing 
the exact moment when the engines were reversed. 

The Michel thrust-bearing, shown by the makers, 
Messrs. Broom and Wade, of High Wycombe, is 
a novelty—very simple in design, yet efficient. It 
is shown in one of its applications—-that to a marine 
engine shaft—by Figs. 115 to 120, page 433. Its 
essential features are illustrated in Figs. 117 and 120, 
which are views of one of the end bearing surfaces. 
This surface is divided into a number of segmental 
blocks a, a, a, each of which rocks on a ridge b 
situated at about one-third of the length of the 
block from the leaving edge for the ‘‘ direction of 
rotation” given. The blocks a are kept in position 
by the spacing-blocks lying intermediate. The 
action is, that the oil or grease insinuates itself into 
the leading edge of each segmental block, and 
compels it to assume a slight angle to the plane 
of rotation, rocking on the ridge ). The metallic 
surfaces thus become separated by as many 
wedges of lubricant as there are segmental blocks 
in the ‘bearing. The action is explained by the 
fact that in a good journal-bearing the surfaces in 
contact begin to drag in oil when the speed of 
rubbing reaches about 10 ft. per minute, more 
quickly than it can escape at the leaving surfaces. 
In ‘an ordinary thrust-bearing the pressure is 
distributed evenly over the surfaces, and therefore 
oil cannot insinuate itself as in a journal-bearing. 
The Michel bearing provides the means for the 
entry of oil, and it is claimed that it works at one- 
tenth the friction of an ordinary thrust-bearing, 
carrying ten times the load. Itis in use with loa 
up to 5001b. per square inch, at speeds ranging 
from 25 to 1590 revolutions per minute. he 
drawing gives only one of the styles in which it is 
made, showing it complete with the thrust-frame, 
including the oil-lubricating chain, &c. 

Messrs. Broom and Wade, Limited, also show a 
band-saw and an overhand planer, both fitted with 


‘ ball-bearings, while the Hyatt roller-bearings are 





included at the stand. Examples of air-compressors 
are shown, of the type which was illustrated in 
ENGINEERING, July 22, 1910, page 121. 

One of the Lund centrifugal pumps, made by 
Mr. Edward Lund, of Stockport, is shown at the 
stand of the Lea Recorder Company. It is a 3-in. 
size, but the same design is made in from 1} in. to 
12 in. delivery. The blades are shrouded on both 
sides, and the delivery-pipe can be swivelled to 
various angles. They are made with one standard 
and one pulley, or two standards and one pulley, or 
with two standards and two pulleys. These pumps 
are the result of nearly forty years’ experience ; 
they work well and show a good duty. The one at 
the stand is driven by a Morris-Hawkins motor, 
and the motor and pump in this type are frequently 
combined on one bedplate. 

Messrs. Gwynnes, Limited, of the Hammersmith 
Iron Works, London, W., have an imposing exhibit. 
Some of the principal objects of interest at this 
stand are shown in Figs. 121 and 123, page 436. 

A direct-acting centrifugal circulating pumping- 
engine, with suction and Sotiveey branches to the 
pump, of 12 in. in diameter, is capable of delivering 
3000 gallons of water per minute. The steam- 
cylinders will do this work with 200 lb. pressure, 
but they will stand the full boiler pressure of 2401b. 
Er square inch. This pump is constructed for the 

amburg-America Line. This, in common with 
the firm’s other centrifugal , is designated by 
the prefix of ‘ Invincible. nother. exhibit is 
a direct-acting centrifugal circulating pumping- 
engine ; the engine is a two-cylinder compound, of 
the enclosed forced-lubrication type. e pump 
branches are 7 in. in diameter, and the capacity for 
delivery is at the rate of 1000 gallons of water per 
minute. There is also a vertical steam-engine of 
enclosed lubrication type, with a single cylinder 
arranged for connecting up to a 23-in. centrifugal 
pump, for circulating water on board destroyers. 

Other exhibits include a vertical oil-engine coupled 
eee | to a 3-in. centrifugal pump and alternately 
to an electric generator (see Fig. 121). Also a 3-in. 
centrifugal pump driven by fast and loose pulleys 
and mounted on a bed-plate (Fig. 122). This pump 
is lined throughout with manganese-steel plates, and 
is designed specially for dealing with tailings, slimes, 
and liquids which are heavily charged with sharp- 
cutting ores. There is a centrifugal-pressure fire- 
pump for working by means of a petrol-motor, all 
ready to go on its chassis, a design my wo for the 
new fire-engines for the London Fire Brigade and 
many other fire brigades in Great Britain and 
abroad. A through-way sea-valve for use on board 
ship is capable of drawing either from the sea or the 
bilge, a is so arranged that the sea can never be 
put in direct communication with the bilge. 

Another direct -acting centrifugal circulating 
pumping-engine has a single cylinder, and is of the 
open-fronted pattern (Fig. 123). The branches of 
the pump are 13 in. in diameter, and the delivery 
capacity is 3400 gallons of water per minute. A 
10-in. direct- acting centrifugal pumping-engine is 
also shown, of the same single-cylinder open-fronted 
type, capable of delivering 1800 to 2000 gallons of 
water against a head of 25 ft. This is of special 
service in contractors’ work. 

A centrifugal pressure-pump exhibited is capable 
of delivering 50 tons of water from the bilge per 
hour against heads which may vary from 1 lb. up 
to 60 Ib. pressure, and at constant speed. This is 
a design which is supplied to the British and foreign 
Admiralties for use on board battleships. 

A Griffin oil-engine, combined with a centrifugal 
pump, gives a capacity of delivery of 2000 gallons 
of water per minute, against a head of 35 ft. The 
engine is able to use refined or semi-refined, or 
crude black distillate oils. It consumes from lb. 
to } lb. of oil per brake horse-power per hour, and 
the cost when running on the black distillate oil ‘is 

d. per brake horse-power per hour on full load. 
he reason why the lowest grades of oil can’ be 
used is that the combustion is so perfect that at 
the lightest loads the exhaust is practically clean, 
leaving no tarry deposit in the cylinders or valve- 
boxes. 

Those visitors who have under their charge or 
who are responsible for boiler installations, or are 
connected with other branches of the mechanical 
arts where chemicals or paints are required, will be 
interested in the stand of the Clydesdale Chemical 
Company, of Glasgow, and 7 and 8, Idol-lane, 
London, E.C., for there may he seen’ such 
materials as oils, aluminium paint, bituminous 
paint for boilers, ammonium chloride, ammonium 
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Fig. 122. 


carbonate, sodium sulphate, ammonium sulphate, 
&c., and also a boiler disincrustant, which the 
makers have named ‘‘ Caktine,” and for which 
they claim high efficiency. This compound is mixed 
with the boiler water in the usual way for the 
removal and the prevention of scale. Among the 
advantages claimed for it are that, in addition to 
the prevention of scale, italso prevents pitting, and 
does not cause priming. It can also be used with 
confidence by sugar-refiners, brewers, bleachers, 
confectioners, dyers, distillers, and others who re- 


— absolutely pure steam, and it does not injure | 


ers’ colours. It will also work well with zinc 
P tes in marine boilers. We have had it on trial 
or several months in the feed-water of boilers, and 
have found it to be, as far as we could ascertain in 
the time, quite satisfactory, a particular point 


Bett-DRIveNn CENTRIFUGAL Pump. 


noticeable about it being 

| that it does, as the makers 
| state, bring off old hard scale 
from tubes and plates. 


(To be continued.) 


**BaitisH-Mape Goops AnD 
Wuere to Get THem.”—We 














have received a copy of the 
publication having the above 
title, which is issued by the 
Commercial Intelligence Bureau, 
Limited, 57 and 58, Holborn) Viaduct, E.C. It is 
| divided into two main parts, the first containing an 
| index of articles arranged alphabetically in English, 
| French, and Spanish, with reference numbers to the 
second part, this giving the name and address of the 
British manufacturers of the goods in question, their 


Fic. 123. 


Steam-Driven 12-In. CentrirucaL Pump. 


telegraphic addresses, the indication of the codes they use, 
and a few lines also, in the three languages, on their 
specialities. We are told that this publication is sent 
deoced to the Chambers of Commerce, Boards of Tra 


Consuls, and largest importers, to the number of 12,00 
per annum. 
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TILE GLASGOW AND WEST OF SCOTLAND TECHNICAL 
GLASGOW. 


(For Description, see Page 424.) 
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| AND Co., Limitrep, LEEDs. 


Dovste Hack-Sawinc Macutine; Messrs. PERKIN 
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PorTABLE VALVE-SEAT PLANING-MACHINE ; 
Messrs. PERKIN AND Co., Limrtep, LEEDS. 











Messrs. PERKIN 
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AND Co., Limitrep, LEEps. 
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Fic, CaLipeR GAUGE FOR Precision Work ; Crown Works, 
CHELMSFORD. 





Fic, 84. Macnetic CLtutcu ; Crown Works, CHELMSFORD. 
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EXHIBITS AT THE ENGINEERING EXHIBITION AT OLYMPIA. 
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Fic. 95 Mortistnc-MacuiInge witH HoLtow CHISEL ; Fie. 97. Two-SpinpLe ‘‘ Dimension” Type Saw-Bencu; 
Messrs. THos. Roprnson AND Son, RocHDALe. Messrs. THos. Ropinson anp Son, Rocupate. 
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Fic. 96. Comebrnation Mortistnc-MacuHine with CHAIN-CDTTER AND Fies.[98 anp 99. THe H. axp M. Automatic TEMPERATURE REGUI 
Hotiow Cuiset; Messrs. THos. Rostnson anp Son, RocHpa.r. THE CAMBRIDGE ScrentIFIC INSTRUMENT Company, LimiITEp, CAMBR 
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| METALLOGRAPHY AS AN AID TO THE BRASS-FOUNDER. 
(For Description, see Page 446.) 
| 
| 
| 
| 
Fic. 1. Gun-Merat Fracture. Four-Firrus Fic. 2. Gun-Metat Test-Bar. Maaniriep Fie. 3. Gun-Metat Test-Bar. Macniriep 
Natura. Size. Ostique ILLUMINATION. 16 DIAMETERS. 48 DIAMETERS, 
| 
| 
| 
| 
Fic. 4. Gun-Merat Test-Bar. MacNiFIED Fie. 5. Gon-Merat In VENT. Fic. 6. Gun-Merat Test-Bar. MaGniriep 
120 DIAMETERS. Maeniriep 192 Diam. Maeoniriep 72 Dram. 24 DIAMETERS. 
Fie. 7. Gun-Merat Test-Bar. MaGniriep Fic. 8. Gun-Metat Test-Bar. MacGniriep Fic. 9. Ten per Cent. PHospHor TIN. 
24 DIAMETERS. 24 DIAMETERS. MaGniFiep 48 DIAMETERS. 
‘ic. 10. Ten per Cent. Paospoor Copper. Fic. 11. Gun-Merat Test-Bar. Macniriep Fic. 12. Gun-Merat Test-Bar. 
Macnirtep 72 DIAMETERS. 48 DIAMETERS. Maeniriep 192 Diam. Maenirrep 48 Diam 
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(For Description, see Page 447.) 
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NOTICE OF MEETING. 


Tue Iron AnD Sree. Instirure,—Monday, September 26, at the 
Town Hall, Buxton, from ll a.m, to6 p.m. Issue of programmes, 
&c.—Tuesday, September 27, at 10a.m. Reception of the mem- 
bers in the Old eater, Pavilion Gardens, by the Chairman of 
the Urban District Council, Mr. W. F. Mill, J.P., followed by the 
reading and discussion of papers. In the afternoon, visits and 
excursions.— Wednesday, September 28, at 9 am. Keading and 
discussion of papers, followed in the afternoon by visits to works 
and other places of interest.—Thursday, September 29, at 9 a.m. 
Reading and discussion of the remaining on the programme ; 
in the rnoon, Visits to the we Railway Works, Roliencbesten, 
and to Alderley Park.—Friday, September 30, at 2p.m. Garden 

rty at Chatsworth. The following -is.a list of the papers that 

ave been submitted :—1. ‘‘ On Electric Steel-Refining,” by Mr. 
D. F. Campbell, London. 2. “On the Hanyang Iron and Steel 
Works,” by Mr. G. Chamier, Hankow, China. 3. ‘On a 
in Cast Iron, and the Volume. Changes During Cooling,” by Mr. 
H. L. Coe, B.Sc., Lg 4: “On & urous Acid as a 
Metallographic Etching Medium,” by Mr. Colver-Glauert, 
Berlin, and Mr. 8. ~~ Charlottenburg. 5. ‘‘On the Theory 
of Hardening Carbon Steels,” by Mr. C. A. Edwards, Manchester. 
6. “‘On the Influence of Silicon on Pure Cast Iron,” by Mr. A. 
Hague, B.Sc., Birmingham, and Mr. T. Turner, M.Sc., Birming- 
am. 7. ‘‘Onthe Preparation of Magnetic Oxides of Iron from 
Aqueous Solutions,” >. 8. Hilpert, Charlottenburg. 8. ‘‘ On 
the Manufacture of lied ms,” by Mr. G. E. Moore, 
Loughborough. 9. “‘On the Utilisation of Electric Power in the 
Iron and Steel Industry,” by Mr. J. E. Schuurmann, Baden, 
Switzerland. 10. ‘‘On the Briquetting of Iron Ores,” by Mr. C, 
De Schwarz, Liége. 11. ‘‘ On Some Experiments on Fatigue of 
Metals,” by Mr. J. H. Smith, Belfast. 





READING : ‘Casus.—Reading-cases which will hold twenty - six 
numbers of ‘‘ ENGINEERING ” may be had of the Publisher or of any 
newsagent. Price 6s. each. 
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THE TRADES UNION CONGRESS. 


Iris a remarkable fact. that, although the decision 
of the Supreme Court aguas the compulsory exac- 
tion of subscriptions or levies to pay Parliamentary 
representatives obsessed almost every member of the 
Trades Union Congress, no resolution directly bear- 
ing on the subject had been put upon the agenda. 
The topic found a pee in the presidential 
address, and calm, yet decided, action was counselled. 
The Parliamentary Committee stated that labour 
has received through the Law Courts—and by no 
means for the first time—one of those periodical 
attacks which it is accustomed to receive from those 
whose duty it is to hold the scales of justice evenly, 
the decision in the Osborne case being an un- 
disguised attack upon the hitherto unchallenged 
right of the trade-unionist to engage in political 
work, and to send forward and maintain representa- 
tives in the House of Commons. And yet it was 
found that the only way the subject could be raised 
formally was in anamendment to the ‘“‘hardy annual” 
motion in favour of the State payment of Members 
of Parliament. As this involved limitations in the 
full expression of the views of the Congress, it was 
decided to adjourn the discussion after it had pro- 
gressed for some time, in order that a substantive 
motion could be tabled. On this there was a full- 
dressed but one-sided debate. Defiance of the law 
and force in action contrary to the decision found 
favour. There was the inevitable majority in 
favour of compelling the Government to amend the 
law, and thus we stand as we were. 

The statement of the Parliamentary Committee 
represents the case of the Labour Party—perhaps 
of the trade-unionist—with all its inaccuracies. 
The imputation against the justice of those ‘‘ whose 
duty it is to hold the scales of justice evenly ” is as 
reprehensible as it is wrong, and those who wrote 
the report know it. In the early part of the pro- 
ceedings there was frequent repetition of the state- 
ment. We are glad to note, however, that the 
influence of the President against such attacks 
on that unsullied, and universally acknowledged, 
integrity of the Bench had its effect, and that in the 
later discussions this practice ceased. We may there- 
fore from this phase of the subject. ‘‘The 
attack on the hitherto unchallenged right of the 
trade-unionist ” referred to originated, and was 
prosecuted to the highest Court, by trade-unionists, 


5|and the ‘scales of justice” were held ‘‘evenly” 


between two conflicting interpretations by trade- 
unionists of the functions and rights of trade unions. 
This well-known fact must be recalled only because 
of the attempt to ignore it. The third inaccuracy 
is that what is called ‘*the Osborne case” did not 
veto the right of trade-unionists ‘‘to engage in 
political work and to send forward and maintain 
representatives in the House of Commons.” It was 
rather the acceptance by the Court of the objections 
of some trade-unionists to compulsorily contribute 








towards the advocacy of views and the promulgation 
of schemes to which they were opposed. Therein 
lies the crux of the whole question. 

The representation of the views of labour is in 
itself commendable. It is almost a necessity. All 
Parliamentarians welcome the accession of workers 
in every sphere of activity, from the highest com- 
mercial expert or the engineer, to the humblest . 
miner or the unskilled worker. No one will for a 
moment deny the claim of the President that ‘‘ the 
influence of labour in Parliament has been for the 
good of the community.” As he pointed out, there 
has been an increasing number of the manual-worker 
class in Parliament since 1874. Men like Broad- 
hurst, Howell, Burt, Fenwick, and others that 
might be named stand out prominently in the 
annals of law-making. But it is because they 
were Parliamentarians first and Labourists after- 
wards that they did good work and satisfied the 
trade-unionists of all classes. It was when ex- 
tremists asserted themselves that they ceased to 
have influence in the promotion of sound legisla- 
tive work. Not all trade-unionists can agree to 
pay for the advocacy of the nostrums of Graysons 
and Keir Hardies. The cause which influenced 
trade-unionists to utilise the law in challenging 
‘*the hitherto unchallenged right” is easily under- 

We are not concerned here with party divi- 
sions ; we consider rather the effect of legislation 
on the prestige of the nation from the economic 
or industrial standpoint. In the heat and tur- 
moil of political party warfare, all are too prone 
to forget the science of government, the ap- 
plication of which is the function of Parlia- 
ment. To effect this duty.it is essential that 
every interest which affects the welfare of the 
State should be represented: Such representation 
is best achieved by men. whose lives have been 
spent in close alliance with these interests. In 
the evolving of legislation concerning factories, for 
instance, the experience of a factory worker is 
invaluable, and it is the respect paid by all to the 
views begotten of such experience, expressed from 
any quarter of the House, that has made the British 
Parliament the model for the world. But this com- 
plete acceptance of the desirability of a Parliament 
comprehensive of all elements of the population at 
once establishes the fact that the first, if not the 
sole, duty of the Member of Parliament is to the 
State. embers are elected by constituencies 
because these constituencies are units of the nation, 
a system accepted as the most expedient in order 
to secure comprehensive representation, collected 
experience, and direct responsibility. Any other 
method would not be feasible. A trade union 
never embraces all the workers in a trade, and can- 
not be said to represent completely such interest 
as is comprehended by the organisation. More- 
over, there are trades and interests which have no 
analogous organisation. 

It is true that the trade unions do not seek to be 
directly represented—at all events for the present. 
But when a trade union chooses a representative 
and meets the financial obligations, they are the 
masters of the situation. Those who pay the piper 
call the tune ; and if the tune is not-to the liking 
of the union, and ‘‘supplies” are cut off, the 
member or candidate ceases to be the representa- 
tive, although his services to the State have been 
exemplary, and his views are acceptable to the con- 
stituency as‘a unit of the nation. This is in direct 
——— to the accepted view that each member, 
although he may represent the views of some 
interest, has, as a first duty, the advancement of 
the State. Obviously, if his services are required 
7 the State, the nation must meet the financial 
obligation, and therefore, since Parliament requires 
among the membership men of all classes, those 
unable to bear the expense ought to be recouped, 
from the national exchequer. Then only can he be 
free to express his views for the benefit of the 
whole community without fear of the opprobrium 
of factional faddists. The Osborne case r brings 
us to the payment of all Members of Parliament, 
so as to avoid that undesirable pressure which was 
brought to bear, for instance, upon Members of 
Parliament like Mr. Bell, Mr. Burt, and Mr. 
Fenwick. 

The other alternative is for such trade-unionists 
who.wish to pay Members of Parliament to meet 
the expense by voluntary contribution. Much is 
said about the rule of the majority ; but where this 
involves financial hardship it is indefensible. Trade 
unions were established for “‘regulating the rela- 
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tions between employers: and employed ;” the pre- 
ponderating majority of members entered the 
union and have continued contributing members 
on this understanding. So long as extraneous 
action and expenditure were not opposed to their 
honest convictions they may have remained quies- 
cent ; but they did not forfeit their right to object. 
Now that they do object, and since the law has pro- 
claimed the levy illegal, the domination of even 
the majority, forcing members to forfeit their rights 
in the funds accumulated in part by their contribu- 
tions, has become intolerable, and must not be sanc- 
tioned by law. Let the advocates of the payment 
of members by unionists form associations for this 
specific purpose. All that they seek would be 
attained, and those opposed to the principle could 
stand aloof, and the unions for ‘‘ regulating the rela- 
tions between employers and employed” would 
remain inviolate. Weare satisfied that if the Con- 
gress issued voting papers to each trade-unionist 
stating that if more than one-half of the unionists 
did not vote in favour of the continuance of the 
levy for expenses of Parliamentary representatives, 
the matter would end. They would then realise 
that the decision of the Congress was not so clearly 
approved by the workers of the nation. 

The other subjects raised at the Congress were 
eclipsed by this one topic. Nor was there any of 
special significance, It was natural that the insti- 
tution of labour exchanges should come in for 
special commendation. The Congress, by one of 
its resolutions, however, would like to exercise 
supervision over the arrangements made for em- 
ployers and employed by the exchanges. They 
lock for a return of firms wanting workers, and 
the wages offered, for annulment of engagements 
unless trade-union rates are paid, and they demand 
that no firms should be brought to the notice of 
workers in the event of a dispute existing between 
such firms and their workers. Such interference 
with the work of the exchanges would immensely 
affect their utility and the advantage which they 
may yet achieve. Freedom of action must be 
accorded if they are to reduce unemployment, espe- 
cially in times of trade depression. Another usur- 
pation of the rights of the citizen is contained in 
the resolution making it prohibitive for — oyers 
to ‘* house” workers when strikes or lock - outs 
prevail. We sympathise with the plea that some- 
thing should be ) for the employment of the 
blind instead of sending them to workhouses, where 
they are said to involve an expenditure by the 
nation of 179,000/. per annum. 

In addition to the annual call for the nationalisation 
of railways and canals, there wasa resolution which 
declared that the working agreements of railways 
were prejudicial to the interests of the workers, 
although conducive to economy. Since the return 
to capital has been diminishing for years, while 
concessions to workers have been growing, it is fair 
to assume that the new conditions, which reduce 
avoidable expenses, have been undertaken to permit 
the concession to be maintained without further 
disadvantage to the general economy of the system. 
There seems no serious disadvantage in meeting 
the view that clerks should come within the pale 
of the Factory Act ; but we very much question if 
the majority of clerks desire this. 

The Decllansinhens Committee were instructed to 


promote a Bill providing that all gen in charge 


of engines and boilers should be compelled to 
obtain a certificate cf ‘‘ competency.” This is a 
far-reaching proposal, and much depends on the 
degree of ‘* competency.” An agricultural internal- 
combustion engine requires little attention, and 
were it compulsory to have boilers periodically in- 
spected, steam plant might also come within this 
range. The aim seems rather to extend the scope 
of trade unionism, which is commendable in prin- 
ciple, but must, if carried too far, be tyrannical, 
and as a consequence alienate the support of 
labourists as well as the pure economists. 


RECORDING STEAM-METERS. 

In spite of the rapid growth of large steam- 
power installations in this country during recent 
years, and the more scientific lines on which these 
are now run, in very few of them will be found 
any accurate recording-meter, by means of which 
the amount of steam supplied to engines, or used 
for other purposes, is accurately measured. No 
doubt this will before long be altered, as there are 
now some good instruments of this class on the 
market, but at present they have not received 











general recognition. One of these, the ‘‘ Sarco,” we 
recently described in our pages (see ENGINEERING, 
vol. lxxxix., page 113), and there are others which 
have also been successfully used. An important 
characteristic of a good recording steam-meter is that 
it shall register constantly and accurately the weight 
of steam ing through a pipe in a given time, as 
well as the quantity passing at any instant, the 
record being drawn onachart. The earliest type of a 
meter of this kind appears to have been one invented 
by Max Gehre, of Dusseldorf, about 1896, so that 
those now known are of comparatively recent date. 
The early instruments were, of course, very crude, 
but it was not long before they resulted in prac- 
tical and useful appliances. The theory and 
mechanism of these instruments recently formed 
the subject of an interesting paper by Mr. Hol- 
brook Gaskell, B.A., which was read before the 
Liverpool Engineering Society. 

Briefly, it may be said that the principle on which 
the majority of these meters depend is that, if steam 
be allowed to expand from a vessel in which there is 
a pressure p, through an orifice into a lower pressure 
Py, the theoretical weight of steam flowing out per 
minute when p, is nearly equal to p, is given by 


the equation W = 40A a/P. —P2 | where W is 
Y% 
the weight of steam issuing per minute in pounds; 
A is the area of the orifice in square inches; p, 
and the pressures in pounds per square inch 
(absolute); and v, the specific volume of the steam 
at pressure p, in cubic feet per pound. There may 
be said to be, at least, four existing steam-meters 
that have got beyond the experimental stage, 
whose action is based on this theory. These are the 
Parenty meter, the Eckardt meter, the Bayer meter, 
and the ‘‘Sarco” meter. The first of these essentially 
consists of two cylinders and pistons, one set record- 
ing p,—p2, and the other p,. One of the pistons is 
acted upon on the top side by the higher pressure, 
and on the under side by the lower pressure, while 
the other piston is acted on by the higher pressure 
only on one side, the other side being open to the 
atmosphere. A somewhat complicated system of 
levers is attached to the piston-rods, so that the 
quantity of steam passing is indicated directly on a 
chart which is cae to revolve by means of clock- 
work, This instrument, although used on the Con- 
tinent, has not made much headway in this country. 
The second instrument consists of two castings, 
which are introduced into the line of steam- 
pipe, one of them acting as a separator, and the 
other containing a Venturi tube. Pipes lead from 
these two castings and transmit the two pressures 
through mechanism to a chart, on which the record 
is given. From the curves formed on the chart the 
steam consumption may be obtained. This appli- 
ance, although it is used to some extent in Ger- 
many, has not met with much success in England. 
In the Bayer meter the arrangement is rather diffe- 
rent, a casting being placed in the main steam-pipe, 
through which the steam passes, entering at one 
end, then passing down a cone and out through the 
other end. In the cone a dise works, which, when 
in its top position, closes the cone entirely, but 
when lower down leaves an annular space between 
the disc and the cone. The area of this annular 
space can therefore be increased or decreased as 
desired by means of a rod from the disc, a pencil 
recording ona chart the position of the disc, the rod 
and disc being balanced by a weight. The area of 
the annulus is proportional to the distance of the 
disc from the closed, or zero, position. The action 
of the instrument depends on the difference in pres- 
sure on the two sides of the disc ; and if the boiler 
pressure of steam does not vary, the weight of steam 
passing is proportional to the area of the annular 
opening, and also to the distance of the dise from 
its zero position. This meter is said to be accurate 
and reliable ; it is also very simple; it entails, how- 
ever, considerable alterations to the steam-pipes. 
The ‘‘Sarco” meter we have, as before stated, 
already described in ENcineerinG. It depends for 
its action on the difference in pressure on the two 
sides of a throttling-disc inserted in the steam- 
pipe, the difference being recorded by special 
mechanism. An accuracy to within 3 per cent. is 
claimed by some makers for their recorders, but 
under ordinary working conditions it seems doubt- 
ful if this degree of accuracy can be maintained. 
However, with care, it may be possible to avoid any 
serious departure from it. In addition to the 
meters we have named there is one in the United 
States which makes use of a Pitot tube as a means 





of recording the velocity of the steam, from which 
velocity the weight passing through the pipe in a 
certain time is calculated. This instrument, how- 
ever, as yet seems to be in a more or less experi- 
mental stage. A short though interesting account 
was given of it by Professor George F. Gerhardt. 
of Chicago, in the mid-November number of the 
Journal of the American Society of Mechanical 
Engineers for 1909. The application of the Pitot 
tube, of course, introduces quite a different record- 
ing apparatus from that belonging to the type 
of steam-recorder like the ‘‘ Sarco,” for it is 
in reality what may be called a shunt-meter, as 
only a portion of the steam to be measured is 
diverted through the instrument, whereas to the 
other appliances the term ‘‘series-meters” might 
be applied, because they form an integral form of 
the piping to which they belong, and the entire 
mass of the steam passing through them is measured. 








THE REQUIREMENTS OF A COMPLETE 
SPECIFICATION. 

In the case Hopkins v. Linotype and Machinery, 
Limited, which recently came before the House 
of Lords, the Lord Chancellor took occasion to 
make some striking observations with regard to 
the duty of a patentee in drawing his complete 
specification. His Lordship is reported to have 
said :—‘‘The point whether this patent is good 
or not does not arise in this case, but I think it 
is my duty to state explicitly that those who file 
and secure specifications must take the risk of 
having the whole thing declared void for ambi- 
guity. I have had occasion to observe that 
there is a tendency to frame specifications and 
claims so as to puzzle.a student, and to frighten 
men of business into taking out a license for fear 
that their interpretation may be held erroneous, 
and they be found guilty of infringement. That is 
abuse of the law, and will be checked if occasion 
should require by the simple process of declaring 
the patent invalid.” 

The facts of the case are not of any general 
interest, but the observations of Lord Loreburn 
make it desirable to draw attention to some of the 
leading principles of law as to the framing of 
specifications. 

“‘The object of the specification,” said Chief 
Justice Tindal, ‘‘is that it is the price which the 
party who obtains the patent pays for it, and it 
would be a hard bargain on the part of the public 
if he were allowed to clothe his discovery and his 
description in characters so dark and so ambiguous 
that no one could make from it when the fourteen 
years have expired, and he should not have paid 
the price for which he enjoyed the exclusive privi- 
lege, but that he should have it in his hands still 
for as long a period as he chooses ; and, therefore, 
it is always a proper answer where a patent is set 
up to say that you have not so described it that it 
may be understood.” 

It may also be mentioned that if a specification 
contains an untrue statement in a material circum- 
stance, of such a nature that, if literally acted upon 
by a competent workman, it would mislead him and 
cause the experiment to fail, the specification is 
therefore bad, and the patent is invalidated, although 
the jury may find that a competent workman 
acquainted with the subject would not be misled by 
the error, but would correct it in practice. Again, 
a patent is void if the specification omits any ingre- 
dient which, though not necessary to the compos- 
tion of the thing for which the patent is claimed, 
provides a more beneficial and expeditious mode of 
producing the manufacture. 

The test of a sufficient specification is whether it 
would enable an ordinary workman, exercising the 
actual knowledge common to the trade, to make 
the machine. The specification need not give 
information of every detail, but it must not tax 
invention. It must, in effect, be sufliciently 
clear and explicit to enable others to make 
the article patented, as the object is that, after 
the term, the public may have the benefit of the 
discovery. It follows from this that the more 
complicated an invention is, so much the greater 
must be the care taken in drawing a specification. 
Simple inventions, which can be described on half 
a sheet of notepaper, are few and far between. 
That for which the patentee seeks to obtain 4 
monopoly is often the result of years of research 
and experiment. If his invention involves a new 
process in chemistry, he must so describe the 
process that a chemist will be able to go to 4s 
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laboratory and work it out. Again, if the inven- 
tion is a highly complicated mechanical device, it 
must be so explained by means of letterpress 
and diagrams that it can be made in the work- 
shop. 

“a a certain case the patent was for improvements 
in belts or bands for driving machinery. The object 
of the inventor was to provide a band which would 
not give out through stretching, which would not 
be affected through variations of the atmosphere, 
and which would run round small pulleys without 
cracking. To attain these results he employed 
cotton canvas ‘‘hard woven,” prepared in a par- 
ticular manner. Different kinds of canvas were 
required for different sizes of pulleys. But this 
fact was not indicated in the specification. In an 
action for infringement the patent was held bad, 
although the Court were of opinion that the inven- 
tion was a useful one. Lord Justice Lindley said : 
.*The patentee says the object of his invention is 
to manufacture belts for driving machinery, of 
cotton canvas, which will not give out by stretching. 

; When you come to read the specification, 
and read it through, there is nothing whatever to 
lead anybody who knows nothing at all about the 
matter to come to the conclusion that one sort of 
hard canvas will do for one sort of pulleys, and 
another sort for another kind of pulleys. Persons 
unacquainted with the subject-matter would infer 
that any hard canvas prepared in this way would do 
for any pulleys. . . . That shows the specification 
is misleading.” 

In one case a specification was rendered void 
because the patentee thereby represented that the 
machine described was capable of doing more than 
it really could do—viz., making paper of different 
widths, whereas it was in reality only suited to 
paper of one definite width. In another case a 
patent was declared bad on the ground that the 
specification represented that the machine as de- 
scribed was applicable to the weaving of carpets as 
well as of coach lace, whereas such was not in reality 
the case. 

Chief Baron Pollock said, in that case, ‘‘In my 
mind the safest course for patentees to adopt in 
framing their specifications is, instead of including 
everything, to confine themselves specifically to one 
good thing ; and a jury will always take care that, 
if it be a realinvention, no man, under colour of 
improvement, shall be allowed to interfere with that 
which is the offspring of their genius.” 

As Jessel, M.R., once said: ‘‘ An inventor must 
not mislead people by telling them to do something 
wrong, and leaving them to find out the mistake. 
. . . He must not give people mechanical problems 
and call them specifications.” 

The proposition that a specification must not 
include what will not, as well as what will, answer 
is well illustrated by the following case :—A patent 
related to a method of making cement, by mixing 
gypsum, limestone, or chalk, each in a state of 
powder, with a strong solution of pearlash in 
water, and then adding sulphuric acid in sufficient 
quantity to neutralise the alkali. A _ stated 
quantity of water, and of the powdered material, 
was next added, and the product was dried and 
heated toa red heat. The specification stated :— 
“Other alkalies and acids, besides those hereinbefore 
mentioned, will answer the purpose of my inven- 
tion, though none that I have tried answers as well 
as the alkali and acid hereinbefore set forth ;” and 
concluded with a claim for the process of mixing 
the powdered materials, alkalies, and acids, as 
described, and subsequently burning, heating, or 
calcining the same for the purposes set forth. 
Criticising this specification, Chief Baron Pollock 
said: *‘To what extent, then, does the claim go 
beyond the alkali and the acid named? If it be a 
claim of all acids and alkalies, it is clearly bad, as 


there are some that will not answer the purpose. | 84 


If it be a claim of those only which will answer 
the purpose, it is clearly bad, in consequence of not 
stating those which will answer the purpose, and 
distinguishing them from those which will not, and 
80 preventing the public from being under the 
necessity of making experiments to ascertain which 
of thera will sueceed and which will not.” 








THE INSTITUTE OF METALS. 
Gas. ow is the third of the great provincial cities 
to be selected by the Institute of Metals fur the 
holding of their annual country meeting, and, in 
view of the enormous metallurgical industry of 


which it is the centre, the choice could not possibly 
have been bettered. 

Through the courtesy of the University authori- 
ties, the meetings have been held in the capital 
lecture-theatre of the Natural Philosophy building, 
Gilmore’s Hill. The proceedings opened on Wed- 
nesday morning last, and, after short addresses of 
welcome had been received and duly acknowledged, 
a commencement was made with the reading and 
discussion of the papers. 


Maenetic ALLoys FROM Non-MAGNETIC 
MATERIALS. 


Before calling on Mr. Alexander D. Ross to read 
his paper on ‘‘ Magnetic Alloys Formed from Non- 
Magnetic Materials,” the President, Sir Gerard 
Muntz, made an earnest appeal for a closer co-opera- 
tion between the manufacturer and user of non- 
ferrous alloys and the worker in the laboratory. He 
suggested that when the former ‘‘ struck a snag” in 
his daily work, he should apply to the Secretary 
of the Institute, who would, in many cases,. he 
thought, be able to put the inquirer in communica- 
tion with some scientific metallurgist who had been 
specially studying alloys of the class concerned. 
The Institute of Metals, Sir Gerard continued, 
had already done much good work, and established 
for itself a high position amongst scientific and 
technical societies ; but he thought that by a 
development of their organisation on the lines sug- 
gested, manufacturers would not only help them- 
selves materially, but the rest of the meta’ ical 
world as well. 

Mr. Ross then read an abstract of his paper, 
which described researches on the peculiar alloys of 
manganese with aluminium, copper, antimony, 
bismuth, or tin, which, as originally discovered b: 
Hensler, possessed magnetic properties, although 
their constituents, taken separately, were non- 
magnetic. The alloys investigated by Mr. Ross 
were first tested magnetically, as cast, and again 
after being subjected to different heat treatments, 
such as annealing, quenching, and baking. Of the 
copper-manganese-aluminium series, and of the 
copper-manganese-tin series of alloys, a number of 
specimens of different percentage compositions were 
carefully investigated, less attention being devoted 
to the copper-manganese-antimony alloys and those 
of copper-manganese-bismuth. A good deal of 


work was also done in binary alloys of copper- | j 


manganese, copper-aluminium, manganese-anti- 
mony, and manganese-boron. A peculiarity noted 
was that cooling the copper-manganese-aluminium 
alloy to the temperature of liquid air improved its 
magnetic properties in one case as much as 25 per 
cent. ost of the bronzes in question were also 
improved by annealing for some time at a tempera- 
ture of 150 deg. to 200 deg. Cent. This, Mr. Ross 
said, both removed initial strains and permitted 
also of constitutional changes, establishing a new 
equilibrium condition. The tests made by quench- 
ing the alloys from high temperatures led to some 
very interesting results. Thus an alloy consisting 
of 62 per cent. Cu, 25 per cent. Mn, and 15 percent. 
Al, quenched at 550 deg. Cent., had its. coercive 
force reduced to less than 0.3; that of very soft iron 
being 1.7. At the same time its permeability, which, 
as cast, was » = 160 for H = 20, was reduced to 
» = 130 by the quenching ; but in the course of a 
year the figure had practically regained its initial 
value, without, however, any rise in the hysteresis. 
Unfortunately, the alloy was extremely brittle and 
difficult to work, otherwise its low hysteresis loss 
and considerable permeability would render it 
valuable for use in many instruments. We intend 
to publish Mr. Ross’s paper in full. 

e discussion was opened by Professor Car- 
penter, who drew attention to the fact that all 
these ferro-magnetic alloys appeared to contain man- 
nese. It was, he said, difficult to obtain the latter 
metal quite free from iron. The author held that 
the amount of iron present had an influence which 
was negligible, but the speaker was not certain that 
this was so, and asked if any ferro-magnetic alloys 
existed of which manganese was not a constituent. 
Until it was proved that such manganese-free alloys 
were obtainable, it was not, he thought, safe to 
conclude that the small quantity of iron present in 
the manganese was unimportant. The author, in 
his paper, stated that small additions of aluminium 
to the purest iron increased the permeability of the 
latter.. The speaker had, however, come to a 
different conclusion, and believed that the observed 
increase was due to the fact that even the purest 





iron contained some oxide which the aluminium 








reduced, thus making the magnetic power of the 
iron apparently greater than before. 

Peoliane Gray, who spoke next, said that the 
paper described only a portion of a prolonged in- 
vestigation, on which a whole series of papers had 
been published by Mr. Ross and himself, and the 
facts sect forth were quite typical of others esta- 
blished in other portions of the research. Man- 
ganese steel, for instance, was commonly held to be 
non-magnetic, but, by a suitable heat treatment, 
which he would not describe for the present, fol- 
lowed by a subsequent cooling in liquid air, it 
became highly magnetic, and retained this property 
when brought back to the ordinary temperature. 
This fact showed that the prevalent opinion that 
an alloy was a definite thing, constant in its pro- 
perties in all conditions, was unwarranted. As to 
Professor Carpenter’s suggestion that the effects 
observed were due to the presence of iron, he 
would say that, if so, it was very remarkable that 
the permeability of such traces of iron was very 
much greater than when the iron was present 
alone. Thus, with copper containing a very small 
“peer of iron, he had found the magnetism to 

much greater than could be accounted for by 
assuming the iron present to have the highest 
known permeability. He thought, therefore, that 
the magnetism observed in this case arose from 
the iron having some effect upon the structure 
of the metal, conferring on the molecules a 
certain freedom to arrange themselves when 
subjected to a magnetic field. When such a mag- 
netic field was applied, there already existed 
closed chains of magnetic molecules, and these 
chains must be broken up before any external 
magnetic effect could be observed. In magnetic 
materials the field was able to break up there 
chains, but could not do so in the case of non-mag- 
netic bodies. The addition of small quantitics 
of manganese, aluminium, or iron to other metals 
increased the facility with which such closed chains 
could be broken up, and, in fact, he thought it 
conceivable, though he was not hopeful, that it 
would prove feasible toobserve such changesof struc- 
ture in the microscope. Probably, however, the 
changes would be too minute; still in some recent 
researches they had found differences in magnetic 
effects associated with differences in the micro- 
— diagrams. The alloy described, which had 
its hysteresis reduced so low on quenching, was very 
remarkable, since, although, as stated, the quench- 
ing also diminished the permeability of the alloy, 
the latter was recovered in time, but the diminu- 
tion in the hysteresis and in the coercive force 
remained. 

Mr. J. H. Heap asked the author if he was 
correct in saying that tungsten was employed as an 
ingredient in magnet steel, The paper had, he 
oo opened up a most interesting subject, 
ut he was sorry to hear from Professor Gray that 
the microscope was likely to prove unequal to the 
detection of the structural changes accompanyin 
differences in permeability, as he strongly believe 
that an examination of the structure of magnetic 
material would throw considerable light on the 
nature of its magnetic properties. 

Professor Rheade, who followed, said that in his 
laboratory Messrs. Evans and Moncrieff had been 
oe the magnetic properties of manganese, 
having been struck by the fact that all the mag- 
netic alloys contained this metal as a constituent. 
The idea governing their research was that in the 
alloys the manganese was altered so as to confer on 
it magnetic properties, and the effect in this direc- 
tion of the metals of different chemical groups were 
studied. Thus, in their own group, zinc and 
cadmium were found to have a considerable effect. 
Again, of the group containing antimony and 
bismuth, though these two metals had the most 
remarkable effects, it was found that toa smaller 
degree phosphorus and arsenic also induced mag- 
netism. He believed, in view of these similar 
effects of metals of the same group, crystallising in 
the same forms, that the magnetic properties were 
connected with the structure of the metal ; and he 
had accordingly worked for some time with a view 
to testing this by metallographic methods. Only 
partial success had, however, been realised, and the 
work had had for the present to be laid aside. The 
fact that Mn entered into all the alloys they con- 
sidered of primary importance. The instruments 
used in their researches were less delicate than 
those employed by Mr. Ross, but their results agreed 
generally with his, and confirmed the view that the 
magnetism depended upon the arrangement of the 
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molecules, and in the case of manganese they had 
been able to fix the structure and to retainit. This 
view as to the importance of structure was confirmed 
by the results of the heat treatment, as described 
in the author’s paper. The usefulness of copper 
might depend on its acting as a solvent of the two 
constituents of the binary alloy, lowering the melting 
point of the latter, and rendering re-arrangement 
of the molecules easier in a magnetic field. 

Mr. J. J. Primrose said that perhaps the most 
interesting points in the paper were the facts indi- 
cating that magnetic properties were dependent 
on the structure of the metal. The micrographs 
attached to Mr. Ross’s paper were, he thought, 
similar in certain cases to those obtained with over- 
heated steel, there being a marked intrusion of a 
dark constituent into the lighter coloured field. 
Perhaps there were really two constituents involved, 
both of which became magnetic to a greater extent 
when separated. 

Mr. ilson, referring to a statement in the 
author’s paper to the effect that bars cast in moist 
sand were less magnetic than when the sand was 
dry, asked what effect this had on the structure of 
the metal. 

In reply, Mr. Ross said that he could not believe 
that the magnetic effects observed were due to iron 
occurring as impurities in the manganese, because 
alloys made with ferro-manganese showed no higher 
permeability. This indicated that the small iron 
impurity could have no great effect. With repect to 
copper, nearly pure samples tested in the ordinary 
condition were diamagnetic ; but if quenched, were 
distincty para-magnetic. As to the suggestion that 
the effect of adding aluminium to iron improved 
the permeability solely by reducing the oxide 

esent, he could say that iron containing a 
ittle aluminium was distinctly more magnetic than 

ure iren. In reply to Mr. Heap, he said that he 

ad found 2 per cent. of tungsten as well as 
chromium present in a bar-magnet, and had found 
that a specially-made alloy containing 4 per cent. 
of tungsten was icularly retentive. Mr. Wilson 
had asked whether the reduction in permeability 
found when the bars were cast in moist sand was 
accompanied by structural changes, and in reply 
he would point out that casting in moist sand 
was, to some extent, equivalent to quenching. As 
to the commercial use of the alloys, some had been 
finished for him in Professor Barr’s laboratory, and 
the mechanic there had expressed very strong 
opinions as to their intractability. 


Tue Heat TREATMENT OF Brass. 


Mr. G. D. Bengough next read an abstract of a 

per, by himself in conjunction with Mr. G. F. 

udson, on ‘* The Heat Treatment of Brass— 
Experiments on the 70:30 Alloy.” This paper will 
be found reprinted on page 447, and thus need 
not be abstracted here. Mr. Bengough, however, 
said that he now wished to modify the definition 
given in his paper of what they considered burnt 
brass. This A would now say was brass unusually 
susceptible to cracking, which susceptibility might 
be induced by annealing at a very high tempera- 
ture, or by annealing at a lower, combined with 
simultaneous mechanical work. Not much reli- 
ance should, he said, be placed on the tensile tests 
of bars annealed at very high temperatures, as 
the results were erratic; but he had no doubt 
whatever that there was a ‘‘ turning back ” of the 
curve of elongation at high temperatures. He 
gave the following results with wires drawn from 
the G metal described in the paper :— 


Temperature of Tensile 


Annealing. Strength. 
Deg. Cent. Tons pe So. In. 
900 15.8 
910 13.8 55 
920 15.2 45 
In their paper the authors had omitted reference 
to a paper by Professor Unwin, read at the British 
Association in 1889, in wh:ch tests on rolled yellow 
brass at different temperatures were described. 
Unwin’s results were as follow :— 


il ; 
anaes. Elongation. 


Tons per Sq.In. Per Cent. 
24 41 


22.4 30 
21.2 19 
15.8 2.5 
14.5 1.0 


Since Unwins experiments stopped at 335 deg. 
Cent., he had failed to find the recovery of the 
elongation at temperatures of over 400 deg. Cent. 


Elongation. 
Per Cent. 
60 


Temperature of 
est. 
Deg. Cent. 
Ordinary room temps. 
125 


205 
315 
335 





The authors had found that the effect of cold rolling 
persisted up to 400 deg. Cent. He drew particular 
attention to Figs. 3 and 4 of his . The 
former was most curious, since the ro structure 
had been eliminated, but the metal had not yet 
taken in the new crystalline structure developed in 
Fig. 4. The authors employed vertical illumination 
throughout, as it best revealed the structure; though 
until practice had been gained with this method of 
working it was more difficult than the more usual 
plan of employing oblique illumination. 

Finally, with reference to the concluding para- 
graph of their paper, this must be understood as 
meaning that the authors had completed the 
original scheme of their research on the a brasses 
and ona + 8 brasses containing an excess of a, 
and not as implying that there was not an immense 
amount of further work to be done on these alloys. 

The discussion was opened by Professor R. C. 
Carpenter, who said that the record of the authors 
most careful and accurate work was most interest- 
ing. As tothe character of the burnt metal, he 
would ask the authors if, on a microscopic examina- 
tion of such specimens, they had noted the pre- 
sence of a second constituent, as Shepherd had 
claimed that the ‘‘ burning” was due to a sepa- 
ration of the 8 constituent. None of the authors’ 
photographs showed this, however. The point 
was of interest, since the 8 metal was brittle. 
The curve, Fig. 9, showing the variation in the 
elongation of the metal as tested at different 
temperatures was very striking. Starting from 
ordinary temperatures, the elongation fell off con- 
tinuously up to a temperature of about 400 deg. 
Cent., at which the ductility had practically dis- 
appeared. At 460 deg., however, the elongation 
was again 17 per cent. This fact was quite inex- 
plicable on the basis of Shepherd’s equilibrium 
diagram, but the speaker would nevertheless suggest 
that with 70:30 brass there was an inversion at 
about this temperature, which had hitherto escaped 
notice, save by Roberts-Austen, who had recorded 
such an inversion in his fourth report to the Alloys 
Research Committee. Shepherd, whose classical 
work occupied three years, said that Roberts-Austen 
was mistaken, but the speaker thought not. Mr. 
Edwards and himself had for some time been of 
opinion that such an inversion must exist and had 
been able to detect it pyrometrically, thus con- 
firming Roberts-Austen. A fresh confirmation was 
afforded by Fig. 9 of the author’s paper, and by the 
micrographs, Figs. 3 and 4, which made quite 
clear that a change had set in at 405 deg. Cent. 
and that the metal recrystallised in a new form at 
500 deg. Cent. He hoped that Mr. Edwards and 
himself in their forthcoming paper would be able 
to throw some new light on the nature of the solid 
solutions in the case of brasses. 

Professor T. Turner, who followed, said that the 
previous papers of the authors had proved of great 
service to workers in brass. It was important to 
know that the ‘‘burning” was not due to the 
volatilisation of the zinc, but, as Professor Car- 
penter had indicated, there must be the separa- 
tion of some constituent leading to the produc- 
tion of distinct boundaries between the crystals. 
This constituent was brittle, so that even if 
present in very small quantities, the crystals could 
easily be separated from each other. In the 
case of steel there was a similar separation of a 
constituent rich in carbon and in sulphide of man- 
ganese, and it appeared probable that the burning 
of brass must arise in similar fashion. Given a 
suitable temperature, time only was needed for this 
separation to occur. The process of annealing, the 
speaker proceeded, was at present the greatest 
mystery in metallurgy. Take, for example, a 
certain metal. Then, as cast, this would have a 
definite tensile strength, which could be deduced 
approximately from its atomic weight and its den- 
sity. In fact, all metals in their cast state had tena- 
cities, roughly, inversely proportional to their atomic 
volumes, an increase in the number of molecules 
in a cubic inch giving a more or less proportionate 
increase in the tensile strength as cast. By cold 
rolling cast metal it was rendered work-hardened, 
and by this process its tenacity was very commonly 
doubled. is rolling, however, made but an 
infinitesimal change in the density of the metal, 
drawn metal being slightly less dense, and rolled 
metal slightly more dense than cast. Why, then, 
was there such a difference in the strength? For 
example, rolled aluminium and cast aluminium were, 
from this view-point, metals more distinct from 
each other than lead and tin. He thought the meet- 





ing that day would be memorable for the announce- 
ment made by Professor Carpenter of a new inver- 
sion not found in Shepherd’s diagram, which, for 
years past, had been authoritative. The existence 
of this new inversion point was confirmed from the 
mechanical standpoint by the author’s paper, which 
thus supported the physical work of Professor 
Carpenter and Mr. Edwards. 

r. Shepherd, who followed, said that he had 
himself experimented with cubes of 70 : 30 brass 
annealed at between 650 deg. and 680 deg. 
Cent. Of these, one specimen was quenched, 
another cooled slowly, whilst the third was 
allowed to cool to 350 deg. and then quenched, 
All three proved to have much the same tenacity, 
that quenched from the black heat having a tensile 
strength of 21? tons, whilst the weaker of the 
other two failed at 22} tons. The elongation was 
best in the case of the quenched specimen which 
gave 67 percent. on 2 in. The corresponding figure 
for that quenched from a black heat was 66 per 
cent., and for that cooled slowly 64 per cent. He 
noted that the H B metal used by the authors was 
purer than their G specimen, and this difference was 
apparently reflected in Tables II. and III., the G 
metal being apparently already partially annealed, 
having similar properties to the B metal when 
annealed at 650 deg. for half an hour. It would, 
however, be interesting to know if. this difference 
was really attributable to the relative degree of 
impurities, or whether there were differences in the 
rolling process. 

Dr. C. Desch, who followed, said that the paper 
was an exceedingly valuable description of sys- 
tematic experiments on the heat treatment of quite 
definite alloys. The authors had quoted the 
speaker as holding the view that the burning of 
brass was attributable to the volatilisation of zinc, 
and to that he still adhered, though he was not 
oe pee to be dogmatic on the subject. He never 

ad thought that he knew all about brass, but if he 
had, the previous evening’s conversation with Sir 
Gerard Muntz would have sufficed to disabuse him. 
He did not think that the view in question was 
disproved by the fact that there was no loss of zinc 
save from the surface ; though the zinc could not 
escape from the interior, its tendency to volatilise 
might well loosen the molecular structure of the 
brass, which became apparent on etching the metal, 
when pits were more rapidly developed. The 
tensile tests made at high temperatures were of 
great importance, though it would be well to repeat 
them with bars. The remarkable recovery of 
ductility at high temperatures was, he proceeded, 
characteristic of the copper-zinc alloys, and he had 
long believéd that there must be some corresponding 
change in the constitution as found by Roberts- 
Austen. He was thus glad that this had been 
definitely detected, and if confirmed it would add a 
constituent to brass, and revolutionise Shepherd’s 
diagram. 

Mr. Johnson, the next speaker, said that what 
he had intended to say had been largely anticipated 
by Dr. Desch. It was important to note that the 
quenched alloy was the more ductile ; and this fact 
greatly facilitated workshop procedure. The paper 
would be of great and lasting benefit to manufac- 
turers, as it told them what they might expect at 
high temperatures. Fig. 4, for example, showed 
that 70 : 30 brass should not be used at tempera- 
tures near 300 deg. Cent. As to the loss of zine 
from the surface by volatilisation at high tempera- 
tures, he asked whether this was a question of 
equilibrium adjustment or whether the removal of 
the zinc left pits between the cuptals, and would 
the effect extend to the centre of the core, by 
diffusion of the zinc outwards, were the experiment 
sufticiently prolonged. He thought that the author's 
metal was not burnt in any case, but merely over- 
annealed. Burnt metal, he considered, was one on 
which a naked flame had played, causing an intense 
local overheating. Although such damage might be 
superficial at the outset, a crack once started there 
would readily spread through the metal afterwards. 

Mr. Everard, who followed, spoke, he said, as 4 
voice from the workshop. He dealt largely with 
70 : 30 strip, and had necessarily given much atten- 
tion to annealing. Annealing, he proceeded, <de- 
pended both on time and on temperature. In 
practice he preferred to keep the latter constan! at 
about 650 deg. Cent., and alter the time. ‘The 
burning of brass was not a question of temperature 
only, but of time also. In fact, brass could » 
kept at 800 deg. Cent. for a considerable time, 
and, provided it was not subjected in the mean- 
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while to shock or vibration, could, when cold, be 
worked satisfactorily, its elongation, when tested, 
being little reduced. If, however, a hot strip were 
let fall to the ground, the shock caused rupture 
between the crystals, and much trouble originated 
in this way. Several furnaces had been made, 
such as the American rotary furnace, which were 
supposed to automatically ensure that the strip was 
annealed for a definite time only ; but unless 

eat care were taken, an occasion might arise in 
which the desired time was multiplied by 10. 
He himself used oblique illumination in examining 
microstructure, using a power of 36 diameters. It 
was possible to measure the size of the crystals by 
means of a micrometer, but in practice this was 
unnecessary, aS one soon got to recognise the 
structure which worked satisfactorily in the shops. 
T'rouble soon arose from the use of impure coal high 
in sulphur, and he noticed that in Birmingham this 
danger was avoided by the use of annealing-boxes, 
through which a constant stream of gas was main- 
tained during the whole process of annealing. He 
observed that the authors used ordinary commercial 
metal, but he would be glad of comparison results 
with the purest materials obtainable. 

Mr. Graham, speaking as a Glasgow manufac- 
turer, agreed with the last speaker that they were 
much indebted to the authors for their researches. 
In the case of gun-metal. he believed that ‘‘ burn- 
ing” arose from oxidation, and wondered whether 
this was also the case with brass. He should like 
to know, moreover, if there was any method by 
which the properties of burnt metal could be 
restored. 

In closing the discussion Sir Gerard Muntz said 
that, so far from having finished work on their 
subject, the authors had really only begun it, though 
their paper was of extreme interest. In speaking 
op it there was so much to be said that if he entered 
fully into the matter he would hardly know 
where to leave off. Professor Carpenter had 
announced an inversion point at about 400 deg. 
Cent., and from practical experience he had no 
doubt this was right, and accounted for many 
strange happenings, of which he thought they 
might now, to a large extent, be able to trace 
the probable cause. The question had been raised 
as to what constituted ‘‘ burnt” brass. He himself 
considered that the authors had never produced 
it, but merely over-annealed metal. Burnt brass 
could not be restored by any subsequent treat- 
ment, but must be remelted, and users need not 
fear that it entered into any finished goods offered 
them, as it was totally unworkable, falling to pieces 
if handled. Brass was ‘‘ burnt” when on trying to 
move astrip from the furnace half remained behind. 
The times of annealing mentioned in the paper were 
in many cases impracticable in the workshop, where 
it was impossible to permit the process to last two 
or three hours, let alone days, as had been done in 
some scientific researches. The highest tempera- 
ture reached in the author’s work was 930 deg. 
Cent., but to get ‘* burnt ” metal higher heats were 
necessary. Metal heated to 930 deg. was merely 
over-annealed, but if the authors used higher tem- 
peratures they would get some very remarkable 
micro-photographs. He agreed with Mr. Everard 
that in the factory it was best to adopt a constant 
furnace temperature, and to vary the time of 
exposure, 

In reply, Mr. Hudson said that he was afraid, 
from Sir Gerard’s remarks, that the last paragraph 
of their paper had been misunderstood. They 
merely meant that they had finished their own 
scheme of work, and, of course, acknowledged that 
the problems connected with the a and a + 8 

hases were by no means exhausted. He had 

en most interested in Professor Carpenter’s 
confirmation of the Roberts-Austen inversion point 
at 400 deg. Cent., and their own results led to the 
same conclusion—viz., that at this temperature 
there was a very definite change in the constitution 
of the solid solution. Professor Carpenter had 
asked if they had found the 8 constituent in any 
of their bars, and to this he replied, No. He was 
quite vlad to accept Sir Gerard Muntz’s view that 
they had not burnt their brass. Over-annealed 
brass, he added, could be readily worked if it did 
not crack, and in the final result appeared just as 
good as if it had received normal annealing. The 
question as to the effects of handling brass at high 
temperatures had been raised, and in their paper 
the authors had themselves suggested that 70 : 30 
brass should not be handled or subjected to shock 
F vibration at high temperatures, or injury to 


it would occur. At such temperatures brass was 
very susceptible to cracking. At 400 deg. its 
ductility was extremely low, and though later on 
some of the loss was regained, it still remained 
very susceptible to shock. 


Tue SHRINKAGE OF ALLOYS DURING SOLIDIFICATION. 


The third paper, by Mr. Donald Ewen, in con- 
junction with Professor T. Turner, described ex- 

riments on the ‘‘Shrinkage of the Antimony- 
a Alloys and of the Aluminium-Zinc Alloys 
During and After Solidification.” The investi- 
gation was a continuation of a similar research 
on the copper-zinc alloys, described at the Man- 
chester meeting by Mr. M. T. Murray. This 
showed a pretty close connection to exist between 
the equilibrium diagram of these alloys and 
their shrinkage, and the new inquiry was directed 
to find if a similar association existed in the 
case of other alloys. The experiments were made 
with a T-shaped bar. Of this bar the table of the 
T acted as a fixed abutment, up to which the stalk 
could shrink. The total duties being small in 
the present research, it was measured by a mirror 
apparatus magnifying the actual shrinkage 400 
times. The antimony-lead alloys differed from 
those investigated by Mr. Murray in the fact that 
with them no solid solutions are formed, the two 
metals being mutually insoluble in each other. In 
opposition to Wust, the authors find that pure 
antimony expands on freezing to a considerable 
extent, though lead does not. e shrinkage curve 
obtained with these alloys shows, on setting out 
from pure lead, an expansion on solidification which 
increases until the composition is that of the 
eutectic. At this point there is a marked maxi- 
mum, and the expansion subsequently diminishes 
to zero with 30 per cent. of lead. Following this 
there is another maximum of expansion with the 
50 per cent. alloy, followed by another diminution 
and subsequent rise > to the value corresponding 
to pure antimony. e results obtained with the 
aluminium-zinc alloys were more complicated, but 
again the expansion curve shows a maximum with 
the eutectic composition. A number of tensile 
tests were also made of these alloys, the tenacity 
being a maximum with 50 per cent. of zine, 
although the ductility is low. 

Industrial alloys in the cast state, it was stated, 
contain always small amounts of eutectic rich in 
zinc, so that heat treatment and work have a bene- 
ficial effect on them, as indicated by the following 
figures :— 


Chill Cast. Bop Forged. 
Vield-point 5.3 tons 1 tons 
Tenacity .. 7.5 w  - 
Elongation 3 p.c. 12.4 p.c 


The application of the alloys is limited by the 
fact that they are liable to become brittle under 
repeated shock. 

ofessor Turner, in giving a brief summary of 
the r, mentioned that in the case of the 
aluminium-zine alloys, Mr. Ewen had found an 
inversion point at 250 deg. Cent., and he noted 
that from the report of the National Physical 
Laboratory, just B gorges that Rosenhain had 
independently made the same discovery. 

Mr. Ewen added that he thought the most 
interesting point established by him was that in 
the zinc-aluminium series the eutectic was always 
present when the zinc content lay between 2 and 
5 per cent. 

n opening the discussion, Mr. Johnson asked if 
there had been any difficulty in getting sound cast- 
ings. A riser apparently could not be used, so that 
air and occluded gases could escape only through 
the pores of the mould. It thus appeared possible 
that some of the effects observed might be due to 
the fact that alloys dissolved such at high 
temperatures, rejecting them in solidification. A 
mechanical disturbance might thus arise which 
would mask the true effect. 

Dr. Carpenter expressed himself as doubtful 
whether the expansion observed really corresponded 
to an actual volumetric change, and thought de- 
finite measurements of the density changes should 
be made, which would, he considered, be possible 
with an alloy having a low melting-point. Of the 
two series of experiments, that on the Zn Cu alloys 
was the more interesting. As for the antimony- 
lead series he noted that the authors disagreed 
with Wust, who stated that antimony did not 





expand on freezing, whilst in their case the) 
expansion was most decided. He noted that the 





metal used was 99.5 per cent. pure, and suggested | 





that the discrepancy might be due to Wust using a 
purer metal. The t interest in the second 
series of experiments lay in the discovery of the new 
inversion point. Dr. mhain had told him of 
his own discovery of this some months ago, and of 
his researches he believed a full account would 
appear in the tenth report to the Alloys Committee. 

e hoped Mr. Ewen would continue his work, and 
fix the solidus curve for the Zn-Al series. 

Dr. Desch said that, in discussing Mr. Murray’s 
results at Manchester, he had expressed a doubt as 
to whether the expansions observed denoted a real 
volumetric change, and he had had then the support 
of Professor Carpenter and of Mr. Edwards. He 
thought the expansion was really due to a thrust of 
the crystals consequent on their separation, and 
that the cast consisted of a solid shell which was 
fed from the gate. Many of the gates he observed 
showed marked piping. If there were a true volu- 
metric expansion, a rise in the gate would, on the 
other hand, be anticipated. e thought, there- 
fore, more direct evidence of the reality of the 
- volumetric expansion very necessary. 

n reply to the discussion Mr. Ewen said that 
the bars, as cast, were all sound, and accordingly 
he did not think it probable that gaseous pressure 
was responsible for the movement of the extenso- 
meter. As for Dr. Desch’s criticism he agreed 
with Professor Turner that the apparent volumetric 
change was real. The expansion, it would be noted, 
was a maximum with 50 per cent. aluminium, 
but the gate with this alloy showed no piping. 

Interposing, Professor Turner added that with 
his apparatus white cast iron showed no expansion 
on solidification. Adding silica, however, there 
was a marked expansion, and it was known that 
in that case there was a true change of volume due 
to the separation of graphite. 

Resuming, Mr. Ewen said that the antimony 
used was the very purest obtainable, having been 
supplied to them “ the late Mr. Cookson, who 
—_ some months in getting the very best possible. 

heir metal, therefore, was probably purer than 
that used by Wust. 

(To be continued.) 








NOTES. 

THe DEVELOPMENT OF THE Scout CRUISER. 

THE fact that there is no finality in the design 
of warships finds further proof in the small cruisers 
now being built, under last year’s navy programme, 
of which the first was launched on Tuesday by 
Messrs. William Beardmore and Co., Limited, 
Dalmuir, and named the Falmouth. When the 
ships of the ‘‘Town” class came out they were 
regarded as most serviceable vessels to a squadron 
of ships of the line; the high speed attained, 
26 knots, and their seaworthiness, combined with 
a moderate armament and wide radius of action, 
ensured efficiency in scouting. But it has been 
considered desirable to increase the gun power 
and to adopt unity in the main armament. Instead 
of having only two 6-in. guns as bow and stern 
chasers, with five 4-in. guns on each broadside, the 
Falmouth will have eight 6-in. guns, which will 
greatly increase her effectiveness. The 21-in. tor- 
pedoes will be used instead of the 18-in. weapon 
now being superseded. Their larger bursting charge 
adds enormously to the power of attack. These 
changes involve additional weight; and in order 
not in any way to affect the handiness of the 
vessel, and to enable the new ships to have the 
same turning circle as the earlier vessel of this 
class, the increased displacement is provided for 
by adding 2 ft. to the beam, so that the breadth is 
49 ft., while the length between perpendiculars is 
430 ft., and over all 450 ft. Ata draught of 164 ft. 
the displacement will be about 5500 tons. The pro- 
tective deck has been increased in thickness to 2 in. 
and is of nickel steel. The Falmouth has similar 
machinery to the Gloucester, of the earlier class, 
also built and engined by Messrs. Beardmore. As 
already recorded in ENGINEERING (page 241 ante), 
this vessel excelled in speed, attaining 26.296 knots, 
and in economy, the steam consumption for all 
purposes being as low as 12.14 lb. per shaft horse- 
power per hour. In the time of construction the 
firm have also done most creditably. The Gloucester 
has now been handed over ; it is only seven months 
since the Falmouth was laid down, having been 
brought to the launching stage, with the upper 
works far advanced, in 170 working days. Indeed, 
Admiral Sir John Jellicoe, in proposing ‘“‘ pros- 
perity to the builders,” at the luncheon which fol- 
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lowed the launch, reviewed the progress of the firm 
in warship-building, armour construction, and ord- 
nance manufacture, as establishing ‘‘ the enterprise 
of the company and the courage of Mr. William 
Beardmore.” Fourteen years ago they began 
armour-plate manufacture, and later commenced 
gun construction, one of the first guns made being 
one of the largest in the British Navy—of 12-in. 
bore, and its trials proved very satisfactory. 


Luoyp’s Returns or SHIPPING. 


The returns of vessels lost and condemned for 
the first quarter of the current year have just been 
issued by Lloyd’s, and show that in that three 
months period some 161 vessels, aggregating 169,151 
tons, were removed from the register for various 
reasons, such as abandoned at sea, broken up, colli- 
sions, and other losses. Of these losses 79 vessels, 
accounting for 90,477 tons, were wrecked, Great 
Britain naturally figuring for a large proportion of 
these—viz., 19 vessels, of 34,616 tons. e United 
States lost 12 vessels by wrecks. These totalled 
11,099 tons, Norway coming third with 10, of an 
aggregate of 8432 tons. Next to the wrecks the 
largest loss was due to collisions, 22 vessels, aggre- 

ating 22,077 tons, being accounted for in this way. 

ritish vessels to the number of 10 come in this 
class. Classified under ‘‘Abandoned at Sea,” 
there is recorded the loss of 16 vessels, of together 
16,727 tons, the United States being the largest 
representative in this class, with 9 vessels, against 
Great Britain’s 0, other countries having to record 
the loss of one or two vessels only. The number 
of vessels classed as ‘‘missing”’ is identical with 
that of the ships abandoned at sea, but the 
tonnage happens to be rather smaller. Of the 
vessels removed from the register, 89, aggre- 
gating 128,277 tons, were steamers, and 72, of 
40,874 tons, were sailing vessels. Forty-four 
steamers are classified as having been wrecked, and 
18 lost in collision, while nine foundered, seven 
were missing, six burnt, four abandoned at sea, 
and one described as ‘‘lost.” Among the sailing 
ships the distribution is rather different. Roughly 
speaking, as in the case of steamers, about half the 
losses are due to wrecks, but of the remainder 
about one-third were abandoned at sea, a much 
higher proportion than in the case of steamers. 
The country losing most sailing vessels in this way 
in the quarter under review was the United 
States. This country lost eight vessels, aggregating 
3101 tons, by abandonment at sea, out of a total re- 
corded of twelve sailing ships of a total of 6302 tons. 
Norway, although losing only two sailing ships in 
this way, lost a greater tonnage in proportion— 
viz., 2107 tons. The percentage of vessels lost to 
the number owned was greatest for this quarter for 
the United States, with a percentage of 0.93, while 
Russia lost 1.25 per cent. of her tonnage. Russia 
alone of the countries on the register lost as much 
as 1.16 per cent. of her steamer tonnage, Denmark 
being next in this respect with 0.88 per cent. The 
other steamer losses were relatively small, as, for 
instance, Great Britain, 0.36 per cent. of the 
tonnage owned ; Germany, 0.1 per cent. ; Japan, 
0.03 per cent. ; Norway, 0.48 per cent. ; &c. The 
losses in sailing ships were relatively greater. 
The five countries—the United States of America, 
Italy, Norway, Russia, and Spain—as well as the 
British Colonies, all lost between 1 per cent. and 
1.59 per cent. of their sailing ship tonnage, Russia 
heading the list with the latter figure. The loss of 
Great Britain amounts to 0.49 per cent. of the 
tonnage owned, and of Germany to 0.24 per cent. 
Sweden lost no more than 0.08 per cent. of her 
total tonnage. 





Tuk GeeMAN Potash Inpustry.—The German potash 
industry is each year becoming more important. The 
renewal of the Kali a which expired at the end 
of 1909, necessitat protracted negotiations, trouble 
having arisen from the relat.on between a powerful group 
outside the syndicate and the American manure trusts. 
The syndicate, however, was eventually renewed, the 
outside group joining, but the conditions cannot be 
considered as absolutely satisfactory. The number of 
works within the syndicate has increased at far too rapid 
a rate; already the average production for each works is 
—T reduced. The following table illustrates the 
growth of this industry in Germany :— 

Number of 
Works within 
the Syndicate. Marks. 

12 47,770,566 
23 


8 81,642,749 
97,500,000 


Value 
of Sales. 
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INSTITUTE OF MARINE ENGINEERS. 


On Saturday, September 17, the Institute of Marine 
Engineers paid a visit to the Naval, Mercantile Marine, 
and Engineering Exhibition at Olympia. The afternoon 
was spent in inspecting the various exhibits, and at 
7 o'clock Sir David Gill presided over a meeting of 
the members, in which three papers were submitted. 
The first, which, in the unavoidable absence of the 
author, was taken as read, was on ‘“‘ Electro-Magnetic 
Transmission for Main Propulsion,” by Mr. Jules 
Lecoche (Member). The pro 1 of the author is 
a speed - reduction gear, used in a combination of 
a oan sae og engine with an exhaust-steam turbine, 
whereby the power of the turbine is transmitted at a 
suitably reduced speed to the main, or reciprocating 
engine-shaft. An illustration is given of a magnetic 
frictionless gear of the screw type for an exhaust steam 
turbine of 300 brake horse-power, running at 3000 revolu- 
tions per minute ; through this gear the power of the tur- 
bine is transmitted to the main propeller-shaft by the reci- 

rocating engine at a speed of 75 revolutions per minute. 

he three main parts of the gear are: the field-magnet, 
the laminated worm, and the wheel. The field-magnet, 
made of cast steel of high magnetic permeability, is of the 
Manchester type, its top pole piece being laminated to 
prevent losses and heating. The worm is made up of iron 
stampings, fixed concentrically on two cast-iron spiders in 
exactly the same way as the armature core of a motor or 
dynamo. One end of the worm is coupled to the turbine. 
e wheel has a hollow rim made up of sprockets of soft 
iron coarsely laminated ; these sprockets have the same 
angle, width, and pitch as the threads of the worm opposite, 
which they move with a clearance of about fin. This 
wheel is keyed on the propeller-shaft driven by the 
reciprocating engine at 75 revolutions per minute. The 
second paper was on “‘The Telemeter,” by Mr. W. G. 
Gibbons. It describes a piece of mechanism invented by 
Mr. A. B. Brown, of Edinburgh, in 1888, and now in 
general use, for controlling steamer’s steering gear from 
the bridge. This was attempted, by hydraulic means, 
kefore the invention of the telemeter, but in these systems 
there was no provision for automatic correction of the 
position of the piston or plungers on the transmitter for- 
ward. Mr. Brown conceived the idea of fitting the 
receiving cylinder with a pair of strong springs, one on 
each side. The object of these springs was to force the 
piston to its central position, together with the control 
valve or other appliances to which it was fitted, whenever 
the pressure on the two sides of the piston or its equi- 
valent became equal or tended to become so. On the 
transmitter he formed an automatic by-pass, so arranged 
that when the transmitting piston was in its central posi- 
tion there was a free passage for the fluid from one side 
of the piston to the other. To this device he gave the 
name of the “‘Telemeter.” By this arrangement, when- 
ever the transmitting piston is in its central position the 
springs on the after cylinder force that cylinder and its 
attachments to their central position also. One of the 
advantages of the springs on the receiving cylinder is that 
the man at the wheel can always tell, by the resistance it 
offers to his effort, where the helm is; and on his letting 
go the wheel at any time it will always return to its central 
ition. The third paper was on ‘The Internal-Com- 
ustion Engine,” by Mr. William P. Durtnall (Member). 








ENGINEERING AND MACHINERY EXHIBITION AT OLYMPIA. 
—In consequence of the success of this Exhibition it has 
been decided to run a similar exhibition at Olympia in 
1913 under the same patronage and management, but with 
considerably increased scope and on a larger scale. 


University CoLLEcGE Facuity oF ENGINEERING.—The 
session in the Faculty of Engineering at University 
College begins on October 3. The Provost and the Dean 
will attend on Monday and Tuesday, October 3 and 4, 
from 10 a.m, to 1 p.m., for the purpose of interviewing 
students and advising them asto their courses. In addi- 
tion tothe regular undergraduate courses, the following 
postgraduate courses will be given during the coming 
term :—Steam-Turbines (supplementary to course in 
session 1909-10), by Mr. E. G. Izod, of Messrs. Willans 
and Robinson, on Fridays at 5.30, beginning October 
21. Railway Engineering, by H. Deans, SL A. {Cantab. ), 
M. Inst. C.E., of the Great Western Railway, on Mon- 
days and Thursdays at 5, beginning October 6. Photo- 
graphic Surveying, by M. T. Ormsby, M. Inst. C.E.I, 
on Fridays at 4, beginning October 14. Electrical 
Design, by H. M. Hobart, B.Sc.. M. Inst. C.E., M. Inst. 
E.E., on Mondays from 5 to 7, beginning October 10. 


_ GerMAN Ro uine-Stock.—The German export trade 
in locomotives, which has been extremely dull during the 
first half of the present year, prices ruling very low, has 
materially improved since the beginning of the second 
half of the year, and July has been the best month of the 
year, the German locomotives exported that month having 
a value of 3,890,000 marks, against 2,530,000 marks for the 
same month in 1909. The aggregate for the first seven 
months of the present year, however, compares unfavour- 
ably with that for 1909, and still more with that for 1908, 
the amounts being respectively 22, 100,000 marks, 25, 980,000 
marks, and 33,090,000 marks. The German railway car- 
riage manufacturers certainly have a fair amount of 
regular work for the State Railways of the German 
Empire, although the prices rule low; but, as far as foreign 
orders are concerned, the quotations are so extremely low, 
often, in fact, resulting in a direct loss, so that the works 
frequently decline the orders. The present slackness in 
this branch materially affects certain departments of the 
iron industry. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was dead idle, and prices were the turn 
easier. Sellers of Cleveland warrants quoted 49s, 34d, 
cash, 49s. 64d. one month, and 50s. 1d. three months, 
Hematite was also down, and sellers quoted 65s. 14d, 
cash. The afternoon session was another blank as regards 
business, but Cleveland warrants were quoted firmer at 
49s. 4d. cash, 49s. 7d. one month, and 50s. 14d. three 
months sellers. On Friday morning another idle session 
was recorded, with prices firm. Cleveland warrants at 
the close were quoted by sellers at 49s. 44d cash, 49s. 74d, 
one month, and 50s. 14d. three months. In the after. 
noon the market was quiet and Cleveland warrants were 
a little easier. The total business only amounted to 1500 
tons at 49s. 34d. and 49s. 3d. cash, and 4@s. €d. cne mcnith, 
and closing sellers quoted 49s. Sid. cash, 49s. 64d. one 
month, and 50s. 14d. three months. On Monday morn- 
ing the market was once more quite idle, and Cleveland 
warrants were a fraction down. At the close of the session 
there were sellers at 49s. 3d. cash, 49s. 6d. one month, and 
50s. three months. In the afternoon a further reduction 
took mary in prices, and the turnover was 5000 tons of 
Cleveland warrants at from 49s. to 48s. 10d. cash, and at 
49s 10d. three months. Closing sellers quoted 48s. 7. 
cash, 49s. 14d. one month, and 49s. 8d. three months. The 
tone of the market improved on Tuesday morning, when 
6500 tons of Cleveland warrants changed hands at 
48s. 11d. and 49s. cash, 49s. 2d. one month, and 49s. 9d. 
three months. Sellers’ closing quotations were 49s. Oj. 
cash, 49s. 3$d. one month, and 49s. 10d. three months. 
Hematite was quoted at 66s. 3d. three months. In the 
afternoon Cleveland warrants were again the turn stronger, 
and dealings were recorded at 49s. 04d. and 49s. 1d. cash. 
The turnover amounted to 1000 tons, and closing sellers 

uoted 49s. 14d. cash, 49s. 44d. one month, and 49s. 104d. 
three months. Hematite, 1000 tons, changed:hands at 
65s. 64d. three months. When the market opened to-day 
(Wednesday) the tone was steady, but business was quiet, 
and only two lots of Cleveland warrants were dealt in at 
49s. 1d. cash and five days. The session closed with 
sellers at 49s. 1d. cash, 49s. 4d. one month, and 49s. 10d, 
three months. In the afternoon quietness was again the 
ruling feature, and the dealings were limited to 2000 tons 
of Cleveland warrants at 49s. 14d. six days and 49s. 2d. nine 
days. The closing quotations were inclined to be firmer, 
with sellers at 49s. 14d. cash, 49s. 44d. one month, and 
49s. 104d. three months, Sellers of hematite quoted 65s. éd. 
three months. The following are the market quotations 
for makers’ (No. 1) iron :—Clyde, 62s.; Calder and Gart- 
sherrie, 62s. 6d.; Summerlee, 63s. 6d.; Langloan, 64s.; and 
Coltness, 80s. (all a at Glasgow); Glengarnock (at 
Ardrossan), 63s. 6d.; Shotts (at Leith), 62s. 6d.; and Carron 
(at Grangemouth), 64s. 


Sulphate of Ammonia.— The sulphate of ammonia 
market continues to exhibit a fairly strong tone, and 
there is stilla good demand. The current quotation is 
about 12/. 10s. per ton for prompt business, Glasgow or 
Leith. The amount shipped from Leith Harbour last 
week was 1300 tons. 


Scotch Steel Trade.—The effect of the present trouble in 
the shipbuilding trade has now made itself felt in the 
Scotch steel industry, and specifications have become very 
searce. Of course, this is mainly in heavy material for 
the home market, but makers Bot lately received an 
important inquiry for some lots of both ship and boiler- 
plates for export, and it is fully anticipated that the latter 

rt of the order at least may be placed locally. Inquiries 

or angles are on the ‘small side, but the demand from 
abroad—the Colonies and the Far East—for the lighter 
qualities of steel is exceedingly good. There has been no 
falling off in the demand for almost all kinds of structural 
steel sections for shipment, and, with buyers pressing for 
delivery, the makers are being kept actively employed. 
Prices remain firm all round. 


Malleable-Iron Trade.—The malleable-iron makers in 
the West of Scotland are again suffering from a scarcity 
of specifications, due principally to the present condition 
of the shipbuilding industry. Regular employment 1s 
not assured until the lock-out ceases and peace is restored, 
but after that the prospects would seem to be fairly good. 


Scotch Pig-Ircn Tradc.—A somewhat easier demand at 

resent prevails for the ordinary brands of Scotch pig iron 
be local requirements. All the same, some booking has 
taken place for the last three months of this year. 
Business with the South continues fair, and the export 
trade is satisfactory. Hematite is in poor demand, and 
the price is barely steady in the neighbourhood of 67s. 6d. 
per ton. 








Contracts.—The Lilleshall Company, Limited, Oaken- 

tes, Shropshire, have recently received an order for & 
arge Niirnberg gas-engine of 1700 brake horse-power, of 
their double-acting tandem type, from Messrs. Albright 
and Wilson, Limited, Oldbury, near Birmingham. ‘The 
engine is for use with producer-gas, and will be direct 
coupled to an alternating-current generator. 


Fie Prorecrion iy NorTuern Germany. — The 
British Fire-Prevention Committee, 8, Waterloc-place, 
Pall Mall, S.W., formed last year a special commission 
to take note of the fire-protective arrangements in Berlin, 
Hamburg, and Hanover. The report of the spe ial 
commission in question has now been issued by the com- 
mittee ; it gives a large amount of interesting informa- 
tion on the fire service of the three German towns visited. 
This report, a large octavo book of over 100 pages, con- 
taining 150 views, plans, and tracings, is available to 
the public. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheepbridge Coal and Iron.—A shrinkage in profits 
amounting to 20,0001. on the year is reported by the 
Sheepbridge Coal and Iron ey e balance for 
dividends, however, owing to a larger amount brought 
forward, is only 7000/. down, and 74 per cent. has been 
declared, the same as last year. ‘The profits of this com- 
pany are of very large dimensions, but they have fallen 
off considerably since the early years of the past decade. 
In 1901 they amounted to 247,900/. The decrease in this 
year’s profits is attributed to the low selling prices of coal 
and the unsatisfactory position of the iron trade. 


French Import Regulations.— Added to the considerable 
duties imposed by the new French tariff—twist-drills and 
tools of various kinds incurring an ad valorem tax of 10 
per cent.—Sheffield manufacturers are finding the new 
import regulations somewhat vexatious. According to a 
circular issued by the French Customs authorities, im- 
yorters must produce the original invoices vised by the 
French Consul or the Customs authorities of the country 
of production. Then the duty will be placed upon the 
net value of the goods, but, in spite of the importer’s 
declaration of this value, the Customs authorities claim 
the right to “‘ expertise ” if they think fit. 


South Yorkshire Coal Trade.—The steam-coal market is 
the centre of considerable activity just at present, and the 
Humber ports are taking large tonnages on export account, 
as well as for ordinary shipping requirements. The good 
outputs from pits are thus being fully taken up. Manuv- 
facturing hards show prospects of further improvemen 
and prices are firm. A few contracts have been quo 
at existing rates. Gas fuel meets with a steady inquiry, 
and the outgoing tonnage is of large dimensions. ard 
coal of other varieties and steam nuts are going away 
well, but slacks are still neglected. The local house-coal 
dépéts have been much busier during the week, and the 
advent of colder weather is having a very appreciable 
effect. London and the big towns are taking larger quan- 
tities, and all these factors have done much to improve 
the position at various collieries. Most of the local pits 
are on full time and have small stocks. Buyers at 
present have some advantage, as prices are very little 
altered. Latest quotations on "Change are :—Best S- 
ley, 11s. 9d.; Silkstone, 83. 9d. to 9s, 6d.; Yorkshire 
hards, 9s. 6d. to 10s.; Derbyshire hards, 8s. 3d. to 9s. 3d.; 
rough slacks, 5s. 6d. to 6s. 3d.; smalls, 1s. to 2s. 3d. 
per ton. 


Tron and Steel.—The tone of the iron and steel markets 
is not materially changed since last week. The slight 
weakening effect of the shipbuilding dispute appears to 
be somewhat intensified, but it has not yet become of 
serious consequence. lIron-buyers are not making a 
fresh demands, consequently the market is quiet, thoug’ 
fortunately fairly firm. There have been deliveries 
of pig iron, and prices generally are no weaker. The 
easier attitude in ard to the 1s. premium is being 
maintained by Lincolnshire makers, who are not insist- 
ing upon its retention in the case of la orders. 
There is a big local demand for billets. In the general 
steel trades the advancing improvement has extended 
to most of the branches, though, of course, there is 
just at present not much fresh business on shipbuild- 
ing account. There is the strongest hope, however, 
that this state of things will only be temporary, and apart 
from this the only real dissatisfaction in the heavy trades 
is on account of railway material. The armament and 
allied firms are very busy and better employed than ever 
since before the commencement of the depression. The 
local moulders’ dispute has been settled, and with the 
peaceful termination of other industrial disputes there 
would be nothing to hinder the winter’s prosperity, which 
isso far assured. Rolling-mills are well occupied, and 
there is good prospective work. Mining-steel is in ex- 
cellent demand, but there has been a weakening in the 
home market for tool-steel, partly accounted for by a re- 
duction in American orders. The home engineers, too, 
have not been making any extensive inquiries. There is 
a good demand in India for files, but the numbers being 
sold at home are small. Quantities of crucible steel are 
going out to Germany and America. Several Indian 
contracts for springs, wheels, and axles have been placed 


locally. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Considering the season of 
the year, exceptional quietness characterises the iron trade, 
for at this period a lot of buying to meet autumn require- 
ments is usually experienced. Just now, however, busi- 
hess is almost at a standstill, and so long as labour trouble 
continues, traders are not likely to operate beyond what 
1s necessary to satisfy early needs. At the same time 
there a general feeling of confidence in the early future, 
and this is emphasised by the fact that any inquiries on 
forward account elicit quotations above those ruling 

' early delivery. Production of pig iron continues 
xcessive, with the result that stocks of both Cleve- 
ind and hematite pig are accumulating. In addition 
to the iron in makers’ yards, the stocks of Cleveland pig 
in the warrant stores are this month increasing at the 
rate of over 600 tons og working day, and the stock held 
th re threatens shortly to reach 500,000 tons. Deliveries 
of pig, both to home and foreign customers, are on a fairly 
good scale. To date this month shipments of pig average 
a little over 3900 tons per working day. Values move 
- ry little. No.3 g.m.b. Cleveland pig is on sale at 


gu 


f 
€ 
} 

At 


3d, f.0.b., and that is regarded as the general market 
tation, although buyers endeavour to purchase at 





rather less. No. 1 continues very scarce, and is quoted 
at 52s. 6d. The other qualities are quiet but steady ; 
No. 4 foundry being 48s. 3d.; No. 4 forge, 48s. ; and 
mottled and white iron, each 47s. 6d. All the fore- 


higher. East Coast hematite pig is 
dull and slow of sale, notwithstanding the large output 
in the consuming industries. Nos. 1, 2, and 3 are on sale 
at 62s. 6d. There is not much actual business in forei 


going uotations are for early delivery, forward rates | 
ing 6d. to 


ore to report, but this week there has been a very sub- | 


stantial inquiry in the market for delivery over a term of 
ears. Values continue to be based on 20s. ex-ship Tees 
or Rubio of 50 per cent. quality. Coke is fairly plentif 
and average blast-furnace qualities rangé from 15s. 9d. 
16s. delivered here. 


Manufactured Iron and Steel.—The various branches 
of the manufactured iron and steel industries present 
few new features of moment. A large amount of work 
is being turned out, and many firms have contracts made 
which will keep them busily employed for some time, 
but the labour difficulties have pe buying for the 
time being. Quotations all round are well maintained. 
Common iron bars, are 7/.; best bars, 7/. 7s. 6d. 
bars, 7/. 15s. ; epee | iron, 5. 15s.; iron ship-plates, 
6l. 10s. ; iron ship-angles, 7/. ; iron ship-rivets, 7/. 7s. 6d. ; 


ul, 
to 


steel bars, 6/. 5s. ; steel ship-plates, 6/. 10s. ; steel ship- | 


angles, 6l. 2s. 6d.; steel strip, 67. 10s.; steel hoops, 
61. 12s. 6d. ; steel joists, 67. 2s. cast-iron railway chairs, 
31. 10d. to 3l. 12s. 6d. ; light iron rails, 6%. 10s. ; heavy 
steel rails, 5/. 10s. ; steel railway sleepers, 6/. 12s. 6d.; 
and iron and steel galvanised corrugated sheets, 11/. 10s. 
—sheets less 4 per cent. f.o.b., railway material net cash 
at works, and all other descriptions less 24 per cent. 


The New Ganges Bridge.—The Tees Bridge and Engi- 
neering Works, Middlesbrough, have just secured an 
important contract for the supply of the heavy steelwork 
in connection with the foundations of the new bridge 
which is to be built for the Eastern Bengal State Railway 
over the Ganges at Sara Ghat, 120 miles from Calcutta. 
The Middlesbrough firm’s contract amounts to about 
80,000/., and the total cost of the undertaking is estimated 
at 1,300,000. The bridge will consist of 15 spans, each 
360 ft. long, and will have a total length of 5610ft. The 
work of construction is expected to extend over a period 
of four or five years. The chief difficulty, from an engi- 
neering standpoint, is the great depth to which the 
foundations have to be sunk, the plans providing that 
each caisson shall be*sunk 150 ft. below the river- in 
order to guard against the deep scour of the Ganges. 


Twenty-Thousand-Volt Electrical Transmission.—Some 
important additions have recently been made to the 
20,000-volt electrical transmission system in the counties 
of Northumberland and Durham. At the Carville power- 
station of the Newcastle-upon-Tyne Electric Supply Com- 
pany, Limited, electrical energy is generated in the form 
of three-phase current at 5750 volts and stepped up to 
20,000 volts in the sub-station adjoining the power-house. 
From here it is carried by underground cables across the 
Tyne, in a tunnel recently constructed by the company, 
into County Durham, to the sub-station near Durham, 
where an overhead pole line commences. The recent ex- 
tensions at Carville consist of a new building, by Messrs. 
J. and W. Lowry, of Newcastle, of two floors, the dimen- 
sions being 32 ft. by 28 ft. high, which is an exact dupli- 
cate of the existing building. On the ground floor of 
this new building there have been installed two trans- 
formers with a capacity of 4000 horse-power each. In 
addition to being oil-cooled the transformers are also pro- 
vided with special water-cooling pipes passing through the 
oil, by means of which their output has been rai from 
2500 Laowetts to 3000 kilowatts each. The 6000-volt side 
of these transformers is fed direct from the switchboard 
in the power-station, while on the 20,000-volt side they 
are connected to a high-tension switchboard with four- 
feeder panels and two transformer panels. In addition 
to the installation of these two transformers, two con- 
verters of the same size, which are at present air-cooled 
and in the existing building, are being arranged to be 
water-cooled in the same way as the new ones, thus 
increasing their capacity also to 3000 kilovolt amperes 
each. The existing switchboard consists of two 20,000 
transformer panels and three 20,000 feeder panels, and 
the total capacity of the sub-station is now no less than 
12,000 kilowatts, being one of the largest high-pressure 
sub-stations in the country. The power, after being trans- 
formed up to 20,000 volts, is used in County Durham for 
supplying the Lambton and other collieries. A portion 
of the power is, however, transmitted northward for use 
in the pits in the Seaton Delaval area. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has been inactive, both 
buyers and sellers awaiting the outcome of threatened 
labour troubles. The best large has made 16s. to 16s. 3d. 
per ton, while secondary qualities have ranged from 14s. 6d. 
to 15s. 9d. per ton; cargo smalls have made 6s. 6d. to | 
7s. 3d. per ton. The best ordinary household coal has 
been quoted at 14s. 6d. to 16s. per ton. No. 3 Rhondda 
large _~ made 17s. to 17s. 3d. per ton; smalls, 9s. 6d. to 
9s. ‘ow ton. No. 2 Rhondda large has been quoted at 
10s. 9d. to 11s. 3d.; smalls at 7s. to 7s. 3d. per ton. | 
Foundry coke has realised 18s, to 20s., and furnace ditto | 
16s. 9d. to 17s. 3d. per ton. As regards iron ore, Rubio 
has been quoted at 19s. 3d. to 19s. 9d. per ton, upon a| 
basis of 50 per cent. of iron, and charges, including | 
freight, insurance, &c., to Cardiff or Newport. 

The Latest Destroyers.—The new 27-knot destroyers— 
Foxhound, Savage, and Wolverine—have excited con- | 
siderable interest at Devonport, where they have been | 
taking in ordnance stores preparatory to joining the first | 





; best best | 


| flotilla at the Nore. Their principal dimensions are :— 

Length, 240 ft.; beam, 25 ft. ; and displacement, 1000 
|tons. Their general characteristics are high freeboard 
| forward, with overhanging bows ; a large coal capacity— 
viz., 220 tons; an armament of one 4-in. (45 cwt.) and 
three 12-pounder quick-firing guns, all capable of being 
fought on either beam ; turbine machinery to drive three 
propellers; torpedo armament of two 21-in. weapons, 
capable of being discharged on either beam ; and electric 
search-light and wireless equipment. 


Aviation at Gloucester.—Messrs. Webb, Peet, and Co., 
of the Westgate Iron Works, Gloucester, have n 
engaged for some time in constructing an aeroplane 
rotary motor, for which they claim new special features 
and ——— Wings have been built up by a secret 
process to follow the curves of a sea gull. The weight of 
the machine is 900 1b. Messrs. Webb, Peet, and Co. are 
arranging for a flying-ground at Gloucester. 


The Mining Engineers. — The twenty-first annual 
gathering of the Institute of Mining Engineers was con- 
cluded at Nottingham on Friday. Cardiff was selected 
for the next annual meeting. 


Death of Mr. C. F. Hart.—By the death of Mr. Charles 
F. Hart, at the age of eighty-two, Devizes has lost one of 
its most respected residents, who some years ago took 
a prominent part in local railway development.’ Mr. Hart 
came to Devizes in 1857. The Great Western Company 
had laid down lines to Hungerford on one side of Devizes, 
and tu Holt on the other. en the Great Westein system 
was extended from Holt to Devizes, and Mr. Hart assisted 
in this work. Subsequently the Berks and Hants Exten- 
sion Railway Company was formed to link up Devizes 
with Hungerford, and when the line was conginted, Mr. 
Hart was offered the post of secretary, which position he 
held until the undertaking was bought up by the Great 
Western Company, when he was presented by the direc- 
tors with 500/. in recognition of his services. Mr. Hart 
was also promoted manager and engineer to the Kennet 
and Avon Canal, which has passed under the control of 
the Great Western Company. 


Devonport.—The lengthening of No. 4 dock and the 
formation of a new shallow-draught dock are making 

rogress in the south yafd at Devonport. In the case of 
No. 4 dock, blasting and excavating operations, which 
have been undertaken, have been completed, and building 
is now proceeding. When the improvements now in 
hand have been carried out, the capacity of the dock for 
dealing with destroyers will be practically doubled. 


eta Ry Severn.—At a meeting of surveyors at 
Newport, Mr. G. F. Grimwood, borough engineer at Mon- 
mouth, mentioned a possible scheme for a direct road 
communication between South Wales and the South of 
England, by the construction of a bridge across the 
Severn, from Beachley Point to Austcliffe, near the mouth 
of the Wye. The total distance across the water at low 
tide is undera mile. It was explained that the bridge 
would reduce the distance by 44 miles of a journey from 
Chepstow to Bristol, via Gloucester. 








LAUNCH OF THE FrReNcH Liner ‘“ France.” — The 
Société Anonyme des Chantier et Ateliers de St. Nazaire, 
Penhoét, launched on Tuesday last, the 20th inst., the 
liner France, which they are building for the Compagnie 
Générale Transatlantique. The new liner will be the 
most important unit in that company’s fleet, and the 
largest and fastest French liner. Her principal dimen- 
sions are the following :— 

Total length 


Breadth .. 
Depth of hold 


218m, (715 ft.) 
23 ,, (75 ft. 5 in.) 
16 ,, (52 ft. 6 in.) 


She is to have six decks ; her displacement will be 27,000 
tons, and her net tonnage 22,500. Her machinery will 
consist of Parsons turbines, driving four propellers. She 
will have accommodation for a total of 2000 passengers of 
all classes. Her wireless telegraphy installation is to be 
of the most powerful type. 


PERSONAL.—Messrs. Preece and Cardew, consulting 
engineers, 8, Queen Anne’s-gate, Westminster, S.W., 
have made arrangements for Messrs. J. F. C. Snell and 
S. 8. Moore Ede to join them on October 1; and Mr. J. H. 
Woodward, who has been on their staff for the past 
twelve years, will also become a partner. The partners 
will be Sir W. H. Preece, K.C.B., F.R.S.; Mr. A. H. 
Preece, M. Inst. C.E.; Mr. J. F. C. Snell, M. Inst. C.E.; 
Mr. Llewellyn Preece, M. Inst. C.E.; Mr. J. H. Wood- 
ward, Assoc. M. Inst. C.E. ; and Mr. 8. 8S. Moore Ede, 
Assoc. M. Inst. C.E. The name of the new firm will be 
Preece, Cardew, and Snell, and the offices will remain at 
the above address (No. 8, Queen Anne’s-gate, 8S. W.).—We 
are informed by the Midland Manufacturing Company, 
Limited, that they have closed their London agency, 

reviously held by Messrs. Lawler and Muirhead, 3%, 
Cinecteath, E.C., and pro to work their London 
business direct from their offices at Celtic Works, Savile- 
street East, Sheffield, which is now their only tal 
address.—Mr. Herbert Measures, iron and tok ome 
tractor and engineer, will remove on the 27th inst. 
to 110, Cannon-street, E.C.—Messrs. Croft and Perkins, 
Limited, power-transmission engineers, Bradford, Yorks, 
have appointed Messrs. Frank R. Cerrito and Co., Ex- 
change-buildings, Stephenson-place, Birmingham, their 
agents for Warwickshire, Staffordshire, Worcestershire, 
and Shropshire.—Messrs. Manzel Brothers Company, 
Buffalo, N.Y., have arranged with the British oneal 
Oil-Pump Company, Carlisle, to represent them in this 
country, the term of the former agency, entrusted to 
Messrs. Rimington Brothers, Carlisle, having expired. 
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THE LATE MR. GEORGE HOWELL. 


Tue death of Mr. George Howell removes a labour 
leader of the best type, and one whose loss is of some 
significance at this time of great labour unrest. Cer- 
tainly, Mr. Howell was an old man, whose work might 
well be said to be done, but it is impossible not to feel 
that the removal of his strong individuality, working 
always for moderation and fairness, is at the present 
time a very distinct loss. By birth and up-bringing 
Mr. Howell belonged to the working classes, and he 

ractically devoted his long life to the organisation of 
abour and the improvement of the status of the 
worker. He was at all times an ardent student of 
labour conditions and movements, and was, through- 
out his working life, so closely in touch with the more 
important labour organisations that he spoke and 
wrote with much authority on the labour aspects of 
all industrial questions. The breadth of his know- 
ledge of such matters, and the range of his interests 
over them, were well exhibited in the ‘ Industrial 
Notes” which he contributed to our columns for more 
than twenty-one years. 

George Howell was born in 1833, at Wrington, in 
Somersetshire. His parents belonged to the working 


classes, and he received but little early education, 
although he took advantage of every opportunity that 
arose to increase the extent of his reading. He came 
to London in 1851, and, while working as a brick- 
layer for ten hours a day, took up the study of history, 
political economy, and labour questions. In 1860, on 
the formation of the London Trades Council, he was 
appointed its first secretary, while in 1868 he was 
chosen secretary of the first Trades Union Congress, 
held in Manchester. He was also secretary of the 
Reform League from 1864 to 1869. In 1885 he was 
elected to Parliament as Labour-Radical member for 
North-East Bethnal Green, which constituency he 
represented until 1895. In the House of Commons 
he was associated with the passing of several labour 
and trade-union Bills. 

Although Mr. Howell was so closely connected 
with the early history of trade unionism in this coun- 
try, he in later years found himself falling somewhat 
out of sympathy with its developing aims and methods. 
He particularly ee to movements which tended 
in the direction of mere political activity, holding 
that these weakened the unions in the —— work 
for which they so largely existed. e was opposed 
to State aid and regulation in many directions, and 
disapproved the establishment of labour exchanges, 
and the enactment of an eight-hours day for miners. 
Mr. Howell was much esteemed by political friends 
and foes alike, and in 1897 a public subscription of 
over 1500/. was raised in order to purchase an annuity 
for him. He was also in later years in receipt of a 
Civil List pension of 50/. a .rear. In addition to the 
work that he did for us, Mr. Howell wrote several 
books, of which the most successful was his ‘‘ Handy- 
Book of the Labour Laws,” which ran through several 
editions. Mr. Howell was troubled by failing eye- 
sight in later years and showed signs of failin th 
in the summer of this year. He died at his Somes at 
Shepherd’s Bush on the 17th inst. 








Tue Late Mr. Owen A. Bopiey.—We have to record 
the death of Mr. Owen A. Bodley, which occurred on 
Wednesday, September 14. The deceased was the 
senior in the firm of Bodley Brothers and Co., Old Quay 
Foundry, Commercial-road, Exeter, He was 75 years 


of age, 


THE SUBMARINE “D1,” WITH WIRELESS INSTALLATION. 





IF 


‘ 





ABOVE we give an illustration, reproduced from a 
photograph by Mr. Stephen Cribb, Southsea, of an 
interesting development, consisting of the adaptation 
of wireless telegraphy to submarine work. The sub- 
marine shown is the British submarine D1, the 
largest in His Majesty’s Navy. Experiments have 
recently been consenttaly carried out with this vessel 
in Torbay, the cruiser Bonaventure establishing and 
maintaining communication with the D1 when sub- 
merged. The D1 replied from below the surface. 
The installation was tested when the submarine was 
submerged to a depth just sufficient to keep above 
water the periscope, which is seen half-way up the 
mast in the above illustration. The possibilities of 
such a development are considerable, as not only could 
the actions of submarines be directed by these means 
from larger vessels, but a flotilla of submarines will be 
able to use the system for the purpose of communicat- 
ing among themselves when submerged, their value 
in naval warfare being thus considerably improved. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 14. 
THE feature of the iron and steel market is that 
purchasers are limiting their orders to what they 
actually need. Ordinarily at this time many orders 
cover material for work not yet secured. The only 


dure is that users of iron and steel are less confident of 
the amount of work coming, that the mills will be 
able to fill orders as received, and that prices are not 
likely to advance. This condition is shown in the fact 
that the unfilled orders of the United States Steel 
i Corporation on August 3] amounted to 3,537,128 tons 





explanation that can be given for this cautious proce- 





— 











—a falling-off in one month of upwards of 400,000 
tons. It is seldom that so much hesitancy is shown 
in forward buying with prices so low as at the 
present time. There are signs of increasing surplus 
capacity in both crude and finished steel. One source 
of dissatisfaction arises out of the popular desire for 
another tariff revision. The State elections just held 
show a strong leaning in the direction of revision, and 
other measures of popular interest. The entire industry 
seems to be at a standstill so far as providing for the 
future is concerned. In consequence of the general dul- 
ness coke production has been curtailed 10,000 tons per 
week at the United States Corporation ovens. Coke 
is offered to buyers at 1.60 dol., which is about net 
cost. Nothing but the firm assurance that a heavy con- 
sumptive demand will sooner or later present itself 
preserves prices where they are. The uncertainty 
concerning the granting to the railroads the right 
to advance prices is certainly at the bottom of 
much unrest among railroad people. Despite dul- 
ness, a number of important orders are hanging 
fire, and only a slight difference separates sellers 
and buyers. All things considered, the movement 
of iron and steel is normal, but is characterised 
with caution. Orders for 35,000 tons of pipe came 
this week from Oklahoma, where oil developments are 
of considerable magnitude. The canners have been 
heavy purchasers of supplies, partly because of the 
high prices of meats, which have developed an unusual 
demand for canned goods. Just at present strony 
efforts are being made to land a few large steel rai! 
orders for export. The rail industry has been dragging, 
particularly in Pennsylvania rail-mills. Engineering 
plants have been picking up business since the first o! 
the month, and the great electrical plants are quite busy. 
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INDUSTRIAL NOTES. 


Sixce our last issue a change has come over the 
situation in the cotton trade. It was well known when 
last we wrote that things were in a critical condition, 
for the men were in a very defiant attitude. The 
cloud, which first appeared at the Fern Mill, at Shaw, 
near Oldham, has grown rapidly, and now promises to 
bring about serious loss to both masters and men. As 
has been previously explained, the difficulty arose owing 
to the failure of the masters and men to come to an 
understanding about arbitration. The masters have 

roposed arbitration, but the men will have none of it. 
The consequence is that, at a largely-attended terre | 
held in Manchester last Monday, the employers decide 
to declare a general lock-out, to begin on October 1. 
The masters do not claim to be infallible, and their 
reading of the Brookland Agreement may be ditferent 
from that of the men, but they have certainly shown 
that they are desirous of avoiding strife, for on three 
occasions they have agreed to submit the point as to 
the reading of the agreement to arbitration, and were 
quite willing to abide by the decision. Having done 
this, and their offer having been refused, the responsi- 
bility for all the misery and bitterness that is likely 
to follow belongs to the men. The exact wording of 
the resolution passed at the meeting is as follows :— 
“That in the event of the Fern Mill dispute not being 
previously settled, and the instructions given by the 
Card-Room Amalgamation to the grinders at the Rut- 
land Spinning Company not being withdrawn, this 
meeting of members approves and adopts the recom- 
mendations of the general committee, that all federa- 
tion mills be closed, until further notice, at noon on 
Saturday, October 1.” 

The feeling amongst the employers is that they are 
in danger of losing the mastership of their own 
mills, and that if they are to have any voice in the 
management of their own affairs, they must now make 
a decided stand. In this view they must, we think, 
hive the mer pe of all fair-minded people. The 
workpeople, of course, have their rights, w ich must 
be respected, as well as those of the masters; but 
in the advocacy of what they choose to call their rights 
the men are apt to shut their eyes to the fact that con- 
sideration is just as much due to others as to them- 
selves. Surely the man who risks his capital and 
reputation in a business has, to say the least, the per- 
fect right tomanage that business as he thinks best, and, 
indeed, the master cotton-spinners will deserve little 
sympathy if they allow the management of their card- 
rooms to be taken from them. It is only another indi- 
cation of how far the ideas of the men will in these 
days carry them under the socialistic influences that are 
abroad when they dispute this simple axiom of elemen- 
tary justice. The struggle will, it is thought by 
some people, be a long one; but, however long, it is 
to be hoped that it will prove a salutary lesson to the 
men who have caused it by refusing conciliatory 
methods and arbitration. 

The decision of the employers immediately affects 
about 700 mills and 150,000 operatives, in addi- 
tion to which the interests of about 350,000 other 
operatives are involved, for the whole trade will be 
brought to a standstill by the stoppage of the spinning- 
mills. The decision does not appear to have cau 
any surprise among the operatives, and the trade-union 
leaders are not at all sanguine as to mediation. They 
are, in consequence, preparing for a bitter struggle. 
The only hope of a peaceful solution seems to lie in the 
fact that the card-room workers’ officials have decided 
to call a meeting of their executive, when the 
employers’ demand for arbitration will again come 
before them. Their decision with regard to it will be 
awaited with much interest. 





The South Wales coalfield dispute underwent 
another change on Monday, for of the 12,000 men who 
had decided on Sunday to strike, 9000 of them came 
to the conclusion to resunge work on Tuesday. This 
change appears to have been due to a misunderstandin 
at the meeting on Sunday, owing to a number of nava 
coal-workers, who were already on strike, voting in 
favour of the resolution to stop work. Some outsiders, 
who took part in the voting, appear also to have upset 
calculations. In the face of these facts there is a more 
hopeful tone with regard to the matter, and it is 
thought that the trouble may be settled amicably. 





The executive council of the Boilermaker’ Society met 
at Newcastle on Monday last and decided to pay lock- 
out members benefit at the rate of ten shillings per 
week per member. The payment is to be retrospective, 
” that - sovereign is the amount to which each man 
8 entitled, 
20,000 men, 

Another meeting between the men’s representatives 
and tie employers took place at Edinburgh on Wednes- 
day, in the hope of finding some means of settling the 
ock-out, and, simultaneously with this, another petty 
Sectional strike took place at Jarrow in Palmer's 
shipyard. This involves 1500 men, and has been 
caused by the introduction of a new system of time- 


The allowance will be received by about 


keeping, which is objected to by the men. The trade 
union officials strongly advised a return to work, 
but the majority of the men declined to follow this 
advice, and a ballot took place in the evening. The 
result of this was that, by a small majority, the men 
were in favour of returning to work, but it is stated 
that they will return — under protest. Only slow 
ry enw was made on Wednesday at the conference 
at Edinburgh. Seventy delegates attended—49 from 
the men and 21 from the employers. At about 
6 o’clock the meeting was adjourned. 

It is tolerably certain that the price of cotton will for 
some time remain high, for the American cotton crop last 
year amounted to only 10,610,000 bales, and the total 
supply to this country amounted to only 1,741,000 
bales, whereas last season the total supply (visible and 
at the mills) amounted to 3,199,000 bales. 
ence points to the need for an early supply of cotton 
from America. Matters would have been still worse had 
it not been for the high price of cotton, which naturally 
checked consumption. There does not, however, 
appear to be any prospect of a yield sufficient to 
restore stocks to the normal level. The exports to 
Great Britain have been smaller than any during the 

st ten seasons, amounting only to 2,430,000 bales. 

uch less was also received by the Continent than for 
many years past. America took about 42 per cent. of 
the total crop ; Great Britain, 23 per cent. ; France, 
8 per cent. ; while the remaining 23 per cent. went to 
the Continent. 





According to the Board of Trade Labour Gazette, 
the total number of workpeople on the registers of 
111 labour exchanges was 79,829 at the end of August; 
and at the end of July the corresponding number was 
72,670. During August the total number of applica- 
tions received was 124,085, as compared with 117,580 
during July. It has been reported by a large number 
of applicants that they have obtained employment 
otherwise than rretiow: 5 the exchan In August 
the number of vacancies filled was 31,257, as compared 
with 33,813 in July. In the July figures were included 
3732 fruit-pickers, and 804 temporary vacancies filled 
at Liverpool in connection with the Royal Agricultural 
Show. The number of fruit-pickers who obtained 
employment through theexchanges in August was 2022. 
The number of vacancies filled in July, if the seasonal 
cuployment is deducted, was 29,277, or 1230 per day, 
and in August 29,235, or 1271 perday. There arein all 
at the present time, ‘or at the time of the publication 


of the figures, 127 exchanges. The number of appli- | g00d 


cants remaining on the register at the close of August 
was 79,829, of whom 59,386 were men, 5803 boys, 
11,653 women, and 2987 girls. Occupations employ- 
ing men for the conveyance of goods, messages, &c., 
seem to contain the greatest number of unemployed, 
the figures reaching 14,277; metals, machines, imple- 
ments, and conveyances, 10,884 ; buildings and works 
of construction, 8622 ; general labourers, 9016 ; while 
others numbered 5606. 





Efforts have been made ‘by the secretary of the 
Chain Manufacturers’ Association in order to show 
how far the employers have endeavoured to carry out 
the promise made by them at the conference held on 
the 2nd inst. He has secured as many of the signa- 
tures of both associated and unassociated employers to 
what is known as the ‘‘ white list” in the chain trade. 
This is a formal consent to be bound by the minimum 
rates until they are enforced after the expiration of 
the six months’ notice. Notices signed by twenty-two 
associated employers were sent to the Board of Trade, 
as well as some signed by unassociated employers. The 
forms have, in some cases, been signed by employers 
who have no dealings with the class of chain in ques- 
tion, but who have attached their signatures in order 
to show their sympathy with the workers. There are 
about forty members in the Manufacturers’ Associa- 
tion, and all of them who deal with the class of chain 
in question have signed the notices. It is the wish of 
the association to end the dispute as soon as possible. 
Much satisfaction appears to be felt by the women at 
the action of the Manufacturers’ Association, and it is 
thought that if the middlemen can be dealt with in a 
similar way, the struggle will soon be at an end. 


According to the Liverpool Courier the Lancashire 
miners, in order to solve the difficulty raised by the 
Osborne judgment, intend to form a political associa- 
tion under the title of ‘‘ The Lancashire and Cheshire 
Miners’ Political Association.” The subscription to 
this new association will be Is. per annum, and the 
income obtained will be utilised in a similar way to 
the compulsory levy. In other words, it will under- 
take the political work through a —_ political 
organisation, which will be free from the hampering 
effect of the Osborne judgment. The project is suffi- 
ciently advanced to be put into immediate operation. 








Anyone wishing to send representatives to Norway 
with a view of doing business should be careful, Mr. 





Gray, the Consul at Bergen, says, to attend to an item 


This differ- | f, 


in Norwegian law relating to the subject. This law 
makes it illegal for foreign commercial travellers, even 
when provided with a traveller’s license, to offer goods 


for sale to private customers. They can only offer 
their goods ‘‘ to merchants for other tradespeople for 
their retail trade or use as implements and raw 
material in their way of business.” Wine merchants, 
tailors, and others, who tout in person for orders from 
private customers, are particularly affected by this 
law, but it does not seem to prohibit applying for 
orders by post. 

Openings for trade in the Bergen district appear 
generally to be of so temporary a character that their 
mention in detail would be of little practical use. They 
include a few local municipal contracts for coal, as 
well as openings that may sometimes arise owing to the 
development of mining deposits or the starting of new 
actories. 

Writing from Rosario, in Argentina, Mr. Mallet, 
the British Consul, reports a year of prosperity. 
Touching British imports, he states that up to the 
present the United Kingdom has been at the head in 
sending supplies to that district of Argentina, although 
foreign competiters are slowly increasing their trade 
in some directions. The er of foreign travelling 
agents who visit the neighbourhood is noticeable, an 
owing to their careful methods and their study of the 
requirements of the people they are enabled to obtain 
large and profitable orders. The Cohsul states, for the 
benefit of British exporting firms who may desire to do 
business with the country, that the more important 
firms have no time to attend to the large number of 
trade letters and circulars they receive from abroad 
by every post. Competition is very keen, and the 
foreign agents are always on the watch to meet 
requirements, the result being that merchants fre- 
— prefer to deal with these men rather than 
with British, on account of the saving of trouble 
secured thereby. It is necessary to. get into direct 
touch with local buyers in order to obtain profitable 
results. A very important point is that, when orders 
have been obtained, there should be no uncertainty as 
to the article supplied being strictly of the class and 


quality uired. Agricultural requirements, on 
_ age of their importance, are being strictly looked 
after. 


Coal, wire for fencing, corrugated iron, hard- 
ware, cement, paints and vesulohen, agricultural 
machinery and implements, electrical fittings, whisky, 
drugs, crockery, material for —w iron “girders 
used in buildings, stationery, oils, lumber, twine, dry 
s, tinned provisions, &c., are some of the more 
important items of merchandise likely to be required. 








Turrp-Ciass SLREPING-CAkS ON THE SwepisH State 
Rai.ways.—This autumn third-class sleeping-cars will be 
introduced on the Stockholm-Malmé service, and the fee 
has been fixed at 2.50 kr. (2s. 9d.), although it is thought 
that it ought to have been put somewhat higher. There 
are six berths in three stories in each compartment, and 
the equipment consists of a mattress, a blanket, and a 
pillow slip, but with no sheet. 





Gotp In Norway. — Investigations carried on this 
summer in the Gorsejokk—an auxiliary to the Tana River, 
in Northern Norway—are understood to have proved the 
existence of considerable quantities in the river bed and 
near it. The gold-carrying strata extend over some 
5 miles, and the natural conditions are favourable for 
extensive summer working. An expert from Alaska is 
expected at the place. 





THE AccripENT AT LARTINGTON ON THE NorTH-EASTERN 
Rattway.—The report by Lieut.-Colonel P. G. von 
Donop to the Board of Trade on a slight accident which 
occurred on the’ North-Eastern Railway on July 29 has 
been issued during the week. The mishap occurred to a 

senger train running between Darlington and Tebay. 

is train was provided with a banking engine between 
Barnard Castle and Summit, but somehow between 
Barnard Castle and Lartington the banking engine 
became detached, and when the train was drawing up at 
the latter place there was a slight collision between it and 
the following engine. The speed of the engine at the 
time was about 4 or 5 miles an hour, and since the train 
and engine could not have become widely separated, as 
the guard was under the impression that the engine was 
coupled up, as was also the driver, until immediately 
before the stop, the impact cannot have been a severe 
one. It was, fortunately, the cause of no serious injury 
to passengers, and only caused damage to the extent of 
two broken windows in the guard’s van. The evidence 
throws little light on the cause of the accident, as the 
peggy at Barnard Castle was attended to carefully 
as far as may be judged, though the inspector appears 
to think that the actual cause lay in this direction. 
The inspector, in his conclusions however, goes further, 
and makes this mishap und for recommending the 
suppression of a practice which is fairly widely adopted in 
railway working. There is little doubt that, if properly 
managed, no danger need arise from the practice of assist- 
ing on steep grades with an engine at the back end of the 
train, while this system enables a considerable saving of 
time to be made over others, and is more economical. e 
very inconclusive evidence adduced at this inquiry seems 
scarcely to warrant the sweeping condemnation of the 





practice as a whole. 
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METALLOGRAPHY AS AN AID TO THE 
BRASS-FOUNDER.* 


By H. 8S. Primrost, Metallurgist to Messrs. G. and J. 
Weir, Limited, Cathcart. 


PracticaL metallography, although not yet raised to 
the status of an exact art, is gradually coming to be 
regarded as a valuable aid to the chemist in a well- 
equipped works making non-ferrous alloys. The micro- 
scopical investigation of the structure of alloys is largely 
superseding the method of judging quality by fracture, 
and is undoubtedly a more certain guide to the foundry- 
man who wishes to escape the repetition of serious failures 
due to causes other than change of chemical composition. 

The text-books dealing with the subject mostly take up 
the theoretical side of the constitution of the alloys, many 
of which have little or no practical or industrial value ; 
and those which do not fall into this category are usually 
only given as examples of good or selected specimens. 
Thus metallography, as applied to the needs of the brass 
or bronze-founder, still lacks the needed degree of stan- 
dardisation, and the object of this paper is to discuss 
some outstanding cases met with in a large workshop 

ractice, in which the pathological examination of a few 


tinting has been coming into vogue. This treatment 
| attacks the various constituents at different rates, and the 
process must be stopped immediately the mirror brightness 
of the surface has on destroyed. This often distinctly 
shows the orientation of the crystals to the naked eye, 
but when this is not the case, a low magnification of 20 or 
30 diameters, using oblique illumination, will almost 
surely do so, Sometimes this orientation is also visible 
by vertical illumination, and is shown in Fig. 2, Plate 
XXXVII. The most definite results are, however, ob- 
tained by vertical illumination, which is got by a small 
reflector placed in the tube of the microscope, which, for 
| ordinary work, may be of quite cheap construction, as the 
magnifications usually employed are oo If photographic 
records are desired to be kept, or when special investiga- 
tion is required, it is usually advisable to employ a more 
scientific instrument, such as the Rosenhain metallurgical 
microscope, made by Messrs. Beck, of London. The 
difficulty of photographing is not great, as all the neces- 
sary lenses are present in the microscope combination, 
camera bellows only being required. In this case it is 
found best to examine the projection of the specimen on 
the screen rather than the optical image, and whilst the 
etching colorations give a better idea than a photograph, 
the latter is permanent, and can be subsequently 





ailures and defective gun-metal castings has been not 


Bronze Casting. MAaGNiFigp 


24 DIAMETERS. 


Fie. 13. 


only instructive, but of considerable utility in discoverin 
what faults to avoid, more particularly when chemica 
analysis afforded no clue. 

The usual standard to which most foundries have to | 
work is governed by rigid specification of the tensile | 
strength and elongation of test-bars from the ee | 
produced, and whilst this method affords a valuable | 
check upon the acceptance of faulty workmanship, failure | 
generally results in throwing the onus on to the metal ; | 
but most cases of microscopic examination reveal the fact | 
that structural deficiencies are to blame. The ultimate | 
strength and degree of elongation which a metal pos- 
sesses depends entirely on the nature of the crystalline 
arrangement, and this, in turn, depends upon the rate of 
soliditication, as also toa less extent on the rate of cooling 
after solidification. For each metal or alloy there is a 
certain size and arrangement of crystal grain which gives 
maximum strength and durabilit If this be exceeded, 
then there is not sufficient interlocking of the crystals, 
and thus large cleavage planes are formed; but if the 
crystal grain be too small, the interlocking may be so 
minute as to be almost valueless, 

As the appearance of a fracture depends largely on the 
way it is made, its practical value is very limited. If the 
structure is macroscopic and visible to the naked eye, it 
usually indicates a too coarsely crystalline structure, or 
that the specimen has been broken hot, as is shown in 
Fig. 1, Plate XXX VII.,.which represents the holocrystal- 
line structure of a gate of a gun-metal casting re uced 





| 


four-fifths natural size. When the structure is of fine grain | 
a hand magnifier may be used, but this reveals nothing of | 


the real or internal structure, for investigating which a 
microscope must be employed. To avoid the difficulty of 
focussing even the smoothest parts of the fracture, it is 
necessary to prepare a plane surface of the metal, and this | 
is done i. polishing. Care must, of course, be taken to | 
ensure that the polished surface is kept perfectly level, and 

‘*hog-backing” especially should be avoided. File-marks 

and scratches are removed by application of successively | 
finer emery papers, but nost copper rich alloys are 80 | 
excessively soft that even the finest ‘‘000” French emery | 
paper and the most delicate touch will leave markings | 
which will obscure the structure. The excessive precautions | 
recommended for the final polishing of specimens intended | 
for research work are not always necessary for workshop | 
practice, or as a foundry check. A quite satisfactory 
final polish can be imparted by the use of a “‘Selvyt” 
cloth, stretched upon a polishing disc, moistened with water 
carrying a small amount of diamantine polishing powder in 
suspension. The development of the structure is variously 
accomplished, but the structure is most usually revealed by 
etching with alcoholic solution of ferric chloride, copper 
ammonium chleride, &c., and recently heat or oxidation 
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| in Fig. 3, Plate X XX VII., which is the photo-mic 
| of a test-bar from a casting poured at 1100 deg. Cent., 
| and slowly cooled. A similar bar cast at a much lower 


referred to. 
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The photo-micrographs of gun-metal specimens repro- 
duced in Plate XX XVII. and herewith are all taken 
from test-bars which were attached to actual castings, 
and subjected to tension to determine tensile strength 
and elongation. The composition of the specimens 
is that of the usual Admiralty gun - metal — viz., 88 
per cent. copper, 10 per cent. tin, and 2 per cent. 
zinc. The castings were made in dry sand-moulds, and, 
as seesty as possible, all under the same conditions of 
cooling. 

With gun-metal castings the temperature of pouring 
has a great influence on the strength of the finished cast- 
ings. The chief cause for the differences which exist in 
the quality of the metal is the different rates of as 
aut lesealag. In the case of the pouring being at a hig 
temperature, just before freezing commences, the sand of 
the mould becomes highly heated, and so the freezing of 
the metal is slower than when the metal is not so hot at 
first, and hence the crystals have time to grow, and form 
a good strong interlocking structure. This is well — 
rap 


solution, with no well-defined structure, which is seen to 
be unresolved by the higher magnification of 150 dia. 
meters in Fig. 4, Plate XXX VIL The differences jin 
the tensile strength and elongation of the two pieces js 
also very well marked, showing the difference in str: ngth 
of the two pieces of metal. 

_ As the two casts are of practically the same composi- 
tion, it follows that the variation in the temperature of 
casting, and hence the consequent rate of cooling, has 
had a very distinct effect in the structure or crystalline 
formation of the metal. In castings which have to stand 
the test of a high-water pressure, the interlaced type of 
structure is important, so that the temperature of 
pouringsuch castings has to be carefully watched. If 
it be too low when run, the resulting casting will be 
porous and weak, and will not stand even a moderate 
pressure of, say, 80 to 100 pounds per square inch, instead 
of the necessary pressure of 700 poundsand upwards. The 
reason for this 1s obvious from a consideration of the 
micro-structure, as the interstices of the light-coloured 
copper-rich ground mass (Fig. 3) have been filled in with 
small land-locked seas of eutectic, and thus soundness 
results ; but with the quick uniform contraction of the 
solid solution, intercrystalline pores have been developed, 
and show as microscopic holes throughout the poor metal 
(Fig. 4). Following on this, it would appear that to get 
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the same quite in all castings, the metal for large and 
thick castings should not be so highly heated when cast 
as that which is used for much thinner work. Thus the 
casting temperature of gun-metal is not a constant, but 
must necessarily vary with the weight of the casting, as 
well as its internal and external form and the number of 
branches, arms, and projectin rts on the casting. Now 
if the founder is careful, an , oa this fact in mind, 
many difficulties can be overcome by arranging his moulds, 
of dissimilar castings, so that those of a light nature are 
cast first with hot metal. It is evident that by using a 
ladle a great variety of casting temperatures can be got, 
and occasional pauses may be made between some of the 
moulds if the temperature is too high for the nature of 
the work. 

Excessively rapid cooling has the effect of rendering 
gun-metal very brittle and almost steel-like in appearance 
and hardness. A sample quenched from just below solidi- 
fication point evinced a very marked change in structure, 
as shown in Fig. 5, Plate XX XVII., and this required 
a high magnification (240 diameters) to show the copper 
separated in almost pure crystallites, surrounded by a 
ground mass of eutectic which is of a hard brittle, nature. 

The existence of blow-holes in gun-metal weakens the 
castings to a very considerable extent. The presence of 
the blow-holes may be due either to slight dampness in 
the mould when the metal is cast into it, or the gases 
which form these holes may be actually dissolved in the 
metal when it is cast. They are often a great source of 
trouble to the founder, casting after casting having to be 
scrapped on account of such holes, which usually do not 
show until the casting comes to be machined. They are 
often quite small, and, as shown in Fig. 6, they are 
unequally scattered through the field, and it can easily 
be understood how the tensile strength of the metal 1s 
reduced on account of these holes, even although the 
composition is perfectly correct and the metal has been 
properly melted. A microscopical examination is the 
surest way of ascertaining the cause of blow-holes. If 
these are clean and confined to the outer portion of the 
castings, they are certain to be due to the steam formed 
within the mould, in which case a simple re-melting brings 
the metal right. Fig. 7 shows some blow-holes near the 
side of a casting due to steam, and also how the internal 
structure has been altered by the too rapid cooling. Fig. 8, 
also on Plate XXXVII., shows the improved structure 
of the metal after re-melting. . 

pear dirty under 
Prittle material 1s 


More often the pin-holes in castings aj 
the microscope, and on polishing, some 
rubbed out, causing serious scratching of the surface. 
This is due to segregations of included oxides, eith«r of 





temperature (950 deg. Cent.) was cooled much more | 


tin or copper, which the small percentage of zinc has not 
been abie to remove. Under this condition re-meiting 1s 


: —_————— | quickly, and in this instance not only have the crystals ' of no avail unless with the aid of some deoxidising 
r read before the Institute of Metals at Glasgow- | been prevented from growing, but the constituents of | agent, such as ) 
|the metal have remained practically in a state of solid | need only be added in very small proportions, and \ 
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hosphor-tin or phosphor-copper. : : 
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TABLE OF ANALYSIS AND PHyYsIcAL PROPERTIES OF THE SPECIMENS ILLUSTRATED. 








Elonga- 





ANALYSIS, | | 
he, + tion per 
5 ). Material. Tensile “Cent. Remarks. Microstructure. 
. a Phos- | Strength. “on 
Copper. Tin. Zine. phorus. | 2 In. 
per cent per cent per cent! per cent/ tons per 
sq. in, 
1 |Gun-metal, gate..| 88 10 2 en ; Broken hot ‘ ..|Highly crystalline fracture 
> |Gun-metal, bar ..| 88 lw 2 | 18.6 24 Very good metal .| Well-defined orientation 
3 a se = 10 2 | 16.4 25 Good standard metal |Good crystalline structure 
4 os) ae 9.7 2.7 2 4.5 Poormetal .. ..|Very bad structure 
5 (chilled)..| 88 10 2 oe ‘x Sample from vent .| Brittle eutectic structure 
6 a bar ..| 8&8 10 2 9.8 3 Very weak metal .|Badly pitted structure 
7 a a «cl. oe 9.7 2.6 | - Very faulty metal d  ~ ~tern and blow- 
} oles 
8 is - 87.8 9.8 2.3 16 Good metal. No. 7 re-|Stronginterlocking structure 
melted 
9 |Phosphor-tin 10.25 ~ Tin, with phosphide of tin 
| crystals and eutectic 
10 |Phosphor-copper 9.78 | Phosphide of copper crys- 
| tals in copper phosphide 
eutectic 
11 |Gun-metal, bar .. 88 10 2 8.6 7.5 Burnt metal .|Poor metal, with oxide in- 
clusions. 
12 m = 88 10 2 Trace | 16.1 24 Very strong  metal./Excellent structure. 
| No. J1 re-melted 
13 | Bronze (cast) 88 12 ‘i | 12 5 Hard coinage metal ..|Good structure, but pitted. 
14 |Gun-metal, bar .. 87.8 9.8 2.3 16 19 Good casting metal ../ Very structure. 
Wb * ie a &8 9.8 2.1 134 12.5 Medium good metal ..|Insufficient interlocking. 
16 ‘i ae 88 10 2 9.5 5 Poor metal ..|Fine grain ; almost no inter- 
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of these is employed will depend on whether the copper 
or tin is deficient. ‘Their action is due to the phosphide 
attacking the dissolved oxides, reducing them to metal, 
and the phosphorus escapes as fentoxide. Figs. 9 and 10, 
Plate XXXVIL., show interesting photo-micrographs of 
10 per cent. phosphor-tin and phosphor-copper, illus- 
trating the structures of the two phosphides and the 
accompanying brittle eutectic. ae 

The test-bar, of which the photo-micrograph is given 
in Fig. 11, only withstood an ultimate stress of 8.6 
tons per square inch, and on microscopical examina- 
tion evinced several patches of very indefinite structure 

vitted with cavities in which oxide inclusions remained. 
This metal, on re-melting with about 0.5 per cent. of the 
phosphor: copper, gave a casting which stood over 16 tons 
per square inch, and showed 24 per cent. elongation on 
a 2-in. test-bar. This small quantity of phosphorus was 
evidently not only sufficient to remove the intermixed 
oxides, but also to leave a trace of phosphorus in the 
metal. This is indicated by the good structure shown in 
Fig. 12, Plate XXXVII., the higher magnification of 
which shows the increased ee ne of separated eutectic 
due to the small amount of phosphorus present. 

It is not often that gun-metal is cast from large furnaces 
or ladles, but when this is done in large workshop practice 
special precautions must be taken to ensure the uniformity 
of the metal from beginning to end of the cast. re- 
gation does not so readily take place, but with a great 
weight of metal in the ladle some scum and dirt is apt to 
be intermixed ; the removal of this is somewhat trouble- 
some, even with stirring and the addition of deoxidisers, 
unless a billet of green-wcod is used to agitate the metal. 
The stirring is sometimes done by a so-called ‘‘secret 
process,” which consists in stirring the metal with an iron 
rod to the end of which an ordinary raw potato is affixed. 

The heat-treatment of gun-metal is a subject which as 
yet has not been fully investigated, but the results got by 
M. Guillet and others on the heat-treatment of the copper- 
tin alloys show that, with the useful bronzes, profound 
changes are effected by varying temperatures of annealing 
and quenching. Now if gun-metal were subjected toa 
similar treatment, it is more than possible that equally 
remarkable changes would be got, and it is proposed to 
make this the po oe of a future paper. 

The constitution of the binary alloys of copper with tin 
and also with zinc, has been very thoroughly worked out, 
but there is still scope for useful research on their ternary 
alloys, especially in the region rich in copper. When one 
considers the large number of commercial alloys of this 
composition, it is surprising that no systematic investiga- 
tion has been made in rd to the strength and dura- 
bility of what Professor Thurston calls the “‘kalchoids.” 
The addition of zinc to ordinary bronze not only improves 
the colour, but makes the alloy cast much better. Without 
materially altering the structure, the zinc prevents the 
formation of a certain small amount of eutectic, and also 
acts as a deoxidising agent for any trace of copper, or tin, 
oxide dissolved in the metal. This is clearly demonstra 
by comparing Figs. 13 and 14, page 446, which proves 
how cavities can occur, in the segregated eutectic, from a 
bronze containing 88 per cent. copper and 12 per cent. tin 
(Fig. 13), whereas in the gun-metal with 2 per cent. of zinc 
alloyed to the 88 per cent. of copper and 10 per cent. of 
tin, these are entirely absent (Fig. 14). 

Whilst the pyrometer is of great service in determining 
the temperature of the metal before pouring, it is not 
racticable to take the rate of cooling of each casting. 
lence it often occurs that perfectly sound metal gives 
test bars which fall just short of the required strength, 
and the reagon for this is another point easily explained 
OY ‘he microscope. Fig. 15 shows quite a remarkable 
instance of the copper crystals having grown too rapidly 
in certain directions, and thus the required amount of 
intertwining has not been effected, with the result that 
the tensile strength is somewhat low. Fig. 16 shows a 
Pronounced case of rather fine-grained structure almost 
devoid of interlocking, which low tensile 
strength and elongation, also due to incorrect cooling of 
oe netal. It is likely that a suitable annealing would 
thave promoted diffusion and brought the strength of 
these two castings up to a very much higher standard. 
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In the examination of gun-metal test-pieces under the 
microscope, the comparison of the various structures shows 
very clearly the difference between the good and bad 
pieces. Whenever the structure is of a good interlocking 
crystalline type, as shown in Figs. 3, 8, and 12, the 
strength of the metal is always good, possessing a tensile 
strength of 15 tons per square inch and upwards with 
an elongation of 20 to 25 per cent. on 2in. On the other 
hand, whenever the structure appears as in Figs. 4, 6, 7, 
and 11, it is easily understood how the tensile strength 
comes to be low. In these latter cases the metal is 
weakened either by the presence of gas and the formation 
of blow-holes, or else the casting is devoid of the good 
crystalline arrangement which gives the metal its 
strength. 

This comparison very quickly enables the necessary 
experience to be acquired for determining the cause of the 
troublesome defects should such occur, and this is more 
than half the battle in the direction of putting things right 
again. Whilst there is still some controversy in regard 
to the interpretation of the results of the metallographic 
examination of certain of the bronze alloys, there need be 
little fear of dubiety in investigating any of the useful 
alloys from the pathological standpoint. Al of course, 
should always be taken to ensure the pre r sampling of 
the test-piece, avoiding any portion which has been sub- 
jected to undue stresses; but, on the other hand, the 
structure right at any point of failure may be examined 
with benefit, since it is through profiting by the investi- 
gation of faults that ultimate success is achieved. 

The author has to express his grateful acknowledgment 
to Messrs. G. and J. Weir, Limited, Cathcart, for their 
kind permission to publish these notes and the photo- 
micregraphs prepared in the course of their laboratory 
testing. 

The table above gives full particulars of the composi- 
tion and physical properties of the specimens illustrated 
by the photo-micrographs in the figures. 








THE HEAT-TREATMENT OF BRASS.* 
Experiments on 70 : 30 Alloy. 
By G. D. Beneouen, M.A., and O. F. Hupson, M. Sc. 

Objects. —The objects of the present investigation were: 

1. To study the effects of heat-treatment on rolled and 
drawn 70 : 30 brass of varying size of section and some- 
what varying character, as made by different manufac- 
turers. 

2. To throw some light on the question of ‘‘ burning.” 
For the pur of the preseat paper a sample of brass 
is considered to be burnt when its ductility, as measured 
by the percentage elongation, has been lowered by heat- 
treatment. 

Historical.—The most important researches on similar 
subjects have been carried out by Charpy, Grard, and 
Charpy’st work, which consisted of an investi- 
gation into the constitution, structure, and properties of 
alloys of copper and zinc, included a number of experiments 
on the effect of annealing on 70 : 30 brass. His results are 
given in Table I., page 449, and may be compared with 
those obtained by the authors. His conclusions on the 
question of burning were as follow :—(1) 70 : 30 brass, 
made from pure copper and pure zinc, was not burnt after 
annealing at 900 deg. Cent. (2) Ordinary 70 : 30 brass 
(0.15 per cent. tin and 0.2 per cent. lead) is burnt by 
heating to 800 deg. Cent. is results, however, were 
not very definite, and he only examined the question 
from the point of view of temperature. The authors, on 
the other d, have endeavoured to ascertain by what 
means the temperature has effected the deterioration in 
properties—whether by volatilisation of zinc, by excessive 
crystalline growth, or by mere loss of cohesion between 
the molecules at high temperatures, in which case perma- 
nent deterioration may result from careless handling. 





* Paper read before the Institute of Metals at Glasgow, 
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The influence of time has also been taken into 
account. 

Grard’s* experiments were mainly directed to ascer- 
taining, in a quantitative manner, the effect of work on 
a brass, and the exact temperature at which that effect 
was removed. With a constant annealing time of fifty 
minutes (using test-bars of 52 sq. mm. and 60s 7. mm. in 
cross section) the elastic limit was found to fall off very 
slightly up to 200 deg. Cent., then more rapidly to 300 deg. 
Cent., and beyond that temperature more slowly to 
825 deg. Cent., when it was very small. The beeakiog 
load was practically unaffected below 275 deg. Cent., but 
between 275 deg. Cent. and 300 deg. Cent. it fell off 
rapidly, and then more slowly to 900 deg. Cent. No 
effect was produced on the ductility, as measured by 
elongation, by annealing temperatures up to 250 deg. 
Cent. From 275 deg. Cent. to 300 deg. Cent. there was 
a rapid increase in the elongation, and from that tempe- 
rature a regular increase up to 825 deg. Cent., after which 
the elongation decreased as the annealing temperature 
became higher. Grard also investigated the effect of 
varying time of annealing for the lower temperatures, 
and found that at 300 deg. Cent one hour was required to 
produce any noticeable change in the strength on ductility, 
while at 400 deg. Cent. annealing for ten minutes was 
sufficient to produce a marked effect. For temperatures 
above about 500 deg. Cent. to about 650 deg. Cent. 
annealing for more than one hour had little further effect 
on the strength or ductility. Grard also examined the 
microstructures of the annealed bars, but his work throws 
little new light on the question of burning. 

Cubillot sets forth his experience as a manufacturer of 
brass for cartridge and other purposes, but gave no details 
of experimental results. is paper deals with effect 
rather than cause. 

Material used in the Present Rescarch.—A 3-in. round 
bar of ordinary high-grade 70 : 30 brass was supplied in 


the hard-rolled condition by a well-known firm. This bar 
was cut into test-pieces, lettered G, and may be taken as 
representing the ordinary 70 : 30 brass of commerce. Its 
analysis was as follows :— 
Per Cent 
Copper r _ 71 
Tin 0.02 
Lead 0.25 
Iron 0.2 


To compare with this, another bar of }-in. round hard- 
rolled 70 : 30 brass was supplied by another firm. This bar 
was cut into test-pieces lettered H B. Its analysis was 


as follows :— 
Per Cent. 
Copper 69.4 
Tin trace 
Lead 0.005 
Tron 0.15 


It will be noticed that this alloy is of unusual purity. 
The same firm also supplied to the authors a third bar, 
B, of similar material, having the following analysis :— 


Per Cent. 
Copper 69.7 
in trace 
Lead ne 
Iron 0.2 


This bar was 1 in. round, and was in a softer state than 
the others. It was mainly used for some experiments on 
the effect of prolonged annealing at high and other tem- 
peratures, 

All this material was such as is ee by the manu- 
facturers in the ordinary way of business to their 
customers. 

Scheme of Work.—The bars as received from the makers 
were cut into 9-in. lengths, turned into test-bars accord- 
ing to the accompanying sketch (Fig. 1), and heated in 
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electrically-heated tube-furnaces, the temperatures of 
which were ascertained and controlled by thermo-electric 
pyrometers. After annealing, the bars were withdrawn 
at a dull, red heat, cooled in air, and tested in the 
ordinary way. Before testing, a piece was cut from each 
test-bar for microscopic examination. With a view to 
ascertaining the influence of size of section, a hard- 
drawn } in. diameter wire of brass similar to bar G was 
annealed at the same time as the test-bars. Test-pieces 
of this wire were also heated in an electric resistance 
furnace to temperatures between 300 deg. and 600 deg. 
Cent., and tested while at these temperatures. Various 
subsidiary sets of experiments were also made, particu- 
larly on the question of ‘* burnt brass.” 


Errect oF ANNEALING TEMPERATURE. 


The results of the ordinary tensile tests on bars and wires 

annealed for half an hour are given in Tables II. to IV., 

e 449, and plotted graphically in Figs. 2 to 6, page 448. 
rn these results the following facts are evident :— 

1. Maximum Stress.—In all cases the maximum stress 
increases with rise in annealing temperature up to about 
300 deg. Cent. It then falls off rapidly to 500 deg. Cent. 
The HB bar evidently had received more work than the 
G bar or the wire, and in consequence there is a much 
greater numerical loss of strength between these tempera- 
tures. Nevertheless, for temperatures between 500 deg. 
and 800 deg. Cent., the strength of the H B test-bars 
is in all cases superior to that of the G bars, though 
the superiority gradually diminishes as the temperature 
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rises, and has disappeared at 850 deg. Cent. As 

the wire, the strength falls off uniformly from 500 deg. 
to 900 deg. Cent., and is, for all temperatures, less 
than that even of the G bars, the difference increasing as 
the temperature rises. It will be seen later that pro- 
longing the time of annealing has the effect of lowering 
the strength of a bar; it would also seem from the above 
that decreasing the section has a similar effect. The 
corollary at first sight would seem to be to proportion the 
time of annealing to the section of the bar, and so to avoid 
burning thick sections by annealing at higher tempera- 
tures. It will be seen Bang however, that time is at 
least as important a factor in burning as temperature. It 
does not seem, therefore, that any decided advantage can 
be claimed for the method suggested over the rival one 
of proportioning the temperature to the section. As a 
matter of fact, both plans are used in works, some 
managers favouring one, and some the other. 

2. Yield-Point.—The yield-points given in these tables 
are the stresses required to give the first noticeable 
elongation, but, except in the case of the bars as hard- 
rolled, and in a few other cases, the yield-point is not 
very sharply defined. The curves given in Figs. 2 to 
show in a general way the effect of annealing temperatures 
on the yield-point. It will be noticed that these curves 
have been drawn practically vertical between 0 deg. and 
100 deg. Cent. This has been done because it has been 
shown in connection with tests for the determination of 
elastic limit that annealing for one hour at about 100 deg. 
Cent. has no effect on the yield-point. 

3. Elastic [imit.—It was thought that it would be 


be BARS HB. 


(926.8) per Square Inch. 

interesting to make a determination of the true elastic 
limit in the case of one of the alloys used, and to ascertain 
whether any definite load existed which could be strictly 
regarded as a sharply-defined yield-point ; also, if it 
existed, what relation this had to the elastic limit. This 
determination was made un the B alloy, using a bar with 
screwed ends, 16 in. long and 12 in. oowen shoulders. 
A stress-strain curve is shown in Fig. 7*. The elastic 
limit is at 8.35 tons per square ineh. The yield-point 
cannot be strictly defined, but the extension which occurs 
at 12.5 tons vane P probably be the first which would be 
easily recognised in ordinary testing. This point is 
marked by the letter A in the stress-strain diagram. It 
was thought that it would be interesting to make a few 
experiments as to the effects of a iod of rest, and of 
very low annealing temperatures un the elastic limit. The 
results obtained are shown in Table V. It will be seen 
(1) that a prolonged period of rest raises the yield-point; 
(2) that annealing for 1 hour at 90 deg. Cent. has no 
effect whatever; and (3) that annealing for 1 hour at 
210 deg. Cent. has very considerably lowered both elastic 
limit and yield-point. 

4. Elongation.—In all cases the elongation is not much 
affected until an annealing temperature of 500 deg. Cent. 
is passed (Figs. 5 and 6). Just above this temperature a 
very rapid increase occurs in the case of the wires. In 
the case of the bars the rap d increase sets in at about 
350 deg. to 400 deg. Cent. Here, again, an increase in 
size of section seems to require a longer time of annealing 
to produce similar results. The maximum elongation is 
reached with an annealing temperature of 750 deg. Cent. 
for the wires, and with approximately the same tem- 
perature for the barsG. In both these cases a diminu- 
tion seems to occur with annealing temperatures above 
800 deg. Cent. For the HB bars, on the other hand, the 
elongation a 8s to increase regularly up to a tem- 
perature of deg. Cent. 

5. Contraction of Area.—In a general way the varia- 
tions in this property follow those in elongation. It may 





* The loads given are actual loads on a sectional area 
of 0.479 square inch. 








be remarked, however, that burning appears to manifest 
itself first by a falling off in the contraction of area. 


INFLUENCE OF TIME IN ANNEALING. 


The above remarks apply only to bars annealed for 
half an hour. The tests given in Table IX. were made 
for the purpose of comparison with the tests referred to. 

In the case of the bars B—1.c., of the brass free from 
tin and lead—annealing for one week at 440 deg. or seven 
hours at 665 deg. Gant, hes practically no effect. Anneal- 
ing for twenty-four hours at 750 deg. Cent. causes a lower- 
ing of the maximum stress, but the elongation of 81 per 
cent. on 2 in. indicates that the alloy is not injured by 
this treatment. Similarly it will be noticed that anneal- 
ing for 24 hours at 810 deg. Cent., although causing a still 
further lowering of the maximum stress, has not produced 
any effect that indicates ‘‘ burning.” Bar B9, which was 
annealed for only six hours at 840 deg. to 850 deg. Cent., 
shows a marked lowering of the elongation and contrac- 
tion of area, and has suffered by this treatment a distinct 
deterioration. Lastly, an annealing for seven hours at 
900 deg. to 910 deg. Cont. has resulted in a further very 


4| noticeable weakening of the material accompanied by a 


pronounced loss of ductility. A comparison of the me- 
chanical properties of bars B17 and B9 with those of 
bars HB9 and HB13, of similar material, annealed for 
only half an hour at 900 deg. Cent., points very clearly to 
the important effect of time in annealing at very high 
temperatures. It need hardly, however, be said that 
such very drastic treatment as bar B17 has received is 
very unlikely to occur in practice. These experiments, 


Tons per Square Inch 


(1928.¢ ) Elongation per Cent. 


therefore, cannot be claimed to have ascertained the cause 
of the phenomenon of burning, which is said to occur 
occasionally even in the best-regulated works. 


CoMPARATIVE EFFECTS OF OXIDISING AND REDUCING 
GASES IN THE ANNEALING FURNACE. 

It was thought possible that the presence of reducin 
gases in the annealing furnace might, at unduly hig 
temperatures, cause a reduction of small amounts o 
me ay or slag contained in the metal, and thus affect its 
mechanical properties, especially in the case of the G bars, 
which contain a certain amount of impurities. Accord- 
ingly bars GO, G1, G2, G3, G4 were annealed in an 
atmosphere of coal-gas. The results are given in Table VI. 
It will be seen that annealing for three hours at 825 deg. 
Cent. has in no way injured the alloy, but that seven 
hours at 850 deg. Cent. has produced a distinct deteriora- 
tion, as shown by theelongation. Three hours at 900 deg. 
Cent. has also injured the alloy, and 24 hours at 920 deg. 
to 930 deg. Cent. has altogether ruined it. Comparing 
these with the similar tests (Table VII.) carried out in an 
oxidising atmosphere, it seems probable that the presence 
of reducing gases is, at any rate, not a predominant factor 
in the production of burnt brass, since annealing in an 
oxidising atmosphere produces very similar effects. 

The authors wish to express their acknowledgments to 
Mr. F. H. Hummel, M.Sc., for his assistance and interest 
in many of the tensile tests detailed above. 


Loss or Zinc BY VOLATILISATION. 

It has been suggested* that loss of zinc by volatilisa- 
tion may be one cause of the phenomenon of burning. 
The following experiments were therefore made to test 
this :—Turnings were taken at various depths from the 
exterior of certain of the bars after they had been annealed 
at the higher temperatures, and estimations of the per- 
centage of copper made on each sample taken. The 
results are reorded in Table VIII. It will beseen that the 
exterior layers, to a depth of ,4 in., showed an increase in 
the copper (7.¢., a loss of zinc) of 1.5 per cent. after being 


* C. H. Desch, ‘‘Metallography,” page 387. 
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annealed for half an hour at 850 deg. to 900 deg. Cent. 
The loss of zinc decreases as the distance from the sur- 
face increases, and at a depth of about ;; in. the loss of 
zinc by volatilisation is almost neligible. For a bar such 
as HB6, which was annealed for half an hour at 700 deg. 
Cent., the loss is small, and amounts to only 0.5 per cent. 
on the exterior layer of gy in. For a longer annealing 
time, and for bars that were known to be distinctly burnt, 
the loss of zinc was considerably higher, amounting in one 
case (G 2) to 5.5 per cent. It will be seen that this loss is 
ay o times that lost by HB 9, which was 
annealed at about the same temperature for half an hour. 
But even in this case the loss of zinc by volatilisation 
almost ceases to be appreciable at a very short distance 
from the surface of the bar, and consequently the ratio of 
zinc lost to total zinc originally present must be small. 
Moreover, the zinc does not appear to be removed by 
violent ebullition, but by gentle diffusion and evaporation 
from the surface. It seems to the authors probable that 
the removal of zinc is not a primary cause of burning, but 
merely an accompaniment of that phenomenon. To a 
very limited extent it occurs also at ordinary annealing 
temperatures. 


Tests AT High TEMPERATURES. 


It was thought that it would be interesting to carry out 
a series of tests on one of the alloys at various tempera- 
tures, so as to afford a comparison with those of the similar 
alloys which have been merely annealed at a high tem- 
perature and afterwards tested cold. 

The method used for carrying out these tests was as 


4d 
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Extension. ) 


follows :—A length of wire was clamped at the top end 
and heated in a vertical electric resistance furnace. From 
the bottom end of the wire a stirrup was hung, on which 
could be placed a series of standard weights. It 
was found that the speed of loading had a considerable 
effect on the maximum stress, especially at the higher 
temperatures. The figures for this property, which are 
given in the table of results (Table X.), correspond to the 


oO 
(1926.0) 


f | load required to break the wire in from 15 to 20 minutes. 


It was found that any attempt to mark the test-wires 
with punch-marks, or fine scratches made with a steel or 
diamond point, localised the fracture, particularly at 
temperatures above 400 deg. To get over this difficulty 
fine graphite marks were made on the wires at. dis- 
tances apart of 1 in.; these were used for determining 
the elongation in the ordinary way. This plan was 
found to be satisfactory up to a temperature of 500 deg. 
Cent. At temperatures in the neighbourhood of 600 
deg. Cent. some difficulty was experienced in recog- 
nising these marks owing to the large amount of ox!- 
dation of the alloy. The figures for the wires tested 
at 590 deg. Cent. may, however, be said to be re- 
liable, since four results epee Sty closely have 
been obtained. No temperatures higher than 600 deg. 
Cent. have, so far, been used in these tests, owing to the 
difficulty mentioned. The results are given in Table # 
and are plotted in Figs. 8 and 9. It will be noticed that 
the maximum stress falls off fairly regularly up to the 
highest temperature at which tests were carried out. 
At 590 deg. Cent. the strength has been reduced to but 
little more than 1 ton per square inch. The elongation 
falls off to the very low values of 2.5 per cent. on 2in. at 310 
deg. Cent.,and 1.5 per cent. at 415 deg. Cent. A recovery 
sets in after this, and a new maximum value is obtained 
at a temperature between 450 deg. and 475 deg. C ent. 
At still higher temperatures a second falling-of 1s 
observable, but it is not so pronounced as that at ro 
lower temperatures. At 590 deg. Cent. the wire stl 
has an elongation of about 15 - cent. It will - 
observed that at the comparatively low temperature © 
600 deg. Cent. the alloy has lost 95 per cent. of its 
‘i and its ductility is only some 15 per cent. 
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At higher temperatures iit seems probable from the | 


shapes of the curves that the maximum stress will | — 


TaBLE II.—Mechanical Tests of Bars H B. 












































































































































suffer further diminution. Thus at the temperature | ru | § low 

of an ordinary annealing furnace, say, 650 deg. Cent., | ‘Treatment, | Blige |gs |s 2 | 

the mechanical properties of the alloy in question are| Mark. | Time, and £ | 3. (38 Bi : Surface « of 
such as to require somewhat careful handling, a fact | Temperature | = | £% | al/§ed) “Test 
which is doubtless familiar to all who are engaged in the | of Annealing. | @ | 35 \s 3" | Ss ‘ 
manufacture of brass alloys. If, however, the tempera- ee ae an 
ture of the annealing furnace were to rise somewhat sees Ken, ~ ice 

higher than that usually employed, it seems ible that | aq. in.|sq. in. 

the maximum stress might fall off tosuch a low figureas| HB | As rolled 3L5 | 317 | 19 | 65 |Smooth 

to be a source of serious difficulty whenever it becomes | HB 14 | } hr., 320 dg. C.| 27.4 | 32.9 | 19.5) 65. a 
necessary to handle the alloy.. It seems possible, too, | HB 10 | a ee 11.3 | 25.1 55 75.5) 45 

: i f the material at even a slightly| HB1 [4 » 500 ,, | 124/232 | 4 72 ” 
that any handling o Bo ).| HB2 570 9.6\234 | 60 | 77 | 
higher temperature than usual, though it may notactually.| FR 3 | cme | sla tae 75 " 
fracture it, may cause a permanent deterioration of its| qRic |} ” 657 | | 53 20.95 | 68 81 = 
properties. HBé | » 660 ,, 6.4 | 20.5 76.5| 80 ie 

Microscopic Work. HB5 |} ,, 680 ,, 5.4 | 20.2 | 70 77 Veuy eighty 
The microstructure of the bars after annealing and before HB6 |} roe antes : ie eran 
testing was examined, and typical structures are illus-| yp 11 | } 754 », | 48/203 72 80 (Slightly 
trated by photographs repro uced in Plate XXXVITI. roughened 
The general effect of annealing on the crystalline struc-| HB7 |4 ,, 765 ,, 4.1 | 19.8 79 | 70 a 
ture of 70:30 brass is now a matter of common knowledge, | HBS 1 5s 808, 3.4 | 18.4 81 | 75 |Roughened 
but there are one or two points that may, perhaps, be| HB13 |} ,, 47 ,, 4.188 | 4 a3 ” 
e HB9 |} |) Mo ,, 3317.7 | 83.5] 70 2 
noted here with advantage. ; 
1. Annealed Structures.—The first effect of annealing | —— 
on arolled or otherwise strained sample of brass is to| * Broken outside gauge marks. 
Fig.9, TESTS AT HIGH TEMPERATURES. 
Fig.8. TESTS AT HIGH TEMPERATURES. a Te 
600 
™ ~~. 
500 ey, 
NN 
%& 
& 
~ 
> 
Qeaol — " — —- 
100 ee 
0 4 8 72 16 20 a 28 é 10 15 20 25 
(928.£) Max.Stress. Tons per Sq. In. Elongation per Cent. 
bring any altered and crushed material into a condition Tasie IIl.—Mechanical Tests, Bars G, Half-Hour 
suitable for subsequent re-crystallisation. As the tem- Annealinas. 
perature rises, re-crystallisation sets in from a large 
number of new centres, the result being that after anneal- 3 3 les 
ing for half an hour at 500 deg. Cent. the structure Treatment, &igs i§§ |s% 

: oe . s » = 5 = :fe Surface of 
appears very distinctly finer than in the original bar as} 4y,.4. Time, and = |g S° 5/23 .| Bar after 
rolled (see Figs. 1, 4, 5, 11, and 13). From this point | Temperature | = [5S Bi a/S2e) Test. 
crystal growth proceeds rapidly. | Cae | C2 | $2 gas 835 

2. Over-Annealed Structurcs.—The result of annealing a is 5 aceatiias 
at an unduly high temperature is a very rapid crystalline tns. p. |tns. p. 
growth, which causes the coarse structure characteristic sq. in.'sq. in 
of over-annealed brass. After a certain time this very| G - proties. . 21.5 | 25 . | S Smooth. 
rapid growth of crystals probably slows down, and the} @15 |} hr.,285 deg. ©. 20.9 | 25.6 35 ” 
size of crystals approaches a maximum value.* Possibl OM fhe. 80 ae) es) oe c- 
there is a definite size of crystal characteristic of each I, alo ' 5 , 
Pa : b G17 |}hr., 400 ,, 16.3 | 24.6 46 53.5 |Smooth. 
temperature, which is not affected by time once equi-| Gig |}hr..500 | 5.8 | 20.9 67.5 | 74.5 |Slightly 
librium has been reached. roughened. 
3. The Microstructure of Burnt Brass.—As far as the| G21 |fhr., 725 ,, 4.3 | 185 80 | 75 Roughened. 
authors have been able to ascertain, the structure of burnt} © 26 }hr., } ans deg. to) 3.7 | 182 78 63 Cracked. 
brass, in the case of the material used for this work, closely 925 deg. C. 
resembles over-annealed brass, with a possible difference 
that the lead segregates in the crystal boundaries. They TaBLE 1V.—Mechanical Tests of Wires. 
TaBuE I. (a).—70 : 30 Brass.* ? f 
Treatment, Time, Maxie Elongation 
' | ‘ Mark. | and Temperature |Yield-Point.| “g; pags. per Cent. 
Annealing Temperature. | Maximum Stress. of Annealing. | } on 2 In. 
deg. Cent. tons per sq. in. itns. p. 8q. in. ltns. p. oq. in. al 
0 31.4 WoO (As drawn | 23.1 25.3 15.5 
200 32.5 WoO Asdrawn | 22.5 25 19 
280 29.5 W 15 4 hour, 285 deg. C. 22.5 28.5 pu) 
420 21.6 W 14 on 19.9 25.3 25 
500 21.6 Wi6 |} ,, 350 ,, 18.2 26.2 30.5 
560 19 W 10 a. a ~ a 8.5 20.7 45 
600 17.4 Ws | aor 52 | 181 54 
650 7.4 w9 » 570 4, | 66 | 184 55 
730 18.6 wa — oa as | 3 58 
780 18.2 wi2it ,, 657 ,, 2.8 16.4 55 
800 18.2 wi a Pe 3.8 16.7 | 63* 
850 18.2 w7 so Ge wo 3.2 16.5 58 
_ as ws -~ we we 3.1 16.4 63 
* RAEI IO Wil — wae 3.8 | 15.8 63 
Charpy’s results. ws i. 75 > 19 || (aT 61 
Taute I, (B).—70: ; y wé » 808 ,, 3.1 15.8 59 
(B).—70 rhe moe Oar Cent. Tin and Wis a Fe 38 16.5 59 
: ___ aa . ’ - eS W5 o 8 w 4.1 14.3 53 
es pee 7 ; W 26 o C8 ow ? 12.9 25t 
Annealing Temperature.| Maximum Stress. Elongation. W25 2hre. 910 ,, | . 10.5 18 
“es tons ee in. an 8 gine * Broke outside gauge points. t Showed signs of 

540 20.3 55 melting on surface. 

= = =? TaBLE V.—Dctermination of Elastic Limit, Bar B, 

> f Diameter of Test-Piece, 0.781 In. 

700 18.6 64.8 Danton f Sram, & = 

730 19 | 62 | 
a 4 | a tie Treatment. Elastic Limit.) Yield-Point 
| 
1 
-—s " tons per sq. in. tons per sq. in. 
Charpy’s results. 1 As rolled 8.36 12.5 
eee es 2 - 8.35 14 
é Reference may be made here to the work of Ewing 3 12 days after No. 2 | 8.35 15.2 
and losenhain on crystal growth after annealing—Metallo- 4 1 hour at 99 deg. C. 8.35 15.4 
graphist, 1902, page 81. 5 1 hour at 210 deg. C.' 5 7 








TABLE VI.—Mechanical Tests, G Bars Annealed in 
Reducing Atmospheres, 








Treatment, rE = sé § 4 
” = Par) 
Mark Time, and & | 8. 3°s 3 $ aoe 
ark. | Temperature ~ & : oom $22 Test. 
of Annealing. | @ | 95 ss 2/8. P 
Be | ee Em Sigse 
tns. p. tns. p. 
sq. in. sq. in 
GO 8hr.,700deg.C., 5.9 21.5 68 66 Smooth 
Gil Shr.,825 ,, 3.7 186 80 70 = Slightly 
roughened 
Gé4 7hr.,850 =, 17. 62 
G3 Shr.,900 ,, 35 | 16.8 68 
G2* 2) hr., 920 deg.) 3.7 15 41 | 82.7 Badly 
to 930 deg. C. cracked 


* This bar showed signs of melting. 


TaBLe VII.—Mechanical Tests, Bars G Annealed at 
High Temperatures in an Oxidising Atmosphere. 





























e 
= ° ct 
Treatment, | £ Su (88)... 
M Time, and Tem-| & g eiss i338 Sartare of 
Mark. : sf és =.; Bar after 
perature of | « =s a gis<t Test 
Annealing. cl 45 S$ Ee. ® . 
— =? Fam S oO 
a ~~ _ i) 
tns. p. 'tns. p. } 
jsq. in. sq. in. 
G25 | 2hours,920deg./ 45 Is 67 70.6 Roughened 
-925deg.C. | 
G 27 1 hour, 910 deg.| 3.6 17.26) 71 51.3 Cracked 
Cc. | | | | 
G28 | 3hours,910deg.| 34 16.4 | 62.5 | 49.7 | Badly 
| 920 deg. OC. | cracked 
G29 | Shours,9l0deg.) 3 16.9 | 64.5 | 47 Cracked 
~920 deg. C. } 
' J 
Taser VIII.—Loss of Zine by Volatilisation. 
Distance | Percentage 
Bar. Treatment. from of 
| Surface. Copper. 
in. 
G2 Annealed for 2} hours at 920) Oto 4 76.7 
deg. to 930 deg. ©. in are-| Ay as 76.3 
ducing atmosphere ts & 72.3 
fin te 71.6 
ven 71.2 
G27a |Annealed for 1 hour at 930deg.| Oto, 75.7 
Cent. in an oxidising atmo-| & ,, + 74.4 
| sphere tends | 70.6 
HB9 |Annealed for halfanhour at 900} Oto, | 70.8 
deg. Cent. a ~~ a 70 
at + ws } 69.7 
hw 69.4 
HB6 |Annealed for halfanhourat 700) Oto, 69.9 
deg. Cent. dso tt 69.7 
ep 69.8 
& ” va 69.5 
| 
Tasie 1X.—Mcechanical Tests—Bars B. 
& be 
Treatment, Time 5 § ‘ § & 
’ ne, 3s s 
Mark. | and Temperature of ae £6 8a ——- caf 
Annealing. a g Sed isde| Meer sem. 
ae S8- Sa8 
=? pense o 
tns. p. | 
sq. in, 
B5 | As rolled 22.4 | 65 78 (Smooth 
B6 | = = .. 22.25) 67 | 76 “~ 
B3 | 1 week, 444 deg. C. 22.2 | 62.5 70 | 
B4 1 week, 440 deg. C. 22.6 | 70.3 | 7 
Bl 7 hours, 665deg.C.* 21.85 | 70.5 77 |Smooth 
B2 7 hours, 665deg.©.* 22.25 | 69.5 fas 
B7 24 hours, 750 deg.O.' 19.6 | 81 -. |Slightly 
roughened 
B8 24 hours, 750deg.C. 19.5 | 81 o | « 
Bi2 | }-hour, 860 deg. C. 17.7 | 87.5 -. |Roughened 
B16 | 24 hours, 8l0deg.C. 17.3 | 85.5 | 75 vs 
B9 6 hours, 840 deg.-850 17.3 | 70.5 68 |Cracked 
deg. © 
B17 160.5 


7 hours, 900deg.-910 15.6 64 | Badly cracked 
deg. ©. | 


* Yield-point 7 tons per square inch. 
t Broke outside gauge marks. 


TABLE X.— Wires Tested at High Temperatures. 











| . Elongation Contraction 

Mark. | J my ang 7 per Cent. of Area 
| g- , , on 2 In. per Cent. 
ltons per sq. in.| 

Ww 29 310 | 18.1 2.5 

wsi| 310 | ww 2 

W30| 313 | 163 2 

W 32 415 10.8 | 1.5 

W 33 | 415 10.8 1.5 

W 38 | 440 6.1 | 6 

W 39 | 453 | 5.1 17.5 

WwW 34 465 4.8 | 16.5 

W 35 472 44 | 16.25 

W 36 | 472 4.6 16.25 

Ww 40 500 3.4 13.7 

W 41 500 3.5 13 

W 42 590 1.3 16 

W 43 | 590 1.2 14 





have found no si 

rally said to be c 

very deep etching. 
4. The Effect of Lead.—The presence of lead is indicated 


of the pitted structure, which is gene- 
racteristic of burnt brass, except with 
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by small, more or less: rounded, particles scattered 
through the crystals. When the brass containing lead 
has been annealed at a very high temperature, there is a 
tendency for the lead to segregate between the crystals, 
and this effect seems to increase with the time of an- 
nealing. 

GeneRaAL Summary. 

1. The effects of various annealing temperatures upon 
the mechanical properties of cold-tested brass bars of 
commercial quality have been studied in detail. The 
best combination of strength and ductility appears to be 
obtained for annealing temperatures between 600 deg. 
and 700 deg. Cent. This is in accordance with the results 
obtained by previous workers. 

2. The true elastic limit has been determined for one 
of the alloys used. This alloy did not appear to have a 
very well-defined yield-point, such as is exhibited, for 
example, in the case of mild steel. 

3. The effects of varying the annealing period have 
been investigated. This factor has an even more im 
portant effect on the mechanical properties than the 
temperature factor. A temperature but a few degrees 
below the solidus, if only maintained for half an hour, will 
not seriously burn a bar of pure brass. A temperature 
nearly 100 deg. Cent. lower will burn the brass if it is 
maintained for a sufficiently long time. Even small quan- 
tities of impurity have an important effect in increasing 
the tendency to burn. This last effect has previously 
been recorded by Charpy. 

4. It has been shown that the atmosphere of the an- 
nealing furnace, whether oxidising or reducing, does not 
pj aoa to affect in any well-marked manner the properties 
of brass. 

5. A few determinations of the loss of zinc by volatili- 
sation during the annealing process have been made. This 
loss is appreciable, but is mainly a surface effect. The 
authors do not consider this to be the cause of burning. 

6. Tests have been made on the mechanical properties 
of bras3 wire at high temperatures. It has m found 
that the maximum stress falls off continuously. The 
elongation and contraction of area, on the other hand, 
fall off to very low values at temperatures between 300 
deg. and 400 deg. Cent., after which a recovery of duc- 
tility occurs, and is practically maintained even at 
590 deg. Cent., the highest temperature employed. The 
suggestion is made that any handling of the material at a 
slightly higher temperature than usual may cause a per- 
manent deterioration in its properties. 

7. The micro-structures of annealed, over-annealed, and 
burnt brass have been studied and illustrated, and new 
facts as to crystal growth in brass at low annealing tempe- 
ratures have been recorded. 

The authors have now concluded their work on a brasses 
and on a + § brasses containing an excess of a. ‘They 
propose to take up the study of alloys containing an 
— of 8, both as pure copper-zinc and as complex 
alloys. 





CANADIAN CompaNties.—There has been a great increase 
in 1909-10 in Canadian chartered companies. No fewer 
than 420 new companies were chartered during the year 
ending March 31 by the Dominion Government, their 
capitalisation amounting to 301,788,300 dols. Supple- 
mentary letters patent were also issued to 73 previously 
existing companies, which were authorised to increase 
their capital to the extent of 46,589,500 dols. Altogether 
the new capital authorised in 1909-10 was accordingly 
348,377,800 dols. In 1906 the corresponding new capital 
authorised was 212,576,075 dols.; in 1902, 56,237,850 dols. ; 
and in 1900, 12,909,909 dols. Montreal was the head- 
quarters of the great majority of the new Canadian com- 
panies incorporated in 1909-10. 


Our Raits Aproap.—The exports of rails from the 


United Kingdom are still declining, the value of the] yp 


shipments made in August having been 276,491/., as com- 
pared with 300,560/. in August, 1909, and 284,656. in 
August, 1908. The shipments of British rails to Argen- 
tina in August were valued at 22,743/., as compared with 
103,647/. and 105,661/. The most encouraging feature in 
the rail exports of August was the large Australasian de- 
mand, the value of the shipments to Australia and New 
Zealand coming out for the month at 123,519/., as com- 
red with 20,2597. in August, 1909. Argentina took 
3ritish rails in the first eight months of this year to the 
value of 385,690/., as compared with 663,967/. in the first 
eight months of 1909, and 359,260/. in the first eight 
months of 1908, 


RAILS FOR THE Swepisu State Rartwayrs.—The fact 
that the Swedish State Railways have recently placed 
an order for some 25,000 tons of rails in Germany, to be 
delivered during the present and next year, has caused 
some disappointment in Sweden, where it was thought 
that the emer wo iron works, now that the manu- 
facture of rails has been taken up in earnest, would hence- 
forward supply the principa. requirements of the State 
railways. No objection can be raised against the Swedish 
rails, as they are more durable than some classes of 
foreign rails, and it becomes, therefore, only a question 
of price. Yet Mr. Ljungberg, the director of the Stora 
Kopparbergs Company, to which the Domnarfvet works 
belong, states that Swedish works could, in all probability, 
accept the price now paid for German rails (102 kr. per 
ton) if a regular annual demand for 50,000 tons could be 
ensured. In order to arrive at an annual demand of this 
amount the private railways would also have to be reckoned 
with, but as long as there is no duty on rails, the private 
railways will naturally buy their rails at the lowest figure 
in the open international market. Mr. Ljungberg looks 
toa reasonable duty as making possible the remunerative 
manufacture of rails in Sweden, 





FOREIGN ENGINEERING PROJECTS. 


WE give below a list of colonial and foreign engineering 
projects, for some of which tenders are asked. Further 
particulars concerning these can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. 

Canada : The Imperial] Trade Correspondent at Toronto 
(Mr. F. W. Field) reports that it is proposed to con- 
struct at Owen Sound, on Lake Huron, a large graving 
dock and a omy age dock, the latter capable of taking 
boats up to 350 ft. in length. The construction of the 
docks and the necessary plant is estimated to cost 
800,000 dols. (about 164,000/.). The ratepayers of the 
Owen Sound municipality have voted a by-law granting a 
subsidy to the company which shall undertake the enter- 
prise. Steps are now being taken to form a company. 

India: It ne from Indian Engineering (Calcutta) 
of August 13 that arrangements are now being made to 
begin work on the construction of the Tendula Reservoir 
and Canal in the Central Provinces. There will really be 
two reservoirs, one on the Sookha and the other on the 
Tendula River, connected by a conduit excavated through 
an intervening spur, in which will be situated the waste- 
weir and spill-channel for both reservoirs. The reservoirs, 
the combined capacity of which will be 9350 million cubic 
feet, will be formed the construction of two earthen 
dams, one, across the Sookha nala, 8300 ft. in length, and 
the other, across the Tendula nala, 6350 ft. in length. 
The maximum height of the dams from foundation to 
crest is to be 110 ft., and the greatest depth of water in 
the reservoirs will be about 70 ft. The connecting con- 
duit will be 4600 ft. in length and 12 ft. wide at the bottom. 
The distribution system will consist of a main canal 
37 miles long, the Sigma branch, 24 miles long, and various 
distributaries of a total length of 203 miles. The esti- 
mated cost of the whole project is 10,000,000 rupees 
(about 670,000/.) 

Russia (Poland): With reference to the notice on 
page 198 of the Board of 7'rade Journal of April 29, 1909, 
concerning proposed railway construction in Poland, the 
following information on the subject is from the report 
by H.M. Consul at Warsaw (Mr. C. Clive Bayley) on the 
trade of Poland and Grodno in 1909, which will shortly 
be issued :—In 1909, as in 1908, hardly anything was 
accomplished in the way of railway extension. Many 
projects were discussed, and sometimes a working com- 
mittee was formed ; but in most cases, though the scheme 
might have a fair chance of success, nothing was done, 
because of the impossibility of finding the capital and the 
difficulty of obtaining the concession from the Government. 
The Lublin-Zamosc line may be taken as an instance. The 
concession for this was granted about twelve years ago, but, 
so far, work on the line has not been begun, because the 
money necessary for it cannot be raised either locally or 
abroad. In some concessions the Government has con- 
sented to guarantee the capital and coupons, which should 
encourage private enterprise, and in one case has consented 
to allow the rails and rolling-stock to be imported duty 
free. The concession for the Zdunska-Wola-Czenstochowa 
line has not yet been finally granted. As the interest on 
the bonds is to be guaranteed by the Government, and the 

roportion of the bond capital to the share capital is very 

avourable, there should be no difficulty in raising the 
money abroad. The concession for the Czenstochowa- 
Kielce Railway has been granted, and the construction of 
the line has already been begun. The concern was financed 
by: two Warsaw banks. The construction of a narrow- 
gauge line ae the German frontier with Rypin, 
with a branch from Lipno to Ostrowo, was to be begun 
last spring by a Berlin firm. The progress of the work 
in connection with the construction of the Central Station 
of Warsaw and the Central Railway Junction is very slow ; 
the Warsaw-Kovel station has not been enlarged, and of 
the projected three tunnels only one was finished in 1909. 
The construction of the Wloclawek-Drobin narrow-gauge 
line was completed in 1909. The following lines are pro- 
jected :—1. Broad-gauge lines: (a) Ostowice (Government 
of Radom)—Wladimir-Wolynsk-Gryszyno, in the Donetz 
district ; (4) Piotrkoff-Radom ; (ce) Opoczno-Piotrkoff or 
Konski-Piotrkoff. These lines would open up very rich 
agricultural and industrial districts; the first-named 
would be important for transit traffic between Germany 
and the Donetz basin. 2. Narrow-gauge lines: (a) It is 
a to connect Nalenczow, a station of the Vistula 

ilway, with a health resort of the same name; (b) a 
railway is proposed between Wawer and Karzcew, via 
Otwock ; 21,0002. isto be spent on the construction of the 
line, and 23,000. in the purchase of rolling-stock ; (c) the 
Warsaw-Marki line is to be extended to Serock and 
Pultusk. Strategical questions, however, enter largely 
into the construction of new lines and the development 
of all country south and west of the Vistula. Many of 
the above-mentioned projects may in consequence fail to 
receive Government sanction. 

Russian Turkestan: The Deutscher Reichsanzeiger, 
Berlin, of August 29, contains a report, taken from a 
St. Petersburg paper, on the question of concessions for 
irrigation works in Turkestan. It appears that, in con- 
sequence of the growing interest in Russian and foreign 
business circles in irrigation schemes in Turkestan, a 
great many applications for concessions have, of late, 
reached the local authorities, so that it has become neces- 
sary to formulate rules for their guidance in considering 
such applications. On May 21 last regulations were 
issued jointly And agricultural authorities, the Minister 
of War, and the Governor-General of Turkestan, providing, 
intcr alia, that powers to foreigners to carry out survey- 
ing operations in connection with irrigation works shall 

issued under the joint authority of the agricultural 
authorities and the Minister of War. The concessions 
will be granted for not more than two years. Applicants 


the work, the object aimed at, and who is to bear tiie 
expense. Concessionnaires may be required to lodge a 
deposit as a guarantee against any damage or loss which 
may be caused to private property during operations. 
The authorities will accept no liability in case the inves- 
tigations should prove abortive. 

Spain: The Gaceta de Madrid of September 8 contains 
a Royal Order approving the plans prepared by the en- 
gineer Don Eduardo Fungairiiio for the channelling of 
the River Manzanares and the draining of its left bank 
from the Puente de los Franceses to the Abrojiigal, at an 
estimated cost of 6,925,412 pesetas (about 256,000/.). The 
Jefatura del Manzanares is also instructed to have prv- 
pared immediately, plans for the draining of the right 
dank of the river, so that this work may be carried out at 
the same time. 

Norway : The British Vice-Consul at Bergen reports 
that, owing to the increase in iron-ore traffic on the 
Ofoten Railway, it has been decided to incur expenii- 
ture for various improvements and purchases connected 
with the railway to the amount of about 43,000/. The 
following are stated to be among the chief items of ex- 
penditure contemplated: — Extension of locomotive 
works, &c , about 8000/.; three large locomotives, about 
12,990/.; trucks, about 2600/.; new crossing-station, about 
8800/.; improvement and extension of existing stations, 
about 4700/. The Vice-Consul adds that calls for tenders 
for supplies to the Norwegian State Railways are issued 
by the State Railways Administration in Christiania, and 
that application for further information on this subject 
should therefore be addressed to Christiania, not to 
Bergen. 

Netherlands Eust Indies: The Bulletin Commercial 
(Brussels), of September 10, states, on the authority of the 
Belgian Consul at Batavia, that an European company 

urposes to construct at Samarang (Java) a canal and 

ins, which will be connected with the port of Lam- 
minga. The object of the work is to facilitate traffic on 
the railway worked by the company in question. A new 
nger station and about thirty goods-sheds are to be 
Built, loading and discharging apparatus are to be set up, 
and a number of short railway lines to be laid. 

United States of America Lge me Islands): The 
Acting British Consul-General at Manila (Mr. E. L. 8. 
Gordon) reports that tenders will be received by the 
Director of Public Works, Manila, up to 11 a.m. on 
November 15, for the installation of a water-supply 
system for the town of Cebu. 








Mininc Macuinery.—This will be a good year for 
our mining machinery exports, the demand increasing 
apparently month by month. This is due to some extent 
to a decided revival in mining industry in South Africa, 
which imported mining machinery in July to the value of 
44,907/., as compared with 38,003/. in July, 1909, and 
19,9827. in July, 1908. The value of the exports of 
mining machinery in all directions in July was 113,983/., 
as compared with 80,2761. in July, 1909, and 84,905/. in 
July, 1908. In the seven months ending July 31, this 
year, we sent mining machinery abroad to the value of 
762,7851., as compared with 492,422/. in the first seven 
months of 1909, and 569,596/. in the first seven months of 
1908. The exports to the principal groups of colonies 
figured in the first seven months of the last three years 
for the following amounts :— 

Colonial Group. » % — eX 

British South Africa 372,540 234,149 182,253 

British India 62,029 22,901 65,913 

Australasia 55,140 42,055 61,588 
South America imported British mining machinery to the 
value of 31,3501. to July 31, this year, as compared with 
40,6132. in the first seven months of 1909, and 31,230/. in 
the first seven months of 1908. 


SwepisH Nava Sration.—The question of a new 
naval station near Stockholm has, for the last year or two, 
attracted much attention in Sweden, and last autumn the 
Parliamentary Defence Commission handed in their report 
on the best site for a new naval station, the majority of 
the commission pronouncing in favour of Kakniis, as com- 
pared with the Lindariingen plan, the calculated cost 
amounting to 34,077,258 kr., or about 1,880,000/., whilst 
a naval station at Torsbyfjérd was calculated to entail an 
expenditure of 40,736,296 kr., or about 2,260,000/. These 
figures referred to the installations in their complete state, 
whilst the works, when only intended for the more 
immediate future, would cost respectively 25,471,302 kr. 
(1,410,000/.) and 38,138,396 kr. (2,120,000/.). A condition 
for the removal to either place was that the greater part 
of the calculated cost could be covered by the sale to the 
city of Stockholm of the Skeppsholmen, the Kastells- 
holmen, the Galérvarfvet, and some portion of Ladugiirds- 
giirdet. Official negotiations have not yet taken place be 
tween the respective authorities, but it is understocd there 
are likely to be serious difficulties in the way of realising the 
Kakniis scheme. Instructions have therefore been given 
to examine into the possibility of retaining the naval 
station at its present quarters, and also to propose some 
likely place outside Stockholm other than those which 
have already been considered. A naval station, whether 
the present localities be maintained or some near place 
chosen, should be able to accommodate three, and, in the 
course of six years other two first-class ironclads, i 
addition to the present muster of ships, of which iron 
clads, however, at least two will always be on a cruise ; 
and further, that quchemge be provided for four addi 
tional first-class ironclads belonging to the Karlskrons 
station, outside the area of the station. A floating-doc! 
for first-class ironclads should be constructed at once. 





and another in six years’ time, or a new stationary dock 


must state the place at which it is proposed to carry on , should then be constructed at the Galérvarfvet, &c. 
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THE BRITISH ASSOCIATION AT 
SHEFFIELD. 
(Continued from page 424.) 
SECTION A.—MATHEMATICAL AND PHYSICAL 
SCIENCE. 
Density AND RerractiveE INDEX. 
Dr. T. H. Havetock, of Cambridge, communicated 
a short paper on ‘The Relation between Density 
and Refractive Index.” Discussing the formule 
connected with the names of Newton and Laplace, 
and of Lorentz, (n*—1)/p=C’, (n?—1)/(n?+2)p=C’, 
in which n was the index and the C was constant 
for a given wave-length and different densities p of 
the substance, he pointed out that the refractive 
index depended both on the molecular structure 
and the physical condition (temperature.and pres- 
sure), and that the force in the vibrating molecule, 
and also the force in the surrounding molecules, had 
to be considered. The general formula which he 


proposed, 
Py/(m? — 1) — pa/(no? - 1) =O, 

in which C was constant for all wave-lengths, in- 
volved observations at two different physical states 
(liquid and gaseous); that seemed to be adequate 
for liquids and gases, though not quite in general 
for solid substances, and the formula would in- 
clude the other formule. 


SPECTRA AND THE Pertopic Series oF ELEMENTS. 


In a paper on ‘‘ The Relation of Spectra to the 
Periodic Series of Elements” Professor W. M. 
Hicks, F.R.S., dealt with one of the most hopeful 
ways of approaching the constitution of matter, by 
the study of their spectra. It was first pointed 
out by Balmer in 1885, we believe, that the wave- 
lengths of the lines in the spectrum of an element 
could be expressed by a simple formula containing 
a constant and a term m, which for different lines 
had the values 1, 2, 3, . . . Other formule were 
then given by Kayser and Runge and by Rydberg; 
in these different series of lines were distinguished, 
and the series displayed certain analogies for the 
arrangements of the lines of elements belonging to 
the same group of the periodic table. Professor 
Hicks started his researches from a modification of 
the formula of Rydberg. 

He pointed out that there was one term common 
to all the elements, and another term related to 
the atomic weight. The exact form of this latter 
function had not yet been determined, but its 
determination promised to yield one of the most 
accurate methods for determining the atomic 
weight. A third term concerned the atomic 
volume (v), and thus the density of the element. 
This term had, for all the metals of the alkali 
group, the value 2v; in the group magnesium, 
calcium, strontium, and barium, the respective 
values were 9v, 8v, 7v, and 6», in the order 
stated ; the same coeflicients seemed to be correct 
for zinc (9v), cadmium (8 v), europium (7 v), and mer- 
cury (6). The atomic volume of europium was 
not known, and the spectrum of this element, 
with its 700 lines in the ultra-violet, was a most 
difficult study ; but this line of investigation seemed 
to offer the key. When the spectrum of Exner and 
Haschek was accepted, the density of europium 
should be 13.1. Similar considerations promised to 
lead over from aluminium and scandium to tin 
and bismuth, and in the case of gallium, indium, 
gadolinium, and thallium, the coefficients of the v 
seemed to be 7, 6, 5, 4. When he had first 
applied this analysis he had deduced the density 
0.38 (instead of 0.19) for liquid helium ; but taking 
v (instead of 2v) he had later found the correct 
density 0.19. It would thus appear that pure 
mathematicians might be able to work out the 
theory of the elements. 

_In commenting upon this important communica- 

tion, Sir W. Ramsay remarked that gadoli- 
nium (atomic weight 156), europium (152), and 
other rare earths fitted badly into the periodic 
table and_ — the chemists. Sir Norman 
Lockyer said that the helium series had seemed to 
be pre-eminent in the hottest stars, surpassing the 
hydrogen lines; but hydrogen had a principal 
series, though it had never been seen on earth 
except in his own laboratory ; in the very hottest 
Stars this series blotted out the helium series and 
its own secondary series. 


SERIES SPEcTRUM OF THE Mercury ARC. 
Dr. 8, R. Milner, of Sheffield, followed with a 
communication on ‘*The Series Spectrum of the 


Mercury Arc.” Struck by the absence of a visible 
background in the spectrum of mercury, he had 
tried very long exposures of many hours with a 
quartz prism spectrograph, and also with a diffrac- 
tion grating, and had observed many new lines. 

Another paper, on ‘“‘ Resolution of the Spectral 
Lines of Mercury,” was presented by Professor 
J. C. McLennan and Mr. W. Macallum. Pro- 
fessor McLennan demonstrated, with the aid of 
his slides, that he obtained better resolution and 
definition at Toronto, with the aid of an échelon, 
than they had obtained at Chicago with a 7-in. 
grating ; the échelon was also preferable for the 
study of the Zeeman effect. 


Avuto-CoLLIMATING Prism AND SPECTROGRAPH. 


Professor C. Féry, of Paris, contributed a paper 
on ** An Auto-Collimating and Focussing Prism 
and a Simple Form of Spectrograph.” Advance 
copies of the communication, as prepared for 
publication in our columns, were distributed among 
the members of the Section, and the paper was 
read by Mr. F. Twyman, of Messrs. Hilger and Co., 
who have taken up this novelty. We regret that 
the demands upon our space prevent us from print- 


ing the paper this week. 
Spectro-PHOTOMETER OF THE HiiFNER TyPE. 


Dr. Robert A. Houston, of Glasgow University, 
showed ‘‘ A New Spectrophotometer of the Hiifner 
Type,” constituting an attachment for converting 
any spectroscope into a spectrophotometer. The 
instrument, he explained, consisted ofa spectroscope, 
the eye-piece of which had been replaced by an eye- 
piece containing a Glan-Thompson prism. A prism 
of special design (Fig. 46), made of Iceland spar and 
glass, was fixed in front of the slit ; this prism per- 
formed two functions: it divided the field of view 
into halves, which touched each other sharply, and 
it polarised these halves at right angles to one an- 
other; the. halves were matched by rotating the 
nicol eye-piece. The instrument had the advan- 
tage over other Hiifner spectrophotometers that 
any dispersion prism might be used with it ; sub- 
stitution of an ordinary eye-piece for the special 





ys 
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prism at once transformed it into an ordinary spec- 
troscope. The design of the special prism is due 
to Dr. Houston. The prism ABC of glass 

» = 1.526, side length 2 cm., was cemented to the 
~ nd spar prism BDEC. The action of the 
prism would best be understood when the beam was 
supposed to travel in the wrong direction. The 
beam qr was split, ab being the extraordinary, 
and cd the ordinary, ray ; pq was also broken into 
two rays, but only the extraordinary ray e f emerged, 
the ordinary beam being totally reflected on C EK. 
He had used the instrument for two years in three 
researches; he had found it accurate, free from 
systematic error, and very suitable for measuring 
light of weak intensity. 


INTERFERENCE Banps. 


Dr. R. A. Houston further read a paper on ‘‘ New 
and Simple Means of Producing Interference 
Bands.” He showed that interference could be 
produced by placing a point source of light between 
two mirrors inclined at an angle, and also by other 
arrangements of two mirrors. The arrangement 
which he proposed consisted of a nearly right- 
angled prism (a few minutes short of 90 deg.) 
placed in front of a slit ; two images of the slit 
were formed behind the prism, and they produced 
interference bands in front of the prism. @ appa- 
ratus was useful for the instructor; the idea was 
not new, however, as he had only recently learned, 
having been described by F. F. Martens before the 
Deutsche Physikalische Gesellschaft in 1902. 

In the discussion of the two papers, Dr. Chalmers, 
of the Northampton Institute, E.C., mentioned 
that he had tried an arrangement like the latter with 
small binoculars, but had not found it convenient ; 
Dr. John Milne, of Edinburgh, expressed his ad- 
miration for the spectrophotometer. 


APPARATUS FOR CIRCULARLY PoLARIsED LiGHT. 
Mr. A. E. Oxley, of Rotherham, described 





Polarised Light.” When a beam of plane-polarised 
light was sent through a Fresnel rhomb, he pointed 
out, the azimuth of the incident vibration being 
45 deg. with respect to a principal section of the 
rhomb, the emerging beam of circularly polarised 
light was laterally displaced from the incident, and 
the pieces of the apparatus had hence to be re-ad- 
justed during the rotation of the rhomb, if the beam 
were to be kept in the field of view. With a 
quarter wave-plate no such difliculty was experi- 
enced ; but the apparatus could then be worked 
with monochromatic light only. In order to be 
able to use white light he proposed two combina- 
tions of prisms. In the first two prisms were 
joined as in Fig. 47; for a refractive index of 
1.5035 the angle of the rhomb should be 74 deg. 
38.2 min. The ray would then four times be totally 
reflected and bent off and emerge in the same line 
as it entered. The angle might also be 42 deg. 
34.8 min. The larger angle was preferred ; but the 


Fig.47. 
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arrangement, though useful, had the disadvantage 
that the double rhomb was long, 15 cm. for an 
aperture of 1.lcm. In the second arrangement 
(Fig. 48) two wedge-shaped prisms were juxtaposed 
in K fashion; there would be three total reflections, 
the beam cutting obliquely across the point; the 
length was 7.5cm. Mr. Oxley further Jeeoribed mn 
simple form of white-light half-shade. The first 
(ery arrangement illustrated was used, half the 
eld being occupied by the ee of one of the 
rhombs, and the other by the black card ; the length 
of the apparatus in the direction of the incident 
beam was 5 cm. 


Vacuum-Ticut SEALS BETWEEN IRON AND GLASS. 


Dr. H. J. 8. Sand, of University College, Not- 
tingham, gave a ‘‘ Demonstration of Vacuum-Tight 
Seals between Iron and Glass.” He said that 
vacuum-tight seals for the introduction of wires 
into glass could be obtained by making use of the 
elasticity of small steel tubes serving as caps. The 
method was as follows: An iron wire (b, in Fig. 49) _ 
was sealed into the.glass a, and a small piece of 
heated steel tubing c was pushed a few millimetres 
into the glass while the glass was still hot; after 
cooling, the tube was soldered to the wire, as indi- 
cated by the dots d. The contracting steel tube 
formed a vacuum-tight seal between the inner 
surface of the tube and the glass inside it, which 
was put under compression. Tubes into which iron 
wires of 1 mm. had been sealed in this manner had 
been pumped out to a cathode-ray vacuum four 





(1929 0) 


months ago, and their vacuum had remained un- 
changed since. In the earlier experiments the seal 
had usually been arranged inside the evacuated 
tube, because any air trapped between the wire and 
the glass would be difficult to remove if the seal 
were outside. A London firm of glass-blowers had 
recently made cathode-ray tubes with the seals 
outside, however. Seals between iridium and 
quartz glass, into which, so far, wires had not been 
introduced, seemed to be realisable in the same 
way. Whether these seals would technically replace 
platinum seals, could not yet be said. 

Discussing this communication, Sir J. J. Thom- 
son asked whether the seal answered when the 
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electrodes grew hot—which Dr. Sapd thought he 
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could affirm—and Sir W. Ramsey inquired about 
the manipulation. 


PRACTICAL STANDARDS FOR ELECTRICAL 
MEASUREMENTS. 


The report of the Committee on Experiments for 
Improving the Construction of Practical Standards 
for Electrical Measurements (chairman, Lord 
Rayleigh ; secretary, Dr. R. T. Glazebrook) drew 
attention to the report of the International Con- 
ference on Electrical Units and to the Order in 
Council of January 10, 1910, relating to it, which 
we have noticed, and stated that international co- 
operative work had been carried out this year at 
the Bureau of Standards, Washington, by Messrs. 
E. B. Rosa and F. A. Wolff (United States), W. 
Jaeger (Reichsanstalt), Laporte (Laboratoire Cen- 
tral d’Electricité, Paris), and F. E. Smith (National 
Physical Laboratory). The American Institute of 
Electrical Engineers, the National Electric Light 
Association, the Association of Edison Iluminat- 
ing Companies, and the Illuminating Engineering 
Society had each subscribed 1001. towards the 
expenses caused by this investigation. The other 
points discussed in the report—the electrochemical 
equivalent of silver, the constancy of the Weston 
normal cell, and the researches on the cadmium 
amalgams for these cells—have already been noticed 
in our columns. 

A New Gyroscoric APPARATUS, 

The ‘‘New Gyroscopic Apparatus,” which Pro- 
fessor A. E. H. Love, F.R.S., of Oxford, exhibited, 
was mentioned by him in his recent lectures on 
‘* Earth Tides,” and described by us on that occa- 
sion.* He referred to the attempts of improving 
Maxwell’s dynamical top, which could only be 
shown to a few people. He had now mounted his 
double Mapde-lees apparatus on a wooden stand, 
more convenient for demonstration, and showed 
the wobbling of the axis with the aid of the card 
divided into coloured squares and fixed on the 
plane of the wheel, as previously explained. The 
card continuously faced the observer when the gyro- 
scope was set spinning. When the card was taken 
off, however, the asymmetry of the system became 
sufficiently strong to show precession, and the two 
wheels fixed to the shaft began to turn about their 
vertical axis. 

Professor H. Lamb, in commenting upon the 
demonstration, said that the apparatus was a great 
improvement on the ordinary gyroscope of Maxwell ; 
the latter was merely a toy that could not, without 
danger, be enlarged to the dimensions of Pro- 
fessor Love’s wheels. He confessed he had given 
up experimenting evith Maxwell’s gyroscope, and 
asked whether Professor Love could provide an 
adjustment so as to make the principal axis the 
axis of greatest or of least moment. Professor 
A. G. Webster, of Worcester, Mass., stood up 
for Maxwell’s top; he had himself added simple 
devices to it, which marked the sense of its 
rotation and the movement of its instantaneous 
axis, which described a spiral. Dr. J. Milne, 
Edinburgh, and Professor > acosll having also con- 
gratulated the author on his very instructive model, 
Professor Love replied that he did not know how 
to effect the adjustment, about which Professor 
Lamb had inquired. His wheels were fairly safe 
certainly ; but the spindle should not be too thin, 
especially in the bearing close to the wheel ; a }-in. 
rod would do, 2-in. was doubtful. 


MEASUREMENT OF Sounps. 


Professor A. G. Webster described ‘‘ A Complete 
Apparatus for Measurements of Sound,” which, he 
stated, he had first brought before the British Asso- 
ciation thirteen years ago at Toronto. Though 
rather heavy, it was a portable apparatus which 
would measure the intensity of sound at any place 
in absolute measure. The .pparatus consisted (1) 
of a standard or constant source of sound; (2) the 
phonometer which measurea the intensity of the 
sound ; (3) apparatus for studying the propagation of 
the sound from (1) to (2), and involving the reflection 
of the sound-waves by the flat surface of the earth. 
The phone (1) was a steel diaphragm rigidly con- 
nected by a wire with a tuning-fork, which was elec- 
trically driven with the aid of a mercury interrupter. 
The diaphragm formed the back of a resonator of 
spherical or tubular shape, the tube being of adjust- 
able length ; these parts were contained in a cast- 


* See ENGINEERING, vol. Ixxxix., page 750, June 10, 
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iron block. The phonometer was a glass diaphragm 
(quartz had not been tried, metals would not 
answer), 5 cm. in diameter, 0.1 mm. in thickness, 
to the centre of which a little mirror was attached ; 
this mirror constituted one mirror of a Michelson 
interferometer. The displacement was measured 
stroboscopically, and the amplitude of the pressure 
change was read off in dynes per square centimetre. 
When determining the propagation of sound-waves 
and the reflection by the earth, the phonometer 
was placed at different distances from the source, 
and the interferences were measured. The general 
laws of propagation were confirmed, but the conduc- 
tivity of the surface so far appeared always to come 
out too small, Other scientists had determined 
the emission, transmission, reception, and reflec- 
tion separately ; he thought that his determination 
of the whole phenomena attained a total accuracy 
of 10 per cent. 

In opening the discussion of this paper, Sir J. J. 
Thomson remarked that his perception of notes 
was so defective that he never attempted experi- 
mental lectures on sound. Professor Webster had 
claimed for his instrument equal sensitiveness as 
the human ear ; but according to Rayleigh the ear 
was capable of detecting waves of amplitudes com- 
parable with molecular dimensions; how much 
energy was spent in speaking, for instance, by the 
lecturer in describing his experiments. Professor 
Webster replied that his statements had referred 
to pitch, not to amplitude. The energy deter- 
mination was very diflicult, as he had explained. 
Most musical instruments, including the steam- 
whistle, were very wasteful ; a cornet might be 
heard half a mile away across water, at the best ; 
and it required ten million cornets to emit a horse- 
power. 

Another paper announced by Professor Webster, 
on ‘‘A New Method for the Study of Elastic 
Hysteresis,” was not read. 


GasEous CoMBUSTION. 


The preliminary arrangements for the Sheftield 
meeting proposed a general discussion on ‘‘ Gaseous 
Combustion and Explosion ” by the joint Sections 
A, B,and G. The arrangement was finally altered, 
however, and while Section G on Friday morning 
discussed the third Report of the Committee on 
Gaseous Explosions, as will be seen in our issue 
of September 9, on pages 357 to 361, Sections A 
and B considered the report on ‘‘ Gaseous Com- 
bustion ” by Professor W. A. Bone, D.Sc., F.R.S., 
of Leeds, in the rooms of Section A, Mr. J. E. 
Stead, F.R.S., the President of Section B, occupy- 
ing the chair. 

In presenting his report of thirty-two pages—one 
of the British Association Reports on the State of 
Science—Professor Bone said that chemists had 
nearly exhausted their methods of investigation 
and needed the help of the physicists. His report 
was divided into a historical introduction and six 
sections ; but he would confine himself to physical 
features. The six sections were: Ignition Tempe- 
rature and Initial Phases of Gaseous Explosions ; 
the Explosion Wave; the Pressures Produced ; 
the Influence of Moisture on Combustion; the 
Combustion of Hydrocarbons; and the Influence 
of Hot Surfaces upon Combustion. Explaining 
briefly the way in which H. B. Dixon had studied 
the advance of the explosive wave and the detona- 
tion and retonation waves, he pointed out that the 
formula of D. L. Chapman (deduced from Riemann’s 
equations) agreed better with the observed rate of 
ora of the explosive waves than those of 

erthelot and Dixon. As regards the function of 
moisture, chemists were not in agreement, H. B. 
Baker had recently suggested that chemical inter- 
changes in gaseous systems depended upon the 
presence of both ‘‘ions” and water vapour, the 
lons to act as nuclei for the condensation of the 
steam; but the amount of moisture required to 
bring about such changes was surprisingly small, 
and if, according to E. W. Morley, less than four 
molecules of steam in 1000 million molecules of gas 
sufficed to effect chemical changes, this assumption 
made large demands upon imagination. 

The influence of hot surfaces was certainly very im- 
portant. The recent experimental work on this ques- 
tion had been done by oaus Bodenstein,and by the 
author, in conjunction with R. V. Wheeler, G. W. 
Andrew, A. Forshaw, and H. Hartly. They had 
studied a variety of surfaces, including metals 
ordinarily regarded as non-oxidising (gold, silver 
platinum), oxidisable metals (copper, nickel), easily 


reducible oxides, and non-reducible oxides, both | 





basic and acidic, and it resulted that the catalytic 
combustion depended primarily on the condens:’ jon 
or absorption of one or both of the reacting cases 
by the surface. It was this ‘‘ activation” by the 
surface, and not the rate of diffusion (Nernst), 
which governed the rate of combustion. The 
catalysing power of the surfaces was highly stimu- 
lated as a rule by previous exposure to the com- 
bustible gas. Hydrogen had a very marked stimy- 
lating influence, especially at high temperature ; 
oxygen generally had a retarding influence, and a 
short exposure to oxygen sometimes sufticed to 
destroy a stimulus previously given; but the in- 
fluence of oxygen was not lasting, and micht be 
reversed at higher temperatures. Silver cauze 
looked frosted (blistered) after hydrogenation ; 
Sabatier and Senderens had observed that nickel 
in particular rendered hydrogen active at com- 
paratively low temperatures, and had changed 
olefinic hydrocarbons into paraffins, for instance, 
by passing them, mixed with hydrogen, over finely- 
divided, freshly-reduced nickel. 

The rate of combustion of CO +0 at 500 deg. 
Cent. was doubled over a fire-clay surface by 
thoroughly drying the gases ; the presence of steam 
in this case had a distinctly retarding effect. It was 
further remarkable that, while in ordinary com- 
bustion methane and hydrocarbons had a far 
greater aflinity at 500 deg. than hydrogen or carbon 
monoxide had for oxygen, this order of aftinities was 
completely reversed in contact with a hot surface, 
which apparently exercised a selective effect, and 
whose presence was sufficient to upset the regular 
conditions of explosive combustion. Several facts, 
Professor Bone stated in concluding, pointed to a 
possible connection between surface combustion and 
the emission of charged particles by hot solids; 
that emission was much larger in hydrogen than 
in air. If the particles were positively charged, 
the surface would assume a negative charge, and 
Professor Bone had observed that gold did acquire 
a negative charge when inducing the combustion of 
hydrogen. Those positive particles would move 
at slow rates near the surface, and would be attracted 
back by the surface, dragging the molecules with 
them. If steam were present, the attraction would 
be diminished, according to Sir J. J. Thomson ; 
that might account for the apparently contradictory 
facts, that the more perfect drying rendered ignition 
more difticult, while it accelerated the combustion 
to a remarkable degree. We should mention that 
Dr. Bone’s printed report did not contain some of 
these last statements. 

Sir J. J. Thomson, first called upon by the Chair- 
man, regretted that so important a report had only 
been distributed when the meeting commenced, 
and he hoped that he would not be held too 
rigorously to any opinion he might express. Com- 
bustion concerned not only the molecules and atoms, 
but also the much smaller and faster-moving par- 
ticles. Those particles might travel in advance of the 
flame and ionise the gas, and they might be stopped 
by magnetic fields and be removed. The experi- 
ments on the rate of the explosion wave should be 
repeated in magnetic fields, in order to see whether 
the rate of propagation could be altered by detlect- 
ing the particles. As long as a gas was in the 
ordinary non-ionised condition, the positive and 
negative particles had almost the same velocity. 
He had indeed suggested, more years ago than he 
cared to remember, that the presence of water 
vapour would diminish the attraction between the 
charged particles. That influence upon chemical 
changes might, however, beveryimportant or be neg- 
ligible ; the electrons might unite with moisture and 
with the constituents. Bone’s observation that the 
metallic surface became electrically charged during 
combustion was interesting, but he was inclined to 
doubt that positive particles would affect the gases; 
negative particles might do so ; the positive par- 
ticles would not stick to the oxygen. As scientists 
were not agreed as to the energy by virtue of w hich 
particles were shot out, chemists might devote 
their attention to the oxidation of surfaces. The 
oxides of calcium and barium sent out negative 
particles. Barium was known to have two oxides ; 
were there also two calcium oxides, and could the 
energy be derived from oscillations between these 
two oxides? The different behaviour of diflerent 
metals under ultra-violet radiations seemed to be 
connected with layers of electrified particles sticking 
to the surface. 

Sir Oliver Lodge thought that the unprepared- 
ness of informal discussions had its merit ; he would 
otherwise prefer to remain silent, The suggestion 
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by J. J. Thomson (experimenting in electromagnetic 
field) was most valuable. The compression wave, 
Sir Uliver thought, overtook the flame-wave, and 
where that occurred new disturbance and chemical 
combination were set up ; two molecules might be 
brought together at first, and three at later stages. 
As regards the propagation of air-waves, it was true 
that a bullet could not travel through air at a faster 
rate than sound ; if itdid, the air would be shattered 
as by an explosion. But the velocity of sound in air 
was not a fixed quantity ; it changed with the actual 
condition of the air, which was compressed and 
heated by the motion of the bullet, and the velocity 
might momentarily become three times the normal. 
There was ignition by compression in the Diesel 
engine. The influence of surfaces on combustion 
was very great; it counted in boiler furnaces, in 
which the combustion was always incomplete, owing 
to the cooling influence of the surface, and in the 
annealing of armour-plates. If a surface became 
positively charged during combustion, the explosion 
might mechanically remove the positive particle 
and leave the surface charged with the opposite 
ign. 

, “Professor H. B. Dixon remarked that Dr. Bone’s 
report did not refer to his (Dixon’s) latest re- 
searches concerning sudden compression, photo- 
graphs of which he had just shown in Section G. 
The ignition temperature was not sharply defined, 
as Nernst thought, and water vapour did not appear 
to enter into chemical combination with the chlorine 
before causing it to detonate with hydrogen under 
the influence of light rays. The phenomena were 
not purely chemical ; but the ignition had to be 
distinguished from the propagation of the wave, 
the starting of the explosion from its spreading. 
As regards the former, the presence of water-vapour 
acted, accelerating ; as regards the latter, retarding 
—that is to say, the once-started wave moved 
fastest in the absence of water. Baker’s work con- 
cerned ignition; if three or several molecules 
appeared to be required in order to start a reac- 
tion, only two seemed to be concerned in its 
spreading ; in this respect he (Dixon) differed from 
H. E. Armstrong. e had tried J. J. Thomson’s 
experiment in an electromagnetic field, but he 
would repeat it. He believed, with Sir Oliver, 
that sound-waves might travel in front of the flame, 
but only a little way—not far, he thought. 

Professor A. Smithells, F.R.S., of Leeds, agreed 
with the other speakers as to the value of Dr. Bone’s 
report, which should be studied. Chemists had 
arrived at the point where they had to call on the 
more fertile imagination of physicists in subdividing 
the atom. 

Professor Arnold mentioned that he had, in 1880, 
been unable to burn steel drillings in dry oxygen 
at 800 deg. Cent., when engaged in analytical work, 
until he passed the oxygen over water. 

Professor H. E. Armstrong thought that all 
chemical problems were now physical, and physical 
rane often chemical. The me by Professor 

one was very important, but difficult for the non- 
experienced. Professor Dixon was coming nearer 
his (Armstrong’s) view, that no action was possible 
between two molecules, neither of which was an 
electrolyte. Professor Dixon demurred to this 
statement, and Sir J. J. Thomson interposed the 
question, What did Professor Armstrong call an 
electrolyte? The answer was that no substance 
except an electrolyte could carry a current ; Kohl- 
rausch’s water had not been pure, else it could not 
have conducted. Sir Oliver Lodge concurred so far, 
but said the argument did not apply to ionised 
gases. Sir Joseph Thomson then offered to force a 


current through any pure binary substance which 
Professor Armstrong would supply, and if Sir James 
Dewar had been unable to force a current through 
helium (purified by means of charcoal), the reason 
was thai Dewar had experimented with electrodes, 


not with Rontgen rays. Professor Armstrong 
insisted that ultra refinement was needed for ex- 
periments which could settle the fundamental ques- 
tion whether a pure gas could carry a current ; ex- 
perimeniers never dealt with clean materials. The 
discussion was then closed owing to the late hour. 


We now turn to astronomical and meteorological 
communications, 


THE Stony oF Astronomy, METEOROLOGY, AND 


GEOPHYSICS. 
The (mittee upon the Provision for the Study 
of Astronomy, Meteorology, and Geophysics in the 


Universities of the British Empire (chairman, Sir 


reported that they had received information from 
the acting heads of most universities, and that Dr. 
Duftield, Mr, R.-'T. A. Innes, and Mr. G. T. Walker 
had collected information in Australia, South 
Africa, and India respectively. The report is a 
summary of what is so far done by regular or 
occasional lecturing, observing, &c.; and it makes 
mention also of the facilities offered in scholar- 
ships and prizes. The chief subjects concerned 
are astronomy, atmospheric electricity, geodesy, 
geophysics, meteorology, and terrestrial magnetism ; 
all subjects for which the Committee is anxious to 
secure due and equal recognition ; meteorology in 
particular has so far been much neglected. 


A Soxtar OpsERVATORY IN AUSTRALIA. 


On behalf of the Committee for Establishing a 
Solar Observatory in Australia, Dr. W. G. Duffield, 
secretary (Sir David Gill is chairman), reported 
that considerable progress had been made. The 
Commonwealth Government had promised to pro- 
vide for the annual upkeep of the observatory on 
condition that private sources raised 10,0001. for the 
erection and equipment. A public meeting had 
been held at Melbourne in October, 1909, and had 
been attended by delegates from the Australian 
universities, observatories, and learned societies, 
under the presidency of the Earl of Dudley, 
Governor-General of Australia. The latter had 
stated, in concluding his opening address :—‘‘ It 
will be little short of a national misfortune if, for 
the sake of a few thousand pounds, Australia fails 
to take her place among the nations of the world 
in scientific research for which her geographical 

sition marks her out.” More than 40001. had 

en subscribed, and Dr. Duftield hoped to report 
next year that the establishment of the observatory 
was secured, so that the whole world might be 
linked by a chain of observatories, and that the 
scheme of international co-operation in solar physics 
could completely be carried into effect. 


Gropetic Arc IN AFRICA. 


The Committee appointed to carry out a further 
portion of the Geodetic Are of Meridian North of 
Lake Tanganyika (chairman, Sir George Darwin ; 
secretary, Sir David Gill) reported that the field- 
work had been completed, and that the computa- 
tions were also nearly finished. 


Stars as FurNAceEs. 


On Wednesday morning, September 7, Sir Norman 
Lockyer, K.C.B., delivered a lecture, illustrated by 
lantern-slides, on ‘‘ Stars as Furnaces,” on which 
Professor Hicks and Dr. Chree commented. 


CosmicaL APPLICATIONS OF RADIATION PRESSURE. 


In a paper on “ Radiation Pressure in Cosmical 
Problems,” Dr. J. W. Nicholson, M.A., of Cam- 
bridge, dealt with the pressure produced by a train 
of plane electromagnetic waves incident on a totally 
solleding sphere. Attention to the importance of 
the radiation pressure in cosmical problems was 
first drawn by Arrhenius in 1900, before the experi 
mental verification of the pressure by Lebedew and 
Nichols and Hull, it will be remembered. The 
mathematical analysis of the problem was given by 
Schwarzschild in 1901, and Dr. Nicholsoa pointed 
out that extended calculations did not quite support 
some of Schwarzschild’s numerical results, while 
strengthening the theory. Dr. Nicholson had com- 
»iled a table for monochromatic light of wave- 
Cth A, a sphere of radius a, the incident energy 
E per unit volume, and the limiting radiation pres- 
sure. The maximum possible radiation pressure 
would result if the size of the particles a, in a 
comet’s tail, for instance, was of the same order 
as A; and Dr. Nicholson found the maximum 
value 22, instead of 18.5 (Schwarzschild)—that is 
to say, the radiation pressure might become 22 
times as strong as solar gravitation, and would 
apparently attain that value for many particles of 
comets’ tails. When the effect of the continuous 
spectrum (instead of monochromatic light) was 
determined by Wien’s law, larger pressure values 
than those hitherto accepted again resulted. A 
departure from the spherical shape would further 
increase the radiation pressure, for instance, in the 
case of disc-shaped particles. Two particles fairly 
close to one another would, under the influence of 
solar radiation, mutually repel one another ; but 
the size for which the repulsion was able to balance 
gravitation would be much larger than for the 
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the need of mathematically determining this critical 
size exactly. 


ATMOSPHERIC ELECTRICITY. 


A discussion on ‘‘ Atmospheric Electricity” was 
opened on Tuesday, the 6th inst., by Dr. C. Chree, 
-R.S., Superintendent of the KewO vatory, who 
gave a very able critical réswmé of our actual know- 


atmospheric electricity, he said, had come and gone 
like summer clouds. The first element to be con- 
sidered was the potential gradient, generally mea- 
sured in volts per metre. The potential was in 
fine weather at 1m. above the ground normally 
positive to the earth, and its variations could be 
observed with the aid of Kelvin’s water-dropping 
electrograph or of radioactive collectors. he 
diurnal variations of the potential chan with 
season and locality. Analysis of the variations in 
Fourier terms brought out the 24-hour term and the 
12-hour term as the most prominent, and the varia- 
tions in the type depended, in the main, on the 
relative importance of these two terms. The 
24-hour term appeared —for station at ground-level, 
at least—to be much more variable in amplitude 
and in phase; it was in general smaller in 
summer than in winter; at Kew the 12-hour 
term dominated nearly the whole year round ; in 
Lapland, G. C. Simpson (now on his way to the 
Southern Antarctic) had found the 24-hour term 
larger even in summer. On the top of the Eiffel. 
Tower, Chauveau found the 24-hour term predomi- 
nant at all seasons. An exhaustive comparison of 
the regular diurnal variations of potential with 
other meteorological elements was so far possible 
only at a very few stations. 

The absolute measurement of the potentials was 
rendered difficult by the presence of the apparatus 
and the observer, and of trees and houses ; any unin 
sulated body tended to assume the potential of the 
earth, and the estimates from different stations 
differed widely. A gradient of 100 volts/m. was 
frequently assumed as normal for fine weather at 
the earth’s surface, and this small value might be 
correct for tropical countries, but was too low for 
Europe. There was no evidence of any eleven 
years’ period. At Potsdam the mean potential for 
the years 1904 to 1908 had been 239 volts ; in 1909 
it had suddenly gone up to 338. The mean at Kew 
had varied between 150 and 180 volts ; but Dr. Chree 
quite expected that it would go up too, simply 
because improved apparatus were being used. 
Even with the low value of 100 volts, however, the 
potential would, at 30 m. above ground, be 3000 
volts. Hence the potential gradient immediately 
above a tall solitary tree should be very steep; 
for the equi-potential surfaces would be horizontal 
and far apart over level ground, but curve and 
crowd up near a tree (at the earth’s potential). 
If that were so, trees should grow under dif- 
ferent conditions when solitary and when closely 
planted. The branch of a solitary tree would 
reach a region of higher potential by stretching 
out horizontally ; in a forest the tree had to shoot 
up vertically to reach steeper gradients. This point 
might be worth the consideration of botanists 
interested in the growth of plants in artificial 
electric fields, as to which Dr. Chree referred to 
Lemstrém and Oliver Lodge.* The atmospheric 
electricity might possibly be utilised in other ways 
as well, although the gradient diminished rather 
rapidly with height; according to Linke the potential 
against the earth was 100,000 volts at 1500 m., and 
10,000 volts might be reckoned upon at an eleva- 
tion of 100 m. During fogs gradients became much 
greater ; 1000 volts/m. had been observed at Kew, 
and 2400 volts at Potsdam. Heavy rains and 
thunderstorms were accompanied by still steeper 
gradients, but the potentials changed rapidly during 
these phenomena, and their interpretation was 
doubtful. On the other hand, even the 2400 volts/m. 
were less than a thousandth of the experimental 
value for the dielectric strength of ordinary un- 
ionised air. Either Nature could produce discharges 
under much lower gradients than laboratory experi- 
ments demanded, or the gradients near thunder- 
clouds were of a different order from those measured 
at the earth’s surface. 

According to Simpson, Dr. Chree proceeded, the 
breaking-up of water-drops caused electrification 


and thunderstorms; but his theory, though pro- 


mising, required very rapidly-ascending air-currents 


* Compare our Note on Electro-Oultivation in Engr- 





direct repulsion effect. Dr, Nicholson emphasised 
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and something like a continuous downpour of 
rain. Many thunderstorm features remained ob- 
scure. Why, to mention minor points, were oaks 
more frequently struck than beeches, and men more 
than women? Destructive thunderstorms had cer- 
tainly increased in Germany since 1870, partly 
owing, possibly, to the increased amount of smoke 
sent up by the factories. Passing to the loss of 
charge from insulated bodies and ionic charges 
and conductivity of the air, Dr. Chree said that 
the Elster and Geitel dissipation apparatus showed 
the loss to be most rapid on fine, clear days, 
contrary to the preconceived ideas ; but, though 
much work had been done, more long-series obser- 
vations, covering the whole of the 24 houra, were 
still needed, and it was difficult to say what the 
instrument exactly measured. The Ebert apparatus 
was subject to similar objections ; it was supposed 
to measure separately the positive and the negative 
ions, but it failed to catch the heavy ions of Lang- 
evin, which seemed to predominate, and, according 
to Eve, the apparent excess of positive ions usually 
found would really be due to smoke &nd dust. 
The vertical earth-air currents could be measured, 
directly or indirectly, by apparatus of Gerdien, 
Ebert, C. T. R. Wilson, and Simpson (self-record- 
ing); they all yielded, in fine weather, currents of 
the order of 2 x 10~-'* ampere per sq. cm., the posi- 
tive current being directed downward. Now, the 
potential increased (as stated above) with the 
elevation above the ground ; these earth - air 
currents would carry a continuous supply of posi- 
tive electricity from the air to the earth, or nega- 
tive electricity from below in the other direction. 
Thus, if negative electricity were regarded as the 
equivalent of ready-money, the earth was constantly 
spending without emptying its coffers. The re- 
versed direction of the earth-air currents in wet 
weather would help to explain this difficulty, for in 
wet weather the gradient was often negative. It 
had hence been suggested that there was a closed 
circuit of this kind: negative current upward in 
a broken-weather district, horizontal current in 
the upper atmosphere, positive downward current 
in a fine-weather district. But rain, on the whole, 
brought down positive electricity (occasionally 
considerable quantities of negative electricity), 
according to the observations of Kiihler in Pots- 


dam and of Simpson in Simla, and our information 


was far too scanty to justify any conclusion. No 
potential measurements had been made over large 
areas of the earth. In certain areas upward or 
downward currents seemed to predominate, and 
those currents might, it had been suggested, explain 
the fact that the values of the magnetic elements 
were not fully accounted for by a Gaussian poten- 
tial. An international meeting of academies had, 
in fact, proposed to extend magnetic observations 
right round a parallel of latitude ; and L. A. Bauer 
had calculated the earth-air currents from the 
known magnetic data. Between latitude 15 deg. 
and 30 deg. N. he found positive downward currents 
of 7 x 10-" ampere, a value enormously larger 
than the measured values quoted above. The 
magnetic observations did not help us over the 
difficulty, therefore. 

If there were no regional compensating system of 
currents, Dr. Chree continued, negative electricity 
might reach the earth from space (through nega- 
tive particles, cathode discharges from the sun, or 
appropriation of comets’ tails), or negative elec- 
tricity might be manvfactured in the earth. Thus 
the question of radioactivity was introduced. That 
the air discharged from the soil was radioactive had 
first been proved by Elster and Geitel. Recent 
observations by Borgmann, Wood and Campbell, 
Kurz, Gockel, Mache, and Cline, tended to show that 
both the soil and the air might be the source of 
radioactivity ; the phenomena differed for different 
localities, and the parallelism between the diurnal 
varistion in the penetrating radiation and in the 
potential gradient was controversial. Concluding, 
Dr. Chree said that he had purposely omitted 
reference to aurore, as they were important in 
themselves. The future should utilise atmospheric 
electricity, and the present question was which of 
the elements and lines of reszarch should be selected 
for routine work at tixed observatories ; they should 
not attempt to do too much. 

Sir Oliver Lodge agreed with Dr. Chree that 
great future developments might be expected. The 
24 hours’ period should be studied with regard to 
both space and the sun. In the laboratory a mist 
could be brought down as rain by electrification ; 
he would not advise, however, attempts to influence 





the weather. Experiments made here and in 
Germany showed that it was unnecessary to apply 
electricity to the soil in long spells of fine weather; 
in wet seasons farmers had increased the output of 
the soil by 30 per cent. by artificial electrification. 
The electrification had also been injurious, however, 
with some plants; unfortunately, he could not 
induce farmers to repeat such experiments. The 
plants might themselves have terminals which 
discharged electricity in sunshine or in ultra-violet 
light. Weiss, of Manchester, had observed that 
the chemical changes produced by the absorption 
of light in the chlorophyl were accompanied by the 
generation of electric currents, and static electrifica- 
tion “——* assist plant-growth. 

Dr. W. N. Shaw pointed out that Dr. Chree had 
passed from regular charges to thunderstorms 
without indicating the steps of the transition. 
Electrographs went out of order when thunder- 
storms approached, and it might be that the ordi- 
nary electrification of the atmosphere had little to 
do with thunderstorms, while, on the other hand, 
the breaking up of water-drops could not account 
for the ordinary electrification. Upward currents 
of 20 miles an hour were nothing extraordinary, 
but the charged conductors (tea-trays) of Lodge’s 
experiments on splash discharges were missing in 
the air. 

Sir J. J. Thomson praised, with the other 
speakers, Dr. Chree’s paper as a model introduc- 
tion. He did not think that it was difficult to 
account for the amount of electricity which was 
necessary to change the weather, as Sir Oliver 
Lodge had indicated ; there was sufficient potential 
energy present, which had only to be converted 
into kinetic energy. He had once made the calcu- 
lations. The crux of the problem was to find how 
the negative electricity got back to the earth. The 
real carrier of this electrification seemed to be the 
rain. The fall of potential near waterfalls was very 
great, and at Victoria Falls Satterly had found it 
abnormally great, as was to be expected, 20,000 
volts per metre. The ionisation was affected by 
many causes, especially by radioactive substances, 
and these radiations fluctuated very much at the 
same place, in the ratio of 10 : 1 at Cambridge, for 
instance. The previous history of the air was also 
important ; the amount of emanation was small 
after winds from over the sea, and large after winds 
that had travelled over land. Convection currents 
in the air would lift the emanation, when directed 
upward, or stop it when downward. The positive 
and negative charges were balanced under ordinary 
conditions ; the formation of artificial thunder- 
storms would depend upon our power of separating 
the charges. e had himself suggested, some- 
what analogous to Simpson, that moisture con- 
densed more easily on negative than on positive 
particles of the air; gravity then came in, when 
the air was supersaturated, and pulled the negative 
particles down against the attraction of the positive 
particles. The work done in a thunderstorm would 
thus be gravitational ; there were, indeed, thunder- 
storms without local rains, but the rain might fail 
some distance off. 

In his reply Dr. Chree referred to the irregular 
changes in the potential gradients as clouds came 
up ; during a fall of rain and snow the potential 
fluctuated very much and changed its sign often 
within a few minutes ; more data were wanted. 


PROPAGATION OF SUDDEN COMMENCEMENTS OF 
Maenetic Storms. 


Dr. Chree also gave a summary of ‘‘ Recent 
Views on the Propagation of Sudden Commence- 
ments of Magnetic Storms.” The communication 
dealt chiefly with the thesis recently advanced by 
Dr. L. A. Bauer, head of the department of Terres- 
trial Magnetism in the Carnegie Institution of 
Washington, that the so-called sudden commence- 
ments were propagated at a rate such as would 
go round the earth in about 3} minutes. Bauer 
believed the cause of the disturbance to be a pecu- 
liar form of overhead electric current in the plane 
of the equator, due to charged ions at the average 
height of 50 miles. Dr. Chree could not accept the 
reasoning by which Bauer accounted for the required 
motions of his ions, nor was he convinced by the 
evidence in favour of Bauer which R. L. Faris had 
found in an analysis of the records of fifteen mag- 
netic disturbances from the five stations of the 
United States Geodetic Survey, at Porto Rico, 
Cheltenham, Baldwin, Sitka, and Honolulu. Faris 
had deduced uniform rates from his analysis. 
Examining also the records from Kew and Green- 





wich, Dr. Chree found that not even the order in 
which the disturbances were observed at the dif. 
ferent stations seemed to be correct. The error in 
the estimate of the time depended largely upon 
the size of the disturbance and the sensitivencss of 
the instruments. Dr. Chree, at the same time 
paid a high tribute to the work done by Dr. Bauer. 
whom he might criticise too severely; very Soup 
were sufficiently familiar with both the theory and 
the practice of these researches, and judgment 
should be reserved. 


MaGNetTic OBSERVATIONS AT Fatmoutn 
OBSERVATORY. 


The Report of the Committee on Mavnetic 
Observations at Falmouth Observatory (chairman, 
Sir W. Preece ; secretary, Dr. R. T. Glazebrook) 
suggested a continuation of the observations. The 
magnetographs at Eskdalemuir now worked satis- 
factorily, and regular tabulation was to be com- 
menced there. As the Meteorological Oflice was 
now responsible for the magnetic and meteoro- 
logical work at Kew and Eskdalemuir, it was recom- 
mended that Dr. W. N. Shaw, Director of the 
Meteorological Office, should be ‘appointed secre- 
tary of this committee. 


INVESTIGATION OF THE Upper ATMOSPHERE. 


The Ninth Report of the Committee for the 
Investigation of the Upper Atmosphere (chairman, 
Dr. W. N. Shaw ; secretary, Mr. E. Gold) was read 
by the secretary. It was a very interesting docu- 
ment. International ascents by registering balloons 
(the head-quarters of the Association are at Strass- 
burg under Hergesell) had been made in the week 
December 6 to 11, from twelve Continental stations 
and four stations in England—at Ditcham Park 
(Petersfield), Pyrton Hill (Oxford), Manchester, and 
Crinian, N.B., all situated in a straight line, and 
also by Captain C. H. Ley at Dhulough, in the 
extreme west of Galway ; further, from German 
cruisers in the West Indies and East Indies, from 
three Norddeutsche Lloyd steamers in the Atlantic, 
from an Italian steamer off Somaliland, on the Peak 
of Teneriffe, in the United States, and in India, 
and Mr. Cave had sent up kites in Barbados. 
Eighteen balloons sent up in this country had been 
recovered, and fifteen of these had exceeded heights 
of 10 km. Captain Ley had only recovered two of 
his six balloons, which had not been strong enough 
for the severe winter gales. There was a cyclone 
over the British Isles, and the upper limit of the 
convective layer —i.e., the lower limit of the 
isothermal region—was found exceptionally low at 
about 8 km., while it was 12 km. in the anti-cyclonic 
districts over Spain. The full analysis of the inter- 
national records will be very instructive. 


Tue Urrer ATMOSPHERE AND Hatiey’s Comer. 


Mr. W. H. Dines, F.R.S., of Pyrton Hill, pre- 
sented a paper on ‘‘ Observations in the Upper 
Atmosphere during the Passage of the Earth through 
the Tail of Halley’s Comet.” He said that a series 
of ascents of balloons, fitted with Dines’ registering 
apparatus, had been arranged, at the suggestion of 
Mr. C. J. P. Cave, by the International Aero- 
nautical Commission, for May 18 and the following 
days, although positive results were not expected. 
If comets’ tails consisted of any appreciable quar- 
tity of matter, the temperature of the atmosphere 
should rise, owing to the kinetic energy of the 
particles which became entangled in the atmec- 
sphere ; that rise should, however, occur at heights 
far beyond the range of balloons. Assuming a 
density of 1 1b. of matter per cubic mile (perhaps 
of the right order for the head, but utterly in- 
admissible for the tail of the comet), the tempera- 
ture rise per hour could only be 1 deg. Cent., and 
that would be inappreciable. Balloons were sent 
up on May 18, at 7 a.m. and 10 p.m. ; on May 19, 
at 2.a.m.and 7a.m.; and on May 20 at 7a.m., from 
Ditcham Park, Pyrton Hill, and Manchester, some 
up to 19 km., temperature and barometer curves 
being drawn on small pieces of metal about | !n. 
square ; the records were supposed to be correct 
within 1 deg. Cent. and 5mm. of mercury. The 
balloons were to rise, burst, and fall again; most 
of them were recovered, and the fact that the ascent 
and descent curves were, on the whole, in cluse 
agreement was the strongest evidence of ther 
reliability. ans 

In some cases, however, Mr. Dines pointed «ut 
the ascent and descent curves differed by as much 
as 5 deg. or 6 deg. Cent., and crossed and recross«\': 
these temperature differences suggested raj 
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hanges in the interval between ascent and descent, 
and unusual fluctuations in the temperature and 
in the air-pressure were observed on almost all 
the curves. The weather was unsettled during the 
three days, and thunderstorms were general. The 
temperature fluctuations mentioned were parti 
cularly noticeable near the isothermal layer, at 
and above an elevation of 10 km., an altitude at 
which the surface winds were hardly felt, and 
at which temperature changes seemed to depend 
chiefly on changes in pressure caused by ascending 
and descending currents. It had to be remembered 
in this connection that at high altitudes small 
changes in pressure would account for large changes 
in temperature. The conclusion was that, though 
none of the observed phenomena could reasonably 
be put down to the comet—through whose tail the 
earth may or may not have passed—rapid and un- 
usual variations in temperature and air-pressure 
were in progress during those May days in the 
upper atmosphere. General conclusions cannot be 
drawn before the reports from different parts of the 
world are compared. 

Hourty BaLLoon AscENTS FROM MANCHESTER. 

The paper by Miss M. White, on ‘‘ The Results 
of Hourly Balloon Ascents made from the 
Meteorological Department of Manchester Univer- 
sity,” related toa similar subject, and recorded a 
most remarkable performance in scientific balloon- 
ing. ‘Twenty-six balloons were sent up on March 
18 and 19, up to heights of 20 km.; twenty were 
recovered, all within an angle of 18 deg., showing 
that the wind direction did not change much with 
height ; the interval between the rise and fall of a 
balloon was about two hours. The temperature 
curves were of the usual type ; the ground tempe- 
rature was remarkably constant, and the isothermals 
at higher levels followed the general trend of the 
ground-level. The effect of solar radiation on the 
temperature of the upper layers was almost 
inappreciable. 

RavIATION AND THE ADVECTIVE REGION. 

Mr. E. Gold, M.A., of Cambridge, who is join- 
ing the Meteorological Office, presented a memoir 
on ‘The Effect of Radiation on the Height and 
Temperature of the Advective Region ”—a continu- 
ation of his investigation of atmospheric radiation, 
circulation problems, and the isothermal layer. 
The point is that the isothermal layer lies in our 
latitudes at a height of about 11 km., and has a 
temperature of about —64 deg. Cent.; near the 
equator it seems to lie much higher up, at about 
17 km., and to have an average temperature of 
—70 deg. or -—80 deg. Cent. The result of Mr. 
Gold’s analysis was that the variation in the dis- 
tribution of water vapour combined with the pre- 
sence of spectral regions, for which the atmosphere 
was nearly transparent (the air absorbs different 
radiations to different extents), would be sufficient 
to account for those changes in the height and 
temperature of the advective region with latitude. 

ATMOSPHERIC Waves or SHORT PERIOD. 

Dr. W. Schmidt, of the Zentralanstalt fiir Meteoro- 
logie, Vienna, also contributed a theoretically highly 
instructive paper on ‘‘ Atmospheric Waves of Short 
Period ;” of interest also to the engineer, since it 
concerned waves in cold-air lakes. Dr. Schmidt 
explained that he had made his observations with 
the aid of his variograph (a remarkably delicate 
instrument, recording the rate of change in pres- 
sure, which he described before the Vienna Academy 
of Sciences last year) in two observatories, situated 
1950 metres apart on the sides of a valley near 
Innsbruck. A cold-air lake would form in this 
valley, and the warm Foehn wind would set up 
waves. These waves were stationary, of long 
period, or progressive of short period, and were 
independent of one another, though interfering 
with one another ; stationary transversal waves were 
also observed, and the periods agreed fairly with the 
formula of Helmholtz. Similar waves had also been 
studied in a much more exposed spot at Vienna. 

Mr. R. F. Stupart, chief of the Meteorological 
Service of Canada, read a paper on ‘‘ Temperature 
Inversions in the Rocky Mountains.” 

(To be continued.) 





_ New Iron Works tn Brazit.—Two large German 
firms in the iron industry are about to start iron works in 
the northern part of Brazil. Special privileges will not, 
it is understood, be granted to the German firms in ques- 
tion, who will have to content themselves with the facili- 
thes embodied in the decree dealing with the advaneement 
of the iron industry, 








THE INSTITUTE OF METAIS. 
(Concluded from page 441.) 
INCORPORATION OF THE INSTITUTE. 

On opening the proceedings at Thursday's 
meeting of the Institute of Metals at Glasgow, 
last week, Sir Gerard Muntz announced that the 
incorporation of the society was now complete save 
for the helding of a statutory meeting, which it was 
proposed to fix for October 11 next, in London, at 
8 p.m., and he asked members to attend in sufli- 
cient numbers to form a quorum. He also an- 
nounced that the next ordinary general meeting of 
the Institute would be held in London on January 
17 and 18 next, and that the annual dinner had 
been arranged for the date last named. 

Following this, Sir Gerard Muntz proposed a 
vote of condolence with the family of the late Mr. 
Bonner, which was seconded by Sir W. H. White, 
who referred to the way in which Mr. Bonner had, 
in his capacity as chairman of the British Alumi- 
nium Company, aided the researches in aluminium 
alloys carried out at the National Physical Labo- 
ratory. 

The President next announced that Dr. Beilby 
and Professor Barr had accepted seats on the 
Council of the Institute, and also that the Council 
had appointed Sir W. H. White to be the first 
Fellow of the Institute. Fellowships, Sir Gerard 
proceeded, were intended to be a recognition of ser- 
vices, whether scientific or general, rendered to the 
society, and Sir W. H. White had earned gratitude 
in taking up the burden of the first presidency. 
Had they not had Sir William behind them at the 
outset he doubted whether the Institute: would 
have developed with anything like the same 
rapidity. 

In reply, Sir W. H. White said that he had 
already thanked the Council for the honour offered, 
and these thanks he now repeated. He had, he 
continued though, through the succession of a new 
president he was now rather an extinct volcano, as 
great an interest in the society as ever. He could 
not claim to be one of the real founders of the 
Institute, but he had been asked to take a hand 
at a very early stage, and having been inveigled 
into taking the chair at the first preliminary 
meeting, found himself, in spite of protests, 
appointed the first president. 

he further growth of their society, he continued, 
depended on the members themselves. They were 
already very strong on the scientific side, but he 
hoped that they would obtain further support from 
the ranks of traders and users. 


Tue Errect or Siiver, Bismutu, aND ALUMINIUM 
on **TovucH Pitcu” Copper. 


“The President then called on Mr. F. Johnson, 
M.Sc., to read his paper on ‘* The Effect of Silver, 
Bismuth, and Aluminium upon the Mechanical 
Properties of ‘Tough Pitch’ Copper containing 
Arsenic.” 

In this paper Mr. Johnson has given the results 
of observations made on the behaviour of ‘‘ tough 
pitch” copper containing arsenic, to which was 
added different proportions of silver, bismuth, and 
aluminium. His object has been to discover to 
what extent impurities are responsible for such 
failures as occur in practice. The only previous 
important research bearing on the question was 
conducted by Professor Roberts-Austen in 1893, 
and this was not made in conditions corresponding 
to works practice. These tests showed the dele- 
terious effects of bismuth, but the copper contained 
no other impurity, and Mr. Johnson has therefore 
endeavoured to approximate more to works practice 
by introducing also into the copper sufficient arsenic 
and oxygen to yield a sound ‘tough pitch ” ingot 
capable of being rolled. He finds that the presence 
of arsenic does to a large degree compensate for the 
presence of small percentages of bismuth, but that 
even with ‘‘ tough pitch” copper containing 0.4 per 
cent. of arsenic the bismuth should not exceed 
0.02 per cent., a proportion which will, in the con- 
ditions named, still make its presence felt if the 
ingot has to receive severe treatment at a red-heat. 

The author has also experimented on silver, 
and concludes that neither it nor arsenic exist in 
the copper as oxides, but form solid solutions with 
the bulk of the metal. Bismuth, on the other hand, 
separates out as metallic bismuth if cuprous oxide 
is absent. In that case the metal occurs as brittle 
plates and films enmeshing the crystals of copper; 
whilst if oxygen be present, the bismuth occurs as 
minute globules of oxide isolated from each other 








by similar globules of cuprous oxide, and in this 
case the copper does not suffer so great a loss in its 
mechanical properties. 

The copper used in Mr. Johnson's experiments 
was electrolytic copper, to which definite propor- 
tions of arsenic were added. All the ingots were 
hot rolled, and this hot-wrought material was sub- 
sequently tested for its tensile strength, resistance 
to bending, endurance under alternating stresses, 
and its malleability. All the ‘tough pitch” 
arsenical specimens showed improved mechanical 
properties as compared with a ‘‘tough pitch” 
arsenic-free sample treated in exactly the same way. 
Silver in the presence of arsenic was found not to 
impair the hot-working properties up to a propor- 
tion of at least 0.175 per cent. It increases the 
strength and elasticity, whilst hardly affecting the 
ductility and resistance to alternating stresses. 
Aluminium used in sufficient quantity to de- 
oxidise the copper yields a metal with excel- 
lent hot-working properties, but with a lower 
tensile strength, though increased ductility and 
resistance to alternating stresses. A surplus of 
aluminium, however, destroys the hot-working 
properties, and the author concludes that the pre- 
sence of both aluminium and arsenic in copper is 
deleterious. In his paper the author suggested that 
the influence of arsenic in diminishing the bad 
effect of bismuth in copper arose from the former 
element shortening the time taken by the metal to 
solidify, so that the bismuth had not the oppor- 
tunity to separate and find its way into the crystal 
boundaries. This theory, however, he withdrew 
at the meeting, pending further consideration and 
experiments. Summing up, he concluded that the 
effect of silver in the proportions usually found in 
commercial ‘‘ tough” arsenical copper is beneficial. 
The effect of bismuth upon the same kind of 
material is not serious on rolled metal, but no 
commercial arsenical copper is fit for working at a 
red heat if it contains this amount. The effect on 
the hot-working qualities of 0.02 per cent. is notice- 
able, but the copper is not ruined thereby; still 
any crude copper containing over 0.01 per cent. of 
bismuth should b be regarded with suspicion, since it is 
possible that other impurities, such as nickel, may 
also be present, which, whilst intensifying the injury 
done by the bismuth, interfere with the corrective 
action of the arsenic. 

In concluding the abstract he read of his paper, 
Mr. Johnson drew on the blackboard diagrams, 
which we reproduce below (Figs. 1, 2, and 3), illus- 
trating what he conceived to be the cause of the 
differences in the shape of the ingot with ‘ set” 
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copper, ‘‘ tough pitch” copper, and ‘‘ overpoled” 
copper. In the first named, in which the surface 
of the ingot sunk below the horizontal, there were 
no reducing gases present. With ‘‘ tough pitch” 
copper, yielding a level ingot, as represented in 
Fig. 2, minute bubbles of reducing gases dis- 
tributed through the ingot prevented, by their 
expansion, the sinking in question, and a ‘‘ level” 
ingot was obtained. With overpoled copper the 
bubbles of reducing gas were so e that they 
forced up the metal beyond the original top surface 
of the ingot, as indicated in Fig. 3. 

The discussion was opened by Mr. J. H. Heap, 
who said that as a manufacturer of arsenic he had 
experienced a somewhat unusual pleasure in hearing 
the paper. He was accustomed to hear arsenic 
regularly abused, which made it all the more grati- 
fying to listen to papers like that of the author 
and a previous one by Messrs. Bengough and 
Hudson, in which the value of this metal was 
recognised, and in which it was regarded with the 
respect which was its due. As the investigation 
pee he hoped that it would be found that 
”y gradually increasing the dose, not only would 
the metals to which it was added cease to show the 
early effects, which, as in the case of human beings, 
were not so favourable, but that the larger addition 
would bring about highly beneficial results. Re- 
ferring to certain tables in the author's paper, Mr. 
Heap said that apparently the arsenic in these tests 
was not practically constant, as the author claimed, 
but varied enough to appreciably affect the results 
observed. It was, he thought, quite evident that two 
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EXHIBITS AT THE ENGINEERING EXHIBITION AT OLYMPIA. 
(For Description, see Page 459.) 
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EXHIBITS AT THE ENGINEERING EXHIBITION AT OLYMPIA. 
(For Description, see Page 459.) 
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elements were essential to the production of the best 
‘*tough pitch ” copper, or rather, perhaps, he should 
say, one—viz., oxygen—was essential, and the other 
—arsenic—was beneficial. All other constituents 
were to be regarded as impurities tending to effect 
more or less harm, a tendency which was corrected 
by the arsenic. He asked the author whether this 
benefit would not be greatly enhanced by adding 
the arsenic, not in the metallic form, but as ‘‘ lump 
white arsenic.” As to what would then occur with 
the oxygen in the arsenious oxide constituted an 
interesting question, since if the needed addition 
of oxygen to the copper was derived from the air, a 
complication arose from the simultaneous introduc- 
tion of nitrogen. Hence he thought it would be 
found best to introduce the oxygen along with the 
arsenic, and thus avoid the undesirable nitrogen. 

The next speaker, Professor Thomas T'urner, 
expressed his appreciation of the paper, which pre- 
sented that combination of theory and practice of 
which so much had been heard at the present 
meeting. As illustrating the importance of distin- 
guishing between pure and arsenical copper, he 
referred to the parallel case of iron and cast iron. 
Concerning these, men at one time argued that 
the effects of an ingredient on cast iron could be 
deduced from its effect on pure iron, and were thus 
led to the totally erroneous conclusion that silicon 
in cast iron was to be avoided in all proportions. 
Electrolytic copper, he proceeded, differed as much 
from ordinary copper as wrought iron from cast. 
Mr. Johnson’s experiments involved considerable 
difficulty. Starting with a copper purposely made 
impure, he had to maintain these impurities con- 
stant, although to keep the ‘‘ pitch” of copper 
when working ona small scale was far from easy. 
In such cases the metal went past or under pitch 
in a very few moments. The effect of the bismuth 
was very interesting. Many brands contained 
enough of this metal to render the copper un- 
suitable for rolling. As little as 0.02 to 0.05 per 
cent. meant everything in the case of pure copper, 
but practice supported the author’s conclusion that 
in the case of arsenical copper to be worked cold 
the timit of 0.02 per cent. of bismuth could be 
more than doubled. Both silver and aluminium 
would condemn a copper required for use as a con- 
ductor, but seemed to have a good effect on the 
mechanical properties of the metal. 

Professor Carpenter, who followed, said that 
the paper was an excellent combination of the prac- 
tical with the theoretical, and as such could stand 
criticism very well. He was glad the author had 
withdrawn the theory as to the mechanism by which 
arsenic reduced\the injurious effect of bismuth, 
which, as it stéod, was, he thought, wrong, 
although he believed that what the author really 
meant to imply was quite correct. With regard 
to the micrographs attached to Mr. Johnson’s 
paper, he thought it quite probable that the dark 
constituent was a sulphide, but suggested that 
this should be definitely tested by the use of a 
reagent, which would liberate sulphuretted hydro- 
gen, the presence of which could then be detected 
by test-papers, as done by Mr. Stead. He further 
suggested that as, in another of these photographs, 
three constituents were referred to, whilst only 
two were apparent, arrows should be added to 
show which was which. As to the author's 
views on the subject of piped and level ingots, 
he thought it adele that the author was quite 
right in attributing the differences in the ingot 
level to the presence of smaller or larger amounts 
of reducing gases. 

Mr. G. D. Bengough said that he observed that 
the author had estimated the amount of oxygen 
present in his ingots by the loss of weight observed. 
He asked, Why not measure directly the weight of 
water — ? He was, indeed, somewhat 
sceptical about analyses in which the quantity 
of oxygen was estimated by a slight loss of weight 
on perhaps 20 grammes of material. He asked, 
further, how the author took his samples : Was the 
bar hammered down to a thin strip and then cut 
up! He himself was accustomed to take samples 
by drilling, but owing to the possibility of an oxida- 
tion of the drillings, this method was not entirely 
satisfactory. In his paper the author suggested that 
there was no advantage in adding, in the metallic 
form, the arsenic to the copper. Mr. Plattner, how- 
ever, in a paper published in the Journal of the 
Society of Chemical Industry, came to a different 
conclusion, holding that the arsenious oxide was 
reduced by the copper. He would like to know 
whether the author had any data as to the compo- 





sition and amount of the reducing gases held in 
wn ey and further, whether in the case of ‘‘ tough 
pitch” copper they were got rid of or kept in 
solution, and thus prevented from becoming a 
nuisance. 

Mr. Wilson said that he could, at least as con- 
cerned the silver-copper alloys, eonfirm what the 
author had said as to the liberation of gases at the 
moment of solidification, and the hypothesis seemed 
to afford some kind of explanation of his experi- 
ence with certain castings. Thus with a large 
casting made in a chilled mould the outsides could 
be rolled down into sheets without difficulty, but 
very considerable trouble often arose with the 
central portion. 

Mr. E. L. Rhead also referred to the difficulty he 
had found in distinguishing, in the author’s micro- 
graphs, the different constituents named. He asked 
whether the quick setting of arsenical copper was 
due to a cooling below the true melting point and 
a subsequent sudden setting, and thus occasioned, 
not immediately by loss of heat, but by something 
analogous to super-saturation. He also asked 
whether the author had considered the mutual effect 
of arsenic and antimony, as well as of arsenic and 
bismuth. It was usually held that antimony was 
harmful to an extent not much less than bismuth, 
and it would be interesting to know whether this 
could be neutralised by arsenic. Reference had 
been made to the bismuth separating out as minute 
globules of oxide. Possibly arsenic had on bismuth 
an effect similar to that of an addition of ammonium 
chloride to a colloid solution. In such it caused an 
aggregation of the particles into masses of measurable 
size. He thought that this suggestion would be 
worth following up, and lead to important results. 
At present nothing was known as to the nature of 
the particles dissolved in a metal at high tempera- 
tures, but if such a solution had a colloid character 
much would be explained. 

Mr. W. H. Johnson desired to add his testimony 
as to the great worth of the author’s paper, which was 
just what manufacturers wanted. It gave results 
of a careful investigation carried out in works con- 
ditions, and was thus in a distinct class from the 
many valuable contributions the Institute had had 
from purely scientific centres. He himself appre- 
ciated both, but the great object of the society 
was to obtain papers such as the author’s, and to 
subject them to the criticism of those for whom 
science constituted the primary object. 

Sir W. H. White, who followed, said that having, 
as Chairman of the Alloys Committee, been closely 
associated with the late Roberts-Austen, he could 
assure the author that that eminent metallurgist 
would have been the first to admit that his work was 
incomplete, and executed in conditions very different 
from those necessarily obtaining in works. The work 
of the scientist dealing with exact quantities and with 
pure materials was of immense value as suggesting 
to the practical man possible improvements in the 
conduct of his operations, but the extension of such 
researches to factory conditions was undoubtedly 
best accomplished in the works laboratory. In 
the recognition of the importance of the latter, 
the United Kingdom had at one time lagged be- 
hind, but this was no longer the case. In conclu- 
sion, he asked the author whether it was anywhere 
the practice to cast copper under pressure. 

Sir Gerard Muntz, in bringing the discussion to 
a close, remarked that, as a practical man, the 
percentages of arsenic and of oxygen in the author’s 
test-bars appeared to him somewhat erratic, and 
that it was hardly fair to make comparisons between 
bars so dissimilar in thisregard, Both the elements 
in question had large effects on copper, and it is 
highly desirable, therefore, that either the one or 
the other should be kept constant throughout such 
a research as that conducted by the author. Pro- 
fessor Turner had suggested that electrolytic and 
ordinary copper were in effect two distinct metals, 
but with this the speaker did not agree, ordinary 
tough copper being pure copper spoilt by the 
addition of other materials. As to whether it was 
best to add the arsenic as oxide or in the metallic 
form, he preferred the latter, although good results 
could be obtained either way, but the treatment 
necessary was different. As to Mr. Johnson’s dia- 
grams illustrating that the difference between 
piped and level ingots arose from the presence in 
the latter of reducing gases, he believed this to be 
an absolute fact. He might add that in his own 
laboratories he was investigating the effect of poling 
on copper, and hoped that the results would ulti- 
mately be presented to the Institute in a paper. 





Sir William White had referred to the casting of 
copper under pressure, and he could say that this 
method was to his knowledge practised by two 
firms. He didnot, however, believe it-to be nece: 
sary, and thought that a metallurgist who knew his 
business would not need to get the gases out of his 
ingots by mechanical means, 

In reply, Mr. F. Johnson said that he would prefe1 
to answer in writing most of the questions addressed 
to him. As to whether it was best to add the 
arsenic as oxide or as metal, Plattner had found 
that if the addition were made in the refining fur- 
nace, with oxygen not present, a higher tensile 
strength was obtained with metallic arsenic than if 
arsenious oxide were added and the metal poled. 
The difference in tensile strength was, however, 
small—viz., about } ton. In his opinion, however, 
by properly adjusting the treatment, identical re- 
sults were obtained with either method of adding 
the arsenic. As to Sir William White’s query re 
fluid-compressed copper, he could say that the plan 
in question was regularly adopted by two firms in 
Birmingham and by the Broughton Copper Com- 
pany at Manchester, but he agreed with Sir Gerard 
that itshould not be necessary. 


Derects In ALLOYS, AND METALLOGRAPHY IN THE 
Brass Founpry. 

The two remaining papers on the list—viz., one 
by Dr. C. H. Desch, on ‘‘Some Common Defects 
Occurring in Alloys,” and the other by Mr. H. S. 
Primrose, on ‘‘ Metallography as an Aid to the 
Brassfounder,” were then read, and subsequently 
discussed together. Mr. Primrose’s paper appeared 
in our last issue, and Dr. Desch’s paper we intend 
to publish at an early date. 

br. Desch apologised for the incompleteness of 
his paper ; his work as secretary to the local com- 
mittee in charge of the arrangements for the meet- 
ing having greatly hindered his experiments. The 

per, he said, constituted accordingly a series of 

eadlines for discussion. 

The firsi speaker, Mr. G. A. Boeddicker, said 
that a full discussion of Dr. Desch’s paper would 
involve a discussion of every paper yet read before 
the Institute, and of all to be read in the future. 
He did not, however, agree with the author's 
method of classifying defects, in which those 
arising from physical causes were mixed up with 
others of chemical origin. He thought the classifi- 
tion should comprise a ‘‘ medical ’’—that was to say, 
a chemical side—and a ‘‘ surgical” or physical side. 
To the former would belong cases of ‘‘ poisoning” 
a metal by the use of bad material. One great 
difficulty met with in practice was that defects 
were often only reported to the manufacturer 
months after the metal had been made. This 
made it extremely difficult to trace the source of 
the trouble ; in particular it was almost impossible 
to find out whether the defects arose from a wrong 
casting temperature. He rather questioned Dr. 
Desch’s statement that molten metals absorbed 
more gases as the temperature rose, but believed 
that sponginess really originated from the presence 
of some impurity. With nickel alloys, for example, 
the caster could produce perfectly sound ingots by 
first over-heating the metal and then cooling it to 
the casting temperature. Unfortunately, however, 
nickel had a great affinity for carbon, and it was 
therefore impossible to use this plan in practical 
work, The ‘ burning” of cupro nickels was really 
due to combined carbon ultimately separating 
out as graphite. Ingots for instance, could be 
rolled down to 2 in. thick all right, and would then 
suddenly become brittle by the separation of the 
carbon. In these alloys, moreover, oxygen tended 
to induce fire-cracks. Instances of the spontaneous 
crystallisation of cold- worked alloys had_ been 
given by Dr. Desch ; and to these he could add the 
case of an ink-pot of spun German silver, which, 
after a travel of some months in the tropics, spon- 
taneously developed the most peculiar cracks. 

The discussion was continued by Mr. Johnson, 
who said he had not observed the separation of a 
eutectic from copper containing bismuth, as men- 
tioned by Dr. Desch, but had found that the bis- 
muth separated out alone, showing none of the 
characteristic appearances of eutectic systems. He 
would like, therefore, to know what proportion of 
bismuth it was necessary to add to —— to get 
this eutectic. He could endorse what Mr. Prim- 
rose had stated as to the difficulty of preparing 
micrographic specimens of the softer copper alloys 
on which the polishing material was liable to pro- 
duce confusing scratches. With reference to the 
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effect of antimony on copper alloys, some main- 
tained that 0.01 per cent. rendered brass unwork- 
able. According to Mr. Sperry, 0.02 per cent. 
altered the fracture of Muntz metal from tibrous to 
crystalline. In the speaker's: opinion, however, 
neither 0.10 per cent. of antimony nor 0.10 per 
cent. of arsenic, if present alone, would have this 
effect, but when both the elements named were 
.sent together the alloy was unworkable. 
Professor Carpenter said that reading Dr. Desch’s 
list of the possible defects of alloys made him sorry 
for the manufacturer, and caused him to wonder 
how he ever succeeded in getting anything right. 
To Dr. Desch’s list of the possible illnesses of metals 
he would add sponginess, arising not solely from 
dissolved gases, to which the author had indeed 
referred, but from the sand of the mould being 
either too moist or too tightly rammed, which was 
a very prolific source of failure. 

In copper-tin alloys he had found that very slow 
molecular changes were liable to occur, leading to 
crystallisation. He had discovered this inversion 
in the course of a series of experiments, extending 
over three years, on the production of non-porous 
‘‘hydraulic” alloys. The manufacturer had not 
yet succeeded in producing these, since, although 
their castings were non-porous when new, the in- 
version referred to above caused them to deteriorate 
and become useless in the course of a few years. 
Other defects in alloys arose from the bad design 
of castings, in which abrupt changes of thickness 
and the existence of planes of weakness constituted 
a great source of trouble. Referring to Mr. Prim- 
rose’s paper, he noted that the author said that 
in the case of brass alloys, bright and clean blow- 
holes near the surface of the casting indicated that 
the mould had been too moist. This was inter- 
esting, since, in the case of cast iron, blow-holes 
thus arising were invariably dull, bright ones 
arising from dissolved gases. 

Mr. E. L. Rhead, who continued the discussion, 
said he thought that he could throw some light upon 
the spontaneous crystallisation of the tin, to which 
reference had been made by Dr. Desch. It appeared 
that this tin was part of the worm from a still, and 
it was well known that in making tin tubing, unless 
the temperature of expression was right, the tin 
assumed a columnar structure, and in this con- 
dition would not stand bending. It might be, 
therefore, that the contraction and expansion of 
the worm with alternations of temperature broke 
up this columnar condition, and he asked, there- 
fore, whether the broken tube exhibited this 
structure. He disagreed with Dr. Desch’s views 
that the cold working of a metal broke up its crys- 
tallisation, rendering the structure amorphous. 
Crystals were essentially molecular in constitution, 
and could not be rendered amorphous merely by 
breaking them up more and more finely. He 
believed that the fractures, thus accounted for by 
Dr. Desch, really arose from crystalline cleay- 
age. The average manufacturer, he proceeded, 
appeared to think that metallography was very 
difficult to carry out in works conditions, but 
in this they were mistaken, and, at any rate, the 
use of the microscope to detect good from bad 
material was well within the powers of any works 
having available for the job a man with ‘‘ horse 
sense. 

Sir W. H. White, referring to Dr. Desch’s paper, 
was inclined to question whether so-called erosion 
in the case of propellers was not really corrosion. 
The phenomenon was, he thought, closely allied to 
cavitation. Many thought that cavitation was con- 
fined to the back of a propeller blade, but he had 
seen tank experiments in which, owing to cavitation 
in the driving side, the propeller gave negative 
thrust. Of course, in this instance, the propeller 
was specially designed for the purposes of the 
investigation, and was not a practical form. With 
the latter, however, he thought in all cases that so- 
called erosion arose from the presence of free air, 
and was really corrosion. As regards the latter, 
the Admiralty had made some very singular dis- 
coveries with wooden ships sheathed with copper 
or Muntz metal, and still more singular ones with 
iron hulls sheathed over a wooden lining. 

In reply, Dr. Desch said that Mr. Boeddicker’s 
statement of his experience, that with nickel alloysa 
rise of temperature facilitated the escape of occluded 
gases, ditfered from his own experience with alloys 
not containing nickel. With these, careful measure- 
ments left no doubt of the fact that the absorption 
increased with the temperature, so that molten 
metals differed in this regard from ordinary liquids, 


pre 


In most cases these gases were given off again 
before the casting temperature was reached. Mr. 
Johnson had said that with bismuth in copper he 
had noted no characteristic eutectic structure, but 
the fact was that in this case there really was a 
eutectic, although the proportion of copper in it 
was too small to yield the characteristic appear- 
ance. He thought that for testing metals at high 
temperatures the alternating stress test was 
better than the ordinary tensile test. Mr. Rhead 
had referred to the crystallisation of tin in the 
worm of a still, but the speaker did not think 
that this arose from a fault in the manufacture, as 
the whole of the worm with the exception of one 
small portion was perfectly sound. That part which 
did fail exhibited columnar crystals perpendicular 
tothe surface of themetal. Astothecrystallisation of 
hydraulic castings after a certain — of time, he 
presumed that no mechanical work had been done 
on them, so that the phenomenon was remarkable. 
As to Mr. Rhead’s suggestion that it was im- 
possible to break up a crystalline into an amor- 

hous structure, the speaker had adopted Dr. 

eilby’s view that the change produced on cold 
working a metal consisted in the conversion of a 
stable crystalline phase into an unstable amor- 
phorous one, similar to a glass or under-cooled 
liquid. For this view he thought the evidence was 
too strong to be set aside, and it constituted, to his 
mind, the best explanation of season cracks. He 
had been glad to hear Sir William White’s remarks 
on erosion and corrosion. In his eye he had 
adopted Dr. Silberad’s view, that the erosion was 
due entirely to mechanical causes. 

Mr. Primrose, replying to Dr. Carpenter, said 
there was no doubt whatever that in gun-metal 
bright blow-holes near the surface were invariably 
due to moisture in the mould. 

In bringing the proceedings to a close, Sir Gerard 
Muntz moved a vote of thanks to the Provost and 
Corporation of Glasgow, to the authorities of the 
University and the Technical College, to the ladies’ 
reception committee, to the firms whose works had 
been visited, and to Dr. Barr and Dr. Desch, as 
chairman and secretary respectively of the local 
committee charged with the arrangements of the 
meeting. After a few words of acknowledgment 
from Dr. Barr and Dr. Grey on behalf of the 
University authorities, Sir William White pro- 
eee a vote of thanks to the President, Sir Gerard 

untz, who, in his reply, expressed the hope that 
they would in future receive greater support from 
the manufacturers of the Clyde district. 








THE NAVAL, MERCANTILE MARINE, 
AND GENERAL ENGINEERING AND 
MACHINERY EXHIBITION, OLYMPIA. 

(Continued from page 436.) 

Some new impact and hardness-testers were 
shown at the stand of Messrs. C. W. Burton, 
Griffiths, and Co., of Ludgate-square, E.C. Fig. 124, 
page 456, shows a hardness-tester, which acts by 
the pressure of a hardened ball, forced down by a 
screw at a constant determined pressure. This 
pressure is maintained through the medium of 
Belleville washers, forming a spring, which is 
adjusted to give a constant pressure on the ball. 
The hand-wheel and screw, which impart pressure 
to the specimen, are used only to force the test- 
piece down on the anvil of the machine, through 
which the ball protrudes, or recedes, or otherwise, 
according to the hardness of the material being 
tested. The hardness of the tested metal is 
deduced from the diameter of the impression made 
by the ball. This diameter is measured by a 
magnifying rule, and transferred to a diagram, 
which shows the hardness by a simple reading. 
The compressive strength is determined by crush- 
ing a truncated pyramid under a known pres- 
sure. The machines are built in both vertical 
and horizontal forms, a portable type with ,',-in. 
balls, and larger types on a stand with #-in. 
balls. 

Figs. 125 and 126 illustrate the construction 
of the rotary impact-tester, which is intended to 
measure the brittleness by delivering a blow on 





which records the number of foot-pounds absorbed 
by the shock. 

The question of the shape of notch which is made 
in the test-piece has been subject to much contro- 
versy. Any notch of usual shape may be used with 
these machines. The makers recommend, for the 
smaller machines, a -in, square bar, as specified at 
the Copenhagen Congress, and also a bar of similar 
size, with a round notch 2 mm. deep. Or the 
Frémont bar, ;5 in. by ? in. with a 1 mm. square 
notch, may be used. Bars for the larger machines 
are used of the dimensions suggested at the Copen- 
hagen Congress-—namely, 1; in. by 1, in. with a 
notch, 2 mm. wide, ending in a hole of 4 mm. dia- 
meter, resulting in a reduction to the breaking 
section of 1,3; in. by 33 in. The principal data of 
the machine are as follow :—Maximum effort of 
load, 60 kgm., or 430 foot-pounds ; periphery speed 
of impact (corresponding to a free fall of 4 metres, 
or 13 ft. height), 8.800 m,=28 ft. ; corresponding 
revolutions per minute, 293. 

In the engravings, Figs. 125 and 126, A is a 
balanced steel disc rotating on the spindle C, fitted 
with two ball-bearings for ordinary rotation, and 
having bearing surfaces sufficient to sustain tho 
shock when the striker B comes into contact with 
the test-piece. A train of gears G drives the disc 
when the handle F is turned, a ratchet being in- 
cluded, so as to permit the disc to run after F has 
been released. A speed-indicator D, which also 
records the work done, is placed on the opposite 
end of the spindle C, 

The test-piece E is laid on the anvil J, with 
its notched side downwards, the anvil being with- 
drawn beyond the reach of the striker, and is 
held thus by the attraction of a permanent magnet 
L, attached to a movable plate M, which has an 
automatic release. This plate M, the action of 
which forms an essential feature of the machine, 
is controlled by a spring N, the function of which 
is to draw M towards the disc, and thus bring the 
test - piece underneath the striker. Normally, 
however, the piece is held back by means of a 
sliding rack O, retained by a spring P. The 
movable part Q of the rack is controlled by an 
internal spring, which holds it back from the disc, 
and at the same time pushes back the rod R and 
the operating lever 8, and when § is in the position 
shown, the disc is quite free to rotate. But when 
the normal speed of the disc has been attained, the 
handle F is released, and the lever S thrown over, 


pushing with it the rod R and the part Q; the. 


end of ( comes into contact with striker B, and to 
let it pass, the movable portion Q “- about its 
axis, and so releases the two stops. The plate M, 
thus released, immediately answers its spring, and 
moves with the test-piece to take up the impact 
position, while at the same time the movable part 
of the rack springs back, leaving a clear space 
underneath the test-piece. The release is instan- 
taneous, and the movable parts come into position 
before the striker has made a complete revolution. 

To insert a new test-piece the lever 8S is drawn 
back, pulling with it the plate M, which catches 
against the pawl, as does also the end of the rod R. 

The indicator consists of a small centrifugal 
pump, driven by gearing from the shaft, and 
delivering coloured water into a vertical glass tube 
graduated with two different scales. The head of 
water indicates on one scale the speed of the disc, 
while the other scale is graduated to show the work 
absorbed by the shock. The powerabsorbed by the 
breaking of the bar may be ascertained by reading 
the foot-pound graduations before and after impact. 

Although the influences of vibration and friction 
might be supposed to affect the accuracy of results 
obtained with these machines, the makers state 
that there is little to be feared on this account. 
What happens when the striker comes into contact 
with the bar is that a progressive stress is set up, 
which produces the deformation of the test-piece, 
followed by a variable stress, which endures until 
the fracture or complete bending of the test-piece 
occurs. 

At the moment of impact there comes into action 
on the shaft a reaction equal to, parallel to, or in 
opposition to, the stress on the test-bar. The 
friction is induced by this reaction ; the work done 


notched bars. The principle is that of using a| by the friction is itself composed of two elements, 


disc, which has a striker on its periphery, rotat- 
ing at a known speed, and allowing the striker to 


come into contact with the piece to be broken. | 


The loss of energy caused by the impact to the 


flywheel is recorded on a graduated gauge connected 








with a pump, which is in view of the operator, and | 


directly proportional to those of the work done by 
the striker. These are :— 

1. A frictional resistance which is always equal 
to the stress on the test-piece multiplied by the 
coefficient of friction of the shaft in its bearings. 

2. The path traversed by the bearing surface, 
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which is equal to the displacement of the striker 
multiplied by the ratio of the radii. 

Since the friction takes place between hardened- 
steel surfaces, well polished and lubricated, the 
corresponding coefficient must be less than 0.02. 
Further, the ratio of the displacements is less than 
0.01. Hence the work absorbed in friction is less 
than 0.02 x 0.01 =0.002 of the work absorbed by the 
test-piece, and it may therefore be neglected, being 
a — of accuracy beyond workshop needs. 
Should there be any abnormal friction from un- 
toward causes, the indicator will show this by the 
rapid drop of the fluid in the tube. 

The exhibit by Messrs. J. Marse and Co., of 45, 
Imperial Buildings, Ludgate-circus, E.C., included 
several kinds of machines. The Piat hydro-electric 
riveter, which has been described in our columns, 
was shown, as well as examples of Piat machine- 
moulded gears, some ‘‘ Lerba” machine and engine 
counters, and gas specialities. Two Jost high-speed 
drilling-machines, made by Messrs, Jost and Co.; 
of Paris, were noticeable on account of the method of 
spindle-driving adopted, differing from the methods 
which are usual in English or American tice. 
Instead of using a long belt on to the spindle pulley 
a very short one is employed, driven from a vertical 
shaft set parallel with the drill-spindle. A jockey- 
pulley or roller, with ratchet adjustment, is set up 
to press the belt inwards with suttivient tightness to 
obtain an efficient drive for high-speed drills. The 
vertical shaft is driven from the bottom through 
years actuated by the fast and loose pulleys, and 
the arrangement is such that the box can be moved 
around the shaft to bring the pulleys at any desired 
angle, so that line-shaft dispositions are of little 
consideration in setting up the machine. The feeds 
are obtained primarily from a roller on the vertical 





shaft (see the engraving, Fig. 127, page 456) driving 
a bowl or disc, which transmits the motion through 
gears to the horizontal shaft that turns the worm- 
gear for feeding the spindle-sleeve downwards. An 
automatic trip on the feed puts the worm-feed spindle 
out of mesh. By means of the gear-box just men- 
tioned, speeds are given to the spindle, producing, in 
conjunction with the two-stepped pulleys, twelve 
rates. 

At the stand of Messrs. Cunliffe and Croom, 
Limited, of Manchester, several machine - tools 
were shown. A universal milling-machine exhibited 
the latest type of drive for these machines—an all- 
gear connection from the single-speed pulley to the 
cutter-spindle (Fig. 128). Nine changes of speed 
are obtained in geometrical progression by the 
movement of a couple of levers. A gear-box is 
also provided for operating the feeds, there being 
three changes for each spindle speed. 

Other specimens of milling-machines were in- 
cluded, among others a vertical-spindle planer-type 
machine adapted for milling such work as the 
aluminium crank-cases for motor-car engines. A 
double-power gear-box is fitted, thus adapting the 
machine for general engineering work on iron and 
steel, as well as for the softer metals where 
greater speed and feed are possible. 

On a small planing-machine the drive is self- 
contained, there being a form of countershaft 
mounted on the top of the housings, the belts 

ing down on me side to the pulleys which 
ive the forward and reverse motions. 

A small shaping-machine shown, of a type which 
is employed on His Majesty’s battleships, is pro- 
vided with an arrangement for varying the stroke 
while the machine is in motion. 

The Smith slotting process is one that stands by 
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itself as a method of producing slots, which would 
otherwise have to be finished by ordinary slotting 
tools, or by broaching. It is a milling process, 
with the difference that the cutter oscillates instead 
of rotating completely. In this way the usual 
arbor is eliminated, and it is rendered possible to 
finish out holes which could not be milled in the 
ordinary way. The work is first rough drilled out 
by jig to remove the bulk of the metal, and is then 
put in the slotter and finished by a single passage 
of the cutter, oscillating at a high speed. Only a 
light cut is taken, and as lubrication is freely sup- 

lied, the wear on the cutter isslow. This method 

as advantages over the practice of drifting or 
broaching, inasmuch as the metal around the hole 
is not crowded and distorted, and a fruitful source 
of cracks in hardening is thus obviated. 

The machine in which the slotting is performed 
is an interesting combination of an ordinary miller 
with the addition of the special mechanism for 
operating the cutters. By making a few changes 
the machine can be turned into an ordinary one, 
suitable for the usual run of milling. The methods 
by which this is accomplished are seen on a study 
of the drawings, Figs. 129 to 133, page 457. 

In respect to the knee and tables, ordinary con- 
struction for this class of machine is followed, but 4 
difference is seen on looking at the driving arrange- 
ments. The five-stepped cone A does not surround 
the milling-spindle proper, but is keyed on a sepa- 
rate shaft Slew it. On the end of this shaft isa 
slotted crank-plate B, which, in its rotation, recip- 
rocates a connecting-rod C, adjustable for throw in 
the plate, and C rocks the counterbalanced arm D, 
keyed and clamped on the end of the spindle F. 
The latter, fitted in bronzed bushes, tapered on the 
outside for take-up, carries on its nose the oscil 
lating holder F. This receives the shank of the 
cutter G, which is clamped in a dovetailed recess 
by means of two bolts. The centre of the cutter 
of course, coincides with the axis of the spindle. 
Slots from a minimum of } in. by } in. by @ in. up 
to lin. by 4in. by 3in. can be cut on this machine. 

The conversion into an ordinary type of miller 
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for occasions where the slotting device is not 
required, or where it is desired to mill surfaces on 
the work, is effected as follows :— 

The oscillating holder F is removed, also C and 
D, and a spur-wheel H is keyed and clamped on to 
the eud of the spindle E immediately behind the 
rear bearing ; this wheel gears with the pinion J 


keyed on the pulley spindle, so that E is given con- 
tinuous rotations at various rates, according to the 
position of the belt on the steps. And, if necessary, 
the uverhanging bar K is slid outwards, and the 
steady-bracket L clamped on it, so that the point 
centre imay support the end of the cutter-arbor. 
I'wo slotted braces, not shown, are supplied to tie 


the bracket L to the top slide of the knee. 
A range of eight feeds is available for the table 


mMoveiuents, with automatic trips. Although a 
gear-ox M is used to obtain the feed changes, 
a belt introduced into the drive, thus providing a 
safety slip in case of obstructions. his belt is 


driven off a pulley adjacent to the wheel N, driven 
from J, and thence to a larger belt-pulley O on the 
first haft of the feed-box train. Connection is 
made (o the knee by a telescopic shaft with uni- 
Versa’ joints. P is a gear-guard, which covers over 


the revolving and oscillating parts behind the | 
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spindle bearings ; it fits by holes over two pins, 
seen projecting close alongside J, and is secured by 
two wing screws. The pump is driven from the 
countershaft, with a pair of intermediate pulleys, 
introduced for the sake of convenience. 

Figs. 134 to 136, page 457, show typical tools 
used in the Smith machine, Figs. 134 and 135 being 
of different widths and radii, while Fig. 136 is of 
half-round section. Tools are also made for hexa- 
gonal and other holes. This machine is constructed 
by the Smith Slotting-Machine Company, Limited, 
of Egypt House, New Broad-street, E.C. 

Fireproof Doors, Limited, of 46, King William- 
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| ** Dreadnought ”’ doors, as the firm names them, are 


constructed (Figs. 137 and 138) with double-channel 
steel frames and pressed-steel plates, leaving a 
space of about 1} in., which is filled with a secret 
material composed partly of asbestos and kieselguhr. 
When subjected to intense heat the expansion is 
taken up by the ribs and panels. The advan- 
tages which these doors possess are that they are 
light, weighing only about 10 lb. per square foot ; 
that they are cheap, costing from 4s. per square 
foot, which includes the cost of the frame, hinges, 
lock, bolts, &c.; and that they have been approved 
by leading fire offices and the London County 
Council. They can be made to close automatically 
in case of fire. They are in various types—plain for 
factories, and panelled for offices. It is not neces- 
sary to describe the details ; the sectional plans will 
explain themselves sufticiently. One of these doors 
stood the severe test of a fire at 2000 deg. Fahr. 
for four hours continuously. The temperature on 
the outside of the door then did not exceed 130 deg. 
Fahr., and no spark or flame escaped. Afterwards 
a fire-hose was played on the incandescent surface 
for five minutes at a pressure exceeding 200 ft. 
head. Fireproof shutters are also made similarly. 
Both are installed in many Government oftices and 
public buildings. 

At the stand of Messrs. Pickerings, Limited, of 
Stockton-on-Tees, were exhibited examples of this 
firm’s hoisting appliances, including a friction-hoist, 
electrically-driven, a hand-power Tift, some chain- 
hoists, and differential blocks. 

The friction-hoist is constructed to lift a load of 
5 ewt. at a hoisting speed of 100 ft. per minute ; 
it is driven by a 2}-horse-power motor through 
raw-hide pinion and cut spur-wheel. The eccentric 
is arranged for throwing the friction-wheels together 
in such a manner that a straight shaft may be used, 
without cranking. When the load is to be raised, 
the lever is moved which throws the large friction 
wheel on to the face of the continuously-running 
friction pinion, or roll. If the lever is let go, the 
large wheel drops back on to a brake-block, and 
sustains the load. With the lever in mid-position 
the barrel is free, and the rope runs out (Fig. 139, 
page 457). 

A combined trolley and block forms a neat 
arrangement of hoist, in which worm-gear is dis- 
pensed with, thus enabling the hook to be brought 
up closer to the underside of the joist than is 
possible in a worm-block hoist. This block is self- 
sustaining. Two hooks are fitted (in sizes up to 
2 tons), so that one hook ascends while the other 
descends (Fig. 140). 

On a adel apend worm-geared block shown an 


street, London, E.C., had examples of the types in | efficient form of lowering brake is fitted. This is 
which their doors are constructed, with sections to | constructed so that the operator can lower in the 
show the construction and fitting. They are free | ordinary way by pulling on the chain, or by t wen 


from the objectionable weight of doors made of 
thick iron sheet or plate, which also buckle when 
exposed to prolonged and intense heat, and so allow | 
flame to pass them. 





ata cord he can lower more quickly. A coned brake 
is employed, and the end of the worm-spindle is of 
hardened steel, making contact with a similar centre, 


The reinforced ironclad ' the resistance being thus small. A Pickering quick- 
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action chain-hoist was shown, and in connection 
with it a similar hoist, which had been in use for 
more than twenty years. The chain was worn down 
to about half its original size, and had stretched, 
but was not broken. It may ba mentioned that the 
firm make all their own chain, from ,% in. up to 
14 in. in diameter, of B.B.B. iron. 

A dinner-lift shown was arranged with a self- 
sustaining gear, the sustainer being built on the 
elevated plane-and-ball principle. With this gear 
it is impossible for the cage to descend until the 
hand-rope is pulled. Neither by pulling on the 
gear nor the cage can the parts be set in motion. A 
universal hoist, working on the same sustaining 
principle, was exhibited. 

Messrs. Allen and Simmonds, Limited, of the 
Thames-Side Engineering Works, Reading, ex- 
hibited their patent pistons, rod-packings, an 
exhaust-heater, patent furnace-bars, and a boat- 
launching gear. 

The Allen patent grate-furnace bars and joggling 
gear are designed for clinkering by the = A 
rocking of the bars (joggling) in the vertical 
direction. Each end of a bar is lifted alternately 
on turning the handle A (see Figs. 141 to 143, 
page 460), which actuates the spur-pinions B, B, at 
opposite ends of the handle shaft, which engage 
in the short racks seen adjacent. These racks lift 
and lower the bearers in which they are cast, 
which in turn, being interlocked as seen at a, with 
pins on the undersides of the bars, move them 
downwards and upwards with precision and in 
alternate directions, as stated. These relations 
are shown clearly in the longitudinal section of 
grate. The bars themselves are cast separately, 
as seen in plan, and in the section on A B, 

, There is little risk of their getting choked, as the 
spaces taper from } in. to 3 in. 

Smith’s patent exhaust-steam feed-water heater 
provides a simple method of utilising the exhaust 
steam from auxiliary plant to heat feed-water, and 
pure water can be recovered. The heater is placed 
over the hot-well tank, or reservoir, provided for 
the storage of feed-water, which should be covered 
in to prevent radiation. 

The principal feature of the heater (Fig. 144) is 
that its outlet is not under the water-level, and 
therefore no back pressure can be created in the 
plant from which the exhaust is derived. This is 
effected by inducing an umbrella-shaped film in 
the water as it leaves the heater, which film has 
its base at the water-level in the reservoir. The 
annular dished fitting which produces this umbrella 
shape is seen at A in the drawing, Fig. 144. Through 
this thin film of water the exhaust steam breaks its 
way, and is easily condensed. The thickness of 
the film can be varied as found most suitable by the 
central adjusting-bolt B. The temperature of the 
exhaust steam is first reduced by a few jets of water 
brought in through the nozzles C, C. The drawing 
shows the relations of the water and steam-inlets. 

A complete model of a boat-launching gear was 
shown, and also one of the actual worm-gears used. 
The idea is, when the boat is lifted off the chock 
to move it outwards also, to clear the side of the 
ship in rough weather when the ship takes a list, 
so reducing the risk of the boat being stoved in. 
This is done by canting the davit heads by worm 
gear. The ordinary davits are retained, but they 
are free to move in sockets to be swung round by 
the weight of the boat, &c. The illustrations, 
Figs. 145 and 146, page 461, show one socket with 
its method of operation. The hand-wheel A turns 
the worm B engaging with the wheel C. Solidly 
with this is cut the larger worm D which moves 
the segmental rack KE, solid with the lower part of 
the oo socket F, within which a davit turns 
freely. 

The pistons made by Messrs. Allen and Simmonds, 
Limited, of Reading, fulfill the requirements of an 
ideal piston, giving absolute tightness under steam 
pressure (or vacuum) with the minimum of friction ; 
the smallest possible surfaces are in contact between 
rings and the walls of their cylinder. Provision is 
made against the steam getting behind the rings or 
the pressure steam leaking through the exhaust 
side, beside other features of subsidiary importance. 
These results are secured in two ways—one suit- 
able for pistons of medium dimensions, the other 
for those of large diameters ; Figs. 148 to 153, on 
pase 461. The same results are obtained in each. 

t will be noticed that the spring of a ring is con- 
tinuous, for the diagonal cut is absent, the rings con- 
sisting instead of separate pieces destitute of spring. 
They are maintained in contact by chocks thrust 





against them by means of springs, the reaction of 
which is taken against the body of the piston. Dif- 
ferent modifications are imparted to these, as seen 
in the figures, and they also serve as seals to the 
passage of the steam. Holes drilled in the chocks 
receive the coiled springs which press the veed 
faces against the corresponding slopes of the ring 
pieces. Should steam get past these faces to 
the undersides of the rings and chocks the leak- 
age is sufficient to accumulate a considerable pres- 
sure on the underside of the ring; it simultaneously 
acts (preferably) on the ring sides furthest from 
the steam pressure. This area being largest, it 
automatically balances, or eliminates the packing 
of the ring outwards ; thus the normal wall contact 
is unaffected by leakage, if it should happen to take 
lace. 

, Messrs. Fastnut, Limited, of 60, Aldermanbury, 
London, E.C., showed their well-known set-fast 
washers and fast-nuts. They also had a very 
useful type of spanner, which is arranged to be self- 
adjusting, so that it fits slight differences in the 
widths of nuts without marring or damaging their 
corners. One jaw of the two is pivoted so as to 
allow of a slight amount of play, and a spring keeps 
the loose portion up to its work. A double-ended 
spanner will take eight different sizes of nuts. 
Once the spanner is placed on the nut there is no 
occasion to remove it until the nut is tight. These 
spanners are made in forged steel, double-ended, 
and in a range of sizes to take nuts from } in. by 
15 in. up to 1 in. 

The British Oxygen Company, Limited, of 
Elverton-street, Westminster, had a large and 
interesting exhibit, at which demonstrations were 
given of oxy-acetylene and oxy-coal-gas cutting 
and welding. A new oxy-acetylene blow-pipe was 
shown, as also were various types of blow-pipe 
cutters for hand and mechanical control, and air- 
liquefying apparatus, and much beside. It is all 
very interesting, but to give a lengthy. account 
would repeat what has been already described in 
ENGINEERING, and with which most engineers are 
now familiar. The utilities of cutting by oxygen lie 
chiefly in repairs in locations where the employment 
of ordinary machine-tools or cutting appliances is 
impossible, as in boilers, vessels, bridge-work, and 
so forth. 

The stand occupied by Messrs. George Kent, 
Limited, of High Holborn, W.C., was arranged with 
a very full collection of the numerous meters for 
air, steam, and water, with sundry recorders and 
allied apparatus for measurement, which are the 
firm’s well-known specialities. Where everything 
interests, both from the scientific point of view as 
well as from that of accurate measurement and the 
economies of supply, one can only make a special 
selection. 

The Venturi meter, though familiar, is always a 
fascinating study, and it is shown in several designs 
at the stand. The principle of its action is that 
water flowing through a pipe of diminishing area 
loses the pressure which it exerts laterally as it 
gainsin velocity. It is practicable to design thethreat 
of a tube connecting two truncated cones to give a 
sufficiently high speed for the fluid passing through 
it to lose all pressure and produce a vacuum. Also 
water in flowing through an expanding cone loses 
speed and gains head. The Venturi meter, there. 
fore, is simply two truncated cones with their 
smaller ends united by a throat. There are no 
moving be yet the device is reliable in all 
conceivable conditions, as has been proved by tubes 
varying from } in. up to9ft. in diameter. Its accuracy 
has been demonstrated on a large scale by the East 
Jersey Water Company, of New Jersey, U.S.A. 
In seventeen months, with an average daily con- 
sumption of 40,000,000 gallons, the discrepancy 
between the quantity of water received into the 
system, as registered by two Venturi meters, and 
that distributed by eleven Venturi meters was only 
0.5 per cent. The ratio of the area of the throat 
to that of the main in which the tube is inserted 
is variable, being calculated on the requirements of 
the water engineer based on maximums and mini- 
mum flow and registration. 

The term ‘‘ Venturi head”’ is applied to the dif- 
ference in pressure between the inlet, or up-stream, 
end and the throat, and the term ‘‘ Friction head ” 
to the difference in pressure between the inlet, or 
up-stream, end and the down-stream, or outlet, end. 
The former may be large, the latter should be small, 
and it can be reduced by increasing the area of the 
throat. As the difference of pressure (Venturi head) 
between the throat and the inlet has a constant 





relation to the discharge from the tube, the square 
root of this pressure is multiplied by a coefficient, 
and by time to obtain the total quantity passed, 
The method of registration utilises these relations. 
It consists essentially of two parts—a mercurial 
U-tube connected to the inlet and throat, which 
brings in the element of Venturi head, and the 
clockwork, with its gears, which supplies the element 
of time. Floats resting on the mercury in the 
U-tube provide connection between the pressure 
and time. The way in which these details are 
worked out is such that no registration occurs when 
no water is passing, and the registration at full 
speed occurs at the maximum volume. Atinterme- 
diate speeds registration would be in proportion to 
the square root of the head. A compilation from 
the diagram recorded can be made and used asa 
check on the counter, thus practically duplicating 
the instrument. The register provides a permanent 
diagram of the rate of flow and the total quantity 
of water passing the Venturi tube, and it may be 
located a thousand feet away from the tube. 

The advantages of the Venturi tube are that 
there is no moving part in contact with the flowing 
water, it is adaptable to all pressures, velocities, 
and fluids, for hot water, air, and gases, that there 
is practically no loss of head, no limit to the size of 
the tube or quantity of water. No foreign sub- 
stances in transit can affect it. It is suitable for 
long pipe-lines, mains, sewage, filter-beds, irri- 
gation, &c. 

The Venturi tube was shown as applied to measure 
the flow of air. But instead of acting on a mercury 
column, it acts on an inverted bell, sealed by a 
liquid, and arranged in a pressure-tight case, simi- 
larly to a gasometer. About 40,000 horse-power in 
compressed air is being measured by meters of this 
type for the Victoria Falls and Transvaal Power 
Company. The tubs is also used for measuring 
gases. 

Among other instruments at this stand was an elec- 
trical water-level transmitter for reservoirs, giving 
the rise and fall, the Grant-Mitchell irrigation- 
meter, and a new ‘‘uniform ” meter for measuring 
hot-water feed to boilers. A temperature of 400 deg. 
Fahr. does not affect it, as it has a carbon piston. 
Filter-bed control-valves were shown, and hydrant 
flow-gauges, &c. 

At the stand of Messrs. Thomas Butlin and Co., 
Limited, of the Irthlingborough Iron Works, Wel- 
lingborough, there were samples of ironstone, pig, 
slag, and the firm’s castings poured direct from the 
blast-furnace. The excellence of these castings is due 
to the scientific treatment of the brown hematites of 
the district in the blast-furnace, by which a special 
chemical composition of the pig is secured. The 


fuel and the limestone are selected with a view of 


excluding sulphur, and give low silicon. The brand 
of pig produced includes all the usual foundry grades, 
from grey, with over 3 per cent. of graphitic carbon, 
to mottled. With these, Scotch pig and Blaenavon 
pig can be mixed for special purposes. The firm 
has four blast-furnaces 55 ft. in height, a pair of 
which will produce 700 tons of foundry and forge 
pig weekly from the local ores. The furnace slag 1s 
used for road-mending, artificial stone, and ferro- 
concrete when mixed with cement. 

The Adams Watkin Company, Limited, 56 to 
38, Victoria-street, London, S.W., exhibited their 
switches and motor-starters. For lighting pur- 
poses the switches contain resistances with five or 
seven steps, and as the resistances are put into the 
circuit the light is reduced. According to a certi- 
ficate from the Electrical Standardising and Test- 
ing Institution (Faraday House), the energy in 4 
circuit which takes 130 watts at full illumination 
can be reduced in six steps to 27 watts by the aid 
of the switch, the intermediate stages being 1/4, 
92, 77, 60, and 40 watts. The effect on the illumi- 
nation is not given, but, of course, the light falls 
off quicker than the current, and with carbon 
lamps very much quicker. The outlay for current 
is, of course, reduced in the same ratio as the watts, 
and when full illumination is not required there !s 
a corresponding saving in expense. The resistances 
are made of an alloy, or a metallic mixture contain: 
ing a carbon, but the nature of it is kept secret. 
It is prepared in the form of bars, and these ant 
clipped in brass frames with space around for venti- 
lation and the diffusion of heat. For motor- 
starters and regulators, these bars make up very 
compactly, and render the arrangements Vcr) 
handy. The switches are made in five stock sizes. 

The Alexander Engineering Company, of Gos 
well-road, London, E.C., exhibited small machines 
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of portable type, intended specially for repair work, 
in which it is so often of great importance to get 
the job finished in the shortest possible time, and 
usually without recourse to machine-tools in the 
shop. Shapers, key-way cutters, vices, and slotters 
were represented. The rams of the shapers are 
reciprocated by a long lever, imparting a stroke 
o° Vin. In the slotter (see Fig. 154 below) the 
drive is effected by a handle turning a pinion, 
which gears with a rack on the tool-slide. The tool 
automatically relieves on the return stroke. Feed 
is imparted by means of a knurled nut at the back 
of the ram, operating a wedge-piece which is forced 
under the tool-bar to give the required depth of 
cut. The face-plate at the front, to which the 
work is bolted, or which is bolted on to large objects, 
can be tilted for taper-cutting, a scale indicating 
the amount. These little machines are made in 
four sizes, with strokes of 8 in., 12 in., 16 in., and 
20 in. respectively, the total weights ranging from 
149 lb. in the smallest to 425 Ib. in the largest. 
Messrs. Siebe, Gorman, and Co., Limited, of the 
Neptune Works, London, S.E., again had their 
demonstration tank, in which, at frequent intervals, 
the diver, in ordinary diving-dress, entered. On 
the stand adjacent were shown the divers’ dresses, 
and the smoke-chamber apparatus for working in 
smoke, sulphur, and other poisonous fumes, and 
for rescue work in mines. There was also the 
self-contained diving apparatus, in which com- 
pressed oxygen and air are contained in certain 


| the heavy-type band-saw shown in the photograph, 


Fig. 167, Plate XLIII. The principal feature is the 
friction feed-gear for deals which have to be cut 
into thin boards, with speeds variable from 5 ft. to 
30 ft. per minute, by the disc friction gear seen 
at the side of the framing. An epicyclic train of 
gears brings the feed-rollers up to the work, 
and the suspended weight provides a variable 
ressure to accommodate variations in thickness. 
he roller feed-gear is swung out of the way when 
sweep cutting has to be done. The saw-pulleys, 
made with wrought-iron arms, are 3 ft. in diameter. 
The old wood-trimmer, so long a time-saver in 
pattern and joiners’ shops, has been practically re- 
designed, and several examples of much-improved 
forms were exhibited by Messrs. Haigh. The most 
noticeable difference in the ‘* Disco ” trimmer is 
that the knives themselves are canted with their 
guides to angles from the perpendicular. The knife- 
frame is swung over in unison with end discs, to 
which it is attached, and is clamped to desired 
angles, thus enabling mouldings to be undercut. 
The ordinary trimmers have several improvements, 
chiefly connected with the operation of the knives. 
The lever is shorter, while more power is gained. 
The advantage is about 11 to 1, and a cutting pres- 
|sure of about 150 lb. is obtained by a pressure of 
14 1b. on the handle, and the strokes are long. The 
fences move in semi-circular slots and are faced 
with steel edges. 
A useful panel-planer was shown, in all respects, 











Fic, 154. 
proportions in steel cylinders. The first helmet 
made for diving purposes, by A. Siebe in 1819, was 
shown. At that time the helmet was riveted to the 
upper part of the diving-dress, which, in those days, 
did not extend below the waist, and which was 
termed the open dress. 

A little novelty at this stand was a bird-cage for 
air-testing to delay the use of the oxygen appa- 
ratus in foul air as long as possible. It is closed 
all round except in front, where it is provided with 
a hinged wire door. When the rescuers go into an 
atmosphere charged with CO,, its presence is re- 
vealed by the bird tumbling off its perch before the 
man is aware of anything being wrong. Then the 
apparatus is put into action. The bird is not left 
to be suffocated, but the cage is closed in front, and 
a tube from the apparatus is connected to’ the cage, 
and an escape-valve in the top of the cage is opened. 

A new coupling—the Dayol patent—was shown, 
and is illustrated in Figs. 164 and 165, Plate 
XLII. It is shown in two modifications and is 
being specially suitable for connecting fire-hose. 


Catch-tenons and slots on opposite halves are | 


the means of union in combination with a locking- 
nut on the part with the tenons. One-fifth 


of a turn of the two parts unites them, and a 
movement of the nut tightens the joint. A facing 
of leather prevents risk of leakage. There are 
sever! obvious advantages which this new coupling 
has over those which are fitted by helical inclined 
plan: The coupling is also being adopted for 


‘r-compressor work, and adaptations of the same 
design are being applied to other apparatus, as plugs 
for tanks, &e. Fig. 166 shows a miner equipped 
with the rescue apparatus mentioned above. 

A luge and well-selected group of woodworking 
machinery was shown by Messrs. W. B. Haigh and 
Co., Limited, of Oldham. Some of these are new, 
others have improved details. A new machine was 
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except one detail, similar to one especially built for 
the use of pattern-makers. The present type has a 
canting-table for planing taper. The gearing is all 
on oneside. The bearings are of ring-oiling design 
and of phosphor-bronze. There was also a heavy 
hand-feed planing and jointing machine for boards 
16 in. wide. An automatic planing-iron and mould- 
ing cutter-grinder was exhibited, combined with a 
saw-sharpening attachment. The utility of sucha 
combination machine in many works is testified by 
the fact that over a thousand are in use. A mortiser 
which combines a chain-cutter and a hollow chisel 
was exhibited, which embodies several good practical 
points. The centres of the chain-cutter and chisel 
are in line, so that work has only to be moved 
; laterally from one operation to theother. Horizontal] 
| and cross-table slides are fitted, actuated by hand- 
wheels and screws, each of which can be cramped 
instantly. Timber 7 in. wide by 12 in. deep is 
| within the capacity of the machine, and a mortise 
‘can be cut through the 12 in. by turning the piece 
over. 
| In the photographic and line engravings on page 
464 we are enabled to give particulars of the band- 
saw which was exhibited by Messrs. Broom and 
Wade, Limited, of High Wycombe. The most strik- 
ing point about this machine is the fitting of ball- 
bearings to the two pulley spindles, in place of the 
usual gun-metal or bronze bearings. The machine 
is constructed with a portion of the table to tilt, 
and the usual guide for the saw, this being of roller 
type, while a sheet-metal guard covers the blade 
as far as the rim of the top pulley. 

The spindle bearings are seen in the engravings, 
Figs. 156 and 157, page 464, showing the lower, 
or driving, spindle, and Figs. 158 and 159 the 
upper spindle. In both cases the main portion 
° the spindle is 2 in. in diameter, lying within 











the 2}-in. cored hole in the cast-iron bearing. 


The outer rings of the races are pressed into the 
recessed portions situated at the bearing ends, 
while the inner races are a tight fit on the spindle. 
Access of dust, &c., is absolutely prevented by 
double leather washers, forming a species of 
gland, these washers fitting on the turned bosscs 
of the saw-pulleys, and on that of the loose pulley 
in Fig. 156. On the outer end of the top spindle, 
protection is afforded by a brass cap screwed over 
the end of the bearing. As the ball-bearings are 
filled with Stauffer grease at the time of putting 
together, they run for a very long time without 
attention. The speed of the machine is 550 revo- 
lutions per minute, although the usual rate for a 
36-in. machine is 420 revolutions. It may be men- 
tioned that the pulleys are fitted with a steel band, 
shrunk on. The ball-bearings enable starting-up 
to be effected in a very rapid and easy manner. 

The attachment of the lower cast-iron bearing to 
the machine frame is by a circular flange on the 
outer face and a flat bracket on the other portion 
of the framing web. This permits of attachment 
without cramping or springing the framing. The 
upper bearing is constructed to pivot ona pin, which 
is inserted in the hole A, Figs. 158 and 159. This 
pivot fits at either end in holes in the slide, seen in 
dotted outline; and by manipulating two screws in 
the holes B, B the entire bearing can be tilted to 
align the pulley perfectly with its companion below, 
thus obtaining a proper run of the blade on the 
oe og A bolt ed through the hole C 
»inds the bearing, and prevents the set-screws in 
B, B from loosening under vibration. 

Messrs. Broom and Wade, Limited, also had a 
moulding machine, fitted with ball-bearings, which 
is run up to 7000 revolutions per minute with- 
out difficulty. The application of these bearings 
is also seen in an overhand or surface planer, of 
which we show a drawing, Figs. 160 to 163, page 464, 
anda half-tone illustration. This is of the type with 
two tables, one on each side of the cutter-block, both 
adjustable up sloping ways, sothat definite heights 
may be obtained, with one table lower than the 
other to give a certain depth of cut. In order to 
avoid the alteration of height which is involved by 
drawing the tables downwards and backwards to 
get at the cutter-block, each table has a top portion 
adapted to slide back, and clamped by a stud and 
hand-nut. The fence is arranged to tilt. A cutter- 
block of patent circular form is employed. 

With regard to the bearings, it may be pointed 
out that the overhang of these is much less than 
that of ordinary bearings, being 14 in. against 6 in. 
of plain bearings. This helps the operator, becauso 
he is able to get closer to the side of the machine, 
and consequently has better control over the work. 
The balls are of single-track type, the outer rings 
being 3? in. in diameter. When dry there is a play 
of less than 0.0005 in., and when filled with lubricant 
there is no shake in the cutter-block, so that, pro- 
vided the latter is perfectly balanced, the work 
done is quite smooth, and has not the series of 
ridges usually found when a machine is fitted with 
ordinary solid bearings, which must have a full 
clearance owing to the slight distortions caused 
by the rise in temperature when running at the 
high speed necessary. As the work done by a 
planing-machine is intermittent, the balls have 
time to recover from fatigue, and do not crystallise 
and break as when running constantly under load. 
The bearings are so fitted that they can be replaced 
by new ones in a few seconds. Their life is two 
years, and the cost of the new ones is 10s. 

High-speed steel cutters are used in the cutter- 
block, and these are found to keep their edges very 
much longer than is usual with iron-back cutters. 

Messrs. Alfred Herbert, Limited, of Coventry, 
had some examples of their latest products in the 
way of sensitive drilling-machines and a disc-grinder. 
Messrs. Herbert’s most recent practice in ball- 
bearing drills was represented by three machines: a 
four-spindle type a three-spindle type, and a radial, 
the last-named having its spindle provided with a 
spur-gear drive to gain power for heavier work than 
is usually expected of these ball-bearing machines. 
The three-spindle drill also has one spindle geared 
for a similar purpose. The vital feature of all these 
machines is the inclusion of ball-races for every 
running spindle and pulley, no plain bearings being 
employed. Long belts, longer than those which 
were formerly deemed quite suitable for sensitive 
machines, are used, with a good systeu of guide 
or idler pulleys, all the arrangements being designed 
to reduce friction to the least possible amount. 








In the four-spindle machine each spindle is driven 
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Figs. 155 to 159. Banp-Saw with Bati-Bearines ; Messrs. Broom anp Wane, Limitrep, High Wycomse. 











Dia a 
| 3 Dia. Bore: % aan | : 
[ 5] X 13 Dia Bore. & VA 
3 Dia. Bore. N eT 
33Dia Bore 3 \ 46a: 
a 24Collar ’ \\s Dia. B, 
een, \\3 Dia. Bore 
yp 62 Hand Wheel os i \32Dia.Bore 


23 Dia. Collar 














































Fig. 162 
| Drill & Tap} Dia.wr 
= es 
4 
! 
so : Pee oe 
\ ha ' 
AS. ft > eal y 
f | i to ' 
j | ' 
| | ! 
Ce ~an--=---- & SE —----- : ------ ---- >} 


















Figs. 160 ro 163. Surrace-PLaninc Macurine; Messrs. Broom anpD WADE, 
by its own belt, from a two-stepped pulley on the|at the maximum rate, especially when the drill- 
counter-shaft at the rear of tae column. The four saddle is operating near the outer end, a brace is 
spindles and their arrangements are similar in every | provided as seen. The bolt in its foot fits in a 
respect. Holes up to-1lin. in diameter can be | slot in the table, thus permitting of free swinging 
drilled. With the geared spindle-drive, fitted to | of the arm when this bolt is loosened. There are 
one spindle on the three-spindle type, Fig. 168, | six spindle speeds. 
page 468, the spindle runs more slowly, and holes, A double disc-grinder is shown in Fig. 170. 
up to 1} in. can be dealt with, and boring or These grinders are sometimes constructed with 
counterboring up to 2 in. exhaust - fan included; but if there is no fan 
Fig. 169 shows the ball-bearing sensitive radial included (as when the user has already a dust- 
drill, fitted with a geared drive. The method of | exhausting installation), the exhausting-pipe is con- 
belting will be obvious from the engraving. To} nected to the outlet at the back of the base. The 
prevent upward deflection of the arm when drilling | dust is sucked down through passages in the body 





Fic. 163, 
Limtrep, High Wycomse. 


of the machine and discharged into the open alr, or 
into a dust-precipitating apparatus. If no suction 
is employed, the dust falls into a trough contaimis 
water, under the discs, and the guard only comes 
part of the way up the back of each disc. 

The press used for cementing the sheets to the 
discs is made with a separate stand ; but if no fan 
is attached to the machine, the press 1s arranged 
on the back of the framing, thus being in a handy 
position and saving space. Each disc is of mule 
steel, grooved spirally, so as to raise the grinding 
sheet into a series of ridges ; this facilitates grin¢ 
ing, and allows the dust to escape from the hollows 
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quickly. The spindle is tapered at each end and 
screwed to receive the flanges to which the discs 
are bolted. Elastic felt packings are used in the 
bearings to prevent access of dust, and the oiling is 
effected by rings, there being sufficient oil to last 
about six months. The level of the oil is indicated 
by a feeding-cup. ; . 

There are two tables, one of plain and one of tilt- 
ing type, both being visible in the engraving. 
A 23 -in. steel shaft, supported in the frame of the 
machine, carries these tables at each end. There 
is no elevating arrangement on the plain table, so 
it is counterbalanced with a fixed globular weight, 
and the table is swung to and fro, or moved to and 
from the face of the disc. The counterbalance 
arrangement on the tilting-table is different, 
having a sliding weight with chains passing over 
small pulleys, so that the table may be raised or 
lowered, moving in a slideway, with a tightening- 
bolt. The top, or actual table portion, may be 
swivelled on a pivot to present the work at any 
angle, the amount being shown by graduations on a 
quadrant. On the table-top is an adjustable angle- 
guide, with protractor. It may be mentioned that 
the body of the machine forms a cupboard, the door 
being shown in the illustration. The spindle makes 
1000 revolutions per minute, a much higher rate 
than is safely possible with ordinary grinding- 
wheels of like diameter. 





In our issue last week the spur-gearing of Messrs. 
André Citréen and Co., illustrated on page 429, 
was referred to on page 430 as being a bronze 
pinion and a cast-iron wheel cast in one with a belt- 
pulley. This description referred to an engraving 
which was not used, the actual engraving showing 
a wheel and pinion both of cast steel. These gears 
are the wheels for the steering-gear of the steam- 
ships Olympic and Titanic, and are described in the 
paragraph following the one to which we have 
referred. 

There are still other exhibits of which we hope to 
give illustrations and descriptions next week. 





Last Monday the Exhibition closed, after a very 
successful career, the stallholders showing their 
appreciation of the tact and organising ability of 
Mr. F. W. Bridges by presenting him with a gold 
card-case. On the previous Thursday there was 
a luncheon of exhibitors and a dinner of patrons, 
and in each case full testimony was offered that 
the Show had fulfilled the expectations both of 
the organisers and of the exhibitors. The attend- 
ance has been satisfactory in point of numbers, 
but still more so in regard to quality. The 
visitors have been largely interested im machines, 
either as users or as merchants, and have displayed 
the greatest assiduity in learning what are the 
newest developments in tools and apparatus. Of 
course, the general public did not attend in great 
numbers, but they were not missed, except in rela- 
tion to the gate-money. Their presence would have 
interfered with the leisurely examination of exhibits 
by experts, and have prevented the stall-holders 
paying adequate attention to those who came really 
to acquire knowledge and to take advantage of 
what they learned. The Exhibition will be renewed 
in 1913, in the same building, and it is expected 
that it will be on a still larger scale. 

(Z'o be continued.) 


THE BROWN-CURTIS TURBINE IN- 
STALLATION IN H.M.S. “ BRISTOL.” 
Tue trials of His Majesty’s second-class cruiser 

Bristol, completed on Tuesday last, mark a distinct 

step in the application of turbines for ship propul- 

sion, as the system of propelling machinery adopted 
in this vessel differs essentially from that hitherto 








applied in British warships, and each success 
achieved contributes towards progress in the 
ceasciess and unending pursuit of efficiency. The 
application of the steam-turbine to the propulsion 


of hivh-speed ships, particularly warships, has con- 
ferred great tactical advantages, apart altogether 
from the practicability of attaining speeds greatly 
in excess of those possible with piston engines, and 
apart also from the economy realised ; and the great 
Service the Hon. C. A. Parsons has rendered to 
the Royal and merchant navies is therefore univer- 
sally acknowledged. In the future, as in the past, 
his genius and research work will evolve develop- 
ments, and these, it is reasonable to assume, will 
be assisted by the work of others towards the 
same end the advancement of the turbine system. 
The Bristol is the first British ship tried with a 





type of turbine other than that designed by Mr. 
Parsons ; and the fact that so long a time has 
elapsed before such a trial was made, combined with 
the extent to which the Parsons system has been 
preferred in all maritime countries, affords eloquent 
testimony of the efficiency of that system. At the 
same time it justifies a lengthy review of the per- 
formance of the Bristol on her trials, and of the 
light which the results throw on the possibilities 
of the advancement of the turbine system as applied 
to marine purposes. 

Attention may first be directed to the progress of 
turbine propulsion. After a long series of experi- 
ments with land turbines, unexcelled in the history 
of mechanical engineering for their ingenuity and 
resourcefulness, Mr. Parsons produced his first 
commercially successful marine turbine in 1894 for 
the Turbinia, devoting. research work with equal 
assiduity to the propeller problem. In 1899 the 
Admiralty first ordered an installation of turbine 
machinery of the Parsons type for the propulsion 
of a warship, and the results then got corroborated 
the marvellous performance achieved in the Tur- 
binia, which was built for Mr. Parsons’s company. 
The British Admiralty, satisfied with the. result, 
moved step by step, first in destroyers and next to 
the third-class cruiser Amethyst, built in 1905. 
The high economy attained by this vessel gave con- 
fidence to the technical officers, and afforded them 
full justification in recommending the adoption 
of the system in the battleship Dreadnought. Since 
then no British warship has been fitted with any 
other form of machinery than Parsons turbines. 

Foreign governments have followed in the same 
lines, the Parsons turbine, by reason of increasing 
success realised as a consequence of fuller experi- 
ence, proving universally acceptable, alike from the 
standpoints of reliability and economy. It was only 
natural, however, that inventors of other turbines 
suitable for land work should endeavour to follow in 
the footsteps of the pioneer in adapting their types 
for marine propulsion, and equally natural that in 
other countries consideration should be given to 
the systems invented in such countries. Thus in 
America the system invented by Mr. C. G. Curtis 
secured favour along with the Parsons turbine. In 
France the Rateau system has also been considered, 
although not extensively applied. In Germany the 
Zoelly system has been tried to some extent. 
Patriotic considerations had something to do with 
the trials of alternatives to the Parsons turbine, 
but nevertheless the latter is adopted in the great 
majority of warships throughout the world, as well 
as in high-speed merchant ships. Japan fitted 
the Curtis system to two battleships, but the 
decision to adopt this particular design was no 
doubt partly due to the fact that the hulls had been 
far advanced on the understanding that twin-screw 
reciprocating engines were to be fitted, and that 
when a change was decided upon in favour of tur- 
bines, the Curtis arrangement was adopted because 
it was more adaptable under the particular circum- 
stances named. In Germany, too, competitive 
trials were instituted, not only between the eames 
design and the Curtis system, as manufactured by 
the A.E.G., but also with other designs of turbines. 

The British Admiralty, always open to consider 
improvements which may conduce to advancement 
in efficiency, also decided to install other systems 
than that conceived with such genius, and developed 
with such painstaking care and extensive research 
work by Mr. Parsons. Consequently, when 
Messrs. John Brown and Co., Limited, took up 
the manufacture of the Curtis turbine and sub- 
mitted designs and proposals of this system in con- 
nection with a cruiser of whatis now known as the 
‘““Town ” class, the Admiralty were favourable to 
entertain seriously the trial of the system in such a 
vessel, and the Bristol is the result. 

The reasons which led the well-known Clydebank 
firm to take up the construction of this impulse 
type of turbine were ‘‘(1) the potential advantages 
of acquiring experience with a type of marine 
turbine capable of using superheated steam, as in 
land installations ; (2) the attainment of economy 
at low powers, without the disadvantage of very 
close-fitting parts, and the extremely fine adjust- 
ments entailed thereby ; and (3) the simplification 
of the connections and general engine-room arrange- 
ment, and also the expectation of attaining higher 
propeller efticiency by an increase in size of the 
individual propellers.” 

The potential advantage of using superheated 
steam cannot be gainsaid. Highly economical 
results have been got on land stations, notably in 


connection with the generation of electricity: by 
Parsons and other turbines, as well as piston 
engines. In connection with marine installations, 
however, there is a difference of opinion, not on 
the question of the economy attainable, but rather 
as to the reliability of superheaters, due to the 
possibility of salt water getting into the boilers and 
thence to the superheaters through leaky con- 
densers, with consequent corrosion and pitting in 
the superheater-tubes. 

Superheated steam, it should be recalled, is no 
novelty in the naval service, a fact which was dwelt 
— in the lucid address which the Engineer-in- 
Chief of the Navy—Engineer Vice-Admiral Sir 
Henry Oram, K.C.B.—delivered in November 
last, as President of the Junior Institution of 
Engineers.* In this he pointed out that from 
1863 to 1870 ‘* Admiralty boilers were always 
specified to have superheaters, but they had thus 
only a brief career, and were abandoned in new 
ships at the later date, and did not reappear in 
the Navy ” until the building of H.M.S. Britannia 
in 1904. This battleship, which had reciprocating 
engines of 18,000 indicated horse-power, was fitted 
with twenty-one Babcock and Wilcox boilers, six 
of which had superheaters incorporated in their 
design, with the result that, at cruising speed, 
when these boilers only were in use,’ the water 
consumption was 134 per cent. lower than when a 
corresponding number of boilers without super- 
heaters were in use. The actual amount of super- 
heat was 93 deg. Fahr., with a gauge pressure of 
200 lb. Careful observation was, of course, taken 
of the endurance of the boilers with superheaters, 
and, ‘‘at the end of 34 years, although pitting 
was found to be taking place, the tubes were 
considered good for several years’ further service.” 
This fact was no doubt regarded as justification 
for the adoption of the system of superheating 
proposed to be installed in the Bristol. 

Preparatory to putting proposals before the 
Admiralty for the installation of Curtis turbines in 
a warship, Messrs. John Brown and Co. decided 
to construct a complete installation for experi- 
mental purposes, in order to determine important 
questions of detail in design. This procedure was 
further necessary because the Admiralty are natu- 
rally opposed to the adoption in warships of any 
appliance which is more or less experimental, unless 
there has first been a complete demonstration of 
efficiency. The tests therefore carried out at Clyde- 
bank were not only to improve the design of the 
Curtis turbine, but to establish the fact that in 
agreeing to the adoption of such a system in a war- 
ship, the Admiralty might have good grounds for 
anticipating that the results in the ship would be 
comparable with the marvellously successful attain- 
ments of the Parsons turbine. All the tests made 
at Clydebank with the experimental turbine were 
therefore carried out in the presence of Admiralty 
officials, and many improvements or safeguards 
which they found desirable as the result of the 
experience gained in these tests were incorporated 
in the design of the machinery for H.M.S. Bristol. 
This prudent procedure adopted has been justified 
by the results which we are now able to record in 
connection with the ofticial trials of the Bristol, in 
which the same mileage per unit of water consump- 
tion has been obtained as in the four ships of the 
same class which have preceded her, and which 
are fitted with Parsons turbines, embodying the 
inventor’s latest improvements at the date of their 
construction. 

Before describing the Bristol, we may deal with 
the experimental researches carried out at Clyde- 
bank, as these had such a direct bearing on the 
evolution of the design of the Bristol’s machinery. It 
was recognised that the compactness, and the result- 
ing gain in simplicity of engine-room arrangement 
and in the space occupied, which was claimed as the 
great advantage for the impulse type of turbine, had 
been partly obtained at the cost of economy—a 
fact apparent from the trial results of the only 
two Curtis turbined ships then running—viz., the 
Southern Pacific Company’s steamer Creole and the 
Hamburg-Amerika Company’s excursion steamer 
Kaiser. The Curtis turbine, as fitted in the Creole, 
of 8000 total shaft horse-power, had only seven 
wheel stages for driving the ship ahead, and two 
wheel stages for going astern. e turbines in the 
United States cruiser Salem, which were designed 
to give 16,000 shaft horse-power, but developed 
18,000 shaft horse-power, are practically duplicates 





* See ENGINEERING, vol. Ixxxviii., page 704. 
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of those fitted in the Creole, differing only in the 
increased area through the several nozzles to suit 
the greater quantity of steam to be passed. The 
builders of these turbines thus demonstrated the 
great flexibility of the Curtis system, in allowing 
turbines of so different a power to be made from 
the same patterns, but they seem to have neglected 
the vital point of economy, and it is difficult to 
ea Tara at the present day how it could have 
been expected that the Salem’s machines with only 
twenty-two rows of moving blades in the ahead 
turbine would be comparable in economy when 
running at high powers with the already fully 
developed Parsons marine turbines. 

The technical staff at Clydebank were confronted 
with the problem, solvable only by experiment, of 
finding from actual turbine tests the relation between 
the calculated and actual efficiencies, so that the 
precise number of stages and requisite blade velo- 
cities—and no more—-were provided to ensure that 
the desired water consumption would not be ex- 
ceeded, and that at the same time the advantages 
of compactness and simplicity would not be mini- 
mised. This had to be determined for both the 
ahead and astern turbines, and at the experi- 
mental station, illustrated on Plate XXXIX., 
which we publish this week, this research work 
was carried out, and the design of the turbines of 
the Bristol evolved. 

The experimental plant had to be erected in a 
shed close to the banks of the River Clyde, to 
obtain a ready supply of circulating water. The 
two boilers were of the Babcock and Wilcox marine 
type, titted with superheaters, of which self-expla- 
natory sectional details are shown in Figs. 6 to 9 
on Plate XX XIX. A detailed description is not 
therefore called for. Arrangements were made 
for disconnecting the superheater, so that com- 
parative tests of the turbine could be made with 
saturated steam. Fig. 8 shows the superheater 
detachable boxes and their supports, while Fig. 9 
is a section through the casing, with the superheater 
removed, and a plate door in position to close the 
aperture in the casing for the connections to the 
superheater. 

he turbine shaft was, as shown in Figs. 3 and 4, 
prolonged to work through a water-brake, giving a 
constant resistance, although not sufficiently pre- 
cise in construction to measure satisfactorily the 
power. Between the water-brake and the turbine, 
therefore, a torque shaft was interposed, and on 
this was fitted a Hopkinson-Thring torsionmeter, 
which was officially calibrated, and was checked 
before and after each day’s trial. The condenser 
was of the Weir ‘‘ Uniflux ” type, and the auxiliaries 
and connections are shown in Figs. 1 to 3, most 
complete measuring appliances being fitted for 
accurately gauging the water consumption, tempe- 
ratures, &c. 

The first Curtis turbine designed and built for 
experiment by Messrs. John Brown and Co. was 
precisely on the lines of the Creole, except that 
the number of wheel stages was increased from 7 
to 11 in order to improve the economy. This 
turbine had thirty-four rows of moving blades in 
the ahead turbine, and illustrated very well the 
compactness and ample blade clearance and other 
general features of this type. An engraving of it 
in the shops, with the upper half of the casing 
removed, is shown in Fig. 10, on Plate XL. 

In ships fitted with this wheel-stage type of 
turbine practically the entire thrust of the propeller 
is taken on the thrust-block, as in reciprocating- 
engined ships. While tke first experimental tur- 
bine was being built, it was therefore decided to 
make the necessary new parts for the second 
arrangement of turbine, in which a drum re- 
placed the last four wheel stages, so that by 
utilising the steam pressure on the end of this 
drum the thrust of the propeller could be balanced. 
Incidentally also the substitution of this drum for 
the later wheel stages enabled a greater number of 
rows of blades to be obtained with the same over- 
all length of turbine, eighteen as compared with 
twelve, as shown in Fig. 11, on Plate XL.* The 
total number of blade rows was thus increased to 
forty—a number required at the designed blade 
velocity to keep the water consumption per shaft 
horse-power below 131b., with a superheat of about 
60 deg. Fahr. 

For further experiment and comparison, a second 





* It should be stated, to prevent misunderstanding, 
that the top half of the casing, shown in front, of the 


drum carrying blades of the reaction type was 
built, and the second drum, a new section of casing, 
together with the same early wheel stages, were 
combined to give this third experiment. ‘The third 
experimental turbine is shown in Fig. 12, on 
Plate XLI. The comparison between the tur- 
bines shown in Figs. 11 and 12 is as interest- 
ing as that between the turbines, Figs. 10 and 11. 
Comparative tests were made between the ll- 
impulse and the impulse-reaction types ; but the 
difference in the results was inappreciable, and 
the all-impulse design was accepted, with the 
requisite increase in the number of rows of blades, 
to be referred to later, and as shown in Figs. 13, on 
Plate XLI., which illustrates the rotor of one of 
the two turbines of the Bristol. 

The same thorough course of development was 
carried out with the astern turbine wheels, the first 
arrangement having two-wheel stages, very similar 
to those fitted in the United States cruiser Salem. 
The results of the experiment on these two-stage 
arrangements showed a very poor efficiency ; con- 
sequently a very short impulse drum was added, 
with a resultant improvement. In order, however, 
to meet the Navy’s requirements of developing with 
the astern turbines a power equal to half the ahead 
power of the main turbines, it was requisite that 
the steam consumption should be brought down 
to about 25 lb. of steam per shaft horse-power, 
and, to attain this, it was found necessary to still 
further lengthen this additional drum. The final 
design for the astern drum is seen in Fig. 13, on 
Plate XLI. 

Fig. 16, page 467, givesa curve of the final results 
obtained as a mean of several repeated runs, in the 
presence of Admiralty officials. These results apply 
to the second experimental turbine shown in Fig. 11 
on Plate XL. It will be seen that at one-fifth power 
the steam consumption with a very moderate super- 
heat was only 17.9 1b. per shaft horse-power per 
hour. At half-power this figure was reduced to 
14.2 lb., the degree of superheat being still very 
moderate. At 75 per cent. of the total power the 
consumption was only 13.4 lb., whilst at full atege: 
with the slightly greater, but still low, superheat of 
50 deg. Fahr., the steam consumption was 12.9 lb. 
Fig. 17 is interesting, as it shows the gain ob- 
tained from the use of superheated steam as com- 
red with the consumption with saturated steam. 
he results conformed well with the well-known 
assumption that for every 10 deg. of superheat 
1 per cent. gain in economy is obtained. It 
will be seen, however, that the line is slightly 
curved, the gain being rather more for the few 
degrees of superheat than for the higher rate. This 
is in full conformity with the experiments by 
Knoblauch and Jakob, which showed that near 
saturation the specific heat of superheated steam 
was considerably more than at still higher tempera- 
tures. 

The results obtained in the final astern trials, 
with a superheat of 50 deg. Fahr., are as follow :— 
With full boiler power, 1403 shaft-horse-power with 
23.05 lb. water consumption; with half boiler 
power, 577 shaft horse-power with 27.451b. water 
consumption per shaft horse - power per hour. 
The actual results attained on the trials of the 
Bristol were equally favourable. With half boiler 
— and with the turbines developing 4390 shaft 
orse-power, the water consumption for the turbines 
and all the auxiliary machinery was 35.5 lb. per 
shaft horse-power per hour, the degree of superheat 
being 40 deg. Fahr. With all the boilers in use, 
the shaft horse-power was 12,450, with a steam con- 
sumption for all purposes of 28.2 lb. per shaft 
horse-power per hour, and for the main turbines 
only 23.9 lb. per shaft horse-power per hour, the 
degree of superheat being again 40 deg. Fahr. 
As regards details in design which were evolved 
during the experiments, special note may be 
made as to the turbine-spindle glands. It was 
found that the original stuffing - box could be 
materially simplified on the lines of the design 
of the British Thomson-Houston Company, of 
Rugby. Figs. 18 to 20 give an illustration of this tur- 
bine-spindle stuffing-box, which worked most satis- 
factorily during the whole of the trials, both of the 
experimental turbine and H.M.S. Bristol, and has 
been accepted by the Admiralty on the turbines for 
the Yarmouth, and four destroyers, all with Curtis 
turbines, under construction at Clydebank. The 
king, it will be seen, consists of five carbon 
ushes placed in separate grooves and held together 
by springs, a leak-off or steam supply being pro- 


cated on Fig. 20. On the right-hand side of Fig. 19 
is shown a section through one of the grooves where 
the overlapping segments of the carbon packing 
will be seen in place. . 

And now we may turn to the Bristol and the 
results of the official sea trials. The Bristol, like 
other ships of the class, has a length between per- 
pendiculars of 430 ft., a breadth of 47 ft., and, at a 
mean draught of 15 ft. 3 in., the displacement ton- 
nage is 4800. The boilers, 12 in number, of the 
small-tube Yarrow type, are arranged in three 
separate boiler-rooms. Each boiler is fitted with 
a very simple arrangement of superheater. The 
total grate surface is 830 square feet, the total 
generator heating surface 45,366 square feet, and 
the total superheater heating surface 3720 square 
feet. At full power the boilers burn oil as well as 
coal, but on all the other trials only coal was allowed, 
and no difficulty whatever was experienced at any 
time in obtaining an ample amount of dry steam. 

The Bristol’s machinery consists of two Brown- 
Curtis turbine units, each self-contained and 
entirely independent of the other, and each situated 
in a separate engine-room, together with the whole 
of the auxiliary machinery appertaining to it. This 
makes a particularly roomy and easily - worked 
arrangement for the ship’s staff. The design of 
the turbine is clearly shown by the engraving of 
one of the rotors, Fig. 13, on Plate XLI. There 
are seven velocity compounded impulse wheels ; 
that at the high-pressure end has four rows of 
moving blades, while the remaining six have each 
three rows. At the low-pressure end, on a drum 
mounted on wheel discs on the shaft, there are 
twenty-three rows of blades of the impulse type. 
These, of course, are pressure-compounded only. 
Thus there are in all forty-five rows of blades, as com- 
pared with forty in the second experimental engine 
of the same type. The blades are of the usual 
cold-drawn brass. The astern turbine is consti- 
tuted by two impulse wheels, each with five rows 
of moving wheels, followed by an impulse pressure- 
compound drum, with seven rows of blades. The 
diaphragms are formed in halves, and one of these 
is shown in the view of the first experimental tur- 
bine (Fig. 10, on Plate XL.). 

The two condensers are each placed in the wings 
in a separate water-tight compartment, in which 
there is no other machinery whatever; so that even 
if these compartments were pierced and fluoded, no 
difference would be made to the working of the 
engines. The condensers are of the well-known 
Weir ‘‘ Uniflux ” type, which have been fitted in the 
whole of these vessels, and of which particulars 
were given in ENGINEERING of August 19, 1910, 
page 265. 

The photograph of the stern of the Bristol before 
launching, reproduced in Fig. 15, on Plate XLII, 
shows most clearly the position of the propellers, 
and accompanying it is a view of the vessel steaming 
easily (Fig. 14). ; 
The programme of official trials to be carried 
through was precisely the same as those of the 
other ships : a 30 hours’ endurance trial—22 hours 
at 13,500 shaft horse-power, and 8 hours at 18,000 
shaft horse-power—and a full-power eight hours’ 
trial, the designed power being 22,000 shaft horse- 
wer, for which the legend speed was 25 knots. 
here were also trials at progressive powers, 
astern, and other manceuvring tests. 
First, with regard to the speed attained, the 
following gives for the various trials the mean 
power on the trial and the mean speed attained on 
the runs on the measured mile made during each 
trial :— 
Taste I.—Powers and Speeds of H.M.S. ‘‘ Bristol” on 
ficval Trials, 
Mean Power 
Throughout 
Trial. 
8.H.-P. 
1,839 
4,910 
9,417 
19,130 
14,300 


or 
24,227 


Mean Speed 
on Measured 
Miles. 
Knots. 
12.96 
17.66 
21.17 
25.17 
24.06 
26.84 


-P 


4 hours’ trial 


DOD me 


% full-power 
Table II., on the next page, gives the speed on 
each of the six runs made on the measured mile 
on the 8 hours’ full-power trial on Tuesday. 
The true mean speed, determined by the Admi- 
ralty formula, is thus 26.84 knots, the mean powet 
on the 8 hours’ trial being 24,227 shaft horse-power. 
The speed attained on the full-power trials of the 








Parsons type, does not belong to this turbine, 


vided between the second and third rings, as indi- 
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cenerally in conformity with the power developed, 


although differences in the design of propellers, and 
possibly in weather conditions, have had something 
to do with these variations. The average of the mean 
»ower on the eight-hours’ trial for the four preceding 
ships was 23,800 shaft horse-power, and the average 
of the true mean speeds attained on the measured 
mile 26.13 knots, the speeds ranging from 25.8 
knots to 26.296 knots. In the case of the Bristol 
the power—also on the eight-hours’ trial—was 
24,227 shaft horse-power, and the speed on the 
measured-mile runs 26.84 knots. 


TaBLe II.—Spced on Six Measured-Milc Runs on 

Full-Power Trial, September 27, 1910, 
Knots. 
26.47 | 
26.239 J 
fs er 
26.647 f 26.92 
27.439 | or 
26.647 J “ 


Run No. 1 26.25 


Cle cor 


| ae ie sa 
On the trial at 18,500 shaft horse-power again, 
the average of the mean powers on the eight-hours’ 


“BROWN-CURTIS " EXPERIMENTAL TURBINE. 


Fig. 16. CURVE SHEWING STEAM 
"CONSUMPTION FOR TURBINE ONLY AT VARIOUS POWERS. 
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A Moisture. 
[/948.K) 


Fah! Superheat. 


trial of the four preceding ships was 18,650 shaft 
horse-power, and the average of the true mean 
speeds on the measured-mile runs, 24.98 knots. The 
power on the corresponding trial of the Bristol was 
19,130 shaft horse-power, and the speed 25.17 knots. 

On the twenty-two-hours’ trial the Bristol’s mean 
power was 14,300 shaft horse-power and the mea- 
sured-mile speed 24.06 knots, while the average of 
the mean powers of the four ships on the whole run 
was 14,016 shaft horse-power, and the average of 
their measured-mile speeds 23.56 knots. 

Water consumption results are plotted on the 
diagram, Fig. 21. The most noteworthy point is 
the very large saving in the total steam consump- 
tion cnsured by turning the exhaust from the 
auxiliary engines into the low-pressure end of the 


turbine. The practical effect of this is that for a 
large range in power the steam consumption of the 
auxiliaries is reduced by half, so far as the demand 
on the boilers is concerned. The diagram is further 
interesting because it shows the large steam con- 
sumption of the auxiliarymachinery. Running with 


open exhaust the auxiliaries take rather more than 


= fifth of the total steam supplied for all purposes 
a ull 


power. There isthus once more emphasised 

the great importance of working with closed exhaust, 

which discounts to a considerable degree the thermo- 

m9 ‘nical inefficiency of auxiliary machinery. It 
1 t 


seen also that the increase in consumption 
n full power and half power is moderate, 
the curve being very flat. Taking the results for 
the tw vines only, the steam consumption at one- 
fourth full power is about 16 lb. per shaft horse- 
power per hour, which a few years ago would have 

en considered a very favourable figure for recipro- 


betwe 





cating engines even at three-quarter load. At three- 
quarter power the consumption of the turbines 
was 12.7 lb., and at full power12.21b. The signifi- 
cance of this last figure is established by reference 
to the improvement in the efficiency of the turbine 
machinery in recent years. 

In 1907 a consumption of about 134 Ib. of steam 
per shaft horse-power for the main turbines only 
was considered most satisfactory for battleship 
machinery. The turbines of subsequent ships 
were, however, gradually improved after ex- 
perience, with the result that, in Sir Henry Oram’s 
paper already referred to, it is stated that the 
average steam consumption of the later battleships 
has been very slightly over 13 lb. per shaft horse- 
power for the main turbines. In the still larger 
turbines, of 41,000 horse-power, of the Indomitable 
class, the remarkable economy of slightly over 12 lb. 
of steam for the main turbines was recorded. It 
was, therefore, decided to design the turbines for 
the Bristol with sufficient expansions to ensure the 
steam consumption not exceeding 124 lb. for the 
main turbines alone at full power—in the expecta- 
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tion that the higher propeller efficiency. resulting 
from the relatively large twin-screw propellers 
installed should give a combined propulsive result 
equal to what might be expected in her sister-ships 
fitted with Parsons turbines. That these results 
have been attained on actual trial is remarkable 
evidence of the correctness of the calculations and 
the reliability of the data on which they were based. 
The actual steam consumption was 2} per cent. less 
than that for which the turbines were designed, an 
approximation to the anticipated result, which 
establishes the value of the research work done, 
and the accuracy of the scientific methods adopted. 

In Table III. there is given the steam consump- 
tion for the turbines of the Bristol at various 
powers, and alongside the figures the corresponding 
trials of one of the sister-ships fitted with Parsons 
machinery. 


TABLE III.— Water Consumption per Shaft-Horsc-Power 
Hour (Main Turbines Only). 


Brown-Curtis Parsons Tur- 


— Ship. — Ship. 
. le 

Full power m— 12.2 11.75 
18.000 shaft horse-power 12.65 12.1 

8800 ” ra 14.1 13.6 
4400, a 17.8 15.8 

1600 a os 24.6 24.7 


The trend of the steam curve would be very 


difference is discounted by the higher efticiency of 
the propellers of the Bristol, rendered possible, no 
doubt, by the adoption of the two-shaft system 
instead of the four-shaft arrangement in the other 
ships, and the consequent better disposition of the 
screws relative to the hull of the ship. Fig. 22 
shows the miles run per ton of steam consump- 
tion for all purposes. This measure of efticiency 
appeals more to the tactician, as it determines the 
radius of action, the water evaporated per ton of 
coal being a fairly constant unit. The radius of 
practically all the ships, apart altogether from the 
type of turbine used, is about the same as in the 
Bristol. At full speed—0.122 mile per ton of 
water evaporated ; at three-quarter power (giving 
the continuous sea steaming speed) 0.25 mile ; and 
at 13 knots, the usual cruising rate, 0.50 mile. 
While the performance of the Bristol and her 
machinery, viewed from every point of view, is 
thus highly favourable, it is reasonable to assume, 
especially as this is the first Brown-Curtis installa- 
tion, that further developmentswill be made and still 











similar if plotted for both a the Parsons tur- 
bine, however, showing the higher efficiency. This 


higher efficiency be achieved with the experience 
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gained, as has been the case in successive Parsons 
turbine installations. As it is, the Bristol, like all 
the other ships of the class, has proved exceedingly 
satisfactory alike as regards efficiency of machinery 
and total propulsive efticiency, the lines being speci- 
ally designed for high speed.. On this point Sir 
Philip Watts, K.C.B., the Director of Construction 
at the Admiralty, is to be congratulated, while engi- 
neers will greatly appreciate this further proof of 
that policy of advancement which so characterises 
Sir Henry Oram, K.C.B., the Engineer-in-Chief of 
the Fleet. 








Tue NationaAL INSTITUTION OF APPRENTICESHIP,—A 
meeting of the Governors and members of the National 
Institution of Apprenticeship will be held in the Mercers’ 
Hall, 85, Cheapside, E.C., at 4 p.m., on Wednesday, 
October 5 next, to receive the report of the Council and 
the audited accounts for the past year. Lord Avebury 
will take the chair, and will distribute indentures and 
certificates to the protégés of the Institution who have 
completed their apprenticeship during the year. 





Tue InstiTc0TE OF SANITARY ENGINRERS.—A course of 
twenty-five lectures, dealing with sanitary science and 
engineering, will be held in the lecture-room of the Insti- 
tute of Sanitary Engineerson Tuesday evenings at7 p.m., 
during the session 1910-11. The fee for the complete 
course is 21s. The individual lectures will deal with such 
subjects as scavenging and the disposal of refuse, sewage 
disposal, water supply, lighting, surveying and levelling, 
ventilation, &c. The offices of the Institution are at 120 
and 122, Victoria-street, Westminster, 8. W. 
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MACHINE-TOOLS AT THE ENGINEERING EXHIBITION 


CONSTRUCTED BY MESSRS. ALFRED ENGINEERS, 











HERBERT, COVE 





LIMITED, 
(For Description, see Page 459.) 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 21. 

Durine the past two months all iron and steel 
products, excepting bar iron, tin plate, and steel rails 
have shown a fractional decline. This decline has 
been arrested by a curtailment of production, which 
will be continued until autumnal requirements fully 
justify a departure from this conservatism. The 
feature of the week was a rather larger inquiry, espe- 
cially of crude material for delivery during the early 
months of next year. Only a moderate amount of 
business of this kind has been done, owing to the 
hesitancy shown by producers of pig iron and semi- 
finished steel to enter into contracts for such remote 
delivery in view of the possibilities of firmer prices 
that may result from the very sharp curtailment 
in production during the past few months. More 
inquiries are anticipated both in Eastern and Western 
steel centres because of the low condition of stocks. 
Basic and Bessemer are the centre of interest. More 
malleable was sold this week and in 500-ton lots. The 
International Harvester Company is a large buyer. 
Two agricultural implement plants of large capacity 
are to be erected. The extension of the agricul- 
tural area is marked, and factories are already takin 
orders for next year’s demand, which is canestel 
to be large. Material to construct slack-water docks 
on the Ohio River will be wanted shortly. Elevated 
track-work in Detroit will absorb considerable material. 
From present appearances a delayed demand will mani- 
fest itself for plates and shapes for bridge and general 
constructive work. Tin-plat» production has been 
increased by the output of mills recently on strike. 








THe DaimLER Moror Company (1904), Limirep.—An 
arrangement has been come to between the boards of 
the Daimler Motor Company (1904), Limited, and the 
Birmingham Small Arms Company, Limited, by which 
the latter firm is to absorb the former. The scheme is 
subject to the approval of the sharehold rsof both com- 
panies. The present shares in the Daimler ompany will be 
paid for both in cash and in shares in the Birm.ngham Small 
Arms Company. After the amalgamation it is pro- 
posed to form a new Daimler Company, of which the 
whole of-the stock will be held by the Birmingham Small a 
Arms Company, Fic. 170. Disc-Grinpine Macuine. 























E> (INEERING, Sepremser 30, 1910. PLATE XL 


—— 


‘TI = BROWN-CURTIS TURBINE INSTALLATION FOR H.M.S. “BRISTOL.” 
CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 


(For Description, see Page 465.) 
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Fic. 11. Tse Seconp Experimental. TURBINE, With ImpuLsE WHEELS AND ImpuLsE Drum ComBINED. 
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THE BROWN-CURTIS TURBINE INSTALLATION FOR H.MSS. “BRIST )L,”| 
CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
(For Description. see Page 465.) 
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Fic. 18. Rotor ror ONE OF THE Brown-Curtis Tursines oF H.M.S. ‘ Bristo1.” 
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Description, see Page 4! 
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Fic. 15. Tue ‘‘ Bristol” on THE LAUNCHING-Ways. 
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EXHIBITS AT THE ENGINEERING EXHIBITION AT OLYMPIA. 
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Fics. 164 anp 165. THe Dayot Hose-Couptines ; Messrs. SIEBE, GORMAN, AND Co., Limirep, Lonpon. 


Fig. 166, Rescue Apparatus For MINEs ; 
Messrs. SreseE, Gorman, AND Co., Lrp. 





Fic. 167. 











Heavy Tyre Banp-Saw; Messrs, W. B. Haiou anp Co,, LimiteED, 
OLDHAM, 





(To face Pa 





0. 





















SEPT. 30, 1910.] 





ENGINEERING. 





469 








AGENTS FOR “ENGINEERING.” 


Avsrrauta: Gordon and Gotch, Melbourne ; Sydney ; Brisbane ; 
Perth. 


e 
Turner and Henderson, Sydney, N.S. W. 
T. Willmett and Co., Townsville, North Queensland. 
W. ©. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 
Austria, Vienna: Lehmann and Wentzel, Karntnerstrasse. 
Revere : E. F. Satchell, 2, Rue de la Bourse, Brussels. 
Canapa, Toronto, Ont.: Wm. Dawson & Sons, Manning Chambers. 
Eprvsureu : John Menzies and Co., 12, Hanover-street. 
France, Paris: Boyveau and Chevillet, 22, Rue de la Banque. For 


Subscriptions and Advertisements, Librairie B. Tignol, | 
53bis Quai des Grands-Augustins, Paris. Also for Adver- 
tisements, Agence Havas, 8, Place de la Bourse. 


Gaamany, Berlin: A. Asher and Co., 13, Unter den Linden. 
Frankfurt-am-Main : For Advertisements, G. L. Daube & Co. 
Leipzig: F. A. Brockhaus. 

Mulhouse : H. Stuckelberger. 

Giaseow : William Love. 

InpiA, Calcutta : Thacker, Spink, and Co. 
Bombay : ker and Co., Limited. 

Iraty : U. Hoepli, Milan, and any —— 

LiverPoot : Mrs. Taylor, Landing Stages. 

MaNcHEsTER : John Heywood, 143, Deansgate. 

New ZeALAND : Gordon and Gotch Proprietary, Limited, Welling- 
ton, Auckland, and Christchurc! 

Norway, Christiania: Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

RorrerpaM: H. A. Kramer and Son. 

Sourn Arrica: Central News Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban, and their various branches and 
bookstalls throughout South Africa. Also Cape Town : 
Wm. Dawson and Sons, 31, Long-street. 

Tasmania: Gordon and Gotch Proprietary, Limited, Launceston ; 
Hobar 


t. 

Unirap States, New York: W. H. Wiley, 43, East 19th-street. 
Chicago : H. V. Holmes, 957-958, Monadnock Block. Sole 
Agents for Advertisements in the United States :— Morse 
International Agency, 19, West 34th-street, New York. 


American subscriptions to ‘‘ENGINEERING” may be now addressed 
either direct to the Publisher, Mr. C. R. JoHNsON, at the offices of 
this journal, Nos, 35 and 36, Bedford-street, Strand, London, W.C., 
or to our accredited Agents for the United States: Mr. W. H. 
Wiley, 43, East 19th-street, New York, and Mr. H. V. Holmes, 
957-958, Monadnock Block, Chicago. The rates of subscription 
(payable in advance) for one year are :—For thin (foreign) paper 
edition, 1l. 16s. Od.; for thick (ordin paper edition, ie Os. 6d., 
or, if remitted to agents, 9 dollars for thin and 10 dollars for thick. 


ADVERTISEMENT RATES. 


The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional Jine. The line 
averages seven words. Payment must accompany all orders 
for single advertisements, otherwise their insertion cannot 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside es may be obtained on ee. The pages 
are 12 in. deep and 9 in. wide, divisible into four columns of 2} in. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5p.m.on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING ” can be supplied direct from the Publishers 
os free, for twelve months, at the following rates, payable in 
vance— 











For the United Kingdom............ 41 9 2 
For Canada— 
Thin paper copies .......... £1 11 6 ($7.65) 
, Thick Ais i RE I £1 16 0 ($8.75) 
For all other places abroad— 
Thin paper copies .......... £1 16 O 
Thick Hap ait Sa A £2 0 6 


When —- subscriptions are sent by Post-Office Orders, 
advice should be sent to the Publisher. 

Foreign and Colonial subscribers receiving incomplete copies 
through newsagents are requested to icate the fact to the 
Publisher, together with the agent’s name and address. 

_All accounts are payable to ‘* ENGINEERING,” LIMITED. 
Cheques should be crossed ‘Union of London and Smith’s Bank, 
Limited, Charing Cross Branch.” Post-Office Orders should be 
made payable at Bedford-street, Strand, W.C. 

Offices for Publication and Advertisements, 
35 and 36, Bedford-street, Strand, London, W.C, 


TkLeGRAPHIC AppREss—** ENGINEERING,” LONDON. 
TELEPHONE NuMBER—3663 GERRARD. 





CONTENTS. 
PAGE | PAGE 
The br itish Association Notes from the North...... 474 
at Shetlield (Jllustrated) 451 Notes from South Yorkshire 475 
The Institute of Metals (/1.) 455| Notes from Cleveland and 
The Naval, Mercantile the Northern Counties .. 475 
Marine, and General Engi- Notes from the Sou 
necriug and Machinery er 475 | 
7 Ey ition, Olympia (JL) 459) Industrial Notes .......... 476 
. Brown-Curtis Turbine British Railway Returns .. 476 
In ition in H.M.S. The Manufacture of Rolled 


_.. Bristol” (1Uustrated) .. 465 
Notes from the United States 468 
Britis Railway Returns .. 469 


H-8eams (/lustrated) .. 477 
The Briquetting of Iron 


Ores 


The Ei of Flight on Our Gaseous Explosions ‘(Tlus- 
~ rye re po ED cecctenwes oversees 482 
scm aaa . pn | ce : 
en a ees 
The Jove Mr. E. P. Martin Catalogues ................ 485 
pe Portrait) --.... 472  Enoinexrine Patent Record 
: \.”” Dynamo Car- (1Ulustrated) ........ -- 486 
al System (/Ulus.) 474 
_ Vie One-Page Plate of EXHIBITS AT THE ENGI. 
avi 


d \G EXHIBITION AT OLYMPIA ; and One Two- 
‘tate and Three One-Page Plates of the BROWN- 
TURBINE INSTALLATION FOR H.M.S. 


Pa 
Cl 


“ BRISTOL,” 





NOTICES OF MEETINGS. 


Tus Society or Enemerrs.—Monday, October 3, in Room 18, 
Caxton Hall, Westminster. Paper to be read: ‘“‘Current Pro- 
fessional Topics,” by Mr. Henry C. Adams, A.M. Inst. C.E., 
A.M.I. Mech. E., A.M.IL.E.E. The chair will be taken at 7.30 p.m. 
precisely. 

Tue InstiruTE oF Marine ENnoingers.—Monday, October 3. 
Demonstration with the “‘G.M. Balance or Stability-Indicator.” 

Tue InstiruTe or Sanrrary ENnGingers.—Wednesday, October 5, 
at 8 p.m., when the following paper will be read: ‘* Present-Day 
| Sewage Disposal” (with special reference to the work of the 
Royal Commission), by Mr. H. Lemmoin-Cannon, P.A.S.1., &c. 





Reapine - Cases. —Reading-cases which will hold twenty - six 
| numbers of ‘‘ ENGINEERING ” may be had of the Publisher or of any 
newsagent. Price 6s. each. 





~ ENGINEERING. 


FRIDAY, SEPTEMBER 30, 1910. 


BRITISH RAILWAY RETURNS. 

Ir is often a rather difficult matter to instil life and 
interest into what many consider dull figures, yet 
Professor Dalby, in his recent presidential address 
to the Engineering Section of the British Associa- 
tion, succeeded, we think, in doing so. The suc- 
cess is the greater because the figures he handled are 
large, and in such cases, though momentary astonish- 
ment may be produced, little else scarcely ever 
results from a consideration of statistics of a bi 
order unless brought within the grasp of the nial 
by comparison of some kind or another. Professor 
Dalby has done considerable service in pointing 
out the important part played in the life of the 
country by the railways of the United Kingdom. 
This is too often overlooked. If asounder estimate 
of their true value were more generally dissemi- 
nated, there is but little doubt that the endeavour 
would be made to ensure their prosperity, rather 
than that any sign of well-being should be made 
the excuse for further demands. 

Professor Dalby’s remarks brought the position 
of affairs down to 1908. The figures for 1909 have 
recently been issued by the Board of Trade, and, 
according to our custom, we reproduce the more 
important of these in another column in this issue. 
These tables show that the capital invested at the 
end of 1909 amounted to altogether 1,314,407,0001. 
This figure is only 0.2 per cent. greater than that 
for the previous year, while between the end of 
1907 and the beginning of 1908 an increase of 1.3 
per cent. was recorded. Included in the foregoing 
figure for the total is an amount of nominal capital 
which now stands at 196,681,000/., this having 
increased 0.2 per cent. during the year, a propor- 
tion identical with the increase shown in the year 
before. The growth of capital expenditure has 
thus again been checked, the increase lust year of 
3.2 million sterling comparing with 16} million 
sterling in 1908 and 7? million sterling in 1907. 
Ordinary stock still forms 374 per cent. of the total 
invested, and preference and guaranteed stock 
35} per cent., the balance being loans and deben- 
tures. 

In 1909 the average returns both on ordinary and 
on preferential stock were better than those of the 
year before. The average dividend on ordinary 
| stock was equivalent to 3.15 per cent., compared 
with 2.99 per cent. in 1908. On the prefer- 
ential stock it was 3.46 per cent., as compared with 
3.42. 

The year 1909 was characterised by two changes 
to which some interest attaches. These relate to 
both passenger and goods traffic. The receipts 
from the goods traffic increased by 1 per cent. 
during the year, the tonnage having increased by 
1.4 per cent. The goods traffic amounted to 499.9 
million tons, which were handled with a decreased 
goods-train mileage of 2.2 per cent. The goods- 
train miles actually numbered 153.8 millions. 
There is, of course, nothing to show whether this 
was due to a reduction in the average journey of the 
freight, or whether it was due to larger train-loads 





%°/ and better loading. There is no very apparent 
g PI 


| reason, however, for thinking that the average 


ss | haul was materially shorter in 1909 than in other 


years, and the improvement is therefore probably 
|due to the better organisation and greater atten- 
|tion now devoted to the handling of this traffic. 
The second point to be noticed with regard to the 
year’s work is that the passenger traffic receipts 
have decreased 0.9 per cent., and now stand at 
51,205,0001. The receipts from passengers have 
| decreased actually 1.6 per cent., the number of pas- 








sengers, exclusive of season-ticket holders, having 
decreased 1 per cent. The season-ticket holders, 
on the other hand, have increased in number, but 
this does probably not off-set the loss in ordinary 
passengers, since the receipts on the whole have de- 
creased. The enger-train mileage was curtailed 
by a comparatively small amount, certainly not one 
which bears any reasonable relation to the falling 
off in passengers. The receipts from first-class 
passenger traffic increased in 1909, while the num- 
ber of such passengers decreased. The distance 
travelled per first-class passenger was therefore 
probably greater than in the’previous year. This 
conclusion is confirmed by the fact that the average 
receipts per first-class passenger were 1.3d. higher 
than in the previous year. It may be that the 
fad which threatened to become popular some two 
or three years ago, of motoring for long distances, 
is on the wane, and that, for the really long journey, 
the first-class comforts in trains are found prefer- 
able to those of a motor, now that the novelty 
of the latter has worn off to some extent. In 1905 
the receipts per first-class passenger were at their 
lowest. Since then they have steadily improved, 
though in the total amount the position is not so 
good now as formerly. 

For the first time for many years the receipts 
from third-class passenger tratlic showed a decrease. 
Such receipts in 1909 amounted to 33,759,000/., 
including the season-ticket traftic. This is a shrink- 
age of 1.1 per cent. on the previous year, the net 
result of several changes, so that the exact cause is 
difficult to locate. In the first place, the average 
fare paid per passenger remains about the same as 
formerly—viz., at 6.3d., which is within 0.1d. of the 
previous year. Again, the third-class season-ticket 
traflic shows an increase in numbers of 2.1 per cent , 
and in receipts of 4.4 per cent., suggesting that the 
outer urban districts are becoming increasingly 
popular. The number of ordinary third-class pas- 
sengers has decreased 0.7 per cent., this being the 
first shrinkage in this class recorded in the Board 
of Trade reports. This is attributed to the falling 
off in 1909 of traffic to Shepherd’s Bush, and also 
to the inclemency of the oulian, which undoubtedly 
affected the summer traffic. Tramway competition 
is also credited with taking passengers away. Off- 
setting these influences there is the increasing 
popularity of the London ‘‘ tubes” for ordinary 
every-day service, these systems having carried 
eight million more passengers in 1909 than in the 
previous year. 

Figures given in the latest report show that the 
number of passengers travelling on the tramways, 
though increasing, is not doing so at nearly ‘such a 
rapid rate as it did a few years ago. The increase 
in 1908 amounted to about one-sixth of the increase 
recorded in 1906. This change is, of course, only 
to be expected, for tramway extension has not been 
so actively carried on lately, the provision of a 
service in the majority of suitable towns having 
now been accomplished. At the same time in a 
few cases improved short-distance service has prob- 
ably ated for the railways some of the traftic 
that they ran the risk of losing permanently. Such 
traftic would help to account for the slightly lower 
railway receipts per passenger, and would offset to 
some degree (as regards numbers alone) the falling 
off in the holiday traffic. 

In the Board of Trade reports the tramway 
statistics are compared with those of third-class 
traffic on the railways. This comparison should, of 
course, be used with circumspection, for a vast 
amount of the tramway traffic never enters into 
competition with the railways at all, while the 
value of the figures is also discounted by the fact 
that passengers who would travel first or second- 
class on the railways commonly make business and 
other trips on the tramways, and help to swell the 
total which is subsequently compared with the 
third-class traftic on the railways. 

The total receipts having increased, and the 
train-mileage decreased, the receipts per train-mile 
have materially improved. They have wn, in 
fact, from 62.70d. to 63.36d., the wus this 
difference being due to the improvement in quan- 
tity of, and methods of handling, the goods traffic. 
At the same time the expenses per train-mile have 
decreased, so that the net result isa gain of 1.03d. 
per train-mile. As regards the expenditure per 
train-mile, locomotive power shows a fall of 0.69d., 
to 11.72d., this being probably due to the lower 
price paid for coal in 1909. Of the other expenses, 
maintenance of way has risen again, and now 
stands at 6.37d. per train-mile. Traffic expenses 








470 





ENGINEERING. 


[SeErr. 30, 1910. 











stand practically where they did last year, and are 
now 12.29d. per train-mile. 

The length of line in the United Kingdom partly 
worked by electricity amounted at the close of 
1909 to 229} miles, while 2045 miles were worked 
solely by this means, altogether showing an increase 
of 29} miles on the year before. The total electric 
car-miles is 86,159,595, an increase of, roughly, 
930,000 in the year, this being all due to passenger 
service, the goods traffic having, as a matter of fact, 
receded slightly. The opening of the South London 
Elevated accounts, of course, for much of the addi- 
tional miles of electric track in use, but for only 96} 
thousand of the extra car-miles. 








THE EFFECT OF FLIGHT ON OUR 
INSULAR POSITION. 

A GREAT deal has been written in the last two 
or three years on the effect of flight on the ‘‘ in- 
sular position of this country,” the whole trend 
of the opinions put forth being to the effect that 
although our position has protected us from inva- 
sion up to the present, it will not do so in the 
future, owing to the possibility of invasion through 
the air. It is therefore worth while to consider to 
what our protection from invasion has been due, 
and to what extent this immunity will be modified 
in the future. 

The real fact is that it is not our ‘ insular posi- 
tion” alone which has protected us, but the fact 
that we have had command of the sea. There are 
hundreds of islands in the world which can easily 
be invaded, and there is no difficulty whatever in 
conveying large bodies of troops across the sea, 
as has been proved lately, both in the Russo- 
Japanese War and the Boer War. In fact, over 
long distances it is probably easier to keep up com- 
munications by seathan land. One cannot advance 
either on sea or land, however, if the way is 
barred by a force of superior fighting power, and 
it has been the fact that, so far, the way from the 
Continent to Britain has always been so barred, 
which has prevented invasion. Not only has our 
superior Fleet prevented others from coming 
against us, however, but it has given us the power 
of going to them. The distance by sea from here 
to the Continent is just the same as from the Con- 
tinent to here. Yet this distance did not prevent 
the English from ‘‘singeing the Spanish King’s 
beard ” nf burning Cadiz, or from subsequently 
fighting their way into the heart of France. The 
whole of these actions depended on the fact that 
we had the power to fight our way across the sea 
while others had not. 

In what way will the perfecting of the flying- 
machine alter this position? It does not appear 
that in principle it will alter it in any way at all. 
It is not necessary for the moment to go into the 
question of how long it will be before it will be 
possible to convey a large body of troops through 
the air, or what amount of damage could be done 
by a small number of dirigibles or aeroplanes by 
dropping bombs. It is probable that in both cases 
many of the ideas promulgated are very ex- 
aggerated, but the question to consider now is: 
Granted that flying-machines are of some influence 
in war, how far will they be to our advantage or 
disadvantage / In other words, what effect will 
they have on our insularity ? 

We have seen that our safety from invasion has 
never depended on the fact that we live on an 
island, but on the fact that we have the biggest 
fleet in the world. Why do we have the biggest 
fleet ? Because we spend the most money on it. 
Size is not, of course, the sole measure of the 
fighting power of a fleet or of anything else. It 
has often happened that foreign Powers have suc- 
ceeded in bringing a larger fleet into action than 
we did—e.y., at Trafalgar—but this has not given 
them the victory. It was the quality of our men 
that gained us the day, and this quality was partly 
racial and partly a matter of training. Training, 
again, costs money, and we cannot expect to keep 
command of the sea unless we can spend a larger 
amount on our Navy than can those who may 
onpose us. 

his position is in no way changed by the intro- 
duction of flight into warfare ; in fact, it is prob- 
ably accentuated. That is to say, the cost of 
any form of flying-machine will probably be much 
greater in proportion to the number of men carried 
than the cost of a ship. Hence the command 
of money is probably of more importance in secur- | 


It is quite clear, therefore, that, as far as our 
defences go, the development of flight will in no 
way affect our position. Any foreign aerial flect 
coming here will have first to meet our own, and if 
the latter is more numerous and better equipped, 
will be defeated. Further, it is just as easy for us 
to be superior in the air as on the sea. In fact, 
rather easier for us, as it depends less on numbers 
of men, and more on material. 

What is true of the command of the air as regards 
defence is also true as regards attack. If we keep 
@ proper superiority in our air fleet, we can not only 
prevent an enemy’s fleet coming here, but we can 
defeat any air fleet they may have, and, therefore, 
our aerial vessels can fly at will over their country. 
Thus the effect of the development of flight will not 
be in any way to diminish the defensive effect of 
our insularity, while it will make our power of 
attack greater than it has been. How far this 
power of attack will be developed in the near future 
is just now a pure matterof speculation. At present 
it is probably much less than is generally supposed, 
but there is no doubt that even now dirigibles and 
aeroplanes have some offensive power, at all events 
in the way of interrupting communications, and this 
will certainly develop to some extent in the near 
future, and probably very largely in the more distant 
future. Meanwhile, it is interesting to note that 
the majority of the large towns on the Continent, 
including all the capitals, are within 150 miles of 
the coast, and that the interruption of their railway 
communications would be a very serious matter. 
Further, that the huge conscript armies kept by 
the various Continental States will be no hindrance 
to the ‘‘ vessels of the air,” while the enormous 
cost, direct and indirect, of such armies prevents 
these states from spending anything like as much 
as we do on our Navy, and will, of course, be an 
equal hindrance to their spending as much on their 
aerial navies. 








THE IRON AND STEEL INSTITUTE. 

THe autumn meeting of the Iron and Steel 
Institute is being held this week in Buxton, under 
the chairmanship of His Grace the Duke of 
Devonshire, President of the Institute. An excel- 
lent programme has been arranged, there being a 
good list of papers—eleven in all—whilst the local 
reception committee, of which Sir A. Seale Haslam 
is Vice - Chairman, and Major Abram Brown, 
Honorary Secretary, have arranged an interesting 
series of excursions and visits for the four days of 
the meeting. This concludes to-day by a garden 
party at Chatsworth, where the members will be 
entertained by the Duke of Devonshire. 

On the members assembling on Tuesday, the 
27th inst., in the Old Theatre, Pavilion Gardens, 
they were cordially welcomed by Mr. W. F. Mill, 
J.P., Chairman of the Urban District Council, who 
stated that Buxton was proud to have its name 
placed on the list of the towns visited by the Insti- 
tute. The Council had no works to show the 
members, apart from the works of Nature. Owing, 
however, to the very close association which the 
Institute had with a great British house, there was 
a special fitness in the visit to the Cavendish 
county ; their first president had been a Duke of 
Devonshire, and after forty-one years the present 
Duke occupied the same position. He hoped the 
members would have a profitable time; he renewed 
his welcome, and hoped they would take advantage 
of the opportunity to visit the baths—which had 
been omitted as an item on the programme—for no 
expense had been spared to make them second to 
none in Europe. 

Replying on behalf of the Institute, the Duke of 
Devonshire tendered their thanks to the Council 
and inhabitants of Buxton. They knew they were 
not coming to a great centre of the iron industry, 
but he felt sure the visitors would find their stay 








greatly interesting. 

The minutes of the last meeting having been 
taken as read, and other formal work gone through, 
the Chairman expressed his sorrow at the great loss 
the Institute had sustained by the recent deaths of 
Mr. Edward Pritchard Martin and Mr. William 
Whitwell. Both these gentlemen were original 
members of the Institute. Mr. E. P. Martin had 
been President in 1897-1899, and Mr. Whitwell in 
1901-1903, and both had constantly been devoted 





ing command of the air than command of the sea. | 


to the welfare of the Institute; every member knew 
the work both had done, and he was sure both 
were regarded with feelings of affection. He also 
referred to the recent death of Mr James Riley, 





a former Member cf Council. Mr. Riley was not 
an original member of the Institute, but he also 
had been greatly devoted to it. On the motion of | 
the Chairman, the members rose in their places to 
testify their sorrow at the loss of the three 
distinguished members referred to. We publish a 
memoir of the late Mr. E. P. Martin on page 472 
of our present issue. 

The Chairman then announced that at the 
Council meeting which had just been held Mr. J. E, 
Stead, F.R.S., had been appointed a Vice. Presi- 
dent, and Mr. F. A. E. San.uelson a Member of 
Council, the announcement being heartily cheered, 

The reading and discussion of papers was then 
commenced. 


THE BrIQueETTING OF Inon Orts. 


The first paper taken was one on “ The Brijuet- 
ting of Iron Ores,” by Mr. C. de Schwarz, Liéze, 
which, in the absence of its author, was read in 
abstract by the Secretary. We reproduce this com- 
munication in full on page 480. In this paper, Mr. 
de Schwarz gives the various reasons which led to 
the briquetting of iron ores, and the conditions for 
successful briquetting; he also enters into the 
details of the processes without the use of a binding 
medium, and also by means of such a medium, 
adding a few examples of actual practice. 

Professor H. Louis, Newcastle, who opened the 
discussion, thought that the paper contained several 
points which should not be passed over without 
criticism. In the first place, he (Professor Louis) 
did not agree with one of the opening statements 
made, to the effect that the use of improved and 
more effective explosives in the iron-mines tended 
to increase the percentage of small and dust ore. 
Such was not the case. Briquetting was forced upon 
ironmasters by the falling off of lump ore, the smaller 
ores requiring both concentration and briquetting. 
That was the true cause. There were two pro- 
cesses, one in which a binding material was used, 
and one where no such material was required, but 
here a sharp line should be drawn defining whether 
briquetting was carried out at the iron-mines or 
at the blast-furnaces ; transport added to the 
cost, and if the process were carried out at the 
latter, there occurred a decrease in expenditure. 
The author had, further, given two instances— 
Kertch, in Russia, and Ilsede, in Germany—where 
briquetting was effected ‘‘ without a binding mate- 
rial ;” but these were not very appropriate ex- 
amples, since the ore at both places contained clay, 
which constituted the binding material required. 
The author had also stated that the Gréndal process 
had proved to be the most successful briquetting 
process, without a medium, for magnetic ore ; he 
implied that Gréndal agglomerated by heat, and 
he attributed to him the merit of the process, 
Professor Louis, however, questioned the value of 
the patent, and added that the method described 
in the paper had been followed long before Grondal, 
who did not invent the furnace referred to. He 
(the speaker) had read a paper on the subject in 
1904, and the process he dealt with was followed 
to-day practically without modification. He did not 
agree with the statement to the effect that the 
Gréndal process had not been much adopted except 
in Sweden, for he knew that it was working also in 
several other countries ; its use was, therefore, ex- 
tending rapidly. In regard to the rotary furnace, 
there was a great field for it, but this depended 
upon the class and condition of the ore used. I he 
author had also said that a mixture of spathic ore 
with lime gave satisfactory briquettes, provided 
these were exposed to steam pressure for a certain 
time; he then quoted the reaction which took 
place. Did he quote this, Professor Louis asked, 
from his own experience or from a patent specilica- 
tion? because the chemistry of patent specifications 
was not above reproach. He (the speaker) had 
tried the same thing as a laboratory experiment, 
and had found no reactions whatever ; he therefore 
believed the reactions stated to be wrong. He con- 
cluded by repeating what he said at first, that 
several of the statements made, such as the one on 
the reaction referred to, should be challenged. 

Mr. S. G. Robinson, who followed, said that the 
processes described had been derived from those in 
use in the Portland cement industry. His firm 
had first put down a furnace in Spain for treating 
iron ore, and they were now putting down a larger 
one, capable of yielding 100,000 tons of nudules per 
annum. The rotary furnace was specially adapt: d 
for the production of nodules, as he had found afte 





a series of experiments on the matter carried out 1» 
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Spain. The rotary furnace had a high capacity in 
large sizes,and its best feature was that it was cheaper 
than the other processes. The chief item was the 
cost of coal, and with an average coal consumption of 
10 to 12 per cent., the cost of nodulising amounted 
to from 2s. 6d. to 3s. per ton, inclusive of interest 
on capital, depreciation, and repairs. They had 
tried the use of gas for firing, but had given it up, 
and they fired with coal-dust, which made it possible 
to move the point of firing to where it was wanted 
in the furnace, while with gas it was not possib e 
to control the position of the burning zone. 

Mr. Stead stated that he had sampled briquettes 
and nodulised material. The trouble was to ol tain 
briquettes ‘* sufficiently briquettes,” for they always 
were accompanied by a large proportion of fine 
dust. The briquettes were generally not baked 
hard enough. They underwent rough handling in 
transit, they were broken in course of shipment, 
and reached the blast-furnaces with 15 to 20 per 
cent. of dust, a fact to which the consignees objected, 
and one which led to discussion in the matter 
of allowances. The cost of the briquettes should 
be arrived at, taking into account the proportion 
of dust. The nodules imported into Middles- 
brough were not large enough to be satisfactory, 
and the Middlesbrough works did not like ‘‘ pea 
material.” In regard toa binding medium, organic 
matter, including cellular pitch, was suitable for 
magnetic ores, but not suitable for peroxide ores. 
He agreed with Professor Louis both as to the 
selection of the place where briquetting should be 
carried out—close to the blast-furnaces, rather than 
at the mines at a distance—and as to the necessity 
of more proofs in respect of statements made in the 
yaper. 

; n the motion of the Chairman, a hearty vote of 
thanks was given the author. 


THe MANUFACTURE OF ROLLED H-BEAmMs. 


The following paper taken was one dealing with 
‘““The Manufacture of Rolled H-Beams ;” it was 
read in abstract by its author, Mr. G. E. Moore, 
M.I. Mech. E., Loughborough. We reproduce this 
on page 477. The author reviewed various types of 
universal rolling-mills for the manufacture of H or 
wide-flange beams. He gave data on several charac- 
teristic types of machines, criticised these, and 
suggested that the machine designed by Mr. Hugo 
Sack was the best from every point of view. 

Mr. Lamberton, who alone spoke, said that the 
subject dealt with was not one of which any rolling- 
mill proprietor in the country was ignorant ; 
there was not one single mill-owner who manufac- 
tured beams who had not had this question of 
wide-tlange beam-rolling put before him. It had 
been said that no mill-owner would suggest a good 
reason for the non-adoption of H-beam rolling here ; 
the reason was simply that the demand was com- 
paratively limited, the problem resolving itself 
simply in the commercial aspect of the question. 
The first thing a mill-owner would ask, following a 
suggestion for putting down a plant for making 
such beams, would be as to whether there was a 
market for the latter. We all knew that with the 
larger beams and the broader flanges the problem 
became increasingly difficult. Would the putting 
down of mills in this country for rolling them be 
commercially the right thing? At one time, and 
with aview to bridge-building, there would, perhaps, 
have been more reason for adopting the mills 
referred to, but now beams could be built up as 
cheaply as they could be rolled in any of the mills 
described. It might occur that a rolled H-beam 
had not a sufficiently good appearance, and not 
sufficiently sharp edges, and then it would not be 
passed by the inspector, and this would mean a loss. 
All this was avoided with built-up beams. The 


commercial condition dominated, and there was 
little hope that the rolling of wide-flange beams 
would be adopted. The machines were, no doubt, 
examples of very clever engineesing, but engineer- 


ing had to be made to pay. 

Mr. Moore, who replied, was sorry the matter 
had attracted but little interest ; it had, perhaps, 
not been given sufficient consideration. There was, 
perhaps, also no market for the extra large sizes, 

ut there might be one for the moderate sizes, such 
as 12 in. by 12 in. and 15 in. by 15 in. Many wide 

ams were imported for use for columns and so 
forth ; they could be manufactured here instead. 
Their :nanufacture would not cost more than 10 per 
cent. over that of ordinary beams, and they would 
compare favourably with built-up ones. 


author, which was cordially responded to, said that 
wide-flange beams were more used on the Continent 
than in this country, and added that the paper 
would, perhaps, awaken interest on the subject. 


|SutpHvurous Acip as A METALLOGRAPHIC ErcHiIne 
MEDIUM. 

The next paper was one by Mr. S. Hilpert, 
Ph.D., Berlin, and Mr. E. Colver-Glauert, Char- 
lottenburg, on ‘‘Sulphurous Acid as a Metallo- 
graphic Etching Medium.” It was read in abstract, 
and we hope to reproduce it in full in a forth- 
coming issue. The authors explained how they 
were led to find a most excellent reagent in sul- 
phurous acid ; they stated the form and manner in 
which they used it, and showed photo-micrographs 
illustrating the structures developed. 

Professor McWilliam, who opened the discussion, 
claimed parentage to one of the authors, Mr. 
Colver-Glauert, who had been for several years 
under his care at Sheffield. The paper was only 
labelled in Germany. He referred to a former 
paper of his (Mr. McWilliam’s) written in conjunc- 
tion with Professor Arnold, and showed an illus- 
tration of a structure in that r which was 
similar to one of those obtained by Mr. Colver- 
Glauert (Fig. 2, Plate I.). He was pleased to see 
what an old Sheffield boy had done ; it corroborated 
the work of a past time. He was thankful to him 
for having shown polyhedric austenite, and this 
was really a very much more complicated structure 
than was stated. In conclusion, he claimed for 
Sheffield five-sixths of Mr. Colver-Glauert’s training. 

Mr. Saniter, who followed, stated that he had 
made experiments on the same lines as those fol- 
lowed by the authors, but had not got rid of the 
stain trouble of old times. 

Mr. Hatfield asked for the differentiation between 
austenite and hardenite. 

Mr. Colver-Glauert, in replying, thanked Mr. 
McWilliam for his statements, but preferred not 
to enlarge upon them. He asked Mr. Saniter 
how he worked. He (the speaker) found the 
medium did not stain ; he always obtained a very 
clear structure. He kept the section in the acid 
until it acquired a malt appearance, and dried im- 
mediately with alcohol. If the section were a 
in the air, it would stain ; he rinsed it very quickly 
when it was out of the etching medium. The illus- 
tration, No. 8, Plate III., was an example with 
cracks, and these had a tendency to hold the acid ; 
this was nevertheless a very satisfactory example. 
Mr. Saniter had, perhaps, not rinsed quickly 
enough. In reply to Mr. Hatfield, he did not 
account austenite as a really true constituent. 

The authors were thanked for their contribution. 


THE PREPARATION OF Maanetic Oxipes or [Ron 
FROM Aqueous SOLUTIONS. 


The last paper taken on Tuesday wason ‘‘ The 
Preparation of Magnetic Oxides of Iron from 
Aqueous Solutions,” by Mr. 8S. Hilpert, Ph.D., 
Berlin ; it was read in abstract by Mr. Colver- 
Glauert. The author referred to a former paper 
by Mr. Carulla, read before the Institute in 1909, 
and dealing with the same subject (see ENGINEERING, 
vol. lxxxviii., page 532). He reviewed Mr. Carulla’s 
work, stated his own experience, and concluded 
that :—(1) The production of ‘‘ magnetic iron 
oxide (Fe,0,) from aqueous solution was only 
possible through the precipitated FeO dissolving in 
the ammonium residue. (2) That so-called com- 
pounds other than Fe,O, were probably indefinite 
mixtures. (3) The magnetic properties of Fe,O, 
had their source in the acid properties of Fe,O,. 
(4) The true magnetic iron oxide was Fe,O,, in the 
form of ferric ferrate. 

This paper was not discussed, and after a vote of 
thanks to the author the meeting came to a close. 


Visits AND EXxcurstons. 
In the afternoon, visits took place to the works 
of the Midland Railway Company, Derby, and to 
those of the Royal Crown Derby Porcelain Com- 
ny. There were also excursions to the Goyt 
Valley and Errwood Hall, and to Macclesfield 
Forest and Cragg Hall. 


THe INFLUENCE OF Sriicon oN Pure Cast Iron. 


The proceedings were resumed on Wednesday, 
the 28th inst., the first paper taken being one by 
Mr. Arthur Hague, M.Sc., and Professor T. Turner, 
M.Sc., on ‘‘ The Influence of Silicon on Pure Cast 


The paper may be said to be an extension of a 
former one, having practically the same title, and 
read by Professor Turner before the Chemical 
Society in 1886. The material dealt with formerly, 
however, contained 0.70 per cent. of elements other 
than iron and carbon, and the 10 per cent. of ferro- 
silicon contained 2.2 per cent. of foreign elements, 
the chief of which was manganese. Further, Sorby 
had then not introduced the application of the micro- 
scope to the study of iron and steel, and LeChatelier’s 
pyrometer was not then available. Professor Turner 
explained how the authors had carried out the tests 
forming the subject of the paper before the meeting. 
They had started from the purest materials avail- 
able, preparing a series of iron-carbon-silicon alloys 
with carbon in the neighbourhood of 3 per cent. ; 
he stated how they had studied the temperature 
and volume changes of the alloys then cast, and 
exhibited diagrams showing the temperature arrests 
with the different samples. These diagrams are 
reproduced in the paper, and, together with others 
and photo-micrographicreproductions, they illustrate 
clearly the influence of silicon on pure cast iron, 
the object which the authors had in view. 


MANGANESE IN Cast IRON, AND THE VOLUME 
Cuances Durine Coo.ina, 


The paper above referred to, presented by Pro- 
fessor sl was followed by one on ‘* Manganese 
in Cast Iron, and the Volume Changes During 
Cooling,” by Mr. H. 8. Coe, M.Sc., Birmingham, 
and both were taken together for discussion. Mr. 
Coe gave data on the material he used, American- 
washed white iron and a manganese iron-carbon 
alloy, stating their analyses, and illustrated his 
apparatus, giving the volumetric changes, the pyro- 
metric results, the results of microscopic investiga- 
tions, and the various effects due to manganese. 
We also propose to reproduce this paper in full. 

Mr. Saniter, who opened the discussion, stated, 
in regard to the action of the other ingredients upon 
the percentage of combined carbon, that an increase 
of even 1 per cent. of the latter increased brittleness; 
0.5 per cent. manganese also. Professor Turner 
had included a table giving the silicon and carbon 
contents and the temperature arrests ; the figures 
pointed to the material being semi-steel rather than 
cast iron, this throwing somewhat of a doubt upon 
the title of the paper being quite correct. 

Mr. Stead, who followed, expressed the opinion 
that the papers under review gave evidence of much 
hard work. He regretted that we were not yet far 
enough advanced to explain what the changes 
referred to meant. Small differences only in the 
percentage of manganese caused differences in ex- 
pansion. Phosphorus and sulphur, and almost all 
other impurities, in fact, had a very similar effect. 
He mentioned work carried out on similar lines by 
Gontermann and other scientists, to which he (Mr. 
Stead) had referred in an address he had delivered 
at Sheffield. He asked why should silicon have the 
effect mentioned upon the volume and on the tem- 
erature changes during cooling of pure high-carbon 
iron alloys. The course to be taken was evidently to 
secure their facts and then to endeavour to explain 
them. In regard to the precipitation of graphite, he 
confirmed a previous statement made by Professor 
Turner showing the necessity of trying to obtain 
castings with the graphite as fine as possible, and 
distributed equally, this yielding a strong material, 
while coarser graphite resulted in weak areas. With 
reference to Mr. Coe’s work, Mr. Stead expressed 
the desire to have a few of the author’s specimens 
containing 4 per cent. carbon. 

Mr. Adamson said he would deal with both sub- 
jects by correspondence mainly. He wished, how- 
ever, to point out to the meeting that the curves 
given by Professor Turner illustrating the results 
obtained with the various grades of iron (Fig. 1 in 
the paper) confirmed his (the speaker’s) set forth in 
a paper he read in May, 1906. In regard to the 
ee having a higher percentage of silicon and 1 per 
cent. carbon, Mr. Adamson doubted whether a metal 
could he obtained suitable for such tests ; and in the 
matter of the fall in the carbon contents, the mate- 
rial, as was stated by Mr. Saniter, was nearer steel 
thancastiron. Silicon had no influence in reducing 
the percentage of total carbon when this was under 
3 per cent.—only when it was higher than 3 per 
cent. With reference to the cooling curves shown, 
Mr. Adamson was not prepared to admit that 
silicon was the direct cause of the arrest-point 
indicated, and a study of the various curves led to 





Iron.” This was read in abstract by the latter, 





The Chairman, on moving a vote of thanks to the 


and we propose to reproduce it in an early issue. | 


a suggestion that the arrest was caused by tempera- 
ture, silicon influencing it only through the action 
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of temperature. With reference to the influence 
which Professor Turner stated ‘silicon had upon 
hardness, the speaker had not found the case fully 
confirmed in foundry practice. 

Mr. Hatfield expressed the opinion that Professor 
Turner’s paper formed a valuable complement to 
the one he had contributed twenty-five years 
ago, since he had been able to deal with purer 
material, using improved apparatus. He asked for 
further information in regard to the temperature 
arrests shown by Professor Turner; and with 
reference to Mr. Coe’s results, he stated that the 
—— up of the eutectic should give a consider- 
able expansion. As Mr. Saniter had said, the 
carbon was rather low for cast iron; the samples, 
however, were not at all bad. The influence of 
silicon was supposed to be a gradual precipitation 
of the carbon as the silicon increased. Professor 
Turner had found that with up to 1.9 silicon the 
carbon was practically unchanged, then when it 
increased there was obtained grey iron instead of 
white ; this confirmed the speaker’s own experi- 
ments. One of the bars obtained by Mr. Coe, bar 
marked G, had 4.19 per cent. manganese, with 0.86 
per cent, combined carbon, whilst bar H had 5.15 
per cent. manganese and 0.43 per cent. combined 
carbon—i.e., just half the carbon content of the 
former, whilst the hardness of both was practi- 
cally the same; this point would require further 
elucidation. The value of Mr. Coe’s paper 
would be greatly increased were it completed by 
a record of mechanical tests carried out with the 
specimens. 

Mr. Harbord, referring to Professor Turner’s 
peper, found the latter to state that silicon had a 

ardening effect, probably due to the carbon pre- 
sent ; silicon per se in presence of no carbon did 
not have a hardening effect. 

Professor Turner, in replying, said, with reference 
to Mr. Saniter’s remarks as to the low carbon con- 
tents, that the metal was melted in crucibles, not 
suflicient time being allowed for complete satura- 
tion. In regard to the total carbon, it was fixed 
by the amount of carbon that they could get in 
the alloy. It was not scientific to vary the carbon 
and silicon at the same time; they endeavoured 
to keep the percentages practically constant, and 
they obtained conditions which ruled in actual 
practice. With reference to Mr. Stead’s remarks 
regarding facts and their difficult explanation, a 
large amount of facts would still require to be 
accumulated before it were possible to generalise. 
With reference to Mr. Adamson’s statements, and 
in respect of the homogeneity of his (Professor 
Turner’s) specimens, the latter explained that he 
always broke up his alloys before making his mix- 
tures, so as to obtain homogeneity. The statement 
of Mr. Adamson’s as to the reducing effect of 
silicon upon carbon was perhaps quite correct 
within limits. If we took 50 per cent. ferro-silicon, 
and added it to ordinary grey cast iron, this did not 
take the silicon ; when the silicon did enter, then 
the graphite filled the pot. They had to start with 
iron lower in carbon, and had to surmount the 
maximum melting-point, which he had shown in 
the iron-silicon equilibrium diagram in the paper 
under discussion. The addition raised the melting- 
point—if there were more iron, the metal became 
more liquid ; the best proportion was about 80 per 
cent., which brought the carbon below 3 per cent. 
He suggested that silicon was the indirect cause of 
arrest, since it transferred the carbon from one 
form to another. Ii. reply to Mr. Adamson’s 
statement to the effect that iron with 3 per cent. 
silicon was soft iron, Professor Turner said this 
was well known, but there was also a small per- 
centage of manganese ; whereas he (the speaker) 
had dealt with pure material. Concerning Mr. 
Hattield’s query regarding the H, point, where 
there was a considerable expansion, there occurred 
a considerably large arrest. In his (the speaker’s) 
bars there wasa slight lag in the temperature arrest. 
lt was perfectly true that the changes in the per- 
centage of silicon led to corresponding changes in 
the carbon ; dealing with pure material, with a 
greater proportion of silicon the whole carbon went 
out at once. The hardening effect of silicon 
referred to was only small. He added that he 
would greatly appreciate further criticism on the 
paper by a 

Ir. Coe thanked the meeting for the manner in 
which his paper had been received, and also Pro- 
fessor Turner for the kind aid he had received 
from him. In reply to Mr. Hatfield concerning 


figures on the bars mentioned, he had also found 





these surprising, and had mentioned in the paper 
that he was unable to account for them. 


On a motion by the Chairman, the authors were 


accorded a hearty vote of thanks. 


(To be continued.) 





NOTES. 
Tue AsTRONOMER Royat. 
To-pay Sir William H. M. Christie, K.C.B., 


completes his term of office as the eighth Astrono- 
mer Royal. 
he joined the staff of Greenwich Observatory as 
chief assistant, succeeding in that position Mr. EK. J. 
Stone, who had heen appointed Her Majesty’s astro- 
nomer at the Cape of Good Hope. Eleven years 
later, in 1881, Mr. Christie, as he then was, received 
the appointment of Astronomer Royal on the re- 
tirement of of Sir George Airy. The twenty-nine 
years which have elapsed since then have been 
marked by a vast development of both the resources 
and the work of our National Observatory. Some 
of these developments have, no doubt, been due to 
what may be regarded as natural progress, but the 
great change in the general character of the work 
carried out has been brought about by the per- 
sonality of the chief, who is now about to take 


It is now forty years since, in 1870, 


his well-earned retirement. This is not the occa- 


sion on which to attempt any detailed account of 
the present equipment of Greenwich Observatory, 
or of the manner in which that equipment is being 
utilised, but we cannot refrain from congratulating 


Sir William Christie on the success with which he 
has, without in the slightest degree neglecting 
what may be regarded as the official duties of the 


Observatory, contrived to carry out, year after 
year, extensive and important astronomical work 
of a most varied character. 


The secret of this 
success undoubtedly lies in the cordial relations 
existing between Sir William and his staff. Under 
his control there has been developed in the 
staff at Greenwich a feeling of personal respon- 
sibility, and a knowledge that the merit of indi- 
vidual researches would be most fully recognised, 
which have had the most happy results. Sir 
William Christie is being succeeded as Astro- 
nomer Royal by Professor F. W. Dyson, F.R.S., 
who, from 1894 to 1905, was chief assistant at 
Greenwich, and who for the past five years has 
been the Astronomer Royal for Scotland. Pro- 
fessor Dyson is thus admirably fitted to carry out 
the best traditions of Greenwich Observatory, and 
in his hands its continued development will be 
assured. 


TorsionaL Exvasticiry or Metats at Hicu 
TEMPERATURES. 


In view of the fact that the torsional elasticity 
of metals had, so far, not been investigated at 
temperatures above 300 deg. Cent., F. Meissner 
made some experiments with wires of iron, nickel, 
and silver at temperatures up to 750 deg. Cent. 
The results were communicated last October to the 
Vienna Academy of Sciences, and are described in 
Vol. 118, IL.a of the Sitzungsberichte of this academy. 
His method was to stretch the wire within a por- 
celain tube, to heat it either directly by sending 
alternating currents through it, or indirectly by 
winding a nickel coil on the porcelain tube, and 
sending the currents through the coil, then to start 
oscillations in the wire and to observe the period 
of the vibration and its logarithmic decrement. In 
order to exclude air-damping and oxidation, which 
would become important at high temperatures, 
@ vacuum was made in the porcelain tube. It 
was difticult, however, to reduce the air pressure 
to less than 0.1 millimetre of mercury, and some 
of the irregularities in the results may be due to 
difficulties of preventing air-damping and oxida- 
tion of the thin wires experimented with. The 
wires were of two diameters—either 0.05 mm., 
heated only to 500 deg. Cent., or 0.5 mm., 
heated to the full 750 deg. Cent. Temperatures 
were measured with the aid of iron-constantan 
thermo-couples, or determined directly from the 
change in the resistance of the wire under examina- 
tion. The porcelain tube had a length of 115 cm., 
the wire a length of 15 cm. when indirectly heated, 
and of 100 cm. when directly heated. The wire was 
suspended in the axis of the tube, the extremities 
being attached to thicker wires, the upper holding 
wire having a diameter of 2 mm., the lower of 
1mm. The lower wire supported a small mirror 
and an ‘‘inertia” bar ending in two copper discs. 








The oscillations of the test wire were set up simply 
by approaching an electrified rod to one of the discs 
of the inertia bar, or, with the direct heating, by 
magnetic deflection of the inertia bar of iron: 
thus the system was not mechanically disturbved 
at all. The two methods of heating made little 
difference in the results. The general conclusion 
is that the torsion modulus decreases strongly as 
the temperature rises, while the logarithmic decre- 
ment increases. In the case of the pure silver wire 
these changes were regular, indicating a linear tem- 
perature function. In the case of iron and nickel 
the variations were less regular, and the recales- 
cence point in iron, near 500 deg., was marked by 
rapid changes in the logarithmic decrement. At 
ordinary temperature the torsion modulus of the 
thin wire was greater than that of the thick wire, 
and the logarithmic decrement of thin wires smaller. 


DISINFECTION OF CATTLE-TRUCKS. 


Some time ago we described a novel device—a 
kind of steam-chamber—for the disinfection of rail- 
way carriages for passengers. To-day we wish to 
notice another novelty, which has been adopted on 
German railways—a portable apparatus for dis- 
infecting cattle-trucks and the plainest kind of 
railway carriages built in wood and iron only, and 
not provided with cushions. The apparatus sends 
a hot or cold spray of soda or cresol-sulphuric acid 
into the carriage simply by the pressure of the 
water main. The apparatus consists of a vertical 
cylinder, which is charged from above through a 
funnel with the solution of soda or of cresol- 
sulphuric acid. A hose joining the cylinder to 
a hydrant is screwed on below. The cylinder 
is attached to a small locomotive boiler, which is 
mounted on a two-wheeled truck. The hot water 
enters the upper part of the cylinder through the 
same valve which admits the chemicals. A piston 
moving in the cylinder is pressed upward by the 
water pressure in the main, and a jet of hot water 
forced out through the discharge-valve, to which a 
hose is attached. A cold spray can also be applied 
with the apparatus. The soda lye is ejected direct 
through the hose and nozzle ; when acid disinfect- 
ing with the cresol-sulphuric acid is to be applied, 
the nozzle is replaced by an atomiser. The apparatus 
is wheeled close to the siding on which the trucks 
to be cleaned are being brought up ; the trucks are 
well swept with the broom before being disinfected. 
During a test at Hamburg ten men were kept at work, 
with intervals, from 2 a.m. till 9.30 p.m. Nine of 
these were supplied with ordinary hoses screwed to 
the hydrants. The tenth was provided with one of 
the apparatus described, which is the invention of a 
i railway official of the name of Liibbecke. 
In the 20 hours mentioned 484 trucks were cleaned ; 
the ordinary hose cleaned on an average 44.3 truck 
floors, while the Liibbecke hose cleaned 96 floors, 
more than twice as many as the ordinary, although 
the man looked after his boiler. The disinfection of 
a truck by the Liibbecke apparatus occupied on an 
average twelve minutes, and one man can clean fifty 
trucks in a day of ten hours, allowing him his usual 
time for taking his meals. An ordinary covered-in 
truck can actually be disinfected in two minutes. 
The average expense amounted during the Hamburg 
tests to a little less than 1s. per truck, including 
fuel, &c. Although the water was not boiling, and 
the hot lye or acid was, of course, cooled after 
leaving the nozzle, the temperature in the trucks 
under treatment rose to 160 deg. Fahr. The smell 
of carbolic acid disappeared soon when the cresol- 
sulphuric acid was applied, because the acid was 
sprayed ; the spray penetrated well into corners 
and cracks, and the disinfection was considered satis- 
factory. A noteworthy feature is that the chemi- 
cals are fully utilised, and not spoilt and made dirty 
as they are when brushes are used. The process, 
which might further be improved, has also been 
applied for the disinfection of emigrants carriages 
and of barracks which had become infested with 
insects. 





THE LATE MR. E. P. MARTIN. 


THe news of the sudden death of Mr. E. P. 
Martin, which occurred at Harrogate on Sunday 
last, will, we feel sure, have been received with 
deep regret, not only by the large circle of emu! 
neers with whom he was intimately acquainted, 
but also by many others to whom his genial figu' 
has been familiar during the long years he was con- 
nected with three of the leading institutions of ‘le 





engineering profession. Mr. Martin came «! 4 
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family for generations connected with wom ft 


originally in Cumberland, but later with South 
Wales. His father was George Martin, who was 
for 58 years mining engineer to the Dowlais Iron 
Company. : 

Edward Pritchard Martin was an eldest son, 
horn in 1844 at Dowlais. He was privately educated 
in England, this being followed up by study in 
Paris, after which, at the age of 16, he was appren- 
ticed, under Mr. W. Menelaus and Mr. E. Williams, 
as an engineer at the Dowlais Iron Works. In 
1864 he was transferred to assist Mr. K. Williams 
in the management of the London office of the | 
Dowlais Iron Company. His next move of import- 
ance was in 1869, when he was appointed deputy- 
veneral manager of the 
Dowlais Works, at the end 
of the following year being 
appointed general manager 
of the Cwmavon Works of 
the Governor and Com- 
pany of Copper-Miners in 
England. In the course 
of these appointments he 
was responsible for the 
erection of rolling - mill 
engines, blast - furnaces, 
railways, and for several 
important alterations at 
Port Talbot Harbour. 

In 1874 Mr. Martin 
was appointed general 
manager of the Blaenavon 
Iron Works, for which he 
designed a large Bessemer 
steel plant, also superin- 
tending its erection and 
subsequent working. It 
was while here that he 
became associated with the 
development of the im- 
portant Thomas-Gilchrist 
process of dephosphorisa- 
tion. Years later, before 
the Iron and Steel Insti- 
tute, Mr. Martin, in his 
presidential address, with 
characteristic modesty, 
omitted to make mention 
of the assistance he had 
been able to give in this 
direction, giving all the 
credit to Mr. E. Windsor 
Richards, who, hesaid, had 
done ‘‘so much towards 
making (the Thomas- 
Gilchrist process) a prac- 
tical success.” ‘That Mr. 
Martin’s own share was 
also a most important 
one is evident from the 
words of appreciation 
used in this connection 
by Messrs. Sidney Thomas 
and Percy Gilchrist them- 
selves, in a paper, in 
which they described their 
work, read before the 
Iron and Steel Institute 
in 1879. Here they 
stated that ‘‘on laying 
some of the first results 
obtained from this 6-lb. 
converter before Mr. Mar- 
tin, of Blaenavon, he at 
once recognised their im- 
portance, and from that 
time we have been deeply 
indebted to him for his 


advice and assistance.” In 1883, again, 
', Thomas acknowledged this assistance before 

Institute, when he was the recipient of the 
emer Gold Medal, saying ‘‘ the present 
‘ton of dephosphorisation had only been | 
ered possible by the frank, generous, and un- | 
‘ved co-operation of Mr. Windsor Richards, | 

‘ our earlier and consistent supporter, Mr. 
tun.” In this connection also Re William 
rts-Austen, in his address as President of the 
ind Steel Institute in 1899, stated that the | 
‘metallurgical world was under a lasting debt 
stitude to Mr. Martin, it being due to his 
ight that they owed the adoption in practice 
T one of the great processes which would render 


ats ectieS 


OmO se Hr ee 


unfailing and consistent support, and much valu- | 


| the nineteenth century memorable. Mr. Martin at 
| Blaenavon was the first to give facilities for making 
| trials of the Thomas-Gilchrist process on a commer- 
| cial scale, and being convinced of its soundness, 
did much to bring it into general use. For his 
ag in this contribution to metallurgical science 

r. E. P. Martin was awarded, in 1884, the 
Bessemer Gold Medal, in conjunction with Mr. E. 


Windsor Richards, who, after becoming interested | 


by Mr. Martin in the Thomas-Gilchrist process, 
also became one of its most active promoters. 

On the death of Mr. Menelaus, in 1882, Mr. 
Martin succeeded to the general managership of 
the Dowlais Iron Works, and continued in that 
office until 1902. A few years after his appoint- 





ment it was decided to enlarge the works of 
the company, and the local ore having largely 
given place by then to foreign ore, it was decided 
to erect the new works at a place where supplies 
could be more easily handled. The new Dowlais 


| 


Works on Cardiff Moors were therefore built, and ' 


the soundness of judgment displayed in this choice 
and in the design of the plant, for which Mr. 
Martin was responsible, was such that iron ore 
can be discharged at the docks, passed through 
the blast-furnaces, pig made and treated by the 
Siemens process, and turned into plates at these 
works within forty-eight hours. To obtain these 
results the plant had naturally to be an efficient 
one. 
saving machinery wherever possible, his knowledge 


To this end Mr. Martin introduced labour- | 


of American progress, gleaned on visits to the 
United States, standing him in good stead in this 
work. The furnaces and all the plant were 
designed with a view to rapid production and maxi- 
mum output, and, of course, the capacity of the 
furnaces was greatly in advance of those at Dowlais 
itself. Mr. Martin madea point of keeping himself 
well abreast of improvements introduced in the 
United States and elsewhere, and where desirable 
adopted them in the works under his management. 
The erection of the Dowlais-Cardiff Works was 
commenced in 1888, and two blast-furnaces were 
blown in in February, 1891, the steel works 
and plate mills commencing operations in 1895. 
The steel plant consists of a 160-ton Talbot fur- 
nace and six 40-ton Sie- 
mens furnaces equipped 
with a 40-ton and a 30-ton 
electric overhead crane, 
and two Wellman-Seaver 
charging - machines. A 
radial charging - machine 
serves the reheating fur- 
naces between the slab- 
bing and plate-mills. Mr. 
Martin’s foresight also put 
the old Dowlais works into 
a position to obtain a 
large share of the steel 
sleeper business for the 
colonies and abroad gene- 
rally. The Dowlais works 
were, we believe, the first 
to be equipped with me- 
chanical plant for the pro- 
duction of these sleepers. 

Though Mr. Martin was 
well acquainted with the 
conditions of manufacture 
in America, which re- 
sulted in competition with 
this country, he publicly 
stated that he would not 
for a moment give coun. 
tenance to the alarm 
which, in the later ‘nine- 
ties, seized the public with 
regard to the industrial 
position and prospects of 
this country. 

Combining sound pro- 
fessional knowledge with 
business instinct, Mr. 
Martin was welcomed as 
a trusty colleague and 
adviser in various direc- 
tions. He was vice- 
chairman of the firm of 
Guest, Keen, and Nettle- 
folds, Limited, having 
also been a manager of 
the Orconera Iron Com- 
pany, the Dowlais Iron 
Company’s minesin Spain. 
He was also a director 
of the Rhymney Railway 
Company. His connec- 
tions with the Iron and 
Steel Institute, the Insti- 
tution of Mechanical En- 
gineers, and the Insti- 
tution of Civil Engineers 
were of a_ prominent 
character. Of the first 
institution he was one of 
the original members on 
the formation of the in- 
stitution in 1869, being 
elected a Member of 
Council in 1877. In 1887 he was elected to the 
office of Vice-President, becoming President in 
1897, holding that oftice also for the following 
year. For part of his presidential address before 
this Institute, Mr. Martin took as subject the 
development of the iron and steel industries, as 
exemplified by the changes introduced at Dow- 
lais, not the least interesting section being that 
relating to the early work done there in con- 
nection with the Bessemer process. It will be 
remembered that about the year of Mr. Martin’s 
presidency the British Press was full of laments 
in the outstripping of Great Britain, in the indus- 
trial race, by the United States. Having con- 
siderable knowledge of conditions abroad, Mr, 
Martin made lengthy references to what was 
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actually being done by our competitors, and it was 
in this connection that he used the terms we have 
referred to above. 

Mr. Martin was admitted to the Institution of 
Mechanical Engineers in 1881 as a member, and was 
elected a Member of Council in 1887 and a Vice- 
President in 1894, becoming President for the years 
1905 and 1906. At this Institution his presidential 
address also related largely to mechanical and other 
improvements introduced in the iron and steel 
industries both here and in America, the address 
being an excellent historical review of these, 
ranging from the mechanical handling of ore to 
the production of the finished bars and plates, &c. 
His year of oftice coincided with that of the Insti- 
tution’s summer visit to Cardiff, which was thus 
fortunate in having as its head at that time 
a man extremely popular, and held in the very 
highest esteem in the district it was visiting. 
Mr. E. P. Martin was elected a member of the 
Institution of Civil Engineers in 1881, and for some 
time also served on the Council of that body. He 
was also at one time President of the South Wales 
Institute of Engineers, and of the Monmouth and 
South Wales Colliery-Owners’ Association. He like- 
wise held at one time the chairmanship of the South 
Wales Iron and Steel- Workers’ Sliding-Scale Board. 
Among other offices connected with his profession 
he was elected a member of the Board of Trade 
Committee which held an inquiry upon steel rails. 
“He was also a member of the Engineering Stan- 
dards Committee. 

Highly respected within the profession, Mr. 
Martin was honoured also with several offices of a 
public character. He was a justice of the peace for 
the counties of Glamorgan, Monmouth, and Brecon. 
He also held at one time the office of High-Con- 
stable for Caerphilly-Higher. In 1884 he assumed 
the high-constableship of Merthyr, and in 1903 
was appointed High Sheriff of Monmouthshire. 
Mr. Martin's regretted death occurred at Harro- 
gate, where he was staying. Although he had not 
been enjoying really good health for some little 
time, the end was unexpectedly sudden. 








THE ‘“C.A.V. DYNAMO” CAR-LIGHTING 
SYSTEM. 

AN interesting and quite novel electric-lighting 
system for use on motor-cars has been brought out by 
Messrs. C. A. Vandervell and Co., of Warple Way, 
Acton Vale, London, W. Messrs. Vandervell have 
made electric-lighting apparatus for cars for a number 
of years, but the type described below is quite new, 
and possesses a number of features of special interest. 
The arrangement consists of a dynamo designed to 
have a constant cutput over a very wide range of 
speed, which is geared to the car-engine by a belt 
or chain. The dynamo runs always in parallel with 
an accumulator battery, which it is sometimes charg- 
ing and sometimes running from as a motor, this last 
condition obtaining when the car is stopped for short 
periods. The whole arrangement is self-contained, 
and no external charging of the battery is at any time 
required. The oumanting feature of the apparatus 
is its simplicity, as, apart from a serics of switches 
to cut out the various lamps as may be required, 
or to isolate the dynamo from the battery, no control- 
ling gear of any sort is needed. The absence of an 
automatic cut-out between the battery and dynamo 
does much to simplify the gear, as such cut-outs tend 
to prove somewhat expensive, and not always reliable 
articles, especially in small sizes. 

A diagrammatic arrargement of the gear is shown 
in the accompanying figure. It will be seen that, as 
the battery is always in circuit, the lamps may be 
lighted at any time. If the battery is fully charged 
the machine may be cut out of circuit and left to run 
light, the lamps being supplied from the battery 
alone, but normally the Bes: so and battery will run 
in parallel, the machine supplying the lamps and charg- 
ing the battery when the engine is running, but when 
the engine is standing the lamps being supplied from 
the battery, and the dynamo then running as a motor. 
To allow of this latter condicion the chain or other 
drive from the engine is connected to the armature 
through a free-wheel device, so that as the number of 
revolutions of the pulley or sprocket-wheel falls off to 
zero as the engine stops, the armature at some critical 
speed will begin to motor and will then spin round idly 
until the battery circuit is broken, or until the engine 
is started again. There isa certain amount of work 
done by the battery in this motoring of the dynamo, 
but, as the armature is running light, the amount is 
negligibly small, and is well paid for in the simplicity 
of the apparatus and the absence of an automatic cut- 
out between the battery and machine. The dynamos | 
are made in several sizes, but a characteristic type 
intended for an average touring car is designed to run 





in conjunction with a 12-volt battery, and has a maxi- 
mum output of 5 amperes at any speed above 1500 
revolutions per minute. It commences to generate at 
about 600 revolutions per minute. The output curves 
of these machines, connecting speed and amperes, vary 
a little with the different types that are built, but, in 
general, rise from the zero line of amperes at about 
600 revolutions per minute, and sweep up in a steep, 
but gradually flattening, curve to about 5 amperes at 
about 1800 revolutions, after which point the curves 
are practically horizontal straight lines up to 4000 
revolutions. 

The connections of the system are shown dia- 
grammatically in the accompanying figure. The 
dynamo has only two brushes, and an armature 
and commutator of ordinary type. It has two ordi- 
nary poles, N, and 8,, and two subsidiary poles, 
N and §. The subsidiary poles are excited by 
shunt coils connected across the brushes, as shown 
in the figure. The ordinary poles have no windings, 
but are excited by the magnetising effect of the cur- 
rents in some of the armature coils, which are short- 
circuited as they pass under the subsidiary poles N 
and 8. These coils are indicated by filled-in circles in 
the figure. The effect of the windings on the sub- 
sidiary poles is to generate a field, which would nor- 
mally pass through the armature, as indicated by the 
fine dotted lines in the figure; but the result of the 
cross-field passing through poles N and S is to distort 
this original field, causing it to pass through the ordi- 
nary poles, and to take two Penh, mates paths, as indi- 
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cated by the thick dotted line in the figure. The 
change from the direct transverse flux to the quad- 
rantal flux is, of course, made gradually as the speed 
of the dynamo increases. As the machine begins to 
generate, however, a third flux comes into play as a 
result of the working current in the armature. This 
third flux opposes, and tends to cut down the original 
flux due to the windings on the subsidiary poles. This 
demagnetising effort naturally increases with the 
speed, and the result of the whole arrangement is to 
counteract the tendency of the generated electro- 
motive force to rise, so that a constant output at any 
speed is obtained. As the machine is shown in the 
figure it would be reversible—that is, it would run 
equally well in either direction, since there is nothing 
to prevent the quadrantal fluxes taking up a position 
in the opposite pair of quadrants to those indicated. 
To prevent this, and to insure that the machine shall 
motor in the right direction, the circumferential yoke 
is cut away at the points a and b, so as greatly to 
increase the magnetic resistance of the second pair of 
quadrants, which insures that the fluxes shall take up 
the position shown, and that the machine shall always 
motor in the direction indicated by the arrow. 

It will be obvious that a comparatively small battery 
is required with this system, as it is continually being 
charged while the car is running. The control-gear is 
very simple and in one form, intended for small cars 
and taxi-cabs, consists only of a four-way switch with 
two positions corresponding respectively to the lights 
on with the engine running or stopped; a third 
position, in which the lights are off, and the dynamo is 
charging the battery ; and a fourth off position, in 
which all circuits are broken. A second arrange- 
ment, for larger cars, consists of a small board con- 
taining an ammeter and voltmeter and separate 
switches for the control of the dynamo and the various 
lights independently. 

The whole arrangement has been very carefully 
worked out, and the switches, dynamo, and other 
parts are a most workmanlike job. The wiring is 
carried out with special flexible, made without rubber, 
and consisting of two or more cotton-covered wires 
braided together and spirally covered with half-round 
brass or German-silver armouring. 





NOTES FROM THE NORTH. 
Guascow, Wednesd::; 

Glasgow Pig-Iron Market.—Last Thursday morning the 
eo market was very quiet and no dealings of any 

ind were recorded. At the close of the session there 
were sellers of Cleveland warrants at 49s. 1d. cash, 
49s. 4d. one month, and 49s. 104d. three months. In 
the afternoon Cleveland warrants were a shade easier, 
and 2500 tons changed hands at 49s. 9d. three months, 
Closing sellers quoted 49s. 04d. cash, 49s. 34d. one month, 
and 49s. 94d. three months. On Friday morning the market 
was a trifle firmer, and Cleveland warrants were done at 
49s, 04d. cash, 49s. 1d. six days, and 49s. 10d. three months, 
The turnover was 2000 tons, and sellers’ closing quotations 
were 49s. ld. cash, 49s. 4d. one month, and 49s. 104d, 
three months. In the afternoon prices were again the 
turn stronger, but dealings were limited to 1500 tons of 
Cleveland warrants at 49s. 14d. cash and 49s, 11d. three 
months, with sellers over at these figures, and at 4s. 44d, 
one month. Hematite was quoted at 65s. 3d. three 
months sellers. On Monday the market was closed all 
day, being the Autumn Holiday in Glasgow. When busi- 
ness was resumed on Tuesday morning a steady tone pre- 
vailed, but dealings were limited to 4000 tons at 49s. 04d. 
and 49s. 1d. cash, 49s. 34d. twenty-four days, and 49s. 4d. 
October 28. At the close there were sellers at 49s. 14d. 
cash, 49s. 44d. one month, and 49s. 104d. three months. 
Hematite was quoted at 65s. 5d. three months sellers, but 
there were no buyers. In the afternoon the market was 
rather easier, and the only transaction was 500 tons of 
Cleveland warrants at 49s. 3d. twenty-two days. Closing 


sellers quoted 49s. O4d. cash, 49s. 34d. one month, and 

49s. 1 three months. When the market opened 

to-day (Wednesday) oe a prevailed, and 
e 


the tone was weak. business consisted of 1000 
tons of Cleveland warrants at 48s. 114d. eight days, 


and sellers’ closing quotations were 48s. 11d. cash, 
49s. 2d. one month, and 49s. 9d. three months. Hema- 
tite was easier at 65s. three months sellers. In the 


afternoon the tone was just a shade stronger, but dealings 
were limited to 500 tons of Cleveland warrants at 4s. Sd. 
three months, with closing sellers at 48s. 114d. cash, 
49s. 3d. one month, and 49s, 9d. three months. Hematite 
was unchanged at 65s. three months sellers. The follow- 
ing are the market quotations for makers’ (No. 1) iron :— 
Clyde, 61s. 6d.; Calder and Gartsherrie, 62s.; Summerlee, 
63s.; Langloan, 64s.; and Coltness, 80s. (all shipped at 
Glasgow); Glengarnock (at Ardrossan), 63s.; Shotts (at 
Leith), 62s.; and Carron (at Grangemouth), (3s. 6d. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has somewhat abated at the moment; but, 
nevertheless, there is a fair business passing. The price 
for lots for prompt delivery is practically unchanged. 

Scotch Steel Trade.—There is little change to report in 
the state of the Scotch steel trade, but makers generally 
have received rather more specifications this week. The 
plate-mills are not all in full swing, but at some of the 
establishments a fair amount of pressure exists for both 
ship and boiler-plates. The export inquiry shows an in- 
crease, and in some quarters it is believed that it will 

radually get much larger within the next few weeks. 
on Canada, Australia, and the Continent, there are at 
present good inquiries on hand for thin plates and sheets, 
and also for structural sections. Makers of these latter 
classes of material are being kept fairly busy, and are 
well booked ahead. If only a settlement of the present 
labour troubles could be arrived at, there is no doubting 
the fact that steady employment is almost assured for some 
time tocome. But an unsatisfactory settlement would 
be worse than useless, and the present delay, so that 
proper terms may be arranged, is perhaps the best thing 
that could take place. A lasting agreement, carefully 
drafted, is recognised as a necessity to both sides. 


Malleable-Iron Trade.—The malleable-iron makers in 
the West of Scotland are still finding difficulty in keeping 
their works running the full number of shifts. In some 
instances, however, this is being managed, but specifica- 
tions are very scarce. Fresh booking is poor and rather 
unsatisfactory. 

Scotch Pig-Iron Trade.—Deliveries of Scotch pig iron 
to the South and to consumers abroad are still on good 
lines and very regular, but very poor to home consumers. 
The latter, owing to present conditions of trade, are 
naturally not in a position to require much ; all the same, 
they bought very freely quite recently. In the near 
future the demand will increase. Hematite is quiet and 
without change. 


Wages in the Iron Trade.—Mr. John M. Mac Leod 
C.A., Glasgow, has made the following intimation to 
Messrs. James C. Bishop and James Gavin, joint secre- 
taries of the Scottish Manufactured Iron Trade Concilia- 
tion and Arbitration Board :—‘“‘ In terms of the remit, I 
have examined the employers’ books for July and August, 
1910, and I certify the average realised net selling price 
at works brought out is 6/. 2s. 5.3d. per ton.” This means 
no change in the wages of the workmen. 








ALS, 


“Tue Universat Directory or Rariway Orric' 
1910.”—The 1910 edition of this complete director) of 
railway officials has been recently published ly the 
Directory Publishing Company, Limited, 3, Ludgate 
Circus Buildings, E.O. As is well known, this dit 
is compiled under the supervision of Mr. 8. R. ! 
stone, editor of the Railway Engineer, It is con 
from official information, and deals with the staf! of 
railways in all parts of the world. In addition, prac' ally 
all the power-worked tramways in the United Kingdom 
are dealt with. The chief particulars are given 0! «ac! 
railway as far as is possible, and a name index to raiwaye 
and officials enables reference to be quickly male. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. — 
The Cleveland Iron Trade.—There is very little busi- 
ness passing in pig iron, and a general opinion prevails 
that transactions will continue to be on a limited scale 
until industrial peace is assured. In addition to the 
labour troubles, reports from America are such as assist 
to depress trade here, and the fact that stocks of pig 
continue to steadily accumulate also has a detrimental 
influence on the market. At the same time several 
sellers still persistin taking a hopeful view of the future, 
and they report some inquiries on forward account. A 
somewhat gratifying feature of the market is the fact that 
sellers still hold out for higher prices on forward account 
than for early delivery. No.3 g.m.b. Cleveland pig ison sale 
at 4s. f.o.b.; No. 1, which is still scarce, is 52s. to 52s. 3d. ; 
No. 4 foundry and No. 4 forge are each obtainable at 48s. ; 
and mottled and white iron are each quoted at 47s. 6d.— 
all for early delivery, forward quotations being 6d. above 
these rates. East Coast hematite pig continues dull, and 
sellers are rather keen, for producers are understood to 
have considerable stocks, and contracts are running out. 
The general market quotation remains at 62s. 6d. for early 
delivery of mixed numbers, but second hands are said to 
have sold small parcels at 623. 3d. Possibly contracts 
to the end of the year might be made at 62s. Foreign 
ore is still inactive, but values are well maintained on the 
basis of 203. ex-ship Tees for Rubio of 50 per cent. quality. 
Coke is in good ened for local use, and 16s. delivered 
here is named for average blast-furnace kinds. 


Manufactured Iron and Steel.—Producers of nearly all 
descriptions of manufactured iron and steel have con- 
tracts made which will keep them occupied for some time 
to come, but just now few orders are being given out. 
Labour troubles are the cause of the check in buying. 
With their removal a renewal of placing orders is antici- 
pated. Quotations all round are maintained. Common 
iron bars are 7/.; best bars, 7/. 7s. 6d. ; best best bars, 
7l. 15s.; iron ship-plates, 6/. 10s. ; iron ship-angles, 7/. ; 
iron ship-rivets, 7/. 7s. 6d.; packing iron, 5/. 15s. ; steel 
bars, 6/. 5s. ; steel ship-plates, 6/7. 10s. ; steel ship-angles, 
61. 2s. 6d.; steel strip, 62. 10s. ; steel hoops, 6/. 12s. 6d., 
and steel joists, 6/. 2s. 6d.—all less the customary 24 per 
cent. discount. Cast-iron columns are 6/. 103.; cast-iron 
railway chairs, 3/. 103.; light iron rails, 6/. 10s. ; heavy 
steel rails, 5/. 10s. ; steel railway sleepers, 6/. 12s. 6d.— 
allnet cash. Iron and steel galvanised corrugated sheets, 
24-gauge, in bundles, stand at 11/. 10s., less the usual 4 per 
cent. f.o.b. 


Tronworkers’ Wages Advanced.— According to the certi- 
ficate of the accountants to the Board of Arbitration for 
the manufactured iron and steel trades of the North of 
England, the average net selling price of manufactured 
iron for the two months ending August 31 last was 
6/. 83. 9.91d., as compared with 6/. 7s. 5.09d. for the pre- 
vious two months, and in accordance with sliding-scale 
arrangements there will be an advance of 3d. per ton on 
puddling, and 24 per cent. on all other forge and mill 
wages, to take effect from September 26. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Industrial Future.—Some interesting and impor- 
tant statements were made at the annual meetings of two 
big coal and iron companies held in Sheffield during the 
week. The many interests embr by these concerns 
make their directors’ remarks of special value. The ques- 
tion of the colliery developments in South Yorkshire was 
an important topic at the meeting of the shareholders of 
the Sheepbridge Coal and Iron Company. Sir Charles 
McLaren was of opinion that these developments were a 
cloud in the sky, for the production of coal threatened to 
be in excess of the demand, and he potas out that prices 

ne 


recently had only been kept up in the North Midlands on 
account of the stoppage on the North-East Coast. On 
the other hand, the chairman, Mr. Frederick Fowler, did 
not think they had much to fear, because it would be 
some years before the new collieries weré putting large 
quantities of coal upon the market. This company 
experienced a reduction of over 20,000/. in profits. It was 


stated at the meeting of the Staveley Coal and Iron Com- 
pany, held a day later, that the year had been one of 


indifferent trade. An even graver statement was made 
at this meeting to the effect that the unrest amongst the 
companys workmen would eventually make drastic action 
on the part of the firm necessary. What that might mean 
was not stated specifically, but in view of the present 
state of trade it is a disquieting suggestion. 

An Oninous Sign.—The action that is being taken by 
some of the big Sheffield East End firms in discharging 
numbers of pattern-makers is of unpromising augury for 
the immediate future of the trades concerned. ot only 
og ‘he pattern-makers losing employment, but moulders, 

m i i 


i larger numbers, will be thrown idle in conse- 
quen his state of affairs is particularly unfortunate 
when prospects were so bright for the winter, and employ- 


ment was stated to be better than it has been for three 
yar s. It was believed that the settling of the moulders’ 
a ‘until the middle of next year had removed the only 
— © to several months of prosperity, but the dis- 


{ the pattern-makers creates a fres difficulty. 
South Yorkshire Coal Trade.—In a week of active trade 


oom ‘ls have been specially brisk. Heavy tonnages 
ane 1 Sent to the ports for shipment, and deliveries 


rd ag rushed now on account of the imminent closin 
re A te Saltic ports. With the full output being thus well 
_. i considerable reduction in stocks, prices have 

n firm. Industrial demands have been very satisfac. 


tory, and there is a disposition on the part of manufac- 
turers to effect renewals of contracts. Pits are mostly on 
full time, and are getting rid not only of their Lest 
qualities, but of a considerable quantity of second-class 
fuel. Both for shipment and for home use gas fuels are 
going away readily. Small coal, except the better qualities, 
is very weak. Coke isselling well, espeeially foundry sorts. 
House-coal pits have had some difficulty in keeping pace 
with the pod sae tn London inquiries have grown notice- 
ably, and there are more numerous orders from the 
country stations. A good deal of the rush may be 
accounted for by the expectation of an almost immediate 
advance in prices. Latest "Change quotations are :— 
Barnsley silkstones, 11s. to 12s. ; Silkstones, 9s. to 10s. ; 
Derbyshire brights, 10s. 6d. to 11s. 6d. ; Yorkshire hards, 
93. 6d. to 10s. 6d. ; Derbyshire hards, 8s. 3d. to 9s. 3d. ; 
rough slacks, 5s. 6d. to 6s. 3d. ; smalls, 1s. to 2s. 3d. 


Iron and Stecl.—The iron market is in a very unsatis- 
factory state at the present moment, from the makers’ 
point of view. Buyers are fairly well supplied under 
earlier contracts, and evince a marked disinclination to 
come forward. The uncertainty as to which way prices 
will tend is causing them to adopt a waiting policy. Quota- 
tions are at the same level, and at present a drop in prices 
does not seem very probable. New contracts would be very 
welcome in some quarters, particularly amongst makers 
of East Coast hematites. The Lincolnshire and Derby- 
shire irons are fairly firm, and selling moderately well. 
Local billet producers are doing better, as there is less 
undercutting by foreign manufacturers. Whilst most of 
the steel works are still well occupied, the general tone is 
somewhat quieter owing to a certain restriction in order- 
ing. This may be traced to the disturbances in the —< 
building world. Fortunately, in the event of this troub 
developing, they have a good deal of work in hand; in 
the case of the big firms, at any rate, sufficient to keep 
them busy for several months. But for this cloud on the 
horizon the prospects for the winter are very bright. 


The armament work is of such dimensions as to keep the | 


departments engaged upon it working nearly full time as 
well as the rolling-mills. Railway steel still remains the 
really bad feature. Works generally are on short time, 
and the services of many men have been dispensed with. 
The home demand shows no improvement, and with the 
exception of Indian orders, there is little doing on foreign 
account. Expectations from Canada and America have 
not materialised. On the other hand, engineering, though 
there is no general revival, is responsible for some good 
heavy orders recently received. The tool-steel export 
remains good, in spite of some decrease in American 
ordering. There is also a satisfactory demand for tools. 
Home inquiries for files, however, are poor, and the 
works are not producing nearly their capacity. Ina good 
season for edge-tools the demand for scythes and sheep- 
shears has been very notable. Sheffield makers have 
successfully met foreign competition in over-sea markets. 
Shovels, spades, and machine-knives have all been 
flourishing branches, and there is at present a good 
export of saws. 





Tue InstrTuTION oF Gas Encinerrs.—The Institution 
of Gas Engineers has arranged the following programme 
for the visit of the German Association of Gas and Water 
Engineers, taking place from Monday, October 3, to 
Saturday, October 8. Monday :—Inspection of the Beck- 
ton, Kensal Green, and Fulham Works of the Gas Light 
and Coke Company ; Luncheon at Beckton by invitation 
of the governor, deputy governor, and directors. nquet 
in the evening at the Hotel Cecil, by invitation of the 
Institution of Gas Engineers. Tuesday :—Inspection of 
the East Greenwich Works of the South Metropolitan 
Gas Company. Luncheon by invitation of the chairman 
and directors. Inspection of the works of the Croydon 
Gas Company. Afternoon tea by invitation of the chair- 
man and directors. Thursday :—Inspection of the works 
of the Edinburgh and Leith Corporations Gas Commis- 
sioners at Granton, followed by aluncheon by invitation of 
the Commissioners. Visit to the Forth Bridge in the 
afternoon. Evening, banquet at Glasgow, by invitation 
of the Corporation Gas Committee. Friday :—Visit to the 
Tradeston and Provan Works of the Glasgow Corpora- 
tion Gas Committee. Saturday :—Farewell luncheon in 
the Garden Club of the Japan Pritish Exhibition. 





Tue Macainery Users’ AssociaTIONn (INCORPORATED). 
—This Association asks us to remind our ers who 
are manufacturers and machinery users that the quin- 
quennial re-valuation of London is not yet completed, 
notwithstanding that in several of the London boroughs 
the new valuation lists were formally deposited by June 1, 
this year. In many cases where these new valuation 
lists were so deposited, the Union valuers at that date 
had not visited or revalued the properties, therefore the 
figures therein were not those which the ratepayer may 
be assessed at, because it will be found that a great 
number of assessments will be altered and increased when 
the valuation lists are redeposited. They then remain 
for inspection for seven days only, at the expiration of 
which time they will be irrevocably closed for the next 
five years. A very large majority of the machinery users 
of the Metropolis are members of the Association, and 
their interests in connection with this matter will be 
fully protected by its committee. The Association is ready 
to give information for the guidance of non-members 
on application. The resolution passed by the Confer- 
ence of London Rating Authorities with regard to 
machinery reads as follows :—‘‘ That, having due regard 
to necessary modifications in ial cases, not exceeding 
2 r cent. of the capital value of rateable machinery 

H"'be taken as the maximum percentage for gross 





value.” 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Business in the steam-coal trade has been 
somewhat restricted. The general tone of the market 
for Admiralty coal for prompt loading has, however, been 
steady, the requirements of the naval dépéts having been 
rap. Other descriptions have been obtainable upon 
slightly easier terms, supplies being abundant, and buyers 
showing a disposition to hold out, in the hope of de- 
—— markets. The best large steam coal has made 
6s. to 16s. 3d. per ton; secondary qualities have pages 
between 14s. 6d. and 15s. 9d. per ton. The best bunker 
smalls have made 8s. to 8s. 6d.; cargo smalls, 6s. 6d. to 
7s. 3d. per ton. House coal has been rather more active ; 
the best ordinary household qualities have made 14s, 6d. 
to 16s. per ton. No. 3 Rhondda large has brought 17s. 
to 17s. 3d. per ton ; smalls, 9s. 6d. to 9s. 9d. per ton. No. 2 
Rhondda large has made 11s. to 11s. 6d.; smalls, 7s. to 
7s. 3d. per ton. Foundry coke has made 18s. to 20s., 
and furnace ditto 16s. 9d. to 17s. 3d. per ton. As 
iron ore, Rubio has realised 19s. 3d. to 19s. 9d. per ton, 
upon a basis of 50 per cent. of iron, and charges, in- 
cluding freight, insurance, &c., to Cardiff or Newport. 


Obsolete Warships.—Six obsolete warships, ranging from 
a torpedo-boat to a battleship, are to be offered for sale— 
some at Devonport and some at Portsmouth (October 11). 
The vessels which will be submitted for competition are 
the Howe, battleship, 10,300 tons ; the Edinburgh, battle- 
ship, 9420 tons; the Tenedos II., 5724 tons; the Perse- 
verance, tug, 605 tons; the Swordfish, torpedo-boat de- 
stroyer, 330 tons; and the torpedo-boat No. 106, 98 tons. 
The Howe was built at Pembroke in 1882. 


Welsh Coal for Egypt.—Egyptian State Railway con- 
tracts for about 280,000 tons of second-class Cardiff and 
Monmouthshire large steam coal are reported to have 
been divided between half-a-dozen Cardiff exporters, in- 
cluding Messrs. Moxey, Savon and Co., Messrs. H. C. 
Vivian and Co., Messrs. Pyman, Watson, and Co., and 
essrs. Thomas and Stephens, at prices ranging from 
13s. 6d. to 14s. 3d. per ton, free on board, Cardiff or New- 
port. These figures compare with 14s. to 14s. 9d. per ton 
a year ago. The period of delivery is eight months, from 
December next to July, 1911, in quantities of 20,000 tons 
per month for the first four months, and 50,000 tons per 
month for the remainder of the period, subject to the 
option of the authorities to call for an increase up to 30 

r cent. in the quantities to be deducted out of the 
atter deliveries. 


The ‘ Lion.” —Good progress is being made with the 
final completion and equipment of the Lion, launched 
August 6. The work of boring out the stern bushes of 
the main shafting is now well advanced. The broadside 
armour recesses are almost ready to receive the teak 
backing, and the side armour is being accumulated. 
Many of the barbette plates have also been delivered. 





THE Torrepo-Boat Destroyer ‘‘ Pavipina.” — The 
torpedo-boat destroyer Paulding, of the United States 
Navy, which was built by the Bath Iron Works, and 
which is fitted with Parsons turbines and Normand 
boilers arranged for oil-firing, reached a speed of 33.94 
knots on her trial trip, the contract speed being 29.5 
knots. The boat is of 742 tons displacement, and is fitted 
with three propellers, 





Tue Hypropiane Boat ‘‘Miranva IV.”—Owing to 
disappointment that was felt with ard to the per- 
formance of Sir John Thornycroft’s hydroplane boat 
Miranda IV., in the sea-mile contest for the challenge 
trophy offered by the proprietors of the Motor-Boat, a 
series of six runs over the Motor-Yacht Club’s measured 
sea-mile were made on September 21 by Mr. Tom 
Thornycroft, the runs being timed by Mr. W. A. Jupp, 
the secretary of the Motor-Yacht Club. Although the 
Miranda IV. won the sea-mile contest, she failed to do 
herself justice owing to the unsatisfactory working of her 
engine, and in the subsequent runs she reached a mean 
8 of 35.581 knots, which is nearly six knots faster 
than her performance in the contest, and about 10 knots 
faster than her competitor. 





Tue Roya Sanrrary Instrrute.—The fiftieth course 
of lectures and demonstrations for sanitary officers is to 
be given during the coming autumn. The course will be 
divided into two parts, the first part comprising four 
lectures on ‘‘ Elementary Physics and Chemistry in Rela- 
tion to Water, Soil, Air and Ventilation,” and *‘ Meteoro- 
logy,” and twenty lectures on ‘‘ Public Health Statutes,” 
**The Practical Duties of a Sanitary Inspector,” ‘* Muni- 
cipal Hygiene, or + =<~ of Communities,” ‘* Building 
Construction in its itary Relations, Measurements, 
and Drawing Plans to Scale.” Inspections and demon- 
strations are also arranged in connection with the lec- 
tures, as well as visits to different works. Part II. will 
include seven lectures on ‘‘ Meat and Food saaptgion, 
includin Taking of yy of Water, Food, and Drugs 
for Analysis.” ‘The fee for Part I. is 2/. 12s. 6d., and for 
Part II. 1/. 1s., or the complete course, 3/. 3s. The 
lectures will be held at the Royal Sanitary Institute and 
Parke’s Museum, and will commence on October 3 at 7 p.m. 
There will also be a course of lectures to assist students 
entering for the examinations on hygiene in its beari 
on school life, and for women health visitors and schoo 
nurses. These lectures will commence on Monday, 
October 10, at 7 p.m., the fee for the course being 1/. 1s. 
Like the lectures previously alluded to, they will be 
held at the Royal Sanitary Institute and Parke’s Museum. 
Further particulars of al] these lectures may be had from 
the Secretary, Mr. E. White Wallis, 90, Buckingham 
Palace-road, London, ‘ 
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INDUSTRIAL NOTES. 


Tne Boilermakers’ dispute in the North is now 
running its fourth week, with apparently no prospect 
of its early termination. The three days’ conference in 
Edinburgh between the Boilermakers’ Society and the 
Shipbuilding Employers’ Federation ended last Friday 
without any settlement being made. Alternative pro- 
posals were brought forward by both sides, and it was 
finally agreed that nothing could be done without more 
time for consideration, and it was agreed to reassemble 
later. During the whole of the three days there 
appears, from all accounts, to have been a great 
amount of time spent in private consideration of each 
others suggestions, only about 2} hours being spent in 
joint discussion. The great difficulty was the dis- 
inclination of the Boilermakers to give sufficiently 
definite guarantees that local breaches of the national 
agreement as to strikes shall not occur again. It 
seems that the only proper and just ending to the 
dispute is that these guarantees shall be given, and 
the masters are perfectly right in demanding them. 
There can be no permanent peace until this point is 
agreed to by the men, and it only shows to what an 
extent they have allowed themselves to be misled by 
bad counsels that they apparently cannot see clearly 
the bearings of the case. This recurring disloyalty to 
their leaders is what the union must, without dae, 
yet rid of, otherwise the future holds out no hope of 
brighter prospects. The employers have, it is said, 
asked that the Boilermakers’ Society shall agree to a 
system of fines being imposed on every member of the 
society breaking the agreement, but this suggestion does 
not appear altogether agreeable to the men’s repre- 
sentatives. The latest terms are not yet known, and it 
is probable that the lock-out may continue for some 
time, as no date has been fixed for the resumption of 
the conference. Although the negotiations have, it 
seems, been quite friendly, the Employers’ Federation 
maintains its firm attitude as to the guarantees, and 
the men fully understand that the lock-out will continue 
until the required assurances are given. 

The coh proposals put forward by the masters are 
understood to be the Sdiening That any member of 
the Boilermakers’ Society who throws down his tools 
and leaves the yard in defiance of the national agree- 
ment and the rules of the society shall be fined by the 
society to the extent of 30s. for his first offence, and 
3/. for any further act of disobedience. That these 
fines be guaranteed by the society, and paid into some 
fund for the benefit of the widows and orphans of the 
members of the Boilermakers’ Society. That members 
who refuse to pay these fines shall be debarred from 
employment in any federated yard for certain pro- 
gressive periods, according to the number of times the 
offence is repeated. That during these periods, of 
what may be called ‘ boycotting,” the society shall 
undertake not to pay the rebellious members any 
unemployment or other benefits. 

The lack of any definite settlement at the Edin- 
burgh Conference has caused wide-spread disappoint- 
ment, for the position is now very serious. It is stated 
that the Boilermakers’ Society will consider the whole 
matter again, but there does not appear to be any 
likelihood of brighter prospects at present. It is said 
that the men are disappointed because they have only 
received twelve days’ lock-out pay instead of eighteen 
days’ pay, as they had expected. It is proposed to 
make a levy of 6d. per week upon those members who 
remain in employment in order to raise the funds 
which the National Amalgamated Union of Labour are 
paying away to their members who are out of work. 





It was thought at the beginning of this week that, 
for the time being, at any rate, the trouble in the 
cotton trade had been averted, as the operatives 
had at last consented to submit the dispute at the 
Fern Mill, Shaw, near Oldham, to arbitration. This 
being the case, and as arbitration is what the em- 
ployers have all along asked for, it was hoped that a 
complete settlement might be certain. The decision 
was the outcome of an important meeting held last 
Saturday, at which the district representatives of the 
Jard-Room Amalgamation attended. The point on 
which arbitration was to called in was whether 
the employers or the operatives have broken the 
Brooklands agreement in the Fern Spinning Mill 
ease, and each side is to abide by the result. In 
their agreeing to arbitration the men, however, stipu- 
lated that, until the award is given, the mills should 
remain closed. The arbitrator, accepted by both sides, 
is Mr. G. R. Askwith, of the Board of 'l'rade, and the 
following is the text of the resolutions sent by the 
men to the employers :— 

**], That we are As ag to put to arbitration the 
question as to who broke the Brooklands ment 
in the Fern Spinning Company’s case, each side to 
abide by the award of the arbitrator, the Fern Spinning 
Company’s mill to stop running until the award of the 


arbitrator is given. P 
‘*2. We agree to accept Mr. G. R. Askwith, of the 


Labour Department, Board of Trade, as arbitrator. 


given to the grinders at the Rutland Spinning Com- 
pany, Shaw, providing that a joint meeting be held the 
day following such withdrawal.” 

Some of the delegates felt that, in view of what had 
appeared in the Press regarding the President and 
Secretary, the following resolution should be recorded : 

‘* That this representative meeting desires to place 
on record its utmost confidence in the President and 
Secretary, and appreciates the action they have taken 
in the present dispute.” 

At the time of going to press, however, the aspect 
of things has again changed, and it is feared that 
after all the lock-out is inevitable, and that Monday 
next will see the mills throughout Lancashire idle. 
Without recapitulating the events that led to the 
trouble, it will be sufficient to recall the fact that the 
difficulty began by the discharge of a man who refused 
to do certain work at a carding machine, the opera- 
tives stating that the dismissal was contrary to 
the Brooklands agreement. The stipulation brought 
forward by the operatives, that the mills shall not 
start until after the arbitration, has raised a serious 
difficulty, for the masters decline to agree to it, and 
maintain that as arbitration has been accepted, the 
workpeople who left work on June 14 must return to 
work. The operatives reply that, should they agree 
to this, they would give their case away, for it would 
be tantamount to acknowledging themselves in the 
wrong, and that is really the point that was to have 
been settled by arbitration. In their reply to the 
employers, however, they stated that if the dismissed 
man were reinstated they would return to work. 
The employers contend that any agreement to this 
effect would destroy discipline. 

So the matter now stands, and unless something 
unforeseen happens, next week will see idle Lancashire 
cotton-mills producing annually nearly 150,000,000/. 
worth of goods. At the beginning of the lock-out about 
150,000 operatives will be affected, but it is certain 
that if it continues for many weeks this number will 
be vastly increased, for indirectly many other work- 
people will be affected, probably to the number of 
about 3,000,000. 





The aspect of things in the Welsh coal-tield does 
not brighten much. The men seem to have cast off all 
official control, and are now in such a state that at 
any moment an industrial upheaval may come. On 
Saturday last some haulers at the Cwm Cynon Colliery 
struck work because they could not have special pay- 
ment for carrying water to wet portions of the mine. 
Their action threw out of work about 1200 miners 
also. It has been said that the leaders have seriously 
contemplated resigning in a body. Should the ballot 
of the men result in the authorisation of a South 
Wales general strike, the leaders and the executive 
council of the South Wales Miners’ Federation will, 
it is said, reconsider the question of resigning. 





On Thursday, the 22nd inst., about 150 labourers 
engaged by the Naval Store Department at Sheerness 
Dockyard for unloading colliers struck work after 
they had discharged a cargo of 2700 tons from the 
collier Calgarth, the reason given for this step being 
that the men were not satisfied with the rate of pay- 
ment they were receiving. The services of a gang of 
labourers from Chatham were secured on the following 
day, and the work of unloading was carried on as 
usual. In consequence of this continuation of the 
work, the Sheerness men were anxious to be taken on 
again, but, as other men had been engaged, they could 
not be employed. The superintendent of the dock- 
yard offered to receive a deputation from the men if 
the latter desired it. 





Firemen and sailors to the number of two hundred 
have left London to take the place of men on strike in 
Germany, and it is said that the supply greatly exceeds 
the demand. Only men with good qualifications are 
being engaged. The conditions are that firemen are 
to receive 80 marks (4/.) and sailors 70 marks (3/. 10s.) 
“in month. An advance of half a month’s wages can 

received by the men on joining the ship if they wish 
it. The termination of the men’s services can only 
take place after the conclusion of the strike or lock-out 
at a German or English port, and only after a notice 
of 24 hours. 





Prrsonat.—Mr. E. Ridgill, of Dronfield, has opened a 
wholesale dépét for Mee eee ” patent gear grease at 
161, Shaftesbury-avenue, W.C., under the management of 
Mr. Robert Macgregor.—Messrs. Carter and Wright, engi- 
neers, Hexagon Iron Works, have removed to more con- 
venient premises in Pellon-lane, Halifax.—Weareinformed 
by Messrs. Bruce Peebles and Co., Limited, of Edin- 
burgh, that Messrs. W. V. Waite and Co., Limited, of 
Gordon Chambers, 31, Queen-street, Cardiff, have been 
appointed their mts for the South Wales district.— 
essrs. Theodore Butler, Limited, have opened an office 
at 149, Queen Victoria-street, London, E.C., at which 
they will re nt the Royersford Foundry and Machine 
Company, Incorporated, of Philadelphia, Pa., and will 
carry a stock of the Sells lores agri plummer-blocks, 
is 





** 3. We further agree to withdraw the instruction 


couplings, &c., manufactured by th tter firm. 





BRITISH RAILWAY RETURNS. 
In the tables below are given the principal fizures 
from the recently-issued Board of Trade report on 
British railways, which are referred to on page 4()°) :— 



























































Mileage. 
Increase (+) or De- 
crease (—) in 1909, 
— 1909. 1908, 
Amount. Per 
Cent, 
miles miles miles i 
Mileage .. = 23,280 23,205 + 75 0.3 
Of which, double 
or more .. me 12,996 12,926 + 70 0.5 
Track eo (in- 
cluding sidings) 53,972 53,669 + 303 0.6 
£ £ £ ~ 
Capital . .|1,314,407,000 1,310,533,000! + 3,203,000" + 0.2 
Amount included 
in the foregoing 
which is nominal) 
only = ..| 196,681,000; 196,365,000' + 316,000 0,2 
Ordinary capital.. 493,121,000) 491,633,000 -+-1,050,000* 0.2 
Amount included 
in the foregoing 
which is nominal 
only oe 91,303,000 90,986,000 317,000 0.3 
Receipts :— £ £ £ me 
Passenger traffic 51,205,000 51,664,000 - 459,000 0.9 
Goods traffic .. 59,477,000 58,888,000, + 589,000 + 1.0 
Miscellaneous .. 9,492,000, 9,342,000 + 150,000 1.6 
Total .. _..| 120,174,000 119,894,000 +- 280,000 + 0.2 
Working expendi- 
ture we ..  75,033,000' 76,408,000 - 1,370,000 L8 
Net earnings 45,136,000 43,486,000 +1,650,000 + 3.8 
Proportion of net per cent. per cent. 
earnings to 
capital .. Pe 3.43 3.32 + 0.11 
Dividend paid o 
ordinary capital 3.15t 2.99 + 0.16 
* This allows for two companies making no return in 1908. 
+ These percentages are calculated on amounts a little in excess 


of the true totals. 
Passengers Carried, Exclusive of Scason-Ticket Holders. 








Increase (+) or 
Decrease ( — ). 
— 1909. 1908. 
I Per 
Number. Cent. 
Number of ordi- 
nary passengers 
carried :— 
First-class . 29,416,000) 30,888,000 - 1,472,000 - 4.8 
Second-class 30,796,000 34,089,000 - 3,293,000 9.7 


Third-class a 1,204,869,000 1,213,138,000 - 8,269,000 





1.0 











Total .. -- 1,265,081,000, 1,278,115,000 — 13,034,000 
Receipts from Passengers. 


Receipts from ordi- 
nary and season- 





ticket passen- 
ers : £ £ | £ 
First-class . . 4,778,000 4,750,000 | + 28,000 + 0.6 
Second-class 3,413,000 3,744,000 | — 331,000 2.8 
Third-class 33,759,000 | 34,122,000 | - 363,000 1.1 
Total . . 41,950,000 | 42,616,000 | - 666.000 16 
Minerals, General Merchandise, dv., Curried. 
million tons million tons million tons 
Minerals conveyed 395.3 388.4 + 6.9 + 1.8 


General merchan- 


dise conveyed .. 104.6 103.2 


Total .. 499.9 491.6 + 8.3 


Receipts from Goods Traffic. 


Receipts from— | 
Minerals ‘ 


£ } t a 
. .| 28,405,000 | 28,196,000 + 209,000 
General merchan- | 





























dise a 29,578,000 | 29,197,000 | + 381,000 1.3 
Live stock.. 1,494,000 1,495,000 | - 1,000 1 
} ane nf 
Total .. 59,477,000 | 58,885,000 + 589,000 1.0 
Train- Mileage. 
, Passenger Goods Total (incl ling 
Year. Trains. Trains. Mixed Trains) 
mill. miles|mill. miles, million miles 
1909 263.8 53.8 | 419.2 
1908 264.5 187.2 | 423.2 
Increase(+)or f mileage..| —0.7 3.4 | 4.0 
Decrease(-) \percent. | -0.3 2.2 ) 
| 
in- Increase 
a _— 1909. 1908. Decrease (| 
~ Receii te :— Sala d. d. d. 
Pes - 46.56 46.86 0. w) 
I 92.76 | 89.87 +28 
Passengers and goods ..| 63.36 62.70 +0.66 
Expenses per train-mile .. 40.62 a4 = 
22.74 21.7 +1. 





Net receipts .. ee “| 
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THE MANUFACTURE OF ROLLED 
H-BEAMS.* 


sy G. E. Moors, M.I. Mech. E. (Loughborough). 


MANy inventors have devoted time and brain-work to 
the perfection of the means for manufacturing rolled 
beams, and, of later years, more particularly to the 
manufacture of so-called H-beams, or beams having 
flanges of great width as compared with the height of the 
beam. With ordinary two or three-high mills, having 
grooved horizontal rol only, the practical economic limit 
appears to have been reached in the case of the commer- 
cial standard sections ; but beams of much larger section 
than these, and more particularly beams having relatively 
far wider flanges, are rolled more or less successfully in 
universal mills which have both horizontal and vertical 
rolls. Moreover, with a universal mill a more economic 
distribution and better working up of the metal appears 
to be attainable than is the case with ordinary grooved 

Fig.1. 


ROUGHING ROLLS, OPEN 








ance, free from fins, eccentricity of web, and other 
irregularities. ‘These are the chief points which the 
inventor has had to watch, and to overcome which still 
taxes his ingenuity. 

In the succeeding columns the author proposes first to 
| describe briefly a few of the characteristic types of 
machines disclosed by different inventors through the 
medium of the Patent Office of the United States of 
| America, to offer a few remarks thereon, and, finally, to 
| present his own s tions for criticism. 
H. Sack, Patent No. 365,100 (1887), describes a single 
reversing universal mill having a pair of horizontal rolls 
| and a pair of vertical rolls, with their axes all lying in 
| one vertical plane, the two horizontal rolls being both 
| alike, but individually unsymmetrical, whilst the two 
| vertical rolls are both different, but individually sym- 
metrical (Figs. 1 and 2). Thus the gaps between the rolls 
| are, on one side, at the extreme outside edges of the 
| flanges, and, on the other side, at the extreme inside 
|edges of the flanges. After each pass between the rolls, 


Fig.4, TWOHIGH ROLLS, OPEN. 
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Fig.2 ROUGHING ROLLS, CLOSED. 
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Fig. 3. FINISHING ROLLS. 
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rolls. Using grooved rolls only, the width of flanges 
which it is possible to roll is limited, not only by the 
necessity of using rolls of very large diameter to accom- 
modate the deep grooves necessary to produce wide 
flanges and still Sate sufficient caabat iia the rolls to give 
the necessary strength thereto, but also by the necessity 
of making such grooves with a very great inclination of 
their sides in order to avoid the tendency for the metal 
to become jammed therein, which results in the flanges 
being weakened, if not torn away altogether. 

Universal mills having a pair of horizontal and a pair 
of vertical rolls all in the same vertical plane are now in 
operation, adapted to roll beams of much larger sizes than 
those hitherto called for, or, say, up to about 30 in. high 
by 15 in. wide. But the practical Kifficulties which had 
to be overcome to ensure success in the production of such 
Sections has necessarily involved a complication of the 
machinery used as compared with the mills customarily 
used to roll ordinary standard sections. 

The difficulty of working up the metal in a compli- 
cated section, such as an Aa undoubtedly is, is to 
Secure sufficient umiformity to avoid undue internal 
Stresses, having regard to the comparative thinness of the 
metal in the web and flanges necessary to enable them to 

manufactured sufficiently cheaply to compete com- 
mercially with built-up beams. Another difficulty is that 


of producing finished beams of sufficiently good appear- 


Ser er read before the Iron and Steel Institute at 












































the bar is tilted half round, and the mp of the ~~ 
—- relatively to the position of the gaps between the 
rolls are reversed, and the edges, which in one were 
adjacent to the gaps between the rolls, are, in the subse- 
— pass, adjacent to the closed corners of the rolls. 

n this way the surplus metal extruded between the gaps 
of the rolls in one pass is rolled down and suppressed in 
the next. 

The use of a single set of rolls for the reduction of the 
preliminary bar into a beam renders reversing and adjust- 
ment of the rolls after each pass necessary, and it is im- 
practicable with the rolls as described by H. Sack, and 
illustrated, to have a closed between them. At best, 

aps are left at the corners of the flanges, which = 
me narrower as the pass is reduced and the blan 
rolled down, until the final adjustment is made prior to 
the final reduction, when the gaps are reduced to a mini- 
mum. Nor, even at the final pass, is it practicable to 
have an entirely closed pass, because, although the rolls 
may be adjusted prior to the final reduction, so that they 
touch and the pass is practically closed, yet directly the 
bar enters the pass deflection takes place, which opens out 
the and gaps are left between the rolls where fins 
will be formed on the bar. 3 . 

With this method the section is developed with flanges 
outwardly bent from the longitudinal centre line, in order 
to obtain a better rolling effect with the horizontal rolls 
upon the flanges, and this feature renders apeeeey the 
use of a finishing set of rolls (Fig. 3), through which the 
bar is passed after having been completely reduced in the 








previous set. The pass between these rolls need not be 
adjustable excepting to compensate for wear or displace- 
ment, and may = fixed in the ordinary way. Its shape is 
exactly that of the section required, so that the effect of 
passing the bar through these rolls is merely to square up 
the flanges and give a final finish to the bar, particular] 
at the corners of the flan where traces of surplus blan 
metal may have been left after reduction in the previous 
mill. Noappreciable reduction need be given to the bar in 
the finishing rolls, and consequently no appreciable deflec- 
tion of the roll takes place when the bar is passed through 
them ; the pass, therefore, remains tically closed, and 
the formation of fins on the finished bar is avoided. 

J. L. Seaman, Patent No. 400,495 (1889), describes a 
ae reversing universal mill having a pair of horizontal 
rolls and a pair of vertical rolls, with their axes all lying 
in one vertical plane, the two horizontal rolls being unlike 
each other, but individually symmetrical, whilst the two 
vertical rolls are both alike, bat individually unsymme- 
trical (Figs. 4 and 5). Thus, as in the k mill, the 
positions of the flange edges are changed relatively to the 
gaps between the rolls by tilting the bar half round after 
each pass, and thereby rolling down in one pass the 
surplus metal extruded between the gaps in the rolls in 
the previous pass. Or he proposes to attain the same 
result, without tilting, by using a three-high universal 
mill having rolls of exactly similar construction to those 
described above, but with the top and bottom rolls alike, 
and thecentre roll different (Fig. 6). 

In this mill the bar is develo with straight flanges 
lying in a plane at right angles to the web, so that no 
subsequent straightening is required, and the bar may be 
finished in the one mill only. 

J. Kennedy and H. Aiken, Patent No. 410,107 (1889), 
describe a series of mills comprising three different types, 
each having a function distinct from that of the others. 

he first is a reversing, roughing, universal mill, having 
adjustable horizontal and vertical rolls, with their axes 
all lying in one vertical plane (Fig. 7). In this it is pro- 
to reduce the ingot or bloom into approximately 
the finished form of beam required, by passing it several 
times kwards and forwards through the rolls, and 
adjusting the latter together after each When the 
bar emerges finally from the mill the sides and edges of 
the flanges are still rough, and it has consequently to 
undergo a further operation in the next mill. 

The second mill (Fig. 8) is a non-reversing universal 
mill having non-adjustable horizontal and vertical rolls, 
with their axes all lying in one vertical plane, and in- 
tended to reduce the sides of the flanges only. It is pro- 
posed to pass the bar through these once, and in order to 
secure effective co-operation between these and the sub- 
sequent rolls, and to prevent the formation of fins, it is 

roposed to roll slight depressions in the centre of each 

ange, which the next operation will obliterate. 

The third mill is a non-reversing two-high mill having 
non-adjustable horizontal rolls only, intended only to 
reduce the edges of the flanges (Fig. 9). It is pro 
to pass the bar through them once to bring it to its finished 
form and to shape the edges, whereby the slight depres- 
sions formed along the centres of the flanges in the 
previous mill will be exactly filled in this operation, and 
no fins will be left on the finished bar. 

L. D. York, Patent No. 410,724 (1889), covers a single 
reversing universal mill having a pair of horizontal rolls 
and a pair of vertical rolls, with their axes all lying in one 
plane, the horizontal rolls being both alike and sym- 
metrical, and the two vertical rolls similarly both alike 
and symmetrical (Fig. 10). It does not transpire how the 
formation of fins is avoided, but some supplemental means 
would be required, as gaps must necessarily occur between 
the rolls until they have been adjusted to their ultimate 

eed pee! to the final pass, and fins would inevitably 
9 formed on the edges of the flanges of the bar. 

E. M. Butz, Patent No. 499,651 (1893), describes a series 
of non-reversing universal mills, each having a pair of 
horizontal rolls and a pair of vertical rolls, with their 
axes all lying in one vertical plane, the two horizontal rolls 
being alike and symmetrical, and the two vertical rolls 
being similarly alike and symmetrical (Fig. 11). The 
rolls are ee, having a fixed pass, and the 
bloom is redu by passing it once only through each 
set of rolls, the pass of which is narrower in each set 
than in the preceding set, until in the last set of rolls 
the pass has the exact contour of the finished beam. 
Thus, as many mills must be used as number of passes 
necessary to reduce a bloom into a finished beam, each 
mill having its rolls shaped according to the reduction 

uired to be given in each pass. 

he rolls being fixed and the adjacent surfaces of the 
horizontal and vertical rolls being suitably shaped, so that 
they are almost in contact with each other, it is probable 
that no very pronounced fins will be formed on the bar ; 
but as it is not practicable entirely to close the gaps 
between the rolls, particularly as during rolling con- 
siderable deflection takes place, and the pass somewhat 
opens out, it is certain that at least beads, if not fins, 
weuld be formed on the corners of the bar flanges. Con- 
sequently, to obviate this, Butz proposes to use supple- 
mentary means to roll down the corners of the beam 
flanges adjacent to the gaps between the rolls. These 
consist of twosmall idle rollers, one on each side of 
the beam as it emerges from the main rolls, as shown 
dotted on thesketch (Fig. 11), and so adjusted that at 
each successive rolling operation the pass between the 
main rolls would be only just filled up at those corners, 
and there would not be sufficient metal to flow into 
the gaps and form fins. It appears, however, as if 
this arrangement would neeessitate some means of sup- 
porting the — ay as otherwise they would become bent, 
and consequently the corners would not be rolled down 
in the manner intended. 

H. Grey, Patent No. 587,958 (1897), describes a revers- 
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ing universal mill having a pair of horizontal rolls and a | i ‘ 
i in one | are being shaped on their 


pair of vertical rolls, with their axes all lyin 


arrangement. Thus on one 


ke and symmetrical (Fig. 12). This mill works in com- | sents a good appearance. 


bination with a second mill, 


having a pair of symmetrical | 


rtion of the bar the flanges | he has chosen for his illustrations were all intend.) by 


ges, whilst a short distance | their several inventors as means for manufacturing 1 oy 
vertical plane, the two horzontal rolls being alike and | farther on the sides of the flanges and the web are being | wide-flanged beams as differentiated from I-beam 
a and the two vertical rolls being similarly | formed, and the resulting beam is free from fins and pre- | beams of the ordinary standard sections ; but they 
ali 


or 


us- 


| trate some of the features which the practical designer of 


The foregoing systems of rolling beams devised by dif- | to-day is likely to take into consideration in evolving « :j]] 


horizontal rolls only. The first mill has rolls for shaping | ferent inventors have been chosen as typical, and to illus- | suitable for the production of H or wide-flanged beans, 
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SEGOND MILL. 
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THIRD MILL. 
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the web and sides of the flanges of the beam, but not the 
edges of the flanges ; and the second mill has rolls for 
shaping the edges of the flanges only. 

The two mills are situated as close together as possible, 
and have their driving and adjusting mechanisms con- 
nected together, so that the bar passes through both sets 
of rolls as nearly simultaneously as possible with such an 
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trate the means which experience teaches or ingenuit 
suggests might be adopted to overcome the chief diffi- 
culties which were mentioned at the beginning of this 
paper, each pointing out the direction in which the endea- 
vours of the inventor were brought to bear, and each - 
sessing features which, although involving complications 
as compared with the ideally simple plant represented b 
a pair of horizontal grooved rolls, yet to be camae 
for the time being at least, as having their justification in 
the better quality of the product obtainable thereby, or 
in the ease, cheapness, or speed of production. 

The author does not agsume, of course, that the systems 





For the production of 
in short H-beams, it 
mill having four rolls, 


all lying in one vertical plane, is the simplest type of 
machine that can satisfactorily answer the purpose. -* 
e reversing universal mill, requiring a tilting-gear 0” 


o- i 
each side, with which 
each pass, is descri 
Seaman. 


| TG 
Sy 


These mills look simple, but 
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beams withabnormally wide flanges, 
may be assumed that a univers:! 


two horizontal and two vertical, 
\ 
the bar is turned half round after 


H. Sack and also by J. 5 
evidently hav: 


drawbacks, due partly to the introduction of the tilting 


gears, which are come 
to require considerab 


lications in themselves, and are apt 


e time for their manipulation, par- 
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‘oularly when the beam is long and bent; and partly 
a ye sAeong to the conpenmantoeal section developed at 


each pass, Which, in the rolls described by H. Sack, 
would have the tendency to produc a bar bent side- 
wavs, and in those described by J. S. Seaman a bar 
bent vertically, so that very powerful guides would 
be required in the case of the heavier beams to keep 
the bar sufficiently straight as it emerges from the rolls, to 
enable the tilting gears to operate satisfactorily. Briefly, 
in other words, the unsymmetrical rolls probably render 
other complications necessary in order to counteract their 
bending effect. : mS. ; 

A three-high universal mill housed within one pair of 
stands only, and requiring a lifting table on each side, is 
described by J. S. Seaman (Fig. 6); and this would doubt- 
less be a simple system to adopt if it were practicable to 
design the details of the roll satisfactorily and simply as 
regards the accommodation and adjustment of the vertical 
rolls in particular. Hitherto the author has not dis- 
covered a design of such an arrangement which would be 
considered satisfactory by himself or by the practical man. 





Fig.15 OPEN ROLLS 


advantages and to combine practicability and simplicity 
to a toed extent than the other systems hitherto 
described. 

Finally, a series of universal mills, each working upon 
the whole section of the bar, but each adapted for one 
pass only, is described by E. M. Butz. This system 
would entail, perhaps, the maximum outlay on plant and 
machinery, and would possibly be adapted for the maxi- 
mum production per unit of time. For rolling rails, of 
which thousands of tons of one section can be disposed 
of on a single contract, a plant of this description might 

ibly be a good investment, but for the manufacture of 

ms it seems more than doubtful whether it would be 

rofitable to roll a sufficient quantity of each section to 

justify the expense of the plant, and the time and trouble 

involved in changing so many setsof rolls for each section 
of beam. 

Having dealt at some length with the various means 
adopted to overcome or prevent the formation of fins, 





which has been shown to be a matter of great importance, 
calculated to influence enormously the design of the rolls, 
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CLOSED ROLLS 
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Two mills arranged side by side, and having rolls such 
as those of H. Sack or by J. 8. Seaman, could be adopted, 


and tilting avoided, by making the horizontal rolls and 
the vertical rolls symmetrical in each case, but so formed 
that in one mill the edges of the flanges would be formed 


by the horizontal rolls only, and in the other mill by the 
vertical rollsouly (Fig. 13). Then after each pass the bar 
could he shifted from the one mill to the other, being 
rolled alternately in each mill until completely reduced. 
By this means the formation of fins would be avoided, but 
the plant would be considerably complicated, and as the 
centres of the passes in the rolls of the two mills could 


not conveniently be arranged very close ther, the 
shifting ars would require to be particularly powerful 
and quick-acting in order not to lose much time over this 
operation. 

_ A plurality of mills having universal rolls, or hori- 
zontal rolls only, each mill intended for developing a 
od H portion of the section, is described by J. Kennedy 


: Aiken, and also by H. Grey; but whereas the 
ormer leave certain portions of the section to take care 


of Some !ves in the initial passes, and to be worked upon 
rch ca "nal stages enly, H. Grey works upon the whole 





‘t every pass, and his system appears to posses 









as bevel-gearing is designed. This is so obvious that it 
needs no further illustration; but if the vertical rolls 
were so designed, their conical surfaces would make such 
acute angles that they would have a powerful wedge 
action, and, on application of the rolling pressure, com- 
ponent forces of excessive magnitude would occur, re- 
sulting in excessive deflection of the rolls, wear and tear, 
and probably a wrecked mill. 

H. Grey shows a device whereby conical or cylindrical 
collars on the top horizontal roll en , by frictional 
contact, with conical or flat surfaces on the vertical rolls, 
and contact is maintained between the two by means 
of hydraulic pressure (Fig. 14). Like J. S. man’s 
design, this has also the defect that the peripheral speeds 
of the frictional surfaces are not constant throughout, and 
this defect cannot be remedied without introducing others 
as great or greater. Moreover, the driving force im- 

ted to the vertical rolls by such means must be so 
imited as to render it inoperative for practical pur 
Altogether the device looks too unsound mechanically for 
practical purposes. 
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of the mill containing such rolis, and even of the disposi- 
tion of the whole plant, some mention should be made 
of the other features of the designs illustrated, for which 
they have also been specially selected. 

J. S. Seaman, J. Kennedy and H. Aiken, E. M. Butz, 
and H. Grey, have all endeavoured to devise means for 
driving all the rolls of their universal mills, whereas 
H. Sack and L. D. York make no attempt to drive the 
vertical rolls, but content themselves with driving both 
the horizontal rolls and letting the vertical rolls rotate by 
contact with the moving bar as it is drawn through the 
pass by the driven horizontal rolls. 

J. 8. Seaman shows conical surfaces on the horizontal 
rolls engaging conical surfaces on the vertical rolls, con- 
tact being maintained between the two rolling surfaces by 
the pressure of the bar as it is squeezed between the rolls. 
This design has such grave defects that it eannot be 
regarded as mechanically sound enough for practical pur- 
poses ; for to be effective, and avoid excessive wear and 
tear, the sides of the conical surfaces should be at such 
angles that, if prolonged, the apices of the cones repre- 





sented by the prolonged sides would meet at the centres 
of the respective rolls, thus maintaining equal peripheral 
speed throughout the adjoining surfaces, in the same way | 


J. Kennedy and H. Aiken, in their sscond mill, 
show in contact conical surfaces which are designed on 
4 lines, but between which effective contact could 
- ly be maintained during rolling, for the pressure 
nen: « | cause deflection and spreading of the rolls ; nor 
could sufficient pressure be applied in any case to render 
such contact very effective. ey suggest, however, that 
the friction cones could be replaced by toothed gearing, 
and similar toothed gearing is also suggested by EM. 
Butz; but in both cases, although a positive drive would 
be obtained, it would not be ible to adjust the rolls, 
even slightly, without interfering with the proper engage- 
ment of the gearing. 

The neatest device for driving all four rolls, whilst still 
maintaining adequate adjustment between them, is that 
shown in the first mill by J. Kennedy and H. Aiken. In 
this case the rolling pressure on the horizontal rolls is 
directly utilised to furnish pressure to give the requisite 
frictional contact between the driven and the idle hori- 
zontal rolls, whilst the vertical rolls are itivelly driven 
by gearing. Such a device would doubtless give satisfac- 
tory practical results, although it is doubtful whether the 
results obtained seeeny would compensate for the com- 
plications which it involves in the mechanism of the mill. 

In the manufacture of H-beams a bloom is usually first 
reduced in a blooming-mill to a rough I-shape, and there- 
after operated upon and finished in the universal mill ; 
and the idea that it is necessary to drive the vertical rolls 
in the universal mill as well as the horizontal rolls appears 
to be more theoretical than real. 

The advantage of driving the vertical rolls instead of 
letting them run idle is most apparent before the bar has 
been gripped by the rolls as it enters the pass, and it is 
then conceivable that it would be easier to grip the bar if 
the vertical rolls were driven. Once the bar has been 
gripped by the driven horizontal rolls, there is, however, 
no apparent drag upon it due to any lagging of the ver- 
tical rolls. In fact, if a tendency for the vertical rolls to 
lag behind were present, no frictional device on the lines 
of any of those disclosed would be sufficiently powerful 
appreciably to diminish such a dragging effect. 

The best conceivable frictional device for driving the 
idle vertical rolls is afforded as soon as the bar has been 
gripped by the rolling surfaces of the horizontal rolls, 
cea is in contact with those of the vertical rolls, and, 
as before stated, an independent frictional drive could 
only serve a useful purpose, providing it were sufficiently 
powerful, by helping to introduce the bar within the 

before it had been gripped by the horizontal rolls, 
nut not otherwise. 

In this connection the fact must not be overlooked 
that the horizontal rolls do not operate upon the web of 
the beam alone, but operate equally upon the sides and 
perhaps also upon the edges of the flanges. Thus it is 
not a case of the flanges being pulled through the rolls by 
a force imparted to the web, but, as a matter of fact, 
the flanges are directly gripped by the driven horizontal 
rolls, and the verti rolls are only a form of surface 
for resisting the side pressure and participate in squeezing 
the bar, and have really no appreciable tendency to slip 
and lag behind. It is obvious, however, that the hori- 
zontal rolls will have a better grip upon the flanges the 
more the inside faces of these are inclined outwardly, and 
the greater the inclination the greater will be the rolling 
effect also. Consequently the author ventures to express 
the opinion that the method described by H. k, 
whereby the section is developed with the flanges out- 
wardly bent from the horizontal centre line, is not only 
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peculiarly well adapted for rolling H-beams having very 
wide flanges, but the material in such beams should also 
be particularly well worked up and free from internal 
stresses. 

The modern tendency is to reduce the inclination of 
the flan of beams in order that the material may be 
better distributed by concentrating it as little as possible 
in the centre of the section, and distributing it more out- 
wards, in order to obtain a higher moment of inertia, and 
thereby greater strength for a given weight. Thisapplies 
particularly to H-beams intended to be used as columns, 
where the least moment of inertia must be used as a basis 
for calculating their resistance against buckling, and 
where the ideal section should have an equal moment of 
inertia in all directions. 

Therefore, by so distributing the material m the flanges 
that a greater amount than formerly is concentrated on 
the edges of the flan, and a proportionately lesser 
amount at the roots where they join the web, the moment 
of inertia is increased without increasing the weight of 
the beam. 

Now, with the system described by H. Sack, the 
flanges can just as easily be made parallel throughout, 
or without any taper, as otherwise, thus obtaining the 
advantage of increased strength without adding to 
the weight oS beam. — > a to this oA 
vantage, suc ms possess the further advantage that 
they can be drilled and punched, rivet and bolt-heads 
bedded, and connections with other members made much 
more easily and cheaply than the ordinary sections 
having flanges which taper, however slightly. These ad- 
vantages are, moreover, obtained without sacrificing in 
any way the quality of the materials, but rather the 
contrary is the case. 

With all systems in which the flanges are developed 
straight—that is to say, with their outside surfaces at 
right angles to the oA of the web, or nearly so—a 
certain inclination of the inside surfaces is essential to 
the proper performance of the rolling or reducing opera- 
tions, and the more this taper is redueed the greater will 
be the risk of damaging the ——, by reason of the 
greater tendency of the sides of the horizontal rolls to 
scrape away instead of rolling or squeezing away the 
inside surfaces of the flanges ; and not only this, but also 
the greater will be the friction of the horizontal rolls on 
the inside surfaces of the 
greater the wear and tear on the rolls. 

It is obvious that the application of the system de- 
scribed by H. Sack will somal in a better beam, a stronger 
beam, a beam with a better quality of material in it, 
and diminished wear and tear of rolls, as compared with 
other systems which do not develop the flanges in an out- 
wardly bent state. 

The author having been intimately associated with the 
late Mr. Hugo Sack, whom he assisted in the develop- 
ment of his ideas, has had the opportunity of making 
himself thoroughly conversant with the practical aspects 
of this particular process, and he feels convinced that no 
other system at present known is so well adapted to 
produce, commercially, H-beams of a good sound quality 
as that which the late Mr. Hugo Sack invented nearly 
twenty-five years ago, and upon which he brought his 
masterly mind to bear with such persistent energy and 
enthusiasm. 

The extensive trials carried on at the Rombach Iron 
Works have proved the soundness of the system, and 
they have shown that the direction in which improve- 
ments can still be made lies chiefly in the adaptation of 
the plant for aa agen | large quantities of material on a 
commercial basis, with a minimum outlay in capital 
expenditure and working cost. To this end the author 
has endeavoured to apply the experience he has acquired, 
and ventures to give the results of his efforts in the 
succeeding. 

From what has been stated in the foregoing it will be 
understood that in order to produce {-beams free from 
fins there is a choice of two distinct systems. First, 
the mill may be so constructed that one set of uni- 
versal rolls, operates upon the whole of the section, 
excepting where the unavoidable gaps occur between 
the rolls, the positions of which gaps must be —- 
frequently or at every pass, this being attainable 
with one set of universal rolls forming an unsym- 
metrical pass as regards the location of the gaps, or 
with two sets of universal rolls, each forming a sym- 
metrical pass, but each different as regards the location 
of the on is to say, vy be single reversing uni- 
versal mill and tilting the bar half round between the 
passes, or using two universal mills (which may be revers- 
ing or non-reversing), and shifting the bar from one to 
the other between the passes. Secondly, the mill may be 
so constructed that one set of universal rolls operates upon 
the greater portion of the section, and is adapted to 
reduce and elongate the bar as a whole, whilst a second 
set of rolls operates only upon those portions of the bar 
which are not operated upon in the first set, and are 
adapted to reduce the bar locally, but not to elongate it or 


reduce it as a whole—that is to say, using a primary | P 


reversing universal mill in tandem with a secondary revers- 
ing mill, the two situated so close ther that the bar is 
operated upon by both at the same time, although on por- 
tions a short distance apart. 

It is with the second of these systems that the author 
wishes to deal, because the first is already sufficiently well 
known, and because he believes that the second 
greater possibilities of development in the direction of 
economy. 

H. Grey uses a primary reversing universal mill with 
four rolls operating upon the web and the sides of the 
fl of the bar, reducing and elongating the bar as a 
whole, but leaving the edges of the flanges untouched ; 
and in tandem therewith a second reversing mill, having 
two rolls, which guide the bar, and operate upon the edges 


flanges, and consequently the |. 





of the flanges only. Thus, in the tandem mill, at every 
pass the bar is operated upon all over, and the formation 
of fins is prevented. 

Retaining the system of H. Sack, in which the beam 
is developed with outwardly bent flanges, the author 
8 ts the employment of a primary reversing unive 
mill, rere | its four rolls shaped to operate upon the 
web and sides and edges of the flanges, with the gaps 
between them located somewhat short of the extreme 
edges of the flanges, and sufficiently wide to prevent the 
extruded metal from cooling too quickly ; and in tandem 
therewith a secondary reversing universal mill, with rolls 
shaped to guide the bar and roll down only the surplus 
— ‘cmc between the gaps of the primary rolls 
(Fig. 15). 

Any irregularities which might still be left at the 
edges of the flanges after the last pass in this mill could 
then be elimina altogether by properly shaping the 
rolls, so that the final pass required to straighten out the 
flanges in the separate ma rolls would roll down or 
fill up any irregularities, as the case might be, and give 
the section a final finish all over. The tandem system of 
rolling has the advantage that the beam is reduced all 
over, and extrusions of metal beyond the limits of the 
desired contour rolled down all in one pass, so that the 
mill may work uninterruptedly backwards and forwards, 
and no time be lost in tilting or shifting from one stand 
to another. The cost of the equipment should be ve 
slightly, if anything, more than that of a single mill he 
a suitable tilting-gear; but even if the cost were con- 
siderably greater, it would be more than justified by the 
increased output, and by the saving of the extra w 
which would be incurred in the more elaborate msaipalb- 
tion. The plan of such a mill is shown in Fig. 16. 

Where two stands are used, and the bar shifted from 
one to the other, an increased output might be looked for 
proportionate to the increase in the cost of the plant and 
wages, provided that two bars could be rolled simul- 
taneously and non-reversing engines used ; but it is just 
a question whether the quantity of a given section required 
to be rolled at one time would justify the additional 
capital outlay in the plant required for such an arrange- 
ment, having regard to the fact that the rolls in both 
stands could be adapted for only one size of beam at a 
time. 








THE BRIQUETTING OF IRON ORES.* 
By Chevalier C. pk Scuwarz (Liége). 


General Remarks.—The question of briquetting iron ore 
is one which becomes of increasing importance every year, 
not only owing to the fact that iron ore in general, and 
lump ore in particular, are ming more and more 
scarce, at least in Europe, but also because of the severe 
conditions im by modern blast-furnaces, not only 
in regard to the chemical composition, but also to the 
physical condition of the ore. 

The use of improved and more effective explosives in 
the iron-mines, as well as the fact that iron ores have to 
be transported over long distances and frequently re- 
loaded before they reach their destination, tend to increase 
the percentage of small and dust-ore, to the disadvantage 
of 1 ety sna working, which, on account of the greater 
height of the furnaces themselves, the high pressure of 
blast, and the use of blast-furnace gases for gas-engines, 

uire an ore which is not too fine nor too dusty. 

he blast, being of comparatively high pressure in 
modern blast-furnaces, will naturall Wow out a consider- 
able portion of the fine ore, which will mix with the 
escaping blast-furnace gases, causing well-known incon- 
veniences. This is the more objectionable as the blast- 
furnace gases are now almost everywhere utilised for 
driving gas-engines, for which purpose the gas must be 
almost entirely free from dust. 

The fine ore, during its downward passage in the blast- 
furnace, advances quicker than the lump ore charged at 
the same time; consequently, it is not ex long 
enough to the beneficial reducing influence of the carbon 
monoxide arising from below. It therefore leaves the 
zone of uction in the blast-furnace imperfectly freed 
from oxygen, and, as a consequence, clogs together as 
soon as it reaches the zone of carbonisation, causing 
scaffolding, and even explosions. ; 

A considerable number of methods for briquetting iron 
ore have been brought out, but none as yet which can be 
applied generally with success. A few of the methods 
introduced into practice have proved successful, but only 
for certain kinds of ore, or in local circumstances and con- 
ditions. Some methods which have yielded favourable 
results with a particular kind of ore have entirely failed 
with other ores. Experience has also shown that the 
method to be adopted must be modified to suit the 
nature of the ore, not alone with reference to its physical 
condition, but more especially with regard to its chemical 
composition. Most of the different methods which have 
been tried for the briquetting of fine-grained ore have 
roved to be too expensive, not alone with reference to 
initial outlay and cost of manufacture, but also, indirectly, 
on account of the great reduction of the contents of iron 
in the ore which occurs owing to too great an addition of 
binding material. 

The conditions for successful briquetting are :— 

1. The iron-ore briquettes must have a certain resist- 
ance against mechanical influences. They must resist a 
pressure of not less than 2000 lb. per square inch, and, 
when dropped from a height of 10 ft. on a cast-iron plate, 
they must not fall into dust, although they may 
into pieces. 

2. They must resist heat. Heated to 900 deg. Cent. 


reak | st; 


they may commence to sinter, but they must not dig. 
integrate into small fragments. 

3. They should be capable of being placed in water for 
a certain time without softening. 

4. They must resist the influence of steam 
Cent. without crumbling. 

5. They must a certain amount of porosity, in 
order to allow the carbon monoxide in the blast-furnace to 
—— the interior of the briquette, and to exercise its 

neficial reducing influence. 

In order to test the briquettes for porosity, they are 
after being dried, placed for about 25 minutes in water. 
during which time they ought to absorb not less than 124 
to 16 per cent. of water, according to the nature of the 


at 150 deg, 


ore. 
6. The binding medium, if any is used, should not 
contain noxious substances (sulphur, arsenic) to such an 
extent as to be injurious to the quality of the pig iron 
produced. 
7. The cost of producing briquettes should not exceed 
the difference in the prices between lump ore and fine 


ore. 
_ The different systems of briquetting ore can be divided 
into those in which a binding medium is used and those in 
which no binding medium is used. The former may again 
be divided into methods employing inorganic and organic 
binding materials respecti = 

Briquetting without a Binding Mediwm.—In most of 
the cases where no binding medium is used, the briquettes 
have to be heated at considerable expense ; but there are 
exceptional cases where no heating is necessary, notwith- 
standing that no binding medium is employed. This 
case presents itself where the iron ore contains a certain 
percentage of clay, because in such cases it contains in 
itself a binding medium. Clay iron ore and bean ore are 
instances. 

At Kertsch, in Russia, where bean ore is briquetted, 
the latter is mixed with 8 per cent. of water and made 
into briquettes under a pressure of about 5600 Ih. per 
squareinch. At Ilsede, in Germany, where clay iron ore 
is used, it is mixed with the waste of the iron-ore wash- 
ing plant and with other powdery waste products coming 
from the rolling-mills, and containing sufficient iron. 
The mixture, which is not allowed to contain more than 
6 per cent. of water, is heated to about 75 deg. Cent. and 
pressed into briquettes, the pressure being ‘bout 4000 Ib, 
per square inch. In both the above cases no heating of 
nn is necessary, and no binding medium is 
u 


The results obtained at Kertsch and at LIlsede natu- 
rally suggest the addition of common clay to other iron 
ores (containing no clay) as a binding medium in order to 
make briquettes by means of a cheap medium, and with- 
out going to the expense of heating the briquettes. How- 
ever, it has been found that, in order to achieve the 
desired result, it is necessary to add a comparatively 
a percentage of clay to the ore, thus indirectly 

ucing its contents of iron to too great an extent. 
Common clay contains, moreover, a high percentage of 
silica, por extra additions of limestone. The 
practice of using clay as a medium has, therefore, been 
abandoned, and it is only employed in cases where 
ferruginous clay is at disposal. 

In some cases it has been sought to avoid the use of a 
binding medium, as well as the heating of the briquettes, 
by employing very high pressurés, rising gradually to 
11,000 tb. r square inch, for making briquettes ; but 
although the briquettes made in this way have been very 
firm and offer t resistance to mechanical influences, 
they expand when exposed to heat and fall to pieces; 
besides which they are too dense, and this considerably 
interferes with their reducibility. ; 

Of all systems of briquetting iron ores without a 

medium, by heating the briquettes after they have left 
the press, the Gréndal process, so called after the name 
of the inventor, has proved to be the most successful for 
magnetic ore. 
he following is a short description of this process: —The 
raw ore, containing from 27 to 58 per cent. of iron, 1s 
broken up by means of a stone-breaker and then ground 
to sand in a ball-mill. From this sand the pure magnetic 
ore, the so-called ‘‘ concentrate,” isextracted by means of 
magnetic separators. 
e ‘‘ concentrate,” containing from 67 to 71 per cent. 
of iron, is moistened and made into briquettes about 6 in. 
square and 24 in. thick, with rounded edges. No addition 
is made. 

The briquettes are then laid in three rows edgeways 
upon small iron wagons and transported into a furnace 
heated with generator and blast-furnace gases. Heated 
and compressed air is supplied by means of a Korting 
blower in such quantity as to produce a highly oxidising 
flame, whereby the magnetic ore (Fes O,) is oxidised to 
peroxide of iron (Fe,O;). The sulphur is considerably 
reduced during this operation. ; ; 

The following comparative table gives the chemical 
composition of the raw ores, concentrates, and briquettes 
in different cases :— 
Raw Ores. Concentrates. Briquettes. 
Name of 

Place. 
8. P. 
D.C. p.c. 
e007 0,003 
0.003 0.007 
.3 0.005 0.005 
0.003 67.1 0.005 0.003 


0.003 67.9 


Flogberget |: 

Herring .2 1. .003 67. 

Lulea -- [58.2 0. 1.23 71.1/| 0. 
rassa . . /46.8 0.03) 0.015 69.2) 0.015 

Cornwall, | | | _ 
U.S.A. ../30. [2-00 Sees pas 0.036 0.010 0.008 
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cost of production being given at 3s. 4d. per ton of 

te ed brijuettes, exclusive of general expenses and 
MOP he briquettes are hard and porous, and quite suitable 
for the blast-furnace ; but the cost of production appears 
to be rather high, in consequence of which the Grondal 
rocess has not, except in Sweden, been much adopted. 

n Sweden there are at present twenty-seven Grondal 
furnaces at work, with a total output of about 300,000 

s of briquettes per year. , F 
The venue why the Grondal process is of special value 
to Sweden lies principally in the fact that the working of 
the blast-furnaces in that country is almost entirely based 
on the use of charcoal. The slag of charcoal furnaces 
being—for well-known reasons—acid, it does not absorb 
sulphur, co! uently nearly all the sulphur in the iron 
ore goes into the pig iron instead of into the slag. This 
is also the reason why the blast-furnace owners in Sweden 
object to use any iron ore containing more than 0.015 per 
cent. sulphur. From the above comparative table it will 
be seen that the raw ore contains considerably more 
sulphur than the above-mentioned limit, and it is there- 
fore .bsolutely necessary to reduce the a of 
sulphur in the raw ore, not only 7 means of the magnetic 
separator, but also by heating the briquettes to a high 
temperature (given at 1400 deg. Cent.) and in an oxidis- 
ing flame. P : : é 

Although the percentage of iron in the briquettes is 
somewhat reduced, owing to the transformation of mag- 
netite (Fe;O,) into peroxide of iron (Fe:0,), this disad- 
vantage is more than compensated for, not only by the 
expulsion of sulphur, but also by the fact that peroxide 
of iron (Fe.O,) is much more easily reduced and requires 
considerably less fuel in the blast-furnace than black oxide 
of iron (Fe,O,). 

Considering that charcoal is becoming more and more 
scarce from year to year, and, as a co uence, more ex- 

yensive, the question of economising fuel is of special 
importance to Sweden. ‘ 

‘xperience has shown that briquettes made of Fe,O, 
(magnetite) require in the blast-furnace 300 lb. more char- 
coal per ton of pig iron than those made of Fe,0;, equal 
weights and percentages of iron being taken in each case. 
This difference in the consumption of charcoal represents a 
reduction in the working expenses of about 6s. 6d. per ton 
of pig iron in favour of Fe,O; against Fes;0,. The success 
of the Gréndal process, notwithstanding its high cost, is 
therefore justified for Sweden, as well as in such other 
countries in which charcoal, together with sulphurous ores, 
have to be employed. 

Considering that the melting-point, and therefore the 
sintering temperature, of magnetite is comparatively low, 
the briquettes made of ‘‘ concentrates” (Fe,;0,) begin to 
sinter and to harden at a temperature of from 800 deg. 
to 900 deg. Cent. However, as already mentioned, the 
temperature is raised to about 1400 deg. Cent. in order to 
expel as much sulphur as possible. It may also be men- 
tioned that the process of converting the Fe,O, into Fe2O,, 
being an oxidation process, is accompanied by a develop- 
ment of heat, thus economising fuel to a certain extent. 

The suggestion has been made of using briquettes made 
of “‘concentrates ” directly in the open-hearth furnace, as 
a decarburising and, at the same time, enriching addition 
to the metal bath. 

The use of iron ore in the open-hearth furnace for that 
purpose is already well known, but such ore must be com- 
paratively rich in iron, and it must n®t contain noxious 
substances to such an extent as to interfere with the 
quality of the steel produced. From the chemical analysis, 
given in the comparative table on page 480, it will be seen 
that the ‘‘concentrates” (and therefore the briquettes 
made therefrom) quite fulfil these conditions, the per- 
centage of sulphur in the “‘ concentrates” varying, with 
the exception of those from Harring, between 0.015 and 
0.04 per cent. Considering, further, that, as a rule, only 
25 per cent. of iron ore is used in the open-hearth furnace, 
the contents of sulphur in the ore added will be indirectly 
reduced to one-fourth (0.004 per cent. to 0.01 per cent.) in 
the finished steel, which is not high enough to interfere 
with its quality. In the case of briquettes made, as sug- 
gested, from concentrates for use in the open-hearth fur- 
nace, it would not be necessary to heat them up to 1400 
deg.; it would also not be necessary to oxidise them from 
Fe,0, to Fe,Os, and to make them porous. For use in the 
open-hearth furnace they can be pressed at a considerably 
higher pressure, whereby they would become more com- 
. which is more advantageous for use in the open- 

earth furnace, because they will then be specifically 
heavier, and therefore sink deeper in the bath, instead of 
floating upon the surface for a long time, like red or 
brown iron ore, which, with the exception of specular 
Iron Ore, is comparatively much lighter in weight. 

As Fe... commences to sinter at a temperature of from 
800 deg. to 900 deg. Cent., the briquettes made of *‘ con- 


centrates” will become hard at this temperature, and 
need not be heated above it. This advantage, together 
with the fact that they need not be porous (and therefore 
not chanzed from Fe,0, to Fe,O0,), makes the briquettes 
considerably cheaper and richer in iron when used in the 


open-hearth instead of in the blast-furnace. 

. In order to avoid the cost of briquetting, an attempt 
as been made to agglomerate the fine-grained ore in a 
rotary furnace. This method appears to be of special 


neg in cases where the agglomeration can be combined 

with the roasting of the ore, should the latter be neces- 

any ‘“vantageous, as, for instance, when spathic ore, 
» ire 


ore, or iron ore wit i 

— is to be ag, Then mo Tigh peseminge of 
kil he ‘ine-grained ore to be lomerated in a rotary 
: u : mixed with coke-dust (which can generally be pro- 
ured cry cheaply) in order to reduce the oxygen in the 
ore, ‘Te FeO; in the ore can thus be partly changed 
into Fe, which would enrich the ore in Fe, and, at the 


same time, reduce the temperature necessary for agglo- 
merating. 

Considerable difficulties have, however, been experi- 
enced with this method of agglomeration. First, it has 
been difficult to regulate the temperature in the rotary 
furnace in such a way that the necessary sintering should 
take place without melting. Secondly, it has been found 
that the ore, as soon as it commences to agglomerate, ad- 
heres to the inner fireproof lining of the rotary furnace, 
thus causing scaffolds, which have to be removed at con- 
siderable expense. 

These difficulties are more frequently experienced in 
cases where coal-dust firing is employed for meeting the 
rotary furnace, because, in these cases, the ashes of the 

consisting chiefly of silica and alumina, mix with 
the ore and cause scaffolds, besides indirectly reducing 
the contents of iron in the agglomerated ore. The use of 
gas instead of coal-dust firing may therefore prove advan- 
tageous in this case, partly because the temperature in 
the rotary furnace can be more easily regulated accordin; 
to requirement, and partly because no ash becomes mix: 
with the ore. 

Briquetting by Means of a Binding Mediwm.—The use 
of slaked lime as a binding medium for fine-grained ore has 
been known for many years, and it has also been found 
that briquettes quite suitable for blast-furnace use can 
made when the ed lime is mixed with some granulated 
basic slag. Compared with other methods this process 
of briquetting is rather expensive and also considerably 
reduces the percentage of iron in the briquettes, 
from 7 to 8 per cent. of binding material, containing 
no iron, has to be used. Besides this, the briquettes 
have to be ex for a considerable time to fresh 
air in order that the calcium oxide in the briquette 
may absorb sufficient carbon dioxide, because hydrate 
of Sas as such would lose its water in the upper por- 
tion of the blast-furnace, and the briquettes would 
therefore crumble to dust. The transformation of CaO 
into CaCo, also means another indirect reduction of the 
percentage of iron in the ore, not to mention that a great 
amount of space and extra labour are required for stacking 
and for keeping the briquettes, in order that this trans- 
formation takes place. This method of briquetting ore 
has therefore not found extensive application. 

Burnt lime, either alone or mixed with clay or ashes, 
has also been tried, but without success. This may easily 
be understood from the fact that, owing to the presence 
of steam and carbonic acid in the upper portion of the 
blast-furnace, burnt lime absorbs water and carbonic 
acid, thus changing into hydrate of lime. These reactions, 
being accompanied with a certain evolution of heat, 
cause “upper heat,” a serious inconvenience known to 
every blast-furnace oe x Besides these there are 
other disadvantages attending the use of lime. Gypsum, 
as well as cement, has also been tried as a binding medium. 
The former contains too much sulphur, and neither resists 
the influence of heat, although the briquettes withstand 
humidity as well as mechanical influences. 

More success has been achieved by using as a binding 
medium a mixture of sand and slaked lime. Equal parts 
of these materials are mixed and ground into fine powder, 
and then intimately mixed with the dust ore. After 
being moistened the mixture is pressed into briquettes, 
charged into boilers, and exposed for some hours to the 
influence of superheated steam under pressure, after which 
the briquettes are ready for the blast-furnace. About 
6 per cent. of the above-mentioned binding medium is 


uired. 

"This method of briquetting iron ores depends on the 
fact that the silica in the sand, owing to the influence of 
superheated steam, is converted from the insoluble into 
the soluble condition, ready for combination. This 
method has given very good results in respect of the 
quality of the briquettes produced, but it has not found 
very general practice on account of its high working 
expenses, as well as its high initial outlay. 

Another method of ee gece | based on the same prin- 
ciple, consists in the use, as a binding medium, of ic 
blast-furnace slag which was ex to steam pressure, 
as mentioned before. However, as nearly 10 per cent. of 
this medium is required to obtain good briquettes, it has 
been found that the percentage of iron in the ore becomes 
too much reduced. 

Spathic ore, mixed with lime, is also successfully used 
asa binding medium ; provided that the briquettes are 
exposed to steam pressure for a certain time. This 
process is based on the fact that hydrate of lime and 
carbonate of iron (spathic ore), when intimately mixed 
and exposed to steam pressure, become converted into 
hydrated ferrous oxide and carbonate of lime (limestone). 

e former, being of a gelatinous nature, serves asa 
binding medium, and changes, later. on, into hydrated ses- 
quioxide of iron. This process is carried out in the 
following manner :—A mixture of two parts of spathic 
ore with one part of lime, reduced to powder, is prepared. 
Of this powder 15 per cent. is added to the ore to be 
briquetted, the whole moistened—whereby the lime is 
converted into hydrate of lime—and made into briquettes 
under a pressure of about 6000 lb. per square inch. ese 
briquettes are packed, edgewise, on wagons, after which 
they are charged into boilers, where they are exposed to 
a steam pressure of eight atmospheres for a period of 4 
to 64 hours. In case spathic ore alone is to be briquet 
an addition of 6 per cent. of lime is sufficient. In the 
latter case cylindrical briquettes of about 54in. in 
diameter and 4} in. in height are generally made. 

The briquettes made according to this method are very 
good, but expensive, besides which that plant requires a 
comparatively high initial outlay. : : 

Great success has been obtained in briquetting blast- 
furnace flue-dust, which is principally due to the fact that 
this by-product already hydraulic properties, 





because, like cement, it contains lime, alumina, and 








soluble silica ready for combination. In addition to this, 
it has been found that by adding certain salts, such as 


chloride of esium, chloride of calcium, green vitriol 
(FeSO, + 7H,O), or acids, such as sulphuric or hydro- 
chloric acid, those hydraulic properties can be raised to 
such a d that very suitable briquettes can be made 


a an 
these additions chloride of magnesium (MgCl,) has 
been found to be, generally speaking, the most suitable, 
use it is cheap (being a by-product in the manufacture 
of certain artificial manures), and use it does not con- 
tain any noxious substances. Owing to the high tempera- 
ture in the blast-furnace, the chloride of jum is 
decomposed into magnesium and chlorine. former 
enters into the blast-furnace slag as MgO, and the latter 
combines with hydeegen to form hydrochloric acid. The 
acid further combines with the free lime to form chloride 
of calcium, which is finally absorbed by the water used 
for washing the blast-furnace gases. In some instances it 
has been observed that the iron portions of the furnace- 
top become slightly attacked, which is ascribed to the 
presence of hydrochloric acid not fully neutralised. 
This process of briquetting, called, after the inventor, 
the Schumacher process, given very satisfactory 
results, not only with reference to the quality of the 


be | briquettes produced, but also as far as cost of production 


and initial outlay are concerned. It must, however, be 
pone _out that the blast-furnace flue-dust used for 

riquetting must be used almost immediately after having 
been ~~ “~ the nem, — -—e cement, it 
must be protec’ against humidity before briquetting. 
The installation for briquetting flue-dust should Tasestone 
be situated in the close proximity of the blast-furnace 
from which the flue-dust is taken. 

It is to be agrees that this process can only be used 
for briquetting blast-furnace flue-dust. With the excep- 
tion that in some instances where the chemical composi- 
tion of the flue-dust is particularly favourable to the pur- 

, an addition of about 40 per cent. of purple ore to the 
ue-dust has been found to be admissible, the latter thus 
acting, as it were, as a binding medium to the former. 

Another method of briquetting flue-dust consists in the 
use of basic blast-furnace slag, after having been exposed 
to steam pressure. Owing to the influence of compressed 
steam the silica in the slag changes from the insoluble to 
the soluble variety, and combines with the lime in the flue- 
dust to a kind of cement, which acts asa binding medium. 
If the lime in the flue-dust is insufficient, another 4 to 44 
per cent. is added. The briquettes made in this way are 
quite suitable; but taking into consideration that from 
8 to 12 per cent. of binding medium, containing no iron, 
has to used, the contents of iron in the briquettes is 
too much reduced to make this method profitable. 

Organic matters, such as the waste lye, resulting (as a 
by-product) from the manufacture of sulphide coielene, 
and molasses have been used for briquetting flue-dust as 
well as other iron ores. In the former case the lye is concen- 
trated to a syrup, thus constituting a kind of pitch, called 
‘* Zellpech” (cellulose-pitch) in Germany, where it is used. 
On an average about 6 per cent. of this binding medium 
is intimately mixed with the flue-dust or ore, and pressed 
into briquettes under a pressure of not less than 9000 Ib. 
per square inch. The briquettes made with cellulose- 
pitch are suitable, but as the binding medium is very 
expensive (40s. a ton), the financial success of this method 
is rather doubtful. 

he use of molasses as a binding medium was tried for 
briquetting the ferriferous residues of the aniline manu- 
facturing process, as well as for briquetting flue-dust, this 
process being as follows :—One part of cheap molasses by 
volume is mixed with two volumes of silicious sinter 
(Kieselguhr), 0.4 part by volume of carnallite, and 100 
parts by volume of the ore to be briquetted. The bri- 
quettes are allowed to dry in the open, after which the 
are charged into the chambers of an annular furnace, poe | 
as is used for burning ordinary bricks. Here they are 
heated up to 1000 deg. Cent., when they begin to sinter 
and to harden. 

This method of briquetting is accompanied by high 
working expenses and considerable initial outlay. The 
employment is therefore only justified when the by- 
produce of the aniline manufacturing process, containing 
about 67 per cent. of iron, is to be e into briquettes. 

As before mentioned, this process was also tried for 
at ac + ep blast-furnace flue-dust, but it was abandoned, 
probably on account of the too high cost. 

Besides the above-mentioned methods of briquetting 
fine-grained ores, or blast-furnace flue-dust, &c., there are 
numerous other methods of briquetting, with or without 
a binding medium. In the former case soluble glass 
(alkaline silicate), asbestos, basic slag, naphthalin, paraffin, 
resinous soap, as well as other inorganic and organic 
materials are used, and, in the latter case, smelting is 
conducted in a reverberatory furnace. Treatment with 
liquid iron, or in an electric furnace, has been proposed 
and also tried in practice, but in all cases without result. 
As there is also no reason to believe that these methods 
will ever be tried again, the author does not consider it 
necessary to go into details about them. 

Conclusions.—From what has been said, it may appear 
that a universal method of briquetting fine iron ore, fulfil- 
ling the conditions enumerated above in each case, has 
not been invented as yet, and probably never will be. 

Taking the financial results of the different methods of 
briquetting into consideration, it is found that the methods 
of briquetting practised at Kertsch, in Russia, and at 
Ilsede in Germany, appear to be the most economic, the 
working expenses, as reported, amounting only to one 
shilling per ton of briquettes. As already mentioned, 
this method can, however, only be applied successfully 
when the ore contains sufficient hydrate of alumina to 
serve as a medium. 

The manufacturing expenses of briquetting by the 
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Gréndal process amount to 3s. 4d. per ton of briquettes, 
exclusive of general expenses, redemption, and royalties, 
for which at least 1s. 4d. will have to be added, dss re- 
sulting in a total expense of 4s. 8d. per ton of briquettes. 
This would be far too high to allow of the general intro- 
duction of this process. However, the Gréndal process 
is of particular value for Sweden, where its use has be- 
come almost unavoidable in order to be able to utilise the 
iron ore of that country ; besides, its use is, in Sweden, 
combined with a saving of 6s. 6d. per ton briquettes in 
fuel, thus resulting in a final saving of 1s. 10d. (6s. 6d. — 
4s. 8d.) per ton in favour of the Gréndal process. Similar 
results may also be obtained with this process where char- 
coal is used as fuel in the blast-furnace. 

Of all the different methods employed for briquetting 
blast-furnace fiue-dust, the Schumacher process 
given the best financial results, the cost of briquetting 
according to that method amounting to 1s. 8d. per ton 
briquettes only, without royalty. 

The other methods of briquetting iron ore flue-dust and 
other ferruginous residues of other industries, as descri 
before, have given less favourable finuncial results, the 
cost of briquetting amounting from 2s. 6d. to 3s. 9d. per 
ton briquettes. Besides this, it must be mentioned that, 
where a binding medium is used, on an average about 7 
per cent. is required to be added to the ore, thus reducing 
considerably the percentage of iron. In several cases it 
has also been found necessary to stack the briquettes for 
several weeks in the open before they could be used, thus 
requiring a good deal of space and extra labour for trans- 
porting and handling. 

Finally, it may be mentioned that at present an estab- 
lishment for making briquettes is being erec at a 
Belgian works according to a new process recently intro- 
duced. According to this method, from 2} to 44 per cent. 
of binding medium, costing about 16s. a ton, is used. The 
initial outlay for a plant turning out 5 tons of briquettes 
an hour amounts to about 2500/., and the manufacturing 
expenses, inclusive of general expenses, to 1s. 6d. per ton 
briquettes. The briquettes fulfil all the conditions 
enumerated above, and can be used within twenty-four 
to thirty-six hours after having left the press, no heating 
or any additional work being necessary. By this method, 
not only fine ore, but also rolling-mill and forge-scale 
(Fe,0,) have been briquetted with success, the latter 
having been successfully used as an enriching and decar- 
bonising addition in the open-hearth furnace. 
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(Concluded from page 418.) 
APPENDIX A. 
Radiation from Flames, by H. L. CALLENDAR. 


In the course of my experiments in 1903-4 with a small 
petrol motor of 2.36-in. bore, on the variation of efficiency 
with speed, I became convinced that the greater part of 
the loss of efficiency with a small high-speed motor was 
»ractically independent of the speed. Loss by radiation 
Con the flame appeared to be one among the man 

sible causes contributing to this result, and I Bom | 
ingly made some experiments on radiation from flames, 
with a view to estimate the probable order of magnitude 
and the possible limits of the loss incurred. The experi- 
ments were necessarily of a qualitative character, and 
could not be directly applied to the calculation of the 
actual loss occurring in an internal-combustion engine, 
but they appeared to indicate that the effect was much 
larger than had generally been supposed, and could not 
be neglected in a discussion of the heat loss occurring in a 
gaseous explosion. 

Some of the results of these experiments were men- 
tioned in the discussion on a paper by Professor B. Hop- 
kinson, ‘‘ Explosions of Coal-Gas and Air,”+ and a general 
summary was given in tae discussion on my paper, “On 
the Effect of Size on the Thermal Efficiency of Motors,”t 
from which the following is a quotation :— 

‘* A large part of the energy of the flame during ignition 
exists in the form of energy of vibration of the dissociated 
and recombining ions, which is proved by the fact that a 
flame radiates energy more intensely than a mass of inert 
gas at the same temperature. The energy of vibration is 
realised as pressure, or energy of translation, only in 
»roportion as the ions combine and equilibrium is estab- 
fished. The loss of thermal efficiency from this cause is 
merely another aspect of dissociation or increase of 
apparent specific heat, and i: not a loss of heat at all, 
though it gives rise, as already explained, to a consider- 
able diminution of the thermal efficiency. But while the 
condition of flame persists, there is necessarily some loss 
of heat by radiation to the walls. In order to estimate 
this loss, I made a series of direct measurements of the 
actual proportion of the heat of combustion radiated from 
various flames, luminous and non-luminous, some of 
which were quoted by Mr. Hopkinson in his paper. I 


* Report presented to the British Association at Shef- 
field. 

+ Proceedings of the Royal Society, A., 77, page 400, 
April, 1906. 
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found that the heat radiated from an ordinary non- 
luminous Bunsen flame might amount to 15 per cent. or 
20 per cent., but that it depended on the duration of the 
incandescence and was much smaller, corresponding with 
a reduction in the size of the flame, in explosive mixtures. 
It is not possible to estimate separately the exact amount 
of this loss in the cylinder of a gas-engine, but I think it 
belongs chiefly to losses of the type A, being proportional 
to the wall surface —— and practically independent 
of the time, since the duration of the flame is short in the 
most efficient mixtures. It is probable, however, that 
part of the radiation loss taking place during the propa- 
gation of the flame and throughout its mass is propor- 
tional to the volume, and not to the surface, in which case 
it would be represented by a constant term in the expres- 


has | sion for the loss of thermal] efficiency.” 


The only account which I have been able to find of 

— systematic experiments on the proportion of the 
eat of combustion radiated from a flame is in a thesis for 

doctorate hy Robert (the son of Hermann) von Helm- 
holtz. For the majority of non-luminous hydrocarbon 
flames mixed with air R. Helmholtz finds approximately 
the same result—namely, 5 per cent. of the heat of com- 
bustion radiated. According to my experiments this low 
value is to be explained by the fact that he employed in 
these measurements small flames, 6 mm. in diameter by 
60 mm. high, which were probably burning at a com- 
erwin d ow temperature, and which do, as a matter of 
act, give a percentage of this order. In one case he 
finds 8.7 per cent. of the heat of combustion radiated by 
a flame 11.8 mm. in diameter. 

In my own experiments the heat radiated fpom flames 
of various sizes, and burning under different conditions, 
was measured, in calories per square centimetre per 
minute, at a measured distance, by means of an Angstrém 
pyrheliometer in a special mounting. The constant of 
the pyrheliometer, which had shown signs of change, was 
checked by means of a radio-calorimeter and also by an 
absolute measuring bolometer. An ordinary wet meter 
was employed for measuring the gas supply to the 
flames, and the same meter was employed in the measure- 
ment of the calorific value of the with a Boys calori- 
meter. In some experiments the air supplied to the flame 
before ignition was measured with the apparatus subse- 
quently employed by Swann* in his experiments on the 
specific heat of air and CO». This was useful for esti- 
mating the strength of mixture in relation to the appear- 
ance of the flame, and for varying the temperature, 
but could not give quite exact results, use the flames 
were necessarily burning in free air. With the air and 
gas adjusted as nearly as could be estimated in the propor- 
tions required for complete combustion, the proportion of 
heat radiated varied from 10 to 15 per cent. for burners 
from 1 in. to 4 in. in diameter. As the air supply was 
reduced for the same rate of gas consumption, the size 
of the flame increased, and also the heat radiated. <A 
maximum of 15 to 20 per cent. was reached for these 
burners when a brilliant and well-defined inner cone was 
formed. If the amount of air supplied was in excess of 
that required for complete combustion, the radiation fell 
off considerably in consequence of the reduction in size 
and fall in temperature of the flame. When the air supply 
was reduced until the inner cone disappeared, with burners 
of this type, the flame became unsteady, and was reduced 
in temperature, the radiation falling to about 12 to 16 per 
cent. With steady luminous flames of the Argand, or 
bat’s-wing, type, there was a considerable increase of 
radiation on excluding air from the flame. With small 
flames of low temperature the proportion of heat radiated 
might be as low as 2 or 3 per cent. 

hese results appeared to indicate that the radiation 
depended largely on the size of the flame as well as on 
the temperature, and on the presence of CO or solid C 
when the air was insufficient for complete combustion. 
The mixtures employed corresponded fairly with the 
range available in a petrol motor, but the temperature of 
the flame in a motor, with ignition at constant volume, 
would certainly be much higher. A considerable per- 
centage of the loss of thermal efficiency in such cases 
might evidently be ascribed to radiation. The exact 
proportion could not be directly estimated, but it occurred 
to me in preparing this note that the probable effect of 
radiation on the variation of efficiency with size could be 
deduced by a more complete study of one particular type 
of flame, and by measuring the radiation and a tion 
for different thicknesses. ith the assistance of Mr. G. 
Nelson I haveaccordingly repeated and extended some of 
these observations. 

Experiments with a Méker Burner.—The type of burner 
selected for these experiments was the Mcker burner, 
with a nickel grid of 3 cm. in diameter, consuming gas at 
the rate of 0.185 cubic foot a minute. The heat iated 
was measured in calories per square cm. per minute by 
an Angstrém pyrheliometer at a distance of 52 cm., and 
the result multiplied by 4522 to deduce the total radia- 
tion in calories per minute, assuming the flame to radiate 
equally in all directions. The lower calorific value of the 
gas was measured wet under the temperature and pres- 
sure of the experiment, and was found to vary from 470 
B.Th.U. to 500 B.Th.U. per cubic foot. With full air 
supply, the gas and air being nearly in the proportions 

uired for complete combustion, the burner gives a 
solid homogeneous conical pointed flame, with no indica- 
tions of an inner cone. As the air supply is reduced 
minute cones make their appearance over the grid, and 
finally coalesce into a single steady brilliant inner cone, 
which increases in size. nema of heat radiated rises 
steadily with increase of size of the flame, from 10.5 with 
full air supply to 16 per cent. as a maximum with a large 
and bright inner cone. Beyond this point the inner cone 
becomes ill-defined, the flame flickers, and the radiation 


* Philosophical Transactions, A, 210, page 208. 





falls off to 14 per cent., rising again to over 16 as the flame 
mes luminous. These variations are compared in ihe 
accompanying table with the approximate composition 
in volumes of air to one of gas before ignition. The form 
of the curve depends to some extent on the shape, size 
and nature of the flame. It would not be the same for a 
bat’s-wing, or Argand, flame. The rate of gas consump- 
tion was maintained approximately constant, and the 
size of the flame varied with the strength of mixture. 
Total radiation of Méker burner per cent. of heat of 
combustion :— 
Total radiation per cent. 10.5 12.3 14 15.9 14.1 14.6 17 
Ratioair/gasby volume .. 5 4 8 25 15 1 0 


The gas was in all cases completely burnt. The ratio 
of air to gas before ignition merely y Mines 0a the nature 
of the flame. Mixtures in these proportions, if burnt 
without further addition of air, would not, of course, 
radiate the same per cent. of heat. With the ratio air to 
gas = 5, the duration of the luminous flame was estimated 
at about 4 second. 

Intrinsic Radiance of Flame.—The intrinsic radiance of 
a flame has the same meaning in respect of total energy 
of radiaticn that intrinsic brilliance or brightness has in 
respect of luminosity. It may be hawuet by the radia- 
tion emitted per unit area of surface, but in the case of a 
flame which is more or less transparent the radiation 
comes from a finite thickness, and must be measured per 
unit of solid angle subtended. This measurement may 
conveniently be effected by means of a total radiation 
pyrometer of any kind in which an image of the flame is 
formed on a iometer or bolometer. A Féry mirror 
oe was employed for this purpose, the instrument 

ing focussed on the flame at a height of 4 cms. to 5 cms, 
above the grid, where the flame was steady and sensibly 
homogeneous. 

With this restriction it was found that the intrinsic 
radiance of the Méker burner did not vary materially as 
the air supply was reduced from that necessary for com- 
plete combustion, until the inner cone became so large 
that the flame could no longer be regarded as sensibly 
homogeneous. This showed that the increase of total 
radiation simultaneously observed was due chiefly to 
increase in the size of the flame, and that the increase of 
thickness of the flame was compensated either by fall in 
temperature or by increase in absorptive power. The 
thickness of the flame at the height focussed in the pyro- 
meter varied from 2.8cms. with full air supply to 3.6cms. 
when the inner cone was 3 cms. high and just cleared the 
area focussed. 

In order to determine the manner in which the intrinsic 
radiance R varied with the thickness z of the flame in the 
line of sight, and to measure the coefficient of absorption, 
six precisely similar burners were mounted in a row along 
the axis of the radiation pyrometer, which was focussed 
in such a way that the reading was the same for any one 
of the burners singly, or for any combination of the same 
number of burners at different distances. The pressure 
of the gas supply was regulated to a constant value, and 
care was taken to prevent the air in the laboratory from 
becoming contaminated, which produced a notable effect 
on the radiation. Several series of measurements were 
taken with one to six burners lighted in different orders, 
for two distinct states of the flame which were easily 
reproducible—namely, (1) with full air supply, and (2) 
with the inner cones 2.5cm. high. In the latter case the 
flames all touched each other, and the layer of flame was 
21.6 cm. thick, and was sensibly homogeneous. 


Summary of Observations. 

1, Full air supply; mean thickness per flame, 2 8 cm. 
Number of flames eo 1 2 3 4 
Radiation observed .. 68 124 171 
Radiation calculated .. 66 124 173 

Formula R = 473 (1 - e — 0.0537). . 
Limit R/z when 2=0, =473 x 0.0537 =25.4 per cm. thick- 


5 6 6 
282 
282 


250 


250 


214 
216 


ness 2. 
Limit of R when z=infinity, R= 473. 

2. Cones 2.5 cm. high; mean thickness per flame, 3.6 cm. 
Number of flames 1 2 3 + 
Radiation observed .. 72 122 
Radiation calculated .. 66 120 

Formula R = 373 (1 — €0-4!z ), : 
Limit R/z when x=0, =373 x 0.0541 = 20.2 per cm. thick- 


165 
166 


197 
201 


ness. 
Limit of R when x=infinity, R=373. 

The observed and calculated values agree as closely as 
could be expected with the exponential law of absorption, 
which is fairly appropriate in this case, since the radia- 
tion emit is necessarily of the same quality as that 
absorbed, and the flame is nearly homogeneous. An appa- 
rent confirmation of the formula is that the coefficient of 
absorption is practically the same—namely, 0.054 for the 
two flames. The limit of R/z, when x = 0, which gives 
the intrinsic radiance per cm. of flame corrected for ab- 
sorption, is higher for the case of complete combustion, 
because the temperature of the flame is higher. The 
limit of radiance for an infinite thickness of flame Is 
higher in the same proportion. The radiation observed 
for a single flame in case (2) is rather larger than that cal- 
culated, because the thickness of a single flame was 
slightly greater than the mean of several flames in contact. 
It will be observed that the flame is surprisingly trans- 
parent to its own radiation. It is very commonly assume 
that, because a flame absorbs precisely those radiations 
which it emits, and absorbs them in the same propor"un 
as it emits them, the flame would, therefore, be prac tic- 
ally opaque to its own radiation, so that the radiatio’ 

ing from the interior of a mass of homogene 
iene might be neglected, and the total radiation assur 
proportional to the surface. Theabove observations s! 
that this is very far from being the case, owing to *’ 
relatively wide separation of the radiating and absorbin 
molecules. bas 

Effect of Temperature and Pressure.—The effect of ten 
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»eyature and pressure on the intrinsic radiance of a flame 
f this kind can be theoretically predicted with a reason- 
le Cegree of probability, but 1t would be difficult to 
deter. ine either experimentally. Within moderate limits 
of pt -sure the radiating and absorbing powers of a flame 
per ul t thickness at a given temperature and composition 
should both vary directly as the pressure or density. The 
value of the radiation from a layer of thickness 1 cm. at 
a pressure of 10 atmospheres would be the same as that 
from a layer of 10 cm. at 1 atmosphere, assuming that the 
quality of the radiation or the nature of the combustion 
were not altered by the pressure. This effect is repre- 
sented by increasing the absorption coefficient in propor- 
tion to the pressure, leaving the limit for infinite thickness 
unaltered. 

The effect of temperature is more difficult to estimate 
because the radiation from a flame is very complicated, 
and there is no means of accurately measuring the tem- 
perature. Nernst,* from observations by others on the 
cooling of an explosive gas mixture, maximum pressure 
about 6 atmospheres, allowing for convection and conduc- 
tion, finds the radiation to vary as the fourth power of 
the temperature. The method is very uncertain, and his 
conclusion was most severely criticised by Lummer, 
Bringsheim, and Schaefer, who explained that the radia- 
tion was quite different from that of a black body, and 
that the quality of the radiation was little, if at all, 
affected by pressure up to 4 atmospheres. 

The principal maxima of emission and absorption in the 
Bunsen flame spectrum are at 2.8uand4.4y4. Taking 
a mean wave-length of 3.5 4, it is easy to estimate how 
the intensity should vary with temperature by assuming 
Planck’s equation. The following table gives approximate 
relative values for comparison with the fourth-power law 
of Stefan for the radiation of a black body : 


} 
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a 


deg. deg. dez. deg. deg. 

Absolute temperature 1000 1500 2000 2500 3000 
Radiation, Planck .. 0.016 0.059 0.142 0.233 0.331 
- Stefan .. 0.009 0.045 0.142 0.347 0.721 


The rate of variation, according to Planck’s formula for 
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a single wave-length, is much slower than the fourth- 
power law, and tends in the limit to be directly pro- 
portional to the absolute temperature at high tempera- 
tures. The actual rate of variation should lie between 
these limits, but nearer to Planck, unless carbon begins 
to separate in rich mixtures at high temperatures. 

Effect of Radiation Loss on the Thermal Efficiency.— 
Although it is not possible to calculate the absolute 
magnitude of the radiation loss in a motor, or to deduce 
from it the relative loss of thermal efficiency, it is not 
difficult to see in what manner this loss should vary with 
flame temperature and with linear dimensions of the 
cylinder. We may assume for this purpose that the 
cylinder at the moment of maximum pressure is filled 
with practically homogeneous flame and that the walls 
are practically non-reflecting. For similar motors under 
similarconditions the heat-loss perexplosion will vary as the 
product RSoftheintrinsicradiance Rand thesurfaceS. The 
percentage heat-loss should vary as RS/V, where V is the 
volume of the cylinder. This will vary as R/D, where D 
is the diameter for similar motors. Assuming a pressure 
of 20 atmospheres in a cylinder of 2 in. or 5 cm. diameter, 
the equivalent thickness of flame at 1 atmosphere is 
100 cm., and the intrinsic radiance for a flame of this 
thickness has already reached within less than 4 per cent. 
of its limit for an infinite thickness. The percentage 
loss due to radiation per stroke will therefore vary in- 
versely as the diameter in similar motors, since R will 
be practically independent of the dimensions in all cases 
which occur in practice. Since the rate of loss due to 
radiation diminishes very rapidly with the time, the 
effect of variation in speed on the radiation loss ey Ang 
appropriately represented by a factor of the type (A+ Bn), 
while x is the speed in revolutions per minute, as sug- 
gested in my paper already quoted at the beginning of 
the note. From the rapidity of the radiation loss during 
ignition it is clear that the A term will be of considerable 
portance, and will affect the comparison of similar 
rs of different sizes when running at the same 
piston speed (n inversely as D) in the manner explained 
intny paper. I was convinced on general principles that 
this would turn out to be the case, but without actually 
measuring the absorption coefficient it was not possible to 
assert definitely that R would be practically indepen- 
dent of the dimensions, 

(he variation of the coefficients A and B with flame 
temperature will be proportional to R, and will be of the 
nature already indicated. This is corroborated by my 
sis of Dr. Watson’s observations in a contribution 
to the discussion on his paper.t 

tisolute Value of Intrinsic Radiance.—The absolute 
value of the intrinsic radiance of these flames was deter- 
mined by comparison with the radiation of a black body 
with the same pyrometer. The black body temperature 









* Proceedings of the Institution of Automobile Engi- 
neers, 1909, pages 457 to 468. 
| Phys. Zett., 5, 1904, pages 777 to 780. 





for six flames with full air supply, giving a deflection of 


282 scale divisions with the galvanometer, was 679 deg. 
Cent., or 952 deg. absolute fora thickness of 16.8 cm. This 
means that the intrinsic radiance of such a layer of flame 
is the same as that of a black body at 679 deg. Cent. 

Assuming the radiation from a black body at a tempera- 
ture @ abs. to vary as E 64, where E is the radiation con- 
stant, and has the value 5.32 x 10-‘ergs per sq. cm. per 
second, or 1.273 x 10-!2gm. cals. per sq. cm. per second, 
the radiation from a black body at 952 deg. abs. or 679 
is By would be 63 cal. per sq. cm. per minute. 

The limiting value of the intrinsic radiance for infinite 
thickness would be 105 cals. per sq. cm. per minute in 
case No. 1 with full air supply, and 83 cals. per sq. cm. in 
case No. 2 cones 2.5 cm. high. These values would corre- 
spond approximately with the initial rates of loss of heat 
by radiation per sq. cm. of surface in a gas-engine cylinder 
filled with similar flames at corresponding temperatures. 
The higher value gives a loss of 0.175 cal. per sq. cm. in 
the first tenth of a second. Professor Hopkinson’s experi- 
ments with a bolometer placed outside an explosion vessel, 
in which the flame temperature was certainly a good deal 
higher, give 0.315 cal. per sq. cm. lost in the first tenth 
of a second after ignition commences, or 0.35 calorie in 
the first tenth after maximum pressure. These are quan- 
tities of the same order of magnitude, and differ in the 
right direction from the value deduced above. They may 
be regarded as confirming the validity of both methods 
of estimating the absolute value of the radiation loss. 

In applying these results to an internal-combustion 
engine, it must be remembered that the radiation is not, 
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in fact, strictly homogeneous. f 
variations of temperature which affect the quality of the 


radiation. It appears probable that luminous carbon, | 


giving a continuous spectrum, may separate in rich mix- 
tures, especially if not perfectly uniform. These varia- 
tions would tend to increase the effective transparency of 
the flame, and the increase of radiation loss with dimen- 
sions. Further investigation will doubtless elucidate 
these points But, in so far as the flame tends to absorb 
its own radiation selectively, the theory above sketched 
may serve a useful purpose as a first approximation. 





APPENDIX B. 
On Radiation in a Gaseous Explosion, by B. Hopkinson. 


In the First Report of the British Association Com- 
mittee on Gaseous Explosions attention was drawn to the 
probable importance of radiation in determining the rate 
of cooling of the mass of hot gas produced by ignitin 
an inflammable mixture in a closed vessel. In the Secon 
Report reference was made to some experiments which 
I had made on the effect of coating the walls of the ex- 
plosion vessel with bright tin-foil. It was found that if 
a mixture of coal-gas and air of given composition were 
exploded in a vessel thus lined, the maximum pressure 
reached was the same within 1 per cent. as that given 
by an identical mixture when the tin-foil lining was 
blackened, but the rate of cooling was decidedly less. An 
experiment was also described in which an attempt was 
made to measure the actual heat absorption of the walls 
and the radiation by means of a bolometer of re a strip, 
whose temperature was recorded photographically during 
the progress of the explosion and of cooling, the strip 
being in different experiments blackened, polished, and 
placed behind a gas-tight screen of rock-salt. A con- 
siderable difference was found between the blackened 
and polished surfaces in respect of heat absorption, and 
this difference was of the same order as the heat absorbed 
by the bolometer behind the rock-salt screen. The results 
were strong evidence that the effect of the tin-foil lining 
on the rate of cooling was due to radiation, and gave an 
indication of its order of magnitude; but, as tin-foil is 
not a very good reflector, and as the rock-salt plate was de- 
stroyed by the explosion, sothat only a single experiment 
with it was possible, I have thought it desirable to do 
some further work in the same direction. 

I have accordingly had on a a cylindrical cast-iron 
explosion vessel, 30 cm. long by 30 cm. diameter, the 
whole of the interior surface of which is plated with 
silver, and I have compared the results of exploding a 
mixture containing 15 per cent. of Cambridge coal-gas, 
first with the vessel polished as highly as possible, and 
second with the surface blackened over. Precautions 
were taken to ensure that the mixture in the comparison 
experiments should be of identical composition. The 
pressures were recorded in the usual way—sometimes with 
a pencil indicator, and sometimes with an optical indi- 








cator—the same instrument being used; however, in each 
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set of comparison experiments. Fig. 4 shows su 

the pressure records obtained by the optical indicator in 
one such comparison. Asin the case of the tin-foil lining, 
there is a difference in the rate of cooling, but the differ- 
ence is here very much greater, more than twice as great. 
Further, there is undoubtedly a difference in maximum 
pressure amounting to between 21b. and 3 Ib. per square 
inch, which is equivalent to about 60 deg. Cent. in tem- 
perature ; or, having to the higher volumetric heat 
in the neighbourhood of 2000 deg. Cent., to perhaps 5 per 
cent. in thermal energy. 

Comparing the two records, it will be seen that when 
the walls are reflecting the gas takes about 14 times as 
long to reach a temperature of 1500 deg. Cent. as it does 
when the walls are blackened. The actual heat given to 
the walls in the two cases must be the same, so that the 
mean rate of cooling during this period in the one case 
is about 14 times as great as it isin the other. This pro- 

rtion remains fairly constant until the temperature has 

allen to about 1000 deg. Cent., when it shows some 
tendency to diminish. It was found that the precise 
state of polish of the silver had a great effect on this 
result—differences in polishes hardly appreciable to the 
eye causing a substantial change in the rate of cooling. 
In the diagram shown the surface was polished by means 
of a motor-driven buffing-wheel with rouge, and washed 
with methylated spirit, and then again polished with 
a leather. 

A number of experiments have also been made with a 
recording bolometer of silver strip, which was sometimes 
polished and sometimes blackened. Simultaneous records 
were taken of the gas pressure and of the temperature of 
the bolometer. Two such records in which the pressure 
curves are identical are shown superposed in Fig. 5. The 
bolometer was mounted on a linoleum backing, and there 
is considerabte loss of heat to this backing, which makes 
the estimate of the absolute amount of heat absorbed 
rather uncertain. Since, however, the curves of tempera- 
ture-rise in the two cases (blackened and polished) are 
very nearly similar, differing only as regards temperature 
scale, the proportion of heat lost will be the samu in the 
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two cases, and the ratio of heat absorption by the 
blackened and polished surfaces will be nearly equal to 
the ratio of the temperatures. The ratio of the tempera- 
tures shown in Fig. 5 is 0.75 at the end of 0.25 second 
from ignition, which agrees as well as might be expected 
with the ratio of the rates of cooling deduced from the 
ae records with blackened and reflecting walls, 

aving regard to the great effect of small differences in 
polish upon the rate of cooling. The ratio of the bolo- 
meter temperatures increases a little as the tempera- 
ture falls, which again agrees with the gradual approxi- 
mation as regards rate of cooling disclosed by the pressure 
records. 

Some estimate of the heat lost to the backing can be 
made as follows :—If the temperature of the surface of a 
solid be caused to vary in a given manner, then the 
quantity of heat which has passed into it at any time 
can be calculated by means of the Fourier analysis, pro- 
vided that the product of the thermal conductivity k and 
the thermal capacity c of the solid is known, being for a 
given temperature variation proportional to the square 
root of this product. In the present case the solid is the 
linoleum backing, and the surface temperature is that of 
the silver in contact with it, and is given by the bolo- 
meter record. The total heat absor by the bolometer 
per square centimetre at any instant can therefore be esti- 
mated from the bolometer record, subject only to a know- 


ledge of / ke which occurs as a multiplier, and thence, 
assuming that the average heat-loss over the whole surface 
is the same as that absorbed by the bolometer, the whole 
heat given by the gas can be calculated. This heat-loss 
can be obtained also from the pressure record by deduct- 
ing from the whole heat of combustion the quaatity of 
heat remaining in the gas, whose energy at a temperature 
of, say, 1000 deg. Cent. may be considered as known 
sufficiently nearly for this purpose. The value of the 
factor J ke is then chosen as to make the heat obtained 
from the bolometer — to that deduced from the pres- 
sure record. The following table showing the absolute 
heat losses has been obtained in this way :— 


: Tapix I. 
Tempera- S 
tures, Heat i Pr ‘ 5 
deg. Cent. eat in oportion g 
. Silver Cals. | Lost to |, Total 1g 
perSq. Cm.' Backing beorpton, z 
Silver. g ey 
& uas, ee 
R | eee 
Fa B/P.| B P B. P B. P, A* 
0.05 2150 15.912 | 0.188 0.142 0.30 | 0.30 | 0.245 0.185 0.06 
0.101940 45.8 31.9 0.530 0.376 0.50 | 0.50 | 0.795 | 0.565) 0,98 
0.15 175061 (44.1 0.720 0.530 0.70 | 0.69 (1.22 0.88 | 0,84 
0.20'1690 70 51.7 0.826 0.610 0.90 | 0.88 (1.57 1.15 | 0.42 
0.30 1350 76.8 59 0.906 0.696 1.22 118 |2.01 1.62 | 0.49 
0.50 1030 78.7 62.5/ 0.929 0.737 1.70 | 1.63 251 1.94 0,57 
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The difference between the loss to the polished and 
blackened surfaces represents the greater part of the 
radiation from the gas. There is reason to suppose, 
however, that it does not represent the whole, because it 
is probable that at an early stage in the cooling with the 
pe ished walls the bright surface of the silver is dimmed 
y a deposit of moisture.* : 
Finally, a series of records have been taken with a 
bolometer placed outside the explosion vessel altogether, 
but exposed to the radiation of the flame through a 
window of fluorite (Fig. 7) . . . This bolometer was of 
platinum blackened with lamp-black, and the records 
were taken in exactly the same way as in the other cases. 
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A facsimile of one such record is given in Fig. 6, and the 
following table shows the amounts of heat absorbed by 
this bolometer at different times. 


TABLE IT. 


| Temperature, | 
deg. C. 


Calo- 
Ab- 


Time | 

from | 

Ignition 
Gas. 


sorbed 
of Heat of 
Combuston, 


sorbed, Calo- 

- per 
Ab 

as 
Percentage 


ries 


num, 
tion, &c. 
Sq. Cm. 


Plati- 
num. 


Heat in Plati- 


Loss by Radia- 
Total 
Heat 


| 


0.05 
0.1 
0.15 
0.20 
0.3 
0.4 
0.5 


13.6 
39.6 
57.4 
70.3 
84.2 
91.7 
96.4 


2000 
1870 
1690 
1510 
1290 
1110 | 
980 


om 


0.025 
0.035 
0.05 


There cannot be any question that the whole of the heat 
recorded by this platinum bolometer is radiated heat, and 
I do not think that there is much doubt that, subject 
to any reflection from the surface of the platinum (which 
has not been allowed for), the above figures represent 
the amount of radiation coming through the fluorite 
window. Fluorite is said to absorb about 5 per cent. of 
the radiation falling upon it, but no allowance has been 
made for this. It will be seen that the radiation here 
recorded exceeds by about 50 per cent: the difference 
between the heat absorption with the blackened and 
polished surfaces. When a plate of glass is substituted 
for the fluorite plate the heat absorbed by the bolometer 
is reduced by about one-third of the above amounts; and 
if the platinum surface is polished instead of blackened, 
the heat recorded is only 20 per cent. The latter figure 
agrees fairly well with the results given by Hagen and 
Rubens for the reflecting power of polished platinum.+ 


APPENDIX C. 

Abstracts from Various Papers Relating to the Application 
of Heat Radiation from Luminous Flames to Siemens 
Regenerating Furnaces. 

In September, 1884, Mr. Fr. Siemens read a paper 
before the Iron and Steel Institute, in which he deseri 
the application of radiant heat derived from luminous 
flames to such purposes as glass ovens and steel furnaces. 
The greater part of the paper was devoted to practical 
considerations ; but in the discussion which followed he 
exp his views as to the theory of the action, and 
stated that, in order to obtain the best results, from the 
heat efficiency point of view, the operation should be 
divided into two parts. In the first part chemical com- 
bination took place, the flame was luminous, and the heat 
should be abstracted by radiation only. In order that 
the radiant heat might be a maximum, there should be a 
larger space, so that perfect combustion could take place 
without the gases coming into contact with any solid sub- 
stance ; this space was the furnace proper. In the second 
part there was no combustion, the flame was non-luminous, 
and the heat should be abstracted from it by contact, as 
was done in the regenerative part of the furnace. 

Siemens ascribed the radiant heat of the luminous flame 
to the incandescent particles of carbon, and said that, 
since flame is transparent to its own radiation, not only 
does the surface of the flame radiate, but also its interior ; 
hence a flame radiates far better than a solid substance. 
** A solid substance radiates only from its outer surface, 
and from that surface only towards onet direction, while 
a flame radiated from every point within it, and on its 
surface in every direction, or from every point of its 


* The possible importance of such a deposit was sug- 
gested tome by Mr. W. T. David, who carried out ‘al 
the experiments described in this note. 

+ Z. fiir Instr. Kunde, 22, page 52 (1902). 

t This is not true unless possibly when the surface is 
perfectly polished, 





entire volume towards every direction.” If the area of a 
solid substance were doubled, it would only radiate 
twice as much; but if the surface of a (geometrically 
smaller) flame be doubled, the radiation would be four 
times as much. y 

He m pry called attention to the advantage of this 
method of heating by referring to the experience obtained 
with glass pot surfaces in Dresden and in Bohemia, to 
which the new method of heating had been applied. 
There were great gains in every direction : 50 per cent. 
more glass for the same expenditure of heat, less breakage 
of pots, the furnace las six times longer, and higher 
temperatures were obtained, so that open pots could be 
used instead of closed ones. The glass was produced from 
cheaper material, and was of superior quality. 

The statements made in the above paper were severely 
criticised by German engineers, and therefore, on Octo- 
ber 26, 1884, Mr. Fr. Siemens a paper at a meeting 
of the Sachsischen Ingenieur und Architekten Verein, 
entitled ‘‘Gasflammofen mit freier Flammen-Entfaltung,” 
which was published in the Civilingenicur, 1884, and 
which was practically a repetition of his previous paper. 

In October, 1886, Mr. Fr. Siemens read another paper 
before the Iron and Steel Institute, entitled ‘‘ Combustion 
with Special Reference to Practical Requirements.” He 
confirmed what he had previously stated, and added some 
remarks on dissociation, pointing out that if flame came 
into contact with heated surfaces, there was a tendency to 
condense ‘‘one or other of the constituents,” and that 
therefore dissociation could take place at comparatively 
low temperatures ; hence dissociation experiments should 
be carried out in large open spaces. He also remarked 
that the Bunsen flame, being non-luminous, had but little 
radiating power. 

In 1886 Mr. Fr. Siemens read a paper—published in the 
Zeitschrift des Oesterretchischen Ingenieur und Architekten 
Vereins, 1886— entitled ‘‘ Die Entwickelung der Regene- 
rativ-Oefen,” in which he further confirmed his previous 
statements. In this communication he stated that the 
radiating effect of luminous flames had been originally 
put into operation at his Dresden glass-works in 1877, and 
in his Bohemian glass-works in 1878, but the results were 
not published, for commercial reasons. 

Mr. Jeremiah Head read a paper on the Siemens glass 
ovens before the British Association (Section G) at the 
Birmingham meeting in 1886. He pointed out that with 
direct heating the furnace must be small, whereas with 
radiant heating the furnace can, and must, be large. He 
stated that in these large spaces dissociation did not take 
place, although the temperatures were very high. 

Mr. Fr. Siemens published another paper in the 
Civilingenieur in 1886, entitled ‘‘Die Verhiitung des 
Schornsteinrauches,” in which he stated that the highest 
temperatures were observed where the flame did not come 
into contact with the furnace walls. Hence the highest 
temperature must be due to radiant heat. He again re- 
marked that the surfaces in contact with flame not only 
hindered combustion, but promoted dissociation. 

Gustav Westmann published a scientific inquiry into 
the Siemens method of glass-heating in a paper entitled 
‘*Siemens’ Freier Flammenentfaltung,” read before the 
Verhandlungen des Vereins zur Beforderung des Gewerb- 
fleisses, 1886. An experiment on a large scale, lasting 


24 hours, was made with a glass furnace, in which 25 tons | j, 


of glass were melted by the gasification of five tons of coal 
= five tons of lignite. Full particulars of all the mea- 
surements are given, and it is shown that the thermal 
efficiency was 41.9 per cent., and the temperature 1200 
deg. Cent. 








Co.t.geGE CALENDARS.—A copy of the calendar for the 
ensuing session has just reached us from the Glasgow and 
West of Scotland Technical College. The calendar con- 
tains notes on the history and constitution of the college, 
and also gives a list of members of the educational and 
administrative staff. Full particulars are also given of 
courses of study in civil, mechanical, and electrical 
engineering, naval architecture, mining, mathematics and 
SS. chemistry, metallurgy, textile manufacture, 

uilding and architecture, and other subjects, for both 
day and evening students. Information relating to the 
various scholarships and bursaries obtainable is also in- 
cluded, and a list of appointments held by past students, 
and along list of certificates and other distinctions gained 
during last session, are also given. The book contains 
nearly 500 pages, and is bound in dark-blue cloth.—The 
calendar of the University of Bristol has also reached 
us. This book, which contains nearly 300 s, and is 
bound in crimson cloth, gives a list of the authorities and 
members, and also contains the charter, statutes, ordi- 
nances, and regulations of the University. Particulars 
of scholarships, exhibitions, and prizes to be awarded are 
also included, together with the examination and degree 
pass-lists for last session. This calendar only gives a few 
particulars of special courses of study, information relating 
to the ordinary courses in arts, science, medicine, and engi- 
neering being published in separate prospectuses for each 
of these faculties.—We have also received a copy of 
the calendar of the City of Bradford Technical College, 
giving very full particulars of day courses of instruction 
in the departments of textile industries, chemistry and 
dyeing, and engineering. The calendar contains plans of 
the buildings and illustrations of the interiors of the 
laboratories, lists of members of the education and 
college committees and teaching staff, particulars of 
scholarships available, and general information relating 
to the college. Some particulars are also given of 
new buildings in course of erection, which include a 
power-house, laboratories, lecture-rooms, &c., specially 
equipped for dealing with the various branches of textile 
work. These, when completed, will render the college 
well worthy of the position held by the city of Bradford 
as the centre of the worsted industry of this country. 





FOREIGN ENGINEERING PROJECTS. 


WE give below a number of colonial and foreign en-;- 
neering projects, for several of which tenders are aske:j, 
Further Froese concerning same can be obtained 
from the Commercial Intelligence Branch, Board of Tracie, 
73, Basinghall-street, London, E.C. 

Australia: The Australian Mining Standard siates 
that the Western Australian Government propose to con- 
struct a line of railway from the Leonora gold-field to (he 
Lawlers gold-field. A proposal is also being brought 
forward for the construction of a line from Norseman to 
Esperance on the Kalgoorlie gold-field, a distance of 
about 120 miles. 

Gold Coast : The Gold Coast Government Gazette con- 
tains the text of a Bill to make provision for raising a loan 
of 1,035,000/., to be expended as follows :—Accra harbour 
works (extension), 33,000/. ; Accra railway, 300,000/.; 
Sekondi harbour works, 183,000/.; Tarquah-Prestea- 
Broomassie railway, 135,000/.; Accra water works, 
200,0002. ; Sekondi water works, 184,000/. 

Germany: With reference to the pro harbour im- 
provements at the port of Rostock, it - Consul-General 
at Hamburg reports that the projected improvements 
comprise the deepening of the fairway of the river between 
Rostock and Warnemiinde to 6 metres, and of the river 
entrance at Warnemiinde to7 metres, and, in connection 
therewith, the construction of new quays for providing 
room for warehouses, coal and timber yards, and other 
purposes. At present there are three schemes and dif- 
ferent sites proposed for the new quays, the cost under 
the different schemes varying from 666,5002. to 2,000,000/. 
Sir William” Ward adds that it is, so far, quite uncer- 
tain which scheme will be adopted, and it may be 
some little time yet before the question is decided. It is, 
moreover, not certain whether the proposed works will be 
carried out by the municipality of Rostock, or by con- 
tractors, though the latter method will probably be 
adopted. 

Italy : H.M. Consul at Savona reports the formation 
of a company, under the name of the ‘‘Societi Anonima 
Funivie Savona -San Giuseppe,” with a capital of 
4 million lire (160,000/.), for the purpose of constructing 
and working a funicular railway for the transport of coal 
from the port of Savona to San Giuseppe. Work is to be 
begun shortly, and it is hoped that by the end of next 
year the first line will be ready for use.—Aocording to the 
Bollettino Finanze, Ferrovie, Rome, the Ministry of 
Public Works have approved the plans for the construc- 
tion and working of a railway from Busca to Dronero. 
a will be commenced as soon as possible by 

essrs. Boggio, sub-contractors for the construction of the 
line.—The Sole (Milan) contains-notices to the effect that 
the Ministry of Public Works have (1) approved the plans 
for the construction and working by the Societa Italiana 

r le Strade Ferrate del Mediterraneo of a railway from 

Jmbertide to Terni, via Todi; (2) granted the applica- 
tion for a concession for the construction and working of 
an electric railway from Argegno to Lanzo d’Intelvi ; (3) 
reported favourably on the proposal to link up the Iseo- 
Rovato Railway with the aan Veale line, and on the 
application lodged by the Societa Edison for the construc- 
tion of an electric tramway from Affori to Varedo, this 
ing an extension of the Milan-Affori Tramway. 

Austria-Hungary: The Reichsgesetzblatt publishes a 
notice granting a 90 years’ concession for the construc- 
tion and working of a standard-gauge light railway from 
Drohobyez to Truskawiec. Two years are allowed for the 
completion of the line. 

Servia: According to the Oe¢esterreichischer Zentral 
Anzeiger (Vienna) the Belgrade communal authorities 
have contracted a loan of 2,500,000 dinars (100,000/.) for 
the carrying out of various public works, including sewage 
and drainage works (1,000,000 dinars), building works, 
and quay construction, 

Turkey: The Nachrichten (Berlin) states that the 
Conseil Administratif des Vilayets, in conjunction with 
the Municipal Council of Salonica, has prepared a number 
of projects for the improvement of the.town. These 
include the following :—Widening of Wardar-street and 
its extensions Caldirieutsh and Calamaria, at a cost of 
£T32,000 (28,800/.); reconstruction of canals in the 
town, at a cost of £T8000 to £T10,000 (72007. to 9000/.) ; 
extension of the upper part of Sainte Sophie-street to 
Koule Hamam, at a cost of £T8000 to £T10,000 ; drainage 
of a large marsh in the Wardar district. A project 18 
also being prepared for the extension of the Midhat Pasha 
and Sabri Pasha streets. It is intended to raise a loan 
for carrying out the improvements. ; 

Argentine : The Boletin contains a decree approving 
the plans, and the estimate of 2,222,700 pesos gold (about 
445,000/.), submitted by the Direccién General de Ferro- 
carriles for the second section, between kilometre 120.9 
and 240 of the railway from Puerto Deseado to a point 
on the San Antonio-Lake Nahuel-Huapi line. tiie 
Boletin also contains a notice granting to the Ministerio 
de Obras Publicas powers to expend a sum of 400,000 

(about 35,0007.) for repairing the breakwaters at 
ualeguaychi. 

Brazil: The following information is from the report 
by the Secretary to H.M. Legation in Brazil on the trade 
of that country in 1909, which will shortly be issued. ‘I he 
Budget Law of 1910 contains the following rules to be ob- 
served in open competitions for contracts with the Federal 
Government either for the a of material or fora public 
service. (1) The question of the status or suitability of the 
tenderers shall be decided before the tenders are opened. 
The proposals of tenderers not judged to be suitable shall 
not be opened. (2) If the Government desire to reser\ 
for themselves the right to annul any competition, in 
case the prices quoted are too high, they shall declare 
Savion the highest price which will be taken 
into consideration. (3) The proposals shall be openec 
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ond veal in the presence of all the tenderers who come 
forward to assist at thisformality. Each one will counter- 


sign those of all the others, which will be published in full 


before any decision is taken. (4) The call for tenders 
shall indicate minutely the technical and administrative 
conditions (plans, designs, nature of construction and 


matcrial to be used, maximum period for the commence- 
ment and completion of the work, &c.). In the case of 
supplies which cannot be exactly designated, samples of 
what is required shall be deposited in the vern- 
ment departments. The competition shall be decided 
on the price of the unit or the whole of the work, 
of the lease or furnishing. according to the terms of 
the call for tenders. (5) The proposals shall only con- 
tain a formula of complete acceptance of the condi- 
tions laid down in the call for tenders and the price 
quoted by the tenderer. No consideration shall be paid 
to offers of advantages not foreseen in the call for tenders 
or to proposals merely containing an offer of a reduction 
onthe cheapest tender. (6) The contract shall be awarded 
of right to the tenderer putting in the lowest tender, 
however small the difference between it and another. 
(7) The Government may lay down a second con- 
dition in the case of the absolute equality of two 
proposals in order to obtain a better classification.— 
The municipality of Pernambuco is raising a loan for 
carrying out sanitation works and other municipal im- 
provements. A concession for the drainage of Floriano 
polis, the capital of the State of Santa Catharina, has 
been given out. The municipality of Rio Grande do 
Sul has obtained the necessary funds for the construc- 
tion of water-works and for the drainage of the city. 
The work will be carried out by the municipality under 
the supervision of an engineer. 

Venezuela; On the authority of the Belgian Legation at 
Caracas, the Bulletin Commercial (Brussels) notifies that 
the Venezuela Legislature have granted to a private 
person a concession for the construction of a dock, together 
with the laying of dock railway lines and the erection of 
a customs house at Ciudad Bolivar. The work is esti- 
mated to cost 1,500,000 bolivars (about 60,000/.). Any 
material or machines which will require to be imported 
will be exempt from customs duties. 

Mexico: The Diario contains a contract between the 
Mexican Government and Sr. Joaquin Garcia Pimentel, 
representing Sr. Luis Pimentel, for the use for irrigation 
purposes of water from tha Barranca de Santos, in the 
States of Puebla and Morelos. The concessionnaire is 
authorised to take not more than 500 litres per second in 
the dry season and 2000 litres per second in the rainy 
season. He may set up Aneta pte telephone lines on 
the works for his own private use. Work must be begun 
within two years from the date of publication of the con- 
tract, and be completed within seven years from that time. 
Machinery, &c., for the work may be imported, once only, 
free of duty. 

Netherlands East Indies: The Bulletin Commercial 
(Brussels) reports, on the authority of the Belgian Consul 
at Batavia, that the Netherlands East Indies Railway 
Department intend to inaugurate a second service of 
express trains between Batavia and Djokjakarta, and 
have decided, in consequence, to purchase ten new high- 
power locomotives. It is also proposed to replace the 
present main-line rails by rails of a heavier type. It is 
also reported, from the same source, that plans have been 
drawn up for improving the harbour of Tandjong-Priok 
(Batavia). It is proposed to construct to the west of the 
present harbour a dock 151 yards wide and 31 ft. deep, 
the length of which has, however, not yet been deter- 
mined. A quay 450 to 550 yards long will be built to the 
east of the new dock, and provision is also made for the 
enlargement of the present Tandjong-Priok Railway 
Station. The total cost of the works is estimated at 
2,000,000 gulden (167,0007. ). 








Brrrisn-Burtt Digset Eneinges.—Messrs. Willans and 
Robinson, Limited, Rugby, inform us that on October 1 
they will place a line of Diesel engines on the market. 
During the past five years they have acted as manufac- 
turers of the engine for the Diesel Engine Company, of 
London, but they have how made arrangements for deal- 
ing direct with customers both in Great Britain and for 
export. They are manufacturing these engines in standard 
sizes, ranging from 120 up to 600 brake horse-power. 





Tue INSTITUTION OF Civit ENGIngERS.—The Council 
of the Institution of Civil Engineers have made the fol- 
lowing awards in respect of students’ papers read during 
the session 1909-1910:—The James Forrest Medal and 
a Miller prize to Mr. H. T. Tudsbery (London), and 
Miller prizes to Messrs. L. T. Wilson (London), L. St. 
G. Will inson, B.Se. (Manchester), Ss. C. Gladwyn 
(Leeds), A. J. Hart (London), V. M. Barrington-Ward, 





B.Sc. (Birmingham), T. W. W. Parker (Glasgow), A. E. 
Fletcher, B.Se. (Leeds), and E. L. Leeming, B.Sc. 
(Manchester), 

Navtica TrcanicaL Dictionary.—We have received 
Vol. Lf. of this dictionary, which gives the technical words 
from 1, to Z. It completes the Vol. II. issued in 1905, 
which contains the technical words from A to K. 


Both complete the first volume, which was issued in 1883, 


and the Supplement issued in 1909. This dictionary is 
published in Pola, Austria, by the Editor of Mittcilungen 
= dem (relnete des Scewesens, and gives the terms in 
“nglish, l'rench, German, and Spanish. The compilers 
and revisers ave distinguished naval officers in their 
respective countries. The work is got out with great 
care, and proves a most useful one. It can be obtained 
in London from Messrs, Asher and Co., 14, Bedford- 
om ~ rand. The price of Vol. II., L to Z, in question 





CATALOGUES. 


Telegraph and =a ene Apparatus.— A supplementary 
catalogue of telegraph and telephone apparatus has been 
issued by the British Insulated and Helsby Cables, 
Limited, of Prescot, Lancashire. The catalogue illus- 
trates and states prices of sounders, reversing-keys, sim- 
plex and quadruplex sets, and other telegraphic apparatus, 
together with magneto table telephone sets, cable-heads, 
and connecting-boxes, testing-pillars, cells, &c. 


Electricity in Textile Factories.—We have received from 
the A. E.G. Electric Company, Limited, Pembroke House, 
133 to 135, Oxford-street, W., a pamphlet pointing out the 
advantages of electric driving for cotton-spinning and 
weaving mills. The pamphlet contains a number of illus- 
trations of the interiors of mills in which the A.E.G. 
system of electric driving has been adopted, and also illus- 
trates several forms of looms driven by electric motors 
through gearing, or by means of belts. 


Wood- Working Machinery.—Mr. W. A. Fell, Bridge 
Iron Works, Windermere, has issued a catalogue of wood- 
working machinery. The list gives full particulars of 
saw-benches, cross-cutting saws for logs, and a large 
number of turning-machines for making wheel-spokes, 
brush-heads, tool-handles, and similar articles. Round- 
ing-machines, boring-machines, and several other special 
machines for making buttons, dowels, and other wooden 
articles, are illustrated and described. 


Dynamos and Motors.—The India-Rubber, Gutta- 
Percha, and Telegraph Works Company, Limited, of 
Silvertown, E., have sent us a copy of their latest list of 
continuous-current dynamos and motors. The list gives 
full particulars, including outputs, dimensions, weights, 
and prices of dynamos with outputs up to 65 kilowatts 
at 500 volts, and of motors up to 80 brake horse-power. 
A general specification is given of the machines, which are 
made in the open-protected, totally-enclosed, and enclosed 
ventilated types. 


Acrometcr.—A pamphlet dealing with this instrument, 
which was described in ENGINEERING of October 30, 1908, 
on page 589, has been issued by Messrs. Negretti and 
Zambra, 38, Holborn Viaduct, E.C. The acrometer is 
used for giving direct readings, on a pressure-gauge, of the 
maximum explosion and compression pressures, and also 
the suction vacuum, in the cylinders of internal-combus- 
tion engines. The pamphlet fully explains the construc- 
tion and use of the instrument, and describes some new 
patterns. 


Steam-Navvies.—Messrs. Ruston, Proctor, and Co., 
Limited, of Lincoln, have sent us a copy of section H of 
their catalogue dealing with steam-navvies. Full parti- 
culars are given of the machines, which are made in two 
distinct types and in various sizes. One type delivers 
the excavated material on either side of the machine, 
while the other can discharge its load at any point, being 
revolved through a complete circle like a locomotive crane. 
The catalogue includes a large number of reproductions 
from photographs showing the machines at work. 


Steam-Engines. — A catalogue, section E, devoted to 
fixed horizontal compound steam-engines, has been issued 
recently by Messrs. Ruston, Proctor, aud Co., Limited, 
of Lincoln. Coupled and tandem slide-valve engines, 
with automatic expansion gear, both condensing and non- 
condensing, for outputs up to nearly 500 indicated horse- 
power, are dealt with, a general description, with 
capacities, weights, and principal dimensions of each 
type, being given. The catalogue gives full particulars 
of piston-valve and drop-valve engines, and the Ruston 
jet condensers and vertical feed-water heaters are also 
illustrated and described. 


Telephones and Electric Bells.—Two catalogue sections, 
dealing respectively with telephones and electric bells, 
have reached us from the Edison and Swan United 
Electric Light Company, Limited, Ediswan Buildings. 
Queen-street, E.C. The telephone section illustrates and 
states prices of domestic telephones, battery-ringing and 
magneto wall and table instruments, intercommunication 
telephones, mining telephones, switchboards, multiple 
cables and flexible cords, and various accessories, such as 
lightning-arresters, kc. In the other section particulars 
are given of all kinds of electric bells, indicators, pushes, 
burglar-alarms, wet and dry cells, and various accessories. 


Vacuum Ore-Concentration Plant.—From the Ore Con- 
centration Company (1905), Limited, 4, Broad-street 
Place, E.C., we have received a reprint of a description 
of the Elmore vacuum concentration plant at the Sulitelma 
copper-mines in Norway. The plant contains twelve 
Elmore units, and deals with 500 tons of tailings a day. 
The tailings, when delivered to the concentrators, contain 
from 0.8 to 1.4 per cent. of copper, while the concentrates 
contain from 6 to 8.5 per cent., and the final residue only 
0.15 to 0.3 per cent. By this means over 80 per cent. of 
the copper in the tailings, amounting to between 800 and 
1000 tons per annum, are recove from material pre- 
viously valueless, 


X-Ray Tubes.—A catalogue of X-ray tubes and protec- 
tive appliances has been received from Mr. C. H. F. 
Muller, 35, Hatton Garden, E.C. The catalogue deals 
with tubes for both light and heavy work, most of the 
latter kind being provided with water-cooled anodes. 
Many of the tubes are provided with means for slightly 
reducing the vacuum when the tube has become “ hard” 
after use. For this purpose current is through a 
small auxiliary tube, connected to the main tube, and the 
passage of the current sets free a small ey ! of gas 
from a mica disc in the auxiliary tube, and thus the 
vacuum is lowered. Valve-tubes, which prevent the pas- 
sage of current in the wrong direction, are also described, 





as also are appliances for shielding operators from the 


radiations, and others for localising them for therapeutic 
treatment. Prices are stated for all the apparatus. 


Pressure and Vacuwm-Gauges.— A catalogue of Bourdon 

ressure and vacuum-gauges has come to hand from 
Messrs. Negretti and Zambra, 38, Holborn Viaduct, E.C. 
The catalogue illustrates and states prices of gauges of 
many different patterns for all pu s. One of these 
patterns, known as the “‘ Extended Scale” type, is in- 
tended for use where it is only required to read the pres- 
sure above a certain minimum value. In these instruments 
the scale starts from this minimum pressure, and it is 
therefore possible to read small variations in pressure with 
much greater accuracy than would be the case if the scale 
started from zero. The catalogue also deals with recording 
pressure-gauges. In one of these, the Bourdon tube is 
made in the form of a spiral of several turns, and thus a 
large movement of the pen is obtained with a much simpler 
arrangement of levers than usual. Mercurial vacuum and 
pressure-gauges, as well as cocks, syphons, and other 
fittings, are also illustrated. 


Convreyors.—We have received from the Hardy Patent 
Pick Company, Limited, of Sheftield, a circular describing 
the Hardy system of intermittent conveying. It is 
pointed out that if long band-conveyors are used where 
continuous delivery is not required, a large part of the 
belt is running unloaded. ne Hardy system consists 
essentially of a short length of belt, only just long enough 
and wide enough to carry the required Toad. This belt is 
hauled backwards and forwards by means of ropes or 
chains, which constitute the remainder of the conveyor, 
and may be operated by any ordinary haulage system. 
The principle may be applied in many different ways, and 
any form of band or plate belt construction can be used 
for the part which carries the load. As an example of the 
application of the system, the circular describes an instal- 
lation for dealing with coke from a battery of coke-ovens, 
and gives full particulars of an ingenious arrangement by 
which the load is discharged where required. 


Machine-Tools, Machinery, and Enyinecring Mater<al. 
—Messrs. Jno. Birch and Co., Limited, 2, London Wall 
Buildings, E.C., have sent us a copy of a large general 
catalogue they have issued for circulation abroad. The 
catalogue, which contains 1000 pages and is strongly 
bound and profusely esteated, deals with machine- 
tools and foundry plant, wood -working machinery, 
marine and stationary steam-engines, boilers, and at 
ary machinery, gas and oil-engines, hydraulic machinery ; 
water, steam, and fire fittings ; electrical machinery 
and apparatus, and lifting and hauling appliances of 
all kinds. In addition to the t variety of plant in- 
cluded under these general headings, a considerable 
part of the catalogue is devoted to grinding and 
crushing machinery, stone-breakers, brickmaking plant, 
road -rollers and] traction -engines, oil-mills, paint- 
mills, refrigerating plant, locomotives and railway 
material, sheds, bridges, wrought-iron gates and railings, 
fencing, pulleys, plummer-blocks and shafting fittings, 
engineers’ hand-tools, and many otherappliances. Prices 
are stated for all the articles listed, and a complete set 
of code words has been included to enable any of them 
to be ordered by cable. The prices include the cost of 
packing and ddivery f.o.b. at the shipping port, so that 
the purchaser can easily determine the total cost of in- 
stalling any machine. In compiling this catalogue, we 
understand that great care has teen exercised to include 
only such machinery as would be suitable for use abroad, 
and to this end the questions of efficiency, convenience of 
transport, and other points have been duly considered in 
selecting the goods from others on the market; and as 
the volume includes almost every requisite for engineering 
work of all kinds, it cannot fail to be appreciated by 
foreign and colonial engineers. 








Deposit ON MAkinG A TeNDER.—The case of Moss 
v. Swansea Corporation, which is reported in a recent 
number of the Justice of the Peace, raises a question which 
is of some interest to the contractor who has to pay a 
deposit when he makes a tender. It appears that the 
Swansea Corporation advertised for tenders for the con- 
struction of certain reservoirs. The plaintiffs, a firm of 
contractors, sent in a tender which was accepted. Upon 
their manager attending to examine the drawings, speci- 
fications, and general conditions, the assistant engineer 
of the defendants, in answer to a question, said that the 
conditions were ‘‘the ordinary conditions.” The defen- 
dants, upon subsequently reading the conditions, found 
that ov were unusual, Thus the contractors were 
made liable for construction and design; the engineer 
was not to be an arbitrator, but only a dispute-preventer; 
and a penalty of 100/. was to be imposed upon the con- 
tractor if he failed to pay trade-union rates of wages. 
In these circumstances, they sought to recover back their 
deposit and the sum of one guinea, which they had paid 
for the form of tender. Mr. Justice Channell held that 
they were entitled to recover. In the course of his judg- 
ment, he said: ‘‘ The fact that the engineer of the defen- 
dants admits having stated that the conditions of the 
contract were the ordinary conditions makes an end of 
the defendants’ case. . . . If the defendants put forward 
a document of this character, they are bound to give the 
dlaintiffs an opportunity of seeing it for themselves. 
ndeed, I am inclined to think that they are bound to 
tell them that it contains something unusual. Whether 
it is right or not, I am quite clear that when people are 
told that there is nothing in a contract but what is usual, 
that is a complete answer to the defence in an aetion of 
this kind, which is brought to recover a deposit.” The 
recovery of the deposit paid with a tender is not usually 
an easy matter, and therefore this case is important to 





contractors. 
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ELECTRICAL APPARATUS. 


11,155/10, R. A. Fessen Brant Rock, U.S.A. 
Wireless S (2 Figs.) May 5, 1910.—This invention 
relates to signalling by electromagnetic waves, and its primary 
objects are to increase the sensitiveness and efficiency of receiving 
devices for signalling thereby, More especially is it designed to 
make use of electrostatic effects in the construction of receivers. 
The applicant has discovered that static receivers can be made 
extremely sensitive by the use of certain constructions and 
methods of operation, and he uses electrostatically-charged wires 
or filaments, which, by change of position due to change of the 
charge, pee a signal which may be recorded. 105 is an 
antenna aving in circuit the primary 106 of a transformer, whose 
secondary is 107. In circuit with the secondary is an adjustable 
inductance 118, and an adjustable condenser 119. The leads 128 
and 127 are connected to two extremely fine filaments 121, 122 
mounted in a closed and evacuated glass vessel. In proximity 
to the wires 121, 122, parallel larger conductors 129, 130 are 
placed. These conductors 129, 130 may be connected to a local 
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heterodyne circuit containing a high-frequency dynamo 131. 
Resistances form an adjustable potentiometer for regulating the 
voltage to which conductors 129, 130 are raised, while a variable 
condenser 134 is used to also modify the intensity, and at the same 
time alter the phase. It will be understood that when electro- 
magnetic waves pass through the primary 106 they will generate 
oscillationsin the secondary circuit 107, 118, 119, and the wires 
121, 122 will, by the electrostatic effects, be caused to change 
their relative position. Such change of position may be observed 
or recorded in any convenient way. It will also be noted that if 
the wires have a certain rate of electrostatic charge in the neigh- 
bourhood of a periodicity of excitation of the wires 129 and 130, 
beats will be produced of audible or otherwise recordable fre- 
quency, according to the applicant’s well known “heterodyne” 
method. By use of the switches 135, 136, 137, the circuits 
may be grounded as indicated, while by switches 138, 139 one 
or more of the said sides of the circuits may be opened. (Accepted 
July 20, 1910.) 


10,817/10. R. A. Fessenden, Brant Rock, U.S.A. 
Wireless Signalling. (6 Figs.) May 2, 1910.—This inven- 
tion is particularly —— for use where it is desired to place 
wireless apparatus within an enclosure having walls of iron or 
similar material, and especially on board battleships, where it is 
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advisable to have the wireless apparatus below the protective 
deck. Heretofore this has been found impossible, the signals 
produced and received when the apparatus is placed below the 
protective deck on war vessels, or in a similar situation on other 
vessels, being rendered so weak as to prevent satisfactory working 


over any considerable distance. As the result of numerous 
investigations the applicant has discovered that this weakening 
is probably due to hysteresis or eddy current losses set up in the 
steel decks or passages through which the wireless leads pass. 
He has determined by experiment that merely bringing a wireless 
lead within a few feet from a steel plate for a range of 5 ft. or 
10 ft. has a very considerable effect on weakening the si 3. 
As the result of numerous additional experiments the applicant 
has discovered that this weakening can be overcome by surround- 
ing the leads with a tube of conducting material, integral or 
slotted, which tube is preferably formed of copper or silicon 
bronze, and surrounds the antenna lead or any of the other wire- 
less conductors where they pass through a steel wall or in proxi- 
mity to a wall of steel or similar absorbing material. 11 is a 
compartment of a vessel, 12 being the protective deck, and 13 an 
upper deck. 15, 16 are masts for supporting the antenna, 17, 17, 17 
denote an antenna formed of a number of parallel wires arranged 
in the shape of an inverted triangle, and 18 is the lead from the 
antenna leading to the transmitting and receiving apparatus, 
which are placed below the deck 12. 22 is an oscillation gene- 
rator, and 23 is a receiver. 20is a tube of copper, for —_ 
2 ft. in diameter, which may be integral or slotted. The wireless 
apparatus may be grounded directly to the frame of the ship, or 
a switch may be employed by which the apparatus may be con- 
nected either directly to the frame of the ship or to some 
conductor running through the walls of the vessel, for example, 
to the copper tube 20 by the lead 25. The copper tube 20 is also 
preferably arranged as shown, so that by the closing of the 
switch 26 it may be cc ted to a ductor 27, preferably of 
copper, which runs over the outside of the vessel, and is con- 
nected to the copper sheathing on the outside of the vessel. 
(Accepted July 20, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


16,172/08. Willans and Robinson, Limi and J. 
C. Peache, Rugby. Internal-Combustion es. 
(2 Figs.) July 10, 1909.— This invention relates to internal- 
combustion engines working on the two-stroke cycle, in which a 
single sleeve or liner reciprocating in the cylinder has two sets of 
ports which, at the end of the working stroke, coincide with the 
inlet and exhaust ports in the cylinder. a is the cylinder, in 
which a sleeve b is reciprocated by means of eccentrics on the 
crank-shaft d, a rod e being connected from each eccentric to the 
sleeve. The piston f reciprocates within the sleeve b. The 
cylinder head has upon it a cylindrical projection g, which ex- 
tends within the sleeve b, and is provided with packing rings. 
In the sleeve b are two rings of ports, one ring towards the inner 
and one ring towards the outer end, whilst there are corresponding 
ports in the cylinder, which ports coincide with the sleeve ports 
at the end of the working stroke. At the end of the outward 
stroke the outer ports have passed beyond the packing-rings of 
the cylindrical “pg eo g, and the packing-rings of the piston f 
have passed the inner ports in the sleeve. The explosion 
having taken place, the piston f and sleeve / move towards 
the end of their inward strokes until, towards the end of 
the stroke, the outer ports in the sleeve have passed beyond 
the end of the cylindrical projection g and the piston / is 
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about to pass beyond the inner ports in the sleeve, which ports 
at the end of the stroke are uncovered. At the end of the inward 
stroke the port leading to an annular space or receiver chamber lL 
is opposite the inner ports, and the port leading to another 
annular space or chamber m is opposite the outer ports. 
Seavenging air is blown through the chamber / and through the 
inner ports into the sleeve, and the products of combustion are 
blown by the scavenging air through the outer ports into the 
chamber #. On the return stroke the air contained in the sleeve 
or liner is compressed as the piston approaches the cylinder head. 
With an engine of the Diesel type the fuel is injected in the 
usual way, at the commencement of the following or workin 
stroke. With a gas or carburetting engine the fuel is introduc 
with the scavenging air at the end of the inward stroke. For 
providing scavenging air an annular piston n is formed on the 
inner end of the sleeve b, working in an —- part of the 
cylinder bore. o is an air inlet-pipe, p a valve by which a port 
leading into the enlarged part of the cylinder bore can be opened 
either to the air inlet-pipe o or to the chamber /. On the outward 
stroke air will be driven by this annular piston into the chamber 
1, and on the ports opening at the end of the next inward stroke 
air from the chamber will be blown through the liner for 
scavenging and charging purposes. (Accepted July 20, 1910.) 


21,725/09. E. W. Lewis, Coventry. Internal-Com- 
bustion es. (3 Figs.) September 23, 1909.—This in- 
vention relates to engines having a rotary valve or valves. Ac- 
cording to this invention, the valve is free to rotate in suitable 
rigid bearings, and each cylinder is slung from the rotary valve. 
The crank-chamber A is formed with hollow upstanding trunks 
B to receive the cylinders ©. The crank-chamber also carries 
brackets D which may be formed on the trunks B. These 
brackets carry bearings at E for an overhead shaft F, which 
forms the rotary valve. Suspended from the rotary valve F are 
the cylinders C. Each cylinder head may be bored to receive the 
valve F, causing the cylinder to hang down into the hollow 
trunk B. It is preferred that each cylinder casting be formed 
with its own water-jacket L. In this the ity for a 











water-tight joint is obviated, but in such a case the water-jacket 
may be provided with a flange or shoulder at L? engaging a 





similar shoulder B? formed on the trunk B. An elastic pa:- ing. 
ring may be interposed if required, but it will be seen that 
this joint need not be a fluid-tight one. It will be seen that < ach 
cylinder merely floats, being slung from the rotary valve which 
is supported in suitable bearings from thé crank-chamber, The 
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cylinders are therefore subjected to little stress. At the point 
of attachment to the rotary valve the cylinder may be provided 
with a portion M, easily movable for access to the valve. This 
part may have attached to it the inlet and exhaust branches, or 
they may be attached partially to the portion M and partially to 
the cylinder casting. (Accepted July 20, 1910.) E 


18,656/09. S, Chandler and M. L. Chandler, London. 
Gas-Purifier Grids. (9 Figs.) August 13, 1909.—This inven- 
tion relates to grids for use in apparatus for purifying coal-gas 
wherein the gas is passed through a succession of layers of mate- 
rial. According to the invention, the grid is constructed sub- 
stantially on the lines of the well-known grid, with the important 
exception that it is composed of upper and lower sections or 
members which fit loosely one into the other and form a com- 
pound grid ; when it is found necessary to clear the spaces the 
upper member is removed, so that the spaces between the bars of 
both the lower and upper section are of a width which allows 
of their being easily cleaned. a, b indicate the two members of 


Fig. 7. Fig. 2. 





a 


the grid, the member a being composed of a series of bars ¢, ¢ 
united by cross-bars or distance-pieces c!, cl, and the member b 
rovided with a series of bars d, d united by cross-pieces d!, d}, 
volts being passed through the cross-pieces and bars c¢, c! and 
d, d@\ for holding the respective sets of bars together. The bars 
c, ¢ are arranged at such distances apart that the bars d, d will 
fit between them, the two sets of bars c, ¢c and d, d together 
making up the entire surface of the grid. The bars c¢, c and d,d 
are respectively notched at c?, c2 and d2, d? to receive the cross- 
bars cl, dl, This notching of the bars, however, is not necessary, 
as one set of bars may rest on the cross-bars c!, c! of the other 
set. (Accepted July 20, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


5120/10. R. Sulzer, Winterthur, Switzerland. 
Steam-Turbines. (3 Figs.) March 1, 1910.—The shanks of 
the blades of steam-turbines are fixed to the rotor in various ways, 
for instance, by engaging an undercut circumferential groove 
formed in the latter, space-blocks being inserted between the 
blades to form the necessary steam spaces. To secure the blades 
firmly in place a ring is placed over their outer ends, and to pre- 
vent this ring from moving laterally relatively to the blades, a 
circumferential groove extendi¢7 right round the ring is formed 
on its inner side, the outer cds of the blades engaging this 
groove. Alternatively, a rib projecting from the inner surface 
of the pom and extending right round the same, engages recesses 
in the blades; but in both cases the steam spaces between the 
individual blades have alternate projecting and recessed portions 
which bring about the formation of eddies in the passing steam. 
According to this invention, the projecting or recessed portions 
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are avoided by covering the inner wall of the grooved ring, whi *h 
surrounds the blades, with a thin sheet-metal strip provided with 
slots at the points where the outer ends of the blades engaye the 
ring. The steam spaces are thus limited at their outer circum: 
ference by smooth walls, and the formation of eddies is thus pré 

vented at the outer ends of the steam spaces. The blades a@ are 
connected to the wheel rim in any desired manner. For secure!) 
fixing these blades in place, they are further surrounded by 4 
securing band or head-ring ¢ provided with a continuous groove’, 
with which the projecting ends e of the blades engage. Thes 

projections pass through holes in a sheet-metal strip g — on 
the inner wall of the ring d, this strip —s smooth walls to 
the passing steam in the channels h. e thin metal strip can \ 


easily provided with the necessary holes, thus. rendering it super: 
fiuous to mill or to stamp out single recesses in the thick ring 
in place of the groove d, which can be easily produced by turniny. 





(decepted July 20, 1910.) 
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GLASGOW AND WEST OF SCOTLAND 
TECHNICAL COLLEGE. 
By Joun G. Kerr, M.A., LL.D. 
(Continued from page 427.) 
THE CONSTITUTION AND ORGANISATION. 


Tue present constitution dates from 1886, when, 
by an Order in Council, the scheme prepared by 
the Commissioners for the amalgamation and 
administration of certain educational endowments 
in Glasgow, referred to in our introductory article, 
received Royal approval. Under the title ‘‘ The 
Governors of the Glasgow and West of Scotland 
Technical College,” a body of managers represent- 
ing many interests, and elected by the principal 
public bodies, was formed. To this managing 
board members were sent by the Corporation, the 
University, the School Board, the educational 
trusts, the Faculty of Physicians and Surgeons, the 
Faculty of Procurators, the Merchants’ House, the 
Trades’ House, the Philosophical Society, and the 
Institution of Engineers and Shipbuilders in Scot- 
land. Inall, thirty-one governors were provided by 
the scheme. The chairman is Mr. George Thomas 
Beilby, LL.D., F.R.S., who, since 1907, has con- 
tinued the great work of his predecessor, Sir 
William Copland. In presence of an urgent call 
for highly organised technical education, and under 
the management of able men of affairs, enterprising 
employers of skilled labour, and expert educational- 
ists, the success of the College was assured ; while 
a free flow of money to meet the cost of their 
undertakings, and a grateful public recognition of 
their services, supplied the Governors with the 
vitalising influences which were essential to effec- 
tive progress. With this progress, so remarkable 
during the past ten years, must be associated the 
name of the accomplished secretary, Mr. H. F. 
Stockdale, in whom the Governors of the College 
have a devoted official, ever alive to possible 
requirements, and sparing no pains to keep himself 
informed of all that is best in the other great 
centres of technical and technological instruction. 

In addition to those more essentially local 
influences which have favoured the growth of 
the institution, there has been operative, par- 
ticularly during the last decade, a strong national 
force embodied in the Scotch Education Depart- 
ment. Apart altogether from the complicated, 
yet organically connected, systems of elementary, 
supplementary, higher grade and secondary educa- 
tion arranged by the department, and apart even 
from the special importance of the types of train- 
ing, which the ordinary school system provides 
as a preparation for higher and more technical 
work in central institutions, the action taken 
by the department with reference to those central 
colleges themselves has been productive of incalcul- 
able good. During the first forty-five years of the 
operations of the Science and Art Department 
pecuniary encouragement for the teaching of science, 
as we have seen, came to the College of Science and 
Arts, and to Anderson’s College, in the form of 
grants earned by individual students in the several 
subjects in which they were presented for examina- 
tion. The advantages that were derived from this 
financial assistance and also from the guidance sup- 
plied in the examination schemes were very great. 
Obviously, however, not only was this method 
of subsidising science schools objectionable as 
being haphazard, but there was a certain narrow- 
ing influence from the nature of the test and the 
money aspect of the result, and, most important 
of all, there seemed to be, as a consequence of the 
system, obstacles, unintended no doubt, and possibly 
even more imaginary than real, in the way of 
organising well-balanced co-ordinated courses of 
instruction suitable to the wants and conditions of 
different classes of students. In 1901 the Scotch 
Education Department dealt very thoroughly with 
this question, and by inserting a clause in the 
Continuation Class Code of that year effected 
@ revolution. In an explanatory circular the 
department, after a general remark on the need 
for providing for selected students instruction 
of the highest kind in applied science, proceeded 
to indicate the manner in which central col- 
lees might become the crown of the educational 
sys'em which was being built up in Scotland. 
Instead of being hampered by sets of regulations 
relating mainly to payments for students’ successes 
m separate subjects, each central college would 
; eceive large annual grants, and would work out 
or itself its own schemes of training and in- 


struction. In this freer life the department looked 
for ‘‘the opening up of opportunities for research 
and discovery to able students, with decisive advan- 
tages to the industries of the country.” The first 
of these annual grants to the Glasgow Technical 
College was fixed at 49001.; that of last session 
exceeded 11,000/., and, further, the total of the 
contributions to the building fund from the same 
source now amounts to more than 80,0001. These 
figures are an earnest of the department’s belief in 
the efticiency of the institution, and of its desire 
to promote the ideals indicated in the Continuation 
Code of 1901. 

Under the constitution of 1886, and with those 
favouring influences, local and national, which have 
been referred to, the progress of the College as 
regards (1) the number of students, (2) the pro- 
grammes of study, and (3) the standard of diploma 
work, has been very marked. 

In 1887 there were 168 day-students and 1771 
evening students ; to-day the day-students number 
600, and the number of evening students is close on 
4000. 

Prior to joining either an evening or a day class 
of the College the student must give proof of his 
ability to profit from the work he desires to do. 
From day-students entering on a diploma course 
who do not hold the group-leaving certificate of the 
Scotch Education Department, or who have not 
passed the preliminary examination for a degree in 
science of any of the Scottish universities, the 
Governors exact passes on a university standard in 
English, mathematics, experimental science, and a 
language. The dominating feature of the pro- 
grammes of study for day-students is the encourage- 
ment of definite curricula, with, as their objectives, 
diplomas in the following departments :—Civil 
engineering, mechanical engineering, electrical engi- 
neering, mining, naval architecture, chemistry, 
metallurgy, building and textile manufacture. Ac- 
cordingly, the College as regards its day-work has 
assumed the character of a highly organised technical 
institution, with highly specialised courses directed 
towards the great industries. Nor is this prin- 
ciple less in view in the evening classes, from which 
students, by satisfactorily working through care- 
fully constructed programmes that cover five 
sessions of study, can obtain certificates in various 
sides of engineering and industrial science. 
Further, these certificates count pro tanto should 
the evening student desire to proceed to the 
diploma of the College. While as yet the Governors 
do not have the privilege of awarding degrees, it 
is to be noted that there is a close relation between 
the University and the Technical College, not merely 
through the classes of certain professors and lec- 
turers in the latter being recognised as qualifying 
extra-mural classes for the former, but also from 
the important fact that the holder of the College 
diploma in engineering can, after attendance for 
one year at prescribed classes in the University, be 
admitted to the examination for the degree of 
Bachelor of Science in Engineering. It might 
be rash to attempt any prediction as to the rela- 
tions which in the near future will exist between 
the University of Glasgow and the Central Tech- 
nical Institution. At present students and graduates 
of the University find certain advantages from 
college courses, while, as has been said, many col- 
lege students add a variety of experience from the 
pursuit of a university degree. As the preliminary 
examinations now amply attest the general scholar- 
ship and culture of the diploma student, and as the 
scheme of study for any one of the diplomas involves 
strenuous and able study, extending continuously 
over at least three years, it is contended that a 
degree in science should be got on somewhat easier 
terms than at present, and that a satisfactory solu- 
tion might be found in some form of loose affilia- 
tion which, while giving University rank and privi- 
leges to the College, would not interfere with its 
fresh individuality and vigorous autonomy. The 
Governors, however, are probably not so much con- 
cerned with academic progress and university status 
—these are by-products—as with the pursuit of the 
best methods of practical education and the arriv- 
ing at programmes of study that will be most fruit- 
ful in practical life. To secure these the depart- 
ments of the College are arranged in groups, 
each group — p under a committee of 
Governors specially qualifi 
and these committees co-opt other specialists to 
assist them. Thus, for example, the Committee 
on Chemistry and Metallurgy has, in addition to 
such of the Governors as are directly connected 





ed to deal with its work, | has 


with those industries, co-opted representatives from 
iron works, chemical factories, turkey-red dye 
works, calico-print fields, and collieries. Similarly 
on the Engineering Committee, of which all the 
governor members are experts in engineering 
matters, there are the President of the Institution 
of Engineers and Shipbuilders and the President of 
the Glasgow Students’ Association of the Institution 
of Civil Kngineers, the President of the West of 
Scotland Iron and Steel Institute, and the Presi- 
dent of the Glasgow Students’ Association of the 
Institution of Electrical Engineers. The Sub- 
Committee on Boilermaking classes includes repre- 
sentatives from Lloyd’s, the Board of Trade, the 
Boilermakers’ and the Iron and Steel Shipbuilders’ 
Society. This policy has ensured the closest pos- 
sible connection between the College and the local 
requirements. There is, on the one hand, the 
opportunity placed before those responsible for the 
principal industrial works on the Clyde of deter- 
mining the character of the training which should 
be provided, and, on the other hand, of directing 
into profitable channels the energies and attain- 
ments of the students. On both counts the Glasgow 
Technical College has reasons for being satisfied. 

The importance of an interested and sympa- 
thetic attitude of employers to the education of 
apprentices cannot be over-estimated, and therefore 
it must be most gratifying to the management 
that nearly one hundred of the leading firms in 
and near Glasgow have expressed their willingness 
to allow to a selected number of their apprentices 
facilities for carrying out a scheme of college study 
conjoined with practical work. The courses of 
study in engineering are held during the winter 
sessions of the College, and thus student-appren- 
tices are left free to spend the intervening summers 
in the shops. Many of these firms are willing to 
recognise, wholly or partially, the time spent in 
College as part of the apprenticeship period, but 
such recognition in each case is, of course, contin- 
gent upon satisfactory reports received from the 
College. While there is a real desire among em- 
ployers to give effect to one or other form of the 
sandwich system, it has to be understood that the 
privilege of this kind which any apprentice may 
enjoy is in the first instance a matter of arrange- 
ment between him and his employer. Several firms 
have adopted the system of selecting student- 
apprentices by sharp competitive tests. 

or students who have completed the diploma 
course there is an increasing demand. This was 
ey noticeable last year in the department of 
chemistry, from which students with the full 
training in technical chemistry, and possessed of a 
good knowledge of engineering operations related 
to chemistry, passed at once to responsible appoint- 
ments in chemical factories. Generally, it may be 
said that the records which the College keeps as to 
the destination of its students declare unmistakably 
that those able students who complete diploma 
courses are sure to obtain posts in which their 
college work will find good remuneration and favour- 
able opportunities for distinguished expression in 
practice. 

The natural tendency of the educational policy of 
the administration is towards the building up of 
correlated courses into well-defined groups, care 
being taken, however, to make the principal courses 
in each group as solid and substantial as possible. 
Subsequent specialisation will thus rest on sure 
foundations, for the student who has profited by 
his college work will be possessed of a firm first-hand 
knowledge of principles, and be able to apply them 
with confidence to whatever new developments may 
crop up in his future professional work. The 
schemes of instruction in the diploma courses, it 
should be noticed, start with a common programme 
for the first year. Thirty hours per week are taken 
up with natural philosophy, chemistry, mathe- 
matics, physical laboratory, chemical laboratory, 
and engineering drawing. 

On this wide basis, firmly laid, specialisation can 
take place with safety ; and this specialising of 
studies is pushed far. Thus in the second year of 
the civil engineering course the student deals with 
railways and roads, harbours and docks, founda- 
tions and materials, sewerage engineering, mechanics 
of structures, theoretical and experimental mecha- 
nics, geology, and appropriate drawing. He also 
an advanced course of mathematics. In the 
third year he extends his knowledge of most of the 
second year’s subjects, and adds a study of water- 
works engineering, motive-power engineering, and 





the mechanics of structures, The second year’s 
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course in mechanical engineering includes instruc- 
tion in fuels and oils, materials of construction, 
electrical engineering, thermodynamics, mechanics, 
and motive-power engineering, with nine hours per 
week of laboratory work. The classes in mathe- 
matics and engineering drawing occupy six hours. 
In the third year of this course the study of the 
more important of these subjects is carried to a 
higher point, and laboratory and design work pro- 
vided for. The course for the diploma in elec- 
trical engineering differs from that for mechanical 
engineering mainly in respect of the extent to 
which the study of electricity is carried on, such 
subjects as mathematics, mechanics, thermody- 
namics, motive-power engineering, and engineering 
drawing being necessarily common tothe two courses. 
The differentiating features of the mining diploma 
course are coal-mining, geology, and metallurgy, 
and with the study of these subjects extensive 
laboratory work is associated. Correspondingly 
for naval architecture there are arranged, in addi- 
tion to courses in mathematics, mechanics, hy- 
draulics, prime-movers, and such other subjects 
as bear upon the problems of shipbuilding, three 
courses of special lectures, with drawing-room prac- 
tice, on the principles and methods of designing and 
building vessels for the mercantile marine and the 
Navy. The chemical and the metallurgical diplomas 
involve in a still more peememeeee degree severe 
courses of instruction.in the subjects falling directly 
within these departments, yet scrupulous regard is 
paid to securing a competent knowledge of such 
engineering and physical suidjects as are neces- 
sary for the enlightened and scientific prosecution 
of his work by the chemist and by the metallurgist. 

For the purposes of giving a liberal training for 
a diploma in architecture a joint committee, con- 
sisting of representatives from the Technical 
College and the School of Arts, has arranged pro- 
grammes of study, in the administering of which 
professors from both institutions are employed. 

The latest additions in the direction of pasyee 
work are in the Department of Textile Manufac- 
tures and in the Navigation School, to which 
reference will be made later. 
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Side by side with co-ordinated studies the 
Governors have found it possible and advisable to 
organise classes of a distinctly technological or trade 
character, in the management of which representa- 
tives of masters and of men in the several trades 
affected take an active and responsible share. Of 
those classes which have been devised to give opera- 
tives wider views of the principles underlying their 
every-day work, and also to afford experiences which 
‘*division of labour” has interfered with, are those 
for plumbing, sheet-metal working, baking, printing, 
boot-making, watch and clock making, and tailoring. 
The extent to which advantage is taken of these 
classes (the rooms are crowded), the enthusiasm with 
which the work is carried on, and the helpful atti- 
tude of the employers make it unnecessary to seek 
other reasons for encouraging their maintenance. 
In the well-managed and well-equipped workshops 
of the College the artisan-students experience an 
increase of knowledge, skill, interest, and self- 
Se oe useful national assets. 

ference will be made later to the system of 
continuation classes, which, under the auspices of 
school - boards and other educational authorities, 
in collaboration with the Governors, have been 
instituted in Glasgow and the West of Scotland as 
preparatory to the work of the College. 

e@ may now consider in some detail certain of 
the schemes of instruction in the important depart- 
ments, and the equipment that has been designed 
for carrying out these schemes efficiently. 


LABORATORY FOR ELEMENTS OF MECHANICS. 


The illustrations of the appliances used by Pro- 
fessor Longbottom and the staff of the Department 
of Mechanics in helping students to obtain sufficient 
hold of principles that they can deal intelligently 
with statical and dynamical problems in connection 
with machinery and structures appear above and 
on page 489, Figs. 14 and 15. Generally, it will be 
seen that the ap tus is of well-known types, and 
so the chief service of the illustration is to indicate 
the fulness of the equipment and the disposition of 
the experiments on which the students are exercised. 
The experience of teachers has shown that, except 








by the few, satisfactory approach to the study of 
mechanics lies not so much deductively through 
Newton’s laws, as experimentally through the 
careful measurement of effects and causes. Accord- 
ingly we find inthe Mechanics Laboratory appliances 
for illustrating the triangle of forces, the polygon 
of forces, the link polygon, forces in braced frames, 
and soon. The laws of friction are made the sub- 
jects of a series of experiments with simple appa- 
ratus. It is the weiellags of the student to make 
personal inquiry into the law of work, the efficiency 
of machines, the energy of rotating bodies, and the 
relations of- force,--mass,-and acceleration. He 
determines moduli of rigidity and of elasticity, 
vibration periods and moments of inertia. He 
examines, through experiments, harmonic motion, 
the compound pendulum, the laws of impact, and 
the balancing of machines. For the testing of 
material and for hydraulic work, Professor Long- 
bottom has arranged, in his senior laboratory, special 
plant, which will be illustrated and described in a 
later article. 


Motive Power Laporarory. 

Motive power engineering forms a vital part of 
all the engineering courses, and appears also in the 
Naval Architecture, the Chemical, the Metallur- 
gical, and the Mining programmes. The lecture 
courses are drawn up with the object of giving 
students a good general knowledge of the ordinary 
steam, gas, and oil-eagines. Engine details are 
studied and the sketching of examples encouraged. 
Special attention is paid to the use of the different 
instruments employed in engine-testing, and to the 
methods of using, calibrating, and keeping in order 
the various types of indicators. Determinations of 
the latent heat of steam at various pressures, the 
efficiency of non-conducting materials, the rise of 
temperature in the cylinders of air-compressors, 
the abstraction of heat by refrigerators, and so forth, 
are all subjects for laboratory work. 

The theoretical work, extending over two sessions, 
is, it need hardly be said, of a wide scope. The 
fundamental laws and equations of thermodynamics 
and their application to gases, to saturated and to 
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superheated steam indicator diagrams, the efficiency 
of perfect engines, the theory of reversing heat- 
engines and refrigerating machines, cylinder-wall 
condensation, valves and valve gears, governors, 
boilers, balancing of engines and turbine design, 
to mention the outstanding subjects considered, 
are all dealt with exhaustively in the lecture courses 
of Professor A. L. Mellanby, D.Sc., M.I. Mech. E. 

In arranging the motive-power engineering labo- 
ratory (Figs. 16 and 17, pages 490 and 492) two 
ends have been kept in view. The wants of the 
majority of the students had to be considered, and 
therefore it was necessary to provide equipment 
which would serve to illustrate the work done in the 
lecture classes, and would also enable the students to 
become familiar with the best methods of carrying 
out engine and boiler tests. But beyond this it 
was realised that in the interests of the best 
students a laboratory should be available for the 
solution of problems occurring in practice. In 
consejuence of these considerations the plant has 
been so designed that it can be used by the elemen- 
tary student in connection with his ordinary class- 
work, whilst by the addition of devices for quanti- 
tative determinations it becomes available for 
original investigations by the research student. 
Thus, for example, the small condensers used 
by the junior students for measuring the latent 
heat of steam are also used by those who are more 
advanced, for elaborate tests of the rate of steam 
condensation as influenced by speed of water 
and speed of steam. From a reference to the 
plan of the motive-power engineering laboratory 
(Fig. 16), and to the accompanying list of appliances 
in use, it becomes evident that ample facility for 
information and training is at the disposal of the 
students of this department. Practically the whole 
of the apparatus has been purchased within the last 
few years. While the units are sufficiently large 
for experimental work on practical lines, they are 


not so large as to entail undue sacrifice should it be 
consiicred necessary to introduce apparatus of 
newer and better design. 

Te deal first with internal-combustion motors, 
Messrs. William Beardmore and Co., Limited, have 
hi + ‘der construction a 40-brake-horse-power 

lgh 


eed oil-engine, especially adapted for experi- 
mental work, which they propose to present to the 
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College. With a 50-brake-horse-power ‘‘ National” 
gas-engine and suction-producer, a Crossley gas- 
engine, a Campbell oil - engine, and a 35 - horse- 
power Diesel engine, valuable tests can be made, 
and comparisons established among them, and also 
with the suction plant and petrol-engines in 
use. Investigations upon the economic values 
of different fuels are carried on with those 
engines, and by collaboration with the Depart- 
ment of Technical Chemistry it is found possible 
to obtain calorific values, exhaust-gas analysis, &c., 
to a much greater degree of exactness than is usual 
in an engineering laboratory. From the two-stage 
air-compressor and the ammonia refrigerating plant 
the student obtains facts that illumine his study of 
thermodynamics. 

By the proper use of the equipment provided, it 
is reasonable to assume that the student can learn 
much about boiler management, and his experiments 
with the Babcock and Wilcox boiler and with the 
Stirling boiler will supply points of comparison 
between types of water-tube boilers ; and as feed 
appliances of the Weir, Tangye, and Blake-Knowles 
type are at hand, he can test the suitability of 
these feed-pumps in reference to various purposes. 
Messrs. Weir, too, have just presented one of their 
latest vertical feed-pumps, capable of delivering 
1450 gallons per hour. 

The students, again, are favourably situated for 
acquiring a knowledge of later turbine practice. 
There will shortly be installed a 260-brake-horse- 

»wer turbine manufactured by Messrs. Parsons. 

ere is also a Laval turbine. Dr. Mellanby’s new 
experimental steam-engine, shown in Fig. 16, and 
also in the perspective view of the laboratory (Fig. 17, 

e 492), is an important addition. It is Dr. 
ellanby’s contention that the preliminary educa- 
tion of engineering students and their shop experi- 
ence should make it possible for them to pass from 
merely elementary observations and measurements 
to serious investigations of current problems ; and, 
further, that as things are it is imperative, for the 
sake of industrial progress, that our technical col- 
leges should be devoted in no small measure to 
original research. His experimental engine may 
therefore be considered with reference to these two 
views, which, of course, are not mutually incom- 
patible. With the professor's high ideals of the 











kind of work which engineering students should be 
prepared to do during their college life there can 
be no quarrel. Indeed, as has been remarked in 
an earlier paragraph of this article, one dominating 
idea of the controlling educational authority in Scot- 
land—the Scotch Education Department—points in 
the same direction. It is the purpose of this 
department to make sure that on the foundations of 
a sound primary education, and on the fairly wide 
culture of the intermediate curriculum, there can 
be built in secondary, or, as they are now called, 
post-intermediate departments of modern schools, 
a structure of solid attainments in pure science, 
and in the principles of applied science. Possessed 
of such knowledge, and having in the process of 
their education received such a rigorous training in 
scientific methods, the best products of the schools 
may be expected to meet Dr. Mellanby’s require- 
ments as soon as they have added some appren- 
ticeship experience in progressive shops. Allan 
Glen School, with the management of which the 
Governors of the Glasgow and West of Scotland 
Technical College have been entrusted during the 
past quarter of a century, may be taken as the type 
of school which promises to supply students capable 
of taking the fullest advantage of the opportunities 
now offered in central technical institutions. Need- 
less to say, no educational system, however well 
conceived and administered, can claim credit for 
more than supplying guidance and opportunity. 
As has been said again and again, Britain does not 
owe the great inventions on which its prosperity 
rests only to those who have enjoyed a high technical 
training. Yet nowadays, with the virtually unre- 
stricted opportunity of education open to every 
youth cf ability, and with processes of elimination 
operative at the various stages of school life, it is 
not too much to hope that from the ranks of the 
outgoing pupils of these modern science and 
secondary schools will emerge groups of select 
students who will serve the nation well by advanc- 
ing scientific knowledge and promoting increased 
control over the resources of Nature. 


Dr. MELLANBY’s EXPERIMENTAL STEAM-ENGINE. 


This engine (Figs. 16 and 17), which is of the com- 
pound type, was made by Messrs. Cole, Marchent, 
and Morley, of Bradford. It was designed to work 
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with high-pressure superheated steam in the high- 
pressure cylinder, and is provided with an inter- 
heater, so that the steam passing to the low- 
pressure cylinder may also be superheated. The 
high-pressure cylinder is 12 in. in diameter, the 
low-pressure 20 in. in diameter, and the stroke is 
30 in. The valves are of the drop-piston type, and 
are designed to permit alteration of clearance, and 
so that experiments may be made on the effect of 
valve leakage on the steam consumption, and there- 
fore on the efficiency of the steam-engine. Dr. 
Mellanby has had small bosses cast in different 
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be taken during a trial. A neat arrangement has | 
been devised by Mr. Robert Royds, M.Sc., a 
member of the staff of the College, to give a deli- ; 
cate adjustment of the tension of the brake-band. Taeory or Harpenine Carson Srezts. 
The two ends of the brake-band are connected Tue lastpapertakenon Wednesday, September 28 
through a toggle-joint (see Fig. 19), which can be | was by Mr. C. A. Edwards, M.Sc., Manches(or - 
adjusted by turning a spindle, on which is cut a/it dealt with the “Theory of Hardening Carbon 
right-handed and left-handed screw, so as to vary | Steels.” We shall publish this paper in full in q 
the load as recorded in the spring-balance. | later issue. 

The special value of this installation for steam-| In this paper, which he read in abstract, the 
engine research depends mainly on the introduction | author first referred to the controversy which stil] 
of the interheater placed between the high-pressure divides steel metallurgists into two distinct groups 
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LIST OF REFERENCES TO FIG. 16. 


1. 6}-in. by 12-in. steam-engine. 14. Interheater. 28. Platform for oil-tank (Mirrlees, Watson, 42. Feed-water measuring-tanks. 

2. Small superheater. 15, Air-compressor (A, Murray and Sons). and Co., Limited). 43. Suction-tank for Weir pump. 

8. Weir feed-pump. 16, Intercooler(A. Murray and Sons). 29. Exhaust silencer (Mirrlees, Watson, and 44. Gangway to boilers. 

4. Small condenser. 17. Air-receivers (A. Murray and Sons). Co., Limited). 45. Two-cylinder steam-engine. 

6, Condenser with two-throw air-pump 18. Linde refrigerator ; ammonia-compressor. 30. Lathe (Lang and Sons). 46. Drawing and sketching tables. 
(A. Rogers and Co.). 19. Linde refrigerator ; brine-pump. 31. Dynamometer for motor-cars (A, Murray 7. Cabinet for instruments. 

6, Cast-iron bar with steam-cylinder. 20. Linde refrigerator ; evaporator. “and Sons). 48. Electric motor. 

7. Cast-iron pipes. 21. Linde refrigerator ; condenser. 32. Petrol-engine 49. Shaping-machine. 

8. 3-B.H.-P. De Laval steam-turbine. 22. 5-in. by 12-in, Crossley gas-engine. 33. Stirling boiler. 50. Lathe. 

9. Switchboard. 23. Suction gas-producer (Pollok, Whyte, and 34. Babcock and Wilcox boiler. 51. Milling machine. 

10. Wheeler condenser. addell), 35. Tangye feed-pump.. : 52. Grindstone. — ’ 

11. Indicator tester. : 24. 8-in. by 16-in. suction gas-engine, 36. Blake-Knowles feed-pump 53. Vertical drilling-machine. 

12. Cast-iron cylinder for heat-flow experi- 25. 8h-in. by 16-in. Campbell oil-engine. 87. Weir feed-pump. : 54, Oil and waste store. 
_iments. 26. 35B.H.-P. Diesel oil- engine (Mirrlees, 38, Sndesed dient fan. 55. Vice-bench. P 

13. 12 + 21 compound steam-engine (Cole, Watson, and Co., Limited). 39. Chimney. 56. eae, 

Be 27. Compressed - air cylinders (Mirrlees, 40. Green’s economisers. 57. Screwing-machine, 

Marchent, ana Morley, Limited), Watson, and Co., Limited). 41, Stirling superheater. 


places at the ends of the cylinder to allow the | 
mean temperature of the clearance surfaces to be | 
taken by mercury thermometers. Provision also 
has been made for the insertion of thermo-junctions 
in the cylinder-walls, so that the cyclical tempera- 
ture changes of the metal may be observed. 
Exhaust steam is received in a surface condenser 
of 400 sq. ft. of cooling surfece, specially designed for 
experimental purposes in collaboration with Mr. E. 
Hall-Brown, and made by Messrs. A. Rodger and | 
Co., Govan. Two electrically-driven air-pumps de- | 
liver the condensed steam to the measuring vessels, 
The dynamometer designed by Dr. Mellanby has 
some interesting features, as will readily be seen 
from Figs. 18 and 19, on page 493. A cast-iron 
rim is bolted to the fly-wheel to receive the brake- 
band, and the latter is fitted with truss-rods, form- 
ing arms, one of which carries the load, while the 
other is coupled to a spring-balance. The move- 


ments of the pointer of the spring-balance are regis- 
tered on a revolving drum, and in this way a con- 





tinuous and accurate record of the brake load can 





and the low-pressure cylinders. The exhaust steam '—the ‘‘carbonist” school and the “ allotropist 
from the iaanomun cylinder may be superheated | school—adding that it would be strange were 
in this interheater, which, on its part, may receive |there to be two distinct and equally accurate 
for superheating purposes steam passing from the | explanations of one and the same phenomenon. It 
boiler to the high-pressure cylinder, or it may | might be possible, he said, if the data bearing on 
receive from the boiler live steam which passes to a | the subject were carefully examined in the light of 
condenser, where it is measured. If it isnot desired | physico-chemical laws, to annex the valuable points 
to superheat the exhaust of the high - pressure | from the ‘‘carbonist” and the ‘‘allotropist ” theories, 
cylinder, the pipes are so arranged that this exhaust | not with the view of extinguishing either, but 
steam passes directly to the low-pressure cylinder. | rather of merging the two and sinking the difference 
Further, instead of supplying dry saturated steam, | that now existed. 
superheated steam can be obtained through the use| With this view, he discussed the subject from 
of a separately-fired superheater. From the fore-|an impartial standpoint, referring to work carried 
going brief statement it is obvious that by means | out previously by others only when this was abso- 
of Dr. Mellanby’s engine a wide field of investiga- ‘lutely necessary, in the hope that the object of 
tion is opened up. ‘the paper would be more readily attained. He 
(To be continued.) | reviewed the phase rule, the physical properties 
,of iron, the effect of carbon on iron, the effect o! 
quenching on steel, illustrating his arguments 
by diagrams and photo-micrographic reproductions. 
His object, he repeated, was not to stir up the con- 
troversy alluded to above ; he wanted his paper to 








Doctor oF ScreNcE OF THE UNiverstry oF DuRHAM. 
—At a convocation of the University of Durham, held on 
Monday, October 3, the honorary degree of Doctor of 
Science was conferred upon Mr. S. J. P. Thearle, the 
chief ship surveyor to Lloyd’s Register of Shipping. 
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form the nucleus for an unprejudiced and thorough 
discussion of the theory of hardening carbon steels 
by quenching. He arrived at the following con- 
sions : 
"7 He considered that there was ample evidence 
for regarding the 8-iron theory, as applied to the 
explanation of the increased hardness of quenched 
carbon steels, as untenable. 2. The physical inter- 
pretation of the first critical point, or range, which 
occurred in steels containing from 0.45 to 0.89 per 
cent. of carbon, was that it was the change from 
, solid solution into a iron. Therefore, strictly 


the \ 
speaking, this was not the same point as the Ar, of 
pure iron. 3. The hardening of carbon-stcel tools 


by quenching was due to the retention of the solid 
solution of carbide of iron inyiron. 4. Whilst the 
power of hardening depended upon the fact that iron 
existed in the ystate at high temperatures, and would 
dissolve carbon, it also depended upon the fact that 
this solid solution decomposed with slow rates of 
cooling into a iron and carbide of iron, and that 
some force had to be applied to prevent this in- 
version taking place. 5, This force was brought to 
bear upon the steel by rapidly quenching from 
high temperatures. It was probably mechanical 
force exerted by the sudden contraction of the 
outer shell of the specimen. 6. The mechanical 
pressure exerted in this way, and the pressure of 
solution, were no doubt the principal factors in 
the hardening of carbon steels by quenching. 7. 
The suggestion was made that there was no con- 
stitutional difference between the so-called austenite 
and martensite, and that the apparent difference 
was due to the twinning of the y solid solution 
crystals, caused by the mechanical pressure ab- 
sorbed in suppressing the decomposition of this 
solution into a iron and carbide of iron. 

Professor Arnold, who opened the discussion, 
was of opinion, in regard to conclusion 1, that 
this proposition had been enunciated by Sheffield 
twenty years ago. If it were generally accepted, it 
would remove the difference which existed between 
the two schools. The various points where he dif- 
fered from the author had reference to matters 
of detail only, and the author’s conclusions were 
correct if the data were taken on the author’s 
basis. It was necessary first to agree upon facts, 
and upon what were the permanent curves which 
were registered in cooling iron and steel. He 
(Professor Arnold) showed a diagram, which he 
had brought, giving the inverse-rate curve, Shef- 
field, 1896; the differential curve, 1904 ; and the 
inverse -rate curve, Charlottenburg, 1910. The 
latter was the same as the Sheffield one of 1896. 
There were many points upon which agreement had 
not been reached, upon the correct cooling curve of 
iron, among others, and it would be desirable to 
wait until metallurgists did agree together. He 
(the speaker) agreed practically with Mr. Edwards. 
He expressed the opinion that the paper would 
tend to bring the two schools together, when all 
could work on common ground. 

Mr. Saniter said he would like to agree with Pro- 
fessor Arnold’s remarks. Mr. Edwards had said 
that 8 iron had nothing to do with the hardness of 
quenched steel ; this seemed pretty well proved. Mr. 
Saniter asked whether the author contended that 
in steels containing 0.45 of carbon, quenched in 
area A B C, consisted of y-iron solid solutions of 
8 iron after quenching. The parallel drawn in the 
paper between quenched steels and copper-alumi- 
nium alloys was very interesting, but did not seem 
sufficient for supposing that a solid solution did 
account for the great hardness of quenched steels. 
With reference to austenite and martensite struc- 
tures, these were old friends, and martensite was 
a much older friend than austenite; the author 
was no doubt familiar with the fact that mar- 
tensite was considerably harder than austenite. 
There was diversity of opinion as to this. He (Mr. 
Saniter) referred to Mr. Herbert’s paper, read at 
the last meeting, dealing with tests on high-speed 
steel, where he showed that high-speed tools give 
better results when tempered by working hot, this 
seeming to prove that their austenite structure had 
to be somewhat modified before the best results 
were obtained. The photo-micrograph in Mr. 
Edwards's paper of high-speed steel was similar to 
that which he (the speaker) gave in a former paper 
of his. Mr. Saniter did not believe it was cus- 
tomary (o temper high-speed steels after hardening. 

Professor Turner, who followed, expressed the 
hope that the paper would bring the two schools of 
thought together. In regard to the mechanical effect 
of rapid cooling, we should bear in mind also the 





heat effect in cooling. As an example, he instanced 
the cooling of slag, which was differently hard when 
differently cooled ; when it was allowed to stand, 
it became softer than when made to cool rapidly. 
With reference to the twinning of crystals, Professor 
Turner had doubts upon this point. Case-harden- 
ing experiments showed that under an outer layer 
of harder material there was always a twinned 
material ; but the paper gave no evidence on twin- 
ning. If brass showed twinned crystals, he could 
swear that the metal was not only cast, but had 
also undergone mechanical work and annealing. 
He (Professor Turner) was not at all clear that 
pressure alone produced twinning, but pressure 
with subsequent annealing would, and the author 
was going a little beyond what he could prove in 
referring in his paper to the twinning of crystals. 

Professor Carpenter said that other factors, which 
Mr. Edwards had not noted, also intervened. 
There was, for example, the influence of gases. 
With regard to the three curves shown by Professor 
Arnold, and with a view of discriminating between 
the methods of taking them, he was of opinion that 
the matter should be placed before the Physical 
Society for their decision. 

Mr. Stead thought that, before going much 
further in the matter, the point should be referred 
to Mr. Osmond, for the theory was his; he 
should be asked to give his opinion upon the facts 
and upon the conclusions Mr. Edwards had arrived 
at. ‘There was no evidence of twinning in pure 
carbon steel, but it was found in quenched steel 
containing chromium and nickel. Softness and 
hardness, applied to constituents, were relative 
terms, and the point should be given further con- 
sideration. As to the pressure produced by 
quenching, this was not a pressure on the outside ; 
if a round bar were heated and quenched, the outer 
envelope was in tension, not in compression. A 
tyre was heated and shrunk on a wheel centre, but 
the tyre was in tension ; the same thing occurred 
in regard to the outer part of a quenched round bar. 

Mr. McWilliam made a few lively remarks, and 
said that he also agreed that the point concerning 
the hardness or softness of austenite was one to be 
settled ; he added that it was a difficult problem to 
get the measure of hardness. In regard to asking 
the Physical Society to decide upon the question of 
curves shown by Professor howl, he (the speaker) 
refused absolutely to have the matter put in their 
hands. Referring to the said curves, he pointed out 
the similarity between the recent Charlottenburg 
one and the Sheffield one of 1896, adding that the 
one of Charlottenburg had been got out there by 
their Sheffield former student—Mr. Colver Glauert. 

Sir Hugh Bell remarked how difhcult it was for 
them to arrange a programme. The day before 
they had had a practical paper on the rolling of 
wide-flange beams, and only one member spoke. On 
the following day, they had had papers which ap- 
peared perfectly innocent ones, but which raised 
any amount of discussion. He looked forward to 
Mr. Edwards’s reply, which would be given on the 
morrow. He (Sir Hugh) also agreed, in regard to 
the curves, to decline to submit to the opinion 
expressed by a purely theoretical society. The 
discussion they had had threw light upon the fact 
that metallurgists could not agree upon what hard 
steel actually was, and all their work depended 
upon a word concerning which there existed a dif- 
ference of opinion. He insisted upon the im- 
portance of abstract investigations, for nobody 
could say what influence they would bring to bear 
upon the subject. 

The mecting, which had commenced at 9 a.m., 
closed at 11.30 a.m., and visits took place to the 
Devonshire works of the Staveley Coal and Iron 
Company, the Broad Oaks Iron Works of Messrs. 
Markham and Co., Limited, Chesterfield, and to 
other places of interest in the neighbourhood of 
Buxton. 

Mr. Edwards, who replied on the following day, 
Thursday, the 29th ult., expressed pleasure at the 
reception which had been afforded his paper. 
There was no real difference of opinion ; agreement 
existed in regard to fundamental facts. Pro- 
fessor Arnold had spoken on the relative value of 
the two methods of taking cooling curves ; this 
was a point which had been very much discussed. 
and he (the speaker) had no settled conviction as 
to which was the best method ; he left this out of 
the discussion. With reference to the point which 
Professor Arnold had shown in his curve, a dis- 
cussion on the matter would lead to important 
conclusions. In the present stage, however, Mr. 


Edwards added that his conclusions held gocd. 
Professor Arnold had also questioned the reference 
in the paper to the solid solution of carbon or car- 
bide of iron in y iron ; he (the author) regretted 
using the sentence referred to, but he had the sume 
opinion as Professor Arnold—namely, that it was 
the carbide of iron which was in solution in the 
y state. In regard to the way in which metals 
were in solution, he was investigating the matter 
further, and he believed his researches would prove 
interesting. Mr. Saniter had asked whether y and 
8 iron existed in area No. 3; in reply, Mr. 
Edwards said that all diagrams showed it to be so. 
There might, however, be some misunderstanding, 
but by ideal quenching there was 8 and y iron; 
ideal quenching, however, was, perhaps, very likely 
impossible of realisation. Mr. Saniter appeared to 
have somewhat exaggerated the import of the 
figures given in the concerning the copper- 
aluminium alloys. e (theauthor) did not wish to 
imply that these alloys could compete with steel for 
the manufacture of cutting-tools, but they were hard 
after quenching. Here Mr. Saniter interposed and 
asked the author to give the Brinell number before 
and after hardening. The latter stated he would 
look into this matter and give the answer in his 
written reply. Mr. Saniter had also said it would 
be interesting to examine the cutting edge of a 
high-speed steel tool after cutting at a red heat ; 
concerning this the author referred back to his 
paper read before the Institute in 1908, With 
regard to the relative hardness of martensite and 
austenite, Mr. McWilliam had stated that it was 
difficult. to define the degree of hardness and to 
make a comparison. Austenite was considered to 
be softer than martensite. On this point the 
author referred again to his 1908 paper, where he 
gave a Brinell figure, adding that it had not yet 
been reached with carbon steel. The steel referred 
to was recognised as being pure austenite, and was 
therefore harder. Mr. Stead had referred to Mr. 
Osmond finding that in a bar having a different 
carbon content at one end from that in the other 
there occurred areas after quenching, the area 
austenised was harder than the martenised ; this 
was quite correct, as shown by Mr. Osmond ; it 
could be explained by his paper. He (the author) 
was not surprised ; austenised steels were relatively 
softer than what was regarded as pure martensite. 

In the matter of twinning, the author admitted 
there was no definite method for deciding whether 
twinning took <- on quenching steel. The 
photo-micrographs strongly suggested twinning, 
but he could not finally decide the point. Where 
there wasa solid solution andaquenching solution, he 
could be positive that twinning occurred, and y iron 
when strained became twinned. With regard to 
Mr. Stead’s illustration in the matter of quenching, 
the author agreed, and it proved his contention to 
the effect that the inner portion was in compression. 
He added the hope that, as suggested by Mr. Stead, 
Mr. Osmond would be induced to take part in the 
discussion. In the matter of gases, as stated by 
Professor Carpenter, the author agreed that these 
had an important influence upon hardness, but they 
did not modify the theories regarding the hardenin 
of carbon steels. Mr. Edwards, in concluding, er | 
he would be pleased to answer fully all discussions 
sent in writing. 

On the motion of the Chairman, a cordial vote of 
thanks was awarded the author for his contribution. 


Tue Hanyane Iron anv Street Works. 

A paper by Mr. George Chamier, Hankow, China, 
on ‘**The Hanyang Iron and Steel Works,” was 
taken as read. We published an account of these 
works in our issue of September 9, page 371 ante, 
and it is therefore unnecessary to reprint Mr, 
Chamier’s paper. The scheme is of lw Chinese 
promotion, and all the capital required has been 
obtained from local sources. The plant consists of 
two old blast-furnaces, each producing up to 125 tons 
of pig-iron per day ; one new one producing 250 tons; 
five 30-ton Siemens-Martin furnaces; a 150-ton 
mixer, another mixer in course of construction ; a 
750-horse-power cogging-mill ; a 12,500-horse-power 
beam-mill ; a 6,500-horse-power rail-mill ; a 7500- 
horse-power plate-mill ; a 150-horse-power bar-mill, 
and a 150-horse-power speed-mill; all with the 
necessary furnaces and machinery. The author 
stated that the extraordinary cheapness of manual 
work—the wages of an able-bodied coolie, working 
ten hours, seldom exceeding 4d. of our money 
per day—and the unlimited supply of labour at 





call rendered the adoption of labour-saving machi- 
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nery unnecessary. The Tayeh Iron-Ore Mine, only 
80 miles distant from Hankow, is a veritable 
mountain of magnetic hematite containing from 60 
to 65 per cent. of metallic iron. Marble-like lime- 
stone is obtained in the district, and manganese ore 
is found in the same region. The coal-mines are at 
Pinghsiang, Kiangsi Province, and about 250 miles 
from Hanyang, with 60 miles of railroad to the 
river, and water carriage the rest of the way. Con- 
siderable quantities of Hanyang pig iron are ex- 
ported to America. The rolling-mills have so far 
turned out mostly rails and fastenings. The works 
employ about 20,000 Chinese, with twenty-four 
Europeans at the works and seventeen at the mines. 


Evectric STEEL-REFINING. 

A paper on * Electric Steel-Refining ” was next 
read in abstract by its author, Mr. D. F. Camp- 
bell. In this, the author referred to the present 
use of the electric furnace for refining the steel 
from the Bessemer converter, or in connection 
with the basic open-hearth process, and also for 
melting and refining charges of cold scrap. A 
wider application for rails and sections may occur 
when working in connection with the Talbot fur- 
nace, for the charge can be taken to the electric 
furnace as soon as the carbon is down, and the 
necessity of removing the sulphur and getting a 
teeming heat is avoided, as this was done in the 
electric furnace, both economically and completely. 
This, added the author, substantially increased the 
capacity of the Talbot furnace, and covered the 
greater cost of electric refining. He reviewed the 
conditions, working in conjunction with an open- 
hearth plant ; crucible steel could be economically 
replaced by steel refined by electricity. The use of 
the electric furnace was not likely to become 
general for rail-steel manufacture at the present 
time, except in cases where the conditions were 
exceptional. In South Chicago it had been adopted 


for that purpose owing to economic conditions, 
notably the scarcity of good Bessemer ores and the 





demand for better rails. In electric furnaces, he 
added, the removal of sulphur, phosphorus, and 
oxygen was specially easy. He gave a number of 
figures and data, taken chiefly from the working 
of the existing Héroult furnaces. 

Mr. Saniter, who opened the discussion, said he 
believed in the future of the electric furnace in 
certain directions, but its future would greatly be 
compromised if attempts were made to use it for 
the manufacture of cheap quality steels. He did 
not agree with the author’s statement in regard to 
the economy of its use with the Talbot furnace, 
and thought it was more economical to heat in the 
latter than in the electric furnace. The author had 
said that in the case of the basic open-hearth plant, 
using 60 per cent. of molten pig-iron and 40 per cent. 
of scrap, a 40-ton furnace might have 15 tons re- 
moved to the electric furnace for refining, and a 
similar charge put in every two hours. This 15 tuns, 
said Mr. Saniter, meant over 1000 tons a week, and 
if it were not put in in the form of steel, he failed 
to see where the gain came in, and how that quan- 
tity could be got out, working on the 40-ton basis. 
Mr. Saniter agreed that the electric furnace was 
not likely to become of general application for rail- 
steel manufacture unless there were very excep- 
tional conditions to meet, even under circumstances 
such as ruled in South Chicago. He doubted that 
the process would be used for that purpose. Héroult 
was proud of his furnace, and had every right to 
be proud. The Héroult furnace at South Chicago 
had been working for fifteen months, and had made 
rail steel. Why had not more furnaces been put 
down for making larger quantities ? That more were 
not put down showed there was no advantage 
gained in regard to the making of rails, apart from 
the advertisement. In the matter of the saving in 
cost of raw materials possible with the electric fur- 
nace, and referred to by the author, this, perhaps, 
might occur, but he did not believe there was a 
— saving upon hematite and Cleveland iron. 

n regard to desulphurising, the statement by the 
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author was interesting ; but why should this be 
carried out in the electric furnace / It could be done 
cheaper, and perhaps more efficiently, by other 
means, using fluorspar. The formation of calcium sul- 
phide had been mentioned. Mr. Saniter had - 
some calcium carbide in the electric furnace, but 
found it would not dissolve in the steel. He doubted 
whether the calcium carbide formed in the Héroult 
furnace had any influence on desulphurising. 

Mr. L. Greiner, who followed, gave the numbers 
of arc and induction furnaces now in operation, and 
the Héroult furnace headed the list. The larger 
capacity of several Héroult furnaces was equalled 
by furnaces of other types. At South Chicago the 
Héroult furnace referred to was fed by liquid steel. 
At the Ugine Steel Works they used exclusively 
the Girod furnace, and were this to be fed with 
liquid material it could easily produce more than 
now when being supplied with cold charges. 

Mr. Ibbotson was in favour of the induction type 
of furnace for Sheffield and for high-class steel. 

Mr. Heap thanked the author for his paper ; he 
added that this contained many points he would 
like to discuss, but the best plan was to discuss 
them by correspondence. It was a sign of the 
times that the contributions on electric smelting 
were becoming more numerous. At the recent 
International Congress held at Diisseldorf, there 
had been five or six contributions on the subject, 
and it was a welcome feature that the tendency 
was to deal with electric furnaces generally, and 
not with one particular type. At the last meeting 
he (Mr. Heap) had spoken on the subject. What we 
were concerned with was not what was best for 
Middlesbrough or for Sheffield, but what was best 
for the furnace. The steel-maker was concerned 
as to whether he could manufacture better and 
cheaper steel with the electricfurnace. The elev':ic 
current played the part of thermal agent, and tie 
question was as to whether this was a chesjr 
and a better source of heat. This depencled 





upon circumstances, and in regard to cheapness, 
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the more fuel was used in the manufacture of 
ordinary steel the better could the electric fur- 
nace compete with ordinary methods. He then 
gave comparative figures. In this country the 
electric furnace could not follow immediately the 
blast-furnace—there had to be an intermediate 
stage; but it could be utilised for taking a 
common Bessemer steel and refining it. He did 
not think the author would have much difficulty 
in replying to Mr. Saniter. More data were 
required as to what took place at South Chicago 
works. The steel there was only of good average 
quality. The current consumption was above the 
figure stated by the author for the mere refining of 
steel. At the Diisseldorf Congress, already referred 
to, Dy. Neumann had an interesting paper on the 
subject. This was an important matter, the con- 
sidering of which, including as it did the inspection 
of existing types in operation, was expensive when 
carrie’ out individually, and he expressed the 
opinion that it should be taken up Officially by the 
Institute, or by a committee of the Institute. The 
utilising of blast-furnace gases in connection with 


the us» of the electric furnace was a most important 
item. He could have entered with more detail 
upon the different points, but had arrived at the 








limit of his appointed time and would deal with 
them by correspondence. 

Mr. Rowlands said the matter resolved itself into 
a question of cost ; he would like to know the cost 
of the electrodes they used at South Chicago. He 
understood these were graphite electrodes. Cal- 
cium carbide was present in induction furnaces. 
He added that the intense heating of the slag was 
detrimental to the roof of the furnace, and the 
author could not claim any virtue in having the out- 
side of the bath cooled , there was an intense heat 
under the electrodes, and on the outside the bath 
was liable to freeze. In regard to the fluctuation 
in voltage being only about 3 per cent. in the South 
Chicago works, Mr. Rowlands asked whether this 
was to be understood to apply to the works or to 
the furnace. He (the speaker) had tried to take 
readings on the Héroult furnace, and had found 
the fluctuations to be great ; the variations of the 
load-factor were therefore heavy. The paper stated 
that in the case of the Heroult furnace the power- 
factor was 88 to 90 per cent., though much less 
with large induction furnaces; Mr. Rowlands 
asked the author to state how much less it was. 

Mr. Harbord thought it was very important to 
make clear what were the economical limits within 


which the electric furnace could be used. The 
paper said it could compete with the crucibles, and 
that was so. It might be that special steels could 
be produced in crucibles, but for 90 per cent. of the 
purposes for which tool-steel was wanted that electri- 
cally manufactured met the required conditions. In 
regard to steel for axles and tyres, where high-class, 
carefully-selected material was demanded, there was 
a great opening for the electrical furnace. The 
electrical furnace was an expensive melter, but an 
economical refiner at high temperatures. For 
common-class steels, as Mr. Saniter had said, its 
use was not advisable, but electric finishing came 
in with reference to high-class steels. It was pos- 
sible to finish with a non-oxidising slag, and in the 
electric furnace it was possible to control the slag ; 
this contained only 1 per cent. iron. The removal 
of the sulphur had to be by a reducing action. Mr. 
Saniter deserved the credit for the use of fluor- 
spar in the open hearth for desulphurising. In 
short, the electric furnace would only come in 
useful for moderately high-priced material. It might, 
perhaps, be used in special cases for rail steel, but 
such steel would not usually bear the extra cost. 
Mr. Campbell, in replying, said he did not 
believe the electric furnace would be used largely 
for rails, but much of the steel for axles and tyres 
would probably be electrically made, owing to the 
superior finish the furnace gave to the steel. In 
regard to quantity, the reaction was very quick, and 
was a correct one in the electric furnace. The South 
Chicago works were in the experimental stage in 
the matter of electric steel rails. They had started 
manufacture in May, 1909; the rails were still on 
the line, and no decision could yet be arrived at con- 
cerning them. They were using the furnace chiefly 
for axles and tyres, and these were highly satisfactory. 
The question of price of raw materials depended 
upon the district. In regard to the calcium car- 
bide produced, he had stated in his paper that this 
might combine with sulphur to form calcium sul- 
phide. He was fully aware of the action of fluor- 
spar for desulphurising, and had used it. He knew 
the Girod furnaces at the Ugine Works ; these fur- 
naces had been referred to in a former paper read 
before the Institute. In regard to the steel used in 
Sheftield, it was not all produced there, but much was 
sent to Sheffield for the Sheffield trade, and the elec- 
tric furnace was replacing the crucibles in very many 
instances. Too much emphasis had been laid on 
the removal of phosphorus and sulphur ; the main 





point was to remove the oxygen in addition to both. 
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The Chairman moved a vote of thanks to the 
suthor, which was cordially responded to. 


Tne Uriiisation or Erectric Power IN THE 
Iron AND Sree. Inpustry. 

The next paper was one by Mr. J. J. Elink 
Schuurman, Baden, Switzerland, entitled ‘‘The 
Utilisation of Electric Power in the Iron and Steel 
Industry, with special reference to the Economical 
Speed Regulation of the Motors.” We reproduce 
it in full on page 515. As will be seen, the author 
deals with the utilisation of waste gases, the 
system of supply, the speed regulation of the 
motors, resistance regulation for induction motors, 
and the power-factor. He gives details upon the 
Scherbius, Kriimer, and Déri systems of regulation, 
and concludes by stating that, owing to the im- 
provements he points out, the three-phase system 
of current distribution will more than ever meet 
the requirements of an economical utilisation of the 
blast-furnace gases. 

The discussion was opened by Mr, G. H. Cooke, 
Manchester, who said that, as Mr. Schuurman 
stated, it was now generally acknowledged that 
three-phase current was preferable to direct current 
for use in steel and all other large works, owing to 
the ease with which it could be transmitted and to 
the simplicity and reliability of the motors. Alter- 
nating current, however, as compared with direct 
current, possessed two disadvantages—the one 
that the motors did not lend themselves readily to 
speed variation, the other that there was the difti- 
culty of the power factor, which in iron and steel 
works was generally low. Mr. Schuurman had 
explained one or two means of overcoming these 
difficulties. The Scherbius motor which he de- 
scribed was, moreover, capable of dealing with 
them both simultaneously. Thus a Scherbius 
motor used for regulating the speed of an in- 
duction motor could at the same time make its 
power-factor lead in order to compensate for 
the lagging currents produced by other motors. 
In this way the power-factor of a whole works 
could be very much improved, and even brought to 
unity, by using Scherbius sets with one or more of 
the larger motors, preferably those on which some 
speed regulation would be advantageous, so that 
the Scherbius sets might serve a double purpose. 
This rectification of the power-factor was of great 
importance. In the first place it allowed smaller 
feeders to be used (the first cost of cables was 
always a heavy item), and in the second it allowed 
the generating plant to be utilised to much better 
advantage, thus reducing capital expenditure 
and generating costs, if the power were ob- 
tained from a private plant, or by enabling 
a minimum power-factor to be guaranteed, allow- 
ing better terms to be made if the power 
was to be purchased from a supply company. 
Another application of this Scherbius motor was to 
buffer fly-wheel sets. Hitherto the most exten- 
sively used sets had been operated on the well- 
known Ilgner system. The use of a Scherbius 
motor for this purpose allowed the current to be 
supplied direct to the main motor driving the 
machinery, which motor might he either of the ordi- 
nary induction type or of the double-commutator 
Déri type described by Mr. Schuurman. Connected 
in parallel on the same feeder was another induc- 
tion motor driving a fly-wheel, to which a small 
Scherbius motor was also coupled. The field of the 
latter motor was controlled through a regulator 
from a current-transformer in the circuit of the 
main motor, and was connected to the slip-rings of 
the induction-motor coupled to the fly-wheel. The 
action of the set depended upon the fact than an 
induction-motor could be made to generate at 
any speed by the application of a suitable 
electromotive force to the rotor. This electro- 
motive force the Scherbius motor supplied, and 
under the action of its field so varied it that the 
fly-wheel took or delivered power through its in- 
duction motor to the supply mains as the load on 
the main motor fluctuated, thus assuring a prac- 
tically uniform demand on the generators. The 
advantages of this system over the Iigner were that 
the machines were smaller, inasmuch as the Scher- 
bius motor had only to control the induction motor, 
which was coupled to the fly-wheel, and which had 
only to deal with the excess of the peak loads over 


the average load, instead of with the whole load, 
as in the case of the Ilgner ; the whole efficiency 
was better, in that a large proportion of the power 
was delivered without transformation to the main 
motor, 








Mr. Ablett, who followed, said the paper de- 
scribed a Déri single-phase motor in which two 
brush-holders were fixed and two were movable, 
the latter being shifted by mechanical means for 
reversing the motor ; this appeared to be scarcely a 
practical method for rolling-mill practice. He 
would like to have a detailed description of the 
method of controlling advocated for the Déri 
motor ; also of the method of starting the Scherbius 
and Kramer machines. The author had stated that 
when a new mill was put down it was frequently 
impossible to determine beforehand what would 
be the most favourable speed for the process. 
In some instances, Mr. Ablett said, where electric 
drive was used, it had been found that a greater 
output could be obtained, for the speed was 
more steady ; the men could easily get used to 
working at the higher speeds possible. They could, 
for instance, put the first bars through at the 
lowest speeds, and gradually increase the latter. 
The Scherbius system of regulation, according to 
Mr. Ablett, could only be considered as a make- 
shift. 

Mr. Lamberton was pleased at the author having 
given a fair consideration to gas and steam, and 
not claiming for electricity all the virtues. The 
author had said that against the better heat economy 
of the gas-engines should be put the lower first 
cost of steam-turbine installations amounting 
approximately to 25 per cent.; he had, moreover, 
added that the entire operation of the plant was 
much simpler and capable of being easily superin- 
tended. Makers of steam-engines had probably 
sometimes thought that they would find their 
occupation somewhat gone, but he (the speaker) 
believed there would still be something for them 
to do. He claimed that there was a place for 
steam plants in association with gas and elec- 
tricity, and it was unwise to dogmatise too much in 
the matter. The statement of the author to the 
effect that in Germany several steel works had gas 
power-stations, in which steam-turbines were in- 
stalled for taking up the overloads, was a very 
important one. The author’s reference to rotary 
and reciprocating blowers was no less interesting. 
The speaker at this point referred the members to 
the Staveley works they had visited, and in which 
there was not a single gas-engine, all the machines 
being steam-driven ; circumstances ruled in the 
matter, and reliability certainly came before 
thermal efticiency. The author bad further stated 
that when it was considered that the exhaust steam 
of rolling-engines could be utilised in exhaust tur- 
bines, and the heat it contained converted into 
mechanical energy, as far as technically possible, 
the economy of such a drive would become self- 
evident ; this, coming from an electrician, was 
refreshing to steam-engine builders. There was, 
therefore, still hope for steam-drives ; the problem 
was simply one of proper selection. In concluding 
his remarks, Mr. ckasten said that no one could 
help being struck by the great ability with which 
electrical engineers had always met the various 
requirements of different machines; the way in 
which they had bridged the difficulties they en- 
countered and met the variations in the loads was 
splendid, and worthy of all admiration. He felt 
sure extremely valuable points would be found in 
the discussion by correspondence, for the paper was 
an admirable one, and written in a fine spirit. 

Mr. Walter Dixon thanked the author for putting 
forward various systems of speed regulation. A 
discrimination had to be made as to whether current 
was purchased from the outside or generated at the 
works themselves. The taking of the current from 
outside sources involved difficulties which would 
not occur, and introduced undesirable elements 
which would not be required, if the works had their 
own plant. He asked why works had alternating 
current when direct current gave such easy speed 
regulation ; in the former there was absence of 
commutator and brushes, but it was shown to 
involve extra machinery and devices which intro- 
duced all the difficulties of direct current. We 
should not run away and forget that speed regula- 
tion could be met by the application of direct 
current in a more simple way generally than by 
putting down alternating-current machines. 

Mr. Larke, with reference to Mr. Dixon’s com- 
ments, stated that he thought these, although no 
doubt quite unintentionally, were misleading, since 
Mr. Dixon referred to the fact that he had always 
understood that in the early days commutators and 
brushes were most undesirable factors of motors in 
industrial and steel works, and it was now interest- 





ing to note that we were asked to revert to them 
in connection with the motor control described in 
the author’s paper. Mr. Larke pointed out that 
the cases where such variable-speed motor contro] 
was required were, though important, compara- 
tively few ; they applied only to motors of large 
capacity, such as those for driving ralls and 
similar machines, where speed variation and a 
comparatively large capacity were required ; all 
the remainder of the electrical equipment in the 
steel works might still comprise only three-phase 
motors, thus eliminating commutators and brushes 
in the majority of cases. It should also be noted 
that the commutator and brushes referred to in the 
author’s paper were only on machines of a compara- 
tively small capacity. Referring to the paper, Mr. 
Larke added that he would be glad if the author 
would state what the maximum speed regulation 
obtainable was with the systems of speed control 
he had described, and whether a greater speed regu- 
lation than the 50 per cent. mentioned had been 
obtained in practice. With regard to the use of Déri 
single-phase double-commutator machines, described 
as being suitable for auxiliary drives, Mr. Larke 
asked if the author would state whether these 
motors had been used in the manner recommended 
for driving live-roller gear, and, if so, with what 
result, and whether he. would describe the arrange- 
ment for controlling the speed and reversal of the 
motors. 

This concluded the discussion on the paper. The 
author being absent, there was no verbal reply. A 
cordial vote of thanks was accorded him, on the 
motion of the Chairman. 


Some ExperRIMENTS ON Faticve or METALs. 


The last paper taken on Thursday, the 29th ult., 
was one by Professor J. H. Smith, D.Sc., Belfast, 
dealing with ‘‘Some Experiments on Fatigue of 
Metals.” In this the author reports upon a series 
of experiments upon the fatigue of metals, carried 
out by him in the Mechanical Engineering Labora- 
tory of the Municipal Technical Institute, Belfast. 
The experiments were not made with the usual 
design of determining the number of repetitions 
required to bring about rupture with various ranges 
of load, but for the express purpose of discovering a 
method for determining a series of Wohler limiting 
ranges by experiments on a single specimen. He 
described his apparatus, particulars concerning 
which our readers will find in some of our former 
issues (see ENGINEERING, vol. ]xxix., page 307, and 
vol. Ixxxviii., page 105). He then gave informa- 
tion on the materials used and their properties, and 
described fully the endurance tests made, giving 
their results, and a number of curves illustrating 
the latter. His conclusions were :— 

1. That if a material be subjected to stress 
alternations of high periodicity and of fixed range, 
and compressive or tensile mean stress be gradually 
applied, a yielding condition would be found ata 
definite value of the applied mean stress. 2. That 
the yield was tensile if the mean stress was tensile, 
and was compressive if the mean stress was com- 
pressive. 3. That for equal and opposite mean 
stresses the magnitude of the yield range was the 
same. 4. That the Wohler limiting range for any 
material was a yield range. 5. That a series of 
yield ranges might be determined for most materials, 
by experiment on a single specimen, without 
damaging the specimen. 

Professor Arnold, who alone spoke, congratu- 
lated the author, and added he would consider 
briefly what the Wéohler test was, and also what 
fatigue really was. He explained that in the 
Wohler test, which was made known in 1871, when 
stressing a piece of steel up to a certain limit, they 
obtained a proportional line in which an equal 
increment of stress produced an equal increment of 
strain. Steel should be safe when stressed within 
that line. Wéohler showed that the steel would 
fracture when stressed in alternations below that 
line ; he had determined the limiting range which 
was now more fully determined by Professor 
Smith. Owing to the large margin for safety 
allowed by engineers, fracture took place very 
rarely under the Wohler phenomenon. Pro- 
fessor Arnold referred to expert advice which he 
had given in a case before the court, in which he 
was asked to define fatigue; he had replied that 
this was a general term used to explain all cases of 
fracture where the causes leading up to it were not 
understood. He added that fracture under the 
Wohler test was generally due to over-annealing, 
which lowered the elastic limit to a very low figure, 
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and concerning this he referred the members to the 
Proceedings of the Institution of Naval Architects 
and to Mr. MeWilliam’s experiments. Many other 
conditions, however, had also to be considered 
apart from fatigue. It was found in works’ practice 
that the Wéhler test was played out, because it 
could not give information which could not be 
lly well obtained, in regard to safety, on the 
: it had been found that the 


equa ed, 
isis of the elastic limit; 


Wahler test was a reflection of the elastic curve. | 


He then referred to tests he had carried out with 
Dr. Stead, at Middlesbrough, with a view to settle 
the matter of the Wohler test, and taking steels with 
varying percentages of phosphorus. Besides the 
usual tests with these steels, Dr. Stead had asked 
Professor Arnold to test the specimens by endur- 
ance, and the latter had found that his curves were 
exactly the opposite of the Wohler curves. In con- 
clusion, Professor Arnold hoped that the author 
would continue his work, but more from the metal- 
lurgist’s point of view. The author had taken the 
bulk of the bars as he had received them from the 
mill or the forge, and had considered them as 
normal ; they, however, were probably not normal, 
and had undergone some stress. In the further 
tests, Professor Arnold expressed the pleasure 
it would afford him to assist the author. 

After cordial thanks to Professor Smith, coupled 
with the request that the matter should be discussed 
in detail by correspondence, the business meetings 
terminated. 

ConcLuDING PROCEEDINGS. 

The Chairman then announced that they had 
received an invitation from the Italian Lronmasters’ 
Association to hold their next autumn meeting in 
Turin and Rome, an invitation which they had 
accepted with thanks. The usual votes of thanks 
to the Municipality and to the Chairman were 
passed with codbenialiion, and the proceedings came 
to a close. 

On Thursday afternoon visits were paid to the 
Crewe Works of the London and North-Western 
Railway Company ; to the University and other 
places of interest in Manchester ; there was also an 
excursion to Alderley Park. 

The garden party at Chatsworth, where the 
members were the guests of the Duke of Devon- 
shire, on Friday, was a most charming event. 








PORTSMOUTH WATER WORKS. 
Tue Borough of Portsmouth Water Works Com- 
pany have recently put into commission a new 
system of filter-beds and covered service reservoirs, 









|the service reservoirs, it gravitates to the town. 

Havant and Bedhampton are respectively 2 and 1} 
| miles from the filter-plant site. Previous to the con- 
| struction of the new works the water was delivered, 
| from the pumping-stations, to two open service reser- 
voirs on Portsdown Hill, which are now covered and 
|form part of the reconstructed scheme. It was 
| the practice under the old conditions to deliver the 
water in an unfiltered state from the open service 
reservoirs to the town. The raw water is normally 
|excellent, owing doubtless to the underground 
chalk through which it passes, but discoloration 
occasionally occurs during wet weather, following 
a period of drought. The new works consist of 
seven sand filter-beds, each of some half acre in 
area, and two new covered service reservoirs, each 
having a capacity of rather more than four million 
gallons. In addition, as before mentioned, the two 
old open reservoirs have been covered, and now form 
part of the filtered-water scheme. 

The general lay-out of the works will be followed 
from the plan and sectional elevation given in Figs. 
1 and 2, subjoined, and the cross-section in Fig. 3, 
page 496. It will be seen that the filter-beds are 
arranged side by side in a line on the hill-side, and 
that the new reservoirs occupy a position lower 
down the hill and partly beneath them. The old 
reservoirs are situated to the west of the filter-beds, 
asshown. The arrangement by which the new reser- 
voirs are constructed partly underneath the filter- 
beds was dictated by considerations turning on the 
site. As the installation is built on a hill-side, it 
was found that this would form the most convenient 
arrangement from the point of view of excavation, 
pipe-runs, &c. The question of minimising excava- 
tion by this arrangement will be appreciated by a 
reference to the cross-section. The rising mains 
from the pumping-stations come together at a 
point on the north side of the plant and on the 
dividing line between the filters and the old reser- 
voirs. A Venturi-meter tube is situated here, the 
meter being housed in a small brick building 
alongside, which is indicated on the plan, and can 
be seen in Fig. 23, on Plate XLVII., which gives a 
general view of the nearly completed works. This 
meter records the whole of the raw water passing to 
the filter-beds. After passing the Venturi tube, 
the water enters a 36-in. distributing-main which is 
carried under the roadway on the north side of the 
filter-beds, and which feeds the inlet-chambers to 
the filters through 18-in. branches. 

The seven filter-beds are each about half an acre 
in superficial area, the centre one measuring 150 ft. 
by 130 ft., and the remaining six each 200 ft. by 





in Fig. 9, page 496. From the outlet chambers at 
the south ends of the filter-beds 18-in. connections 
are made toa 30-in. filtered-water main, which feeds 
both the old and new service reservoirs. Glenfield- 
Jones outlet regulators are fitted in the outlet 
chambers of the filter-beds, while level-recorders 
are also fitted to each chamber. The recorders are 
somewhat novel, as they are each fitted with two 
pens indicating respectively the level in the filter 
and the level in the outlet chamber. This arrange- 
ment enables one instrument to take the place 
of two, while it is very convenient, as the differ- 
ence in level of the two pens at any time gives a 
measure of the loss of head in the filter. A slight 
disadvantage arises in the fact that one pen must 
be placed three hours in advance of the other, so 
that, if necessary, they will be able to pass each 
other, but this causes no trouble in practice. In 
addition to the 30-in. filtered-water main, a 6-in. 
intercommunication and emptying main is carried 
along the south side of the filters. This is connected 
to two 6-in. wash-out pipes leading to the forebay 
which is formed at the south side of the works, 
as will be seen from Fig. 1. 

The new reservoirs are supplied by 30-in. branches 
from the 30-in. collecting main, through equilibrium 
valves situated in brickwork and concrete entrance 
shafts placed near the outer southern corners of the 
reservoirs. Stop-valves for shutting off the supply 
are also fitted in these shafts, and controlled by 
hand-wheels from the plateau above. Details of 
one of these shafts are given in Fig. 15. The 
old reservoirs are filled from equilibrium valves 
situated out towards their centres, as shown 
in Fig. 1, the stop-valves being placed in a shaft 
in the division wall between them. The outlets 
from the new reservoirs are placed in their inner 
southern corners, as far away from the inlets as 
possible, in order to promote a good circulation of 
the water. These outlets have external stop-valves 
and connect to a new 30-in. supply main, which is 
carried along the front of the works in a westerly 
direction to the point where connection is made 
to the old supply mains. The water is carried to 
Portsmouth by two 12-in., two 20 in., and one 24-in. 
mains. A Venturi meter has been placed at the 
point of inter-connection of the new mains with 
the old, and branches and by-passes arranged, so 
that the whole of the supply passes through the 
meter-tube. Stop-valves are titted so that the 
water entering any or all of the supply mains to 
the town, or coming from any or all of the supply 
mains from the reservoirs, may be by-passed so that 
it does not enter the Venturi tube. The arrangement 
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some of the features of which are illustrated on 
Plates XLIV., XLV., XLVI, and XLVIL, and on 
the present page and page 496. The new works, 
which are situated at Farlington, on the side of 
Portsdown Hill, and some 5 miles from Portsmouth, 
Were started at the end of 1907. The water supply 
©omes trom chalk springs at Havant and Bedhamp- 
ton, where pumping-stations are situated, which 
deliver the water, through three rising mains of 
20 in., 24 in., and 36 in. in diameter respectively, 
from which, after passing through 





to the filter-beds, 


The middle bed is made of a different 
shape in order to leave room for the installation of 
the sand-washing plant, the situation of which will 


100 ft. 


be scen from the plan. Cranes, for use when the 
surface of the sand is being scraped, are fitted on 
the division walls between the filters. These can be 
seen in Figs. 22 and 23, on Plate XLVII. The filter- 
beds contain 3 ft. of sand over 9 in. of gravel carried 
on a loosely-laid brick-bottom course, and have main 
collecting channels running down the centre. A detail 
of one of the channels and the filter bottom is given 











of the pipe-work is shown in outline in Fig. 1. The 
making of the connections between the old mains 
and the new was a matter of some difliculty, and 
the work had to be done very largely on Saturday 
nights and Sunday mornings. It was carried out 
without any interruption to the supply. The 
Venturi meter, which is situated at thin point, 
records both the total flow and the rate of flow. 
It will be seen from the block plan that, in addition 
to the pipe-work already mentioned, there is an 
18-in. waste and overflow main, which connects to 
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an overflow chamber from the filters, which is 
situated on the division line between the old reser- 
voirs and filter No. 1. 

The total filtering capacity of the plant is 
12,000,000 gallons a day. Each of the two new 
reservoirs measures 360 ft. by 160 ft., and contains 
13 ft. 6in. depth of water when full, which is 
equivalent to a capacity of rather over 4,000,000 
gallons. The total high-level filtered-water capacity 
of the plant is 14,000,000 gallons, which is equi- 
valent to about 48 hours’ supply, and to this may 
be added the 3,000,000 gallons in the filter-beds 
themselves. As before mentioned, the filter-beds 
consist of 3 ft. of sand on 9 in. of gravel. The 
sand came from the top of an uninhabited hill near 
Pulborough, and is of such texture that 75 per 
cent. of it passes a sieve having 1600 openings to 
the square inch. The gravel came from near the 
Needles, to the west of the Isle of Wight. It will 
be evident that this filtering plant is excellently 
situated in reference to the town, as, owing to its 
high location, the water has not to be handled in 
any way after filtration, and is at no time there- 
after exposed to daylight until it reaches the 
consumers’ taps. 

Passing now to a consideration of the structural 
features of the plant, it will be seen from Fig. 3 
that the north ends of both the filter-beds and the 
new reservoirs are formed in steps cut out of the 
hill-side. The formation is of solid chalk, so that 
a good foundation was easily obtained. Some idea 
of this excavation work will be obtained from 
Figs. 16 and 17, on Plate XLIV., which illustrate 
early stages of the work. A cross-section at the 
north end of one of the filters, showing the roadway 
which runs along the north side and the position 
of the pumping and distributing mains, is given in 
Fig. 4. Fig. 5 is a section of the kerb on the 
northern side of this roadway. Two sections of the 
northern end of the west wall of the filters are 
given in Figs. 6 and 7. The difference in these two 
constructions is due to the falling away of the 
natural formation of the hill in a westerly direc- 
tion. The northern halves of the filter-beds, where 
they lie directly on the chalk, are lined with con- 
crete, and have an inside layer of cement rendering 
lin. thick, put on in two coats. The southern ends 
of the filter-beds, where they project over the 
covered reservoirs, are carried on pierced brick 
piers, which are shown in an early stage of con- 
struction in Fig. 17, and which at the ends of the 
filter-beds are carried up higher, in order to support 
the south boundary wall. 

The division-walls between the filters are con- 
structed of cement concrete, with brick facings and 
lin. of rendering. The object of using the brick 
facing was to maintain a better line than is usually 
obtained with shuttering, and to give a good bond 
for the rendering. A cross-section of one of these 
division-walls at the nerthern ends of the filters is 
given in Fig. 8, while a section at a point where 
the filters overlap the reservoirs is shown in Fig. 11. 
Some of the pierced brick piers which carry the 
filter-beds can be seen in this latter figure, while a 
view of one of their foundations is given in Fig. 10. 
These piers carry concrete arches, which, with the 
necessary filling above, form the bottoms of the 
filter-beds. This is shown in Fig. 11, while Fig. 18, 
on Plate XLV., shows this concrete arch-work in 
process of construction, with the wooden formers 
in position. The carrying up of the brick piers at 
their south ends to a higher level than elsewhere, 
in order to support the retaining-wall at the end 
of the filters, is also shown in Fig. 18. A grass road- 
way is formed on the top of this end retaining-wall, 
and the outlet-valve, hand-wheels, and level-indi- 
cators are placed on it. On the south side of the 
roadway a parapet wall is built, and the outer face 
of the retaining-wall has been faced with ornamental 
bricks. The aoe ends of the arch-work are also 
filled in with brick screens. The whole of this 
work has been very tastefully carried out, and the 
appearance of this wall from below is excellent, as 
may be seen from Fig. 22, on Plate XLVII. 

The lower parts of the new reservoirs which come 


outside the area of the filter-beds are covered by 
& ferro-concrete roof carried on ferro-concrete 
columns, while at the south side a concrete retain- 
ing wall, backed with earth, is built, as will be 


seen from Fig. 3. Two sections of the concrete 
retaining wall are given in Figs. 12 and 13. The 
differences in these two sections are due to the 
formation of the ground, which falls away some- 
what in a westerly direction, Fig. 13 giving a 


section at a point somewhat to the east of that 








shown in Fig. 12. The inner side of this retaining 
wall is shown in Fig. 19, on Plate XLV., which 
shows the interior of the southern end of one 
of the service reservoirs before the building of the 
ferro-concrete columns. This southern wall, and 
the division and side walls of these reservoirs, are 
faced with bricks, covered with 1 in. of rendering, 
in a similar way to the walls of the filter-beds. The 
whole of the ferro-concrete work is carried out on 
the Hennebique system, the arrangement consisting 
of a series of square vertical columns, each 10in. 
by 10in. in cross-section, arranged in three rows, 
and reinforced by 12-in. by 8-in. diagonals in the 
middle row. The columns stand on ferro-concrete 
slabs, 3 ft. 3 in. square at the bottom, which in 
turn stand on brick piers 3 ft. 9 in. square in 
section. One of these piers is detailed in Fig. 14, 
while they will also be seen in Fig. 20, on Plate 
XLVI., which shows the columns in course of 
construction, with the wooden formers in place. 
The roof is 4in. thick, and is strengthened with 
cross-beams, as will be seen from Fig. 21, on 
Plate X LVI., which shows the interior of a completed 
reservoir, and gives an excellent idea of the ferro- 
concrete work. The roof is designed for a working 
load of 2 cwt. per square foot, and has a soil 
covering. 

The old reservoirs have been covered with ferro- 
concrete roofs carried by columns very much on 
the lines of the new ones, but of a considerably 
lighter construction, being designed only for a 
working load of } cwt. per square foot. The roofs 
of these reservoirs have been covered with screened 
clinker, as it is a light material and was available 
in sufficient quantities. The final appearance is 
very satisfactory, but it cannot be seen from the 
general view of the works shown in Fig. 23, as this 
was taken before the completion of the covering of 
the old reservoirs. In addition to the covering of 
these two reservoirs, two smaller ones, situated 
higher up the hill about a mile away, have also been 
roofed in. These reservoirs supply water to the 
company’s country district, some of which is at a 
higher level than the filters. They are fed by a 
pumping-station equipped with oil-engine-driven 
centrifugal pumps, which is situated about a quarter 
of a mile from the filter plant. 

The whole of the work in connection with this 
scheme has been most admirably carried out, and 
the plant, both generally and in its details, 
impresses one most favourably. The whole scheme 
is due to Mr. Herbert Ashley, M. Inst. C.E., M.I. 
Mech. E., the engineer to the Water-Works Com- 
pany, his assistant being Mr. Thistleton Dyer, 
M.A., Assoc. M. Inst. C.E., while the company’s 
resident engineer on the works was Mr. D. 8. 
Williams. The work was carried out by Messrs. 
John Mowlem and Co., of London, who were repre- 
sented on the works by Mr. Harvey Collingridge, 
Assoc. M. Inst. C.E. We are indebted to Mr. 
Ashley for information and drawings which have 
been used in the preparation of this description, 
and to Mr. Williams, whoalso supplied much detail 
information. We have also to thank Mr. Colling- 
ridge for the photographs from which the illustra- 
tions on our plates are prepared. 





THE NAVAL, MERCANTILE MARINE, 
AND GENERAL ENGINEERING AND 
MACHINERY EXHIBITION, OLYMPIA. 

(Concluded from page 465.) 

Aw exhibit very tastefully iy 5 was that of 
Messrs. Samuel Osborn and Co., Limited, of the 
Clyde Steel Works, Sheffield, the famous Mushet- 
steel firm. Double - Mushet high-speed air- 
hardening steel is now a rival to the numerous 
high-speed brands, and many drills and milling- 
cutters were shown made of this material, as well as 
those of the ordinary self-hardening Mushet steel. 
Some of the Osborn drills and cutters were used in 
operations at the stand of Messrs. H. W. Ward and 
Co., Limited. Two 3-in. high-speed drills were 
shown, and Anderson’s built-up milling-cutter 
which comprises a series of rings strung on an arbor 
in such a fashion that they wobble or move laterally, 
thus giving a shearing cut. Some models of com- 
posite jaws of manganese steel for crushing machi- 
nery were exhibited. The special feature is that 
the hard jaws or bars are distinct from the holder, 
which is of toughened cast steel. The holder 
does not require to be renewed. The bars are inter- 
changeable, so that any bar can be removed and 
replaced independently of the others. The cost of 





renewals is therefore much less than that of the 
ordinary solid jaw, and no lifting tackle is necessary 
for removing single bars. 

A very beautiful exhibit was that of Messrs. 
Royles, Limited, of Irlam, near Manchester. The 
firm’s well-known copper indented ‘‘ Row” tube 
appeared in various pieces of apparatus, condensers, 
feed-water heaters, evaporators, calorifers, air- 
heaters. The ‘‘Syphonia” steam-traps were ex- 
hibited, of which over 120,000 have been sold, 
besides reducing-valves, steam and water fittings, 
steam-pumps, &c. 

A Royles patent coupling may be specially 
noticed. It was designed with the object of con- 
necting brass and copper tubes of light gauge with- 
out the necessity of screwing, thus permitting of 
the use of lighter pipes for purposes where such are 
suitable than would be necessary if sufticient thick- 
ness for the screw threads had to be allowed. The 
ends are formed into little flanges by a machine 
shown in operation at the stand, and these are 
drawn together by a screwed union, the halves of 
which encircle the tubes behind the flanges, and, 
being screwed up, tighten the flanges, metal to 
metal. The little machine holds the pipe to be 
flanged similarly to a pipe-vice, and is bolted ou a 
bench. The pipe to be flanged is passed through a 
split bush, projected sufficiently far through to 
leave material to form the flange. The bush is 
then clamped by a screw, and the flange turned 
over by a steel roller running in bearings in a bush 
in the handle-bar. The latter is hinged to a rim 
which revolves behind a fixed collar in the frame 
of the machine. The position of the roller can be 
adjusted radially in a slot in the handle-bar to suit 
Pi. of different diameters. 

he semi-automatic pattern-maker, made by the 
Pattern-Making Machine Company, of Cambridge- 
street, Glasgow, was shown in operation, with a 
good selection of cutters of various shapes. The 
machine comprises principally a standard, on the 
vertical face of which the overhanging arm of the 
cutter-spindle is adjustable for height, and a table 
which can be traversed on run-ways along and past 
the front of the standard. The arm carries the 
cutter-spindle at its outer end, the spindle being 
driven from a horizontal shaft passing through the 
overhanging arm, which derives its motion from a 
pair of pulleys running in opposite directions, either 
of which can be engaged by a hand-wheel, which is 
concentric with a quick hand-feed lever, and with 
the head which has the spindle-bearings, which 
spindle is dropped below the level of the underside 
of the overhanging arm, and can, therefore, be 
placed horizontally and parallel with the face of 
work, in which semi-circular recesses have to be 
cut. This is a feature on which the makers Jay 
much stress, and to which we will return again. 

The driving is by belt or by a non-reversing 
motor. When by belt the base of the standard 
encloses three-speed cone-pulleys, which derive 
their motion from a single pulley running continu- 
ously. The cone-pulley is mounted in a cast-steel* 
trunnion, and is stopped and started by means of 
a lever, which drives the two pulleys before men- 
tioned through cone-clutches. These pulleys drive 
a hollow shaft within the horizontal arm, and 
transmit motion to the cutter-spindle through 
machine-cut spiral gears running in oil in the 
cutter-head, which is enclosed to form a bath. The 
hollow shaft runs in double-thrust ball-bearings at 
each end. The overhanging arm is fitted with both 
hand and power-feed, and is provided on the front 
with a flange with a scale of degrees for setting the 
cutter angularly. The arm is raised and lowered 
by hand-operated worm-gear, with a micrometric 
scale for down-feed. 

The track or runway receives the hollow cast 
base of the table, which is compound, and has a 
circular motion also The base is racked along the 
runway into position and clamped, exact adjust- 
ments being made on the tables. The compound 
motions are actuated by screws with micrometer 
graduations to the feed-screws from two hand- 
wheels in front. Zero and adjustable stops are 
provided, and provision for ordinary and single 
and double contraction shrinkage rules is made. 
The top table is scribed with lines at right angles 
to facilitate settings. The feature of the dropped 
spindle avoids canting of the spindle and cutter, so 
that. the cutter enters the core-box with its axis 
parallel with the surface of the work being operated 
on. 

A collection of the Fournier thermo-instruments 
was exhibited by Mescrs. F. Mellin and Co., of 
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60, Salusbury-road, Kilburn, London, N.W. These 
are representative of one of the very interesting 
developments of present-day engineering. If we 
were to attempt an enumeration of the services in 
which indicating or recording instruments, or both 
combined, are employed, it would startle many old- 
time engineers by its extent. The Fournier instru- 
ments deal with temperatures, humidity, and ven- 
tilation. Outside of this there are other extensive 
fields in which instruments of other types are 
employed in ever-increasing numbers. 

he Fournier instruments are designed to elimi- 
nate the defects of ordinary thermometers and 
other recorders which are based on expansion. 
They are based on the pressure of saturated 
vapours. The advantage is that it is immaterial 
what space these vapours occupy, while in ther- 
mometric instruments, the action of which is 
based on expansion, errors ereepin. The design 
of the instruments is varied to suit different con- 
ditions, but in each there is a thermo-element, the 
reservoir for the saturated vapour, the only sensi- 
tive part. This is connected by a capillary tube to 
a dial thermometer. The reservoir is contained in 
a sleeve of steel, or bronze if introduced into 
saturated steam. Nothing except the reservoir 
is influenced by surrounding temperatures, and 
therefore there are no disturbing elements, and 
the temperature can be either indicated on a 
dial or permanently recorded on paper at any 
distance away without any precaution as to in- 
sulation, &c. By modifications in details, these 
instruments are manufactured for ascertaining the 
temperatures of superheated steam, the tempera- 
tures of furnaces and refrigerating-chambers, of 
ammunition-stores, chimney-gases, &c. ; of indi- 
dicating and recording the degree of moisture in 
cold-storage chambers, powder-magazines, and coal- 
bunkers ; the ventilation of chambers of various 
kinds, the automatic regulation of heating or cool- 
ing any medium or body by a controllable source of 
heat or cold, and so on. 

A further advantage is that the pressure of a 
saturated vapour being directly induced by, and 
being in strict relation to, its own temperature, 
the indications must be correct, and the vapour 
being hermetically sealed up, constancy in action 
is the natural result. 

At the stand of the Crosby Steam-Gage and 
Valve Company, of 147, Queen Victoria-street, 
London, E.C., several of this firm’s specialities 
were shown. One thing that attracted attention 
was a gauge-testing machine, which indicates pres- 
sures up to 25,000 lb. per square inch, being re- 
garded as unique in this respect of high pressure. 
It is of a portable type, and there are few weights 
used, The pressures are indicated in increments 
of 1 Ib. 

Another apparatus was the feed-water regulator, 
in which a vessel of special design is attached to the 
boiler, and pressure is generated in it when the 
water falls below the normal working level. This 
pressure then opens the regulating.valve, and so 
admits feed-water, or else starts the feed-pump, 
according to arrangements. As soon as the water- 
level again reaches the normal the pressure drops 
and the regulating-valve closes. 

A water-separator or arrester for steam-whistles 
was also exhibited, having an automatic drain-valve 
to return the condensed water to the boiler. This 
we described fully, with illustrations, on page 329, 
vol. Ixxxviii. 

Another speciality for use with whistles was an 
electric-timing device, which controls the blast of a 
steam-whistle, and may be set to give blasts of 
definite duration at any desired intervals. It also 
permits of the whistle being blown on the mere 
pressing of a button. 

Medway’s Safety Lift Company, of 10, Bush- 
lane, London, E.C., exhibited one of their lifts in 
operation to illustrate the Scott system of push- 
button automatic control. It is claimed to be an 
absolutely fool-proof system, and no attendant is 
required. In the cage there is a series of push- 
buttons, one each to correspond with the floors 
which it is desired to reach ; ] aid of these the lift 
can be caused to travel upwards or downwards 
according to its position. Thus, if the lift is at the 
bottom, and a third-floor button is pressed, the cage 
will travel up to that floor, while if it is at the top, the 
pressing of the same button will cause it to travel 
down to that floor. This is accomplished by ‘“‘ direc- 
tion” fireproof switches, which are located in the 
lift shaft, and operated by a spiral cam attached to 
the cage. Again, the control-buttons are inoperative 


unless the lift-gates are closed, and the gates can 
only be opened when the lift reaches the floor for 
which the button has been pressed. And should 
two or more pushes be pressed simultaneously, the 
cage will take the direction it took on the journey 
previous, travelling to the furthest point of call on 
that journey, and without damage to the gear. 

The method of action is as follows :—When a 
push-button is pressed, a control circuit is closed, 
which in turn energises a small electro-magnetic 
relay and starts the lift, allowing the push to be 
released without opening the circuit. The lift- 
controller comprises a horizontal reversing switch 
for selecting the direction of rotation of the motor, 
and an electro-magnetic master switch which opens 
the main motor circuit under the influence of a 
magnetic blow-out. The controller is actuated by 
a relay panel, which comprises a number of relay 
switches, one for each floor of the lift. On this 

nel provision is made for interlocking and arrest- 
ing circuits, so making it impossible to set a lift in 
motion until all the gates are closed. The rheo- 
stat is operated mechanically by the motor, and 
the resistance is rated to carry 25 per cent. over full 
load without undue heating. A direction switch is 
supplied to each floor of the lift, and call pushes 
are fixed on each floor. The locks are connected 
to the relay panel, and consist essentially of a 
mechanical latch, which is opened by a cam 
attached to the lift when the cage is opposite 
the floor. This unlocks the gate, permitting it 
to be opened, and interrupts the control-circuit, so 
rendering any further movement of the lift impos- 
sible. The closing of the door allows the control of 
the lift to be resumed, and immediately it is in 
motion the door is automatically locked. 

The lift shown was driven by a British Thomson- 
Houston 10-horse-power motor. It is fitted with 
an auxiliary field winding, which is connected in 
parallel with the armature resistance to give an 
additional starting torque. The motor is directly 
coupled to a self-sustaining worm-reducing gear, 
which drives the lift by means of a V-grooved rope 
wheel. The gears are enclosed in an oil bath. An 
electro-magnetic brake is fitted to the gear. A 
system of car-switch control is also shown, which is 
claimed to be fool-proof. It is impossible for the 
operator to reverse the armature current of the 
motor until the latter has come to rest ; and wilful 
or accidental damage to the motor or gear, by any 
movement of the car-switch, is impossible. 

Messrs. Wallach Brothers, Limited, of Finsbury- 
square, London, E.C., exhibited a large selection 
of miscellaneous goods. Gauge-glass protectors in 
various patterns are made with toughened-glass 
plates having wire embedded, which, in the event 
of a gauge-glass breaking, affords protection from 
flying pieces of glass and escaping steam and water. 
The protector is hinged in such a way that it can 
be lifted without removal, to permit of replacing a 
gauge-glass. Another speciality is a gauge-glass re- 
flector of perforated metal plate, enamelled, which 
has the effect of showing up the water-level. This 
results from the magnification of the circular per- 
forations into long horizontal elliptical holes when 
— through the water contained in the gauge- 
glass. 

The firm’s ‘‘ Pat” valve was shown, various 
jointings, rubber and asbestos goods, fire-proof 
paints, draught-indicators for registering the 
draught in boiler-flues, &c. Some high-speed elec- 
tric drilling-machines, to be held in the hands, and to 
be connected to current with voltage up to 250, were 
exhibited ; any incandescent lighting circuit can be 
utilised for these. No over-load cut-out is necessary 
in these designs. Should the drill stop dead in going 
through a hole, no immediate burning-out of the 
motor will occur. Some portable vices on tripod legs 
and self-contained platforms were shown as con- 
venient in repair-work away from the shop. The 
legs and platform will fold up, so that one man can 
carry the entire structure. The vice is built in 
three types—one with a pipe-vice only, for cutting 
off and screwing pipes ; another with a pipe-vice and 
a bench-vice (detachable) ; the third with a remov- 
able bench-vice only. 

Mr. Robert W. Paul, New Southgate, London, 
N., had an interesting exhibit of pyrometers and 
indicators, which have been aonie designed and 
constructed for use under workshop conditions. 
The indicators are mounted in substantial iron cases, 
which not only afford mechanical protection to the 
instrument, but electrical also, the cases serving as 
a shield against stray magnetic fields. The indi- 


ciple, so that no accurate levelling is required, and 
the instruments will stand reasonable handling 
and are unaffected by vibrations. The thermo. 
couples made for use with the indicators are mounted 
in a substantial manner. The couple wires of 
platinum and platinum-iridium, for the high tempe- 
ratures, are enclosed in a tube of fused quartz, which 
in its turn, is protected by a steel sheath. The 
couples are all brought up to a standard resistance 
to be available for use with any indicator, irrespec. 
tive of the batch number. The advantage of having 
all couples and indicators interchangeable will be 
appreciated. Mr. Paul makes a full range of acces- 
sory apparatus for use with these pyrometers, which 
includes a supplementary water-cooled junction to 
compensate for variations in the temperature at the 
cold-junction end of the pyrometer, and enclosed 
selector switches for enabling any number of thermo- 
couples to be connected to one indicator and 
switched on at will. 

Another instrument shown by Mr. Paul was the 
Harris resistance thermometer indicator. Hitherto 
temperature measurement by the resistance method 
has been carried out by means of some form of 
Wheatstone bridge, a galvanometer, and a battery, 
and considerable skill is required to balance the 
bridge before the temperature can be measured. It 
is practically impossible to follow rapid variations 
in temperature, and the instrument does not give 
direct reading. The Harris indicator gives direct 
reading, and requires no manipulation in use. It 
has a scale length of about 6 in., and covers a range 
of temperature from — 200 deg. Cent. to 1200 deg. 
Cent., in seven ranges, each of 200 deg. Cent. Its 
accuracy is within one-fifth of 1 per cent. at about 
500 to 600 deg. Cent. The indicator exhibited was 
of the portable type, but a wall type of instrument 
suitable for workshop use can also be supplied, 
A full range of platinum thermometers is made for 
use with this instrument, and, like the thermo- 
couples, they are all interchangeable, and the 
indicator may be used with a platinum thermo- 
meter of any make having a fundamental interval 
of one ohm. 

Messrs. Brown Brothers and Co., Limited, of 
Edinburgh, the firm who built the steering-gears for 
the Lusitania and Mauretania, had examples of 
their steam-tiller steering-gear and of their tele- 
motor, the latter being connected by about 200 ft. 
of coiled tube with the indicator on the bridge. 
In the two vessels just named the steering-wheel is 
more than 700 ft. from the steering-gear itself, yet 
a child can pull the wheel over when the steering-gear 
is working. The mixture used in the pipes is about 
one of glycerine to two of water in tubing of # in. or 
3-in. bore, which can be bent and carried round 
obstacles which could not be passed by rigid shaft- 
ing. An indicator is fitted to the telemotor, to 
show the position of the helm. Provision has to 
be made for the expansion and contraction of the 
liquid in the pipes with changes in temperature, 
this being accomplished by means of a supply 
tank, which receives a portion of the excess fluid 
forced out by increase in temperature, and com- 
pensates, on the other hand, for contraction at a 
lower temperature. The cylinders of the telemotor 
are made of gun-metal, while the one which is 
situated on the bridge is built entirely of this 
alloy, so that it shall not affect the compass. 

Messrs. John Barker and Co., Limited, of 
Kensington, London, showed and demonstrated 
the Kennedy patent bending-machine for bend- 
ing cold and unloaded tubes in iron, copper, 
steel, &c.; also angle-iron, tee, and other sections 
in all manner of fantastic shapes. These machines 
are exceedingly useful in all branches of engineer- 
ing, and do the work very effectively. Being port- 
able, they can be taken to any job and worked 
on the spot without risk of fire. Pipes and angle- 
iron up to 2in. can be bent readily by ordinary 
workmen. Besides these, the older machines, 
which we have previously illustrated, were ex- 
hibited. 

Messrs. Clarke, Chapman, and Co., Limited, of 
Gateshead-on-Tyne, had a large model of their 
water-tube boiler (Woodeson’s patent) as the 
central object of the exhibit, surrounded by a 
number of photographs illustrative of their various 
manufactures. The boiler is so familiar that any 
detailed description is uncalled for, but its salient 
features may summarised. It is built up of 
sections, each comprising a water-drum at the 
bottom, a steam-drum at the top, connected by 
groups of tubes expanded into flat discs on the 
drums, Short horizontal circulating tubes connect 











gators are constructed on the ‘‘ Unipivot” prin- 
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the steam-drums, and similar tubes connect the 
water-drums. ‘The steam-drums are supported on 
girders, which leave the tubes and water-drums 
hanging freely to — of expansion. The fire- 
grate lies across the boiler in front of the front 
sections, so that the hot gases pass up among the 
tubes in the front sections, thence over a brick baffle 
between the sections, finally travelling downwards 
among the rear tubes, where the coldest gases are, 
and out at the back wall. Mud and dirt are pre- 
cipitated into the bottom rear drum, leaving near] 
clean water circulating in the front sections, whic 
are exposed to the most intense heat. A large 
steam dome is set over the steam-drums to supply 
dry steam. All parts are easily accessible for 
cleaning and repairs. 

Messrs. Robert S. Allan and Co., of Gateshead- 
on-Tyne, showed their woodworker in operation. 
This machine was illustrated on page 486 of our 
issue of October 8, 1909. It is primarily a pattern- 
maker’s machine, though suitable for many opera- 
tions in joinery, but differs from some other wood- 
workers designed for similar functions in the relative 
positions of the cutter-spindle and the work-table, 
the spindle being disposed in a horizontal axis, and 
the face of the work-table being vertical. The 
spindle has no adjustments, but rotates —— 
and all adjustments are imparted to the work-table. 
An advantage which may be claimed for this design 
is that cuttings fall away at once, leaving the work 
clear for inspection. 

The table, with its work-holding apparatus, is 
supported by a framing which is traversed along 
V-guides on the base-plate, to the other end of 
which the cutter support is bolted down. Along 
the Y’d guides the work is adjusted and fed rela- 
tively to the cutter by means of a hand-wheel and 
screw. Guides on the top of the stand afford 
cross-traverse movement to a slide provided with 
an adjusting-screw and hand-wheel at each side. 
A vertical face standing up from the cross-slide and 
semi-circular in shape receives a long frame enclosing 
a slide, adjustable by hand-wheels, to which slide 
the actual work-table or the work-carrier is bolted. 
The long frame is adjusted in angular relations on 
the cross-slide by means of a semi-circular rack cut 
on the edge of the vertical portion of the slide and 
bolted through a quadrant slot. The long frame and 
its slide are provided for long pieces of work. The 
circular work-table is for core-box work and sweeped 
pattern work. The work-carrier is for general pur- 
poses, being provided with springs, guides, and 
clamping apparatus. 

The utilities of graphite as a lubricant, and for 
other purposes, were well demonstrated at the stand 
of Graphite Products, Limited, of Ticonderoga 
Works, 218-220, Queen’s-road, Battersea, S.W., 
who are the agents for Dixon’s graphite specialities, 
and who manufacture the graphite paint under 
licence from the Joseph Dixon Crucible Company. 
Several interesting photographs of railway-station 
roofs, bridges, and structures, which are protected 
with this anti-corrosive paint, were shown on their 
stand. Among the graphite lubricants exhibited, 
in all of which the peculiar thin foliated or flake 
graphite is used, were greases for compression cups, 
in several degrees of hardness, wire-rope, motor, 
machine, and other greases, all of them specially 
manufactured for their particular purpose. Dixon’s 
graphite pipe-joint compound was also shown. 

he difficulties incidental to using graphite in a 

lubricator have been surmounted in the Knowles 
and Wollaston graphite cylinder lubricator, which 
was shown working. Its most important feature is 
the stirring of the mixture of graphite and oil all 
through the delivery pipe into the main steam- 
pipe, whence the steam carries it to the surfaces 
which it has to lubricate. A pump and stirring 
ropeller with other mechanism regulate the supply. 
t has been tested on many varieties of engines 
with success. About 3 per cent. of graphite to the 
oil supply is recommended. Any oil which has 
been proved to work satisfactorily with any a 
ticular engine should be used to mix the graphite 
with. There are a good many practical points to 
be observed in working graphite lubricant. When 
used with precautions the theory is that the wearing 
surfaces become coated with the graphite, which 
forms a film between the metal surfaces. 

At the stand of the Combination Metallic Packing 
Company, Limited, of Gateshead, a number of 
Specialities were exhibited, including the firm’s 
packings, drain-valves, and lubricators. An —_ 
ment to emphasise the superiority of m ic | 
packings over those of hemp, &c., would only go | 





to prove what everyone accepts now. But those 
who are not specialists in this department would 
hardly be prepared to accept the fact that the 
patents for metallic packings since the first was 
taken out in 1797 number several thousands. More- 
over, the rivals to metallic packings, into which 
asbestos, india-rubber, canvas, and soapstone enter 
in various combinations, form a strong phalanx of 
competitors. But the fact remains that with the 
increasing employment of higher pressures and 
superheated steam the utilities of the metallic 
packings become more widely appreciated. The 
problem, then, is how best to arrange the segments, 
&c., of which the packings are comprised, and 
different firms advocate various kinds of arrange- 
ments. It would be interesting to discuss the 
numerous characteristics which the ideal packing 
should possess. The main essentials, however, 
are that the wearing surface should be large ; the 
pressure as low as is consistent with a perfect joint ; 
the packing must accommodate itself easily to the 
lateral movements of worn rods; its pressure should 
vary automatically in proportion to the steam-pres- 
sure, as the latter works expansively, and it must be 
durable. In the combination packing a metal case 
floats in the stuffing-box and encloses a number of 
bearing segments of white metal, which segments are 
bevelled, and pressed against the rods by means of 
springs, which‘are just strong enough to counteract 
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Figs. 171 anp 172. Piston-Rop Merattic Pack- 
ING ; ComBINATION Metatiic Packine Company, 
LimItED, GATESHEAD-ON-TYNE. 


the pressure of steam and prevent its escape. Two 
designs of this packing are made, Figs. 171 and 172, 
above, but the essentials are the inner bevelled- 
edge segments and the outer floating-rings. As 
regards the materials, it is, of course, vital that the 
white metal used in the segments and for the linings 
of the floating case should be of the best quality. 
The melting-point must be far above that of super- 
heated steam. The packings will not score or wear 
the rods, they will run continuously for from four 
to six years without renewals or inspection, while 
cases have occurred of double this period of service. 
Besides the packings ‘‘ C.M.P.” metallic jointing 
rings were shown, taking the place of gasket, gauze, 
and other substances. They require no cement, 
and are suitable for manhole doors, boiler fitting 
joints, covers of cylinders, and steam-chests, &c. 
Automatic drain-valves for steam -pipes for 
whistles and sirens were shown. These, by draw- 
ing away condensed steam from the pipes, leave 
the latter clear. This is of vital importance in 
cold weather, when condensation is rapid, and in 
vessels running at high speeds, where every fraction 
of a second is of value. The condensed steam is 
automatically drained away immediately the signal 
whistle is sounded, leaving the steam-pipe dry and 
clear for the next signal. No spray comes from 
the whistle to the deck. 
The ‘‘Robson Newcastle automatic stop and 
drain-valve,” as the firm term it, illustrated in 
our issue of February 25, 1910, combines the 





advantages of efficient valves with the arrangement 
for draining the lengths of piping immediately 





after use. The action is simple, comprising two 
independent movements operated by one move- 
ment of the spindle. The valve is placed at the 
boiler end of the piping, and when it is opened by 
turning the Bow! 2 means of a hand-wheel, or 
by the thrust of a lever, the spindle, having an 
upward motion, lifts the valve from the main valve, 
and, travelling further up, closes the drain-ports 
with the sleeve, which, rising further, meets the 
main valve and raises it up to allow the full area 
of steam to pass through. To reverse the opera- 
tion, the steam is first shut off, and then the drain- 
ports are opened, draining some 200 ft. to 500 ft. 
of steam-pipes, leaving them dry and clean for the 
next use, so that all water-hammer is obviated, 
and there is no necessity for the opening of a num- 
ber of drain-cocks and a general blow through 
before using, as is generally the case. 

The ‘* Robsun Newcastle” lubricators, which 
were shown, deliver a regulated quantity of oil, 
which is visible, and which can be varied from a 
continuous flow to a given number of)drops per 
minute against a pressure of 250 lb. The supply is 
automatically cut off when the engine stops, avoid- 
ing the turning off of cocks and preventing accumu- 
lations of ‘oil in the crank-case. These lubricators 
are operated either by a wheel and ratchet, or by a 
Sos and do not require reducing gear for 

igh speeds. 

At the stand of Messrs. Klinger and Co., of 66, 
Fenchurch-street, London, E.C., a collection of 
water-gauges, gauge-cocks, and lubricating appli- 
ances was shown. The ‘ Reflex” water-gauges are 
ae in such a way that the water appears 
black-and the steam space has a silvery lustre, so 
that the water-level is seen at a glance. This is 
due to the fact that the inner surface of the glass 
is grooved vertically, and so reflects the light back 
where there is no water behind it. Where water is 
present the glass is transparent and shows the 
colour of the inside of the metal casing, which 
affords protection to the glass. The glass is har- 
dened, and is tested to over 500 lb. steam pressure 
before being sent out. Over 250,000 of these gauges 
have been sold. 

The improved gauge-cocks of the firm are designed 
to make provision for the ready renewal of metal 
surfaces in contact without dismantling and re- 
grinding or throwing away the entire bodies. The 
body is hollowed to receive a removable lining. The 
lining is packed with asbestos, in which the plug 
works. When the packing becomes worn badly, it, 
with the lining, is removed, and a new one substi- 
tuted at a small cost. In this way the life of the 
body is prolonged for an indefinite period, and 
delays for repairs are avoided. 

Samples of the firm’s packings were shown, 
including the ‘‘ two-coloured” packing, which is 
of a composite character. The body of the packing 
consists of an asbestos fibrous lubricant, in which is 
embedded a strip of perforated flexible metal, the 
whole being surrounded by an interlaced cotton 
covering. he side in which the metal strip is 
embedded is coloured red, and must be laid next 
the rod, and, the lubricant being forced through 
the perforations by the pressure of the gland, forms 
a tight joint. 

The automatic lubricators of the firm are made in 
designs suitable for locomotives, motor vehicles, 
and marine engines. Drawings would be required 
to explain the action of these, and therefore we 
must pass them by without description. They are 
a combination of oil-pumps working independently, 
and propelling just the quantity of oil for which 
each pump is set. They will work reliably against 
— up to 750 1b. Hence one lubricator can 

employed for the simultaneous oiling of any 
number of parts under varying pressures, as well as 
those which are free from pressure. 
Some good roller bearings were shown by the 
Cooper Steam Digger Company, Limited, of King’s 
Lynn, and Broad-street House, New Broad-street, 
London, E.C. They are the outcome of an experience 
which embraces the manufacture of over 38,000 
roller bearings. The ‘‘C.P.” bearing, as it is 
termed, comprises the pedestal and cap, the cage 
with rollers, the liner or race, and the sleeve for 
the shaft. The liner is in halves, and the sleeve is 
in halves, so that the bearings can be put on any 
part of the shafting. The sleeve is secured to the 


shaft with spring clips. The joints in the sleeve 
and in the clips are diagonal, which avoids jumps 
when the rollers 
of the clips is sufficient to secure the sleeve to the 


over the joints. The spring 





shaft, 


In one test, a load of over 1600 Ib. was re- 
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quired before an empty sleeve fitted with clips 
showed the slightest sign of opening. And the 
load was applied in a direction tending to tear the 
halves of the sleeve apart against the action of 
the clips. All the friction surfaces, those of rollers, 
sleeve, and liners, are of steel, hardened and 
ground. The lower part of the pedestal is formed 
in an oil-well, rendering the bearing self-oiling. 

At this stand a testing-machine, Figs. 173 and 174, 
page 500, was exhibited in order to demonstrate the 
efliciency of the ‘‘C.P.” roller-bearings by compari- 
son with an ordinary rigid bearing, ring oiled, both 
bearings being tested under identical conditions. 
Pressures are indicated on one dial, and the resist- 
ance due to friction on the other dial. The general 
arrangement of the levers is illustrated by the draw- 
ing, Fig. 174. Comparing a bearing of good gun- 
metal fitted to a carefully ground shaft of 3 in. in 
diameter, and a bearing length of 9 in., and lubri- 
cated with a constant stream of oil, a ‘‘C.P.” bearing 
showed a saving in frictional resistance of over 
90 per cent., taking the average results at a speed 
of 110 revolutions per minute, and loads varying 
from 500 lb. to 3000 1b. The *‘C.P.” bearing has 
been tested at all loads, from 01lb. to 6000 Ib., on a 
3 in. diameter. In all this range, at 270 revolu- 
tions per minute, the same frictional resistance is 
shown. This is apparently the friction between 
the rollers and their pins, the friction between the 
sides of the cage and the housing, and the fluid 
friction of the lubricant, all of which are unaffected 
by load, and are therefore constant. The rolling 
friction of the bearing itself is negligible, its small- 
ness being due to the hard ground surfaces and of 
the special steel used. 

At the stand of the Britannia Engineering Com- 
pany (1910), Limited, of Colchester, three lathes 
were exhibited : one a 6-in. high-speed type, with 
large belt cone; another a 44-in. screw-cutting lathe, 
and the third a 3}-in. screw-cutting lathe. These 
two last-named have been shown in ENGINEERING 
recently, August 19, 1910, pages 278 and 279, and 
they are typical of the great improvements which 
have been made in small lathes for amateurs’ and 
others’ use during recent years. An improved form 
of treadle motion is fitted, taking the place of the 
ordinary long-bent crank, there being only a short 
shaft under the left leg, supported at each end on 
anti-friction rollers. Among other good features 
is an arrangement for instantly stopping or revers- 
ing the direction of motion of the lead-screw, 
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through a handle located in front of the bed below | suit the bars of different sizes, which are rotated 


the headstock. 

The firm also had a number of illustrations of 
various lathes. In one we noted a fresh application 
of the narrow guiding strip, this being located on 
the underside of the bed, close tothe lead-screw. <A 
three-speed cone-pulley is used, but nine rates are 
imparted to the spindle, through the employment 
of two special gears in addition to the ordinary 
back gear. 

Three horizontal oil-engines were shown by this 
firm, and four vertical ones. These were variously 
adapted for using refined petroleum or crude 
petroleum, while in some instances petrol, benzene, 
or alcohol may be used, a special carburettor being 
fitted. A 50-brake -horse- power vertical petro- 
leum-engine was shown, being of the four-cylinder 
type, for marine work, with reverse gear, high- 
tension magneto-ignition, and starting gear. The 
governor employed is fitted in the fly-wheel, and 
operates a piston throttle-valve. The water-circu- 
lating pump is driven from the cam-shaft through 
an eccentric. In regard to the system of lubrica- 
tion, this is arranged as follows :—There is a reser- 
voir in the bed-plate, but the cranks do not dip 
into the oil. A pump is fitted which circulates this 
oil from the reservoir through a pipe leading to an 
injector to each crank-dip. The disposition of these 
injectors is such that they project a spray of oil 
directly on to the crank-paths, the result being that 
a fine spray of oil is maintained throughout the 
whole crank-chamber. Thus the pistons, their 
pins, the main bearings, tappets and cam-shafts, 
are all efficiently lubricated, and the quantity of 
lubricating oil circulated is in direct proportion to 
the speed of the engine. 

Messrs. Arthur Reiner and Co., of 63, Queen 
Victoria-street, London, E.C., had several things 
of special utility at their stand. One of these was 
a bar-straightening and polishing machine, one of a 
series made to deal with bars from ;5, in. to 4} in. in 
diameter, the size shown being for 1 in. bars. This 
machine is shown in the engraving (Figs. 175 and 
176, page 501), which renders little explanation 
necessary. 

The straightening is done between the three 
rollers A, A, A (Fig. 175), set at slight angles with 
each other. The longitudinal feed of the bar is 
produced by the angular relations of the rolls, and 
the feeding varies from about 12 ft. to 21ft. per 
minute. Adjustments of the rollers are made to 





and traversed between them. The rollers are of 
specially hard steel produced from the firm’s electric 
furnaces, ground and polished. The polishing of 
the bars is effected by means of two wooden strips 
above and below the shaft being straightened, and 
between the rollers. These have screw adjust- 
ments. The driving is by belt through gears, but 
an electric motor can be substituted. No further 
machining is necessary for shafting, c. 

There was also a combined shearing and punching 
machine (constructed by Messrs. Schenck and Liebe- 
Harkort, of Diisseldorf), with a framing of steel 
plate of unbreakable design, formed of plates 
riveted together, with distance-pieces between, and 
a spread base or stand, built up of plate and angle. 
In order to keep down the width of the machine, 
the fast and loose pulleys are not mounted on the 
shaft of the fly-wheel, but are set at right angles 
thereto, and drive by mitre-gears. At one end of 
the frame there is a punch, at the other a plain 
shear-blade, and at the centre a perforated blade 
and guide for square and other sections. 

A friction screw-press was shown, which was illus- 
trated in ENGINEERING, September 4, 1908, so 
that a concise account only need be offered here. 
The driving-disc is situated on the top of the ver- 
tical screw, and is driven in either direction by the 
vertical side discs. The driving-disc on the screw 
acts asa powerful fly-wheel, but its force is graduated 
thus ‘The wheel comprises a thin rim, solid with 
the arms; on each side, and extending out con- 
siderably beyond, are heavy metal rings, pressed 
against the sides of the rim with bolts, which are 
made to grip fibre segments occupying the space 
between the rings which is not occupied by the 
rim, with any degree of pressure desired. The rims 
have friction leathers around their peripheries, 
which engage with the driving-dises. But the point 
is that the force exerted by the leather discs is con- 
trolled by the amount of pressure of the discs on 
the fibre segments, and when that force is exceeded 
the rings will slip. A special springy spanner, which 
will only transmit a certain predetermined force to 
the nut, is used for ‘ightening the bolts, and will 
slip when that force is exceeded. 

eats rather remarkable examples of deep stamp 
ings were also shown comprising a half differential 
case, a gas-storage cylinder, and a cylinder measuring 
about 17 in. in diameter by 194 in. deep by ¢ in. 
thick, with a solid end, stamped in one piece. There 
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were also specimens of sheave pulleys pressed from 
steel plate, and divided along the middle plane 
through the throat of the groove. The disc of each 
half is pierced with several narrow slot-holes, but 
the metal is not severed completely, but left con- 
tinuous alongone edge. It is then pushed through 
the corresponding slot in the other half, and, being 
bent over, locks the halves together. 

Messrs. Babcock and Wilcox, Limited, whose 
works are situated at Renfrew, were represented 
in two ways; they had a boiler in work at the 
yard at the Hammersmith-road entrance, supplying 
steam for driving machinery in the building, and a 
stand inside with various models and specimens 
of work. The boiler was of portable type (Figs. 
177 and 178, above), with iron casing, being 
minus the brickwork setting, but was otherwise of 
Babcock and Wilcox usual water-tube pattern. It 
is constructed for 200 lb. working pressure, and 
has a heating surface of 955 sq. ft. A steel- 
stayed chimney was included with the boiler. 
These portable boilers are employed to a large 
extent in foreign countries, where difficulties of 
transport and other considerations render the usual 
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brickwork - set boiler out of the question. If 
desired, the boiler can be sectionalised to have no 
part exceeding 250 lb. in weight. The models 
include various types of boilers, for land and 
marine service. These types are now so familiar 
that no description is required. Of the standard 
land type, some 7,700,000 horse-power have been 
installed ; of the marine, about 1,961,000 horse- 
power. Steam superheaters are fitted to land 
types, by which a saving of from 10 to 15 per cent. 
is made in the case of highly economical engines, 
and more with wasteful engines. A model of a chain- 
grate stoker wasshown. This consists of an end- 
less chain formed of short interlocking grate-bars 
of cast iron, linked together and running on rollers. 
They are driven by a revolving drum at the front 
end of the stoker by a sprocket chain from a shaft 
located as convenient. The coal is fed over the 
entire width of the grate, and the depth of fire is 
regulated by vertical adjustments of the fire-door. 
The feed is slow, and the pass underneath a 
fire-brick arch and over the incandescent coal, so 
completing their combustion before they come in 
contact with the heating surface of the boiler. The 
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speed of the grate and the depth of fuel can be 
adjusted in a minute to suit varying conditions of 
service. A model of the firm’s water-softener (on 
the Lassen and Hjort system) wasexhibited. Over 
3000 of these are in use. As the firm makes a 
speciality of wrought-steel piping, a collection of 
this was exhibited, with flanges pressed out of the 
solid. Examples of the headers used in the boiler, 
with pieces of tube expanded therein, were also on 
view. Tube-cleaners for removing scale from the 
inside of boiler, economiser, and other tubes ; and 
sample parts of coal-conveying machinery were also 
shown. 

Messrs. Babcock and Wilcox also had a collection 
of crane photographs at their stand, which illustrate | 
work which could not be exhibited. The firm has 
been developing this as a new line of manufacture, 
overhead travelling cranes receiving special atten- 
tion. These are constructed on alan designs 
with light braced girders, high speeds of travel and 
traverse, and are electrically driven. 

Messrs. George Angus and Co., Limited, of St, 
John’s Works, Newcastle-on-Tyne, exhibited a 
large quantity of leather and india-rubber and other 
goods. A large display of raw-hide gears was in- 
cluded, spur and bevel. Leather and canvas belt- 
ing, leather link-belting, and raw-hide belting were 
much in evidence. Fibre pinions, flexible hose, 
and large displays of rubber goods, sheeting, valves, 
asbestos goods, packings for high-pressure steam, 
and appliances for fire brigades made up an attrac- 
tive exhibit. 

The drop-forgings of Messrs. Thomas Smith and 
Sons of Saltley, Limited, Birmingham, comprised 
a large number for motor-car and motor-omnibus 
work, including stamped cranks, a large selection 
of spanners, engineers’ hammers, punches, and 
chisels. Stampings for the shipbuilding trades, 
rope-cleats, shackles, &c., pressed-steel goods, and 
marine outfits, 

The possibilities of die-casting were well illustrated 
at the stand of the Patent Castings Syndicate, 
Ltd., of Balfour House, Finsbury-pavement, London, 
E.C. The utilities of these castings lie chiefly in 
the light parts which are used for typewriters, 
slot-machines, gas and water meters, piano-players, 
small gears, parts with screw-threads, &c. They 
are very beautiful and perfect little castings, admi- 
rably suited for light parts which are not subject to 
severe stress or wear. When several identical parts 
have to be machined, they are frequently cast on a 
spray of runners. Parts which belong to each other 
are also cast together. Some of the castings shown 
were rather intricate, so that it would be difficult, or 
practically impossible, to stamp them in forging diés, 
a class of work, therefore, which the die-castings in 
some degree supersede. The pieces are accurate 
enough for interchangeability ; the threads and the 
teeth are often very fine, teeth of about »,-in. pitch 








being exhibited. Internal threads are cast also. 
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- Pieces like small screws can be cast in. Many 
thousands of pieces can be cast from one mould. 
The alloys used are secret compositions, but they 
include tin, lead, zinc, copper, and are guaranteed 
non-corrosive, and are made in anti-friction, steam- 
resisting, hard and tough qualities, according to the 

urposes for which they are required. Bearings 
fined with anti-friction white metal alloys were also 
shown. 

The stand occupied by the Worthington Pump 
Company, Limited, of 153, Queen Victoria-street, 
London, E.C., was of large dimensions, and a centre 
of much interest, the firm’s centrifugal and duplex 
reciprocating types having been exhibited along with 
other specialities. There were several examples of 
standard low-lift centrifugal pumps, ranging from 
4 in. to 10 in., with coupling attachments, and 
others for marine purposes, ranging in sizes from 
4 in. to 6in. These pumps are designed for 
normal heads of 75 ft. They are chiefly suitable 
for direct connection to electric motors, but they 
can also be arranged to be driven either by a 
steam-engine or an internal-combustion engine. 
The type has a very high efficiency. In a test 
made at the Birmingham Corporation Power 
Station an efficiency of 85 per cent. was obtained. 
Small house tank-pumps, motor-driven, were shown, 
one being of single-stage, the other of two-stage, 
design. 

A 4-in. three-stage centrifugal or turbine boiler 
feed-pump (see Figs. 179 to 181, page 504) was 
driven by a 50-horse-power steam-turbine. This 
particular pump was arranged to supply the feed- 
water to a locomotive multitubular boiler supplied 
by Messrs. Robey and Co., Limited. This is an 
example of the Worthington high-lift type of pump. 
It isa natural development of the high efficiency 
low-lift pump, which gives the efficiency sought 
without the employment of complicated designs of 
guide-vanes and passages. It is shown in section 
in Fig. 179, and the curve of the blade in Fig. 180. 

This combination of a high-lift centrifugal pump, 
with a high-speed steam-turbine, is recommended 
when electric power is not available. It is now a 
standardised design of the Worthington Company, 
which can be adapted for all boiler pressures and 
temperatures. In marine service the combined 
steam-turbine and centrifugal pump would be 
arranged as a vertical unit, with economies in weight 
and space. 

The value of the house-tank pump lies specially 
in connection with tall buildings, when the pressure 
of the ordinary water service is insufficient. These, 
as stated, were shown in single-stage and in two- 
stage designs to suit all conditions. They are 
noiseless, and occupy little space. The internal 
parts are of phosphor-bronze, the shaft of steel, 
and the body of cast iron. As there is no hammer- 
shock, air-vessels and relief-valves are unnecessary. 

A surface condenser, with electrically-driven 
centwifugal circulating, and hot-well pumps, and a 
rotary air-pump, all constructed by the firm, were 
shown in frequent operation. This is also to be 
seen in Fig. 181. It was motor-driven, the motor 
being by the Lancashire Dynamo and Motor 
Company, Limited. The centrifugal type of pump 
is admirably adapted for this kind of service, and 
no intervening gearing is required. The conveni- 
ence of operation is an important feature, since it 
is possible to operate the condensing plant at a 
considerable distance from the main engines if 
desirable to do so. The condensing plant could 
then be controlled from the main switchboard. 

A 3-in. marine centrifugal pump was shown 
directly connected to a steam-engine by Messrs. 
Alley and MacLellan, Limited. 

A feed-pump of Admiralty pattern, 15 in. and 
104 in. by 18 in., was exhibited. It is recom- 
mended when the load is of a variable character, 
having all the advantages of a positive slow-speed 
boiler-feeder. The valve-g2ar renders the pump 
self-regulating, and proof against stoppage when 
working under all conditions. The pump is con- 
structed for boiler pressures up to 300 lb. per square 
ir ch. 

Another exhibit was a 4}-in. by 4j-in. vertical 
air-compressor electrically driven. This is of a 
type which was designed specially for automobile 
garage work, for ony | tyres, cleaning cushions, 
&c., and is shown in Fig. 182. It is built for 
a pulley-drive which may taken from an elec- 
tric motor, a steam or gas-engine, the connection 
being by a chain-drive; or the shafts can be 
directly coupled. The machine compresses air on 

the up-stroke only. The air-cylinders are water- 





jacketed. The framing is enclosed and dust-proof. 

he bottom is formed into an oil-reservoir, into 
which the connecting rod dips, lubricating all the 
bearings. The machines are noiseless, are suitable 
for 100lb. working pressure, and are made in three 
different designs—single, duplex, and triplex, con- 
taining, respectively, one, two, or three single com- 
pressor air-cylinders. The duplex and triplex 
types have the advantage over the single design 
that they run more smoothly. 

The ‘‘ Arrow” straight - flow water- meter was 
exhibited (Fig. 183, page 504). The water, in its 
passage, rotates the spiral wheel, which, through 
worm-gear, turns the clockwork which gives the read- 
ings. 
and syphons in ordinary and high-pressure mains up 
to 750 lb. per square inch, for the determination of 
the flow from springs, and the yield from wells, the 
eegeone 3 of centrifugal pumps, and district supply, 
for turbines and liquids generally. It works in 
vertical or horizontal positions. There is no reduc- 
tion in the diameter of the water-pipe, nor diver- 
sion of the flow, no end-thrust on the wheel, and 
the loss of pressure is but slight. It is made ina 
range of bores from 2 in. to 48 in. The electric 
recording and checking apparatus can be fixed to 
a wall at any distance from the meter. 

Messrs. Carr Brothers, Limited, of 11, Queen 
Victoria-street, London, E.C., exhibited a miscella- 
neous selection of jointing materials, and speciali- 
ties for contractors’ plant, for which Messrs. Carr 
are agents. Thered ‘‘ Rainbow ” jointing is speci- 
ally recommended as reliable for high pressures and 
high steam temperatures. It is stated to be equally 
suitable for steam, air, hot or cold water, and as 
being immune from liability to harden, crack, or 
blow out, or to be injured by oil and greases or by 
ammonia. It can be used for unfaced joints. Some 
gaskets also made from this material were shown, 
and piston and valve-rod packings. The latter are 
made with a round core of ‘‘ Rainbow” material, 
surrounded by layers of loosely woven duck impreg- 
nated with fine plumbago. It is stated as being 
capable of holding steam at 400 lb. pressure, and it 
will not harden under heat. Semi-metallic packings 
with the ‘‘Rainbow ” core were shown, and square 
hydraulic packings, with air-brake hose, wash-out 
hose, and others. 

A model of an air-dump car, by the Western 
Wheel-Scraper Company, was shown, and also 
samples of the firm’s wheel-scrapers and drag- 
scrapers for excavation and repairs of roads, &c. 
These are specialities which would interest con- 
tractors in this country, where they are apparently 
not yet inservice. Insulators for ordinary and high 
voltages, for tramway and — overhead work, 
completed an exhibit of considerable interest. 








THE MANCHESTER ASSOCIATION OF ENGINEERS.—The 
opening meeting of the session will inaugurated by a 
visit of the members, at 2.45 p.m., on Saturday, October 8, 
to the University of Manchester, with the object of view- 
ing the various departments of the university of interest 
to the engineering profession. At7 p.m. the inaugural 
address will be delivered by the President, Mr. William 
Fox. Subsequently the Constantine medal for the past 
discussion session will be presented to Mr. J. N. oe eg 
a —— for his paper on “The Exhaust-Steam 

urbine. 





Tuk First Worip’s AERIAL ExuisiTion.—The first 
World’s Aerial Exhibition is to be held at the Crystal 
Palace, from December 1 to January 31 next ; it promises 
to be the most important aeronautical exhibition which 
has ever taken place. It is to be divided into sixteen 
sections dealing with the history of aeroplanes, balloons, 
and dirigibles, and covering every branch of aeronautics. 
A special department will arrange for aeroplane and 
dirigible Ao from the Crystal Palace Grounds. The 
whole of the Palace has been reserved for the exhibi- 
tion. The Commissioner-General is Mr. W. J. Potter, | 
Crystal Palace, S.E., from whom all particulars can be | 
obtained. 





University Extension Lectures. — Mr. Banister 


It is used in connection with open conduits | 


NOTES FROM THE NORTH. 
; Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
| pig-iron market was very quiet, and the fatieass only 
| amounted to one lot of Cleveland warrants at 48s. 10d 
|eash. Closing sellers quoted 48s. 104d. cash, 49s, 14d. 
|one month, and 49s. 84d. three months. The afternoon 
| session was dead idle, but the tone was steady. Cleve. 
land warrants were quo at 483. 104d. cash, 49s, 11d. 
one month, and 49s. 8d. three monthssellers. There were 
sellers of hematite at 65s. three months. On Friday morn. 
ing prices me rather stronger, but business was quict 
The dealings consisted of two lots of Cleveland warrants 
at 49s. 24d. one month and 49s. 10d. three months, and 
| sellers’ closing quotations were 49s. cash, 493. 3d. one 
| month, and 493. 104d. three months. The improved tone 
was again in evidence in the afternoon, when 3500 tons of 
| Cleveland warrants changed hands at 49s. 44d. one 
|month and 49s. 104d. three months. At the close there 
| were sellers at 49s. 2d. cash, 49s. 5d. one month, and 50s, 
| three months. On Monday morning the market opened 
| easier, but became firmer towards the close. Cleveland war- 
| rants, 2000 tons, were dealt in at 49s. 14d. cash and 49s, 54d. 
|one month, and the closing quotations were 49s, 24d. 
| cash, 49s, 6d. one month, and 50s. three months sellers, 
| Hematite was unchanged at 65s. three months sellers. 
| The market was quiet and easier in the afternoon, and 
| only 1000 tons of Cleveland warrants changed hands at 
49s. 1d. cash, and the session closed with sellers quoting 
49s. 14d. cash, 49s. 5d. one month, and 50s. three months. 
On Tuesday morning the market was again quiet, and 
no business of any kind was recorded. At the close there 
were sellers of Cleveland warrants at 49s. 2d. cash, 
49s. 54d. one month, and 49s. 114d. three months. In the 
afternoon there was no change in the tone of the market, 
and dealings consisted of one lot of Cleveland warrants 
at 49s. 5d. one month. The closing quotations were 
49s. 2d. cash, 49s. 54d. one month, and 49s. 114d. three 
months sellers. Hematite was quoted at 65s. three 
months sellers. When the market opened to-day (Wed- 
nesday) a dull tone prevailed and prices were easier. The 
turnover amounted to 6000 tons of Cleveland warrants at 
48s. 11d. cash and 49s. 1d. and 49s. seven days, and closing 
sellers quoted 49s. cash, 49s. 3d. one month, and 49s. 104d. 
three months. Hematite to the extent of 1000 tons 
changed hands at 64s. 9d. three months. In the afternoon 
the market was a shade stronger, and 1000 tons of Cleve- 
land warrants were dealt in at 49s. 1d. nine days, and 
49s. 104d. December 27. At the close of the day there 
were sellers at 49s. 04d. cash, 49s. 4d. one month, and 
49s. 11d. three months. The following are the market 
—— for makers’ (No. 1) iron:—Clyde, 61s. 6d.; 
Jalder and Gartsherrie, 62s.; Summerlee, 63s.; Langloan, 
64s.; and Coltness, 80s. (all shipped at Glasgow); Glen- 
garnock (at Ardrossan), 63s.; Shotts (at Leith), 62s.; 

and Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—The sulphate of ammonia market 
has again become stronger in tone, and a fair amount of 
business has lately been put through. The price to-day 
is from 12/. 15s. to 12/. 17s. 6d. per ton for prompt delivery 
Glasgow or Leith. For forward lots, say October to 
March, buyers are offering 12/. 15s. per ton, but sellers 
are quoting 12/. 17s. 6d. The amount shipped from 
Leith Harbour last week was 3699 tons. 


Shipbuilding.—The shipbuilding horizon is still clouded 
and no ray of light has as yet m seen to indicate an 
immediate settlement of the present dispute between the 
boilermakers and the Shipbuilding Employers’ Federation. 
Work in the various yards is now being seriously inter- 
fered with by the stoppage, and what once locked like 
being an excellent year as regards employment and out- 
put is now more likely to be one of quite an ordinary 
nature. In the matter of output alone, the figures for the 
Clyde yards for this year to date are over 74,000 tons 
ahead of the figures for the corresponding period of last 
year, and 97,500 tons larger than during the similar period 
of 1908. Already the dispute has lost us four valuable 
weeks’ work, and the end of the trouble is not yet in 
sight. The placing of new orders has practically been 
at a standstill during the past month, as shipbuilders 
could not give any guarantee as to date of delivery. The 
following table shows the cutput of new vessels during 





September :— 
Vessels. Tons. 
The Clyde ; i et 23 46,948 
The Forth a 1 1,200 
The Dee .. é “9 “9 5 5,330 
29 53,478 


It is interesting to note that with the single exception of 
April, the Clyde figures for the past month are the best for 





Fletcher, F.R.1I.B.A., commenced a course of twenty-four 
University Extension Lectures on ‘‘ Ancient Architec- 
ture” at the British Museum (by permission of the | 
Trustees) on Tuesday, October 4, at 4.30 p.m. Also a 
course of twenty-four lectures on ‘‘ Mediwval Architec- | 
ture” at the Victoria and Albert Museum (by permission | 
of the Board of Education) on Monday, October 3, at 
5 p.m. These courses are to be amply illustrated by 
lantern-slides, photographs, diagrams, and models, and 
will appeal not only to architects, but to Art students, 
the general public, and those who travel, to whom a 
knowledge of architecture is now ised as a necessity. 
The objects in the museums will be explained in the 
classes held after the lectures. Full particulars can be 
— from Miss Gaudet, 120, Cheyne Walk, Chelsea, 








this year. The output from the various Scottish yards 
for the past nine months is as follows :— 

Vessels, Tons. 
The Clyde 226 342,631 
The Forth 16 7,285 
The Tay .. 6 5,356 
The Dee .. 40 10,110 
2388 365,382 


Scotch Stee! Trade.—The state of affairs in the Scotch 
steel trade is ually getting worse on account of the 
continuance of the dispute in the shipbuilding industry. 
At several of the works the rolling-mills have had to be 
shut down owing to the scarcity of specifications, and the 
outlook is far from reassuring. Any business that is 
| passing in heavy material is almost wholly for export, 
| and of that there is at present a fair amount. In the 
| lighter makes of steel there is an excellent demand, 
Canada being a buyer of thin plates, while India is also 
in the market for light sheets. Several good lines of 
| these qualities have been fixed up this week at full prices. 
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For structural material the demand shows no falling off, 
and makers are very busy. 

Mullcable-Iron Trade.—No improvement falls to be 
recorded in the malleable-iron trade of the West of 
Scotland, and new business is very scarce. Old contracts 
are being worked off, and these are at present the only 
orders keeping the various establishments going. 

Scotch Pig-Iron Trade.—The local demand for the ordi- 
pary qualities of Scotch pig iron is very poor, but fairly 
good deliveriee are being made to consumers in the South, 
and shipments are also of a satisfactory nature. Prices 
remain very firm, with no easing tendency. No change 
has taken place in the demand for hematite. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

American Trade.—The total value of the exports from 
Sheffield and the district to the United States during the 
past quarter was 235,876/., an increase of over 30,000/. 
compared with the same period of last year. Of this 
amount, steel sheets and bars accounted for 173,573/., an in- 
crease of over 40,0007. The export of sheep shears, garden 
shears, and scrap (iron and steel) is also very much better 
on this year’s showing. The growth this quarter, though 
very satisfactory as compared with a year ago, does not 
show up so favourably against the previous three months, 
when the total increase was 60,000/. It seems pretty 
clear that the new tariff has done something to check the 
importing of Sheffield goods. 

Value of ‘‘ Sheffield.” —The fraudulent marking of Shef- 
field’s name on foreign-made articles has become a serious 
matter, which is not realised as fully as it ought to be in 
some quarters. Many manufacturers are not sufficiently 
aware of the extent to which it is practised. A su - 
tion was recently made by the new Master Cutler, Alder- 
man Senior, that manufacturers should contribute to a 
fund for the purpose of prosecuting in cases of fraudulent 

ractice, and a good deal of approval of such a step has 
been expressed locally. 


South Yorkshire Coal Trade.—The feature of the local 
coal trade is the advance of 1s. per ton in the price of 
house coal, taking effect from last Saturday. Merchants 
were very busy during last week, for buying received a 
big impulse in anticipation of the increased quotation, 
and the demand was specially large from London. It is 
not expected that there will be much difficulty in making 
the advance operative on all new contracts. In conse- 
quence of the recent rush, collieries are well booked 
forward, and there is a particularly active inquiry for 
best coals. There has as yet been no wr | off in the 
output of steam coal, and the greater part of it is going 
away quickly and well. The Humber ports are still 
taking large tonnages both on .Y and ordinary 
shipping account. The demand for industrial con- 
sumption keeps up, and prices are about the same. 
Good supplies of gas -c are being taken at the 
large works. Slacks are still affected by the position 
in the cotton trade. There is not much disposition on 
the part of buyers to take up new contracts, and stocks 
are increasing at the collieries. Steam nuts are in a fairly 
good position. The output of coke is at present bigger 
than the demand. Latest ‘Change quotations are :— 
Barnsley silkstone, 12s. to 12s. 6d.; silkstones, 10s. to 11s. ; 
Derbyshire brights, 11s. to 12s.; Yorkshire hards, 9s. 6d. 
to 10s. 6d. ; Derbyshire hards, 8s. 3d. to 9s. 3d. ; rough 
slacks, 6s. to 6s. 9d.; seconds, 3s. to 4s. 3d.; smalls, 1s. 
to 2s, 3d. 


Tron and Steel.—The lack of iron buying at the present 
moment is partly traceable to the quietness inseparable 
from the end of a quarter, and it does not represent real 
weakness in the market. It was stated on the local 
=e, at the week end, that there was a strong under- 
tone. Consumers are endeavouring to estimate the ae 
tion in the immediate future, before placing fresh 
contracts. On the makers’ side there is a belief that 
prices have reached their lowest level. Some of them 
quote a shilling advance on deliveries early next year, 
whilst others will not accept contracts just now, in the 
expectation that higher prices will shortly rule. The 
quietness extends to the Lincolnshire and Derbyshire com- 
mon irons. Many bar-iron makers are working full time, 
and there is a gooddemand forbillets. The very satisfactory 
quantity of work in the armament departments has re- 
cently been augmented by large orders for shells, and the 
big firms in the East End are extremely busy in this 
direction. The foundries are experiencing a concurrent 
improvement, and there is good work at the rolling-mills. 

he distressing state of affairs resulting from unemploy- 
ment on a large scale which existed in the city about a 
year ago is not likely to be repeated this winter. The 
chief effect of the shipyard lock-out has been to incon- 
venience local manufacturers who have a large number of 
orders on hand, and have executed a good many which 
are not immediately required. They are inclined, however, 
to take an optimistic view, and look upon it asa temporary 
difficulty. Orders for railway steel are still very small, 
though there are indications of a little improvement. The 


general steel trades show got figures as regards produc- 
i as fadon effect upon exports of 


tion. The American tariff 
Sheffield steels, but the demand over there is still great 
for high ‘speed tool-steel. This article holds its own very 
well against the newer varieties, and the Continent fur- 
nishes good orders, which include a growing inquiry for 
twist-drill steel. There is a very considerable colonial 
—_— of special steels. It is stated that an electric 
—— is to be erected by a Sheffield firm for steel re- 
ning. The outlook in the lighter trades is good, follow- 
ing upon an excellent season for agricultural implements. 
trictions in railway ordering have been responsible for 
&® somewhat smaller output of excavating tools. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Continued labour troubles, 
and rather unsatisfactory news from America, are chiefly 
responsible for checking business, but, emepceern mee 
these unfortunate facts, values of pig iron are maintained, 
and many traders continue to speak hopefully of the near 
future. Producers of Cleveland iron are not pressing 
sales, but an unsatisfactory feature is the excessive output, 
for not only is pig being sent into the warrant stores 
this month at the rate of 1000 tons per working day, but 
stocks at makers’ yards are understood to be also increas- 
ing. So far this month shipments of pig compare very 
unfavourably with those to the same date last month, and 
with those for the corresponding part of October last year. 
No. 3 g.m.b. Cleveland pig is 49s. 14d. f.o.b.; No. 1, which 
is very scarce, 52s. 6d. to 52s. 9d.; No. 4 foundry and 
No. 4 forge, each 48s.; and mottled and white iron, each 
47s. 9d. ast Coast hematite pig iron is quiet, and stocks 
at makers’ yards are me ed 5 to be accumulating, 
whilst most sellers quoted 62s. 6d. for early delivery of 
Nos. 1, 2, 3, and business has been, and could still be, trans- 
acted at 62s. 3d. A better inquiry for foreign ore is re- 
ported, and values are well maintained. Rubio, of 50 per 
cent. quality, is 20s. ex-ship Tees, and on that basis a 
substantial order has this week been placed for Spanish 
ore delivered up to next February. Coke is in good 
request for local consumption, but the supply is very 
lentiful, and quotations are rather easier. Average 
area kinds are put at 15s. 9d. to 16s. delivered 
ere. 


Blast-Furnacemen’s Wagcs Reduced.—The average net 
selling price of No. 3 Cleveland pigiron for July, August, 
and September has just been certified at 50s. 5.25d., as 
a 51s. 2.04d. for the previous quarter—a reduction 
of 8.79d. per ton. This means ‘a reduction in blast- 
furnacemen’s wages of 0.75 per cent. (three-quarters of 
1 per cent.), which brings wages from 23.75 per cent. 
above the standard to 23 per cent. above the standard. 
The reduction takes effect from October 1. 


Manufactured Iron and Steel.—Most branches of the 
manufactured iron and steel industries continue well 
employed, and there are fair inquiries in the market. 
Some orders for shipbuilding have been placed in 
spite of the lock-out at the shipyards. Quotations 
all round are well maintained. ommon iron bars 
are 7/.; best bars, 7/. 7s. 6d. ; best best bars, 7/. 15s. ; 
packing iron, 5/. 15s.; iron eee, 6l. 10s. ; iron 
ship-angles, 7/. ; iron ship-rivets, 7/. 7s. 6d. ; steel bars, 
7l. 5s.; steel ship-plates, 6/. 10s.; steel ship-angles, 
61. 2s. 6d.; steel strip, 67. 10s. ; steel hoops, 6/. 12s. 6d.; 
and steel joists, 6/. 2s. 6d.—all less the customary 24 per 
cent. discount. Cast-iron columns are 6/. 10s.; cast-iron 
railway chairs, 3/. 10s.; light iron rails, 6/. 10s. ; 7 
steel rails, 5/. 10s. ; and steel railway sleepers, 6/. 12s. 6d. 
—all net cash. Iron and steel galvanised corrugated sheets, 
24-gauge, in bundles, stand at 11/. 10s., less the usual 4 per 
cent. f.o.b., and producers of sheets are understood to 
have good order-books. 


September Shipments of Iron and Stecl.—Last month 
shipments were on a satisfactory scale. Those of pig iron 
reached 107,536 tons, 96,054 tons of which went from 
Middlesbrough, and 11,482 tons from Skinningrove. The 
total clearances of pig for the previous month were 
returned at 100,066 tons, and those for September, last 
a were given at 96,883 tons. Of the iron loaded at 
Skinningrove last month, 10,402 tons went to Scotland, 
and 1080 tons to the Continent. Of the pig iron sent 
from Middlesbrough during September, 64,101 tons went 
abroad, and 31,953 tons coastwise. Scotland was, as 
usual, the largest customer for pig iron, receiving 21,309 
tons ; Germany imported 10,585 tons; Italy, 7 tons ; 
France, 6674 tons; Sweden, 6511 tons: Canada, 5375 
tons ; and Wales, 5329 tons. Manufactured iron shipped 
last month amounted to 11,867 tons, and steel to 38742 
tons. Of the former, 4081 tons went to a countries, 
and 7786 tons to coastwise customers. Steel despatched 
to firms abroad reached 29,434 tons, and to coastwise 
buyers 4308 tons. India was the t importer of both 
manufactured iron and steel, receiving 2813 tons of the 
former and 5864 tons of the latter. New South Wales 
received 4562 tons of steel, and Japan, Natal, Africa, 
and Egypt were each customers for over 2000 tons. 





Tur West or ScoTtanD Iron AND SteeEx INstTITUTE. 
—Mr. A. Campion has resigned the Secretaryship of this 
Institute, and Mr. Ronald G. Jenkins, 124, St. Vincent- 
street, Glasgow, has been appointed Secretary. 


Tue LATE Likvt.-Cotonet Witt1aM Horatio Har- 
FIELD, J.P,—We ret to have to announce the death 
of Lieut.-Colonel William Horatio Harfield, J.P., of 
Sunbury, which took place on the 24th ult., at ere o 
at the of 78. The deceased officer was intimately 
connec for over fifty years with the firm of Messrs. 
Harfield and Co., engineers, Blaydon-on-Tyne, and 
Arundel-street, Strand, W.C. Of this firm he was the 
head at the time of his death. He was formerly in the 
Duke of Cambridge’s Middlesex Hussars Yeomanry 
Cavalry, and wasalso a magistrateand Deputy-Lieutenant 
of Middlesex. He was also high sheriff in 1893. Lieut.- 
Colonel Harfield was a man held in the highest esteem 
among engineers and all who knew him, having won a 
wide circle of friends by his genial and charitable dis- 
position. The funeral took place midst every token of 
sympathy and sorrow on Wednesday, the 28th ult., the 
body being laid to rest in the family vault at Highgate Old 
Cemetery. Among those present were many private and | 





commercial friends. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Merchants have shown a disposition to accept 
orders at prices ranging up to 16s. 9d. per ton for best 
Admiralty large steam coal, 16s. per ton for best 
secondary descriptions, and 8s. 9d. to 9s. per ton for best 
bunker smalls. Ordinary steam coal has made 14s. 9d. to 
15s. 3d. per ton. House coal has exhibited a steady tone ; 
the best ordinary descriptions have made 14s. 6d. to 16s. ; 
No. 3 Rhondda large, 17s. to 17s. 3d. per ton; and 
smalls, 9s. 6d. to 9s. 9d. per ton. No. 2Rhondda large has 
been quoted at 11s. 3d. to 11s, 6d.; smalls, 7s. to 7s. 3d. 

r ton. Foundry coke has brought 18s. to 20s., and 
furnace ditto 16s. 9d. to 17s. 3d. per ton. As regards 
iron ore, Rubio has realised 19s. 3d. to 19s. 9d. per ton, 
7 a basis of 50 per cent. of iron, and charges, in- 

uding freight, insurance, &c., to Cardiff or Newport. 


Welsh Coal Abroad.—Contracts have been let for 
280,000 tons of Welsh coal for the Egyptian State Rail- 
oe. Messrs. H. ©. Vivian and Co.° have secured 
orders for 120,000 tons; Messrs. Moxey, Savon, and Co., 
for 60,000 tons; Messrs. T. Benyon and Co., for 60,000 
tons ; and Messrs. Thomas and Stevens, for 40,000 tons, 
at prices ranging from 13s. 6d. to 14s. per ton free on 
board at Cardiff or Newport. Deliveries are to be spread 
over eight months—viz., from December to July. The 
Paris, Lyons, and Mediterranean Railway Company has 
accepted an order for about 100,000 tons of Welsh small 
coal. 1t is understood that the administration of the 
French State Railways has accepted contracts for 314,000 
tons of small Welsh steam coal. The conditions are some- 
what severe, as ash is not to exceed 14 per cent. The 
prices at which the contracts have been taken are equal to 
an average of about 6s, 9d. to 7s. per ton, free on board. 


New Wagon Works.—A commencement has been made 
with the erection of new works at the ny, Dock, 
Swansea, for the Midland Wagon and Carriage Company, 
on a site obtained from the Harbour Trust. The com- 
pany contemplates expending 12,000/. 


Port Talbot.—The annual meeting of the Port Talbot 
Graving Dock and Shipbuilding Company, Limited, was 
held on Friday, Mr. F. Mordey in the chair. The chair- 
man, in moving the adoption of the report and accounts, 
remarked upon the steady progress which the company 
had made year by year, since it was reconstructed seven 
years ago. With a reasonable further increase in the 
trade of the port still more important results might, he 
thought, be anticipated. 


Ystalyfera.—Negotiations are pending for the provision 
of electric light to Ystalyfera, in the Swansea Valley. 
Mr. Evans Lewis, of Craig-y-pal, near Glais, is consider- 
ing a scheme for the erection of a storage station near 
Ystalyfera. He will then be able to supply electric light 
to private houses at a cheaper rate. Mr. Lewis is already 
supplying electric light to Glais and Llansamlet. 


Dowlais.—Business has been up to the average of the 
last few weeks, with, if anything, a little more activity. 
The Goat Mill has been turning out a fair quantity of 
rails, metallic sleepers, billets, &c. The Big Mill is doing 
a good tonnage in light rails, &c., for collieries, and has 
been running almost full time. The blast-furnaces have 
been doing well. 


New Borough Engincer.—Mr. Hubert Tremelling has 
been cogentes borough engineer of Newport, in succes- 
sion to Mr. KR. H. Haynes, deceased. r. Tremelling, 
who is thirty-three years of age, was chief assistant to 
Mr. Haynes. 


New Tin-Plate Mills.—New tin-plate mills, erected by 
Messrs. Baldwin on Crumlyn, Burrows, Swansea, which, 
when completed, will have twelve mills, were started on 
Saturday, the first mill being put in operation by Colonel 
and Mrs. J. R. Wright. Three others were started on 
Monday. The twelve mills, with the necessary tinning 
plant, are the forerunners of twelve other mills. 








Tue NorrHampron Potyrecunic Instirutre.—The 
new generating station of this Institute, which has been 
installed at a cost of about 6000/., will be formally opened 
by the chairman of the London County Council, on 
Wednesday, the 12th inst. 





Spreciat Course or Lecrures on Inp1A-Ruspser at 
THE City AND Guitps TrecunicaL CoLiecR, Finspury. 
—We may call the attention of our readers to the forth- 
coming course of lectures by Dr. P. Schidrowitz at the 
above college. The first of a series of six lectures will be 
delivered on October 18, at 7.30 p.m. From the pro- 
gramme submitted it is evident that the subject is to be 
treated of in a distinctly practical way, and that the field 
covered is sufficiently wide to be of use to all me in 
any of the numerous industries in which india-rubber is 
employed. 





Tue Society or Encinerrs (Incorroratsep).—The 
Council of the Society of Engineers (Incorporated), in 
conjunction with the Council of the Junior Institution 
of Engineers, have arranged for a course of six lectures 
on ‘‘The Law Relating to Engineering,” to be delivered 
by Mr. L. W. J. Costello, A., LL.B. (Cantab.), at 
Caxton Hall, Westminster, at 7.30 p.m., on the following 
dates :—Monday, October 10; Tuesday, October 25; 
Wednesday, November 9; onday, November 21; 
Wednesday, December 7; and Monday, December 19. 
Fee for the course: Members, 6s. ; non-members, 12s. 
At the close of each lecture oy will be given for 
the asking of questions and for discussion. Applica- 
tions for tickets should be made to the secretary of the 


¥ 





Society of Engineers at 17, Victoria-street, Westminster ; 
or to the secretary of the Junior Institution of Engineers, 


| 39, Victoria-street, Westminster. 
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NEW FILTER-BEDS AND SERVICE RESERVOIRS AT PORTSMOU 
WATER-WORKS. 


MR. HERBERT ASHLEY, M. INST. C.E.,. M.I. MECH. E., ENGINEER, PORTSMOUTH. 


(For Description, see Page 495.) 
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Tue NortH or ENGLAND INSTITUTE OF MINING AND MECHANICAL 
Enernegrs.—Saturday, October 8, at 2 p.m., in the Wood Memo- 
rial Hall, Newcastle-upon-Tyne. General meeting. The Secretary 
will read the report of Professor P. Phillips Bedson and Henry 
Louis, the delegates of the Institute at the International Con: 
of Mining, Metallurgy, Applied Mechanics, and Practical Geology, 
Diisseldorf, 1910. e following papers will be open for dis- 
cussion :—‘‘ Experiments Illustrative of the Inflammability of 
Mixtures of Coal-Dust and Air,” by Dr. P. Phillips Bedson (Trans- 
actions of the Institute of Mining Engineers, vol. xxxix., page 719); 
“Some Memoranda Concerning Coal-Dust, and the Essential 
Principles of the Coal-Dust Theory,” by Mr. H. W. G. Halbaum 


(Transactions of the Institute of Mining Engineers, vol. xxxix., 


e 728). 
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to Engineering,” by Mr. L. W. G. Costello, M.A., LL.B. (Camb.). 

THE ASSOCIATION OF ENGINEERS-IN-CHARGE.—Wednesday, Octo- 
ber 12, at 8 p.m., at St. Bride’s Institute, Bride-lane, Fleet-street, 
E.C. Presidential address by Captain H. Riall Sankey, R.E. 
(Ret.), M. Inst. C.E., on “The Ordnance Survey and the Design 
and Use of Machinery for Printing Maps.” Mr. Henry Adams, 
M. Inst. C.E., M.I. Mech. E., F.S.1., in the chair. 


READING - Cases.—Reading-cases which will hold twenty - six 
numbers of ‘‘ ENGINEERING” may be had of the Publisher or of any 
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AUTOMATIC STABILITY IN 
AEROPLANES. 

WuHILe the aeroplane has — in a great 
many ways with considerable rapidity, it is still 
entirely dependent on hand-control for its stability, 
at all events when there is any wind, and a great 
deal of ingenuity is being expended in devices to 
make the stability automatic. The question there- 
fore arises to what extent such automatic stability 
is practicable or desirable. The term ‘‘ automatic 
stability” may be used in two senses. In the first 
place it may simply mean such a disposition of the 
— that the machine has a tendency to fly in a 

orizontal position in still air, or, in the second, it 
may mean some device which will keep the machine 
horizontal in a wind, and correct any deviations 
caused by puffs and eddies. The difference between 
these two principles can well be seen if we take 
the analogy of a boat. The first meaning of the 
term would simply be that it would have a general 
tendency to go straight, unless the rudder was 
altered. The latter, that the steering was taken 
entirely out of the steersman’s hands, and that a 
straight course was kept by some means, such as a 
gyroscope, without the necessity of manual control. 

With regard to the first point, there seems no 
doubt that the machine should have as great a 
tendency to fly in its correct position as is con- 
sistent with its being handled as required. In the 
early French machines the stability was entirely 
automatic, both laterally and longitudinally. If 
it was desired to go up, the engine had to be 
run faster ; and if to descend, the engine was run 
slower or stopped. Lateral stability was provided 
for by vestienl pactitiont between the planes. This 
system is unsatisfactory in many ways, one of the 
most obvious being that it prevents the full speed 
of the machine being used in horizontal flight. 
It also prevents the machine being tilted over for 
turning corners sharply. Further, it does not 
appear to provide satisfactorily for the correc- 
tion of deflections due to the varying currents of 
air. Hence purely automatic stability of this type 
has been completely abandoned in all recent flying- 
machines. 

In the early American aeroplanes, on the other 
hand, we have the extreme of the hand control. 
As there was no tail at all, the longitudinal stability 
depended entirely on the hand control, and there 
was no real tendency for the machine to fly horizon- 
tally if the control-lever was released. e result 
of this difference from the French machines was 
very evident when the Wrights first came over to 
Europe, for they could manoeuvre in the air in a 
way that the French had never dreamed of. At 








the same time the extent to which the stability 
was dependent on the hand control appeared to be 
overdone, as it made the machine more difficult to 
fly than was necessary. 

The large majority of the recent flying-machines 
therefore have some kind of a tail with a fixed 
surface, supplemented bya hand-controlled elevator. 
If the fixed part is of suitable size, there will then 
be a speed at which the machine will fly horizon- 
tally, even if the lever-controlled elevator is 
released, and the latter need therefore only be used 
for altering the elevation independent of the speed, 
and for correcting the disturbance caused by puffs. 
The lateral stability of all recent machines is hand- 
controlled, as in the early American ones. 

It is theoretically possible to replace the hand 
control in this type of machine by an automatic 
one controlled by a gyroscope or some similar 
device. This system has been much advocated in 
some quarters, and a good deal of ingenuity has 
been expended on its development. It seems very 
doubtful, however, whether it would be satisfac- 
tory even if a perfect arrangement for it could be 
designed. The theoretical advantage would be that 
the fallability of the human factor would be elimi- 
nated, and the machine would fly at its proper 
level under all circumstances. Those who advocate 
automatic control point out that the results are 
disastrous if the pilot loses his head, or makes a 
mistake in a hand-controlled machine. If, how- 
ever, the control was absolutely automatic, it is 
not clear how the machine could be properly 
handled. In starting, for instance, the machine 
must elevate rapidly, afterwards assuming a more 
horizontal position for flight. Again, should the 
engine stop, the machine must be depressed at the 
head in order to make a ‘‘vol plane,” or it will 
stop, and all control will be lost. In this case the 
machine would be almost certain to fall. In puffy 
winds the purely automatic control would probably 
also be a source of danger, as it would prevent the 
machine being humoured in accordance with the 
puffs. What is true of the longitudinal stability is 
also true of the lateral stability. 

Of course, a system of automatic control might 
be devised which, again, was interconnected with 
a hand control, so that it might be modified to suit 
circumstances ; but in this case it appears probable 
that the disadvantages of both the hand and auto- 
matic control would be retained. There would be 
all the complication of an automatic control, while 
there would be as great a liability for the pilot to 
make a wrong movement as if the automatic part 
was not there. 

In considering the question of automatic stability, 
when maintained by any mechanical contrivance, 
it must always be remembered that there is the 
possibility of its going wrong, and in many cases 
the probability of this is at least as great as the 
probability of the human being failing. How far 
this would be the case in automatic control it is 
impossible to tell, but the apparatus would probably 
be complicated and delicate, while it is necessary 
that the weight should be cut as fine as possible, 
and it must work under all conditions of weather 
without having any attention whatever en route. 
It is possible that a control absolutely reliable 
under these circumstances might be made, but it is 
quite certain that there are many elements of 
failure present, and failure would be disastrous. 

In fact, there is a great deal of truth in the old 
saying that ‘‘ the best automatic machine is a well- 
trained man.” This may not, of course, be 
universally true, and there are undoubtedly cases 
where really automatic devices work well—e.g., the 
ordinary safety-valve. There are, however, a very 
large number of cases where it is found best to rely 
on the man in control, and it is not found that in 
practice this entails any serious risk. .The fact that 
a serious accident would occur if a man did not do 
the right thing is no reason in itself why he should 
not do the right thing. Signal-men, engine-drivers, 
motor-car drivers, and a very large number of other 
men are all in positions where a false move would 
cause a bad accident ; but there is no reason why 
they should make false moves, and they very 
seldom do so. Similarly, at sea, the whole 
safety of a ship and all on board is entirely 
dependent on the action of those in charge. In the 
case of a small boat, such as a fishing - boat, 
sailing in a heavy sea, a mistake on the part of 
the helmsman may cause the death of all on ; 
yet no one feels nervous, for they know that 
there is no reason why he should make a mistake. 
It seems therefore probable that in the future 
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the navigation of the air will follow the practice of 
the navigation of the sea, and that the guidance 
will not be automatic, but hand-controlled. Not 
only will this in all probability give greater stability 
under all ordinary conditions than is likely to be 
attained by any automatic device, but it will give 
far more power of meeting unusual conditions. 
The aeroplane, like the boat, is subject to waves 
and puffs, and in order to get the best results there 
must be a power of meeting the disturbances caused 
by them. Anyone who has seen a skilled man 
steering a small boat in a heavy sea will realise that 
there is no possibility of making any automatic 
device which would take his place, and that any 
attempt to make the steering automatic by such 
means as & gyroscope would mean the certain swamp- 
ing of the boat in a sea through which she could be 
steered quite safely by hand. A corresponding 
result will probably also be obtained with the 
aeroplane. 








COMPULSORY ARBITRATION IN 
TRADE DISPUTES. 

THE existing labour unrest, and the efficacy of 
the intervention of the Board of Trade in some of 
the disputes, has again raised the question of com- 
pulsory arbitration ; but it must be confessed that 
there isa strong feeling against the system, alike on 
the part of workers and employers. The fact that 
the enactment to this end in operation in Australia 
has been ineffective, and the proposal that a referen- 
dum should be made to ascertain whether an exten- 
sion of the powers of the Act is approved, are further 
suggestions that no such solution of labour difti- 
culties would be advantageous in this country. To 
begin with, arbitration which is compulsory is not 
arbitration at all. In so far as a Compulsory Arbi- 
tration Act provides a special tribunal to adjust dif- 
ferences between master and man it is well enough ; 
thousands of people in commercial circles are 
choosing arbitration instead of litigation every day ; 
but it is when the element of compulsion appears 
that a deadlock must be reached. The employer 
cannot be compelled to keep his works open. The 
workman cannot be compelled to work. Lacking 
that ‘‘ sanction” which goes to the root of the 
administration of justice in every country, this 
method of adjusting differences is foredoomed to 
failure. 

If the examples which are already on record were 
only read, marked, and learned by the advocates 
of compulsory arbitration, their zeal would assuredly 
be abated in a marked degree, for the working of 
the New South Wales Conciliation Act serves to 
show that the men have it intheir power to ‘‘ drive 
a coach and four” through any order of Court 
which says that they shall work for any particular 
wage. In 1903 the miners in the collieries of the 
northern district of New South Wales united by 
their lodges to form the Colliery Employees’ 
Federation as a legal personality under the 
Arbitration Act, so that the machinery of the 
Act might be made applicable. The employers 
formed a similar union. The Arbitration Court 
was called on to give an award on disputed 
points between these two bodies, and it complied 
with the application, the award setting, inter alia, 
a rate of Ils, 2d. per ton as hewing rate. The 
owners and miners were free to contract on the 
basis of the award. In January, 1903, the miners 
of the Rhondda Lodge--one of the lodges of the 
Employees’ Federation-—being dissatistied with the 
above rate, threw down their tools without notice 
and went on strke, and rendered idle the mines of 
Messrs. Smeddon and Laidley, Limited. These 
owners, parties to the award, proceeded against the 
‘Federation for penalties fixed in the award. The 
proceedings were conducted in the Arbitration 
Court, and it was admitted during argument that 
the officers of the Federation had tried to dissuade 
the particular lodge from acting as it had done, and 
had reprobated the strike; also that it was 
customary in the case of contracts in that in- 
dustry that fourteen days’ notice should be given 
in order to enable a master or miner to legally 
terminate the contract of service. The Court 
held that, as regarded the Federation, no breach 
of the award had occurred. The fact that 
the officers of the Federation, immediately on 
learning of the resolve of the Rhondda miners to 
strike, had endeavoured to get them back to work 
was held to be conclusive that the Federation was 
not liable. There remained the miners of the 
Rhondda Lodge to be considered. The various 





— settled in and provided by the award had 
en observed. But the award had not made any 
provision to compel a continuance of the contract 
under the terms of the award. However, as the 
miners had struck work without giving the usual 
fourteen days’ notice, they would be liable to prose- 
cution as strikers under a provision of the Arbitra- 
tion Act.. The position caused by this decision is 
not, to say the least, such as was to be expected 
from the work of a Court whose business it was to 
bring about a state of permanency in industrial 
matters. The expense and labour of finding an 
award was thrown away, as, on the judgment, it 
was in the power of either of the parties to termi- 
nate their contract under it by giving fourteen days’ 
notice of their intention. In fine, it appears that 
if the miners choose to terminate the contract with- 
out giving such notice, then the employers could 
only prosecute them—a proceeding not of the most 
satisfactory nature ; for it might be that in a given 
case there would not be sufficient gaol accommoda- 
tion in the country to hold the strikers. The de- 
cision will also suggest possibilities in the way of 
keeping clear a party under an award from penal- 
ties, even when certain elements of that party 
should be guilty of breaches. 

Another case serves to show that the very men 
who invoke the mediation of the conciliation tri- 
bunal are not always prepared to accept its decision 
as final. Inthe early part of 1904 the Newcastle 
(New South Wales) Coal-Miners’ Federation, con- 
sisting of a group of local trade unions, applied 
to the Court for a real adjustment of the hew- 
ing rate. The employers, of course, were repre- 
sented at the hearing of the application, which re- 
sulted, to the chagrin of the applicants, in a reduc- 
tion of the rate. The men at two mines at Teralla, 
consisting of one union, immediately went on 
strike, in spite of the advice of their own ofticials. 
The strikers were theoretically liable to a fine or 
imprisonment for defying the decision of the Court; 
but it was impossible to enforce the fine, because 
both the men and the union were without funds. 
It is probable that the recent clamour for fresh 
litigation is founded on later cases. Of these we 
have selected two from the Colonial Law Reports. 
They indicate the view which the colonial judges 
take of these measures. 

The consideration of a few cases which are 
reported in the New South Wales Law Reports 
shows how easy it is to get round this kind of 
legislation, and how diflicult it is to secure its 
observance. In 1907 an attempt was made to 
enforce an award of the Arbitration Court in the 
following circumstances. The award provided, 
inter alia, that ‘‘the minimum rate of wages for 
joiners and carpenters shall be 1s. 3d. per hour.” 
A landowner, being minded to build certain houses 
on his land, invited tenders for the carpentering 
work. One Roberts, who made the successful 
tender, set to work with his mate, and did the work 
on terms which did not comply with the award. 
The Carpenters’ and Joiners’ Union thereupon 
summoned the landowner before the Arbitration 
Court to show cause why he should not pay a 
fine. He sought a prohibition from the Superior 
Court and escaped liability on the ground that 
Roberts was a sub-contractor. After pointing 
out that if the Arbitration Court had imposed 
a fine it would have assumed a jurisdiction not 
vested in it, the Chief Justice said: ‘‘In some 
cases it might have been a good thing if the 
Arbitration Court had had the jurisdiction it 
claimed ; in other cases which have come before 
us it is fortunate that the Court had not the powers 
it claimed of interfering with the liberty of the 
subject. The present case, I think, belongs to 
the latter class, because, to decide that all contracts 
for the supply of labour were not independent con- 
tracts, but were merely arrangements for the supply 
of day labour, and gave rise to the relationship of 
employer and employee, would, in my opinion, be a 
disastrous interference with individual rights.” As 
to the Act itself, he said:—‘‘The Arbitration 
Court has, in fact, a very limited jurisdiction. No 
doubt the framers of the Act thought it would 
confer a very wide jurisdiction upon the Courts, 
which would enable the Court to deal with all 
industrial disputes, and that this would put an end 
to all strikes. Unfortunately, it has been found 
from experience that the Act confers upon the 
Court a very limited jurisdiction indeed, and in 
ee of putting an end to strikes, they appear to 

as prevalent as before.”’ 

Another alleged ‘‘ defect” in the Act was brought 





to light in 1907. In Ex p. Crockett ((1907), 8 
N.S. W.R. 496) a member of a union became liable 
under the rules of the union to the payment of 
certain fines amounting to 10/. He was summoned 
before the Arbitration Court, where application 
was made for an order that he should go to prison 
if the fine were not paid., The Chief Justice, 
however, declined to hold that the Arbitration 
Court had any power to send a man to prison. 
After pointing out that imprisonment for debt had 
been abolished by statute, he said: ‘‘It is not 
likely that the Legislature would entrust this newly- 
created Court with a power which leaves it open 
to re-introduce a system that has been abolished 
for nearly sixty years, and which has never been 
exercised by any inferior Court. It would require 
very strong words to lead me to hold that the 
authority of the Court extends to the enforcement 
of its orders by imprisonment. Is it to be sup- 
posed that the Legislature intended to go back to 
the old law of sixty years before by such general 
words as are used here ?” 

The New Zealand Conciliation Act, which has 
been in force for some time, has also been difficult 
to apply in practice. It appears that in one case, 
where the Court of Conciliation had decreed pay- 
ment of a minimum wage by the masters, the firm 
found that since the award was made they had had 
to dispense with six hands who were unable to earn 
the minimum wage of 2/. 8s. per week. Before 
the award the men received 35s. to 36s. per week, 
which the employers considered sufficient for the 
class of work performed. The employers were 
willing to retain four or five of these hands, pro- 
vided they obtained a permit to work for a lower 
wage than that prescribed by the Court. The 
secretary of the union was applied to, but he 
refused to grant permits to enable the men to 
work at the wages named. In another industry 
it was found that the wages of boys, as fixed by 
an award, resulted in loss to the employer. The 
minimum wage for lads up to sixteen years of 
age was fixed at 10s. a week, with an increase of 
5s. per week for each year above that age. The 
trade being a skilled one, the employers considered 
that 10s. a week was too much for a beginner, who 
during his first year was not worth more than ds. 
or 6s. a week. One firm in this industry had in 
their employ a very small lad, who had been with 
them nine months, and was earning 6s. a week. 
When this award was made, owing to his age, his 
wages had to be increased to 11. a week, and as 
the firm could not afford to pay him this increase, 
he was, after a few weeks, discharged. 

Having seen how ineffectual compulsory arbitra- 
tion has , bo in the Colonies, is there anything to 
lead one to believe that it would be more success- 
ful in England ? For some years the Board of Trade 
has had power to intervene in trade disputes, with 
the consent of the parties. Upon many occasions 
awards have been made. We can recall no instance 
where an employer has refused to honour such an 
award ; but the men have frequently declined to 
abide by an adverse award, either by going on strike 
or in some other way. Even if the award has all 
the force and solemnity of a judgment, the same 
course would be open to those who dissented from 
it. The truth is, of course, that voluntary arbitra- 
tion—even under the wgis of the Board of Trade 
—has broken down; and if this is the fate of a 
voluntary system, anything which savours of com- 
pulsion must be foredoomed to failure. 








ECHELETTE GRATINGS AND THE 
MERCURY TELESCOPE. 

Tur Thomas Young oration of the Optical Society 
for 1910 was delivered on Thursday, September 2%, 
by Professor Robert Williams Wood, of Johns 
Hopkins University, Baltimore, in the theatre of 
the Chemical Society at Burlington House. Mr. 
S. D. Chalmers, President of the Optical Society, 
was in the chair. In introducing his discourse, Pro- 
fessor Wood remarked that he had resolved to speak 
about two new optical instruments not yet described, 
rather than to give an historical lecture. The first of 
these devices was the ‘‘échelette grating,” and 
though Thomas Young had not discovered the diffrac- 
tion grating, which was now almost exclusively used 
in ‘spectroscopy, his researches on interference had 
led to its discovery. A grating, Professor Wood 
explained, was a flat plate of metal on which fine 
regular lines were ruled by machinery, up to 40,000 
lines to the inch. A beam falling normally upon the 
grating was diffracted under different angles, so &: 
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to give rise to series of spectra, in which the blue 
ann always nearer the incident ray than the red, on 
both sides of this ray. These spectra were distin- 
guished as the spectrum of the first, second, third 
order, &c., and the spectra varied in their intensity. 
A prism gave only one spectrum, in which all the 
energy was concentrated, and it had been thought 
that the energy might be concentrated also in the 
grating spectra of certain orders. But little theo- 
retical work had been done as to this problem so 
far, and hardly any experimental work. He had 
taken up this experimental investigation. 

The light intensity of the different spectra, the 
lecturer continued, was connected with the shape 
of the line or groove ; it could be altered by select- 
ing special diamond points and by altering the angle 
under which they were held. To investigate this 
problem, his first aim had been to obtain regular 
grooves ; the ordinary lines were irregular. Micro- 
scopic examination of a grating with very fine lines 
was very difficult. He had, therefore, ruled very 
coarse lines, and had examined them in various 
ways, which he would explain. Regular lines could 
not be produced in speculum metal or in any alloys, 
because alloys varied in hardness from point to 
point. He had hence tried to stamp lines into soft, 
pure metals with the aid of steel dies, as Thorp had 
done with other materials, but had not had any 
better success in these experiments. Finally he had 
adopted gold films deposited on flat copper, such as 
used by photo-engravers for half-tone engravings, 
and had ruled them on a dividing engine or the 
Michelson engine. By changing the cams in these 
engines he had reduced the number of lines from 
14,000 down to 7000 and 1000 lines to the inch. 
Instead of diamond points, which scraped or shaved 
the metal, he applied carborundum crystals (fixed 
in a matrix of solder), hexagonal plates with angles 
of 120 deg., a few millimetres in diameter, the hard 
edges of which pressed the metal away like butter 
yielding to the butter-knife. Sometimes carborun- 
dum also shaved the metal; such plates were 
spoiled. By altering the position of the crystal 
with regard to the plate, the relative slopes of the 
groove-faces could be changed, and symmetrical and 
asymmetrical grooves produced. 

The angle of the groove should, of course, be 
120 deg. But groove 1 might be distorted in 
ruling groove 2, and ridges, plane or irregular, 
might be left between adjacent grooves. To study 
these features the observer should place himself 
before the grating ; in a certain position he should 
see his image, and of two observers standing close 
to one another, each should see his own image, but 
neither that of the other. The angles could be 
measured by examining the grating on the micro- 
scope stage, illuminated by a red lamp on the right 
and a green light on the left, and by altering 
the lamp-levels until the ray reflected from one 
face travelled straight up the tube; any space 
between two grooves would then appear black. 
These tests were verified with the aid of replicas in 
celluloid taken from the grating. 

While an ordinary fine-line grating reflected a 
normal beam of light, the lecturer proceeded, 
almost like a plane surface, these coarse-line 
échelette gratings threw back very little light. 
But if the grooves were symmetrical (both sides 
of a groove of equal slopes), big white patches of 
light—images of the white source, produced by 
reflection—surrounded by diffraction bands (the 
blue on both sides nearest to the patch) were 
observed on both sides of the incident beam. 
When the groove was asymmetrical (one side of 
steep slope), the blaze of light was practically 
limited to the one side of the beam. With narrower 
lines the width of the pitches decreased and the 
bands moved further oft, and turned wider and into 
the ordinary spectra of a grating. In these spectra 
the colour changed with the angle of incidence, as 
was demonstrated, and this was more easily recog- 
nised when the observer looked through a celluloid 
replica at different angles. In monochromatic 
sodium light the patch and its two bands changed 
into three lines, which represented, in the case 
shown, spectra of the 33rd, 34th, and 35th orders. 

Most interesting was the behaviour of the éche- 
lette when illuminated by the invisible infra-red 
(heat) rays, which were ten to twenty times 
longer than the visible light waves. Such rays 
Were most easily produced by the Reststrahlen 
method of Rubens. The light of a glow-lamp was 
reflected several times from polished quartz sur- 
faces. ()uartz let almost all the visible light. pass 
through, so that this light disappeared, but it was 








opaque to heat rays; only 4 per cent. of the 
visible light was reflected by the first surface, and 
Rubens had recently obtained rays of wave-length 
10 » (equal to 0.1 mm.) in this way. In conjunc- 
tion with Professor Trowbridge, of Princeton, 
Professor Wood had, he said, studied the energy 
distribution in the heat-wave spectra with the aid 
of bolometers in vacuo, and they had found that 
the energy might be concentrated in one spectrum. 
The échelettes gave, in fact, much better energy 
curves, encircling larger areas, owing to the much 
greater dispersion, than Rubens had obtained with 
rock-salt prisms. This was very well brought out 
by the curves exhibited. The dark rays of a Bunsen 
burner (due essentially to carbon dioxide), ¢.9., 
gave a curve with two peaks almost of the same 
height, separated by a deep valley, while the curve 
of Rubens showed two peaks of unequal height 
separated by a shallow valley. As similar curves 
were obtained with échelettes of different rulings, 
the échelette seemed superior to the rock-salt 
prism for such researches. 

Before passing to his second subject, Professor 
Wood pointed out that grooves made with an edge 
of 90 deg. should be very instructive. Light falling 
normally on a symmetrical groove of this kind 
would all be reflected back, and it would also all be 
returned to the source if striking obliquely or falling 
on an asymmetrically placed groove. An incident 
wave-front should be chopped up into linear 
elements, but there should os no diffraction. He 
had not yet verified this by experiments, however. 

His second subject, Professor Wood then said, 
concerned the centrifugal or ‘‘ mercury telescope.”* 
A rotating fluid assumed a concave parabolic surface, 
which brought parallel rays to a focus. But the 
slightest vibration would cause ripples, and the rota- 
tion of large masses of mercury caused tremendous 
difficulty. ‘Somebody had tried the experiment, he 
was informed, twenty-five years ago in England, 
driving his mercury basin bya steam-engine and belt; 
but he had failed, and everybody had told him (the 
lecturer) that he would fail likewise. Most of the 
apparatus which he described had been built up by 
himself. It consisted of a flat basin of iron, con- 
taining 501b. of mercury, 20 in. in diameter, turn- 
ing on a vertical steel shaft provided with bearings 
top and bottom ; to take off the friction, a central 
rod was provided within the shaft, and a very 
small bicycle ball placed on the top of thisrod. The 
basin could be driven at 1 or 2 revolutions per 
second, and would then go on spinning for ‘three 
minutes ; as a rule, smaller speeds, 1 revolution 
in three or four seconds, seem to have been used 
by the lecturer. The rotor encircled the shaft 
without being in contact with the telescope proper; 
it ran on ball-bearings and was supported on a 
tripod resting on levelling-screws. he instru- 
ment was erected at the bottom of a well, and 
the levelling was effected by means of large milled 
discs and toothed-wheels, the observer sitting at the 
top of the pit. The horizontal driving-pulley of 
the rotor and the basin were, in the first experi- 
ments, connected merely by magnetic attraction ; 
but he had found that six or eight elastic threads 
could be used for the connection. The pit was an 
old well, lined with cement, 16 ft. deep. To gain 
space he had excavated another well close to it, 
and connected the two pits by a tunnel. The 
instrument was erected in the main pit, the electric 
motor (ordinary type) in the other pit, and the 
tripod was a Y boom, the long arm of which 
extended through the tunnel, there being a large 
horizontal pulley on the motor end of the boom. 

By speeding the motor up, the focal length of the 
mirror could be varied from 1 m. to 15m. The difti- 
culty was to keep the telescope axis perfectly vertical. 
When the mirror was in adjustment, the image 
of astar might appear outside, instead of inside, the 
mirror. The observer could see from the reflection of 
his own image how the mirror behaved. When the 
motion was smooth, the observer, when ata certain 
distance, saw his image erect and free from dis- 
tortion. Owing to the stretching of the threads there 
were, however, two slight periodical oscillations, 
and the focus changed, so that a star image would 
move up and down about lcm. Some of the star 
photographs exhibited hence looked like dots con- 
nected by wavy bands. Other images of stars of 
the fourth magnitude were distinct discs ; and as a 
proof of the definition to be obtained with his cen- 
trifugal mercury telescope, Professor Wood pointed 





* An article on this telescope appeared in ENGINEER- 
ING, vol, 1xxxviii., page 124, 





out that a very small crater on the moon, just visible 
between three large craters in a photograph taken 
with the Yerkes telescope, had also been detected 
by him. 

Professor Wood finally exhibited some of the 
photographs of landscapes which he had taken 
with special rays and shown at the Royal Photo- 
graphic Society a few days previously. The infra- 
red rays used were those just at the edge of the 
visible spectrum. The leaves of the trees thus 
photographed looked snowy white, while the sky 
appeared very dark, and sometimes quite black, 
because these long waves were not scattered by the 
fine particles, to which the blue colour of the sky 
was attributed. The whole aspect was that of a 
winter landscape, although the photographs were 
obtained on summer days. Photographs taken in 
ultra-violet rays, Professor Wood concluded, ap- 
peared quite different. All the light seemed to 
come from the sky, and a person standing in the 
sunlight would give no shadow, as if surrounded by 
a fog. 








NOTES. 
GeRMAN Gas ENGINEERS IN ENGLAND, 

Tue visit of seventy-eight German gas engineers, 
members of the Deutsche Verein von Gas- und 
Wasserfachmiannern, paid in return to a great ex- 
cursion to Germany made last year by the Institu- 
tion of Gas Engineers, under the leadership of Mr. 
F. D. Marshall, may be said to mark the centenary 
of public gas-lighting. The —— of especially 
generated gas, indeed, goes back at least to 1792, 
when William Murdoch lighted his house at Red- 
ruth, in Cornwall, by coal-gas. Murdoch was pos- 
sibly anticipated by Lebon and his ‘‘ thermo-lamp,” 
in which gas distilled from wood was burned, 
however. Murdoch and the firm of Boulton, Watt, 
and Co. started the lighting of works. But it was 
not till 1810 that the Bill of the London and West- 
minster Gas-Light and Coke Company was passed 
by Parliament. In a certain sense, German com- 
petition or German co-operation came in at that 
time. The moving spirit of this first gas com- 
pany—which still owns the largest gas works of the 
world at Beckton, Kensal Green, and Fulham— 
was a certain Friedrich Albert Winzer, known 
under the name of Frederick Albert Winsor, of 
Znaym, in Moravia, a charlatan perhaps in some 
respects, and certainly a conspicuous company pro- 
moter, but a very remarkable man all the same. 
It was his demonstrations at the offices of the 
National Light and Heat Company, of 97, Pall 
Mall, 8S. W., in 1807, and his pamphlets which drew 
attention to gas. The anibitious ‘‘ National Com- 
pany” had to be satisfied with becoming a local 
company. That it grew was chiefly the merit of 
engineers like Clegg and William Congreve. The 
latter carried the new industry over to the Conti- 
nent, where the first works of the Imperial Conti- 
nental Gas Association were erected at Hanover in 
1825, and at Berlin in 1826. In the early years 
the Berlin gas-mains had a diameter of 6 in.; 42-in. 
mains are now being introduced, and the Beckton 
works send their gas to London in 48-in. mains. 
It isa curious feature that Westminster, the cradle 
of public gas-lighting, should now go back to gas 
when the electric lamp seemed to have ousted the 
gas-lamp. According to the excellent guide com- 
piled by Dr. Rudolf Lessing for the German visitors, 
some 170,000,000/. are now invested in the British 
gas industry, and 154 million tons of coal yield 
190,000 million cubic feet of gas. The German 
visit was planned for May, but was postponed 
owing to the death of King Edward. Meanwhile 
Mr. James G. Helps, M. Inst. C.E., of Croydon, 
who, as President of the Institution, had made the 
arrangements, had vacated the chair in favour of 
Mr. Alexander Wilson, M. Inst. C.E., of Glasgow, 
who presided at the banquet given by the British 
Gas ichacews at the Hotel Cecil last Monday. 
‘*Our country is no longer foremost in the gas 
industry ; our former pupils have outstripped us,” 
said Mr. Helps, in proposing the toast of the 
German colleagues ; ‘* but,” he continued, ‘‘ we 
all have the same common object—to further the 
gas industry, and to bring peace and goodwill 
everywhere.” That cordial note was re-echoed by 
all the speakers. Mr. H. Prenger, Director of the 
Cologne Municipal Gas Works, and President of the 
German Institution of Gas and Water Engineers, 
emphasised that gas engineers had to deliberate and 
to criticise in common ; for the age moved fast, and 
the yesterday was obsolete to-day. In res»onding 
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to the toast of the kindred societies, pro by 
Mr. Corbet Woodall, Governor of the Gas Light 
and Coke Company, Mr.J. A. F. Aspinall, President 
of the Institution of Mechanical Engineers, re- 
ferred to the future development of the tens nite d 
gas-pump, and added that a Manchester professor 
had recently told his students: ‘‘ You must not 
expect everybody to be a genius; 10 per cent. of 
the best work of the world is done by inspiration, 
and 9) per cent. by respiration.” The German 
engineers had on Monday visited the Beckton, 
Kensal Green, and Fulham works. An outline of 
their programme was published last week. 


Luoyp’s REGISTER OF SHIPBUILDING. 

The shipbuilding returns compiled by Lloyd’s 
Register o rp have just been issued for the 
third quarter of the year, and show a fair rate of in- 
crease in business of this kind. The rate of increase 
was uniformly high and steady for the six months 
from October 1, 1909, to March 31, 1910. Since the 
latter date the rate has fallen off somewhat, but the 
output for the year will be reasonably better than 
those of the two preceding years. At the close of 
September there were 368 vessels, exclusive of 
warships, of 1,154,197 tons gross, under construc- 
tion in the United Kingdom, compared with 290 
vessels, of 778,036 tons gross, at the corresponding 

riod of last year. Of the 368 vessels now in 
fot 346 are steamers, of which all but five, 
representing 570 tons, are of steel construction. 
Of the 22 sailing vessels, aggregating 3713 tons, 
14 are of steel, with a tonnage of 3004. Work in 
the Glasgow district amounts to 80 vessels, of an 
aggregate of 259,259 tons, 68 of these ships, with 
a tonnage of 256,455, being steamers. Belfast 
takes second place with 19 vessels, of 232,000 tons, 
in hand, while the Tyne has 48 steamers, of together 
204,016 tons, in hand. In the Greenock district 
39 vessels, of 158,118 tons, are under construc- 
tion. Of the total tonnage in hand, no less 
than 900,800 tons are in hand for the United King- 
dom, some 240 vessels going to make up this total. 
Orders for Norway stand next on the list, 10 
vessels, of an aggregate of 54,845 tons, being in 
hand for that country. The only other countries 
for which large orders are now being executed are 
Austria-Hungary (29,484 tons) and Germany (23,437 
tons). With regard to the size of the vessels build- 
ing, the greatest number come within the 100 to 
500-ton class, there being 97 steamers and 16 sailing 
vessels of this class now in hand. The next largest 
class is that between 4000 and 6000 tons, 81 
steamers of this size being built. There are 21 
vessels in hand of over 10,000 tons each, 13 of 
them being between 10,000 and 12,000 tons, four 
of them between 12,000 and 15,000 tons, two 
between 15,000 and 20,000 tons, and two over 
20,000 tons. Seven warships, with an aggregate 
of 75,630 tons, are in hand at the Royal Dockyards, 
while 60 other war vessels are under construction 
at private yards. Of the latter, all but nine are 
ordered by the British Government, for which 
five battleships, three armoured cruisers, five pro- 
tected cruisers, 33 torpedo-boat destroyers, and 
five submarines are in hand. Of the war vessels 
building for foreign Governments, two are classed 
as scouts and seven as torpedo-boat destroyers. 
The tonnage of the war vessels building at the 
private yards amounts to 236,885 tons, making, 
with that in hand at the dockyards, a grand 
total of 67 vessels, of 312,515 tons. Construction 
abroad -at the present time only amounts to 
535,555 tons, excluding warships, according to the 
returns received at Lloyd’s Register. Of this, 
139,117 tons, in 50 vessels, are in hand in Ger- 
many, and 117,603 tons, representing 66 vessels, 
in the United States. France has 22 vessels, of 
91,426 tons, in hand, but other countries are far 
behind, Austria-Hungary coming next with 38,620 
tons, and Japan with 37,12 tons. 





THE BRITISH ASSOCIATION AT 
SHEFFIELD. 
(Continued from page 455.) 


SECTION A.—MATHEMATICAL AND PHYSICAL 
SCIENCE. 


SEISMOLOGICAL INVESTIGATIONS. 

Tue fifteenth report of the Committee on Seismo- 
logical Investigations (chairman, Professor H. H. 
Turner ; secretary, Dr. John Milne, F.R.S.) was 
read by Mr. W. E. Plummer, of Bidston Observa- 
tory, Dr. Milne being, unfortunately, unable to 





attend owing to serious illness. His absence was 
universally regretted. There is no more popular 
scientist than Dr. Milne, and this report was 
another testimony to the exceedingly laborious, 
excellent work which he has been carrying on for 
many years, for a very long period without any 
assistance or compensation. The first of his British 
Association reports on earthquakes was, indeed, pre- 
sented at York in 1881, and this year’s report is the 
fifteenth as regardsthe actual committee. The report 
mentions the establishment of new instruments at 
West Bromwich, Guildford, the Royal Observatory 
at Edinburgh, Stonyhurst College, at Lima, and else- 
where. The instruments installed are of various 
types, and comprise heavy booms, weighing 100 kg., 
a heavy ring pendulum, 9 in. in diameter, weighing 
25 lb., and a Verbeck’s ball-and-plate seismometer, 
registering on the top of a pair of glass plates the 
actual horizontal movement of the ground. Dr. 
Milne further stated that, with the co-operation of 
the West Indian Cable Company and of the Eastern 
Extension and Pacific Cable Company, reports had 
been received from Jamaica, and instruments were 
soon to be established on the Cape Verde Islands, 
Ascension, St. Helena, the Seychelles, and Cocos 
and Fanning Islands ; an instrument was soon to be 
shipped also to Fiji. 

The most pronounced megaseismic activity was 
at present along a band running from the southern 
extremity of the Philippines to Java and south- 
east towards the middle of the Pacific. Fifty-one 
after-shocks of the great Jamaica earthquake of 
January 14, 1907, had been recorded by British 
Association instruments in Great Britain, travelling 
over the 67 deg. in 43 minutes; none of these appeared 
to have been recorded by other instruments. It 
was similar with the after-shocks of the Messina 
earthquake, and while Dr. Milne had at Shide, Isle 
of Wight, received 279 recordsof earthquakes in 
the six months July to December, 1909, Hamburg, 
Strassburg, and Laibach had only received 123, 64, 
and 172 records. This is certainly a triumph for 
the simple Milne instrument. Dr. Milne thought 
that the multiplying levers (for high magnification) 
of Continental seismographs did not respond, owing 
to slackness in the joints and to the inertia and elas- 
ticity of the levers, until a certain amplitude of the 
motion had been reached. That would apply to the 
instruments tracing records on smoked paper ; but 
why the photograpically-recording instruments also 
failed to register very small movements was not clear. 

As regards megaseismic activity and rest, Dr. 
Milne suggested again that marked seismic activity 
in one part of the world went together with activity 
in some other part. Plotting the average activities 
of groups of large earthquakes against time, he found 
that an average activity of 4.5 (on an arbitrary 
scale) was followed by ten days of rest, while groups 
with average activity of 5.5 had twenty days of 
rest ; thus activity and rest were proportional. A 
large portion of the report was taken up by cata- 
logues of large earthquakes in Russia, Iceland, 
and the southern parts of South America. 

The chief novelty of the report were the tidal 
load curves, observed—for one fortnight only so 
far—at Bidston by Mr. Plummer, with apparatus 
due to Dr. Milne and his able assistant, Mr. S. 
Hirota. The Milne seismometer was modified, 
being provided with a magnifying style mounted 
as a bifilar pendulum ; a magnetic needle attach- 
ment moving between an iron fork was first tried. 
The photographic records obtained were regular 
curves with a twelve-hours’ period, the minimum 
in the curves coinciding with the high water, and it 
was thought that theinstrument recorded theamount 
of deformation 6f the earth’s surface due to the 
accumulation dnd removal of the heavy load of 
tidal water. Sir George Darwin was engaged in 
an analysis of the results. Bidston was situated 
on the Wirral peninsula, between the estuaries of 
the Mersey wa | Dee ; the height of the tide was 
about 10 ft., both at the landing-stage at 
Liverpool and at Helbre Island, in the mouth 
of the Dee; the actual deflection, or yield- 
ing of the ground, observed at Bidston was 
0.2 in.; what it should be if the pendulum were 
erected on unyielding soil, and were only affected 
by the tide-generating forces due to sun and moon, 
was not known. But it would appear that obser- 
vatories near to a shore-line, subject to diurnal 
tilting, were unsuitable for certain investigations. 


A Sensitive Birizark SEISMOGRAPH. 


Professor F. J. Bailey, M.A., F.R.S.E., of 
Edinburgh, briefly described his new ‘‘ Sensitive 





Bifilar Seismograph,” designed to determine smal] 
undulating movements of the earth’s surface, par- 
ticularly those with periods of a few seconds and 
upwards, as distinct from the daily movement and 
similar slow changes of level. He explained that 
he did not desire records of the compressional 
waves, and therefore adopted the bifilar principle 
and multiplying levers. The photographs, diagrams 
and enlarged model exhibited showed that the 
essential parts were two weighted levers. The u pper 
weight, of 27 grammes, and the upper lever point- 
ing to the left, were suspended by a long fibre of 
quartz, 75 cm. in length, and a short thread of 
eight fibres, 2 cm. in length. From the free end 
of the lever were suspended the lower weight (of 
less than 1 gramme) and lever, pointing to the right ; 
this weight was further held by a second thread, 
5 cm. in length, fixed, like those mentioned in the 
first instance, to a stud. Asmall mirror was finally 
suspended from the free end of the second lever, 
and again held also by a second thread. The lever 
suspension magnified the deflection of the mirror 
about 300 times, and with the scale at 2 m. 
distance a tilt of the base amounting to one second 
of arc gave a very large deflection ; but a change of 
1 deg. Cent. in the seismograph, as it stood in its 
wooden shed on a concrete pillar and stone slab, 
had first produced a deflection equivalent to a tilt 
of about 3 seconds. Improvements had, however, 
been effected, the thermal effects reduced, and the 
instrument was to be erected in an undeground 
chamber. Professor Bailey showed the interesting 
results of observations extending over a year. 


SECTION B.—CHEMISTRY. 


The Chemical Section met in Channing Hall, 
close to Section A and also to the Reception-Room. 
The provisional programme, issued on the morning 
of Thursday, September 1, did not propose any 
subdivision in the Section itself, and it might have 
been possible to dispose of all the communications 
submitted without subdivision, in spite of a long 
programme, as several important joint discussions, 
in which Section B was interested, were relegated 
to the rooms of other sections. The discussion 
on gaseous combustion, held in A, under the 
President of B, has already been mentioned, as 
has also the paper by Sir W. Ramsay and Dr. 
Gray, on the molecular weight of radium emana- 
tion, which came before the same joint meeting. 
Papers and reports by Dr. J. V. Kyre, on ‘*Solu- 
bility;” by Mr. F. P. Worley, on ‘‘ The Deduction 
of Hydration Values of Acids from the Rate at 
which they Induce Hydrolysis ;” and by Dr. T. 
M. Lowry, on ‘The Origin of Colour,” intended 
for the same joint meeting, were abandoned. A 
joint discussion with the Physiological and Botanical 
Sections, I and K, on ‘‘ The Biochemistry of Respi- 
ration,” was held in K, and ‘‘The Neglect of 
Science by Industry and Commerce ”’ was discussed 
by Sections B and L in the rooms of L—Education. 
There remained two classes of papers, organic 
chemistry and metallurgical chemistry. The 
former were to be taken on Monday, September 5, 
and the latter on Tuesday. The whole Monday 
morning was finally devoted to the two joint dis- 
cussions, however, and the Section subdivided into 
two departments on Tuesday, Wednesday being an 
impossible day for many members. 

The sectional officers were :—President, Dr. 
J. E. Stead, F.R.S., F.1.C.; Vice-Presidents : 
Professors H. E. Armstrong, F.R.S.; J. 0. 
Arnold, D.Met.; W. P. Wynne, F.R.S.; H. M. 
Howe, LL.D.; and Orme Masson, F.R.S.; Re- 
corder, Dr. E. F. Armstrong, D.Sc., of Reading ; 
Secretaries: F. M. Perkin, Ph.D., and T. M. 
Lowry, D.Sc., of London, and W. E. S. Turner, 
M.Sc., of Sheftield. 


Errect oF SULPHUR AND SILICON ON THE 
Carson Conpition or Cast [Ron. 


The President of Section B, Mr. J. E. Stead, 
was made a Doctor of Metallurgy in a congrega- 
tion presided over by the Chancellor of Sheffield 
University, the Duke of Norfolk, while his col- 
league of Section A, Professor Hobson, received 
the honorary degree of D.Sc., together with se eral 
other members of the Association, and Sir J oseph 
Jonas and Sir W. H. White were created D. Eng. 
The University of Sheffield is the only British 
University which confers the degree of D.Met. _ 

In his presidential address Dr. Stead dealt with 
the effect of sulphur and silicon on the carbon con- 
dition of commercial cast iron. The many metal- 
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lurgical chemists who had studied these problems, 
he said, agreed that sulphur tended to make iron 
white by retaining the carbon in the combined 
state, and that silicon had the opposite tendency by 
decomposing the carbides. Howe and Wiist had 
conducted quantitative researches; Charpy and 
Grenet had observed that the separation of graphite 
from originally white iron began at a temperature 
which was the lower the greater the percentage of 
associated silicon. Several chemists had found that 
not all the sulphur was given off as H,S when iron 
was dissolved in hydrochloric acid ; some was gene- 
rated as S(CH,)., or remained behind ; this had been 
doubted by D. Levy in 1908. Arnold and McWilliam 
had shown thatiron carbide did not decompose with 
graphite and iron during the annealing of steel until 
it segregated into relatively large masses, and D. 
Levy had suggested an explanation how sulphide 
of iron prevented the decomposition of carbides in 
white iron, basing his views on the examination of 
hypo-eutectic alloys, containing not more than 2.75 
per cent. of carbon and free from massive plates 
of cementite. Dr. Stead thought this explanation 
might be correct as applied to the eutectic, but 
that some other explanation would be required if 
decomposition did not occur when a considerable 
quantity of massive cementite formed in the 
alloy, such as he had obtained in an iron-sulphide 
alloy. As regards the action of silicon, he agreed 
with Goutermann that silicon combined with iron 
in solid solution before the carbide was decomposed, 
which the silicon was supposed to do. 

Mr. Stead then referred to recent chemical and 
metallographical researches of his own. Messrs. 
Wilson, Pease, and Co. and Messrs. Cochrane and 
Co., of Middlesbrough, had supplied him with 
typical samples of white iron (rich in sulphur), 
and grey iron (high silicon, low sulphur) of the 
following percentage compositions :— 


Grey Glazed Iron, 

















— TN A aiiticipe 

No. 1 No. 2. 
Combined carbon .. 2.98 Nil Trace 
Graphite : Traces 2.65 3.300 
Manganese .. 0.29 0.72 0.676 
Silicon 1.89 5.21 4.321 
Sulphur ‘i ool 0.27 0.03 0.025 
Phosphorus .. “| 1.62 1.56 1.660 


The iron-iron-carbide eutectic in the white iron 
had been replaced by the ternary eutectic of iron, 
phosphorus, and carbon of Wiist. Cooling curves of 
these irons had been determined for Mr. Stead, by 
Dr. Carpenter and Mr. Edwards, at Manchester. 
By melting manganese with white iron Mr. Stead 
proved that the sulphur crystallised with the man- 
ganese as MnS previously to the solidification of 
the carbide, and that the metal then turned grey 
on cooling. As there was conflicting evidence con- 
cerning the fact, whether or not sulphur did crystal- 
lise with the carbides, he had separated the carbide 
from the iron by very finely powdering the white 
metal and extracting it repeatedly with 10 per cent. 
hydrochloric acid ; he had then found sulphur in 
the insoluble carbide residue. Further experiments, 
in which sulphur was fused with iron, had proved 
that the sulphur actually crystallised with the car- 
bide in an as yet undetermined compound, that 
the carbide did not so take up more than one- 
thousandth of its weight of sulphur, however, and 
that it was mainly this sulphur which made the 
carbide more stable and prevented the separation of 
graphite. 

Further experiments, Mr. Stead proceeded, 
supported the view that, during the freezing of 
iron-carbon hypo-eutectic alloys (containing less 
than 4.3 per cent. of carbon), after the crystallisation 
of the primary austenite, and in eutectic and 
hyper-eutectic alloys it was the carbide, and not 
the graphite, which primarily formed, and that the 
carbide afterwards decomposed into graphite and 
austenite. How the silicon crystallised was not 
yet known; it seemed to be associated with the iron, 
but might initially have crystallised with the car- 

ides, 4s grey iron was the result of a decomposi- 
ion of iron carbides and possibly silico-carbides. 
When low silicon alloys (hypo-eutectic) froze, 
nearly all the silicon crystallised with the primary 
austenite ; and when the quantity of austenite was 
gradually reduced by increasing the carbon, the 





crystallised with the carbide. 
with 1.5 pe 
of Fe-C-P 


In Cleveland pig 
r cent. of phosphorus, a ternary eutectic 
took the place of the Fe-Fe-carbide 
eutectic. In white iron with 3 per cent. of C and 
less than 2 per cent. of Si, plates of cementite (iron 
carbide) fell out instead of the Fe-Fe carbide, and 
finally the Fe-C-P eutectic solidified at 945 deg. 
Cent. The latter was alone formed during cooling 
in Cleveland iron which turned grey on cooling. 

There was also evidence that the primary carbo- 
silicides were exceedingly unstable and were the 
first to decompose into graphite and silico-austenite. 
In the absence of any sensible quantity of phos- 
phorus two cementites formed, a_silico-carbide 
cementite and a carbide-cementite, which crystal- 
lised together as a eutectic mixture. The exact 
compositions of these cementites had not yet been 
determined ; but it was evidently the exceedingly 
unstable character of the silico-carbide which was 
responsible for the greyness of commercial iron 
rich in silicon and low in sulphur. Silicide of iron 
when heated at 1000 deg. Cent. with pure white 
iron free from silicon decomposed the carbide in 
the white iron, and the hypothesis appeared justified 
in cases where all the silicon present in hypo- 
eutectic alloys crystallised out with the primary 
austenite, that, after the carbide had solidified, 
diffusion of the silicide followed, and led to the de- 
composition of carbide of iron into graphite of 
iron. Many of the results of his analyses sup- 
ported the conclusions of Goutermann, who had 
mainly depended on thermal methods. We regret 
not to be able further to enter into the particulars 
of Mr. Stead’s address, which was illustrated by 
lantern-slides showing the constituents dealt with. 

In proposing a vote of thanks, Professor Arnold 
dwelt upon the importance of the delivery in the 
Chemical Section of an address on problems of 
metallurgy, which had hardly been recognised as a 
science a few years ago. He had not always seen 
eye to eye with Mr. Stead, and he differed as to 
some points and to the nomenclature. During the 
cooling of a steel casting, Professor Arnold added, 
thin eutectic membranes separated out, cutting the 
casting and making it brittle. In the annealing pro- 
cess these membranes balled up, and the steel could 
then be bent double. But their recent researches 
at Sheffield had convinced him that these eutectics 
might vary in composition ; some balled up, others, 
of precisely the same appearance, would not, and 
no annealing would make those steels tough. 

Professor Howe, of New York, in seconding the 
vote, said that Mr. Stead combined technical skill 
and judicial fair-mindedness in a rare degree. 
Professor Armstrong, as supporter of the vote, 
referred to the unusual character of the address ; 
they were more often treated to ‘‘ hashed mutton” 
than to original research. Mr. Stead, in expressing 
his acknowledgment, eulogised the value of the 
work done in the Applied Science Department of 
Sheffield University. 


A Fourtu RECALBSCENCE IN STEEL. 


Professor J. O. Arnold, D. Met., gave a dis- 
course on ‘‘A Fourth State of Recalescence.” 
Having briefly explained the nature and history of 
the points A,, A,, A,, and the distinctive letters 
Ar and Ac introduced by Osmond (c=chauffage,: r= 
refroidissement), Professor Arnold said that the 
facts which he wished to place before the Section 
were the result of accumulated thermal and metal- 
lographic observations of many years, and he de- 
scribed his special installation for recalescence 
research in vacuo. The very pure iron (free from 
carbon) of Sheffield University gave a maximum 
radiation Ar, at 854 deg. Cent., and a set-back 
between the two peaks of Ar, at 750 deg. ; in iron 
with 0.2 per cent. of carbon there was, along the 
temperature range between Ar, and A,, some 
thermal evolution, which prevented the curve 
crossing the radiation line after recalescence, and 
kept it well to the right of that line. In an iron 
containing 0.38 per cent. of carbon this new and 
prolonged recalescence was very much augmented, 
while iron with 0.63 per cent. of carbon gave out 
much less heat again than the 0.38 per cent. 
steel. Professor Arnold, therefore, suggested 
that the fourth phase of recalescence was evolved 
from a semi-saturated steel, an iron containing 
about 0.75 per cent. of carbon, and having in the 
cold a micrographic structure consisting half of 


austenite became enriched in silicon, which finally | ferrite and half of pearlite. Mr. Thomas Swinden, 
crystallised as carbo-silicide, together with the|one of his pupils, had estimated the total equi- 
iron carbide ; in hyper-eutectic alloys no austenite valent rise of temperature in the 0.38 per cent. 


could primarily form, and the silicon primarily 
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carbon iron to amount to 32.7 deg. Cent., while it 





was only 21.9 deg. Cent. in the 0.63 per cent. iron. 
The fourth recalescence would account for 23.4 deg. 
Cent. of equivalent heat in the former case, and to 


arise of 12.6 deg. Cent. in the latter. Professor 
Arnold showed ar cotiange hs of specimens 
which he and Professor McWilliam had rapidly 


quenched in nitrogen at five temperatures—namely, 
at 995 deg. Cent., well above Ar,, just below Ar,, 
just after the first peak of Ar,, just above Ar,, and 
at 15 deg. Cent.—and he expressed his indebtedness 
to Messrs. J. H. Wreaks and T. D. Robertson for 
assistance. 

The fourth point of recalescence found support 
in the Section, but Dr. C. H. Carpenter dissented. 
The inversions of Ar, and Ar,, he thought, were 
prolonged to a much greater extent than Professor 
Arnold had hitherto assumed. Professor Arnold 
replied that they differed about nomenclature ; his 
‘*hardenite” was Mr. Stead’s ‘‘ austenite,” and 
Mr. Carpenter’s ‘‘ martensite.’”” He also believed 
that the differential method of registering recales. 
cence was unreliable. 


THe CLostinc aND WELDING oF BLow-Ho1es In 
Sree. Ineors. 


Professor Henry M. Howe, LL.D., of New York, 
in introducing his mg on ‘*The Closing and 
Welding of Blow-Holes in Steel Ingots,” said that 
two classes of cavities were likely to form in the 
solidification of molten substances: gas-bubbles, 
called ‘‘blow-holes,” and a central contraction cavity, 
called a ‘‘ pipe.” The blow-holes arose because the 
gas, originally present, was concentrated to super- 
saturation in the metal and finally liberated, or 
because gas was produced by chemical reaction— 
e.g., carbon monoxide from the carbon and oxygen 
in the steel—during solidification. The central 
pipe was due to the different rates of cooling of 
different layers. The outer layers were chilled in 
the mould; they contracted, and were finally 
stretched beyond their normal dimensions by the 
still hot interior, so that a central cavity was pro- 
duced. A similar excess of contraction of the 
earth’s crust in its earlier stages should later throw 
that crust into great compression, which might be 
an important element in volcanic and earthquake 
phenomena. 

Blow-holes, Professor Howe proceeded, tended 
to expand the volume of the interior asa whole, 
without changing its outer dimensions, and thus 
tolessen the deficit or pipe. In steel ingots the 
pipe might reach vary deep into the axis, and one- 
third of the ingot might have to be disregarded. 
To avoid this, some makers purposely allowed blow- 
holes to form abundantly, and tried to get flawless 
a by rolling in order to weld up the blow-holes. 

any metallurgists, however, deprecated this 

ractice, because the gas remained in the metal. 

e had tried to ascertain whether the gas in blow- 
holes was absorbable, and whether sides of the 
holes were themselves weldable under practical 
conditions. For these purposes he compared slabs 
cut from the original ingot and from the rolled 
plate, separating parts which had originally been 
compact from parts originally porous. The first 
line of research had shown that the enormous 
differences in density, which existed in porous 
and compact portions of the ingot, could practi- 
cally be obliterated by rolling. In one case a 
difference of 16 per cent. had been completely 
removed ; thus the blow-hole gases could be re- 
absorbed during rolling, thanks to the high 
temperature and pressure. For the second line 
of inquiry he had cut very thin slices lengthwise 
and crosswise from a plate, had mirror-polished 
the slices, and then bent them double, so that any 
blow-holes present ought to open like the cards of 
a bent pack. Had there been no welding of blow- 
holes, this bending should have disclosed unwelded 
seams, 3.5 in. longand 1.3 in. wide. But the traces 
detected were very short, the longest single trace 
being 0.7 in. long, and only one important string 
of such traces, 0.3 in. long, had been discovered. 
The gases must, hence, have been reabsorbed to a 
considerable degree, and he would suggest prolong- 
ing the exposure to a temperature above the weld- 
a sy so as to complete the reabsorption of 
gas by the still weldable metal. This reabsorption 
should be promoted rather by ‘‘ reheating” than 
by ‘‘direct rolling.” In the former practice the 
ingot was rolled part way towards its final shape, 
and the resultant bloom then reheated before further 
rolling. In the latter the ingot was rolled to its 
final shape—rail or boiler-plate—at a single heat. 
During the first rolling the metal surrounding a 
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blow-hole became strongly charged with gas, re- 
absorbed under the enormous pressure. During 
the reheating of the bloom at high temperature, 
the gas diffused away, the gas in the blow-hole 
had a chance to be reabsorbed, and the high tem- 
— of the rolling immediately after the re- 

eating facilitated both the further absorption and 
outward diffusion of gas. 

In the discussion Professor Arnold remarked that 
his experience agreed with that of Professor Howe. 
Where blow-holes were found, pipes were usually 
absent, and vice versd. ‘There were blow-holes of 
silvery ‘‘ lustre,” owing to the absence of oxidising 
gases, and also subcutaneous, partly oxidised blow- 

oles near the surface. The latter were dangerous, 
and he exhibited two water-tube boiler tubes which 
had burst from this cause. Mr. Hadfield, speaking 
next, warned against tolerating blow-holes. The 
Sheffield custom was to cut off the head of the 
ingot, and that seemed to be the safest practice. 

Mr. J. E. Stead stated that he had, in conjunc- 
tion with Mr. F. M. Parkin, made experiments on 
the actual welding temperatures. Pieces of Besse- 
mer stecl, 8 in. long, 2 in. sq., were drilled with 
a 4-in. drill, and the holes closed by driving in 
taper plugs of the same material, 14 in. long; the 
holes were previously washed with petrol to dis- 
place the air. The bars were heated to 750, 950, 
and 1150 deg. Cent., flattened out under a 12-cwt. 
hammer, reheated, forged down to 1 in. bar, 
nicked and tested. There was no welding at 
750 deg., and perfect welding only at 1150 deg. 
Cent.; in steel works suspected honeycombing or 
piping was cured by heating up to *‘ wash welding ” 
temperature, about 1100 deg. Cent. These experi- 
ments were made with a 0.15 per cent. carbon steel. 
Similar results were obtained with a steel of 1.4 per 
cent. of carbon, and a 0.9 per cent. bar was finally 
forged into chisels which proved perfectly sound in 
working. It would thus appear that good welds 
were obtained between 1000 and 1100 deg. Cent., 
provided oxides, slag, sulphide of manganese, &c., 
were absent ; in their presence welding might not be 
satisfactory, but bright subcutaneous honeycombs 
welded up perfectly at yellow heat. Gases might 
be compressed and might interfere with welding, 
and blisters appeared sometimes on finished sheets 
after reheating. Some gas possibly escaped through 
the solid metal. The illoinn analysis of gases 
found in a large blister was striking as regards 
the considerable quantities of carbonic acid and 
marsh gas: nitrogen, 5.83 per cent. ; carbonic acid, 
23.0; carbonic oxide, 50.5; hydrogen, 17.17 ; 
marsh gas, 3.5 ; heavy hydro-carbons, nil. 

Professor Howe, replying, agreed that it would 
be unwise to leave blow-holes in steel which would 
not weld. But they did weld in boiler-plate steel 
which was sometimes exasperatingly sticky, and he 
thought that the steel manufacturers who pro- 
ceeded as he had indicated were right. 


ALLOTROPY OR TRANSMUTATION ? 


The other paper by Professor Howe, ‘‘ Allotropy 
or Transmutation,” was of a philosophical character. 
On the one hand, he pointed out, ‘* elements ” were 
defined as substances hitherto indivisible, which 
could not be transmuted into each other. On the 
other hand, diamond changed into lamp-black ; they 
were both indivisible elements, they differed from 
each other in every property, and yet they were 
said not to be different elements, because they 
changed into one another. It was like saying that, 
if a calf’s tail were valled a leg, the calf had five 
legs. Was it philosophical to point to the fact that 
two such transmutable elements yielded buta single 
line of derivatives as proof that they were not one 
element? Was that not rather proof of the readiness, 
indeed, irresistibleness, of their transmutation? Did 
not this simply mean that the derivativeless element, 
whenever it entered into combination, inevitably 
transmuted itself into its mate which had deriva- 
tives? They had become so xceustonied to the present 
point of view concerning elements, that it appeared 
to them like second nature; but was it a tenable or 


philosophical point of view! The question was not | 


without a practical application. If instead of say- 


ing, ‘‘ The elements cannot be transmuted into one | 


another,” he were to say, ‘‘ Hitherto no elements 
have been transmuted into one another except 
those which transmute so readily that the deriva- 
tives of only one of them have n recognised,’ 
then the transmutation of, say, copper into lithium 
would cease to be so improbable, antecedently, as 
to call for extraordinary conclusive evidence. 

This last statement, we should submit, goes too 


far. There is a difference between boldly facing 
undoubted difficulties and even inconsistencies, 
which nobody denies, and jumping over them on 
the strength of isolated and unconfirmed experi- 
ments, which seem to contradict all previous ex- 
perience. 

(To be continued.) 








NOTES FROM THE UNITED STATES. 
PuiLave.pui, September 28. 
A STRIKE of some proportions among the puddlers 
in a number of bar-mills in the Pittsburg and Wheel- 
ing districts was settled on Saturday, September 24, 
after an all-day conference, at which mutual con- 
cessions were made, and mills resumed on Monday the 


for pipe. Pipe-line work is coming along freely, and 
furnaces furnishing pipe iron are well sold up. Con- 
tracts were placed for 40,000 tons of furnace coke for 
October delivery at ovens. Users of malleable iron 
are again ordering freely, most of the material being 
wanted in the Eastern States. The tin-plate mills are 
running full time, and during the week a batch of 
orders were booked, notwithstanding liberal arrivals 
from abroad. Arrivals per week at New York and 
Philadelphia, 48,000 boxes. High prices of meats 
stimulate demand for marine canned products, espe- 
cially of the North Pacific coast. Steel-rail makers 
have been encouraged this week by inquiries for large 
blocks of rails. The mills are in need of work. The 
general drift is towards weak prices in almost all iron 
and steel branches, but it is not at all probable that 
any actual cuts will be made. The largest sale 
of basic this week in this market was 10,000 tons for 
early delivery. Wire of all kinds sells well ; and as 
jobbers have about exhausted their stocks, a continued 
demand is looked for, which, under a hardening of 
prices, would develop into a movement to accumulate 
stocks. A 1000-mile wire fence to be erected by the 
Government will help the trade out, though it is not 
known what the immediate intentions of the Govern- 
ment are. There has been a widespread belief for 
some months past that conditions would shape them- 
selves during autumn for an extensive buying move- 
ment by way of preparation for 1911. There are very 
few signs of it as yet. The development of the steel 
wire-rod industry has been remarkable. In 1890 the 
production was 457,099 tons; 1895, 791,130 tons ; 
1900, 846,291 tons, dropping from 1,036,398 tons of 
the previous year; in 1905, 1,808,688 tons ; and last 
year, 2,335,685 tons—an almost sevenfold increase in 
nineteen years. Agricultural expansion is the most 
powerful factor in the development of the steel 
industry, after the railroads. 





A NEW ALUMINIUM ALLOY. 

One of the most remarkable developments in connec- 
tion with alloys has resulted in the production of an 
aluminium alloy containing over 90 per cent. of alumi- 
nium, having a specific gravity varying between 2.77 
and 2.84, a melting-point of about 650 deg. Cent., and 
yet having properties in respect of strength and hard- 
ness equal to mild steel. This material, which has 
been given the name of ‘‘ duralumin,” can be rolled, 
forged, and drawn when hot or cold, and promises to 
be of great service in many directions, notably where 
weight is an important consideration. Thus for motor- 
car work, for flying-machines of the airship and aero- 
plane types, and for high-speed marine craft it will 
meet a great need. 

According to the purpose for which it may be 
required, the composition can be modified, and the 
treatment so arranged, that the material is suscep- 
tible to forging, rolling, and drawing, or it may be so 
arranged that the greatest hardness with correspond- 
ing smaller extension can be produced. Table I. shows 
how the properties of duralumin vary with such modi- 
fications in the composition and treatment. 


TABLE I. 


Breaking 


Descrip- 
Resist- 


Specific Yield- 
—" Gravity. Point 


Elonga- Con- aioe 
tion. traction Brinell. 





tons per per cent per cent 
. in. 


98 


125 


22.25 
29.2 


23 
18 


2.77 34 
681 d 2.84 26 





These values are for soft-rolled plates of 7 mm. thick- 
ness. Duralumin is supplied in sheets, bars, wires, 
strips, forgings, stampings, various sections, and tubes. 
e mechanical properties vary according to the 
|nature of the alloy—for example, the alloy 681 is 
made in four sub-grades, and the results recorded in 
|Table II. have been obtained from sheets of these 


, | alloys of varying thicknesses. 
Th 


is material was tested after rolling soft to }in. It 
was then reduced in thickness to 0.08 in., and tests 
taken at each 0.03 in. reduction. The figures obtained 
from (B) and (C) are not inserted in the table, but are 
intermediate, In rolled bars and drawn or extruded 


26th, with an accumulation of bar orders and orders | 





sections a yield-point of from 9.5 to 12.7 tons per square 
inch is obtained, with 22.5 to 26 tons per square inch 
ultimate tensile strength, and about 15 to 18 per cent, 
elongation in 2 in. 

TaBLeE ITI. 


Thick 
nesso | Yield-Point. 
Plate | 

| A D 





Ultimate | Elongation Con- Hardness 
Tensile on2in. traction 


a} 
Brinell. 
A D A D .'D 


tns. p. tns. p. tns. p. tns. p. per r 

in. | q. in.'sq. in. sq. in. sq. in.| cent. cent. 

2 13.35 16.5 29.2 | 21 18 
32.4 | 10 

34.9 4.5 .5 

36.2 5 

38.1 

39.4 


109 125 
131 144 
144 151 
148 159 
152 166 
158 174 


27.3 | 28.6 
| 20.2 30.5 


31.7 
32.4 
33.6 


31.1 
33 4 5 
24.3 2.3 


Duralumin is not recommended for castings, but will 
be found to be suitable for many constructional pur- 
poses; for instance, where lightness combined with 
considerable strength is required. The metal with. 
stands atmospheric influences, and is but little affected 
by sea or fresh water. Duralumin is not affected by 
quicksilver or mercury, and is suitable for instruments 
in which non-magnetic material is required. It is 
suitable for sound-producing apparatus, such as bells, 
organ-pipes, &c. It is susceptible of taking a high 
polish, which is equal to nickel plating. The rights 
as to composition, method of casting, and subsequent 
treatment have been acquired for Great Britain and 
the Colonies by Messrs. Vickers Sons and Maxim, 
Limited, and the alloy will be manufactured at the 
works of the Electric and Ordnance Accessories Com- 
pany, Limited, Birmingham. 








‘* LIMITS OF SIZE IN AEROPLANES.” 
To THE EpiTor OF ENGINEERING. 

Srr,—At the conclusion of your excellent article (see 
page 403 ante) on the above subject there are one or two 
statements with which I must beg leave to disagree. 

You state :—‘‘It has often been assumed that the front 

rt of the plane is the most efficient, and that there- 
Eno planes of large size and great width would not be so 
efficient as smaller ones. It has, in fact, sometimes been 
assumed that the lifting power of a plane is more pro- 
portionate to the length of the leading edge than to the 
area. If this were so, however, the same reasoning would 
apply to the sails of a boat, and it would pay to cut up 
the sail area of a boat into the greatest possible number 
of sails, whereas it is found in practice that large sails are 
more efficient, surface for surface, than small ones, and 
that it pays to provide the necessary sail area in the 
smallest number of sails which can practically be handled 
—e.g., a cutter will beat a schooner of equal sail area. 
Similarly it is found that it does not pay to make pro- 
pellers with a very large number of narrow blades.” 

With regard to aerial propellers, as an experimentally 
proved fact, twelve narrow blades are more efficient than 
three wide ones of equal area ; but on account of limita- 
tions of weight and their fragility, they cannot be made 
larger than 3 ft. or 4 ft. in diameter, and they cannot be 
used for starting the engine. ; 

The old-fashioned windmill, with four sails, is never 
built now, numerous narrow blades being now employed. 

As you truly say, a cutter will beat a schooner of equal 
sail area, but it must not be forgotten that the schooner 
is heavily handicapped ; it has two masts of nearly the 
same diameter as the one mast of the cutter, anda double 
quantity of standing and running rigging. Again, match 
sailing courses are generally triangular, and for two-thirds 
of the distance sailed the wind is generally abaft the beam, 
and it is here, when running free, that the big one-piece 
sail has the advantage ; but this certainly does not apply 
to aeroplane work. Many years ago the Aeronautical 
Society proved experimentally that when the long edge 
of an aeroplane was presented to the wind superior 
results were obtained. Langley’s experiments in America 
proved the same thing. a, 5: 

With the large whirling table 323 ft. in circumference, 
illustrated in your journal for May 5, 1893, and also with 
a fan driven by a 50-horse-power engine, I proved conclu- 
sively that the narrower the blades or aerofoils, in the 
line of motion, the better the results. At the com- 
mencement of these experiments the aerofoils or blades 
were made 2ft. from the leading to the after edge, the 
width being gradually reduced to 14 in. ; they could not 
be made of wood narrower than this, therefore sheet-steel 
ones pressed to the correct form were used down to } in. 
in width, with ever-increasing efficiency. ; 

On one occasion, when talking over the matter with 
Sir Hiram Maxim, he said: ‘‘It stands to reason that 
the wide sustainers cunnot be so efficient as the narrow 
ones, because the after portion is presented to the wind at 
an unfavourable angle and does more harm than good. 

To prove that narrow blades are vastly superior to 
wide ones, I will take as an example the large model 
flying-machine you illustrated and described in your “0m 
of May 5, 1893. The sustaining surfaces were only 1} 1D. 
in width, but they were too close together to give the 
best results ; however, this machine flew in your presence 
at a speed of 40 miles per hour, carrying a d -weight 
of 55 1b., making a total weight of 3851b. For propul- 
sion a two-cylinder compound engine was used, and _ 
boiler had 12 square feet of heating surface. Under 
these conditions it was estimated that six brake — 

wer was developed. Now 385 + 6 horse-power = (4 Ib. 

ifted per horse-power ; this is considerably more than 
twice the weight lifted per horse-power, in comparison 
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with the best of the examples in your table of the week 
before last. This calculation is made on the assumption 
that the machines referred to by you were carrying two 
en. 

"te my opinion, if the use of the aeroplane type of 
machine is to be extended (which I very much doubt), the 
wide canvas sustainers must be replaced by narrow rigid 
blades placed one above another ; and if these are the 
proper distance apart, the weight lifted per horse-power 
would be quite three times greater than in the present 
type of machine. . 

F Yours faithfully, 

Horatio PHILLIPS. 








LIGHTING OF LONDON. 
To THe Epiror oF ENGINEERING. 

Sir,—In the interests of electric lighting, I beg to 
draw attention to the misleading character of the Press 
announcements treating of the decision of the West- 
minster Council in regard to converting a few of their 
electric lamps to gas, The number of lamps involved is 
only a small proportion of the total of electric lamps in 
Westminster, and negligible in comparison with the 
number of electric lamps for street-lighting in London. 
A large number of reports, however, were circulated in 
the Press purporting to deal with this matter, but 
obviously of a character ——- to electrical 
interests. The reports were worded so as to give the 
impression that electricity for street-lighting was going 
under in London as a whole, and that an immediate 
reversion to gas has already been started. Such a a 
is, of course, entirely false. The official statistics of the 
London County Council may be taken as a guide to the 
proper state of affairs. These show that only 10 out of 
29 London authorities are entirely without electricity for 
saect lighting. Further, as to the growth of the use, 
they show that electric street-lighting has more than 
doubled in half-a-dozen years. Added to this there is 
the testimony given by St. Marylebone, who, in view of 
saving 1500/. in respect of a portion of their area last year 
through electric lighting, are now going to extend electric 
lighting throughout the borough, which will bring the 
saving up to 2600/. per annum. There are also the cases 
of Hampstead and Shoreditch, which are already exten- 
sively electrically lighted, and electricity is being extended 
practically throughout the boroughs. 

Thanking you for your courtesy in inserting this letter. 


Iam, yours —_ 
H. B. Penwick, 


Chairman of the Electric Supply Publicity Committee. 
Moorgate-court, Moorgate-place, London, E.C. 
September 15, 1910. 





THE AXIAL LOADING OF TEST 
SPECIMENS. 
To THE EpiToR OF ENGINEERING. 

Sir,—In connection with the design of a testing- 
machine, I have encountered the usual problem of obtain- 
ing the most suitable arrangement for securing axial 
loading on the test specimen. 

It has been stated, I believe, by Mr. Turner, of 
Cambridge, and others in your correspondence columns 
that the double knife-edge arrangement is the best. 

An attempt to design such has convinced me that the 
mechanical difficulties are almost insuperable, and even 
if surmounted would not be as satisfactory as an ordinary 
well-made spherical seating. 

_ This may be due to my not having attacked the problem 
in the proper way, though a search for information on 
the matter was unsuccessful. 

_ Perhaps some of your readers have the o; ite results; 
if so, I would be very grateful if they well give us the 
benefit of their experience. 

Yours faithfully, 
E. Trvpati Cook. 
Premier Place, High-street, Putney, London, 
September 21, 1910. 








‘““NEW DREDGER FOR THE BRITISH 
ADMIRALTY.” 
To THE EprToR oF ENGINEERING. 

_ Sir,—On reading the account of the launch of the above 
in your issue of the 9th inst., I was rather surprised at the 
statement that this dredger was the first of her kind con- 
structed in the United Kingdom. Such a statement 
would lead one to believe that this type of dredging- 
machine was something new and novel, nal it is quite 
an old type, adapted to suit the requirements of the 
owners. From the description given, it appears that 
Messrs. Simons and Co. have adopted the type of cutter- 
suction dredger designed in 1902 by Mr. A. W. Robinson 
for use on the St. Lawrence, and which, according to the 
description given -in ENGINEERING of October, 1904, 
~~ to be a great success. The vessel was called the 

- Israel Tarte. Other vessels of this type have since 
been built, Messrs. Simons themselves having built cutter- 
Suction dredgers of a similar design to the Se. Lawrence, 
launched last week. From the particulars published 
the only difference that I can observe is that the St. 
Lawrence is fitted with a hopper for the reception of the 
material sucked up by the suction-pipe, in place of its 
being delivered through a pipe leading from the dredger 
to the shore. There is nothing new or novel in the dis- 
charge from a suction-pump into a hopper, and one is 
ata loss to understand what is the patent claimed by the 


builders in this new dredger, as the whole design must be 
common knowledge to those firms who make a speciality 
of this class of work. 

he cutter-suction is a very common type of dredger, 


and has been in use for along time on the Mississippi and 
other waters in America with satisfactory results. On 
reading the description of the launch of the St. Lawrence, 
one is led to understand that the builders have designed 
something unique and novel, whereas they have only 
adopted, for present requirements, the common know- 
ledge of everyone who has any practical experience in the 
working of dredgers. 
Yours, &c., 

London, September 13, 1910. . 

[Although no statement such as that imputed to us by 
our correspondent above was made in our issue of Sep- 
tember 9, it happens that the dredger St. Lawrence is 
the first hopper suction dredger built in this country 
fitted with a spiral cutter, and arranged to discharge its 
contents overboard. This combination is, we understand 
from Messrs. Wm. Simons and Co., Limited, a new one, 
and covered by so recent a patent as No. 13,123 of 1909. 
Other features of the dredger are protected, patents 
having been applied for respecting them, so that a claim 
for novelty could be well sustained, and the launch of 
such a vessel fully deserved the notice it was given on 
page 364 in our issue of September 9.—Ep. E.]} 








CHARACTERISTIC ENERGY-CURVES OF 
STEAM LOCOMOTIVES. 
To THE EpiToR OF ENGINEERING. 

Str,—Professor Dalby’s presidential address before the 
British Association, reported in your issue of September 2, 
is, perhaps, chiefly interesting in connection with the 
subject of steam-locomotive capacities, more particularly 
that portion which relates to Fig. 6, page 347. ; 

This diagram, or rather part of it, may be plotted in a 
different way, which will, I think, bring out a point wort 
considering. The accompanying diagram shows the rela- 
tion between indicated horse-power and the rate of firing, 
the upper curve of indicated orse- power being simply a 
transcription from Professor Dalby’s Fig. 6, and the curve 
of efficiency being deduced from the dotted-line curve in 
the same figure. 

Now assuming that the calorific value of the coal fired 
is 15,000 B.T.U., it is evident that the grate area in the 
locomotive, to which these curves relate, was about 48 
sq. ft. (Presumably this figure is the same as that in dia- 
gram 600, Plate XIV. in ENGINEERING for August 19, 


ra) 


ZS. F. 


Efficiency 


50% 





(937) 


Its of Coal per Sq.Ft.of Grate Area Fired perHoar 


1910, the particulars for which are :—Heating surface, 
.05 sq. ft.; grate area, 48.36 sq. ft.) If I am not mis- 
taken, this grate area is much larger than is usually the 
case in British locomotives. A large number of locomo- 
tives made in this country have been described and illus- 
trated in ENGINEERING, and -the grate area is frequently 
less than 20 sq. ft., and very seldom greater than 30 sq. ft. 
Now, if it be assumed that the boiler efficiency depends 
on the rate of firing, as is implied by Professor Dalby 
though not actually stated, another curve of indicated 
horse-power against rate of firing can be constructed 
corresponding to a grate area of 27 sq. ft. This is the 
lower curve of indicated horse-power in the accompany- 
ing figure, and shows, or is intended to show, what a 
locomotive of 27 sq. ft. grate area is capable of. 
Now Professor Dalby states that the rate of firing 
sometimes reaches 150 lb. per sq. ft. per hour, so that 
> apna the maximum output for steady working in 
this case is about 1050 indica horse-power. Compare 
this with the performance of the Great Western locomo- 
tive shown in ENGINEERING for February 23, 1906, 
259. During the run from Paddington to Bristol this 
locomotive sustained a draw-bar horse-power of about 920 
for 20 minutes, and almost immediately afterwards 1100 
for about 9 minutes. The weight of the locomotive and 
tender was about 116 tons, and the train was travelling 
at a constant speed of 60 miles an hour up a series of 
gradients averaging about 1 in 800. Under these circum- 
stances the corresponding values of indicated horse-power 
cannot have been much less than 1360 and 1540 respec- 
tively. (The particulars of this locomotive are given as: 
—Heating surface, 2142 sq. ft.; grate area, 27.07 sq. ft.) 
Now compare this performance with the indicated 
horse-power curve for 27 sq. ft. grate area in the accom- 
panying figure, and it will be evident at once that there is 
ae on . Both Gow venue < 1 horse- 
power ought to practically im ible, the first a - 
veaty corresponding to about 240 Ib. of coal per ak 
per hour. 








h | Occurs for a 





Can Professor Dalby explain the discrepancy? At pre- | 
sent it is difficult to understand what value his curves can | 
have for English locomotive engineers, or what relation | 


they bear to the minimum structure gauge on British 
railways. . 
Yours faithfully, 





‘THE STRENGTH OF GUNS AND 
CYLINDERS.” 
To tHE EpiTor oF ENGINEERING. 

Srr,—In an article on the ‘“‘Strength of Guns and 
Cylinders,” in your issue of September 2, some remark- 
able statements are made concerning the stresses. I will 
confine myself to one of these. On page 324, near the 
top of column 3, referring to a water main, it is stated 
that ‘there is about 50 per cent. difference in the real 
stress on the pipe material and that which is actually 
supposed to exist.” 

n turning up the subject of a thick cylinder subjected 
to internal pressure, in a text-book of strength of mate- 
rials rather widely used in the colleges, I find both the 
principal stresses and the greatest principal stress differ- 
ences (of which the greatest shear stress is one-half) calcu- 
lated as in this article. I also find a diagram similar to 
Fig. 1 on your page 324, showing the hoop tension, ial 
pressure, and (twice) the shear stress throughout the 
thickness of the wall. So far as I am aware, the methods 
of calculation in the article, for both — and shear 
stress, are those in general use, and no very different 
stresses are “ actually supposed to exist.” 

The question as to weather elastic failure takes place 
when a certain value of the greatest shear stress is reached, 
or at a certain value of the greatest principal stress, which 
your contributor seems to have had in mind, is, of course, 
entirely separate from calculation of the stresses. But 
there is, I think, no reliable evidence that elastic failure 

rticular value of the maximum shear stress 
in the case of the material of a 6-in. hydraulic main 2 in. 
thick. 
Yours faithfully, 
ARTHUR MoR.ey- 
University College, Nottingham, September 9, 1910. 





To THE EpiToR OF ENGINEERING. 

Sir,—In your issue of September 2 I noticed a ver 
interesting article on the above subject by Mr. CO. A. M. 
Smith, B.Sc. 

This recalled to mind some experiments I made several 
years ago. Among other things, these experiments 

rought to light the peculiar effect of internal pressure in 

a gun tube—viz., when a tube or cylinder is subjected to 
internal pressure sufficient to increase its diameter, it is 
correspondingly reduced in length. If the metal has not 
been stressed beyond its elastic limit, when the pressure 
is relieved, the diameter and length, of course, return to 
their normal dimensions. This peculiar shortening effect 
has not, as far as my knowledge goes, been noticed by any 
other experimentalist. 

One of these experiments was illustrated and described 
in your journal, but I cannot refer you to the date. 

Yours faithfully, 
Horatio PHILuips. 

West Barnham, Sussex, September 12, 1910. 





INTERNAL-COMBUSTION 
ENGINES. 
To THE Epitor oF ENGINEERING. 

Srr,—In reference to the leading article in your issue 
of August 26, there is no doubt that oil-fuel used in 
internal-combustion engines for marine use offers great 
attractions to the shipowner, provided a regular and cheap 
sup ly of oil can be ensured at all ports of call. 

The vessel, of 9000 tons and 114 knots speed, now being 
built for the Hamburg-Amerika line, by Messrs. Blohm 
and Voss, to which you refer, is to be fitted with twin- 
screw engines of the Diesel type. They are to be two- 
stroke-cycle engines, double acting and reversing. The 
Diesel engine depends for its ignition upon the heat pro- 
duced by compressing air in the working cylinder, the 
compression pressure used being about 500 lb. per square 
inch. No ignition-gear of any kind is used ; consequently, 
before a power-stroke is obtained, a large amount of 
negative work has to be done in compressing the air. 
This, it will be readily understood, makes the starting-up 
problem very difficult. 

It appears to the writer to be far preferable, for several 
reasons, to adopt for marine work the system used in 
other types of oil-engines—viz., that of vaporising the oil 
and mixing it with the air before compression, using elec- 
trical ignition as in the ordinary gas-engine. 

With this system moderate compression pressures can 
be adopted, and ignition secured when starting up with 
quite low compression pressures, thus simplifying the 
starting and reversing problem immensely. In the 
Diesel engine the combustion takes place at constant 
pressure, whereas in the ordinary gas-engine the combus- 
tion takes place at constant volume. 

Now the theoretical thermal efficiency of the Diesel 
cycle is, under the same conditions, inferior to that of the 
constant-volume combustion cycle, and the undoubted 
superior thermal economy of the Diesel engine in practice 
is due to its enormous compression pressure. 

For instance, the absolute thermal efficiency of the 
Diesel-cycle engine with 500 lb. compression pressure and 
—— temperature of 3400 deg. Fahr. would be 
0.547. 

The same thermal efficiency would be obtained by a 
constant-volume combustion engine with half this com- 
pression pressure. 

A compression pressure of 130 lb. per square inch is 
common in modern gas-engines. The absolute thermal 
efficiency of a constant-volume combustion engine with 
this pressure would be 0.483, whereas in a Diesel type 
with constant pressure combustion the thermal efficiency 
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would be only 0.328. It must also be remembered that 
air under a pressure of about 750 lb. per square inch is 
uired for injecting the oil into the cylinder. 

"“Teking the above points into consideration, therefore, 
it would appear that the vaporiser system of utilising the 
oil will be the more advantageous all round for marine- 
engine work, as with it a lighter engine, a superior thermal 
ilene, less compression pressure, and easier condi- 
tions for starting and reversing will be secured. 

The type of vaporiser to be developed should be that 
which will not only vaporise the oil, but also gasify it. 

Yours faithfully, 
W. R. Cummins. 
6, Westland Drive, Glasgow, September 10, 1910. 








THE ACTION OF CHLORIDE OF LIME 
ON METALS. 
To THE Epitor oF ENGINEERING. 

S1z,—I am at the present time engaged in dealing with 
chloride of lime solutions, and am up against a difficulty 
— to this solution being so destructive upon different 
metals. 

I should be pleased if you, or any of your readers, could 
tell me of a metal, or a mixing, which would withstand 
the action of this solution. A metal which could be 
‘*drawn” is greatly desirable. 

Thanking you in anticipation, 

Yours faithfully, 

Manchester, October 4, 1910. &. R. 8. 





THE Iron AND Street Institute: Errata.—We wish 
to correct two misprints in the account of the discussions 
at the Iron and Steel Institute meetings, given in our 
last week’s issue. In Professor Louis’s statements on 
briquetting, instead of ‘‘. . .. Gréndal, who did not 
invent the furnace...” read ‘who did invent.” In 
Mr. Colver-Glauert’s reply on the etching medium, 
instead of “*. . . . until it acquired a malt appearance,” 
read ‘‘ matt (dull) appearance.” 


Prrsonat.— Mr. R. F. Hall, mechanical engineer, has 
rejoined the Electric and Ordnance Accessories Company, 
Limited, and the company have opened offices at War- 
wick Chambers, Corporation-street, Birmingham, where 
demonstrations will be given of their ‘‘E O. A.” dual 
ignition system, and of the Timken bearing.—Messrs. W. 
V. Waite and Co., wish to announce that they have 
opened offices at 31, Queen-street, Cardiff, for the pur 
of trading as engineers, and also as buying and selling 
agents. 


University or Lonpon.—A course of four lectures in 
advanced engineering, dealing with superheating on Con- 
tinental locomoives, will be given at the Institution of 
Civil Engineers, Great George-street, Westminster, 8. W. 
(by permission of the Institution) by Professor E. Sauvage, 
at 5.45 p.m., on October 10, 12, 14, and 17, 1910. Atthe 
inaugural lecture, on October 10, the chair will be taken 
by Mr. G. J. Churchward, locomotive superintendent of 
the Great Western Railway. Admission will be by 
ticket, obtainable on application to Mr. P. J. Hartog, 
Academic Registrar. 


THe Hanover LocomMoTIVE AND ENGINRERING WoRKs. 
—The 6000th locomotive built by the Hannovershe Mas- 
chinenbau-Actien-Gesellschaft, vormals Georg Egestorff 
(Hanover Locomotive and Engineering Works), of Hano- 
ver-Linden, left the works of that firm on the 28th ult., 
the 5000th locomotive having been completed on June 15, 
1907. The 6000th engine is an eight-wheeled coupled 
goods locomotive fitted with a Schmidt smoke-box supe - 
heater, and has been built for the Elberfeld Direction of 
the Prussian State Railways. The cylinders of this engine 
are 23.6 in. in diameter, the stroke is 26 in., and the 
driving-wheels are of 52 in. in diameter. The heating 
surface (inside), including that of the superheater, is 1911 
square feet. The weight (empty) of the seven aed is 55.2 
tons. The tender has six wheels and is built to hold 
2600 gallons of water. 


Contracts. — Messrs. Ernest Scott and Mountain, 
Limited, of Gateshead-on-Tyne, have recently received 
an order for a 400-horse-power haulage-gear motor for 
the Murton Colliery. e motor will be of a type 
specially designed for haavy service, and will operate on 
a 3300-volt 40-period supply taken from the Newcastle 
Electric Supply Company’s mains.—The Worthington 
Pump Company, Limited, of 153, Queen Victoria-street, 
London, EO. oes recently received an order for three 
sets of their triple-expansion pumping-engines. complete 
with boilers, condensing-plant, &c., for the Markop oil- 
fields. They have also received orders for surface-con- 
densing outfits for the electric-light stations at Coventry, 
Southwark, Stretford, and Northampton, and for five jet- 
condensing |? ~ for colliery and iron-works service in 
the Midlands, besides a large, number of orders for 
duplex, centrifugal, and tur»ine-pumps, water-meters, 
oil-separators, &c.—We learn from Messrs. Frazer and 
Chalmers, Limited, of 3, London Wall Buildings, E.C., 
that they are building at their Erith works four large 
electrically-driven grab transporters for coal-handling at 
Devonport Dockyard. These transporters are of a type 
recently introduced into this country, and are used for 
unloading colliers and barges and discharging the coal 
into railway trucks or on to a pile in the coal-yard. They 
consist of a bridge, travelling on rails on the quay, and 
fitted with a boom extending over the vessel to be un- 
loaded, and arranged so that it can be lifted up to clear 
the rigging, &c. The grab is suspended from a trolley 
which runs along the bridge and boom, the operator and 
the driving and controlling-gear being located in a cabin 
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travelling with the trolley. All the movements are con- 
trolled by the one man, who has the grab always in sight 
and can therefore allow it to descend to pick up its | at 
the most advantageous point and discharge it exactly 
where required. Floating transporters on the same prin- 
ciple have also been constructed. 


Tur InstiTuTE OF Marine Enoinegers.—At the In- 
stitute of Marine Engineers, on Monday, October 3, a 
demonstration with the patent G.M. balance, or stability 
indicator, for ships was given by Mr. W. Fredericks, 
assisted by Mr. Edwin Tate, the inventor of the indi- 
cator. The balance consists of a beam, the length of 
which, from approximately 2 ft. to 3 ft., is made in pro- 
portion to the depth of the ship concerned, from any 
reasonable height above the uppermost deck, as may be 
required, to the keel. On this beam is marked to scale 
the positions of the tank top, decks, &c.; also a scale of 
the positions of the transverse metacentre at different 
draughts, from the light condition of the ship to the load- 
line, and a scale of the dead-weights corresponding to the 
respective draughts. At the bottom of the beam is a bar, 





on which weights can be suspended at any desired point, 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 11. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to801b. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 
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(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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99 2325 O83 2 6 8 «12 M6 «2 22 26 2% 3 
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the centres of the cubic capacities of the different holds, 
coal- bunkers, and ballast-tanks being given for this 
purpose, and indicated on the beam. The beam repre- 
sents the ship when in light condition, and the weights 
referred to represent dead-weight—i.e., cargo, coal, and 
water ballast—and are proportionate to same. ‘The 
weights agree in number and size to the dimensions of 
the ship concerned, and have hooks by means of which 
they can be attached in position on the bar. Two side 
davits support the beam, whilst a centre one 1s utilised 
for balancing purposes by means of a lever attachment. 
When the beam is balanced at this lever, the indicator on 
the latter denotes the position of the centre of gravity of 
the ship; whilst the metacentric height is demonstrated 
by the distance the centre of gravity is below (nearer the 
keel) the metacentre mark corresponding to the draught 
concerned. Weights can be placed on the bar of the 
balance representing all the cargo, coal, &c., to be taken 
on board, and this equally as well prior to loading as 
during or subsequent to same. The stowage can be so 
arranged that the required ‘margin of safety,” or satis- 
factory condition of stability and seaworthiness, can be 
arrived at under any or all conditions or circumstances 
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INDUSTRIAL NOTES. 


Ox Friday last an attempt was made by the Board 
of Trade to settle the dispute in the cotton trade, but 
the attempt failed, and in due course, therefore, the 
lock-out came into effect last Saturday, when 700 
spinning-mills closed their doors on the operatives, 
who are now thrown out of work to the number of 
about 150,000. It does not appear that the em- 
ployers had really any other alternative if they wish 
to be masters of their own mills, and to m e them 
as they may think best. The meeting at which Mr. 
Askwith was present consisted of the members of the 
emergency committee of the Master Cotton-Spinners’ 
Federation and the executive committee of the Card- 
Room Hands’ Amalgamation. The whole matter 
really hinges on whether the employers or the Card- 
2oom Amalgamation shall control the mills, and Mr. 
Smithurst, the employers’ secretary, said, at the meet- 
ing, that this point was so vital that it must be 
maintained at any cost. Of course, the operatives’ 
representatives deny that they have any wish to take 
away the managership of the mills from the masters, 
but they say they cannot give up their legitimate 
right to have a voice in the arrangement of the work- 
ing conditions of the mills. But why will they not 
submit the matter to arbitration? To an outsider the 
whole thing would, were it not so serious, appear 
comical, for the whole difficulty has arisen because 
one man at a particular mill has been discharged for 
refusing to do certain work, and his comrades decline 
to go back to work unless he is reinstated under con- 
ditions which they lay down. 

In due course the lock-out commenced on Saturday, 
but it was not long before there was a feeling abroad 
that there was every likelihood that it would be of 
short duration, for it was rumoured that Mr. Askwith, 
not discouraged by the failure to bring about an agree- 
ment on Friday, had been hard at work ever since 
with the object, even at the last moment, of finding a 
peaceful settlement of the dispute. It was known on 
Monday that the operatives had aecepted his proposals, 
and it was thought — probable that the employers 
would do the same. he terms proposed by Mr. 
Askwith were these : That George Howe, the grinder 
who was dismissed from Fern Mill, and who has been 
the cause of all the trouble, shall be found work at 
another mill, and that grinders pending arbitration on 
the question shall not pick flats. 

We confess, however, that this seemed, on the face 
of it, to be a shuffling escape out of a difficulty. If it 
had been accepted, each party would claim to have 
won their point, but the matter would be left pretty 
much where it was. A kind of precarious peace 
would subsist for the present, but behind all a feeling 
would remain with each party that they would like in 
the near future to settle who actually is the master. No 
such settlement could be lasting, for the simple fact 
that the point in dispute had not been decided. 

In the end, on careful consideration, the employers 
decided that they could not agree to the proposals of 
the men, and the lock-out duly came into force. The 
whole thing is a great misfortune, and will no doubt 
be a source of bitter recriminations on both sides; 
but now, and so long as each side keeps its present 
position, there appears to be small hope of a settle- 
ment. 

At the time of going to press the situation again 
seems more hopeful, for it is rumoured that the man 
George Howe has at last found a job, and that peace 
| be expected. Let us hope, if it comes, that it 
will last. 





_The fifth week of the shipyard lock-out is now run- 
ning its course and matters are still at a deadlock. 
At the annual meeting of Smith’s Dock Company, 
Limited, at the Guildhall, Newcastle, on Friday last, 
the chairman stated that the shipyard lock-out would 
have come several years ago if he had had his 
way, with, he felt sure, much less misery to the men 
and yreat benefit to the trade. Discipline in the 


Boilermakers’ Society had been on the wane for some 
time indeed, since Mr. Robert: Knight had ceased to 
be secretary. This gentleman, who was present at the 
meeting, is reported to have said that no one regretted 


more than he did the struggle that was now proceed- 


ing. \Vhat was wanted was the best possible under- 
standing between the masters and the men. If the 
employers were regarded by the men as cruel despots, 
and the men as mere machines by the employers, there 
could be no satisfactory understanding. He did not 
think there were ten men in a thousand who broke agree- 
ments, hut 990 were now being punished for the ten. If 
the proper rules had been enforced when a contract: was 


enter] into with the employers, the present situation 
would not have arisen. The rule giving the executive 
the power to inflict fines of from 1s. to 5/. on anyone 
injuring an employer had been entirely neglected since 


he retired. He oped the masters would not press 
the matter too far, as otherwise he feared a great up- 
heaval. He hoped to see the day when the cestode 


which obtained when he had control should be restored, 
4time when each party dealt honourably and honestly 








with the other. The words ‘‘yes” and ‘‘no” were 
then more binding than written agreements. 

The chairman, in reply, stated that the employers 
did not want to press matters with cruelty, but the 
fight must be carried out to the end, in order to give 
confidence that the men would in future carry out 


agreements. 





The epidemic of disloyalty to their leaders appears 
still to be growing among certain sections of working 
men, the latest instance of this demoralisation having 
occurred at Leicester during last week, when a number 
of finishers at a factory owned by Messrs. Simons 
handed in their notices in consequence of one of their 
number having been discharged. When the matter 
was brought before the local board of arbitration, com- 
posed of representatives of masters and men, it was 
unanimously decided that the men’s action was not in 
accordance with the working agreement arrived at 
some years ago, and the men were told that they must 
return to work at once, being promised at the same 
time that their grievances should be inquired into. 
To this the men replied that they absolutely refused 
to be ordered to resume work at the dictation of 
the Board of Arbitration until they had their grievances 
settled to their entire satisfaction. It is said that 
this is a stand that has never been taken by the 
workmen in the town before, and it has naturally 
created considerable interest. Fortunately, the number 
of the men in this case is not great, and any serious 
stoppage of work is not expected. 





On Saturday night, the 24th ult., it was unanimously 
decided at a meeting of the Men’s Joint Board of 
Messrs. Bolckow, Vaughan, and Co.’s collieries in South- 
East Durham, that under no conditions should any of 
the collieries belonging to the firm consent to the intro- 
duction of the four-shift system daily, as proposed in 
the case of the Pear sath. snar Colliery. The Joint 
Board also received an application for affiliation 
from the members of the Enginemen’s, Cokemen’s, and 
Mechanics’ Association, belongin to Messrs. Bolckow, 
Vaughan, and Co.’s collieries in the district, who have 
up to the present time held aloof from membership on 
the Joint Board. 





On Saturday last 11,000 more miners in South Wales 
came out on strike owing to local grievances, 6000 of 
these were at the Ocean Collieries and 5000 at the 
Ferndale Collieries. Thirteen collieries are now idle, 
and 21,130 miners in all are affected, and on Saturday 
last 8000 more men at three pits in the Cambrian Com- 
bine gave notice. Four of these pits are already idle. 





The Socialist Labour Party continue to incite to 
law-breaking, in spite of the warning of their legal 
advisers that the Suheons judgment makes it illegal 
for trade unions to spend money on delegations to 
political or semi-political conferences. The penalty 
for neglect of these warnings will be committal to 
prison for contempt of court. 





The attention of owners and masters of British 
vessels has been called by the Board of Trade to the 
fact that a law was promulgated by the Government 
of the Argentine Republic on August 10 last limitin 
the coasting trade of the Republic to vessels registerec 
under the Argentine flag, and providing for the con- 
fiscation of any foreign vessels, with their cargoes, 
detected in carrying on the coasting trade in contra- 
vention of the law. This law will come into force 
within sixty days of its promulgation. 





According to the Mark Lane Express, the British 
wheat harvest, which may now be considered to be 
completed, exceeds, both in quality and in condition, 
last year’s standard. A slight deficiency on the yield 
per acre is about balanced. The fall in prices is said 
not to be covered by any compensating element, but 
there is nothing in the situation really to warrant the 
decline, and it is thought that farmers will probably 
regret before long the prices they accepted between 
the first thrashings and Michaelmas Day. The French 
wheat crop has proved smaller than was anticipated, 
and the Government’s hope that the yield was a 
4,000,000 quarters below requirements is not justified. 
The yield of barley and oats has not been good in 
any part of France, and there are parts where the 
deficiency is serious. In Russia, on the other hand, 
the harvest is turning out well, and maize is expected 
on the October yield to be 5 per cent. above the 
average. In Roumania the maize crop will be a —- 
one, but may be damaged by a wet October. The 
estimates for Canadian wheat for 1910 are as follow : 
—Wheat, 123,000,000 bushels; oats, 283,000,000 
bushels. In 1909 the production of oats in Canada 
was 353,000,000 bushels, and as there were onl 
8,000,000 bushels of this exported to England, it is 
not likely that we shall receive any out of this year’s 

roduct. The wheat exports are also likely to be 
ight. 





The British Acting Consul-General at Rio de Janeiro, 
in reference to the trade of Brazil in 1909, reports that 


there appears to be an opening for trade from the 
United Kingdom in sewing-machines. At present 
Germany and the United States have nearly the 


whole of this trade, the trade of the former countr 
amounting to 57,400/. The amount contributed by all 
the other countries reaches only 10,800/. In 1909 the 
value of hats imported amounted to 100,000/., about 
50 per cent. of which came from Italy and 28,600/. 
from France, while the United Kingdom contributed 
to the value of only 8000/. All kinds of soft-felt hats 
are worn, as well as straw hats, and Panamas natu- 
rally find a ready sale. The Consul says that he sees 
no reason why more trade should not be done by the 
United Kingdom, and if English manufacturers would 
take the trouble to observe more carefully the shapes 
and styles most in favour it would prove to their 
advantage in securing fresh business. Again, the 
umbrella trade with Brazil appears to have been 
neglected in this country, most of the goods supplied 
now coming from France and Germany. 





Mr. J. F. Jewell, United States Consul at Melbourne, 
announces that the flax yield of the State of Victoria 
for the past season is estimated at 1800 tons, or about 
double the quantity produced during the previous 
season. here is considerable interest being now 
taken by farmers in this industry, on account of the 
bonus of 10 per cent. on the value of the fibre offered 
by the Government of the Commonwealth. At the 
present time there are three delinting plants in opera 
tion, one of which is at the State penitentiary, most of 
the output going to rope factories, where it is made 
into twine, window-sash cord, and fishing-lines. It 
is expected that an attempt will shortly be made to 
manufacture linen locally, as the plant grown in 
Victoria is the linen flax, the quality of which is 
said to be very good. The price realised by the 
fibre runs from 4/. to 5/. per ton, and the yield per 
acre is about 14 tons. It is expected that the returns 
for the new season’s crop will show an increase in 
acreage. 





According to the Journal of the Royal Society of 
Arts, several important commercial undertakings are 
likely to be launched in Tasmania in the near future. 
It has been decided to establish two modern woollen 
mills at Hobart and Launceston, which will give 
employment to from 700 to 800 hands, and a company 
with a capital of 100,000/. has been formed for this 
yo A concrete factory has recently been started 
at Hobart for the purpose of manufacturing roofin 
tiles and concrete steps, flagstones, window-heads an 
sills, fire-proof columns and floors. There is also a move- 
ment on foot to construct large paper-mills, in connection 
with which it is interesting to note that timber was 
sent to England a short time ago in order that its 
qualities for paper-making could be tested. As these 
tests proved satisfactory, it is likely that further 
action will be taken. Paper has been made from blue- 
gum timber that was almost perished, and the test was 
a severe one. Another industry likely to grow is that 
of shale oil, as this substance has been discovered on 
the north-east coast, and a report on it has been 
forwarded to the Prime Minister of the Common- 
wealth. This report is thought to be of special 
interest in view of the importance of securing a native 
supply of oil fuel for naval and industrial purposes. 
An average of 60 gallons of oil suitable for benzene, 
lighthouse oil, and lubrication has been extracted 
per ton of shale. Two companies are about to 
a prospecting and preparing sites for extraction 
works. 





At the Dublin County Council last week some extra- 
ordinary statements were made by Mr. Wm. Field, 
M.P., when he moved a resolution approving of the 
majority report of the Vice-Regal Commission on Irish 
Railways, and calling on the Government to carry out 
the recommendations contained therein. He said that 
the commerce and industry of Ireland would to-day 
have been in a more flourishing condition than it is if 
there had never been a railway in Ireland. There was 
not a town or a village in Ireland to-day where they 
might not see the remains of some industry which had 
at one time been flourishing, but which, in his opinion, 
had been ruined by the methods of the railways 
because they were dominated by outside influences, 
and preferential through rates were given to foreign 

s. Although there was some dissent from these 
views, the sencketion was carried by seven votes to 
four. 





Consequent upon the favourable agricultural outlook 
in India a revival of trade in that country is expected, 
and the revenue returns are already appreciably ahead 
of the estimates and promise a considerable surplus, in 
case, of course, that there is no set-back. A very 
large cotton crop is ieee while rice, jute, tea, and 

8 promise very well. 
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STEAM TRIALS OF H.M.S. ‘‘ NEPTUNE.” 


H.M.S. Neptune has completed her steam and gun 
trials, and there is every probability of the vessel 
being ready for commission before the end of the 
year. Her keel was only laid officially on January 19, 
1909, so that the vessel will be in commission within 
the two years from the date of commencement. This 
is another item to the credit of the Portsmouth dock- 
yard, where the vessel was constructed. We recently 
published illustrations and description of the vessel 


(see pages 304 and 305 ante), so that it is only necessary | 
here, by way of prelude to the details of the trial, to! 
rpendiculars is 510 ft., | 
the beam 85 ft., and the displacement tonnage 19,900 | 


state that the length between 


tons, on a draught of 27 ft., and with 900 tons of coal 
on board. The vessel mounts ten 12-in. guns, so 


arranged that eight of them may fire on the broadside ; | 


the two turrets aft being on different levels, the pair 
at the rear are able to tire over the two stern guns. 
Thus eight guns eo fire aft and six ahead. The two 
midship guns are placed on the extreme beam, so as 
to fire in line with the keel ahead and astern. The 
12-in. guns are on Vickers’ hydraulic mountings, with 
improved accessories to give a high rate of fire. The 
mountings gave most satisfactory results on trial, 
alike as regards rapidity and reliability. There are 
also sixteen 4-in. guns. 

The contract for the machinery was placed with 
Messrs. Harland and Wolff, of Belfast, and the turbines, 
which are of the Parsons type, were manufactured by 
their allies—Messrs. John Brown and Co., Limited, 
of Clydebank. The notable feature of the turbines is 
that there are no separate machines for cruising, the 
‘* cruising ” blades being included at the high-pressure 
end of the ordinary high-pressure turbines, which is 
consequently lengthened for this purpose. By-pass 
valves are fitted, so that the steam may enter at 
various stages to suit the amount of power to be 
developed. The boilers are of the Yarrow type. 
They are of the latest design, in which arrange- 
ments are made for the feed-water to ascend the 
outer rows of tubes—those furthest from the fire 
and these therefore act as feed-heaters. Appreci- 
able economy is thus secured, and, moreover, any 
grease or sediment which comes over with the feed- 
water collects in these outer tubes, and the life of the 
boiler is consequently increased, since the extent of 
pitting can never be the same as when the grease or 
sediment passes into the tubes nearest the fire. 

The eighteen boilers are situated in two compart- 
ments, and the draught is provided by sixteen 
Brotherhood fans. Mumford regulators are fitted, 
and the feed-pumps and air-pumps are by Messrs. 
Weir, while the circulating pumps and dynamos are 
by Messrs. Allen, of Bedford. The steering-gear is by 
Messrs. Napier Brothers, of Glasgow. Stone’s ash- 
expellers are fitted to the ship, and worked well during 
the whole of the trials. 

The Neptune left Portsmouth on September 14, 
carrying out her preliminary trials on the same day, 
and on the day following left Spithead for a set 
of trials at progressive powers and of four hours’ 
duration, in order to determine the radius of action 
at various speeds. At the same time opportunity 
was taken to make comparative trials under corre- 
sponding conditions, in order to ascertain the con- 
sumption when the exhaust from the auxiliary engines 
was passed to the auxiliary condenser and to the 
turbines, the latter system being known as the ‘‘closed 
exhaust.” The result was a great reduction of water 
and coal consumption under the last-mentioned con- 
dition, the difference at practically all powers being 
16 to 20 per cent., alike in water and coal consump- 
tion. At the same time the addition of the exhaust 
from the auxiliaries greatly increased the power, 
especially at the low powers. For instance, at one- 
fifth power there was an increase from 3662 shaft 
horse-power to 5069 shaft horse-power, and at about 
half power from 13,458 shaft horse-power to 16,513 
shaft horse-power. 

On September 20 and 21 the vessel went out on her 
30-hours’ test at 70 per cent. of the full power, and it 
was found at the close that the mean power developed 
was 18,373 shaft horse-power, with the engines running 
at 288 revolutions. The vacuum was 28.7 in., a 
further evidence of the efficiency of the Weir ‘ Uni- 
flux” condenser. The coal consumption was 1.74 lb. 
per shaft horse-power per hour, and on six runs 
over the measured mile the speed exceeded 19 knots. 
The concluding trial at full power was run on 
September 23, and the economy attained was very 
satisfactory, the coal consumption being only 1.46 1b. 

r shaft horse-power per hour for all purposes. The 
Cotes gave an ample supply of steam with a pressure 
of only ? in. in the stokeholds. Running at 333 re- 
volutions the turbines developed 27,700 shaft horse- 
power, and thes , as the result of six runs made 
over the measured mile at Polperro, was 21.78 knots, 
although the ship was loaded with water ballast to a 
greater draught than when the legend power was 
expected to give 21 knots. 

ther trials included the full and half-power astern 


|tests, and the ordinary steering, circulating, and 
manwuvring trials, all of which proved satisfactory. 
The trials were attended on behalf of Messrs. Harland 
and Wolff by Mr. Cumming, and Engineer-Com- 
|mander Onyon represented the Engineer-in-Chief of 
| the Fleet. 








INDIAN RAILWAY MATTERS. 

Tue length of line in operation upon the Bengal and 
North-Western Railway at the close of last year was 
1866 miles, of which 1090 miles belonged to the com- 
pany and 774 miles to the State. The expenditure 
made by the company to the close of 1909 upon its 
main lines was 4,074,234/., while 1,680,977/. had been 
| expended upon the Doab lines, making an aggregate of 
5,755,211/. In this expenditure the second half of 
last year figured for 73,020/., which was paid out 
mainly for large bridges and extensions now in hand, 
}and also for additional rolling stock and station im- 
provements and enlargements. The expenditure upon 
the Ganges and Gogra Doab lines, as well as upon the 
Benares and Allahabad extension, including a bridge 
at Allahabad, and another bridge over the Gogra at 
Manjhighat, amounted in the second half of last year 
to 101,638/. The Secretary of State for India in 
Council has been asked to sanction the construction of 
a line, 60 miles in length, from Thawe to Captaingan] ; 
he will also be asked to sanction the construction of 
another extension, 20 miles long, from Siswa to the 
Nepaul frontier, near Nichloul. The Ganges bridge at 
Allahabad comprises forty spans of 150 ft. each. The 
bridge was put in hand during the second half of 
last year, and has made good progress, twenty wells 
for pier foundations being well advanced. The 
Gogra River Bridge at Manjhighat comprises eighteen 
spans, 200 ft. each. Work on this bridge is progres- 
ing ; the foundation piers are on wells sunk 90 ft. to 
100 ft. below low-water level, and all the wells are 
either in progress or completed, except two, where 
special difficulties have arisen in the dry season 
channel of the river. Some of the piers have been 
built up and the girder spans are in course of erection. 
It is expected that a south-west protective spur, which 
controls the river near the bridge, will be shortly com- 
pleted. A bridge over the Gundak, at Bagaha, will 
have fifteen spans of 150 ft. each ; work on this bridge 
has been commenced, and it is hoped that the north-west 
spur, which controls the river near the bridge, will be 
shortly completed. The Chupra and Mushrakh branch, 
26 miles in length, has been recently opened for traffic. 
Upon another extension, from Burhwal to Sitapur, a 
distance of 60 miles, most of the earthwork has been 
completed, and some progress has been made with the 
laying of the rails. Upon the Tirhut extensions the 
Bagmatti Bridge at Dhang will have fifteen spans of 
100 ft. each ; eight of the wells for the pier foundations 
have been commenced, and stones have been collected 
for protective works, which will shortly be taken in 
hand. The Pertabganj and Bhimnagar branch, 13} 
miles in length, is ay completion. The 
Somastipur and Rosera branch, 17 miles long, has been 
approved by the Indian Railway Board, and the works 
will be shortly commenced. 

The length of open line comprised in the Madras 
and Southern Mahratta system is returned at 3126 
miles. There is the usual Indian gauge confusion 
upon the Madras and Southern Mahratta Railway 
undertaking, 1514 miles being upcn a metre gauge, 
and 45 miles of double line, and 987 miles of single 
line, upon a broader gauge. Of the Mysore State lines 
worked in connection with the system, 401 miles are 
metre gauge and 10 miles broad gauge. A section of 
6 miles of the Kanivehali branch is still under con- 
struction ; this branch, which is nearly 9 miles in 
length, has, by agreement with the Indian Govern- 
ment, been undertaken as part cf the company’s 
system. The main object of the branch is to serve the 
Sandur manganese mines. The capital outlay stood 
at the close of June, 1908, at 16,500,000/., of which 
11,500,000/. was treated as capital furnished by the 
Secretary of State, and 5,000,000/. as the company’s 
capital. Since June, 1908, the Secretary of State has 
further furnished funds to the amount of 745,946. 

The length of line worked by the Bombay, Baroda, 
and Central India Railway Company at the close of 
1909 was 2438} miles, of which 608} miles were upon a 
5}-ft. gauge, and 1830 miles upon a metre gauge. The 
total of 2438} miles was made up as follows :—Original 
Bombay, Baroda, and Central India line, 504} miles ; 
and Rajputana and Malwa, Cawnpore and Achnera, 
and Palanpur and Deesa lines, 1934 miles. It should 
be observed that the original Bombay, Baroda, and 
Central India line is double-tracked, and that the 
second line of rails is counted as so much extra 
mileage. The company further works 696 miles of 
Indian Native State lines, carrying the effective 
extent of the system in working to 3134} miles. The 
capital of the Bombay, Baroda, and Central India 
still stands nominally at 2,000,000/., as provided by 
the Bombay, Baroda, and Central India Railway 
Act, 1906; but further capital has been provided 
by an issue of 1,000,000/. 34 per cent. debenture stock, 








under an option vested in the Secretary of State for 
India in Council, towards covering advances made by 
him for capital purposes since January 1, 1906. The 
original Bombay, baroda, and Central India line js 
being quadrupled between Bandra and Bhaynilar. 
Upon the Rajputana and Malwa line the additional 
capital expended in the second half of last year re. 
lated principally to additional rolling-stock, but some 
of the outlay was also made in renewing weak girders 
upon the main line between Delhi and Rewari, and 
between Phulera and Ahmedabad. Extra sleepers were 
also laid down between Baroda and Nagda, and some 
capital was expended in the replacement of old machi- 
nery in the Ajmer locomotive shops. The working of 
the broad-gauge lines was effected more cheaply in the 
second half of last year, considerable savings having 
been made under the headings of permanent-way, 
wages, and materials, as compared with the corre. 
sponding outlay in the second half of 1908, when 
25 miles were relaid with 90-lb. rails. Upon the 
metre-gauge lines there was a large decrease in the 
outlay made for the repair of bridges, which absorbed 
larger sums in the second half of 1908. 

he number of locomotives upon the system at the 
close of 1909 was 711, as compared with 702 six months 
previously. The number of vehicles in use in the 
coaching department also increased to 2347, as com- 
pared with 2325 ; the number of goods vehicles was 
reduced from 14,382 to 14,179. Although four years 
have now elapsed since the Bombay, Baroda, and 
Central India Railway became vested in the Secretary 
of State for India in Council, negotiations for a revision 
of the terms of the company’s contract are still pend- 
ing. The details which have to be dealt with are of a 
complicated character, and Indian officials appear to 
move very slowly. Sanction has been given for surveys 
for a new chord line, about 50 miles long, from Biana, 
on the Nagda and Muttra division, direct to Agra, and 
it is expected that this line will be carried out in 
substitution for a connection from Bhartpur to Agra, 
as originally proposed The earnings from the Nagda 
and Muttra Railway have hitherto been disappointing, 
but some improvement is expected when arrangements 
are completed for the exercise of running powers over 
the Agra and Delhi chord line. The Secretary of State 
has intimated his intention to grant these powers when 
a permanent agreement has been arrived at for work- 
ing the Nagda and Muttra line. Nodecision has been 
arrived at with respect to the route to be followed by 
a line to connect Bombay with Scinde.; water difti- 
culties are the main obstacle in the way. 








Tue INSTITUTION OF Civit ENGInkERS.—The Council 
of the Institution of Civil Engineers have made the 
following awards in respect of papers published in 
Section 11. of the Proceedings for the session 1909-1910 :— 
A Telford Gold Medal to Major W. W. Harts, U.S. 
Army, (Nashville, Tenn.); a Watt Gold Medal to Mr. A. 
Trewby, M.A., (London) ; a Crampton Prize to Professor 
A. H. Gibson and Mr. A. Ryan (Manchester); and 
Telford Premiums to Messrs. W. R. Baldwin-Wiseman, 
M.Sc., (Southampton) and O. W. Griffith, B.Sc., (London), 
W. E. Lilley, M.A., D.Sec., (Dublin), W. Corin (Sydney), 
J. A. Saner (Northwich), and F. O. Blackwell (New 
York). They have also awarded the Indian Premium 
for 1910 to Mr. C. W. Lloyd-Jones (Secunderabad). 


BorovuGH Po.ytTEcunic InstriTuTE—Particulars of the 
varied work carried on at this and its affiliated institutes 
are clearly set forth in the prospectus for the session 
1910-11 which commenced on the 26th ult. This pros- 
pectus contains all the necessary information relating to 
evening classes, including both lectures and practical 
work in the engineering, metal-working, electrical, build- 
ing, printing, book-binding, and other trades. Instruc- 
tion is also given in chemistry, physics, electrotechnics, 
languages and commercial subjects, art, music, &c., and 
the work of these departments, and of the technical and 
trade day-schools, is also fully dealt with. There has 
been a development and extension of the work in nearly 
all departments, the courses having been rearranged and 
new classes added. 


Tur WorRKING OF THE RAILWAY AND CANAL TRAFFIC 
Act, 1888.—A report has been published recently of the 
Board of Trade proceedings taken under Section 31 of the 
Railway and Canal Traffic Act, 1888. This section relates 
to complaints by traders against the railway and canal com- 
panies. From the report it appears that in the period of 
1908-9 complaints made were rather more numerous than 
in the period 1906-7, these reports being now issued at 
two years’ intervals. The complaintsin 1908-9 numbered 
277 against the railways and three against the canal 
companies, making a total of 280, against 243 in the two 
years dealt with in the previous report. The largest 
class of complaint was concerned with undue preference. 
Of the 280 complaints 275 were settled, but only ‘I 
were settled more or less to the satisfaction of the com- 
plainants. In 122 cases the complainants were not 
satisfied, and in 62 cases the cases were not followed up 
by the complainants. The report states that in some 
cases in which no amicable settlement was arrived at, the 
Board of Trade considered that complaint was not 
justified, while in others the complaints involved gal 
questions which could only be settled by the Railway 
and Canal Commissioners. 
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ELECTRIC POWER IN THE IRON AND 
STEEL INDUSTRIES. 

The Utilisation of Electric Power in the Iron and Steel 
Industry, with Special Reference to the Economical 
Specd Regulation of the Motors.* 

By J. J. Evink Scuvuurman (Baden, Switzerland). 
Util isation of Waste Gases.—For some time serious 


attention has been given to the most economical manner 
of utilising blast-furnace —_ for all processes in the 
manufacture of steel which require mechanical energy. 
Economical utilisation necessitates centralisation of the 
power, for which electricity furnishes the most efficient 


and convenient means. 


immediate vicinity, steam-turbines have been adupted 
almost entirely for the generation of energy. 

System of Sup y.— With regard to tho chien of system 
of current supply, most of the older steel works installed 
continuous current. Only the smaller equipments were 
driven electrically, and the distance over which the 
current had to be supplied was not great. For this pur- 
pose continuous current was very suitable, especially as 
continuous-current motors have the advantage of being 
| to regulate. 

ith the extension of electrical installations the dis- 
tance over which electrical power was used increased ; 
also the electrical drive came into use for the larger con- 
sumers—for instance, in rolling-mills—so that the distri- 
bution with continuous current became more and more 





uneconomical. 

At the present time, owing to the extensive installa- 
tions of modern steel works, alternate current is usually 
adopted, it being ible with alternate current to con- 
duct large quantities of energy over long distances with 
comparatively small loss. Its only disadvantage, until 


At the present time steam-turbines or gas-engines are 
used for driving the electrical ———- Gas-engines 
are more economical from a thermo - dynamic stand- 
point, especially as the efficiency of steam - boilers, 
using blast-furnace gases for fuel, is very low. For 
the production of 1 kilowatt - hour by a gas - engine 





Fig.1. CHARACTERISTIC CURVES OF A HIGH-SPEED ROTARY 
BLOWER FORA NORMAL OUTPUT OF 23,000 CUBIC FEET 
OF FREE AIR PER MINUTE ATA PRESSURE OF /0 LBS. 
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Fig.4. £SHERBIUS REGULATION WITH REGULATING SET. 
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about 4500 calories (17,850 British thermal units), 7:CHARACTERISTIC CURVES FOR THE DERI MOTOR. 
equal to about 180 cub. ft. of are needed, whereas 
in the case of steam-turbines about 9000 calories (35,700 
British thermal units), or about 360 cub. ft. of gas, are 
necessary for the production of the same amount of 
energy. Against the better heat economy of the gas- 
engines must be put the lower first cost of steam-turbine 
installations, amounting to approximately 25 per cent. 
The latter allows, moreover, of installing considerably 
larger units, the entire operation of the plant becoming 
much simpler and capable of being easily superintended. 
Also the room occupied by steam-turbine sets, attendance 
necessary, and oil consumption are reduced. Further, 
steam-turbines stand the shocks occasioned by sudden 
changes of the load much better than gas-engines, which 
can be overloaded only to a small extent, and their parallel 
working is more efficient. It consequently depends on 
circumstances which drive is to be preferred, and a com- 
bined drive is often suitable. In Germany, for instance, 
several steel works have gas-power stations in which are 
installed one or more steam-turbines. The latter, by 
taking up the overloads, lessen the danger of the gas 
engines falling out of step. hee 

By the centralisation of the power-production in an 
electrical central station it is possible to deliver super- 
fluous quantities of gas, for which there is no use in the 
plant itself, to outside consumers, in the form of electrical 
energy. This may prove a means of increasing the income 
of the steel works. There already exist several steel 





o 


agsic) Speed in % of Synchronism. 

recently, lay in the fact of the impossibility of regulating 
the speed of alternating-current motors in an economical 
manner. This disadvan has since been overcome in 
several ways, which will be described later. First, the 


works which supply neighbouring towns with light and problem of speed regulation, which is of the test 
power from this source. ; importance in the operation of steel works, will be more 
It is also possible to connect the power-station of the | closely described. 


steel works with some long-distance distributing station. 
Ordinarily the latter will supply energy from the steel | distinction must be made between speed reversal and 
plant. In cases of emergency, however, as, for instance, speed regulation in one direction of rotation. The re- 
through interruption of the working of the blast-farnaces, | versal problem, as applied in the case of reversing rolling- 
the long-distance distributing station will supply the | mills, has already been so often discussed that it need not 
missing energy. } be dealt with here. In speed regulation in a definite 

In steel works where there are no blast-furnaces in the | direction of rotation a distinction must be made between 
oa the adjustment of different no-load s s with a slight 
drop of s between no load and full load, the adjust- 
ment of different no-load speeds which drop to a certain 


Speed Regulation of the Motors.—In regulation of speed 


* Paper read before the Iron end Steel Institute at 








Fig.2 PRINCIPLE OF SCHERBIUS REGULATION. 








Buxton, September 29, 1910. 


adjustable extent between no load and full load, and a 
regulation which causes a large drop of speed when the 
load is ——. but does not permit of adjusting at 
various no-load speeds. 

Furthermore, it is often required that the output should 
remain constant at all speeds. However, a constant 
torque over the entire range of speed regulation is gene- 
rally sufficient. 

How do these forms of regulation come into considera- 
tion for the different operations in iron and steel works ? 

Rolling-Mills.—For the driving of rolling-mills it is 
often necessary to obtain different no-load speeds, depend- 
ing upon the rolling programme. 

he sort of mill used will determine whether these 
speeds should remain constant from no load to full load, 
or whether a — of speed is required. The latter will 
be the case for blooming or similar mills, with which 
considerable peak loads are experienced, which must be 
taken up by the use of rotating masses. For wire-mills 
and the like, where the load remains fairly constant, a 
drop of speed is not necessary. 


Fig.3. SCHERBIUS REGULATION WITH 
DIRECT-COUPLED REGULATING MOTOR. 
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Fig.6. PRINCIPLE OF THE DERI MOTOR. 
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A constant output for all speeds is often required for 
mill operation—that is to say, an increase of torque at 
decreasing speed, which may lead to an increased pro- 
duction. 

Blowers.—The drive of blast-furnace blowers, and, still 
more, of steel works blowers, presents an interesting 
phase of the speed-regulation problem. Up to the present 
time reciprocating blowers, driven by reciprocating steam- 
engines, or often by gas-engines, have generally been 
used. Recently, however, high-speed rotary blowers, 
which have certain advantages when compared with 
reciprocating blowers, have more and more been adopted. 
In comparing the respective usefulness of the two types 
of blowers, reliability of operation first comes into con- 
sideration. In this respect, absence of all mechanism 
liable to wear, less attendance required, continuous and 
steady delivery of air, give the rotary blower a consider- 
able superiority over the reciprocating. Further, it 
occupies much less room, and its first cost is smaller. 

The opinion often expressed, that the efficiency of the 
reciprocating blower is higher than that of the high-speed 
rotary blower, has arisen from the incorrectness of the 
methods used for determining the efficiency of the former 
type. When the comparison is poupere made, and 
identical methods of testing are employed 4 both types 
of blowers, it will be found that the efficiency of the 
high-speed rotary blower is by no means inferior to that 
of the reciprocating. 

When the speed is constant the nigh apeed rotary 
blower produces a pressure which is practically indepen- 
dent of the volume of air delivered, the volume depend- 
ing only upon the section of the tuyeres. A change of 
pressure can be obtained by varying the s , and as 
the pressure increases pogo with the square of 
the velocity, comparatively small alterations in the speed 
will euffice to produce the pressure variations necessary 
for the operation. Thus the pressure curves of high- 
speed rotary blowers can be brought to higher or lower 
levels by an increase or decrease of the speed, while the 
efficiency curves remain practically the same. (See Fig. 1.) 

Rotary blowers require high speeds, consequently for 
driving them the steam-turbine receives first considera- 
tion, especially as it meets the requirements of regulation 
to a t extent. The exhaust-steam turbine is par- 
ticularly favourable for this purpose, as it is capable in 
a much higher degree than the reciprocating steam-engine 
of making use of the energy of the steam down to 
the lowest possible vacuum. When it is considered 
that the exhaust steam of rolling-engines, which in many 
cases escapes to the atmosphere, can be utilised in ex- 
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haust turbines, and the heat it contains converted into 
mechanical energy as far as technically ible, the 
economy of such a drive will become self-evident. 

In the case where a large gas-engine power-station 
exists, it may prove to be more suitable, on account of 
the better centralisation obtained, to drive the blowers 
electrically. Also for reserve blowers, which are neces- 
sary where the main blowers are driven by gas-engines, 
the electrical drive will be of advantage, on account of its 
low cost. 

As driving motor only a high-speed motor can come 
into question, which, except in special cases, should meet 
the requirements of an easy and economical speed regula- 
tion. The needs of the blast-furnace blowers are com- 
paratively easy to meet. Steel-works blowers, however, 
require to supply pressures from 5 lb. to 35 lb. per square 
inch, as well as a widely varying volume of air. The 
driving motor should consequently in this case permit of 
a wide range of speed regulation, and preference must be 





given to that form of speed regulation for which the once 


adjusted speed does not vary between no-load and full 
load. 


Minor Operations.—Besides the principal operations 
above mentioned —viz., rolling-mills and blowers—various 
small drives, requiring regulation of speed, come into 
account. Mention should be made of live roller-beds, 
cranes, transporting apparatus of all sorts, hoists, hy- 
draulic-pressure pumps, &c. Most of these drives must 
also be reversible. 

Resistance Regulation for Induction Motors. — As 
already mentioned, the continuous-current motor adapts 
itself in a favourable manner to the different forms of 
speed regulation. The most varied characteristics may 
be obtained with the shunt, compound, and series motor. 
However, the use of continuous current is limited in large 
plants for the reasons given before, so that alternate cur- 
rent has now generally been adopted. 

The best known and most extensively used alternating- 
current “re is the po agp Parga It has 
the t advan of simplicity and safety of opera- 
peal mer in its Pon fooax the speed, which yn a 
upon the number of poles and the supply frequency, 
cannot be economically ilated. The simplest means 
of varying the speed is toinsert an adjustable resistance 
—known as a slip resistance—into the rotor circuit. This 
method has often been used for regulating the speed of 
rolling-mills, but is very rec cme | because an 
amount of energy, which is proportional to the per- 
centage of the regulation, is lost in the slip resistance. 
When, for instance, the s; is dec to 30 per cent. 
below normal, 30 per cent. of the energy taken from the 
line is lost. In consequence the efficiency is very low. 

Another disadvantage of this system of iets is, 
that for a once-adjusted slip resistance the s changes 
toa very great extent with variations of the load, and 
rises to a regs d its normal value at no load. This 
running back to the synchro.aous speed can be of t in- 
convenience in the operation of rolling-mills, as it is just 
when running light that a low s is required in order 
that the rolls may be sure of getting a hold on the steel. 


Powrr-F actor. 

The power-factor is another characteristic of the induc- 
tion motor to which close attention should be given. It 
is the power-factor which determines the proportion of 
the total current generated which is available for power 
purposes ; a low power-factor means larger and more ex- 
pensive generating plant, increased losses throughout the 
system, and often inferior pressure regulation. 

Exact measurements have shown that industrial plants 
which are driven by induction motors have usually a 


power-factor between 60 and 85 per cent., although the 
upper limit is but seldom reached. lling-mills are 
examples of installations with a.low power-factor. The 
reasons for this are that low-speed motors (which naturally 
have a low power-factor) are commonly employed, that 
the load has an intermittent character, and that rolling- 
mill motors have large air-gaps for mechanical reasons, so 
that their magnetising current is large. 

From the foregoing it results that the induction motor 
in its original form disadvantages for the driving 
of iron and steel-works machinery. From a suitable motor 
should be expected an easy and efficient s regulation, 
and, if possible, compensation of the phase difference, 
resulting in a favourable power-factor. Recently certain | 
systems of economical speed regulation for induction | 
motors, which fully meet these requirements, have come | 
into use. } 

Scherbius System of Regulation.—The first of these 
systems was brought forward by Dr. A. Scherbius. | 
Instead of connecting a variable resistance to the slip- 





DERI DOUBLE COMMUTATOR 
MOTOR 


motor will consequently be low, whereas for weak excita. 
tion it will be in the neighbourhood of synchronism. 
As the armature voltage of the regulating-motor, which 
differs from the rotor voltage of the induction moto; only 
to the extent of the ohmic drop in voltage, merely depends 
upon the excitation, the s will remain constant from 
no-load to full-load. When a drop of speed is required 
between no-load and full-load, in order, for instance, to 
make use of the fly-wheel effect of the rotating masses, 
the regulating-motor is provided with a compound exciting 
winding. Asin the case of a continuous-current compound 
motor, the speed will then drop from no-load to fu!l-load 
over a certain adjustable range. Finally, a series e~cita. 
tion can be provided, which entails a form of regulation 
similar to that by resistance. 

The question how the slip energy which the regulating 
motor converts into mechanical energy can be most 
favourably recovered can be solved in two different ways, 
In the first place, the regulatimg-motor can be coupled 
mechanically to the main motor, so that the slip energy 
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rings of the induction motor, these are connected with a 
so-called ‘‘ regulating-motor,” which is of the three-phase 
commutator type (see Fig. 2). Its pur is to make 
use of the slip energy which was formerly lost in resist- 
ance, and to convert it into mechanical energy. It is 
generally shunt-excited, and is so wound that it possesses 
no inductance, and hence for all practical purposes can 
be regarded as operating as a continuous-current machine. 

The mony lation of the main induction-motor is 
obtained in a simple manner by adjusting the excitation 
of the commutator motor. As is well known, the slip of 
an induction-motor is proportional to the rotor voltage. 
When the rotor vol is forced by exterior means to 
increase, the s' will have to decrease. For a strong 








excitation of the regulating-motor the speed of the main 








Scuersius Reoutatine Ser (400 K.V.A., 750 R.P.M.) ror THE Sprep REGULATION 
OF AN 1800-Horst-Power Inpuction Moror ror Driving a BaR-MILL at THE DEUTSCHER 


is given back to the main driving-shaft (see Fig. 3). In 
the second place, the regulating-motor can be coupled 
with a poo induction generator. This regulating set 
converts the slip energy into electrical energy, 4 
returns it to the line (see Fig. 4). The first arrange- 
ment, in which the regulating-motor is coupled directly 
or by means of a belt to the main motor, is in genera! the 
better one, as the available energy on the main shaft re- 
mains constant—that is, with decreasing speed the torque 
can be ine’ In case of the arrangement wi!) the 
regulating set only a constant torque 18 available ( as in 
the case of regulation by resistance), so that the output 
must decrease with decreasing speed. Further, th« a 
efficiency is more favourable in the case of mech — 
coupling between the regulating motor and the sh»{t © 
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in motor. However, this arrangement is not 
possible, as with it the regulating-motor must 
he speed fluctuations of the main motor, and on 
unt becomes too expensive for very wide ranges 
lation. In such cases the regulating set, which 
constant speed, is preferable. 

1t advantage of the Scherbius regulating system 
the possibility of extending the regulation above 
nous speed. The result is that the regulating 
n be built smaller than is possible with regulation 
nder synchronism. In order to obtain over- 
onous speeds, it is only necessary to reverse the 








direction of the excitation of the regulating motor. The 
latter then runs no longer as a motor, but as a generator. 
It does not take up slip energy, but, on the contrary, 
delivers slip energy to the main motor. The possibility 
of running above synchronism can also be of value for 
reaching very high speeds, as is sometimes necessary 
for rotary blowers, rotary compressors, &c. It should 
be realised that with a frequency of 50 cycles per 
second, 3000 revolutions per minute is the highest 


8 which can be obtained in the ordinary way, 
this being the synchronous speed of a_two-pole 
motor. he next lowest speed is 1500 revolutions per 
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minute for a four-pole motor. The advantage of bein 
able to obtain intermediate speeds, and, above all, 
speeds over 3000 revolutions per minute, is obvious. 
Such a degree of speed regulation has hitherto been 
unattainable with induction-motors. 

The Scherbius system also permits of compensating 
the phase difference between current and voltage of the 
main motor, so that its power-factor becomes unity, inde- 
pendently of the load. By a small change in design the 
regulating motor can be made to supply the magnetising 
current necessary for the excitation of the main motor. 
The generators at the power-station and the transmission 
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line are then relieved from delivering this wattless cur- 
rent. If necessary, the regulating-motor can a 
designed to supply the excitation for other motors on the 
line, and thus will contribute still further to raise the 
power-factor of the entire system. ‘ . 

It has been mentioned that the regulating-motor is of 
the three-phase commutator type. The simplest variable- 
speed three-phase motor would be such a commutator- 
motor used directly as a main motor, if it could be 
constructed for the normal working conditions. How- 
ever, certain difficulties with respect to good commuta- 
tion staad in the way of building such motors. The 
higher the frequency and the larger the output, the 
greater are these difficulties. A commutator-motor for 
several thousand horse-power, for instance, as often 
required in rolling-mills, could not be built at the present 
time, although in the next few years considerable deve- 
lopment may he made in this direction. The regulating- 
motor described is connected to the rotor of an induction 
motor, in which the frequency is low, and, moreover, its 
output is small when compared with the output of the 
main motor. Again, the rotor voltage of an induction- 
motor can be chosen at will within wide limits, even when 
the stator is directly connected to the high-vol line, 
and thus the voltage of the regulating-motor can be kept 
low, which still further facilitates its design. : 

The Scherbius system may be used for new installa- 
tions, as well as in connection with induction motors 
which already exist. 

Krimer System of Regulation,—A second system, de- 
signed to bring about an economical speed regulation of 
induction motors, is shown diagrammatically in Fig. 5, 
page 515, and is due to Mr. C. Kriimer. The slip-rings of 
the main motor are connected to a rotary converter, which 
changes the slip energy into continuous current. The latter 
is used to feed a continuous-current shunt motor, which is 
coupled mechanically to the induction motor, and returns 
the slip energy to the main driving-shaft. The speed is 
regulated by varying the resistance in the shunt field of 
the auxiliary motor. hen resistance is cut out, the 
armature voltage and the continuous-current voltage of 
the rotary converter will increase. At the same time the 
alternate-current voltage at the slip-rings must increase, 
as the continuous-current and alternate-current voltage of 
a rotary converter stand in a fixed relation to each other. 
The speed of the main motor will thus decrease. 

The speed of the rotary converter depends upon the 
rotor frequency of the main motor, and is proportional to 
the regulation. When the main motor runs at normal 
speed, the slip and rotor frequency are small, and the 
rotary converter turns very slowly ; when the regulation 
is 50 per cent., the rotor frequency is 50 per cent. of the 
line frequency, and the speed of the rotary converter 
increases proportionally. As the voltage at the slip- 
rings should also increase in proportion to the regula- 
tion, and as in general voltage and speed are propor- 
tional values, it results that the design of the rotary 
converter is practically independent of the amount of 
speed reduction required. For this reason the Kriimer 
system is very suitable for wide ranges of regulation. 

The available output remains constant over the entire 
range of regulation, as the slip energy is returned to the 
main driving-shaft. 

The power-factor of the main motor may be improved 
to unity by adjusting the excitation of the rotary con- 
verter accordingly. 

A disadvantage of the Kramer system, as compared 
with the Scherbius system, is its greater complication. 
More machines are necessary, poll a special source of 
continuous-current energy is required for their excitation. 
Also, it cannot be so easily used in connection with exist- 
ing motors. 

Déri Motors.—The single-phase commutator motor of 
the Déri type offersa third solution to the problem of eco- 
nomical speed regulation. It comes into question especially 
for smaller outputs, and has the advantages of extreme 
simplicity and ease of regulation. This motor belongs to 
the repulsion motor class, and its principle is shown in 
Fig. 6, page 515. For each pair of poles the motor has 
four brush-holders, two of which are fixed and two mov- 
able. Each set of fixed brushes is connected electrically 
to a set of movable brushes. At rest, both are in line on 
the commutator in the pole-middle. When the movable 
brushes are shifted to the right, the motor turns to the 
left, and vice versd. The result is that a reversal is pos- 
sible without any switching over. The farther the mov- 
able brushes are shifted from the zero position, the more 
the torque increases. Normally the motor can start with 
2 to 24 times the normal torque and a large 
overload capacity. When required, it may be designed 
for still higher starting torques. 

The stator and rotor are in no way connected, so that it 
is possible to keep the rotor voltage low. This seldom 
amounts to more than 100 volts at standstill, and de- 
creases to 10 volts and less when the motor is running. 
The result is great safety of cperation ; the brushes can, 
without danger, be renewed during running. As there is 
no connection between stator and rotor, the stator can 
be directly connected to high-tension circuits. The 
insulation is easy to effect, as the winding is simple and 
no inter-crossing occurs. The rotor ee a normal 
continuous-current winding without any complication. 

The motor has a series characteristic, or, more exactly, 
an infinite number of such characteristics, each being for 
a certain position of the brushes (see Fig. 7). It is con- 
sequently possible with any load, including running light, 
to adjust the brushes for any required speed. By moving 
back the brushes over the zero position during running, 
regenerative control can be obtained. The farther the 
brushes are moved back, the stronger will be the braking 
action. The efficiency of regenerative control is similar 
to the efticiency of normal operation. 

As said before, the great advantage of the Déri motor 


be | starting, reversing, and adjusting of all s 





lation— 
s between 
standstill and 10 per cent. above synchronism—is effected 
merely by shifting the brushes. Beyond a tww-pole stator 
switch no other switches, transformers, &c., are needed. 
In the case of smaller drives which require reversal, the 
Déri motor should be compared with an induction motor 
with starting resistance, controller, and reversing switch. 
The importance of the absence of all such apparatus is self- 
evident. Further, an absolutely continuous regulation is 
superior to regulation by means of controllers and resist- 
ances or regulating transformers, with which a great degree 
of subdivision is not ible. 

When the output is small, the single-phase Déri motor 
will hardly affect the even distribution of the load on the 
three phases of the system, especially if there are several 
such motors which can be divided over the different phases. 
But when large motor outputs come into question, it is 
better to make use of a double commutator motor, which 
electrically consists of two Déri motors, mechanically built 
into one (see Figs. 8 and 9, page 516). By a simple method 
of winding, such a double-commutator motor can be directly 
connec’ to a three-phase line, and exact measurements 
have proved that with it the load is quite as equally dis- 
tributed over the different phases as in the case of a normal 
induction motor, while such a double commutator motor 
retains all the good qualities of the Deri motor. 


lies in its extreme simplicity: the entire 


PRACTICAL APPLICATIONS OF THE SCHERBIUS, KRAMER, 
AND Déri Systems OF SpKEED REGULATION. 

Rolling-Mills.—Rolling-mill motors require large out- 
puts, for which the induction motor is the most appro- 
—. For its regulation both the Scherbius and the 

riimer systems are suitable. 

At the Differdingen Steel Works (Luxemburg) a wire- 
mill is in operation, driven by an induction motor of 
2000 horse-power and 150 revolutions per minute, which 
is regula by means of a Scherbius regulating set of 
240 kilovolt-amperes and 750 revolutions per minute. The 
latter produces a 10 per cent. drop of speed between no 
load and full load. At the Deutscher Kaiser Steel Works, 
Bruckhausen, Germany, a bar-mill is driven by an 1800- 
horse-power induction motor for 375 revolutions per 
minute, 50 per cent. regulation, and 5 per cent. drop of 
speed between no load and full-load. The Scherbius set 
is built for 400 kilovolt-amperes and 750 revolutions per 
minute (see Fig. 10, page 516). Several other installations 
are in course of construction. 

The Kriimer system is also already in use in a few 
rolling-mills. 

When a new rolling-mill is installed, it often cannot be 
determined beforehand what will be the most favourable 
8 for the process. In such a case it is advisable to 

esign the driving-motor with a sufficiently wide margin. 
Should its speed prove to be too high, one or other of the 
described systems of regulation permit of reducing it 
without affecting the efficiency of the installation or its 
power-factor, while apart from this speed reduction, the 
driving-motor can deliver the full output for which it 
was designed. 

For small rolling-mills of special type, such as plate- 
bending machines, corrugated-tube mills, &c., the Déri 
double commutator motor does good service, on account 
of the technical advantages above referred to. For the 
Borsig Works, in Upper Silesia, two double-commutator 
motors, each for 250 horse-power normal and 400 horse- 
power maximum output, are at present in course of 
~ ‘ces for the operation of a corrugated-tube 
mill. 

Blowers.—For the operation of blowers at variable 
speed, the Scherbius system with regulating set is often 
very useful. The arrangement with direct-coupled regu- 
lating-motor is in this case less favourable because of the 
high speed of blowers. High speeds always entail certain 
technical difficulties for commutator machines. More- 
over, the main advantage of the direct-coupled regulating- 
motor—viz., to keep the output constant—is of no value 
with blowers, fans, and‘similar machines, for which the 

uired output greatly decreases with decreasing speed. 

ig. 11, page 517, shows a fan-motor of 850 horse-power, 
365 revolutions per minute, at the Gelsenkirchener mines, 
the speed of which can be regulated to the extent of 26 per 
cent. Fig. 12 shows an electrically-driven blast-furnace 
blower at the Skinningrove Iron and Steel Works, York- 
shire, for an output of 24,000 cub. ft. of air per minute, 
and a pressure of 7 lb. per square inch, the speed bein 
2360 revolutions per minute, this being a case in whic 
the special working conditions did not call for speed regu- 
lation of the driving motor. 

Minor Drives.--The Déri motor, either as single or as 
double-commutator motor, is very suitable for most of 
the auxiliary drives in steel mills which require regu- 
lation. 

In the first place, the drive of those live rollers which 

require constant reversing must be mentioned. Their 
—s conditions are severe, because of the acceleration 
of all the moving parts. To this class of service the Déri 
motor, with its high-starting toque, is well adapted. 
_ For the operation of blast-furnace hoists the Déri motor 
is to be preferred to the induction motor on account of 
its smooth acceleration and the smaller current peaks 
which it produces, while again it permits of an entirely 
automatic operation. The furnace labourer, who puts the 
barrows in the cage at the ground-level, closes a small 
switch to start the lift. The mechanism then takes care 
of itself, and the hoist stops exactly at the right level, so 
that the barrows ae be conveniently wheeled off. 

_ The Déri motor adapts itself in particular to the opera- 
tion of travelling cranes. Its use reduces the eaten 
a in the driver’s cage to three levers, or hand. 
wheels, one for the lifting-motor, one for the traversing- 
motor, and one for the cross-traverse motor. Each lever, 
or hand-wheel, serves to shift the brushes of one of these 





motors. As the distance between the driver’s cage and 
the crab is variable, a special mechanical transmission is 
required for shifting the brushes of the motors which are 
mounted on the crab. As a rule, a square shaft and a 
moving socket with a gear-wheel are used for this pur. 
pose. The driver is able to displace the brushes always 
according to the starting torque required, and thus the 
current demand can be kept ata minimum. The driver 
is also able to adjust the brushes to any speed he needs, 

The greater part of the brake equipment usually sup- 
plied can be omitted, as electrical braking and regenera. 
tive control can be u As a rule, only the lifting. 
motor is fitted with a mechanical brake. This brake is 
often not used during normal operations, but is of advan- 
tage when, during long intervals, the load has to be held 
at a certain height. The mechanical brake can then be 
applied and the lifting-motor disconnected in order to 
save electrical wig 

Conclusion.—On the foregoing pages it has been shown 
that economical speed lation for alternating-current 
motors, both of large ol small output, may nowadays 
be obtained. It has also been explained that the in- 
herently low power-factor of iron and steel works in- 
stallations can be greatly improved, when one or more 
induction motors of the plant are arranged for speed 
regulation according to the Scherbius or Kriimer systems 
before described. j 

Owing to these improvements, the three-phase system 
of current distribution will more than ever meet the 
requirements of an economical utilisation of the blast- 
furnace gases. 

The energy available in these gases furnishes a large 
source of power. It must be borne in mind that from the 
gases arising from the production of -1 ton of pig irona 
gas-engine power-station will develop 400 kilowatt-hours, 
when it is assumed that 60 per cent. of the total gas pro- 
duction is consumed by the blast-furnaces themselves. 
The utilisation of this source of power is of the greatest 
yg for an economical production. 

Iso from the standpoint of national economy this 
question is of vital interest, as it is closely connected with 
the conservation of the country’s coal supply, With the 
annual production of pig iron amounting to 10,000,000 
tons, the use of the waste gases permits of a saving of 
2,500,000 tons of good coal. This saving becomes pos- 
sible only through the centralisation of the power produc- 
tion and the distribution of energy by means of electrical 
transmission, and nowadays it can be utilised to the 
utmost by such means, with the help of the efficient motor 
drives referred to in this paper. 





**Woop Crart.”—We have received a copy of the first 
number of the European edition of the well-known 
American journal Wood Craft, which is concerned with 
the interests of the wood-working and timber trades. 
This first number of the European edition contains in 
general the same matter as the corresponding number 
of the American edition, but has some eight pages of 
special matter and a European advertisement section. 
It is published at 8d. a copy by Pages Publishing Com- 
pany, Limited, of 22, Henrietta-street, London, W.C. 


Fixep Points FoR TEMPERATURE ScatEs.—In the 
Bulletin of the Bureau of Standards, Washington, 
vol. vii., No. 1, C. W. Waidner and G. K. Burgess, de- 
scribe some new determinations of boiling and melting- 
points which they have effected with four platinum 
resistance thermometers, the platinum wire for which was 
supplied by Heraeus and by Johnson, Matthey, and Co. 
They had previously found that the boiling-point of 
sulphur is 444.7 deg. Cent. on the constant volume 
nitrogen thermometer, which is generally regarded as 
the best standard. This boiling-point is referred to a 
pressure of 1 metre of mercury at 0 deg. Cent. Under 
the same conditions, and using the same apparatus, they 
find, in good agreement with others, the boiling-points 
of naphthalene (freezing-point 80 deg. Cent.) 218 deg. 
Cent., and for that of benzophenone (freezing-point 
47 deg. Cent.) 306 deg. Cent. ; further, for the freezing- 
points of tin, 231.9 deg.; cadmium, 321 deg. ; zinc 
419.4 deg. Cent; the recent values of Day and Dorman 
for the freezing-points of zinc and cadmium lie | deg. 
Cent. lower than these values. We may make mention 
also here of a circular issued by Director 8S. W. Stratton, 
of the Bureau of Standards, on ‘‘ Pyrometer Testing and 
Heat Measurements,” descriptive of work done by this 
Bureau. 

Gro.ocy IN -ReLaTion To Civit Encinrgrine.— As 
there are few subjects of more vital importance to the 
civil engineer than the above, it is well that the great 
advan of thoroughly mastering the subject should be 
constantly ~~ before students of this branch of the 
profession. We notice, therefore, with pleasure that a 

per dealing with the matter, and read + Mr. Robert 
Bavle, B.Sc., A.G.T.C., Assoc. M. Inst. C.E., before the 
Glasgow Technical College Civil Engineering Society, on 
January 20 last, has been reprinted from Surreying «nd 
the Civil Engineer, and is now published in paper covers 
for 9d. by Messrs. John Smith and Son (Glasgow ) 
Limited, 195, George-street, Glasgow. The paper puts 
forward very clearly and concisely, with the aid of maps 
and diagrams, the main features of the subject, and g1\¢s 
examples of how a knowledge of geology is indispensable 
to the engineer if he would avoid making serious blunders 
and wasting . sums of money. In addition toa short 
introduction, the paper is divided into nine sectiols, 
almost all of which are illustrated. These sections are:— 
General Geology ; Field Work Outfit ; the Use of Maps 
and Sections; Geological arena Igneous Rocks ; 
Petrol ; Excavations, Bores, and Trial Pits; (eo 
logical Structure and Constructive Works, as well as 
Water Supply. 
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THE HISTORY AND DEVELOPMENT OF 
REINFORCED CONCRETE 


IxrropucToRY to a course of about mrige Se ot on 
reinforced concrete, which is to be given this session at 
the London County Council School of Building, Ferndale- 
road, Brixton, 8.W., by Mr. H. Kempton Dyson, secre- 
tary of the Concrete Institute, a special free public lecture 
on * The History and Development of Reinforced Con- 
crete” was delivered on Tuesday, September 27, of which 
the following is a summary :— ; 

It is only within the last 12 years that reinforced con- 
crete as a method of construction has come into promin 
ence. The subject, however, is not entirely new, because 
it is over 50 years since attention began to directed by 
inventors thereto, and, indeed, reinforced concrete of a 
kind has been done for ages almost. The roof of a tomb, 
constructed by the Romans 100 years or more B.C., situated 
onthe Via Appia, has been found to consist of a slab of lime 
concrete in which bronze rods were placed, crossing each 
other latticeways, to strengthen or reinforce it. In the 
wide sense the Romans reinforced concrete in other ways, 
by timber and tiles, while at one point it has been found 
that the Great Wall of China, on a bad subsoil, was built 
on a kind of concrete raft, in which timber, reeds, and 
rushes were embedded. In the Middle Ages timber was 
frequently employed to reinforce rubble-concrete walls. 

The first suggestion of an idea of reinforcing concrete 
in modern times seems to have been a statement in 
J. C. London’s “ Encyclopedia of Cottage, Farm and 
Village Architecture,” qubliched in 1830, in which it 
was suggested that flat roofs might be constructed 
of a latticework of iron tie-rods thickly embedded in 
cement and cased with flat tiles. About 1840 two 
systems of floor construction were employed in Paris, 
known as the Vaux and Thuasne systems; the former 
consisted of round rods, closely spaced, hooked over flat 
wrought-iron bars placed on the edge some distance apart 
and embedded in a slab of plaster of Paris concrete ; 
while the latter employed small iron joists with hangers 
or stirrups placed over them, in which round rods were 
suspended, placed in holes in the stirrups. Plaster of 
Paris was, however, not a proper cement to be eneneres, 
as it caused the embedded iron to rust, and probably the 
reason reinforced concrete did not arrive sooner was that 
the world was waiting for a suitable cement—it needed 
Portland cement, which was invented in 1824, but was 
not manufactured to any extent until some years later. 

The first real inventor of reinforced concrete in the 
modern sense seems to have been W. B. Wilkinson, a 
plasterer, of Newcastle-on-Tyne, who took out a patent 
for floors and beams of the same in 1854. M. Francois 
Coignet, a Paris contractor, took out a patent in 1855 
for reinforcing slabs with a network of iron rods, and 
a M. Lambot, another French contractor, proposed 
the construction of ships by means of concrete with an 
embedded skeleton of wire, and he constructed a punt of 
the kind which was shown at the Paris Pxhibition of 
1853, and is still in service in a pond at Miravel, where 
he resided. The development of the subject was ex- 
tended by the following inventors :—C. C. Dennett (1857), 
Matthew Allen (1862), Frederick Ransome (1865), H. Y. 
D. Scott (1867), Philip Brannon (1870), who first suggested 
the driving of reinforced-concrete piles, Monier (1867- 
1873), Thaddeus Hyatt (1873-1877), who conducted a great 
many tests on reinforced-concrete beams and showed how 
tomake calculations for determining their strength, W. H. 
Lascelles (1877), W. E. Ward (1875), H. J. Jackson (1877), 
E. L. Ransome (1884), J. C. Golding (1884), W. H. 
Lindsay (1885), William Simmons (1885-6), who designed 
the block of offices, No. 63, Lincoln’s Inn Fields, London, 
which, constructed of reinforced concrete, is still in use 
and in excellent condition, Lee and Hodgson (1885), who 
invented a spirally-reinforced concrete column, Bordenave 
(1887), Cottancin (1889), W. H. Briggs (1889), J..Mayoh 
(1890), A. J. B. Ward (1891), C. A. Bay (1391), Franz P. 
Meyenberg (1891), who introduced the first loose stirrups 
in beams, F. G. Edwards (1891), P. Stuart (1892), Koenen 
and Wayss (1892), and Francois Hennebique (1892). It 
is the last-named system which has been chiefly responsible 
for a great deal of the development in this country in 
recent years. ‘There have been many systems invented 
subsequently, over seventy being upon the market in 
Europe and America to-day. Reinforced concrete is now 
used for the following :—Beams and slabs, cantilevers, 
arches, columns, piles, pipes, masts, telegraph, tramway, 
and electric light poles and standards, reservoirs, barges, 
boats, punts, pontoons, caissons, ordinary walls, retaining 
walls, fence and fence-posts, clothes-posts, hitching-posts, 
paths and pavements, cow-houses, piggeries, greenhouses, 
sheds, warehouses, offices, churches, houses, &c., railway 
sleepers, chimney shafts, sea-protection walls and groynes, 
tables, window-frames, safes, strong-rooms, garden seats, 
cabinets, and other furniture—yea, even tombstones and 
coffins, Reinforced concrete possesses the advantages of 
Strength, durability, freedom from continual painting and 
upkeep, hygiene, fire resistance, freedom from vibration, 
and economy. 








Vananivm Cast Inon.—Messrs. Everitt and Co., of 
40, Chapel street, Liverpool, draw attention to the value 
of vanadium in toughening and strengthening cast iron. 
They particularly recommend its use for cylinder castings, 
and point out that the New York Central Railroad Com- 
pany has specified vanadium cast iron for the cylinders of 
183 new locomotives, as the result of two years’ test on a 
pair of cylinders made in this material. In the manufac- 
ture of vanadium cast iron it isrecommended that a ferro- 
Vanadium containing less than 36 per cent. of vanadium 
should be used, and that, when the iron is melted in a 
cupola, the ferro-vanadium should be added in the ladle 
in the form of powder. 





WORKMEN’S COMPENSATION CASES. 
County Court. 

Accident Outside Sphere of Employment.—A case which 
is a serious warning to workmen came before the 
Warrington County Court on August 18, when a riveter 
in the employment of the Stockton Heath Forge Com- 
pany claimed compensation for an injury received in 
the employers’ workshop when he was assisting a fellow- 
workman to put belting on moving machinery. The 
applicant had finished his own job as riveter when 
a fellow-workman on a different job at a machine was 
said to have called the applicant to assist in putting 
belting on his machine. ‘The unfortunate man suffered 
an accident which may cost him the permanent disable- 
ment of his arm, and he gets no compensation from 
the arbitrator because the accident did not arise out of 
and in the course of his employment. From the work- 
man’s point of view this will appear a harsh decision, 
but workmen should remember that compensation is not 
legally due when the injured workman has gone out of 
the sphere of his own employment, as in this case, when 
a riveter moved out of his own department to assist a 
fellow-workman, and by attempting to fix belting on 
machinery when it was in motion he did a thing which 
is forbidden by the factory regulations. It is not enough 
for the injured workman to prove the accident to him 
happened in his employer’s service, it must have been 
within the accustomed sphere of his employment. The 
workman, however, has a claim where the accident 
arose outside his usual duties on an emergency to protect 
the employer's interests. This was not the case here. It 
would be unjust to the employer if he were made re- 
sponsible for an accident brought about by an applicant’s 
careless breach of the regulations in going behind the 
barrier which protected him from moving machinery, 
and voluntarily attempting to fix the — without 
stopping the motion of the machinery. Even whensucha 
thing is done within the course of a workman’s own 
employment it is an act of wilful misconduct, and when 
it 1s done by a workman interfering outside his own 
sphere of employment, it is at his own risk. An acci- 

ent to involve the employer in liability for compensa- 
tion must not only have happened in the course of the 
workman’s employment, but must have arisen out of the 
employment. 

A Colliery Company's ‘‘ Settlement” Set Aside. — At 
Rotherham County Court on August 26, the Wath Main 
Colliery Company applied for a review of a case in which 
the respondent was a miner (Shiel) in their employment, 
who, on January 19, 1909, had a severe injury to his hand 
caused by a lump of coal falling upon it. On February 6 
the wound healed up. He received compensation, and on 
February 8 he resumed work, and the company regarded 
the matter ended. The respondent worked well up till 
June 5, and then left without giving any reason. He caw 
a doctor, who found he suffered from the effect of blood- 

isoning in hisarm. His arm got worse, and he was in 
conte from June till the end of July, when he was dis- 
charged as cured. He then left for Ireland, and in 
September, 1909, the colliery company heard from a firm 
of Irish solicitors asking for arrears of compensation, as 
their client, Shiel, suffered from abscess in his arm in 
June, and in October, when they claimed for him, he was 
unfit for work. The evidence satisfied the Judge that 
blood-poisoning, which had caused the respondent so much 
trouble, was the result of the injury received in January, 
which the injured man had thought was cured. The 
Judge therefore refused the employers’ application, and 
decided that the agreement should not S terminated. 
The circumstances in this case were uncommon, but they 
show that, in all cases of injury which may be followed by 
blood-poisoning, the liability for compensation continues, 
even after the injured workman and his employers have 
arrived at a settlement. 





Tue Tokyo Dento Kaisua.—The large Tokyo Dento 
Kaisha, the electric power-station of Tokyo, has adopted 
a 60,000-volt for the transmission of the electric current 
from the central to the transformer stations, where 
it is reduced to 12,000-volt. The concern has recently 
placed an orderfor some 85 miles of different cables, 
weighing 2150 tons, with a German firm, the delivery to 
take place next spring. 





New Servick To AvsTRALIA.—Messrs. Workman, 
Clark, and Co., Limited, Belfast, launched on the 23rd 
ult. the twin-screw steamer Afneas, built for the Ocean 
Steamship Company, Limited, for a new service to Aus- 
tralia, to be inaugurated on November 19, and to be 
managed by Messrs. Alfred Holt and Co. The vessel 
was appropriately named by Lady Reid, wife of Sir 
George Reid, K.C.M.G., High Commissioner of the 
Australian Commonwealth. Two other ships — the 
Ancenous and Anchises—are being built. The Aneas 
has a displacement of 19,500 tons, her principal dimen- 
sions being :—Length over all, 509 ft. ; moulded breadth, 
60 ft. ; and moulded depth, 40 ft. She has five decks, 
with accommodation for about 300 passengers in two, 
three, and four-berth cabins. The cargo space of the 
vessel is divided by water-tight bulkheads into six large 
holds, which, by the adoption of the girder system of 
construction, are free of obstruction, and are capable of 
receiving the largest type of consignment, such as motor- 
cars, boilers, locomotives, and general machinery. The 
hatchways to these holds have been constructed as large 
as possible, with derricks to take 40-ton loads. There are 
large refrigerator holds. The A®neas is propelled by two 
sets of triple-ex ion engines. Steam is ~——_ by 


three large double-ended steam boilers, of the cylindrical 
multitubular type, working under forced draught. 








AUTO-COLLIMATING PRISM AND 
SPECTROGRAPH. 


An Auto-Collimat:ing and Focussing Prism, and a Simple 
Form of Spectrograph.* 
By Professor C. Féry. 


Tuk importance of the spectroscope as an instrument 
of scientific research, both from the physical and chemical 
standpoint, necd not be insisted upon, and its value would 
be considerably enhanced if the instruments could be 
simplified and rendered less costly. More especially is 
this the case as regards spectro-photography, which is of 
such importance as extending the range of the spectrum, 
but which involves a prism and optical system of quartz 
or other material transparent to the non -luminous 
(especially the ultra-violet) rays. 

Hig. 1, page 520, indicates diagrammatically the essential 

features of an ordinary spectrograph. The radiation pro- 
ceeding from the slit at F passes through the collimating 
lens L,, prism P, and focussing lens Ly, the image being 
formed on the plate MN, If these lenses are simple—t.c., 
non-achromatio—the normal to the image surface makes 
an angle of about 64 deg. with the direction of the light 
falling upon it. This great inclination is very objectionable 
as it makes focussing difficult. Furthermore, in the case 
of a quartz prism care has to be taken that it is cut so 
that the optic axis is parallel to the path of the light in 
the prism; and in addition the rotatory property of 
the quartz, as shown by Cornu, is due to a difference 
between the refractive index of the quartz for light 
circularly polarised in one or other sense. As the 
light proceeding from the slit is very commonly 
slightly polarised, this leads to a slight doubling of the 
lines. he means of eliminating this, as Cornu showed, 
is by making the prism of two equal halves of right- 
handed and Yeft-handed quartz respectively, as indicated 
at D and G, and cementing them together. For similar 
reasons the lenses L; and Ly should be of opposite rotating 
powers. It is obvious that the construction of apparatus 
with these precautions and with the necessary adjust- 
ments must be costly. 
. In order to simplify the apparatus, my first idea was to 
employ auto-collimation, which, by employing a 30 deg. 
prism with silvered back, caused the beam to return on 
itself, and reduced the length of the apparatus to one- 
half. I then considered whether it would not be possible 
to eliminate the lenses L, and L, by suitably curving the 
prism faces. 

Since Newton’s time it has been recognised that for the 
production of a pure spectrum a parallel beam must fall 
on the prism. More generally it may be said that all the 
incident rays ought to make the same angle with the sur- 
face of the prism. This condition is evidently satisfied 
with spectroscopes with achromatic collimating lenses, 
but not with single lenses, as are used in most spectro- 
graphs. 


Sup that we have a concave spherical surface P Q, 
as in Fig. 2, of which the centre is at A. Then the lines 
A P and A Q drawn from the centre A to the surface are 


each of them normal to the surface, and we may draw 
two lines PC and QC, each making the same angle ¢ 
with the normal, and intersecting at the point C. Then 
the four points A P QC must lie on a circle, and all 
pairs of lines drawn from A and C to points on this circle 
must have the same inclination to one another. The 
radius of this circle will be only half that of the spherical 
surface P Q, but if this surface is small in comparison 
with its radius, all rays proceeding from the point C to 
the surface must make the same angle i with the normal 
at the point of entry.t After refraction they will there- 
fore all make the same angle r with the normal, and by 
the same reasoning they will all appear to have come 
froma point B situated on the same circle A P Q C. Con- 
sequently, if a second spherical surface M N is formed 
with its centre at B, and is silvered, the light is returned 
towards B, and after refraction at the surface P Q to the 
point C. With monochromatic light, therefore, the image 
of the slit is formed upon the slit itself. 

If R is the radius of curvature of the surface P Q, it is 
evident that R’, the distance from that surface to the 
centre of curvature of the second surface = Ros r, and 
R” the distance from the front surface of the prism to 
the slit is R cost. The angle r is evidently also equal to 
the angle of the prism, which is approximately 30 deg., 
and the prism is, of course, equivalent to an ordinary 
60-deg. prism, owing to auto-collimation, which, at the 
same time, automatically eliminates the rotatory polarisa- 
tion effect, as the prism is traversed twice in opposite 
directions.{ The axis of the quartz should, of course, be 
perpendicular to MN. The back surface of the prism is 
rendered reflecting by tinfoil and mercury, as a thin 
—s of silver is not perfectly reflecting for ultra-violet 
light. 

a7 the slit is displaced from the point C to the point F, 
as in Fig. 3, on the same circle APO B, the image will, 
by the same reasoning, be formed on the same circle, but 
be displaced to the point M ; and if the pencil is hetero- 
geneous, a spectrum will be found at MN, which lies 
exactly on the same circle, precisely in the same way as 
with a concave grating. In fact, it is obvious that the 
prism could be used with any existing grating mounting 
of suitable radius, 

Calculation and experiment show that the mean incli- 
nation of the pencil to the normal represented by the 


* Paper read before the British Association at Sheffield. 

+ The degree of approximation in this case is exactly 
the same as in the Rowland concave ting. The sur- 
face shontd strictly be a portion of o Teguetitnnls spiral 
r=ac 

} See also F. Stanley, Astrophysics Journal, vol. XXxi., 
No. 4, May, 1910. 
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angle TON’ is much less (51 deg.) than in ordinary 
spectrographs, as the convergence of the pencil is par- 
tially due to reflection, and not wholly to the refraction 
of the lenses, as in the ordinary case. 

Fig. 4 isa photograph of a spectrograph founded on 
this principle. A massive cast-iron base, weighing about 
1 cwt., carries the prism P fixed on a support, with suit- 
able adjustments for its orientation, which is provided 
with slides enabling the spectrum to be approximately 
focussed and distributed on the screen. 

The final adjustment is made by the aid of a rack which 
poodueee a longitudinal motion of the slit F ; the paral- 

lism of this slit with the edge of the prism being 
secured by a tangent screw. A micrometer screw with 
divided head gives the width of the slit to 0.005 mm. 





Next to the prism, the slit is the most important part of 





plate, the slide can be shifted vertically by 5mm. for each 
turn of the screw V. The width of the window being | 
exactly 5 mm., thesuccessive photographs appear exactly | 
in contact, which greatly facilitates comparison. ‘The 
lines are perfectly straight, thus avoiding the difficulties 
in measurement which are common in ordinary spectro- | 
graphs. 

For the illumination of the slit a quartz sphero-cylin- 
drical lens is employed, giving a linear image of the 
source, whether arc or spark, on the slit. This lens is 
mounted at the end of a square rod, by which it can be 
slid nearer to or further from the slit, still keeping its 
optic axis in alignment with the latter. It is thus un- 
necessary to open the case to see whether the light is on 
the prism. This case fits in grooves and forms a per- 
fectly light-tight cover, and has an aperture which can be 
closed by a shutter, and which serves for observing the 
illumination of the prism if d-sired. When using an arc 


| the third series No. 8 is of ordinary brass, and No 


some of those of the brass show that tin is present jy, 
brass as an impurity. Inthe second series No. 5 | 
spectrum of tin, No. 6 that of the carbons alone (sho, 
the characteristic bands of carbon as well as of t); 
purities present), and No. 7 the spectrum of tly arc 
formed between iron electrodes. It is obvious that » hen 
carbons are used as supports for the material teste: the 
spectrum of the carbons themselves should be taken from 
time to time, as its lines are included in the spectra, F, or 
example, all the lines of No, 6 will be found in No. 5 In 
Yo 
copper, the arc being formed in each case between ot 
of the metal. All the Jines of No. 9 are observable in No. 8. 
The simplicity of operation of this apparatus, com!ined 
with the stability of its adjustment, will, I ope, render 
it serviceable both for research and industrial worl In 
the latter sphere spectroscopic examination and spectro 
graphy should be very useful. Ocular examination of 
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a spectrometer ; its edges should be absolutely straight 
and parallel, and its width capable of adjustment without 
affecting the parallelism, while the metal should be hard 
and not easily corroded. Pure nickel has been employed 
in this case. 

The slide carrying the slit moves in a massive casting 
attached to the slide-carrier. When the adjustments are 
completed, the movement of the slit can be stopped by 
tightening a clamping-screw, and the only adjustment 
then possible is of the with of the slit, which may be 
necessary during the operacions. 

The slide-carrier, which is shown open, carries a door 
C, which encloses the photographic plate, the dimensions 
of which are 24 c.m. by 5 c.m., and a shutter for ex- 
posing. The edges of the carrier are in the form of a 
cylinder of the proper radius, and the plate is bent to 
this form by the pressure of the cover without risk of 
breakage. In order to obtain an exact adjustment of the 
focus the whole of the carrier can rotate about a vertical 
axis. The spectrum is first focussed upon a ground-glass 
screen, or, better, by parallax upon a screen ruled with 
fine lines, and it can ie be rotated about the vertical 
axis until photographic observations show that the best 
focus is obtained in the ultra violet. But the position of 
= screen is found to agree exactly with that given by 

eory. 

In order to obtain several photographs on the same 


|it is well to use a small hand-feed lamp with carbons 
inclined at 45 deg., and in a plane perpendicular to the 
axis of the system. This produces three linear and 
parallel images of the arc. The slit should lie between 
the two outer images (of the carbon), and thus only 
receives the radiation from the arc itself. 

A section of the spectrograph is shown in Fig. 5 in the 
horizontal plane through the axis of the tube supporting 
the slit. D is the prism mounted on the sliding support ; 
C the slit illuminated by the quartz sphero-cylindrical 
lens; and B the lens-supporting rod, with slides in a 
socket directed towards the prism ; I is the slide-carrier ; 
H_ the front with horizontal window for limiting the 
width of the successive photographs; F the plate curved 

ainst the former E ; and G the shutter for exposing the 
plate. 

The exposure with a slit opening of 0.025 mm. is about 
30 seconds ; between each exposure the knob V is turned 
once round and the carbons changed, the cored carbon 
containing the substance to be investigated. For com- 
parison an exposure may be made with the iron arc. 

The photographs obtained in the plate, Fig. 6, have been 
obtained in this way. The first series contains four 
spectra, of which Nos. 2 and 4 are of metallic tin in the 
positive carbon, with different exposures. Nos. 1 and 3 
are taken with an are between r of commercial brass. 





The exact agreement of the characteristic lines of tin with 





the visible spectrum is made by substituting a metal plate 
for the plate-carrier, which carries a traversing microscope. 
The displacement of this apparatus can be read by a 
vernier to ., mm., thus enabling the lines to be identified. 
The total length of the instrument intended for the 
experimental laboratory of the Paris Mint is 1 m. 30 cm., 
and its greatest width 32 cm. Its weight, of over eohiiee, 
gives it the great: stability requisite in order to -_ 
vibration and enable it to photograph the finest possible 
lines. 
Messrs. A. Hilger, Limited, have undertaken the con 
struction of this apparatus for England and America. 








CoNTROLLERS FOR ELEcTRIC TRACTION.—A_ ver) nicely 

roduced pamphlet has just been issued by Messrs. Dick, 
‘err, and Co., Limited, Abchurch-yard, Cannon-street, 
London, E.C., descriptive of their metallic shield blow = 
controller, which has been very generally adopted tor the 
control of tramway-motors. These controllers have now 
been in use for some time, but have recently been 1m 
proved, the chief feature being that the blow-out coil 1s 
now placed in a casing of copper or of some other a 
magnetic material, so that it can be brought die : y 
into the sweep of the arc, which is attracted by the 
external magnetic field created round the non-magneti¢ 
shield. When a circuit is broken, the arc which 1s pro- 
duced is divided in two parts, one going from the — 
tact finger to the shield, and the other from the shie 
to the contact segment, the parts being sary united — 
in the air, but around the coil and shield. The pamp a 
is printed on art paper, and is illustrated with numerous 
half-tone engravings. 
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FOREIGN ENGINEERING PROJECTS. 


We give below a list of foreign engineering projects, for 
several of which tenders are asked. Further data con- 
cerning them can be obtained from the Commercial In- 
telligence Branch, Board of Trade, 73, Basinghall-street, 

n, E.C. 

— rlands : The Nederlandsche Staatscourant contains 
a notice granting to the Geldersch-Westfaalsche Stoom- 
trammaatschappij a concession for the construction and 
working of light railways from (1) The Lichtenvoorde- 
Groenlo Station (on the Netherland-Westphalian Rail- 
way) to Zeddam ; and (2) Lichtenvoord to the Prussian 
frontier, in the direction of Bocholt. The concession- 
naires will receive various provincial and communal sub- 
sidies, as well as a State subsidy of 150,000 gulden 
(12,500/.) in respect of (1), and 90,000 gulden (7500/.) in 
respect of (2). The Vadcrland (The Hague) reports that 
the Maas and Waal Steam-Tramways Company have 
applied to the Ministerie van Waterstaat for a concession 
for the construction and working of a steam tramway 
from Nimeguen to Grave, puns by way of Meerbosch- 
Wychen, Balgoy, Neerasselt, Graafsche, and Overasselt. 
The line will be about 124 mileslong. It appears, further, 
that a project is on foot for tho construction of a light 
railway from Arnhem to Appeldorn, ing by way 
of Wolfhezen, Schaarsbergen, Deelen Hoenderlo, and 
Uchelen. 

Austria-Hungary: The Retchsgesetzblatt contains a 
notice granting to Dr. Cyrill Seifert, of sooniets Vice- 
President of the Napajedl Zuckerfabri Ischaft, a 
concession for the construction and working of a light 
railway from Gurein to Bittischka Eichhorn. Two years 
are allowed for the completion of the line. The conces- 
sion is for a term of ninety years. 

Spain: The Gaceta de Madrid contains a notice, issued 
by the municipal authorities of Corunna, inviting tenders 
for the carrying out of drainage and sewage works in that 
town. The upset price is put at 2,420,250 tas (about 
90,000/.), 5 per cent. of which amount will be required 
to qualify tenders, to be increased by the successful 
tenderer to 10 per cent. of the accepted contract price. 
Work must be begun within four months from the 
signing of the contract, and completed in six years. 
Tenders, which will be opened at 11 a.m. on October 29, 
should be addressed to the Alcaldia Constitucional 
de la Corufia, Casa Consistorial, Corunna, at which 
offices further information regarding the contract 
may be obtained. Local representation is necessary. 
The Gaceta de Madrid also contains an Order in Council 
prescribing the regulations in respect of a contract for 
draining the subsoil of Madrid. The cost of the work is 
estimated at 41,514,000 tas (about 1,538,000/.), and 
ten years will be heoel ter its completion. Forms for 
the basis of tenders will be drawn up within two months, 
and from the publication of the notice inviting tenders 
ninety days will be allowed for the presentation of the 
same to the Ministerio de Fomento. A deposit of 1 per 
cent. of the upset price will be required from each tenderer, 
and this deposit must be increased to 5 per cent. by the 
successful tenderer. Both Spanish and foreign firms will 
be eligible for tendering. 

Cula ; The Gaceta further publishes a decree, No. 785, 
relative to a contract with the Ferrocarril de Fernandez 4 
Placetas del Sur for the construction and working of a 
railway from Fernandez to Placetasdel Sur, where it will 
join the Ferrocarril Central de la Isla. 

Japan: The following information is from the report 
by His Majesty’s Vice-Consul at Osaka on the trade of 
that district in 1909, which will shortly be issued :— 
Since the commencement of the year numerous schemes 
have been brought forward for the constfuction of elec- 
tric tramways to various places in the neighbourhood of 
Osaka, including one to Nara (a town of about 45,000 
inhabitants, situated 25 miles east of Osaka), another to 
Kyoto, on the opposite side of the Government rail- 
way to the line just completed, a line for an express 
tramway service between Osaka and Kobe, and many 
others. The only one, however, for which a charter 
has been obtained is a line to Sakai, a prosperous city 
6 miles to the south of Osaka. This line will run 

rallel to the Nankai Railway to Wakayama, which 

as already been electrified as far as Hamadera (4 miles 

beyond Sakai), and is shortly to be electrified for the 
rest of its whole length of 40 miles. The other tram- 
way schemes, however, are hardly likely to mature for 
several years. 

Brazil: The Diario Official publishes a decree, No. 8153, 
approving the completed plans for the construction of a 


sree 12 miles long, of the Curralinho branch of the 
ictoria to Diamantina Railway. The cost of the work is 
estimated at 1,587,000 milreis (about 106,000/.). By decree 


= 8156 a concession is granted to Messrs. Antonio José 
\beiro da Silva and Gabriel Nogueira de Toledo for the 
Construction of 42 miles of railway from Taubaté to a 


suitable point in the township of Natividade. Three 
years are ullowed for the completion of the line after 
approval of the plans. All the material required to be 


a pana for the construction of the line will be exempt 
rom customs duties. The Diario also publishes a notice 
*pproving the plans for the electrification of the Vic- 
toria-Diamantina Railway as far as Itabira do Matto 

ntro. The Diariofurther contains a decree, No. 8184, 


Behe ne modified plans submitted by the Port of 
a Rc cks Company in connection wit various works 
foll ahia. \mong other items may be mentioned the 

‘owing :—(1) The construction of a new market at a 


cost of 214,/i40 milreis (about 14,3002.) ; (2) the erection of 


ee office at a cost of 244,790 milreis (about 16,300/.) ; 
dock — ‘ruction of a quay for coasting vessels ; (4) 
enlargements, &c. Under the terms of this decree, 


the constructic f ; : 
is now seem a dry dock, previously provided for, 





CATALOGUES. 


Vacuum-Brake Ejector.—The Consolidated Brake and 
Engineering Company, Limited, of Spencer House, 
South-place, Finsbury, E.C., have sent us a booklet illus- 
trating and describing Brooke’s patent combination 
ejector for railway vacuum-brake apparatus. This appli- 
ance was fully dealt with in our issue of May 6 last, on 
page 576. 

New and Second-Hand Machine-Tools.—The Machine- 
Tool many 4 Limited, Northern Works, London-road, 
Nottingham, have issued a catalogue of new and second- 
hand machine-tools in stock. The catalogue gives par- 
ticulars, with prices of a large number of metal-working 
tools, as well as some wood-working machinery, hydraulic 
plant, cranes, fans, engines, pumps, foundry plant, and 
miscellaneous machinery. 


Electrical Pyrometers.—Messrs. Siemens Brothers and 
Co., Limited, Caxton House, Westminster, S.W., have 
issued a pamphlet stating prices of Siemens’ thermo- 
electrical pyrometers and accessories. The pamphlet 
deals with thermo-couples and protecting-tubes for all 
purposes, and also illustrates and describes indicatin 
and recording instruments of the D’Arsonval type, wit 
either suspended or pivoted coils. These instruments can 
be fitted with minimum or maximum temperature alarms. 


Fencing, Ir B gs, Ve 3, d&c.—Messrs. 
David Rowell and Co., 31, Old Queen-street, Westminster, 
S. W., have sent us a copy of a pamphlet giving prices and 
particulars of wire and wrought-iron fencing, bar and 
ornamental railing, wrought-iron gates, &c. This pam. 
phlet also deals with corrugated-iron buildings and sheds 
of all sizes, ‘* Barrol ” ventilators and chimney-pots, and 
illustrates, in addition, some examples of lattice-girder 
and suspension bridges constructed by the firm. 


Ball-Bearings.—A complete catalogue of ball-bearings 
has been received from the Rhineland Manufacturing 
Company, 10, Dean-street, Oxford-street, his 
catalogue deals with a line of journal-bearings, single and 
double-thrust bearings, thrust-washers, and cone-bearings, 
giving dimensions, safe working loads, and other informa- 
tion in tabular form for each type of bearing. The 
catalogue was accompanied by some notes on the theory 
of ball-bearings. 

Machinc-Tools.—Messrs. Perkin and Co., Limited, 
Lord-Street Works, Leeds, have issued an illustrated 
catalogue of machine-tools. This catalogue gives full 
particulars with prices of screw-cutting lathes, drilling- 
machines of all kinds, planing, shaping, milling, and 
slotting machines, pipe and bolt-screwing machines, disc 
grinders, drill and tool grinders and emery wheels, hack- 
sawing machines, circular and band saws for cold metals, 
as and shearing machines, and a number of portable 
tools. 


Dynamos and Motors.—We have received from Messrs. 
J. H. Holmes and Co., of Newcastle-on-Tyne, a catalogue 
of ‘‘ Castle” dynamosand motors for continuous currents. 
This catalogue gives full particulars, including weights, 
dimensions, and outputs at various speeds and voltages, 
of motors ranging from 2} to 200 brake horse-power, and 
dynamos from 2.2 to 106 kilowatts; prices are stated for 
all except the largest machines. Prices are also stated 
for motor-starters and switches and fuses mounted in cast- 
iron boxes. 


Pipe-Coating and Waterproofing Materials.—A booklet 
has reached us from the American Asphaltum and Rubber 
Company, 600 to 614, Harvester - building, Chicago, 
U.S.A., relating to their ‘‘ Pioneer” mineral-rubber pipe 
coating material, and illustrating a large number of im- 
portant pipe-lines, on which the substance has been used. 
Several of the pipe-lines illustrated employ wooden stave 
pipes, and on these the coating has been used to preserve 
the steel band. The booklet also deals with ‘‘ Pioneer” 
reservoir waterproofing asphalt, which can be used for 
waterproofing any kind of concrete construction. 
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Fans, Forges, and Forgc-Blowers.—Two booklets have 
reached us from the James Keith and Blackman Com- 
pany, Limited, 27, Farringdon-avenue, E.C. One of 
these deals with the Keith centrifugal steel-plate fans, 
and gives particulars, including dimensions, capacities, 
speeds, and power required at different pressures, of 
fans with outlets ranging from 5 in. to 60 in. in diameter. 
Illustrations show the fans arranged for belt driving and 
direct coupled to steam-engines and electric-motors. The 
other booklet gives particulars of smiths’ hearths and 
portable forges fitted with electrically-driven fan blowers. 

Conduit for Electric Wiring.—We have received an 
illustrated price-list of Key spring conduit and accessories 
for interior wiring from the Key Engineering Company, 
Limited, 4, Queen Victoria-street (Mansion House-build- 
ings), E.C. ‘The tubes are made of spring steel in two 
parts, each a little greater than a semi-circle in cross- 
section, and the two parts are sprung together to form a 
complete tube. To secure electrical continuity in the 
conduit the ends of two lengths are connected by means 
of a bonding-piece riveted to both. This system has the 
advantage, among others, that all wires can be inspected 
after the installation is completed by opening the tubes 
longitudinally. 


Electrical Instruments.—A supplement to their cata- 
logue of testing instruments has been issued by Messrs. 
Siemens Brothers and Co., Limited, Caxton House, 
Westminster, S.W. This supplement deals with preci- 
sion-type wattmeters and transformers for current and 
pressure, vag prices and giving full particulars of the 
instruments. he wattmeters are quite small, and 
therefore easily portable ; they are supplied with pivoted 
or suspended movements. Both the current and pressure 





transformers listed are supplied with one or with several 





ey of transformation. Certificates of tests included, 
for both the wattmeters and transformers, show their 
efficiency and accuracy. 


Arc-Lamps.—Two leaflets to hand from the Westminster 
Engineering Company, Limited, Victoria-road, Willesden 
Junction, N.W., illustrate and state prices of arc-lamps 
for Lea apy on ic and process work, projection, &c. One of 
these is a hand-fed lamp for enlarging and other lanterns. 
The arc is enclosed in a glass globe, which enables it to 
burn for half an hour without attention. Another lamp 
dealt with is the “‘Toplight” arc-lamp for photographic 
work of all kinds. In this lamp the feed is automatic, 
the feeding mechanism being placed below the are. The 
leaflets also give particulars of portable reflectors and 
screens for use with these lamps when they are employed 
for photographic portraiture. 


Electrical Supplies.—We have received from Siemens 
Brothers’ Dynamo Works, Limited, Caxton House, West- 
minster, S.W., a copy of their new illustrated price list 
of articles for electrical contractors. The list deals with 
‘*Tantalum” and carbon filament incandescent lamps, 
arc lamps, wiring accessories, electric light fittings and 
glassware, heating and cooking apparatus, wires and 
cables (including ‘‘ Stannos” Boe switches, instru- 
ments, bells, pushes, wet and dry cells, and other goods. 
The book is bound in cloth, and is provided with a 
thumb index, so that any particular section is easily 
found. Separate leaflets, giving prices and particulars of 
central battery telephones and telephone condensers, have 
also come to hand. 


Portable and Light Railways and Rolling-Stock.—Mr. 
Henry Enthoven, of Danes Inn House, 265, Strand, W.C., 
sent us two catalogues, one in French and the other 
in English, of portabie and light railways and rolling- 
stock manufactured by Mr. Canon- d, of Mons, 
Belgium. Illustrations and particulars are given of steel 
rails, points and crossings, turntables, and other acces- 
sories for portable and industrial railways, and also of a 
great variety of both steel and wooden tipping-wagons, 
platform-wagons, dumping-wagons, timber-wagons, pas- 
adeeanen teanatiedh and other rolling-stock. his 
catalogue also illustrates a few examples of rolling-stock 
for main lines, including open and box-wagons, and Loen’s 
patent dumping-wagons. Railways and rolling-stock on 
the Lartigue monorail system are also dealt with. 


Pump - Valves, Hydraulic Packing - Rings, dc.—The 
Dermatine Company, Limited, 95, Neate-street, Camber- 
well, S.E., have issued two price-lists of Dermatine pump- 
valves and hydraulic packings respectively. The pump- 
valve catalogue illustrates a variety of air-pump and other 
valves with different gratings and guards, and also deals 
with Hart and Fiegehen’s patent anchor bushes. These 
bushes have wire arms attached to them, and the arms 
being embedded and vulcanised into the body of the valve 
serve to keep the bush in place ; for flexible valves the 
wire arms are hinged to the bush. This catalogue also 
states prices for Dermatine ball-valves, which are made 
from 4 in. to 7in. in diameter. The other catalogue deals 
with cup and UY rings for hydraulic machinery, and also 
gives particulars of packing-rings for stop-valves, gauge- 
glasses, and other appliances. 


Measuring Appliances.—The Fortuna Machine Com- 
pany, Limited, Fortuna Works, Leicester, have sent us a 
catalogue illustrating and describing an interesting device, 
known as the Hirth Minimeter, for fine workshop mea- 
surements. These instruments are intended to be used 
in place of limit-gauges, over which they have the advan- 
tage of not only indicating the existence of an error, but 
measuring its extent with great accuracy. The minimeter 
consists of a light frame, which constitutes a lever in the 
form of an an isosceles triangle. To the apex of the tri- 
angle is attached a pointer, and the base, which consists 
of a comparatively wide bar, has two V-shaped notches 
cut in its upper and lower edges respectively, in such a 
manner that their apices meet the base line at very short 
and equal distances on either side of the centre line of the 
triangle. These notches serve as seatings for two knife- 
edges, one of which is fixed and the other movable. The 
whole is enclosed in a tube, through one end of which 

rojects a pin connected to the movable knife-edge, the 
ever being held on to the knife-edges by a spring. Any 
movement of the projecting pin causes the lever to turn 
about the fixed knife-edge, and the pointer to move over 
a scale provided at the other end of the tube. The move- 
ment of the pointer is 100, 200, 500, or 1000 times that of 
the measuring-pin, the ratio depending on the distance 
between the two knife-edges. Ses use the minimeter- 
tube is clamped to a frame in such a manner that its posi- 
tion can be easily and accurately adjusted by means of 
standard gauges until the pointer is at zero on the scale, 
after which adjustment the amount by which any other 
object differs from the standard can be read on the scale, 
provided, of course, this difference is not greater than the 
range of the scale. The catalogue illustrates and states 
prices of minimeter instruments of various forms for mea- 
suring internal and external diameters, both large and 
small, and another instrument for surface measurements, 








Tue British Frire- Prevention Commitrer. — The 
British Fire-Prevention Committee has, during the past 
summer session, made tests and reported on roofing mate- 
rials, treated and untreated flannelette, flannel, and 
other textiles, fire extinguishers, and fire-resisting doors. 
It is proposed, during the coming session, to prepare 
tabular reports of the Committee’s work during the past 
ten years, while arrangements are being made to extend 
the usefulness of the Committee’s inquiry office, and a 
special fire library, which already contains 2500 volumes, 
is being formed. The offices of the Committee are at 
8, Waterloo-place, London, 8.W. 
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“‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 


number of views in the Specification Drawings is stated 
bi nes ye -S: Aa ok poree ie mentioned, the Specification is not 


ewe from abroad, the Names, dc. 
fications ee chad a te Patent Office iia 
‘Southampton Buildings, Chancery-lane, W.C., at 
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MACHINE AND OTHER TOOLS, SHAFTING, &c. 


29,964/09. F. M. Osborn and Samuel Osborn and 
Co., Limited, Sheffield. Drills. (7 Figs.) December 22, 
1909.—This invention relates particularly to twist-drills made 
by twisting a flat or shaped bar and has special reference to means 
for securing the shank in the drill-chuck or socket. The object 
of the invention is to enable a drill having a flat shank to be 
firmly secured within an ordinary tapered socket, and consists in 
tapering the shank on two edges, providing it with a central end 
slot, similarly forming a flat separate piece or loose flat shank, 
and then placing the one on the other, so that the two so slotted 
embrace one another, and a cruciform shank is obtained, which, 


Fig. 


Fig. 2. 
6 








Fig.3 r 


(29.9 
when inserted into a tapered socket, will firmly wedge and hold 
thedrill central, A twist drill @ made by twisting a flat strip is 
provided with a tapered shank ) having a central slot ¢ in its 
end. A loose shank d of similar form, but having a slot e in its 
broader end, is slip on tothe shank } so that the two em- 
brace one another in the manner indicated in Fig. 1. A cruci- 
form shank is thus formed which can be inserted into an ordinary 
tapered socket or drill-chuck, and will firmly wedge therein. The 
extreme end of the loose shank d may be slightly reduced as at /, 
if desired; and the edges of both shanks may be rounded to 
conform to the tapered socket or drill-chuck. (Accepted July 20, 
1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


8857/09. W.C. Hay, Liverpool. Steam-Generators. 
(2 Figs.) April 14, 1909.—This invention relates to a steam-gene- 
rator of the flash or semi-flash type, the water-supply valve of 
which, and thereby the water supplied to the generator, is operated 
and controlled by a thermostatic device, that is carried from 
points spaced apart and forming part of, or fixed on, a body of 
metal, to which the water heating and steam tubes are connected, 
and the temperature of which is governed by the temperature of 
the water and steam in said pipes or tubes. The body of the 
steam-generator comprises a cylindrical casing a, a hood b, and 
base c. The casing a is provided at the bottom with an entrance 
d for cleaning and lighting the furnace ; while the hood b is 
provided with an air inlet f having upon it a door or damper for 
regulating the quantity of air admitted to the hood b, which is 
automatically controlled, and serves to regulate and control the 
draught. Within the casing a@ there is — ed a cylindrical 
casting /, in which is embedded metal tubing &, through which the 
water to be converted into steam, and the steam produced from it, 
are passed ; and the fuel whichis burnt lies and burns within this 
cylinder. The thermo-governing device is connected with the 


Fig.t 
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cylinder ¢, and is so arranged and adapted that, according to 
the temperature of the cylinder, and its consequent length 
between certain points, at any given temperature, so will be 
the amount of opening given to the water supply regulating- 
cock o ; and as this length varies, so will this amount of opening 
of the water-cock be varied by the action of the thermo- 
regulator. The thermo-regulator also operates in connection 
with the means of regulating the combustion of the fuel— 
namely, it is connected with an air-valve or damper, which 
is opened and closed by it. In the case shown, the contraction 
and expansion of the cylindrical casting i is transmitted to 
the thermo-regulator from different points in its length, by 
lugs m cast upon it, and by connecting to these lugs two metal 
strips n, bowed wider apart at the centre than the ends, and 
coupled with the water-cock o(and the damper) the longitudinal 
expansion and contraction of the cylinder ¢ is conveyed to the 
strips n, and they are brought nearer together or pressed farther 
apart in the one, and in the other case, respectively. The body 
or case of the feed-water ting-valve or cock ois fixed to one 
of the strips n, and its spindle ig connected with the other strip n 








through a spring. When, therefore, the ro nm move inward 
due to increase of heat in the cylinder i, the valve-spindle is 
pressed in and the plug of the valve opens more or less, and upon 
the cylinder becoming cooler, the valve o closes more or less, and 
cage too much water being supplied. (Accepted July 
20, 1910.) 


Sm . K. Anderson and A. G. Hopper, Leeds, 
and J. E. H. wood, London. Steam-Turbines. 
(3 Figs.) November 17, 1909.—This invention relates to mixed- 
pressure turbines. In order to avoid heavy throttling of the steam 
at low load, the steam passages or nozzles are, according to this 
invention, arranged in the turbine-casing in groups or compart- 
ments, each group being provided with its own steam supply 
from the governor-valve. The casing of the governor-valve for 
low-pressure steam has two regulating ports, and the steam-chest 
of the low-pressure turbine-wheel is divided into two groups or 
compartments g and fh, The low-pressure steam enters the 
governor-valve through pipe j, passes the first regulating port, 
and through pipe k into the compartment g of the low-pressure 
steam-chest. The steam is here Nistribu to the nozzles, and 
after acting on the low-pressure turbine-wheel, escapes through 
passage l to the d As the load on the turbine increases, 
the centrifugal governor m opens the governor-valve further, so 
that the second regulating port also comes into operation. The 
steam passes this port and through pipe n into compartment h, 
where it is distributed to nozzles, By this arrangement 
heavy throttling of the steam at low load is avoided, and an 
expansion, as correct as possible, obtained in the low- 
pressure steam - nozzles. More than two regulatin rts and 
compartments, or groups of nozzles, may be qwenged, e above 
refers to the turbine working with low-pressure steam only. When 
the machine works with high-pressure steam, this is admitted 
through the governor valve d, from which it enters the steam- 
chest 0, passes the steam-nozzles for high-pressure steam, acts 























upon the vanes of the high-pressure turbine-wheel ), and is ex- 
hausted to the high-pressure exhaust-chest p. From this exhaust- 
chest the steam passes through the opening g into the compart- 
ment h of the low-pressure steam-chest, further through the low- 
pressure nozzles acts on the low-pressure turbine-wheel a, and is 
finally exhausted to the condenser. The steam coming through 
the opening g cannot pass through the second regulating port, 
this being closed as explained later. The steam exhausting from 
the high-pressure turbine-wheel when arriving at the steam-chest 
belonging to the low-pressure turbine-wheel consequently only 
works through compartment or group h. The regulating motion 
of the governor valves for low-pressure and high-pressure steam 
is given by the centrifugal governor m through a mechanism of 
levers and links, and in addition to the governor there is arranged 
in the low-pressure governor-valve casing a piston 7 working in a 
cylinder, which piston serves for the ‘‘ change over” from “ working 
with low-pressure steam only” to “ working with live steam,” or 
to “working with low-pressure and high-pressure steam com- 
bined,” and vice versd. The valves controlling the first and second 
regulating ports are both mounted on the valve-spindle v in such 
a manner that when the first regulating port is fully open the 
other port is just about to be opened. Immediately below the 
valves the piston r is arranged, and the space below the piston is 
connected by pipe w to the main exhaust to the condenser of the 
turbine. On the top of the piston there consequently prevails the 
pressure of the low-pressure steam, whilst below the piston there 
isa vacuum. A spring partly counteracts the difference in pres- 
sure above and below the piston. The levers and link mechanism 
for the go verning gear are mounted on the regulating shaft z. 
(Accepted July 20, 1910.) 

21,149/09. T. Wes Saltburn-by-the-Sea, and 
L. Taylor, Middiestrowy hb. Superh Steam. 
(5 Figs.} September 16, 1909.—This invention consists in brief in a 
superheater comprising one or more upper drums longitudinally 
divided into steam admission and steam delivery chambers, a 
lower drum or drums situated below the upper drum or drums, and 
upper and lower headers connected respectively to the upper and 
lower drum or drums, each upper heade ing connected to a lower 
header by a nest of tubes. e superheater is specially intended 
for yse in superheating low-pressure steam intended to be em- 





er in low-pressure jsteam-turbines, and is special], dapted 
to be fired by blast furnace or coke-oven gas, or other craseous 
fuel. Within a casing, and at the upper portion thereof, two 
drums d, ¢ are provided. Each drum is divided by a pa tition f 
into two chambers g,. The chambers g are in commu) ication 
with headers m,m; and each of the headers m is connecied tog 
lower header 0, “The chambers A are connected to the headers 
+g, each of which communicates with a lower header ». The 
ower headers are connected with lower drums w. These lower 
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drums are approximately the same length as, and are situated 
below, the upper drums. Each lower drum is connected to the 
chambers g and h of the corresponding upper drum. The steam 
to be superheated is led to the chambers g of the upper drums, 
and finds its way to the lower drums w, either directly or 
through the upper headers m,i and lower headers 0,¢. The 
steam returns to the upper drums, partly directly and partly 
through the lower headers s and the upper headers q, into the 
chamber h, from which it passes to the main steam delivery-pipe. 
(Accepted July 20, 1910.) 


6490/10. J. H. Marshall, Gainsborough. Steam- 
Boilers. (7 Figs.} March 15, 1910.—This invention relates to 
the fire-boxes of locomotive-type boilers, and has for its object 
the construction of the internal fire-box roof of special shape, so 
as to withstand the pressure in the boiler without the use of 
girders, bolts; or other additional stays. Elevated curved portions 
or corrugations extend from about the centre of the roof of the 
fire-box to its four corners, These corrugations act as girders, 
so that the crushing strain due to the pressure in the boiler i 
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carried by the four corners of the fire-box, thus aay 
bulging of the fire-box side plates. From the drawings }( wi! he 
seen that the roof-plate is so pressed as to form elevate: ye 
portions or corrugations radiating from the centre to the : 
corners, with curved depressions between the elevate | es 
thus forming a corrugated and a very strong and righ! "rem 
roof, capable of withstanding high pressures without «« a 
and without distorting the sides of the fire-box. (4°°°P 
July 6, 1910.) 
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THE ERIE CANAL.—No. V.* 
By Cuartes Prewini, C.E., New York, 


Ir is germane to our subject to compare the 
expensive improvements of the Erie Canal, a 
waterway which has been limited by the powerful 
interests of railroad companies to the exclusive 
navigation of barges, with the fine ail-water route 
offered to the steamship interests of the world by the 
canal system of the Canadian Dominion. By means 
of short canals and the magnificent River St. Law- 
rence, the Great Lakes are now in direct communi- 
cation with the Atlantic throughout a distance of 
2384 miles. 

The extensive improvements contemplated by 
the Department of Railways of the Dominion will 
make Montreal the head of ocean navigation, not- 
withstanding its distance of 986 miles from the 
Straits of Belle Isle at the mouth of the St. 
Lawrence. A navigable channel 27? ft. deep will 
be excavated in the St. Lawrence where needed 
from the ocean up to Montreal, while the main 
waterway from Montreal to Lake Superior will be 
14 ft. in depth. The Ottawa and Richelieu 
Rivers, emptying their waters into the St. Lawrence, 
also afford easy communication, the formerwith the 
wide forest region of North Ontario, and the latter 
with Lake Champlain, the Hudson River, and New 
York. As the waters of the St. Lawrence at 
certain points are very rapid, navigation will be 
effected by means of short side-canals provided with 
lift-locks. These side-canals form what is officially 
known as ‘‘the St. Lawrence River-Canal System 
of Canada.” The St. Lawrence has several lake 
expansions in which the water is very shallow. To 
reach the required depth, powerful hydraulic 
dredgers have been especially designed for the work, 
such as the King Edward VII., the Israel J. Tarte, 
and others, all of which have been illustrated in 
previous issues of this journal. 

The most important waterways of the Dominion 
of Canada are the Welland Canal and the Sault Ste. 


_” No. L. article appeared in our issue of July 1, page 1; 
No. II. on July 15, page 76 ; No. ILI. on August 19, page 
260 ; and No. IV. on September 2, page 326, 


Marie Canal, the former connecting Lake Erie and 
Lake Ontario, and the latter Lakes Superior and 
Huron. The Welland is the more important of the 
two on account of the historical interests associated 
with it. It was this great canal which facilitated 
the settling of the early colonists around the shores 
of the Great Lakes, and which did for Canada what 
the old Erie Canal did for the State of New York. 
The Welland Canal is comparatively short, being 
only 26} miles in length. It is provided with 25 
lift-locks to overcome the difference of level of 
227 ft. between Lake Erie and Lake Ontario. 
Various improvements were made on it from time 
to time, so that it now accommodates vessels drawing 
14 ft. of water and even more. The Sault Ste. 
Marie Canal runs across St. Mary’s Island on the 
north side of the rapids of the same name, St. 
Mary’s River affording communication with the 
Canadian territory lying between Lake Superior and 
Lake Huron. This canal is 5967 ft. long, 141 ft. 
8in. wide at the bottom and 150 ft. at the surface, 
and 20ft. in depth. It has only one lock, 900 ft. 
long and 60 ft. wide, with a depth of water on the 
sills of 20 ft. 3in. Itis built almost parallel to the 
Sault Ste. Marie Canal which was originally con- 
structed by the State of Michigan, and which is 
now owned by the United States. These com- 
mercial highways are among the best patronised in 
the world. In the year 1906, as many as 51,751,080 
tons of freight passed through them. As the 
greater part of this tonnage consisted of American 
goods carried by American vessels and destined for 
American ports, it was conveyed on its way down 
through the American canal. Only 13 per cent. 
of the freight and 32,108 passengers Bath through 
the Sault Ste. Marie Canal of the Dominion of 
Canada. It was this great amount of traffic carried 
on these two lock-canals that induced the President 
and Congress of the United States to discard the 
advice of the majority of consulting engineers for 
the Panama Canal, and to adopt lock-canal instead 
of a sea-level canal for that great enterprise. It 
was urged that many of the engineers who were 
consulted were European, and, being consequently 
| accustomed to sea-level canals, were not so well 








acquainted with the great possibilities of traftic 
afforded by the lock system. As an illustration, it 
was shown that there are four, and even five, times 
more traffic through St. Mary’s Canal than through 
the great international Suez Canal. The new Presi- 
dent may reconsider this decision, owing to the fact 
that the Panama Canal is being constructed not 
simply for commercial purposes, but also for the 
defence of the country. This being so, a sea-level 
canal becomes more desirable, inasmuch as it is the 
only kind of waterway between the two oceans that, 
in many quarters, would be regarded as effective to 
carry war-vessels from the Atlantic to the Pacific. 
They would, in a sea-level water-course, pass through 
a solidly-built canal, which could not be so easily 
tampered with or destroyed as one with a great 
number of locks and dams depending upon a com- 
plex system of machinery for their operation. 

As the Canadian canals are limited to vessels draw- 
ing 14 ft. of water, ocean steamers cannot proceed 
further than Montreal, which therefore becomes 
the terminal of ocean navigation. Owing to this 
limitation the Canadian waterways cannot compete 
advantageously with the Erie Canal. Although 
merchandise shipped over the latter must be handled 
twice—viz., at Buffalo and at New York — freight 
rates on ocean steamers at New York are much 
lower than at Montreal. To remove this handicap, 
and to allow freight steamers to go directly from 
Duluth and Fond du Lac to any part of the world, 
the Canadian Government has under considera- 
tion a proposal for constructing a very important 
waterway. 

On July 6, 1908, the Minister of Railways and 
Canals submitted to Parliament a proposal to con- 
struct a new deep canal from the Great Lakes to the 
ocean. Beginning on Georgian Bay, on the west 
side of Lake Huron, and utilising many lakes, 
rivers, and ponds on the way, it will reach the 
Ottawa River and thence the St. Lawrence, where, 
at Montreal, it will connect with the ocean-naviga- 
tion waterway. Its length will be 420 miles ; but, 
owing to the many watercourses encountered, the 
real construction will be reduced to 28 miles. It 
will be from 200 ft, to 300 ft.. wide, and not less 
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than 22 ft. deep, with locks 650 ft. long and 65 ft. 
wide, to accommodate steamers 600 ft. long, 60 ft. 
beam, and drawing 20 ft. of water. The estimated 
cost of this great work is 100,000,000 dols. 

In Canada the railways and canals are under 
Government control, and are working harmoniously 
for the welfare, expansion, and supreme interests 
of the country ; whereas in the United States the 
railroads have striven hard, and, it must be said, 
successfully, to minimise the efficiency of the State 
waterways. As late as January 29 last, Lieut.- 
Governor White, in an address which he delivered 
before the Manufacturers’ Association, expressed 
the fear that the railroads may combine to defeat the 
very object for which the new barge canal is being 
constructed, by acquiring the control of the barges, 
grain-elevators, an terminals. These companies evi- 
dently intend to continue the policy of obstruction 
which they have followed from the beginning, their 
aim being to secure the monopoly of freight traffic, 
so that they may demand exorbitant prices for trans- 
portation. Notwithstanding high freight rates, 
Amorican railroads are able to compete successfully 
with the low rates of the Canadian canals, owing 
to the fact that ocean steamers charge lower rates 
at New York than at Montreal. 

With the completion of the Grand Trunk Kail- 
way, vast tracks of land in Manitoba and Winnipeg 
will be thrown open to colonists, which will create, 
in the near future, a volume of traffic comparable 
to that which is handled to-day in New York. The 
obstruction policy of the railroad magnates will not 
work there, for, unable tocontrol the Canadian canals, 
these same magnates will find themselves compelled 
to accept the lower rates offered by these canals. 
Of course, this reduction will come only after a 
long period of opposition, during which enormous 
sums of money will be wasted in i. attempts at 
holding the foreign canalsin check. Railroads count 
for much in transportation, civilisation, and the 
general welfare of the people ; but they should not 
be allowed to become a power in the government of 
a country. It is by supplying the needs of the 
people that they demonstrate their right to exist- 
ence ; without interfering with the legitimate busi- 
ness of other people, they should follow and foster 
the progress of the country, and not impede it by 
obstruction. They are expected to accommodate 
themselves to the rapid advance of civilisation and 
not check it by questionable and unfair means. 

There is still a very large field of usefulness for 
railroads in this country. The President of the 
New York Central Railroad, Mr. W. C. Brown, 
declares that it will be necessary to spend not 
less than 7500 million dollars during the next 
fifteen years in order to improve and increase rail- 
road facilities. The West, and especially the great 
South-West, must have thousands of miles of new 
lines to render the development of that vast region 
possible. Texas alone has fifty-five counties in 
which the whistle of a locomotive has never been 
heard ; yet this State alone could, with adequate 
railroad facilities and proper cultivation, raise more 
cotton than is now produced in all the other States 
together, and double the annual corn crop of the 
country. 

American railroads are tools in the hands of 
financiers, who build, break, and combine them 
with Protean facility. They often aim at inflating 
the value of the roads by manipulating their stocks 
and bonds in a somewhat unscrupulous manner. 
These are sometimes bought and sold several times 
in a year, not infrequently bringing disappointment 
and sorrow to ingenuous people who were attracted 
by promising advertisements. 

A few years ago, the writer had occasion to 
inspect a railroad in course of construction in the 
State of Virginia, and built by one of our multi- 
millionaires. The line was carried through forests 
and very cheap lands, with so many curves that the 
tangents rarely exceeded 1500 ft. or even 1900 ft. 
The grade, too, was bad: at Suffolk, for instance, 
it was so defective that it had to be changed three 
times in a few months. One of the engineers 
answered the criticism by saying that the construc- 
tion of a railroad should not be considered as a 
piece of engineering work at all, but merely asa 
financial proposition ! The least possible amount of 
money is to be spent on preliminary surveys ; and, 
when the promoter of the scheme has secured the 
funds necessary for its construction, he issues his 
orders for the completion of the work at the very 
earliest date possible. Come what may, the loco- 
motive must run over the road on a certain day 
already determined upon for floating new stocks 





and bonds. No wonder that railroads in this 
country have serious ups and downs. The 
Erie, as well as the Baltimore and Ohio, which 
were classed among the best-built and _best- 
equipped roads in the country, have recently passed 
through parlous experiences ; the former is still 
in a precarious condition, whilst the latter is now 
in course of reorganisation, after passing through 
the hands of receivers. The Pennsylvania and the 
New York Central Railroads are very prosperous 
to-day ; but one may doubt the wisdom of investing 
so many millions in contemplated improvements, 
unless it be for the purpose of exerting a strong 
influence on the legislatures of various States, and 
even of the Federal Government itself. Imposing 
structures of classical architecture to be used for 
terminal stations are certainly worthy of admira- 
tion, but they are extravagantly expensive, in- 
volving the investment of many million dollars. 
It is not to be expected that commanding ter- 
minals will increase the traffic, and thereby lead 
to substantial dividends. Is not the electrification 
of the railroads a useless outlay, inasmuch as they 
are bound to lose suburban traffic in course of 
time ? 

On a beautiful Sunday last summer the writer 
was at Schenectady on a tour of inspection of the 
Erie Canal. This thriving city is a short distance 
north of Albany, and is already well known for its 
locomotive works, as well as for the works of the 
the General Electric Company. Side by side were 
the old Erie Canal, the beautiful station recently 
erected at the cost of many thousand dollars by the 
New York Central Railroad, and the small waiting- 
room of the Schenectady Electric Railroad. There 
was no traffic on the Erie Canal, the splendid 
station was deserted, while the plain waiting-room 
of the Electric Railroad and its approaches were 
crowded with people waiting for the ‘‘ cars” to 
take them to their destination, 15 or 20 miles 
away. One could not help thinking that a very 
great change in the transportation of the country 
isat hand. When completed the Barge Canal may 
wrest a part of the traffic from the railroads ; but 
they will lose the local passenger traftic, which 
will be carried by electric surface-lines, well 
built and maintained at a smaller cost than any 
ordinary railroad. The electric roads have the 
great advantage that they can enter into the heart 
of the city through which they pass without needing 
the construction of any stations; cars can be 
run on any time-schedule to accommodate pas- 
sengers ; no time-tables are necessary, and delays, 
when they chance to occur, are of short duration. 
Besides this, the fare charged is less than that of 
the roads operated by steam ; and trips on these 
cars in the summer months out in the country have 
become very popular. The railroads are also losing 
somewhat to the automobile, which carries not only 
passengers, but also freight to an extent which is 
increasing very rapidly. 

The railroads have a field entirely their own 
where neither automobile, electric trains, or canals 
can interfere with their interests in any way, 
and that is for long distance transportation. 
Instead of wasting time and money in useless 
fights, it would be more profitable for such com- 
panies to look after the equipment and mainten- 
ance of their roads. Not only so, but the coaches 
should have more comfort. Heavier rolling-stock 
should be employed for freight transportation, 
and the carrying capacity of the cars should be 
increased, so as to reduce expenses. The present 
standard gauge of 4 ft. 84 in., which was sufticient 
in the time of Stephenson, is not so to-day ; it is 
too narrow for our 100-ton locomotives and 60-ton 
freight cars, and will be much more inadequate in 
the future when locomotives of 200 tons will haul 
long trains of 120 or 150-ton cars all over the 
country. The lightning transportation of pas- 
sengers over this continent and the rapid trans- 
ference of merchandise in large bulk to distant 
places will certainly demand a broader gauge than 
the one in use. The policy of railroads is evidently 
to shorten the time distance, and reduce the cost 
of transportation, and these results can be 
obtained only by using a broader gauge, and 
heavier rolling-stock. It is evident that such changes 
could not be effected all at once ; but, considering 
the short life of railroad material in general, a 
period of ten years should suflice for the change. 
Another rail might be added to the roads during 
the period of change which would accommodate the 
new standard-gauge cars. It is only by the intro- 
duction of suc 





improvements as these that the! 


railroads can maintain their supremacy against the 
constantly-increasing traffic by automobiles, electric 
trains, and State waterways. 








THE STABILITY OF FLYING. 
MACHINES. 
By Hersert CHattey, B.Sc. 
(Concluded from page 81.) 

ErrEct oF ExTERNAL Forces on Srasiuiry. 

INSTABILITY may proceed from numerous externa] 
causes. Owing to the time variation of the relative 
velocity* of the air to the machine, due to gusts, 
the lift or resistance may be greatly diminished or 
increased. Owing to the space variation of the 
relative velocity, disturbing torques may be applied 
to the machine. The displacement of the load on 
the machine may cause a similar disturbance. 

Further, there is the question of synchronism 
between the natural oscillations of the machine and 

(1) Gusts ; 

(2) Vibration of the mechanism ; 

(3) Liberation of eddies into the discontinuous 
regions behind the surfaces. 

Any of the last may lead to forced oscillations 
and consequent overturning. 

If the gusts act simultaneously throughout the 
whole aerodynamic field of the machine, their effect 
is as first mentioned—-viz., to increase or decrease 
the relative velocity. Presumably there is a direc- 
tional effect, as well as a quantitative one ; but this 
_ has not been investigated to any extent. 

any students have, however, considered the 
quantitative effect of a wind variation. Langley 
(‘‘ Internal Work of the Wind”), Bazin, Ray- 
leigh, and others have shown that this may be a 
source of energy, and serves to explain the pheno- 
mena of horizontal long-distance gliding flight, 
where mere up-currents do not suffice to account 
therefor. Both Ferber and Lanchester have con- 
sidered the effect of this variation on stability, and 
arrived at similar conclusions. 

Thus Ferber shows, as already pointed out in a 
previous chapter, that an adverse gust will cause 
the machine to rise (‘‘ Les trajectoires d’un aerc- 
plane stable,” Revue d’Artillerie, November, 1905, 
page 100). Lanchester does similarly, combining the 
result with his phugoid oscillations. Ifa gust strikes 
the machine, the velocity of the gust being v rela- 
tive to the general mass of air, and the machine 
has a velocity V relative to the air, then the velocity 
of the machine relative to the gust is the vector 
sum of V and +; and if the gust is adverse, this 
vector sum will be greater than V, so that H.,, is 
increased. In the case ofa straight-line flight after 
the gust has passed, this will be equi alent to a gain 
of potential equal to the kinetic head of the in- 
crease of relative velocity, and the line of flight 
will be parallel to, but higher than, the former. 

If, however, there is, as usually happens, re- 
versal in the gust velocity after a short time there 
will be a loss of potential. If the periodicity of this 
happens to coincide with the phugoid oscillations, 
there may be gain of potential when the machine 
is cresting, and loss when it is troughing, with the 
result of continually increasing the amplitude until 
a semi-circular or tumbler trajectory is reached, 
when stability is lost. 

Lanchester shows further that a critical condi- 
tion will occur if a sudden gust velocity = 0.73 V, 
occurs, for then the phugoid curve is converted to a 
dangerous form (the semi-circular) and there will be 
immediate instability. 

Thus we see that gusts may cause instability in 
two ways :— - 

1. By so greatly varying the relative velocity that 
the path is of unstable form. 

2. By synchronism of the gusts with the natural 
oscillations. 

Lanchester has, as we have seen, stated the 
limiting conditions for the first case. - Also it may 
be noted that from his stability rule he deduces 4 
formula 

Vn < 16 5/W;, 
where W, is the weight in pounds. 

[Note that this form may also be deduced fiom 
bird-flight. 

Miillenhoff, Prechtl, Lucy, and Hurting all show 
that. the areas of wing of birds and their weights 
are connected by a rule 

A-k we 


* Excepting Langley’s experiments, the meteorological 
observations.required seem to be very few in number. 
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but A is connected with W and V®* by the relation 


W = c AV?,so that A = WwW 


eV? 


Ww x 
— =kWw* 
cV2 
or 
1_c¢cyw-3 
- = = W 
V2 =&k 
and k ‘ 
vz= = vw: | 


Hence two limitations are imposed by the neces- 
sities of stability on the minimum velocity allow- 
able, one due to weight and the other to the 
possible gust velocities. 

With regard to the latter, Langley’s sensitive 
anemometer readings indicate that the range of 
variation in a wind is about equal to the average 
value of the wind itself, so that if a machine is to 
weather a wind of 60 ft. per second, we may assume 
a gust velocity of 30 ft. per second, and hence con- 
clude that the machine’s normal velocity should 
considerably exceed 30 -+ 0.73, say 40 ft. per second. 
Lanchester suggests v = 0.33 V, as safe, so that 
V,, under these circumstances should be 30 + 0.33 
= 90 ft. per second. 

As to the synchronism or forced vibration effect, 
we have Lanchester’s rule, 


ih=29r a/ 2 - J2r Vn : 
g g 


as a guide to the periodic time of oscillation. 

If V = 90 ft. per second, 

J? x 3.14 x 90 
32 

The periodic time of gusts, according to Langley’s 
records, never exceeds one minute, and varies from 
five or six seconds to twenty or thirty seconds in 
most cases. 

This makes an additional argument for high velo- 
cities, since only so can the probability of forced 
oscillations be avoided. 

With the high speeds at present employed for 
motors and propellers there would not seem to be 
any danger of synchronism from this cause, and 
similarly with regard to the liberation of eddies. 

There is only then left the question of disturbing 
torques to consider. In the absence of any definite 
information as to the range of gusts—i.e., the 
dimensions of the turbulence—it is almost impos- 
sible to give any numerical value to the torque. 
It seems, however, reasonable to suppose that the 
relative velocity on one side of the machine might 
for a short time greatly exceed that on the other. 
If we suppose that on the more slowly-moving side 
the velocity is as through undisturbed air—i.e., the 
normal velocity—then this increase on the other 
side will mean an increased resistance combined 
with a torque. The resultant force on the side of 
increased resistance will not necessarily act at the 
“‘aerodromic centre,” since the variation of velo- 
city in space may follow any law whatever. 

The increase of resistance will, of course, cause 
a rise (increase of potential), as already considered. 
The torque will cause the machine to swing in the 
plane of the torque, and it will so be subject to 
righting torques just as in the case of ‘ rotative 
stability.” As the machine swings the relative 
velocity on the side of increased pressure will 
decrease, and that on the other will increase, this 
result alone tending to produce balance ; but in 
view of the dynamic nature of the disturbing 
torque, it is conceivable that the position of 
equilibrium may be passed, and we shall then have 
the same problem as that in connection with the 
heeling of a ship (see Perry’s ‘‘ Applied Mechanics,” 
page 260, or Reed’s ‘Stability of Ships,” or the 
author's ‘‘Problem of Flight,” last chapter). In 
other words, it will be necessary to consider whether 
the angular work done by the applied torque can 
be equalled with the permissible Fimits of the swing 
by the work done by the resisting torque. 

In the case of a torque due to the shifting of a 
load, this will be principally a static effect, and the 
machine may be expected to attain the position 
of equilibrium, and proceed on a spiral path deter- 
mined by its new attitude. Thus if a passenger 
moves laterally from the initial position of balance, 
there is a permanent torque due to his weight 
multiplied by the lateral shift, and the machine 
will change attitude until the reactions are such as 
to balance this torque. In that case, however, the 





i= = 12.5 seconds. 


resistance will not be symmetrical, and the whole 





machine will be subjected to lateral force (not 
necessarily in the same plane as that of the torque 
due to the weight) which will modify the direction 
of flight. 


CONSTRAINED AND VOLITIONAL STABILITY. 


Experiment and analysis have made it abundantly 
clear that automatic stability is obtainable within 
certain limits by the adoption of proper forms of 
construction. These limits are, however, somewhat 
inconvenient, and make it difficult to construct 
either very large or slow-moving machines which 
shall be automatically stable. 

Hence many have sought means for controlling 
the stability of the machine either by personal skill 
operating certain appliances, or by a suitable 
mechanism of the gyroscope type. It is, perhaps, 
difficult to say to what extent personal skill can 
maintain equilibrium. Lilienthal’s machine was, 
according to Lanchester’s formula, very deficient in 
stability, and in a recent study of the Wright 
machine Lanchester has expressed his opinion that 
that machine also is by no means automatically 
stable. So far as longitudinal stability is concerned, 
it would seem that if the operator has a very sensi- 
tive mechanism for modifying the attitude of the 
acrofoils (generally by the manipulation of the 
balancer or tail plane), and at the same time has 
sufficient experience to correctly judge as to the 
disturbing effect of a variation of wind or position, 
he may maintain equilibrium without great diffi- 
culty. Flying animals appear to have developed 
the nervous reflexes to such an extent that, apart 
from their natural stability in regular flight, they 
can maintain equilibrium under all conditions. This 
is important when we consider that they (particu- 
larly the smaller animals) must be subject to far 
greater fluctuations in the relative wind than large 
machines.* Some naturalists have thought that 
the extent of modification in the wings which flying 
creatures can produce involves both a more complex 
nervous system of, and a more elaborate mechanism 
than, men can hope to imitate; but the Wright 
machine seems to contradict this idea. 

As to lateral stability, there can be little doubt 
that the Wright plan of warping the surfaces, 
so as to produce a torque about the vertical or 
longitudinal axes, is the best. If independent 
steering surfaces are employed, they add to the 
skin friction, are not generally adaptable for pure 
lifting effect, or, evenif so, they are discontinuous 
with the other surfaces, and therefore of poor aero- 
dynamic efficiency. Furthermore, as I have shown 
elsewhere, if a smal] steering surface is put into an 
attitude whose angle of attack exceeds a certain 
value, then, instead of producing an increased lift 
to correspond to its increased resistance, it pro- 
duces an excess of resistance, so that the gliding 
angle of the whole machine is steepened, and it 
will probably commence to descend. To obtain 
the necessary torque for steering, small surfaces 
must occasionally be deviated to a large angle, and 
the effect just described will then appear. 

The Wright scheme of co-ordinating the tail- 
plane deviation and the warping of the aerofoils, 
so as to obtain a simple torque about the longitu- 
dinal axis, is sulle the great feature which 
makes for the success of their machine. It would 
certainly seem that a very careful study of the 
mutual actions of the different surfaces would permit 
this system of co-ordination to be extended con- 
siderably,t and each such mechanical connection 
would serve the same purpose as a reflex circuit in 
the nervous and muscular anatomy of a bird. On 
the other hand, however, it must be considered 
that this co-ordination is probably only effective 
within certain limits which need to be determined. 

As regards mechanically-constrained stability, 
numerous suggestions have been made as to the use 
of the gyroscope in one of its various forms. Lan- 
chester has shown that low-speed machines are likely 
to be deficient in stability ; and since these are in 
some ways more economical of power than high-speed 
ones, and would have certain important uses, it is 
probable that such extraneous aids may be employed 
for them. Sir Hiram Maxim seems to have realised 
that his large machine would be deficient in stability 


(as it proved to be when tried), and is understood | P 


to have designed a gyrostatic device for controlling 
it. The writer is not aware whether this was actu- 
+ The effect of small and rapidly-changing gusts is here 
particularly referred to. ; : 

+ It has been to some extent increased in the recent 








Wright patents, 


ally used, or, ifit was used, whether it was effective ; 
but it would seem not difficult to construct a suit- 
able mechanism. There is, however, the question 
of the conversion of the moment of momentum of 
the gyroscope fly-wheel to be considered. In the 
Brennan mono-rail all effects except the torque in 
the plane perpendicular to the longitudinal axis 
(lateral rotation) are compensated, and it would 
seem to be necessary to have a similar arrange- 
ment for each rotation of the flying-machine. 

Thus, if an aerodrome is fitted with a gyrostatic 
mechanism for extinguishing lateral oscillations, 
the fly-wheel may revolve about a vertical axis. 
If a disturbing torque T occurs, due to unequal or 
unsymmetrical pressure on the wings, the gyro- 
scope will tend to precess in a vertical plane with 


, Where I is the polar 


an acceleration a = 1 


@ 

moment of inertia of the fly-wheel, and o its angular 
velocity. If the spindle of the fly-wheel is fixed to 
the frame, a torque will be applied so as to produce 
pitching—i.e., longitudinal oscillations about the 
transverse axis—so that it is essential that the 
spindle should not be so fixed, but able to precess 
freely about the transverse axis.* By the use of 
the Brennan friction-roller device the precession 
can be accelerated so as to produce a torque more 
than equal to the disturbing one, and there will be 
rapid damping of the oscillations. The gyroscope 
will, however, also be affected by a pitching move- 
ment, and will then tend to precess in a horizontal 
plane, so that if lateral control is alone aimed at, 
the fly-wheels must be paired and geared to com- 
a (as in the Brennan mono-rail gyrostope). 

irectional stability will be unaffected. If the axis 
of rotation is longitudinally placed in the machine, 
lateral oscillations will be unaffected, so that to 
obtain stability in the three degrees of freedom 
at least two gyroscopes are required. 

Probably directional stability can be  sufli- 
ciently assured by the use of fins, so that a single 
gyroscope rotating about a vertical axis in double- 
gymbal rings, with a means of accelerating the 
precession applied to both the longitudinal and 
the vertical spindles, will serve to maintain a con- 
stant direction for the longitudinal and vertical axes 
of the machine. There is, however, a mechanical difti- 
culty here in that the very spindles which need to 
precess must be able alternately to transmit a 
torque. A mechanical device may be possible, 
but apparently two gyroscopes for the indepen- 
dent control of these axes arerequired. The inter- 
action between these must be considered. 

Possibly the system which is employed in tor- 
pedoes for maintaining directional equilibrium and 
gravitational equilibrium is applicable. In this 
case the gyroscope does not act directly, but its 
precessions operate valves controlling relay 
engines which move the steering surfaces or alter 
the supply to the balance-chambers. In the flying- 
machine the precessions could similarly control 
relay engines operating wires or levers moving 
steering surfaces co-ordinated in the manner 
already referred to in connection with volitional 
control. 

It should also be notedin regard to such automatic 
control that the steering functions will be modified, 
and that the attitude of the acrofoils to the relative 
wind will vary in a different manner from that of 
the uncontrolled machine. Steering will have to 
be performed by translatory, instead of rotatory, 
movements, and the attitude of the surfaces will 
not respond to the alterations in the relative struc- 
ture of the air, as has been assumed in cases of 
automatic aerodynamic stability. 








THE VULCAN COMPANY’S NEW 
YARD AT HAMBURG. 
(Concluded from page 376.) 

Tue Power-Sration. 

Our two-page plate this week gives a plan and 
cross-sections of the station from which the whole 
of the power required for the operation of the 
shipyard is derived. This station supplies elec- 
tricity, compressed air, high-pressure water, low- 
ressure water and gas, and is divided into three 
independent sections, which contain respectively 
the ion the various engines, and the switch 
gear. The station is built of brick throughout, and 
in common with other structures in the yard, rests 


* This arrangement is the same as the Schlick gyro- 





scope for preventing the rolling of ships. 
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on wooden piles, owing to the nature of the ground (662 deg. Fahr.), and connections are arranged so| water from the upper right-hand tank in which 
The boilers rest on continuous | that the steam may either be passed through them | they are carried. A mixture of 31lb. of freshly. 


on which it stands. 
piling, while in the case of the walls and other 
parts ferro-concrete blocks are interposed above 
the piles to form a raft, as a level of water some 


8 ft. above the bottom of the foundations had to be | operation the plant will have a capacity of 66,000 1b. | packed with woolly-wood fibre, and from thence 


or taken direct from the steam-drums of the boilers. | prepared quicklime and 31 1b. of calcined 


SC da in 


The installation of three further Steinmiiller boilers | 463 lb. of water is used. From the tilting device 
is being proceeded with, and when these are in the water passes through three hurdles, which are 


into 


reckoned with. A course of waterproof board and of steam per hour under normal conditions, while | the clean-water tank, situated at the left-hand side 
flat hard-burnt bricks in cement is laid where neces- | its lay-out is arranged so that two further boilers | of Figs. 67 and 69. 


sary, in order to prevent a 
through the foundations. 


percolation of water may be added later if desired. 


An economiser, an oil-separator, and a feed-water 


As will be seen from Figs. 63 and 64, on Plate | softener are fitted in the boiler-room. The econo- 
XLVIII., the station is arranged with a straight-| miser is situated in the position indicated in the 


through lay-out from the boilers, thence to the lower left-hand corner of Fig. 64. 


| 


The feed-water softener, which, like the oil-sepa- 
rator, was supplied by Messrs. J. Kriiger and o., of 
Berlin, is illustrated in Figs. 70 and 71, on the Oppo- 
site page. Water is supplied to the softener from 


It was supplied | an Intze reservoir of 3500 cubic feet capacity, which 


engines and switch-gear. This straightforward plan by the Deutsche Economiser Werke, of Diisseldorf- | is fitted to the station chimney ata height of 200 ft. 


is also carried out in the position of the bunkers, Grafenberg. 


Fies. 67 To 69. 


Or-SEPARATOR. 


which are not shown in the figures, but lie to! surface, and raises the feed-water from 25 deg. 


the left-hand side of the boilers. The bunkers 
have a capacity of 1400 tons of coal, and occupy 
an area of 16 m. by 36 m. (52 ft. by 118 ft.), they 
have a double connection with the railway system, 
and the incoming coa, passes through an annexe, in 
which an automatic weighing-machine is situated. 
This machine has a capacity of 1 ton, and automatic- 
ally weighs and adds up the amount of coal passing, 
the records being made in a cupboard, which is 
under lock and key. Both the number of weighings 
and the weight of each load are registered. The 
boiler-house contains three Steinmiiller water-tube 
boilers, cach with 2640 square feet of heating sur- 
face, and each fitted with a superheater having 1040 
square feet of heating surface. Each boiler can 
supply 11,000 lb. of steam per hour at a pressure 
of 220 lb. per square inch. The superheaters are 
arranged to give a superheat up to 350 deg. Cent, 





Oent. to 90 deg. Cent. (77 deg. Fahr. to 194 deg. 
Fahr.). The arrangement is of the usual type, the 
scrapers for the tubes being actuated by an electric 
motor. A meter is fitted which records the total 
quantity of water passing through the economiser, 
consisting of the condensed steam from the various 
engines, with the necessary make-up. The oil- 
separator, which was supplied by Messrs. J. 
Kriiger and Co., of Berlin, is illustrated in Figs. 
67 to 69, annexed. The arrangement consists, in 
the first place, of a tank, shown in the upper left- 
hand corner of Fig. 67, into which the condenser 
water is led. The tank is fitted with a cock, by 
means of which the oil floating on the surface is 
drawn off. The water passes from this tank into a 
tilting device, fixed at one end of the lower rect- 
angular tank shown in the figures. The tilting 


device regulates the addition of the chemicals to the | lators are placed in a well which runs the 





It has 4150 square feet of heating-' above the ground. The water enters the softener by 


the vertical pipe shown at the upper right-hand 
side of Fig. 69. This pipe passes through the 
softened-water tank a, and is fitted with a float- 
valve, so that the supply of raw water is controlled 
by the level in the softened-water tank. The raw 
water enters the upper tank b, in which it is heated 
to the required temperature of 65 deg. Cent. (149 
deg. Fahr.) by the heaters shown. Normally the 
upper heater, fed by exhaust steam, alone is used, 
but if the supply of exhaust steam is insufficient to 
bring the water to the required temperature, the 
lower heater, fed by live steam, is automatically 
cut in, the supply of steam being regulated by 4 
Clorius temperator mounted in the heater-tank. 
From the heater-tank the water passes, through an 
overflow pipe, to a tilting and mixing device similar 
to the one fitted to the oil-separator, and previously 
mentioned. Passing from the mixing device the 
water flows through the funnel shown into the 
cylindrical filter, which can be seen dotted inside 
the large tank c. The water finally flows from the 
bottom of this filter and fills tank c, the greater part 
of the filtered-out material falling on to the cone- 
shaped bottom, from which it can beremoved through 
the lower valve shown. As the water rises in tank ¢ 
itreceives a final filtering through the diaphragm, 
which can be seen at the upper part of the tank, and 
escapes through an overflow-pipe into the softened- 
water tank a. The lime and soda used for purifica- 
tion are carried in the tanks marked d and ¢, from 
which they are forced up into the mixing device 
by a small belt-driven pump. Overflow-pipes are 
fitted to return any excess to the tanks. The lime- 
tank is fitted with a hand or power-operated stirrer, 
in order to keep the lime in suspension in the 
water. 

The engine-room contains the necessary app4- 
ratus for the supply of electrical energy, compressed 
air, high-pressure water and low-pressure water to 
the works. The electrical machinery, air-com- 
pressors and hydraulic pumps are situated on the 
floor-level, while the water supply, bilge and feed 


umps, the condensers, and the hydraulic —e 
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length of the engine-room. The electrical machi- ture variations. High-pressure water is supplied 
nery at present installed consists of one 1000-kilo- | by two horizontal direct-acting duplex pumps, 
volt-ampere three-phase 50-period 500-volt A.E.G., | having steam cylinders 14}in. and 254 in. in dia- 
turbo-alternator, one 750-kilovolt-ampere three- | meter, and plungers 4 in. in diameter with a 13-in. 
phase and continuous - current motor - generator | stroke, running at 90 strokes a minute. They were 
giving 440 volts on the direct-current end, and a|supplied by Messrs. Weise and Monski, of Halle. 
500-horse-power vertical triple-expansion set, built Each pump supplies 90 gallons of water a minute, 
at the parent works at Stettin, which is fitted to a under a pressure of 17001b. per square inch, to an 
double-current generator capable of supplying 186 | accumulator which is connected up to a pipe 
xilovolt-amperes of three-phase current and a, system, running through the yards. The steam 





similar amount of continuous current. This latter supply to the pumps is automatically controlled by 


machine is intended to take care of the night load. 


4600 -—- 


| 
! 
4 
! 
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Pr 





the rise and fall of the accumulator ram. Flanged 


Fics. 70 anp 71. Frep-Watsr Sorrener. 


The station will ultimately contain two turbo- 
alternators as above, and also two 750-kilovolt- 
ampere motor - generators. The compressed - air 
machinery consists of two horizontal compound 
compressors of 274 in. stroke, and with a capacity 
of 1765 cub. ft. of air per minute. It was 
supplied by Messrs. Pokorny and Wittekind, of 
Frankfort-on-the-Main. The compressors are fitted 
with air - filters on the suction side, and with 
intercoolers between the low and high-pressure 
cylinders. The air is compressed up to 100lb. 
per square inch, and is distributed by an under- 
ground pipe system over the shipyard. The 
underground system is built up of wrought-iron 
Pipes, which have their ends swelled out and con- 
nected with sleeves in order to allow for tempera- 








Mannesmann pipes are used for the hydraulic 
system, the joints being made with sharp-edged 
copper rings. The pipes are laid in the ground and 
are covered with asphalted jute. Compressed-air 
is chiefly used in the shipbuilding slips for riveting 
and drilling, while the hydraulic power is used for 
riveting large boilers, and other work requiring a 
high pressure. 

Potable water for use throughout the yard is taken 
from the municipal mains, but other low-pressure 
water is drawn from the Elbe. The latter is sup- 
plied from the power-station by both a vertical 
steam-pump and an electric pump, both supplied 
by Messrs. Weise and Monski, of Halle, and each 
having a capacity of 550 gallons a minute. The 
pumps deliver to the Intze reservoir previously 








mentioned, which maintains a constant pressure on 
the mains. Potable water is used for both drink- 
ing and washing, and ample water-taps are provided 
throughout the workshops. Hydrants are fitted 
beth to the potable-water pipes and to the low- 
pressure supply, so that either the firm’s hoses or 
those of the Hamburg Fire Brigade can be 
fitted to either system. The condensing water 
for the engines is raised from the river by an 
electrically-driven centrifugal pump, which deli- 
vers 4400 gallons a minute, and is situated be- 
hind the quay-wall. The water passes through 
filtering hurdles fixed in a settling-tank before 
entering the condensers. After use it is returned 
to the river. The water of the exhaust steam, after 
passing through the condensers, is delivered to the 
oil-separator by a wet air-pump of the Josse type, 
while automatic two-cylinder feed-pumps of the 
Weir type, which can each deal with 120 gallons a 
minute, deliver the water to the meter, previously 
mentioned, and so through the economiser to the 
boilers. A further duplex pump is fitted which 
deals with accumulations of overflow or waste water 
in the well. The whole engine-room is commanded 
by a travelling electric crane, having a span of 
13) m. (44 ft.) and capable of lifting 104 tons. The 
crane is arranged for hand operation when 
necessary. 

The switch-gear is housed in a separate compart- 
ment of the power-house, as shown at the right- 
hand side of Fig. 64. The main board is of the 
usual type, built up of marble slabs, which carry 
the various instruments, switches, circuit-breakers, 
&c. As has already been stated, both three-phase 
current at 50 periods and 500 volts, and’ direct 
current at 440 volts, are generated. The three- 
phase current is used for all stationary separate 
motors, and the direct current for reversible crane- 
motors and lifts. Lighting is carried out by special 
3-wire mains having 220 volts between outers and 
neutral. Gas-mains, connected to the municipal 
mains, are laid throughout the works, as a reserve 
method of illumination, and for the lighting of the 
yard at night time, when the electrical machinery 
is not running. A main gas-meter is fitted at the 
point where the system joins with the municipal 
supply, while additional Seliuetaten are fitted 
at places where a large gas consumption may be 
expected. At the _— time an accumulator as 
a reserve supply for the electric-lighting system 
has not been fitted. 

The compartment of the power-station in which 
the switch-gear is fitted also contains accommoda- 
tion for the engineer-in-charge and for the foreman, 
a common room for the staff, a small workshop for 
repairs, and stores for electrical articles. It also 
contains space for an air-filter, and an air-chamber 
for the pneumatic installation. 

Up to the present a portion of the boiler-house 
has served as an electric workshop, but as the space 
is now required for other purposes, a special 
electric ealdia is being built on the western 
side of the power-station, close to the plate stores. 
The new building will cover an area of 350 sq. m. 
(3760 sq. ft.), and will be constructed of iron, with 
Kessler walls. It will be partly of two stories and 
tod of three, and will be roofed with double 
ayers of tarred paper. The columns supporting 
the ceilings will be lagged with incombustible 
material. The building will rest on a bed of con- 
crete, completely covering its whole area. The 
ground floor will be used as the workshop proper, 
and will contain a boring-machine, lathe, grinding- 
machines, &c., driven by a 7}-horse-power motor, 
while part of the upper floors will be used for the 
stering of motor spares and arc-lamps, and the 
remainder for the accommodation of an accumulator 
battery. 

ORGANISATION, 

In each shop there is a foreman’s office, with 
glazing on three or four sides, on a raised platform, 
under which is the tool or other store. These 
erections are of expanded metal on channel framing. 
The lower part is open ; the upper is, where not 
glazed, made of expanded metal and concrete. The 
card system is adopted, the men taking up their 
cards at the entrance to the works as they pass 
through one of the many compartments in a wooden 
building ; but the clocks for recording the time of 
resuming or stopping work are in the various sho 
where the men are engaged. These are of the 
magnetic type, with a master-clock in the electric- 
power station. Wash-rooms are provided in each 
of the shops, the basins being of delf or wrought 
iron, enamelled or plain, according to the status of 
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the workers, and in some instances baths are pro- 
vided. Each workman, too, has a locker with 
lock and key. These are of perforated metal, with 
a shelf near the top for a hat. The perforation 
affords ventilation and permits of inspection. The 
lockers are secured to the floor in groups, and 
have channels for carrying off the water which 
may drip from rain-soaked clothes. A dining- 
room, with sitting accommodation for 1300 men 
and 100 members of the staff, with kitchen and 
scullery, is a much appreciated feature of the 
works. The building is heated with steam, which 
is also used for cooking, the methods adopted 
being similar to those on board ship. In the same 
building are the surgery, the consulting-room for 
the works doctor, a reading-room, and a waiting- 
room. 

It may be added that the works were planned 
by the staff of the Vulcan Company, the elabora- 
tion of the design of the buildings being entrusted 
to the firm of Messrs. Gustav Schrader, Inhaber 
E. Balzer, of Hamburg, and to the engineering 
offices of Messrs. Paul Ranft, of Leipzig. The 
latter were specially responsible for the buildings 
for the electric-power station, electric workshops, 
the engineering workshop, the boiler and copper- 
smithies, and the forges. 








THE BRITISH ASSOCIATION AT 
SHEFFIELD. 
(Concluded from page 510.) 
SECTION B.—CHEMISTRY. 


CHEMICAL AND THERMAL INFLUENCES ON THE 
Prorerties oF STEEL. 

A paper by Professor A. McWilliam, M. Met., 
on ‘* The Influence of Chemical Composition and 
Thermal Treatment upon the Properties of Steel,” 
dealt with the properties of series of steels of dif- 
ferent carbon percentages containing in addition 
1 per cent. of manganese, or 2 per cent. of chro- 
mium. These steels had been prepared by the 
author and Mr. E. J. Barnes, and they were com- 
pared with other steels containing nospecial element, 
or vanadium and chromium, or nickel and chro- 
mium. The paper was particularly appropriate, since 
Sheffield is the home of the special steel manufac- 
ture. Inthe pure iron-carbon, Professor McWilliam 
stated, the strength increased with the carbon 
contents; the maximum strength of 62 tons per 
square inch, with an elongation of 9 per cent. and 
a reduction of area of 10 per cent., was attained 
in a 1.25 per cent. carbon steel, a further increase 
in carbon diminishing the strength. When 1 per 
cent. of manganese was present, the maximum 
strength (65 tons, elongation 11 per cent., reduc- 
tion of area 17 per cent.) was reached with 0.75 
per cent. of carbon; and in the 2 per cent. 
chromium steel the maximum strength (71 tons, 
elongation 12 per cent., reduction of area 34 per 
cent.) was Rl ow with 0.85 per cent. of carbon. 
The effects of annealing, quenching, and temper- 
ing at different temperatures were small in the 
low-carbon steel. The same treatment which 
changed the strength of a 0.1 per cent. carbon 
Bessemer steel from 25 to 27 tons, changed a 0.75 
per cent. carbon steel from 36 to 47 tons. The 
effects of the thermal treatment were very marked 
in the case of a steel with 0.5 per cent. of carbon 
and 2 per cent. of chromium, whose strength was 
raised from 38 tons (elongation 28 per cent., con- 
traction 55 per cent.) to 114 tons (elongation 9 per 
cent., contraction 30 per cent.). Other things 
being equal, the 2 per cent. chromium steels were 
distinguished by great reduction in area ; this was 
well brought out by test-rods which had stood 100 
tons to the square inch in tension before breaking 
Photo-micregraphs were shown; there was no 
discussion. 

TRANSPORT AND STORAGE OF FERRO-SILICON. 

Dr. 8. Monckton Copeman, F.R.S., read a paper 
on ‘* Ferro-Silicon ; the Causation of Danger Inci- 
dental to its Transport and Storage.” Dr. Copeman 
explained that he had been entrusted by the Home 
Office and by the Board of Trade with an inquiry 
into these problems, and that Mr. S. R. Bennett, 
one of H.M. Inspectors of Factories, and Dr. Wilson 
Hake, of Westminster Hospital, had collaborated 
with him. The subject has been discussed in our 
columns. Dr, Copeman stated that low-grade ferro- 
silicon (containing up to 15 per cent. of Si) was made 
in the blast-furnaces of this country ; the higher 
grades (up to 95 per cent. of Si) could only be made 


in electric furnaces, and some 4000 tons of this 
material were imported aunually from France, 
Austria, Scandinavia, &c. Sometimes the explosive 
50 per cent. ferro-silicon had alone been regarded as 
dangerous. Dr. Hake’s chemical researches showed 
that danger threatened from the evolution of poison- 
ous fumes, and that porosity and liability to disin- 


tegration had especially to be guarded against. The | 


recommendations by the authors, adopted by the 
Board of Trade, comprised the need for ascertaining 
that the ferro-silicon had been broken into pieces of 


the size in which it was usually sold some time) 
before being taken on board, that the date of) 


manufacture and the grade should plainly be marked 
on each barrel, and that conveyance should be 


forbidden on passenger vessels and be subject to! 


certain precautions on cargo-boats. Dr. Wilson 


Hake described the apparatus and tests he had | 


applied, and Mr. Bennett showed micro - photo- 
graphs of the alloys. 


Tue Corrosion oF IRON AND STEEL. 


Dr. J. N. Friend, of Durham, described a new 
experiment which he had made in order to prove 
that iron will not rust if exposed only to oxygen 
and liquid water, unless some acid (carbonic acid) 
be present. According to the electrolytic theory 
the presence of acid is not indispensable, and Dr. 
Friend had formerly made experiments which, he 
thought, disproved this theory, but which had been 
criticised.* In his new arrangement he suspended 
a polished steel cylinder, which was cooled inside 
by a continuous flow of water through two glass 
tubes, within a sealed flask over caustic potash ; the 
flask was placed on a water bath. Water, he ex- 
plained, condensed on the outer surface of the shell ; 
no trace of alkali was finally found on the iron, the 
water dropping off the steel washing all the alkali 
that might have been deposited on the steel down 
again. Yet no rusting was observed, while rusting 
began when the potash was replaced by ordinary 
distilled water which was not free from carbon 
dioxide. The experiment cannot be regarded as 
crucial. 

Tue Provipent Use or Coat. 

Professor H. E. Armstrong, in opening a dis- 
cussion on ‘‘ The Provident Use of Coal,” confined 
himself to the consumption of coal in domestic 
use and in the gas industry, and, taking it that the 
waste of coal was admitted, he suggested that the 
smoke nuisance could be mitigated and coal be 
saved by first coking the coal at low temperature. 
The gas which was given off during soft coking 
was very rich ; it gave a better and hotter flame 
than coal, and should be substituted for the rubbish 
now produced by carbonising at very high tem- 
peratures with the object of securing a maximum 
yield of gas. He had examined some of the distil- 
lation products of the Coalite Company obtained at 
temperatures not exceeding 800 deg. Cent.; the 
tar differed from gas works’ tar. It was absurd 
that the ordinary production of gas and coke should 
constitute a primary industry, considering the 
waste of valuable by-products, and the fact that the 
coke produced was unsuitable for domestic use. 
The gas now supplied was beneath contempt, 
especially after the repeal of the sulphur clauses. 
The application of gas for heating purposes would 
much increase if the gas ime. Tt this were 


—= 


| sulphur clauses. Gas companies got more gas 

| out of the coal than formerly, i supplied it ‘a 
| rates which enabled the public to use it for heating 
and cooking, as Dr. Armstrong desired. 

Dr. G. T. Beilby, F.R.S., of Glasgow, thought 
that much might be hoped from low temperature 
distillation ; but the matter was still in an experi- 
mental stage, and the Coalite Company made slow 
_ progress. The countryconsumed for purely domestic 
purposes about 40 million tons of coal, and the gas 
companies were distilling 14 million tons. If the 
gas companies were to supply the 40 millions, the 
gas industry would have to be revolutionised, and 
very large uses would have to be found for the gas 
|and other products ; at present it looked as if the 
greater part: would, in the absence of chemical uses 
have to burnt, and the gas and oil were them. 
selves fuels. Professor C. H. Oldham, of Dublin 
mentioned that a German firm was reported to 
| have offered at Cardiff to coke all the coal supplied 
| to them free of charge if the by-products were theirs, 
The offer had not been accepted, but the Cardiff 
colliery-owners had been looking into the value of 
those products and were now putting down their 
own coke-ovens, employing chemists for that pur- 
pose. Professor Armstrong’s ideal might be realised 
on these lines. Mr. Leonard Archbutt, of Derby 
did not think that the burning of coal-gas would 
altogether do away with the fogs ; the sulphur in 
the gas was a great nuisance and spoilt brass; but 
the public were not aware of that. 

Professor Armstrong, in his reply, emphasised 
the last remarks. It was not safe, in the South 
Metropolitan area in which he lived, to hang a 
picture by the same cord for more thana year. He 
did not want to have electricity in his house, but 
was forced to adopt it by Sir George Livesey’s 
repeal of the sulphur clauses. It was proposed to 
value gas on a low calorific basis. That was the 
wrong direction, as it meant supply of greater 
quantities of gas, and the use of a very large 
radiant, while they wanted to go back to small 
radiants, as in the electric lamp and the acetylene 
lamp. He agreed with Dr. Beilby that, with 
reform on a large scale, the products would ulti- 
mately have to be estimated according to their fuel 
value ; but that was a large, enhanced fuel value. 
‘lhe products had a much higher value than coal for 
internal - combustion engines, and possessed in 
general a higher value than coal-tar for all purposes 
except colour-making. For that branch the present 
coal-tar was needed; but the coke-ovens could 
supply the tar in sufficient quantity. 

‘apers by Messrs. C. Chappell and F. Hudson, 
on ‘‘ The Corrosion of Iron and Steel,” and by Dr. 
Rosenhain on ‘‘ The Crystalline Structure of Iron at 
High Temperatures,” were crowded out. 


ELectro-ANALYSIS. 

The report of the Committee on Electro-Analysis 
(chairman, Professor Kipping, F.R.S.; secretary, 
Dr. Mollwo Perkin) was read by Dr. Perkin. 
It referred to the work of Dr. Perkin and Mr. W. 
E. Hughes, and of Dr. H. J. 8. Sand on rapid 
analysis with the aid of rotated cathodes (or also 
anodes) of special shapes. 


ORGANIC CHEMISTRY. 





mistry, which were discussed under the chairman- 





| Almost all the communications on organic che- 
| 


to be realised, the public would have to shake off | ™! 
its lethargy, since powerful vested interests had to | Ship of Professor Orme Masson, F.R.S., of Mel- 
be overcome. | bourne, were contributed by members of the 

The Chairman, Mr. Stead, quite agreed that the | University of Sheffield, at which Professor W. 
ordinary way of burning coal in our houses was bar- | Palmer Wynne, F.R.S., occupies the Chair for 
barous, and that science should step in. Professor | Chemistry. Of more general interest were papers 
A. Smithells, of Leeds, which possesses one of the | by Mr. W. E. S. Turner on “‘ Molecular Association 
best-equipped laboratories for fuel research, was not | 12 Aqueous Solution, Illustrated by Hydroxy|-Con- 
sure that the problem could be solved on the lines | ing Substances,” and on “The Problem of 
suggested by Professor Armstrong. Low-tempera- | Molecular Association ; the Molecular Complexity 
ture carbonising was, of course, not a new idea ; | of the Halogen-Containing Substances.” Mr. C. 
whether the by-products obtained in this manner |J- Peddle was the joint-author of the first com- 
were more alin and the process on the whole | ™unication. This paper emphasised the import- 
more economical, were still open questions. The | *®°° of association between the substance and the 
public would probably be ready to make a small |S°lvent; the association, the authors found, is 
sacrifice in cate to abate the smoke nuisance, by ™UCh greater for aromatic compounds in water 
substituting the new fuel for the two fuels to which 
they were accustomed, coal and gas, provided the 


new fuel gave the claimed advantages—a cheerful, | COmStant of an acid. According to the second 
inexpensive fire. | paper, molecular association should be confined to 


Mr. A. W. Oke, of Hove, speaking as a director | electrolytes, and substances which dissociated in 


of gas companies, took exception to the statement | W@ter would associate in neutral solvents, often 
that complaints as to the deterioration of the gas | to compounds of very high molecular weights. 


had become more frequent since the repeal of the | oth were by Messrs. W. E. 8. Turner 


rry on ‘‘The Molecular Complexity 


than in benzene, but no clear connection existed 
between the degree of association and the aftinity 





* See ENGINEERING, vol. lxxxv., pages 329 and 381. 


| of Nitroamines;” by Dr. J. F. Thorpe, F.R.S., on 
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‘The Instability of the Trimethylene Ring;” by | 
Messrs. A. D. Mitchell and J. F. Thorpe, on | 
“The Elimination of a Carboxethyl Group during 
the Closing of a Five-Membered Ring ;” by Dr. J. | 
Kenner and Mr. E, Witham, on ‘‘ Formations of | 
Tolane Derivatives from Benzotrichlorides ;” and | 
by Dr. Kenner and Professor Wynne, on “ The} 
Nitro-Chloro and the Dichlorotoluene Sulphuric | 
Acids.” | 

Dr. F. Mollwo Perkin read a paper on ‘“‘ The) 
Action of Metals upon Alcohols.” 

Dr. T. M. Lowry’s report of the Committee on | 
‘Dynamic Isomerism ” (chairman, Professor H. E. | 
Armstrong) concerned the absorption spectra of 
camphor and its derivatives. The report on ‘‘ The | 
Study of Hydroaromatic Substances” was pre- | 
sented by Professor A. W. Crossley, secretary of 
the Committee. 


SUB-SECTION B.— AGRICULTURE 


We should like to say a few words upon the pro- 
ceedings of Agriculture, admitted as a sub-section 
of B—Chemistry—at Winnipeg last year, but itself 
claiming independence as a separate section. The 
chairman, Mr. A. D. Hall, F.R.S., of the Roth- 
amsted Experimental Station, Herts, opened the 
proceedings by a very suggestive address on the 
many factors affecting the fertility of the soil, in 
the course of which he warned ‘‘ Science, a child of 
barely a century’s growth, to begin humbly when 
dealing with agriculture, which goes back to the dawn 
of the race.” Mr. Hall also gave figures on the 
‘‘Cost of a Day’s Horse Labour.” Though he spoke 
from the farmer’s standpoint, the subject is not 
without interest to the automobile industry. The 
part played by bacteria and by other organisms in 
the fixation of nitrogen, and in determining soil 
fertility, was discussed by Professor W. B. Bottom- 
ley, Mr. J. Golding, Dr. E. J. Russell (of Rotham- 
sted, Recorder of the Sub-Section), and Dr. H. B. 
Hutchinson. Mr. Sigmund Stein and Mr. G. L. 
Courthope, M.P., discoursed on the very pro- 
mising growth of beets for the production of sugar 
in the United Kingdom. 


SMOKE AND VEGETATION. 


A paper on ‘‘Impurities in the Atmosphere and 
Their Effects on Vegetation,” by Dr. C. Crowther 
and Mr. A. G. Ruston, B.Sc., of Leeds, was an 
indictment of the engineer and chemist. The 
authors explained that they had collected and 
analysed for twelve months the rain falling at a 
dozen stations in Leeds. In the industrial por- 
tions twenty times as much solids were deposited 
as in the residential suburban portions ; at Leeds 
Forge the suspended matter amounted to 1886 lb. 
per acre per annum, in addition to 110 lb. of tarry 
matter and 1113 lb. of mineral matter ; 250 tons of 
soot fell there per square mile per annum, 300 tons 
at Hunslet, and 80 tons at the Observatory ; the 
average of soot was half a ton per square mile per 
day, and forty times as much was probably thrown 
into the atmosphere. The tarry matter was parti- 
cularly objectionable ; the centre of Leeds received 
80 lb. per acre per annum, 2} miles out of town it 
was only 25 lb. These various impurities reduced 
the amount of sunshine in Leeds by 17 per cent., 
and by 40 per cent. in the industrial centre. The 
soluble impurities were chiefly sulphur, chlorine, 
and nitrogen compounds ; the acidity of the smoke 
was a further danger. 


Tue ConceaLep CoaL-FieLp or Yorks, Norts, 
AND DERBYSHIRE. 


Considerable interest was aroused by a discus- 
sion, in Section C—Geology—on ‘‘The Concealed 
Coal-Field of Yorkshire, Nottinghamshire, and 
Derbyshire,” which was opened by Professor P. F. 
Kendall, of Leeds. At the close of the carboni- 
ferous movement, Professor Kendall stated, the coal- 
measures were folded, faulted and denuded, and cut 
up into basins in England. Later, again, the covers 
of newer rocks were partly stripped off, exposing 
the coal-fields once more ; in South Wales the ex- 





posure was almost complete ; in Lancashire it was all 

round the rim, though not through the middle ; and 
in Yorkshire and Derbyshire a great belt of magne- 

sian limestone concealed the last half of the basin. | 
They had to discover the other edge. That the | 
eastern limit of the coal-field was beyond the 
margin of the magnesian limestone had long been 
suspected, and the second Royal Commission on 
Coal Supplies had entrusted the inquiry to himself 
Professor Kendall). Entering into geological 





details, he said that the field extended to Haxey, 
Thorne, Selby, and to Scunthorpe ; this latter fact 
he now announced for the first time. If there were 
coal under the North Sea, it would belong to a 
separate basin, however. The field extended south, 
but not through East Anglia; the great fenland 
depression seemed to mark the extreme-south-east 
extension. 

Further particulars concerning the proved area 
were communicated by Dr. Walcot Gibson, of 
London. It had been assumed in Mr. Curver 
Brigg’s report of 1905 that there were workable 
areas under the Trent and Don covering an area of 
460 square miles ; 200 square miles might now be 
added to that in the north-east of Haxey, and 200 
square miles more to the south-east. But the upper 
coal-measures had been removed by pre-Permian 
denudation, and the future resources depended 
mainly upon the thickness, quality, and depth of 
the Top Hard or Barnsley coal. Mr. H. Culpin 
and others continued the discussion. 

Papers by Mr. Cosmo Johns, of Sheffield, on the 
‘* Geology of the Sheffield District,” and by Pro- 
fessor A. McWilliam on the ‘‘ Metallurgical Indus- 
tries in Relation to the Rocks of the District,” 
also concerned the known and concealed coal- 
measures, and, further, the sandstone or ganister 
(material for firebricks, up to 96 per cent. of silica), 
in which the coal is embedded in some localities, 
fire-clay, building stones, iron ores, and the mill- 
stone grit ; the latter, they stated, was now super- 
seded by iron rolls in grain-mills, and by less hard 
stones in building, and was hence left undisturbed, 
except for the construction of large dams, fortu- 
nately for the beauty of the scenery. 


Eventna Discourses. 


The discourse on ‘‘ Types of Animal Movement,” 
given by Professor W. Stirling, M.D., of Man- 
chester, proved so attractive that it was repeated, 
and the Victoria Hall was crowded half an hour 
before the commencement of the lecture. Dr. 
Stirling dealt more with the more or less involuntary 
movements of organisms, especially of low types, 
than with the motor organs of more highly developed 
animals, and one of our reasons for mentioning 
his discourse is to draw attention to the wonder- 
fully instructive and striking effects which he 
realised with graphic methods and particularly with 
his cinematograph films (mostly of French manu- 
facture). The other discourse, on ‘‘ New Discovery 
about the Hittites,” was given by Mr. D. G. 
Hogarth, M.A., of Forest Row, Sussex, and the 
very successful experimental lecture to the working 
classes by Mr. C. T. Heycock, F.R.S., of Cam- 
bridge, on ‘‘ Metallic Alloys.” 


ConcLupInc Remarks. 

That the total attendance at Sheffield did not 
surpass 1494, and thus did not much exceed the 
attendance of 1879, when 1404 members congre- 
gated, was certainly not the fault of the local 
arrangements, which fully deserve all the praise 
bestowed upon them in the concluding meeting. A 
more commodious, pleasant, and in every wa 
adequate reception-room than the Cutlers’ Hall had 
not been provided for many a year. Most of the 
section-rooms were within a few minutes from the 
reception-room, and it is not easy to find suitable 
accommodation for the large number of sections. 
Each section wants one or two lecture-halls and com- 
mittee-rooms ; lanterns can be provided, but there is 
trouble sometimes about the darkening of the rooms, 
These difficulties multiply with the further increase 
in the number of sections. Additional departments 
found many advocates. Meteorology and astronomy 
claimed recognition, at any rate as a definite de- 
partment of Section A ; and Agriculture protested 
against being classed asa Sub-Section of Chemistry, 
with which it had no more direct connection than 
with Botany. No changes were made—fortunately, 
we are inclined to say. We possess already more 
than a sufficient number of learned societies of 
specialists. The raison d’étre of the British Asso- 
ciation at present lies in its bringing scientists of 
various branches together for the promotion of 
their common interests. That geologists should 
meet apart from physiologists is natural, and we 
think that the geologists and geographers were 
likewise justified in resisting a proposed amal- 


'gamation of Sections C and E. But a separation 


of mathematicians, physicists, astronomers, and 
meteorologists would only lead to discussions in 
separate rooms of specialist papers by poor audi- 
ences, and the officers of the sections would find it 


Y | stopping the blade at the top of its stroke. 





harder than at present to secure the attendance of 
the best men and the presentation of really good 
communications. At the same time general joint 
discussions can only be profitable when speakers 
are checked. There was a very instructive dis- 
cussion in Section L, Education, on ‘* The Neglect 
of Science by Industry and Commerce.” But too 
much latitude was allowed to the first speakers, who 
talked as if they had just discovered, e.g., that English 
commercial travellers often knew no language but 
their own, while foreign travellers spoke the!anguage 
of the country they visited. 

Going back to local arrangements, we have to 
mention that many of the famous Sheffield works 
were thrown open to visitors on special days, for 
which great preparations were made, and on other 
days as well. Of the excursions of the Saturday, on 
which day no section met at all, only one, that to 
the Derwent Valley Water Works, was not devoted 
to scenery. A somewhat novel feature was a 
concert given by the Sheftield Musical Union on 
Saturday evening. 

The local committee, Messrs. A. W. Chadburn, 
E. Willoughby Firth, A. Senior, R. M. Prescott, 
and W. M. Gibbons (the last two were the honorary 
local secretaries), must also be complimented on 
their excellent little pocket summary of enter- 
tainments, excursions, and visits to works ; the 
booklet contained also application slips. 

Next year the Association will assemble at 
Portsmouth, on August 30, under the presidency 
of Sir William Ramsay. The 1912 meeting will 
be held at Dundee. For 1914 an invitation to 
Australia has been accepted; itr was presented 
by Sir George Reid, High Commissioner of the 
Commonwealth of Australia, and Professor Orme 
Masson. 








HIGH-SPEED HOT-BILLET SHEARS. 

WE illustrate on page 523 a set of high-speed hot- 
billet shears recently built by Messrs. Davy Brothers, 
Limited, of the Park Iron Works, Sheffield, for the 
Talbot Continuous Steel Process, Limited. Theshears 
have a 7-in. stroke and are designed to make twenty 
strokes per minute, being capable of cutting 44-in. by 
4}-in. hard-steel billets at the low temperature of 
600 deg. Fahr. 

It will be observed that the shears are driven by 
electric motor and fly-wheel, which run continuously, 
and that, instead of the usual method of starting and 
stopping the shear-blade by means of a gag between 
the thrust-rod and the knife-holder, a coil-clutch is 
used and fitted to the second-motion shaft. This 
arrangement has been found to work well and will 
permit of the shears being run with perfect safety at 
a much higher speed than twenty cuts per minute, 
without the shock due to the insertion of a gag or 
to the knife coming in contact with the piece to be 
cut. Dispensing with the gag also removes the cause 
of many breakages, which occur because the operator 
has not properly inserted the gag, and the higher the 
speed of the shears the more breakages from this caure 
are liable to occur. For putting the blade in and out 
of action the coil-clutch is quichiy and easily operated 
by a hand-lever, and there is also fitted to the same 
shaft as the coil-clutch an internal friction brake for 
This brake 
is operated by the same lever as the coil-clutch and 
comes into action on disengaging the coil-clutch. 

The machine is driven by a 50-horse-power motor 
fixed on the top of the shear-frame, and driving through 
a belt and double machine-cut steel gearing. The 
shear-frame is of cast steel, in one piece. The apron 
slides are fitted with hard cast-iron liners adjustable 
for wear. The first-motion shaft carrying the fly- 
wheel runs in three phosphor-bronze bearings fitted 
with continuous oil-ring lubrication. It should be 
noted that there are no overhung driving-gears, all 
the wheels being supported by outside bearings. The 
shears are, moreover, fitted with live-roller gear, 
deflecting table, and measuring-gear, thus greatly 
facilitating their operations at speed. 








INTERNATIONAL Exnisition: Bupaperst, 1911.—With 
reference to an international exhibition of iron and metal 
wares and yom, to be held at Budapest in May, 1911, 
the British Acting Consul-General at that place has now 
forwarded copies of the regulations and form of applica- 
tion for space. The title of the Exhibition is the Inter- 
national Exhibition of Novelties and Inventions of the Iron 
and Engineering Industries. Its object is to show the 
novelties and inventions which have appeared in recent 
years in these industries. The Exhibition is to be held in 

y and June, 1911, and applications for s will be 
received by the Exhibition Committee at the Ausstel- 
lungsbureau, Gyar-Uteza 38, Budapest, up to November 
30. Copies of the regulations and form of application (in 
English) may be obtained by British firms on application 
to the Commercial] Intelligence Branch of the rd of 
Trade, 73, Basinghal]-street, London, E.C, 
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HIGH-CAPACITY SELF-DISCHARGING WAGON. 


CONSTRUCTED BY 


MESSRS. ORENSTEIN AND KOPPEL-ARTHUR KOPPEL 


(AMALGAMATED), 


ENGINEERS, LONDON. 
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WE illustrate on this Rage a high-capacity self-dis- 
charging wagon, built by Messrs. Orenstein and Koppel 
Arthur Koppel (Amalgamated), 27, Clement’s-lane, 
E.C., for an Tealian lignite works. It is of the double- 
bogie type, to the normal gauge of 4 ft. 84 in., and 
its principal dimensions are the following :— 


40 tons 
20 tons 12 cwt. 
2160 cub. ft. 
35 ft. 6 in. 
6 ft. 
46 ft. 6 in. 
12 ” 2 ” 


Carrying capacity 
Weight, empty 


ing capacity .. 
Wieblest. ’ : 
Wheel-base of bogies 
Length over buffers nk ” 
Over-all height from rail-level... 


It is provided with a screw-brake which acts on all 
the four wheels of one bogie (Fig. 2). 

The contents of the wagon are discharged through 
doors in the bottom. Each door is connected 
means of tie-rods with the cranks of a shaft (Fig. 3), 
so that by half a turn of th» shaft the doors can be 
opened or closed. The discharging apparatus combines 
in acompact form the ts for moving and securing 
the doors, and allows a pair of doors being worked by 
a single hand-wheel. The rate of discharge is easil 
regulated by the extent to which the doors are apened, 
As each of the three pairs of doors can be worked 
independently of each other from either side of the 
wagon, the latter can, if desired, be only partially dis- 
charged. The slope of the hopper-sides, as well as the 
size of the doors, ensures a particularly rapid dis- 
charge when this is uired. The dimensions of the 
doors can be varied within certain limits, according to 
the character of the material to be transported. 

The bogies are of the American ‘ Diamond ” type, 
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each with eight volute springs of ample strength for 
the heavy weight to be carried. The bogies are con- 
nected to the wagon by means of a centre pivot and 
spring sliding-chairs of the makers’ standard type. 
| These sliding-chairs are particularly advantageous on 
| lines with many curves, as they greatly reduce the 
wear and tear on the wagon. 

| In view of the unusual height of the body, it was 
necessary to slope the sides at the top in order not to 
| exceed the sectional limits of the railway. The sides 
; and the body as a whole are built of reinforced iron- 
plate girders, so that no special framework is 
necessary 








SUGAR VACUUM-PAN AT THE BRUSSELS 
EXHIBITION. 

Tue Nederlandsche Fabriek van Werktuigen en 
Spoorweg - Materieel, Amsterdam, exhibit, at the 
Brussels Exhibition, the sugar vacuum pan, illustrated 
on the opposite page. This consists of a cylindrical 
shell built up of steel plates in two parts, to facili- 
tate transport; it is surrounded by an insolating 
air-jacket, placed between the shell and _the outside 
oak lagging. The conical top, also built of steel 
plates, allows the gases to escape freely through 
the outlet pipe. The bottom part of the pan has a 
copper lining inside, the outside being built up of steel 
plates. The bottom is connected to the cylindrical 
part of the shell by cast-steel rings. Live steam is 
allowed to flow through the space in the double 
bottom ; by this means circulation is furthered, and 
the apparatus can start working under a very small 
load. ‘The outlet at the bottom for the cooked syrup 
is closed by a valve, operated by a hand-wheel. The 
heating coils are arranged in five rows of each six 
turns; ample space has been provided between the 
coils, this greatly facilitating the circulation of the 
syrup under treatment. As will be seen, the coils are 
fitted in a sloping position towards the centre of the 
pan, to allow the free discharge of the condensed 
steam. The coils are made of seamless drawn copper 
tubes, fixed to a steel framing by cast-iron copper- 
lined clamps. 

In order to avoid the risk of leakage through flanges 
inside the pan, a brass extension is fitted to the end of 
each coil, which runs through the bottom of the pan 
through an adjustable stuffing-box. In order also to 
avoid the fitting of a number of stop-valves, with 
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VACUUM PAN AT THE 


CONSTRUCTED BY THE NEDERLANDSCHE FABRIEK VAN WERKTUIGEN EN SPOORWEG-MATERIEEL, ENGINEERS, AMSTERDAM. 


T-pie es and bends, for the live and exhaust steam, a 
vertical steam-distribution pipe has been provided, by 
each coil can be separately fed with live or 
tsteam. The coils are connected at the oppo- 
d to steam-traps, one for each coil. 
‘raps are fully reliable. 
set of fittings and instruments, sight-glasses, 
meter, and so forth. 

of this type, though of large dimensions, 
e€ juice rapidly to the boiling point, and their 
to regulate. The one exhi- 
can deal with as much as 6000 
t na few hours, and is of the following prin- 
Cipal dimensions :— 


The apparatus has a 


Heating surface of coils ... 





820 ft. 
.. 5 in. and 6 in. 
About 13 ft. 


Total length of coils 
Diameter of coils ... 
a the pan 


INDUSTRIAL NOTES. 

In the October number of the Jronfounders’ Journal 
reference is made to the settlement of the wages 
difficulty in Sheffield, when it was agreed that an 
advance of 1s. per week should be given, which came 
into force on September 24. In addition, it was 
arranged that, provided trade should alter, another 
conference should be held in May next year, and any 
change mutually agreed upon then should come into 
| force from the first full-pay day in July. Satisfaction 
is expressed regarding the relationship that now exists 








BRUSSELS EXHIBITION. 





between the employers and the men. A similar success 
has been met with in Belfast, but in this case the rise 
of Is. per week will take place in November. At 
Peterborough the men have gained an immediate rise 
of 1s. per week, and will have another Is. per week in 
six months time. Barrow received an increase of 1s, 
per week on October 6, and Bradford is now negotiat- 
ing with the employers. 

The total number of members on the books at the 
end of last month was 18,084; at the end of the 
previous month, 17,964; and a year ago, 18,360; 
showing a decrease from last year of 276, and an in- 
crease over last month of 120. The number of members 
on the sick-list was, at the end of last month, 451, 
and on superannuation, 1343; last month, 421 and 
1330 respectively, an increase of 30 and 13 respectively. 
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At the end of last week it was expected that the 
shipyard lock-out would end in about a fortnight, for 
many points were, it is said, cleared up at the informal 
conference between the boilermakers’ sub-committee 
and some employers on Thursday last week. This con- 
ference was held in order to pave the way, if possible, 
for an understanding which, it was hoped, would be 
reached at the meeting at York on Tuesday last. The 
result of the conference was that a settlement was 
arrived at between the employers and the men’s 
representatives, and is being unanimously recom- 
mended by the latter to the Boilermakers’ Society. 
The terms finally accepted were a modification of those 
previously suggested by the employers, that any 
member party to a sectional stoppage of work should 
be fined by the society 30s. for the first offence and 3/. 
for the second or subsequent offence, the proposals 
finally accepted being that the society should inflict 
fines of 5s. per man per day for the first offence and 
an increased fine for second or subsequent offence. It 
was also accepted ‘‘ that the society within seven days 
of the receipt of notice of such stoppage shall pay the 
amount of such fines into the bank, on deposit account, 
in the joint names of the society and of the federation.” 
This fund is to be used for the benefit of the widows and 
orphans of the members of the Boilermakers’ Society. 
The great distress that prevails among the workers was 
one of the chief factors tending to an early settlement. 
Many of the sufferers are those who have been rendered 
idle without being concerned with the dispute in any 
way. Ata mass meeting of shipyard labourers held 
on Friday last at Middlesbrough, it was resolved to 
appeal to the public and trade-unionists for support, 
but there is not very much likelihood of public sym- 

yathy in the face of the fact that the trade-union 
eediiee repudiated the sectional strikes which have 
caused the lock-out. 


expenditure was 987/. 5s. 8d., or 
er per week. In 19 places trade was 
ood ; good in 35; not so good in 5; 
ad in 15; and very bad in 3. 


The much-discussed cotton lock-out is at an end, 
and peace, as was expected when we referred to the 
subject last week, has been restored, at any rate for the 
present. The whole thing has had its decidedly comic 
side, which must, we think, have —_— strongly to 
the Lancashire sense of humour. However this may 
be, it is a cause for thankfulness that both the masters 
and men have found a way out of the difficulty, and 
that they have both obtained ‘‘ peace with honour.” If 
they are satisfied on this point, it is not for the outside 
public to quarrel with them. The lock-out ought 
really never to have occurred at all, but, having 
oceurred, it is well that it has lasted only a week. 
After all, the way out of the difficulty was delightfully 
simple, all that was necessary being that George 
Howe, the man around whom the dispute centred, 
should be given work at another mill, the man in that 
mill, whom he displaced, being sent to fill the vacancy 
at Fern Mill left by the discharge of George Howe. 
The delightful simplicity of the whole thing is almost 
startling. Mr. Askwith is said to have been largely 
responsible for the brilliant conception. 

he points in dispute under the Brooklands Agree- 
ment have yet to be settled by arbitration, but the 
mills Prowl work last Monday. 


Labour on the railways of France is in a thoroughly 
unsettled condition, and the present aspect of things 
looks very serious, for the country is face to face with 
an industrial war that may lead to very grave results 
unless quickly terminated. The upheaval is said to 
be organised by Socialist agitators, and the men em- 
shell by the Northern Company and by the Western 





or State Railway are now on strike. The National 
Syndicate of Railwaymen, which is controlled by | 
Socialist leaders, has declared a general railway strike, | 
and, if the leaders are able to effect what they hope, 
France will soon be in an entirely isolated condition 
as far as railway communication is concerned. On 
Tuesday last all trattic was dislocated in the North 
of France lines, and the trouble has now extended to 
all the railways. In fact, all the routes to England 
and Belgium are now stopped. The suddenness of 
the men’s decision appears to have come as a surprise 
to the authorities. Many attempts have been made 





during recent years by the Confederation of Labour, 
which is the great Socislist organisation, to bring | 
about a sudden strike of this kind, and it would appear | 
as though they had now succeeded. Where the end | 
will be it is quite impossible to say, for there is a great | 
probability that the strike will spread to all the rail- | 
ways of the country. The general strike was declared | 
on Tuesday night by the National Syndicate of | 
Railwaymen. Should the efforts of the agitators have | 
the widespread result that is intended there will | 
shortly be about 300,000 men idle on the railways of | 
France, and the aspect of things for Paris will be | 
serious indeed. Of course, it may be possible to 
organise a certain amount of transport by means of 
motor-cars and other vehicles, in order that provisions | 


may be brought into the city, but unless the railways 
can be worked by outside hands to the extent, at any 
rate, of ee sufficient provisions, it is not easy 
to see how Paris can be fed for any length of time. 
Whether the Government will be able to check this 
strike by summoning the men on military duty remains 
to be seen. If they do not, they are faced with a revo- 
lution. When the strike commenced, the aid of the 
military was called in, and engineers were employed 
to run trains ; but traffic was carried on with difficulty 
and danger, on account of many acts of violence by the 
strikers, such as cutting rails and overturning engines. 
_— military have cou teem requisitioned to guard the 
ines, 


The report of the United Patternmakers’ Association 
shows a somewhat substantial increase in the number 
of members as being out of employment at the end of 
September. Deducting those who were on strike, 407 
members were out of work, as compared with 241 at 
the end of the previous month. This falling off in 
employment is said to be entirely due to the lock-out 
of the boilermakers. The Clyde district does not 
appear to have been nearly so hard hit in this respect 
as the North-East Coast. There is, however, even on 
the Clyde a considerable increase on the books of those 
out of work. At Barrow the lock-out does not appear 
to have had any effect on the number of pattern- 
makers euhed, and trade there is said to be very 
good, as it also is at Belfast. In Manchester trade is 
said to be good, and throughout the Midlands fairly 

ood. In Londonalso there is a good report. There 

as been some falling off in employment at Sheffield, 
and in Leeds a slight improvement. Not including 
those members who were voluntarily out of work, 5.6 
per cent. were unemployed at the end of last month, 
as compared with 3.7 per cent. for August and July. 


The interpretation of Lord Gorell’s award on the 
hours and conditions of the men on the Great Eastern 
Railway system has raised difficulties which resulted 
in a conference held on Tuesday last at the (reat 
Eastern Hotel, Liverpool-street, EK., between the 
arbitrator and both sides of the Central Conciliation 
Board. The proceedings were private, but it is 
understood that the matter in hand did not consist of 
one or two broad questions, but a number of small 
technical points, which affected many grades of the 
company’s servants. Among these was the question 
of an eight-hour day for signalmen, and also the com- 

laint by the men that in many details the award had 

en violated. Lord Gorell went thoroughly into the 
questions, as he was very desirous of preventing 
future disputes. It is expected that his decision will 
be known in the course of a few days. 


According to the Textile Journal, an interesting 
experiment has been made in Thessaly, which has 
apparently been attended with success. This is 
the cultivation of cotton with modern machinery, 
and under the direction of an expert from Egypt. 
In 1908 about 220 acres were cultivated in this 
crop, which produced 210,500 lb. of cotton. The area 
under cultivation in 1909 was 200 acres, which pro- 
duced 220,000 lb., while this year it is probable that 
more than 600 acres will be cultivated. The average 
price received for Egyptian cotton is more than double 
the price paid for the Greek domestic cotton. Ex- 
periments have also been made in the cultivation of 
cotton grown from American seed, but only on a small 
scale, and the results have not been in any way con- 
clusive. There are at the present time in Greece 
thirty-five cotton-mills, equipped with 99,300 spindles 
and 1211 looms, which in all represent a capital of 
800,000/. Employment is given to about 5000 hands, 
and the total annual product is valued at 420,000/. 
From 8000 to 10,000 bales of cotton are imported into 
Greece annually, which total amount is made up of 
2500 bales of good middling quality from America, 
from Turkey 5000 to 7000 bales, and from Egypt 500 
bales. 


Mr. Thomas Burt, M.P., in his monthly report to the 
Northumberland Miners’ Association, in reference to 
the lock-out, says that the record of the society in 
its long history in carrying out its agreements is a 
good one, but the recent sectional strikes have 
damaged this record. He calls to mind a few instances 
in which the members rebelled against the decisions 
of the joint committee, but they were very few. 
When obstinate opposition continued, the parties 
concerned were expelled from the association, and, 
in certain cases, large and influential branches have 
been so expelled. This treatment was nearly always 
found to be effective, and on every occasion the 
offenders in a short time sought re-admission into the 
union, paid their entrance-fees, and remained without 
benefit until they were again full financial memb2rs. 


It is reported that at a meeting of Wallsend boiler- 
makers on Friday, the 30th ult., a member of the 
representative committee proposed a resolution in 
favour of the society endeavouring to borrow a sum of 





money in order to continue the struggle if the next 
conference proved abortive, the sum named being 
250,000. This resolution was unanimously carried 
It is said that the proposal will be submitted to other 
mass meetings, in order to ascertain the feeling of the 
men on the subject. F 


The oil war, which has commenced between the 
Standard Oil Company and its rivals in America and 
Europe, is naturally a source of great interest, for the 
situation is one which is novel for the great Trust 
and which, in the opinion of many people well able to 
judge, will not be found an easy matter to control, 

t is said that there is no intention of waging war upon 
competitors unless it be in self-defence, but that any 
who have the temerity to oppose Mr. Rockefeller and 
his colleagues will be attacked with determination. It 
is reported, however, that the Trust is not altogether 
happy with regard to the operations of many British 
oil companies that have been lately organised, and 
that the usual policy of ‘‘squeezing out” will be 
adopted before the rivals have grown too powerful 
to be resisted. Whether the Rockefeller group has 
entered on its last great fight remains to be seen, 
According to Mr. J. D. Henry, one of the lead. 
ing authorities on the transport and marketing 
of petroleum, the dominant factors in the situa. 
tion are: — An abnormal increase of stocks jn 
America ; the decline of American lamp-oil shipments 
to Europe and the Far East ; the unnaturally rapid 
growth of the petrol trade, caused by the advent of 
explosive engines and the increased demand for liquid 
fuel. In. addition to these, the most powerful selling 
concerns find it very difficult profitably to main. 
tain the magnitude of the lamp-oil business in the 
declining markets of Europe. Since the days when the 
lamp-oil business was divided between Russian and 
American interests, and things were at their best, the 
situation has greatly changed. Then, production of 
kerosene was the chief aim of the oil rings, and the 
manipulation of the markets was a comparatively 
simple matter. Now, however, with a shrinking 


market, it is recognised by the old-established com- 
panies that their original organisations cannot be 
maintained, and an attempt is made to check the 
shrinkage in their sales by a reduction in prices, in 
order to work off some of their surplus supplies. It is 
said that the stocks of crude oil now in storage, which 
are practically surplus, amount to 100,000,000 barrels. 


The strike amongst the men of the German ship- 
_—_ which commenced on August 4, has luckily been 

rought to an end. Some negotiations between the 
masters and the men having proved futile, the Union 
of German Metal Industries was applied to for sup- 
port in the conflict, and on September 22 the union 
decided that if the conflict within the shipyards had 
not been settled by October 8, a lock-out would be 
declared as far as 60 per cent. of all German metal 
workers were concerned, or about 400,000 men. After 
a week or two of negotiations an arrangement was 
arrived at on October 6, subject to the acceptance of 
the same bythe men. Work was to be resumed on 
October 10, on the following conditions :—Starting pay 
is increased with 2 pfennig, and the lowest pay will 
be 40 pfennig (47d.) per hour. Later on the pay for 
all hands is to be raised 2 pfennig (1 farthing) per 
hour. From January 1 the working hours are to be 
reduced to 55 hours per week for the Hamburg ship- 

ards, and to 56 hours for shipyards outside Hamburg. 

he reduction of the hours is made good to the men by 
the increase of the pay of 2pfennig (1 farthing) per hour. 
The masters have further agreed to the establishment of 
labourers’ committees. The Hamburg men employed 
at the shipyards held a meeting on October 8, at 
which it was decided to resume work by 1678 votes 
against 1475. The men further, with much enthusiasm, 
passed a resolution to the effect that work shall not be 
resumed{at the repair-shops of the Hamburg-Amerika 
line and the Woermann line, because these two com- 
panies have refused to agree to the general conditions. 
At Stettin the men held three meetings on October 9 
for the purpose of arriving at a decision as to the 
termination of the conflict on the following day ; 1816 
votes were in favour of resuming work, whilst 189 
voted against it, and were for a continuation vl the 
strike. As, however, a majority of three-fourths was 
required for passing the continuation of the strike, 
the voting resulted in work being resumed. 

What the men originally went out on wasa reduction 
of working hours—from 56 to 57 hours to 53 hours per 
week—the reduction in time to be made good to them 
by an increase in the pay of 10 per cent.; further, at 
piece-work, a minimum increase of 33.13 per cent, at 
night-work of 50 per cent., at work on Sundays and 
holidays 75 per cent., and, finally, that the starting 
pay was also increased 10 per cent. Had no compro- 
mise been arrived at, Germany would have had to face 
a labour conflict of the greatest magnitude, inasmuch 
as the 200,000 hands not included in the lock-out of 
the Union of German Metal Industries assuredly 
would have joined the locked-out 400,000 and left 
work, 
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BONVILLAIN AND RONCERAY’S PATENT 
UNIVERSAL MACHINE-MOULDING SYS- 
TEM. 

It has never been altogether clear why the foundry 

has always lagged behind the other departments of an 

engineerin shop in the adoption of improved methods 
and the pn nm Art of machine processes for manual 
operations ; but this conservative attitude is so well 
known and obvious as to require no demonstration. 

Recent years have certainly seen an improvement, but 

in this country especially there is still an astonishin 

amount of prejudice against moulding-machines an 

other aids to rapid and cheap production. One result 
of this unprogressive attitude in the foundry has 
been that in many branches of work there has grown 
up a tendency to eliminate small castings as far as 
ossible, and to substitute for them parts which can 

. manufactured directly from bars or sheets. This 
tendency has much justification in the improvements 
in machining processes which have grown up of late 
years, but it has probably been assisted by the lack of 
progress in the foundry, and the consequent relatively 
increasing cost of its productions. Improved methods 
have, however, at last begun to obtain a foothold even 
in the foundry, and it is probable that in the future 
they may succeed in establishing a position more com- 
mensurate with their importance. 

Moulding-machines form the most important labour- 
saving introduction for foundry work, and it is in 
connection with them that most of the conservative 
opposition has been seen. Frequently the whole sub- 
ject is dismissed with the assertion that the patterns 
which are required with such machines are so expen- 
sive as to make their use commercially impracticable. 
This assertion made at large is, of course, valueless ; 
but it is none the less owing to the cost of the patterns 
that the field of many classes of machine-moulding is 
restricted. This fact has, however, been made the 
excuse for a quite baseless opposition to improved 
methods in general in the foundry, and in any case the 
restriction of the field for machine-moulding is much 
smaller than is frequently supposed. A metal pattern 
with several loose or sliding parts and a metal stripping- 
plate, which may be required for the machine-mould- 
ing of a complicated casting, may well be an expensive 
set of articles, but it will usually be found that the 
increased turnout over hand-moulding, and the im- 
provement in the quality of the product, will more 
than cover the extra expense over an ordinary wooden 
pattern, if the castings are required in any quantity. 
Notwithstanding this fact, however, the expense of 
metal patterns and stripping-plates, which frequently 
require a large amount of machine work and hand 
fitting, is certainly a handicap to the more rapid 
spread of machine-moulding, and the system described 
below, in which the machine patterns are made from 
ordinary wooden patterns in the foundry, and by the 
moulder, and require no machine work nor hand fitting 
of any description, is of much interest. The system 
greatly reduces the cost and time of manufacture of 
machine patterns, so that for simple articles even a 
comparatively small number of castings will justify a 
machine pattern, while for complicated pieces, for 
which the cost of a machine pattern would usually 
be prohibitive, a pattern-plate may be made at a small 
cost in a comparatively short time. The system 
enables the rapidity of —— and great accuracy 
of machine-moulding to be extended to a class of work 
which is usually considered to be quite outside its 
range on account of prohibitive pattern costs. 

The matter dealt with in this article divides itself 
naturally inte two parts, the first being concerned 
with the special system which is used for the manu- 
facture of patterns and stripping-plates, and the 
second of which deals with the actual moulding- 
machines, which are designed for use with the patterns, 
but it will probably add to the clearness of the descrip- 
tion if the two parts of the subject be allowed to more 
or less overlap, and if no great attempt be made to deal 
with one section of the subject as independent of the 
other. The system has been developed by Messrs. Ph. 
Bonvillain and E. Ronceray, of Paris, and is being 
introduced into this country by Messrs. Greenwood and 
Batley, Limited, of Albion Works, Leeds. This latter 
firm ure manufacturing the various machines and 
appliances described in this article, and have an in- 
stallation operating on this system in their own 
factory, with which they are turning out a large 
amount of work. 

The essential feature of the machine pattern-plate 
making on the Bonvillain and Ronceray system lies in 
the employment of white metal and plaster as the mate- 
rials of construction in place of brass or iron, and in the 
use of a casting scheme, by means of which the moulder 
is able to manufacture his own plate patterns and 
stripping-plates without the necessity of calling in the 
assistance of the fitting-shop in any way. In order 
tomake the procedure, when casting, as clear as 
possible it will be well to consider a simple article, 
such as, for example, the half-bearing shown at the 
left-hand side of Fig. 1 on Plate XLIX. At the 
extreme left-hand side the completed casting will be 





seen, while next to it the pattern-plate is shown. In 
this case the castings have been made by the reversible 
pattern-plate process. It will be seen that in the pat- 
tern-plate the various patternsare placed symmetrically 
in reference to an axis in such a way that when two half- 
moulds are rammed on the pattern-plate, and are 
placed one above the other so that their axes corre- 
spond, but reversed relatively to each other, the final 
casting which is obtained will consist of twice the 
number of parts which appear on the pattern-plate. 
In the figure the plate shows six half-bearings, but the 
final casting shows twelve. The use of this pattern- 
plate is very simple; it is placed on the moulding- 
machine with an empty flask above it, resting on 
the stripping-plate, the pattern-plate and flask being 
registered by the holes and pins in their lugs. Sand is 
then placed in the flask and rammed by the machine, 
and the flask and stripping-plate are lifted also by the 
machine, which ensures a true vertical motion. The 
flask, with its sand mould, is then placed in position 
on the foundry floor, and a second mould is prepared 
in a similar way. This second mould is then placed 
above the first, the two being registered by the pins 
and holes in their lugs, and the mould may be poured. 
The reversible pattern-plates used in this system are 
constructed either of plaster, plaster and white-metal, 
or white-metal throughout, depending on the number 
of castings which are required. As stated above, 
these plates are made by the moulder himself 
from ordinary wooden patterns which may be of a 
cheaper type than is necessary for ordinary foundry 
work, as they are required vo for the manufacture 
of the pattern-plate. The pattern-plate is constructed 
in a special patented split moulding appliance, which 
i cagpae with a screw lifting attachment at each 
side, so that the halves may lifted apart, inde- 
pendently of the skill of the moulder, and accurate 
patterns obtained. The actual procedure followed in 
the construction of a white-metal or plaster pattern- 
plate varies with the class of pattern that is being dealt 
with, but the copying process which is used in con- 
nection with this moulding system enables pattern and 
stripping-plates for the most complica casting to 
be constructed by an ordinary moulder. 

The example shown at the right-hand side of Fig. 1 
is made on the reversible ‘‘ cliché” process, which is a 
modification of the system described above. This pro- 
cess is particularly suitable for foundries in which the 
work is small and constantly changing. The “clichés” 
are sectional flat metal reversible pattern-plates, all 
of the same thickness, and arranged to slide in a 
special table called a cliché table, in which they are 
clamped so that the whole forms a complete plate. 
The clichés take up very little room, and may be 
stacked in racks, while they may be melted down and 
the metal used again when they are no longer required. 
They are made by the moulder in a special moulding 
appliance in a generally similar manner to the rever- 
sible pattern-plates mentioned above. It will be 
understood that with both the clichés and reversible 
pattern-plates the two half-boxes which are required 
for the complete castings have to be rammed inde- 
pendently, or, if required, the plates may be duplicated 
and two machines used. The reversible type of plate 
is very convenient for small articles having one side 
flat or nearly flat, as the castings can be obtained 
edge to edge, and much room saved in the mould, 
as in the case of the half-bearings shown in Fig. 1. 
A further example of a reversible pattern-plate for a 
pedestal bearing is shown in Fig. 6 on Plate L. It 
will be seen that in this case two loose pieces are used 
with the plate. 

In the case of large or very deep castings it is usually 
desirable to employ the double pattern-plate process, in 
which one part of a pattern is placed on one plate and 
the other part on another. This system involves the 
use of two moulding-machines, on each of which the 
flask for one pattern-plate is rammed, the two flasks, 
of course, being afterwards assembled on the foundry 
floor for the pouring of the metal. Double pattern- 
plates on the Bonvillain and Ronceray system are 
manufactured by the moulder by a ox scheme 
generally similar to the process used for the rever- 
sible plates. Any number of plugs and loose pieces 
may be used with these double plates, and stripping- 
plates may be employed wherever oy > The use 
of stripping-plates in conjunction with the patterns 
for complicated articles is very general, as they form 
one of the most valuable features of machine-moulding. 
The value of these plates is so great that in some 
moulding systems the whole function of the machines 
is to withdraw the pattern from the sand through a 
stripping-plate, all ramming being done by hand. The 
use of a stripping-plate ensures clean and accurate 
castings, even in the most difficult cases, as it entirely 
yrevents the sand breaking away when the mould is 
lifted, and eliminates the necessity for patching by the 
moulder. In most systems the use and advantages of 
stripping-plates are confined to cases of flat, or nearly 
flat, surfaces, owing to the expense and difficulty of 
making them to suit crooked joints. Such plates are, 
of course, usually made of iron, and require a good 





deal of expensive hand-fitting. In the system which is 





being described, however, the plates are cast in 
white-metal by the moulder, and may be made of 
any form and to suit any joint, flat or crooked. 
The plates are cast in white-metal, in sand-moulds 
taken from plaster casts which are prepared from the 
original wanle patterns. The special moulding appli- 
ance which is used has an arrangement by which the 
flasks carrying the plaster casts may be separated by 
a definite small distance, so that the stripping-plate 
may be cast between them. It will be understood 
that the actual procedure in the preparation of 
pattern and stripping-plates for a complex casting 
will vary with almost every individual case, and that 
the matter will depend upon the judgment of the 
moulder, in the same way that the construction of 
ordinary wooden patterns in the pattern-shop varies 
in accordance with the judgment of the pattern- 
maker. In general, when using this system, it is 
found advisable to employ a foreman who has some 
initiative and individual judgment, and who can 
decide the general lines of procedure in difficult cases. 
If this is done, no difficulty is experienced in obtain- 
ing satisfactory results. 

An example of a reversible pattern-plate, with a 
stripping-plate, for a motor-bicycle cylinder is shown 
in Fig. 2, on Plate XLIX. When in use the pattern- 
plate is fixed in position on the machine table with the 
stripping-plate in position on top of it. A flask is tien 
placed on the stripping-plate, filled in with sand, and 
rammed by one stroke of the machine. The flask is then 
lifted by a ram carried in the lower part of the machine, 
and which operates four vertical rods which engage 
with the four projecting square corners of the stripping- 
plate. These rods lift the stripping-plate and with it 
the flask, stripping the sand-mould from the pattern- 
plate with a perfectly vertical motion. The flask is 
then removed and the process repeated. The interiors 
of the cylinders would be formed with loose cores. 
Examples of double-pattern plates are shown in Figs. 
4 and 5, on Plate XLIX., and Fig. 7, on Plate L. 
Fig. 4 is a plaster mould prepared for the construction 
of a pattern-plate for one side of a four-cylinder petroi- 
gnotor casing, while Fig. 5 is the pattern-plate for 
the other side of the casing. It will be seen that a 
stripping-plate is used with this pattern-plate, and the 
projecting lugs of the stripping-plate, by means of 
which it is lifted by the machine, will be noted. 
Fig. 7 is an example of a comparatively complicated 
casting made on this system, and shows a dynamo 
spider, with the double-pattern plates, stripping-plate, 
and loose pieces used in its manufacture. Fig. 3, on 
Plate XLIX., is a motor gear-casing casting, which 
illustrates still further the range of work which may 
be dealt with. 

Some examples of the moulding-machines which are 
used in connection with this system are illustrated in 
Figs. 8 to 10, on Plate L., and in Figs. 1] and 12, on 
Plate LI. The whole of the power motions of the 
machines are operated hydraulically. It is the more 
usual practice to utilise compressed air for moulding- 
machines, but Messrs. Bonvillain and Ronceray have 
adopted eeene power in preference to it, on account 
of the perfectly steady movements, either in ramming 
or stripping patterns, which can be obtained by its use, 
and the accurate control which can be maintained over 
the total pressure applied. Hydraulic power also has 
advantages in the small diameter of the rams which are 
required on the machines and the small amount of 
power which is requisite. The first cost and main- 
tenance of the hydraulic plant also compares very 
hee with a compressed-air plant. The machine 
illustrated in Fig. 8 is self-contained and does not 
require any external hydraulic plant, but it may be 
dealt with first, as its comparative simplicity makes it 
a convenient introduction to the more complex 
machines which follow. As will be seen, it consists of 
a table which carries the plate pattern lying hori- 
zontally on it, so that a flask may x placed above and 
filled in with sand in the usual way. The ramming is 
done » bes ramming-board carried on a swinging cross- 
head above the table and actuated by a hand-lever 
through a toggle motion, which gives a heavy pressure 
when the board is at the bottom of its stroke. Below 
the table a vertical ram is situated which carries the 
four adjustable rods which engage with the lugs on the 
stripping-plate, as before Secstoad. The ram is 
actuated by oil, which is forced into its cylinder froma 
small local pressure cylinder, which is provided with 
a ram having a pedal head. On the completion 
of the ramming of the flask, the moulder releases the 
hand-lever and the ramming-board rises and swings 
back to the position shown in the figure, under the 
action of two spiral springs. The moulder then forces 
down the al-headed ram with one foot, which 
drives the oil into the ram-cylinder situated under 
the table and lifts the stripping-plate, which, of course, 
carries the flask with it and strips the pattern. The 
stripping-plate is shown in its stripped position in the 
figure, but the flask has been removed in order to show 
the plate more clearly. 

The machine shown in Fig. 11, on Plate LI., is one of 
the makers’ range of standard universal machines, and 





is operated throughout by hydraulic power. A similar 
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machine of somewhat larger size is detailed in Figs. 18 
to 22, above, and it will be convenient if the descrip- 
tion is referred to these line illustrations rather than to 
the perspective view shown in Fig. 11. The machine 
consists of a table which carries the pattern-plates 
and flasks, and below which an hydraulic cylinder, 
with ram and lifting-table, is carried which operates 
four vertical rods, which engage with the lugs on the 
stripping-plate when the pattern is being stripped, in 
asimilar manner to the mat on the hand-lever machine 

reviously described. These rods are adjustable either 
or vertical height or in their positions in reference to 
the table, in order to suit the pattern-plate that is 
being dealt with. The position adjustment of the 
rods is made by four slotted brackets, which can best 
be seen in Fig. 20. Independently of the separate ver- 
tical adjustment of the rods the lower position of the 
ram, and with it the lifting-table carrying the rods, may 
be adjusted by a hand-nut which works on the upper 
screwed part of the ram, and which serves as a stop 
by coming against the upper end of the cylinder. This 
arrangement will be clearly seen in Fig. 18, as also the 
stop-rods with adjustable nuts, which serve to limit 
the upward travel of the ram. The table is provided 
with a large hole in its upper surface, which leaves room 
for stripping-stools and movable bars for the support 
of pattern-plates, while it is drilled to allow of the 
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bolting down of the various standard sizes of pattern- 
plates. The ramming arrangement consists of a 
| Swinging cross-head mounted on a hollow vertical 
| column fixed behind the table. When the pattern- 
ery are being set, or the flasks being filled, the cross- 
| head is swung out of the way behind the machine, as 
shown in Fig. 11 ; but when the sand is being rammed 
it is swung forward into the position shown in Figs. 18 
and 19, and is locked down to the table by the swing- 
ing hook at its front side. The centre portion of the 
| cross-head is formed into a ramming-cylinder, which 
| carries the ram holding the ramming-plate. The ram 
has an internal screw, which serves for the vertical 
adjustment of the ramming-plate. A hand-wheel and 
double-screw arrangement is used, which is detailed to 
le large scale in Fig. 22. In the smaller sizes of 
machines a single screw is used. The ram is provided 
with a guide-rod, to prevent it rotating in its cylinder. 
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This rod can be seen at the left-hand side in Fig. 19. 
The ram has a tail-rod, which carries a piston 
working in a small cylinder, fixed above the cross- 
head, and which serves to return the ram to its 
upper position after its down - stroke. Both the 
supply and exhaust water for the upper ram-cylinders 
are carried through the hollow column, the motion of 
the ram being controlled by a single valve actuated by 
a lever mounted at the side of the cross-head. rhe 
arrangement of the piping inside the column 1s shown 
to an enlarged scale in Fig. 21. It will be seen that 
the pressure-pipe is carried inside the exhaust-pipe. 
These pipes lead down to a stop-valve situated at the 
back of the machine, which controls the supply to 
both the ramming and drawing-cylinders. This stop- 
valve is carried in the same casing with the control- 
valve for the drawing - cylinder, this latter being 
operated either by a hand-lever fixed in front of the 
table or by a ie hy The fitting of the pedal allows 
of the workman having both hands free while draw "6 
is in progress, which is sometimes an advantage. r ne 
hand-lever and pedal return to their off posit % 
under the action of a spring when they are relea _ 
so that the ram commences its downward stroke 
while the flask is being removed, and no — 
is lost, but a small screw-stop arrangement Is Nie 
which allows of the ram being kept at the ‘op 
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of its stroke when necessary. In some special cases, 


as where deep cores and recesses are to be made in green | 


sand, a double-ramming device is fitted, which con- 
sists of an arrangement by which an upward pressure 
from below is given to certain parts of a ma while 
it is under pressure from the top. This upward pres- 
sure is limited in stroke by means of a stop which 
engages the drawing-ram pedal. In order to facilitate 
work with these machines a swinging sand-filler is 
usually fitted. This is made of a piece of hoop-iron 
bent to the shape of the flask that is being filled and 
arranged to swing on the vertical column of the 
machine. The filler is made of such a depth that 
when swung into position over the flask it forms a 
gauge, indicating to the moulder the amount of sand 
that is necessary to fill into the flask before ramming. 
He accordingly fills in sand up to the top of the filler, 
and then brings down the lenulaneinte inside it, 
—— the filler back out of the way when ramming 
is completed. It will be noted in Fig. 11 that the 
machine is dealing with two boxes at once, this view 
well illustrating the wide range and adaptability 
of these standard universal machines. The smaller 
machine, shown in Fig. 12, on Plate LL., is generally 
similar to the one just described, and on not be 
dealt. with in detail; but it will be seen that the 
drawing-cylinder is operated by a local oil-pressure 
system similar to the arrangement on the hand- 
lever machine previously described, and that the 
pressure mains are connected up only to the pres- 
Sure-ram cylinder. This oil- pressure system is 
very convenient for small machines, and as there 
are no racks or levers near the floor, no trouble is 
experienced owing to accumulations of sand, such 
as sometimes occurs in hand-operated machines. It 
may be mentioned here that compressible sprues made 
ot rubber are used with these machines to form the 
e, in order that the pressure while ramming may 
not injure the pattern-plates. 

he machine illustrated in Figs. 9 and 10, on Plate L., 
and in Figs, 14 to 17, on Plate LII., is of the rotary 
universal type. The ramming and pattern-drawing 
parts of this machine are generally similar to those of 
the standard type just described ; but, in addition, 
the w hole machine is mounted on a trunnion, and may 

“ung into an upside-down position. The arrange- 
ment is intended for use in cases where heavy pockets 
of sand have to be lifted. Although castings involving 
such: pockets can be moulded on the standard t 0 
machine, itis necessary to strengthen the sand by the 
use ol gaggers, which entails a considerable loss of time, 
and :ouch more rapid working is secured by the use of 
the rotary machine. An example of the class of work 
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with which the ma- 
chine is_ specially 
capable of dealing is 
shown in position in 
Figs. 9 and 10. Fig. 
9 shows the machine 
in its first position, 
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moulding in mottes the sand- 
moulds are built up with in- 
ternal bands of hoop-iron, 
which lie some } in. below the 
circumferential surface of the 
mould, and hold it together 
when it is pushed out of the 
flask. The assembling-machine 
consists of a foundation-plate 
with T-slots, carrying two ver- 
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with the plate pat- 
tern for a castin 
which involves a io and heavy pocket of sand in 
position. When the machine is in operation a flask 
would be placed in position above the plate pattern, 
and filled in and rammed in a similar way to the 
method of operation with the standard machines. 
With the pressure still on, the machine would then 
be rotated into the position shown in Fig. 10, and 
the mould would be drawn with the im a upside 
down, so that there would be no likelihood of the sand 
breaking away. In the smaller machines of this class 
the table is not fitted with a pattern - drawing ram, the 
drawing being carried out entirely by the pressure-ram, 
which is put to exhaust when the machine is reversed, 
but in larger sizes, as in the example shown, the 
drawing is assisted by a second ram situated below the 
table, which may be connected up to stools and 
stripping-plates exactly as in the non-rotating type of 
machine. In addition to the ramming and drawing, 
the rotating of the machine is de cm hydraulically 
by two small pistons working on to a chain-drive at 
the end of the trunnion shaft. This arrangement can 
be seen in Fig. 15, while other detail features of the 
machine will be followed from this figure and the 
other illustrations on Plate LII. 

Fig. 23, above, shows a perspective view of an 
hydraulic assembling-machine, while Figs. 24 to 26 
on the same page show details of another machine of 
the same type and generally similar. These machines 
are intended for assembling difficult moulds of thin 
castings with deep recesses and cores, which are diffi- 
cult to assemble by hand owing to the likelihood of 
the moulder rubbing the cores against the sides of the 
mould, and ruining it, without any possibility of ascer- 
taining the extent of the damage until after the metal 
has been run and a defective casting produced. The 
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machines are especially useful when moulding diffi- | 
| hydraulic ram, which accordingly lifts the lower flask 


cult castings in green sand. They are also necessary 
when working with what are known as ‘‘ mottes.” 
On the motte system the sand-moulds are pushed out 


f | of the flasks before the moulds are poured, so that | 


one pair of flasks is required for each size of moul 

which not only saves expense, but also, in many cases, 
frees a large amount of s which would normally be 
taken up by the stock of flasks, and which sometimes 








tical fork-shaped rests, which 
, are fixed down by bolts slid- 
ing in the slots, and whose position may be adjusted 
in reference to the centre of the machine. Between 
the two branches of the forks, but set inward a little 
from their centre lines, there are fixed vertical rods, 
which are arranged to engage with the holes of the 
flasks, and so register them. These rods can be seen 
in Fig. 24. Behind these rods, and right in the centre 
of the forks, are two smaller movable vertical rods, 
which are connected up by steel-wire cords at their 
lower ends to balance-weights situated below the 
foundation-plate of the machine. The weights are 
roportioned to be heavier than an empty flask, but 
ighter than one filled with sand. The only other 
fitting in connection with the forks consists of two 
locks, one on each fork, which are operated by short 
ball-headed hand-levers. At the centre of the machine 
a circular table is fitted, which is carried at the top 
of a vertical hydraulic ram, which is controlled by a 
valve from a hand-lever placed in some convenient 
position on the machine. The ram has an automatic 
stop to prevent it lifting too high. When the machine 
is being used for assembling, the lower flask is 
placed, joint upwards, on the table of the hydraulic 
ram, which is raised to the top of its stroke. The 
guiding holes in the flask engage the fixed guide-rods 
on the forks, and the moulder, operating the hand- 
lever, lowers the ram which carries the flask with it. 
The lugs on the flask engage the sliding vertical rods 
inside the forks, and owing to the weight of the flask, 
which is, of course, filled with sand, depress them, 
and lift the balance-weights. The upper flask is then 
placed in position, joint downwards, on the guide-rods, 
so that its lugs rest on the top of the forks. The locks 
are then operated, and the upper flask is locked in 
position. The machine is now ready for assembling 
the mould, and pressure is again admitted under the 


and brings it accurately into position against the upper 
one. If the casting is being done in mottes, the Tift 
of the ram is continued until it has pushed out the 
sand from the two boxes, when the completed motte 
may be lifted off. The locks are then released, and 
the balance-weights lift the empty boxes, which may 
then be removed, and the machine is ready for the 
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next operation. If the casting is being done in flasks 
the lift of the ram is stopped when the mould has been 
assembled, and the two flasks are lifted away together. | 
Fig. 23 shows the machine pushing out a motte from | 
two assembled flasks. 

The moulding-box shown in the centre of Fig. 13, on 
Plate LI., has been introduced by Messrs. Greenwood | 
and Batley as an alternative to snap-flasks, which are 
comparatively expensive and apt to get out of order. 
It will be seen that the two halves of the box are made 
with a continuous taper, and that the sand in each half | 
is locked in position by a series of cams at each side, 
which are operated by a short handle at one end of the 
spindle carrying them. When in use the two halves 
of the box are rammed in the ordinary way in a 
machine, and after assembling the cams are drawn out 
from the sand and the box lifted off, leaving a sand 
mould as shown at the left-hand side of Fig. 13. 
Before casting, this mould is reinforced by a cast-iron 
sleeve of the same taper as the original box, as shown 
at the right-hand side of the figure. The object of this 
arrangement is, of course, to do away with moulding- 
boxes, and save expense and the room taken up by their 
storage. The taper-sleeve is a simple casting, much | 
cheaper than a box, and it will be clear that, as it | 
only requires to be in position on the sand during 
pouring, it is not necessary to have more than half-a- 
dozen or so of one size in a foundry, as immediately 
the metal has set in a mould the sleeve may be re- 
moved and placed on a second mould, so that about six 
sleeves, gradually changed from one mould to another, 
will be quite enough to deal with any number of pour- 
ings, ae no delay will arise in waiting for them to be 
placed in position, as they can be changed a good deal 
more quickly than the rate of pouring can proceed. 

As stated in the early part of this description, | 
Messrs. Greenwood and Batley have a complete instal. | 
lation working on this moulding system at their works | 
in Leeds, and we anieosend that they would be | 
pleased to show it to any of our readers who are inter- 
ested in questions of machine moulding. 


| 








ConTrRAcTs.—We are informed by the Selson Engineer- 
ing Company, Limited, 85, Queen Victoria-street, and 
Lambeth Hill, London, E.C., that they have recently 
received repeat orders from the Italian State Railways 
for 31 high-speed shaping-machines similar to three 
machines they supplied some time ago to these railways. 
‘These orders were taken in competition with 25 American 
and European makers. 


Tue Quartzuite LAmp.—An interesting demonstra- 
tion of this lamp was given last Tuesday, the 11th inst., 
at 37 and 38, Strand, W.C., by the Brush Electrical 
Engineering Company, Limited, Loughborough, at which, 
through the courtesy of the firm, we were present. This 
lamp consists of a quartz tube (in the case of the lamp 
shown about 5 in. long), which terminates at each end in 
an elongation of smaller diameter, turned at right angles 
to the main tube, the whole being suspended in a frame, 
so that the main tube is practically horizontal with the 
two smaller elongations hanging vertically downwards. 
Into the ends of the small tubes the positive and nega- 
tive wires are fused, so that they form contact with 
mercury, which fills each of the smaller tubes. When the 
main quartz tube is in a position almost horizontal, there 
is no mercury in the main tube, the inside of the tube con- 
taining only mercury vapour, theair having been exhausted 
When the current is switched on, however, the tube is 
slightly tilted by means ofan automatic electric mechanism, 
and the mercury flows from one end to the other, at once 
forming a connection between the positive and negative 
wires. This having been done, the tube is immediately 
tilted back automatically to its original position, and the 
mercury flows out of the tube, which again contains only 
mercury vapour. The arc acros3 the vapour has, how- 
ever, bsen formed, and glows with a brilliant light, ina 
lamp of the size shown, equal to about 1800 candle-power | 
at 100 volts, with a consumption of about one-third of a 
unit. Ona 200 to 250-volt circuit it gives 3000 candles, 
and takes about two-thircs of a unit. The high tempera- 
ture required for this light is only possible owing to the 
use of quartz. The colour of the light is at present un- 
suitable for houses or shops, although a certain number 
of red rays are introduced by the insertion of a tantalum 
button into the tube, the button rapidly becoming incan- 
descent. It is, however, admirably suited for fighting | 
open spaces and factories, for it has great penetra. | 
tive power, and is said to be very pleasant to work | 
by. Itis also claimed that no attention or renewal is | 
required for about 200 hours’ burning, and that the | 
ae makes the air in the buildings in which it is used 
fresh and wholesome, owing to the ozone which it pro- 
duces. This effect is very noticeable on entering any 
room where it is burning, the presence of ozone , & = 4 
quite evident. It is also said to reduce the evil of eye- 
strain. In order to make it suitable for house and 
shop-lighting, experiments are now being carried out, by 
the introduction of certain gases into the tube, to supply 
the present lack of red rays in the light. If these are 
successful, there ssems to be no reason why the light 
should not prove admirable for ordinary purposes as well 
as for factories, railway sidings, open spaces. &c. The 
light is rich in ultra-violet rays, and the colour of flesh 
seems somewhat ghastly. This effect, however, is modified | 
if the lamp is placed in a high position and the rays are 
diffused through a frosted globe. The exhibition will be | 
open for some weeks. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 5. 
Bips were opened on last Saturday for structural 


| material for the Quebec Bridge, in which Pittsburg 
| steel-makers and steel-makers elsewhere are bidders. 


It is not known at present writing just how soon an 


'announcement of the distribution of orders will be 


made, but it is believed that a number of steel works 
will participate in the manufacture, because of the 
very large supply required. It is understood that an 
abundance of time will be allowed for delivery, a 
liberty which the steel-makers will not appreciate 
particularly, although the larger plants are well sup- 
plied with orders up to about December 1. The steel 
material for the Panama locks is being fabricated in 
the Pittsburg district, and this will afford a needed 
stimulus in that locality. An unfavourable influence 
that is felt in the steel industry is the falling off 
in orders for the construction of steel cars. Builders 
have anticipated a continuance of activity in this 
direction. Several systems have determined upon 
a cautious course in this respect. Many systems 
could use more steel cars than they have, but for 
reasons better known to their managers than to the 
public time is allowed to slip by, and nothing may be 
heard of the cars until late in the year. The industry 
will not suffer materially, even though there should be 
a considerable curtailment in ‘capacity. A similar 


restriction of activity is noticed in the steel-plate 
| industry, where at present 60 per cent. of capacity is 


employed. This naturally means a lower level of 


| prices, but no cutting. Pipe-line contracts for the 


past week aggregated some 7000 tons, of which 4000 
tons were taken for delivery at Columbus, Ohio, and 
2000 tons in Western Pennsylvania. A new pipe-line 
has been projected in Western Pennsylvania which 
will call for 140 miles of heavy pipe, and this con- 
tract will probably be placed within a few days, 
all of which will be taken by mills in that end of the 
State. 

The undertone of the iron and steel industry is 
satisfactory in all other lines, and some weakness in 
prices which have prevailed for two months has been 
overcome in fractional advances. 








EvectricaL DEVELOPMENTS AT NEWCASTLE.—Refer- 
ence was made in ENGINEERING of September 23 to the 
additional transforming plant, and the new 20,000-volt 
sub-station, which has n installed at the Carville 
generating station of the Newcastle-upon-Tyne Electric 
Supply Company. In addition to this, there has been 
a considerable growth in the amount of generating 
plant in the station itself, which has been largely in- 
creased, in order to cope with the increasing demand 
for electric power in the district generally, and espe- 
cially in the collieries, most of which are either adopt- 
ing electric power or extending their electrical in- 
stallations, while others, which formerly produced their 
own electric power, are now taking a ‘‘stand-by” supply, 
or a ey supply, from the power company’s 
mains. The original installation at Carville consisted of 
three 3000-horse-power turbo-generators, but these have 
been replaced by 6000-horse-power machines, and even 
larger machines, of 6600 horse-power each, of Parsons’ 
make, have been added, so that the station altogether 
now has an output of over 50,000 horse-power. A re- 
organisation of the auxiliary plant has taken place in con- 
nection with these extensions, including the laying of a 
duplicate supply of condensing water from the Tyne, and 
the installation of a pump-house. This consists of a 
corrugated iron building resting on a concrete chamber 
72 ft. by 16 ft. by 30 ft. deep, in the pit of which are 
centrifugal pumps, which are thus drowned at all states 
of the tide. At one side of the pump-chamber is a canal, 
from which the pumps draw their water, and screens 
are placed so as to trap any refuse, while strums are 
also fixed in front of the penstocks for the same pur- 
pose. There are seven pumps installed, and space avail- 
able for two more. They are of the centrifugal type, 
by Messrs. Greenwood and Batley, while the motors 
driving them are three-phase 150-horse-power of the 
British Westinghouse make, and are each capable of de- 
livering 400,000 gallons of water per hour. The circu- 
lating water main is 48 in. in diameter. Since the original 
installation two new boiler-houses have beenadded. The 
old boiler-house contains ten Babcock and Wilcox boilers, 
while the two new boiler-houses each contain eight 
Stirling boilers, fitted with chain-grate stokers, fed with 
coal from overhead bunkers, each of the latter containing 
800 tons. Induced draught is used, the chimneys being 
of steel 14 ft. in diameter and 120 ft. high. In addition 
to the eight turbo generators referred to there are three 
Parsons Sane and five ‘‘Contraflo” condensing 
plants by Messrs. Richardsons, Westgarth, and Co. The 
alternators run at 1200 revolutions per minute and gene- 
rate three-phase current at 6000 volts and a periodicity 
of 40 cycles per second. Each of them supplies current 
to their own auxiliaries. The switch-gear is situated on 
the east side of the engine-room, occupying the whole of 
the wall. Originally it was controlled from the board 
situated in the engine-room, but now it is mainly con- 
trolled from a switch-room situated outside, which room 
is in telephonic connection with all parts of the system. 
The main switch-gear is by the British Thomson-Houston 
Company, while there is an auxiliary board, of 3000 
horse-power wer. constructed by Messrs. Reyrolle 
and Co., of Hebburn-upon-Tyne. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was firm, and 4000 tons of Cleveland 
warrants changed hands at 49s. 2d. cash, 493. 6d. one 
month, and 49s. 1ld. and 50s. three months. Clo-in 
sellers quoted 49s. 3d. casb, 49s. 6d. one month, a 
50s. 04d. three months. Hematite—500 tons—was done 
at 64s. 6d. three months, with buyers over at that figure, 
and at 63s. 9d. cash. The market was dead idle in the 
afternoon, and prices of Cleveland warrants were 
nominally steady at 49s. 24d. cash, 49s. 64d. one 
month, and 50s. . three months sellers. Hematite was 
firm at 65s. three months sellers. On Friday morning 
the market was very strong, but business was very quiet. 
Cleveland warrants—2500 tons—were dealt in at 49s. (id, 
cash, 49s. 84d. one month, and 50s. 4d. three months, 
The close was firm, with sellers at 49s. Gd. cash, 49s. ‘4d, 
one month, and 50s. 44d. three months. Hematite was 
ay my at 64s. 6d. buyers, and 65s. sellers three months. 
n the afternoon the tone was again firm, and the ten- 
dency was upward. The dealings consisted of 7000 tons 
of Cleveland warrants at 49s. 6d. cash, 49s. 64d. five days, 
49s. 94d. and 493s. 10$d. one month, and 50s. 44d. three 
months. Closing sellers quoted 49s. 7d. cash, 49s. 104d. 
one month, and 50s. = ree months. Sellers of hema- 
tite quoted 64s. 3d. cash, and 65s. three months, and there 
were buyers at 64s. 6d. three months. On Monday 
morning some activity was noticeable, and about 11,0U0 
tons of Cleveland warrants changed hands at 49s. 8d. and 
49s. 9d. cash, 49s. 10d. and 49s. 104d. seventeen days, 
49s. 11d., 50s. O4d., and 50s. one month, 50s. 3d. two 
months, and 50s. 6d. three months. Sellers’ closing 
quotations were 49s. 9d. cash and 50s. 74d. three months. 

ematite quotations were 3d. up all round. The upward 
movement made further progress in the afternoon, 
and Cleveland warrants were done at 49s. 10}d. cash, 
50s. and 50s. 2d. one month, and 50s. 74d. three 
months. The turnover was 3500 tons, and closing 
prices were 49s. 1ld. cash, 50s. 2d. one month, and 
50s. 9d. three months. On Tuesday morning Cleveland 
warrants were dull, and the businesssonly amounted 
to 1500 tons at 50s. O4d. cash, and 50s. 6d. three months. 
The closing quotations were down to 49s. 94d. cash, 
503. 1d. one month, and 50s. 7d. three months sellers. 
Hematite was active, and 2500 tons were done at 6ds. 14d. 
fourteen days, and 65s. 3d. and 65s. 4d. three months, 
and at the close cash buyersoffered 65s. In the afternoon 
Cleveland warrants were again easier, and only 500 
tons changed hands at 49s. 84d. cash, with closing sellers 
at 49s. 9d. cash, 50s. one month, and 50s. 7d. three months. 
Hematite was stronger, and 1000 tons were dealt in at 
653. 1d. six days and 66s. three months, with buyers over 
at the latter figure. When the market opened to-day 
(Wednesday) an easier tone prevailed, and the total busi- 
ness was 1500 tons of Cleveland warrants at 49s. 10d. cash 
and 49s. 9d. seven days. Closing sellers quoted 49s. 84d. 
cash, 50s. one month, and 50s. 64d, three months. Cash 
buyers of hematite offered 65s. 1d., butsellers wanted 65s, 6d. 
The afternoon session was weak in tone, and the turnover 
consisted of 3500 tons of Cleveland warrants at 49s. 8d. 
cash and 49s. 114d. and 49s. 11d. one month. Closing 
prices were 49s. 84d. cash, 4s. 114d. one month, and 
50s. 6d. three months sellers, with buyers quoting 1d. less 
in each case. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 62s. 6d.; Calder and Gart- 
sherrie, 63s.; Summerlee and Langloan, 64s.; and Colt- 
ness, 80s. (all shipped at Glasgow); Glengarnock (at 
Ardrossan), 6-41s. ; Shotts (at Leith), 63s.; and Carron (at 
Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia continues fairly strong, with quite a good 
inquiry. The current price is round 12/. 153. per ton 
for prompt delivery, Glasgow or Leith. 


Scotch Steel Trade.—Some activity was in evidence in 
the Scotch steel trade during the past few days, due to 
the prevailing feeling that an early settlement of the 
shipbuilding dispute was most probable, and consequently 
quite a lot of buying was recorded. Another reason put 
forward for the improved local demand was the fact that 
English makers ‘am recently advanced their prices by 5s. 
per ton, and it was thought that the Scotch makers would 
in all likelihood immediately do the same. This is exactly 
what has taken place, use at a meeting of the 
Scotch Steelmakers’ Association, held in Glasgow to- 
day (Wednesday), an all-round advance was made 
in the current quotations. The following are now the 
associated minimum selling prices : — Boiler - plates, 
7l. 12s. 6d. per ton ; ship-plates, 6/. 17s. 6d. per ton ; and 
angles, 6/. 10s. per ton ; all less 5 per cent. delivered 
Clyde area. In light material, thin plates and sheets, the 
demand has been very heavy during the past week, the 
chief buying countries being India, Australia, South 
Africa, and South America. One local firm is reported 
to have sold 2000 tons this week for South America. 
Structural material also shows an improved inquiry. 


Malleable-Iron Trade.—There has been no marked im- 

rovement in the malleable-iron trade of the West of 

sotland yet, but signs are not wanting of better times. 
Employment is only fair, but the brighter outlook, due to 
the prospective re-starting of the boilermakers on Monday 
next, raises the hope of more work for the bar-iron makers 
very soon. 

Scotch Pig-Iron Trade.—After a somewhat easier ten- 
dency in the Scotch pig-iron trade of late, the ordinary 
qualities became firmer towards the close of last week, 


|and many inquiries were received. New business was, 


however, on a limited scale, but, all the same, the 
makers are well employed executing contracts, and large 
deliveries are the order of the day. From the inclina- 
tion to shade prices to encourage business, producers 
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are firming their quotations, and few would be surprised 
to see these advanced in the near future. There has been 
a better demand for hematite iron during the past few 
days, and a fair amount of business has been put through. 
Prices are firm. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Coal Returns.—The tonnage of coal sent from 
South Yorkshire to Hull during the pasc nine months 
shows a phenomenal increase. | rds have repeatedly 
been set up, and though this September’s figure is 
below that of the same month a year ago, the total re- 
ceived at Hull during the year, so far, is absvlutely 
unprecedented, exceeding five million tons. The increase 
is something like two million tons in ten years. The 
September tonnage is 535,312 tons, against 615,120 tons in 
September, 1909, but the comparative totals for the nine 
months are 5,120,768 tons and 4,448,144 tons respectively 
—an increase of 672,628 tons. Coastwise exports show an 
increase, and there is also a satisfactory growth in the 
foreign exports. The best customers have been Russia, 
Germany, and Holland, the last two taking almost equal 
quantities, and all three showing an expansion. Denaby 
and Cadeby continue to occupy first place among pits for 
output, their total for the month being 92,816 tons, and 
for the nine months 805,008 tons. 


A Passing Shadow.—Another disturbance amongst the 
moulders was threatened last week, coming close upon 
the heels of the settlement arrived at in regard to the 
wages question. Two men were discharged at an East End 
works on the ground that they were not doing sufficient 
work, and the job upon which they were engaged was 
sent toanother establishment in the city belonging to the 
same firm. Here seven men refused to go on with it, and 
left, demanding the reinstatement of the other two. The 
men’s society, after considering the matter, did not sup- 
port their members’ action, and the men were instructed 
to return to work, the demand for reinstatement being at 
the same time withdrawn. 


South Yorkshire Coal Trade.—Some accumulation of 
stocks at collieries is an indication that the shippin 
season is getting over, and the quantity of hard coa 
being sent to the Humber ports shows an a 
decrease. Prices are correspondingly affected. Manu- 
facturing hards, however, are going well, and there have 
been many inquiries in regard to fresh supplies. Several 
forward contracts have been entered into at existing 
prices. The settlement of the cotton dispute is having a 
tangible effect on the general position, which was felt at 
the last meeting of the local exchange. The outlook for 
small coal has, at any rate, been brightened in conse- 
quence. Gas-coal isselling satisfactorily. A good supply 
of coke is being pretty well taken up. Most of the 
house-coal pits are in good working. The demand is 
growing, though, of course, still considerably below 
winter strength. The increase, however, is sufficient to 
maintain for the most part, the recent advances. This 
description of the position in house-coal applies more 
varticularly to the best qualities. Seconds are only quiet. 
cones ‘Change quotations: — Best Barnsley, 12s. to 
12s. 6d.; silkstones, 9s. 6d. to 10s. 6d.; Derbyshire hards, 
&s,. 8d. to 9s. 3d.; slacks, 5s. 6d. to 6s. 3d.; seconds, 3s. to 
4; 3d.; smalls, 1s. to 2s. 3d. per ton. 
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Tron and Stecl.—In spite of an all-round slackness, the 
iron market is not any weaker. Prices are not likely to 
go lower. Buyers have been holding off for a long time 
in expectation of easier terms, but any further waiting 
now is all to the advantage of the seller, and makers are 
not by any means anxious to accept forward contracts at 
ruling rates. On the other hand, billets and steel sections 
have shown an advance in price. Good business con- 
tinues to be done in bars. It is safe to assume that the 
settling of the cotton dispute is having a strengthenin 
influence on the market. The situation in the heavy stee 
trades is practically unaltered, the armament orders being 
responsible for a steady volume of work. Railway material 
shows no brightening, and there is a lamentable lack of 
new business in the general engineering branches. There 


are disquieting rumours from the United States in regard 
to the demand overthere forspecial steels. Whilst ordering 
is still very good in comparison with twelve months ago, 
the increases noted earlier in the year are not being kept 
up. Prices, too, in some instances, are unsatisfactory. 


File-makers are not doing very well just now, largely on 
account of the depression in engineering. Hdge-tool 
makers are well employed, those dealing in agricultural 
implements being busy on stock for next season, the ex- 
ceptional trade of the past months having taken up all 
their output. There is brisk exporting to Russia in order 
to take the fullest advantage of the time left before the 
duty is re-imposed. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—A decided change for the 
better has been noticeable this week. Buyers have come 
forward freely, and values have advanced, but prices 
have now eased again. At the same time a feeling of 
confidence exists, and this is emphasised by the fact that 
forward quotations are higher than those ruling for early 
delivery. The output of both Cleveland and hematite 
Pig Iron continues in excess of requirements, but an 
opinion prevails that ere long stocks will have to be 
Crawn upon to satisfy current needs. A few parcels of 
0. 5 g.m.b, Cleveland pig have this week been sold at 
vs. f.0.b., but the price has eased again to 49s. 9d. ; 
whilst No. 1, which is very scarce, is 53s. 3d.; No. 4 
foundry, 485. 9d.; No. 4 forge, 48s. 6d.; and mottled and 





white iron, each 48s.—all for early delivery-; inquiries on 
forward account eliciting 6d. and upward above the 
foregoing quotations. East Coast hematite pig is at length 
moving upward, but sale is still slow, notwithstandin 
improvementin consuming departments. Nos. 1, 2, and 
now stand at 63s. Considerable sales of foreign ore have 

m made, and prices are advancing. Market rates are 
now based on 20s. 6d. ex-ship Tees for Rubio of 50 per 
cent. quality. That price is for delivery this year. A 
contract over the first half of next year has been made at 
21s. 3d. for best Rubio. Coke is in good demand for local 
consumption, and average blast-furnace qualities are 16s. 
deli, ered here. 


Manufactured Iron and Steel.—Producers of nearly all 
descriptions of manufactured iron and steel are well off 
for orders, and the output for the remainder of the year 
promises to be on a good scale. Values of iron and steel 
plates and steel oaaien have gone up, and the advance is 
expected to be followed by a rise in other descriptions at a 
very early date. Large orders for shipbuilding materials 
have recently been placed, and extensive inquiries are 
still being made. Bars are strong, and may be advanced 
at any time. Sheet-manufacturers have excellent order- 
books. The following are the principal market rates :— 
Common iron bars, 7/.; best bars, 7/. 7s. 6d. ; best best 
bars, 7/. 15s. ; packing iron, 5/. 15s. ; iron and steel ship- 
plates, 6/. 15s.; iron ship-angles, 7/.; steel ship-angles, 
61. 7s. 6d. ; ship-rivets, 7l. 7s. 6d. ; iron and steel boiler- 
plates, 7/. 10s.; steel strip, 67. 10s.; steel hoops, 6/. 12s. 6d. ; 
steel joists, 6/. 2s. 6d.; cast-iron railway chairs, 3/. 10s. ; 
light iron rails, 6/. 10s. ; heavy steel rails, 5/. 10s. ; steel 
railway sleepers, 6/. 12s. 6d.; and iron and steel galvanised 
corrugated sheets, 24-gauge, in bundles, stand at 11/. 10s., 
sheets less 4 per cent. f.o.b., railway material net, and 
all other descriptions less 24 per cent, discount. 


Trade Statistics.—The quarterly returns of the Middles- 
brough Chamber of Commerce reveal, on the whole, a 
fairly satisfactory state of affairs for the three months 
ending September 30 last. The output of pig iron during 
the third quarter of the year is given at 575,000 tons, 
380,000 tons of which was Cleveland pig iron, and 195,000 
tons of hematite, Spiegel, basic, and other special irons. 
For the previous three months the total 
pig was 570,000 tons, 370,000 tons being Cleveland and 
200,000 tons hematite, &c.,, and for the third quarter of 
last year the make was 530,000 tons, 345,000 tons of which 
was Cleveland, and 185,000 tons hematite, &c. The imports 
of foreign ore into Middlesbrough during last quarter 
reached 498,151 tons, as compared with 558,748 tons dur- 
ing the previous quarter, and 517,547 tons during the 
third quarter of 1909. The total value of goods other 
than coal and coke exported to foreign and colonial desti- 
nations from Middlesbrough during the third quarter of 
the year was 1,735,020/., or 459,9487. less than for the 
corresponding period a year ago. The returns show that 
amongst the vessels built by Messrs. Smiths Dock Com- 
pany, Limited, were two tugs and four lighters, which 
were afterwards taken to pieces for shipment abroad. 


Civdland Miners’ Wages.—A meeting of the Cleveland 
Ironstone Mine-Owners was held this week to discuss 
with the representatives of the miners the wages to be 
paid for the last quarter of the year. The mine-owners 
claimed a reduction of 1} per cent., but this was resisted 
by the men’s representatives, who, however, undertook 
to place the suggestion before the men. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam coal trade has been in a somewhat 
irregular condition ; a large number of colliers have re- 
sumed work, but some pits are still idle. The best large 
steam coal has made 16s. 6d. to 17s. per ton, while secon- 
dary qualities have ranged between 15s. and 16s. per ton. 
The best bunker smalls have realised 8s. 9d. to 9s. per 
ton ; and cargo smalls, 6s. 9d. to 7s. 6d. per ton. The 
house coal trade has been generally firm ; the best_ordi- 
nary qualities have made 14s. 6d. to 16s. per ton. No. 3 
Rhondda large has brought 17s. to 17s. 3d.; smalls, 9s. 6d. 
to 9s. 9d. per ton. No. 2 Rhondda large has been quoted 
at lls. 3d. to 11s. 6d.; smalls, 7s. to 7s. 3d. per ton. 
Foundry coke has realised 18s. to 20s., and furnace ditto, 
16s. 9d. to 17s. 3d. per ton. As regards iron ore, Rubio 
has brought 19s. 3d. to 19s. 9d. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 


Germans at Swansea.—A German syndicate has secured 
a lease of land at Swansea Docks for the erection of 
patent-fuel works. 


Bridging the Severn.—The Monmouth Town Council, on 
Tuesday, instructed the Clerk to write to the Gloucester- 
shire County Council, suggesting that a bridge over the 
Severn from Beachley Point to Austcliffe would be prefer- 
able to one from Newnham to Arlingham, which it was 
understood the Gloucestershire Council is advocating. 


More Welsh Coal.—At the new Oakdale collieries, near 
Blackwood, owned by the Tredegar Iron and Coal Com- 
pany, Limited, a seam of coal 5 ft. 8 in. in thickness was 
struck at a depth of 670 yards on Friday. The seam is 
believed to be the well-known Black Vein. 


South Wales Coal.—The exports of coal from the six 
principal Welsh ports in the nine months ending Sep- 
tember 30 were :—Cardiff — foreign, 12,813,657 tons ; 
coastwise, 2,213,619 tons; total, 15,027,276 tons. New- 
port—foreign, 2,823,003 tons; coastwise, 565,160 tons ; 
total, 3,388,163 tons. Swansea—foreign, 2,020,181 tons ; 
coastwise, 233,604 tons ; total, 2,253,785 tons. Port Tal- 
bot—foreign, 1,094,770 tons; coastwise, 127,066 tons ; 
total, 1,221,836 tons. Neath—foreign, 108,571 tons; 
coastwise (estimated), 167,447 tons; total 276,018 tons. 
Llanelly—foreign, 145,953 tons ; coastwise, 37,877 tons ; 
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total, 183,830 tons. The general shipments for the nine 
months were, accordingly — foreign, 18,006,135 tons; 
coastwise, 3,344,773 tons ; total, 21,350,908 tons. 


The Great Western Railway at Bristol.—Within the 
past few months locomotive sheds have been completed 
on St. Philip’s Marsh, Bristol, and goods engines have 
been removed to them. Now the engineering de . 
ment at Paddington thinks of extending the new sheds, 
and pemeving pauenger engines to them also. But no 
decision has been arrived at at present. 


Welsh Railway Traffic.—Welsh railway traffic has left 
something to be desired this half-year in some cases. The 
earnings of the Barry Company have declined to 191,072U., 
as compared with 204,620/. Those of the Rhymney Com- 
pany have remained about stationary, coming out at 
88,626/., as compared with 87,818/. The Rhondda and 
Swansea Bay reports a collection of 32,832/., as compared 
with 31,6707. The Taff Vale has acquired 256,074/., as 
compared with 247,259/. 





Lonpon AND SoutH-WesterRN Rattway Company's 
Tursinge SreamMer.—The turbine s.s. Ceesarea, built by 
Messrs. Cammell Laird and Co., to the order of the 
London and South-Western Railway Company, carried 
out her official speed trial in a very successful manner in 
Liverpool Bay, on September 14, the mean of runs over 
a course between the Bar and the North-West Lightships 
showing a speed of 204 knots. Afterrunning on the mea- 
sured course the vessel p’ ed on a six-hour full-speed 
run. The Cesarea has been built in conformity with the 
Board of Trade regulations, and equal to Lloyd's require- 
ments, and is 296 ft. long over all, 39 ft. broad, and 
16 ft. 6 in. deep to main deck. She has accommodation 
for 186 first-class passengers, 114 second-class, and a crew 
of 48. The propelling machinery, supplied by Messrs. 
Cammell Laird and bo, consists of two double-ended 
marine boilers and a set of Parsons turbines, driving three 
shafts, all constructed at the builders’ works. Professor 
J. H. Biles, of Glasgow University, was responsible for 
the ship in the interests of the re and South-Western 
ilway Company. 





Recent Wastr-Heat DevELopmMENtTS.—There are now 
no less:than five large electrical generating-stations on the 
North-East Coast in which waste heat is being utilised 
for the supply of electrical energy, with a total capacity 
of over 25,000 horse-power. Some of these stations are 
making use of coke-oven gas from retort coke-ovens, the 
principal examples of which are to be found at Blaydon- 
upon-Tyne and Spennymoor, and Crook in County 
Durham. Others make use of the exhaust steam from 
winding-engines and blowing-engines, while others are 
considering the use of blast-furnace gas direct, either in 
gas-engines or for raising steam under boilers of the water- 
tube type. The extension of the various systems of 
mains belonging to the electric-power companies in this 
district, and the increase in the demands of their con- 
sumers, have rendered it possible for them to take from 
the waste-heat owners all the power which the latter can 
supply, and this co-operative arrangement is being in- 
creasingly adopted. From the power companies’ point 
of view it has the advantage of enabling them to obtain 
power more cheaply than they can generate it in coal- 
fired stations. From the coal-owners’ or iron-masters’ 
point of view it has the advantage of not only enablin 
them to obtain revenue from what was hitherto wasted, 
but it also gives them an unlimited supply of power 

uite independent of the operation of the machinery in 
their own works; whether the latter be shut down or 
running, they have at all timesavailable a supply of power 
from the network of the power companies, which is fed 
by seven or eight different generating-stations. Con- 
siderable extensions have taken place to several of these 
power-stations recently, and one of the most interesting of 
these is that of the Newport iron works of Sir Bernhard 
Samuelson and Co., Limited, in conjunction with the 
Cleveland and Durham Electric Power Company. The 
an installation consisted of two 1650-horse-power 
turbo-alternators, driven by exhaust steam from the 
blowing-engines.. Before passing into the turbine the 
temperature of the steam is raised in a superheater, 
fired with blast-furnace gas—another method of utilising 
the waste heat. In addition to the exhaust-steam 
turbines there is a 700 - horse - power turbo - alternator 
built by the Brush Company, which is fed with high- 
pressure steam from the adjacent boilers belonging to the 
works, and is arranged to exhaust into the condenser 
attached to one of the low-pressure turbines. The alter- 
pators are of the British Westinghouse make, and run at 
2400 revolutions per minute, and generate electricity at 
3000 volts, 40 apelee per second, The switch-gear is of 
the Electrical Company’s make, oil break type, each 
switch being installed in a separate concrete compart- 
ment. The recent extensions consist of two additional 
1650-horse-power three-phase 3000-volt turbo-alternators, 
the turbines being of the double-flow reaction type. 
Centrifugal governors are fitted and arrangements are 
made in case of the speed rising too high to close the 
er sae ey and also to admit air to the condenser. 

estinghouse-Leblanc type air-pumps are used, which 
maintain a vacuum of over {6 per cent. Important exten- 
sions have also been made to the waste-heat station of 
Messrs. Pease and Partners at Crook, consisting of two 
2000-horse-power turbo-generators with the necessary con- 
densing plant, switch-gear, and transformers. The — 

wer is being utilised by the Newcastle-upon-Tyne 
Electric Supply Company to meet the growing demand 
in the collieries. The same firm is about to erect another 
large waste-heat station, utilising plant of several thousand 





horse-power in the vicinity. 
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MACHINE-TOOLS AT THE BRUSSELS 


ENGINEERS, HALIFAX. 


CONSTRUCTED 


BY MESSRS. J, BUTLER AND CO., 


EXHIBITION. 
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Figs. 1 anp 2. 


10-In.-STROKE SLotTTiNG-MACHINE. 
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We give above two views of the 10-in.-stroke 
slotting-machine and of the bar-cutting-off machine 
which form part of the display made by Messrs. J. 
Butler and Co., Halifax, at the Brussels Exhibition. 
The firm manufacture a series of slotting-machines of 
the type shown in Figs. 1 and 2, having a stroke of 
from 8 in. to 26 in. Each machine is operated by 
a slotted link placed inside the trunk and driven 
from heavy driving-wheels, which impart to it its 
oscillating motion. A counterweight suspended by a 
leather belt running over carrier pulleys, and also 


Figs. 3 anp 4, Bar-Currinc-Orr Macuine. 


placed inside the trunk of the machine, serves to 
balance the tool-ram. The tool-head is provided 
with a relieving action. Feed is effected by a cam 
on one of the main driving-wheels. The round table 
can be traversed longitudinally and transversely, as 
well as rotated. The machine we illustrate is driven 
by a belt pulley from a 74-brake-horse-power variable- 
speed motor carried at the back, as shown. The 
a machine illustrated in Figs. 3 and 4 
can take bars up to 8}in. in diameter, the cutting 
being effected by a straight parting tool which is 








Fig. 4. 


made to revolve round the bar ; the latter is gt ipped 
in astrong vice during the cutting operation. It — 
only 12 minutes to cut through an 8}-in. bar, bot 
ends being almost perfectly square. The tool-! — 
is carried on the front of a revolving disc, th ue 
which the bar passes, the tool being automaticaly 
fed towards the centre. The tool is lubricate’ by 
a small pump. As shown in Fig. 4, the machine 1s 
driven by a variable-speed electric motor ; It can "te 
be driven by a belt having a two-speed attachme! 

can also deal with square bars and sections, 
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PATTERN-PLATES AND MACHINE-MOULDED CASTINGS: BONVILLAIN 
AND RONCERAY’S SYSTEM. 


CONSTRUCTED BY MESSRS. GREENWOOD AND BATLEY, LIMITED, ENGINEERS, LEEDS. 


(For Description, see Page 533.) 





Fic. 1, Reverstpte PatrerRn-PLatTe AND CLicHé TABLE FoR SMALL CasTINGs. 








Fic. 2. ReversisLte Patrern-Piate aNp Moror-BicycLe CYLINDERS. Fig. 3. Casting ror Moror-Gear Castine. 








Fic. 4, Paster Preparation ror Moror-Casinc Patrern-PLate. Fic. 5. Dovuste Parrern-Piate vor Moror-Casine. 











(To Page 532.) 








PLATE L. 


MOULDING-MACHINES AND APPLIANCES; BONVILLAIN AND 
RONCERAY’S SYSTEM. 


CONSTRUCTED BY MESSRS. GREENWOOD AND BATLEY, LIMITED, ENGINEERS, LEEDS. 
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(For Description, see Page 533.) 














REVERSIBLE PaTreRN-PLATE AND PEepEsTAL CASTINGS. 
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Fic. 8. Hanp-Lever Movutpine-Macuine. 


























3. 9. Rorary Hyprautic Mountpine-MacHIneE IN First Fig. 10. Rotary Hypravutic Movutpinc-Macuine IN REVERSED 
Pos!TI0Nn. PosITION. 
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MOULDING-MACHINES AND APPLIANCES; BONVILLAIN AND 
RONCERAY’S SYSTEM. 


CONSTRUCTED BY MESSRS. GREENWOOD AND BATLEY, LIMITED, ENGINEERS, LEEDSs. 


(For Description, see Page 533.) 
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ROTARY HYDRAULIC MOULDING-MACHINE; BONVILLAIN AND 
RONCERAY'S SYSTEM. 


CONSTRUCTED BY MESSRS. GREENWOOD AND BATLEY, LIMITED, ENGINEERS, LEEDS. 
(For Description, see Page 533.) 
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Fig.{7. SECTIONAL PLAN A.B. 












































Oct. 14, 1910. ] 


ENGINEERING. 








539 








AGENTS FOR “ENGINEERING.” 


AUSTRALIA oh ene and Gotch, Melbourne ; Sydney ; Brisbane ; 


Turner and Henderson, Sydney, N.S. W. 

T. Willmett and Co., Townsville, North Queensland. 
W. ©. Rigby, Adelaide, South Australia. 

Melville and Mullen, Melbourne, Victoria. 

Avsrria, Vienna: Lehmann and Wentzel, Kirntnerstrasse. 

BeLerwm: E. F. Satchell, 2, Rue dé la Bourse, Brussels. 

Canapa, Toronto, Ont.: Wm. Dawson & Sons, Manning Chambers. 

EprngsureH : John Menzies and Co., 12, Hanover-street. 

France, Paris: Boyveau and Cheyillet, 22, Rue de la Banque. For 
Subscriptions and Advertisements, Librairie B. Tignol, 
53bis Quai des Grands-Augustins, Paris. Also for Adver- 
tisements, Agence Havas, 8, Place de la Bourse. 

Germany, Berlin: A. Asher and Co., 13, Unter den Linden. 
Frankfurt-am-Main : For Advertisements, G. L. Daube & Co. 
me aE F. A. Brockhaus. 

Mulhouse: H. Stuckelberger. 

Giaseow : William Love. 

Inp1A, Calcutta : Thacker, Spink, and Co. 

mbay : ker and Co., Limited. 

IraLy : U. Hoepli, M , and any —— 

LiverPoot : Mrs. Taylor, Landing Stages. 

MANCHESTER : John Heywood, 143, Deansgate. 

New ZEALAND : Gordon and Gotch Proprietary, Limited, Welling- 
ton, Auckland, and Christchurch. 

Norway, Christiania: Cammermeyer’s Boghandel, Carl Johans 

ade, 41 and 43. 

RorrerpaM: H, A. Kramer and Son. 

South Arrica: Central News Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban, and their various branches and 
bookstalls throughout South Africa. Also Cape Town : 
Wm. Dawson and Sons, 31, Long-street. 

ee Gordon and Gotch Proprietary, Limited, Launceston ; 


C) 

Unitap States, New York: W. H. Wiley, 43, East 19th-street. 
Chicago : H. V. Holmes, 957-958, Monadnock Block. Sole 
Agents for Advertisements in the United States :— Morse 
International Agency, 19, West 34th-street, New York. 


ADVERTISEMENT RATES. 


The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
averages seven words, Payment must accompany all orders 
for single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside pages may be obtained on application. The pages 
are 12 in. deep and 9 in. wide, divisible into four columns of 2} in. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertjon in the cur- 
rent week’s issue must be delivered not later than 
5p.m.on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” can be supplied direct from the Publishers 
post free, for twelve months, at the following rates, payable in 








advance— 
For the United Kingdom............ ma 6S 6S 
For Canada— 
Thin paper copies .......... £1 11 6 ($7.65) 
Thick ie La akan nel £1 16 O ($8.75) 
For all other places abroad— 
Thin paper copies .......... £1 16 0 
ick “ie ee £2 0 6 


When — subscriptions are sent by Post-Office Orders, 
advice should be sent to the Publisher. 

Foreign and Colonial subscribers receiving incomplete copies 
through newsagents are requested to communicate the fact to the 
Publisher, together with the agent’s name and address. 

All accounts are payable to ‘*‘ ENGINEERING,” LIMITED. 
Cheques should be crossed ‘‘ Union of London and Smith's Bank, 
Limited, Charing Cross Branch.” Post-Office Orders should be 
made payable at Bedford-street, Strand, W.C. 


Offices for Publication and Advertisements, 
35 and 36, Bedford-street, Strand, London, W.C. 


TeLecraruic Appress—** ENGINEERING,” LONDON. 
TELEPHONE NuMbER—3663 GERRARD. 


CONTENTS. 


PAG¢ 

The Erie Canal—No. V..... 523 
Tne stability of Fiying- 
SOND tins te-cxre: cas 
The Vulcan Company’s New 
Yard at Hamburg (/llus- 


PAGE 
fown-Planning... ........ 589 
The Vhilosophic and Com- 
mercial Aspects of the 
nt Perro es 
Labour Exchangesin France 541 
sithaaaye ~< PO 525| The late Mr. ©. T. Porter 
The British Association (With Portrait)........ 
at Shetfield.............. 528| West Riding Rivers; 1904- 
High-Speed Hot - Billet oe ee 
Shears (/llustrated)...... 529| Notes .. ...........eee0ee 
High - Capacity Self - Dis- Lloyd’s Register of Ship- 
charging Wagon (lilus.).. 
Sugar Vacuum-Pan at the 
iirussels Exhibition (JI- 
one... see 
Industrial Notes ......... 
Bonvillain and Ronceray’s 
Universal Machine-Mould. 
ing System (Illustrated)... § 
Notes from the United 
eas ne ae: 


524 


542 


See 
* The Strength of Guns and 
r= 546 
The Diesel Engine ........ 
The “* Beaver ” Self-Adjust- 
ing Stock and Dies (JI- 
eae 
Gravity Self-Raising Rollers 
for Maps, Theatre-Cur- 
536; tains, &c. (Illustrated) .. & 
536 | Theory of Hardening Carbon 
‘ 


Notes from Cleveland and | Catalogu BES. 
_ the Northern Counties .. 537) The German Steel Union .. 
Notes from the South-West 537) Foreign Engineering Pro- 


Machine - Tools at the BR Fie eeete-.oee 2 
Brussels Exhibition (Jl- _ | ENGINEERING Patent Record 
lustrated) .............. 588|| (Uustrated) ............ 558 


With a Two-Page Plate of the VULCAN COMPANY'S NEW 
WORKS AT HAMBURG—THE POWER-STATION; and 
Four One-Page Plates of MOULDING-MACHINES AND 


APPLIANCES, BONVILLAIN AND RONCERAY’S 
SYSTEM, 





NOTICES OF MEETINGS. 


Tue INSTITUTION OF MINING AND MerTaLLuRGy. — Wednesday, 
October 19, at 8 p.m., at the Institution of Mechanical Engineers, 
Storey’s Gate, Westminster, 8.W. The following papers will be 
discussed :—‘* Notes on Passagem Mine and Works” (the Ouro 
Preto Gold-Mines of Brazil, Limited), by Mr. Arthur J. Bensusan, 


Member. ‘‘Treatment of Refractory w-Grade Gold Ores at 
the Ouro Preto Gold-Mine, Brazil,” by Mr. R. H. Kendall, 
Member (to be illustrated by lantern-slides). ‘‘A Method of 


Collecting Gold from Pannings, by Mr. J. Egerton Wood, Member. 

Tus INSTITUTION OF MECHANICAL ENoinegRs.—Friday, October 21, 
at 8 p.m. Paper to be read and discussed :—‘‘ The Standardisation 
3 a in India, 1910,” by Mr. Cyril Hitchcock, Member, 
of London. 


Reapine - Cases.—Reading-cases which will hold twenty - six 
numbers of ‘‘ ENGINEERING ” may be had of the Publisher or of any 
newsagent. Price 6s. each. 


ENGINEERING. 


FRIDAY, OCTOBER 14, 1910. 


TOWN-PLANNING. 


Unper most favourable auspices an important 
conference on Town-Planning has been in pro- 
gress in London during the week. This conference 
has been organised by the Royal Institute of British 
Architects, and the effort has, we think, proved 
fully equal to the best traditions of that body. 
Although not strictly within our province, since 
town-planning is, in the best sense of the words, a 
matter of general interest, we may be allowed to 
record a few comments on the movement. 

From the almost bewilderingly large collection 
of drawings now hanging on the walls of Burlington 
House, it is evident that town-planners may be 
roughly classified as interested in two special lines 
of work. Those in the one concentrate their effort 
on the embellishment, reformation, and glorifica- 
tion of existing towns ; while the member of the 
other applies himself to the more domestic needs 
of the people. Although the latter class is, as time 
goes, of comparatively recent origin and restricted 
to nations of Occidental culture, there is nothing 
modern about the former. This class is merely a 
function of the modern development of a move- 
ment, sometimes oscillating towards the utilitarian 
and sometimes towards the spectacular, which has 
been afoot almost since the dawn of time. 

It is the ambition of the modern aspirant to dis- 
tinction in this class to produce some comprehen- 
sive scheme working from a grand central point, 
or a series of interconnnected centres. This idea 
is nearly, if not quite, as old as the hills. Prob- 
ably the earliest planning conference of which the 
minutes are extant was one held ‘‘in a plain in 
the land of Shinar,” at which the chief resolution 
took the form of the words ‘‘ Go to, let us build us 
a city and a tower. .. .” Now the very purpose 
of this tower required that it should be easily 
accessible from all parts of the city, so that it may 
be assumed that roads were intended to radiate 
from it in all directions. Here evidently was a 
_— dominated by a central feature, and thus 
the prototype of many of the suggestions of the 
present day. Success, however, did not attend 
this early democratic movement, and thereafter, 
until comparatively recently, town-planning as a 
popular movement was dormant. The work itself, 
however, was not arrested, but became, instead of 
a popular movement, the interest of a few. 

Witness is borne to successful attempts of 
town-planning on a greater or lesser scale in all 
parts of the world—the magnificent conceptions 
of great minds often carried out in so thorough 
a manner that they still remain objects of ad- 
miration to this day. The treasures of the 
Grecian and Roman empires stand, perhaps, 
highest in the scale, and form the relics of schemes 


;| of treatment which, account being taken of the 


conditions prevailing at the period of their evolu- 
tion, were probably unsurpassable. The prodigious 
ideas of Ancient Egypt are never-ceasing wonders. 
Nor are examples confined tosuch lands. They have 
had place in all countries in which civilisation has 
won a foothold. Although the Oriental treatment 
is asa rule approached from a different standpoint, 
and the result is therefore radically different to the 
Occidental, some of the Eastern examples are 
magnificent in their way. In the remains of 
Fatehpur Sikri, the great creation of Akbar, whose 
desire it was to make it a capital worthy the pomp of 
his court, there are lordly conceptions which few 
men would attempt to put into execution. The 
happy treatment of the fort at Agra, and the sur- 





roundings of the Taj Mahal, or the dominance 
of the mosque of Aurungzeb at Benares, are all 
successes in their way. China similarly has its 
instances, while Japan could at different periods 
boast of cities of great splendour, practically 
planned and built in the short lives of individual 
patrons. For example, Kamakura, built by the 
great Shogun Yoritomo, was as famous for its 
magnificence as Osaka, developed at a later date 
by the national hero, Hideyoshi, was noted for 
its size and for its great buildings. But with 
the passage of time, and the rise and wane of 
dynasties, such cities, originated or even wholly 
built at the fancy of dictators, have either com- 
pletely changed in character or gone the way of 
their great founders. The stateliness of Egypt is 
buried in a shroud of sand and débris. The glories 
of Babylon and Nineveh are departed. The palaces 
of India are deserted. The imposing splendour of 
the court of Akbar was, for some reason never 
known, withdrawn from the new city on which he 
had lavished so much wealth of thought, even 
during the lifetime of its founder, and now the place 
is as silent as his noble mausoleum at Sikundra. Of 
the pride of Kamakura little remains but a few 
avenues and the famous Daibutsu, while the pride 
of Osaka is now the possession of the largest crop 
of factory chimneys that it is possible to find in any 
Oriental country. 

But while many famous efforts are now relegated 
to obscurity, the spirit still persists. Though not 
emanating from the lordly oppressor, or the occa- 
sional benevolent despot, scheming on a vast scale 
is still a favourite occupation. The reformation of 
existing cities proves as. attractive to architects 
as the planning of new ones, and opens up so 
vast a field that scarcely any limit need be set 
to the imagination. It is quite a simple matter 
to replan, say, the whole of London on a drawing- 
board, to rub out congested areas with an eraser, 
and in their place ink in wide thoroughfares 
bordered by imposing piles of buildings. It is easy 
enough to dream of imposing vistas, or to let the 
fancy play at rearranging parks and water-fronts. 
Such exercises are interesting, but by no means 
novel ; London itself has produced them times 
without number. Wren’s suggestions in this direc- 
tion are well known, while the elaborately conceived 
plans of Sir John Soane for the embellishment of 
the Metropolis are still preserved in the museum 
of Lincoln’s Inn Fields. Soane’s schemes, however, 
went the way of many another before and since, 
and for the same reason. Town re-planning is very 
much a matter of expense, and the utilitarian view 
of any proposal has perforce to be given due con- 
sideration. It was no difficult matter in ancient 
times to issue an edict ordering, if need be, the 
ruthless destruction of whole quarters of a city if 
such stood in the way of improvements on which 
some overlord had set his heart. To-day it is dif- 
ferent. The displacement of the population has to 
be considered, while the whole scheme must be 
arranged with due regard to the ownership of pro- 
perty. Examples are not lacking of improvements 
becoming in the end burdens, and of errors of 
judgment of this kind committed by important 
bodies. 

In the matter of'city reformation there appear to 
be two schools at work. One man will be bent on 
obtaining broad, straight roads, and for this purpose 
will, in his dreamy enthusiasm, carve a way (on 
his drawing-board) through built-up areas, regard- 
less of expense, with the sole object of obtaining a 
‘*fine vista,” ending in some monumental archi- 
tectural masterpiece. Another is equally insis- 
tent on the preservation of ancient monuments, 
and is of the opinion that these are never obstruc- 
tions to development, save in the minds of those 
who make them so. Professor Baldwin Brown 
terms the schemes of the first ‘*clean slate and 
paper projects,” and believes that historic monu- 
ments should be made the centre point, and that 
schemes should be developed round them. Here, 
of course, we are face to face with the debatable 
point as to what is an historic monument. Big 
cities may be in a position to secure expert opinion 
on such a point as this, but what will the smaller 
townsdo? There is no central authority to judge, 
and the local civic administrators, worthy men 
though they may be, have, in most cases, not the 
least conception of archzeological values, any more 
than they have of artistic merit. Presumably, it 
was to help such as these that Mr. Leonard Stokes, 
President of the Royal Institution of British 
Architects, in the course of the last few days, put 
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in a plea for the benign despot who should say : 
‘‘This thing is wanted, and shall be done,” and 
‘‘That thing will become necessary before long, 
and must be provided for.” The individual has been 
largely responsible for all the famous schemes in the 
past; now we suffer from the meddling of many and 
untrained minds. In olden times the schemers were 
often the overlords themselves—men of big ideas. 
Now such work is left to the decision of popular 
tradesmen. Formerly the ‘‘yea” and ‘‘nay” of the 
planner were absolute, but who shall find a censor 
fit to cope with modern needs. Yet some such 
authority is needed to step in where, through lack 
of knowledge and taste, towns are being made 
hideous in the so-called interests of the community. 

The longing for a lengthy vista often overrides, 
in the plans of the enthusiast, considerations that 
should rightly have great weight. It runs frequently 
the risk of itself being overdone. Here in London, 
which is so often made the subject of improvement 
schemes, our city atmosphere is not favourable to 
magnificent distances. A little distance goes a long 
way here, and while wide roads are estimable in 
nearly every sense, the conventional idea of the 
artist or architect absorbed in the creations of his 
drawing-board may be very different to the prac- 
tical view of what in this case is actually the ‘‘ man 
in the strect.” A straight road may lose its beauty 
if too long, while, equally, no objection can be taken 
to a change of direction if it be well handled. Ifa 
bend be struck on a large radius it is termed a 
‘* fine sweep,” and promptly accepted by the most 
fastidious as one of the best things for effect. It 
may be, and often is, of course, advanced that the 
straight road is also the best because it is the 
shortest between two given points. But this is 
only true if the two points happen to be on the 
road in question. As everybody knows, the towns 
in the United States are laid out in rectangular 
blocks without, as a rule, diagonal streets. The 
idea is simplicity itself. Nothing is easier than 
to carry directions in one’s head :—‘‘ So many blocks 
straight on and then so many to the right or left.” 
But there are no short cuts ; two sides of a triangle 
have always to be negotiated, and hence the fre- 
quent employment of the street car, up or down 
town, with its transfer ticket to the cross-town 
service, for distances we should be ashamed to 
travel except on our feet. 

The United States boasts at the present time of 
a school of civic design whose spectacular treat- 
ment of vast subjects is on a scale comparable only 
to the size of the country. There is no hesitation 
here about thorough reformation, and schemes for 
the complete transformation of cities are not 
uncommon. On the walls of Burlington House 
there are at the present time to be seen drawings, 
from America, of subjects treated both in actual 
design and draughtsmanship on this huge scale. As 
works of skill in both these directions these draw- 
ings are quite impressive, especially effective being 
the coloured drawings of Mr. Jules Guerin. 
Here, Chicago as it should be lies stretched at our 
feet, with magnificent avenues and streets, a superb 
park-like water front, with sweeping arms thrust 
out into the lake to form the harbour. This scale of 
treatment is, it must be admitted, not to be wondered 
at in a country where reconstructions such as 
those of the New York stations are actually under- 
taken. For the true appreciation of the proposals 
depicted at Burlington House a bird’s-eye view 
must be taken of the c:ty. Few people on ground- 
level could hope to grasp the theme. The idea is 
great, but, after all, our beauties should be to some 
extent commensurate with our lives. Things be- 
coming too vast are wearying and, in the end, 
oppressive. 

f these plans must be seen in bird’s-eye view—a 
condition which, in life, few men as yet are in a posi- 
tion to fulfil—in order that their true beauty may 
be unfolded, Mr. J. Burns would have us climb to 
the top of the Monument to see how ugly parts of 
London are. The post dou >tless would be a good 
one for some purposes, but if London is to be re- 
designed so as to look well both from the ground- 
level and underground, as well as overhead, not 
only would the clean slate be necessary, but, before 
anything could be done in the way of reconstruc- 
tion, architects would have to learn afresh how 
to deal with roofs and backs, yards and chimneys, 
for which at present anything is made to serve. 
There is no doubt that much might be done to 
make London more convenient, more sightly, and 
more conducive to healthy living, but what had 
best be done is hard to decide. It is easy to talk 





in generalities, to recommend the abolition of rail- 
way termini within the area of the Metropolis, or the 
suppression of all railway viaducts, the provision of 
wide streets, and so forth. But these, and other 
more useful schemes, are only possible with the 
expenditure of vast sums of public money, the dis- 
bursement of which cannot be made without the 
assurance of adequate recompense. The re planning 
of existing towns may bea matter of comparative ease 
to architects. In practice, reconstruction is limited 
by the ability of the community to carry the conse- 
quent burden. Wide streets alone do not solve 
the problem. The notorious Bowery of New York 
can only fairly be termed a wide street, while our 
own East End furnishes like examples of thorough- 
fares laid out on an ample scale flanked with houses 
in which the living conditions are far from the 
ideal aimed at by the town reformer. 

All said and done, much has been accomplished 
already in London in the way of reconstruction, while 
many other towns in England are standing examples 
either of comprehensive development or of re-plan- 
ning ; as, for instance, Bath, which can lay claim to 
broadandenlightened treatment. Butmuch remains 
to be done. No fitter town to start upon could, 
perhaps, be found than that familiarised by George 
Eliot under the name of St. Ogg’s. In St. Ogg’s 
the streets are nothing but a series of bottle-necks, 
tortuous and mean, while hidden away therein, but 
at the same time surrounded by a bare earth desert 
covered with brickbats, there is what, if not an 
architectural gem, is at least an archieological trea- 
sure in the shape of an ancient hall dating back to 
John of Gaunt, or, as some would have, to carlier 
Norman and Saxon days. 

Occasionally, the opportunity of reconstruction 
may come about through some great calamity. 
Instances of this kind have been numerous, even 
in ourown time. The opportunity has, it must be 
admitted, however, not always been taken. But, 
as a rule, reconstruction can only proceed slowly 
and cautiously. On the other hand, the outer areas 
are more amenable to wise direction, and here 
every encouragement should be given towards 
development along healthy and far-reaching lines. 
When it is realised that every fifteen years an area, 
on the authority of Mr. J. Burns, equal to that of 
Buckinghamshire is added to the towns of this 
country, the importance of this will be understood. 
A healthy movement is now on foot, and in this we 
are not much, if at all, behind the best Continental 
efforts to provide people with surroundings which 
should lead to happier living. The examples of 
such efforts depicted on the walls of the Royal 
Academy are varied. They include the garden 
cities of England, and abroad range from the plan- 
ning of Kalgoorlie to the laying out of the new 
Khartoum, and from Prince Rupert in Canada to 
the Cinnamon Gardens of Colombo, or the out- 
skirts of Singapore. And if the able-bodied and 
successful are now to be provided with surround- 
ings of a brighter and more open character than 
of yore, in the hope that thereby better men and 
women will be reared, surely it is fitting that those 
unable to help themselves should be assisted in a 
similar direction. It is therefore in keeping with 
the ideals of the movement that there should 
appear on the walls of Burlington House plans for 
a boys’ garden city. This project, now well in hand, 
is the outcome of long experience at Dr. Barnardo’s 
village home for girls at Barkingside. The new 
village for boys will consist of 28 houses on 39 acres 
of land at Woodford Bridge—a contrast to the great 
blocks at Stepney Causeway. The designs are by 
Mr. W. A. Pite, F.R.I.B.A., who has thus had the 
privilege of planning one of the best garden villages 
yet commenced. The scheme is one richly deserving 
success ; for, instead of transplanting at an age 
when habits are formed, a start will here be made 
with the young idea, and no one will doubt that 
healthy principles of living can be instilled into 
the boys much better in such surroundings than 
in the East End of London, thus making them 
better citizens than they would otherwise have the 
chance of becoming. 





THE PHILOSOPHIC AND COMMERCIAL 
ASPECTS OF THE MOTOR-CAR. 

AUTUMN is pre-eminently the season of the year 
in which those elected to the chairs of our numerous 
scientific and technical societies deliver their in- 
augural addresses, and these being the utterances 
of men who, in their own department of work, 
have been making history, are always worthy of 





careful and attentive perusal. Of the more note- 
worthy engineering societies having their home 
in the Metropolis, the Institution of Automobile 
Engineers is this year one of the first in the field, 
their president being Mr. F. W. Lanchester, who, 
on Wednesday evening last, signalised his advent 
to office by a discourse on certain factors that 
have contributed to the development of the self- 
propelled vehicle. The value of Mr. Lanchester’s 
contributions to the practical side of automobile 
engineering is universally recognised. In certain 
features the early Lanchester cars were four years 
ahead of their contemporaries, a circumstance attri- 
butable in the main to the remarkable clarity with 
which Mr. Lanchester visualised the scientific prin- 
ciples involved in the solution of the many problems 
which have had to be solved in the construction of 
a reliable automobile. In his address on Wednes- 
day ory Mr. Lanchester dealt with scientific 
principles less fully than perhaps many of his 
hearers anticipated ; but in these days, when public 
speakers are not a little inclined to indulge in 
sentimental rhetoric as a substitute for serious 
thought on certain social problems and conditions, 
Mr. Lanchester’s diversion into somewhat wide 
issues will be welcomed. 

Peace societies assure us that war is wholly evil, 
but few will deny that modern civilisation rests 
on our mastery over Nature, or, in other words, on 
the work of the engineer. Engineering, Mr. Lan- 
chester points out, is essentially military in origin, 
and military requirements still form the most 
powerful incentive to its progress. It is doubtful, 
he remarks, whether the triumphs of civil engineer- 
ing in any of its branches would now be within 
10,000 years of realisation had the world been 
blessed with an international peace tribunal 2000 
yearsago. Metal-working in all its more utilitarian 
branches seems unquestionably to have originated 
in military requirements. The Romans, moreover, 
had an aphorism to the effect that the three require- 
ments of civilisation were roads, more roads, and 
still more roads, and these roads were essentially in 
the first place a military convenience. It was the 
construction of military roads which pacified the 
Highlands six or seven generations ago, and the 
subsequent benefit to the peaceful development of 
the region was a concomitant rather than a prime 
object in their construction. Their unexpected 
efficiency in promoting commercial development 
has been immortalised in the well-known couplet, 
which, however, bears some internal evidence of an 
Hibernian origin. 

‘* If you’d seen these roads before they were 
made, 
You would lift up your hands and bless 
General Wade.” 

The introduction of the system of interchange- 
ability, which has had so marked an effect on the 
cheapening of metal products, originated, of course, 
in military necessities. The only really useful 
work done by the balloon has also been in military 
operations, and for years to come it is exceedingly 
doubtful whether the aeroplane will find any useful 
application outside of the Services. It is, how- 
ever, of no little interest to note that, though 
the demands of these services have played so im- 
portant a part in the progress of the mechanical 
arts, practically none of the marked advances made 
have been effected in national factories or in other 
undertakings under Government control. One 
reason for this lies, no doubt, in the fact that in 
the civil departments of a government it is practi- 
cally impossible, and apparently will ever remain 
so, for a young man to attain a position in which 
he is called upon to exercise initiative and respon- 
sibility. The advantages of catching ability young, 
and giving it a free hand, are not always sufticiently 
realised, though its importance has been well 
illustrated in our military history. None of us, 
no doubt, would care to recur to the old system 
of promotion in the army by purchase, yet it 
was to this that we owed the fact that Welling- 
ton was a lieutenant-colonel at twenty-four years 
of age, a disgraceful piece of nepotism which, 
nevertheless, proved in the outcome of the utmost 
value to the country. Complaint is often made that 
in private firms men attain important positions early 
merely because they are the sons of their fathers; 
and perhaps in three cases out of four this carly 
promotion may prove unjustified. The fourtli, 
however, more than pays for all, as the sooner 4 
young man of exceptional ability is in a positivn 
to exercise his gifts the better for the country. _ 

In the older industries such opportunities ‘or 
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early initiative arise commonly either from wealth 
or influence, but, however derived, it is highly im- 
portant that they should continue to arise. With new 
industries, however, the young man, devoid of these 
advantages, often finds similar opportunities, since, 
as experience is non-existent, appointments are 
made on the basis of apparent ability rather than 
on length of service. The motor industry as it 
stands to-day is accordingly, as Mr. Lanchester 
pointed out in his address, mainly the result of the 
work of young men. 

Some time ago we remarked in these columns 
that though the philanthropist and his congeners 
might, indeed, be the salt of the earth, it was im- 
possible to make a really satisfying meal of however 
savoury a condiment, and that, in the future, as in 
the past, the bulk of the comestibles will be pro- 
vided by men actuated by less ostensibly altruistic 
motives. In this view, Mr. Lanchester would 
appear to concur. He remarks that the services of 
the men of means who purchased and ran cars in 
the early days when the expenses were not only 
very heavy, but incalculable, have never been 
adequately acknowledged. ‘‘ Each one of them has 
been worth to the country at least a couple of 
dozen of the average philanthropist.” Whilst the 
truth of this is hardly disputable by those fully 
acquainted with the facts, moralists are prob- 
ably right in insisting on the importance of 
the self-sacrificing labours of men like the late 
Dr. Barnardo. Natural forces in the future, as in 
the past, will probably ensure an adequate supply 
of the class of man to whose enlightened self-help 
the world at large stands so deeply indebted. 
Altruism, on the other hand, though equally 
essential to a satisfactory stat2 of society, is more 
of a hot-house or antificial growth, and requires 
more careful nurture. 

Mr. Lanchester’s address was not confined 
to his suggestive philosophical dissertations, on 
which we have touched above, but he dealt also 
with the probable future development of the 
motor-car industry. The main difficulty in the 
path of progress is constituted by the state of 
the roads. The car must be built to face the worst 
roads, and this means that its springing must be 
casy enough to stand a passage over cobbles, and 
it is then not the most suitable for main roads. 
In France the main roads are remarkably good, 
but the pavé in the towns and villages is often 
atrocious. Experiments made there with different 
arrangements of springing showed that that best 
suited to the main roads, on which 80 per cent. 
of the travel is done, is far too hard to be comfort- 
able in the towns. As to the dust nuisance, those 
who have taken the trouble to study the question 
are well aware that complaints as to this were as 
rife 100 years ago as to-day, the fact being that the 
introduction of railways, by abstracting traffic from 
the roads, gave the latter an unnatural immunity, 
which had come to be considered normal and neces- 
sary. As again illustrating the fallacy of this pre- 
conception, Mr. Lanchester quotes Bob Acres, who, 
in the ‘‘ Rivals,” remarks that he had ‘‘ travelled 
eli comet with a trail of dust~as long as the 

all. 

For pleasure purposes the motor-car is in many 
respects superior in economy and convenience to the 
horse-drawn vehicle, but the latter, save in somewhat 
special conditions, can still hold its own for much 
commercial work. The replacement of the horse is, 
Mr. Lanchester remarks, largely bound up in the 
cost of materials, and in particular of fuel. Of the 
materials used, aluminium has decreased in price 
from 4s. per pound in 1892 to 7d. per pound to-day, 
4 figure which, in view of the production of certain 
new alloys possessing remarkable mechanical pro- 
pertics, is certain to lead to a large increase in 
its use. On the other hand, rubber, which in 1900 
cost 4s.a pound, is now 12s. 5d. No doubt this 
figure will come down with a run in the not 


dist ‘nt future, but for the present it must retard 
the adoption of certain types of commercial vehicle. 
The price of petrol has varied greatly : in 1896 it 
was 


difficult to obtain at any price, but in 1904 it 
had fallen to 6d. per gallon. It has since risen to 
oS and now stands at about 9d., exclusive of the 
tax. The best commercial motor vehicles, Mr. Lan- 
chest er says, working on decent roads, have an 
efticiency of 60 ton-miles per gallon, whilst motor- 
omnibuses fully laden average from 40 to 50 ton- 
miles per gallon. 

As to future developments, the general lines of 
Construction appear to be pretty well settled, and 
are not likely to be materially altered unless some 


radical change is made in the mechanical system. 
The weak point of that at present in use is un- 
doubtedly the gear-box. This, however, has proven 
less objectionable than would have been antici- 
pated, a result in part due to the fact that in ade- 
quately engined pleasure-cars 99 per cent. of the 
travelling is effected on the direct drive. As to sub- 
stitutes for the gear-box, Mr. Lanchester dismisses 
the system of electrical transmissionas impracticable, 
since the limitations of weight preclude the use of 
motors of more than about 60 per cent. efficiency. 
Hydraulic transmission gear appears more promis- 
ing, but Mr. Lanchester holds that the best solution 
may be found in the so-called dynamotor system. In 
this a dynamo is coupled direct to the engine-shaft, 
and on the level or down hill the surplus power is 
converted into electricity, and passed into accumu- 
lators. On going up hill, however, the voltage of 
the generator falls off, owing to the decrease in 
the speed, and the accumulators discharging through 
the dynamo operate it as a motor, thus supple- 
menting the work of the engine. The existing 
drawback to the system lies in the weight of the 
batteries, which at the best cannot in commercial 
practice yield more than 1 horse-power per 40 lb. 
of weight, and this for a few minutes only. For 
the system to find general application this figure 
should, Mr. Lanchester considers, be halved. 








LABOUR EXCHANGES IN FRANCE. 

Lasour Excuancrs, or Bourses du Travail, to 
give them their correct title, are a comparatively 
old institution on the Continent. They were 
advocated by a Belgian economist, Mr. de Molinari, 
as early as 1844, at a time when railways were 
developing and affording increased facilities to work- 
men in their search for employment. Mr. de 
Molinari published at the time a book dealing with 
‘*The Means for Improving the Position of the 
Working Classes,” in which he proposed the forma- 
tion of labour exchanges, and a systematic method 
of publicity, setting forth the work that was avail- 
able in different districts of the country. He 
pointed out how casily a workman could henceforth 
proceed by rail to the work awaiting hands, his 
task being facilitated by the institution of Bourses 
du Travail, the latter working in conjunction with 
the Press of the country, He published a journal 
of his own, giving periodically the state of the 
labour market thoughout Belgium, but his endea- 
vours fell through in a comparatively short time, 
as also did a similar attempt which had been started 
in Germany. 

The Labour Exchange scheme was taken up in 
France in 1875, and in 1878 active steps in the 
matter took the shape of a building which was 
erected for the gathering together of unemployed 
men who waited there to reply to offers of work 
extended by employersof labour. Five years later, 
in 1883, projects were drafted with a view to place 
the scheme on a broader basis, partly in order to 
get rid of the private employment agencies existing 
in Paris, which politicians have always objected to, 
also to centralise more effectively the offers and 
demands concerning labour; the employers and 
unemployed were thus able to attain a more rapid 
connection together, the object further being to 
establish direct relations between the various cor- 
porations. It was further proposed to erect build- 
ings which would be placed gratuitously at the 
disposal of the trade unions, including rooms in 
which the men could meet for discussing points 
concerning their trade and bearing upon the wages 
question. In these buildings the men were to have 
at their disposal every means for their information, 
statistics, a library of books on economics, com- 
merce and industry, and data on production both 
in France and in foreign countries. This simply 
resulted in the construction and maintenance, at 
the expense of the municipality, of meeting halls 
in which the men were able to discuss their griev- 
ances and to organise strikes. 

The first labour exchange was opened in Paris 
in 1887 ; it was replaced in 1892 by a sumptuous 
building, erected at the expense of the municipality. 
A labour exchange was established at Nimes, in 
the South of France, also in 1887, then at Mar- 
seilles in 1888 ; in 1889 at St. Etienne and Toulon, 
in 1890 at Bordeaux and Montpellier. Others were 
started in 1891 at Cholet, centre of the weaving 
district, at Lyons and Béziers. There are at the 
present time, throughout France, 145 labour 
exchanges, most of which are subsidised by the 





municipalities and the departments, or counties, 


the buildings being placed gratuitously at the men’s 
disposal by the Government authorities. The action 
of the exchanges is not very fruitful in regard 
to obtaining work for unemployed workmen ; the 
whole of the 145 exchanges have found it difficult 
to place a total of 60,000 men in the course of 
one year, whereas, during the same period, em- 
ployers have notified to them a total of 75,000 berths 
available. The exchanges receive at the present 
time 365,000 to 370,000 francs (14,500/.) in subsidies 
annually. In 1905 their installation had already 
cost the country 3,400,000 francs oP in 
which total the installation of the Paris labour 
exchanges appeared for 2,870,000 francs (114,8001. ). 

From the above it will be seen that far too 
sanguine views had been at first entertained in 
regard to the services which the labour exchanges 
were able to render in decreasing unemployment. 
A congress of labour exchanges was held in 1892, 
and one of its resolutions tended to give a fresh 
impulse to their action for facilitating the placing 
of unemployed workmen. The movement was led 
by a Mr. Pelloutier, whose ambition was to place 
the exchanges on the satisfactory basis sketched out 
by Mr. de Molinari. He wanted to complete them 
by adding to their organisation a fund for helping 
the men who were passing through the town in 
their quest for work. The close of the 1900 Exhi- 
bition, it was feared, would lead to a vast amount 
of unemployment, and the object was to provide in 
timeagainst this. Mr. Pelloutier drew up a scheme 
for the combined action of the various labour ex- 
changes with the central office in Paris. This 
worked satisfactorily, and every week every ex- 
change throughout the country communicated to 
the secretary of the Federation the number of 
vacant berths for each trade or craft, the parti- 
culars being given with the greatest precision. The 
secretary of the Federation then regularly prepared 
a complete statement giving the particulars in 
question, which was posted up at the central office 
and sent to every exchange. The scheme worked 
satisfactorily as long as its author lived and 
carried it out; on his death, however, it was aban- 
doned, and does not seem to have been taken up 
afresh. 

Experience has shown that it is difficult for such 
agencies to do effective work when the men in 
charge of them have no personal and pecuniary 
interest in giving satisfaction to their clients. In 
the absence of something in the nature of a balance- 
sheet, it is impossible for the public to know if the 
work is being carried out with energy and skill by 
those who are responsible. The French labour 
exchanges have always endeavoured to become the 
masters of the labour market, and in order to 
dictate to employers in the matter of wages, they 
rapidly abandoned their primary object, which was 
to throw light upon the labour market and to 
render this accessible to all. 

In many instances the French labour exchanges 
have had but one purpose in view—that of further- 
ing strikes, by keeping men who were looking for 
a job away from berths rendered available by a 
strike. They have worked most actively in propa- 

ating socialistic, and even revolutionary, theories. 

n Paris, more especially, revolutionary trade- 
unionists have frequently been at the head of the 
committee which is entrusted with the distribution 
of grants awarded by the town, and is appointed to 
maintain discipline among the unemployed using 
the exchange. Several fruitful attempts have been 
carried out to establish active connections between 
the exchanges and the young men performing their 
military duties, with the object of furthering a 
socialistic propaganda. Conferences took place in 
1904 and 1907 among representatives of the various 
exchanges, and no secret was made of the affiliation 
of these with the Confédération Générale du Travail 
—an institution whose revolutionary and anarchical 
dealings are well known. It was suggested at 
the conference of 1907 that the exchanges should 
dispense with the subsidies awarded them by the 
municipalities ; this, however, has not yet been 
accomplished, the French syndicates, or trade- 
unions, having very much smaller resources than 
the British ones. Opportunity was taken at the 
same conference in 1907 duly to point out that the 
exchanges, so-called, of labour ‘‘aimed at being 
upon the watch for the least move among workmen, 
so as to be ready when the time came to raise the 
energies of strikers.” The placing of workmen 
‘* was above all to serve as an instrument for advo- 
cating trade unionism ;” exchanges, therefore, were 





not primarily designed to aid the unemployed 
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and to secure as even a balance as possible between 
the offers of and demands for labour. 

All the above does not speak in favour of the 
Bourses de Travail ; in Paris especially this insti- 
tution has been the scene of absolute scandals. 
Shortly after its foundation 1893 it was closed by 
order of the President of the Republic, because it 
had been found mixed up, even at that compara- 
tively early date, with every revolutionary mea- 
sure, and also because the men held within its walls 
union meetings which had not heen sanctioned by 
law. It remained closed for two years, and was 
opened again on the personal intervention of State 
Secretary Mesureur, who, as a Municipal Councillor 
for Paris, had been, so to speak, responsible for its 
establishment. In causing it to be opened, he 
specified that its object was to facilitate transac- 
tions in the matter of labour by various means, 
especially by the publication of information con- 
cerning vacant berths. The representatives of 
the men’s unions, who were made thoroughly at 
home in the exchange, formed a consulting com- 
mittee, whose deliberations were carried out in 
the presence of ten members representing the 
Paris Municipality, and, through the latter, the 
Paris taxpayers who supply the necessary funds 
for the working of the exchange. All reasonable 
procedure was modified in 1900, when Mr. Millerand, 
with a view to flatter the workmen, handed over ex 
clusively to a committee, formed solely of members of 
the trade unions, the apportioning of subsidies and of 
the moneys available at the exchange. The working 
of the latter was thus placed entirely in the hands of 
the unions, without any control from the outside. 

For many years the committee in charge of the 
Paris exchange repeatedly refused to admit within it 
several duly-established trade unions, while admit- 
ting revolutionary groups who had no legal stand- 
ing whatever. Armed conflicts have been frequent 
between trade unions and rival groups, and the 
police dared not enter the exchange, where the work- 
men were at liberty to do whatever they pleased. 
During one of the journeys of the King of Spain in 
France, the Paris Labour Exchange building served 
as a meeting-place for the union workmen to pro- 
test againt the reception afforded by the country to 
a ‘‘tyrant.” And all the time the same men, who 
were housed at the cost of the taxpayers, showed 
their utter contempt for the alleged aim of the 
institution—i.e., ‘‘the affording of facilities to 
transactions relating to labour.” When a strike of 
female compositors occurred in a provincial town, 
the Paris trade union sent others to replace the 
provincial women strikers; the result was the 
immediate erasure of the said trade union from 
the books of the Paris Labour Exchange. A fact 
which speaks volumes is that the Prefect of the 
Seine Department ratified the erasure! Fortu- 
nately, the High Tribunal—‘‘ Conseil d’Etat ”— 
cancelled the erasure, on the basis of the motives 
which had led first to the closing, and then to the 
reopening, of the exchange alluded to. 

In 1908 the Government gave increased authority 
to the Prefect, and requested him to display greater 
energy ; this led him to expel from the exchange 
the Confédération Générale du Travail, the revolu- 
tionary organisation already referred to, which is 
at the head of all the violent actions taken in 
France. It was decided also that the subsidies 
granted to the exchange were to be used solely for 
contributions to the funds for the unemployed, for 
affording aid in cases of sickness, and so forth, and 
not for furthering strikes or for political and anti- 
patriotic propaganda, which hitherto has been the 
main occupation of the revolutionary unions. But 
when once subsidies have been paid, it is difficult 
to trace to what use they have been put. 

As a rule the French labour exchanges have 
not accomplished much in regard to advertising 
available work and unemployed workmen. They 
have, moreover, been fatal to the cause of labour, 
inasmuch as they have demanded, and have ob- 
tained, the closing of all private, well-conducted 
labour exchanges which had a pecuniary interest in 
tinding employment for their clients. The exchanges 
instituted by employers for finding workmen are 
practically no more satisfactory than the so-called 
‘labour exchanges.” 








THE LATE MR. C. T PORTER. 
In the recent death of Mr. Charles Talbot Porter, 
at the ripe age of eighty-four, there has 
away one of the interesting characters of America’s 
older generation of engineers. In his career Mr. 





Porter became well known both in this country 
and in the United States, at one time and another 
coming in contact or having actual connection with 
many famous engineers. 

Mr. Porter was born at Auburn, N.Y. Gradua- 
tion at Hamilton College in 1845 completed his 
educational training, after which he studied law in 
his father’s office, subsequently practising in the 
profession for some years. He soon found that he 
had no liking either for law as a profession, or 
for the people with whom it was his lot to deal ; 
and coming in contact with clients who were 
interested in mechanical, and in some cases un- 
mechanical, subjects, his attention gradually became 
directed to engineering matters. His first venture 
in such affairs was a failure. His education 
had furnished him with little knowledge of 
mechanics, and he was induced to interest him- 
self in a perpetual-motion machine, of which, of 
course, nothing came. In his next move he was 
much more fortunate. A client brought to his 
notice a stone-dressing machine, which, however, 
as originally designed by the patentee, proved to 
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be unworkable. Porter set himself the task of 
making it into a practical machine, gradually 
abandoning his original profession, and educating 
himself in engineering work. This machine was 
subsequently developed by Mr. Porter into so suc- 
cessful a type that one was run for a long time, 
doing the work of thirty men, turning out some 
600 square feet of ashlar a day. Its perform- 
ance certainly came up to expectations. The 
business built up in connection with it gave 
great promise of success, when, unfortunately for 
those concerned, the practice of dressing ashlar 
was abandoned in favour of sawing it out, a 
change which was quickly adopted when once 
proved satisfactory. 

This stone-dressing machine was run at a great 
speed, and it was found that under certain condi- 
tions the work produced was not uniform. A 
study of the conditions led Mr. Porter to the 
conclusion that the driving engine was really at the 
bottom of this fault, and he therefore directed his 
attention to the improvement in the governing of 
this engine. His comparatively small knowledge 
of mechanics led him to seek advice on this 
matter in various directions, but in this he was so 
little successful that he set to work to thrash it out 
as best he could. As a result he introduced his 
weighted governor, taking especial care to make the 
joints as frictionless as possible. This proved a 
greatsuccess, and was introduced on engines in plants 





ofall kinds. The governor, in what was pract ally 
its first form, was illustrated in the Seiv isi, 
American of October 9, 1858. Mr. Porter oon 
started works for the manufacture of this gove::or, 
and in the organisation of these came into touch with 
Mr. C. B. Richards, who invented the well-known 
Richards indicator. Mr. Richards was employ «i by 
Mr. Porterin designing special machines for use i the 
eat of the governors. In all his work Mr. 

orter insisted on workmanship of the best quality. 
The applications of this governor were numerous, 
but Mr. Porter had some difficulty in getting it 
introduced on marine work. Compounding marine 
engines had scarcely obtained a footing at that time, 
and Mr. Porter’s governor was therefore applicable 
to sea conditions. He managed to get a trial of a 
special marine pattern made on the first North Ger- 
man Lloyd liner New York, and although the chief 
engineer stated beforehand that he was contident 
that it would be no good, at the end of the first 
voyage he made an extremely favourable report 
on it, which led to its fairly extensive adoption 
for simple engines. The inventor told a rather 
amusing tale of his attempt to interest Mr. John 
Penn in this marine governor. Mr. Penn agreed 
that the invention appeared to be a good one, but 
objected to introduce it on his engines lest his 
competitors should say that they were so frailly 
built that he was afraid to send them to sea without 
a governor, while theirs did not require one. 

Some time after the trial of the governor on the 
New York Mr. Porter had occasion to visit a firm 
in New York, where, in the engine-room, he found 
a man of the name of J. F. Allen. Mr. Allen made 
a great impression on Mr. Porter, as on their first 
meeting Allen drew out on the engine-room floor 
the valve diagram of a new gear he had devised. 
He had no drawings or guide, but had thought the 
whole matter out to the minutest detail, so far as 
the principle of the gear was concerned, and Mr. 
Porter was much taken with it. The valve to be 
employed was the double-ported valve, giving large 
opening and small lap. It was not long before 
Allen joined Mr. Porter, and the two were engaged 
in the design of a high-speed engine. A small 
experimental engine was made to run at 160 revo- 
lutions per minute, and it was in connection with 
the work on this that Mr. Richards invented his 
indicator, the patents for which Mr. Porter pur- 
chased. 

The success of the experimental engine, and of 
the governor and indicator, led Mr. Porter to risk 
showing them at the International Exhibition in 
London in 1862. An engine with an 8-in. by 24-in. 
cylinder was designed for this, to run at 150 
revolutions per minute. Great difficulty was ex- 
perienced in getting this engine built to time, but 
it was finally sent off in different consignments. 
The famous Mason and Slidell incident occurring, 
the whole of the space allotted to the United States 
at the Exhibition was confiscated, and appropriated 
to other uses, and when Mr. Porter reached Eng- 
land, it was to find that there was no room for his 
exhibit, parts of which had already arrived. Owing 
to the energetic action of the United States Com- 
missioner, room was ultimately found in scattered 

laces for all the exhibits from that country except 
or Mr. Porter’sengine. It happened, however, that 
an engine which was to drive the textile machinery 
was not supplied according to arrangement, and 
Mr. Porter’s engine was allowed to take its place, 
with the proviso that it should not run at more than 
120 revolutions per minute. The engine was, how- 
ever, run at 150, and ran so well that no objection 
to that speed was raised. In order to get it ready Mr. 
Porter was assisted by Messrs. Easton, Amos, and 
Sons, in whose shops there was constructed some of 
the work which did not arrive in time from America, 
or which it was intended from the first to make 
over here. The engine was a non-condensing engine, 
and, condensing engines being at the time in favour 
here, Mr. Porter found it difficult to do business 
with it, although the engine aroused a good deal 
of interest. The engine exhibited was, however, 
sold to Messrs. Easton, Amos, and Sons, and run 
at a speed of 225 revolutions per minute, to drive 4 
blower. The governor proved most successiul and 
was well taken up in this country, as was also the 
indicator, arrangements being made with Messrs. 
Elliott Brothers for the manufacture of the !atter. 
Mr. Porter had various interesting experiences 1m 
connection with the introduction of this indicator 
to locomotive work, the first trip made with one 
being on the London and South-Western Ra:lway 
in 1863 on one of Mr. Beattie’s engines. The next 
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road to try the indicator was the Great Eastern 
Railway. In 1863 Mr. Porter read a paper on the 
subject before the Mechanical Section of the British 
Association, which met at Newcastle. 

Arrangements were made with Messrs. Ormerod, 
Grierson, and Co., of Manchester, for the manu- 
facture of the engine, and one was sent out to the 
Oporto Exhibition in 1865. On the failure of that 
firm, Mr. Porter entered into negotiations with 
Mr. Whitworth, and for some time engines of this 
class were built in the Whitworth shops. One of 
the engines built there was exhibited at the 
Paris Exposition of 1867, a high-speed air-pump 
worked from an extension of the piston - rod 
having by that time been incorporated in the 
design. No formal agreement was ever entered into 
between Mr. Porter and Mr. Whitworth, and 
finally their connection ceased, Mr. Porter returning 
to America to start a business over there. Before 
he left England he read a paper before the Institu- 
tion of Mechanical Engineers in 1868, on the Allen 
engine. We may mention that in this year also a 
series of five illustrated articles dealing fully with 
the Allen engine ap ed in ENGINEERING, vol. v. 

After Mr. Porter’s return to the United States 
he entered into a business agreement which did 
not prove very workable, the firm finally coming to 
grief in the panic of 1873. Some engines were 
built, however, and were set to work, their per- 
formance adding to the credit of the designer. 

In 1870 the firm exhibited an engine with an Allen 
inclined-tube boiler at the Fair of the American 
Institute in New York, where the performance of 
both was favourably reported on. The Allen 
boiler was never taken up to any large extent, on 
account of the difficulties from scaling in the 
inclined tubes. Between 1873 and 1876 nothing was 
done in a manufacturing way, these years being 
occupied by Mr. Porter in completing his standard 
designs. In the latter year he entered into an 
agreement by which he made use of the works of 
Messrs. Hewes and Phillips, Newark, N.J., for 
the building of his engine. When the business 
had outgrown these works, a company was formed 
to take over the Southwark Works of the firm of 
Messrs. S. V. Merrick and Sons in Philadelphia. 
The company was re-named the Southwark Foundry 
and Machine Works. Owing to mismanagement, a 
good deal of time was wasted at first, and, after con- 
tinuing with this company for some time, Mr. Porter 
resigned, confining himself latterly to consulting 
work. His endeavours to introduce the Allen 
engine met with many set-backs, but the work 
also had its successes. The engine was taken up 
in all sorts of works and factories, and with the 
Porter governor proved to be a great advance on 
much of the ordinary practice. The successes were 
often attained in the face of cynical opposition. 

In i876 Mr. Porter acted as judge at the Cen- 
tennial Exposition in Philadelphia. In 1880 he 
was one of those present at the preliminary meet- 
ing held to decide upon the formation of the 
American Society of Mechanical Engineers, and 
subsequently at its first session read a paper on 
‘* The Strength of Machine-Tools.” Of late years 
Mr. Porter practised as a consulting engineer in 
New York, residing at Montclair, N.J. In 1909 
he was awarded the John Fritz Medal. Mr. 
Porter wrote a treatise on the Richards indicator, 
which ran through several editions, the later edi- 
tions having additional matter on the development 
of the steam-engine. A series of ‘‘ Engineering 
Reminiscences,” also from his pen, appeared at one 
time in the American Machinist, and were re- 
printed in book form. These constitute quite an 
interesting record of the vicissitudes of which Mr. 
Porter's earlier life was full, and give glimpses of 
many incidents in the development of steam engi- 
neering of which now few traces are left. Our 
portrait of Mr. Porter is reproduced from the 
i of the American Society of Mechanical 
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WEST RIDING RIVERS; 1904-1910. 
No. V. 


HupDDERSFIELD SEWAGE. 


\7 the last census the population of Huddersfield 

‘4s 95,000, and is now assumed to be at or near 
2,000, this being the basis of calculation adopted 
'y the borough surveyor for his scheme in 1904. 

\s in Bradford, the staple trade is the woollen 
vanufacture, the liquid refuse of which far more 
than doubles the volume of combined sewage to be 
treated. Huddersfield stands foremost among the 





county boroughs in the item of sewage treatment, 
being the only one which, so far, has carried out 
in all its essential structural details a complete and 
well-digested scheme based on consistent, prolonged, 
and scientific experiments by competent autho- 
rity. The word ‘structural,’ it will be observed, 
carries with it a qualifying interpretation, as will 
presently be seen. The town was amongst the 
first of the larger communities of the West Riding 
to adopt scientific means for discovering a solution 
of the problem of purifying a very difficult class of 
sewage on anything like a large scale. Neverthe- 
less, it was on an experimental scale only ; inasmuch 
as at the very time the West Riding Rivers Bill was 
passing through committee, it was charged against 
the borough that only one-tenth of the total dry- 
weather flow of sewage was being treated at their 
newly-finished sewage-works, built at a cost of 
101,0001. The remaining nine-tenths flowed direct 
into the River Colne without any treatment what- 
ever. The treatment was undoubtedly scientific, 
being based on the ‘‘ international ” process of ferro- 
zone and polarite. The works were magnificent, so 
far as they went ; and the effluent was good, but the 
cost was excessive, and the result, ecebebe: not 
practical. The method showed what could be done 
if the means was forthcoming, but the Corpora- 
tion bluntly excused their modest tithe of result by 
the sensible plea that they were not going to 
multiply their existing expense tenfold to improve 
the river for the benefit of the riparians below, so 
long as it reached themselves in so filthy a state. 
During the progress of the Bill in Parliament, con- 
current power was sought by the county boroughs; 
but of what use were concurrent powers to muni- 
cipalities imbued with this spirit, every defaulter 
waiting and watching to see how much or how little 
his neighbours were doing ? 

From 1894 to 1904 Huddersfield had done nothing 
structurally beyond its tenth ; but, like Leeds, much 
experimentally, and to such purpose, that this phase 
of its sewage problem is of deep interest to all con- 
cerned in the astonishing combined sewage output 
of the woollen district. 

Imprimis, they took that course which would 
strike any single enterprising manufacturer who 
realised what he must do to carry on his trade, as 
the very first step, yet one rarely taken by a 
powerful corporation commanding vast resources— 
they appointed a competent resident chemist to act 
under the direct instructions of their engineer. 
This they did on the initiative of that gentleman 
himself. At the same time Mr. Campbell drew 
up a report as to the future train of experiment at 
the sewage outfall, and this, with the concurrence of 
Sir Henry Roscoe, remained throughout the basis 
of the investigation as to the best method of dealing 
with the sewage. The experiments followed, con- 
tinuing for no less than six years. For inter- 
mittent land filtration at least 200 acres were 
needed, but the land around was unsuitable under 
any reasonable conditions, and such land as there 
was that lent itself to the purpose was not avail- 
able without pumping. The methods reasonably 
open to the Corporation were therefore limited, all 
involving artificial filtration. 

The following processes were investigated :— 

1. Double contact, with clinker beds. 

2. Chemical precipitation and double contact, 
with clinker beds. 

3. Open septic tank settlement and double con- 
tact, with clinker beds. 

4. Open septic treatment and trickling beds. Of 
these, the first was abandoned after a twenty 
months’ trial, the defects being the rapid choking 
up of the coarse bed, and the necessarily separate 
treatment of the strong and weak sewages involved. 
Within that period the coarse bed lost 75 per cent. 
of its capacity, and the fine bed 40 per cent. 

The second method—precipitation by lime and 
ferro-sulphate, with Fog sewer beds—yielded 
very good results, yet there was a continual loss of 
capacity in the beds, and this operated against their 
use. In 54 years a first contact-bed lost 65 per 
cent. of its capacity. 

The third method—open septic-tank and double- 
contact—yielded good results during the whole 
period of six years, but here, again, there was an 
even greater loss of capacity by the bed, to the 
extent of 64 per cent. in three years and five 
months. 

The fourth method—open septic-tanks and trick- 
ling beds—that is, continuous filtration with 
sprinklers,, supplemented by deposit-tanks for 





irreducible mineral matters passing the filter—, 


yielded the same results in purity of effluent at 


much less cost than any other method. This 
method, therefore, was -s ted by the Council. 

In June, 1904, a local Government inquiry was 
held upon the application for sanction of a loan of 
135,000. for a scheme of sewage disposal based 
upon these carefully thought-out and realised 
results on a practical working scale. The following 
is an outline of the scheme as set forth in the 
evidence of the borough surveyor :— 

The mean flow of sewage daily was 75 gallons per 
head, or 7,500,000 gallons in all, the dry-weather 
flow being 5,500,000 gallons, or 50 gallons per head, a 
volume rarely equalled even in the woollen districts, 
and the total area of land (a) occupied by the old 
works, (b) to be acquired for the new works, and 
(c) for extensions, was 80} acres. The lines of 
treatment were strictly in pursuance of what has 
already been set forth, the works being :— 

1. Screens mechanically cleansed, and detritus 
tanks in three sections, capacity 600,000 gallons, 
with dredging apparatus. 

2. Ten sedimentation tanks, partly converted 
and partly new, capacity 9,100,000 gallons, any 
tank of which can be partly sludged without inter- 
ruption to the process of sedimentation, by means 
of submerged walls. This volume gives a capacity 
of nearly 40 hours’ dry-weather flow—an exceptional 
provision to meet exceptional circumstances. 

3. A conduit 1} miles, to carry a maximum of 
44 million gallons per day at a velocity of 3.11 ft. 
per second to the filters. 

4. Continuous filters, 7 ft. deep, with revolving 
sprinklers, worked by electric motors sixteen in 
number, covering 11} acres. Attention must be 
drawn to a new departure from all previous designs 
in operation in the item of distribution ; a depar- 
ture for which Mr. Campbell confidently claims a 
future success. By the application of a varying 
head, he can regulate the flow on to the beds, from 
750,000 gallons to 14 million gallons per acre, 
without entailing extra attendance, control being 
exercised from the central engine power. This is 
expected to meet the varying conditions insepar- 
Ale inh all sewage systems. It is also claimed 
that equality of distribution can be attained by 
reducing the size of the discharge-orifices on areas 
according to the speed of revolution at any given 
point ; but to secure this an equal head through- 
out is needed—a thing difficult to accomplish. 
Another feature is the removal of undue strain 
on the large sprinklers by the provision of a 
traveller-rail and wheel attached to the revolving 
arm. 

The beds consist of iron-ore dross, of road- 
metal size or upwards, from Lowmoor, the perimeter 
of the bed being walled with large pieces set by 
hand, secured by strong stakes, and the whole 
bound in by a network of twisted galvanised wires. 

5. Storm-water beds covering an area of 74 acres. 

6. Sludge lagoons, to which the sludge is forced 
by Shone’s ejectors. Presses have been provided 
as set forth at the inquiry, but are not in use, the 
sludge being hitherto disposed of by digging it into 
sandy land near the bank of the River Calder. 

The works were completed in full last year, a 
little more than five years after the inquiry. 

The problem of Huddersfield sewage is a very 
difficult one, like that of many others in the woollen 
districts, large and small; but we see that extra- 
ordinary pains have been taken to command suc- 
cess, and will certainly lead in that direction. But 
it is possible that one of two courses will be needed 
to satisfy the Rivers Board :—(a) the addition of 
second contact, or (b) chemical precipitation. 
Either will, of course, add to the cost, the capital 
sum of which has already exceeded that intended by 
30,000/., making the total 165,0001., and includ- 
ing that of the old scheme, 266,000/. But this 
is nothing like the cost contemplated by Bradford, 
which, it is estimated, will be in all, the existing 
works included, over 1,500,0001., or over 500,0001. 
per 100,000 inhabitants, against Huddersfield’s 
260,0001. in a similar trade, but with a much larger 
volume of trade effluent in combination. 


Hairax. 


Halifax is another ancient borough whose citizens 
for long generations have had their perceptions so 
dyed to the colours of their native streams that they 
have almost got to regard them as ordained by Pro- 
vidence to be the inevitable and by no means 
unpleasing concomitant of the textile industries. If 
their rivers were deprived of their rainbow colours, 
the times to them would appear to be out of joint ; 
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they are an index of good trade, especially of the 
woollen branches, with their washing, scouring, and 
dyeing effluents. The workers carry on the in- 
dustries in great factories huddled in deep-winding 
gorges, which present an endless succession of the 
sooty-picturesque, if we may coin an expressive 
compound peculiarly applicable to these rugged 
northern towns. The borough is no creation of a 
century, but was built up by the slow accretion of 
time and labour against great natural difficulties, 
and two centuries ago it ranked as one of the chief 
military stations of the north. 

Its population in 1866 was 56,000; and in 1901, 
105,000 ; but much of this increase was due to the 
widening of the borough boundaries, so as to 
embrace parts of Ovenden, Northowram, and other 

rishes then outside Halifax. Nevertheless, dur- 
ing the last two or three generations, the enterprise 
of a few great manufacturers has hastened the 
progress of the borough, now, however, brought 
nearly toa standstill, and, like most other English 
boroughs, with its future heavily mortgaged. 

In 1866, the Rivers Pollution Commission found 
Halifax with every one of its natural streams con- 
verted into a black sewer ; but the Commissioners 
in their report said, ‘‘ the great manufacturers ex- 
perience the evils of river pollution to which they 
contribute, and foresee some of the inevitable con- 
sequences to which such pollution must ultimately 
lead, and are willing to aid in carrying out any well- 
devised remedy.” The words were uttered in good 
faith by the wiser men of that generation. Yet in 
1904 we recorded that, practically speaking, the 
streams of Halifax were still in the same condition, 
and so they remain to this day ; while independently 
of the Northowram ward, which is still without any 
system of main drainage, there are no less than 550 
houses within the borough discharging their sewage 
direct into the streams. This, too, twenty-one years 
after the County Councils were called in with 

»wers to enforce the provisions of the Rivers’ 
Pollution Prevention Act of 1876. It is true that, 
in 1899, settling-tanks having a capacity 4,500,000 
gallons were built ; but even chemical treatment 
merely was begrudged ; while, to show still further 
disregard of authority, and what was deemed the 
mere brutwm fulmen of the Rivers Board, the 
tanks for lengthened periods were only cleaned out 
as the sludge rose almost to view above the dark 
fluid. Direct discharge into the river is preferable 
to such an abuse of settling-tanks. In view of 
this cynical contempt for law and authority, who 
can charge the Rivers Board with adopting as their 
motto not ‘‘ Trout, not Trade,” to use Mr. Runci- 
man’s unhappy suggestion. Like him, the Halifax 
Corporation are not sure that the ‘‘ most profitable 
form of drainage is not that stuff which is called 
trade effluent.” 

Let us see what the interval has brought forth. 
In 1904 the Corporation took a step forward by 

rocuring an offer from the subjacent borough of 

1ighouse to accept 300/. per annum for the treat- 
ment of the sewage of the Northowram section of 
the borough, collected by a scheme of drainage to 
be made by Halifax, at an estimated cost of 9000/1. 
This agreement, after many debates and much out- 
side opposition, was ultimately concluded, and 
offered at least the great benefit of delay in its 
varying fortunes for many years. Trade effluents 
offered a like respite, and in October of the same 
year an estimate was submitted by the borough 
engineer to the Council setting forth that the cost 
of the original scheme for the treatment of the 
3,000,000 gallons dry-weather daily flow of the 
sewage would amount to 121,400I., of which 50,0001. 
had been spent : and that if trade effluents were to 
be taken, 80,0007. would have to be added for the 
enlargement of works. In November, 1904, a 
variorum Bill was deposited in Parliament, in- 
cluding, amongst other subjects, power to make 
further and better provision for preventing pollu- 
tion of streams passing through or by the borough, 
and to provide for the discharge into the sewers of 
the Corporation of any liquid trade refuse. The 
Bill received rough handling from the ratepayers at 
the statutory meeting, but not in respect of these 
important clauses, which were sought in view of the 
anticipated withdrawal of a West Riding Rivers 
Act Amendment Bill of the same year. Still, 
these clauses were opposed in toto in the Council by 
some who dreaded the results of a speculative 
scheme involving the estimated additional expendi- 
ture of 80,000/., and the dubious problem of the 
purification of combined sewage and woollen- 
trade effluents; but the minority was small and 





easily defeated. The Halifax and Heckmondwike | 


Bills were bracketed together by the Parliamentary 
Committee with respect to the reception of trade 
effluents to the sewers, and, under pressure, the 
two authorities agreed to the clause dealing with 
the mode of deciding disputes arising from the 
use of the powers of the Act — namely, that it 
should be by arbitration, and not by any central 
authority, Local Government Board, or otherwise. 
In reporting upon these powers of the Bill, the 
Local Government Board objected to the prin- 
ciple of arbitration, preferring the settlement of 
disputes by a system guaranteeing uniformity of 
procedure, treatment, and result; in a word, not 
a haphazard decision, but that of a high court, 
based on science, such as could only be secured 
by a competent central authority. But as such 
an authority could only be called into existence 
in the interests of river purification, the interests 
of river pollution instinctively opposed it. The 
same need of uniformity in the interpretation of the 
law and the evidence was insisted upon by the Royal 
Commission on Sewage Dispusal, as must ever be 
the case with all who have the purity of our indus- 
trial streams at heart. 

No sooner was the Bill passed than the Rivers 
Board at last gave notice of their intention to indict 
the Corporation with respect to the proposed ex- 
tension of sewers and reception of trade effluents, 
and procured a submission to an order of court, to 
be suspended for twelve months on the Corporation 
showing good faith and diligence in grappling with 
their problem. At the expiration of the twelve 
months, the Corporation’s representative on the 
Rivers Board, on February 11, 1907, had much 
difficulty to stay further proceedings, but found, 
as usual, land most difficult to acquire, and so got 
another respite for the borough, which pushed on 
with its accustomed vigour, making haste slowly. 

Even this respite did not warn the Council that 
they were drawing dangerously on the patience of 
the Rivers Board. In matters of policy men are 
governed largely by fear, and are apt to yield to 
the strongest pressure, be it legal or not. If the 
King’s writ be the stronger, it will run ; if not, it 
goes to the wall. Great burdens had been laid 
upon the ratepayers, the reasons for some of which 
did not appear imperative to a halting industry ; 
and with trade still languishing from year to year, 
dividends decreasing and rates increasing, the rulers 
did not care to face another shilling for sewage 
treatment, added to the 9s. 4d. rate which already 
oppressed the ratepayers, and stood as a beacon to 
warn all comers what they might expect if they 
attempted to establish new trades in Halifax—a 
lesson now being added to the many forms of com- 
pulsory education all over the land. Emulation of 
great city improvements is right when guided by 
reason and judgment ; but the emulation of results 
only obtained, say, in brilliant Continental cities 
after long centuries of thrifty foresight and auto- 
cratic, not to say despotic, power, is one thing ; 
and the forced effort to accomplish the like ends 
within one or two generations in a provincial 
English town, is another thing. It is emptying the 
bag before it is filled, and defeats its own end as a 
magnet for capital, which still clings to its old- 
fashioned way of looking at rates. High rates, as 
the capitalist well knows, affect not only him—they 
affect all—his land, his buildings, his plant, and, 
above all, his labour. The worker must live, and 
all the commodities of life are raised to him—the 
cost of his house, of his food, of all his needs. 
Truly we may exclaim, ‘‘ With what little wisdom 
are rates piled up in a spendthrift age.”’ Recognis- 
ing this too late, the Corporation thought it wise 
to shirk their plain duty, and to make some slight 
amends for their prodigality by defying the force 
majeure of the law. 

Then, as rates had been spent in the past with a 
free and generous hand for what was not bread— 
for what, in plain English, was not an essential 
part of the duty of a council, now it seemed to be 
thought wise economy to defy the law, regarding an 
essential duty as a thing to be staved off. ‘‘ It is 
only the interfering Rivers Board ; their bark is 
worse than their bite. Let them wait.” 

Thus diligence did not follow the suspension 
of the order, nor had further expostulation effect. 
Stronger interests seemed to prevail, and to them 
the Council yielded. At last the miraculous patience 
of the authority gave way, and on May 23, 1908, the 
Rivers Board summoned the Corporation to Court, 
and called for judgment, claiming ten days of the 
full fine for default in complying with the order of 





the Court. Judge Gent heard the application. His 
judgment was short, sharp, and decisive. He said 
no substantial defence had been shown, and no 
substantial reason given why penalties should 
not be inflicted. Ever since the order was made 
there had heen sent out from the Salterhebble 
Works liquid sewage matter which, it was agreed, 
was twice as injurious as it might have been if 

roper chemical appliances had been in use, 

urther, originally forty-eight filter-beds were to 
be made, of which sixteen had been completely 
built when the order was issued. What else had 
been done during the ycar and some months which 
had elapsed? The sixteen beds had been nearly, 
but not completely, filled with the necessary mato. 
rials, and no others had even been commenced. 
Finally, at Northowram, there was an object-lesson 
in dilatoriness and indifference in respect of the 
construction of sewers, while other parts of the 
borough had not even been considered. The case 
might have an important bearing on the whole 
drainage area of the Calder. The penalty of 500/. 
was awarded with costs. From this decision there 
was no appeal, and could be none. 

Thus at last the heavy weight of the law made 
itself felt with wholesome and exemplary force, and 
straightway, with a rapidity almost electrical, it 
communicated a zeal without example in this object- 
lesson in the art of laissez faire, so often and so 
long practised at the expense of the rivers of the 
West Riding. No other of the county boroughs 
has felt its weight so severely. There are not 
wanting those who think that had the Rivers 
Authority shown its power earlier with this down- 
right force, much time and trouble would have 
been saved. 

An inquiry was held on May 14, 1909, on behalf 
of the Local Government Board into the application 
of the Corporation for sanction to a further loan of 
31,5001. in respect of the completion of the scheme 
of sewerage and sewage disposal, 30,0001. being 
needed for percolating filters. This, added to the 
121,4001. previously sanctioned, makes what seems 
to be the total estimated cost, 151,400/. It was 
explained that the need of this 30,0001. arose from 
the reception of trade effluents under an agreement 
with the manufacturers of the borough, and based 
upon the Halifax Act of 1905. It was further 
stated that this provision would increase the total 
dry-weather volume of sewage from 3 million gallons 
per day to 44 millions. Already sanction had been 
given for thirty-two contact-beds and twelve perco- 
lating filters. Of the former, sixteen were completed 
and had been working with satisfactory results since 
August, 1908, and six more would be completed ina 
month’s time, the rest being in progress. Of the 
percolating filters, six were completed, but not yet 
at work, although ready, and the remaining six 
would be ready within three months. By the 
present proposal twenty-four percolating filters 
would be added. Thus we gather that the total 
scheme will consist of settling-tanks with a capacity 
of 4} million gallons, and thirty-two contact beds 
and thirty-two percolating filters, at the total cost 
of 151,4001., for the treatment of a combined sewage 
volume of 44 million gallons daily dry-weather flow. 

It will also be noticed with what zealous energy 
the works have advanced since the law exerted its 
force only twelve months before. Who will say 
that force is no remedy? Directed by reason it 1s 
the basis of all law. 


ROTHERHAM. 


Rotherham, the least of the six county boroughs of 
the West Riding, having an estimated population 
of 65,000, has the honour of having first carried out 
a scheme in something approaching complete form ; 
and in October, 1903, at a meeting of the Rivers 
Board, Rotherham was the only one of the six 
not included in the indictment then made against 
the county boroughs. Not that it had then, or 
has yet, a sewage effluent which by any stretch 
of courtesy can be called pure; but it had 
carried out a scheme, such as it was and is, 
treating to the extent which that scheme would 
permit the great bulk of the sewage. The 
original estimate for this purpose, as presented 
to the Local Government Board in 18%/, was 
55,0001., but once more we find that it 1s the 
manifest destiny of sewage problems to grow bigger 
by handling ; the mind cannot grasp them straight- 
away until confronted by stern experience ; and at 
more than one meeting of the Council it has been 
tacitly admitted that the total cost would approach 
140,0001., which includes a large area of land, some 
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90 acres in all. The treatment was to be tank 
settlement, and filtration through contact-beds 
consisting of coal ; after which the effluent was to 
be purified by land filtration as far as a refractory 
subsoil would permit. In 1904 we said that it was 
doubtful whether such land as that at Aldwarke 
(the site of sewage works) would effect material im- 
provement on the artificial filtrate. We may now 
go further. Not only is the soil incapable of receiv- 
ing abnormal volumes of more or less dirty water, 
being moist clay, but its naturally low levels have 
been lowered still further by coal workings, with 
large portions of it standing under water which 
gains access from the flooded Don, on whose left, 
or southern bank, it lies. The effluent has not given 
satisfaction, and as a consequence alterations in 
the works and treatment have been made from time 
to time and are now being made. 

The following was the position of the works in 
1906 :—Population draining to the sewers, 55,000 ; 
dry-weather flow of sewage daily, 1,500,000 gallons 
mean flow ; area of site of sewage works, 90 acres, 
the land being mostly unfit for use in irrigation ; 
three detritus- tanks ; six settling- tanks, with 
900,000 gallons total capacity, or only 142 hours 
mean flow ; two acres of contact-beds of coal, 37 ft. 
deep, with distribution by perforated half-pipes. 
The contact-beds are arranged so as to be readily 
convertible into continuous filters, and such filters 
have been added to the works. Land filtration 
has not been practicable, and some degree of broad 
irrigation has been applied, of little use towards the 
full and regular purification of the effluent. 

To sum up once more the general position of 
the West Riding rivers. No longer is the result of 
the fifteen years’ work of the West Riding Rivers 
Board in the county boroughs in the shadowy 
stage of a pious opinion, fervently expressive of 
good intentions, and of nothing more, which was 
the status qué of 1904, The last six years have 
completely changed all that ; the discouraging mis- 
sionary work to enforce the provision of means is 
over, and words are now translated into action. 
The means are now there, and the whole of the 
six boroughs, with their aggregate population of 
1,400,000, have, one and all, unfolded their final 
schemes, got them sactioned by due authority, and 
obtained their borrowing powers and their respec- 
tive areas for sites of mt One of the six—the 
smallest but one—has its works complete and in 
operation, and the next smallest borough, Halifax, 
has brought its works to the verge of completion, 
while Sheftield’s works are far advanced. How 
long the River Aire is still to figure as the scandal 
to civilisation it has been rightly termed by 
Dr. Pridgin Teale remains to be seen ; but in any 
case the end is in view, as certainly as that the city 
of Bradford will be the last borough, county or 
otherwise, which, a long time in front of us, will 
have cleansed the river of that pollution which 
drew forth from Dr. Teale the fitting epithet above 
cited. A few, a very few, of those who have taken 
a stirring part in the struggle, from the time of the 
Rivers’ Pollution Commission, will doubtless see 
the outcome—at any rate, so far as the extinction 
of gross pollution from the public sewers is con- 
cerned—and will welcome it with a deep sense of 
thankfulness that, even to this extent, the people 
of the West Riding have redeemed themselves. 
But now the question presses, What of the trade 
effluents? those which do not, or cannot, gain 
admittance to the public sewers? The serious 
position of this difficult phase of a difficult problem 
next demands our attention. 








NOTES. 
Yarrow Borers ror British WarsHIPs. 

Ir is not long since that the idea was entertained 
that the small-tube boiler was only suited for small 
ships, on the somewhat simple theory that big ships 
needed big-tube boilers, and small ships required 
small-tube boilers. The remarkable results got 
with these boilers led to the trials of them in a 
inodified form for larger ships, and these modified 
boilers have proved most satisfactory. Where 
high air-pressure is desirable, the small-tube boiler 
sull holds the field, as so-called Express boilers 
in torpedo craft and the smaller high - speed 
cruisers, but similar types have been introduced 
into ships of the line, the tubes being made some- 
what larger. Thus in destroyers the diameter 
of the tubes varies from 1 in. to 14in., while in the 
larger ships the diameter is 1} in., which is the 
standard size recommended by Messrs. Yarrow. 





Other modifications, of course, have been made, the 
most recent, by Messrs. Yarrow, being to the | 
feed-water through the outer tubes, where the water | 
is heated before it enters the steam-generating tubes | 
proper. At the same time any sediment or grease | 
is deposited in these outer tubes, where it is least 
harmful, with the result that the tubes nearest the | 
fire are not only more efficient, but have greater 
durability, in view of the absence of incrustation 
and deposit due to the saline matter and oil in 
the feed-water. A return has recently been issued 
showing the number of Yarrow boilers fitted in 
warships since 1905, including those now being 
built, and it is a striking fact that the number 
of battleships and cruisers so fitted is thirty- 
one, with a total horse-power of 804,285, whereas | 
the number of battleships and cruisers fitted 
with other boilers is fifteen, with a total horse- | 

wer of 393,804. We have thus in four years 

uilt large ships with a total horse-power of prac- 
tically 1,200,000, of which two-thirds is deve- 
loped by steam from Yarrow boilers. Since 1907 
fifty-eight torpedo-boat destroyers have been fitted 
with Yarrow boilers, the total horse-power being 
795,500 ; this is a very large proportion of the total 
of seventy-three vessels, of 994,000 horse-power, 
laid down within three years. 


Tne GERMAN INSURANCE AGAINST ACCIDENTS. 

On October 1 it was twenty-five years since 
the German law for insurance against accidents 
came into force. It superseded previous regula- 
tions as to compensation for death or disablement 
caused by work in the mining industry, at the rail- 
ways, and a few additional branches. The original 
law was, within the same year, followed by an *‘ ex- 
tension law,’’ which comprised the large inland 
transport concerns by land and water, including 
the postal, telegraph, and railway departments and 
persons at naval and military departments. The 
scope of this insurance was continually widened ; 
in 1887 it was made to comprise the building 
industries as far as such branches were concerned 
that were covered by the laws previously passed, 
and later the same year the Sea-Accidents Bill was 
brought forward. In the year 1900 many of the regu- 
lations were revised, &c. In the year 1909 there were 
in Germany 6,130,900 concerns dealing with indus- 
try, agriculture, forestry, &c., employing no less 
than 26,096,700 insured persons; in addition, 977,351 
persons engaged at different State departments 
were insured. Further, there are the persons 
insured in 14 insurance institutions for concerns 
subject to special rules. The number of accidents 
reported during 1909 under the first of the above 
heads amounted to 653,376 cases, the expenditure 
for compensation, &c., amounting to 162,249,432 
marks. The following tables show the growth of 
the expenditure and of compensation paid since the 
year 1887 :— 


Expenditure. 
1887 ; 19,732,598 marks, 
1895 67,234,915, 
1902 136,940,877 
1909 sa shee 200,387,689 ,, 
Compensation Paid. 
1887 Se i 5,932,930 marks. 
1895 49,374,015 __s,, 
1902 105,927,370 _—,, 
1909 155,113,287 ,, 


The reserve funds at present amount to 258,997,417 
marks(12,999,870/.)for industry, &c. ; and 14,863,499 
marks (743,175/.) for agriculture and forestry. 


Tue Stevens Perrou-Evectric OmnNisus. 


Two 3-ton petrol-electric omnibus chassis have 
just been constructed by Messrs. W. A. Stevens, 
Limited, of Victoria Works, St. Peter-street, Maid- 
stone, for public service in Central India, under 
a concession granted by the Maharaja of Gwalior. 
The chassis represent the most recent development 
of the petrol-electric vehicles constructed on the 
Hallford-Stevens system, which have up to the 
— been manufactured jointly by Messrs. 

tevens and Messrs. J. and E. Hall, Limited, of 
Dartford, but which are in the future to be built 
entirely at Messrs. Stevens’ works at Maidstone. 
The system will henceforth be known as the 
‘** Stevens.” It may be said that a Hallford-Stevens 
omnibus, running on public service in London 
for Messrs. Thomas Tilling, Limited, had, up to 
September 1 last, covered a distance of 85,400 miles, 
and that the electric and other special features 
were practically in as good a condition as when new, 





running cost as compared with the ordinary vehicles. 
The new Stevens chassis differ from those pre- 
viously constructed in that one electric motor only 
is used in place of two. The arrangement consists 
of a four-cylinder petrol-engine, which drives a 
22-kilowatt shunt-wound interpolar dynamo, to 
which it is connected by a flexible clutch. The 
motor is of the four-pole enclosed type, gene- 
rally similar to an ordinary tramway motor, and 
drives the road-wheels by means of a Cardan shaft 
and differential and worm gear on a Dennis 3-ton 
back axle. The main part of the control gear con- 
sists of a face-plate controller, operated by a side- 
lever, which gives two forward speeds and one 
reverse. The second forward speed is obtained by 
cutting out some of the motor field-resistance. A 
main switch is fitted, and is operated by a pedal 
which is interlocked with the controller lever in such 
a way that current is never broken on the con- 
troller, When running the omnibus, it is found 
that the controller may be left over in its second 
sition the greater part of the time, speed regu- 
tion being Shakeel top the pedal controlling the 
engine throttle, but a dnek y regulation may be 
obtained by means of a small lever operating a shunt 
resistance in the dynamo field. This latter regula- 
tion is chiefly found useful when hill-climbing and 
when starting. The electrical transmission gives a 
remarkably fiexible drive, and no jar or shock is 
experienced when starting or speed-changing. 








ANOTHER CANADIAN INcORPORATION.—The Cleveland 
Bridge and Engineering Company of Darlington, and 
the Metropolitan Amalgamated Railway Carriage and 
Wagon Company, of Birmingham, have obtained incor- 
poration in Canada as the British Empire Bridge Com- 
pany, the capital stock being 1,000,000. The new com- 
pany is understood to be one of the tenderers for the 
construction of the great Quebec bridge. 





ELEcrRIcAL EXHIBITION AT HAMPsSTEAD,—An exhibi- 
tion of electric domestic appliances was held at the Hamp- 
stead Baths from the 4th to the 8th inst. inclusive. The 
exhibition was promoted by the Corporation Electricity 
Department, with the object of keeping their clients in 
touch with the developments of electricity in connection 
with domestic appliances. A large selection of lamps, 
heaters, irons, ont similar apparatus was on show. 





Mersey Steam-Frerry.—On the 30th ult., the Snow- 
drop, the second of the two new nger ferry-steamers 
built by Messrs. Cammell Laird and Co., Limited, at 
their Birkenhead yard, to the order of the Wallasey 
Urban District Council, went down the Mersey on her 
official trials, after being fitted with her machinery, 
which has been supplied by the shipbuilders. The vessel’s 
yg dimensions are: — Length, 160ft.; beam, 

ft. 6in.; and depth, moulded, 11 ft. 3in. She has been 
designed to carry about 1400 passengers. The machinery 
consists of two sets of triple-expansion engines, having 
cylinders 16in., 24in., and 4lin. in diameter, with a 
stroke of 2lin. Steam is provided from two boilers, 
fitted with three large corrugated furnaces each. A mean 
speed of 12} knots was attained over the measured mile. 


PreRsSONAL.—The Gutehoffnungshiitte, Aktienverein fiir 
Bergbau und Hiittenbetrieb, of Oberhausen, Rheinland, 
inform us that they have appointed Mr. James Turnbull, 
of 3, New-street, Birmingham, as technical sales engineer 
for the whole of Great Britain and Ireland, and that 
Mr. Turnbull will work in agreement with their other 
British representatives—namely : Messrs. H. Wedekind, 
Limited, 110, Fenchurch-street, London, E.C.; Messrs. 
Willock, Reid, and Co., Limited, 109, Hope-street, 
Glasgow ; and Mr. Harold H. Earle, Milburn House, 
Newcastle-on-Tyne.—We understand that the Stirling 
Boiler Company, Limited, and the British Welding Com- 
pany, Limited, have moved from 25 to 58, Victoria- 
street, Westminster, 5.W.—Mr. C. C. Keep, who has 
represented Messrs. Manlove, Alliott, and Co., Limited, 
of Nottingham, for a number of years, has terminated his 
connection with that company. He is now in business at 
Palace-chambers, 9, Bridge-street, Westminster, S.W., 
in connection with refuse and sewage-disposal schemes, 





Tue German Gas ENGINEERS IN ENGLAND. — The 
visit of the German Gas Engineers, to which we referred 
last week, concluded last Saturday with a luncheon given 
by the Institution of Gas Engineers in the Garden Club 
of the Japan-British Exhibition. Mr. A. Wilson, the 
President, struck the key-note by proposing the health of 
the King and the German Emperor in the same speech, 
addressed to his “‘ brethren.” The same cordiality cha- 
racterised the other speeches by Mr. Corbet Woodall, 
Mr. W. Doig Gibb, and by Mr. Prenger, of Cologne, 
President of the German Gas Engineers. Throughout the 
journey the speeches, in English and German, were, as 
soon as completed, translated with remarkable readiness 
by Dr. R. Lessing, who proved throughout a very useful 
member of the British Reception Committee. Mr. W. T. 
Dann, Secretary of the British Institution, was the most 
active secretary of this committee. The English and 
Scottish gas companies and corporations had united to 
welcome the German visitors, who were particularly 
impressed with the tactful manner in which their hosts 





while the omnibus showed a considerable saving in 


offered their generous hospitality. 
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LLOYD’S REGISTER OF SHIPPING. 


THE annual report for 1909-10 of Lloyd’s Register of 
Shipping states that at the close of the year ended June 
30, 1910, 10,302 merchant vessels, istering over 204 
million tons gross, held classes pene lew the committee 
of Lloyd’s Register, and of that number 6680 vessels, of 
13,061,166 tons, were British-owned, and 3622 vessels, of 
7,474,321 tons, belonged to foreign fleets. 

were assigned by the Committee to 540 new 
vessels. Their stered gross tonnage amounted to 
929,946 tons. Of these vessels, 461, of 923,703 tons, were 
steamers, and 79, of 6243 tons, were sailing ships. Of the 
total, 66 per cent. was for the United Kingdom, and 34 per 
cent. for the British Colonies and foreign countries. The 
total is 75,000 tons more than in the previous year, but 
is considerably below the average for ten years, the 
highest total in any year being 1,484,722 tons in 1906-7. 

The revised edition of the society’s rules for the con- 
struction of steel ships has now been in operation since 
June, 1909, and (the report states) has given satisfaction 
to the shipping community both at home and abroad. 
Whilst maintaining the society’s high standard of effi- 
ciency, the rules are adap to provide for vessels de- 
signed to meet all the varied requirements of the world’s 
shipping trade. Since the new rules came into operation, 
plans for vessels representing nearly 2 million tons of 
shipping have been approved for construction under the 
society’s survey with a view to classification in Lloyd’s 
Register Book. 

Internal-Combustion Engincs.—The use of internal- 
combustion engines for marine purposes has hitherto been 
confined to small vessels and yachts, but the ibility 
of the use of this description of engine as the motive 
power of my vessels is now becoming a question of 
immediate and practical importance. The internal-com- 
bustion engines in most general use on land, and also 
those fitted in small vessels, are worked upon the four- 
stroke-cycle principle, and are single-acting, so that with 
each cylinder there is only one impulse for two revolu- 
tions of the shaft. With this type of engine there is con- 
siderable difficulty in effecting the reversal of the direction 
of rotation of the engine, and when these engines are u: 
for marine purposes the astern motion of the screw has 
usually been obtained by the use of toothed-wheel gearing. 
py meee vely recently there has been a development in 
the Diesel oil-engine for marine work. A two-stroke 
cycle has been successfully adopted, and the reversal is 
effected in the engine itself, the crank-shaft being directly 
coupled to the screw-shaft. The Diesel oil-engine is now 
being fitted to three fairly large vessels being built on the 
Continent under the supervision of the surveyors to 
Lloyd’s Register. One set is being constructed on the 
older principle of the four-stroke cycle with single-acting 
cylinders, and will be of about 450 indicated horse-power. 
Another set is being made on the two-stroke cycle, 
also single-acting, and is intended for a twin-screw vessel, 
the power being about 900 indicated horse-power on each 
shaft. The third set is being made on the two-stroke 
cycle double-acting system, each cylinder providing two 
impulses per revolution ; this also will be fitted in a twin- 
screw vessel, the total power being about 1800 indicated 
horse-power. In each of these cases the engines will be 
directly coupled to the screw-shafts. Ina set of internal- 
combustion engines, which is being constructed under the 
society’s survey in this country for a vessel of about 260 
tons, there are several novel features. The engines are 
intended to work with produced on board from 
anthracite coal. The cylinders are of comparativel 
small size, and the engines are intended to run ata high 
rate of revolution, and will not be reversible. The con- 
nection with the screw-shaft will be made by means of a 
hydrodynamic transformer in which a turbine-pump 
driven by the engine delivers water to another turbine 
coupled directly to the screw-shaft. The arrangement is 
such that the screw-shaft will rotate at a much less rate 
of speed than the engines, and provision is also made for 
reversing its direction of rotation. The experience which 
will be obtained from these four applications of the 
internal-combustion engine is being looked forward to 
with great interest, and will provide data of extreme 
value. During the t year rules have been adopted 
by the society for the survey of internal - combustion 
engines using petrol or paraffin fuel; and whilst 
the committee realise that they must look forward 
to modifications and developments in these rules as 
experience shows to be necessary, it is gratifying to know 
that the rules have been received with general approval 
as very fairly meeting the requirements of the present 
time. Similar rules applicable to the various types of 
Diesel engines are under consideration. 

New Shipping.—There are few features of outstanding 
interest in the design of vessels dealt with during the 
year, the most noteworthy being, perhaps, the increase in 
the number of vessels built on the Isherwood system of 
longitudinal construction. Up to the present time 43 
vessels of this type, with a total tonnage of 176,000 
tons, have been classed, «r approved for classifica- 
tion, in the society’s register-book. In the course of 
the year, the plans of 720 vessels intended to be built 
of steel, 58 of wood, and 4 composite—making a total of 
782 vessels—were submitted for the Committee’s con- 
sideration, with a view to the approval of the vessels for 
classification by the society. These figures show an 
increase of 34 per cent. over the previous twelve months. 

Steel-Testing.—During the year, 759,987 tons of ship 
and boiler steel were tested by the society’s surveyors at 
home and abroad, this being an increase of 282,474 tons 
over the return for the year 1908-9. At the present time 
there are 72 steel-manufacturing firms in the United 
Kingdom, and 164 abroad, recognised by the Committee. 

Under the provisions of a recent German Imperial Law, 
the material used in the construction of marine and land 





boilers to be used on German vessels, or in Germany, 
must be tested and certified in accordance with certain 
detailed regulations which have been issued by the 
German Government. 

Classification of American Lake Vessels.—The subject 
of the survey and classification of steamers on the Great 
Lakes of America has occupied the attention of the Com- 
mittee during the past year. Towards the end of 1909 
the Committee instructed Mr. Buchanan, the principal 
assistant to the Chief Ship Surveyor, to visit the Great 
Lakes of America for the purpose of conferring with 
local shipbuilders and shipowners, and of collecting data 
with regard to the construction of Lake steamers and the 
requirements of the trade in which ‘ay 3 are employed, 
with a view to the adoption of rules by Lloyd’s Register 
for the construction and classification of such vessels. 
Draft rules have been prepared and are now under con- 
sideration. An experienced senior ship surveyor from 
the society’s home staff has been stationed at Cleveland, 
Ohio, with extended powers in regard to dealing with 
plans of vessels, in order to meet the convenience of 
American shipbuilders and shipowners who are desirous 
of availing themselves of the society’s classification. One 
vessel, 600 ft. in length, is now being completed on the 
Lakes under the society’s survey, and the plans of several 
other large steamers have m approved with a view to 
classification by the society. ; 

Chain Cables and Anchors.—The total length of chain 
cable tested during the year at the public proving-houses 
in the United Kingdom, all of which are under the “— 
intendence of the society, was 304.505 fathoms. The 
number of anchors tested was 6843, The Committee have 
had under consideration during the past year the subject 
of the testing of chain cables manufactured by a process 
of annular rolling by machinery instead of by the ordinary 
method of welding by hand. It is claimed by those who 
have introdu this system that these machine-made 
cables are more reliable than the hand-made ones, owing 
to the absence of the cross-weld in the links. Cables of 
this description have been manufactured on the Con- 
tinent for several years, some having been supplied for 
use on board German warships. 

Arrangements have now Seen made for the manufac- 
ture of such cables in this country, and regulations for 
the testing of them, under the provisions of the Anchors 
and Chain-Cables Act, have been adopted by the Board of 
Trade in consultation with the Committee of this society. 

Refrigerated Cargoes.—An increase has again to be 
recorded in the number of vessels engaged in the car- 
riage of refrigerated cargoes. At the present date there 
are 128 vessels holding the society’s refrigerating ma- 
chinery certificate (Lloyd’s R.M.C.), and 677 surveys 
were carried out during the year by the society’s sur- 
veyors on the installations of such vessels. 

Wireless Telegraphy and Submarine Signalling.—There 
are now recorded in the register-book 702 vessels fitted 
with wireless telegraphic installations and 459 with sub- 
marine signalling apparatus. 

Classed Yachts.—The number and gross tonnage of 
yachts classed in the society’s register of yachts are 657 
yachts, of 120,579tons. Of these, 381, of 112,354 tons, are 
steam yachts, and 276, of 8245 tons, are sailing yachts. 








“THE STRENGTH OF GUNS AND 
CYLINDERS.” 
To THE EpiTor oF ENGINEERING. 

Str,—I notice in your issue of October 7 a letter from 
Professor Morley somewhat severely criticising statements 
made by Professor C. A. M. Smith in an article on ‘‘The 
Strength of Guns and Cylinders.” As I was interested 
in the article when it appeared, I took the trouble to 
look at the context of the quotation to which your corre- 
spondent draws attention. When this is examined there 
is no doubt as to the meaning ; and had Professor Morle 
troubled to include the whole of the sentence, of whic: 
the “‘remarkable statement” he publishes is but a part, 
it would appear that the first paragraph of his letter 
would be bereft of much of its force. 

Further, I assume he was referring to his own book 
when he writes ‘On turning up the subject of a thick 
cylinder subjected to internal pressure, in a text-book of 
strength of materials rather widely used in the colleges, 
I find both the principal stresses and the greatest principal 
stress differences (of which the greatest shear stress is 
one-half) calculated as in this article.” Yet in this well- 
known text-book I notice that, although the example of 
the 6-in. hydraulic main is worked out, no attention 
whatever is drawn to the value that the shear stress 
attains in the material. 

For two dimensional stresses, the validity of Guest’s 
law has been incontrovertibly demonstrated, despite the 
severe criticism, three years ago, when Professor Smith 
first drew attention toit. Although the experiments to 
date on three dimensional stressing are somewhat meagre, 
it would seem justifiable to investigate the strength of 
thick cylinders under the assumption that the law is still 
applicable. 

n any case the law has to be disproved, and may more 
reasonably be used than the now discounted principal 
stress theory. In the article criticised, the author does 
not dogmatise, and to dispute his conclusions is surely to 
assume the onus of disproof. 

Yours faithfully, 
ARTHUR G. WARREN. 

Abbey Wood, Kent, October 11, 1910. 


To THE Epitor oF ENGINEERING. 





Srr,—When I read your correspondent’s letter in your 
last issue, it was not my intention to reply, as the points | 
raised seem trivial. Private correspondents have, how- | 
ever, mentioned the matter, and I propose, therefore, to 
reply. But what puzzles me is that the people who write 


such letters seldom discuss ‘‘Guest’s Law” at meetines 
of scientific societies. Professor Morley, I believe, now 
enters the arena for the first time. 

Partial quotation is often as bad as misquotation. \iy 
sentence, partially quoted, was: ‘‘ There is about 50 per 
cent. difference in the rea/ stresson the pipe material a1 
that which is actually supposed to exist.” The use of the 
word ‘‘real” is the quibble. I agree it was not an idea} 
word, but the meaning is obvious enough. 

As for the last part of the letter, I quote my own 
article: ‘‘ The effect of time and the effect of over-strain 
upon materials subjected to compound stress has not, the 
author believes, yet been fully investigated ; and clear|y, 
before any very decided statements can be made con- 
cerning the application of results of experiments upon 
steel subjec to compound stress to the design of guns, 
all these things must be thoroughly considered, and data 
provided.” 

I am at present engaged on such work. What we want 
are more agony Time is lost which is spent in 
verbal quibbles, and these I cannot continue to discus- 

Yours faithfully, 
C. A. M. Suiru. 

East London College (University of London), 

Mile End-road, E., October 11, 1910. 








THE DIESEL ENGINE. 
To THE EprTor OF ENGINEERING. 

Srr,— We have seen Mr. Cummins’ letter in your issue 
of ENGINEERING, dated October 7, 511, in which he 
compares the Diesel system of internal-combustion engine 
with the ordinary oil-vaporising system, using electric 
ignition, as in the ordinary gas-engine. 

As the statements in Mr. Cummins’ letter are rather 
misleading, we should like to comment as follows :— 

1. Although in the Diesel engine a large amount of 
negative work is done in compressing the air, nearly the 
whole of this work is recovered, as compression is nearly 
adiabatic. 

2. The electric ignition is a complication, and if—as 
with the Diesel—it can be entirely avoided, surely there 
is wisdom in so doing. 

3. There is overwhelming evidence to prove that the 
modern Diesel engine is a more economical prime-mover 
than the modern ordinary oil-engine, using a vaporising 
system and electric ignition. 

4. There is no difficulty in storing and utilising air at 
the pressures required for the Diesel system, and surely 
no more flexible medium could be employed than air for 
starting, reversing, or quick manceuvring. 

5. The whole essence of the Diesel system lies in the 
fact that, by means of the special fuel valve, petroleum 
residue is dealt with in a way which no kind of vaporiser, 
or vaporising system, could deal with it. We think that 
the vaporiser will be one of the principal stumbling-blocks 
in all attempts to develop the ordinary type oil-engine. 

We have for some time been going closely into the 
question of the Diesel principle as applied to marine 
my and we are confident that here, as in land 
work, the Diesel engine has such claims for efficiency 
and reliability that it is only a question of time before it 
becomes recognised as the leading prime mover for pro- 
pelling machinery. 

The extraordinary interest now being shown in the 
Diesel system by British and foreign Governments is an 
indication of the which has been made in this 
particular branch of engineéring during the last few years. 

Yours faithfully, 
For WILLANS AND ROBINSON, LimiTEp, 


; t. G. Izop. 
Victoria Works, Rugby, October 11, 1910. 








THE UNIVERSITY OF SHEFFIELD.—An offer has been 
received from Mr. Maurice Deacon, of the Sheepbridge 
Coal and Iron Company, Chesterfield, of a scholarship of 
20/. a year, tenable for three years, in the Mining Depart- 
ment of the University. 


THe NortHampron Potytecunic Instirute.—The 
new generating-station at the Northampton Polytechnic 
Institute was formally opened on the J2th inst. by Mr. 
W. Whitaker Thompson,:Chairman of the London 
County Council. The station has been - ped to 
supply power and light for all the purposes of the Insti- 
tution, and contains two six-cylinder 108-brake-horse- 
power Gardner gas-engines, operating from suction plant, 
manufactured by Messrs. Bennett and Tapley, of South- 
ampton. Each of the engines is coupled to a 50-kilowatt 
220-volt direct-current generator and a SDllovelt empore 
2200-volt 25- period three-phase alternator in tandem. 
Thestation also contains a motor-generator set, consisting 
of a 45-brake-horse-power 2200-volt synchronous motor 
coupled to two 25-kilowatt direct-current generators, one 
of 110 volts and the other of 220 volts. In an adjoining 
room four single-phase 13.7 - kilovolt-ampere 2200 to 
330- volt transformers are fitted, and in addition a 
30-kilowatt rotary converter giving 500 volts at its 
direct-current end. Suitable switch-gear for the control 
of this apparatus is fitted; while, in one of the 
laboratories situated about 100 ft. from the generating 
station, a sub-station switchboard for the distribution of 
power to the building is fitted. The generating station 
also contains a battery supplied by the D.P. Battery 
Company, and capable of giving a discharge of 60 amperes 
for 10 hours, and a 2-ton overhead electric crane, DY 
Messrs. Higginbottom and Mannock. The greater part 
of the electrical equipment is by Messrs. Siemens. 1t 1s 
intended to v= i station on commercial lines, and it 
has been laid out largely with the idea of giving the 
students of the institute an opportunity of becoming 
familiar with the running of a complicated modern central- 
station plant 














Oct. 14, 1910.] 








ENGINEERING, 








547 











THE “BEAVER” SELF-ADJUSTING STOCK AND DIES. 


MESSRS. DRAKE AND GORHAM, LIMITED, ENGINEERS, WESTMINSTER. 





























Fic. 2. 


_ConsIDERABLE difficulty is experienced in screwin 
pipes by hand with the ordinary type of stocks an 
dies, owing to the wedging action which takes place, 
and it is not as a rule possible for one man to cut 
more than a few turns on any but the smallest pipes. 
This is due to the taper on the dies, which is necessary 
in order to give the necessary taper to the finished 
pipe ; and to their comparative width, which is neces- 
sary in order that they may take a proper bearing and 
hold the stock at right angles to the axis of the work. 
The “Beaver” self-adjusting stock and dies illus- 
trated above has been designed with the object of 
eliminating the wedging difficulty, and it is stated 
that one man using it can quite easily screw a 2-in. 
pipe. The wedging is got over by using narrow dies 
which automatically recede as the tool travels for- 
ward, so that a taper thread is produced. At the 
same time, the cutting becomes easier as the tool 
advances instead of becoming progressively more diffi- 
cult as with the ordinary form of tool. The mechanism 
which is used to draw back the dies to form the taper 
is also employed to fix their ition in such a way 
that one set of dies can be aoukien screwing four sizes 
of pipe. 

In general the appliance consists of three main parts, 
which are indica by a, b, and c in the fi The 
parts a and 6 rotate together when the tool is being 
used, while the lower part ¢ is clam to the work. 
Chis lower part carries a loose bush which may be 
changed to suit the size of pipe that is being screwed, 
and has three screws which hold the bush in position 
and clamp the pipe. Two of these screws can be seen 
at the bottom of the tool in Fig. 1. One of them is 
fitted with a hinged lever-head, so that it may be 





screwed up tightly without the use of a spanner. It 
is only necessary to operate this one screw when 
changing the pi The main purpose of this lower 
part c is to fix the tool in position on the work, and 
maintain its alignment ; but it also serves, by means 
of an internal screw, to operate the mechanism which 
draws back the dies to form the taper. ; 

The upper part a of the tool is connected to the inter- 
mediate part 6 by two rectangular guides, which are 
fixed to the latter and project through holes at the 
back of the handle-sockets which form part of a. It 
will be obvious from the fi s that these guides will 
allow of an axial rise or fall of a in relation to b, but 
will prevent any rotation of the parts relative to each 
other. The upper part a carries the dies. These 
slide in radial slots, and have small vertical pins 
standing up about } in. above their upper surfaces. 
This can best be seen from Fig. 2, which shows the 
tool partly dismantled. These pins fit into four slots 
in a cam-plate which lies above the dies, and which is 
shown removed and inverted in Fig. 2. This cam- 
plate has a clearance hole in the centre, and fits 
around the centre screwed barrel portion of the upper 
part a, and it will be obvious from the shape of the 
slots, as shown in Fig. 2, that as the plate is rotated 
the dies will either drawn towards the centre or 
opened wider apart. A dial-plate, graduated round 
part of its upper surface, is placed above this cam- 
plate, as can seen in Fig. 1, and is held down by a 
circular nut, which is locked to the centre-screwed 
barrel by a small screw and washer. The cam-plate 
has a projecting tongue with a locking-plate and 
wing-nut which serve to clamp it to the dial-plate, so 
that the cam-plate may be swung round and the dies 





drawn in or out until their ition, as shown by the 
graduations, correspond to the size of pipe which is 
to be screwed, after which the locking-plate may be 
screwed down and the dies clamped in position ready 
for work. 

The arrangement for giving the necessary taper to 
the screwed pipe is worked through the dial plate, 
which has a projecting tongue fitting into the angular 
slot of one of the rectangular guides which serve to 
connect a and 6. This tongue can be seen at the front 
of the dial-plate, which is shown removed from the 
tool in the bottom left-hand corner of Fig. 2. It was 
stated in the earlier part of this description that the 
fixed part of the tool c served to operate the taper 
mechanism by means of an internal screw. he 
arrangement consists of an externally-screwed barrel 
projecting from the lower side of part a, and working 
in the internal screw of part c in such a way that as a 
is rotated in the cutting direction it gradually screws 
itself into c. Part b, however, which rotates with a, 
works on a plain part of c, so that as it is rotated it 
has no axial travel relative to c. The result of the 
arrangement is that as a and > rotate together, a 
screws itself into c, while ) maintains always the same 
axial position relative to it, so that a gradually slides 
down the guides which connect it tob. The result of 
this is that the dial-plate has a small rotational move- 
ment relative to a owing to its tongue sliding down 
the angular slot in the guide. This motion of the 
dial-plate is communica to the cam-plate, owing to 
them being clamped together, and as a consequence 
the dies are slightly drawn back as the screwing 
proceeds. 

The lower handle-socket, which can be seen in Fig. 1, 
is arranged to operate a ratchet attachment for screw- 
ing in awkward situations. This attachment is likely 
to prove useful for some classes of work, but is not an 
essential part of the tool, which can be supplied with- 
out it. ‘The pawl is arranged in such a way that it 
may be thrown out of gear when required, so that it 
is not necessary for this handle-socket to rotate when 
it is not being used. The tool is being put on the 
market by Messrs. Drake and ‘Gorham, Limited, of 
66, Victoria-street, Westminster, S.W 








GRAVITY SELF-RAISING ROLLERS FOR 
MAPS, THEATRE CURTAINS, &c. 
By R. W. Weekes, Wh.Sc., A.M.I.C.E., M.1.E.E. 


I wisuH to bring to the notice of the Mechanical Section 
the general features of a gravity system of suspending 
maps, theatre curtains, &c., which has certain advan- 
tages over springs for rolling up the maps when not in 
use. With the gravity system increase in weight of the 
map or curtain does not matter, as the arrangement is 
such that the centre of gravity of the whole is not moved 
during the winding or unwinding of the same. 

Fig. 1 shows in diagrammatic form the general arrange- 
ment. In every case the roller carrying the theatre 
curtain or map is suspended by means of a cord C 
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which round a pin B at the end of the roller. 
The roller A is at the lower end of this cord when the 
map is fully wound up. The cross-bar or weight at the 
lower end of the map is indicated by W. When this is 
pulled down the map commences to unroll, and the roller 
A rises, the supporting cord winding up round the pro- 
jecting pin B. There are two turning moments exe on 
the alien, The first of these is due to the combined weights 
of the roller A and the map and of the bottom weight W. 
These three weights are all supported by the string O, and 
the product of these weights into the radius of the pin B, 
plus one-half the thickness of the cord, gives the torque 
which tends to roll the map up. In the other direction 
the force tending to unwind the map is due to the weight 
W and the weight of that length / of the map which is un- 
wound. The sum of these two weights acts at the radius 
made up of half the diameter of the roller plus the thick- 
ness of the map still wrapped round the roller. By suit- 


* Paper read before the Engineering Section of the 
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ably proportioning the diameters of the roller and the 
in and of the weights of the roller, map, and bottom 
r, W I can arrange that the system is practically in 
equilibrium in any position. Thusas the map is unrolled 
the weight of it tending to unroll it further increases, but 
the radius at which this weight acts decreases. If these 
roportions are secured, the map will stop in any position 
esired, as the centre of gravity of the system is not moved 
appreciably by the act of rolling or unrolling it. In those 
cases where absolute balance is not easily obtainable, the 
map can be made to stand in any position by means of 
any device which alters the perfect concentricity of 
the roller and the pin. This may be secured by making 
the pin eccentric to the roller, or by making the pin 
oval in form, or by making the roller not perfectly 
circular. The end of the map where it is secured to the 
roller will often give sufficient variation in the effective 
diameter to correct any slight want of balance between 
the parts. These devices give a variation in the turning 
moment of the forces tending to roll up or unroll the map, 
which acts much in the same way as the frictional ratchet- 
wheel used on spring-mounted maps. 
In order to show how far equilibrium can be obtained 

I have prepared a diagram (Fig. 4, page 547) for one of the 
maps on wooden rollers, shown at the meeting. This map is 
6 ft. 4 in. long, and the diagram shows what the rolling and 
unrolling torques are for each position of the wooden roller. 
































The rolling-up torque E F is constant for all positions 
of the roller, and is equal to the combined weight of the 
roller, map, and the lower bar multiplied by the effective 
radius of the pins round which the cords wind. 

The unrolling torque G H is not constant, as it depends 
on the radius at the point the map leaves the roller, and 
also on the length of the map unrolled. The curve G, H 
shows this unrolling torque for different positions of the 
roller. It will be seen that over a considerable range the 
rolling and unrolling torques are practically equal. 

When the map is almost rolled up the rolling torque 
predominates. The other curves show what takes place 
when the lower bar is lifted. The rolling-up torque then 
is represented by the line E’ F’. 

As the lower weight is no longer in operation, the only 
unrolling torque is that due to the length of the map 
unrolled. The curve for this is G’ H’. The distances 
between these two last lines is the torque available for 
winding up the map when the lower weight is lifted. 
This is considerable, and only in cases of extremely long 
maps or theatre curtain scenes is there any necessity for 
the cord J for winding up the maps (Figs. 2 and 3). 

In order to overcome any slight want of adjustment in 
the relative weights of the parts, the eccentricity men- 
tioned above between the roller and pin is useful. It will 
be og = on the — shown herewith. ; ‘ 

The advantages of this gravity system of suspending 
maps, which is carried out by Messrs. Philip and Sons, 
Limited, of 32, Fleet-street, E.C., are briefly as follow :— 

1. The maps can be hung up on the cords from the 
ground-level, and any map required can be easily attached 
to the same cords. The means of doing this is illustrated 
in Fig. 5. 2. The act of unrolling the map automatically 
raises it to the desired position. 3. The map can be rolled 
up when done with, and thus kept clean. 4. The gravity 
control avoids the use of springs, and is cheaper. 








Moror-Car TAxEs.—We have recaived from the Wolse- 
Jey ‘Tool and Motor-Car Company, Limited, Adderley 
Park, Birmingham, a handy little card, giving, in concise 
form, a table showing the tax payable on every type of 
car built by them since 1906. In every case the number 
of cylinders, the bore, and the horse-power are given, the 
last being calculated by the Treasury formula. A copy 
of this card will, we understand, be sent to any user of a 
Wolseley car on receipt of a post-card. 





THEORY OF HARDENING CARBON 
STEELS.* 


By C. A. Epwarps, M.Sc. (Research Fellow and De- 
monstrator in Metallurgy, Victoria University, Man- 
chester). 

AN explanation of the hardening properties of steel, upon 
which all metallurgists are poo has not yet been pub- 
lished. Whilst this isa question of scarcely any practical 
value, it has ee rise to much controversy, and even now 
divides metallurgists into two schools of thought—namely, 
the so-called ‘‘ carbonist” and ‘‘allotropist.” On account 
of this difference of opinion, those taking up the study of 
steel find it difficult to decide on which theory to put their 
faith, and many accept without criticism the one advocated 
by their teacher. hough there may be much to say in 
support of both theories, it would be strange if there were 
two quite distinct and equally accurate explanations of the 
same phenomenon. It may be possible, if the data bear- 
ing on the subject be carefully examined in the light 
of physico-chemical Jaws, to annex the valuable points 
from the ‘‘carbonist” and “allotropist” theories, not 
with the view of extinguishing either, but rather of 
merging the two and sinking the difference which now 
exists. For this purpose the author proposes to discuss 
the subject from a truly impartial standpoint, referring 
to previous authors and works only when absolutely 
necessary, in the hope that the object of the paper will be 
more readily attained. 

Before considering the effect of carbon on iron, or the 
effect of quenching on steels, it is necessary to consider 
the physical properties of iron itself, and also to refer to 
the main principles of the ‘‘ phase rule” which is so 
useful in the study of alloys, especially as a check on 
theories. 

The Phase Rule.—By the aid of the phase-rule it is 
possible to determine the number of phases which can 
co-exist in equilibria in any system. is important law 
is generally expressed as follows :—The number of degrees 
of freedom of a system is equal to a number of com- 
ponents plus 2, minus the number of phases present— 


F=C+2-P. 


The rule defines the state of a system in equilibrium, 
entirely by the relation between the number of com- 
ponents and the number of phases present, quite inde- 
pendently of the amount of each phase, and the molecular 
constitution of the participating substances. A simple 
example is water at its freezing-point, at which tempera- 
ture the number of phases is three—water, ice, vapour— 
and the number of components is one; therefore the 
number of degrees of f om is1 +2-3=0. In other 
words, ice and water can exist together in the presence of 
vapour only at a definite temperature and pressure. If 
either the temperature or pressure is chai , one of the 
phases must disappear. In the case of metals the vapour 
phase is almost absent, and the vapour pressure is ex- 
ceedingly small. Moreover, as most alloys are manu- 
factured and treated at atmospheric pressure, the effects 
of pressure may be generally neglected so far as their con- 
stitution is concerned. Hence in the case of alloys the 
phase rule might be written F = C + 1 - P. 

In discussing an equilibrium diagram of a binary series 
such as the iron-carbon alloys, it will be well to remember 
that there cannot be more than two phases or constituents 
in equilibrium in any area of the diagram. A two-phase 
area bounded on one side by a sloping line indicates that 
the area adjacent to that boundary must consist of one 
phase alone. Three phases can coexist over a range of 
composition at a constant temperature—i.c., on a line 
running horizontally in the diagram ; but, whatever the 
composition of the alloy, at that temperature the com- 
positions of the participating phases are invariable. 

brief description of an equilibrium diagram of a 
binary series of alloys will perhaps render the foregoing 
statements clear, and may at the same time be of some 
use when discussing the phases which may be retained in 
carbon steels by rapid quenching from various tempera- 
tures. 

Fig. 1 is an equilibrium diagram of a binary series of 
alloys, consisting of the metals A and B. Alloys corre- 
sponding in composition to points on the left of the point 
b begin to solidify at temperatures on the line Ab. The 
solid deposited is the pure metal A, and the liquid so 
becomes relatively richer in the metal B. As a con- 
sequence the temperature must be further lowered before 
any more of the solid metal A can separate from this 
enriched liquid. With falling temperature the pure 
solid metal A progressively separates from the liquid, 
while the liquid becomes richer in B, until the tempera- 
ture of the line d, ¢, b is reached, when its composition is 
represented by the point b. At this stage the liquid 
interacts with the crystals of A first deposited, and these 
are transformed partially or wholiy, according to the 
composition of the alloy, into crystals A, B,. With 
alloys between the points } and c the process of freezing 
is somewhat different. In this case the compound is 
deposited direct from the liquid, and not formed by the 
interaction of the liquid on a previously formed solid. 
It will be seen from the diagram that the pure metal A is 
a stable constituent at the ordinary temperature in all 
alloys represented by points to the left of ¢, and even in 
those mixtures between e and b it may be obtained by 
sufficiently rapid cooling from temperatures above e, 6. 
But with alloys to the right of b, whatever the conditions 
as to composition or rate of cooling, it is impossible to 
have the pure metal A present. Another useful illustra- 
tion of the changes that occur in a binary series of alloys 
is shown in Fig. 2. Here it is assumed that the metal A 
is capable of existing in two allotropic modifications a and 


* Paper read before the Iron and Steel Institute at 
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8, and that the metal B is insoluble in both these forms, 
The temperature of the az7p inversion has been placed 
at d. In this case alloys to the left of 6 commence to 
solidify with the separation of crystals of A in the a form, 
This separation proceeds until the temperature of the 
line d, 6 is reached, when the a crystals change bodily 
into 8 crystals. In point of temperature this change 
must be complete at the normal temperature of the 
a> inversion, since neither a nor § will hold the meta] 
B in solution, and they are in equilibrium with the liquid 
b—i.e., there is no degree of freedom. Ifa were capable 
of dissolving the metal B, then the temperature at which 
8 would form would be lowered as indicated in Fig. 3, 


It must, however, be borne in mind that the rd inver- 


sion cannot in any event be lowered to such an extent as 
to be coincident with the freezing of the eutectic at ¢, 
since the degree of freedom would be a minus quantity. 
These diagrams (Figs. 2 and 3) indicate that the metal A 
is never present in the a form in a stable condition at the 
ordinary temperature. pay d also show that this form is 
never present in alloys to the right of }, and that it can 
only be obtained by rapidly cooling alloys to the left of b, 
—_ temperatures within the areas where it is a stable 
phase. 

Physical Properties of Iron.—On taking a cooling curve 
of iron from its freezing-point down to the ordinary tem- 
perature, two distinct arrests or retardations in the rate 
of cooling are observed. These two arrests are caused by 
the evolution of latent heat which is absorbed whilst 
heating the metal. The thermal changes observed on 
cooling occur at 900 deg. Cent. and 760 deg. Cent. Taking 
the points on cooling as being of more importance for the 
theory of hardening, it will be seen that from the meltin 
point to the ordinary temperature, iron passes jee 
three distinct ranges of temperature—viz., from 1505 deg. 
Cent. to 900 deg. Cent., 900 deg. Cent. to 760 deg. Cent., 
and 760 deg. Cent. to 0 deg. Cent. The significance of 
these ranges will be evident if the uncontested difference 
in properties of the metal when at temperatures within 
the above-mentioned limits are considered. For example, 
iron between 1505 deg. Cent. and 900 deg. Cent. is non- 
magnetic, and will readily dissolve carbon or chloride of 
iron ; from 900 deg. Cent. to 760 deg. Cent. it is still 
non- etic, but is almost without action upon carbon, 
and below 760 deg. Cent. it is magnetic oad | incapable 
of dissolving carbon. Now the thermal changes at 
900 deg. Cent. and 760 deg. Cent. can be explained only 
by considering that at those temperatures there is a re- 
arrangement of the molecules within the mass which may 
or may not be accompanied by an external change of 
crystalline form. The marked difference in physical 
properties strongly yp this view. In addition to 
this evidence, Messrs. Rosenhain and Humfrey* have 
shown that iron at temperatures between 760 deg. Cent. 
and 900 deg. Cent. is harder that when at temperatures 
either just above 900 deg. or just below 760 deg. Cent. 
Judging, therefore, from our present knowledge of the 
subject, iron must be regarded as capable of existing in 
three allotropic states. If this conclusion is accepted, 
and the question of hardening steel is approached with an 
open mind, the author believes that a rational explana- 
tion of that phenomenon can be formulated, and some idea 
gained of the bearing on this subject of. the allotropic 
inversions of iron. 

Turning now to the question of iron-carbon alloys, it is 
first necessary to discuss the effect of carbon on the allo- 
tropic inversions of iron. The three forms of iron are 
generally referred to as a, 8, and yy, and the inversions of 
¥ into 8, 8 into a, and the carbide change respectively as 
Ars, Are, and Ar). 

In discussing the changes that occur in carbon steels, 
perhaps it will be well to follow them throughout by 
means of that section of the constitution diagram whic 
includes the steels and is shown in Fig. 4. With the addi- 
tion of carbon to iron the Ar, change is lowered, and when 
0.45 per cent. of carbon is present it is coincident with, 
or, to be more correct, commences at the same tempera- 
ture as the Ar, of pure iron. On cooling a carbon steel 
containing, say, 0.20 per cent. of carbon from about 
950 deg. Cent., at ahi toneneine it is a homogeneous 
solid solution of carbon or carbide of iron in y iron, to 
840 deg. Cent., it begins to deposit a certain amount of 
8 iron; and since this will not hold carbon in solution, 
the remaining y solution is in consequence relatively 
enriched in carbon. As a further consequence the tem- 
perature at which more § iron separates from the 
secondary ¥ solution is lower than that of the original. 
Therefore in carbon steels the change from y iron into 8 
iron must be a progressive one ; that is, not completed at 
one temperature, but occurring over a range of tempera- 
tures. is gradual formation of 8 iron proceeds wit 
falling temperature, and the y solution becomes relatively 
richer in carbon, until the temperature of the line }, c 18 
reached, when the remaining y solution corresponds in 
composition to the point c (Fig. 4). Since 8 iron will not 
dissolve carbon, it follows that the 8 iron formed from 
the + solid solution will be precisely the same as the 
iron of pure iron having the same properties and change 
into a at the same temperature—viz., 760 deg. Cent. 
That being the case, at the temperature of the line )¢ 
there are three phases or constituents in equilibrium with 
each other—namely, pure § and a iron, and the 7 soli 
solution of the composition represented by the = ¢. 
Under these conditions there is no degree of freedom, or 
the three phases can exist together only at that par- 
ticular temperature. From the fact that § iron a 
into a at the temperature of the line dc, it is clear that 
below that line 8 cannot be present in a stable state, 


and 
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that a separates direct from the y solution, while the within the areaa, b,c, may in part consist of § iron. 
composition of the latter alters in the direction c, ¢ until Therefore, it is possible, though it might be difficult to 
it contains 0.89 per cent. of carbon at the temperature | prove, that the hardness of such steels is partly due to 
of d,¢, f, when the y changes bodily into a iron, with | the presence of 8 iron. With steels containing more than 
the immediate separation of the carbon as carbide of iron. | 0.45 - cent. of carbon, including all those that are suit- 
If the above statements are accepted—and on scientific able for tools, the 8 iron theory is untenable, since 8 iron 
grounds they are incontrovertible—it is possible to say can never be present on cooling the solid solution of 
what phase or phases will be produced by “‘ideal” | these steels, no matter whether the rate of cooling is slow 
quenching any carbon steel from any particular tem- | or quick. It might be urged that this contention depends 
perature. For example, all steels quenched from above | too much upon the belief that f iron will not dissolve 
a, ¢, ¢, g, h will consist of a homogeneous solid solution of | carbon. To meet this possible objection it is necessary to 
carbon or carbide of iron in y iron. Steels containing up | consider the effect of carbon upon the temperature at 
to 0.45 per cent. of carbon, if quenched from temperatures | which § iron separates from the 7 solid solution. To 
within the area a, b,c, will consist of the y solid solu-| begin with, the temperature of this inversion is 
tion + Biron. Steels containing up to 0.89 per cent. of gradually lowered with the introduction and addition 
carbon, when quenched from temperatures inside 8, ¢, d, e, | of carbon, from which it follows that § iron will 
if they are in a stable condition at those temperatures, | not dissolve as much carbon as y iron. Then the 
will consist of the y solid solution and + airon. All steels! Ar, point of steels with less than 0.45 per cent. of 
quenched from below d, e, f will consist of a iron + | carbon is not influenced by carbon—1.e., it occurs at the 
carbide of iron unless they have been kept at tempera- | same temperature as the Ar, of pure iron, which means 
tures just below d, c, f long enough for the carbide to de- | that 8 iron holds no more carbon than airon. But taking 
compose into a iron and carbon. With steels containing | all possible contingencies into consideration, and assum- 
more than 0.45 per cent. of carbon, if the carbon is in| ing that § iron will dissolve some carbon, would it make 
solution, say, at 950 deg. Cent., no variation in the rate| any fundamental difference to the above conclusions? 
of cooling will dovdian the B variety of iron. It must be} The answer is in the negative, for the only difference 
noted that this statement applies only in the case of ‘‘cool- such an event would make is that the temperature of the 
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ing” a homogeneous solid solution of carbon in y iron. line b, c (Fig. 4) would be somewhat lower, and the posi- 
a are entirely different on heating the sonnel or me tion of the point c would be a little more to the right. It 
in the annealed condition from any temperature below -a ie 
the Ar, point up to about 950 io Gan dn etal must, however, be remembered that the y <8 inversion 
carbon steel consists of a iron along with carbide of iron, | cannot be coincident with the Ar,, or carbide change- 
and on heating, this a iron changes into the 8 form just | point, since it would mean that the solubility of carbon in 
as in the case of pure iron. This is quite in agreement | 8 iron would be 0.89 per cent., and at that temperature 
with theory, and shows that, apart from the metastable | there would be four phases in equilibrium—namely, a, 8, 
carbide and stable carbon diagrams, there is a stable con- and the y solid solution, along with Fe;O. Turning now 
dition for cooling and quite another for heating these to the third form of ¥ iron, it is known that in steels this 
alloys. variety never exists in the pure state, but only as a solid 
After what has been said, perhaps it may be possible | solution with carbon or carbide of iron. Therefore 
to give an explanation of the extra hardness produced in| it is safe to conclude that neither a, 8, or 7 iron, as 
carbon steels by the ordinary method of quenching. The | such, can be the cause of the extra hardness produced by 
first question which arises 1s, Will any of the allo ropic quenching tool-steels from about 950 deg. Cent. Since, 
forms a, 8, or 7 iron, as such, account for this hardness ? however, steels mainly consist of iron, and the iron of a 
With regard to a iron, it is well known that iron in this | tool must be in at least one of the three modifications, it 
condition is relatively very soft at all temperatures— | is of some importance to inquire how much depends upon 
above 0 deg. Cent.—of its existence; it may, therefore, | the fact that iron is capable of existing in different 
be dismissed from the question under consideration. It | physical states. 
is different, however, in the case of Biron. From the n the a form, iron is not hard enough to be used by 
work of Messrs. Rosenhain and Humfrey referred to it | engineers for cutting purposes, and it Tes been shown 
would appear that iron when at temperatures between | that 8 iron cannot be present in a hardened steel-tool. 
760 deg. and 900 deg. Cent., or in the § state, is harder! Hence there can be little doubt that the efficiency of 
than when at temperatures either immediately below | cutting-tools is due to the fact that y iron will hold carbon 
‘60 deg. Cent. or immediately above 900 deg. Cent.,|in solution at temperatures above 710 deg. Cent., and 
snd for this reason it might be argued that quenched | that by rapid cooling the carbon is held in solution at the 
steels owe their increased hardness to the presence of | ordinary temperature, though in a metastable condition. 
8 iron. In discussing this point it is important to re- |The moment the carbon is thrown out of solution the 
member that whilst §iron, or pure iron between 760 deg. | cutting properties of a tool are destroyed. The power of 
and 900 deg. Cent., is harder than hot a ory, it does not | hardening by quenching from moderately high tempera- 
of necessity imply that if the 8 form were retained | tures is by no means confined to steels, for there are many 
by ideal quenching from, say, 800 deg. to 0 deg. Cent., | non-ferrous alloys that behave in a similar manner. 
it would be harder than the y form obtained under! Aluminium-copper alloys containing from about 9 to 16 
similar conditions, or even than ordinary wrought | per cent. of aluminium are immensely harder after 
iron—t.e., a at O deg. Cent. But assuming that 8 quenching from about 800 deg. Cent. than if allowed to 
iron when in a metastable state at the ordinary tem-| cool slowly from that temperature. Copper-zinc alloys 
containing from 36 to 55 per cent. of zinc are also harden 
already | by this treatment, as also are certain copper-tin alloys. 
less than 0.45 per | In every case so far examined by the author, of a marked 
rom temperatures | increase of hardness brought about by quenching, a study 


perature is harder than a or ¥ iron, will it account for 
the hardness of the carbon-steel tools? It has 
been pointed out that steels containi 
vent. of carbon, if suitably quenched 





of the equilibrium diagram has shown that the alloy at 
the temperature from which it was quenched was a homo- 
geneous solid solution, which with slow rates of cooling 
would become constitutionally duplex. In fact, the 
author considers that this observation conversely sta 

is a general rule: That any alloy retained as a homo- 
geneous solid solution by quenching, which would other- 
wise consist of two constituents, is At wm rendered much 
harder. By this it is not meant to infer that such alloys 
only are capable of being hardened, for other cases are 
known. Another conclusion which may not be generally 
recognised is that no metal or alloy that does not a 
some constitutional change on heating can be materially 
hardened by heat-treatment alone. ow perhaps it may 
be possible to realise the influence of the allotropic inver- 
sions of iron on the | of steel by quenching. 

With a iron alone it would be impossible to produce 
hard tools such as are now used, and even with a and 8 
iron the hardness could not exceed that of quenched 
steels containing less than 0.45 per cent. of carbon. 
Moreover, since § iron cannot be present in a hardened 
carbon-steel tool, this phase , by left out of considera- 
tion. The next question is, What would be the result if 
iron were capable of existing only in the y condition? If 
that were the case, then the y solid solution would be 
stable from the solidus down to the ordinary tempera- 
ture, and quenching would produce no constitutional 
change in the alloy, and co uently little, if any, 
increase of hardness. From the foregoing reasoning the 
conclusions to be drawn are :— 

1. The hardness of carbon-steel tools is due to the 
retention, by quenching, of the solid solution of carbon 
or carbide of iron in iron. 

2. Whilst this property depends upon the fact that iron 
can exist in the y state—that is, dissolve carbon—it is 
none the less dependent upon the fact that this solid 
solution decom 8 with slow rates of cooling into a iron 
and carbide of iron, and that some force must be applied 
in order more or less to overcome the tendency for this 
inversion to take place. 

3. In the case of iron-carbon alloys the necessary force 
is rapid cooling; but this may be to some extent dispensed 
with by the addition of other elements, such as tungsten 
or molybdenum, along with chromium. 

4. These conclusions are simple and comprehensive, 
and have the special advantage of being applicable to 
alloys containing no iron, but capable of being hardened 
in the same way as steel. 

The Constitution of Carbon Steels after Quenching from 
High Temperatures.—The fact that certain aluminium- 
copper alloys can be hardened by quenching in a similar 
way to carbon steels is very interesting. But it mes 
still more interesting, and rather significant, when it is 
remembered that in both these cases it is necessary to 
quench the alloys from temperatures at which they con- 
sist of homogeneous solid solutions ; and, further, the 
types of structure produced in each series ate almost 
identical. 

If this parallelism is carefully examined along with the 

rocess and possible changes involved, some light may 

thrown on the constitution of the martensitic and 
austenitic structures of quenched carbon steels. Before 
discussing this question, however, it will be well to con- 
sider the object of quenching, and the structure the 
metal would possess if the quenching were perfect. In 
the first place, the object is to produce a hard tool suit- 
able for cutting purposes, but this is possible only by 
suppressing the tendency of the homogeneous solid solu- 
tion to decompose into two entirely different constituente. 
With quick rates of cooling the temperature at which an 
inversion would take place is lowered. The general 
term applied to this lowering is “‘supercooling.” As 
the rate of cooling increases, the degree of supercooling 
increases, and also the velocity of the inversion, until a 
certain rate is reached, when the velocity is at a maxi- 
mum, after which it quickly diminishes, and with sufficient 
supercooling may become zero. With such conditiors of 
quenching the suppression of an inversion would be com- 
plete, and the crystalline structure of the metal would be 
the same as when above the normal temperature of the 
inversion, but when viewed under the microscope after 

lishing and etching the appearance might be different. 
Since carbon steels, when at temperatures within the area 
a, ¢, ¢, g, h (Fig. 4) ; consist of a series of crystalline homo- 
geneous solid solutions, which from their very nature 
must have the same crystalline form as ¥ iron, and for the 
present argument it may be taken that their etched 
surfaces show polygonal crystals like those in photo- 
micrograph Fig. 5, page 550. 

But even with the most rapid quenching yet adopted, 
carbon steels never show this type of structure. There- 
fore, the question gf arises, Why is this structure 
never produced ? and, further, How is it that the so-called 
martensitic and martensitic plus austenitic structures are 
always produced by quenching these alloys? Of course, 
the usual and very plausible answer is that the velo- 
city at which the solid solution decomposes is such as, 
so far, to have defeated all efforts to suppress it, and that 
the martensitic structure is a decomposition product from 
the austenite. In support of this view perhaps the most 
important point is that all these quenched steels are more 
or less magnetic, from which it would appear that a iron 
is present. It should, however, be noted that properly 
hardened high-speed tool steels which are supposed to 
be homogeneous 7¥ iron solid solutions, and show the poly 
hedral structure, are also magnetic, so it is difficult to 
draw a definite conclusion from this property. Apart 
from the fact that quenched carbon steels are magnetic, 
what evidence is there for considering that with rapid 

uenching the solid solution decomposes, and that the 
ok martensitic areas are constitutionally different from 
the light austenitic areas? That come areas of a steel 
containing about 2 per cent. of carbon, after quenching 
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from, say, 1100 deg. Cent., polishing and etching, appear | areas are eaten away would render the boundaries blurred 
dark and others fight is not alone sufficient proof that | when examined by oblique illumination. 

they differ in constitution, or even in crystallographic| As already mentioned, a steel containing 2 per cent. 
form. Moreover, whilst such a specimen (Fig. 6) is said | of carbon, after quenching from 1100 deg. Cent., and 
to consist of martensite plus austenite, a steel containing | viewed under the microscope, shows light and dark areas ; 
0.9 per cent. of carbon treated in the same manner, and | the former are spoken of as austenitic, and the latter as 
also showing light and dark markings, only on a small | martensitic. It is supposed that it is possible to produce 
scale, is said to consist of martensite alone. Now, since | the austenitic type of structure only by quenching steels 
a 0.9 and 2 per cent. carbon steel are constitutionally the | containing more than 1 per cent. of carbon from very 
same when at temperatures of about 1100 deg. Cent.—| high temperatures, the explanation being that the solu- 
that is, they consist of homogeneous solid solutions of | tion pressure of the carbon, together with the mechanical 
the same class—and as they both decompose with slow | pressure produced by the formation of a certain amount 
rates of cooling into a iron and cementite, without the | of 8 iron,* which occupies a larger volume than the 7 
formation of an intermediate constituent, it is not sur- | solid solution, is sufficient to prevent the austenite being 
prising that after quenching from about 1100 deg. Cent. | completely transformed into martensite. Simple and 
they both show light and dark areas when examined under | reasonable as this explanation may at first sight appear, 
the microscope. The fact of these areas being relatively ' it is not consistent with theory. For whilst the solution 


Fic. 6.—1.96 per cent. carbon steel. Quenched from 
1100 deg. Cent. Magnified 800 diameters. 





Fie. 5.—Structure of a hardened high-speed tool-steelj 
Magnified 800 diameters. 


r cent. 


Fie. 9.—13.2 per cent. aluminium ; 86.8 
Magnified 


copper. Quenched from 700 deg. Cent. 
120 diameters. 


Fig. 8.—2.59 per cent. carbon steel. Quenched from 
1100 deg. Cent. Magnified 800 diameters. 


larger in the 2 per cent. carbon steel should not entitle it | 
to special distinction. If the above reasoning be correct, | 
the conclusion appears to the author to be inevitable | 
—namely, that there is no constitutional difference be- | 
tween a 0.9 and a 2 per cent. carbon steel when quenched | 
from high temperatures, and that whatever nomencla- 
ture is used for the one should be used for the other. It 
is now necessary to decide, if possible, upon the difference | 
between martensitic and austenitic structures, respec- | 
tively the dark and light areas in photo-micrographs 
Figs. 6 and 7. 
n etching a polished section of an alloy containing | 
two constituents, one of the constituents is attacked, | 
whilst the other is almost unaffected. Thus when ex- | 
amined under the microscope, the areas occupied by the 
more electro-positive constituent appear relatively dark 
because they reflect the light outside the microscope. In| 
the case of a pure metal or a homogeneous solid solution | 
some crystals may appear dark and others light. This | 
may either be due simply to the different orientation of | 
the crystals, or to certain crystals becoming electro-posi- 
tive to others when placed in the etching solution. A 
similar effect is emeese y when the crystals undergo 
twinning when subjected to mechanical pressure, when 
one crystal will a r dark in one part and light in 
another. These diferent appearances of a pure metal 
when caused either by orientation or twinning can 
readily shown to be due to the angle at which the light 
falls upon the faces of the crystals, by examining =e | 


Fig. 11.—1.96 per cent. carbon steel. Quenched from 
1150 deg. Cent. Magnified 120 diameters. 


pressure of the liquid undoubtedly increases as the per- 
centage of carbon increases up to 4 per cent., the solid 
| solution pressure increases up to 0.89 per cent., and then 
rapidly decreases as the carbon is raised to about 2 per 
cent. This is clearly shown by the solubility line a, c, e, 
g, h in Fig. 4, which indicates that the maximum solution 
pressure in the solid state is at 0.89 carbon—i.e., the 


specimen under oblique illumination and rotating the 
stage through an angle of 180 deg., when the crystals 
which were dark become light, and those which were light 
become dark. The demarcation between any adjacent 
light and dark area is almost a straight line, or a series 
of straight lines. In the case of an alloy containing two 
constituents, however, the boundaries between the two =a — 
are generally very irregular; but even if the boundaries! * As already stated, the author considers that this 
were straight, and the electro-positive constituent was | 8-iron theory is untenable, therefore a iron will be re- 
not coloured by the etching solution, the fact that these | ferred to in this connection. 








Then with regard to the me- 
chanical pressure exerted by the a iron formed, the 
amount of pressure must decrease in proportion as 
the amount of ible free iron decreases, and other 
things being relatively equal, the amount of a iron 
formed will decrease as the amount of carbide of iron 
in solution increases. In consequence of this, the me- 
chanical pressure produced will be less the greater the 
carbon content. Therefore, the explanation cited above 
for the retention of the white austenitic areas in Figs. 6 
and 7, and as evidence for considering that this con- 
stituent cannot be obtained in a 0.89 carbon steel, is quite 
inadequate. This will be still more evident when it is 
realised that if these white areas are etched they develop 
the characteristic martensitic structure. Though faint, 
the acicular structure can be seen‘in the large light areas 
of Figs. 6 and 7, as also in Fig. 8, which is a higher carbon 


eutecwwid cumposition. 


Fig. 7.—1.96 per cent. carbon steel. Quenched from 
1100 deg. Cent. Magnified 800 diameters. 


Fie. 10.—10 per cent. aluminium ; 90 per cent. copper. 
Quenched from 900deg.Cent. Magnified 120 diameters. 
Reproduced from the Eighth Report to the Alloys 
Research Committee, Journal Inst. Mech. E., 1907. 


Fic. 12.—1.96 per cent. carbon steel. Quenched from 
1150 deg. Cent. Magnified 800 diameters. 


steel quenched from the same temperature and at the 
same moment as Figs. 6 and 7, but here the presence of 
cementite in the eutectic facilitates the etching of the 
crystals which it surrounds. Therefore, since these s0- 
called austenitic areas when suitably etched develop the 
martensitic type of structure, it is not unreasonable to sug- 
gest that the structures seen in Figs. 6 and 7are simply mar- 
tensitic. The fact thatall carbon steels when at tempers; 
tures, say, 1100 deg. Cent. are of the same constitution® 
class, lends support to this su tion. Nevertheless, 
the discussion cannot be concluded here, for the very 
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obvious question arises, By what manner of reasoning 
can structures such as those shown in Figs. 6 and 7, or 
even the well-known martensitic structure, be regarded 
as homogeneous? In the author’s opinion, the only 
possible explanation is that rapid quenching of carbon 
steels from high —~ “eres produces twinning of the 
+ solid solution crystals. 

The alternate light and dark bands seen in Fig. 9, 
which is the structure of a quenched 13.2 per cent. 
aluminium bronze, an alloy in many respects resembling 
a high-carbon steel, strongly suggest twin ——, 
especially when such a specimen is examined by oblique 
light and rotated, and it is seen that the difference of 
colour is due to the angle at which the light falls upon 
the particular areas. Owing to the fact that the structure 
of steels is much smaller, this effect is not nearly so 
readily seen, but it can be obtained. 

The statement has already been made, “that in the 
author’s opinion the increased hardness of quenched 
steels is due to the retention of the carbide of iron in the 
y solid solution, and that some force must be applied in 
order to overcome the tendency of this solid solution to 
decompose into airon and carbide of iron. For iron- 
carbon alloys the necessary force is rapid cooling.” That 
the act of quenching these alloys does in reality resolve 
itself into some form of energy is proved by the following 
reasoning. 

With slow rates of cooling the y solid solution decom- 
poses into a iron and carbide of iron. This change, 
which occurs at about 710 deg. Cent., is accompanied i 
the evolution of a considerable amount of heat. Wit 
very quick cooling, however, the carbide ef iron tends to 
be retained in the y solid solution at the ordinary tem- 
perature, and the evolution of heat which would normally 
occur remains at the latent state in the quenched specimen. 
The amount of heat so retained must be almost in direct 
proportion to the amount of y solid solution which is pre- 
vented from being decom Now it is obvious that 
the thermal change at 710 deg. Cent.—that is, the Ar,— 
can only be prevented by the absorption of at least its 
equivalent amount of energy in one form or another, and 
since rapid quenching suppresses the Ar, the operation 
must constitute a force. This is probably caused by the 
sudden cooling, and consequent contraction, of the outer 
shell of the mass, exerting a mechanical pressure on the 
hotter interior. But whatever the cause, the energy ab- 
sorbed is in all probability mechanical. Assuming this to 
be the case, the suggestion that quenching alloys from 
temperaturesat which they are homogeneous solid solu- 
tions, but which would normally break up into two con- 
stituents, produces twinning of the metastable solid solu- 
tion crystals is probably correct. It should, of course, be 
understood that the degree of twinning will vary in dif- 
ferent alloys, and will depend upon the velocity and 
thermal magnitude of the suppressed inversion, or, in 
other words, with the amount of mechanical energy neces- 
sary to prevent the inversion. 

The photo-micrographs, Figs. 11 and 12, were taken 
from a section of a 1.96 per cent. carbon steel, weighing 
23 grammes, after quenching direct from a crucible at 
1150 deg. Cent. in ice-cold water. It will be seen that 

lygonal crystals existent at the high temperature have 

n retained almost in a perfect condition, but the in- 
terior of these crystals when suitably etched show the 
characteristic acicular structure. 

Conclusions.—1. The author considers there is ample 
evidence for regarding the f iron theory, asapplied to the 
explanation of the increased hardness of quenched carbon 
steels, as untenable. 

2. The physical interpretation of the first critical point, 
or range, which occurs in steels containing from 0.45 to 
0.89 per cent. of carbon, is that it is the change from the 
7 solid solution into a iron. Therefore, strictly speaking, 
this is not the same point as the Ar, of pure iron. 

3. The hardening of carbon-steel tools by quenching is 
due to the retention of the solid solution of carbide of 
iron in ¥ iron. 

4. Whilst the power of hardening depends upon the fact 
that iron exists in the 7 state at high temperatures, and 
will dissolve carbon, it also depends upon the fact that this 
solid solution decom with slow rates of cooling into 
a iron and carbide of iron, and that some force must be 
applied to prevent this inversion taking place. 

5. This force is brought to bear upon the steel by 
rapidly quenching from high temperatures. It is prob- 
ably mechanical force exerted by the sudden contraction 
of the outer shell of the specimen. 

6. The mechanical pressure exerted in this way and the 
pressure of solution are no doubt the principal factors in 
the hardening of carbon steels by quenching. 

7. The suggestion is made that there is no constitutional 
difference between the so-called austenite and martensite, 
and that the apparent difference is due to the twinning of 
the y solid solution crystals, caused by the mechanical 
pressure absorbed in suppressing the decomposition of 
this solution into a iron and carbide of iron. 

In conclusion, the author would like to point out that 
the object of this paper is not to stir up an old con- 
troversy, or to support any private opinion, but purely in 
the hope that it may form the nucleus of an unprejudiced, 
but thorough, discussion of the theory of hardening 
carbon steels by quenching. 





Locomotive Powrr.—The cost of locomotive power 
op. in the six principal English railways in the first halves 
of the last two years was :— 


System. 1910. 1909. 

- £ £ 
North Western .. 1,232,800 1,286,600 
Great Western .. 1,254,000 1,252,400 
Midland... 1,121,900 1,148,200 
North-Eastern .. 880,600 810,500 
Great Northern .. =~ 516,400 520,500 
Lancashire and Yorkshire 491,600 485,700 








CATALOGUES. 


Hydraulic Rams.—We have received from the James 
Keith and Blackman Company Limited, '27, Farringdon- 
avenue, E.C., a booklet illustrating and giving prices and 
particulars of their hydraulic rams for water-raising. Six 
sizes are listed, the largest being capable of raising 8000 
to 50,000 gallons of water to a height of 100 ft. in twenty- 
four hours according to the available working head. 


Crank-Shafts.—Ciarke’s Crank and Forge Company, 
Limited, of Lincoln, have sent us a small catalogue illus- 
trating a few examples of crank-shafts manufactured by 
them. This firm supplies built-up, block, and bent 
crank-shafts up to 3 tons in wae either black, rough- 
machined, or finished bright. The examples illustrated 
include crank-shafts for large pumps, portable engines, 
motor-tractors, motor-cars, &c. 


Enamelled Steel Goods.—We have received from Mr. A. 
G. Cloake, 54, Holborn Viaduct, E.C., a catalogue illus- 
trating and stating prices of porcelain enamelled seamless 
steel baths, lavatory basins and sanitary ware. These 

s are made from heavy-gauge steel plates, enamelled 
inside and out, and are said to several advantages 
over fire-clay goods, which dey exactly resemble in 


appearance. 

Paints, Varnishes, &c.—A new catalogue of their pro- 
ducts has been issued by Messrs. Ragosine and bo. 
Limited, Albion Wharf, Bow, E. The catalogue deals 
with a variety of enamels, varnishes, dry colours, and 
colours ground in oil, turps, and water, and, in addition 
to these materials, gives particulars of Dixon’s white—a 
substance for use in place of white lead—a substitute for 
turps, a liquid drier, sold under the name of ‘‘ Dryolene,” 
a petrifying liquid for stone and brickwork, a preservative 
for woodwork, and various sundries. 


Grabs.—From Messrs. Samuel Williams and Sons, 
Limited, Dagenham Dock, Essex, we have received a small 
pamphlet illustrating and describing their patent single- 
chain grab. These grabs, which can be fitted to any 
ordinary steam, hydraulic, or electric crane, are made in 
two types—one for handling coal, ballast, sand, grain, 
and similar materials, and the other for Welsh coal, 
broken granite, &c. Particulars, including dimensions, 
capacities, and weights, are given of several sizes in eac 
type. 

Hardening Furnace.— Mr. 8. N. Brayshaw, of 2, 
Mulberry-street, Hulme, Manchester, has sent us a cop 
of a pamphlet describi his patent salt-bath steel- 
hardening furnace, in which the articles to be hardened 
are placed in a pot of fused salts heated by gas or oil 
burners. The pamphlet points out the advan’ of this 
method of hardening, and illustrates and describes both 
the furnace and the pyrometer used with it; the latter is 
of the platinum resistance type. A separate a 
calls attention to improvements which have recently been 
made in the design of the furnace and burners. 


Motor-Car Speed-Recorder.— A pamphlet, illustrating b 


and describing the ‘‘Protektor” speed-indicator and 
recorder for motor vehicles, has reached us from Mr. H. 
Grossman, Dresden A. 7, Germany. The instrument 
gives a continuous record on a paper strip of the speed at 
which the car was travelling at any time, which record 
would constitute valuable evidence against charges of 
excessive speed. The instrument also comprises a speed- 
indicator, a total mileage-recorder, daily mileage-recorder, 
and a clock. It is also sold without the speed-recorder 
and clock, the pamphlet giving particulars and stating 
prices of both forms. 


Mechanical Stokers.—Messrs. Ed. Bennis and Co., 
Limited, of Little Hulton, Bolton, have sent us a copy of 
a pamphlet containing an article on the smokeless produc- 
tion of steam from cheap fuel in textile factories. The 
article refers to the use of the Bennis sprinkler stokers, 
with self-cleaning compressed-air furnaces, in the Lanca- 
shire boilers of seven different cotton-spinning and weav- 
ing-mills, and gives illustrations of the interiors of the 
boiler-houses of these mills, and others showing the 
smokeless chimneys. Particulars as to the quality, 
quantity, and cost of the fuel used are given in most 
cases. 


Motor Control Panels.—A small price-list of weather- 
proof switch-boxes and motor-control panels has been 
issued by Siemens Brothers’ Dynamo Works, Limited, 
Caxton House, Westminster, S.W. The switch-boxes 
consist of cast-iron weather-proof boxes containing double 


or triple-pole quick-break switches and ‘‘ Zed ” cartridge 
fuses, with or without ammeters. They are suitable for 


currents up to 400 amperes at a pressure of 650 volts. 
The motor-control panels comprise one of these switch 
and fuse boxes, together with a starting resistance and 
ammeter mounted on a cast-iron pillar, or provided with 
lugs for fixing to a wall. The prices stated refer to panels 
for motors ranging from 1} to 80 brake horse-power, from 
100 to 650 volts. 


Excavating and Road-Making Machinery.—A catalogue 
of excavating-machines, &c., has reached us from the 
Austin Manufacturing Company, Manhattan Building, 
Chicago, U.S.A. The excavating-machines consist of a 
kind of plough, carried on a four-wheeled steel frame, 
provided on one side with an elevator. The earth turned 
up by the plough when the machine is drawn along is 
caught by the elevator and delivered into carts travelling 
by the side of the machine, or it may be dropped on to 
the ground again to form an embankment. The machines 
pase saan éither by a team of horses or by a traction- 


engine, and are used, where the nature o oan 
permits, for levelling large areas, digging and 
ditches, railroad construction, road-making, and other 


excavating work. The catalogue also illustrates dumping- 
wagons, road-scrapers, ploughs, petrol-driven road-rollers, 





searifiers, stone- breakers, screens, elevators, street- 
sprinklers, sweepers, and other appliances used in connec- 
tion with the making, repairing, and cleaning of roads. 


Dynamos and Motors.—A pamphlet to hand from the 
British Thomson-Houston Company, Limited, of Rugby, 
illustrates and describes a new design of continuous- 
current motors and generators they are manufacturing. 
The pamphlet gives details of the construction of the 
machines, and also states the speeds, outputs and prices 
of motors from 27 to 155 horse-power, and of dynamos 
from 22 to 125 kilowatts. The machines are suitable for 
vol between 200 and 550, and are made in the pro- 
tected, enclosed ventilated, rain-proof, totally enclosed 
and flame-proof types, some of which are provided with 
a fan on the armature shaft to circulate the air and keep 
the windings cool. The enclosed ventilated and rain-proof 
motors are particularly suitable for driving machine-tools, 
coal-hoists, and other machinery in situations where dust, 

articles of metal, and other foreign matter might be 

iable to damage unprotected motors. 


Machine-Tools.—We have received from Messrs. Web- 
ster and Bennett, Limited, Atlas Works, Coventry, two 
catalogue sections, one dealing with horizontal "olen 
and milling machines, and the other with multiple-drill- 
ing machines. The former machines are manufactured 
by the Werkzeugmaschinen-Fabrik ‘‘ Union,” of Chem- 
nitz, in three types, in two of which the vertical adjust- 
ment is effec by moving the table and the boring 
spindle respectively; the transverse and longitudinal 
movements of the work are obtained in both by movin 
the table. In the third type the work is bolted to a fix 
table, and the spindle, which is carried on a vertical 
column, is moveblp in all directions. The catalogue gives 
particulars of machines of several sizes in each type. The 
multiple-drilling machines are of Messrs. Webster and 
Bennett’s own manufacture, and the catalogue gives full 
particulars of two and four-spindle machines for drill- 
ing, boring, and tapping, a duplex horizontal drilling 
and tapping-machine, single-spindle sensitive drilling- 
machines, and other tools. 

Flexible Coupling.—Prices and dimensions of the 
‘* Pillow” flexible couplings are given in a pamphlet to 
hand from Messrs. C. E. Lugard and Co., of Chester. 


h| The coupling consists of inner and outer parts which 


resemble respectively a spur-wheel and an annular gear- 
wheel. Each part has the same number of teeth, which 
are rather large, and the two parts are keyed one on 
each of the adjacent ends of the two shafts to be con- 
nected, so that the spur-wheel comes inside the annular 
gear,and is concentric with it. The extreme diameter 
of the spur-wheel is such that its teeth easily clear those 
of the annular wheel. The teeth of the two parts are 
brought opposite each other, and the s between each 
two pairs of teeth is filled with a split-spring tube, by 
means of which the drive is transmitted. ese tubes 
are of steel in the plain couplings, and of wired rubber 
or leather in the insulated type; they are kept in place 
a ring screwed to the annular part The pamphlet 
gives particulars of couplings in eighteen different sizes 
totransmit from 0.007 to 7,61 horse-power at one revolu- 
tion per minute. 


Electrical Supplies.—We have received from the General 
Electric Company, Limited, 67, Queen Victoria-street, 
E.C., a batch of catalogues and advertising matter the 
are now circulating. One of these catalogues deals with 
‘* Freezor ” electric fans, giving prices and particulars of 
ceiling, port-hole, and exhaust -fans, and ‘ Bandy” 
electric punkahs, all of which are supplied for continuous 
or alternating currents. Other catalogues and leaflets 
illustrate and state prices of arc-lamps for theatrical and 
cinematograph pur clectebealie - driven vacuum 
cleaners, electric-light fittings and Lostieg apparatus, 
Aron meters for continuous and alternating currents, an 
electrical wind-direction indicator, miniature ‘‘ Osram ” 
lamps, small motors, and many other appliances. A 
separate leaflet is devoted to fittings made to comply 
with the new Home-Office regulations. This leaflet deals 
with wall-plugs in cast-iron cases provided with earth 
connections, and also gives particulars of insulating 
shields to cover all the metal parts of plain and key- 
socket lamp-holders; the regulations allow the use of 
such protective coverings as an alternative to earthing. 








Tue Society or ENGINEERS.—At a meeting of the 
Society of Engineers, held at Caxton Hall on the 3rd 
inst., Mr. Henry C. Adams, Assoc. M. Inst. C.E., read 
a paper, entitled ‘Current Professional Topics,” in 
which he dealt more particularly with the training of 
civil engineers. He suggested that the course of work 
usually followed by a pupil in a civil engineer’s office was 
very frequently not altogether satisfactory, and thought 
that such course should include actual definite theoretical 
and practical instruction in all the branches of work 
covered by the office, rather than that it should be largely 
hong in connection with the details of sume few special 
jobs. 





Barrow-In-Furngess.—The Corporation of Barrow 
have issued one of the admirable series of Borough 
Pocket-Guides, produced by Mr. Edward J. Burrow, 
.* Cheltenham, and 3, Amen-corner, London, 
i.C. This guide is written largely for holiday-makers, 
but gives information regarding the industries of the 
district, and the possibilities for instituting new works 
in this busy district of Lancashire. It is quite appro- 
priate that there should be so to it details rd- 
ing the Lake District, which the Furness Railway Com- 
pany have so admirably opened up to the tourist. There 
are maps and many well-printed illustrations. Copies of 
the book may be had from the Town Clerk, Mr. L, 
Hewlett. 
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THE GERMAN STEEL UNION. 


At the general meeting of the German Steel Union, 
held on September 27, the report for the last financial 
year, ended March 31, was presented. : 

The report stated that the year had certainly brought 
the iron industry a gradual improvement as compa) 
with the industrial depression of the preceding year, but 
not the hoped-for general and more important rise. Un- 
favourable circumstances made themselves more and more 
felt, and had it not been for the support which the iron 
industry derived from its combine as regards the sales 
and the industrial position, the market would, no doubt, 
again have become demoralised and depressed. 

The German iron market, during the first quarter of 
the year, was still suffering too much from the industrial 
depression of the previous year to allow of the usual spring 
animation. Buyers and consumers were careful in their 
doings and in covering their requirements. The inter- 
national market was somewhat more cheerful, especiall 
in the United States, where the requirements of the rail- 
ways, long held back, made themselves felt. Things 
became better there all round, and in the same propor- 
tion as the Steel Trust withdrew from the international 
market, the chances for the German Steel Union of 
selling their products abroad improved, especially as 
regards railway material. fiee 

It was not until the middle of 1909 that a slight improve- 
ment manifested itself in Germany. The building industry 
at home rallied and further improved during the second 
half of 1909, so that both the orders in hand and the monthly 
deliveries of the steel union increased and exceeded the 
figures of the previous year. In August average monthly 
deliveries of 400,000 tons up to the end of the — might 
be reckoned with, which calculation was not only reached, 
but exceeded. A further impetus was given to the home 
market through the prolongation of the Bar-Iron Union, 
and by the avails prospects of further conventions 
being formed within the German iron industry, amongst 
them various branches of the wire industry. The bar- 


iron convention has had good effects upon the bar-iron | p) 


market, and will, it is to be hoped, form the basis for a 
firm combine of the bar-iron works, on which consumma- 
tion the work has proceeded with considerable zeal — 
the past year, although so far not with the desi 
results. : 

The business has also been satisfactory during the first 
quarter of 1910, the more so as the building industry 
increased in animation through the Bank discount being 
reduced to 44 and 4 per cent. The works of the union 
were therefore better employed in half-finished goods and 
shape iron, only railway material leaving much to be 
desired, owing to the further reduction in orders from 
all the German State railways. The position of the 
international iron market was also good in the n- 
ning of the year, and the demand continued ; so that 
the export business of the Steel Union was fairly 
animated. 

Although, as will have been gathered from what has 
been stated, many hopes have failed in the course of the 
past financial year, the deliveries for the different months, 
with few exceptions, show an encouraging progress. 
The aggregate deliveries of ‘‘A” products amounted to 
5,017,213 tons, which is 215,215 tons more than the pre- 
vious year, but 1,165,950 tons, or 18.89 per cent., short 
of the allotted aggregate, which was 6,183,163 tons. 
With reference to the foreign business in the different 
“A” products the report states that the foreign market for 
half-finished goods was quiet during the first quarter, but 
improved later on, and grew firmer with increasing prices, 
especially as the American competition almost entirely 
ceased in the course of the year. The market was also 
firm during the last quarter of the financial year, and 
ices advanced both in Belgium and Great Britain. 

he aggregate deliveries of half-finished goods amounted 
to 1,572,977 tons, which showed an increase of 155,125 
tons as compared with the previous year. Of the aggre- 

ate deliveries 66 per cent. were inland and 34 per cent. 
Se abroad, against respectively 63.73 and 36.27 per cent. 
for the previous financial year. , 

The foreign business in heavy structural material was 
fairly satisfactory, and the encouraging state of the foreign 
market continued unabated through the whole financial 
year. Extensive contracts at improving prices were closed 
for rails and sleepers, which contracts in part extended over 
several years ; substantial orders were, for instance, booked 
for the German colonies. The demand increased in the 
course of the year, and more especially during its second half 
did the buying ge | abroad prove fairly good. The 
aggregate deliveries of railway material amounted to 
1,753,933 tons, against 1,980,225 tons for the previous 
year. The home deliveries constituted 65.53 per cent., an 
the foreign sales 34.47 per cent., against respectively 71.75 
and 28.25 per cent. for the previous year. . ; 

The foreign market for shape iron was — during 
the first month of the financial year, probably owing to 
the uncertain political situation, Owing to the con- 
ditions on the home market, Eng lish competitors mustered 
somewhat strong on the international market. Still 
the spring business was better in some countries than 
had been the case the previous year. The market for 
shape-iron became livelier during the second half of the 
year, which continued until September, as far as the 
girder business was concerned. An encouraging improve- 
ment in the trade in girders could be recorded for a 
number of countries both in and outside Europe, and the 
sale of shape-iron to Great Britain showed an increase. 
From October business grew more quiet, in harmony 
with the advanced season; still specifications came in 
regularly, and on a better scale than during the previous 
year. To begin with, as is always the case in winter, the 
new year was quiet, and the business with Scandinavia 
still suffered from scarcity of money. On the other hand, 





the foreign market grew firmer towards the end of the 

uarter, with tighter prices, especially in Great Britain, 

olland, Switzerland, and the countries along the 
Danube, where fairly favourable conditions prevailed. 
The foreign sale of shape-iron during the financial year 
was about 80,000 tons nt than during the previous 
year. The aggregate deliveries of shape-iron amounted 
to 1,690,303 tons, against 1,403,921 tons for the previous 
year ; 76.54 per cent. came upon inland, and 23.46 per cent. 
from abroad, against respectively 77.53 and 22.47 per cent. 
during the year 1908-9. 





FOREIGN ENGINEERING PROJECTS. 

WE give below a list of colonial and foreign engineering 
projects, for some of which tenders are asked. Further 
——- concerning them can be obtained from the 

mmercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, London, E.C. 

India: Indian Enyineering (Calcutta) states that the 
Municipal Commissioner of Bombay has presented to 
the Corporation of that city a scheme for improving the 
sewage see system, at a cost of over 7,00,000 rupees 
(about 47,000/.). The sewage of the city is at present 
pumped out to sea on the north-west of the island, about 
midway along its — It is now proposed to construct 
a submarine channe 
far out to sea for it to be carried away by along-shore 
currents. 

New Zealand ; Tenders are invited for the manufacture, 
supply, and delivery of plant for an electric trolley system 
in the town of Invercargill. The contracts will be divided 
into the following sections :—No. 1. Power-house plant 
(erected complete); No. 2. Rails, fish-plates and bolts, 

ints and crossings, special work and bonds ; No. 3. Car 

ies; No. 4. Electric car equipment; No. 5. Car 
trucks; No. 6. Overhead material; No. 7. Wires and 
cables ; No. 8. Steel poles ; No. 9. Tower wagon ; No. 10. 
Dog-spikes; and No. 11. Street-lighting plant. Specifi- 
cations may be seen at, or obtained from, the following 
laces :—Messrs. W. Coward and Co., 91, Finsbury Pave- 
ment, London, E.C. ; Messrs. Alfred Dickenson and Co., 
Central House, New-street, Birmingham, and Gresham 
House, Old Broad-street, London, E.C. Tenders close, in 
Invercargill, at 4 p.m., on Monday, January 9, 1911. 

Gold Coast : It appears from an extraordinary issue of 
the Gold Coast Government Gazette that a survey has been 
sanctioned with a view to the construction of a branch 
line of railway to serve the Bibiani gold-fields, which are 
situated some 70 miles north-west of Dunkwa station. 
age work has also been carried out with a view to 
the ultimate extension of the railway northward from 
Mangoase. 

Straits Settlements: It appears from the report on 
Penang for 1909, published as a supplement to the Straits 
Settlements Government Gazette of August 26, that plans 
and estimates have been prepared for a hill railway to be 
constructed in the Settlement of Penang, at a cost of 
214,000 dols. (about 25,0007. ). 

Italy : With reference to the notice on page 316 ante, 
relative to harbour works at Ortona, the Gazzetta Ufficiale 
notifies that, no award having been made in respect of 
this contract, tenders are again invited, and will be opened 
on October 25, at the Direzione Generale delle Opere 
Marittime, Ministero dei Lavori Pubblici, Rome, and at 
the Prefettura di Chieti, Chieti, to one or other of which 
addresses they should accordingly be sent. The upset 

rice is put at 2,545,000 lire (101,800/.). The Gazzetta of 
ptember 28 contains a notice, issued by the municipal 
authorities of Alghero, inviting tenders for the construc- 
tion of a water main at that town. The upset price is 
ut at 698,100 lire (about 27,900/.). Tenders, which will 
. opened on October 15, should be addressed ‘‘ Al Signor 
Sindaco, Palazzo Comunale, Alghero.” Although the 
above contracts will in all probability be awarded to 
Italian firms, nevertheless the carrying out of the works 
may involve the purchase of some materials out of Italy. 
The Bollettino Finanze, Ferrovie, Rome, states that the 
Societaé Generale Italiana Edison have applied for a con- 
cession for the construction of an electric tramway from 
Milan to Crema, passing by way of Pacello, Bisnate, 
— Pandino, and Ombriano. The line will be 26 miles 
ong. 
Italy (Sardinia): Adverting to the notice on page 286 
ante, relative to dredging operations in the ports in and 
around the coast of Sardinia, the Gazzetta Ufficiale of 
September 24 notifies that, as no award has m made 
in respect of this contract, tenders are again invited, 
and will be opened on October 24. The upset price is put 
at 3,354,600 lire (about 134,000/.). Tenders should be 
addressed either to the Ministerio dei Lavori Pubblici, 


d | Rome, or to the Prefettura di Cagliari, Cagliari, Sardinia. 


Spain : With reference to the notice on page 139 ante, 
relative to the Cadiz harbour improvement works, the 
British Acting Consul at Seville (Mr. A. Henderson) 
reports that, since the rescission of the contract with the 
Societa Veneta, op ae oar have been going on between 
that company and the Cadiz Board of Harbour Works, with 
a view to the acquisition by the Board of the dredging and 
other plant belonging to the company, but the negotiations 
have broken down, owing to the demands of the latter. 
Should no agreement be arrived at, operations on the har- 
bour works will probably be suspended for another eight or 
ten months, while the necessary plant is purch else- 
where. It is understood that the Harbour Board will be 
authorised to finish the construction of the first quay, 
already begun, under their own m ment. Tenders 
will then be invited for the remainder of the works, which 
are not considered so urgent. 

Netherlands : The Vaderland announces that a com- 
mittee has been constituted at Groenlo to consider the 
project of a steam tramway between Borculo and Win- 
terswijk (Province of Guelders). The Rotterdamsche 


to convey the sewage sufficiently | GQ, 





Courant announces that the Eerste Groeninger Tramweg 

Maatschappij has given instructions for the preparation 

of plans for the electrification of a tramway line between 

Zuidbroek and Ter yor The cost is estimated at 

1,300,000 florins (about 108,000/.), including an expenditure 

— florins (11,250/.) for the reconstruction of 
ridges. 

Austria-Hungary: The Reichsgesetzblatt of September 
29 contains a notice geo to Josef Mosdorfer, of Weiz, 
Johann Hutter-Héfler, of Birkfeld, Richard Hofbauer 
and Karl Rintelen, of Graz, a concession for the construc- 
tion and working of a oe railway from Weiz to Birkfeld. 
Two years are allowed for the completion of the line. The 
concession is for a term of 90 years. 

Brazil: The Diario Official of September 11 publishes a 
decree, No. 8186, approving the plans submitted by the 
Director General of Works and Communications on 
behalf of the S. Paulo-Rio Grande Railway Company, for 
the construction of 38 miles of line on the San Francisco 
section of the company’s line. The cost of construction 
is estimated at 4,343,500 milreis (about 290,000/.). The 
company engages to increase its rolling-stock by the addi- 
tion of three locomotives and a number of passenger 
coaches and goods wagons. The Diario of September 14 
contains a notice issued by the Ministry of Communica- 
tions and Public Works, inviting tenders for the construc- 
tion and service of harbour works at Fortaleza, State of 
ra (see 70 ante). The work will include the con- 
struction of docks and breakwaters, dredging operations 
and channelling, the building of warehouses and quays, the 
supply of cranes, &c., the construction of railway lines to 
connect with the South American Railway Construction 
Company’s system, and the provision of electric lighting, 
water supply and sanitaryequipment. Work must be begun 
within one year from the signing of the contract, and 
must be completed within five years from the commence- 
ment of —- The upset price is put at 16,019,000 
milreis (about 1,068,000/.). A deposit of 40,000 milreis 
(about 2700/.) will be required to qualify tenders, to be 
increased to 80,000 milreis (5300/.) by the successful 
tenderer. All the material, &c., which may have to be 
imported for the execution of the works will be exempt 
from import duties. Tenders, which will be opened at mid- 
day on October 25, should be addressed to the Directoria 
Geral de Obras e Viacio, Ministerio da Viacio e Obras 
Publicas, Rio de Janeiro. It will be observed that the 
limited time for the receipt of tenders will scarcely permit 
of their being dispatched by post, and firms having agents 
in Brazil should instruct them by cable. 

Mexico: H.M. Minister-at Mexico City reports that a 
contract has been made between the Mexican Government 
and Sefior Francisco 8S. Noriega for the construction of a 
railway line from Tomacoco, State of Mexico, to Xochi- 
tepec, State of Morelos, a distance of 31 kilom. (about 19 
miles). The line may be extended to TotolApam, provided 
that notice of the proposed extension is given to the 
Government within four years from the present time. The 
line to Xochitepec must be completed within four years. 
Materials, &c., for the construction of the line may be 
imported free of duty. 

Honduras: With reference to the notice on page 106 
ante, relative to the grant to D. Felix P. Vaccaro 
of a concession for the construction of a railway in 
Honduras, the British Acting Consul at Tegucigalpa has 
now forwarded the text of the concession. The line is 
to run from the port of La Ceiba, on the Atlantic 
coast, to Yoro, a distance of about 100 kilom. (62 miles), 
and is to be constructed within fourteen years. A 
branch line may also be built to the Bay of Hizopo or 
Obispo. The concessionnaire undertakes'to build a wharf 
700 ft. long and 34 ft. wide, either in the Bay of Obispo 
or at La Ceiba. Materials and plant for the work may 
be imported free of duty. The Acting Consul adds that 
offers for the supply of rails, locomotives, tools, &c., 
should be addr to Messrs. Vaccaro Brothers and 
Co., La Ceiba, Republic of Honduras. 

Argentine Republic : The Boletin Oficial of September 1 
notifies that the legislative authorities have sanctioned an 
expenditure of 1,146,653 pesos gold (230,000/.) by the 
Central Northern Railway (Ferrocarril Central Norte) for 
the renewal of permanent-way material. The Boletin of 
September 6 states that the legislative authorities have 
sanctioned an expenditure of 1,000,000 gold 
(200,0007.) for the execution of works voted during the 
current = in respect of the Eastern Railway (Ferro- 
carril del Este). E 











THE CorrrR MARKET.—In their monthly report, dated 
the 3rd inst., Messrs. James Lewis and Son state that the 
market for Standard copper has been very devoid of 
animation during the past month, the fluctuations in 
price extending over a range of 1/. per ton, opening at 
95/. 12s. 6d. for cash and closing at 55/. 6s. 3d., the highest 

int of 55/. 15s. being reached on the 8th ult., and the 
owest of 54/. 15s. on the 16th. The demand for refined 
copper has been moderate on the part of manufacturers, 
although a fair business has been done in manufactured 
copper for India. In American electrolytic, a sale of 
3000 tons at 124 cents was reported about a fortnight ago, 
and this price was still asked. Stocks in England and 
France were reduced 4570 tons, but they were rapidly 
accumulating at Hamburg and Rotterdam, the inaugura- 
tion of a market for Stan copper at the former port 
requiring the issue of warrants for copper stored there for 
speculative purposes. The American Producers’ Returns 
for the month of September, to be shortly issued, are ex- 
pected to show some reduction in production as compared 
with the previous month, to be off-set by a considerable 
reduction in the deliveries for home consumption. Ex- 
ports have been large—31,773 tons—a good portion repre- 
senting a transfer of stocks to Germany and Holland, to 
which countries they have been chiefly made, 
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ELECTRICAL APPARATUS. 


20,106/09. C. J. Beaver, Hale, and E. A. Claremont, 
Manchester. Jointing Electric Cables. (2 Figs.) 
September 2, 1909.—Where connections are made between con- 
ductors of dissimilar metals, and such connections are exposed to 
the atmosphere, corrosion is liable to caused by galvanic 
action, and the conductors to be destroyed or deteriorated. The 
applicants construct means consisting of a connector of a shape 
and size to encircle and enclose the joint or connection, and to 
éontain around such joint or connection a mass of non conducting 
material which will prevent exposure of such joint or connection 
to the atmosphere. The connector is provided with apertures, 
through which the material may be introduced. The t 





+ 


pression stroke the inlet 8 is quickly closed and caused to remain 
closed together with the exhaust 9 until nearly the end of the 
explosion stroke, the inlet 8 and exhaust 9 being held closed 
during these periods by reason of the fact that the two eccentrics 
are tending to move the valve-rod 11 in > directions until 
near the completion of the explosion stroke, when the exhaust 9 
is opened and remains open throughout the greater portion of 
the exhaust stroke ; after which the same cycle of movements is 
continued. In this way a positive quick opening and closing 
movement of the inlet 8 and exhaust 9 is obtained at the proper 

riods, while during another period—that is, from the time the 
inlet 8 is closed to the time the exhaust 9 is opened—the valve 10 
remains almost stationary ; the quick movements of opening and 
closing the inlet and exhaust being obtained by the action of the 
two eccentrics tending to move the valve-rod 11 in the same 
direction, while the stationary period is obtained by these two 
eccentrics tending to move the said valve in opposite directions. 
(Sealed September 29, 1910.) 


10,802/10. W. V. Palmer, London. Pre ent 
Gas Meters. [4 Figs.) May 2, 1910.—In prepayment gas- 
meters it is usual to arrange that only a fixed maximum amount 
can be paidfor at one time, and the object of the present inven- 
tion is to prevent damage to the mechanism by the insertion 
of too many prepayment coins at one time. The measuring device 
for the gas is usually in connection with the coin-freed mechanism 
through a screw shaft which is moved in one direction by the 
coin-freed mechanism, and in the opposite direction by gearing 
operated by the measuringdevice. An internally-thre sleeve 
upon the screw is connected to the gas supply valve, and is 
moved to and fro to open and close the latter by the rotation 
of the screw in opposite directions. The sleeve in question is 
usually in per t engag t with its screw, and there comes 
a time when, by the operation of the coin-freed mechanism, it 
arrives at the end of its travel and thereby checks the further 
rotation of the screw when an attempt is made to rotate it on 
the insertion ofa coin in excess of the capacity of the meter. If 








does not in itself necessarily form electrical connection b 
the dissimilar metals. a@ is a stranded conductor of aluminium, 
and b is a stranded conductor of copper. ¢, cl, c®, and c? are com- 





ponent parts of the connector, c¥ being a tube split longitudinally 
and placed amongst the strands of the conductors, some of them 
being within and some on the outside of the tube. c! and c? are 
threaded nuts, with threads in opposite directions, and ¢ is an 
outer sleeve internally threaded to correspond with the threads of 
the two nuts, and externally threaded to correspond with the 
thread inside of the shell or casing f. The connector makes elec- 
trical contact between the conductors a and b, and is constructed 
of the same metal as conductor a. g is a gland, fitted into the 
end of the shell 7. When the shell / is of metal, it is of similar 
metal to conductor a, and gland g is of non-conducing material ; 
but when the shell fis of non-conducting material, shed g may 
be of similar metal to conductor b, or of non-conducting material. 
The filling material e is preferably poured into the shell f through 
aplug, suchash. (Accepted July 27, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


16,420/09. H. Berry_and G. H. Mann, Leeds. 
Internal-Combustion es. (4 Figs.) July 14, 1909.— 
According to this invention, the valve is reciprocated by a 
mechanism consisting essentially of two eccentrics or equivalent 
cranks fixed on independent shafts, one of which is the engine 
shaft or a shaft revolving at the same speed, while the other is 
revolved at half the engine — ; and working on or connected 
to the eccentric situated on the half-speed shaft is a rocking lever 
which is vibrated by the said eccentric and the combined move- 
ment of the other eccentric through the medium of a connecting- 
rod. This rocking lever is coupled up by means of another lin 
to the valve-rod ; and the positions of the two eccentrics in rela- 
tion to each other are so arranged that from about the middle of 
the exhaust stroke to about the middle of the suction stroke they 
both tend to move the valve in the same direction, while from 
about the middle of the compression stroke to about the middle of 








the ignition stroke they tend to neutralise each other and so hold 
the valve stationary, or almost stationary. 1 is the cylinder of the 
engine wherein works the piston 2, whose motion is transmitted 
to the crank-shaft 4 through the medium of the ting-rod 5. 
Gis the half-speed shaft. a to this invention, the valve-box 
‘, containing the inlet opening 8 and the exhaust opening 9, is fitted 
with a single piston-valve 10 carried on a rod 11, the lower end of 
which is connected by a link 13 to the short arm of a bell-crank lever 
Strap or rocking-lever 14 situated on an eccentric 15 provided on 
the half-speed shaft 6, the longer arm of the strap or rocking 
lever 14 being coupled up to the crank-shaft 4 by a rod 16 and a 
strap mounted on an eccentric carried on the crank-shaft 4, the 
position of the two eccentrics on their respective shafts being 
such that during the first or suction stroke, in which the outgoing 
piston 2 sucks in the explosive mixture, the inlet 8 is quick] 

opened by the combined action of the two eccentrics, which bot 

tend to meve the valve 10 downward at the same time, the inlet 8 
remaining open during the suction etroke, while during the com- 








the r — in forcing the mechanism, the stripping of 
the thread of the screw results. To prevent stripping, the screw 
shaft is divided into two parts b and c transversely. The adjacent 














ends of these parts are joined up by a sleeved. One part b of 
the shaft, being plain at the end, turns freely in this sleeve d, 
while theother part ¢ is in one therewith. Upon the sleeve d is 
an outer sleeve e engaging with the inner sleeve by means of a 
groove f and pin, which arrangement permits of longitudinal 
movement. The sleeve e has an internal thread, into which works 
the screw of the screw shaft before mentioned. The outer sleeve 
eis connected to the mechanism of the gas supply valve by means 
of a strap and collar g and slotted lever, and operates to open and 
close the same by its endway movement, which extends between 
the dotted and drawn positions of Fig. 2. The screw shaft is 
rotated by the consumer on the insertion of a coin, and by its 
rotation moves the outer sleeve e along to open the valve. To 
avoid moving the sleeve too far, so as to jam the mechanism, the 
thread of the screw is curtailed so that it will leave the thread 
of the sleeve and cease to move it endwise before the sleeve has 
reached its fixed stop (see drawn position of Fig. 2). A spring j 
is provided for keeping the sleeve e in reach of the screw, so that 
it can re-engage when the measuring device rotates the other 

art c of the shaft, and with it the sleeves d and e, so that the 
latter winds itself again on to the screw ) in the contrary direc- 
tion. (Accepted July 27,1910.) 


3412/10, J. E. Sears, Jun., Hendon. Internal-Com- 
bustion Engines. [4 Figs.) November 3, 1909.—This inven- 
tion relates to four-stroke-cycle internal-combustion engines. 
According to this invention, a yoy = exhaust port is pro- 
vided towards the bottom of the cylinder, such port being 
arranged to open before the main exhaust port, the opening of 
which does not occur until the pressure in the cylinder has been 
reduced approximately to atmospheric by the escape of the burnt 
gases through the supplementary port. The supplementary port 
then closes and the remainder of the exhaust gases are expelled 
through the main exhaust port in the usual manner. Two pistons 
a, b work in the cylinder c, the piston b being prolon back- 
wards, so as to form a sleeve d, within which the piston a works. 





The sleeve d is provided with ports ¢, f to allow of the passage of 
the gases to = from the working cylinder, while between the 
pistons and the cylinder a sleeve g, provided with ports and 
adapted to put the inlet and exhaust ports k, | into communi- 
cation with the corresponding ports ¢, f in the sleeve d at 
the times —— to inlet and exhaust respectively, is 
arranged. e piston a is connected to the crank-shaft_ m 
while the piston 6 is connected to the crank-shaft 0. The 
crank-shafts m and o are connected by any suitable gearing 
in such a manner that the speed of rotation of o is one-half 
that of m, and the sleeve g is recii from the crank- 
shaft. In carrying out the present invention, there is pro- 
vided, in addition to the maic exhaust port J, a second or supple- 





mentary exhaust port r situated towards the lower end of the cylin- 
der c, corresponding supplementary ports being also arranged in 
the sleeves dandg. The port r is then opened in isely the same 
manner as the main port I by the relative movement of these 
sleeves ; but, by suitably arranging the positions of the various 
ports, the supplementary exhaust port r is made to open some 
time before the dead centre is reached, while the main exhaust 
port J remains closed till practically dead centre. The opening of 
the main exhaust port / is thus delayed until the pressure in the 
cylinder has been reduced to approximately atmospheric by the 
escape of a portion of the burnt s through the supplementary 
port r. The latter then, after a brief interval of time, closes, and 
the remainder of the exhaust gases are expelled through the main 
exhaust port in the usual manner. In this way the pressure in 
the upper exhaust pipe remains always practically atmospheric, 
and the silencer on this pipe may, if desired, be dispensed with. 
(Accepted Ju'y 27, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


12,589/10. The Be Pneumatic-Tool Company 
Societe Anopyme jum. Pneumatic 
ols. (4 Figs.) May 24, 1910.—This invention relates to valve 
mechanism for pneumatic-tool engines of the type in which the 
valve, operated pneumatically, has one of its end surfaces 
exposed constantly to pressure, whilst the other end surface is 
exposed in the cylinder of the hammer to a variable pressure 
generated by the piston at the end of its return stroke, in order to 
actuate the valve in My my to the constant pressure. Valve- 
gears of this kind are known in which the valve has two sliding 
surfaces of different diameters, se ted by a throat, so as to 
present end surfaces of different areas, the smaller of which is 
subjected to the constant pressure. The valve mechanism form- 
ing the subject of the invention also comprises a piston-valve 
having two sliding surfaces separated by a throat; but the 
diameter of these two surfaces is the same, and the valve-chamber 
is of uniform bore. The working fluid first reaches the rear-pres- 
sure surface of the valve, which it drives forward. In this posi- 
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tion the valve uncovers the annular groove 5 of the valve- 
chamber, and the air admitted to the front by way of the pas- 

e 6 drives the striker piston towards the rear, which is open to 
exhaust by way of passage 7, annular groove 8, the passage 9, and 
the ports 10. At the moment the striker —— covers up the 
passage 7 the air between the valve and the striker piston is 
compressed by the latter, and drives the valve into the rearward 

ition. In this position of the valve the admission to the front 
is cut off, and the front is put in communication with the exhaust 
by way of 6, groove 8, passage 9, and ports 10. Air for 
the working stroke is admitted at the rear through the nny x 
11 and the annular groove 12 of the valve-chest. The piston is 
driven forward until its rear end uncovers an exhaust port 13 in the 
wall of the cylinder. This exhaust port 13 is of relatively large 
area, and the pressure in the rear chamber falls rapidly, so that 
the constant pamee exerted on the rear-pressure surface of the 
valve drives the latter downward—that is to say, into its forward 
position. (Accepted July 27, 1910.) 


750/09. A. W. Greville, Bexley. Clutches, (2 Figs.) 
October 2, 1909.—This invention relates to friction clutches of 
the type in which the clutch is adapted to be set into operation on 
the lateral movement of an externally-threaded member, said 
movement being imparted to the member by correspondingly 
threaded segmental nut members. According to the invention, 
there is provided upon the driving shaft a screw member, which 
rotates within a cylindrical sleeve mounted upon the driven shaft, 
which screw member is provided with external screw-threads, and 
while being capable of sliding upon the centrally-disposed driving 
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shaft, is adapted to engage with a number of operating nut 
members arranged around its periphery, which members are 
capable of being brought into position for engag t with the 
screw-threads of the screw-member, so that as the driving shaft 
rotates, the screw-member, on the engagement of the nut members 
before referred to, will be caused to move forward, and thus, by 
means of spring or other pressure, to force the clutch member, 
which is keyed to rotate within the cylindrical sleeve referred to, 
into engag t with a corresponding clutch member upon the 
driving-shaft. {In carrying the invention into effect, it is pre- 
ferred to effect the engagement of the screw-member / by pro- 
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viding a slidable collar h to surround the cylindrical sleeve i, 
fixed to, or connected with, the driven shaft p, and by providing 
in the sleevei, for example, in two or more diametrically oppo- 
site —s holes #1, in which operating nut members g are 
slidably carried, and in the collar é axial slots j!, within which the 

rojecting ends of the nut members q are received. The operat- 
ng nut members are moved radially in relation to the centre-line 
of the shafts by means of pins k, whose respective extremities 
engage in grooves or slots j provided on the respective faces of 
the slots j1. These grooves j are oppositely disposed in the radial 
faces of the respective slots j1, and one extremity approaches 
nearer the axis of rotation than the other, so that on the axial 
movement of the collar h the operating nut members g are moved 
inwardly to engage with the screw threads of the screw member | 
which is slidably mounted upon the driving shaft m pd means of 
afeather. By such means it will be understood that the engage- 
ment of the friction clutch n may be effected through the pres- 
sure, such as that exercised by a spring 0, inte between the 
clutch member n and the screw member 1. (Accepted July 27, 
1910.) 


MOTOR ROAD VEHICLES. 


5067/10. J. T. Fox, London, and W. M. Waters, 

ld. Motor-Car Bodies. [4 Figs.) March 1, 
1910.—This invention relates to means for raising and support- 
ing motor bodies on their chassis, to enable a person to examine 
any part of the machinery of the car. According to this inven- 
tion, the body of the car is raised and supported by an arm 
pivoted at one end to the chassis near the rear thereof, its other 
end being provided with a boss, which en s a slot in a plate 
secured to the runner pieces of the car-body and at the front 
part thereof. The arm is provided with a lug or projection, to 
which is secured one end of a spiral spring, whose other end is 
fixed to the runner-pieces of the car ly near to the rear, so 
that the spring will be put in extension as the body is lowered. 
The arm a is pivoted at b, its other end being provided with a 
lateral boss, which engages with and rides in a slot d! in the 
plate d, secured to the runner pieces e. Secured to, or pre- 
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ferably formed integrally with, the arm a isa lug or projection 
a2, to which is secured one end of the spring /, in the other end 
of which is a short cylinder, having lugs to engage the coils of 
the spring, and secured to arod g passing through an aperture in 
a bracket A secured to the runner-piece e. When it is desired to 
raise the body from the chassis, a fastening device is released, 
shenenipee the spring, which has hitherto been in extension, as 
shown in Fig. 2, will draw the arm a@ towards the rear of the 
car, the lateral boss or stud a! thereon riding in the slotted 
plate until it reaches the end of the slot d!, which is the ition 
shown in rig. 1. It will be seen that in this ition free 
access can be had to the engine and other parts at the front end 
of the car. To prevent the accidental closing down of the 
apparatus while the operator is working, a catch pivoted to the 
runner ¢ is adapted to engage behind the lateral boss a! and lock 
it in the position shown in Fig. 1. (Accepted July 20, 1910.) 
26,451/00. H. Wardill and H. E. Wardill, - 
ton. Starting-Gear. (8 Figs.) November 15, 1909.—This 
invention relates to means for preventing the operative en - 
ment of the starting-handle of the engine of motor vehicles with 
the engine-shaft, —~?. when the change-speed lever is in the 
inoperative position. In carrying the invention into effect, there 
‘ pivoted upon the front member of the chassis frame a plate a 
provided with an aperture a!, the size of which is large enough to 
permit the inner end of the starting-handle b to pass through. 
































Ly 
26,45). 

The plate is connected by means of a Bowden transmission member 
¢ with the change-s lever in such a manner that when the 
change-speed lever is moved to the neutral position the aperture 
«@ is brought into alignment with the engine-shaft, and it is then 
possible to press the handle b through the plate into en, ment 
with the shaft for the purpose of starting the engine. spring d 
may be provided to move the plate in the opposite direction to 
that in which it is moved by the change-speed lever, or it may be 
so pivoted or so weighted that the return movement is effected 
by its own weight. (Accepted July 20, 1910.) 


RAILWAYS AND TRAMWAYS. 
gees. 


the output of the dynamo is —_ to F owe 
minimum, which is about equal to the smallest normal lamp-load, 
so that the regulating battery will al be very slightly dis- 
charging or floating, and therefore maintain an even voltage. The 
whole of the lamp circuit is taken through a winding round the 
field of the dynamo in such a manner that the slight discharge of 
the regulating battery remains sensibly constant. a and b are th 

two batteries, and ¢, c! is the resistance which is inserted between 
the two batteries a and b. d represents the lamps, one end of the 


H. Leitner, Woking. Train- ting 
{1 Fig.] June 80, 19°9.—According to this invention, 


a predetermined 





circuit of which is connected to the middle of the resistances ¢, c1. 

resents the switch which short-circuits the resistance between 
the lamp mains and that battery which constitutes the regulating 
battery on the reversal of the direction of rotation of the gene- 
rator g, and h is the second switch, which is coupled with the 
switch f, and which is designed, simultaneously with the above- 
described operation, to insert the part ¢ or c! of the resistance 
between the lamps and the charging battery a or b. 7 is the field 


winding of the dynamo g, which supplies the whole of the lamp- 
load, this being effected in such a manner that the proportion of 
lamp-load to the discharge of the regulating battery remains 
appreciably constant. j is the automatic cut-out, which, when 
the generator g falls below the predetermined minimum speed, 
short-circuits the resistance c cl, by means of contacts k, l, 
whereby the two batteries a and b are put in full parallel. 
(Accepted July 6, 1910.) 
22,087/09. E. M. Munro and the Railless Electric 
Company, Limited, London. Trolley-Arms. 
(2 Figs.}) September 28, 1909.—This invention relates to railless 
electrically-propelled vehicles. “ According to this invention, an 
indicator te provided in some convenient position, say upon the 
dash-plate or canopy, andis geared to the trolley-arm in sucha 
way that it moves with and in proportion to the horizontal 
angular movement of the arm. e trolley-arm A is mounted 
on a base having a rotatable portion B furnished with a bevel-ring 
©. The base is also provided with a fixed plate D secured to the 
roof of the vehicle. Dpon the plate D is a bearing supporting one 











end of a shaft F, the other end of the shaft being carried in 
another fixed bearing. The end of the shaft F adjacent to the 
bevel-ring C is furnished with a bevel-pinion H, which engages 
the bevel ring, and the other end of the shaft has mounted upon 
it a bevel-pinion J, engaging with a bevel-pinion K on the upper 
extremity of a shaft L. The lower end of the shaft L carries a 
yay ge N, gearing with a bevel-pinion P on the end of a 
shaft R, coupled to a shaft U carried from the hood 8 of the 
vehicle, and bearing a pointer W. This pointer moves over a 
graduated dial Y, intended to read in feet the amount of devia- 
tion from the line of the conductor. (Sealed September 5, 1910.) 


TEXTILE MACHINERY. 
17,051/09. W. Dra and W.Grundy, Bolton. Card- 


per 
-Engines, (4 Figs.) July 22, 1909. is invention relates 
to devices in connection with carding-engines for preventing the 





opening of the doors leading to the cylinder thereof until 
arrested. 


the 
motion of said cylinder is entirely, or almost, A flat 


extending arm or finger, which has a hook or projecting 
formed at its outer on This hooked part is Ew sae ok 
within a notch formed in the bar c¢, Bye hnd « from near the 
driving-shaft b to the carding-engine door d, to which, or to the 
lever f for operating said door, it is suitably connected. The 
spring is contained within a casing g. The bar cis, or may be 
adjusted in length and slides through a slot in the casing g, the 
projecting part g2 of which takes within a notch c® on said bar 
ce. This g* prevents the bar c from being moved longitudi- 
nally, unless it is raised clear of same, and as an alternative device 
to this the applicants may make use of the projecting part 
or block h, which is adjustably mounted upon the rod or 
bar c, and is held against movement by the pivoted catch k 
so that in this case also said rod cannot be moved longitudinally 
until such catch is raised. When the carding engine’s cylinder 
revolving, and the door d is closed, the rotary motion of the 
a shaft b, by frictional contact with the spring a, holds the 
hooked part within the notch in the bar c, and consequently also 
holds the notch 3 over or in contact with the projecting part 92 
thus preventing any longitudinal motion of bar ¢ to open the 
door d, and should said bar ¢ be raised so that the notch c3 ig 
clear of the lip g?, longitudinal motion is still prevented by the 
hooked part of the spring a retaining its position within the 
notch, and when the said bar is again lowered, this hooked part 
will still retain its position in the notch by reason of the frictional 
contact of the spring a with the shaft b. However, when the 
rotary motion of the driving shaft b is arrested, and the bar c is 
slightly raised, so that the notch c® clears the lip g®, the hooked 
end will remain in the position into which it has been moved, as 
shown in broken lines by Fig. 1, so that, on said bar being slightly 
lowered, so that the notch is clear of the hooked end, the bar may 
be moved longitudinally to open the door d, as will readily be 
understood. (Accepted July 27, 1910.) 


21,056/09. J. L. Rushton, Bolton. “Spinning 
and Doubling-Frames. (7 Figs.) September 8 1909,— 
This invention relates to means for operating the lifting-pokers 
of ring-spinning and doubling-frames, and particularly to means 
for adjusting on the rocking-shaft the lifting-arms, which support 
and actuate the boots or ends of the lifting-pokers which raise 
and lower the ring-rail. Each lifting-arm is pivoted loosely upon 
the rocking-shaft in close proximity to a lug or projection cast 
with, or fixed upon, the. rocking-shaft. A ie or projection is 
also formed near the pivot end of each arm, and an adjusting. 
screw is passed through a tapped hole in this lug, so that the end 
of the screw bears against the lug on the shaft. After adjustment 


each pivoted lifting-arm is locked upon the shaft by means of a 
pinching-screw or the like. a designates part of the frame of the 
machine, } the ring-rail, c one of the ordinary pokers, d one of 
the boots fitted on the end of the poker, e one of the lifting-arms, 
and f the rocking-shaft upon which the arm is pivoted ; g the lug 
or rojection which, for the purposes of this invention, is cast 
with, or fixed upon, the rocking-shaft ; A the lug or projection 
which is cast, or formed on, the underside of the lifting-arm near 
its pivoted end ; 7 is the adjusting-screw, which passes through a 
tapped hole in the lug hf, and with its end bearing against the 
lug g on the rocking-shaft f, and k a pinching-screw for locking 
each arm upon the rocking-shaft f after it has been adjusted by 
means of the screw i. (Accepted July 27, 1910.) 


057/09. J. L. Rushton, Bolton. Ring-Spinning 
ond Doubling-Frames. [9 igs. ] — Ee 1809 This 
invention Telates to means for operating the lifting-pokers of 
ring-spinning and doubling-frames, and particularly to means for 
adjusting on the rocking-shaft the arms which support and actuate 
the boots or ends of the lifting-pokers which raise and lower the 
ring-rail. a designates part of the frame of the machine, } the 
ring-rail, c one of the ordinary pokers, d one of the boots fitted 
on the end of the poker, ¢ one of the lifting-arms, and / the rocking 
shaft, g the lug or projection which, for the purpose of this inven- 
tion, is cast with, or fixed upon, the rocking-shaft. Each arm ¢ is 

Fig./. b de 
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ivoted loosely upon the rocking-shaft f in close proximity to the 
ug g, and the end of each arm e is extended beyond the rocking- 
shaft (its centre of movement), and through this extension ¢! and 
the lug g a stud or screw h2 is passed. The stud or screw h has @ 
disc Al, or equivalent part, formed eccentrically thereon. This 
part A} js fitted in a recess formed to receive it, either in the lug 
or the extension of the arm. In the example illustrated, the 
recess is formed in the lug g, anda slot is formed in the extension 
el, so that by turning the eccentric A! in either direction the armé 
will be adjusted either up or down as required, and can then be 
set and locked in position by means of nuts or equivalents, 





ote a is mounted so as to encircle, or partially encircle, the 
riving-shaft b of the machine, This spring a is provided with an 


(Accepted July 27, 1910.) 
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FAST VERSUS SLOW-SPEED MOTORS 
FOR CARS. 


Ir we look back at the early history of the motor 
vehicles, we shall see that the petrol-motor started 
on two distinct lines of development. On the one 
hand, the makers of large cars used engines of fair 
size for their power, and ran them at a moderate 
number of revolutions, while, on the other hand, 
the makers of motor-cycles used the smallest pos- 
sible engines, and ran them at very high speeds. 
Not only were these high-speed engines used 
for cycles, but when the motor-cycle makers began 
to make cars they ‘ran their engines for such cars 
at about the same speed as their cycle-engines. 
Thus a 6}-horse-power De Dion or Aster car 
had one cylinder approximately 3} in. by 4} in., 
while the 6-horse-power Daimler and Panhard cars 
had two cylinders each the same size or slightly 
larger. The former firms ran their engines at from 
1500 to 2000 revolutions, while the latter only ran 
them at from 750 to 1000 revolutions per minute. 

These high-speed engines were naturally a good 
deal cheaper to make than the slower-speed ones, 
and therefore came into very extended use, while in 
many cases the makers of the low-speed types 
modified their designs so as to render their engines 
capable of running at higher speeds. It was, how- 
ever, found that there were objections to the 
extreme high-speed engine, and it was, perhaps, 
natural that there should come a reaction in favour 
of the slower-speed one, the numerous advertise- 
ments of engines—@ faible vitesse—showing what the 
opinion in France was on the subject. Even the 
‘*slow-speed”” motor ran at about 1000 revolu- 
tions, which, before the days of motors, would have 
been thought a very high speed, especially for 
engines which have to be used in quite unskilled 
hands. At the same time, it must be remembered 
that the engines themselves worked surprisingly 
well from a mechanical point of view, and gave 
extraordinarily little trouble, and that many of 
them are still running very well after years of hard 
work. The difficulty was that there was neces- 
sarily a good deal of noise and vibration from them, 
and also that it was difficult, or impossible, to make 
the transmission gearing run quietly. 

Lately there has been a great tendency to revert 
to the high-speed engine, and it has been claimed in 
many quarters that the fact of very high speeds being 
run, and therefore of high powers being obtained 
in proportion to the sizes of the cylinders, is a great 
proof of the ‘‘efticiency” of the modern petrol- 
motor. This view has, of course, been fostered by 
the fact that races are held in which the classifica- 
tion is by cylinder capacity, instead of by weight, 
as in the older races, and is upheld by the rates 
of taxation being now based on sizes of cylinders, 
and not on actual horse-power. It is, therefore, of 
interest to consider what the merits of the modern 
high-speed engine are, as compared with those of 
engines which run somewhat slower. 

It may be premised that the proper way to com- 
pare engines is to assume a given power and see 
what is the best engine to produce that power. 
This is not as often done in motor engineering as it 
ought to be, and there is a general tendency to 
build engines too small for their work, and then 
to choose the engine which gives the greatest 
power. If this was followed in other engineering 
practice, we should certainly get results very in- 
ferior to those we now attain. For instance, a 
torpedo-boat engine gives more power than one of 
the same size as usually built for a cargo steamer, 
so, on the usual motor comparison, it might be 
assumed that the former type would be more suit- 
able for the cargo boat. If we consider the design 
from the proper engineering standpoint, however, 
which is to settle what the power required for a 
given purpose is, and then compare the different 
types of engine capable of giving it, we see that 
many parts of an engine are the same whatever 
the speed it is run at. Thus the valves, pipes, 
passages, valve-chests, cams, &c., will all be the 
same whether the cylinders are small and the 
engine runs fast, or they are larger and the engine 
runs slower. The radiator, &c., will also be the 
same in either case. The only parts affected, 
therefore, are the engine itself and the transmis- 
sion gear. 

The theoretical advantage in running an engine 
at a high speed, with small cylinders, lies in the 
reduction of weight. It is obviously necessary to 


keep the weight of any self-moving machine as 
small as is consistent with other requirements, and 





therefore it is impossible to have an engine run- 
ning at the slow speed usual where weight is of no 
importance. It is, however, necessary that an ordi- 
nary touring-car should have a reasonable amount 
of durability, and this is still more important in 
the case of commercial vehicles. Whether a fast or 
a slow-speed engine be used, therefore, the bearings 
and other parts must be substantial enough for the 
engine to run without undue wear. 

When this is considered it will be found that 
the saving of weight by increasing the speed beyond 
a certain point is little, if any, owing to the fact 
that the inertia stresses get larger, and therefore 
the crank-shaft bearings, &c., cannot be reduced in 
size without greatly increasing the wear. We shall 
see this best if we take an actual comparison 
between two engines running at different speeds. 

Thus we may take the case of an engine required 
to develop 30 brake horse-power at 1000 revolu- 
tions, and with a moderate compression and mean 
pressure on the piston this may be obtained from 
an engine having four cylinders about 4}in. by 
5in. We will assume, in considering the effect of 
the speed on the engine, that the stroke is kept 
constant, and the diameter of the cylinders reduced 
as the speed is raised, as this makes compari- 
sons easier, and, further, in practice strokes of 
4? in. to 5 in. are usual for modern high-speed 
engines, even with 3-in. cylinders. In this case, 
if the speed be raised to 1500 revolutions, the 
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cylinders can be made approximately 34 in., and if 
to 2000 revolutions, 3in. diameter, presuming that 
the mean pressure remains the same. In practice, 
owing to the fact that there is less time for com- 
bustion at the high speeds, the compression 
pressure would have to be raised in the high-speed 
engine in order to get the same mean pressure, and 
this would raise the pressures on the bearings. 

For the speed and power named valves of about 
1? in. diameter in the clear way will be required 
in the slow-speed engine, and, as the speed of the 
smaller ones is raised in proportion to the reduc- 
tion in area of the cylinders, equally large ones 
will be required for the high-speed design. 

Fig. 1, annexed, shows a plan of such an 
engine with the cylinders all cast in one, and the 
valves all on one side, in accordance with modern 
practice. Fig. 2 shows the same view of the 
engine with 3-in. cylinders, and it will be seen 
that, with the same arrangement of valves, the 
engine cannot be made any shorter on account of 
the space the valves take up. With this design 
of engine, therefore, the saving of weight can, in 
any case, be very small indeed, for the engine will 
have the same over-all length and height, and the 
crank-chamber will be the same in every way. The 
only saving will be in the cylinder casting, but this 
will be quite a negligible amount of the total 
weight of the car. 

It is, of course, possible to put the valves on 
opposite sides of the cylinders, and in this case 
they would not interfere with the centres of the 
cylinders being brought closer together. There is, 
however, another very important point to be 
arranged for—namely, the provision of sufficient 
bearing surface. Cylinders arranged as Fig. 1 
require a crank-shaft much of the proportions of 





Fig. 3. For the moderate speed at which the 
engine runs this provides ample bearing surface for 





all ordinary requirements. If, however, in the 
case of the smaller cylinders the engine is made 
shorter, the bearing surface will be reduced. It 
remains to be seen whether any reduction in the 
bearing surface of the small high-speed engine is 
justifiable. 

The pressures on the bearings of a petrol motor 
come from two causes—(1) the pressure on the 
piston, and (2) the inertia of the parts. As far as 
the first is concerned, the pressures are in the 
direct inverse to the revolutions. For equal dura- 
bility, therefore, the bearing surface to take this 
pressure cannot be materially reduced, for the 
rubbing speed increases in the exact proportion to 
the reduction in pressure. In the case of the 
stresses due to the inertia of the parts, however, 
there will be no reduction in pressure at all, unless 
the reduction in weight of the moving parts is in a 
greater ratio than the square of the diameter of the 
piston. This is seldom the case; in fact, it is 
doubtful whether it would be practicable to reduce 
the weights of the moving parts even in the ratio 
of the square of the diameter, and unless this be 
done the pressures on the bearings will actually 
be greater in the small high-speed engine than in 
the larger slow-running one. 

As it is quite clearthat the pressures due to 
inertia cannot be reduced at all, and may even be 
increased in the high-speed engine, the bearing 
surface to take these should be increased in pro- 
portion to the speed of revolution in order to get 
equal durability. It is well known that in a great 
many cases the wear on the bearings is caused more 
by the inertia of the parts than > the pressures 
in the cylinders, and therefore we may assume that 
the high-speed engine with the small cylinders 
will want a larger bearing surface than a slow-speed 
one. This means a crank-shaft either of larger 
diameter or longer, and in either case more weight. 

What is true of the crank-shaft is still more 
true of the valve-gear. The valves being the same 
with the same lift in the high and low-speed motors, 
the wear on the valve-gear will go up directly as 
the speed, and therefore for equal durability all 
the valve-gear for the small cylinders must be made 
heavier. 

The transmission gear is subject to the same con- 
sideration ;. that is to say, that although the stresses 
are reduced, the speeds are increased, and therefore 
the gear-wheels and essential parts must be made 
substantially the same weight to produce equal 
wear. 

It therefore seems that in motors, as in other 
classes of engineering, the speed which is most ad- 
vantageous, and will give the lightest machine per 
horse-power, is always a matter of compromise, and 
depends on the standard of durability which it is 
necessary to work up to. The lower the standard 
of durability the higher the speed the engine should 
run at. Hence, if a car is built for speed only, 
and the owner does not mind adjusting his bearings 
every few hundred miles, or running with a knock 
in them, we may use a very high-speed engine. The 
very large majority of purchasers: will not put up 
with this now, however, and to satisfy them cars 
must run something like 10,000 miles without 
having their bearings adjusted or getting un- 
pleasantly noisy. 

In order to satisfy these requirements the makers 
of many of the high-speed engines have increased 
the size of their crank-shafts, bearings, &c., till 
the engines are really nothing but large engines 
with small cylinders; and although they do a very 
large horse-power for the size of the cylinders, they 
are by no means specially light for their power. 
Thus one well-known car of .this type, with cylin- 
ders 3} in. in diameter, has a 1}-in, crank-shaft, 
and is about 2 ft. long over the cylinders, the valves 
being 14in. In fact, it has all the proportions of 
an ordinary moderate - speed engine, with 4-in. 
cylinders, which would give a greater power at 
lower revolutions, with less wear and tear, and 
would weigh no more, 

The fact that the highest speeds do not give the 
lowest weights is proved again in the practice of 
racing and of aeroplane engines. In the modern 
racing-car the classification has been largely by 
cylinder dimensions, and the result has been that the 
engines are run as fast as practicable. Previous to 
this classification, however, there were many races 
in which the cars were classified by weight only, 
and in these the engines were not run so fast. 
Further, the modern racing-cars, with the small 











cylinders, are often heavier than the older ones, of 
greater power with larger cylinders, It is, there- 
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fore, evident that the reduction in the size of the 
cylinders, to get within the arbitrary limits of 
classification, has not reduced the weight per horse- 
power, but rather increased it. 

Similarly in the case of aeroplane engines, the 
lightest per horse-power are not those with the 
smallest cylinders and running at the highest 
speeds; in fact, considering the very small amount 
of durability required, the large majority of aero- 
motors run at very moderate speeds indeed. 

Apart from the question of weight, there can be 
no doubt of the practical advantages of the mode- 
rate-speed motor. Silence is one of the most 
important points in the modern car, and in this 
respect slow speed is of immense advantage. 
Not only can the engine itself be made to run a 

reat deal more quietly, but the gearing can also. 
n the case of the bevel-gear, for instance, a high 
engine-speed means a high ratio of gear on the 
bevel, and this is very difficult to make quiet. In 
the engine the reduction of noise by running slow 
is immense. Where valves have to be moved 
quickly, it is impossible to make them work as 
quietly as if they only have to move slowly; and 
even if the valves are made quiet, there is always 
a marked hum with high-speed machinery involving 
reciprocating parts. 

The well-known quietness of some of the makes 
of steam-cars is really due to their slow-running 
engines, and not to the fact that they use steam. 
Thus one type of 20-horse-power steam-car has the 
engine geared level with the road wheels ; that is to 
say, it runs at the same speed. The majority of 
the 20-horse-power petrol-cars have the engine 
running at least three times as fast as the road 
wheels. Thus, for equal speeds on the road the 
petrol-engines run over three times the speed of 
the steam-engines. Naturally, the latter are much 
the more quiet, but any one who will look at a 
large stationary gas-engine running slowly will see 
that there is no difficulty in making the internal- 
combustion engine as quiet as the steam-engine if 
it be run the same speed. 

It may, of course, not be possible to reduce the 
speed of the petrol-engine to that of the steam- 
engine in a motor-car ; but if quietness be desired, 
we should get it as near that condition of things as 
possible, and not pride ourselves on having made 
our engine run fast, as many makers are now doing. 

Of course, at present the slow-running engine 
involves a slightly higher taxation. This, however, 
in the moderate powers, will generally only be an 
extra two or four guineas a year, which may very 
easily be saved out of repairs. It is, perhaps, an 
unfortunate thing that many people will willingly 
pay many pounds in extra running expenses, or 
otherwise, to avoid paying a small amount in taxa- 
tion. This is a very unhealthy state of affairs, for 
to any reasonable man it would, after all, appear 
that the money spent in taxation is not wasted, as 
it goes to national defence, &c., while the money 
spent in extra running expenses is absolutely lost. 





EDUCATION IN JAPAN. 

Tue thirty-fifth annual report of the Minister of 
State for Education in Japan shows that the past 
success of the Japanese in the arts, both of peace 
and war, has not lessened their ardour for the 
development of education and its application to the 
needs of the nation. The Minister says that ‘‘ But 
two years have elapsed since the end of the war, 
and in view of the improvements and extensions 
yet to be made, the goal of our national education 
still lies far ahead. ‘The measures taken during the 
year under review are but a step in the right direc- 
tion, for we may be said to have but just entered 
upon the long path of progress initiated by the 
post-bellum measures and stretching far away to- 
wards a distant horizon. Many more steps must 
be taken for the perfecting of all educational 
matters, and every effort must be made to bring 
about the improvements and the development 
necessary for the healthy educational growth of the 
whole nation.” 

The report contains ample details of the organi- 
sation of elementary and secondary education, of 
the arrangements for the training of teachers, and 
of a large number of special institutions of a very 
varied kind, into which we cannot enter. We would, 
however, recall a statement of Lord Reay, made 
some years ago, when he was chairman of the 
London School Board, that if the English Education 
a openers wished to see how education ought 
to organised, they might turn, with advantage, 





to Japan. When we remember that it is only 
forty-two years since that country was in a state of 
feudalism, with only the beginnings of Western 
education, the wonder at the progress which has 
been made is very much increased. The Japanese, 
in the matter of education, as in all other matters 
affecting national welfare, made out their plans 
with great deliberation, and they have carried them 
out with much intelligence and perseverance. Our 
space will only allow us to touch on a few of the 
points relating to technical education, in which our 
readers are chiefly concerned. Recently, this branch 
of education has made remarkable progress in Japan. 
In the year under review very many schools were 
founded, as had been the case in previous years. 
Technical schools of various grades were newly 
established to the number of 55, while supple- 
mentary technical schools connected with special 
industries so multiplied that they came to number 
over 700. In each and all of these institutes, both 
new and old, the authorities took pains to improve 
the method of instruction and means of control, 
while the best teachers available were employed, 
and encouragement was given to the pupils in the 
matter of study and practical application. At the 
same time, better and more fruitful results were 
expected by combining theory with practice ; that is 
to say, the schools and factories were brought into 
touch with each other for their mutual benefit. 

The technical schools are institutions established 
for the purpose of training those who intend to 
engage in productive labour, such as manufactures, 
a gree were and commerce. There are five kinds 
of technical schools—viz., technical, agricultural, 
commercial, and nautical schools. The schools for 
sericulture, forestry, veterinary medicine, and 
marine products are regarded as agricultural schools; 
the apprentices’ schools are classed with the tech- 
nical schools. There are altogether in Japan 11,039 
technical schools, but of these 4919 are of the 
nature of supplementary technical schools, and are 
small in size and limited in the range of instruction 
to the special industries of the district in which 
they are situated ; 13 are Government institutions, 
under the direct control of the Department of 
Education ; 5809 are public institutions, under the 
control of the local authorities, and the remaining 
198 are private institutions. Eleven out of the 
13 Government institutions are of superior grade— 
namely, the Morioka Higher School of Agriculture 
and Forestry, the Tokyo Higher Commercial School, 
the Kobe Higher Commercial School, the Nagasaki 
Higher Commercial School, the Yamaguchi Higher 
Commercial School, the Tokyo Higher Technical 
School, the Osaka Higher Technical School, the 
Kyoto Higher Technical School, the Nagoya Higher 
Technical School, the Kumamoto Higher Technical 
School, and the Sendai Higher Technical School. 
In the year under review there was a decrease of 
one school, owing to the fact that the Sapporo 
College of Agriculture has been changed to the 
College of Agriculture in the Tohoku Imperial 
University. The two others are the apprentices’ 
school attached to the Tokyo Higher ‘Technical 
School and the supplementary technical school 
attached to the institute for the training of technical 
school teachers connected with the Tokyo Higher 
Technical School. 

The organisation and equipment of these schools 
are very complete, but, of course, it is impossible 
for us, meantime, to go into details regarding 
them. The exhibit of the Education Department 
in the Japan-British Exhibition at Shepherd’s Bush 
shows specimens of the work done in them, and 
— of their prospectuses, which ought to be con- 
sulted by all interested in education. The Schools 
of Agriculture and Forestry might well be taken as 
examples of what should be done in this country, 
as we are only now making a beginning with schools 
of this kind. The higher commercial schools we 
commend especially to the attention of British mer- 
chants, who still think, for the most part, that an 
ordinary school education, with the training which 
can be picked up in a counting-house or warehouse, 
is sufficient to meet the wants of the times. The 
Germans and the Japanese think very differently, 
and the results of their system of commercial 
education are to be seen in the great development 
which has taken place in their trade. The foreign 
languazes taught in the Tokyo Higher Commercial 
School are English, French, German, Italian, 
Russian, and Chinese. The higher technical 
schools give a three years’ course to boys who have 
completed the course of a secondary school, and 
the instruction is of a high standard. In some cases, 





indeed, it is not much below that of the science 
colleges of the universities, although it tends more 
in the direction of practical applications. The 
students who through these schools become 
managers and foremen in industrial undertakings, 
Attached to the Tokyo institution is an appren- 
tices’ school for the training of good artisans, and 
at the same time for investigating the best methods 
of teaching them. The curriculum is divided into 
three sections—viz., wood-work, metal-work, and 
weaving. The section of wood-work is subdivided 
into two courses of carpentry and joinery, and the 
section of metal-work into the two courses of 
finishing and forging. Arrangements are being 
made for courses in fine metal-work, electrical work, 
dyeing, printing, leather-work, lacquer-work, and 
ceramics. The Institute for the Training of Tecl- 
nical School Teachers, attached to the Tokyo Higher 
Technical School, is an institution established to 
train those who are to be directors or teachers of 
technical schools, apprentices’ schools, or supple- 
tary technical schools, and at the same time to 
afford opportunities for investigating the best 
method of industrial education. The smaller public 
and private technical schools are very varied in 
their nature and suited to the wants of the localities 
in which they are situated, and are intended to 
train the intelligence of the workmen and supple- 
ment the experience of the workshop. 

The crown of the Japanese national system of 
education is the Imperial Universities of Tokyo and 
Kyoto. A third is now being formed—namely, the 
Tohoku Imperial University, which, however, as 
yet has only one college—that of agriculture ; but 
it will be completely developed as opportunity 
offers. We have on several occasions given an 
outline of the science faculties of the Universities 
of Tokyo and Kyoto, so that meantime we need 
not go into details. The University of Tokyo con- 
sists of six colleges—namely, those of Law, Medi- 
cine, Engineering, Literature, Science, and Agri- 
culture—and a University Hall. The teaching staff 
numbers 282, including 131 professors, 59 assistant 
professors, 77 persons specially appointed, and 15 
foreigners. The University of Kyoto is not yet so 
fully developed as that of Tokyo. It consists of a 
College of Law, a College of Medicine in Kyoto, 
and another in Fukuoka, a College of Literature, 
and a College of Science and Engineering. The 
teaching staff in the colleges includes 87 professors, 
37 assistant professors, 41 persons specially ap- 
pointed, and 4 foreigners, the total number being 
169. 

Our space will not allow us to go into a descrip- 
tion of the numerous literary and scientific institu- 
tions and organisations mentioned in the reportof the 
Minister of Education, but enough has been said 
to show that the great success of the Japanese has 
not been attained in a haphazard manner, but by a 
solid foundation of national education in all that is 
necessary for a modern State. 








“Mines or Ruopesta.”—The full title of this book is 
‘*Mines of Rhodesia, Mining and Settlers’ Guide.” It 
has been edited by Mr. Owen Letcher, F.R.G.S., Stud. 
Inst. M.M., and mining editor to the South African 
Mining Journal. Its price is 12s. post-free, and it can 
be obtained from Mr. E Leighton Hare, Throgmorton 
House, Copthall-avenue, E.C. It gives very complete 
data upon the country, its geological characteristics, 
mining, climate, health considerations, labour, and so 
forth. The book is accompanied by a provisional map of 
Southern Rhodesia. The information it contains 1s 
interesting, and will prove useful ; it is, however, far too 
much interspersed with advertisements. Were the 
advertisements bunched and placed together at the end 
of the book, this would prove all the handier. 


Tue German Cement Inpustry.—German syndicates 
on the whole no doubt work satisfactorily, but they 
are often difficult to keep in uninterrupted working 
order, and the negotiations necessary for the attainment 
of this end are often troublesome and protracted. In the 
cement industry, as in others, outsiders are apt to inter- 
fere with the smoothness of the routine, as, for instance, 
in Silesia, where negotiations are at present proceeding 
between the Upper Silesian Cement Syndicate and the 
outsiders. So far no agreement has been arrived at, 
but the outside works are expected to join the syndicate in 
theend. The Silesian cement industry also suffers seri nus! y 
from Austrian competition, and there is no protective 
duty in Germany for cement ; and even if the outside 
Silesian works join the syndicate, it will hardly be pos- 
sible to raise the quotations unless an understanding with 
the Austrian works is also arrived at; but such an agree- 
ment will, no doubt, be more easily brought about when 
all the Upper Silesian cement works have been syndi- 
catised. An all-German cement syndicate may at present 
be difficult to re-establish, as many works seem deter- 
mined to push their trade independently of the rest. 
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Oil-Fields of the Empire: A Survey of British Imperval 
Petroleum Questions, and a Comprehensive Technical 
Description of the Oil-Fields of Trinidad and New- 
foundland. By J. D. Henry, Petroleum Expert. 
London: The Petroleum World, 32, Great St. Helens. 
[Price 18s. net. ] 
Mr. Henry has undertaken a very useful work, 
and it is to be regretted that his professional 
engagements have not permitted him to finish what 
he has so well begun. He proposed to discuss the 
known sources of petroleum supply within the 
Empire, but he has been obliged to limit himself 
to the hopeful, but unworked, fields of Trinidad 
and Newfoundland. With greater leisure, he pro- 
poses to survey the scope and prospects of the 
industry in Canada, New Zealand, and Barbados. 
It is eminently desirable that, at this time, when 
industrial progress is finding in petroleum a new, 
or, rather, a convenient, source of energy, that 
the resources of the Empire should be not only 
appreciated, but correctly estimated: Hitherto 
Great Britain has enjoyed the advantage of an 
enormous coal supply, and it has been her interest 
to foster the use of coal and to develop the many 
forms of its application. But recognising now the 
growing importance of petroleum as an illuminat- 
ing agent, as a lubricant, as a source of power for 
vehicular traction, as indispensable for locomotion 
beneath the sea and through the air, it evidently 
behoves the country and the Empire to examine 
the undeveloped assets, and to take the measures 
necessary to maintain the pre-eminent position 
long held in industry and enterprise. In respect 
of control of supply, the country is at a disad- 
vantage in comparison with other countries, such 
as the United States, Russia, or Galicia. Mr. 
Henry makes this drawback very apparent, since 
his object is to enable us to review the position by 
drawing attention to the existing deposits of petro- 
leum within the borders of the Empire. He 
entertains the hope that the Empire may be made 
independent of foreign supply, but if this is to be 
accomplished, far more eagerness must be displayed 
in exploiting the known sources and tracing new 
ones. The successful working of these foreign oil- 
fields, and the abundant output, explain, but,do not 
excuse, our supineness and neglect of the latent 
sources of wealth in our colonies and possessions. 
Investors were dazzled by the inexhaustible supply, 
the attention of capitalists was concentrated upon 
the industry in lands where success had been 
proved. If any progress has been made on 
colonial soil, it has been not by the assistance of 
British capital, but in spite of it. Small local 
companies, inadequately financed and compelled 
to employ inexperienced labour, handicapped by 
antiquated methods of drilling and little technical 
skill, have had to compete with the large returns 
due to proper investment. Mr. Henry asks 
us to consider whether the day of these small 
beginnings is not past, whether we have not attrac- 
tive “propositions” under our own control, to which 
patriotism and commercial prudence alike call 
attention, The author in various ways has worked 
assiduously to divert capital to our own colonial oil- 
fields, and to convince the country of the folly of 
the suicidal policy of relying on foreign sources for 
4 prime necessity of industry. His plea gains con- 
siderably in force if the power of locomotion and 
the radius of activity of the warships of the future 
are to depend upon the use of liquid fuel. The 
safety and security of the Empire seem to demand 
that an ample and reliable supply of petroleum 
should be ensured, which could be utilised without 
any infringement of the law of contraband or inter- 
ference with the rights of belligerents and neutrals. 
A mine at best isa wasting asset, and petroleum- 
tuning does not differ from the older forms, except, 
perhaps, it is more difficult to forecast the day of 
exhaustion, The daily supply may be small, and 
the life long and uneventful, or, after startling the 
world with an apparently exhaustless abundance, 
the well may come to a sudden termination. 
“Geological knowledge and technical skill in drilling, 
ke., regulating the amount of production, are the 
only reliable guides to warrant outlay, and the 
only safeguards against disaster. These unsen- 
sational elements in securing solid progress, and the 
“vi consequences that have followed their neglect, 
are discussed at length. A mass of very useful 
information is necessarily placed at command, the 
‘uore attractive as the two colonies whose produc- 








tive capacity is discussed have been subject 
to recent development. It is satisfactory to the 
investor to know that in both instances the geolo- 
ge survey is adequate, and inspires confidence. 
n Trinidad, competent and disinterested autho- 

rities assert that 500 square miles, one-third of the 
whole island, is prospective oil-bearing territory. 
This view is supported by the evidence of surface 
—— and the actual drilling accomplished. 

hat does not seem so clear is the character of 
the concentration. The oil-bearing beds, though 
extensive, may be thin, and the amount derived 
from any single well unremunerative. Deep boring 
has not been carried out to any extent. The 
evidence of oil was so strong that prospectors have 
worked erratically, expecting a return with little 
exertion. A superficial show of oil is not a safe 
indication of quantity, and it is now admitted that 
it is unwise to drill oil-wells close to seepages. 
Admitting the presence of oil in commercial quan- 
tities, there are some circumstances which make 
the oil-fields of Trinidad specially valuable. The 
oil is worked at practically tide - water level ; 
the pipe - lines are short, a ready market could 
be secured, since ocean - barge transport would 
be used. There are, too, conveniently situated 
bays and harbours that would accommodate large 
ships and facilitate oil-bunkering. With these 
distinct advantages, there have been several 
attempts to work the oil-fields on commercial lines, 
but disappointment has attended such efforts. The 
author sketches the history of these abortive 
attempts, indicates the grounds on which they have 
failed, and shows that want of success in the past 
need not discourage any well-matured schemes, 
properly financed, worked with energy and guided 
by experience. Something of the buoyant hopeful. 
ness of the company-promoter may be detected in 
this description, but also much of the man of 
science. 

Very interesting chapters follow on that curiosity 
of Nature, the pitch lake, out of which asphalt is 
worked, like peat. The geological importance of 
this store of bitumen, its possible connection with 
petroleum, the theories that have been suggested 
to explain its origin, are all intensely interesting, 
if a little beside the main topic. The relation 
between this unique store of pitch, the mud 
volcanoes which abound on this part of the island, 
and the presence of oil, is a fascinating subject for 
pcs geologist, whose last word has not yet been 
said. 

The history of the oil development in Newfound- 
land resembles that of Trinidad. Hasty and 
ill-considered schemes, generally ending in disaster, 
have followed one another, but the perseverance 
exhibited by the early pioneers has been most 
marked and undaunted. The supply might be 
small, the wells might be drowned by the inrush of 
water, but the Newfoundland paren. con- 
vinced of the existence of an ample supply beneath 
their feet, returned resolutely to the wearisome 
task of boring and development. They made many 
sacrifices and deserve ample recompense, for up to 
the present the output has been hardly sufficient to 
meet local requirements. Yet all the indications 

int to the probability that the Parsons Pond 

tate will prove a valuable asset. Sir Boverton 
Redwood has reported very favourably on the 
analysis of the petroleum, and geological experts 
are satisfied with the stratigraphical conditions. It 
is, therefore, satisfactory to notice that strong 
support, both financial and political, is now forth- 
coming. British capital has been readily subscribed, 
and the Colonial Government is assisting the enter- 
prise in every way possible. Protection from out- 
side competition is assured, remission of duty on 
impo apparatus is guaranteed, and, for a long 
period, no rates or taxes will be imposed on the 
products. This kind of nursing is, perhaps, sug- 
gestive of weakness, but there are other facts which 
tell unmistakably in favour of the future of the 
industry. Newfoundland is only 2000 miles 
distant, and can be reached by steamer in nine 
days. On this ground the new field of exploitation 
competes well with New York or Batoum, the 
nearest sources of an over-sea supply. The con- 
fidence of those most familiar with the local con- 
ditions cannot be overlooked, and the experience 
gained in the past will prevent mistakes and accele- 
rate progress. The increased attention drawn to 
the prospects of the petroleum industry cannot but 
react favourably, and tend to remove that lethargy 
from which the development of a veritable source 
of wealth has too long suffered. Mr. Henry 








deserves well of his countrymen for the persistence 
with which he has fought this question. The 
present work is only one in many directions in which 
he has struggled against the strange apathy with 
which this question of an Imperial supply of liquid 
fuel has been regarded. 





Vehicles of the Air: A Popular Exposition of Modern 
Aeronautics, with Working Drawings. Victor 
— London : T. Fisher Unwin. [Price 12s. 6d. 
net. 

Art the present moment, when mechanics and engi- 

neers are exhibiting enthusiasm and endeavour in 

the problem of mechanical flight, and the attention 
of the civilised world is riveted on the progress 

effected, there is undoubtedly room for a k 

such as Mr. Lougheed has proposed. But we 

cannot say that we think he has been entirely 
successful in his treatment, or that his work leaves 

a very satisfactory impression. Apparently, the 

author has been too anxious to crowd too much 

into it, and has sacrificed thoroughness to super- 
ficiality. If, as we imagine, it was the author’s 
intention to review the whole progress of the 
mechanical science of aviation, a broad view should 
have been taken of the subject, and the work should 
not have been overloaded with too much detail. He 
has not recognised the necessity of distinguishing 
between the permanent and the passing stage. A 
great deal of the book must consequently go out of 
date as new inventions and greater experience 
prove the inutility of past suggestions, or supersede 
them by evident improvements. Theauthor seems 
to have been aware of this possible defect, and has 
carefully explained that his book is, in a way, the 
product of compilation—‘‘ that it is his intention 
to record rather than to create; that it is not 
possible to do more than to add to the old material 
and arrange in an orderly and informing manner.” 

We think he might have been more critical in his 

methods and exercised greater discrimination in 

collecting his materials. 

It is natural for a writer on this subject to be 
enthusiastic, and Mr. Lougheed possesses this 
quality in excess. He is not afraid to don the 
prophetic mantle and conjure up visions that belong 
to a vague and distant future. He anticipates a 
time when the whole population will travel in aero- 
planes, when the face of the heavens will be 
darkened by a crowd of myriad ships ‘‘of many 
sizes and at many altitudes, midgets and leviathans 
. . . beacons of science and romance, and progress 
and brotherhood.” But before these halcyon days 
are realised, his prophetic eye sees a very different 
picture, full of dismal forebodings. The suggestion 
of a huge Dreadnought surrounded by a mosquito 
swarm of 20,000 aeroplanes, each trailing an assort- 
ment of high explosives at the ends of 1000-ft. 
lengths of pianoforte wire, or prepared to drop 
generous parcels of picric acid or fulminate of mer- 
cury into the enormous yawning funnels of giant 
battleships, is not reassuring. One cannot say that 
such a whew is not possible, and we must remem- 
ber that it is necessary for only one to get home with 
its messenger of death to entail a national disaster. 
We have no intention of making forecasts either of 
universal peace or of more desolating war in the near 
future, but there are grounds which make us pause 
before accepting the views so confidently expressed 
here. The author points with assurance to what 
has been accomplished by other forms of loco- 
motion, concerning which lugubrious prophecies 
were uttered in the days of infant effort, and when 
none could foresee the extent of future develop- 
ment. Guided by such experience, the writer 
anticipates, perhaps with reason, a similar, or 
greater, advance in aviation, since this science will 
be assisted by improved technique, and encouraged 
by the inventive enterprise of later days. But the 
parallel between the old and the new, between 
steamboat travelling and mechanical flight, is not 
complete, and it is easy to overlook some points of 
generic difference. The steamboat does not need an 
engine to make it float ; the aeroplane has to rely 
on this necessary apparatus. In the case of acci- 
dent, or defect in this engine, the aeronaut runs 
great risk of injury. We know it is contended 
that in case of a mishap to the engine the aeroplane 
will glide gently to the earth along a gradient of 
1 in 7, possibly even 1 in 10 ; but the recent lament- 
able accident to M. Le Blon, experienced as he 
was, shows that this limit of safety is untrustworthy. 
A steamer may be inconvenienced by an accident 
to its motive power, but it will still float. It is 
safe to say that if, on the occasion of an accident to 
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the mechanism of a steamer, it went to the bottom 
with all on board, there would not be at the present 
day any such science as steam navigation. 

f these considerations do not apply with the 
same force to balloons and lighter-than-air machines, 
there is still another point to be considered. The 
problem of stability, longitudinal and _ lateral 
stability, is still unsolved practically. It is true the 
conditions for securing stability may be locked up 
in the roots of a famous biquadratic, of which we 
have heard much of late, but it may not be possible 
to translate the formule into mechanism capable of 
assisting airship design. Many problems which 
have fascinated the mathematician have made no 
advance towards solution, either by lapse of time or 
increase of knowledge. The only success that has 
attended their continual study has been to prove 
that solution is impossible. The question of the 
stability of the aeroplane, like the tri-section of an 
angle or the duplication of the cube, may be of 
that order of problems that defy exact solution. 

The general contents of Mr. Lougheed’s book can 
be easily imagined. After a chapter on the atmo- 
sphere, in which we do not see the necessity for dis- 
cussing the quantity of argon or of ozone in the air 
and other similar minute, the author describes the 
history and construction of balloons or lighter-than- 
air machines, a type with which he is not enamoured. 
Excellent as this chapter is from the historic point 
of view, and for the exhibition of a vast array of 
facts connected with. detail, we think it fails to do 
justice to the commercial possibilities of the dirigible. 
The lighter-than-air type will probably be the 
burden-bearing machine—the tramp-steamer of the 
future—though to be available under all conditions 
of weather it will require to travel at a speed of 
about 50 miles an hour; or will demand a much 
greater ratio of power to size than in steamers of 
ordinary tonnage. The aeroplane, especially the 
helicopter type, will be susceptible of a far greater 
velocity. Commercially, therefore, we may con- 
sider that as tonnage increase, the dirigible will 
pees most suitable; when speed is demanded, the 
1eavier-than-air type will have the advantage. 

In the chapter on heavier-than-air machines we 
miss any theory of aviation when discussing the 
elementary principles by which aviation is possible, 
or of the conditions which favour and limit 
mechanical flight, though some thirty es from a 
paper by Professor Montgomery on the principles 
involyed in the formation, of winged surface and 
the phenomena of ‘‘soaring” have been incorpo- 
rated. We gather that the author is not hopeful 
of any assistance from mathematical investigation, 
as he adds, ‘‘ since aerodynamics involve, perhaps, 
the most difficult, obscure, least investigated and 
understood of all the phenomena of force and 
motion, it is out of the question in the present 
state of science to offer final and definite explana- 
tions of principles involved.” This sweeping 
condemnation of mathematical ability is to some 
extent modified by a foot-note. We meet, too, in 
another place the phrase ‘‘ it can be safely asserted 
only that the sustention increases much faster than 
the speed—possibly with its square.” We may 
have misunderstood this cryptic sentence, but it 
seems to imply a doubt of the recognised principle 
that the supporting area required varies inversely 
as the square of the velocity. 

Propulsion has a chapter to itself, in which are 
discussed the more important and evident consider- 
ations that influence propeller design and con- 
struction. No doubt the information supplied will 
be useful for the engineer, but on theoretical 
grounds we could have wished for a fuller exami- 
nation of the phenomena of “cavitation,” or the 
creation of a partial vacuum in front. of the pro- 
peller, with the consequent failure to grip the air 
in which it turns. Experiments on turbine pro- 
pulsion in water have made us very familiar with 
the loss of power from a similar cause. The de- 
scription of power plant, when, as in the case of 
the aeroplane, lightness amg output is a prime con- 
sideration, possesses the greatest interest. It 
would come as a revelation to early experimenters, 
to go no further back than Langley, to find that 
engines as light as 14 lb. to the horse-power have 
been constructed, and though certainty of action may 
make it necessary to increase this weight, the pro- 
blem of the construction of a light engine no longer 
offers an insuperable difticulty. Doubtless the 
most suitable engine has not yet been evolved, and 
further ingenuity will be exhibited in the mechanical 
connection of working parts, cooling, lubrication, 
ignition, &c. In all these particulars the author's 





review strikes us as fairly adequate and up-to-date, 
erring on the side of minute detail. These are 
precisely the sections that will be superseded by 
later improvements, and will possess only an his- 
torical interest. The same remark applies to the 
descriptions of the particulars and details of the 
aeroplanes that have achieved the greatest successes. 
The chapter on accessories seems rather super- 
fluous, as it deals with matters far removed from 
aviation properly so called, and those practically 
care | in the art are likely to be familiar 
with the subjects mentioned. The last chapter is 
more suggestive and interesting, indicating some of 
the possibilities of the future and the hopes of the 
enthusiast. 


The Manufacture of Cune-Sugar. By LLEWELLYN JONES 
and Freperic I. Scarp. London: Edward Stanford. 
[Price 12s. 6d. net. ] 

Tuts book, which contains some 450 pages, might 
with advantage have been considerably shortened 
had the authors adopted a less heavy and ponderous 
style of expression. Their claim for the work, that 
it is intended as a guide for those not technically 
connected with the sugar industry, is fully realised, 
and although in places the meaning of the authors 
is somewhat obscured by their method of descrip- 
tion, the book should be of use to those for whom 
it was written. Numerous illustrations of the various 
machinery used in the industry are given, these for 
the most part, apparently, being taken from the 
manufacturers’ catalogues. 

The opening chapter is devoted to a description 
of the sugar-cane and methods of culture, &c. This 
is followed by three chapters dealing with the plant 
utilised for extracting the juices from the cane. 
This section deals fully with the subject so far as 
crushing-rolls and their accessories are concerned, 
and the advantages of the modern multiple mills 
are discussed at length. 

No reference is made to the diffusion process of 
juice extraction other than a passing word or so. 
Seeing that this process was in great measure the 
cause of vast improvements being effected in the 
construction of crushing-mills, it would not have 
been out of place to have included a description of 
a typical plant, and to have given some account of 
the results achieved. 

Chapters V. to IX. are devoted to accounts of 
the methods employed for the obtaining of the 
finished sugar crystals, and the various apparatus 
used. Separate chapters deal with the clarifica- 
tion, filtration, concentration, crystallisation, and 
separation of the crystals, each process being fully 
described. In this section, on page 195, we notice 
that the illustrations of the ‘‘ Jamaica Train” given 
do not correspond, in that the plan and elevation 
are reversed, and this may be the cause of some 
confusion to the uninitiated. 

On page 287 also an error has been allowed to 
pass which may be confusing, the figures given in 
the table not agreeing with the diagram. At point 
K a velocity of 108 ft. per second is given in the 
table, whereas it is obviously intended that this 
should be 10.8, as shown by the diagram, and as 
would be inferred from the drawing given of the ap- 
paratus. The scales given as referring to the diagram 
also do notapply. The scale of time would appear to 
be 58” = 1 second (and not 6}” as given), and the 
vertical scale of velocity 88 ft. per second to 1 in. 
The latter is given as ‘‘ scale of velocity 5-10 ft. per 
sec. = vertical lines,” whatever that may mean. 

In Chapter X., the scientific control of sugar 
factories is the subject discussed, and some account 
is given of the methods adopted to check results 
obtained from the various departments of the mill. 
The important question of steam generation is the 
matter to which a further chapter is allotted, and 
various types of boilers and furnaces for dealing 
with megass as fuel are fully described. A final 
chapter is devoted to the subject of by-products of 
sugar manufacture and the uses to which they are 
put, including a full account of the manufacture of 
rum, and the plant employed for this purpose. 


Sulla Construztone dci Muri di Approdo su Fondo Fangoso. 
By C. Barseris, Majorof Engineers. Rome: Ministry 
of War. 

Tue problems connected with the design and con- 

struction of retaining-walls are sufficiently numerous 

and varied to constitute an unfailing source of 
interest and perplexity to those whose duty it is to 
deal with them. From time to time individual 
exponents have laid down principles of treatment 
developed from sone particular point of view, and 





the names of several eminent mathematicians 
(Rankine, Prony, Boussinesq—to instance only a 
few) have in this way become associated with 
theories accounting for the phenomena arising out 
of a definite set of conditions on the basis of certain 
assumptions. The difticulty, however, to the 
ordinary civil engineer is that the conditions pro- 
vailing in different cases are so entirely dissimilar 
and, at the same time, so involved, that no general 
hypothesis is able to include or represent even a 
tithe of them, and, impatient of the uncertainty 
attaching to mere academical speculations, the 
practical man often cuts the Gordian knot by 
resorting to some rough and ready rule of his own 
devising, based more or less on professional experi- 
ence, augmented by a factor of safety large enough 
to cover all possibilities of error. Crude and 
imperfect as, in most cases, such a system, or lack 
of system, must prove (leading as it sometimes 
does to walls of extravagant design), yet it must 
be admitted that there is reasonable excuse and 
justification for it in the uncertainties attaching to 
the premises available, and their inherent com- 
plexity. 

The late Sir Benjamin Baker, in a valuable papcr 
on ‘*The Lateral Pressure of Earthwork,” read 
before the Institution of Civil Engineers in 188’, 
laid down the dictum that the two essential featur: s 
of a quay-wall were weight and grip on the foun¢a- 
tion ; and, under ordinary circumstances, if these 
points are secured, the wall so designed has en 
excellent degree of stability. But if the foundation 
itself be ill-adapted to sustain any weight, or to 
afford any grip, the difficulties of the problem are 
not in any way lessened. What assistance, for 
instance, can be derived from the acceptance of 
these principles, when soft, fluid mud is met with 
to an indeterminable depth—mud so soft and fluid 
that it possesses no cohesive properties whatever, 
and slips with equal facility in any direction ’? Such 
are the conditions which confront maritime engi- 
neers at many ports, and notably those along the 
Mediterranean littoral. 

Recounting the experience gained at the Italian 
ports of Trieste and Spezia, where the mud lies to 
a depth of 100 ft. and more, Major Barberis has con- 
tributed an interesting volume to the literature cn 
the subject of retaining-walls. Heshows howthe data 
obtained at the former port were utilised to advar- 
tage in the construction of the latter. Stated very 
briefly, hisobject in writing is toadvocate the benefits 
arising from the use of back ties or tension-rods, 
not necessarily with a view to their permanent in- 
corporation in the work, though this may commend 
itself as a valuable additional use, so much as on 
account of the temporary assistance they are able 
to render during the process of settlement and 
consolidation of the wall and its foundation. He 
points out that experience has shown that enor- 
mous masses of mud subjected to vertical pressure 
are able to maintain a state of equilibrium provided 
the vertical pressure is not complicated by the 
presence of any horizontal thrust ; and in cases 
where piling is futile, and where the adoption of a 
system of compressed-air foundations would prove 
excessively costly, there is no alternative but to fall 
back upon a method in general vogue in the Medi- 
terranean, which consists of dredging the mud to 
the maximum depth consistent with economy, and 
depositing an artificial foundation of broken stone 
over a considerable area. This distribution of pres- 
sure enables the mud to sustain a weight which 
would otherwise be impracticable, and settlement 
is confined within reasonable limits. But as soon 
as filling, or backing, is deposited behind the wall to 
a height greater than that of the bank in front, a 
new force comes into play, and movement and dis- 
location are liable to take place. At Trieste, for 
instance, the forward movement of the quay-walls 
was as much as 60 ft., while the settlement was 
26 ft. 

By the introduction at Spezia of substantial tie- 
rods, the horizontal disturbance was entirely 
checked. The rods (connecting, in certain cases, 
the two parallel faces of a projecting mole, or pier) 
maintained the walls in position and alignment 
during settlement, which amounted in places to 
over 20 ft. : 

There is, of course, nothing new in this use of 
back stays for quay and retaining-walls. Jetties 
at the Victoria Dock, London, dating back fitty 
years, were constructed on this principle. These 
and other similar walls, however, rest — a sub- 
stantial foundation, and the novelty lies in the 
adaptation of the system to the guidance of walls 
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founded upon, and subsiding into, exceedingly com- 
pressible strata. ; 

It has been foreseen that, ultimately, the cor- 
rosion of the rods by sea-water may render them 
useless as retaining members ; but meanwhile the 
wall will have taken its bearings, the slope of the 
foundation embankment will have become regu- 
larised and defined, and it is confidently anticipated 
that at the end of four or five years there will be 
no further need for the tie-rods to exercise their 
functions. ‘ 

Major Barberis’s book consists very largely of 
diagrams, an excellent set, forming thirty-one fold- 
ing plates. These exhibit sections of quay-walls 
at various ports which have moved, and the 
extent of movement. The greater part of the 
diagrams, however, relate to the work at Spezia, 
and convey the result of observations made and 
tests of loading during 1906-7. Certain 2 ante 
and experiments in reinforced concrete at the same 
port are also described and illustrated ; but mis- 
yivings, induced by the writings of experts, on the 
durability of reinforced-concrete structures in a 
marine environment have caused these investiga- 
tions to remain in the experimental stage. The 
volume concludes with fifty photographic views. 
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FOUNDRY PLANT AND MACHINERY. 
No. XVI. 
By Josrrn Horner. 
Furnaces FoR Mettinc Brass AND OTHER ALLOYS. 


Unttn recently the brass-melting furnaces of the 
regular shops have undergone few changes, the 
rincipal variations having occurred in the smaller 
urnaces used in shops where small quantities are 
cast and where other alloys and metals are melted. 
The Fletcher furnaces, gas and oil-fired, ‘have 
roved very useful and popular types in such shops. 
ut many of the large foundries have tenaciously 
retained the old brick-built furnaces—partly, per- 
haps, because of the conservative habit, but chiefly 
because better types have only lately been highly de- 
veloped. Only in the recent furnaces have crucibles 
of large capacity been employed, or, indeed, any 
important departure been made from the old style of 
brick-built furnace (see Figs. 209 and 210, page 560), 
using natural draught. A battery of these furnaces 
is the usual equipment of many brass-foundries, all 
leading into a common flue discharging into one 
chimney of 20 ft. to 30 ft. in height, provided with 
a damper. The furnaces are square in section, 
built ‘of common bricks, lined with fire-bricks, 
daubed with fire-clay at intervals of a few weeks. 
Their mouths are only a few inches higher than the 
floor, or frequently at the same level, £6 that the 
melter can stand over them and lift the cruciblés in 
and out. The fire is built’ on loose grate-bars of 
wrought iron, which are pulled out after each day’s 
east to drop the cinders into the ash-pit below, 
whence they are raked out andremoved. The ash- 
pit in front is common to all the furnaces, and is 
covered with loose gratings, to be easily removable, 
and through it the draught is drawn down to the 
bottom of the furnace. The mouth of the furnace 
is covered with a cast-iron plate, having a hole of 
the same size as the furnace opening. This is 
covered with a cast-iron cover, removed for the 
insertion and withdrawal of the crucible. The cover 
has a small hole, through which the furnace may be 
inspected and a poker inserted without removing 
the cover. This is closed with a light ‘tile, 
easily lifted. The various iron plates by which the 
brickwork is supported will be obvious. The fur- 
naces each take one crucible with sufticient room 
for surrounding coke, the interior measuring from 
about 12 in. to 24 in. square, in small and large 
dimensions. The depth is sufficient to receive a 
bed of coke under, and a covering’ of coke over, the 
crucible. 
A battery of such furnaces provides for light or 
heavy casts, a few, or several, being in operation, 
while one or two may be undergoing repairs. Their 
simplicity, ease of operation and of repair, reten- 
tion of heat and adaptability to variable demands, 
are points in their favour. On the other hand, they 
are wasteful, slow in operation, ill-adapted for 
heavy casts, lacking in facilities for rapid manipu- 
lation and in general convenience. Because of 
these features, which are ill in accord with present- 
day ideas of efficiency, these old furnaces have, 
while retained in their essential designs, been 
modified in every detail, in the following ways. 
Instead of the wholly brick-work construction, 
recent furnaces, though built in batteries, are con- 
structed with casings of cast iron or sheet meta), 
brick-lined, each forming one unit, which may be 
multiplied as required, and all communicating with 
a common chimney. Of these there are several 
patterns of square and of circular section. Figs. 
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Fie. 210. Common Type or FuRNACE, WITH 
Hincep Cover anp Cructsce-Lirtinc ARRANGE- 
MENT (Bapische MAscHINENFABRIK DURLACH). 


Whiting Foundry Equipment Company. Each fur- 
nace is within its own casing of sheet steel, and is 
supported on a cast-iron stand, within which the 
grate is dropped to dump the ashes, these being 
raked out through a doorway in front into the pit. 
The ash-pit is made air-tight in this case because 
forced draught is used, brought down from the 
main pipe through supply-pipes, one to each fur- 
nace. Kach furnace is thus an independent unit 
which can be removed and replaced without dis- 
turbance to surrounding brickwork. 

The independent furnace, to be used singly or in 
battery, is very popular. The shell is usually of 
sheet metal, but also frequently of cast iron (see 
Fig. 213). The brickwork is carried on a ledge, cast 
in this example, but of rolled angle section when 
a sheet-steel casing is used, or it is a solid-ring 
bottom. Slots are cast at front and back, in Fig. 213, 
to support the grate-bars. The bottom is cast into 
the shape of legs. An opening is made for the flue 
outlet. The top plate is secured with hook-bolts 
to the casing, or long bolts pass down outside to 
the bottom portion. The plate is protected by 
brickwork, Santen of a cover and tile in separate 
pieces, the cover is cast in halves, to be slid apart 
when the furnace mouth has to be opened. It is 
lined with fireclay. 

By fitting a crane over a battery of brick furnaces, 
crucibles of large capacity, up to 500 Ib. or 600 lb., 
can be dealt with. The crane must permit of hori- 
zontal movement of the crucible from the furnace to 
the moulds, or to another crane within range. It 
may be a swinging horizontal jib-crane, or an over- 
head traveller. In each case the crucible tongs are 
suspended from the trolley. The trolley may be 
racked along by a suspended chain, and the crucible 
lifted at one end of a lever suspended from the 
trolley, as seen in Fig. 210. Or, as is frequently the 
practice in America, an air-hoist may be used to lift 
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Fies. 211 anp 212. Bartery or Brass-MELTING 
Furnaces (THe Waiting Founpry EquirpMENT 
Company, Harvey, Itu., U.S.A.). 


and lower, this hoist being suspended from a trolley 
drawn along traveller beams, while the latter are 
moved down the gantry by a dependent chain by 
hand. 

Another improvement frequently made consists in 
constructing the furnace lining in a few large pieces 
(Fig. 214), to save the time otherwise occupied in 
bricking up. The substitution of a hinged drop- 
bottom for the loose bars is very frequent, some- 
times including provision for dropping the bottom 
from the platform above. 

In some cases the heat from a battery of furnaces, 
instead of being conducted away to the chimney 
direct, is carried round the walls of a drying-stove. 

The old brass-melting furnaces have held their 
own without much change or improvement, while 
furnaces for iron and steel have received unremit- 
ting attention. But the newer improved brass- 
melting furnaces cover a much wider range of work 
than the common type ever did or could. They 
are suitable for melting in small quantities steel, 
cast iron, malleable cast iron, and all metals and 
alloys which are required in the foundry. The 
numerous recent improvements, to be now and sub- 
sequently described, include : the more general use 
of gas and of oil, and the substitution of blast for 
natural draught; the adoption of the portable 
design, and of tilting furnaces ; together with many 
lesser features of great value, rendering the coke- 
fired furnaces very efficient and rapid in action. 

Carr’s patent crucible furnaces (Figs. 215 to 220), 
manufactured at Smethwick, and sold by the 
Morgan Crucible Company, Limited, of Battersea, 
owe their success mainly (over 8000 having been 
made) to placing the fire-bars below the bottom of 
the furnace (see Figs. 215 and 217), leaving a space 
above the bars through which the air currents 
mostly pass, little air passing between the bars. 
The results are that as the fuel on the bed dves 
not burn rapidly, the crucible does not sink and 
become chilled at the bottom, while the greatest 
heat surrounds the crucible. The melting is done 
more quickly, and with a smaller consumption of 
fuel, than in the common furnace. The lining is 
supported upon a flange carried round within the 
furnace above the air space, and a backing of non- 
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conducting material 
of old broken brick- 
work occupies a space 
between the lining 
and the wrought-iron 
casing. The furnaces 
are made in a good 
range of dimensions 
and in three types— 
namely, single, hav- 
ing one fire in one 
frame; double, having 
two fires in oneframe; 
and triple, with three 
fires in one frame: 
this type is only made 
for the smaller sizes of crucibles. 

Figs. 215 and 216, page 561, illustrate a double 
furnace for 100-Ib. crucibles. Figs. 217 and 218 show 
a single-furnace installation to take four separate 
crucibles. Several such furnaces can be connected 
to a common flue, as with the ordinary brass-melt- 
ing furnaces. Figs. 219 and 220 show the equip- 
ment of a brass-foundry fitted with the Carr fur- 
naces. The capacities range from 100 Ib. to :300 lb. 
of metal, giving an aggregate output of over 3500 Ib. 
of metal per heat. All communicate with flues 
discharging into one chimney. 
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Export or SwepisH Iron Org.—The Swedish State 
Railways have conceded the Luossavaara-Kirunsvaare 
Company a reduction in rates of 30 per cent. on UP. 
100,000 tons of iron ore from Malmberget (Gellivare fe 
Riksgransen (the Norwegian frontier) during 1911, and " 
the future, subject to the company sending the -~ 

uantity annually from Kirunavaara to Svarton | L. “¥- . 

e above concession means a reduction from 4 kr. “0 ore 
to 3 kr. 43 Ore per ton. 
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SMOKELESS POWDER. 


Tue bursting of one of the 12-in. 40-calibre guns 
on board the United States battleship Georgia, on 
September 22 last, during firing practice, is likely 
to re-open the controversy concerning the life and 
power of heavy ordnance. The gun in question 
weighs 50 tons ; it fires an 870-lb. projectile with a 
powder charge a Sg aarrige | 250 |b. 
According to the New York Herald, the muzzle 
was blown off as far back as the front end of the 
jacket ; the same journal added that the gun in 
question was of the 1905 pattern—not the latest one 
—and was designed and built at the Washington 
Navy Yard. 

Artillery experts, both in this country and in 
the United States, are strongly of opinion that the 
accident in question, and similar ones which have 
occurred previously in the United States, were all 
due to no fault in the design or manufacture of the 
guns, but that accidents of the kind will continue to 
occur so long as multiple-perforated powder is used. 
They instance the accident which occurred eight or 
ten years ago at Sandy Hook. On this occasion the 
gun was a long and powerful 10-in. gun, which 
underwent firing tests, the object being to test, 
at the same time, a new kind of perforated smoke- 
less powder. The officers in charge commenced 
very cautiously, using at first small charges, then 
gradually increasing these, taking records of the 
pressures and velocities at each round. Everything 

rogressed satisfactorily until a muzzle velocity of 
| 1700 ft. to 1800 ft. per second was reached. 
It was found that every increase in charge increased 
the muzzle velocity to a corresponding degree, in 
the usual way. When, however, the above muzzle 
velocity was attained, a subsequent slight increase 
in the weight of the charge resulted in irregularity 
both in the pressure and muzzle velocity. A further 
slight addition in the weight greatly increased the 
variation. Moreover, identical rounds in the matter 
of weight of charge did not produce identical results, 
the pressure varying much more than the muzzle 
velocity. The velocities found being too low, the 
charge was still increased in weight, but to a limited 
extent only, and the men serving the gun were 
ordered to take shelter in the armoured casemate 

revious to firing the gun by electricity. On this 
Solas done, an explosion occurred, the breech-end 
was blown off into fragments, someof which, together 
with ‘the ‘breech-block, were driven through the 
armoured casemate, killing and wounding several 
men. A number of fragments were also blown 
into a machine-shop at a distance, causing much 
damage. 

According to information which has been given 
us, it is perfectly plain that the accident was due to 
no fault in the gun. The fault lay clearly with the 
powder. This being the case, it will be interesting 
to examine into smokeless powder in general, and 
the kind used at Sandy Hook in particular. 

The use of smokeless powder in artillery is 
of comparatively recent date. Up to the early 
‘eighties of last century black powder alone was 
used as a propellant, but at that date artillerists 
had their attention drawn to the characteristic 
features of gun-cotton and other explosives of a 
very similar nature used in mining operations. 
These explosives were not only superior in many 
respects to black powder for mining work, but they 
tod cles the advantage of being practically smoke- 
less, an obvious advantage in warlike operations. 
The explosives in question, however, could not be 
used, as they then'were made, for the powder charge 
of guns, for they detonated far too rapidly, and 
numerous were the attempts carried out in different 
countries to secure a new smokeless powder having 
a much slower action than the mining explosives in 

uestion. The French were experimenting in the 
line we have indicated as early as 1880, and it is 
believed that their first powder was a peculiar form 
of nitrated cotton, solidified and made into grains 
by the use of ether and alcohol. This powder was 
not satisfactory, the dissolved cotton was not a 
stable ves game and the powder itself deteriorated 
very quickly. Nobel had also studied the problem. 
He was the inventor of explosive gelatine, in which 
a small quantity of soluble nitrated cotton is dis- 
solved in a larger quantity of nitro-glycerine, the 
gelatine thus produced being a very violent explo- 
sive. He was granted, in 1889, a French patent 
for a smokeless powder; this consisted of equal 
quantities of collodion-cotton and nitro-glycerine. 
He pressed and rolled out the compound, thus 
giving it great compactness. He sought to modify 





‘| the very violent nature of nitro-glycerine by adding 


to it a sluggish explosive—collodion-cotton—which 
at that time was not generally considered an explo- 
sive at all.* 

Sir Hiram Maxim, we believe, was the first to 
manufacture and patent a powder consisting of the 
two violent explosives nitro-glycerine and true gun- 
cotton, and to modify the mixture by the addition 
of oil. It will be remembered that he sued the 
Government in regard to the latter’s cordite. The 
case was decided in favour of the Government, 
because it was pointed out that in Sir Hiram’s 
patent he had claimed the use of oil-—castor oil or 
some other suitable oil—it being added that tech- 
nically an oil must possess some oxygen, otherwise 
it would be a pure hydrocarbon. There was, there- 
fore, no infringement on the part of the Govern- 
ment, since they had used a hydrocarbon. The 
actual material used, however, was identical with 
cylinder oil used in gas-engines.t 

Sir Frederick Abel and Professor Dewar produced 
a powder in which true gun-cotton was employed ; 
that is to say, tri-nitro-cellulose, which is an exceed- 
ingly high explosive, and has the great advantage 
of being a stable compound. They modified this 
compound by the addition of a small percentage 
of vaseline, which they called ‘‘ mineral jelly.” 

It will be seen, therefore, that there were pro- 
duced four distinct forms of smokeless powder—the 
collodion-cotton, first used by the French; the 
nitro-glycerine and collodion-cotton, used by Nobel; 
the nitro-glycerine and gun-cotton powder, in- 
vented by Sir Hiram Maxim, who also made a 
powder without any oil at all, using nothing but 
gun-cotton and nitro-glycerine. It is the two last- 
named—i.e., the Maxim powders—which have 
become of general use throughout the world ; and 
it is one of these, in the form adopted by the 
United States, that has led to all the accidents which 
have taken place there. These accidents have not 
happened on account of any chemical fault in the 
powder, but have been due altogether to the shape 
of the powder employed—a shape which Sir Hiram 
found dangerous long before it was selected by the 
United States. 

In England we are using our powder in the form 
of long slender rods extending the whole length of 
the charge. At the instant of ignition a consider- 
able pressure is set up inside the chamber, and the 
whole area of the powder charge becomes ignited. 
The burning of the powder increases the pressure and 
the heat, and every increase of pressure and heat 
increases in a remarkable measure the rate of com- 
bustion. The increase in the rate of combustion being 
much more rapid than the increase of pressure, the 
rapidity of combustion increases the pressure, and, 
conversely, the pressure increases the rapidity of 
combustion. If the charge were confined in a strong 
tube, at least three-quarters of it would explode 
exactly like dynamite. There is, however, an occur- 
rence which compensates for the rise of pressure 
and keeps this within limits ; heat is consumed and 
work done in forcing the projectile forwards, the 
capacity of the chamber increasing thereby very 
rapidly. Further, the rapidity of combustion is very 
much checked by the powder being in the form of 
slender rods, because the burning area is decreased 
as the rods are consumed. There are thus, when 
using slender rods, three agencies at work, which 
combine together to prevent an inordinate rise in 
pressure—i.e., work done on the projectile, increase 
in capacity of the powder-chamber, and decrease in 
the burning area of the powder. These three 
agencies together suffice to prevent an untoward 
rise in pressure and a disastrous explosion. 

If now the same powder composition be con- 
sidered, having oil or not, but used in the shape 
of cylindrical blocks, probably 2} in. long by } in. 
in diameter, and having a dozen small holes run- 
ning through them parallel to the axis, or, again, in 
the shape of long sticks perforated with a number of 
holes transversely, it is found that when a charge 
formed of these blocks or perforated sticks is ignited, 
the entire area inside and out burns, and as the 
projectile travels forward in the bore, the burnin 
area, instead of decreasing, as in the case of smal 
slender rods, actually increases, the rapidity of 


* In thé great cordite case, however, Nobel 7. the 
Government, Sir Richard Webster stated that ‘‘ Nobel 
sought to tame nitro-glycerine by adding to it a sluggish 
explosive.” 

The assertion also made at the time was that the 
Government ag was essentially a nitro-glycerine 
powder, and that Sir Hiram Maxim’s was essentially a 
gun-c tton powder, 





burning increases the pressure, and this in its turn 
increases the burning. There is no compensation 
in the shape of a decrease in the burning area ; the 
latter, on the contrary, is actually increasing 
because the numerous small holes are burning 
larger instead of smaller. Therefore the forward 
movement of a projectile, in the case of a heavy 
charge, is not always sufficient to prevent a detona- 
tion and the destruction of the weapon. 

In the instance of the 10-in. gun at Sandy Hook 
above referred to, the detonation took place in the 
powder-chamber; but in the more recent one which 
destroyed a 12-in. gun of the Georgia, the detona.- 
tion took place at the base of the projectile, when 
this had only a short distance more to travel in 
the bore. n this latter case the powder charge 
probably travelled together with the projectile 
instead of burning out in the powder-chamber. 

The first inventor to make perforated smokeless 
powder was, we believe, Sir Hiram Maxim : this 
form of powder does not, however, appear to have 
given satisfaction in any country. Sir Andrew 
Noble, several years ago, tested some which was 
sent out from the States and was identical with 
that which produced the disastrous results alluded 
to, and on one occasion he expressed the opinion 
that it was an interesting variety, but liable to pro- 
duce extremely high pressures. 

From information we have received from Ameri- 
can commanding officers, it would appear that both 
the Armyand the Navyin the United States are com- 
mitted, against their wish, to the use of perforated 
blocks of smokeless powders for all calibres and 
velocities. These officers are convinced that the 
multiple perforations are a source of danger to gun 
and gunners when using large charges for high 
velocities. The rapidly increasing area of combus- 
tion as ignition proceeds, and the mechanical break- 
ing up of the thin walls of the powder blocks fol- 
lowing upon combustion, is, in their opinion, liable 
to produce a dangerous pressure even with the 
slower grades of powder. They agree that solid 
slender rods in bundles are safer and better for high 
velocities. 

So far as we know, the accidents in the United 
States have occurred when both the gun and the 
ammunition have been cold. In this country our 
naval officers do not consider a cold test of any 
—— value in the matter, and they insist upon 

aving the powder subjected for a long period toa 

temperature equal to that found in the magazines 
of ships in the tropics, the gun also having to be 
warm. It has repeatedly been found that multiple 
perforated powder will not stand the heat test; 
accidents have occurred also with tubular powder 
—i.e., powder having only one perforation. 

When cruising in the Gulf of Mexico, in the 
hottest days of the year, the temperature of the 
guns arming a battleship would be quite 100 deg. 
Fahr., and the powder in the magazine would be 
likely to be exposed to a considerably greater tem- 
perature still. In such circumstances, it is almost 
certain that one-half of the full charges fired, made 
up of perforated powder, would result in disaster, 
and we would suggest that the American officers 
who are, and justly so, dissatisfied with the said 
powder should insist upon a trial taking place under 
conditions of temperature similar to the above. 





THE MANCHESTER AssociATION OF EnoingERrs.—The 
Constantine Gold Medal of the Manchester Association 
of Engineers has been awarded to Mr. J. N. Bailey, of 
the British Westinghouse Electric and Manufacturing 
Company, Limited, for his paper on ‘‘ The Exhaust: 
Steam ‘Tarbine,” which was read during the 109-10 
session. 

Tue AERonavTicaL Soctety of Great Britaix.—An 
educational course of technical lectures, on ‘‘The Theory, 
Construction, and Design of Aeroplanes,” is to be delivered 
at the Northampton Polytechnic Institute, St. John- 
street, Clerkenwell, E.C., during November, 1910, and 
January, 1911, and tickets may had from the Secre- 
tary, Aeronautical Society of Great Britain, 53, Victoria- 
street, Westminster, SW. The following are the lec- 
tures :—First lecture, Wednesday, November 2, at 8 p.™., 
“ The Study of Dynamic Flight,” by Mr. J. H. Ledeboer, 
B.A. Second lecture, Wednesday, November 10, at 
8 p.m., “The Mathematics of the Aeroplane,” by Mr. 
Algernon E. Berriman. Third lecture, Wednesday, 
November 30, at 8 p.m., ‘Theory and Design of Pro- 

llers,” by Mr. T. W. K. Clarke, B.A. Fourth lecture, 
Wetnisder, January 11, 1911, at 8 p.m. “ Aeroplane 
Surfaces and Controls, with Some Remarks on Chassis, 
by Mr. Herbert F. Lloyd. Fifth lecture, Wednesday, 
January 18, 1911, at 8 p.m., ‘‘The Motive Power i 
Aeroplanes,” by Captain A. D. Carden, R.E. Sixth 
lecture, Wednesday, January 25, 1911, at 8 p.m., © Lines 
of Aeronautical Research,” by Mr. Bertram G. Cooper. 
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INDUSTRIAL NOTES. 


Arter all, the masters and men have failed to come to 
a decision in the shipyard strike, for the Boilermakers, 
according to the ballot, the result of which reached 
the offices of the Shipbuilding Employers’ Federation 
at Glasgow late on Wednesday afternoon, have defi- 
nitely declined to give any undertaking that they will 
stop the sectional striker, which are having such a dis- 
organising effect in the industrial world. The figures 
of the voting are the following :—Against the settle- 
ment, 10,078 ; for, 8760—majority against, 1319. In 
Sunderland the result is said to have caused deep dis- 
gust, for in this district the men were in favour of a 
settlement. It is thought ible, however, that an- 
other vote may beordered, because of the large number 
of men who did not record their votes. This was done 
on a previous occasion under similar circumstances by 
the executive of the Boilermakers’ eg There 
was a meeting of the Clyde members of the Employers’ 
Federation executive on Wednesday afternoon, but it 
is not expected that any immediate action will take 


place. 





A settlement was arrived at last Wednesday evening 
with regard to the chain-makers’ strike at Cradley 
Heath. The manufacturers agreed to employ only 
middlemen who have signed the “‘ white-list,” while, 
on the other hand, the workers’ leaders undertook to 
call out all operatives employed at manufactories where 
this list has not been signed. 

A great deal has been made of late by certain 
newspapers for political purposes of the condition of 
these chainmakers, and many gross misstatements 
have been circulated, which are calculated to do 
great harm to the district. If these misstatements 
are to be believed, the place must be about as bad as 
is possible. Unfortunately for the authors of these 
fabrications, facts do not altogether support them. 
There may still remains much to be done in the way 
of bettering the condition of the workers (and in 
what industrial centre is this not so’), but to style the 
place a ‘‘ hell,” as has been done, is to overshoot the 
mark by a very long way. That it should be necessary 
for women to work as they do in this district at the 
hard manual labour of chain-making is, of course, 
most regrettable. The occupation is too rough and 
laborious to be fitting for feminine use, although, phy- 
sically, it probably has no worse effect than many occu- 
pations that women follow every re without in any wa 
outraging public feeling. It would no doubt be well 
to abolish it as soon as possible ; and, if not abolished, 
it ought certainly to be much better paid than it at 
present is. No good can, however, possibly arise by 
exaggerating and distorting facts. Dr. J. G. Beasley, 
Medical Officer of Health for the district, recently 
reported that during the month previous to his report 
seven deaths had occurred, the united ages of the per- 
sons being 557 years, or an average of nearly 794 years. 
It is surprising that people should attain such a high 
average age in a place so very far from the conditions 
of an ideal existence as we are asked to believe is the 
case at Cradley Heath. But facts do sometimes most 
annoyingly upset our fondest imaginings. The condi- 
tion of the district is reported by responsible people as 
being satisfactory, and the state of things is said to be 
far better now than it was twenty-five years ago. The 
exaggerated reports circulated by interested parties 
for political purposes should be received with great 
caution, 





All trade unions availing themselves of the advan- 
tages conferred by the registration under the Trade 
Union Act are required to furnish annually a general 
statement showing in detail their assets and liabilities 
at the end of December in each year. Trade-union 
statistics are now to be had up tothe end of 1908. 
At the close of that year there were on the register 
662 trade unions, and of these 634 furnished returns. 
The total membership for Great Britain and Ireland 
of the 634 unions was 1,971,238, and the income 
amounted to 3,295,941/., with an expenditure of 
3,724,486/. The balance of the funds at the end of the 
year amounted to 5,996,032/. 





_It appears from statements made by Mr. R. P. 
Skinner, the United States Consul at Hamburg, that 
the German rope industry is in such a condition that 
the imports are vastly exceeded by the exports. This 
is brought about by the duty which is ogg on the 


former, amounting to 10 marks per 100 kilos. (10s. per 
220 lb.) when the diameter exceeds 5 mm. (about 
0.2 in.), and 22 marks (22s.) when the diameter is more 
than 1 mm, and less than5 mm. This makes importa- 
tion difficult, and any importation there may be 
appears at the present time to be controlled b 

Dutch, Belgian, and English concerns. The small 


quantity sent in from America has not been due to 
lack of enterprise, for efforts have been made at 
Various times to alter matters, but without any very 
great suecess. The only serious competition with the 
German rope-makers in Germany appears to come 


trom English manufacturers. In the free harbour of 





Hamburg large quantities of English cordage have 
been disposed of; as the goods are free of duty. The 
industry is a very old one, and this country has been 
able to supply first-class rope on competitive terms. 





According to the Journal of the Royal Society of 
Arts, the Egyptian cotton crop promises to yield at 
least 7 million cantars, but, in the opinion of people 
best able to judge, it is not possible yet to speak with 
se confidence upon the ultimate yield. So much 

epends on the influence of water on the subsoil, and 
it is said by experts that the continuing of “‘ rotations” 
by the irrigation authorities during the last month 
was not enough to save the crop. Although more 
careful watering may have been carried out by the 
large growers than hitherto, the small growers, b 
whom the a bulk of the crop is collectively raised, 
have probably applied surface water to their land on a 
more lavish scale than ever before, now that they have 
an unlimited supply of water at their disposal. The 
crop has so far esca: the cotton worm, but it may 
yet be ravaged by the boll worm. The restriction of 
watering in August has had a beneficial effect on the 
early picking, and the lateness of the Nile flood will 
probably enable a substantial part of the crop to be 
picked before rapid deterioration sets in. It is ex- 

cted, however, that, although late, the rise of the 
Vile will be very high. The ultimate yield of the 
crop, it is anticipated, will not be more than, say, 
64 million cantars. 





The strike on the French railways is at an end, and 
the country is settling down to its normal state. The 
firm attitude taken up by the Government no doubt 
saved the situation. Last Friday the men began to 
troop back to work under the effect of the mobilisation 
order, and it was not long before the trains began to 
run with something like their usual frequency. The 
lines connecting France with other countries ran their 
train service, and on the Northern and Western Rail- 
ways passengers were able to get through to their desti- 
nations without much delay. . The process of pacifica- 
tion was not, however, allowed to progress without 
some acts of violence, some rioting having taken place, 
and in one case two bombs were thrown. The strong 
repressive measures taken by the Government soon 
put a stop to disorder, however, and acts of violence 
were not particularly serious. 

The mobilisation of the men by the Government 
would appear to have been an admirable piece of fore- 
sight on the part of the Premier, M. Briand, who, 
although himself a Socialist (or who was at one time a 
Socialist), has known how to deal with the situation. 
By the mobilisation the men were placed at once on 
the horns of a dilemma. They knew that the mobili- 
sation order was a very serious thing, which could not 
be trifled with under pain of very severe punishment, 
and they found that, instead of having about a fort- 
night to look forward to, during which they could 
amuse themselves by doing all they could to upset all 
order in the country, they found that they had only 
three days in which to obey the order of the Govern- 
ment, or run the risk of imprisonment for from two to 
five years. Under these conditions, common-sense 
appears quickly to have returned to them, and the 
backbone of the strike was broken. What, no doubt, 
would also help materially to bring them to a reasonable 
frame of mind was the fact that their leaders had been 
promptly arrested. It need be no matter for surprise, 
therefore, that their enthusiasm rapidly ebbed away. 
Negotiations are now “ between the railway 
companies and the men, in which the position of go- 
between will be undertaken by the Government. 

It is confidently asserted that the railway men are 
underpaid, and that the negotiations will result in 
their grievances being attended to. The discontent 
rife among the rer railway men has been utilised 
to the fullest extent by the professional agitators, 
with results which the men now regret. any of 
the men appear to have had no idea that before the 
strike began the Government was actually intervening 
with the railway companies on their behalf, in order 
to try and better their condition. This subject is 
dealt with in an article in another column, in which it 
is shown that in the matter of pay and pensions the 
railway men of France are in an enviable position, and 
that nn not only get fair wagés, but also many 
accessory advantages to which it is difficult to assign 
an exact money value. They are well represented in 
Parliament by energetic members. 

The situation was, for the time being, made some- 
what more complex on Thursday evening last week by 
the electricians in Paris coming out on strike, in 
sympathy with the railway men. The city was con- 
sequently in darkness during the night. Their place 
was, however, soon filled by soldiers, who carried on 
the work of the electrical stations, and on Friday 
evening last the streets were lighted by electricity as 
usual. The strike has certainly had its comic side, 
and many incidents told in the daily papers, though, no 
doubt, very annoying to many of those who took part 
in them, must have been very amusing. 





The Monthly Record of the Society of Amalga- 
mated Tool-Makers for October refers with satisfaction 
to the period of good trade through which the members 
are now passing, and hopes are expressed that it may 
be a long time before a period of distress like that 
of 1908-9 be experienced again. The report, how- 
ever, points out that no continuation of prosperity 
can ever be guaranteed ; it is the part of a wise 
man to provide against a rainy day. As an in- 
dication that many are doing this, the increase 
in membership is proof. For the half-year ending 
June last the membership increased by 358, making a 
total of 4209 at the end of the month, as against l 
in December, 1909. The income of the society (in- 
cluding 196/. 7s. 9d. interest on investments) was 
60017. 11s. O4d., which is 746/. 11s. 2d. more than the 
income for the first half of the year 1909. In benefits 
2540/. 3s. 9d. has been paid, of which 591/, 3s. 94d. 
represents dividends to members paying for sick 
benefit, and makes a total amount id in divi- 
dends a the last seven years of 31 The total 
amount paid in benefits during the first half of 1909 
was 4222/. 15s. 10d., so that there is a decrease on the 
amount paid in benefits of 1682/. 12s. ld. As an in- 
dication of the improved condition of things with the 
society, the state of the reserve fund may be taken. 
This fund now stands at 15,919/. 2s. 74d., as against 
13,1212. 6s. 64d. at the end of June, 1909, and 
13,854/. 5s. 7d. in December last, being an increase on 
the year of 2797/. 16s. ld., and on the half year of 
2064/. 17s. 24d. Very appreciative reference is made to 
Miss Mary Macarthur, who has done such excellent work 
in her efforts to ameliorate the condition of the women 
chain-makers at Cradley. There is aiso a short, but 
appreciative, reference to the late Mr. George Howell. 


The monthly report of the Associated Blacksmiths 
and Ironworkers’ Society gives a return of the state 
of trade for the six weeks ending October 7 last. 
The total income amounted to 1 . 12s, 24d., and 
the total expenditure to 912/. 4s. 9d., indicating a net 
gain to the funds of 94/. 7s. 54d. The total number of 
members on idle benefit was 176 at 103. 6d. per week, 
34 at 7s. 6d. r week, and 18 at 5s. 6d. per week; 
last month, gf at 10s. 6d. per week, 15 at 7s. 6d. per 
week, and 16 at 5s. 6d. ; and there were 144 members 
in all on sick benefit for the week ended October 7, 
against 117 last month. The income for the six weeks 
mentioned was 310/. 1s. 1l4d., and the expenditure 
406/. 5s. 3d. There was an increase of 36 in member- 
ship, the total number of members being, at the end 
of the six weeks, 2980, and last month 2944. 





THE ‘* TWIN” WATER-STRAINER,. 

Tue four figures on page 564 illustrate the Merrill’s 
patent ‘‘ Twin” strainer, which is manufactured in 
this country by Messrs. Royles, Limited, of Irlam, 
near Manchester. The device is intended for placing 
in the suction-pipe of pumps or injectors which may be 
engaged lifting water from rivers, canals, or ponds, 
with the object of straining out any solid matter held 
in suspension in the water, and so preventing incon- 
venience and loss arising from the fouling of the foot- 
valve strainer. The device may mounted in any 
convenient position in the pipe run, and may be placed 
either horizontally or veutiesli. It may be placed on 
the outside of the pump-house building if necessary. 

The arrangement of the strainer is very simple, and 
will be easily understood from the line drawings given 
in Figs. 1 and 2. It consists of a casing divide into 
two separate compartments by a central diaphragm. 
Each of the two compartments is fitted with a tapered 
strainer or basket, through which the water to be 
strained passes. Two slide valves are fitted, one at 
each end of the casing, and are arranged to be operated 
by screws provided with hand-wheels in such a wa 
that either of the two compartments may be shut off, 
so that one or the other may be opened up and the 
basket removed for cleaning while the strainer is 
under pressure or suction, the remaining compart- 
ment in the meantime passing the water. ‘The conve- 
nience of the arrangement will be obvious, as it is at 
no time necessary to shut down. Even if the strainer 
is dealing with very bad water, the two baskets may 
be alternately cleaned at frequent intervals, without 
interfering with the working in any way. Further 
details of the appliance will be followed from the line 
illustrations and from Figs. 3 and 4. Fig. 3 shows 
one of the strainers mounted in a horizontal 
and connected up, while Fig. 4 shows the same strainer 
with one of the compartments opened up and the 
basket removed for cleaning. It will be seen from the 
figures that at each end of their travel the slide-valves 
are arranged to set underneath taper stops which hold 
them steady and press them down on to their seats. 
The baskets are arranged with a flarge at one end 
which fits into grooves in the compartments, while they 
are fitted with hinged handles at their front sides, eo 
that they may be easily withdrawn. The separate doors 
for the two compartments are held down by hinged 
cross-levers, which are quickly and easily disconnected 
when it is neceeeary to open up for cleaning. 
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THE WHITE STAR LINER “OLYMPIC.” 


Tue White Star liner Olympic, which was 
launched with a remarkable degree of informality 
from Messrs. Harland and Wolff's yard at Belfast 
yesterday, is notable not orly for her size, which 
far exceeds that of any vessel yet floated, but also 
for the fact that in her the combination of turbine 
and reciprocating machinery has been again adopted, 
Moreover, her design affords further evidence of the 
fact that the White Star Line continue to adher to 
their policy of a moderate s combined with all 
the comforts, and even luxuries, which the modern 
oc2an voyager desires. 


THe ApopTiON oF CoMBINATION MACHINERY. 

The speed anticipated—about 21 knots—would 
have made the application of turbines for the whole 
of the propelling machinery quite feasible according 
to modern-practice, and it must be regarded as im- 
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portant that Mr. J. Bruce Ismay, the chairman of 
the White Star Line, and Lord Pirrie, the chief of 
the Belfast firm of shipbuilders, have, with their 
exceptional experience of what may be termed the 
economic conditions, preferred the combination of 
turbines and reciprocating engines. It is not the 
first time that such machinery has been adopted by 
them. It will be remembered that about a year 
ago there was completed for the White Star Line, 
at the Belfast Works, two ships—the Megantic and 
the Laurentic—which differed only in the type of 
machinery, the former having quadruple-expansion 
engines, driving twin-screws, while the latter had 
triple-expansion engines, driving the wing-shafts 
oat screws, and one of Parsons’ low-pressure tur- 
bines working the centre shaft. The decision to 
build the Olympic and her sister ship the Titanic 
had been come to before these vessels were tried, 
designs had even progreesed to some extent, but a 
definite arrangement regarding the type of machi- 


















nery to be adopted was deferred until full data 
were collected regarding the economy of the combi- 
nation system of machinery. 

We have already in ENGINEERING referred to 
the trial-trip performances of the Megantic and the 
Laurentic,* and it is known that since the Lau- 
rentic took up her station on the Atlantic, her coal 
consumption for a corresponding speed to that 
attained by the Megantic has been 14 per cent. less, 
while for the same boiler-power, and for very little 
increased weight of machinery, the Laurentic 
attains a speed of } mile per hour in excess of that 
got by the Megantic. These facts are in themselves 
convincing, but of greater influence still is the de- 
cision of Mr. Bruce Ismay and Lord Pirrie to fit 
the new system to the Olympic and Titanic. It 
may be noted also that Messrs. Harland and Wolff 
are building two more boats with the combination 
machinery, one of these—the Demosthenes— of 
500 ft. in length, 19,500 tons displacement at 2°) ft. 
6 in. draught, with an estimated speed of about 
13 knots—is for Messrs. George Thompson and 
Co., Limited, of Aberdeen clipper fame. The 
other ship is for the Royal Mail Steam Packet 
Company’s service to South American Republics. 

The economy realised by the system, and its grow- 
ing popularity, are the more remarkable when oue 
considers the great efficiency attained by the quad- 
ruple-expansion engine, and especially in the hands 
of Messrs. Harland and Wolff. It would be possi\le 
to give details from the performances of their ships 
on the Atlantic fitted with quadruple-expansi 0 





* See ENGINEERING, Vol. Ixxxvii., page 598. 
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THE TRIPLESCREW WHITE STAR LINER “OLYMPIC.” 


CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, BELFAST. 


(For Description, see Page 564.) 
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THE TRIPLE-SCREW WHITE STAR LINER °* OLYMPIC.” 
CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, BELFAST. 


(For Description, see Page 564.) 
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THE TRIPLE-SCREW WHITE STAR LINER “OLYMPIC.” 
CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, BELFAST. 


(For Description, see Page 564.) 
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THE TRIPLE: SCREW WHITE STAR LINER “ OLYMPIC.” 
CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, BELFAST. 


(For Description, see Page 564.) 
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THE TRIPLE-SSCREW WHITE STAR LINER “OLYMPIC.” 
CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, BELFAST. 
(For Description, see Paye 564 ) 
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engines showing a coal consumption in service of cancethanthe size. The success of the Mauretania 
from 1.4 1b. to 1.45 1b. per indicated horse-power and Lusitania is as gratifying as it is pronounced, 
per hour for all purposes. That this should be and from the national point of view is of the 


rumours regarding the attitude taken up by the 
Norddeutcher Lloyd on this score, and, looking to 
past experience, it would seem that if the — of 
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Fic. 18. Stern Castines anp Rupper. 


wane op with the combination system is highest importance. It remains to be seen, how- 
' The. veediee ar ae’ . ever, whether the same inevitable cost in engine 
Titanic : ion of the speed of the Olympic and | power will be lightly undertaken by other companies 
*, moreover, is a point of even more signifi-| without Government support. There are various 


the Mauretania and Lusitania is to be emulated, 
this progressive company will undertake the task ; 
for the present, however, nothing has been settled. 
The Cunard Company are known also to be con- 
sidering the details of a proposed ship to excel any 
liner so far laid down; but here also there is 
room for uncertainty as to whether or not the 
speed will correspond to that of the Mauretania and 
Lusitania rather than to that of the two new White 
Star liners. Certainly, the Hamburg - Amerika 
Line have shown their preference by arrangirg for 
22 knots in their new trans-Atlantic liner, the 
keel of which has been laid at the new Hamburg 
Works of the Vulcan Company. It thus appears 
as if, for the present, the speed performances of 
the Mauretania and Lusitania were to stand un- 
challenged. The explanation of this attitude, so 
far as the economic condition is concerned, is easily 
expressed. The Mauretania and Lusitania, with a 
length of 760 ft. between perpendiculars, and a 
displacement -at load draught of 39,000 tons, 
required 75,000 shaft horse-power for a speed of 
26 knots. On the other hand, the power necessary 
to drive the same ships at 22 knots is 37,500 shaft- 
horse-power.* 

But there is the other fact that to attain the 
high speed of 26 knots the form of the 7 has to 
be of a much finer coefficient, whereas the Olympic 
and Titanic are not so fine, and have therefore a 
greater cubical capacity available for cargo-carrying. 
There is thus not only the question of increased 
working cost, due to higher power, but also re- 
duced working revenue, owing to the almost entire 
absence of cargo capacity. The Olympic and Titanic 
are 90 ft. longer between perpendiculars and of 
44 ft. greater beam than the high-speed Cunarders, 
while, for the reasons stated, they have a very large 
cargo capacity. Indeed, under favourable con- 
ditions the vessels could take 6000 tons of cargo in 
addition to a number of passengers considerably 
exceeding those accommodated on the Mauretania 
and Lusitania. The displacement of the Ulympic 
and Titanic at load draught will be 62,000 tons, 
and it is anticipated that a speed of a good 21 
| knots will be realised with 45,000 horse-power, the 
| greater part of which, however, is indicated, and 
therefore includes that waste in friction and other 
causes inseparable from the reciprocating engine, 





| 


* See ENGINEERING, vol, lxxxv., page 820. 
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whereas in turbine ships the brake or shaft horse- 
power is taken. 

These are, no doubt, the considerations which have 
weighed with the White Star Company in deciding 
in favour of the moderate speed of 21 knots, but 
they themselves would unquestionably support the 
building of the Mauretania and Lusitania for reasons 
of State, and might even go further and encourage 
their repetition in face of foreign competition ; 
but there is the clear proof of precedent to show 
the preference of the company for moderate speeds. 
When the Cunard Company built the Campania 
and Lucania the White Star were satisfied with the 
much larger but slower Oceanic, and in later years, 
when the German companies produced five ships 
of between 22 and 23 knots speed, the White Star 
and Messrs. Harland and Wolff kept steadily on 
their way, confining themselves to rapid increases 
in size, and to a careful consideration of those details 
in design which not only ensured the ships being 
stable in a sea-way, but also secured comfort 
through the absence of vibration due to the recip- 
rocation of the engines or propeller action. Thus 
we had the Oceanic, with a length of 685 ft. anda 
displacement of 31,600 tons at 35 ft. 7-in. draught, 
with a sea speed of about 20 knots ; and the Cedric, 
built in 1903, with a length of 680 ft., a displace- 
ment of 37,900 tons at 36 ft. 8 in. draught, and a 
speed of about 16 knots. Following these came the 
Baltic, which marked a great advance in every 
respect, the length being increased to 708 ft., and 
the diplacement to 40,800 tons at a draught of 
37ft. 3in. But, throughout, the speed was not 
increased beyond about 16 knots. The Adriatic 
followed, and here, as in the other instances, there 
was a marked increase in the passenger accommoda- 
tion. And now we come to the Olympic and 
Titanic, and of them we give, in the following table, 
a list of dimensions :— 

Length over all cs i ... 882 ft. 9in. 
Length between perpendiculars ... 850 ft. 
Breadth, extreme ms ne 92 ,, 
Depth, moulded __... me ‘ 64 ft. 3 in. 
Total height from keel to navigat- 

ing-bridge ... oe on on 
Gross tonnage se 
Load draught... ; 


104 ft. 
45,000 tons 
34 ft. 6 in. 


Displacement at load draught ... About 60,000 tons 


Indicated horse-power of recipro- 
cating engines 
Shaft horse-power 
gine ... 16,000 


Speed ... ae ee ea me 21 knots 

The vessel is very much larger than any preceding 
ship. The time was when comparisons were made 
with the Great Eastern, but it is some years now 
since the Belfast ships far excelled Brunel’s famous 
leviathan. It may be said, however, that the 
Olympic is 170 ft. longer between perpendiculars, 
and at 34 ft. draught has a displacement of 18,000 
tons greater ; but it was impossible for the Great 
Eastern to be loaded to a draught of 34 ft., owing 
to the limitations of harbours in her day. The 
Olympic, again, has a gross tonnage more than 
double that of the Great Eastern—45,000 tons, as 
—— with 18,915 tons. This is accounted for 
ge y by the greater length of the ship, but more 
xy reason of the extensive superstructures which 
have been adopted now for many years in all large 
ships. The Great Eastern had no decks above 
the moulded structure, whereas the Olympic has 
three decks, extending fer some 550 ft. amidships. 
Reference has already been made to the new 
Hamburg-Amerika liner ; she is about 29 ft. longer 
between perpendiculars than the Olympic, and at 
the same draught has a displacement of 2000 tons 
more. 

In view of the importance of the ship, we repro- 
duce this week on Plates LITI. to LX., and on 
pages 565, 567, 568, 569, and 572, a series of views 
illustrating the building of the ship and the con- 
struction of the propelling and auxiliary machinery. 
For permission to publish these, and for facilities 
to prepare the description which follows, we are 
indebted to the White Star Company, to Messrs. 
Harland and Wolff, and to Lord Pirrie. 


Tae Burtpinc Bertus For THE New Suips. 


The preparation of the berths for building the 
Olympic and Titanic was marked by that thorough- 
ness which has always characterised the firm of 
Messrs. Harland and Wolff. Every detail in connec- 
tion with the building of the Olympic and Titanic 
was carefully considered and settled before the work 
was commenced. It was considered that the berths, 
on which had been built many famous ships pre- 
ceding these two leviathans, were insufficient, alike 


sie ose sae 30,000 
of turbine en- 





in dimensions, crane equipment, and in the strength 
of foundation. This latter question, indeed, is 
one of very considerable importance, because the 
Olympic, in her launching condition, has a total 
weight of 27,000 tons ; that is, 10,000 tons greater 
than any ship previously launched from the Belfast 
Works, and marked a record for the world. In 
anticipation of this load on the foundations it was 
decided to utilise the area formerly occupied by 
three of the largest boats constructed at the Belfast 
Works in order to form two new berths, and as soon 
as the ground was available, extensive work in 
making the foundations was undertaken. The area 
had originally been piled in a way which proved 
adequate for vessels of the size of the Baltic and 
Adriatic, but greater depth of foundation was con- 
sidered advisable for future needs. The level of 
the new berths is 18 in. lower than the old, and 
in addition to the old piling there was put in, 
in alternate rows of two and three along the line 
to be occupied by the keel-blocks, 14-in. to 
15-in. pitch-pine equare piles at 4-ft. centres. 
Under the launching-ways there were rows of three 
such piles, 3-ft. centres. A less number of piles 
were used forward, where the load was lighter. 
Old tramway rails were laid longitudinally over the 
top of the piles throughout, and over these old rails 
were also placed transversely. The whole area was 
filled in with mass concrete from 18 in. to 4 ft. 6in. 
in thickness, according to the load to be borne and 
the pressure exerted by a ship when being launched. 
At the point about 225 ft. from the water ends 
of the ways, where the maximum pressure is 
exerted on the ways, due to the stern of the ship 
floating and causing the bow to exercise direct 
downward thrust,- the. number of piles was 
not only increased, but the reinforcement of 
the concrete was considerably augmented. In- 
stead of the old rails, there were put in across the 
foundation for the fixed ways heavy H-beams, each 
ir of which were connected intercostally by 
-beams, the connection being formed by lugs. 
Theze beams had formed part of the gantry rails 
used on the old berths for carrying rivetiug- 
machines, &c. Another provision was the em- 
bedding in the concrete of heavy castings of special 
design, and with recesses to take the ends of the 
shores required to keep the launch-ways in position 
when the vessel was moving down them. Corre- 
sponding castings were also put in for the feet of 
the spur-shores, for supporting the vessel in posi- 
tion during construction. Again, when the concrete 
was being put in there were embedded at intervals 
bars forming an arch, the top of which was flush 
with the surface of the concrete, which was dished 
out to enable chains or shackles to be secured to 
the arch for the purpose of tightening down the 
standing-ways or for other purposes. Bogie lines 
were also laid throughout the slip for the convey- 
ance of the structural steel during construction. 
The superstructure has already been described in 
ENGINEERING.* The interesting features may be 
briefly summarised. It consists of three lines of 
towers, each at 80-ft. centres in a longitudinal line 
and with a clear width between the rows of 106 ft., 
forming two berths. These berths are shown in 
Fig. 7, Plate LVI. The towers carry longitudinal 
and transverse girders, which support the tracks 
for overhead tiavellers. Above the centre line 
of the longitudinal girders is a horizontal jib-crane 
sufficiently long to compass the width of both 
berths, the maximum reach of the lifting-hook 
being 135 ft., at which a load of 3 tons can be 
raised, while at 65 ft. radius 5 tons may be lifted. 
The crane arrangements were fully described and 
illustrated in a former article in ENGINEERING, so 
that it is only necessary to say here that for each 
berth, in addition to the overhead cantilever crane 
already described, there are three travelling- 
cranes, each with two crabs to lift 10 tons, and 
five walking-cranes carried on the side girders to 
take 5tons. The crab-frames, which run directly 
to the stern of the structure, are provided with 
eyes capable of dealing with a load of 40 tons. 
One of these eyes was used for assisting to lift 
the stern frame, the pulleys of the winches on 
the ground-level being made fast to it; but the 
actual lifting was done by the 200-ton floating- 
crane. The work of constructing the vessel was 
also greatly facilitated by the two hoists for work- 
men and material in addition to the main gangway. 
Access is also provided by the stairways to the 
various cranes. 





* See ENGINEERING, vol, Ixxxv., page 791, 


Another important gain was attained by the 
facilities provided for temporary staging. On the 
inner side of the towers there was carried a per- 
manent heavy steel lattice-ladder structure, on the 
rungs of which there could be suspended the ends 
of lattice girders sufficient in length to span the 
distance between any of the two towers. On these 
girders there were carried wooden platforms, from 
which all work at the side of the ship could be 
carried out. These portable gangways, which are 
seen in Fig. 8, on Plate LVI., can be moved from 
rung to rung by the overhead crane, and thus it was 
possible to have a platform at any level, or in any 
fore and aft position in the ship. 

On the forward and after ends, owing to the fining 
of the ship’s lines, these platforms, however, could 
not be used. Instead there were constructed a series 
of steel lattice trestles, which were portable. These 
are 86 ft. high, but additions 10 ft. and 20 ft. high 
were provided, and were bolted on to the main trestle 
by means of butt-straps, so that as the construction 
of the ship proceeded any height could be arranged 
for. The vertical parts of the trestles had holes at 
regular intervals, and thwarts were secured through 
the trestles by means of clips passing through the 
holes. These thwarts carried the temporary plat- 
forms for the work at the bow and stern. These 
trestles are seen in Figs. 3 and 4, on Plate LIV. 


THE BuILpING oF THE SHIP. 


With arrangements so complete and so admir- 
ably conceived, it can be readily understood that 
the building of the ship was carried on in a most 
expeditious manner. The first keel-plate was laid 
on December 16, 1908, and by March 10 following 
the double bottom was all bolted up, and the work 
of riveting it by hydraulic power well advanced. 
The whole of the side framing, which was com- 
menced from the stern, was finished by November20, 
1909, and the plating was completed and almost 
entirely sheaiel by April 15, 1910. When the 
dimensions of the ship are remembered, this is a 

rformance with which even Messrs. Harland and 
Wolff have every reason to be satisfied. Since then 
the superstructure has been added, and much of 
the internal fittings have been far advanced towards 
completion. 

e view of the ship in Fig. 17, page 565, 
shows two months’ progress. There is seen the 
centre keelson, which is 5 ft. 3 in. deep, and 
under it the flat keel-plate, 14 in. thick, while 
projecting on each side are the tank floor-plates, 
ready for the first of the intercostal girders, which 
extend right fore and aft. There are four such 
girders on each side between the centre keelson 
and the margin plate, but under the machinery 
compartments there are additional girders. Between 
the margin plate and the turn of the bilge are 
wing ballast-tanks. In Fig. 5, on Plate LV., 
the margin plate is seen to the left, with the wing 
tanks in course of construction. The whole of 
the double bottom thus built up was riveted by 
hydraulic power, the machines, as shown in Fig. 18, 
page 565, being. suspended from the overhead 
travellers. The double bottom is utilised for 
carrying water ballast, the floor-plates between the 
intercostal girders having lightening holes, except 
at intervals, where they are without holes, to form 
separate ballast-tanks. 

Fig. 5, on Plate LV., shows three and a half 
months’ progress. The frames extend to the 
bridge - deck — the seventh level from the inner 
bottom—a height from the bilge of 66 ft., and are 
spaced 3 ft. apart, except at the bow and stern, 
where they are respectively 24 in. and 27 in. apart. 
They are of channel section, 10 in. deep amidships, 
and of angle and reverse bars at the ends. At 
frequent intervals there are heavy web-frames, as 
can be seen from Fig. 5, on Plate LV. Increased 
strength is ensured at the machinery spaces by 
the web-frames being placed at closer intervals. 
Specially heavy bracket plates connect the frames 
with the wing brackets. 

As the framing proceeded the transverse beams 
were fitted in place on each deck-level. These 
beams are 10 in. deep, of channel section up to the 
lower deck, and of less section above this ; all are 
placed, of course, to suit the spacing of the frames, 
to which they are connected by efficient brackets. 
There are four longitudinal girders in the width of 
the hull extending for the whole length of the ship. 
These are built up of plates with deep angles at 
top and bottom. Owing to the width of the holds 
required for the machinery spaces, these girders 





could not be made continuous ; but at the engine 
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and turbine compartments special girders were put 
in with a collective sectional area equal to that of the 
four girders in other parts of the ship. Stanchions 
are erected at frequent intervals under the girders; 
those under the middle deck—the third level above 





Fic, 20. 


the ‘oner bottom—are of built-up steel columns, 
and above this they are of solid steel, and of less 
diameter. The latter section was adopted, as they 
could be placed at more frequent intervals. On 
the lines of these girders and columns the deck- 
plate has been increased in thickness. 





This general description of the structure carries 
with it conviction of the great strength of the hull, 
the aim being to ensure the maximum of stiffness 
in a heavy sea-way. To the same end the deck- 
plating, which is of steel throughout, was specially 


RELEASING GEAR. 


strengthened by having thicker plating on the two 
topmost levels of the moulded structure—on the 
shelter and bridge-decks. 

It goes without saying also that the shell-plating 
is exceptionally heavy. It is for the most part of 
plates 6 ft. wide and of about 29 ft. in length. The 





width tapers towards the ends, as shown in the 
bow and stern views of the completed ship, avd 
reproduced on Plate LIII., Figs. 1 and 2. The 
laps are treble riveted, and, as hove in the view, 
Fig. 8, on Plate LVI., the shear-strakes in the way 
of the shelter and boat-deck have been hydraulic- 
ally riveted. This also applies to the turn of the 
bilge, where bilge-keels 25 in, deep are fitted for 
295 ft. of the length of the vessel amidships. 

There are fifteen transverse water-tight bulkheads, 
sxtending from the double bottom to the upper 
deck, at the forward end of the ship, and to the 
saloon deck at the after end—in both instances far 
tbove the load water line. The room in which the 
reciprocating engines are placed is the largest of 
ihe compartments, being about 69 ft. long, while 
the turbine room is 57 ft. long. The boiler rooms 
ire generally 57 ft. long, with the exception of that 
aearest the reciprocating engine compartment, which 
is the shortest in the ship. The holds are 50 ft. long. 
Any two ee sa a may be flooded without in 
wny way involving the safety of the ship. 

The two decks forming the superstructure of the 
ship, and the navigating bridge, are built to ensure 
+ high degree of rigidity. At the sides they are 
supported on built-up frames, in line with the hull- 
frames, but at wider intervals. The deck-houses are 
specially stiffened by channel-section steel fitted in 
the framework, and where, as on the boat-deck, the 
public rooms pierce the deck, heavy brackets are in 
troduced to increase strength against racking stresses 
when the ship is steaming through a heavy sea-way. 

Expansion joints are made in the superstructure 
above the bridge-deck at convenient points in the 
length—one forward and one aft, the whole struc- 
ture being completely severed, with suitable cover- 
ings, where they are exposed to the weather. 


STern-FraMe anv Boss-ArMs, 

The stern-frame of such a vessel is of very con- 
siderable interest. It was made by the Darlington 
Forge Company, and some idea of its size may be 
formed by the fact that the total weight of the 
casting was about 190 tons, of which 70 tons was 
for the stern-frame, 73} tons for, the side propeller 
brackets, and 45 tons for the forward boss-arms. 
A view of the stern castings is given in Fig 18, on 
page 565. Three propellers are arranged for ; the 
centre one, driven by the turbine, works in the 
usual stern-frame aperture, while the wing pro- 
pellers are supported in brackets. The chief 
dimensions of the stern castings are as follow :— 


Stern-frame : 


Height i ve 67 ft. 04 in. 

Length of keel-post 37 4p 4 os 

Section of gudgeon-post ... 21 in. by 9 in. 
After brackets : 

Centres of shafts ... 38 ft. 10} in, 


Diameter of bosses pe 
Forward brackets : 

Centres of shafts ... 38 ft. 54 in. 

Diameter of bosses 6, 2 4, 

The stern-frame is of Siemens-Martin mild cast 
steel, of hollow or dish section, in two pieces, with 
large scarphs, one on the forward post and one on 
the after post, connected with best Lowmoor iron 
rivets, 2 in. in diameter, the total weight being 
overaton. The care exercised in fitting these to 
ensure strength is suggested by the fact that they 
were all turned and fitted, and specially closed with 
rams. There are in all 59 rivets in the forward and 
53 rivets in the after scarphs. In the stern-frame 
there is, of course, the boss for the shaft driven by 
the turbine, the lower portion of this part of the 
stern-frame having a large palm cast on at its 
extreme forward end, to give a solid connection to 
the after boss-arms and main structure of the vessel. 

The after boss-arms are also of mild cast steel, of 
hollow section. Particular attention was paid to 
the angle of these boss-arms, in order to ensure 
the easiest flow of stream-lines to the turbine pro- 
peller, in order that it might rotate in solid water. 
The boss-arms are in two pieces, connected at the 
centre line of the vessel by strong deep flanges, to 
form a continuous web across the ship. This web, 
again, is riveted to a 2-in. steel plate of special 
quality, forming a bulkhead across the ship. 

‘orward of this boss there is another set of arms 
of the girder pattern, the port and starboard pieces 
being connected again in the centre of the ship ; 
and, in addition, there are other heavy web-plates 
down the ship’s side connecting to the ship’s floor. 


Tue Rupper. 
The rudder, which is illustrated in Fig. 9, on 
Plate LVII., and which, like the stern castings, 
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can be tightened up in the gudgeon when required. | the top a hawse-pipe, as shown in the bow view of 
These are provided on top with a solid covered nut |the ship on the ways (Fig. 1 on Plate LIII.), 
steel, built in five sections, coupled together with | having set-pins to prevent the pintles turning. A | Through this a steel wire hawser can be passed for 
bolts varying from 3} in. to 2 in. in diameter. | special feature is that the bottom of the rudder is | use in connection with a central bower anchor, in 
These bolts are screwed up on the bottom, so that |80 arranged that screw jacks can be employed | addition to the port and starboard anchors. he 
in the event of a nut coming off the bolt is not lost. | for lifting it in dry dock. This will greatly facili- | centre bower anchor is of 15} tons weight, and the 
The top section of the rudder is, however, of forged | tate this work. The total weight of the rudder is | side anchors are each 8 tons in weight, the cable 
steel from 4 special ingot of the same quality as 101} tons, while its length over all is 78 ft. 8 in., | used, 330 fathoms long, being of 38 in. diameter. The 
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was constructed by the Darlington Forge Company, 
Limited, is of the usual elliptical type, of solid cast | 
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THRUusT-SHAFT FOR ONE OF THE RECIPROCATING ENGINES. 











Fig. 22. 


naval gun-jackets. On the completion of the 
forging an inspection-hole was bored through the 
stock of the rudder in order to ensure that there 
were no flaws. The rudder-stock is shown in 
a lathe, with the core slung alongside, in 
Fig. 6 on Plate LV. The rudder pintles are 
arranged each to take their own proportion of the 
rudder weight, having hard-steel tops or cups 
inside the stern-post gudgeons. he pintles 
are 11 in. in diameter, of hard steel, and are fitted 
with a taper in the rudder gudgeons, so that they 


CrRANK-SHAFT FOR ONE OF THE RECIPROCATING ENGINES. 


and its width 15 ft. 3 in. The diameter of the 
rudder-stock is 234 in. It will be noted from the 
view (Fig. 2 on Plate LIII.) that the rudder was 
specially secured to prevent movement during 
launching. For the same purpose the rudder- 
head was securely fixed by heavy beams. 


Tue Stem. 
The stem is of the usual rolled-bar section, with 
a cast steel forefoot of hollow section at the end of 
it. A special feature is that there is provided on 








| centre bower anchor has a wire rope instead of & 


cable, the length of the rope being 175 fathoms, 
the breaking strain being 290 tons. The innovation 
of a central hawse-pipe had the great advantage 
that it reduced the necessary weight of the side 
anchors to reasonable limits. The anchor gear will 
be described later. 


LAUNCHING ARRANGEMENTS. 


With a total weight of 27,000 tons, it can be under- 
stood that very careful provision had to be made Ww 
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ensure the successful floating of the ship. We have 
already referred to the foundation of the launching- 
ways. The standing-ways were about 800 ft. long, 
and the sliding-ways about 700 ft. long. The dif- 
ference is due to the extension of the standing-ways 
aft to the water’s edge, the remainder being at the 
forward end. The ship overhung the cradle aft to 
the extent of about 80 ft., and forward to about 
50 ft. The sliding-ways were 6 ft. 3 in. wide, and 
the standing-ways 6 ft. 9 in. wide. They were 
constructed of pitch-pine and oak. Owing to their 
great length, the average pressure on the ways was 
only just over 3 tons per square foot. The declivity 
of the ways forward was # in. per foot, and aft 4 in. 
per foot. 

The engraving on Fig. 19, page 567, shows the 
construction of the bow craaic. It is a formid- 
able structure. The standing way is shout 14 ft. 
above the ground level, and the forward puppets 
have a maximum height of about 21 ft. To 


take the heads of the poppets there were riveted) 


to the shell of the ship built-up structures, 
formed of plates and angles and bound together 
in two groups, as shown in Fig. 19. ‘The taller 
stern poppers had a height of 11 ft. 6 in., and 
were easily fitted into the shape of the ship, 
without requiring any steel ‘‘ housing” brackets. 
The ways were laid at a declivity of y% in. per 
foot. Of tallow there was used 15 tons, of dressing 
(tallow and train-oil mixed) 4 tons 18 cwt, and of 
soap 3 tons. 

he releasing-gear, which is illustrated in Fig. 20 
on page 567, is similar to that used for all the large 
ships which have preceded the Olympic from the 
Belfast yard. In the sliding-ways on each side of 
the ship there is a recess, in which is fitted a cast- 
steel shoe, and against the back of this there abuts 
the end of a heavy forging, projecting into the 
recess and forming a trigger which is pivoted on to 
a fulcrum-pin on a large steel casting, which, at 
this point, takes the place of the standing-way, 
being of the same section as the ordinary 
timber standing- way. The lower end ° of~ this 
trigger abuts against the head of a ram working 
in a horizontal hydraulic cylinder 15 in. in dia- 
meter and of 14-in. stroke. When the cylinder is 
under pressure the ram, acting through the trigger, 
prevents movement of the sliding-ways, and to 
provide against any leakage a pump is fitted, and 
is operated by hand should the pressure-gauge 
indicate leakage. When all the shores have been 
removed, and everything suited to the launching of 
the ship, the opening of a valve releases the water 
within the hydraulic cylinder, the ram recedes 
into the cylinder, and the trigger tumbles over 
from the vertical to the horizontal position, so that 
the sliding-ways and the ship are free to move. 

To give the vessel some impetus when the trigger 
is released, should this be necessary, there were 
fitted on each of the standing-ways at the forward 
end four 100-ton hydraulic jacks, as shown in the 
view of the bow-cradle, Fig. 19, already referred 
to. The rams were close up to heavy thrust- 
distributing castings against the sliding-ways, and 
each set of jacks was butted up at the rear against 
a suitable cast-iron strongback held in position by 
rods attached to eight specially-designed cast-steel 
anchoring-blocks embedded in the concrete founda- 
tion at equal intervals downthe berth. These tension- 
rods were connected up through a series of yokes to 
equalise the pressure coming upon them. One of the 
rods may just be discerned passing at an angle aft 
outside of the timber blocks supporting the stand- 
ing wedge and urder the poppets. The jacks could 
be worked at a pressure of 2 tons per square inch 
by means of intensifiers, acting in conjunction 
with the yard hydraulic mains. Each of the jack- 
cylinders his an hydraulic drawback in order that 
its stroke could be utilised more than once by 
introducing packing-pieces in front of the ram after 
each stroke. 

For checking the ship afte: it had been launched 
there were laid in the river three anchors and a 
drag formed of a mass of chain on each side of the 
ship. The drag, just mentioned, which was nearest 
the end of the ways, was 80 tons in weight, and 
the anchors, which were equally spaced, ranged 
from 8 to 5$ tons in weight. Specially-made wire 
ropes, 82 fathoms long, extended from each of 
these checks to eye-plates riveted to the shell of 
the ship as she stood on the ways. The length 
of each wire rope was so arranged that all checks 
came into play when the bow of the vessel had 


travelled about 100 ft. from the end of the fixed 
ways. 





On the occasion of the launch yesterday the 
weather was perfect, with a slight stern wind. The 
pressure on the hydraulic ram of the trigger arrange- 
ment above described was 435 tons, and on this 
being released the ship moved at once, the hydraulic 
starting jacks not being used. The time taken was 
62 seconds, and the maximum speed attained was 
124 knots, while when brought to rest the bow 
of the vessel was 500 ft. from the end of the ways. 
The stern dip was 34 ft. 6 in., and the stem dip 
18 ft. 9in. The draught of the vessel as launched 
was 15 ft. 8 in. forward and 20 ft. 5 in. aft, these 
draughts corresponding to a displacement of 24,600 
tons. Messrs. Harland and Wolff deserve most 
hearty congratulations on their success, this suc- 
cess being due, in a large measure, to the minuteness 
and precision with which every detail connected 
with the operation had been anticipated. Experi- 
ence and forethought were combined in elaborately 
prepared and printed instructions issued before 
the launch to every one concerned. The part of 
the river into which the vessel was launched afforded 
a clear run of 2300 ft., and the area had been 
specially dredged, where required, to a depth of 
out 50 ft. 

The vesselis to be berthed for completion at the 
new deep-water wharf belonging to the harbour 
authorities, and the 200-ton floating crane will be 
placed between the ship and the wharf, when 
required for shipping machinery. Rafts have been 
constructed to keep the ship the required distance 
from the wharf at the forward and after ends. 
Heavy steel lattice-girder gangways have been pre: 
pared for communication from the wharf to the ship 
during the process of fitting out. 


Tue ARRANGEMENT OF THE DECkKs. 


There are nine decks in the ship, named from 
the bottom upwards :—Orlop, lower, middle, upper, 
saloon, shelter, bridge, promenade, and boat. Of 
these decks, two are above the moulded structure 
of the ship, and above these again is the navigating- 
bridge, which is a very extensive structure. The 
orlop and the lower decks do not extend for the 
complete length of the structure, being interrupted 
for the machinery accommodation. The bridge- 
deck extends for a length of 550 ft. amidships, the 
forecastle and poup on the same level being respec- 
tively 128 ft. and 106 ft. long. The bridge and boat 
decks are also over 500 ft. long. 

Generally speaking, the first-class passengers are 
accommodated on the five levels from the upper to 
thé promenade-decks, but the rooms on the upper 
deck may be alternatively occupied by second-class 
passengers. The second - class passengers have 
their accommodation on the middle, upper, and 
saloon-decks, and the third-class passengers on the 
lower deck, forward and aft, and on the middle, 
upper, and saloon-decks aft. 


PassENGER ACCOMMODATION, 


For first-class passengers there are thirty suite- 
rooms on the bridge-deck, and thirty-nine on the 
shelter-deck. These are so arranged that they can 
be let in groups to form suites, including bed- 
rooms, dining and drawing-rooms, with baths, &c., 
as they have doors of communication. But on each 
level on each side, close to the companion-ways, 
two adjacent rooms are fitted for bed-room and 
sitting or dining-rooms. In all there are 330 first- 
class rooms, 100 having single berths, and about 
100 double berths, the remainder having three 
berths, with provision in some cases for an addi- 
tional Pullman berth. Thus 730 passengers can be 
accommodated. 

For second-class passengers there are 166 rooms 
arranged as single, double, or four-berth rooms, the 
total number of passengers being over 560. For 
the third-class passengers there’ are 63 rooms with 
two berths, and the total number of passengers 
provided for is 800; but, in addition, there are 
open berths in the lower deck forward for 160 
emigrants, and portable rooms are provided on the 
lower deck aft for 240 passengers, so that, in all, 
about 1200 third-class passengers can be accom- 
modated. 

The accommodation of the ship, including ofticers 
and staff, is therefore approximately as follows :— 


First-class passengers 730 
Second-class passengers 560 
Third-class passengers 1200 
Officers and crew. 63 
Engineers, &c. a ch one soe 322 
Stewards and victualling department ... 471 

Total ... 3346 





been found possible to fit five boilers athwart 


As to the arrangement of the passenger accom- 
modation, a glance is only justified at present. 
When the ship is at a more advanced stage, fuller 
details will be possible. It may first be noted that 
there is a first-class companion way at the forward 
end of the accommodation, extending from the 
boat-deck to the upper deck, with large halls on each 
level, while further aft is a second-class companion- 
way extending from the boat-deck to the shelter- 
deck. The second-class companion-way extends 
from the boat-deck to the middle deck, the smoke- 
room being abaft it on the bridge-deck, the library 
on the shelter-deck, the dining-room on the saloon- 
deck, and the state-rooms on the two decks below. 
There are three elevators incorporated in the main 
companion-way for the first-class passengers, and 
one elevator for the second-class passengers. The 
entrance in each case is on the upper deck, through 
a large doorway on each side of the ship. 

The boat-deck has, in a separate house, the 
captain's and officers’ quarters, with a smoke-room 
and an officers’ mess. The Marconi-room is also 
fitted in this house. A notable feature is a large 
gymnasium on this deck. 

On the promenade-deck forward are a large 
number of the single-berth rooms for first-class 
passengers, the reading and writing-room, 40 ft. by 
33 ft., and, further aft, the first-class smoke-room, 
66 ft. by 59 ft., with a verandah palm court built 
in two compartments, each 30 ft. by 25 ft. The 
bridge-deck is devoted very largely to single-berth 
and double-berth state-rooms, with @ lu carte 
restaurant, 56 ft. by 45 ft. 

On the shelter-deck there are a great number of 
the first-class state-rooms, a special room for maids 
and valets, the ship’s offices in the entrance hall, 
and—abaft of midships—the second-class library, 
60 ft. by 40 ft. The third-class smoke-room and 
dining-room are under the poop on this level. 

The saloon deck, as its name suggests, is largely 
occupied by the dining-rooms. Abaft of the grand 
stairway is a reception room, the full width of the 
ship and 54 ft. long, leading into the dining-saloon, 
which is also the full width of the ship and 114 ft. 
long, having seating accommodation for 550. The 
pantries and galleys are abaft this, and then the 
second-class dining-room, which also is the full 
width of the ship, is 71 ft. long, and has seating 
accommodation for 400. The upper deck is given 
over entirely to state-rooms on the starboard side, 
and on the port side for stewards, &c. 

The middle deck has the third-class dining-saloon, 
and adjacent to the engine-room are the quarters 
of the engineers and their staff. There is on the 
middle deck another large third-class dining-saloon, 
extending for 500 ft. of the length of the ship and 
seating 500 passengers. On this deck forward there 
are special baths, which are an improved innovation 
on board ship ; 120 ft. of the starboard side of the 
ship is arranged with Turkish baths, including the 
high temperature rooms, cooling’ and shampooing 
rooms, and a large swimming bath.’ Another inno- 
vation is the provision of a squash racquet court, 
which extends through two decks from the lower 
to the upper, and is 32 ft. by 20 ft. by 18 ft. high. 
There is also a spectators’ gallery at one end of 
the court. The game is most popular with the 
Americans, and will add greatly to the possible 
athletic exercise, which is necessary on a sea 
voyage. 

The post-office accommodation is arranged com- 
pactly in the forward end of the ship, with the 
view of expediting the reception and despatch of 
the mails on the departure and arrival of the 
ship. 

SreaM-GENERATING PLANT. 

There are twenty-nine boilers in the ship, having 
in all 159 furnaces. All of the boilersare 15 ft. 9 m. 
in diameter, but twenty-four are double-2nded, 
being 20 ft. long, while five are single-ended, being 
11 ft. 9 in. long. The shells of the latter are formed 
by one plate; the others have, as usual, three 
strakes. At each end there are three furnaces, all 
of the Morrison type, with an inside diameter 0 
3 ft. 9in. The working pressure is 215 lb., and 
this, it is anticipated, will be maintained under 
natural draught conditions. A view of a range of 
the boilers in Messrs. Harland and Wolff's works 
is given in Fig. 10 on Plate LVII. The — 
are arranged in six water-tight compartments, anc, 


owing to the great width of the ship, eae 


| The boiler compartment nearest the machinery space 





accommodates the single-ended boilers, and ~_ 
are so arranged as to be available for running the 
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auxiliary As | 
well as for the general steam supply when the ship | 
is at sea. At the same time two boilers in each of 

two other compartments have separate steam leads | 
to the auxiliary machinery, which includes, of | 
course, the electric-lighting installation—a con- | 
siderable item in this vessel, as the total electric 

output is 1600 kilowatts. The other five rooms are | 
fitted with the double-ended boilers, but owing to 
the fining of the ship there are only four boilers in the 
forward room. These four boilers, with the five inthe 
next compartment, have one uptake to the forward 
funnel; the uptake connections are thus very widely 
spread, since the uptake has had to be built over 
the water-tight bulkhead between the two boiler- | 
rooms. The uptakes for two centre boiler-rooms | 
are similarly treated, exhausting into the second | 
funnel from the forward end ; and the two after | 
boiler-rooms similarly exhaust into the third funnel. | 
The fourth funnel is intended for ventilating pur- 
poses, but into it also there is built the chimney 
from the extensive galleys. All the funnels are 
elliptical in plan, the dimensions being 24 ft. 6 in. 
by 19 ft., and the average height above the level of 
the furnace bars is 160 ft. 

The arrangements for the supply of fuel to the 
boilers are the result of great experience, and 
there has been achieved an important desideratum 
in minimising the amount of handling of the 
fuel for each boiler. There is a main bunker 
‘tween decks, immediately within the skin of the 
ship, and into this the coal will be first ee 
and subsequently distributed into bunkers athwart 
the ship and at the stokehold level. These 
bunkers are arranged on each side of the main 
bulkheads, and therefore immediately in front 
of the furnaces; so that each stoker practically 
takes his coal from the bunker-door. 

In each of the five large boiler-rooms there are 
two See’s ash-ejectors, and in addition there are 
four of Messrs. Railton and Campbell’s ash-hoists 
for use when the vessels are in port. A large 
duplex pump, of the firm’s own make, is accommo- 
dated in a separate room in each boiler-room, the 
advantage being that the working parts of the 
pumps are not injuriously affected by dust. This 
pump works the ash-ejectors, circulates or feeds the 
boilers as required, and can also be used for 
pumping the bilges, except in three of the boiler- 
rooms, where there are independent ballast-pumps. 
In this way any of the six boiler compartments can 
be isolated, the pumps being independent so far as 
the inrush of sea-water is concerned. The pumps in 
each case are directly connected to the bilge, as 
well as to the general bilge system. The air is 
supplied to the stokeholds by ‘‘ Sirocco” fans, of 
which there are twelve—two for each boiler-room. 


GENERAL ARRANGEMENT OF THE MACHINERY. 


A feature of the general arrangement of the 
combination machinery in this case is that, in view 
of the size of the units, the exhaust turbine, instead 
of being in the same engine-room with the two 
sets of piston engines, as in earlier ships, is accom- 
modated in a separate compartment abaft the main 
reciprocating-engine room, and divided from it by 
a water-tight bulkhead. 

In the reciprocating-engine room there are two 
sets—one driving the port and the other the star- 
board shaft ; in the wings there are the main feed 
and hotwell, bilge, sanitary, ballast, and fresh-water 
pumps, and a contact amd surface heater ; while on 
the port side a space has been found for the exten- 
Sive refrigerating plant, instead of its being, as in 
some ships, far removed from the immediate obser- 
vation of the engineers. 

In the exhaust-turbine room there is fitted, im- 
iuediately forward of the turbine, the manceuvring 
or change valves which control the flow of steam 
cither to the turbine or to the condenser—the latter 
for maneuvring. This control, however, is 
exercised from the main starting platform through 
& Brown’s engine of the hydraulic type, placed 
between the two change valves on the bulk- 
head. There is also here a steam - strainer, 
through which the steam on its way from 
the piston engines to the turbine in each wing. 
In this compartment there are placed the main 
condensers, together with their circulating pumps, 
twin air-pumps, &c., evaporators and distilling 
plant, and forced lubrication pumps. There are 
“iso two pumps that can be used for Bilge purposes, 
and a pump to take the hot salt water from the dis- 
charge pipe of the main condenser and send it to a 





tank at the top of the ship, for supplying the baths. 


the oil in them. 

Abaft the exhaust-turbine room, and located on 
each side of the shaft driven by the turbine, and 
within the wing-shafts, there are four sets of electric- 

ight engines, each of 400 kilowatts capacity. In 

dition to these engines, there are placed on a 
gallery above the load water-line in the exhaust- 
turbine room, two electric-generating sets of 35 
kilowatts capacity, for use in the event of the flood- 
ing of the compartment in which the main electric- 


generating sets are situated. Steam-pipes are led 
from three of the boiler-rooms to these emergency 
‘electric generators independently and above the 


water-tight bulkheads. From this steam supply 
also it is possible to work any of the pumps con- 
nected to the bilges throughout the ship. 


RECIPROCATING ENGINES. 


In the Olympic the two sets of reciprocating 
engines—one driving each wing-shaft—are of the 
four-cylinder triple-compound type, arranged to 
work at 215 lb. per square inch, and to exhaust at 
a pressure of about 9 lb. absolute. These engines 
are of the four-crank type, balanced on the Yarrow, 
Schlick, and Tweedy system, and in their general 
design conform with the long-tried practice of 
Messrs. Harland and Wolff. The high-pressure 
cylinder is 54 in. in diameter; intermediate cylinder, 
84 in. ; and each of the two low-pressure cylinders, 
97 in. in diameter, the stroke being 75 in. in all 
cases. The sequence of valves and cylinders is as 
follows, beginning at the forward end :—Two slide- 
valves, each with two ports in a common chest, 
worked by two rods, through crosshead, to single 
links, low-pressure cylinder, high-pressure cylinder, 
a single piston-valve, two piston-valves similarly 
arranged to the twin slide-valves, intermediate- 
pressure cylinder, low - pressure cylinder, and, 
finally, at the aft end, two slide-valves. The valves 
are operated by the Stephenson link-motion. A 
view of the starboard engines is given in Fig. 15, 
Plate LX., and of the port intermediate cylinder 
in Fig. 23, page 569. 

An interesting feature is that the thrust-shaft 
has an intermediate bearing, a practice which was 
first introduced in the Oceanic. A thrust-shaft is 
illustrated in Fig. 21, page 568. Again, forced 
lubrication is fitted to all the plummer-blocks of the 
shafting, the oil gravitating from a tank placed high 
in the turbine engine-room casing to the bearings, 
ata pressure of about 201b., and draining to tanks 
low down in the ship, whence it is pumped through 
a filter and cooler to the high-level supply tank. 
There is also a water service through the plummer- 
blocks. 

The crank and thrust-shafts are 27 in. in diameter ; 
the line-shaft 26} in., and the tail-shaft 28} in., 
and they are all hollow, the crank and thrust- 
shafts having a 9-in. hole, and the others a 12-in. 
The shafting in all cases was machined at the works 
at Belfast. A view of one of the crank-shafts is 
given in Fig. 22, page 568. There is a loose 
coupling on the tail-shaft, so that it can be with- 
drawn from the stern, which greatly facilitates 
repair. The propellers driven by the reciprocating 
engines have each a cast-steel boss and three bronze 
blades, the diameter being 23 ft. 6 in., and when 
developing the power indicated in the table—15,000 
indicated horse-power for each engine—the revolu- 
tions will be 75 per minute. 


Exuaust-STeaAM TURBINE. 


The exhaust-steam turbine, by which the central 
screw will be driven, is of the Parsons type, built 
to take exhaust steam at about 9 lb. absolute, and 
expand it down to 1 lb. absolute, the condensing 
plant (to be described later) having been designed 
to attain a vacuum of 284 in. (with the barometer 
at 30in.), the temperature of circulating water 
being 55 deg. to 60 deg. Fahr. The rotor, which 
is built up, in the usual way, of steel forgings, 
is 12 ft. in diameter, and the blades range in 
length from 18in. to 25}in., being built on the 
segmental principle, laced on wire through the 
blades and distance-pieces, at the roots, and with 
binding soldered on the edge as usual. The length 
of the rotor between the extreme edges of the first 
and last ring of blades is 13 ft. 8 in. The casing 
is of cast iron, and was manufactured at the Belfast 
Works. The patterns for parts of the casing are 
shown on Figs. 25 and 26 on page 569, while one 
of the casing castings is shown on Fig. 13, 
Plate LIX. 


| 





machinery while the ship is in port, as | There are two oil-coolers, and a pump for circulating | is being manceuvred. The bearings, thrust and 


overnor, are of the ordinary type adopted in 
‘arsons’ turbines. The turbine can be rotated by 
electric motor, and the usual lifting gear for the 
upper half of the casing and the rotor is also 
actuated by electric motor. Views of the tur- 
bine are reproduced on Figs. 11, 12, and 14 on 
Plates LVIIL. and LIX. 

The rotor has a weight of about 130 tons, and 
the turbine complete weighs 410 tons. The tur- 
bine-shaft is 20 in. in diameter, the tail-shaft 22} in., 
each with a 10-in. hole bored through it. The pro- 
peller driven by the turbine is built solid, of man- 
“aewsay bronze, with four blades, the diameter 

ing 16 ft. 6 in. ; it is designed to run at 165 revo- 
lutions per minute, when the power developed is 
16,000 shaft horse-power. A view of the turbine- 
driven propeller is given in Fig. 27, page 572. 


Manavuvrine Gear. 


Between the boilers and the main steam stop- 
valve there is a steam-separator. There are two 
main steam-leads from the boiler-room, each termi- 
nating at the stop-valve and separator, which are 
situated against the forward engine-room bulkhead. 
The stop-valves, however, are connected by a cross- 
pipe, with two shut-off valves, so that either steam- 
lead can be utilised for supplying steam to both 
engines. The main stop-valve is of the equilibrium 
double-beat type, and is operated by hand-wheel 
and screw, from the starting platform, which is 
situated in the centre of the piston-engine room. 
The admission valves for the reciprocating engines 
do not call for special reference. 

The ere from the low-pressure cylinders 
connecting with the change-valve are fitted with 
bellows joints, which consist of two flattened conical 
discs with special steel rings, and with flanges to 
take the pipes. The conical form of the disc-plates 
enables any difference in length, due to expansion 
or contraction, to be taken up. In order to ensure 
absolutely air-tight joints, all the pipes in proximity 
to the condenser are fitted with these bellows 
joints. 

The change-valves for shutting off steam to the 
turbine and simultaneously opening it to the 
condenser direct, for manceuvring purposes, are of 
the piston type with a ring of special form. When 
the pistons of these valves are in their highest 
position, steam has a clear flow to the strainer and 
thence to the turbine ; when the piston is lowered 
the connection to the strainer is closed, and that 
to the condenser is opened. A view of the change- 
valve casing showing the ports is given in Fig. 24, 
page 569. The piston of each change-valve is sus- 
pended to a suitably mounted lever, the other 
ends of both of which are connected to one of 
Brown’s engines of hydraulic type, adopted in 
reciprocating-engine practice ; this hydraulic engine 
is actuated from the starting platform in the recipro- 
cating-engine room. 

The eduction pipe from the turbine to the con- 
denser is fitted with a large sluice-valve, to be 
closed in the case of accident to the turbine, when 
the reciprocating engines would exhaust through 
the change-valve direct to the condensers. This 
sluice-valve is, of course, of enormous area, and the 
closing slides are in two pieces, worked together 
through worm and rack gear. This sluice-valve is 
actuated by an electric motor. 


CoNDENSING AND Borter-Feep Pant. 


The condensers are of a form which has been 
used for some time on all engines built by Messrs. 
Harland and Wolff ; they are of r shape, and a 
view of one of them is given in Fig. 16, Plate LX. 
As is usual with turbine condensers, the inlet 
is of the full length of the condenser, and is well- 
stayed vertically by division-plates. In line with 
these there are in the condenser corresponding divi- 
sion-plates, which secure an equal distribution of 
steam over the whole of the condenser-tube area. 
Moreover, the pear shape concentrates the tube 
surface at the point where the largest volume 
of steam is admitted; therefore, where it is 
most needed. 

There are four sets of gun-metal circulating 

umps, two for the port and two for the star- 
d condensers, with 29-in. inlet-pipes, and driven 

by compound engines of the firm’s own make. For 
each condenser there are two sets of Weir’s air- 
umps, of the ‘‘ Dual” type, both air and water 
els being 36 in. in diameter by 21-in. stroke. 


There is no astern turbine, as the| The water from each condenser passes into a feed- 


centre shaft is put out of action when the ship | tank; thence it drains intoa control tank, from which 
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the hot-well pumps draw it, discharging it through 
the Weir’s surface-heater to a Weir’s contact-heater, 
placed high on the engine-room bulkhead. The 
surface-heater takes the exhaust from the electric 
engines for heating the feed, while the contact- 
heater utilises the exhaust from the other auxiliaries 
for the same purpose. The water from the contact- 
heater gravitates to the main feed-pumps. Of 
these there are two pairs on each side of the recipro- 
cating-engine room ; two pairs are sufficient to feed 
the whole of the boilers. The main feed-pumps have 
a diameter of 14-in. by 28-in. stroke, and steam 
cylinders of 19 in. diameter. The feed-pump 
system is so arranged that all the pumps are 
interchangeable as far as the feeding of the boilers 
is concerned. 
THe SreeRtnc-GEar. 

The steering-gear, fitted on the shelter-deck, is, 
as can readily be imagined, very massive, the 
diameter of the rudder-stock—234 in.—affording 
some idea of the dimensions. e gear is of 
Harland and Wolff’s wheel-and-pinion type, work- 
ing through a spring quadrant on the rudder- 
head, with two independent engines having triple 
cylinders, one on each side. Either engine suffices 
for the working of the gear, the other being a 
stand-by. A view of the quadrant on the lathe is 
given in Fig. 28, annexed. It is so designed as to 
minimise the shocks received in a sea-way. The 
spur and bevel gear is of cast steel. The gear is 
controlled from the navigating - bridge by tele- 
motors, and from the docking - bridge, aft, by 
mechanical means. In general design the gear 
resembles that which has given so much satisfaction 
in all recent White Star ships. 


THe ANCHOR-GEAR. 

We have already referred to the anchors and to 
the additional centre anchor. This latter involved 
an addition to the usual design of windlass-gear, 
which in this, as in all recent large liners, is by 
Messrs. Napier Brothers, Limited, Glasgow, and 
has proved by the test of time to be most reliable. 
In addition to working the windlass, one of the 
two engines fitted drives through worm-gear a 
large drum at the forward end and opposite the 
central aperture on the stem. This drum is grooved 
to take the wire rope of the centre 15-ton anchor, 
adopted instead of the more usual cable. Clutch- 
engaging and brake gear has been fitted, and every 
detail embodied to ensure the satisfactory werking 
of the cables under all conditions. 

A strongly-built crane is fitted in the centre of 
the forecastle deck for handling the 15-ton anchor, 
which is placed in a well in the deck immediately 
abaft the stem. 

The capstan gear, operated by steam-engines, is 
also by Messrs. Napier, and includes, on the fore- 
castle, two capstans worked by the windlass-engines, 
two with independent engines, and on a lower level 
one for handling mooring-ropes. Aft there are 
five capstans, with four steam-engines, one of which 
actuates two capstans. 


NAVIGATING APPLIANCES. 

The navigating appliances are most complete. 
In addition to the two compasses on the captain’s 
bridge and one on the docking-bridge aft, there is 
a standard compass on an isolated brass-work 
platform in the centre of the ship, at a height 
of 12 ft. above all iron-work and 78 ft. above the 
water-line. On the bridge there is an électricalty- 
driven sounding-machine, arranged with spar to 
enable soundings to be taken- when the ship is 
going at a good speed. All observations can thus 
be taken under the direct observation of the officer 
in command. The telegraphs are by Messrs. Wray, 
of Liverpool, and communicate with engine-room, 
capstan, and other stations, As already indicated, 
there is also telemotor gear for the steering of the 


ship. 

There are sixteen lifeboats, the largest being 30 ft. 
long, with a capacity for sixty passengers. They 
are mounted on special davits on the boat-deck. 

The ship has two masts, 205 ft. above the average 
draught-line, a height necessary to take the Mar- 
coni aerial wires, and to ensure that these will be 
at least 35 ft. above the top of the funnels, and 
therefore beyond the reach of contact from the 
funnel gases. The mastsare also utilised for work- 
ing the cargo by means of cargo spans, and in addi- 
tion there is on the fore mast a derrick for lifting 
motor-cars, which will be accommodated in one of 
the fore holds, 


CONSTRUCTED BY MESSRS. 
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GasoLeNE LocomorivE ror Mings.— According to and 6 miles 


28. 


Mines and Minerals the only gasolene locomotive used in 
the coal-mines of the United Siotes is at the Midvalley Coal 
Company’s mines, Wilburton, Columbia County, Penn- 





(7'o be continued.) 





sylvania. It has a speed of 3 miles per hour in low gear, 
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NOTICES OF MEETINGS. 


Tus INsTITUTION OF MECHANICAL ENGINEERS.—Friday, October 21, 
at 8 p.m. Paper to be read and discussed :—“‘ The Standardisation 
of Locomotives in India, 1910,” by Mr. Cyril Hitchcock, Member, 
of London. 

THE JuNtoR INSTITUTION OF ENGINEERS.—Monday, October 24, at 
7 p.m., at the Royal United Service Institution, Whitehall, annual 

neral meeting of Institution, followed by annual general meet- 
ing of Benevolent Fund. At 8 p.m., paper on ‘“‘The Manufacture 
of Glass Bottles,” by Mr. Bernard A. Kupferberg.—Tuesday 
October 25, at 7.30 p.m., at Caxton Hall, Westminster, second 
lecture of series on ‘‘ The Law Relating to Engineering,” by Mr. 
L. W. J. Costello, M.A., LL.B. (Cantab.). 

THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND. 
—Tuesday, October 25, at 8 p.m., in the Rankine Hall of the 
Institution, Elmbank Crescent, Glasgow. First general meeting. 
Presidential address by Professor Archibald Barr, D.Sc., and a 
paper on “ The Block Coefficient,” by Mr. P. A. Hillhouse, B.Sc., 
will be read. 

Tue Puysical Society or Lonpox.—Friday, October 28, at 5 p.m., 
at the Electrical Engineering Laboratory, King’s College, Strand, 
W.C., by kind invitation of Professor Ernest Wilson, M.I.E.E. 
Agenda :—1. “‘ Demonstration of a New Method for Producing 
High-Tension Discharges,” by Professor E. Wilson and Mr. W. H. 
Wilson. 2. “The Behaviour of Steel under Combined Static 
Stress and Shock,” by Mr. F. Rogers. 

Tue InstiTuTION oF ELEcTRICAL ENGINEERS: MANCHESTER LOCAL 
Srcrion.—Friday, October 28, at 7.30 p.m., in the Banqueting 
Hall of the Midland Hotel, Manchester, the Chairman, Mr. J. 8. 
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THE STANDARDISATION OF ELECTRIC 
RAILWAY SYSTEMS. 

Tue history of steam railway development in this 
country contains a chapter which has come to be 
known as ‘‘ the battle of the gauges.” This chapter, 
which closes on May 21, 1892, when the last broad- 
gauge train was run in England, forms a convenient 
text and example from which to consider a new 
railway problem which is arising, and which many 
people consider to have much in common with the 
old broad and narrow-gauge question. Brunel’s 
advocacy of the broad gauge may have been right or 
wrong, but the result of his labours was the intro- 
duction of a system which, merely because it did 
not conform to the standards of the country, caused 
much inconvenience, and had ultimately to be aban- 
doned at considerable financial sacrifice. The 
modern parallel to the problem which faced the 
country at the time of the battle of the gauges is 
said to be arising in connection with the various 
systems of electric traction which are gradually 
being introduced. 

There are at the present time three distinct 
systems of electric traction in practical operation 
on a considerable scale, and very many detail diver- 
gences between the various plants operating on 
any one of them, so that a heterogeneous collection 
of variously operated electric railways is growing up, 
which in the event of the final electrification of 
most or all of the railways of a country, or, indeed, 
of any large. proportion of them, will result in a 
state of affairs which, in the non-interchangeability 
of the stock of different companies, will more or 
less reproduce the conditions existing before the 
abandonment of the broad gauge. A paper by Mr. 
George Westinghouse dealing with this subject was 
seni Wetee the recent joint meeting of the American 
Society of Mechatiical Engineers and the Institu- 
tion of Mechanical Engineers in London. Mr. 
Westinghouse, taking up the position that electri- 
fication would ultimately extend to main-line traffic 
on a large scale, when the question of the through 
working of stock would become of great importance, 
suggested that the time had now come for an 
abandonment of the present practice, in which 


®| each electrification is considered only in reference 


to itself, and that, after consideration, some one 
or other of the various systems should be decided 
on as the most generally suitable, and should 


580 | henceforth be adopted for all new installations. This 


question of the standardisation of electric railways 


580| has, of course, been raised by others in common 


with Mr. Westinghouse, and one may take it that 
there is a somewhat widespread feeling that the 
time has come for at least a serious consideration of 
the question. It is impossible not to admit that 


587 | the matter is of some importance, but, at the same 
588 | time, as far as this country, at any rate, is concerned, 


it is difficult to see that it is quite as insistent as 
Mr. Westinghouse would ap to think. 





To assert a necessity for the immediate selection | 





of a standard electric railway system is to make an 
assumption and raise a question. The assumption 
is that the ultimate electrification of all, or the 
majority of, railways is a practical certainty. The 
question is—admitting the necessity for a standard 
system— What is that system to be? At the present 
stage of electrical development this question would 
be a difficult one to answer, but if the assumption 
on which it is based is unsound, there is no need 
to answer it. Looking at the conditions which 
obtain at the present time in this country, we 
fail to see any indications which go to prove the 
ultimate electrification of all our railways. Such 
electrification may ultimately take place; we do 
not know, and prophecy is a poor business, but 
certainly the indications in the direction of such 
ultimate complete electrification are not such as to 
justify any hampering of invention or enterprise by 
the fixing of a procrustean system to which all elec- 
trified lines must conform, no matter what their 
length, configuration, or type of traffic. We have 
no wish to see a new battle of the systems, involv- 
ing inconvenience and loss equal to, or greater 
than, that - yy as a result of the battle of 
the gauges. But still less have we any wish to see 
frantic and hampering legislation on the strength 
of the fact that considerably less than 1 per cent. 
of the length of railway in this country been 
electrified, and that two differing electrical systems 
have been used. 

In many ways in the past this country has 
suffered as a result of its own enterprise. Leading 
in so many branches of bts ben oe application, it 
has, after a certain number of years, frequently 
found itself handicapped in reference to other 
countries, owing to the large amount of plant of 
early design in its possession and the limiting stan- 
dards to which it has committed itself. In the 
application of electric traction to railways on a 
large scale, however, this country has not led the 
way, and there seems no reason why, in this case 
at least, it should not play a waiting game, and in 
later years attempt to settle its standardisation, if 
standardisation is to come, in the light of the 
experience of other countries. We do not suggest 
that the electrification of suitable lines should be 

tponed ; we cannot afford purposely to lag 
hind, but that is no reason for not taking 
advantage of things as they are. In this matter 
this country is in quite a favourable situation; 
as we said, considerably less than 1 per cent. 
of our railway is electrified, and even this figure in- 
cludes a number of tube lines which, from the point 
of view of through running, may pretty well be 
left out of account. It would appear then that 
standardisation should be easy for us. Relatively 
this is true, and while we consider the time is not 
ripe for any standardisation of system, we welcome 
any standardisation of detail that can be carried 
out. Voltages and periodicities are fairly standard 
now, but something more might be done in refer- 
ence to the settling of the position of the third rail. 
There is a sort of Clearing House standard for this 
third-rail location, but it might easily be more 
generally respected. It was, of course, determined 
on, subsequent to some of the electrifications which 
have been carried out, but it seems unfortunate, 
for instance, that there is a difference of } in. in 
the height of the third rail on the Lancashire and 
Yorkshire and North-Eastern Railway systems. 
In many cases special difficulties are. encountered, 
owing to the local conditions, which make it im- 
ible to work to the standard. The case is 
ardly a fair one to cite, as the Mersey Railway was 
practically completed before the Clearing House 
meeting at which the question of a standard was 
discussed, but it is unfortunate that two different 
third-rail positions have been introduced in the 
Liverpool district. In the event of development 
involving, for instance, the electrification of the 
Wirral ilway, and possible linking-up of the 
Mersey system with that of the Lancashire and 
Yorkshire and Liverpool Overhead Railway, it is 
easy to see that considerable trouble and expense 
may be involved. Details of this sort certainly 
point to the desirability of standardisation, and as 
far as details are concerned, we are quite in agree- 
ment with those who urge it. Such detail stan- 
dardisation may form a nucleus around which 
further standardisation may aggregate in the future, 
so that ultimately a complete standardisation may 
even be ible. 
We said that those who demanded the fixing of a 





standard system for our railways made an assump- 
tion and raised a questicn. The assumption is that 
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there are indications of the proximate electrification 
of most of our railways. As we do not admit this 
assumption, there is no need to attempt to answer 
the question which underlies it, and which asks 
what the standard system is to be. This is fortu- 
nate, as we believe the question to be unanswerable. 
In this country we are directly interested only in 
the alternating-current single-phase and direct- 
current systems, as three-phase working has ob- 
tained no footing here, and there is no very 
apparent prospect of it doing so. The question is 
consequently simpler here than in some other 
countries, but none the less it would be im ible 
to decide between the rival claims of single-phase 
and direct current if the question at issue were the 
supersession of the field of both by one. Neither 
system has shown such superiority over the other 
as would justify its legislative or other adoption as 
the standard for all future work. Such a proceed- 
ing would short-sightedly ignore future possible 
improvements in the rival system, and at the 
same time would forbid the introduction of new 
and quite possibly superior systems in the future. 
The long and short of this matter is that it is much 
too early in the history of electric traction for any 

rofitable attempt to be made at the selection of a 
best system for general use, especially if such selec- 
tion is to be followed by the enforcement of its 
adoption. The best system must be left to estab- 
lish its claims in the light of experience, and to that 
end it is desirable that accurate and full data in 
reference to the working of existing plants should 
be made available to the engineering and railway 
professions. No ultimate good can come to any 
type of plant by partisan statements of its peculiar 
merits, nor can good come to its competitors from 
partisan criticisms of its defects. 








LABOUR ON THE FRENCH 
RAILWAYS. 

No really satisfactory account of the causes of the 
recent strike on the French railways has appeared 
in this country, for the reason that it was largely 
political in character, and it is necessary to trace 
the chain of events for some years to find a com- 
plete explanation. For a long time past many of 
the French railway men have been greatly unsettled 
by the political controversies which form the chief 
avocation of the French trade unions, or syndi- 
cates. The men were not necessarily all members 
of the unions; indeed, the members were com- 
peneree few.* A large proportion of the men 
Jlindly followed the ringleaders. A strike was com- 

aratively easy to stir up amongst railway men. 
Imre different employees live very close to each 
other and are in constant communication, and thus 
concerted action was easy. Further, a very large 
proportion of the 300,000 persons who in France 
earn their living on the railways is centralised 
in agglomerations, in close proximity to the large 
shunting stations and rolling-stock works. , 
the Paris suburbs, for instance, there are tens of 
thousands of railway servants who come under the 
influence not only of the secretaries and presidents 
of syndicates, but also of Members of Parliament. 
It is necessary to insist here upon the influence of 
Parliament, for many well-known members, several 
of whom have been Secretaries of State, owe their 
position in a very large measure to the votes of the 
railway men. ‘They have, and very naturally so, 
taken upon themselves at various times to defend, 
as they call it, the interests of their electors ; that 
is to say, they have claimed for them numerous 
privileges at the expense of the railway companies, 
as shown in our former articles dealing with 
pensions. 

The railway employees in France have always 
enjoyed special advantages, which have placed them 
in a far better position than that of employees in 
other industrial or commercial undertakings. If a 
further proof were wanted ccncerning this, it would 
be afforded by the immense number of applications 
for berths of all kinds which the railway companies 
are constantly receiving. Al) the employees, with- 
out exception, have always enjoyed most satisfac- 
tory conditions; they have pensions, extra pay when 
they have a large family dependent upon them, 
schooling for their children, gratuitous medical aid, 
and coal supplies. The children are almost sure 
to find a berth suitable to their capacities in the 
company which employs the father. The wives of 





* The trade unions stated that the strikers numbered 


men employed on the track act as level-crossing 
keepers, and are paid a wage. The whole family of 
an employee has free circulation on all the railway 
systems of the country. The men who occupy a 
position of trust are excused the periods of military 
service, which at intervals interfere more or less 
with the French active life. 

Members of Parliament have been agitating in 
favour of the railway employees for the last thirty 
years or so, ever claiming new legislative measures 
to improve the position of the men at the expense 
of the companies. One of the points they have 
dealt with has been to rearrange the disciplinary 
proceedings which the companies were in certain 
circumstances at liberty to take with regard to their 
men. Parliament had the companies under sus- 
picion, and gave the men to understand that they 
were being taken advantage of. At one time Par- 
liament went so far as to lay claim to decide on what 
occasion a company would have, or would not have, 
the right to punish or to degrade a man in its employ. 
These interventions were most dangerous, since 
they gradually led the railway employees to look to 
Parliament for every benefit, while they imagined 
they had every reason to be dissatisfied with 
the companies. The spirit of interference and of 
syndicalism, which has gradually increased in the 
French parliamentary centres, has had for effect to 
accentuate the above feelings in the men’s minds ; 
one result of the interference has certainly been to 
win for certain members of Parliament the votes 
of the 300,000 railway employees. 

At the same time a spirit of insubordination has 
been methodically fostered by the revolutionary syn- 
dicates which have been constituted in the midst, and 
froma part of, the railway men. There are two main 
trade unions, the General Syndicate of French and 
Colonial Railwaymen and the Professional Syndi- 
cate of Workers in the Railways and Allied Indus- 
tries. Apart from these, there are two associations 
for the drivers, stokers, and electrical conductors. 
The four associations act more or less conjointly 
with the Confédération Générale du Travail, a revo- 
lutionary association which preaches anarchy to the 
French working classes. 

No reliance can be placed upon the data supplied 
by these syndicates. They have always had the 
tendency to state that their membership is larger 
than itreally is. The Railwaymen’s General Syndi- 
cate, for example, owns to a total of 54,000 mem- 
bers, of whom 48,000 contribute to the funds. This 
syndicate publishes a periodical, the T'ribune de la 
Voie Ferrée. Itis governed by a board and district 
committees. The administrators are paid a liberal 
salary from the funds. The annual total receipts 
amount to 180,000 francs (72001.), and the annual 
expenditure to about 175,000 francs (7000/.) The 
leans in the funds at the present time amounts 
to about 70,000 francs (2800/.). The Central Board 
alone requires annually 43,000 francs (1720I.), to 
which have to be added the expenses of the district 
committees. The Railwaymen’s Professional Syndi- 
cate has an annual expenditure of about 15,000 
francs (6001.), a sum which does not lead to sup- 
pose that its receipts are very large. These two 
unions, as will be seen, are of no very great import- 
ance, but they seem, nevertheless, to have imposed 
their will upon the greater number of railway 
employees, judging from the rapidity with which 
work was stopped a few days ‘ago in the Northern 
and State Railway systems. 

When declaring the late strike, the ringleaders 
put forward certain motives which, they said, 
actuated them. Several of these motives have no 
foundation in fact; the others deal with exces- 
sive pretensions following upon the measures of 
extortion which Parliament forced the railway 
companies to submit to in violation of their con- 
tracts, for an increase in the pensions of rail- 
way employees, among other matters. We have 
dealt with the pensions question in a former article. 
The men’s representatives now ask that the 
law concerning pensions should have a retro-active 
effect—i.e., that the companies should increase the 
pensions of the employees who have contributed 
their share to the fund upon the proportion formerly 
in use, which was lower than the proportion now 
= by the men. The socialistic syndicates have 

mn encouraged by the success they have regularly 
met with in Parliament, thanks to their threats and 
to the aid they have obtained from the representa- 
tives who enter Parliament upon the men’s votes. 
The syndicates also claimed that no employee 
should be paid less than 5 francs (4s.) a day, what- 





100,000, which must be taken as ee hardly 50,000, 
out of a total of 300,000 railway wor 


men. 


ever were his capacities and his occupation. 





The companies had of late —somewhat unwisely— 
agreed to fresh sacrifices for the welfare of their 
men ; it is always bad policy to give way to threats, 
The Minister of Public Works also granted similar 
conditions—an increase in wages—to the men of 
the State railways. He further gave the men 
belonging to the companies to understand that 
he would stand by them. In connection with the 
recent demands made by them in regard to 
wages, it is interesting to note that the Northern 
Railway Company alone raised its wages bill for 
the year 1909-10 by a total of 3,500,000 francs 
(140,000/.). 

The strikers also complained that they had been 
excluded from the law on the day of rest per week. 
This is true ; the companies have not been com- 
pelled to obey that law owing to the great difli- 
culties which exist in the matter, but of their own 
accord they have taken steps to give their men 
52 days of rest per year, turn and turn about. The 
statement that the railwaymen are overworked, and 
are insufficient in numbers, has always been in 
France the basis of platform oratory, by which 
candidates to the Chamber have repeatedly en- 
deavoured to gain an easy renown. We should not 
be surprised to findout that these same candidates, 
or Members of Parliament, are the last to add 
example to precept, and that they travel more than 
anybody else on Sundays. The railway employees 
are proportionally much more numerous in France 
than in other countries, this country included. 
The French companies never hesitate to take on 
extra men, where this is possible, when there is the 
least demand for their services. 1n a recent report 
upon the French Railway Budget, Mr. Argelits, 
a deputy who cannot be taxed with partiality in 
railway matters, pointed out the completeness with 
which Parliament had voted legislation bearing 
upon the regulation of labour. He named these 
“interesting improvements,” but did not fail to 
call attention to the repercussion which they had 
upon the finances of the nation ; the improvements 
meant a ‘‘ supplement of charges dictated by legis- 
lators in the name of the nation,” which implied 
that the nation—in other words, the taxpayer— 
bears an excess in charges to give exceptional 
advantages to the railway men and other workmen. 
In two years, 1907 and 1908, in a total of 129,000,000 
francs (5,160,0001.) of increased expenditure in the 
working of the French railways, 53,000,000 francs 
(2,120,000/.) covered excess expenditure introduced 
by recent legislative measures for improving the 
situation of the railway men. 

In regard to the overwork said to be laid upon 
the latter, this point is controverted by Mr. Maison, 
engineer-in-chief, and chief of the Labour Control 
Department at the Ministry of Public Works. He 
concluded a recent report of his by stating that 
‘*the conditions under which the railway employees 
worked were more favourable than those which 
applied to the employees in other industrial or 
commercial establishments.”’ The fact should not 
be lost sight of that the wages of the railway 
employees run on during their period of rest, and 
that they are allowed complementary periods of 
rest following periods of night-work. In every 
department where the normal day of rest for every 
six days of labour is not allowed the men, owing to 
the requirements of the service, a system has been 
established which is at least as favourable. Mr. 
Maison called attention to this by stating that 
‘‘the men had the advantage of a number of days 
of rest when they required them; they could 
‘bunch ’ these together and take a trip with their 
family, lasting the number of days allowed them. 
He also threw emphasis on “the considerable 
charge which the new legislative measures, passed 
in favour of the men, threw upon the finances 
of the railway companies.” Looking into the 
reports issued by the Labour Control Depart- 
ment above referred to, it is seen that the 
periods of rest greatly exceed in duration the mini- 
mum decided upon by the Minister of Public 
Works. On the West State and the Northern 
systems, where the late strike started, the effec- 
tive daily labour of drivers and stokers varies 
from slightly over yh slightly under 10 hours. 
The guards on the Nerthern system have a days 
work of from 6$ hours to 9 hours 50 minutes. The 
syndicates tried to make capital out of the fact 
that the day’s work for station men lasted occa- 
sionally twelve hours; but this applies to small 
stations, where traffic is exceedingly low, and v here 
the men have nothing whatever to do the greater 





part of the day. The general average may be said 
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to be nine hours ; the day frequently drops to eight 
hours, and to six in the case o the signalmen. 

It can easily be proved that there are no other 
classes of men employed by the State who enjoy 
advantages compared with those granted to the 
railway men, both in regard to wage and pension. 
Moreover, the State employees have a age 
much harder work to do, as, for example, the 
custom-house men, whose wage is 1000 to 1150 
francs (431.), and the surveyors for indirect taxes, 
who are not labourers or navvies, but who are 
required to have a certain education, are appointed 
following upon examination, and whose commenc- 
ing salary is 1500 francs (60/.). The labourers in 
the arsenals, whose situation is comparable to that 
of a large number of railway men, have an average 
wage of 3.40 francs (2s. 9d.) per day. The strong 
men of the central market in Paris, whose occupation 
is a very trying one, gain less than 6 francs (4s. 10d.) 
aday. Considering these points, there is nothing 
extraordinary in that a number of railway labourers 
in the provinces should be paid under 5 francs (4s.). 
From 1899 to 1909 the companies increased their 
wages bill by about 33 per cent. The wages of 
drivers and stokers are left out of consideration in 
this article ; we dealt with these in a former one, 
and pointed out that they were high enough to 
cause envy on the part of many members on the 
staff of the French Ministries, who to reach their 
posts had to undergo long periods of study, obtain 
diplomas, pass difficult examinations, and then wait 
their turn. We also dealt with the railwaymen’s 
pensions. Wemay, however, state here that a signal- 
man, on reaching fifty-five years of age, and after 
twenty-nine years’ work, can retire on a pension of 
about 1100 francs (44/.), while a schoolmaster, after 
thirty years’ service, retires on a pension only 
slightly above that figure. 

We can only explain the late move on the part 
of the railwaymen by the success that attended their 
claims, proffered through their ringleaders, some 
time ago, for a higher pension, also by the interested 
favour which the heads of the syndicates have 
always found with a certain class of Members of 
Parliament. It has also been due to the fact that 
former culpable acts, which otherwise should come 
under the Penal Code, have hitherto been allowed 
to go unpunished, the perpetrators having con- 
tinued in their situations on the lines. The Penal 
Code as it still subsists in France, in spite of Bills 
which have been put forward to make it less drastic, 
gives the authorities full power to institute pro- 
ceedings in cases of violence during strikes. There 
are, besides, laws referring specially to the rail- 
ways, and on the strength of which it is possible to 
deal severely with the men who damage the track, 
who prevent the regular working of the traftic, who 
abandon their posts, or otherwise do not fulfil their 
duty. It is difficult to exercise firmness where 
laxity has so long ruled ; the French Prime Minister 
has, however, shown great energy in the present 
instance, and it is hoped that his action will have 
for effect to calm down the agitation, and that it 
will lead to the contracts between the Government 
and the companies being respected. 





THE BUSINESS AND ADVERTISING 
EXHIBITION AT OLYMPIA. 

ALTHOUGH one trusts that a man may possess at 
one and the same time both engineering and busi- 
ness interests, it is none the less not possible to 
suy that the great part of the material displayed 
at the Business and Advertising Exhibition at 
Olympia, which opened on the 13th inst., comes 
within our scope. There are, however, a number 
of exhibits with which we may well deal, since, 
although their purpose is concerned with the facili- 
tation and economisation of office routine, they are 
in themselves of such mechanical interest as to 
well ny some description in an engineering 
journal, 

Among the various types of office machinery 
displayed, the adding and calculating-machines are 
probably of most direct engineering appeal. Many 
of the machines of this class are well known, and 
the display includes the Burroughs adding-machine, 
the Brunsviga calculator, the Comptometer, and 
the British calculator, all of which have in the 
Ee been described in our columns, but we may 
riefly refer to their general features. The 
Burroughs adding-machine, which is shown by the 
Burroughs Adding Machine, Limited, of 76, 
Cannon-street, E.C., prints the various items 
forming a column of figures on a sheet, which is 


passed through the machine, and at the bottom 
rints the total. The type from which the figures 
in the column are printed are carried at the outer 
ends of a series of centrally-pivoted levers, the 
type being arranged in a vertical row on each lever 
in such a way that the angles of rotation of the 
various levers from their zero position determine 
which figure comes opposite the paper to be printed. 
The levers are all rotated together when printing, 
either by a handle at the side of the machine or by 
wer, but the angles of rotation of the various 
evers are independent one of the other, and are 
determined by a series of stops which are put in 
position by the depression of the keys of the 
machine, so that the striking of, say, key 7 in any 
column of keys ag the corresponding stop in 
position, and checks the rotating lever after such a 
rotation that figure 7 in the row of type comes 
opposite the paper. Addition is done by means of 
a series of circular racks, which are carried at the 
inner ends of the pivoted levers, and which on the 
return stroke of the levers gear with a series of 
pinions and rotate them. These pinions are con- 
nected to an arrangement with carry-on stops like 
an engine-counter, and the amount which is carried 
forward to make up the total obviously depends on 
the sum of the total movements of the pivoted 
levers, which is determined by the keys which are 
depressed. The Brunsviga calculator is shown by 
Mr. W. H. Colt, of Hornsby House, 758, Queen 
Victoria-street, E.C. This machine is intended to 
multiply and divide as well as add and subtract. It 
is of the non-printing type. In principle it operates 
on the lines of an engine-counter, the number of 
teeth in the counting-wheels being varied by means 
of a series of small levers projecting from the top of 
the machine. Multiplication is carried out on the 
rinciple of mechanical addition by means of a small 
condi at the side of the machine, which is attached 
to an internal pinion, and is rotated a number of 
times equal to the multiplier, the result being to 
add the multiplicand to itself a corresponding num- 
ber of times. The Comptometer is constructed by 
the Felt and Tarrant Manufacturing Company, of 
Bank Buildings, Kingsway, W.C. This machine is 
in principle somewhat on the lines of the Burroughs 
adder, but is adapted for multiplication and divi- 
sion. It is an indicating-machine only. Multipli- 
cation, asin all machines of this type, is carried out 
by a process of mechanical addition, but the machine 
has no multiplying-handle corresponding to that 
on the Brunsviga, and multiplication is carried 
out by a system of repeated addition operated 
from the keys. The British calculator is a simple 
and cheap adding-machine, consisting merely of 
a series of three or four count and carry-on dials, 
which are moved by a bone stylus or eg ong 
by the operator. It is made by the British Calcu- 
lators, Limited, of Invicta Works, Belfast-road, 
Stoke Newington, N. A simple machine of the 
key type, named the ‘‘ Adder,” is shown by Mr. 
W. C. Grant, of 14, Queen-street, E.C. Ithas ten 
keys and a three-figure total scale. 

As next in engineering interest to the calculating- 
machines, we may refer to the various addressing- 
machines which are shown. Of these, the Addresso- 
graph is, perhaps, the best known in this country, 
and has been previously described by us, but 
various modifications and improvements have re- 
cently been made in it which may be referred to. 
As is generally known, the machine addresses 
envelopes or wrappers, prints wage-sheets, and 
carries out similar work in which the same matter 
has to be repeated day after day. In the 
earlier form of machine the addresses were set up 
in rubber type in metal holders, which were con- 
structed with clips, so that they could be linked 
together to make a chain. The chain was placed 
over a roller formed with flats, which was situated 
below the operating-table. A slot was formed in 
the table, through which the various addresses 
appeared in turn as the chain was fed round by the 
machine. The envelopes were placed, in turn, front 
side down on the table, and a reciprocating arm, 
geared with the chain feed, came down on to them 
in turn, and brought them in contact with the type, 
which was previously and automatically inked. 
These chain machines are still constructed, but a 
new non-chain type has recently been introduced, 
in which the metal holders carrying the type are 
not connected together, and are fed into the 
machine from a vertical guide placed above the 
back of the table, the arrangement being much on 
the lines of a sweetmeat automatic machine. With 





this new system it is, of course, possible at any 


time instantly to remove any address from the 
stock, or to add any extra ones that may be 
required. The plates carrying the addresses are 
stacked in neti Gieiete, which can be arranged 
in a cabinet forming the base of the machine. When 
charging the guide a complete drawer, with its 
stock of addresses, is simply placed on the front 
of the guide, when the whole of the address-plates 
at once fall into position in the guide. The empty 
drawer is then placed below the operating-table, 
and as the address-plates through the machine 
they slide back into position, so that when they 
have all passed through the machine the re-charged 
drawer may at once be put back in position in the 
cabinet. ‘The whole arrangement has been very 
carefully worked out, and may be operated very 
rapidly. In addition to the rubber-stamp address- 
oney a new system of embossed zinc plates has 

een introduced. These zinc plates print equally 
well with the rubber stamps, and are, of course, 
very durable. Either type of plate is furnished 
with a paper slip carrying a proof of the address 
which the plate is arranged to print, and as these 
slips stand at the — front side as the plates lie 
in their drawers, the whole arrangement forms 
an address-card index, which may be referred to 
for any purpose, and in which, of course, any 
address may be at once found if it is required to 
remove or alter it. The addressograph, which may 
be used for heading and dating invoices, loose-leaf 
ledger sheets, price-sheets, order-forms, -sheets, 
daily time-sheets, clock-cards, and 5 labels, is 
constructed by Addressograph (1910), Limited, of 91 
and 92, Shoe-lane, E.C. Addressing-machines are 
also exhibited by the Hayward Company, of 2, 
Clerkenwell-green, E.C., and by Mackenzie Schiff, 
of 110, Fleet-street, E.C. These machines in their 
general lines somewhat resemble the addresso- 
graph ; but the Hayward machine prints from wax- 
paper stencils, and the Mackenzie Schiff from a 
tibrous-paper card, which is lettered in an ordinary 
typewriter, it being stated that the bruising of the 
paper so received is sufficient to allow of its being 
used as a stencil, and that at the same time there is 
no likelihood of it being cut right through. 

In addition to calculating and addressing-ma- 
chines, there are many office appliances, such as 
copiers and typewriters, to which we are unable 
to refer in detail. Mention may, however, be 
made of a folding-machine displayed by the Auto- 
matic Circular Folder Company, of Gamage 
Building, Holborn, E.C. This machine consists 
of two pairs of rotating rubber rollers, above 
the upper pair of which a heap of circulars is 
placed, and which pick up and fold the lowest 
circular when the heap is struck on the top by a 
reciprocating cross-bar. The process is repeated 
with the second pair of rollers, giving the second 
fold. A machine termed the ‘‘ Motabrader,”’ which 
is exhibited by the Robert McCrum Company, of 
317, High Makin, W.C., and which is intended 
to open a large number of letters at a time by 
grinding off their edges on a rotating wooden 
roller covered with broken flint, is also of interest. 

In addition to the purely office appliances at the 
Exhibition there are a number of very miscellaneous 
articles displayed in a so-called Inventors’ Section. 
Most of thease are of no interest either to us or 
our readers, but we may mention the Barker's 
inserted tooth-milling cutter, of 290, Granville- 
road, Sheffield. These cutters are made up from 
high - speed - steel teeth, which are tapered in 
two directions, both on the sides and bottom, 
and which are fitted into two-part mild-steel 
hubs correspondingly tapered. The two parts of 
the hub are drawn together by set-screws on to the 
taper of the teeth, so that these latter are held 
firmly, but the whole arrangement may be dis- 
assembled very rapidly when required. A very 

romising - looking CO, recorder shown by Mr. 
E. P. Ward, of Bell House, Dudley Hill, Bradford, 
is also of interest, but we have not space to describe 
its details. 








THE LAW OF NEGLIGENCE. 


NEGLIGENCE in the abstract is a widespread 
human fault, and, therefore, it may be remarked 
that a complete survey of the law of negligence 
would touch the whole body of English law, for 
legal actions arising out of negligemce concern 
men of business in every conceivalve relationship. 
Contzactors are especially interested in actions of 
negligence, since they have ss many responsibili- 





ties to their employees and to the general public, 
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which are imposed upon them by law. An exact 
definition of negligence is difficult, since it is so 
much affected by circumstances. Carelessness, or 
inadvertence, in the usual sense, is not necessarily 
negligence in the legal sense. Legal negligence 
presumes that in the circumstances of the case there 
is, by the heedless or negligent act, a breach of a 
duty for which, by contract or by statutory obliga- 
tion, the person is responsible. The man of busi- 
ness is not here concerned with the scientific de- 
finitions of negligence so frequently discussed by 
metaphysical lawyers. According to the definition 
most quoted from a celebrated judgment, ‘‘ Negli- 
gence is the omission to do something which a 
reasonable man in ordinary human affairs would do, 
or the doing of something which a reasonable and 
prudent man would not do.” 

This is too wide for a legal definition, for negli- 
gence in the juristic sense involves not mere care- 
lessness or inadvertence, but a default of duty 
which by law a person is bound to perform. An 
action for negligence therefore arises whether the 
act was the defendant’s own or not. Actionable 
negligence, as a late Master of the Rolls said, ‘‘ con- 
sists in the neglect of the use of ordinary skill or 
care towards a person to whom the defendant owes 
a duty of observing skill or care, by which neglect 
the plaintiff has suffered injury to his person or pro- 
perty. It has been acknowledged by great lawyers 
that ‘‘ there is no absolute or intrinsic negligence ;” 
it is always relative to some circumstance of time, 
place, person. It will be observed that no cut- 
and-dried legal principles are alike applicable to 
every action arising out of negligence. It is, 
perhaps, enough to understand that there can be 
no action except in respect of a duty infringed, 
also that, legally, negligence is the absence of 
care according to the circumstances. 

A study of the leading cases in this branch of law 
is needed to guide those who, in the nature of their 
business, are most liable to become involved in this 
class of action. Under the head of ‘‘ Negligence” 
we find numerous cases affecting ‘* dangerous em- 

loyment,” ‘‘defective plant,” ‘‘ contractors and 
ocal authorities,” &c. In this article, however, 
we have only space to discuss a class of cases in 
which contractors and local authorities are con- 
cerned in the every-day operation of public or 
— contracts by which public rights are inter- 
ered with. 

In the Court of Appeal, 1899, a leading case was 
decided which covers most of the authorities on 
points affecting contractors who are joined in an 
action for damages with a local authority. In the 
case of Penny v. Wimbledon Urban Board the 
plaintiff claimed damages for personal injury sus- 
tained by falling upon heaps of surface and soil 
a by the contractor, [les, on the Queen’s-road, 

imbledon, and left there after dark without light 
or precaution to warn pedestrians of the obstruction 
on the road. 

In his judgment, Mr. Justice Bruce held that 
when a person employs a contractor to do 
work in a place where the public are passing, 
which work will, unless precautions are taken, 
cause danger to the public, an obligation is 
thrown upon the person who orders the work to 
be done to see that the necessary precautions are 
taken, and if the necessary precautions are not 
taken, he cannot escape liability by seeking to 
throw the blame on the contractor ; and no sound 
distinction in this respect can be drawn between 
the case of a public highway and a road which may 
be, and to the knowledge of the wrong-doer prob- 
ably will, in fact, be, used by persons lawfully 
entitled. 

The contractor, Iles, in his contract with the 
Urban Board, had undertaken to do the work on 
the road, and to provide labour, material, watching, 
lighting, fencing, and everything neeessary to do 
the work. In his defence ‘he contractor denied 
liability, and set up contributory negligence of the 
plaintiff, and paid 75/. into court. The Urban 
Council denied liability also, and pleaded that the 
defendant, Iles, was an independent contractor, and 
that if he were guilty of negligence, the Council 
were not liable. The jury found for the plaintiff, 
with 50/1. damages. The defendant, Iles, the 
contractor, while denying liability, had paid into 
Court, as by way of amends and for peace, the 
sum of 75!. This payment being in excess of the 
jury’s award, peed os some confusion, and the 
5 et to the Court of Ap because Mr. 

ustice Bruce gave ent ing the defen- 
dant Iles, uel em ay 


ad paid more than the amount of 





the jury’s verdict, and allowing him his costs. 
He could not justly be required to pay twice. As 
to the Urban Council, judgment was entered against 
them, for they, by simply denying liability, could 
not avail themselves of the payment into Court 
by Iles, the contractor. 

It will be observed that without joining the 
contractor in the action, the jaintiff, who was 
injured by the obstacles created by the work, could 
have recovered from the Council for whom the 
work was done. The Council, like any other 
persons employing contractors, were responsible to 
the public for all dangerous obstacles left on the 
roads. Employers have generally a clause in their 
contract making their contractors responsible to 
them, whilst they are themselves primarily respon- 
sible to the public for any injury or damage suffered 
by reason of the obstacles. It is therefore impor- 
tant that contractors, in order to avoid trouble, 
should see to it that all the obstacles, excavations, 
material, &c., lying on the road are properly 
fenced, and after dark sufficiently lighted to pre- 
vent accidents to rs-by. 

Another interesting case, whose principles make 
clear the law of negligence, is Holliday v. National 
Telephone Company, which was decided in the 
Court of Ap (2 Q.B. 1898, 392). It was an 
action to recover damages for personal injuries 
caused by the Telephone Company, who were law- 
fully engaged in laying their wires along a street 
under the pavement, and in so doing they contracted 
with a plumber to connect the tubes at the joints 
with lead and solder to the satisfaction of the 
Telephone Company’s foreman. For this work a 
lamp and a cauldron of melted solder were used, 
and one of the Telephone Company’s men assisted 
the plumber on the footway. The work was un- 
protected by any screen, and when a defective lamp 
was dipped into the solder there was an explosion, 
and the plaintiff was injured bya splash of the 
molten ees he passed on the highway. The 
Telephone Company in their defence said they 
were not liable, since the accident was due to the 
defective lamp which was used by the plumber, who 
was an independent contractor. he City of 
London Court, whose judgment was ultimately 
— in the Court of Appeal, decided that the 

elephone Company and the plumber were jointly 
engaged under such circumstances as to make the 
Tele hone Company responsible for the negligence 
of the plumber. Also, if the plumber were an 
independent contractor, the Telephone Company, 
having authorised the performance of the job ona 
highway, thus involving danger to passers-by, were 
bound to take care that those working for them did 
not cause injury to passers-by through negligence. 





THE BREWERS’ EXHIBITION. 

Tue thirty-second annual exhibition of brewers’ 
machinery, now open at the Royal Agricultural 
Hall, Islington, bears favourable comparison with 
its predecessors, and indicates that substantial pro- 
gress has been made during the last year, more 
particularly in the matter of detail and simplifica- 
tion of existing types that have appeared before, 
although there are also a number of new appliances 
that have not before appeared in the Hall. It is 
really surprising what an amount of ingenuity has 
been called forth by the modern demand for rapidly- 
conditioned light beers, almost the whole of the 
exhibits being in connection, either directly or indi- 
rectly, with the cooling, carbonating, and filtration 
of these beverages. Speed in all things seems to 
be the modern object, and the old-fashioned art of 
brewing has not escaped its influence. Old pro- 
cesses of conditioning have been cast aside, old 
systems of bottle-washing find no champions, and 
methods of corking, which, only a few years ago, 
were considered excellent, may be looked for in 
vain. Speed is what is now striven for. But 
along with this speed there has undoubtedly 
followed a vast improvement in the quality of the 
material produced — at least we feel sure the 
majority of people will say so; for the modern 
light beers are in many ways more suitable to 
every-day life at present than are the old-fashioned 
heavy types of malted liquors. Such wonderful 
results have followed the efforts of scientific 
brewers that there does not appear any likelihood 
of a return to past methods, particularly as the 
taste of the beer-drinking public seems to have 
changed, or, at any rate, it has been found that the 
consumption of heavy beers is not as satisfactory 
as it may have been in the past. Whatever may 








have caused the change, however, the brewers 
and their engineers in this country have been 
quick to respond to the demands made upon them, 
in “pe of which the stands now on view in the 
tag hall at Islington are unmistakable 
witness. 

Out of the t variety of machinery now exhi- 
bited it is quite impossible to notice all that is of 
interest ; we can do no more than describe briefly 
some of those appliances which are new, or appear 
for the first time, leaving visitors to search out for 
themselves those things that most appeal to them, 
whether they be new or of long-tried utility. 
There must necessarily be many makers to whose 
exhibits we make no allusion, not because these 
exhibits lack interest, but because we are unable to 
refer to par guess Son the space at our disposal. 

Among the exhibits that appear for the first time 
this year, at the stand of ay A. J. West and 
Co. (1908), Limited, Saxilby, Leeds, is an entirely 
new natural fermenting gas plant which uses the 
volatile products and by-products of wort fermen- 
tation for carbonating non-deposit beers, its object 
being to utilise the valuable by-products of primary 
fermentation, consisting of pure CO,, volatilised 
hop aroma, alcoholic vapours, and ethers, which, 
under ordinary conditions, are allowed to diffuse to 
waste from the fermenting-tuns. In many of the 
modern processes of carbonating beers the carbonic 
acid gas used is supplied from cylinders charged 
with artificially generated CO, under high pres- 
sure. In Messrs. West’s plant, however, this 
is not so, the valuable constituents from the 
fermenting work being collected and stored in a 
stee] receiver, to be used for carbonating the 
beer. These gases contain all the hop aroma, 
and impart to the beer a fulness and mellowness 
of flavour and an improved character which the 
ordinary or clarified CO,, when used for carbo- 
nating, fails to give to the same extent. It is 
claimed also that a marked economy in bottling is 
secured by the process, as there is no expense for 
artificial CO,, and a slightly lower gravity beer may 
be bottled successfully. The collection and storage 
of the pure CO,, with the volatile ethers, &c., are 
carried out during the most active period of the 
primary fermentation, and are effected by means 
of the compressing plant on view. It is of the two- 
stage self-cooling injection type, which compresses 
the gas toa convenient pressure for handling without 
sensibly raising the temperature or decomposing the 
delicate ethereal vapours and volatile hop consti- 
tuents. The compressed natural fermentation gas 
from the yeast ~~ is purified and charged at the 
pressure required into a steel storage vessel, which is 
connected by permanent pipes to the beer-chilling 
and carbonating cylinders in the bottling store. 
Ordinary commercial liquefied CO,, including freight, 
costs on the average about 2d. per pound, and does 
not, when used, add fulness of flavour to the beer, 
while the cost of natural fermentation gas, collected 
from the fermenting-tuns by this process, is said to 
be under $d. per pound, and its use is, as ager 
stated, very beneficial to the beer. he plant 
occupies little space and is easy to operate. Among 
other exhibits at this stand: are a new rotary 
bottle-drying machine and conveyor, which may be 
seen in operation, as well as a patent pulp-washer. 

There are, as usual, many different designs of 
bottle-cleaning machines to be seen, some that have 
been exhibited before and some that are new, or 

rtially new. Among the new machines is one by 

essrs. A. Grabham and Co., 139, Englefield-road, 
Essex-road, London, N. It is named the ‘* Dread- 
nought,” and has been designed for washing 
all classes of bottles, either for milk or beer, 
and also for sterilising them, and is capable of 
dealing with 3600 pint-bottles per hour. It has no 
pumps or brushes, and therefore, it is claimed, gets 
rid of a continual source of trouble, as compared 
with other types of machines. The bottles are 
rinsed inside with warm water, and are subjected 
to boiling soda-water at a high pressure both inside 
and outside. The final sterilising is effected by 
steam, and all the processes are automatic. — There 
is also at this stand what the makers call a “ Light- 
ning” bottle-filling machine, which can be used se 
filling bottles, jars, tins, &c., the bottles being fille 
at the rate of from 1000 to 2000 per hour, according 
to size. Messrs. J. W. Flower and Co., Wimborne, 
Dorset, also have a soaking, brushing, and washing: 
machine, which has not before been exhibited, an 
is unlike any other machine for the purpose that 7 
have seen. It consists of an Archimedean spira!, 
which forms a large disc about 6 ft. im dias 
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meter, which is so placed that it revolves in 
a yertical plane on a horizontal shaft. The spirals 
are so arranged on the disc that they form a con- 
tinuous groove in which the bottles are placed hori- 
zontally. The disc is immersed in a tank in water 
which rises nearly up to the centre of the disc, and 
as the disc aoe revolves, the bottles roll along 
the spiral groove from the centre outwards, and 
at the same time gradually sink lower in the water 
while they move towards the circumference, where 
they are removed. Each bottle soaks for half an hour 
and is then automatically ejected, and the labels are 
afterwards easily detached, and the bottles cleaned. 
At this stand there is also an ingenious new ma- 
chine for sticking labels on bottles and dating the 
labels at the back at the same time. It will label 
170 dozen per hour on the average. In addition to 
this, there is another machine which sticks labels on 
the cork or the stopper of the bottle. It will treat 
from 1800 to 2 bottles per hour. The firm 
also have a botéle-brushing and rinsing machine in 
which each bottle gets fifteen seconds’ internal 
and external brushing. The outside brushes are 
made of spring brass wire and bristle mixed, which 
quickly tears off the neck and body labels and 
removes them from the bottle. 

A stand which is distinctly worthy of attention 
is that of Messrs. H. Pontifex and Sons, Limited, 
of Farringdon Works, Shoe-lane, London, E.C., as 
their display is even better than usual. Since last 
Exhibition their well-known ‘‘ Perfection” beer- 
chiller has been improved, in order to adapt it for 
large quantities of beer. One of their latest plants 
is on view, consisting of three beer-chillers, each 
capable of holding two barrels of beer, and of a 
total capacity of 60 barrels of beer chilled per day 
of ten hours. There isalso a smaller plant, capable 
of cooling 10 barrels of beer per day. A complete, 
recently-patented, system of fermentation under 
pressure may also be seen here. The chief feature 
at this stand, however, is an entirely new system 
of refrigeration and ice-making, known as the 
‘‘ Audiffren” system. The machine consists of a 
compressor, a condenser, and a frigerator, and 
is extremely simple in its construction. The com- 
pressor, which is contained in the condenser, 
remains stationary, while the condenser revolves 
round it on a horizontal shaft. The machine has 
neither gauges, glands, suction-valves, pipes, cocks, 
expansion-valves, nor agitators, and the chemical 
used—methyl chloride—is entirely enclosed, and 
can neither leak away nor deteriorate. The action 
of the machine is automatic at all speeds, and 
commences to make ice the moment it is started, 
no matter for how long it has been at rest. The 
action of the machine is as follows :—Water is 
placed in the tank in which the refrigerator 
revolves, and in a short time the outside of the 
refrigerator becomes coated with a layer of perfectly 
transparent ice, which can be removed by stopping 
the machine for a few seconds, and as soon as the 
ice is detached the machine can be started again, in 
order to procure another quantity. There is 
another type of this machine which makes ice in 
moulds, but in this case the refrigerator dips into 
brine, and the brine, in turn, freezes the water in 
the moulds. When this machine is first started, it 
takes about two hours to reduce the volume of 
brine and water in the moulds to freezing-point, but 
after that ice can be produced at the rate of 11 Ib. 
per hour. Of course, in larger machines the quan- 
tity is greater. There are three sizes made, one 
requiring $ horse-power to drive it, and making 
11 lb. of ice per hour ; another requiring 1} horse- 
power, and making 55 lb. per hour ; and the third 
turning out 110 Ib. per hour, and requiring 3 horse- 
power. The machine can also be combined with a 
cold-storage cupboard. Messrs. Bennett, Sons, and 
Shears, Limited, who are incorporated wlth Messrs. 
Pontifex, show at the same stand various stills 
and other brewing apparatus. 

_An apparatus jointly shown by the two firms is 
what they call the ‘* Farringdon ” fermentation 
vessel, by means of which beers are fermented, 
chilled, and naturally conditioned by the absorp- 
tion of their own CO,, the advantages of which 
method have been previously alluded to. The 
vessels used are similar to those known as the 
Pontifex copper tin-lined close tanks, which are 
= of thin copper with external bolted joihts, 
snd are heavily coated inside with pure tin. The 
—— joints being burnt on from the inside, are 
“bsolutely tight, so that the beer comes in contact 
with pure tin only. The wort is collected in the 
‘ermenting vessels and pitched with yeast, closed 








up and allowed to ferment. When the CO, gas is 
evolved and pressure forms, the becomes several 
degrees colder than the beer, and never allews it to 
exceed a proportionate temperature. When the 
pressure rises above 25 lb. per square inch the gas 
esca from a safety-valve and can be used for 
displacing the air from the bottles or casks before 
these are filled. The yeast is blown off and the 
beer allowed to settle when the wort is reduced to 
one-third or one-quarter its original gravity, and it 
is then found that it will absorb all the CO, left in 
the vessel at the end of fermentation. It is claimed 
that by this process all classes of beer can be fer- 
mented uniformly and with certainty, quite inde- 
pendently of atmospheric influence. 

An apparatus for extracting the aroma from hops 
and imparting it to bottled beers, along with the 
CO,, after filtration, is exhibited by Messrs. R. 
Ramsden and Son, 177, Kingsland-road, London, 
N.E. In this apparatus artificial CO, is used, and 
is supplied under pressure from the liquefied gas in 
a cylinder in the usual way. The hops are steamed, 
and the aroma is then carried by the carbonic acid 
gas to the bottling-machine, and is added to the 
beer in the process of bottling. The hops after- 
wards come in for use inthe coppers. This machine 
is entirely new. 

Messrs. Lumley and Co., Limited, 1, America- 
square, Minories, London, E.C., have a very good 
stand. Among the things there that have not 
ap d in the Hall before is one of their 
‘* Invicta ” continuous beer-chilling and carbonating 
plants. What they actually show is claimed to be 
the smallest plant of the kind in existence, being 
what is known as a five-barrel plant. Its chief 
feature is its continuous action. Beer is chilled 
and carbonated in the same chamber. The method 
adopted makes it possible for the small brewer to 
be better able to compete with the large brewer. 
The CO, which is aa for carbonating can also be 
used for the cooling machine, which is an im- 

rtant matter in the case of a small man. There 
is also a new bottle-filling machine at this stand. 

At the same stand is a very ingenious new method 
of stoppering bottles, which the makers call the 
‘*Dan” Crown Cork. The stopper is made of 
pure thin aluminium, the inside oF which is fitted 
with a cork disc. The cork is, however, the only 
substance that comes in contact with the beer. 
In the process of crowning there are two pressures 
applied, a top pressure first and then a side pres- 
sure. The former pressure draws the crown over 
the rim of the bottle-neck, in doing which the 
pliable aluminium spreads the cork over the rim of 
the mouth making it fit tightly, after which the 
side pressure is applied, and completes the opera- 
tion by firmly fixing the crown into the groove of 
the rim on the bottle, to which process the aluminium 
again lends itself. The two pressures are, of course, 
applied almost at the same moment. When the 
bottle is opened no instrument is required, the finger 
and thumb being all that are necessary, for on the 
aluminium are two tabs, one on each side, and it is 
only necessary to pull one of these to the right in an 
upward direction to effect the immediate release of 
the cork, owing to the tearing of the thin aluminium. 
Although the process is so simple, the cap cannot 
be pulled off the bottle by the hand in any other 
way, and the joint is absolutely tight. These corks 
can be used for any kind of liquor, and will, it is 
said, keep tight under the highest requisite pres 
sures, and pasteurising or sterilising at high tem- 
peratures has no effect upon them. There is also 
a new counter-pressure bottling-machine on view 
at this stand. 

Mr. Thomas Hill, Park Works, Stepney, Hull, 
has an exhibit of bottle-cleaning machinery that has 
not appeared before, which has ample soaking 
capacity for 200 dozen bottles per hour. The 
primary soak is a strong solution which does not 
come in contact with the operators. Messrs. 
Dawson Brothers, Limited, Ventnor Iron Works, 
Leeds, also exhibit a washing machine. It con- 
sists of a revolving honeycombed drum, on the 
circumference of which the bottles are placed in 
pockets, which revolve in the soaking solution. The 
cylinder is constructed to hold 84 dozen bottles. 
The time during which the bottles are soaking is 
from 30 to 45 minutes. As the cylinder revolves, 
the clean bottles are removed on one side while 
dirty ones are filled in on the other side. From this 
machine the bottles pass to the brushing and 
rinsing-machines. The brushing-machine used is 
what is called a turret machine, the bottles being 
placed horizontally op revolving brushes, The 





machine is driven by an electric motor. Among 
other exhibitors of this class of machine are Messrs. 
T. and E. Wannbachen, 5, Appold-street, Finsbury, 
London, E.C., who have a very fine show of 
machinery. A new brushing-machine may also be 
seen here, which, it is said, will brush 250 dozen 
bottles per hour with two people to attend to it. 

At the stand of the Seck Engineering Company, 
Limited, 48, Mark-lane, London, EO. may 
seen a new form of sifter, which is simple and 
compact. It is intended for use with all materials 
that are required in the form of very fine powder. 
The agents involved in the apparatus are a 
combination of centrifugal force and air-pressure, 
which together carry the small grains or particles 
to a stationary vertical screen, having a mesh 
suited to the requirements at the time. These 
screens can be changed very easily. In construc- 
tion the apparatus consists of revolving blades 
or paddles and distributing cones which are 
carried on a vertical spindle entirely enclosed in 
the stationary vertical screen, and the whole is 
encased in a suitable chamber which collects the 
sifted material, the residue being delivered into a 
separate chamber. The apparatus is quite dust- 
proof. The spindle is actuated through suitable 
gearing, and as it revolves at high speed, the 
paddles that are attached to it throw the mate- 
rial out by centrifugal force against the screen. 
The paddles also act as a fan and draw in air, 
which is forced out through the screen, helping 
thus to pass the powder through the meshes. The 
same firm also show one of their pneumatic trans- 
porters, which is at work carrying barley and malt 
from the main entrance and Gilbey Hall. 

The use of aluminium in connection with brew- 
ing-vessels appears to be making decided strides. 
It is in many ways very suitable for the purpose, 
but certain practical difficulties in connection with 
its employment have prevented its general adoption. 
These difficulties are associated with joining the 
various parts together. The greatest difficulty has 
been found in soldering it, owing to the rapid 
oxidation of the heated surfaces, which prevents 
satisfactory adhesion. In addition to this, solders 
necessarily involve the employment of metals 
which melt at a lower temperature than aluminium, 
and this employment of different metals is a dis- 
tinct drawback in connection with brewing-vessels, 
on account of electrolytic action. This difficulty 
has, however, been overcome during the last few 
years by a means of welding discovered in Switzer- 
land, which enables gq iw of plant to be 
produced without the introduction of any other 
metal than aluminium; and some very fine 
examples of work done by this process are to be 
seen at the stand of the Aluminium Plant and 
Vessel Company, Limited, Point Pleasant, Wands- 
worth, London, 8.W. One of these is a ve 
large conditioning and chilling vessel, which is well 
worth inspection. 

Among other stands that will repay a visit are 
those of Messrs. G. R. Seton and Co., Limited, 
Friar-street, Carter-lane, Ludgate Hill, E.C., where 
there is a new continuous cooler on view ; Messrs. 
Robert Boby, Limited, Bury St. Edmunds, who 
have some interesting malt-crushers ; Messrs. 8. 
Briggs and Co., Burton-on-Trent, who have a new 
air-purifying system for fermenting-rooms ; Messrs. 
Montague, Sharpe, and Co., 124 to 127, Minories, 
London, E.C.; Messrs. G. J. Worssam and Son, 
Wenlock-road, City-road, London, E.C., who have 
a special exhibit of milling plants ; and Messrs. G. 
Hopkins and Sons (Clerkenwell), Limited, 148 to 
154, St. John-street, Clerkenwell, E.C. The Exhi- 
bition closes to-night. 








THE LATE MR. H. GRAHAM HARRIS. 


WE regret to have to record the death last week, in 
London, of Mr. Henry Graham Harris, who was so 
well known as a partner in the firm of Messrs, Bram- 
well and Harris, consulting engineers. Mr. Harris 
was born on March 20, 1850, and was therefore far 
from being an old man at the time of his death. He 
commenced his engineering career with a seven years’ 
apprenticeship at the Thames Iron Works and Ship- 
building Company, where he through every 
department. At the close of his apprenticeship he 
was for fifteen months, in the years 1869-70, in the 
employ of Messrs. Ravenhill, Hodgson, and Co., marine 
engineers, of Glasshouse Fields, Ratcliffe, where he 
was engaged in the drawing-office. For the two fol- 
lowing years he acted as principal assistant to Messrs. 
Hodge and Sons, of the Union Iron Works, Millwall. 
From 1872 to 1874 he was connected with Mr, Perrett, 
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to whom he acted as chief assistant. In 1874 he 
joined the late Sir Frederick Bramwell, acting for 
many years as chief assistant to him in his consulting 
practice, and later being taken into partnership. In 
addition to consulting work, Mr. Harris’s services 
were frequently requisitioned in arbitration cases. He 
was, in fact, at the time of his death acting as arbi- 
trator in questions relating to the purchase of the 
National Telephone Company by the Post Office. 

He was for many years connected with both the 
Institution of Civil Engineers and the Institution of 
Mechanical Engineers, and did a lot of useful work 
in connection with both bodies as member of various 
committees, &c. He became a member of the Institu- 
tion of Mechanical Engineers in 1879, and was elected 
a Member of Council in 1898, continuing to serve in 
that capacity till 1908. He was elected vice-president 
in 1909, and held that position at the time of his 
death. He took a great interest in the work of 
the Institution, and gave it a considerable amount 
of time, also devoting his attention specially to the 
encouragement of the Graduate Section. He joined 
the Institution of Civil Engineers as an Associate 
Member in 1877, and .vas transferred to the class 
of Members in 1886. He became a member of the 
Institution of Electrical Engineers in 1889. He was 
also a member of the Royal Society of Arts, and 
took considerable interest in the proceedings of that 
body. 








Cuitian Port Works.—We have received from Mr. 
Adam Scott, M. Inst. C.E., consulting engineer to the 
Jhilian Government, Broadway Chambers, 8.W., a copy 
of a report issued by him giving full particulars and 
lans of the proposed improvements of the ports of Mejil- 
ones, Antofagasta, Iquique, and Arica. 





GerMany’s Foretcn Trapr.—Germany’s foreign trade 
for the first eight months of the present year showed a 
very material increase as far as the exports were con- 
cerned, the aggregate value amounting to 4,786,400,000 
marks, against 4,156,000,000 marks for the same period 
during 1909, coi uently an increase of 630,000,000 
marks. The figures for the imports for the same period 
of the two years were respectively 5,588,900,000 marks 
and 5,581,000,000 marks; the figures both for exports 
and imports being exclusive of ae and silver. 





Tue INSTITUTION oF Civi. ENcingers.—The Council 
of the Institution of Civil Engineers are prepared to 
consider applications for a nomination to the Palmer 
Scholarship. The scholarship is of an annual value of 
40/., and the holder must be the son of a civil engineer in 
circumstances such as to necessitate the help afforded by 
the scholarship. He must be prepared to study and 
graduate at the University of Cambridge. Copies of the 
regulations may be had on application to the Secretary 
of the Institution of Civil Engineers. 





LecTuRES ON REINFORCED CoNncRETE.—A course of 
five lectures on reinforced concrete will be given at the 
Institution of Civil Engineers, Great George-street, 
Westminster, 8.W., by Mr. W. Dunn, at 5.45 p.m., on 
Friday, November 4, 11, 18, and 25, and on Wednesday, 
November 30, 1910, the chair at the inaugural lecture to 
be taken by Sir Henry Tanner, I.S.0., F.R.I.B.A. In 
addition to the lectures, a demonstration will be given 
at University College, showing the manner of failure of 
reinforced concrete columns and beams in the testing- 
machine. The lectures are to advanced 
students of the university and others interested in the 
subject dealt with. Admission will be by ticket, obtain- 
able on application to Mr. P. J. Hartogg, Academic 
Registrar. 


Tue Coprprr Market.—In their report dated the 17th 
inst., Messrs. James Lewis and Son state that standard 
copper advanced 1/, 15s. per ton during the past fortnight 
—from 55/. 7s. Gd. on the 8rd inst. to 57/. 2s. 6d. on the 
14th, when large “‘ Bear” sales made by a firm unable to 
meet their engagements were covered in, the sales during 
this period amounting to about 16.000 tons. Closing 
values were 57/. 10s. for cash and 58. 6s. 3d. for three 
months prompt. The advance was induced by what were 
considered favourable statistics received from the United 
States for the month of September, showing a reduction 
in stocks of 8968 tons—due to the exceptionally large 
exports of 33,530 tons, or 9891 tons more than the average 
for the previous eight months, part of them representing 
a transfer to the ‘“‘invisible” stocks in Germany and 
Holland. The production was returned as 53,357 tons, 
against an average for the same period of 53,763 tons, and 
the home consumption as 28,795 | ons, against an average of 
28,486 tons. Railway companies, shipbuilders, and engi- 
neers had contracted for sufficiens manufactured copper to 
provide for their requirements during the next twelve 
months, and American electrolytic copper hassold freely at 
58/. 10s. per ton c.i.f. for export, and 1DF cents per pound for 
homeconsumption. Purchasesof coppercontaining gold and 
silver have been made against sales of sulphate of copper 
for which there had been an active demand at 19/. 5s. per 
ton for delivery next spring, prompt Jelivery being now 
held for 182. 15s. The Rio Tinto Company have declared 


a dividend for the first half of this year of 25s. per share 
against 30s. for the same period last year. The directors 
estimate that there will be a reduction of output of copper 
in the course of this year exceedin 
6 pe cent, less than last year’s p 
The Rhodesian Railroad 

Mine on the 1st inst, 


2000 tons, or about 
uction of 35,500 tons. 
resched the Star of the Congo 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 12. 

UNLEss customary steel-trade indications fail there 
will soon develop a heavy demand for crude and semi- 
finished steel and pig, because of the fact that these 
supplies are very largely exhausted among buyers. 
Makers have been for the past two or three months 
accumulating supplies, refusing during that time to 
accept lower than quoted prices. Basic and Bessemer 
will first begin to move. 

Foundry and forge continue extremely dull, and 
there is no disposition shown by makers to attract 
buyers. The rumour has been current in financial 
circles for some time that Charles M. Schwab is con- 
templating the purchase of the yards and properties of 
the Cramp Shipbuilding Company, of Philadelphia. 
These rumours have been confirmed and denied by 
interests outside of the reported purchaser. The 
property is exceedingly valuable, and should the con- 
templated canal between New York Bay and the Dela- 
ware River ever be dug, it will make this property more 
valuable to its owners and more desirable to any interest 
that would be able to secure it. Vigorous efforts have 
been made in the direction of edueating public senti- 
ment up to the point of favouring a canal along the 
coast from New York to South Carolina. It may in- 
terest a great many to know that a substance has been 
manufactured as a substitute for rubber which can be 
made at a very greatly reduced cost. This announee- 
ment was made last Saturday at the meeting of the Cin- 
cinnati chapter of the American Chemical Society, and 
the substance has been named “ protal backolite,” its 
base being acompound of vegetable and animal albu- 
men. The great steel industry has reached its lowest 
level as to prices, and if probabilities are measured 
fairly by indications, a heavy demand must soon 
develop all along the line. Within a few days in- 
quiries for steel irons in the Pittsburg district 
amounted to 24,000 tons of raw material, and in the 
Eastern district for 8000 tons. Production has been 
very largely curtailed at furnaces, and it would there- 
fore indicate an advance in prices should consumers 

enerally decide upon a liberal buying for ‘the first 
half of the coming year, which is not an unusual 
probability. 








THE ASSOCIATION OF ENGINEERS - IN - CHARGE. — On 
Wednesday, the 12th inst, Captain H. Riall Sankey, 
R.E. (Ret.), M. Inst. C.E., delivered his Presidential 
address to the above Association, his subject being ‘‘ The 
Ordnance Survey and the Design and Use of the Machi- 
nery for Printing Maps.” 





Tue British FouNDRYMEN’s ASSOcIATION.—The Pre- 
sident, Mr. A. H. Hiorns, will deliver his address to the 
Birmingham Branch of the British Foundrymen’s Asso- 
ciation on the 22nd inst., at the Technical School, Suffolk- 
street, Birmingham. The chair will be taken at 7 p.m. 
Mr. Hiorns will deal with the education of the foundry- 
man and the scientific investigations which have been 
carried on in connection with cast iron during the past 
year. 





BritTisH STANDARD SPECIFICATION FOR STRUCTURAL 
STEEL For SHipsurtpinc.—The Engineering Standards 
Committee have just issued their revised specification 
No. 13, which deals with structural steel for shipbuilding. 
They state that, in consequence of representations made 
to them in regard to the failure of plates under cold 
flanging, the maximum tensile strength for plates in- 
tended for this purpose has been reduced from 32 tons 


per square inch to 30 tons, but no alteration has been | y 


made to the lower limit of tensile strength, or to elonga- 
tion, which remains the same as before. The specifica- 
tion also refers to the four-diameter test-piece. The 
specification is published by Messrs. Crosby, Lockwood, 
and Son, 7, Stationer’s Hall-court, Ludgate-hill, E.C., 
and 1214, Victoria-street, Westminster, S.W., and may 
be purchased from any bookseller, or direct from the 
offices of the Committee, 28, Victoria-street, West- 
minster, S.W. 





Tur TrapE or New Sovutno WaAtkEs.—According to 
the New South Wales Monthly Statistical Bulletin the 
imports during July were valued at 3,526,631/., which 
shows an increase of 510,301/. as compared with the corre- 
angen month of last year. For the seven months from 
the beginning of the year there was an increase of 
2,255,069/., or nearly 12 per cent., as compared with last 
year. During July the direct oversea imports amounted 
to 2,234,587/., as compared with 1,696,543/. in 1909, and the 
total for the seven months was 12,463,835/.—an increase 
of 1,200,555/. over the corresponding figure for 1909. 
There were increases in most of the principal articles— 
a pe and soft goods, agricultural implements, boots 
and shoes, iron and steel, metal manufactures, tobacco, 

The oversea exports for July amounted to 


cigars, &c. 
1,503, 5060., bom an increase of 136, 484/., or nearly 10 per | 


cent., com with the wr ap emeny month of last 
year ; and for the seven months from the commencement 
of the year there was an increase in the oversea exports 
of 3,519,310/., or nearly 28 per cent., as compared with 
last year. Separating merchandise from gold, the exports 
of the former during the seven months from the com- 
mencement of the year inc by 3,756,782/., and the 
latter decreased by 237,472/, 








NOTES FROM THE NORTH. 
: Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was fairly firm, but the dealings only 
amounted to 4000 tons of Cleveland warrants at 49s. $id. 
cash, 49s. 114d. and 50s. one month, and 50s. 6d. three 
months. Closing sellers quoted 49s. 9d. cash, 50s. 0\d. 
one month, and 50s. 64d. three months. Hematite was 
easter, and 1000 tons changed hands at 65s. 14d. cash 
and 66s, three months. Closjgg cash sellers quoted 
65s. 3d., but buyers only offered’ 65s. In the afternoon 
the market was dead idle, and Cleveland warrants 
were quoted at 49s. {d. cash, . one month, and 
50s. 64d. three months. On Friday morning the market 
opened strongly, but became jer. he business 
consisted of 7000 tons of Cleveland warrants at from 
49s. 10d. to 49s. 9d. cash, from 50s. 2d. to 50s. one month, 
at 50s. 4d. two months, and from 50s. 74d. to 50s. 8d. to 
50s. Gd. three months. The closing prices were 49s. 94d. 
cash, 50s. 0}d. one month, and 503 64d. three months 
sellers. Cash buyers of hematite offered 65s. 14d. The 
market was quiet in the afternoon, and 3500 tons of 
Cleveland warrants were done at 49s. 84d. and 4%s. 8d. 
cash, 49s. 11d. one month, and 50s. 6d. three months, 
Sellers’ closing quotations were 49s. 8}d. cash, 50s. one 
month, and 5vs. . three months. On Monday 
morning the market was steady in tone, and the 
turnover amounted to 4000 tons of Cleveland warrants 
at 49s. 8hd. cash, 493. 9d. eleven days, 50s. one month, 
50s. 6d, 50s. 64d., and 50s. 6d. three months. The 
closing prices were 49s. 9d. cash, 50s. one month, 
and 50s. 64d. three months. In the afternoon no dealing 
of any kind was recorded, and the closing quotations for 
Cleveland warrants were unchanged from the morning. 
On Tuesday morning business was again quiet, and was 
confined to 4000 tons of Cleveland warrants at 4s. 8d. 
cash, 493. 94d, seventeen days, and 49s. 11d. one month. 
At the close there were sellers at 49s. 84d. cash, 50s. 
one month, and 50s. 63d. three months. A slightly 
firmer tone prevailed in the afternoon, when 3500 
tons of Cleveland warrants were dealt in at 50s. one 
month, the session closing with sellers quoting 49s. 94d. 
cash, 503. 04d. one month, and 50s. 7d. three months. 
Buyers of hematite offered 65s. 14d. cash, and sellers 
quoted 66s. 6d. three months. When the market opened 
to-day (Wednesday) the tone was good, but business 
quiet. The dealings amounted to 2500 tons of Cleveland 
warrants at 49s. 9d. and 49s. 8d. cash, and 50s. one month, 
and closing quotations were 49s. 9d. cash, 50s. 0jd. one 
month, a 50s. 7d. three months. In the afternoon 
quietness again prevailed, and only one lot of Cleveland 
warrants was done at 49s. 84d. cash, and at the close 
sellers quoted 49s. 9d. cash, 50s. 04d. one month, and 
50s. 7d. three months. There were sellers of hematite at 
66s. 3d. three months, but no buyers. The ome | are 
the market quotations for makers’ (No. 1) iron :—Clyde, 
62s. 6d. ; Calder and Gartsherrie, 63s. ; gloan, 64s. ; 
Summerlee, 64s. 6d.; and Coltness, 81s. (all shipped at 
Glasgow); Glengarnock (at Ardrossan), 64s.; Shotts (at 
Leith), 63s.; and Carron (at Grangemouth), 63s. 6d. 

Sulphate of Ammonia.—The sulphate of ammonia market 
is moderately steady with a fair inquiry. The present 
price is about 12/. 15s. per ton for prompt delivery, Glas- 
ow or Leith. The total amount shipped from Leith 

arbour last week was 239 tons. 


Scotch Steel Trade.—New business in the Scotch steel 
trade during the past week has been very quiet, and to 
some extent this was only to be looked for, seeing that 
both consumers and merchants had been fairly active 
buyers just before the advance in prices last week. The 
result is that makers have now booked largely, and only 
await specifications to make them busy. These are par- 
ticularly scarce for shipbuilding material, but, on the 
other hand, a fair demand exists from other consumers. 
In the former case there is now little chance of any im- 
rovement for some time at least, as the members of the 

ilermakers’ Society have rejected the terms of the 
York conference, and the lock-out notices on the shipyards 
will not be taken down in the meantime. Export business 
is very satisfactory at the moment, and quite a lot of 
material is being shipped abroad. There is no falling-off 
in the demand for light steel, and for the Canadian market 
alone the demand is really urgent, and makers are being 

ressed for delivery. An almost similar demand exists 
for structural sections for the same destination as well as 
for South Africa and Australia. 


Malleable-Iron Trade.—There is little change to report 
in connection with the malleable-iron trade of the West 
of Scotland, and specifications continue very scarce. In 
one or two cases there is a little more doing, but, gene- 
rally, broken time is only too common. 


Scotch Pig-Iron Trade.—Scotch pig-iron makers agent 
having lately booked orders for a fairly Jarge quantity =< 
the ordinary qualities of iron, with both local and Englis 
buyers. Requirements of consumers, for the near future 
at least, are therefore well covered. Good inquiries have 
been received from Australia and South America, as well 
as from other quarters. Prices remain firm. The inquiry 
for hematite iron has been fair, but buying has not been 
on a large scale. The price quoted is about (is. per ton. 








Nove. Metuop or Friuine Trees. — An ingenious 
way of felling trees is described in the Scientific Amcrican, 
which is said to be due to a Berlin inventor. It consists 
in the use of a thin steel wire, which is loo round the 
tree and drawn backwards and forwards by an electric 
motor. The heat generated is sufficient to burn « oe 4 
cut through the wood, and it is said that trees as — 2 
as 20 in. in diameter can be felled in six minutes. ; ne 
charcoal layer is not thick enough to prevent any ov ay 
or other defects in the wood being seen. 
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NOTES FROM —- YORKSHIRE. 


HEFFIELD, Wednesday. 

A Company's Offer.—In a circular to their shareholders, 
the British Wagon Company, Limited, of Rotherham, 
offered at par, in proportion to shares already held, the 
balance of the unsubscribed share capital of the company. 
The authorised capital is 1,000,000/., in 207. shares, 
g00,000/. of which has been subscribed, and 120,000/. (3/. 
per share) paid up. On the new issue of 10,000 shares it 
is proposed to. call up 1l. each in November. These 
shares will receive dividends for the current year in pro- 
portion to the time between the payment of the 1/. per 
share and January 1 next. During the past ten years the 
company has paid 10 per cent. per annum, and has a 
reserve fund of 130,000/. 

South Yorkshire Coal Trade.—Recent figures for ex- 

rts of steam coal show how great has been the shipping 
| mtetre during the season; but though the output is 
still a very large one, the Baltic ports are taking less, and 
stocks are beginning to accumulate at collieries. The 
over-production is not of much moment just yet, for the 
Humber and Mersey ports are still taking well. A few 
collieries are adjusting matters by a reduction of working 
hours. Hard coal for industrial purposes does not show 
much change, though prices are firmer amongst best sorts 
than in enmnteny gaara The question of rates for 
new contracts is being discussed. Gas coal has shown 
some falling off for agen, but the manufacturers’ 
demands remain large. Steam and gas nuts are rather 
quieter. Slacks have revived in consequence of the 
settlement of Lancashire labour disputes, and there 
is a much firmer tone about them, with new con- 
tracts being placed. On ’Change at the week-end 
house coal was reported to be slow, and stocking checked 
by the warm weather. Recent climatic changes, how- 
ever, have restored the tone. There is a good deal of 
coal at dépéts undelivered, and when this is cleared new 
business 1s likely to be done at further advan to 
sellers. Recent advances are being fairly well obtained, 
and there is a tendency for prices to go up. House coal, 
generally, is going away — and the London demand 
is expected to show a decided improvement in the im- 
mediate future. Cheap coals are not in quite such a good 
position, and the tendency is for stocks to increase. Latest 
quotations are :—Best ley, 12s. to 12s. 6d.; Silk- 
stones, 9s. 3d. to 10s. 3d.; Derbyshire brights, 11s. to 12s. ; 
Yorkshire hards, 9s. 6d. to 10s. 6d.; Derbyshire hards, 
8s. to 9s. 3d.; rough slacks, 5s. 6d. to 6s. 3d.; seconds, 
3s. to 4s. 3d.; smalls, 1s. to 2s, 3d. 


Iron and Steel.—Towards the end of last week there 
was a sudden burst of activity in the iron trade. Prices 
commenced to go up, and buyers who had postpon- 
ing the making of new contracts came into the market 
hastily. West Coast hematites rose to between 77s. and 
79s., and East Coast advanced by 2s. to 3s., the new 
quotations being 72s. to 74s. (subject). This price move- 
ment is expected to be the forerunner of further improve- 
ment. There is not much change in common irons, prices 
being, if anything, a little firmer. A new price-list hasbeen 
issued by the Rolling Mills Proprietors’ Association in 
Sheffield, and contains many much-needed changes. The 
mills generally are in fairly active work, asis shown by the 
brisk business at present being done in billets. Bar iron 
continues to improve. Viewing the general steel trades 
as a whole, there is good ground for the belief that the 
recent material advance in trade is being maintained. 
The armament departments of the big firms experience 
no slackening of work, and some recent Admiralty orders, 
given out to shipbuilding firms with Sheffield interests, 
are sure to bring further employment to the city. An 
cabeneaing item of news, which has been reported 
locally, is that a large East Coast firm of shipbuilders are 
booked up for three years. The American inquiries for 
tool-steel are not of the dimensions expected after the 
big export figures of the early part of the year. Crucible 
steel appears to be a very prosperous branch. Yet another 
electric furnace, it is stated, is to be put down by a local 
firm. The railway outlook has been slightly improved 
by the placing of a good South American contract which 
will bring work to Sheffield tyre and axle manufacturers. 
Tool-makers are well occupied, but the file trade is not 
wholly satisfactory. On the other hand, the quality and 
effectiveness of Sheffield files becomes'continually higher 
on account of the successive introduction of new and im- 
proved methods of cutting and grinding. 








> New Naputua District.—The Kuban district in 
ussia 1s at present attracting much ‘attention, owing to 
= brilliant results of comparatively recent borings. 
‘ng the last fifty years some small petroleum deposits in 
the vicinity of the town of Maikop have been worked 
in & primitive way ; but last year, at some borings under- 
taken by the Baku-Black Sea Com ny, large deposits 
were found at a depth of some 200 ft. The fountain, to 
begin with, yielded 300,000 to 400,000 poods (10,800,000 Ib. 
> 14,400,000 Ib.) per day, and subsequently 100,000 poods 
{3, 00,000 Ib.). ‘There were no reservoirs, so all the petro- 
—_ made its way into the Kuban; the fountain even- 
i m1 y caught fire, which was only got under with much 
; l sae This discovery drew a number of speculators 
~s aikop, where fountains of petroleum burst forth from 
comparatively shallow borings, whilst at Baku it has for 
— Seceeel pe: to spice onatly and trouble- 
eae nsiderable depth to obtain napht 
Ms oy in fact, of 2000 ft. (in Gatisis even some foo fe 
ple. ha bye a — at Maikop borings need be 
rh r i 
prise i slo se ook . th than 600 ft. Belgian enter- 


ments leay Y 
oad eta ot to be desired as regards plant and 


ikop, but so far the arrange- | b 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Notwithstanding the fact 
that production of pig iron continues in excess of require- 
ments, traders are inclined to take a cheerful iow a the 
position, and they look for considerable activity at all 
events up to the end of the shipping season. In addition 
to the stocks of Cleveland and hematite iron in makers’ 
yards, of the former there is approaching 500,000 tons in 
the public warrant stores. An encouraging feature of the 
market is the desire shown to contract for delivery over 
riods next year at a little above rates ruling for early 
elivery. No. 3 g.m.b. Cleveland pis is steady and firm 
at 49s. 9d. f.o.b.; whilst No. 1, which is still scarce, is 
53s. 3d.; No. 4 foundry, 48s. 9d.; No. 4 forge, 48s. 6d.; and 
mottled and white, each 48s.—all for early delivery, 
forward quotations being 6d. above these rates. East 
Coast hematite pig is in better request, and values are 
age | upward. Few sellers will not name below 
63s. 6d. for this year’s delivery of mixed numbers, and 
up to 64s. 6d. is asked for contracts further ahead. Some 
fairly good sales are understood to have been made 
recently. Foreign ore is very firm. Market rates are 
based on 20s. 6d. ex-ship Tees for this year’s delivery of 
best Rubio, and 21s. 3d. delivered to the end of next 
June. A sale of Algerian ore delivered at Hartlepool 
over the first half of next year is reported at 21s. 6d. 
The rather heavy demand for coke for local consumption 
is met by a large supply, but values are strengthening. 

Average blast-furnace coke is fully 16s. delivered here. 


Manufactured Iron and Steel.—Satisfactory and encou- 
ing accounts continue to be given of nearly all branches 
of the manufactured iron and steel industries. Sub- 
stantial contracts have recently been made, and good 
inquiries are still reported. Many producers have now 
excellent order-books Under these favourable circum- 
stances values tend upward, but no actual changes have 
been made since the recent advance in plates and angles. 
Makers of shipbuilding material promise to be kept very 
busily employed for some time to come ; bar manufac- 
turers have a lot of work on hand, and producers of 
sheets have orders sufficient to keep them a 
some months. Common iron bars are 7/.; best bars, 
7l. 7s. 6d. ; best best bars, 77. 15s. ; packing iron and steel 
5l. 15s.; iron and steel ship-plates, 6/. 15s.; iron ship- 
angles, 7/.; steel ship-angles, 6/. 7s. 6d.; ship-rivets, 
7l. 7s. 6d. ; iron and steel boiler-plates, 7/. 10s.; steel bars, 
61. 5s. ; steel strip, 67. 10s.; steel hoops, 6/. 12s. 6d.; cast- 
iron railway chairs, 3/. 10s. ; light iron rails, 6. 10s. ; 
heavy steel rails, 5/. 10s. ; ilway sleepers, 
61. 12s. 6d.; and iron and steel galvanised corrugated 
sheets, 11/. 10s., sheets less 4 per cent. f.o.b., railway 
material net at works, and all other descriptions less 24 
per cent. discount. 


Orders for Tees-Side Firms.—It is understood that the 
contract for stone-crushing and screening: plant, which the 
North-Eastern Railway Company intend to instal at 
Bowes Moor, has been secured by Messrs. Head, Wright- 
son and Co., of Thornaby. This will be one of the largest 
ballast-crushing plants that has been made. Messrs. 
Richardsons, Westgarth and Co., Limited, of Middles- 
brough, are believei to have booked an important con- 
tract for the supply of marine-engines and boilers for a 
Liverpool firm. 








LECTURES ON THE LAW RELATING TO ENGINEERING.— 
The first of a series of six lectures on the above subject 
was delivered at Caxton Hall, Westminster, on Monday, 
October 10, 1910, under the auspices of the Society of 
Engineers (Incorporated) and the Junior Institution 
of Engineers. The lecturer, Mr. L. W. J. Costello, M.A., 

L.B., dealt with the authority of the engineer and his 
duties and liabilities, and at the conclusion of the lecture 
a number of questions were asked by members of the 
audience, and concisely answered by the lecturer. In 
view of the instructive nature of the course, it may be 
mentioned that tickets can still be had from the secretary 
of the Society of Engineers, 17, Victoria-street, 8.W., or 
from the secretary of the Junior Institution of Engineers, 
39, Victoria-street, S.W. The fee for the course is 6s. 
for members of either society, and 12s. for non-members. 





THE MANSFIELD INCANDESCENT GAS-BURNER.—In order 
to meet the requirements of the city of Calcutta for an 
inverted incandescent gas-light which could be made on 
one standard system in sizes using from 1 to 4 cubic 
feet of gas 
long series of experiments, introduced a type of inverted 
burner, which, as tested by the official gas-tester at Liver- 

1, using the Flicker photometer, has given very satis- 
actory results. The burner is built somewhat on the 
lines of an ejector. It consists of a nipple, the size of 
which ae to the amount of gas to be consumed 
per hour. e gas escaping through this nipple draws 
air with it into a combining cone, the size of which is also 
adjusted to the intended power of the burner. From this 
combining cone a rather long tube, the diameter and length 
of which are, however, also dependent on the capacity of the 
burner, leads to the usual nozzle orifice or burner proper. 
The — of the cone of the resulting Bunsen fiame is 
adjusted to be double the diameter of the nozzle orifice. 


With a mantle three nozzle diameters deep, a p 
sure of 2.4 in. of water, and a consumption of af x . ft. 
per hour, the official tests showed a candle-power 


measured in the horizontal direction of 55.5. At 45 deg. 
this figure had increased to 60.2, and in the vertical direc- 
tion the candle-power was 70. The burners are supplied 
y Messrs. Mansfield and Sons, Limited, of James-street, 
Liverpool, in a large range of sizes, — for gas con- 
sumption from } cub, ft. per hour up to 5 cub, ft, 


r hour, Mr. Alfred Mansfield has, after a | Th 





NOTES FROM THE SOUTH-WEST. 


Cardif.—There has not been any very t business 
ing in any branch of the steam-coal © ; but sellers, 
in view of the settlement of the French railway strike, 
have not been disposed to discount values for for 
shipment. The best large steam coal has mace 16s. 3d. 
to 16s. 6d. per ton, while secondary qualities have om 
between 14s. 9d. and 16s. per ton. The best bunker 
smalls have brought 8s. 3d. to %s. 6d. per ton, while 
cargo smalls have made 6s. 6d. to 7s. per ton. The best 
descriptions of household coal have been firm; good 
ordi qualities have made 14s, 6d. to 16s. per ton; 
No. 3 Rhondda large has brought 17s. to 17s. 3d. per ton, 
and smalls 9s. 6d. to 9s. 9d. per ton. No. 2 Rhondda larze 
has een quoted at lls. 6d. to 12s, per ton; smalls at 
7s. to 7s. 3d. per ton. Foundry coke has made 18s. to 


20s. per ton, and furnace ditto, 16s. 9d. to 17s. 3d. per ton. 
As iron ore, Rubio has brought 19s. 3d. to 
19s. 9d. per ton, upon a basis of 50 per cent. of iron, and 


charges, including freight, insurance, &c., to iff or 
Newport. 

Admiralty Inquiry.—A committee, composed of Sir 
James ae Be (chairman); Vice-Admiral P. A. Giffard ; 
Mr. A. Gracie, managing director of the Fairfield Ship- 
building and Engineering Company; Mr. W. Graham 
Greene, Assistant Secretary of the Admiralty ; Captain 
D. R. 8S. De Chair, Naval Assistant to the Controller ; 
Mr. E. G. Harman, of the Treasury ; Mr. J. J. Welch, 
Professor of Naval Architecture in the Armstrong College, 
Newecastle-on-Tyne; with Mr. R. R. Scott, Principal 
Clerk at the Admiralty, as secretary, has been appointed 
to inquire into the organisation of the Royal rps of 
Naval Constructors. The committee has visited Ports- 
mouth dockyard, and has inspected work in the depart- 
ment of the constructive manager of the yard. 


Dowlais.—Supplies of foreign iron ore have been regular. 
The Goat Mill has been principally engaged upon steel 
sleepers and tin bar. The Big Mill ha: _ busily 
occupied with curves, angles, light colliery rails, &c. 
There has been a good average output of coal. 

Welsh Coal for Belgium.—Welsh firms are likely to 
secure a large proportion of Belgian State Railway con- 
tracts for small coal. The current requirements of the 
system are 110 lots of 4500 tons each, or a total of 495,000 
tons, to be delivered over 1911. Welsh tenders were in 
several cases below those of Belgian firms. 


Llanelly.—The Llanelly Tin-Stamping Company has 
decided to lay down mills specially adapted for the pro- 
duction of black-plate on the company’s land adjoini 
the present works. The directors propose to p 
with the new works immediately, and they anticipate that 
some of the new mills will be wane in March. Messrs. 
Tregoning, the owners of the Morfa Tin-Plate Works, 
intend re-starting one of their mills at an early date. 


Work for Portsmouth.—There is a strong impression 
that the keel-plates of a great Dreadnought will be laid 
at Portsmouth before the close of December. Everything 
has been got ready at the building-slip for an early start. 
The displacement of the new vessel will be 25,000 tons, 
and she will be heavily armed. 


Welsh Coal for France.—Contracts for Welsh small coal 
have been let by the French State Railways. The prices 
secured for coal delivered at the North French and Bay 
ports are understood to be equivalent to 6s. 9d. to 7s. per 
ton free on board. Orders are stated to have been given 
out as follows :—Messrs. Pyman, Watson, and Co., 
Limited, 127,000 tons; Messrs. Tabb and Burlitstein, 
110,000 tons ; Messrs. Evans and Reid, Limited, 100,000 
tons; Messrs. Moxey, Savon, and Co., 34,000 tons; and 
Messrs. Mordey, Jones, and Co., 8000 tons. 





Tue Derroit Tunnets.—The Michigan Central Rail- 
roud tunnel under the Detroit, between Windsor. 
Ontario, and Detroit, has been opened for regular freight 
service. Passenger service will be shortly inaugurated. 
The railroad company’s car-ferry service will then be 
discontinued. 





“Our Home Rarways.”—Messrs. Frederick Warne 
and Co., Chandos House, Bedford-street, Strand, W.C., 
are now publishing in — “Our Home Railways,” by 
Mr. W. J. Gordon. The work will be completed in 
twelve parts, published at 9d. each, and will form two 
volumes. The edition is oneasy illustrated, some of the 
double-page illustrations of rolling-stock being in colour. 
ese, however, are not quite as pleasing as they might 
be. The half-tone and other illustrations deal with a 
great variety of subjects, as does, of course, the matter, 
which tells in popular style of the distinctive features of 
the several lines. Several parts have already been issued 
and the completion of publication is arranged for the en 
of the current month. 





GerMAN Surpsurtpine Contracts.— The German 
Levant Line has ordered four new cargo-steamers, each of 
5400 tons capacity, two of which are being built by the ° 
Vulcan yard in Bremen, one at the Weser Company, 
Bremen, and one from the Neptune yard, Rostock. The 
Hamburg-Amerika Line has a new steamer for the 
Hamburg-New York-Philadelphia trade, from the well- 


res- | known yard of Messrs. Blohm and Voss. This is to =a 
wit 


some 8000 to 9000 tons of cargo. It will be fitted 

Diesel motors —, of ucing a speed of 114 knots. 
In connection with this order the Hamburg-Amerika Line 
has concluded a contract with the Standard Oil Company 
for the supply of the uisite petroleum. The same 
steamer company has also with the Bremen Vulcan 
shipyard a contract for a steamer of 8000 tons, for the 
East Asiatic trade, 
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‘“*THE STRENGTH OF GUNS AND 
CYLINDERS.” 
To THE EpiTor oF ENGINEERING. 

Srr,—In your current issue a letter appears over the 
signature OC. A. M. Smith, suggesting that the points 
which I criticised in his article were trivial. The term 
‘‘stress,” although defined in various ways, is generally 
understood, but, using it in quite a novel and misleading 
sense, your contributor qualifies it by writing real stress, 
and now admits that real was not an ideal word. As no 
such stress exists in the material, may I suggest wnrcal 
as nearer the mark? 

In reply to the last part of my previous letter your 
contributor gives an extract from his article, which does 
not touch my point at all. He had considered a “ prac- 
tical problem ” of a 6-in. hydraulic main, 2in. thick, with 
1000 lb. per sq. in. inte pressure. Of what material 
does he think it would be made? Is there any evidence 
to show that this material reaches elastic failure at a 
particular value of the maximum shear stress; and, on 
the contrary, has not Mr. Scoble given good evidence 
that it does not? Does your contributor really think 
the difference between mild steel and cast iron a trivial 
point? 

I agree that more experiments are desirable—more 
experiments and fewer hasty and unsound deductions 
from flimsy foundations. I have already, by way of 
warning, referred to some of these in a brief article in 
your issue of April 29 last. 

In conclusion, I take the opportunity to wish the writer 
of the article success in the experiments in which he says 
he is engaged. 

Yours faithfully, 
ARTHUR MORLEY. 

University College, Nottingham, October 17, 1910. 








SOME NOTES ON FURNACES. 
To THE EpIToR OF ENGINEERING. 

Srr,—In the course of translating Dichmann’s treatise 
on the Basic Open-Hearth Process into English, I have 
had my ideas focussed as to certain points bearing on the 
subject of furnace design, which, being fundamental, may 
interest your ers. 

1. In order to secure complete combustion of coal, 
either direct on the grate of a neg or in two stages— 
i.¢., in & producer and then in a furnace—an excess of 
air moving at a suffioient velocity is necessary ; the reason, 
or, at any rate, a good enough reason, for this velocity and 
excess being to sweep products of combustion off the 
surface of the combustible, and allow of its further burn- 
ing. This excess is ordinarily 30 per cent. of air, and is, 
as pointed out by Dichmann, irrespective of one or 
two-stage methods of combustion. 

2. This requisite velocity of air to diminish excess 
required is obtainable only by two methods :— 

(a) Mechanical. 

(b) Buoyancy derived from chimney, which again 
depends on intensity, only attained by passing from 40 to 
60 per cent. of total energy of fuel into chimney. 

3. Regardless of quantity of energy developed, or 
economy, these conditions limit the temperature attain- 
able by means of burning coal with air. 

4. Within this limit, economy may be attained as 
follows :— 

(a) To fullest extent in reversible Siemens furnace, 
using air regeneration only, for this admits of regeneration 
being carried to the limit, which involves using a suction 
fan and small chimney. 

(b) Partial economy, by burning very cheap fuel in 
chimney in lieu of fan. 

5. These considerations practically prohibit gas _re- 
generation ; for cold reversing-valves and lower portions 
of chambers cause almost certain explosions on reversal, 
and heat-losses, such as decomposition of hydro-carbons, 
and exclusion of the gaseous carbon therein from ever 
reaching the combustion-chamber of the furnace. 

6. These conditions again, especially taking radiation 
losses into account, and regardless of economy, practically 
limit the attainment of such high temperatures as are 

uired to melt steel in the furnace. 

7. The cause of the present limit of temperature is the 
nitrogen of the air, and thus attainment of such high 
temperature involves making some sacrifiee. Two means 
are open :— 

(a) Regenerating gas as well as air, which involves 
40 per cent. loss in chimney, or danger to life, but 
bel mechanical draught unnecessary. 

(b) Obtaining, somehow, gas producing products of 
combustion with air, containing relatively more energy 
to air used, and reverting to economical working—+.e., 
non-regeneration of gas. 

8. System (7b) appeals to the writer, for where highly 
intense heats are required, always in practice lowly 
intense heats are also required, and the following becomes 
feasible :— 

(a) Tapping off a large ratio of gas from the producer 
below the dry distillation zone, and using this lean gas 
economically for lowly intense heating work, and the 
rich gas for the highly intense heat furnaces. 

(b) Running the producer plant to produce an exactly 
similar rich gas by only partly consuming the coke pro- 
duced in the distillation zone, and using balance up in 
a lean-gas producer plant for low-temperature work or 
ge ee ( ; 

Really, what one derives is that as a means of moving 
large quantities of air at the velocities required a tall hot 
chimney is a very bad means of achieving it, and, further, 
to use costly instead of cheap fuel therefor is utterly 
absurd. 

Further, that under no circumstances in any district 


can it pay to pass the gas through regenerators, If hot, 


the gas porate a cool chimney being obtained. ItJin- 
volves thus loss of sensible heat in the gas. If intensity 
of heat is required, richer gases must be used than pro- 
ducer-gases. 
Yours faithfully, 
ALLEYNE REYNOLDS. 
117-119, Birkbeck Bank Chambers, Southampton- 
buildings, London, W.C., October 17, 1910. 

gy anthracite were the fuel, then water-gas should 

made. 





‘““THE ADMIRALTY AND COMMERCIAL 
PROPAGANDISM.” 
To THE EprtorR oF ENGINEERING. 

Srr,— Your article on ‘‘ The Admiralty and Commercial 
Pro dism,” in your issue of September 2, supplies 
much food for thought, but there are some other aspects 
of the case which perhaps you may allow me to ies 
forward. 

The armour-plate making and armament industry is 
entirely in the hands of a few firms of great wealth, who 
have formed a species of trust to keep up the prices and 
prevent competition. This in recent years is being ex- 
tended to the construction of the entire vessel, at least for 
foreign governments; as if any outsider asks for tenders 
forarmour and armament, the price given is made suffi- 
ciently high to put him out of the market. Inside 
the ring, with an enormous profit upon their own 
a these firms can almost afford to give 
the hull and machinery away; in any case they can 
be taken at a figure for which they could not possibly be 
built under ordinary conditions. This system naturally 
has a tendency to reduce the number of firms who are 
willing to keep up the necessary plant and staff for war- 
ship construction, and ultimately reacts on the cost of our 
own Navy. There being no competition in either armour 
or armament making, the prices can naturally be kept up 
to yield a huge profit, and the limitation of the number of 
ap ape ing yards also unduly limits competition. 
With this state of things in view, it is a very serious ques- 
tion for our Government to consider whether it is wise to 
aid the trust to crush out all outside competition for 
foreign work. There is no gain in secrecy, as the number 
of types of English ships building at any one time being 
the same, it matters little whether they are in the hands 
of five firms or ten. As regards the secrecy question, it is 
open to doubt if much is gained by the recent e of it. 
Probably most of the supposed secrets are in the hands of 
the technical staffs of all the other great naval Powers in 
very good time for use in drawing up programmes, either 
of exact copies or ‘‘ going a little more so.” 

An example of the good effect produced, both in design 
and price, by allowing fair competition, is seen in the case 
of the destroyers. When, some fifteen years ago, these 
were given out to competition, many people declared that 
there were only a very few firms who could possibly do 
the work, and that these alone should be encouraged. The 
event showed that the best results were got by people 
who were supposed to know nothing about the matter, 
and the great progress which has been made in these 
vessels is due to the concentration of the professional 
brains of the country upon them. This competition in 
design has now been —— and it will a very 
interesting study to see what progress is made under a 
non-competitive régime. 

In conclusion, it may be said that, while we read a 
great deal in the about “trusts,” ‘‘ syndicates,” 
“ corners,” &c., in other countries, we are told nothin 
about an enormous specimen in our own country, an 
one which injuriously affects the cost of our national 
defence. 

I am, yours -—,, 


[Our correspondent is in error in assuming that there 
is no competition for armaments for British as well as 
foreign warships. In tenders for foreign work the com- 
petition of foreign firms is also operative.—Ep. E.] 





‘““TESTS OF AERIAL PROPELLERS.” 
To THE Epitor OF ENGINEERING. 

Srr,—I have read with much interest the-article written 
by Mr. Larard and Mr. Oliphant in your issue of 
September 2, and I think the data given will be wel- 
comed by many makers of aero engines and propellers. 
I have only a few remarks to make with regard to the use 
in practice of the results given by the authors. 

he writers are right in saying that propeller tests 
should be carried out under similar conditions as in a 
flying-machine. To do this is not impossible ; it is only 
a financial question. The authors were obli to apply 
the static-test method. I believe this method and the 
experiments already carried out obtained the result aimed 
at—to furnish relative data as to the action of different 
kinds of propellers ; but we must not deduce from these 
data that in practice the range of propellers, as regards 
their efficiency, will with certainty be the same as 
resulted from the tests carried out. 

To make my view more comprehensible, I beg to con- 
sider the matter as follows:—Any propeller may be 

ed as a ventilator or pump which is intended to 
discharge the air over a circular area whose diameter is 
equal to the length between the tipsof blades. It is very 
easy to ascertain for ourselves the existence of this flow by 
holding a handkerchief in the current of air behind 
the propeller, and we may see also that the current 
follows 7 exactly the direction of the axis of the pro- 
peller, and does not spread itself until long after leavi 
the latter. What does now happen, if there is some kin 
of resistance which renders it impossible for the current 








to keep its direction and power ? 








To answer this question, let !us consider a vessel con- 
taining liquid or gas under ee to say, of 
higher potential energy, and from which throug)’ an 
orifice a flow is directed outwards. The hydraulic ex. 
ae of the thrust exerted by the’ flow on the vessel 

Thrust = Vy ° 
29 
V is the volume of the substance leaving the orifice 
r.secon 
v is its speed per second. 
¥ is its specific. weight. 
g is the acceleration due to gravity. 

If we consider now the effect of a propeller, we may 
take the revolving motion of the propeller as the potential 
energy which~was obtained in case of a vessel by the 


pressure of the gas or by the height of liquid. ‘Aj 
we may take the Fico area of -the propeller rm that of on 
orifice in a vessel. Then the resulting thrust may be 


expressed by the weight and velocity of air discharged by 
the propeller per second. But if there is any resistance 
which dimin the quantity of air passing V, the thrust 
will be diminished also, in spite of the fact that the energy 
of the propeller (the work spent to keep it in constant 
caeialinakoumalas the same. The result will be that the 
efficiency of the propeller will be diminished in the same 
manner. 

Not to be too long, I do not intend to prove this by 
mathematical explanation. It would be of less value 
than being demonstrated by tests; I beg only to note 
that it is well known by naval engineers that a ship 
steaming in shallow water will have a less propulsion 
efficiency than on deep water. That is ised by Mr. 
R. E. Froude, who noticed it by the difference of slip 
when steaming over different depths of water. 

The same occurs in case of an air-propeller ; if there is 
any resistance directed against the current of air leaving 
the propeller, the efficiency and the thrust of the propeller 
will be quite different from that resulting when there is 
no such resistance. 

I see in the article named above, on Fig. 1, that the 
testing apparatus was quite near to a wall, in a corner 
of the test-room. The current of air was disturbed by 
this wall. Having a disposition like this, there will be a 
whirling of air, and probably this state of test will render 
the data obtained very different from those working in an 
aeroplane. To obtain test results agreeing better with 
practice, the tests should be carried out in a large place— 
a workshop—the ae should be put approximately 
Pag marge: to the walls, and it should be assured that 
the air is quite free to pass away. 

The best, though more expensive, way would be, of 
course, to follow the method of M. Eiffel, Paris, who 
tested the resistance of surfaces in a current of air artifi- 
cially obtained. This current exists in an aeroplane too, 
with the difference that the air is at rest and the ma- 
chine is moving forwards, and the effect of propeller only 
will give a backward motion to the air. 

Please allow me to notice a very closely related 
matter. It is stated in the literature on this subject that 
the propellers used in the Wright biplane have the best 
efficiency of all the propellers existing. Some authors 
caloulated it to be over 70 per cent., which seems to be 
more then was thought possible. Of course, the low 
number of revolutions is already a great advantage. I 
should like to suggest another explanation. ; 

We see the Wright aeroplane capable of leaving the 
ground, having a motor only of 25 to 30 horse-power, and 
this motor is the heaviest of all used in practice. The 
aeroplane, too, is nearly the heaviest of all the machines 
of practical value. e high lifting capacity of the 
machine—viz., the weight lifted by 1 horse-power—is 
chiefly due to the fact that in the Wright machine the 
current of air due to the propeller does not meet any 
resistance in its way ; it may flow between the two planes, 
and act directly on the surfaces. Where the propeller is 
placed in front of the motor or behind it, this current of 
air is spread over, and to attain the same thrust the 
motor must be capable of developing more power. 

This may be an explanation for the high efficiency of 
the Wright propeller calculated, as I have mentioned 
above. Not only the efficiency of the propeller, but also 
the effect of the lifting action of the surfaces, is influenced 


in a favourable manner. : 
I am, Sir, yours faithfully, 





Budapest, August 9, 1910. SrePHEN D6miK. 
Conrracts.—The Underfeed Stoker Company, Limited, 
.C., have re- 


Coventry House, South-place, Finsbury, E.' 
cently noched contracts for thirty-two of their stokers for 
use in this country, and for nineteen for use on the Con- 
tinent, Australia, and China. — We understand that 
Messrs. Gwynnes, engineers, of Cannon-street, E.C., 
and Hammersmith Ironworks, have secured the contract, 
with Messrs. Coode, Son, and Matthews, as consulting 
engineers for the dock pumping plant for the r> 
Government dock at ton he engines are of t " 
largest size yet constructed for graving-dock work, an 
have to be completed early next year. As ame. 
Gwynnes have also the contract for the whole . = 
pumping machinery for the Dreadnought floating - ks 
at present being built for the British Admiralty, : 4 
will be busy with large pumping - engines.— ‘” 
long and severe competition in w rich all — 
constructors were en, , Messrs. Whitehead and o., 
Aktiengesellschaft, Fiume, have been awarded the — 
tract for a new submersible of the Whitehead. type - 
the defence of the Dutch Colonies. The princip wom 
are as follows :—Length, 46.2 metres (151} ft.) ; ispla 
ment, 380 tons; surface speed, 16 knots; submerg 








speed, 1] knots ; radius of action, 2500 miles, 
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PORTABLE CUPOLA FOR TRAM-RAIL JOINTING. 


AND CO., 


CONSTRUCTED. BY MESSRS. 


GEORGE GREEN 


ENGINEERS, KEIGHLEY. — 





In our issue of June 24 of this year we illustrated 
and described a portable cupola, which was constructed 
by Messrs. George Green and Co., of Keighley, and 
which was in use on the track of the London United 
Tramways for rail-jointing. A further example of 
such a portable cupola, recently supplied by the same 
makers for similar work on the Norwich Electric 
Tramways, is illustrated above. This cupola is some- 
what smaller than the one previously described, and 
consists of an outer shell 24 in. in diameter, built up 
in two sections and lined with ganister. It is carried 
on two trunnions, through which the blast is admitted, 
and is arranged to be tipped forward when tapping, 
a pouring-spout and a tipping-handle being fixed 
on the Sens side. The Blast is supplied to the 
trunnions through a Y-shaped pipe Thich is con- 
nected to a Green’s 12-in. fan, | a coupled to a 
1- brake - horse: power 2500 - revolution. per - minute 
totally-enclosed motor. A-gate is fitted in the Y-pipe 
for regulating the blast. The motor is wound for 
500 volts, so that it may be operated from the 
trolley-wire, and is provided with a starter having an 
automatic no-voltage release. As will be seen from 
the illustration, the motor, fan, and starter are covered 
by a housing which has a door at either side. One of 
these is for working the starter, and the other for 
admitting air to the fan when the cupola is in opera- 
tion. The top of the housing is used as a charging- 
pene, and two charging-doors are fitted to the 
ramework of the trolley, through which iron and coke 
can be passed into the cupola. The doors are provided 
80 that they may be closed when the cupola is under 
blast, in order to prevent sparks from flying on to the 
lorry. The lorry is of substantial construction, and 
the body is carried on springs. A brake is fitted to 
the back wheels, operated by a hand-wheel from the 
front. The top of the lorry is covered with a gal- 
vanised iron roof, and provision is made at the front 
for carrying the charges of pig iron and coke, the 
a sides being made to hinge down, for convenience 
In owding, 








lik Rorary Snow-PLoucu.—The American Locomo- 
tive (ompany have recently issued the sixth of their new 
Series of bulletins. This deals with their rotary snow- 
plouchs and the work done by them, a series of striking 
illustrations being given of ploughs at work in snow of 
various depths up to 24 ft. These machines comprise a 
- © rotating cutter mounted at the leading end of a 
bogie car which carries the boiler and engine fs running 
the cotter. The car is pushed ahead of one or more loco- 
motives, and the cutter, working into the snow, throws 
it of! to one side or the other as desired. The cutters are 
arra | on the wheel in such a manner that they can be 
mace to face either way, according to the direction of 
ot ition, while the hood can also be adjusted in order to 
: ‘2 ¥ (he snow to one side or the other. This, of course, 
3 ‘ar snow on one side of the line. 
lough and the 
impotent to deal 


‘ry, a8, under many conditions, it is only possible 
These machines 
ely cut through drifts which the ordinary wedge 
Bescess of “bucking” are absolutely 

















MANGANESE IN CAST IRON. 
Manganese in Cast Iron and the Volume Changes during 
Cooling.* 

By H. I. Cor, M.Sc., Birmingham. 

Ir has long been known that certain fluids expand while 
passing from the liquid to the solid state, this pheno- 
menon being, without doubt, first observed in the case 
of water, which, on freezing to ice, expands, with the con- 
sequence that the ice rises and floats on the surface of the 
remaining liquid. 

Réaumur appears to have been the first to state that 
certain metals, such as cast iron, bismuth, and antimony, 
expand on solidification, although this statement was 
challenged by R. Mallet,+ who, in spite of experimental 
evidence, attempted to prove that cast iron did not ex- 
pand on solidification. 

It was left to Wrightsont to prove conclusively by 
means of the tektometer and the oncosimeter, that a 
Cleveland foundry iron possessed less density in the solid 
state near the temperature of liquefaction than in the 
liquid state ; in other words, that there must be an ex- 
pansion of the iron while passing from the liquid to the 
solid state. 

Experiments were performed by various investigators, 
notably Roberts-Austen, which, however, gave informa- 
tion as to the nature of the metals while still in the liquid 
condition, rather than at or after solidification ; and it 
was Keep§ who first evolved an apparatus which recorded 
volume changes from the commencement of solidification 
down to the ordinary temperature. 

The chief drawback of the experiments described in his 
paper was the absence of any temperature determina- 
tions, and it was not until 1906 that a simple apparatus 
correlating both volume and temperature changes was 
devised, and described in the Journal of the Iron and 
Steel Institute by Professor Turner. | 

Some remarkable types of curves for different cast irons 
were reproduced in his paper, which indicated how inti- 
mately internal changes in the constitution were asso- 
ciated with the volume changes, and this connection was 
amply illustrated later in the case of the brasses. 

hat was probably the first systematic research on 
volume changes was that described by Professor Turner 
and Mr. M. Murray‘ in a paper to the Institute of 
Metals. The relation brought out between the curves of 
expansions during the solidification of the brasses and the 
accepted equilibrium di m was very remarkable, and 
it was to investigate further this relationship of expansion 


* Paper read before the Iron and Steel Institute at 
Buxton, September 28, 1910. 

+t Pr ings of the Royal Society, 1873, vol. 
page 366 ; 1874, vol. xxiii., page 209. 

+ **On Some Physical Changes Occurring in Iron and 
Steel at High Temperatures,” Journal of the Iron and 
Steel Institute, 1879, vol. ii., page 418; 1880, vol. i., 
page 11. 

§ ‘Cooling Curves and Tests for Cast Iron,” Keep, 
« Cast Iron, 503 also Journal of the Iron and Steel 
Institute, 1895, No. II., page 227. 

\| ‘* Volume and Temperature Changes during the Cool- 
ing of Cast Iron,” Journal of the Iron and Steel Institute, 


xxii., 


” 


1906, No. I., 48 to 74. 
| ‘The Copper-Zinc wy A Study of Volume 
” Jou of the Institute of etals, 1909, 


No. I1.; pages 98 to 150. 


to ordinary microscopic and eee data that the 
author, under the guidance of Professor Turner, pursued 
the following research on the influence of manganese on 
the volume changes during the cooling of cast iron. 
Before p ing to the description of the research it 

would be well tomake a eral note on volume changes, 
during solidification. It has been urged that the in- 
strument used does not give a measure of volume changes, 
but rather of linear changes only, and it has been sug- 

ested that the effect measured is a mechanical thrust 

ue to the growth of the crystals in the outer shell first 
formed during solidification. This suggestion does not 
appear to hold in the case of the white irons with varying 
manganese content: the general structure, showing 
arborescent primary crystals, is identical in nearly all the 
bars, although the expansion on solidification varies from 
zero through a maximum to zero several times in passing 
through the series. 

The author’s research was divided into two sections, 
the first of which dealt with the effect of manganese on 
white iron, and the second with the effect on grey iron. 


I. Tuk Errect OF MANGANESE ON THE VOLUME 
CHANGES OF WHITE Iron. 

The effect of manganese on white iron was first studied, 
owing to the greater simplicity of the inquiry, there bein 
but two variables, ironand manganese. From a practi 
point of view, the second section is perhaps the more im- 
portant. 

MarTeErRIALs USED. 

(A.) American-Washed White Iron.—This matefial, 
which was used as the base of the series, was hard and 
crystalline, and contained a large number of oxidised 
blow-holes ; about a hundredweight was sampled and 
analysed, giving the following composition :— 


Per Cent. 
Combined carbon ... < , is 3.05 
Graphitic carbon Nil 
Manganese 0.035 
Silicon a” 0.010 
Phosphorus’... 0.008 


Sulphur ,7™ .. 0.007 


(B.) Manganese Iron-Carbon Alloy.—Since it was de- 
sired to keep the carbon approximately constant through- 
out the series, it was endeavoured to produce an alloy 
rich in manganese and containing about 3 per cent. of 
carbon with the least ible quantity of impurities. 
This was done by melting about 15 lb. of a high-grade 
ferro-manganese (kindly supplied by the Mostyn and 

arwin Iron Company), with somewhat more than its 
weight of pure very mild steel ; araw clay pot, previously 
annealed, was used, the melted metal being cast into iron 
ingot moulds in slabs weighing about 41b. each. There 
was a loss of 10 oz. of metal in the slag and by volatilisa- 
tion; the ingots, which broke readily, and showed a 
columnar, spiegel-like fracture, were sampled, - and 


analysed with the following results :— 
Per Cent. 
Combined carbon 3.80 
Graphitic carbon Nil 
Manganese 40.20 
Silicon ... 0.140 
Phosphorus 0.104 
Sulphur 0.005 


Apparatus USED. 

This was similar to that described by Professor Turner* 
in his original paper on volume changes, and consisted of . 
a mould and extensometer ; the only alteration made was 
in the size of the pattern, which was } in. square, as 
compared with 4 in. in the early experiments, thus 
increasing the volume of the casting in the ratio of 9 
to 4, and so affording a better record of temperature 
changes than the smaller bar. Figs. 1 and 2, page 582, 
will show the general ar ment ; the metal poured 
through the gate D first solidifies around the fixed vertical 
pin A and the movable horizontal pin B, and thus linear 
changes in the length A B are registered at 35-fold mag- 
nification on the scale of the extensometer. The ordinary 
platinum platinum-rhodium thermo-couple is inserted 
at C, the actual junction being left bare, so that definite 
arrests might be obtained on the cooling curve, in spite of 
the rapid chilling of the metal. 

The pyrometer was frequently calibrated against lead- 
aluminium, silver-copper or silver, and copper ; readings 
were taken in all cases from a millimetre scale on to 
which a beam of light was reflected from a mirror- 
galvanometer of the D’Arsonval type. 


Castine A Bar. 

The amount of metal required to fill the mould 
averaged, in the case of the white irons, about 54 oz., and 
this weight of white iron and alloy, to produce the 
required percentage of manganese, was accordingly put in 
a flue-dried and annealed clay pot, which was then placed 
in a coke-fired crucible furnace of the ‘‘ well” type ; 
prior to pouring the metal was thoroughly stirred with 
an iron rod. 

While the metal was melting (and this took about 
50 minutes) the mould and extensometer were being got 
ready, and a clock connected with an electric at San 
started; by this means 10-second, or, if desired, 5 
second, sendin could be taken simultaneously on both 
pyrometer and extensometer scales. Three persons were 
required for the conduct of an experiment: one to read 
the pyrometer scale, another to attend to the extenso- 
meter, and the third to pour the metal into the mould, 
and as soon as the gate was full, to give the signal to 
start taking observations. Five-second readings were 


* Journal of the Iron and Steel Institute, 1906, No. L, 
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taken until the metal had completely solidified. after | produced no appreciable. difference in brittleness, but 


which readings were continued every ten seconds; it will 
be seen that two curves can be plotted, so that taking 
time along the abscissa, pyrometer and extensometer 
records at any moment may be compared. With each bar 
about a hundred readings were taken, the temperature 
having then fallen to near 400 deg. Cent.; time did not 
permit of readings being taken down to the temperature 
of the room. 

A series of mixtures was made, the manganese content 
of which ranged from 0 to 40 per cent., in each case an 
excess of 5 per cent. of the manganese content required 
being added. Analyses showed, however, that the 
amount of manganese lost varied considerably, the chief 
sources of loss being by volatilisation and slagging of oxide 
formed. 

With the high-percentage manganese alloys it was in- 
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- teresting to watch the brown fume of volatilising man- 
ganese (probably oxidised immediately) which curled up 
from the surface of the fluid metal in the pot. Attention 
is drawn to this point, since Mr. Wraight,* in a paper to 
the Iron and Steel Institute on ‘‘The Preparation of 
Carbon - Free Ferro- Manganese,” says on page 146: 
“Conclusive proofs are thus afforded that manganese is 
non-volatile, and therefore certain statements made by 
several authors, calling attention to the volatility of that 
metal at temperatures existing in metallurgical furnaces, 
can only be regarded as inaccurate.” 

One further note on the molten alloys may be made, 
and that is, the difference in the behaviour of low and of 
high percentage manganese alloys during cooling in the 
crucible. The former manifest a great deal of commotion, 
and certain reactions which go on appear to be accom- 
panied by an evolution of heat ; the latter, on the contrary, 
cool and solidify quite normally. 

The compositions of the cast bars are given in Table I., 
rogeeer with their expansions during solidification. 

he appearance of the gate with over 20 per cent. man- 
ganese indicates that the surface chilled rapidly, whilst 
the interior was still fluid; therefore, when the gate 
** piped,” the metal surface was unable to follow the 
movement of the metal underneath, so leaving a cavity in 
which crystals formed. 

The surface of bars above 10 per cent. manganese was 
covered by a thick reddish-brown ropey metal skin, 
which in some cases could be peeled off the bar ; such a 
skin may be the surface chill that forms in castings. The 
colour of bars containing more than 19 per cent. manganese 
was grey and micaceous rather than brown. 

here appears to be a slight connection between the 
expansion of the bars on solidification and the depression 
in the gate of the casting, a very small or no expansion 
being accompanied by a gate showing but a small depres- 
sion, and vice versd. 

No mechanical tests were performed on the bars 
obtained, but during sampling some slight indication of 
the relative strength under the sledge-hammer was 
obtained ; all were brittle and intensely hard, though 
with a little labour a fair-sized sample could soon 
crushed and passed through a ninety sieve. The addition 


of the first 5 per cent. of manganese to the white iron 





* Carnegie Scholarship Memoirs, vol. i., page 143. 








urther increase up to about 13 per cent. seemed to give 
a more brittle bar. Above this amount the bar again 
appeared stronger, until with 19 per cent. manganese there 
was quite a considerable increase in the toughness of the 
specimen. With and above 30 per cent. of manganese 
the metal partook of the nature of a spiegel, and became 
very weak and brittle. 

An examination of the cast bars showed the pure white 
iron to possess a white crystalline fracture, with, how- 
ever, no definite structure ; a few per cents. of manganese 
gave a cruciform structure, slightly more crystalline, and 
this appearance remained practically unaltered up to 
30 per cent. of manganese, when, as stated before, the 
iron showed a spiegel-like fracture and splits along 
crystal faces. 

he majority of the bars showed dark-blue masses of 
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Fig5. 





(9580) TDivisiow equals 10 Minutes. 
Tabi I. 
=|) 2 |e @ é 
6g é F} z £ a Remarks. 
Z og" | & a 
pc. | p.c. € in 
3.80 40.20 0.14 wi Manganese alloy used. 
3.05 0035 0.01 - White iron used. 
1 3.15 0.03 0.040 0.0000 Casting full of blow - holes. 
Spongy gate. 
ae + .. |0,0000 itto. 
2 3.19 0.43 | 0.053 0.002675 Full of blow-holes. Slight de- 
pression in gate. 
3 | 3.24 082 0.003838 Full of blow-holes. Spongy gate. 
4 3.28 1.48  .. 0,006978 Much sounder bar. 
5 3.05 1.67 0.055 0.008141 Blow-holes still present. Large 
depression. 
6 3.09 2.37 0.007908 Sualler depression in gate. 
7/| 319| 282 0.005848 Some blow-holes. Similar de- 
pression. 
8 3.12 3.50 0.050 0.004071 Sound bar. Large depression in 
e. 
28 3.14) 4.42 0.002326 Smaller depression and scoria- 
ceous gate. 
9 3.19 5.25 | 0.061 '0.001745|Sound bar. Fairly large de- 
pression. 
23° 3.45 | 5.40 | 0,083 0.004652 Sound sharp casting. 
10 3.43 630) .. 0.006978 
19 3.39 7.20 | 0.081 0.009886 Small depression in gate. 
11 3.33 = 9.00 | 0.06 |0.006978 | Hollow gate. 
29 3.45 9.12) ., |9,008141 Ditto. 
26 3.50 | 10.4 .. |0,006978 Moderately hollow gate. 
12 | 3.46 | 10.67 | 0.072 0.009304 Large depression in gate. 
22 3.50 | 12, -. (0.010467 Ditto. 
20 349 °13.50 .. 0.008141 Ditto. 
24 3.65 | 13.70 | 0.085 (0.006397 Small depression. 
13 3.41 14.84 .. (0.002906 Small depression in ag 
25", 3.80 16.00, .. (0.008141 Fairly large depression. 
21 3.45 16.20 0.100 0.006978 Small depression. 
31* 3.76 17.05| .. 0.004071 Fairly large depression. 
30* 3.91 1865 .. . 0.000930 Large depression. 
14 3.38 18.92 0,103 0.00000 S$ depression. 
27 3.8L 19.65 .. 0.003489 Large “hollow in gate under 
surface. : 
15 | 3.35 23.30 | 0.120 0.011630 Ditto, grey skin with green slag. 
16 3.95 | 30.50 | 0.173 0.011630 . r 
17 3.85 34.10 | 0.156 0.011630 Ditto, hollow in gate filled with 
8. 
18 | 3.98 38.55 | 0.155 0.012211) Ditto. 





* Re-melted bars. 





| erystallites, which were found particularly at the bottom 
of the gate, and at the junction of the cross-piece with the 
bar proper; with over 30 per cent. of manganese these 
crystallites were replaced by large platey crystals similar 
to those figured in Howe’s ‘‘Iron and Steel and other 
Alloys,” page 90. 


THe Votume CHANGES. 


The expansions and shrinkages of the bars from the 
various melts are plotted in Fig. 3, the crest of each curve 
being drawn opposite the percentage of manganese in the 
melt. The curves were carried further than drawn in 
Cc plate, but show no interesting features below the 





arrest-point Ar. 
The curve formed by connecting up the crests presents 
| an interesting study. It will be seen that, starting with 
' pure white iron with no expansion, addition of manganese 








((955.£) Cent Manganese. 
causes an expansion, independently of the carbon; this 
expansion attains a maximum at about 2 per cent. man- 
ganese, after which the curve falls again, probably reach- 
ing zero at 5 per cent.; then comes another rise up to 7 
per cent. manganese, dipping to 10 per cent., and rising 
again to 12 per cent., when it commences falling to zero 
at about 15.3 per cent. Between this and 19 per cent. 
manganese yet another crest is attained, falling to zero at 
the latter figure.. Further addition of manganese causes 
another expansion, which, with above 21 per cent. of 
manganese, remains fairly constant up to the limit of the 
experiments at 39 per cent. manganese. _ 

It will be well to study cooling and shrinkage curves 
taken simultaneously before attempting to draw conclu- 
sions from the general curve of expansions; Fig. 4 shows 
a normal type of curve drawn on a very small scale from 
the original data. It appears that the greater part of the 
expansion is caused by the separation of the primary 
crystals, and that their later shrinkage is partially neu- 
tralised by the solidifying eutectic. When the whole 
mass is solid, contraction will take place uniformly, 
| unless some physical or chemical change occurs in the 
| metal; this fact may afford a means of detecting the 
| ‘solidus ” in alloys—that is to say, when the contraction 
| changes from an abnormal to a normal rate solidification 
|isat an end. In fact, in nearly all the curves drawn, it 
| is found that a sudden change to normal contraction after 
solidification corresponds closely with the change to 
normal cooling, as is exemplified fairly well in Fig. 4. 

The shrinkage curves for bars containing less than 5 per 
cent. of manganese show an arrest between 700 deg. and 
600 deg. Cent., corresponding to the separation of carbide 





| 
| 


from solution in the form of rlite. This arrest un- 
doubtedly occurs simultaneously with the arrest in the 
cooling curve ; it usually commenced a little before or & 
little after the cooling-curve arrest, but this is probably 
due to the pyrometer not registering quite the mean 


temperature of the bar in all cases. 

In this series it is doubtful whether the arrest in the 
shrinkage is merely a consequence of the evolution o! heat 
at Ar), or a separate phenomenon in itself; but on this 
point more definite information is attained in the case of 
the grey irons. 

Prrometric REsvLts. 
As already stated, the couple was in contact wit! the 





fluid metal, and in most cases this seemed to give =4tis: 
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factory results; for example, the solidification point of 
pure white iron was registered at 1132 deg.» Cent.; but 
although the eutectic point was usually recorded fairly 
correctly, the first arrest due to the separation of primary 
crystals was in all cases given at least 100 deg. Cent. 
below the theoretical figure, and also below the figure 
given on & slow-cooling curve. Again, at about 19 per 
cent. manganese, the eutectic point was found in three 
cases to be about 1080deg. Cent., which appeared so 
strange that ordinary slow-cooling curves were taken, for 
which purpose about 200 grammes of metal were melted 
in a gas-injector furnace, and a thermo-couple protected 
by a porcelain or fireclay tube inserted in the mass, which 
was then allowed to cool, readings being taken every half 
minute. 

The following table gives the pyrometric results 
obtained from re-melted samples of various bars, together 
with the analyses of the resultant buttons; the cooling 
curves obtained are reproduced in Fig. 5. 


washed iron there is no great divergence (5 deg. Cent.) 
between the theoretical and the observed temperature, 
but observations in the case of the manganese alloys 
immediately shows that manganese acts like carbon and 
lowers the temperature of the separation of the primary 
crystals, this lowering amounting to about 40 deg. Cent. 
with 13 per cent. manganese, above which the effect 
_ to diminish slightly. 

yrometric observations indicate pure eutectic with 
about 28.8 per cent. manganese and 4.05 per cent. carbon, 
though later microscopic investigation proves such an 
alloy to be somewhat hyper-eutectic. In other words, 
these results show that one effect of manganese on cast 
iron is to move the line A B of the ordinary iron-carbon 
equilibrium diagram slightly to the left. 
_ The condition of the carbon in the pure washed iron is 
interesting, though it should bs remarked that the metal 
was heated up twice to 900 deg. Cent., and then very 





slowly cooled ; the alloy with 3.75 per cent. manganese, 
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It is at once seen that the anticipated lowering of the 
eutectic point in alloys containing about 20 per cent. man- 
ganese is not found, but that further addition of man- 
ganese does produce a slight fall, amounting to’ about 
15 deg. Cent. with the addition of some 29 per cent. 





TaBLe II. 
No. of Total Man- Silicon First Second Pearlite 
Bar. Carbon, ganese. *| Arrest. | Arrest. Point. 





percent. per cent per cent 


: . 1.87 - 
1 is {o. Le } 0.025 0.01 | 1285 | 1139 7 


28 3.15 3.75 0.27 1270 1141 645 
i 3.37 7.95 0.17 1247 1140 525 
13 3.47 13.60 0.22 1204 1140 
li 3,84 16.80 0.26 1160 1141 
l 4.00 21.63 0.38 1140 1130 
It 405 28.80 , 0.41 os 1125 
li 4.45 32.42 0.42 1133 1125 





manganese. The cooling curves are interesting as rds 
the temperature at whieh the primary yon. pte 
The asterisks in Fig. 5 indicate the temperature at which 
primary crystals commence to separate out in a pure iron- 
carbon alloy of similar carbon content.* With the pure 

Carpenter and Keeling, ‘‘ The Range of Solidification 
and the Critical ~~ of the Iron-Carbon Alloys,” 








sournal of the Iron and Steel Institute, 1904, No. I., page 


which was treated im the same manner, remained, how- 
ever, perfectly white. 

The effect of manganese on the temperature of the 
pearlite point has been studied by several investigators, 
particularly in regard to manganese steels. Wiist* finds 
that each 1 per cent. of manganese added lowers the 
pearlite point by 20 deg. to 24 deg: Cent. in the case of 
carbon-saturated manganese-iron alloys, the arrest finally 
disappearing with 5 per cent. manganese ; and this was 
peer mer by results the author obtained from the cast 
bars, as is seen in the table below. 


Taste IIT. 


No. of Bar. 








Manganese. | Temperature of Pearlive Point. 
“ 
recent. | deg. Cent. 

1 Pe.08 (oi 

2 0.43 687 

3 0.82 669 

4 1.48 662 

5 1.67 659 

6 2.37 646 to 642 

7 2.82 38 ,, 635 

8 3.50 619 ,, 615 
28 4.42 | 620 ,, 587 

9 5.25 | Undetected at 400 


Furthermore, a study of the actual curves indicates that 
not only is the temperature of the pearlite point lowered, 








- “The Influence of Manganese on the Iron-Carbon 


but also that the heat evolution at this point is diminished 
and spread over a range of temperature. These latter 
facts were confirmed saeenuantly by taking temperature 
observations on a potentiometer of the slowly-cooled re- 
melted bars (Fig. 5). It was found, however, that the 
lowering caused by the addition of the first 3.75 per cent. 
manganese was not so great as that found from the cool- 
ing curves of the cast bars. The arrest was detected at 
525 deg. Cent. in the alloy containing 7.95 per cent. 
manganese ; microscopic examination would indicate the 
presence of this arrest with as much as 10 per cent. 
manganese in the alloy. 

The hysteresis of the pearlite point was 40 deg. Cent. in 
the case of the pure washed iron, and 65 deg. Cent. for 
the specimen containing 3.75 per cent. manganese. 


Microscopic INVESTIGATION. 
A suitable specimen was broken off each bar and a flat 





face ground down on a water-cooled emery wheel, after 
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which rubbing was performed by hand on coarse emery 
paper, and then on Hubert papers 0 to 0000, the final 
ishing being done on a revolving pad of chamois 
Lather, using the finest alumina as , polishing agent. 
The specimen was washed and cleaned and immersed in 
a 5 per cent. solution of picric acid in absolute alcohol for 
a period varying between 3 and 10 seconds, according to 
the nature of the specimen. The structure of the solid 
solution only was desired in most cases, so that the majority 
of the photographs were taken at 1000 diameters vertical 
illumination (reduced to 600 diameters in reproduction). 

The general dendritic structure was shown up without 
etching, and in the high manganese alloys the bands of 
carbide, referred to later, could be easily distinguished 
by the naked eye; slight etching showed primary 
crystals as dendrites in a matrix of eutectic and of 
cementite thrown out round the edges of the solid soluticn 
during cooling. Small triangular crystals of pale-yellow 
sulphide of iron were observed in the cementite areas of 
the pure washed iron, but the smallest addition of 
manganese converted them into dove-grey square crystals 
of manganese sulphide. 

The structure of the original iron was typical of white 
irons, and shows well-defined lamellar pearlite (Fig. 1°, 
page 584). One per cent. of manganese makes the 
pearlite distinctly finer, and further addition increases 
this effect until with 3.45 per cent. the eutectoid consists 
of sorbitic and granular pearlite. Apart from the change 
in the appearance of the pearlite, it 1s interesting to note 
that with 4 per cent. of manganese the pearlite is veined 
by streaks of carbide, and further increase in manganese 
develops this structure, until with 4.40 per cent. canal- 
like bands cross the pearlite in more or less parallel 
directions, debouching into the cementite on each side. 
Such an appearance is presented by all further specimens 
up to 30 per cent. manganese, at which these Nendritic 
primary crystals disappear. 

Manganese, then, appears to lower the diffusive power 
of the carbide, so that, on cooling from 1000 deg. Cent., 
instead of being driven to the edges of the solid solutior, 
it separates in the solid solution itself. This is probable, 
as photographs, Figs. 12 to 16, page 584, show the 
bands forming quite a rectilinear structure. It may be 
noted that in some cases these exhibit a crooked 
appearance, as if the metal had undergone deformation. 

ig. 11, of a slowly-cooled alloy, displays the decreased 
mobility of the molecules of carbide in a very striking 

ashion. 

When the manganese exceeds 5 per cent. these bands 
or needles give quite a martensitic appearance to the 
solution (Fig. 12). Around the borders of this material 
there is a dark grey constituent which is quite sharply 
defined from the general mass of the solid solution ; in 
parts it appears vaguely pearlitic, and probably represents 
a breaking down of the solution. 

Figs. 12 and 13, and Fig. 15, page 584, at 600 dia- 
meters, and Fig. 14, at 240 diameters, show this fringe, 
which, however, with increase in manganese, gradually 
disappears, and is not observed beyond 10 per cent. The 
character of the solid solution does not afterwards change 
appreciably, and Fig. 16 gives the general appearance at 
240 diameters ; there is a tendency for the proportion of 
eutectic to increase independently of carbon. 

The structure of the alloy with 30 per cent. manganese 
is totally different, as is seen in Fig. 17; which shows at 
100 diameters (reduced to 60) fairly pure eutectic, with 
perhaps a slight excess of the white constituent; also a 
rectilinear structure may be observed 

Further increase of manganese causes the appearance 
of bands of free carbide, in addition to the eutectic, 
as shown in Fig. 19 (33.6 per cent. manganese), and 





System,” Metalluryie, 1909, page 3. 


this in spite of the carbon content being: even slightly 
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lower ; these bands are beautifully defined, can be traced 
clearly with the naked eye, and are undoubtedly equiva- 
lent to the platey crystals occurring in the cast materials. 
The section of Bar 18 (38.55 per cent. manganese) is 
similar, but shows a larger number of the bands. 











INTERPRETATION OF RESULTS OF EXPANSION CURVES. 

The curve of expansions is drawn in Fig. 6, so that it 
may be compared with the general experimental data 
obtained for the alloys. 

Minima on the expansion curveare found with :— 

1. The pure American washed iron. 


























Fie. 10.—Bar 1. 600 diameters. 0.03 
ver cent. Mn ; 3.15 per cent. C. Pear- 
ite + eutectic, 








Fie, 11.—Bar 28. Re-melted and slowly 
cooled. 600 diameters. 
cent. Mn; 3.15 per cent. C. 
granular pearlite. 


It will be assumed for the sake of simplicity, since no 
graphite enters into the question, that the iron iron-carbide 
system is the stable one in the case of these white irons. 

ow bearing in mind the general opinion that manganese 
occurs in the presence of iron and carbon in the form of 
double carbides,* this curve of expansions will imme- 
diately strike one as giving indications of certain definite 
carbides ; in fact, that minima on the curve correspond to 
the occurrence of pure double carbides. 

The author wishes to note here that exact minima are 
not found on the curves at 5 and 15 per cent. manganese, 





not because they do not exist, but because it is, for reasons 





3.75 per 


| cent. Mn ; 3.09 per cent. C. 
Fine 


Sorbitic fringe. 

















240 diameter (as 
fore). 


Fia. 14.—Bar 10, 





=> \ | 

Fie. 18.—Bar 16. Re-melted and slowly 
cooled. 70 diameters. 28.8 per cent. 
Mn; 4.05 per cent. C. Slightly 
hyper-eutectic. 





r cent. 


MngC. 





Fig. 15.—Bar 19, 600 diameters, 7.20 per 
cent. Mn ; 8.39 percent. C. Rectilinear 
structure, formed by needles of carbide. 





Fia 16.—Bar 14. 
Per cent. Mn; 3.38 
General structure of alloys. 








Fie, 19.—Bar 17. 


Sutectic + bands of carbide. 


80 diameters. 34.1 
3.85 per cent. C. 
Fe;C, 


Fre. 20.—Hematite pig. 


Mn; 1.07 per cent. Mn ; 2.45 per 





Fig. 12.—Bar 9. 600 diameters. 5.25 per 


tite needles, through solid solution. 





240 diameters. 
per cent. 





70 diameters. 
cent. Si. 
Ferrite, graphite, and pearlite. 


It is sufficiently accurate to say that to form carbide 
1 gramme of carbon combines with 14 grammes of meta)’ 
whether it be iron or manganese. 

_ Now if all the manganese added enters this carbide. t 
is easy to find out the quantity of iron with which j; 
associated. 

The first of the double carbides corresponds closely to 
that found by Arnold and Read in a steel containing 
1.73 per cent. manganese, and to which they gave the 
formula 7 Fe; C, Mn; C; again, Carnot and Goutal 
discovered a carbide corresponding to the formula 
2 Fe, C, Mn;C in ferro-manganese containing 30 to 60 


iS 





Fig. 13.—Bar 10. 600diameters. 6.30 per 
cent. Mn; 3. ped oe cent. C. Rectilinear 
cementite needles, through solid solu- 
tion. Sorbitic fringe. 


Cemen- 











ae ; 2 a i ts 
Fic. 17.—Bar 16. 60 diameters. 30.5 per 
cent. Mn; 3.95 percent. C. Nearly pure 
eutectic. Coarse crystalline structure. 





18.92 
Cc. 





70 dia 
2.8 per 


Fig. 21.—Manganese alloy. 
meters. 31.5 per cent. Mn; 
cent. Si; 4.0 per cent. C. 


2. The same, with about 5 per cent. manganese added. | Stated previously, not an easy matter to obtain any de- 

3. With about 15.3 per cent. manganese added. | sired exact composition. The compositions of the metals 

4. With 19 per cent. added. at or near these minima are known, and a simple calcula- 

Above 19 per cent. there was no indication of another | tion of the amount of carbide present may be made, and 
minimum as far as the experiments were conducted —that | in consequence the amount of metal forming this carbide. 
is, up to 39 per cent. manganese. With regard to the | Seren : EE 
general expansion curve two remarkable points may be! * Arnold and Read, ‘The Chemical Relations of Carbon 
observed. and Iron,” Journal of the Chemical Society, 1894, vol. lxv., 

1. That the first minimum at 5 per cent. corresponds page 788; Carnot and Goutal, ‘‘ Recherches sur la Con- 
with the disappearance of uniform pearlite. | stitution des Fontes et des Aciers,” Annales des Mines, 

2. That at 30.5 per cent. manganese, where there is 1900, vol. xviii., 263; Arnold and Read, ‘‘ The 
practically pure eutectic, the expansion is great, and Chemical and Mechanical Relations of Iron, Manganese, 
apparently not altered by moderate increase or decrease | and Carbon,” Journal of the Iron and Steel Institute, 
of. manganese. May, 1910 



















‘ 


r cent. manganese. The carbon in these latter alloys, 
owever, was very much higher than in the author's ex- 
periments, so perhaps accounting for the difference - 
ese content. More recently Messrs. Arnold ant 
* have detected the presence of the double cartide 
2Fe,C,Mn,C in manganese steels containing 15 per cv 
manganese. A mtly the carbide possessing the for- 
mula 3Fe,0, oMn.C has not been isolated. The do . 
carbides are undoubtedly isomorphous, and form s ! 
solutions amongst themselves and with iron-carbite, 
since they cannot be detected separately under the micre- 
scope. 


* Loc. cst! 
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The dip in the curve at about 10 per cent. manganese 
me. ty to yet another double carbide 4Fe,C, Mn,C, 
int the evidence is too slight to place this one in the list, 
although such a carbide was found by Carnot and Goutal, 
yet even here the evidence they possessed indicating its 


existence was not conclusive. 














Carbon ses Probable 
Mini- tron, _ Maa- Car as — Formula of 
mum ganese. | bon. Carbide, ° Car ide. Carbide. 
er per per per 
coms cent. | cent. cent. fc 3.15 ‘ 
1 96.8 3.15 47.3 in am Fes 
~ iv 
47.3 | 
jc 3.19) 
ILS ) 3.19 47.9 \ — ae j 8Fe;C.Mn;C 
c 7 
47.90 
Cc 3.41 
3 Shi 153 | 341) SL15 os 16.90} 2FeyC.MnyC 
e . 
51.5 
jc 3.38 | 
4 6.5 19 3.38 50.7 Me 19.00 / 3Fe,;C2Mn,C 
Fe 2832 





50.70 


The alloys containing from 30.5 to 39.5 per cent. man- 





Fic, 22.—Bar B. 240 diameters. 1 per 
cent. Mn. Fine pearlite and small per cent. Mn. 
flakes of graphite. (Cf. Fig. 1) lite. 


ganese present some very interesting features ; the struc- 
ture with 30.5 per cent. manganese and 3.95 per cent. 
carbon shows almost pure eutectic, as is seen in Fig. 17, 
page 584; there is, perhaps, a little excess of carbide, 
yut this may be due to segregation, as the appearance of 
the eutectic in Fig. 19 is similar. When, however, portions 
of Bar 16 (30 per cent. manganese) are re-melted and cooled 
slowly, further evidence is obtained ; the resultant melt 
contains 28.8 per cent. manganese and 4.05 per cent. 
carbon, and under the microscope is somewhat hyper- 
eutectic, as is seen in Fig. 18, 584, which shows 
a very coarse and beautiful eutectic with some thin bands 
of free carbide. 
Guillet* found an alloy containing 15 per cent. man 
ganese and 3.6 per cent. carbon to consist of practically 
pure eutectic, while Wiistt gives 16 per cent. manganese 
and 4.05 per cent. carbon as the eutecticcomposition. In 
the author’s research an alloy similar to the former com- 
positiun shows large masses of primary crystals; while 
with regard to the latter composition it may be stated 
that a slowly-cooled alloy, containing 21.6 per cent. man 
ganese and 4 per cent. carbon, was distinctly hypo-eutectic. 
as indicated both by the microscope and by the cooling 
curve. The eutectic alloy probably contains 26 to 28 per 
cent. manganese when the carbon is 4.05 per cent. is 
1.05 per cent. carbon exists as 4.05 x 15 = 60.75 per cent. 
carbide, made up of 4.05 per cent. carbon, 26 to 28 per 
cent. manganese, and 30.5 to 28.5 per cent. ferrite, corre- 
sponding approximately to the double carbide Fe,C.Mn,C. 
Che metallography of the cast bars indicates that man- 
ganese, independently of carbon (see analyses), gives rise 
to free carbide in the form of bands, as a comparison of 
Figs. 17 and 19, page 584, will show ; and so the question 
wises, How can free carbide occur while the carbon is 
even lower than in the previous bar, which shows prac- 
tically pure eutectic ? 
[tis probable that when the double carbide Fe,;C.Mn,C 
is formed, the avidity of the excess manganese for carbon 
* diminished, and instead of combining to form a double 
ide, zFe.,C, yMn;C, where y is greater than 2, the 
nganese associates itself with the iron of the solid solu- 
i to form the solvent of the carbide. A new state of 
*quilprium is set up, and the eutectic point of the ordi- 
#ry iron-carbon equilibrium diagram is shifted towards 
eft, thus permitting free carbide to separate as 
Primary crystals, 


THe Revative Harpngss. 


The instrument used for determining the hardness of 
‘he specimens was the Shore scleroscope, which is too 
* Constitution des Fontes au anes 
‘lus, 1908, No. L., page 74. 
Metallurgie, 1909, page 3. 


Manganese,” Comptes 











Fig, 23. Bar ©. 





well known to need description here. Specimens were 
broken off the bars, and two parallel sides ground down on 
an emery wheel and then roughly polished. Occasionally, 
varying results were obtained from different parts of the 
same surface, but the following table gives average figures 
of more than a dozen determinations from each specimen. 


TaBLe IV. 

— Hardness Value. i ay Hardness Value. 
0.03 58 12.35 52 
1.48 60 13.50 58 
2.82 65 16.00 67 
4.40 70 16.20 64 
5.40 73 18.65 60 
6.30 80 23.30 70 
7.20 59 30.50 70 
9.12 58 34.10 71 

10.67 54 38.55 72 


These figures are drawn to their manganese equivalent 
in Fig. 6, from which it will be seen that the first addition 
of manganese produces a sharp rise to 6.3 per cent., then 
a sudden drop ensues to 12 per cent., after which there is 
a rise to 23 per cent.; further addition of manganese does 
not seem to influence the hardness very appreciably. 

This curve is not unlike that obtained by Guillet* for 
manganese steels in which there is a sharp rise in hard- 
ness up to 5 per cent. manganese, followed by a fall at 10 
per cent. to a more or less uniformly hard material. 


THE SHRINKAGE OF THE WHITE IRONS. 
No determinations of total shrinkages were made; it 
was found by measurement that the rate of shrinkage per 





240 diameters. 1.66 


Fig, 24.—Bar K. 
More granular pear- d ters. Fi 








Bar T. 


Fie. 26. 
diameters. Just hypo-eutectic. 
spots of amorphous graphite. 


17.51 per cent. Mn, 240 
Some 


100 deg. Cent. above the pearlite was practically the same 


as the rate below it (compare the grey irons). 


Il. THe Errect OF MANGANESE ON THE VOLUME 
CuaNnceEs OF Grey Tron. 
The materials used were as follow :— 


(A.) Grey Iron.—A pig of Blaenavon hematite iron was 
taken from a stock used in the Siemens open-hearth 
furnace of the University ; its fracture showed it to be a 
No. 1 or No. 2 iron, and analysis gave the following 


results :— 
Per Cent. 
Total carbon 3.71 
Graphite... 3.45 
Combined carbon 0.26 
Manganese 1.07 
Silicon 2.45 
Sulphur 0.028 
Phosphorus 0.053 


The manganese was, unfortunately, high, but the diffi- 


culty was, to a certain extent, overcome by using an iron 
containing similar silicon and carbon, with just over 


0.5 per cent. manganese for the first casting. 


* Journal of the Iron and Steel Institute, 1906, No. IT., 
page 6. 








5.83 per cent. Mn. 
irstap of free car- 
bide. Also solid solution and graphite. 


The next step was to prepare an alloy rich in man- 
ganese and containing a similar total carbon and silicon, 
so that these two elements should vary as little as possible 
throughout the series. This was effec by melting 
together the following quantities of the rich ferro- 
manganese and mild steel (used in the white iron series) 
with a 20 per cent. ferro-silicon. 


Ferro-manganese 8lb. 4 oz. 
Mild steel ... / ' - 6f < 
20 per cent. ferro-silicon ... ” 3. If: 


calculated to give an alloy containing 2.9 per cent. carbon 
and 2.8 silicon. It was assumed that about 0.8 per cent. 
carbon would be taken up from the salamander pot in 
which the alloy was melted, and that 0.35 per cent silicon 
would be oxidised during melting. Both these assump- 
tions were shown to be erroneous, as the following analysis 
indicates that not only is a larger quantity of carbon 
taken up by the alloy, but also that no silicon at all is 
oxidised. 

The mixture was introduced into a 56-lb. salamander 
pot, melted in a wind furnace, and the molten alloy cast 
into iron moulds ; quite a large amount of dark brown 
glassy slag having a red micaceous-looking surface was 
formed, and the alloy itself presented a very crystalline 
and columnar structure, the fractured columns showing a 
granular silvery appearance. The alloy was extremely 
weak, and crushed up to a fine powder very readily in the 
steel mortar, and inch-thick slabs dropped on a stone 
mse broke readily. Analysis gave the following 
results :— 





Fie, 25.—Bar O. 
diameters. Eutectic + solid solution 
containing flakes and spots of graphite. 


240 0.89 per cent. Mn. 240 


Per Cent. 


Total carbon 4.01 
Graphitic carbon 

Combined carbon 4.01 
Manganese 31.50 
Silicon ... 2.80 
Phosphorus 0.092 
Sulphur 0.006 


Casting the Bars.—The experiments were carried out in 
exactly the same manner as in the white iron series, 
except that larger quantities of metal had to be melted in 
the pot to give an amount sufficient to fill the mould; 
thus, with ordinary grey iron, 70 oz. of metal were put in 
the pot to give a bar weighing just over 40 oz. 

The loss was due to a thick scum and kish which 
formed on the surface of the metal during melting, and 
which kept back a considerable amount of metal when 
the cast was made. There was no trouble in this series 
caused by the corrosive power of the alloys rich in man- 
ganese on the walls of the crucible, a property which in 
the previous experiments had often caused some annoy- 
ance by permitting the molten metal to run into the 
ashes. The presence of 24 per cent. of silicon in the iron 
may have protected the crucible considerably. 

The table on the next page gives the analysis of the 
cast bars with their expansions Saing solidification. 

The expansion curves of this series will be found drawn 
in Fig. 7. 

There is a considerable difference in the properties of 
bars A and B, although the manganese varies by only 0.5 
per cent. ile the total carbon in both is practically 
the same, the relative proportions of free and combined 
carbon differ considerably, as the analyses show ; again, 
the fracture of the two bars cast under similar con- 
ditions are quite unlike one another, that of Bar A 
being dull tack and amorphous, whilst that of Bar 
B glistens with tiny flakes of _— and is more 
open. It must be remembered, however, that the two 
bars were cast from different pig irons, although the 
compositions of these pigs were similar. 

The addition of manganese to the original 1 per cent. 
material whitens the fracture perceptibly, although with 








2.65 per cent. manganese there appears to be a slight 
| darkening again ; but more than 4 per cent. whitens the 


metal once more, and at the same time the grain becomes 


| much finer. Bar M (6.6 per cent. manganese) begins to 
show traces of mottling, and this appearance becomes 
more definite with increase in manganese. Bar O (9.9 per 
cent. manganese) is mottled and very Myre though 
P and R are less crystalline ; but Bar T (17.5 per cent. 
manganese) is very spiegel-like, and shows but little 
graphite mottling the surface of its fracture. It may be 
confidently asserted that a siliceous iron may be called 
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definitely grey, and yet contain as much as 8 per cent. of 
manganese, t 

The strength of these irons could not be estimated, even 
very roughly, by means of the sledge-hammer, and it is 
only possible to say that they become weaker when their 
fractures become crystalline, so with over 10 per cent. 


manganese they are readily broken, although even these |» 


alloys are not crushed as easily as the white irons. _ 

T o effect of manganese on the hardness of grey iron is 
very interesting, and relative figures will be given in a 
later paragraph ; sufficient to state that up to 3.45 per 
cent. manganese the metals were readily sawn and drilled, 
though undoubtedly increasing in hardness. Bar G (4.19 
per cent.), however, could be touched by neither saw nor 
drill, and the surface was with difficulty sha 3; with 
more than this amount of manganese the alloys were 
intensely hard, but at the same time retained a consider- 
able measure of toughness. 





TABLE V. 
¢ Se Bei gi , | tg 
m= OF } Se} ie g ¢ o's Remarks. 
¢ 95 fs 3 2 2 38 
aie? cs? oF a? @| & 
shay pc. pc pc pc pc. pc 
4.01 4.01 31.50 2.80 Original manga- 
nese alloy. 
3.71 3.45 0.26 1.07 2.45 a Original pig iron. 
A 3.56 2.87 0.79 0.55 2.45 | 0.01931 S=0.08 per cent. 
P= 0.06 per cent. 
B 3.70 3.39 0.31 1.00 2.46 0.02628 Slightly depressed 
ate. 
© 8.63 3.16 0.47 1.61 235 0.01396 slightly larger de- 
pression. 
D 3.60 3.25 0.35 223) 2.35 | 0.01826 Very small depres- 
sion. 
E 360 3.33 0.27 2.65 2.39 0.01907 Fairly large de- 
pression. 
F 3.70 3.12 0,58 3.45 2.48 0.01942 Considerable pip- 
ing. 
G 3.80 2.9 0.86 4.19 2.4% 0.02140 Do. 
H 3.12 2.69 0.43 5.15 2.40 0.01861 Do. 
K 3.40 2.66 0.75 6.83 2.34 0.01931 Do. 
M 8.24 2.60 0.64 6.62 2.40 0.02280 |Even depression in 
gate. 
N 3.85 2.15 1.70 835 2.38 | 0.01977 Do. 
oO 885 2.10 1738 9.89 2.45 | 0.03082 Do. 
P 3.95 1.98 1.97 10.30 2.41 | 0.02884 | Deep piping. 
R 4.00 185 2.15 11.15 2.48 | 0.02256 Very deep piping. 
T 4.25 1.14) 8.11 17.57 2.54 | 0.03373 Moderate piping. 
U 3.89 Nil 3.89 30.30 2.96 | 0.01163 White fracture. 
Deep pipe. 


The residues left in the pots after casting the bars 
present some interesting points. The iron used for cast- 
ing Bar A left a large amount of oxidised material, which 
appeared as a thick scum; the residue after casting 
Bar B was composed of scum and large quantities of 
**kish,” or fine graphite. Although 54 oz. of kish, con- 
sisting of graphite mixed with shots of metal, were 
taken out of the pot used for melting Bar B, it is 
astonishing to find that the total carbon in the cast bar 
is just the same as in the original metal.’ This residue of 
kish and scum presents much the same features up to 
5 per cent. manganese, after which it decreases until 
Bar T (17.6 per cent.) leaves behind only traces on the 
surface of the residual button. The Scatane of this 
latter shows the slightly mottled crystalline appearance 
of the corresponding bar. 

The author is unable to account for the sudden decrease 
in total carbon in Bars H, K, an e 


Tue Errecr oF MANGANESE ON THE CONDITION OF 
THE CARBON. 


The prevailing idea as to the effect of manganese on 
the condition of carbon in cast iron is that manganese 
exerts an immediate whitening action, and that 3 or 4 per 
cent. will convert a grey iron into a perfectly white iron. 
Keep,” it is true, draws attention to this erroneous idea, 
and gives examples of irons very rich in manganese being 
grey. It is hoped that the experiments under considera- 
tion will give convincing evidence as to the exact whiten- 
ing effect of manganese on grey cast iron. 

t may be repeated that the alloy with 8 per cent. of 
manganese is definitely grey, and that with 17.5 per cent. 
distinct mottling is evident. For the purpose of proving 
that the graphite in the latter case was not a result of 
mechanical mixture during casting, pieces were re-melted 
in a crucible and cooled slowly ; the fracture remained 
identical, and no kish rose to the surface. 

If one turns to the analyses, one sees that, although 
there may be at first a slight increase in carbide, the iron 
contains as much graphite relatively to combined carbon 
with 2.65 per cent. manganese as with 1 per cent. ; beyond 
2.65 per cent. the proportion of combined carbon steadily 
increases until with 17 per cent. of manganese it forms 
three-quarters of the total carbon. The cast alloy with 
30 per cent. manganese is perfect'y white. 

Structurally free carbide is first apparent under the 
microscope in Bar K (5.83 per cent. manganese), and prob- 
ably separates as a definite constituent at close on 5.5 per 
cent. manganese, 


Pyrometric RESULTS. 


Reduced curves are given in conjunction with the 
corresponding expansion curves in Fig. 7, and from them 
it will be seen that the arrests on solidification are defi- 
nitely indicated in every case except Bar E. Unfortu- 
nately, the experience in the case of the white irons does 
not give one confidence in accepting the sudden drop at 
5.15 per cent. manganese, although a slow cooling curve 
of Bar T, 17.5 rer cent., gave the freezing-point as 


* Keep, ‘* Cast Iron,” page 100. 


1094 deg. Cent., as compared with 1092 deg. Cent. ob- 
tained from the cooling curve of the casting. However, 
it may be said with some degree of assurance that the 
addition of manganese up to 4 per cent. raises the melt- 
ing-point, but further increase to 17 per cent. lowers this 
point. 

A study of the pearlite points is interesting, and it will 
be found that, although the amount of pearlite is not as 
great as in the white irons, the heat evolution at the 
arrest-point, Ar,, in the case of the grey irons is much 
greater, and results in a true recalescence amounting to 
about 10 deg. Cent. 

The thermo-couple, in the case of Bars A and D, after 
recording to 700 deg. Cent., snap at the junction before 
the pearlite point was indicated, and time has not per- 
mitted of repeating the cooling curves. 

The following table gives the temperatures of pearlite 
formation with varying percentages of manganese, and it 
will be observed that the action of manganese is similar, 
in its lowering of Ar,, to its effect in the case of the 
white irons. 

TABLE VI. 

















Bar. Manganese. Ar}. Freezing-Point. 
per cent. deg. C. deg. C. 
A 0.55 “ 1136 
B 1.00 698 1138 
Cc 1.61 690 1142 
D 2.23 oa 1150 
E 2.65 655 
F 3.45 650 1143 
G 4.19 Not detected by 1145 
359 


The pearlite arrest-point, however, disappears abruptly 
with less than 4 per cent. manganese, and does not tend 
to fade away, as in the case with the white irons. 

Undoubtedly the evolution of heat at this temperature 
is not connected solely with the formation of. pearlite, 
but is also connected with the separation of secondary 
Gephite or temper carbon. This isa point that may be 

iscussed more fitly later. 


Microscopic INVESTIGATION. 


Microsections of the original materials were first pre- 
pared and examined ; the pig iron containing 1 per cent. 
manganese showed the normal grey iron structure (Fig. 20, 
page 584), consisting of large flakes of graphite traversing 
areas of ferrite and bordering patches of pearlite. Some 
secondary graphite occurs, and the grain may be described 
as quite coarse. 

he 30 per cent. manganese alloy has quite a brilliant 
appeccenes, as is shown in Fig. 21, and consists of needles 
of carbide (?) in a matrix of extremely fine needles. A 

uliar feature of this alloy lies in the eutectic-like 
ringe that occurs along the — of the large needles. 
The correct etching of the cast bars gave some difficulty, 
as they stained readily, and the pearlite was, at best, but 
poorly developed. 

The microstructure of bar B makes an interesting com- 
parison with that of the original pig iron, as illustrating 
the effect of rapid cooling on grey iron. 

Figs. 20 and 22, the one at 100 diameters (reduced to 70), 
the other at 400 diameters (reduced to 240), will help to 
illustrate this difference, and from them it will be seen 
that in the cast material ferrite has practically disappeared, 
and that fine flakes of graphite replace the coarser flakes 
and form a network around a ground-mass of pearlite. In 
other words, it may be said that in the cast bar the grain 
is finer and more homogeneous. 

The microstructure up to 3.5 per cent. manganese does 
not alter appreciably, save that the pearlite tends to 

me more granular. Unetched and under a low power, 
these specimens show just a trace of dendritic structure 
(possibly due to the concentration of the silicon in certain 
crystals), and also a network of graphite, flakes of which 
often radiate out from a dull black central portion. 

These dull-black spots were plainly visible to the naked 
eye, particularly in specimens G and H (4.5 per cent. 
manganese), in which flakes of bluish graphite seem to 
rest in a darker material partaking of the nature of 
secondary graphite; observation under low power indi- 
cates that this secondary graphite can be dug out with 
the point of a needle. In these latter specimens pearlite 
appeared to have been replaced by a solid solution cut 
across by very faint white Imes, so confirming pyrometric 
records, With just over 5.5 per cent. manganese a defi- 
nite carbide makes its appearance in the form of a spray- 
like eutectic, as seen in Fig. 24, which shows a localised 
area, and increase in manganese causes this eutectic to 
become more prominent until, with 17.5 per cent. man- 
ganese (Fig. 26), it appears to make up nearly the whole 
mass of the section. Fig. 25 of Bar O (0.89 per cent. man- 
ganese) shows this eutectic in conjunction with struc- 
turally free solid solution, the latter containing flakes 
of graphite and amorphous carbon in its mass. Actual 
flakes of graphite are not visible in alloys containing more 
than 12 per cent. manganese, though the black ——~ ye 
form may still be observed. The explanation of the 
structures shown under the microscope is naturally a 
matter of great difficulty, as the system is really a quater- 
nary one; iron, manganese, carbon, and silicon all entering 
into the complex. 

The main questions that arise are :— 

1. What is the constitution of the metal before free 
carbide appears ? 

2. What is the constitution of the carbide, and par- 
ticularly the eutectic that makes up Bar T (17.5 per cent. 
manganese) ? 

The answer to the first question might reasonably be a 
solution of the double carbide, 8 Fe; C. Mn, C, and of the 
double silicide, Fe,Si. Mn.3i, in excess of iron. The 





free carbide first appears in K, so taking a mean of bars 








H and K at 0.60 combined carbon, 2.37 silicon, and 5.30 
manganese, the solution would be uniform and saturated 
with the above compounds; 0.6 per cent. combined 
carbon would absorb 1 per cent. manganese to fori 
double carbide, and 2.37 per cent. silicon would absorb 
4.7 per cent. manganese as double silicide. That is, the 
total manganese taken into solution by these elements 
would be 5.7 per cent., which is not far different from tlie 
figure 5.50 given. - 

The author is unwilling to venture a reply to the second 
question. 


Tur VoLuME CHANGES OF THE Grey Irons. 


From the curves which are reproduced in Fig. 7, it will 
be seen that the expansions on solidification cannot be 
linked up to form a definite curve, such as was found for 
the white iron series. 

An examination of any single expansion curve will show 
that there is a rapid rise in the curve until solidification 
is complete, followed by a sudden drop ; in other words, 
that there is no gradual increase in the rate of shrinkage 
after the expansion, as found for white irons. This is 
what might be expected, as the alloy solidifies at one 
temperature. é 

The accepted explanation of this relatively large ex- 
pansion is that it is due to the graphite that separates out 
on solidification ; and yet it is seen that Bar T (17.5 per 
cent. manganese) possesses more than twice as large an 
expansion as C (1.66 per cent. manganese), although the 
free carbon is only one-third the amount in Bar C. 

Bearing in mind that the density of graphite is to that 
of iron almost in the ratio of 1 to 4, it will be seen that if 
the former separates between the crystals of iron, an in- 
crease in volume will result; and taking for example 
Bar B, with 3.4 per cent. graphite, this latter on solidifi- 
cation would occupy four times the space of its weight of 
iron. Thus the increase in volume caused by its separa- 
tion would be the volume of the graphite minus the volume 
of the same weight of iron ; that is, the increase in volume 
will be three times 3.4 = 10.2 per cent. of the total 
volume, or, say, 10 per cent. 

Now Wrightson,* in a paper to which reference has 
already been made, states on page 21 :—‘‘ The average of 
six experiments shows that the No. 4 foundry iron in 
passing from the solid to the plastic condition expands in 
the proportion of 6.50 to 6.92 or 6.95 ‘oad Se “4 
That is, allowing for the difference in the grades of the 
iron, it may be said that the calculated figure for expan- 
sion is not seriously wrong. According to this calcula- 
tion, on a 12-in. bar the linear expansion on solidification 
should be 1.2 in.; but it is found that in Bar B the linear 
expansion is only 0.026 in., an effect which, according 


to ,calculation, should be produced by — x 3.4 per 


cent. = 0.073 per cent. graphite. 

Ordinary experience would indicate that such an enor- 
mous expansion as 10 per cent. is impossible in solid or 
semi-solid cast iron, and though it is possible that the 
gra hite may separate in the metal while still quite fluid, 

urther experiments will have to be performed before any 

definite conclusions can drawn with regard to the 
volume changes during the solidification of grey cast 
irons. 

Considerable information as to the separation of secon- 
dary graphite during cooling may perhaps be derived from 
a study of the extensometer curves. = 

If Bar 3 (0.88 per cent. manganese) of the white iron 
series be compared with Bar B (1 per cent. manganese) of 
the grey iron series, it will be observed that in the range 
of temperature from solidification to 650 deg. Cent.—that 
is, below Ar,;—the former shrinks 0.13 in., whilst the 
latter is just the same size as when cast; or, deducting 
the expansion during solidification, has only shrunk 
0.026 in. during the period from the end of solidification 
to 650 deg. Cent. : ; 

Furthermore, the rate of shrinkage in the former case 1s 
practically the same per 100 deg. Cent. before and after 
Ar, is reached, whereas in the latter case the rate of 
shrinkage is found by measurement to be three times as 
great below Ar, as it was above that point. Now if no 
secondary graphite were deposited in the interval between 
complete solidification and Ar), it is only reasonable to 
assume that the rate of shrinkage above and below A), 
should be somewhat similar; that is, by measurement the 
volume of the deposited secondary graphite should be 
roughly gauged. The linear effect of this secondary 
graphite will be 0.047 in., and this, for previous reasons, 
will be caused by the separation of 0.133 per cent. secon- 
dar ite. , 

The we ment is doubtless somewhat strained, and is 
only put forward to draw attention to a difficult subject 
that may perhaps be investigated with success by means 
of the extensometer. ; ; 

A study of the expansion curves will show a relatively 
large and prolonged expansion at the arrest-point Ar. 
It is unlikely that such an expansion is produced by 
the heat evawed at this point, but more probably the 
expansion is the outcome of a separation of some material 
from solution, in this case probably carbon. Iron, as 1s 
well known, is able to hold carbon in solution, as such or 
as carbide, above Ar), but at this point on cooling all 
such carbon is thrown out, usually in the form of pearlite 
In the presence of silicon, however, the tendency to the 
separation of carbide is diminished, with the result tha 
free carbon probably separates as well as pearlite. 

Professor Turner pointed out, in a lecture to the Bir 
mingham Metallurgical Society, that when a body is 
thrown out of solution there is a tendency to an increase 
in volume, and also that the change to a stable phase wil! 
be accompanied by a greater increase in volume than will 





* Journal of the Tron and Steel Institute, 1880, No. I., 
page 11. 
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.+he change to a metastable phase. Both these facts 
a e mae to bear in the present case. In the white 
ns, where pearlite is formed, no actual expansion 
occurs at Ar, even though there is a tendency to an 
increase in volume. In the grey irons, where the change 
js, partially at any rate, to the more stable state of 
graphite, a relatively large increase in volume is registered. 
Again, the greater evolution of heat in the second case 
shows that the graphite state is more stable than the 
sarbide state. . . J 
aoe made in connection with the shrinkage 
curves was that in every bar there was a slight though 
somewhat prolonged arrest in the rate of shrinkage at 
ahout 890 deg. Cent., and another, not as well Ce‘ined, at 
570 deg. Cent.; this latter arrest was not detected on all 
the curves, and neither arrest was indicated on the ccol- 

curves. 
in These arrests may correspond to those detected by 
Messrs. Carpenter and Keeling* on the cooling curves of 
high carbon-iron alloys, though perhaps the first arrest 
may be due to a trace of phosphorus in the iron. It may 
be noted that these arrests were not found in the white- 


iron series. 


irons, 


Tur Torat SHRINKAGE. 


The total shrinkage of certain of the grey irons was 
found by allowing the metal to cool down in the mould to 
the ordinary temperature, the extensometer being still 
attached; the difference between the readings at the 
moment of casting and when cold gave the total shrinkage. 

The total shrinkages are given below, and are drawn in 
Fig. 6, from which it will be seen that manganese increases 
the shrinkage by making the grain closer ; the alloy with 
11.15 per cent. maganese has nearly twice the shrinkage 
of the original metal with 1 per cent. 

Taste VII. 


= = 
Manganese. Shrinkage. 


Bar. Manganese. Shrinkage. | Bar. 











per cent. in. per cent. in. 


B 1.00 0.108 Il 5.15 0.157 
Cc 1.61 0.122 | M 6.62 0170 
K 2.65 0.128 Oo 9.89 0,182 
F 3.45 0.121 R 11.15 0.209 
G 4.19 0.151 = 17.51 0.209 

U 30.30 0.235 


THE Retative HARDNESS. 

Specimens were sawn off the bars when possible (that 
is, up to 3.5 per cent. manganese), and a rough polish put 
oa; but when the metal became too hard to saw, a flat 
face was ground down on an emery wheel. 

The hardness of the cross-sections of the sawn specimens 
was taken, but it was found more convenient in the case 
of the hard specimens to determine the hardness just 
below the surface skin. It was shown by experiment 
that the differences thus involved were not ter than 
those over the face of the same specimen, as indicated by 
the scleroscope. 

The following table gives the relative hardness of the 
agg specimens, and the results are epitomised in 

We at 

TabLE VIII. 





Manganese. Hardness. Bar. 














Bar. Manganese. Hardness. 
per cent. per cent. 
0.55 20 K 5.89 56 
Pr 1.00 37 M 6.62 68 
( 1.61 40 N 8 35 63 
D 2.23 38 ry) %89 =| 66 
E 2.65 33 P 10.30 67 
F 3.45 42 R 11.15 65 
( 4.19 53 T 17.51 87 
II 5.15 55 





The hardness increases with the first addition of man- 
ganese, then falls with 2 per cent., with a sharp rise at 
about 4 per cent., where the pearlite point disappears, 
after which it increases uniformly. The decrease in hard- 
ness at about 2 per cent. manganese corresponds to a 
diminution of combined carbon in the metal, and once 
again emphasises the fact that a pig containing 1 per cent. 
of manganese is not appreciably hardened by the addition 
of another 2 per cent. 

It is interesting to note that the original pig from 
which Bar B was cast possesses a relative hardness of 
only 20; the increased hardness of the cast bar is due to 


the much closer grain that was mentioned in the micro- 
scopic section, 

Unfortunately for the series, the hardness of Bar A 
cannot be used for comparison for reasons previously 


Stated. 

Crusuine Tests. 
Professor S. M. Dixon, of the University, Birmingham, 
very kindly performed crushing tests of three of the grey- 
iron specimens, and obtained the following results :— 





ae. Manganese. Height. Thickness. Area. Breaking Load. 











per cent. in. in. tons per sq. in. 
: 1.00 1,25 0.633 0.395 37.34 
: <.65 1.25 0.635 0.388 43.27 
3.45 1.25 0.638 0.404 46.91 
SUMMARY. 


I.—Tue Wuire Iron Series. 


whe The effect of manganese on the volume changes of 
ite iron during solidification is to produce expansions 


Che, the, Range of Solidification and the Critical 
anges of the Iron-Carbon Alloys,” Journal of the Iron 
and Steel Institute, 1904, No. I., page 224. 





that)form a regular curve with the percentage of man- 
ganese, which curve shows minima at :— 


(1) Oper cent. manganese, corresponding to the exist- 
ence of pure Fe,C. 

(2) 5 per cent. manganese, corresponding to the exist- 
ence of pure 8 Fe,0, Mn,C. 

(3) 15.3 per cent. manganese, corresponding to the 
existence of pure 2 Fe,C, Mn,C. 

(4) 19 per cent. manganese, corresponding to the 
existence of pure 3 Fe,C, 2 Mn,C. 

In addition to these minima the curve shows a depres- 
sion at 10 per cent. manganese which may correspond to 
the carbide 4 Fe,C, Mn,C. 

(5) Pyrometric results show that, independently of 
carbon, manganese aoe lowers the temperature 
at which the primary crys separate out from the 
molten metal, though up to 20 per cent. manganese the 
temperature of solidification of the eutectic is not affected. 
af addition of manganese lowers the eut>2ctic point 

ightly. 

(c) Foscnnstale and microscopic data seem to indicate 
the existence of practically pure eutectic with 4.05 per 
cent. carbon, 26 to 28 per cent. of manganese, and 68 per 
cent. of iron, this eutectic probably consisting of the car- 
bide Fe,C, Mn,C ani a solution of this carbide in iron. 
The freezing-point of this eutectic is 15 deg. Cent. below 
that of the pure iron-carbon system. 

(d) On increasing the manganese above 30.5 per cent. 
excess carbide separates out in bands, even though the 
carbon does not increase ; this separation is registered on 
the cooling curve. 

(e) Manganese lowers the temperature of the arrest- 
point Ar, by about 20 ~~ Cent. for each 1 per cent. of 
manganese added, and the intensity of this arrest tends 
to fade away with increase in manganese, disappearing 
probably at 10 per cent. 

(f) The pearlite itself becomes finer and more sorbitic 
up to 5 per cent. manganese, and the separation of free 
carbide takes place across the solid solution, possibly 
along crystal boundaries, in the form of canal-like bands. 

(g) Above 5 per cent. manganese the solid solution 
remains unchan down to the ordinary temperature, 
save for aslight breaking down round the edges between 
5 and 10 per cent. 

(h) The hardness of the series increases up to 6.3 oad 
cent., falls with a sudden drop to 12 per cent., after 
which it rises, and with a — temporary decrease at 19 
per cent., remains uniform above 23 per cent. 


II. Tue Grey-Iron Seriss. 


(a) The expansion on solidification was in every case 
relatively large, but the results did not permit of a definite 
curve being deduced. Aftera drop at 1.6 per cent. the 
expansion was greater with increase in manganese, reach- 
ing a maximum at 10 per cent., after which it fell away, 
rising once more as the manganese reached 17.5 per cent. 

(L) The temperature of solidification of the alloys 
showed a tendency to rise with the addition of the first 
few per cent. of manganese ; further addition produced a 
fall of 50 deg. Cent. to 1100 deg. Cent., this latter figure 
representing closely the freezing-point of alloys contain- 
ing from 7 to 17.5 per cent. manganese. ’ 

(c) The pearlite point disappeared suddenly with 34 to 
4 per cent. manganese, and subsequent microscopic 
examination confirmed this point. 

(d) Microscopic examination also showed the occurrence 
at 5.8 per cent. manganese of free carbide as a constituent 
of a eutectic, and this eutectic increases in bulk until 
with 17.5 per cent. manganese it appeared to make up 
the main mass of the section. Further addition of 
manganese causes free carbide to separate out in acicular 
crystals. 

(ec) The disappearance of graphite with a concomitant 
increase in combined carbon did not appear to occur 
appreciably until the manganese reached 3 per cent., 
alae which the one disap fairly uniformly with an 
equivalent increase in the latter. Even with 17.5 per 
cent. manganese there was a perceptible amount of free 
carbon present. 

(f) The shrinkage of the grey irons increased with 
increase in manganese, but in no case was it as great as 
in the white-iron series, probably owing to the formation 
of secondary graphite during cooling. 

(g) The hardness of the specimens increased with the 
manganese up to 2 per cent., and then, after falling to 
2.65 per cent., rose suddenly to 4 per cent., prior to a 
uniform rise through the series. 

In conclusion, the author wishes to express his sincere 
thanks to Professor Turner for the kind interest he has 
taken in the research, and for his useful advice ; to Mr. 
O. F. Hudson, for invaluable help in every section of the 
work ; and to Messrs. D. M. Levy, D. Ewen, and 
J. Ward, the last of whom performed the operations of 
melting and casting the alloys. 


APPENDIX A, 
ANALYSIS OF THE Bars. 


Total carbon was estimated by introducing 2 grammes 
of the finely-crushed (90 pripig bem oy placed in a fire-clay 
boat, into a silica tube at a bright red heat, and burn- 
ing in a stream of oxygen, the carbon dioxide formed 
being collected and weighed as described by Arnold and 
Ibbotson.* It was found that 15 or 20 minutes were 
sufficient for combustion. : ; 

Graphite.—By dissolving in nitric acid (specific gravity 
1.2), filtering on to asbestos, and burning in silica tubes. 

Combined Carbon.—By subtraction. Eggertz’s colour 
test is unreliable in this case, owing to the presence of 
manganese conferring a lighter colour on the solution. 
For example, the alloy containing 40 per cent. manganeso 





* “Steel-Works Analysis. 





and 3.8 per cent. carbon gave only 2.2 per cent. carbon 
by the colour test, using the American washed iron as 
standard. 

Silicon, Sulphur, and Phosphorus.—By ordinary gravi- 
metric methods. 

Manganese.—The most reliable method was found to 
be the ammonium acetate separation. In the high-man- 
ganese alloys neutralisation was completed by the addi- 
tion of ammonium carbonate ; the method of fractional 
filtration described by Arnold and Ibbotson was used in 
every case. 
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FOREIGN ENGINEERING PROJECTS. 

WE give below a list of colonial and foreign engineering 
om. tor several of which tenders are mt 5 Further 

ata concerning them can be obtained from the Com- 
mercial Intelligence Branch, Board of Trade, 73, Basing- 
hall-street, London, E.C. 

Canada; The Imperial Trade Correspondent at Toronto 
reports that a company been formed, under the name 
of the Ontario and Quebec Navigation Company, Limited, 
with head office at Picton, Ontario, having a capital of 
205,000. The objects of the company are, inter alia, to 
build or deal in ships, &c., to build wharves, docks, 
elevators, &c. His Majesty’s Trade Commissioner further 
reports that a firm in the Dominion manufacturing high- 
way-crossing signals desire to obtain agencies for British 
manufacturers of railway supplies and equipment. 

Switzerland: The Feuille Fédérale Suisse. contains 
notices of the following concessions:—(1) To Colonel 
Waldmeyer, of Mumf, and M. Beck, of Wittnau, for 
the construction and working of a standard gauge rail- 
way, six miles long, from Frick to Kienberg; the cost 
of the work is estimated at about 29,700/., and the con- 
cession is for a period of eighty years. (2) To Mr. Alfred 
Meyer, engineer, of Chexbres, for a narrow-gauge railway, 
three miles long, from Jor, on the Montreux-Bernese 
Oberland Railway, to Caux, on the Glion-Naye line ; the 
cost is estimated at 33,200/., and the concession is for a 
period of eighty years. 

Spain: Adverting to foreign supplies to Spanish 
Government departments, the-(Gaceta de Madrid pub- 
lishes a list of emendations and additions to the list of 
articles, for the acquisition of which, owing to the high 
cost or impossibility of production in Spain, it is con- 
sidered necessary to invite foreign competition. The new 
list includes electric-lighting apparatus, disinfectants, 
sowing and mowing - machines, electrical and steam 
machinery, angle iron, steel products, army commissariat 
wagons, emery paper, driving-belts of hemp and india- 
rubber, tarpaulin, brass cartridge-cases and caps, heavy 
motor vehicles, swords and sabres, hospital tents, medical 
and surgical apparatus, office accessories, such as gum- 
ming and perforating-machines and typewriters, scales, 
laboratory materials, minting-machines, microscopes and 
instruments, cements, stone-grinding machines, metal 
railway sleepers, switches and crossings, electrical 
pumps, metal tablets and sign-boards. 

Italy : The Minister of Public Works has approved the 

lans for the construction of the Vittorio Emanuele III. 
Sock, and for the lengthening of the Galliera mole in 
Genoa Harbour, at a total cost of 1,320,000/. Arrange- 
ments are being made for the work to be carried out with 
the least possible cone The Public Works Department 
have reported favourably on an application for the con- 
struction and working of (1) a tramway from Lusegana to 
Pieve di Soligo, (2) an electric a from Corsico to 
Abbiategrasso, and another between Padua and Abano, 
(3) various tramway lines in the town of Bergamo, (4) a 
tramway between Catania and Acireale, (5) a tramway 
from Pallanza-Fondo Toce to Ormegna via Crusinallo, 
and ((j) a section of the Brescia-Mantua-Ostiglia tramway 
in the neighbourhood of Brescia. A concession has also 
been granted to the Societa Varesina per Imprese Elet- 
triche for the construction and working of an electric 
tramway from Varese to Bobbiate. 

Turkcy : H.M. Embassy at Constantinople report that 
the Société Anonyme Ottomane de Navigation Fluviale 
et d’Irrigation du Soussourlou, a company formed for the 

urpose of exploiting the resources of the Soussourlou 
iver (Vilayet of Hudavendighiar), is now offering its 
shares to public subscription. The authorised capital of 
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the company is £T110,000 (99,000/.), but it is intended at 
resent to carry out works at a cost of £T22,000 only. 
he following purchases, among others, are to be made: 
—One tug-boat of 50 my £T2600 (2340/.) ; one 
tug-boat of 20 horse-power, £T1200 (1080/.) ; one dredger, 
£13000 (2700/.); one steam-crane, T£1000 (900/. ). 

Russia: The British Acting Consul-General at Odessa 
reports that, according to the official Commercial and 
Industrial Gazette, a project is under consideration by the 
Government for rendering the Dnieper and Northern 
Donetz rivers'suitable for navigation by means of a system 
of locks. It is stated that in this way vast districts of 
the Smolensk, Minsk, Mohilov, Chernigov, Kiev, Ekate- 
rinoslav, Poltava, Khefson, Taurida, Kursk, Kharkov, 
and Voronezh Governments and of the Don Cossack 
Territory would be brought into direct communication 
with the Black Sea and the Sea of Azov. Moreover, the 
surplus water which would be created by the lock system 
could be utilised to very great advantage for irrigation 
in the arid regions traversed by the Donetz. The whole 
of the water of the Northern Donetz would have to be 
controlled. In the case of the Dnieper, it would not be 
possible to control the whole body of water, and the work 
would consist chiefly in the excavation of a canal with 
locks to run parallel with the cataracts. It would be most 
desirable, at the same time, to make ay irrigation canal, 
branching off from the Dnieper between Ekaterinoslav 
and Alexandrovsk, by means of which the whole south- 
western district of continental Taurida could be trans- 
formed into a fertile fruit-producing country. 

Uruguay: Adverting to a bill embodying the terms of 
« contract for the construction and working of an electric 
railway from Monte Video to Colonia, and the execution 
of irrigation, water-supply, and hydro-electric works, the 
Diario notifies that the draft bill, granting the concession 
to Mr. Edwin Steer, was y the Uruguayan 
Legislature on August 23. The Diario Oficial publishes 
the text of a law authorising the executive authorities to 
grant to Messrs. Charles Young and Co. a concession for 
the construction and working of a standard gauge railway 
between Tres Arboles station, on the Midland Railway, 
and Piedra Sola station, on the Uruguay Central Northern 
Railway extension. 

Norway: H.M. Consul at Christiania (Mr. E. F. Gray) 
states that tenders are invited by the Norwegian State 
Railway authorities for the supply of 2500 welded iron 
engine- boiler tubes. Tenders, marked ‘“‘ Anbud paa 
Leveranse av Kjedelrér,” will be received at ‘‘ Maskin- 
ingenidrens kontor, Bispegaten, 12,” Christiania, up to 
3 p.m. on October 28. It should be noted that in all 
Norwegian Government contracts a preference of from 
10 to 15 per cent. (apart from customs duties) is given to 
Norwegian manufacturers, and that it is obligatory that 
a resident agent (not necessarily a Norwegian firm) should 
act for tenderers not residing in Norway. 

Argentine Republic: The Boletin Oficial states that 
tenders.are to be invited for the carrying out of sanitary 
works at Mar del Plata at a cost of about 300,000/. The 
Direccién General de Obras de Salubridad de la Nacion, 
Buenos Ayres, is authorised to obtain the necessary piping 
and other materials of foreign manufacture by private 


contract, and the necessary machinery through the 
Argentine Legation in London. The Boletin publishes 
a decree, issued by the Ministerio de Obras Piblicas, 


approving the plans for the extension of Puerto Militar. 
Tenders are invited for the construction of the first 
section of the dry dock and of the external wall of the 
tidal basin ; they will be opened on December 15. Plans 
may be obtained on payment of 200 pesos (17/. 10s.) from 
the Comision de Amplhiacion del Puerto Militar, Buenos 


Tes. 

Brasil : The Diario Oficial publishes a decree approving 
the plans and the estimates submitted by the Government 
of the State of S. Paulo for the construction of a 47-mile 
section of the Tibagy line, an extension of the Sorocabana 
railway. The cost of the work is assessed at about 
268, 0000. 

Mexico: His eyo te Minister at Mexico City calls 
attention to the notification in the Diario Oficial of 
September 13 of a contract between the Ministry of Com- 
munications and Public Works and the National Railways 
of Mexico for the construction of a railway in the State 
of Michoacan. The line is to run from Penjamo, on the 
Irapuato-Guadalajara railway, to Zacapt, a distance of 
168 km. (about 104 miles) ; it may be extended to Ajuno 
or to Ario, provided that the contractors give notice to 
the Ministry to that effect within three years from the 

resent time. The gauge of the line is to be 1.435 m. 
The railway is to be completed as far as Zacapi within 
four years and a half, and construction material, &c., 
may be imported free of duty for a period of five years. 
The British Vice-Consul at Puebla reports that a con- 
tract has been made between the Municipality of Oaxaca 
and Mr. Enrique Schoendube, Avenida Isabel la Catolica, 
No. 53, Mexico, D.F., for the construction of drainage 
and water-supply works. A considerable amount of pre- 
liminary ae 5 has already be»xn done. The water is to be 
brought a distance of nearly 16 km. (about 10 miles), and 
will fall about 160 m. (520 ft.) on the way ; the engineers 
estimate a flow in the dry season of 80 litres per second. 
To pay for the work, the municipality have issued bonds 
to a par value of 1,800,000 pesos (183,700/.), which have 
been taken by the contractor at 85 per cent. 

Netherlands East Indices: The Bulletin Commercial 
(Brussels), states, on the authority of the Belgian Consul 
at Batavia, that the Nederlandsche Indische Spoorweg 
amare en has recently sent three engineers to Soura- 


baya to ea survey for a steam tramway which it is 
pro; to construct between that place and the district 
of Grisee. The Bulletin also states that the 


Cheribon Stoomtramweg Maatschappij has decided to 
increase its capital, with a view to extending and im- 
proving its Samarang-Cheribon line. 





CATALOGUES. 


Heating Boilers.—Messrs. Robert Jenkins and Co., of 
Rotherham, have sent usa circular illustrating and stating 
rices of their new welded-steel sectional boiler for 
eating purposes, and also pointing out its advantages 
over cast-iron boilers. The boiler is made in three sizes, 
for heating 1190, 1680, and 2170 lineal feet of 4-in. piping. 


Steam - Engines, Gearing, dc.— Messrs. Scott and 
Hodgson, Limited, Guide Bridge Iron Works, near Man- 
chester, have sent us a pamphlet illustrating some of their 
productions. These consist of large compound and triple- 
expansion steam-engines for mill-driving, rolling-mill 
engines, blowing -engines, crank -shafts, and straight 
shafting, machine-moulded spur and bevel wheels, large 
spur-wheels with cut teeth, worm-wheels, rope and belt 
pulleys, &c. 


Electrical Machinery. — An abridged price - list of 
** Alioth” electrical machinery h+s come to hand from 
Mr. J. Stottner, M.I.E.E., Birkbeck Bank Chambers, 
Holborn, W.C. The list, after illustrating some Conti- 
nental power-stations and several individual machines, 
gives prices and particulars in tabular form of two and 
three-phase motors up to 52 brake horse-power, single 
and three-phase transformers up to 340 kilovolt-amperes, 
and high-tension oil switches suitable for pressures up to 
30,000 volts. 


New and Second-Hand Machinery. —We have received 
from Messrs. Thos. W. Ward, Limited, of Albion Works, 
Sheffield, a complete catalogue of new and second-hand 
machinery in stock. The list, which contains 350 
includes locomotives, cranes and winches, steam-engines 
and boilers, air-compressors and pneumatic tools, gas and 
oil-engines, dynamos, motors, and electrical apparatus, 
pumps and hydraulic machinery, all kinds of machine- 
tools, fans and blowers, mortar mills, brick-making and 
soap-making machinery, and miscellaneous plant. Dimen- 
sions and some particulars are given and the prices stated 
of all the machines, a few of which are illustrated. 


Electric Grinding-Machines.—We have received from 
the Phcenix Dynamo Manufacturing Company, Limited, 
of Thornbury Works, Bradford, a booklet dealing with 
the Phenix bench grinding-machine. The machine com- 
prises one of the firm’s standard fully-enclosed one-horse- 
_— motors, mounted on a cast-iron base-plate, and 

aving an emery wheel on each end of the armature shaft, 
which is extended for this purpose. Guards are fitted 
over the emery wheels, and a tool-rest is provided for 
each, the guards and rests being bolted to the base-plate. 
The booklet states prices of machines for direct current 
only ; they can, however, be supplied for two and three- 
phase circuits. 


Driving-Chains and Sprockets.—Messrs. Hans Renold, 
Limited, Progress Works, Brook-street, Manchester, 
have sent us a copy of a new catalogue of Renold patent 
silent chains and sprockets for high-speed driving. The 
catalogue deals with chains of the bush and liner types, 
giving information relating to their development, instruc- 
tions for erecting and running them, and also mentions 
some of their many applications. The special tools 
required for making a joint in the chains, as well as the 
method of using them, are also illustrated and described. 
Tables are included, giving the sizes and prices of the 
chains, the power transmitted, and other particulars ; 
dimensions and approximate prices of sprockets are also 
stated. 

Galvanising Process.—The Cowper-Coles Galvanising 
Syndicate, Limited, 82, Victoria-street, Westminster, 
S.W., have issued a circular pointing out the advantages 
of the Cowper-Coles regenerative galvanising process. 
The articles to be treated are first coated by a special 
electrolytic process, and then subjected to a treatment 
which causes the zinc and iron to form an alloy. Among 
the advantages enumerated we may mention that the 
coating is stated to be perfectly smooth and even, there 
is no waste of zinc, articles of all kinds, from small screws 
to girders can be treated, the deposit can be of any thick- 
ness, and the zinc employed is in the form of dust or 
scrap, and is therefore cheap. The company are pre- 
pared to grant licences for the use of the process or to 
undertake galvanising work. 

Millivoltmeter.—A pamphlet relating to an aperiodic 
precision millivoltmeter for continuous or alternating 
current has been received from Messrs. Isenthal and Co., 
85, Mortimer-street, W. These instruments employ a 
Wheatstone bridge, each arm of which contains a thermo- 
element. The alternating current to be measured is led 
in at two opposite corners of the bridge, and heats the 
thermo-elements, so that # continuous current propor- 
tional to the heating effect is produced. The continuous 
current is led off from the other two corners of the bridge, 
and measured in an ordinary moving-coil instrument. 
The scales of the instruments are exactly similar for either 
continuous or alternating current, and the measurements 
of the latter are independent of wave shape and periodi- 
city. The pamphlet states the price of the instrument 
and of shunts, by means of which it can be u to mea- 
sure currents up to 2000 amperes. 


Parcel-Conveyor.—The ‘‘ Transvia” parcel-conveyor is 
illustrated and described ina circular to hand from Messrs. 
S. H. Heywood and Co., Limited, of Reddish, near Stock- 
port. is conveyor, which has been designed and 
patented by Mr. T. R. Wollaston, of 26, ration- 
street, Manchester, is intended to facilitate the rapid 
loading or unloading of lorries with parcels or bundles 
which are not too heavy to be handled easily by one man. 
In the example illustrated, which is in use at a Manchester 
warehouse, the conveyor, in the form of a cantilever, ex- 
tends over the footpath to the edge of the roadway, at a 
sufficient height above the former to cause no obstruction. 





The moving part, which consists of a travelling 


capable of being driven in either direction by an Brae 
motor, is enclosed in an ornamental casing resembling 
in appearance the awning often provided over hotel 
entrances. In unloading a van the parcels are thrown by 
the men in charge of the van through a large opening in 
the end of the conveyor casing, and falling on to the 


travelling lattice, are conveyed into the building and 
there distributed by my suitable means. When the appa 
ratus is not in use the opening is closed by a roller 
shutter. : 

Hydraulic Power.—The London Hydraulic Power 
Company, of Palace Chambers, 9, Beldgoatrest, West- 
minster, S.W., have issued a pamphlet relating to their 
hydraulic power supply system. The company supplies 
water at a pressure of 700 1b. per square ifich for power 
purposes, to all parts of London, through mains having a 
total length of 170 miles ; a map included in the pamphlet 
shows the position of these mains, and also indicates the 
buildings to which power is supplied. The pamphlet 
illustrates some examples of hydraulic cranes and hoists, 
and passenger and goods lifts, and points out the safety 
convenience, reliability, and economy of these appliances, 
in which, probably, the greater part of the power sup- 
plied by the company is utilised. Several other more 
recent applications are also illustrated, however, and 
among these are an organ-blower, a pumping gear for 
artesian wells, an ejector for raising water from base- 
ments below the level of the sewers, a vacuum cleaner, 
and a fire-hydrant, all of which are hydraulically operated. 
The power is charged for by meter, at a rate which de- 
creases as the quantity of water used increases; the 
actual amount charged for any quantity can be seen from 
a scale of charges included in the pamphlet. 


Oxygen-Breathing Apparatus.— Messrs. Siebe, Gorman, 
and Co., Limited, 187, Westminster Bridge-road, S.E , 
have issued a very complete and interesting catalogue of 
smoke-helmets and jackets, respirators, oxygen-gene- 
rators and inhalers, and other apparatus for enabling 
work to_be carried on in places filled with poisonous 
gases. The catalogue first describes the ‘‘ Proto ” self- 
contained oxygen-breathing apparatus recently adopted 
at the Howe Bridge Central ue Station. In this 
apparatus a flexible breathing-bag, divided into two com- 

rtments, is carried in front of the wearer, and a tube 
rom each of these compartments leads to a mask which 
covers or partially covers the face. The tubes are pro- 
vided with valves arranged so that air is drawn from one 
compartment and returned to the other. In the bag the 
air 1s cau to through a supply of commercial 
caustic soda in stick form, which pom Ae the respired 
carbon dioxide. At the same time the requisite quantity 
of oxygen is supplied to the bag from two smull steel 
bottles on the Pack of the wearer, and in this way the 
air is kept pure, so that it can be breathed over and over 
again. The two cylinders each contain 5 cubic feet of 
oxygen, sufficient for two hours’ hard work. A similar but 
smaller apparatus, primarily intended to enable oxygen to 
be administered to persons overcome by poisonous fumes, 
and known as the “Salvator” reviving apparatus, is also 
dealt with. It can also be used for all classes of work of 
short duration. The catalogue also describes apparatus 
for generating oxygen, and pumps for filling the steel 
bottles used%in connection with the breathing apparatus. 
The Hall-Rees patent independent breathing apparatus is 
next described. It is intended for shallow-water diving 
or for use as a smoke-helmet, and consists of a helmet and 
jacket which entirely enclose the upper part of the body. 
In a pocket inside the jacket is oa a supply of a 
material which, in contact with the respired water 
vapour, gives off pure oxygen. The residue, an alkali, 
absorbs the carbon dioxide, so that the air inside the 
apparatus is kept in good condition until the whole of the 
oxygen-producing substance is consumed—one charge 
lasting for forty-five minutes. A number of smoke-helmets, 
for use in places not very distant from a pure atmosphere, 
are illustrated. In these, air is supplied to a mask or 
helmet through a hose from bellows operated by someone 
outside the mephitic atmosphere. To enable conversation 
to be carried on with the man working in the poisonous 
gas, the helmet can be provided with a speaking-tube or 
telephone. The catalogue also includes illustrations and 
particulars of respirators for use when tapping gas-mains 
under pressure and for other similar work ; prices of all 
the apparatus and accessories are stated. 








‘“TABLES FOR TRANSITION Curves.”—A little book 
bearing the above title, and costing 2s. net, has recently 
been issued by Messrs. William Dawson and Sons, 
Limited, Cannon House, Bream’s Buildings, London, 


E.C. It has been compiled by Messrs. E. H. Rigby, 
B.Sc., M. Inst. C.E., and W. M. Bergin, B.A., Assoc. 
M. Inst. C.E., and contains a large number of useful 


tables relating to the laying out of curves, and should 
prove very convenient for engineers engaged in the laying 
of permanent way. As is well known, a transition curve 
is to prevent shock to a train when the latter runs from 
a straight track on to a curve, or vice vers, an 


the object of the little book in question is to facilitate 
the setting out of these curves. From the formula 
per 


V= je R, where V = velocity of train in feet 
G 


second, R the radius of the curve in feet, and \ Se 
gauge of the track in feet, has been compiled a table ¢ 
circular curves, maximum permissible speeds, lenzt!> © 
transition curves, tangents and rates of increase of -\per- 
elevation of the outer rail, the application of a tran-!1ion 
curve to a circular one being descri by a diagram. 
There is also a table giving the gradient compensation for 

is bound in cloth, and is of « con- 


curvature. The book ist 
venient size to be carried in the pocket. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1507. 
mber of views given in the Specification Drawings is stated 
waee where none is mentioned, the Specification is not 
lustrated, 
where inventions are communicated from abroad, the Names, éc., 
of the Communicators are given in italics. 
ies of Specifications may be obtained at the Patent Office, Sale 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 5 
The date of the advertisement of the 
Speci ie pcon sealed, when the date of sealing és given. 
nt . 
An yrs may, at any time within two months from the date of 
the advertisement 0, 


at the Patent O; of posit to the grant of a 
ive notice 
atent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


16,645/09. Dalziel’s Constant Vol Patents, 
Limited, London, and J. Dalziel, Derby. Electric 
Distribution Systems. [2 Figs.) July 16, 1909.—This inven- 
tion relates to electric-distribution systems of the type described 
in Patent No. 8717, of 1906, in which the generator supplying 
current to the system is driven from a source the speed of which 
varies within wide limits. The object of the invention is to pro- 
vide a method of, and apparatus for, regulating the voltage of the 
current supplied from such a generator. a@ represents the main 
dynamo, the voltage of which tends to vary. 0b is the driving 
motor of the regulating and booster set. e is the exciter, c is the 
field demagnetising machine, and d is the booster providing the 
charging potential of the battery. The machines 6, ¢, and c work 
as described in Patent No. 8717, of 1906, and by the method 
therein disclosed maintain the voltage of the dynamo a at the 
proper pressure to supply the lights L. On the machine d there 
is a shunt winding f connected across the constant potential given 
by the dynamo, and there is also a series winding g carrying the 
main dynamo current, the effect of this winding being opposite 
to that of the shunt winding f. The winding g may, if desired, 
be connected so as to carry only the battery-charging current, 
and not the whole of the main dynamo current. The regulating 
set is driven at a practically constant speed by the motor b. The 
winding f is such that with no current passing through the wind- 
ing 9, the voltage of the booster d, added to the constant voltage 
of the main generator, will be a suitable maximum voltage for cell- 
charging. It will be seen, however, that the greater the current 
passing to the circuit from the dynamo, as a result of the battery 
being low, the greater will be the weakening eff ct of the winding 
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g on the field and voltage of d, and the relative strengths of the 
winding / and y can be made such that, at a definite current, the 
entire field of the booster d may be wiped out or may even be 
reversed. The switch-gear used with this modification comprises 


= electro-magnetically operated switches h and k. As the 
“ynamo is run up tospeed, it energises the lifting coil of switch h. 
As the core lifts, the switch connects terminals 1 and 2, and so 


places the dynamo in parallel with the battery B through the 
switch k, and terminals 3 and 4 on the lighting circuit 5. At 
this point the speed of the dynamo will be such that its 


field will be approximately fuil strength and there will be 
no voltage across the controller ¢. As the dynamo voltage 
—_ to rise, however, an increasing current will pass through 
the exciter ¢ and a rapidly increasing de-magnetising pres- 
sure will build up ine. The energising coil of switch k is 


ag d across the controller, and when the control voltage 
attains a predetermined pressure, the switch k will be lifted, 


interrupting the cireuit between terminals 3 and 4, leaving the 
7 its isolated from the battery, and fed directly from the dynamo 
alone. The switch k will also connect~ terminals 6 


Gesine the ehicad and 7, thereby 
- ig the circuit of the booster d, and putting the battery under 
: harge from the booster. If the winding g be omitted, and the 
oe only provided with the shunt-coil f, the operation will 
; “s _ ‘hat the pressure of the lighting circuit will be constant, 
nd the battery will be charged at a constant pressure, the work- 





ng be “e generally similar to that of the apparatus described in 
ta ent \o. 8717, of 1906, but the necessity for providing means 
Po a’sorbing the excess pressure of the dynamo and battery 
Onke or over the light pressure is obviated. (Sealed 
ober 6, 1910, 
17,520 09. J. H. Holmes, Newcastle-on- e. Induc- 


ten Motors. [7 Figs.) July 28, 1909.—This invention has 
relerenve to induction motors, and relates more particularly to 
wae for short-circuiting the slip-rings connected with the rotor 
pe ings ind with the external and variable starting resistances. 
Cr ordi g to this invention, the handle and an axially movable 
otatable connection are provided each with a rubbing sur- 
cae the connection is under spring pressure, which tends to 
is ~ he r aw itch in iteshort-circuiting position. The arrangement 
uch that when the handle is actuated to open the switch, the 


two rubbing surfaces are first moved into contact, and then the 


surfaces and inst the spring pressure, and in a direction to 
move the switch into its open position. Theswitch is maintained 
= so long as the handle is held. When the handle is released, 
the spring comes into operation and moves the connection and, 
with the connection, the switch into its closed ition, the rub- 
bing surfaces at the end of the movements of the handle and of 
the connection aon outof contact. The surfaces between which 
rubbing friction takes place are thus out of contact all the time 
that the switch is closed. 1,2,3aretheslip-rings. The rotor shaft 
5 is bored out axially for a portion of its length, and the hole 
so formed extends for such a distance that its inner end is at that 
portion of the shaft encircled by the slip-rings. At a short dis- 
tance from the inner end of the hole a slot 7 is formed through 
the rotor shaft 5. 8 isa rod arranged within the hole 6 and pro- 
vided with a piston 9. 10 is a spring which encircles the rod 8 
and bears against the piston 9 and an abutment or stopper 11, 
centrally perforated and screwed into the outer end of the hole. The 
rod 8 passes —- the stopper. The projecting end of the rod 
8 is screw-threaded, and on this portion is mounted a nut 12. The 
adjacent faces of the nut and of the stopper are some little dis- 
tance apart. The piston 9 is provided with a hole 13 positioned 
in line with the slot 7 in the rotor-shaft 5. 14 is a pin that is 
passed through the hole 13 and the slot 7, and engages with 
holes in a sleeve 15 mounted on the rotor shaft 5 and movable 
toand fro thereon. The sleeve 15 serves to carry and operate 
the movable part of the switch. Mounted on the bearing, or, 
rather, on the bracket carrying the bearing, of the rotor-shaft 
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5, and so as to cover the end of this shaft, is a cap 17. This 
cap, which is movable in a rotary sense, carries a handle 18 
and is formed with a slot 19 that is engaged by a pin 20 
mounted on the bearing or bracket. The form of the slot 19 is 
such that when the cap 17 is rotated relatively to the bearing or 
bracket, the cap will have an endwise movement imparted to it. 
The cap is formed with a centrally-arranged hole, through which 
the outer and screw-threaded portion of the rod 8 passes, the nut 
12 being placed so as to be on the outer side of the cap, but not in 
contact therewith. The surface of the cap surrounding the cen- 
trally-arranged hole therein and the adjacent and coincident face 
of the nut 12 form the rubbing surfaces, When the cap 17 is 
rotated it will be also moved endwise, and the latter movement 
will bring the rubbing surfaces into contact. The contact between 
these two surfaces takes place before the endwise movement of 
the cap is completed, the continued compound movement of the 
cap therefore causes the rod 8 to move axially, and this axial 
movement is imparted to the sleeve 15 and to the movable part of 
the switch, which latter is opened and the short circuit on the 
slip-rings 1, 2,3 removed. The movements take place in opposi- 
tion to the spring 10. When the handle is released the spring 10 
acts upon the piston and causes the rod to move axially within 
the hole in the rotor-shaft. The sleeve 15 will move with the 
rod and the movable part of the switch will be shifted back into 
the position in which it short-circuits the slip-rings. At the same 
time, the cap 17, by reason of the pull of the rod 8 on the nut 12, 
will be caused to move endwise of the bearing or bracket and will 
also be rotated relatively thereto. At the end of its compound 
movement and the movement of the rod the two rubbing surfaces 
are out of contact. (Sealed October 13, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


16,925/09.  W. P. Gibbons and J. R. Masters, 
London. Gas-Retorts. [5 Figs.) July 20, 1909.—This 
invention relates to multiple vertical gas-retorts having a vertical 
duct or ducts between and common to adjacent retorts and aper- 


Fig.1§ 
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(16925) 
tures at intervals in the walls of the retorts communicating with 
the ducts, and it consists in improvements according to which 
the retort is made in, or divided into, sections with apertures 





connecti 


on is moved axially by reason of the engagement of such 


preferably upwardly inclined, and with a central gas-duct or ducts 


formed in the dividing partitions. The retort is made in two 
halves a, b, placed back to back, with a central gas-duct ¢ which 
communicates with the retorts through upwardly-inclined aper- 
tures d in the walls or partitions between the retorts and the gas- 
duct. These walls may be integral with the shafts of the retorts 
and may be shaped to form the gas-duci, or the inner walls or 
Eetieene of the retorts may be separately formed and may be 

uilt up of tiles e dropped into vertical grooves f in the side walls 
of the retort (Fig. 3). The back-to-back joints of the two retorts, 
as well as the horizontal jointing surfaces of the blocks of which 
the retorts are built up, are preferably grooved and keyed with 
fire-clay, and in addition these surfaces may be corrugated so as to 
form a still more efficient joint. No mouth-piece is shown at the 
top of the retort, but it will be understood that the gas passing 
from the retorts through the various apertures d into the gas-duct 
e is conducted away with the gases passing directly from the 
retorts. (Accepted July 27, 1910.) 


18,769/10. C. V. Fisher and H. Levy, Kilverstone. 
Carburettors. [1 Fig.) August 14, 1909.—This invention 
relates to carburettors. According to the present invention, the 
carburetting chamber consists of a cylinder a, which is not of 
small diameter in comparison with its length, so as to resemble a 
tube, but is of a considerable diameter ; for instance, the diameter 
is a little more than half the length or height of the chamber. 
Centrally upstanding within this chamber is the spray-nozzle b, 
the feed to which may be float-controlled by the float b) acting 
upon the needle-valve /2 in the usual manner, and at the foot of 
the chamber, and preferably at a point diametrically opposite to 
the feed-tube c of the jet }, an air-inlet d, with hit-and-miss valve 
e controlled by a handle J, is arranged and adapted to admit air 
heated by the exhaust into the carburetting chamber a. Prefer- 
ably the orifice of the jet b stands some distance above the air- 
inlet pipe, and preferably also it is distant from the roof of the 
chamber a. The suction-valve g is arranged in the roof of the 
chamber a, and consists of a flat disc of large diameter. This disc 
is constantly subjected to an upward force by a spring /! acting 
upon itsstem. The disc may cover a single large hole in the roof 
of the carburettor in the stationary condition of the engine, or a 
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number of small holes may be formed in two or more concentric 
rings and, of course, if preferred, the disc g might be perforated 
out of line with the perforations, so as to allow the air to enter the 
chamber a in fine streams when the valve g descends. In any case, 
however, by employing a fairly large valve, the air enters either 
in very fine films or in very fine streams, and this is found to be 
very efficacious for the breaking up or atomising of any drops of 
fuel which are carried upwardly 4 the warm air, and for secur- 
ing intimate admixture of the cold pure air with the warm 
fuel-laden air. Upon the top of the carburettor, a disc n may be 
revolubly mounted, being formed with a central hole for taking 
over the guiding sleeve of the spindle of the valve g. This disc 
also is provided with holes, and by adjusting the dise » the latter 
acts as a hit-and-miss valve to regulate the through-way of the 
holes in the top of the carburettor. The suction-pipe ¢ to the 
cylinders of the motor may be as low down as half the length of 
the chamber, or it may be rather nearer the top than to mid- 
length of the chamber, and preferably as to diameter the same as 
that of the hot-air inlet-pipe d. Also the suction-pipe is prefer- 
ably elbowed or bent upwards as shown at j, and is provided with 
a throttle-valve k, which is advantageously a_ piston-valve. 
(Sealed October 6, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


23,447/09. A. G. Benstead and E. Aron, London. 
-Jacks. (4 Figs.) October 13, 1909.—This invention 
relates to that type of lifting-jack in which the rack can be quickly 
adjusted to any desired height without operating the handle by 
which the rack-bar is raised. According to the present invention, 
a jack is formed with a pedestal in which a rack-bar moves freely, 
the said rack-bar being in permanent engagement with a pinion 
formed with, or connected to,a worm-wheel capable of meshing with 
a worm, to which the usual handle may be attached. The pinion 
and worm-wheel are so mounted that they may be moved parallel 
to the rack-bar, so that whilst the pinion continues to en 
with the rack, the worm-wheel is disengaged from the worm by 
which it is driven. The toothed rack 1 is engaged by a pinion 2 
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keyed or otherwise secured to a short shaft 3. Secured to the 
same shaft is a worm-wheel 4, adapted to be engaged by a worm 5 
operated by a detachable handle fitted on the worm-spindle 6. 
The bearing surfaces of the short shaft 3 are adapted to move 
vertically in guideways formed in a projecting part 10, which 
is formed with or secured to the body of the jack. An aper- 
ture is made in the projecting part 10 to receive the lever 12, 
which is pivoted to the said part 10, and has a part by 
which it may be actuated at will. The action of the jack 
is as follows :—When the jack is in action for lifting a weight, 
the worm 5 is in engagement with the worm-whee! 4, the 
shaft 3 being in its lower position, and the pinion 2 being, of 





course, in engagement with the rack 1. When it is desired to 
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adjust the height of the rack preparatory to applying the jack 
to any purpose, the lever 12 is actuated, thereby disengaging the 
worm-wheel 4 and worm 5, so that the rack is free to be moved 
up or down to the required height ; whereupon the lever 12 is 
released, a allowing the worm-wheel 4 to again engage the 
worm 5, It will be readily seen that when the worm is rotated 
for the purpose of lifting the rack, the downward pressure of the 
rack on the pinion 2 is transmitted through the short shaft 3 to 
the ne surfaces, thus effectually preventing the worm from 
0) isengaged with the worm-wheel. (Accepted August 4, 
1910. 
RAILWAYS AND TRAMWAYS. 


4994/10. The Midland paliway Cosstage and 
Wagon Compony, Limited, and Pedley, Bir- 
mingham., ffer-Plungers. February 28, 1910.—This 
invention more particularly relates to buffer-securing means, 
in which the buffer-rod carries a collar on its extremity, which 
engages a split washer carried by a recess in the casing, and has 
for its object improvements in this type of apparatus. The 
invention consists in a split ferrule arranged at the extremity of 
the buffer-rod, having means to prevent its rotation, and a washer 
(which is prevented from rotation) to prevent the removal of the 
ferrule. The buffer-head and plunger a is turned down at b to 
form a pronounced shoulder ¢ and end pieces or collar d. The 
buffer a is mounted in a case e, which, at the rear, is provided 
with an annular recess, in which the washer i is placed. A spring 
g is arranged within the case, and is enclosed by a back-plate or 
cover-plate h. The buffer is secured by means of a ferrule j 
formed in two halves, having a flange provided with two lugs, 








which are adapted to engage two slots in the cover-plate h, thus 
reventing the rotation of the ferrule. The inner end of the 
errule is formed with two lugs, which are intended to pass 
through a slot in the washer 7. The washer i is notched at one 
place and is engaged by a nib on the buffer-case e when in proper 
position, which prevents it turning. To secure the buffer the 
plunger is pushed back, and each half of the ferrule j is slipped 
into position separately, the inner lug on each being in turn 
passed through the slot in the washer, and turned so that when 
the ferrule is in place its lugs are out of line with the slot, so that 
they cannot return. The washer i by engagement of its notch on 
the nib on the buffer-case cannot turn, and thus when the cover- 
plate, with its slots, is passed over the back of the ferrule to 
engage the lugs on its flange, the ferrule cannot turn round, and 
is thus securely locked in place and forms an anchorage for the 
end d of the plunger, thus limiting the forward movement of the 
plunger. (Sealed October 6, 1910.) 


15,882/10. Walters Electrical Manufacturing Com- 
pany, Limited, and E. E. Moore, London. Signalling. 
(3 Figs.] February 23, 1910.—This invention relates to a method 
of, and apparatus for, giving warning at a level-crossing of the 
approach of a train. In giving warning of the approach of a 
vehicle, two conditions are, according to this invention, provided 
for: (a) on single lines or where shunting is likely to occur or 
the alarm is required to be kept on until the vehicles are outside 
the zone of warning in both directions; (b) where a single line 
only is in use and vehicles are passing in different directions at 
different times, the alarm ceases directly the vehicles have 
reached the place where the warning is required. Fig. 1 shows 
the arrangement for a line on which vehicles travel in both direc- 
tions at different times, Four treadles G, G1, G2, G3 are provided, 
and these are fixed on the line in pairs G, G!, and G2, G5, each 
pair —e ata sufficient distance on either side of the place where 
the warning is required. The four treadles are connected up with 
a relay R, so that G! and G2 when operated by a vehicle 
will close the local circuit and give the alarm.  Treadles 
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G and G*, on the other had, will, when operated, open 
the local circuit. A train therefore approaching towards G and 
passing over same will have no -esult upon the alarm F!, but on 
—_s over G! the alarm is given at C!, and continues whilst 
train is between G! and G2, until it reaches G3, when the alarm 
circuit is broken. So long asa train is between G! and G3 whilst 
trevelling towards G3, or between G2 and G whilst travelling 
towards G, the alarm is thus continuous. Referring to Fig. 2, 
this shows the method of giving warning on lines where vehicles 
travel in both directions at different times, and is arranged to 
stop the alarm directly the vehicles have passed the place where 
the warning is requi! Two relays H and H! are provided. 
The armatures and contacts of these are joined up in series, so 
that unless both armatures are making contact on their respec- 
tive contact-screws, the local circuit is broken and the alarm F 
is not operated. A fifth treadle H2 is fixed at Cl. These five 
treadles are so connected to the two relays H and H! that treadles 
G and G3 operate both relays, whilst treadles G! and G2 operate 
relay H only, and treadle H? operates relay H! only. When 
operated, treadles G or G* will open contact H+ on relay H, and 





close contact H5 on relay H}. Treadles G! and G2, when operated, 
will close contact H4 on relay H. Treadle H® will open contact 
H® on relay H}, It will therefore be seen that a train travelling 
towards G will give the following results as it passes over the 
various treadles :—Treadle G, local circuit broken at H+ and made 
at H®5, alarm F not operated ; treadle G!, local circuit made at H4, 
and H® already having been made, alarm F is operated ; treadle H2, 
local circuit broken at H®5, and alarm F ceases; treadle G*, no 
alteration at contacts H4 or H5; treadle G*, local circuit made 
at H®5, broken at H4. In a similar manner, a train approaching 
towards G* will operate the alarm F when it goes over treadle G* 
and stop when it goes over treadle H®. (Sealed October 6, 1910.) 


4762/10. J. Roberts, Leeds. Tramway Rail Joints. 
(7 Figs.| February 25, 1910.—According to this invention, there 
is combined with the adjacent ends of two lengths of tramway 
rail, a foundation-plate that extends below and is secured to both 
rails and which is notched at its ends, inspection-boxes resting on 
said plate at the sides of the rails, and the end walls of which are 
provided with pins that engage the notches of the foundation- 
plate, and removable cover-plates for such boxes. The tram-rails 
a and b have their juxtaposed ends securely held together by fish- 
plates which are secured by bolts and are furnished at their lower 
ends with cover-flanges. The bottom flanges » of the tram- 
rails @ and b and the flanges of the fish-plates are securely 
fixed to the foundation-plate 1 by bolts. Each end of the 
foundation - plate 1 is provided with rectangular recesses 4, 
which take projecting-pins 5 formed on the lower ends of the 





inwardly-extending end-pieces of the sides 8, which are placed on 
each side of the tram-rails a and b, Extending inwardly from 
each of the sides 8 is a flange 9. Each inwardly-extending end- 
piece 7 is, at its lower end, cut away so as to clear the flanges s of 
the tram-rails. The upper ends of the sides 8 and the inwardly- 
extending end-pieces are level and are at requisite distance below 
the top flanges of the tram-rails. Resting on the side 8 and end- 
pieces on each side of the tram-rails is the removable cover-plate 
u. The upper surfaces of the cover-plates are chequered, and on 
the undersides thereof is formed a guide-lug 15, which keeps such 
plates from endwise movement. The outer sides of the guide-lugs 
15 take against the inner sides of the sides 8, and so keep the cover- 
plates wu from side movement in an outward direction, whilst the 
inside edges of the cover-plates u may take against the top flanges 
of the tram-rails and prevent the cover-plates moving in an 
inward direction. (Sealed October 6, 1910.) 


SHIPS AND NAUTICAL APPLIANCES. 


7282/10. R. Sykes, Cradley Heath. Anchors. 
(6 Figs.| March 23, 1910.—This invention relates to anchors of 
the type in which the shank is secured in place by a cup or cap 
inserted in or secured on the head, and in which the shank is 
connected to the head by a ball joint. In accordance with the 
invention, the cup is provided with one or more stout radially 
projecting ribs which are not continuous around the cup, but are 
interrupted, and preferably project at two parts thereof. The 
interior of the head is similarly provided with one or more pro- 
jecting ribs which are not continuous, but which are broken by 
spaces sufficient to pass the projecting parts of the cup. When 
the shank is in position the cup is inverted and turned to lock its 
ribs with those in the head, and a rivet or rivets or the like then 
secure it against turning, so that it is secured in place in a manner 
which will not be effected by the shearing strain put upon the 


Fig.1. 











locking means by the shank when the anchor falls on to a hard 
bottom. A is the shank, B the head, and C the arms with the 
flukes. The shank is secured in the head by the cup D, which 
has been generally riveted to the head ; d! are stout projecting 
ribs which are of some extent and substantial in thickness, thus 
having great power of resistance to shearing strains. The interior 
of the head B is similarly provided with ribs 61, which are of such 
an extent as to leave spaces between them at each side which 
pass the ribsd! of the cup. The cup is pushed up into the head 
so that its ribs d! pass between those in the head, and it is then 
turned to lock its ribs beyond the ribs in the head. One or more 
rivets are then passed through the head and the cup to prevent 
the cup turning, but any shearing action, caused by the shank as 
the anchor drops on ahard »ottom, is taken by the stout ribs d! 
and bl and does not come on the rivets. (Sealed September 29, 
1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


12,584/10. The Hoffmann Manufac Company. 
Limited, London and Chelmsford, and W. B. ir, 
Che ord. Internal-Combustion nes. [1 Fig.) 
May 24, 1910.—The present invention aims at an improved mode 
of employing roller bearings in connection with the vr engee X 
rod, whereby not only do such roller bearings serve their well- 








kncwn purpose of minimising friction, but those on the crank- 
shaft also hold said shaft in place, According to this invention, 








the crank-shaft and both ends of the connecting-rod are provided 
with roller-bearing. The crank-shaft is held in position by the 
roller-bearings—that is to say, the inner races are fixed on to 
the crank-shaft, and the outer races are each provided with 4 
single shoulder ; on the big or crank-pin end, and on the snial] or 
gudgeon-pin end of the connecting-rod, the races of the roller. 
bearings have shoulders on each side as required. The crank. 
shaft B is mounted in the casing G by means of roller } arings 
b. The inner races of the bearings b are held tight upon the 
crank-shaft, and are provided with two shoulders; of the other 
races shown, one is held in position by a liner G! and the other 
by a liner G? and a ring G*, and each is provided with one 
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shoulder ; by this construction the crank-shaft is held in position 
by the roller bearings b, and the grinding of the race is facili- 
tal Cages are oye and washers G4 are arranged between 
roller-bearings and the bosses B? of the crank-shaft. The rod D 
is connected at its big end to the crank-pin C, and at its small 
end to the gudgeon-pin H byroller-bearings K. The outer races 
of the roller-bearings K are fixed in the ends of the connecting- 
rod by rolling over or otherwise upsetting the edge of the latter, 
and of the inner races one is mounted on the crank C and the 
other on the gudgeon-pin H. Both the inner and outer races of 
the bearings K are formed with two shoulders, and cages are 
provided if desired. (Sealed October 6, 1910.) 


5219/10. Aktiengesellschaft Brown, Boveri, et 
Cie., en, Switzer Turbines. (2 Figs.) March 2, 
1910.—-This invention relates to combined ahead and astern tur- 
bines, and consists in an arrangement of ahead and astern turbines 
in which the ahead turbine is provided with an impulse stage at 
its steam inlet end, followed by a reaction stage with Fullagar 
pressure-relieving pistons, which are subjected to the pressure of 
the steam delivered from the impulse stage. In carrying the inven- 
tion into effect, according to the construction shown in Fig. 1, Ais 
the ahead turbine, while B is the asternturbine. At the inlet end 
of the ahead turbine A is an impulse turbine stage, having rotat- 
ing wheels e within chambers formed by the walls or partitions d, 
which hold or contain the necessary nozzles. The steam, after 
passing through the impulse stage of the ahead turbine A, further 
expands in a reaction turbine f before being exhausted to the con- 
densers or to another turbine. The exhaust end of the reaction 
part f of the ahead turbine A is separated from the exhaust 
of the astern turbine B by a diaphragm a, which is pro- 
vided, at the part where the shaft A passes through, with 
a packing », preferably of the labyrinth type, carried partly 
by the diaphragm and partly by the shaft. In order that 
no steam can possibly leak past the packing 0, and spoil the 
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vacuum probably existing on the other side of the partition 4, 
such as when the astern turbine is running idly in vacuum, 
chamber k is formed within the packing b. Steam leaking into 
the chamber is conducted by passages ¢ to a lower press' 
of another turbine or to the condenser or atmosphere 
will be seen that, in providing conducting passages «, ‘ 
less possibility of the steam leaking past the remaining p 
the packing. Since there is practically no steam thrust pro 
by the high-pressure action stages e, and that produced 
reaction part is small, it is necessary that the balancing su 
be provided to overcome the propeller thrust. This bala! 
surface is placed at the exhaust end of the reaction part’. © 
order that a larger balancing force may be obtained the _—_ 
ing surface or piston g is subjected to the pressure of tix we “ 
at the exhaust of the action stages ¢, this being effected ‘ ~~ a 
ducting the steam through the reaction turbine rotor ©) — 
of openings n in the end thereof. A packing ™ 1S pr' = 
between the reaction part f and the diaphragm @ to })'«\« - 
leakage of the high-pressure steam to the exhaust, the p pel Fa 
the packing m being such that the difference in area oft — 
of the piston g, subjected to the high-pressure cream, ‘ P i 
axial thrust opposing the propeller thrust. (Accepted « , 
1910.) 
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“THE NAVAL YARD AT THE CAPE 
OF GOOD HOPE. 


Tue Duke of Connaught, during his visit to 
South Africa to inaugurate the Parliament of the 
Union of South Africa, will, on November 3, lay the 
memorial stone recording the completion of the 
extension of H.M. Naval Yard at Simon’s Town, 
which is in False Bay, on the east side of the Cape 
Peninsula, and some 23 miles by rail south of Cape 
Town, as shown on the chart published on this 
page (Fig. 1). This undertaking has occupied ten 
years in its execution, and has involved an expen- 
diture of about 2,000,000/. sterling. The extension 
of the Naval Yard, or rather, to speak correctly, 
the construction of an entirely new establishment 
some distance from the old yard, has been neces- 
sitated by the growth in the size of modern war- 
ships, and the importance of the service rendered 


which had thus its origin when the colony was 
ceded to Britain, became an establishment 13 acres 
in extent, but had no graving dock nor a deep- 
water wharf berth. There are slips capable of 
receiving small craft, such as torpedo-boats, for 
repair, but cruisers had to go to Cape Town when 
they required to be docked. 


Tue INCEPTION AND Score OF THE SCHEME. 

When, in 1895-6, the subject of providing docking 
facilities in various parts of the world was being 
considered by the Admiralty, the Cape Station, 
naturally, came in for considerable attention for 
obvious reasons. Several alternative proposals 
were reported upon by a special committee, and, as 
a consequence, revised designs were prepared, and 
one of these was ultimately approved by the Board 
of Admiralty in 1898, and, the assistance of the 
Cape Government having been enlisted, the Simon’s 
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by the Cape Squadron. The significance of the 
Cape of Good Hope in its relation to our Eastern 
posseasions cannot beignored. False Bay has ever 
een a favourite anchorage, and the Dutch found it 
serviceable as a protected shelter from the north- 
west gales, and there they carried out repairs 
on their weather-worn sailing-ships from Europe. 
Indeed, Simon’s Town derives its name from the 
famous Duteh Governor, Simon van der Stel, who 
first used the bay as a harbour for ships in the 
winter months. For some years following the 
capture of the colony of the Cape of Good Hope 
by British troops in 1796, the anchorage ground 


Ze cur ships was within Table Bay, the store- 
— s, buildings, and residences being at Cape 
own. 


} _ It was in 1810 that the decision was 
ormed by the Admiralty to remove the whole 
naval establishment to Simon’s Town, the reason 
being that the last-mentioned place afforded more 


natural protection from hurricanes, and was more 
— odious. At the time of this decision the 


‘mander-in-Chief of the Cape Station, reportin 
- the advantages of Simon’s Bay, stated, eit on 
ey safe anchorage at any season to at least 
eight sail of the line,” The Royal Naval Yard, 





| Town Naval Act of 1898 was passed. The Act 
| provides for the better management and control for 
| defence purposes of a portion of the port of Simon’s 
| Bay, authorises the construction there by the 
| Admiralty of the extensive works now to be 
formally completed, empowers the Governor in 
| Council to make regulations in connection with the 
| port, and vests the control of the inner anchorage 
|in the Senicr Naval Officer on the Station. The 
_works involved in the scheme were, in the first 
instance, provided for under the Naval Defence 
| Act of 1899, the total expenditure sanctioned for 
| Simon’s Bay being there indicated as 24 millions 
| sterling, including 40,0001. for fixed machinery. 
His late Majesty King Edward VII. graciously 
assented to the graving-dock being named the 
|Selborne Dock, and the foundation-stone was laid 
on November 15, 1906, by His Excellency the 
Right Hon. the Earl of Selborne, G.C.M.G., then 
High Commissioner for South Africa, who had been 
the First Lord of the Admiralty from 1900 to 1905. 
The designs for the scheme were prepared for the 
Lords Commissioners of the Admiralty by Major 
|Sir Henry Pilkington, K.C.B., Civil Engineer-in- 
| Chief, who was also responsible for the works until 








his retirement, when they were taken over by .- 
Colonel Sir Edward Raban, K.C.B., R.E., Director 
of Works, who superintended the works until their 
completion. Mr. D. Macfarlane, M. Inst. C.E., 
Admiralty Superintending Civil Engineer, super- 
vised the execution of the work during the whole 
eg of the contract. The main contract has 

een carried out by Sir John Jackson, Limited, the 
local resident agent of the firm being Mr. H. R. 
Stockman, M. Inst. C.E., and, after his unfortunate 
death on the works, by Mr. A. Brooks, Assoc, 
M. Inst. C.E. 

The plan of the works was arranged with a view 
to obtaining full protection for the fleet, either 
within the basin or in the anchorage in False Bay, 
from the south-easterly winds. As shown on the 
plan on the next page, Fig. 2, this anchorage is 
situated in the middle of Simon’s Bay, opposite the 
old naval cstablishment, while the extended, or 
new, naval dockyard has been constructed at the 
east end of Simon’s Town. The extension works, 
which are shown generally in Fig. 2, but are more 
clearly defined on the detailed plan, Fig. 3, on 
Plate LX1., consist of a dry dock, two breakwaters, 
called the East Breakwater and the West Pier 
respectively, forming a tidal basin with an area of 
28} acres, dredged where necessary to give a mini- 
mum depth of 30 ft. at low water of ordinary spring 
tides within all parts of the basin. 

The configuration of the breakwaters has been 
arranged with due regard to the direction of pre- 
vailing winds, and their heads have been con- 
structed to give an entrance of 300 ft. The basin, 
as well as the graving dock, is on a site reclaimed 
from the sea, and all the necessary auxiliaries usual 
at a naval base are provided. 

The East Breakwater, as shown on the plan, 
Fig. 3, is about 2500 ft. long, measured from the 
foreshore, and consists of a rubble mound, on the 
top of which were built two walls 42 ft. apart, 
the space between these walls being filled with 
selected material, providing a total width on the 
surface of 86 ft. The outer wall is formed of con- 
crete blocks of the usual rectangular shape, set on 
sloping beds on a level mound, by an ingenious 
method which will presently be explained. These 
blocks, of 28 tons each, were put in place bya 
Titan crane, capable of lifting 40 tons ata radius of 
75 ft. The concrete-block construction extends 
from 40 ft. below low-water level toa total height of 
50 ft., or 10 ft. above low-water level, and on the 
sea-side, above low-water, blocks are provided with 
stone facing set in the concrete during the process 
of block-making. On the top there’is a parapet 
wall on the seaward side, bringing the total height 
above high-water level to 26 ft. 3in. The inner 
wall of the breakwater, which also forms the wall 
of the basin, consists of keyed concrete blocks, set 
on the level bed of the mound at a depth of 37 ft. 
below low-water level ; but above low-water level 
the wall is faced with granolithic concrete in courses, 
with granite stones at intervals to act as fenders 
for the protection of the granolithic work against 
rubbing action by ship’s fenders. These , courses 
are backed up with Portland-cement concrete in 
mass to form the full section of the wall. 

The West Pier is formed on the outer side by a 
rubble mound composed of stones tipped on to the 
sea bottom, and carried up to the quay-level with 
the proper slopes. The inner wall—that forming 
the basin—is built in exactly the same manner 
as the inner wall of the East Breakwater. The 
space between the wall and the mound was filled 
in to quay-level, partly with selected material and 
partly with ordinary filling. 

While the width of the wharf on the East Break- 
water is 86 ft., including the parapet, which is 10 ft. 
wide, the width on the West Pier, as shown on the 
plan, Fig. 3, varies from 150 ft. to 86 ft. 

The maximum width of the basin between there 
walls is about 1200 ft., but the ends are turned 
round to make the width at entrance 300 ft. The 
lengths of the various berths, within the basin, 
beginning at the root of the East Breakwater, are : 
660 ft., 400 ft., 400 ft. (then the entrance), 240 ft. 
and 960 ft.—the last along the inside of the West 
Pier. The coal stores on the East Breakwater 
have acapacity of 10,000 tons, and are of steel con- 
struction, to be described.in a subsequent article. 
On the second elbow of the breakwater, as shown 
in Fig. 3, there is a lighthouse, while on each side 
of the entrance smaller lights are erected. Pro- 


vision. has been made for 100-ton shearlegs on 
the West Pier, while a 50-ton electric crane has 
been erected on the West Pier, and a 25-ton 





























592 ENGINEERING. [Ocr. 28, 1910, 
— ae has been constructed on the East | Only two caissons, however, have been provided | may traverse either side of the dock in order to taal. 
reak water. 





The dry dock, of which a transverse section is 
given in Fig. 4, on Plate LXI., is constructed on 
ground reclaimed between the roots of the East) 





for the three grooves, and these caissons will be | tate the repairs of ships in the 

laced in those grooves which will be most suitable 
| for the length of ships to be docked and the nature 
of repairs to be carried out. 


For instance, a ship' width of 86 ft. 


: ; dock. Paralle! with 
the dock, again, there is, as seen in Fig. 3, a range 
of workshops having a total length of 555 ft. and a 
The workshops are divided into 





MOAMS ARK 

























CAPE oF GOOD HOPE 
———— 


HIS MAJESTYS NAVAL ESTABLISHMENTS 
T 


a 
SIMON'S BAY 







































‘ be ta 49 
‘Be. hg ; 0G LEO 
& sd veeesees . WK (on 

| yr % new >. ly p.. . 5 
i ¢ ‘ ad “i -,,WMiag HOsbitAs CT. % 
i ? % ° we) , a YY 4 
' s 4 i & NS a 7 
H Me . a Y he Wf 
i a fi 2 he, 

‘ ~ 

! a , 

\ ™ P 

| ~i KF o i 

; ? x a . 

} ° <" : aa \ 

i pg ; ne. te fan rT y ; hil a Ta ~, ., Ye 

H a a ' é al es i: f f 

A ; 2 H . Wn ity, if 

‘ ~ Med ES 
! > ~ ' a My yy Ly iy 4 
mw “ ? : a LT 8p ~ / 
= 4 ey H ” YD) "en < 
Feet 00 0 S00 1000 1500 2000 Feet ° ' ae RE ore 
SS _ SS _ SS _ SS SS ee A H < 4» KMebbeg le 
¢ Wi o 
* “. 
a 
- ~ 448 
ig. 16. Ground Level 7, fus 
2 SN 2-5 ; 4 } 4 : SECTIONAL PLAN F.F. S SECTIONAL PLANG.G. 
i =Ft=4-4F-=F- +4 


















































] 
' 
a i 
a) 
» | | 
N, | | 
Fer Gf Crs.of Balta}-—— 
Shy ; i 
he &.8 i o . : 
peas —-'!42 9f-—- & -- : 
Re ‘ ‘e ! 
ee ' H os) | 
Riel: ‘ i 
| 
G- | 
! 
” { 
) 
S 
% 
' 
! 
! 
! 
| 
| 
| 
' 
t 
ure of! 
At 


eos 4 EY; SE FRESE i RPS aI Sa A Se Seen at 


SECTION OW LINE E.E. 
Fies. 16 anp 17. Founpations ror 50-Ton Execrric CRANE. 


Breakwater and the West Pier, and will be de- 
scribed and illustrated in detail in a later article. 






24 
c 


| ordinary spring tides is 30ft. 1lin., and at high water 
36 ft. 3 in. Alongside the dock there is a pumping- 
Meanwhile it may be said that, as shown in Fig. 3, | station, with machinery capable of emptying the 
it has a total length at sill-level of 745 ft., or | dock of its total maximum contents of 86,000 tons 
756 ft. 4 in. at coping-level ; it may, however, be in four hours. On each side of 
divided into three sections, as two intermediate | track has been laid, with connections at the head of 
grooves are constructed for the floating caissons. | the dock, so that a 30-ton steam travelling crane 
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PLAN ON 


up to 245 ft. in length, 
requiring heavy repairs, 
could be placed in the 
inner section of the 
dock, and the middle 
and outer sectionscould 
be utilised for docking 
ships up to 470 ft. 9 in. 
in length without af- 
fecting the vessel in 
the inner section. An 
outer stop at the dock 
entrance for the caisson 
has been provided, and 
when the caisson is 
placed in this stop, the 
total length of dock at 
coping-level is 779 ft. 
10 in. The depth over 
the sill at low water of 


the graving dock a 





TOP. hy SECTIONAL PLAN H.H. 
various departments, and are equipped with elec- 
trically-driven machine-tools for undertaking exten- 
sive repairs on the hulls and machinery of ships. 
The electric current for driving these tools, as well 
as for operating the cranes and for lighting the 
dockyard, is generated at the power-station in 
the old dockyard, which has been extended with 
this end in view. : 

There are subsidiary buildings adjacent to the 
dock—furnace-house, shipwrights’ shop, sheds for 
the accommodation of docking gear, &c. The 
capstans are operated hydraulically, as are also 
the penstocks for the graving-dock sluices ; the 
hydraulic engines for this service are placed in the 
pumping-station. : 

A railway has been laid throughout the new 
works, the gauge being that of the Cape (i vern- 
ment Railway—namely, 3 ft. 6 in., with » view 
in the future of connecting with the main line 
in Simon’s Town Station, which is at the further 
end of the town, abouta mile distant. An abundant 
supply of water is obtained by gravity ‘rom 4 
reservoir on the hills to the rear of the town, the 
capacity being 1,130,000 cubic feet. A jetty has 
been built on the outside of the West Picr, near 
to its root, for naval ordnance purposes. The lower 








part of this jetty is of cast iron, and the upper 
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art f timber, with a railing of wrought-iron stan- 
dards and chains. 


carrying out of the work, and for loading into barges | 
the rubble-stone for the construction of the mounds. 
The jetty is seen projecting into the basin in the 
views, Figs. 23 and 24, on Plates LXII. and LXIII. 
respectively. Extensive workshops were erected 
and equipped for the repair of plant. It was 
necessary to provide ‘‘locations’’ for the 
accommodation of Uape boys and other native 
workers. 
The stone from the quarry, extensively used for 


ue TeMPORARY PLANT AND THE QUARBY. 

The work of construction was begun towards the 
end of 1900. As will readily be understood, in 
view of the magnitude of the undertaking, a con- 
siderable amount of temporary work was necessary 
before beginning the permanent work. This in- 
cluded the laying-out and equipment of concrete- 








shafts, and foundations of the pumps and machinery 
generally 


THe CoNsTRUCTION oF THE East BREAKWATER. 


The first operation in the actual construction of 
the dockyard was the preparation of the foreshore 
at the root of the East Breakwater. The sand over- 
laying the granite rock had to be removed, and the 
rock levelled and excavated to receive the concrete 
foundation-blocks, by means of a diving-bell sus- 

















Fic, 18. Trran Cranz, with Divinc-Be.t, ror Use 1x Levetuine Founpations. 




















Fie. 19. ConcretEe-BLock Makina. 


a we yards near to the root of both the the masonry work, rubble mounds, and concrete- 
om f reakwater and the West Pier, the former, | making, merits special reference here. It is locally 
a 2° Goliath crane, being seen to the right of known as ‘‘ quartzite,” being a combination of 
hil pe of the works, Fig. 24, on Plate LXIII., | quartz and sandstone; it is hard, and has excellent 
An he urther view is given in Fig. 18, annexed. | weathering qualities. It was used for all purposes 
a . ined cableway, about } mile long, had to be|in connection with the work, with the exceptions 
aoe 1cted to the quarries on the hill-side, which | where nite was specified. These exceptions 
afi altitude of about 700 ft. above the sea-| included the altars in the graving-dock, the centre 
ov tity -_ are seen on the face of the hill in the| course in the dock-floor for carrying the keel- 
Pha a works completed, reproduced on| blocks for the ships, the quoins of the entrance, 
ieee “ > a A temporary jetty was erected for un-| the caisson grooves, and the copings for the dock, 
“wing the plant imported from England for the as well as throughout the basin-walls, penstock 





pended from the Titan crane used for setting 
the blocks, as shown in Fig. 18, annexed. r 
excavation of the sand and the levelling of the 
rock was continued seaward until the surface of 
the rock dipped below the authorised formation 
level of the concrete-block work forming the outer 
and inner walls of the breakwater, 40 ft. and 37 ft. 
respectively. From this point the rubble was tipped 
on to the sand to the dimensions shown on the 
section reproduced] in Plate LXI. (Fig. 6), the 
minimum depth of rubble under the blocks being 
6 ft. The stones varied from five tons downwards, 
and care was taken that there was a sufficiency of 
small material or quarry spalls to completely fill the 
interstices of the mound. The stone, after being 
quarried, was d down the incline in wagons, 
the empty roe om being raised by the full wagons 
going ou. These trucks were run out on to the 
temporary jetty, where the contents were tipped 
into hopper barges, which were towed over the 
site of the mound and the material dropped 
through the hopper-doors. The work proceeded 
without noteworthy incident until the mound was 
approximately of the section shown in Fig. 6, 
as determined by soundings. The final levelling 
was not commenced until six months after the 
completion of the rubble mound, in order to 
allow the material to settle permanently on the 
sand. The levelling was ultimately carried out 
by divers, small quantities of stone being lowered 
in skips by steam-cranes mounted on barges, to 
enable the divers to fill up where necessary. 
Meanwhile block-making was in progress in the 
block-yards, which are illustrated in the engrav- 
ing, Fig. 19, annexed. The procedure was that 
now adopted in all such cases. The floor was of 
concrete, and the wooden moulds were fitted with 
iron fastenings, so arranged that the mould could 
be taken to pieces without injury to the blocks, 
The holes for the lifting-bars were accurately 
set out to the dimensions, stone beds to re- 
ceive the T-heads of the lifting - rods being 
fixed in the holes during the process of block- 
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making. The concrete was mixed in Taylor’s 
rotary machine, the proportions for the blocks 
generally being 1 of Portland cement, 2 of sand, 
and 6 of broken stone. After being mixed, the 
concrete was dropped into side-tipping trolleys which 
ran on a track directly over the block-making 
moulds, so that the material could be tipped into 
them. The sides of the moulds were removed at 
the end of 36 hours, but the block itself was not 
lifted for seven days. No block was set on the 
breakwater within two months from the date of 
mixing. The blocks, however, were moved to a 
stack by a Goliath crane, which was also utilised 
for subsequently lifting them on the trolleys by 
which they were run down the railway to the rear 
of the Titan crane which placed them in position. 
The Titan crane was supported on the completed 
part of the breakwater wall, without the use of 
staging, as seen in Fig. 20, on Plate LXII., and 
Fig. 24, on Plate LXIIl. Every block was set by 
divers into its true position. 

One feature of interest in connection with the 
block-setting work was the arrangement necessary in 
the bottom course for setting the blocks on the slope, 
as shown in the elevation, Fig. 7, on Plate LXL., 
and on the engraving, Fig. 25, on Plate LXIII. 
To give the blocks the required angle it was neces- 
sary to put in, on the level surface of the mound, a 
foundation course of a triangular form with unequal 
sides. The effect was to make the bedding for the 
bottom course of the main blocks likesaw-teeth. This 
irregularly triangle-shaped piece of concrete, shown 
in Fig. 8, on Plate LXI., was put in place in three 
sections by means of iron box-frames constructed to 
the exact triangular form, the underside consisting 
of loose bars 1 in. in diameter, spaced 6 in. apart. 
The boxes were lined with canvas to form a bag, 
which was filled with concrete, the projecting canvas 
at the top being folded over. The box, with its 
concrete contents, weighing about 5 tons, was lifted 
by the Titan crane and deposited on the level 
surface by the divers; the bottom bars were with- 
drawn, and the frame of the box lifted, leaving 
the triangular-shaped bag of concrete to set and 
form an accurate foundation for the lowest tier of 
sloping blocks. 

oggles were fixed in the bed-joints of all the 
sloping blocks, as shown in the section on Plate 
LXL, Fig. 6. These joggles were made of con- 
crete of the following proportions :--1 of Portland 
cement, 14 of sand, and 5 of broken stone. They 
are 12 in. by 12 in. in section, made in two lengths 
2 ft. 8in. long ; wrought-iron rings were embedded 
in the concrete for lifting them. These joggles 
were set in cement in the upper grooves of the 
blocks before the blocks were lowered into position. 
Tn addition to these joggles, each vertical joint of 
the three upper courses was provided with a 
wrought-iron galvanised clamp 34 in. square, 
4 ft. 10 in. long, and turned down 18 in. at the 
ends. Above low-water level the joints of all 
blocks were grouted in Portland cement. 

This sloping block-work terminated at the tan- 
gent line of the semicircular head, where there was 
used instead keyed concrete blocks of the same 
construction as those in the inner or basin-walls, to 
be described presently. The parapet is built on the 
outer wall, and is well shown in Fig. 6, on Plate 
LXL., in the engraving, Fig. 25, on Plate LXIILI., 
and in the view of the completed work, Fig. 29, on 
Plate LXV. The height of the parapet above the 
quay surface is 19ft. 6 in,, and the total width is 10ft. ; 
but on the land side, as shown in our two views, there 
are arched recesses, the width of each of which is 
12 ft. 8in , the height 12 ft. 8 in., and the depth 
from the face 5 ft., leaving 5 ft. thickness of wall 
to the back of each recess. The outer or seaward 
face is in ashlar, but the remainder, including the 
arches, is of concrete, deposited in situ within 
shuttering. The coping is formed of a single course 
of granolithic blocks made in the block-yard and set 
by cranes. Square granite joggles are formed in 
the bottom bed and at the meeting joints. The 
coal stores, which will be described in a later article, 
are built against the parapet, which thus forms the 
back wall. 

The inner wall of the East Breakwater, which also 
forms the wall of the basin, is built up of keyed 
concrete blocks, laid in horizontal courses, as shown 
in the section, Fig. 6, on Plate LXI. This method 
enabled joggles to be dispensed with. The rubble 
mound on which this wall was built was levelled by 


divers, as in the case of the outer wall, and the | 
foundation-bed of the blocks consisted of a layer | i [ 
of concrete about 6 in. thick, lowered in properly ‘tons downwards, a sufficient quantity of small | 


constructed boxes to prevent any washing away of 
the concrete during the process of lowering, and 
carefully trimmed in position by divers. 

The block-setting in this instance was carried out 
with the assistance of a gantry crane, instead of the 
Titan used on the outer breakwater. One leg 
of the gantry was supported on rails on the outer 
wall of the breakwater, while for the other a 
staging was erected, consisting of groups of piles | 
driven specially for the purpose, and tied together | 
by longitudinal lattice girders, which also supported | 
the crane track. The work of block-setting could 
not, therefore, be commenced until the outer wall 
of the breakwater was sufticiently far advanced to 
permit the rails for the crane to be laid on its 
surface. The work of block-laying by the gantry 
crane is clearly shown in Fig. 20, on Plate LXIL., 
and in the distance there is also seen the Titan 
crane laying blocks on the outer wall near to the 
head. ‘The gantry crane was operated by steam, 
and had a lifting capacity of 30 tons. The blocks 
themselves were 22 tons in weight, and were 
formed, in the yard, of concrete of the same propor- 
tions as those used in the outer wall. The block- 
work extended from the foundation course to 
the low-water level of ordinary spring tides, and 
above this the wall was built with a facing of 
granolithic concrete in courses, with a backing 
of concrete deposited in mass within shuttering 
(Fig. 6). The granite fenders, put in at 12-ft. 
intervals, already referred to, averaged about 
2 ft. 6 in. wide, and were flush with the grano- 
lithic concrete face, so that they might take up 
any wear due to ships’ fenders rubbing against 
the wall. The distance apart of the granite fender 
stones was determined with due reference to the 
— of the ships’ fenders, so that the latter 
could span the space between several pairs of 
granite stones. 

A subway is formed under the wharf wall 
throughout the works from head to head (Figs. 5 
and 6), with a passage under the graving-dock 
entrance. In this subway are arranged all the 
water-mains, hydraulic supply pipes, &c. The 
subway was formed of concrete within shuttering ; 
the arching is of brickwork. 

The space between the two walls was filled, as 
shown in Fig. 6, with selected quarry spalls and 
stone refuse carefully deposited as the work pro- 
ceeded, and working from the wall inwards, in 
order to avoid any injurious thrust on the wall 
itself. No tipping with the slope against the wall 
was allowed. Above low-water level the material 
was deposited in layers and well-rammed. The sur- 
face of the wharf, with the exception of a band 18 ft. 
wide, measured from the coping-line of the inner 
wall, which is paved with granite setts, consists of 
concrete paving-slabs, 3in. thick, made in the 
block-yard, and thoroughly matured before being 
used in the works. These were composed of 1 
part of Portland cement, 1 of sand, and 5 of 
clean, hard stone, broken to pass through a 4-in. 
circular gauge. The slabs were laid and jointed in 
cement mortar made up of 1 part of Portland 
cement to 3 of sand. Under these slabs the con- 
crete was deposited in mass for a thickness of 6 in.; 
this concrete was made up of 1 part of Portland 
cement, 4 parts of sand, and 9 parts of broken 
stone, and was well rammed and laid to correct 
levels and gradients. 


Tue West Pier. 


The West Pier has a length of about 2000 ft., 
turning at right angles for a distance of 240 ft., and 
terminating at a head. In this case the construc- 
tion differed materially from the procedure adopted 
in connection with the East Breakwater outer wall. 
The explanation of this is obvious from a glance at 
the chart, Fig. 1, where, it will be seen, the 
breakwater is open to the full force of the pre- 
vailing south-easterly gales, while the West Pier is 
on the land side. Thus, instead of a concrete wall 
on a rubble mound, as adopted in the breakwater, 
the outer face, as shown in the section on Plate LXI. 
(Fig. 5), is composed entirely of a rubble bank, | 
while the inner wall, which also forms the basin- | 
wall, is of keyed concrete blocks, corresponding in | 
this respect to the inner wall of the East Break- | 
water. The stone bank was tipped from the shore 
by steam-cranes, the wagons containing the rubble 








being brought to the cranes by a railway, which 
was extended with the advancement of the bank. 
This work is shown in progress in Fig. 22, on 
Plate LXII. The stones varied in size from 10 


|_in this case to 45 ft. 9in. at the foundati 





material being tipped to fill the interstices as 
much as possible, and make the bank solid. The 
outer face of this bank below low-water leye] was 
roughly formed to a uniform slope of 1 in 1} 
Above the low-water line, specially selected large 
stones were laid singly by cranes at a uniform 
gradient, the joints between the stones being filled 
with cement concrete. The top of the rubble bank 
at coping-level is formed of selected stone roughly 
dressed and bedded, the joints being filled with 
cement concrete in the proportion of 1 of cement 
2 of coarse grit, and 2 of small stone. This bank, 
as shown on the plan in Plate LXI. (Fig. 3), oom. 
tinues round the end, and for some distance along 
the rectangular wall towards the entrance, stopping 
only at about 150 ft. from the head, where the 
construction is changed to conform exactly with the 
inner basin wall, which is continued round the 
semicircular head. 

The inner wall, as already stated, is in all 
respects similar to that of the breakwater. The 
blocks, however, were set by a Titan crane in- 
stead of by a gantry crane, as was used for the 
East Basin wall. The filling between the mound 
and the inner wall was carried out in a manner 
similar to that adopted in the breakwater, as shown 
in Fig. 5, although the same high quality of 
material was not necessitated for the entire width. 
The part nearest the mound was filled up with ordi- 
nary sand excavation. The surface at the shore 
end, and up to the bend of the pier, is laid with 
granite setts on a concrete bed for a width of 18 ft. 
from the coping line of the basin wall, the remainder 
of the surface consisting of ordinary macadam. The 
concrete on the outer end of the pier is laid in slabs 
in a manner corresponding to the East Breakwater, 
as will be seen from the view taken from the light- 
house and reproduced in Fig. 30, Plate LXV. 


FounDATIONS FOR SHEARLEGS AND CRANE. 


On the West Pier the foundations have been put 
in for the 100-ton shear-legs and for the 50-ton 
electric crane. A perspective view of the founda- 
tions in course of construction is given in Fig. 21, 
on Plate LXII., while the drawings of this interest- 
ing part of the work are reproduced on Plate LXI. 
(Figs. 9 to 15). The basin wall is carried to a 
greater depth than the remaining part of the 
wall; overlying the rubble mound there is massed 
concrete 6 ft. thick instead of 6 in., as in other 
parts of the works. This increased the depth 
from coping to 47 ft. 6in. The construction was 
of the usual keyed blocks, as will be seen from the 
cross-sections, Figs. 12 to 15. Upon the comple- 
tion of the basin wall at this point a single timber 
cofferdam of 12-in. sheet piling was driven to enclose 
the entire site of the shearleg foundations, which 
extend 170 ft. back from the face of the wall (Fig. 9). 
The material inside the cofferdam, which consisted 
of fine sand, was removed by grab to the required 
depth, and over the sand forming the bottum there 
was put in a layer of mass concrete, which was 
deposited from boxes under water (Fig. 10). This 
done, the area within the cofferdam was pumped 
dry, and filled with mass concrete to the surface 
level, 5-in. pipes being inserted to take such hold- 
ing-down bolts as will ultimately be required in 
connection with the bed-plate and other units of 
the shearleg structure (Fig. 11). This row of 

ipes is seen in the engraving Fig. 21, on Plate 

XII., as are also the galleries to provide access 
to the lower ends of the holding-down bolts. 
These galleries are built of brickwork with two 
vertical shafts, having, ladders from the «uay- 
surface: These galleries and shafts—with the trench 
in which will be fitted the bearing for the nut and 
screw in connection with the back leg of the shear 
—are also shown in the sectional drawings repro- 
duced in Figs.’ 11 to 15, Plate LXI. Meanwhile, 
however, the surface has been finished flush tem- 
porarily in the same way as the surrounding wharf, 
the erection of the shears having been deferred for 
the present. 

The foundation for the 50-ton electric crane on 
the same basin wall is an equally interesting 
portion of the work, and is illustrated by drawings 
reproduced on page 592 (Figs. 16 and 17). Ilere, 
also, the section of the basin wall was wid ned 
on- 
level, as compared with 26 ft. 9in. in the other 
portions. Moreover, the width at top is 4 ft. 
9 in. instead of 14 ft. 3in., the increased area 
being necessary to take the base of the crane. 
The ordinary keyed construction was followed 4s 
far as possible, but owing to the necessity {1 the 
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crane-pit, mass concrete work had to be resorted 
to pretty extensively, as will be seen from Figs. 16 
and 17. This pit, or cavity, is 13 ft. 6 in. in dia- 
meter. Provision is made for holding-down bolts 
in this instance also by the insertion of iron pipes 
through the mass concrete. Recesses, 18 in. wide 
and 4 ft. high, were left in the concrete near the 
bottom to take the washer-plates and nuts at the 
bottom of the bolts. 

On the East Breakwater there has also been 
erected an electric crane of 20 tons —- capacity. 
The foundation work here corresponded generally 
with that for the 50-ton crane, the most im- 
portant difference being that the pit or cavity is 
only 10 ft. 9 in. in diameter. f 

Landing-steps are provided at convenient points 
in the basin. These are entirely of granite, but 
the flight of steps is limited, as the rise and fall 
of the tide at Simon’s Bay is only 6 ft. during the 
spring tide. 
Tue LIGHTHOUSE. 

The permanent light on the extension is accom- 
modated in a lighthouse on the northern extremity 
of the north-east arm, as indicated in Fig. 3, and 
in addition there are two lanterns, one on each 
head of the entrance. The lighthouse is illustrated in 
the engraving, Fig. 27, on Plate LXIV., and is built 
on the parapet, which is widened out beyond the 
ordinary section to provide living rooms for the 
keepers, and store-rooms for the lights. The shaft 
of the lighthouse is built of local quartzite in courses, 
the outside diameter at the base being 17 ft., and 
at the top 12 ft. 6 in.; the walls having a thickness 
of 4 ft. 3in. to 2 ft. The stones are bedded in 
cement mortar, and are secured together with 
copper dowels. The coping is of granolithic con- 
crete blocks, in which the iron railing surrounding 
the gallery is fixed. Access to the lantern is 
obtained by a spiral iron staircase, and there are 
four floors above the wharf-level. These are con- 
structed of rolled steel joists bedded in cement 
concrete. The light is of the third order, and 
visible 13 miles distant, being 56 ft. high. 

The dioptric apparatus is of fixed section, 500 mm. 
focal distance, with belt and refractors for 270 deg. 
in azimuth, and seven upper and four lower reflect- 
ing prisms for 180 deg. in azimuth. The optic is 
provided with ruby shades, as is also a portion of 
the outer lantern, to show over a red arc of 210 deg. ; 
white, 10 deg.; red, 30 deg.; white, 10 deg.; the 
remaining 100 deg. being dark. The pedestal to 
support the lenses consists of a cast-iron base-plate 
with three columns and a table, a ladder being 
srovided for access to the interior of the optic. 
‘he burner is of the Matthews vaporised-oil type, 
the air and oil-containers being placed in the 
service-room below the lantern. Stand-by three- 


wick oil-burners, with a constant-level lamp, are. 


also provided. The light is occulted for 24 seconds 
every 10 seconds by means of a cylindrical screen, 
raised and lowered over the burner by means of an 
occulting clock driven by a falling weight. 

An 8-cwt. fog-bell is installed at the top of the 
tower structure, supported by a bracket, and is 
struck every 10 seconds, the external clapper being 
actuated by clockwork driven by a falling weight. 

Both the occulting and fog-bell clocks are bolted 
down to the base-plate of the pedestal supporting 
the optic. Thelantern, 9 ft. in diameter, is of the 
usual Trinity House type, with helical framing, 
glazed with plate glass 2 in. thick. The lantern- 
floor consists of rolled-steel joists with chequered 
cast-iron floor-plates and gratings. An air-lock is 
provided in the service-room, enclosing the stairs 
for obtaining access to the lantern. All windows 
and external shutters in the tower have gun-metal 
irames and casements. The weight-tube for enclos- 
ing the driving-weight of the occulting and fog-bell 
clocks is of teak, with a partition running down 
the centre. 

The whole of the lighting apparatus was con- 
structed by Messrs. Chance Brothers and Co., 
Limited, Birmingham, the consulting engineer for 
the work being Sir Thomas Matthews, M. Inst. C.E., 
Engineer-in-Chief to the Honourable Corporation of 
the Trinity House, London. 

The lights on the heads at the entrance to the 
basin are illustrated in Fig. 28, Plate LXIV. One 
stows a red light and the other a green, the lanterns 
being fixed, at a height of 27 ft. above high water 
level, on the top of cast-iron standards, with an 


‘cdependent ladder leading to the gallery surround- 
hts. These lights were also provided by 
hance Brothers and Co. 


(To be continued.) 


ing the li 
Messrs. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


THe first ordinary general meeting of the above 
Institution for the session 1910-11 was held on 
Friday last, the 21st inst., at the Institution House, 
Storey’s Gate, Westminster, the President, Mr. J. 
A. F. Aspinall, occupying the chair. 

Prior to the transaction of the formal business 
of the meeting the President referred to the loss 
which the Institution had sustained by the death 
of Mr. E. P. Martin, a past-president, and Mr. H. 
Graham Harris, a vice-president. Both these gentle- 
men, the President said, had devoted much time 
and attention to the interests of the Institution. 

The minutes of the meeting held at Birmingham 
in July last were taken as read, and the President 
announced that to fill the vacancy caused by the 
decease of Mr. Graham Harris, the Council had 
appointed, subject to their consent, Mr. H. A. Ivatt 
to be Vice-President for the current year, and Mr. 
William H. Patchell to be Member of Council. 
Both gentlemen would retire at the next annual 
general meeting, in accordance with Article 25 ; but 
would be eligible for re-election. 


STANDARDISATION OF Locomotives IN InpIA. 


The paper down for reading and discussion was 
one entitled ‘‘The Standardisation of Locomotives 
in India, 1910,” by Mr. Cyril Hitchcock, member, 
of London. This paper was read by the author. It 
will be found reprinted in full in another part of 
this issue. 

The President, in opening the discussion, said 
that the Standardisation Committee had done work 
in the direction of standardising locomotives which 
should be productive of economy in two directions ; 
it should produce economy for the maker, and it 
should produce economy for the user. He would 
like to ask the Indian engineers, who were in charge 
of these standard engines, whether they really 
found, when they had engines constructed # diffe- 
rent makers, nominally to the same designs, that 
the ts were actually interchangeable. fina the 
creation of standards been followed by the issue of 
templates and gauges to the makers, so that the 

rts ultimately to be put together were abso- 

utely interchangeable? Could these Indian engi- 
neers speak on the work of the outdoor-shed fore- 
man on the one hand, and the workshop manager 
on the other. The shed foreman had to deal with 
hurried repairs, which had to be got through in 
order that an engine which had come into the 
shed might go out again rapidly, without having 
to get another engine into steam. Was it quite 
certain that the underhung springs, for instance, 
could be taken down easily by the fitter, and others, 
made by some other maker, taken out of stock and 
put up without any fitting and filing? A dozen 
such questions might be asked with regard to shed 
repairs. With regard to the shops, suppose that 
an engine had come in witha pair of broken cy- 
linders. Could those cylinders be taken out and 
replaced from stock, and the engine turned out in 
seven or eight hours? A change of boiler might be 
required. Would a boiler drop into place properly 
without having to do any chipping or filing, or 
without making new holes. It was important to 
keep down the percentage of engines under repair. 
In the papers read at Dichdaghens last summer 
several locomotive engineers had stated that the 
percentage of engines under repair amounted 
altogether to 10 per cent. Had they done better 
than that in India by the aid of this standardisa- 
tion! The object of standardisation was to save 
money, and he would like to hear whether it had 
saved money and achieved the desired results. 

Mr. 8. B. Tritton was the first speaker. He 
considered that one point in connection with this 
subject was not so well known as it should be. 
The designs of the Standardisation Committee for 
the first lot of engines reached India at a somewhat 
adverse period, when a great demand for —~ 
had suddenly arisen, with the result that large 
numbers of the engines were sent out before there 
had been any opportunity of trying them on the 
road, or rectifying small matters in which experi- 
ence might suggest improvement. On the whole, 
the engines sent out to India had come out very 
well. With regard to broad-gauge engines, it would 
have been noticed that the first types mentioned 
in the paper, the 4-4-0 and the 0-6-0, were of a 
comparatively light type, and had inside cylin- 
ders. The heavier engines for the broad-gauge 





had outside cylinders. The Committee had been 





| fore been taken to bring these ty 
requirements and to standardise them. 


considered inconsistent in this matter. The old 
question of inside versus outside cylinders seemed 
to have been raised again. The fact was that 
when the first standards were required it was 
decided to adopt types similar to existing engines. 


| Now every broad-gauge line in India of importance 


|had engines of the 4-4-0 and 0-6-0 types; but 
hardly one of them had a detail which would dupli- 
cate one with another. Opportunity had there- 
up to modern 
The 
engines were at that time much limited in the 
matter of weight. Subsequently a demand arose 
for heavier and more powerful types; and as a 
greater amount of weight was then permissible, the 
opportunity was taken to make entirely new 
designs. 

The author had stated that the metre-gauge 
engines followed existing types. That was scarcely 
correct, as, before the standards were introduced, 
engines for this gauge had their wheels inside 
the frames, and had fly-cranks. The type known in 
India as the ‘‘F” class was of this design. One 
of the principal objections to this class was the 
outside fly-crank, which was very much overhung, 
with the result that there were a great many 
crank failures. As the traffic demands increased 
the cranks gave trouble, though they were stif- 
ened up, hooped, and so on, but the limit was 
ultimately reached ; failures were so numerous that 
something had to be done to stop them. When 
standards were adopted, the type was, therefore, 
altered, and though at first little appreciated, the 
new engines were accepted as good types. They 
were doing very good work. On one line they had 
been regularly pulling a traffic load of 900 to 1000 
tons behind the tender. 

Some acknowledgment should, he thought, be 
made of the fact that the principal locomotive 
builders had worked out the initial designs in 
accordance with the instructions of the Com- 
mittee, and from these the standard designs had 
been evolved. But for this standardisation would 
not have got so far as it had done. The Standard- 
isation Committee were in a difficult position ; they 
were designing engines to be used by people 
thousands of miles away. Their position was very 
different to that of the superintendent here, who 
could go to the shed and find out how matters were 
going. A valuable document bearing on this sub- 
ject was the recent report of the Locomotive and 
Carriage Superintendents’ Committee on ‘‘Standard 
Locomotives for Indian Railways.” On the whole, 
the superintendents spoke favourably of the engines. 
The most serious criticisms were concerned with 
those engines which ‘‘ approximated” to the stan- 
dard types which were ma included in this report. 
Brarybedy would agree that standardisation should 
not be pushed too far and be allowed to check 
progress. The author had also observed that un- 
remitting vigilance on the part of the railway autho- 
rities in ‘india, their consulting engineers at home, 
and of the manufacturers, was necessary to guard 
against departures from the standards. These two 
conflicting interests had to be reconciled. It could 
not be urged that, so far, standardisation had 
checked progress. The engines were constantly 
being improved. He might mention that his firm 
were connected with the designs for very heavy 
Fairlie engines and compound Mallet articulated 
locomotives, and they were fitting several of the 
standard engines with superheaters. It was difticult 
to settle the question of what constituted a stan- 
dard. The author was of opinion that matters of 
fittings, smoke-box design, and boiler-mountings, 
&c., ought not to interfere ; but if one part of the 
standard engine were touched, it was difficult to 
avoid touching the whole. It was hardly fair that 
the entire onus of setting matters right should rest 
with the consulting engineers and home authorities. 
There should, he thought, be some central body 
constituted to control matters. 

Mr. E. Greg said that the maker wanted to 
feel that standards were sufliciently permanent to 
enable him to put parts into stock in slack times 
with rfect confidence, and use them on. the 
next lot of engines ordered. He did not, how- 
ever, possess that confidence. With every order 
from India there had been some suggestion for 
slight modification of details, which, while leaving 
unaffected the type and appearance of the engine, 
prevented the maker from going ahead with the - 
rts which could be put in stock in slack times. 
o far as the speaker could recollect, the subject 





first arose about the year 1902, when orders had 
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been placed in Germany owing to the capa- 
city of the builders here being overtaxed at the 
time. Some of the builders had suggested that if 
the engines for India could be standardised, the 
parts could be made and stocked in slack times 
ready for the rush, and there would be no necessity 
to place orders abroad. That was, he believed, 
the origin of the Standardisation Committee. It 
was, however, difficult to guard against suggestions 
from up-to-date locomotive superintendents. Every 
indent for a fresh lot of locomotives, even of 
standard make, must necessarily be subject to 
certain variations. He concluded that while it 
was desirable to standardise the type, it was also 
very important to standardise details at the same 
time. 

Mr. W. A. Stanier, who spoke next, said that 
the Great Western Railway Company had for some 
time endeavoured to standardise their new types 
of engines. They had built six classes of boilers 
for certain types of engine. Their No. 1 boiler, 
for instance, would suit engines of the 4-4-2, the 
4-6-0, and the 2-8-0 types. The No. 2 boiler would 
suit a number of different classes of 4-4-0 types, 
and the same applied to the No. 4 boiler. The 
motion had been developed on standard lines in 
the same way. The same pattern of two-cylinder 
(outside cylinders) type could be used for any: of 
the 18-in. by 30-in. cylinders used on Great Western 
Railway engines with slight modification of the 
saddle. The crank-pin bushes were interchangeable 
in the sense that they could rely upon the spare 
bushes fitting the rods without the need of fitting. 
It was difficult to keep spare parts of even stan- 
dard type, if subject to wear, unless they were 
kept in a range of sizes. The Great Western 
Railway practice with regard to metallic packings 
was to keep these. to:suit rods varying by 3; in., so 
that when wear of. the rods occurred the next 
(smaller) sized packing. could be -fitted. into the 
engine. It was: the same with other parts; the 
wear had to be allowed for. Springs, although 
made in the same shop, varied—by half-hundred- 
weights, possibly—in ‘the load«that they would 
carry with the same camber. .When springs were 
changed in ‘the: running-shed, they: were usually 
set by measurement ; that.sometimes had the effect 
of upsetting the riding of the engine. Could 
Mr. Hitchoock say whether m India they had any 
means of testing the weight on the wheels after 
changing springs / Here springs had to. be changed 
at running-sheds without it being possible to test 
the load on them, and difficulty was sometimes 
experienced. Portable weighing-machines had been 
tried, but. he remembered testing a set.some seven 
or eight years ago which showed results varying 
anywhere between 2 cwt. and 3cwt. It seemed 
that portable machines required foundations just as 
level and as solid as those for a weighbridge, and 
he therefore did not consider the portable weighing- 
machine was of much use. 

The author had referred to the case-hardening of 
the iron in motion details. In India he would 
think, judging from English practice, that there 
would be trouble with the sand. Case-hardened 
details usually gave trouble when grit got into 
them. The practice now with some railways—the 
Great Western among them—was to bush the 
motion with phosphor-bronze bushes, and face the 
jaws of the links with phosphor-bronze washers. 

he Great Western Company got good results from 
this practice, and spare bushes could be kept at 
the running-sheds if there were any appreciable 
wear. He would also like to ask the aan if he 
had had any trouble with tyres. Mr. Stanier 
concluded by stating that it was not the practice on 
English lines now to fasten the tyres with studs, 
and it seemed curious that the Standardisation 
Committee should have retained this system. 

Mr. George Hughes said that he had been struck by 
the fact that the paper dealt with the standardisation 
of engines in a country 40 times the size of England. 
The proposition thus became almost impracticable. 
Quite early in the paper Mr. Hitchcock had urged 
on behalf of standardisation that three of the great 
railways in India were not only owned by the State, 
but were worked by it, while several of. the other 
railways were State-owned, but leased to companies, 
although controlled by the State. This was put 
forward as a reason for standardisation. In addition, 
for military reasons, the conditions in India were 
said to be very favourable. Were these the real 
conditions to be kept in mind when commencing to 
design engines for any particular railway? It was 
true the author had also said that standardisation 
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of parts, and consequently the reduction of capital 
locked up in stores, and the quick despatch and 
delivery of locomotives, had something to do with 
it. But when all was said and done, although a 
designer might have these things in mind, the 
prime factors in dealing with designs of locomo- 
tives, whether for India or elsewhere, were the 
profile or the gradients of the road and the density 
of the traffic. These points were nowhere referred 
to in the paper. The paper would be rendered 
more valuable by the addition of an appendix giving 
the gradients of the principal railways in India, 
with particulars of the length of trains and loads 
heated, 

The author admitted the danger of going to ex- 
tremes in standardising. He (Mr. Hughes) would 
go a step further, and suggest that there should be 
no approximation to extremes. Standardisation of 
parts was extensively practised on all British and 
Continental railways. Taking into consideration the 
total weights of the engines dealt with in the paper 
and the weight per foot run, it was evident 
that they were expected to run on first - class 
permanent - way. But though in India a large 
i of the mileage was laid with heavy rails 
—about 80-lb. section—and had also stone ballast, 
there were thousands of miles laid with very light 
section. Consequently for many years to come 
it would seem that there would be a multiplicity 
of designs for engines for the Indian railways. 
On the Lancashire and Yorkshire line they had an 
— which could do anything required on any 

ilway in this country, but it would, he thought, 
be ridiculous to build engines of such a character 
for, say, the Cambrian, Great Eastern, or Taff 





Vale Railways, and doubtless many similar in- 





stances could be given. From remarks in the 
paper the Committee evidently realised that they 
were not at the end of their labours, and before 
long the advent of {other types of locomotives for 
Indian railways was to be anticipated. He would 
most certainly like to feel that the Standardisation 
Committee was not sapping the vitality or destroy- 
ing the individuality of those who were doing such 
excellent work on the Indian railways. Some of 
the best work done by the Standardisation Com- 
mittee had been in connection with materials, the 
specifications for which he had almost entirely 
adopted. : 

Mr. C. T. Evennette then. made a few remarks 
on the subject from the point of view of giving due 
weight to military considerations, after which Mr. 
Hitchcock replied to the discussion, regretting, In 
the first place, the absence of any remarks by 
Indian railway officers. This was one of the diffi- 
culties ; there was not enough information as to the 
running of engines in India. He thought it would 
be admitted that standardisation and interchange- 
ability of parts, and designing with a view to use 
the same parts in different types of engines, were 
matters of practice on all railways within their 
respective spheres. The extension of the principle 
so as to embrace as many railways as possible in 
India was rendered possible by the control exer ised 
by the Government over railways. 

Turning to Mr. Aspinall’s remarks, he would 
say that, while he left India before the standards 
were introduced, from his knowledge of the inspec- 
tion of engines under construction in this country, 
he could assure the President that a great deal of care 
was taken to secure interchangeability. He had had 
experience in India with engines which were not 
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standards, and were made by different makers, and 
that experience, in robbing one engine to fit another, 
was such as to lead him to think that interchangea- 
bility would be a good deal improved under the 
standard system. e want of confidence which 
the demand for frequent alterations had created 
in Mr. Greg’s mind had been dealt with by Mr. 
Tritton when he referred to the impracticability of 
putting the first standard engines to the test. When 
the designs were first got out no opportunity was 
given to put things right before more engines were 
ordered. He believed that many of the alterations 
did not interfere with standard parts to the extent 
of affecting interchangeability. In the early days 
of st salen engines there had been a general desire 
not to exceed the Government bridge-loading rules, 
and things were skinned down a little, with the result 
that later it was found desirable to put a little on 
here and there. There might be some trouble in 
the case of patterns, but the modifications intro- 
duced would probably not want doing twice, and 
many would not interfere with interchangeability, 
the main feature of standardising. Mr. Stanier 
had mentioned case-hardening of the motion, and 
had spoken of iron. The speaker would say, how- 
ever, that steel of fairly low tensile strength was 
generally used. With regard to bushing the motion 
parts, he thought there was a good deal in that. 
With regard to fastening tyres with studs, he 
had known of cases where, when running down 
banks with the brake-blocks hard on, tyres: had 
expanded and the studs had broken, but that was 








very exceptional. A similar thing had occurred with 
retaining-rings without studs, the tyres expanding 
and becoming loose on the wheel-centre, the wheel- 
centres turning inside the tyres and shearing the 
retaining-ring right through all round. Both de- 
scriptions of fastening had apparently their defects, 
and gave trouble, though not to an alarming extent. 
There would undoubtedly be some difficulty in 
making standard engines to suit all conditions for a 
country such as India. The engines the Committee 
had designed were for general purposes. For special 
cases, such as banking and on heavy roads, there 
was no reason why a special type should not be 
provided, such as the Fairlie or Mallet, &c. The 
100-lb. rail section was at present used, and had 
been so for some while past. 

The proceedings then closed with the announce- 
ment that the next meeting would be held on 
Friday, November 18, when a paper would be read 
on ‘*The Development of Road Locomotion in 
Recent Years,” by Mr. L. A. Legros. 








SCHIESS MACHINE-TOOLS AT THE 
BRUSSELS EXHIBITION. 

WE illustrate on this and the opposite page some 
novel heavy machine-tools of Messrs. Ernst Schiess 
A.G., of Diisseldorf, most of which are conspicuous 
objects at the Brussels Exhibition. Since we last 
noticed the works of Messrs. Schiess, the firm has, in 
1906, been converted into a company. . Dr.-Ingen. 
Ernst Schiess, who founded the original modest works 
of the firm in 1866, remains with the company as 





° te 


chairman of the Board. The manufacture of machine- 
tools was early made a speciality of the firm. During 
the forty years 1869 to 1909 the works have built 
10,500 machine-tools of varied descriptions, and of late 
heavy machines for dealing with guns and armour- 
plates and with steam-turbines have particularly vome 
to the front. The works at Diisseldorf now cover an 
area of 134 acres and give employment to a thousand 
men ; the steam - generators in the works aggregate 
1200 horse-power, and some eighty electric motors help 
to drive the machinery of the shops ; the main erecting: 
shop has a length of 512 ft., a width of 654 ft., and 
leaves a clear height of 33 ft. underneath the crane- 
rails. One of the big lathes has a revolving table 36 ft. 
in diameter, and salen work up to 40 ft. in diameter ; 
it weighs 300 tons. 

The double-acting punching-press, for the manufac- 
ture of fish-plates, Fig. 1, which is exhibited at 
Brussels, is one of five. It can exert a maximum pres- 
sure of 1000 tons on a shearing surface of 220 sq. cm. 
(34 sq. in.) in a steel of a strength of 45 kg. per sq. mm. 
(28.6 tons per sq. in.). The two standards of grey iron 
are each cast in one piece with the bearing brackets 
for the gear-shafts, and are firmly shrunk and bolted 
to each other. The eccentric shafts and the pressure 
cams run in long phosphor-bronze bushes ; the high- 
speed shafts are fitted with ring lubricators, and the 
other shafte run in grease-lubricated bearings. The 
ram is balanced by levers and weights ; by means of 
special levers provided both on the right and on the 
left of the machine, the one ram can be lowered while 
the other half of the machine is working. The gear- 
wheels are made in cast or forged steel, and have 





straight-cut teeth. The distance from the middle of the 
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standard to the middle of a table amounts to 500 mm. 
(20in.); the table dimensions are 750 mm. by 1800 mm. 
(30 in, by 71 in.); the maximum height from the table to 
the lower edge of the die is 805 mm. (31.7 in.).; the 
eccentric pin has a diameter of 350 mm. (13} in.) and 
a length of 410 mm. (16 in.). The machine is driven 
from a 120 horse-power electric motor through wheel 
gearing actuating the fly-wheel shaft. The tworams 
make about sixteen strokes per minute, the length of 
the stroke ranging from 140 mm. to 180 mm. (5.5 in. 
to7in.). Each of the standards weighs 50 tons, and 
the whole machine 167 tons. The stress to which the 
cast iron is exposed does not exceed 3 kg. per sq. mm. 


(1.9 tons per sq. in.). 

The vertical turning and boring-mill illustrated in 
Fig. 2 is especially designed for use in locomotive 
engine construction, for work upon cylinder covers, 
boiler ends, piston-rings, carriage wheels and tyres, &c. 
Its design and construction are strikingly compact and 
massive. The face-plate has a diameter of 1350 mm. 
(53 in.) ; the maximum height_of the tool-holder above 
the face-plate is 350 mm. (13} in.), and the vertical 
range of the counterbalanced tool-holder is 200 mm. 
(8 in.). The face-plate is provided with a channel for 
catching the suds, which are carried to a small recep- 
tacle, to be pumped on to the tools again. The drive 
is from a 15-horse-power electric motor, which turns 
the face-plate at six different speeds, ranging from 4 to 
40 revolutions per minute ; the wheel gearing for, this 
speed control is encased. The machine can also receive 
its power from a counter-shaft, and belt and pulley. 
The spindle of the face-plate runs in long guides in 
conical adjustable bushes and an adjustable footstep. 
The two vertical standards, which are bolted to the 
base, form one casting together with the cross-rail. The 
latter carries the two saddles of the steel tool-holders 
which are counterbalanced and fitted with independent 
self-acting, as well as with hand-feed, movements, both 
ist tue horizontal and in the vertical. The tool-saddle 
feeds arc: 0.2 mm., 0.4 mm., 0.8 mm. for the left 
tool, and 1.15. mm., 2.3 mm., and 4.6.mm. for the 
right tool. The tool-holder feeds can be varied while 
the machine is in motion, with the aid of-lévers, which 
are placed within easy reach of the operator, one on 
each side of the machine. By a wheel change the same 
feeds can be imparted to each holder—viz., 0.2 mm., 
0.4mm., 0.8 mm., 1.15 mm., 2.3 mm., and 4.6 mm. per 
revolution of the face-plate. The approximate weight 
of the machine is 9 tons. 





Tuk Junior Institution oF Enernerers.—On Monday, 
the 2ith inst., Mr. Bernard A. Kupferberg (Member), 
read a paper at the meeting of this institution on “The 
Manufacture of Glass Bottles.” He described completely 
the plant used in this manufacture. The paper was illus- 
trated by a number of engravings. 


TyNDALL_ Reskarcu Strupentsuu.—The studentship 
on the foundation of the late Professor Tyndall for 
scientific research on subjects tending to improve the con- 
ditions to which miners are subject, has been awarded for 
the ensuing year to Dr. T. L. Llewellyn, of Ba 
Wales, for research regarding the cause and cure of the 
disease in miners known as nystagmus. 


Tue Institute oF Metats: Corrosion ComMITTEE’s 
Report. — The annual general meeting of the Insti- 
tute of Metals will be held at the Institution of Me- 
chanical Engineers, Storey’s-gate, Westminster, S.W., 
on Tuesday and Wednesday, January 17 and 18, 1911. 
At this meeting a number of exceptionally interesting 
papers will be presented, including some of an essentially 
army character, together with the *‘ Preliminary 
teport to the Corrosion Committee.” It will be remem- 
bered that this committee was appointed some months 
ago to investigate cases of corrosion of the non-ferrous 
metals. The preliminary report will show the present state 
of our knowledge of the corrosion of non-ferrous metals and 
alloys, and will contain suggestions for a research into the 
causes of the corrosion by sea-water of brass condenser- 
tubes. A visit to the works of the Thames Iron Worksand 
Shipbuilding Company, Limited, has been arranged for 
the afternoon of January 18, when an opportunity will be 
afforded members of inspecting H.M.S. Thunderer, the 
new Dreadnought, which is in course of construction in 
the company’s yard at Blackwall. In view of the success 
of the first annual dinner, which was held in January 
last, the council has decided that there shall be a second 
annual dinner, to take place on the evening of January 
17, 1911, this being the first day of the annual general 
meeting. The dinner will be held, as before, at the 
Criterion Restaurant, the cost of tickets, exclusive of wine, 
being 7s. 6d. each. There are, doubtless, many persons 
who are considering the question of joining the Institute 
of Metals, and who would lixe to take part in the pro- 
ceedings at the ne, meeting in London as full 
members of the Institute. The last date of the receipt of 
applications for membership from such possible members 
is November 22, 1910. Already there is a large number 
of candidates awaiting election, and it is expected that 
the next ballot list will be of record length. The 
Institute has now been founded just two years, and has 
celebrated its birthday by ming an incorporated 
institution. The secretary of the Institute of Metals, 
Mr. G. Shaw Scott, M.Sc, Caxton House, Westminster, 
S.W., will be glad to forward membership application 
forms and fu'l particulars regarding its work to all 
interested in the object and uim of the Institute. 





GERMAN MACHINERY EXPORTS. 


A SPECIAL report in a German journal has recently 
ealt with the German, and more particularly the 
South-Western German, exports of machinery, &c. 
The United States, England, and now also in the Far 
East Japan, are, it appears, Germany’s worst com- 
petitors. Attention is drawn, among other things, to 
the continual improvement in the organisation of the 
export business of the United States. More especially 
in regard to the trade with South America the ex- 
porters of the United States seem to spare neither 
money nor labour in order to secure business. In 
trade with Canada, Russia, and Siberia the Germans, 
except in a few cases, have not yet realised the ad- 
vantage of excellent organisation in the way that it is 
understood by the Americans. 

The exports of machinery, &c., from South-Western 
Germany to Russia and Siberia have increased mate- 
rially lately, but the Americans hold a long lead in 
the Siberian trade. . Capital and credit cannot, with a 
few exceptions, be obtained in Hamburg for Siberia, 
whilst the Americans have ensured them as regards 
themselves by means of an organisation established in 
Omsk, one of the most progressive towns in Siberia, 
and have, moreover, founded a large number of selling 
bureaus. 

As far as trade with Russia and Siberia is con- 
cerned, English manufacturers have the advantage of 
cheaper transport by water as compared with the 
more expensive railway freight from South-Western 
Germany. . They have in addition, to some extent at 
least, the advantage of good organisation, and, above 
all things, financial influence. In Africa, more espe- 
cially South Africa, the conditions appear to be some- 
what more favourable, as far as the competition is 
concerned, but tlie sale of South-Western German 
machine products has not yet developed to any extent, 
owing to the fact that the African market is not yet 
a large one. , : 

The German makers find themselves hentionress by: 
the industrial policy of the syndicates, and the higher 
prices of raw material and half-finished goods which 
it entails, it being possible to purchase these more 
cheaply abroad than at home, with the result that 
many industrial firms establish branch concerns abroad, 
so as not to lose the market. This, of course, draws 
considerable capital from the German market, and 
the German money market suffers thereby. The home 
business is more and more affected as time goes on 
by the increased competition amongst the home manu- 
facturers on account of the restriction of foreign 
markets by high tariffs. The result is an ubprete- 
dented cutting of prices. 

As regards agricultural machines, Russia is the prin- 
cipal market for South-Western Germany, statistics 
showing increasing business every year. English 
manufacturers, however, quote such low prices to 
Russian buyers and grant them such favourable con- 
ditions for payment that it is exceedingly difficult for 
the German industry to compete against the English. 
Payment generally takes place by instalments extend- 
ing over as much as three years. Hitherto agricul- 
tural machinery has only been subject to a small duty; 
steam-thrashers have, in fact, been admitted free of 
duty. The efforts of the Russian industry, however, 
to obtain some inereased protection will probably 
result in a higher duty after the year 1912. To 
Roumania the export of agricultural machines has 
also been of considerable importance ; an increased 
export to Austria and Hungary might well take place 
were it not for the high duty imposed by these coun- 
tries. Argentina is a large buyer of agricultural 
machines. Formerly it was especially English makers 
who, by means of low prices and favourable conditions 
of payment, competed keenly with German trade. Of 
late the United States have entered the field against 
England, and although the American agricultural 
machines are in quality of workmanship far behind 
English and German makes, their extreme cheapness 
obtains a good market for them. 

The German export trade in gas-engines and auto- 
mobiles is continually increasing. An _ increasing 
number of trans-oceanic countries are opened for the 
automobile traffic, and, moreover, the exportation of 
motor-cars also takes place to countries having a well- 
developed motor industry of their own. Prime 
movers are exported to all the principal countries of 
Europe, and in addition to Argentina, Brazil, Mexico, 
United States, South Africa, Egypt, Dutch India, 
and Australia. 

The steam-turbine and locomotive branch of South- 
Western Germany's engineering trade is in a less 
satisfactory state on account of the keen competition 
from other parts of the country. Prices for steam 
turbines are not good, and the turnover has dimin- 
ished lately. The business in electric railways, how- 
ever, has lately made good strides, especially in 
connection with the mining industry and iron works. 
Plenty of orders were placed, but the deliveries, or 
ins tion, a to have been delayed on account 
of labour edliten within this branch. The business 
in boilers has increased, but the quotations do not cor- 





respond satisfactorily with the prices of the raw 
material. 

Foreign tariffs have given a good deal of trouble on 
account of the many changes recently made. This 
interferes with accurate estimating, since contracts 
are often spread over several months, during which 
changes in the tariff may take place, as happened in 
the case of France during the recent summer. 

Machinery for the manufacture of paper, wood- 
pulp, &c., goes chiefly to Russia, France, Austria, 

reece, Roumania, South America, and Mexico, but 
in exporting to these countries tariffs and other 
unfavourable circumstances have to be contended with. 
Some foreign competitors are able to sell cheaper. 
There is considerable business to be done in Chili, 
Japan, Finland, Sweden, Norway, and Austria. At 
home severe cutting of prices prevails, and the up- 
ward movement noticeable in the other branches of 
the machine industry is not so apparent in this line. 





MR. JAMES BARR’S EXPERIMENTS UPON 
THE’ FLOW OF.WATER OVER TRI. 
ANGULAR NOTCHES. : 

To THE EDITOR OF ENGINEERING. 

Sin,—In a. paper read before the Sydney University 
Engineering Society in 1906—a copy of which I am for- 
warding under separate cover—it_ was shown that the 
values of the coefficient of discharge for orifices of various 
sizes could be represented very closely by an expression 
of the form 


Ca= m+, 


where m and n are coefficients depending upon the shape 
and size of the orifice, and A is the head in feet. I was 
therefore interested to find that the results obtained by 
Mr. Barr for notches could be represented by an expres- 
sion of the same wpe. ; 

The following table gives the values of the coefficient as 
determined by Mr. rr, and given in Table IV. on 
page 473 of your issue of April 15 last, and the values 
obtained by the formula— 

C = 0.2907 + 9-028, 
Vh 
where h is the head in inches, as given by Mr. Barr. 

It will be seen that the agreement between the observed 
and calculated values is practically exact throughout the 
range of the experiments. 


TaBLE I. 


Value of Coefficient. 
Head in Inches. 
Calculated. 


, Observed. 


0.3105 
0.3084 
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Yours faithfully, 
T. P. STRICKLAND. 
Electrical Engineer’s Office, 61, Hunter-street, 
Sydney, N.S.W., September 12, 1910. 








THE DIESEL ENGINE. 
To THE EprTor oF ENGINEERING. | 

Str,—In reply to Messrs. Willans and Robinson’s letter 
of the 11th inst., I should like to be allowed to state that 
their comments do not deal exactly with the points raised 
in my letter in your issue of the 7th inst. 

I am in perfect ment with their first comment— 
viz., that the negative work of the compression stroke 18 
returned on the power stroke. This feature is common 
to all modern gas and oil-engines. ; 

The point I drew attention to was that when starting 
up a large amount of negative work has to be done in 
compressing the air in the working cylinder up to about 
500 Ib. per square inch before a power stroke can be 
obtained, which entails the storage, in some form, of ® 
large amount of energy. If by any chance this energy 1S 
lost, or used up, the engines will be at a standstill until 
a sufficient store of energy has been accumulated. — 

The ignition temperature used in the Diesel engine 15 
at least equal to that due to the compression of air from 
atmospheric temperature and pressure to 500 |b. s 
square inch. If the compression were adiabatic, this 
temperature would be 988 deg. Fahr. In the case of a 
engine using gas as fuel an ge can be obtain 
with the gas mixture at atmospheric pressure and’ tem- 
perature. The negative work to be done in starting 1s 
therefore only that entailed in overcoming the friction 
of the engines and shafting and a compression pressure 
of, perhaps, a few pounds. 

also agree with their second comment, that any 
complication should be avoided in marine work ; but 
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— . *g*,° , 
consider that simple and easy starting facilities are a 
irst consideration. P Bet} ; 
a vith regard to their third contention, there is ‘not the 
least doubt that thé Diesel engine is far in front of any of 
the other oil-engines as now miade,’ and will remain so 
until oil-engine makers supply their engires with fixed 
gases made from the oil, and increase the compression 
pressures, When the superior thermal. efficiency of the 
constant volume combustion cycle will enable a thermal 
economy equal to that of the Diesel engine to be attained 
with moderate compression pressure, and the engines 
will have the distinct advantage, for marine work, of 
being able to dispense with the negative work of com- 
ession when starting up. ; 
my quite agree with Sart of Messrs. Willans and Robin- 
son’s fourth contention, that compressed afr for starting, 
reversing, and manceuvring, is an ideal medium, and also 
ds itself to eacy storage. . : ; 
a recently read a parer before the Institute of Marine 
Engineers in which I advocated the system of two-stroke- 
cycle engines direct coupled to the propeller shafting and 
marouvred by compressed air supplied by a quick-run- 
ning, gas-driven, two-stage air-compressor, which would 
be kept running constantly during the time of manceuvring 
in and out of port, and which when in port would supply 
compressed air to work the winches and windlass or other 
machinery ; in fact, take the place of a donkey boiler. 
The above system, moreover, would require air of onl 
moderate pressures, of 100 lb. to 150 1b., which is muc 
easier to deal with, and more easily handled than pressures 
of over 700 Ib. per square inch; as necessitated by the 
Diesel system ; a further disadvantage of this heavy pres- 
sure being that all the working parts would need to be 
made sufficiently heavy to deal with it. : 

With regard to the fifth remark about the vaporiser 
system, there is no doubt that the present methods must 
be improved, and the direction such improvements will 
take will be to vaporise the oil outside the working 
cylinder, and to take means to ensure that only fixed gases 
are supplied. : : : 

There is no inherent physical or chemical difficulty 
about this. In the parallel case of solid fuels, difficulties 
similar to those of the oil-vaporiser occur when the use of 
bituminous fuel is attempted in ordinary gas-producers. 
These difficulties are now being overcome, and producers 
are now on the market supplying fixed gases without the 
use of scrubbers and tar-extractors, and capable of dealing 
with the ordinary bituminous coals. ; 

When the necessity for different methods of vaporising 
oil is generally recognised, then, no doubt, the necessary 
design will be evolved. 

Yours faithfully, 
; W. R. Cummins. 

6, Westland Drive, Whiteinch, Glasgow, 

October 18, 1910. 








“THE UTILITY OF ALL KINDS OF HIGHER 
SCHOOLING.” 
To THE Epitor OF ENGINEERING. 

Sir,—In your issue of. July 221 notice you_ published 
an article in reference to my book, “The Utility of All 
Kinds of Higher Schooling,” and it is evident from the 
large amount of space you devote to it that you regard 
the subject as a very important one, and feel that my book 
possesses some merit, both of which I am glad to see. 

1 am also pleased to find that apparently you are in 
accord with my views regarding the propriety of a person 
spending 1000/. for an education, for I think this question 
brings out the vital point in this whole subject. If an 
individual is not justified in Wpenaing this amount of his 
own money for an education, surely the public is not 
warranted in taxing itself to provide this education for nim. 
This, tomy mind, is the most logical method of arrivi 
at a correct conclusion in the matter, and I have trea 
the question more fully in my book. 

Another point on which I am glad to see that you agree 
with me is that a person over sixteen years of age can 
obtain a large amount of education without spending so 
much money for it (the understanding, of course, being 
that this age means that the boy has been through the 
grammar school). The point I have been making all the 
time is that a boy who has through the grammar 
grades has all the general education he requires for the 
ordinary pursuits of life, and should he find later on that 
he is in need of knowledge on any particular subject beyond 
oo eta he already has, he can easily obtain it from 

Doubtless you noticed that ex-President Eliot, of 
Harvard University, came forward a short time ago with 
the statement that there was no occasion for a person to 
£0 to college at all, for. with a ‘‘ five-foot shelf of books,” 
judiciously selected, one could acquire all the education 
obtainable at a college, which I maintain is absolutely 
true, as college men know nothing except what is con- 
tained in books. 
. While there are, as I have just mentioned, some points 
in connection with this general subject on which we 
agree, I regret to find that your article contains many 
erroneous statements, and feel that they should not be 
allowed to pass without correction. 

In the first place, you seem to have overlooked the fact 
t at in the first section of my book I have confined myself 
to the question of whether an academic or classical 
: lucation is of value to the young man who has to make 

‘8 Own way in the world, and that I have not criticised 


the propriety of a person attending college if he is 


abundantly able financially to do so. 
‘ Then, im regard to technical schools, yeu intimate that 
would suppress all such schools, which is not correct ; 


nd, =" fact, it seems to me that all 
1¢ subject of maki 
stand I have taken on 


n t you have to say on 
engineers is entirely outside of the 
on that question. 








What I do maintain with reference to technical schools is | fact, I nage not seen a criticism from any source that is 


that in this country we have gone altogether too far in 


this sort of a My theory as to the best way to’ 
make an engineér of any kind is to first put him where 
he can learn the practical part of this business, which 


‘he must know in order to become an engineer, and 


while he is learning this practical side he will absorb a 
large amount of the science of the business. Then, 
when! he is through with ‘that, probably a year might be 
spent ina technical school to advantage. And I think 
the best engineers will agree with me on this proposition. 
I had snpecoed this theory would be found to correspond 
with the English idea of the proper way to make engi- 
neers and mechanics, as it was my impression that your 
people were more practical in all these lines than some of 
the other countries, as, for instance, Germany. 

With regard to what you say about a boy being narrow 
if he obtains his training entirely in the shop, and your 
claim as to the importance of his attending a technical 
school, this I presume you would not claim to be vital in 
the case I have just cited—that is, where, as I have pointed 
out, a boy who intends to become an engineer can attend 
a technical school for a year to advantage. 

Another criticism which you make is that I did not go 
to work properly to ascertain whether college-educa’ 
men are less successful than those not so educated, and 
you suggest that ‘‘a perfectly simple way of considering 
the point would be to take the salary of the average 
college man and that of the average man who has not 
been to college, and compare them.” 

' This I claim is not.a fair way to put the question, for 
everyone. knows that the young men who attend college 
are, as a Class, away above the average in general intellect 
as compared with the riff-raff of population. The only 
way to arrive at a rational conclusion on this subject 
is, as I have stated, to compare two men of equal ability, 
one of whom spends eight years in high school an 
college, and the other puts in the same length of time 
in business. In this country the latter, by the time he 
had been in business eight years, would be receiving 
a good round salary, whereas the young man who 
was just coming out of college could not obtain any 
salary. 

With reference to the question of whether —_-- 
educated men make better statesmen than those who 
never attended college, this is a subject to which I have 
not given a great amount of attention, but I can see no 
reason for changing my views, as expressed in my book. 
In any event, it is safe to say that the difference between 
them is not conspicuous. 

Regardin, pnd criticism of my remarks about the 
letters which I received during my investigations, I think 
it may be well to explain that an experience of fifty-five 
years in.active business has brought me in contact with a 
very large number and great variety of persons, which I 
feel has given me some special advantages in discussing a 
question of this nature, and my purpose in going into this 
subject was to throw some light on it, and in that way 
protect the public, and especially our young people, 
against ow ee which appeared to be of questionable 
utility, and as I could not afford to have my object 
defeated by liars and reckless writers, I took occasion to 
say what I thought about them. I am unable to under- 
stand how any one, after reading those letters, and my 
comments on them, can fail to.see that I am right in this 
matter. However, I am quite willing to leave the ques- 
tion of whether I am correct in my views to the judgment 
of the reader. 

As to what you say with regard to the inconsistency of 
my remarks concerning the education of doctors, you 
should bear in mind that the making of doctors is quite 
different from making engineers or mechanics—that is, 
there is not a practical side to the work that can be 
learned in advance of the theory, as is the case with 
mechanics or engineering, but the theory must be learned 
first. The statements which I have made on this subject 

w out of the fact that we have gone wild in this country 
in the matter of making doctors. These men should, in 
my opinion, have a education, understand Latin and 

erman, and have a general all-round culture; but, 
instead of this being the case, our medical schools not only 
have paid little attention to even the common education 
of their students, but their graduates have been given 
but a small amount of medical education. What I have 
had to say on this subject in my book has received abun- 
dant endorsement from the medical profession itself, and 
if you were acquainted with the conditions here I think 
you would not question the position I have taken 

arding, it. 

far as my calling the doctors and lawyers thieves 

and scoundrels is concerned, I, of course, realise that this 
is rather severe language, but I think you may depend 
upon my being in a better position than you possibly can 
be to judge of the conditions in this country which bring 
forth such a remark, and I know to a moral certainty that 

Iam right. Now, as to the propriety of making those 
remarks, this may be a matter of taste, but in my opinion 
there is altogether too much moral cowardice shown in this 
country in dealing with such people, and there are too 
many rascals occupying high positions who are toadied 
to by the masses. 

What we especially need in these times is men who 
have the courage of their convictions, and who will express 
themselves openly and aboveboard on the subject. So 
long as a man can be a, great scoundrel and at the same 
time be treated as a decent citizen, it will be seen that 
these abuses are far from being corrected. 

Your article contains a number of other incorrect state- 
ments, but I will not take up further space by pointing 
them out specifically, as I do not wish to make my letter 
so long as to tire your readers. I will simply say, in con- 
clusion, that you have not mentioned.a single point 
against my book that has the slightest foundation; in 


q | not mild steel, would be used. 


warran 


Yours truly, 
R. T. Crave. 
Jerseyhurst, Lake Geneva, Wisconsin, 
August 25, 1910. 
[In the above letter Mr. Crane ap to have entirely 
changed the ground he took in his book. This ground is 
| sufficiently stated in the title, but is further emphasised 
|in the last chapter, where he states that ‘‘all general 
ccheotag. above the grammar schools is worse than use- 
less.” e above letter states, on the other hand, that he 
| has never questioned the usefulness of a college education if 
| it can properly be afforded. The views expressed in the 
| letter as to the advantage of a year at a technical ones 
| arealso quite at variance with those expressed in the book. 
| With regard to other points we are quite ready to leave the 
matter in the hands of the readers, but would remark 
that the accusation of ‘‘robbery” in the medical profes- 
sion was not confined to Americans, but was made against 
all who charge the poor less than the rich.— Eb. E.} 





“THE STRENGTH OF GUNS AND 
CYLINDERS,” 
To THE Epitor oF ENGINEERING. 
Str,—In your current issue a letter ap over the 
signature of Arthur Morley, to which a reply seems essen- 
tial. Let me say at once that he makes a point—I 
considéred a water main 2 in. thick, when the ure, 
diameter, and assumption of the material failing by 
Guest’s law, would limit the thickness to, say, ; in. 
The thing is so obvious that your correspondent is fully 
entitled to the satisfaction which he so thoroughly enjoys 
in pointing out that, with such conditions, cast iron, and 


That does not, however, affect the epptention of 
results of recent research to guns and thick cylinders. 
My thesis was to show the application of Guest's law to 
thick cylinders, as I had shown it some time before to 
pone hr Until the publication of the articles on 
Guest’s law in your journal, the subject had not received 
the attention which has since been given to it. I hoped 
that the article on thick cylinders would further my 
objects ; briefly stated, they were to show the need of 
and to su t the lines of further research work. 

Concerning the phrase ‘‘real” stress, the suggestion 
“unreal” is amusing, but hardly serviceable. The ex- 
pression used in the corresponding case of the crank-shaft 
is ‘‘ equivalent” stress. 
Yours faithfully, 

C. A. M, Surru. 

University of London, 


East London ee bee oeg et 
ey tober 0, 


Mile End-road, 








LiverPoot EnGingeRineG Soctety.—The thirty-seventh 
session will commence on Wednesday, November 2, at 
8 p.m., when the president, Mr. Edward Allen, M, Inst. 
C.E., M. Inst. Gas E., will deliver his inaugural address. 
The next meeting will be held on Wednesday, November 
16, when Professor W. 8. Abell, M.I.N.A., will read a 

per entitled ‘*Ship-Model Experiment Tanks: Their 
ali and Application.” 





Tue German .Suipsuitpinc Inpustry.—The_ report 
for the last financial year just published by the Flensburg 
Shipbuilding Company (Flensburger Schiffsbau-Gesell- 
schaft) illustrates in a striking manner the unfavourable 
conditions under which German shipyards, generally 
speaking, labour at present, and how exceedingly untimely 
the men’s demands for shorter hours and higher pay are 
at the present moment. The Flensburg Shipbuilding 
Company is not a large concern (the working capital is 
only 3,300,000 marks), but it has been well-managed and 
has paid substantial dividends, as, for instance, in 1906-7, 
12 per cent.; 1907-8, 10 per cent.; but for 1908-9 only 6 

r cent.; while for the last financial year it paid no divi- 


end. It has even become necessary, in order to provide 
for the proper writings-off, to fall back upon reserved 
funds. The company has quite recently secured a contract 


for an 8000 tons steamer from the Hamburg- America line. 





Tue Réntcen Sociery.—The Réntgen Society, which 
was founded in 1897, begins its fourteenth session on 
November 3, 1910, at 20, Hanover-square. The Society 
is in a flourishing condition, as the syllabus for the 
coming session shows. So much sensational literature on 
radium has been published in the popular Press that the 
lecture by Professor Rutherford at the Réntgen Society 
will be listened to with much advantage. Professor 
Rutherford, who is the greatest living authority on the 
nature of radium, has the unique advantage of possessing 
more of it than anyone else in the British Isles, . Pro- 
fessor Soddy, of Glasgow, will also lecture at the Society, 
and, as is well known, was associated with Professor 
Rutherford in some of the latter’s earlier researches, 
as well as with Professor Ramsay in the research 
which definitely proved the conversion of the emanation 
into helium. From Amsterdam will come a great p sicist 
in the person of Professor Salomonson, who will discuss 
the working of the induction coil. Some most original 
work on X-rays has been done by Professor Barkla, 
of King’s College, who will also describe his results 
at a lecture. Professor Barkla’s researches, it may be 
added, formed the foundation of a lecture delivered by 
Sir J. J. Thompson at the British Medical Association 
this year. Dr. 1 Edwards, who has now freed him- 
self from his former sufferings, caused. by X-rays, has 
also promised to take part. lectures are to be pub- 
lished in the Journal of the Rintgen Society. Invita- 
tions and further information can be had from the Hon, 
Secretary, Dr. A. Howard Pirie, 7, Harley-street, W. 
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COAL-CONVEYOR AT THE BRUSSELS EXHIBITION. 
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Fig.3.secrion A.A. (Fig.é.) 





























In former issues (see ENGINEERING, vol. lxxxix., pages 
402 and 720, also page 200 ante) we described the boiler 
installation at the Brussels Exhibition, and the under- 
feed stokers with which it is fitted. The coal is 
supplied to the boiler-bunkers, and the ashes are re- 
moved from the ash-pits, by a conveyor, which we illus- 
trate in Figs. 1 to 3. It has been built by the Société 
Anonyme des Ateliers de Construction de J. J. Gilain, 
Tirlemont. There are in close proximity to the boiler- 
house two tracks, one of which serves more especially 
for removing the ashes, and for shunting on a Sunday 
the coal-trucks which could not be unloaded on the 
Saturday preceding. The coal is shovelled by hand 
into hoppers M, of which there are five (Figs. 1 
and 2), the total capacity of which is 25 tons ; from 
the hopper the coal is allowed to fall into the con- 
veyor-buckets. 

wing to the local conditions, which required that 
the conveyor should travel in separate vertical planes, 
the ‘‘Serpent” conveyor (Carl Schenk patent) was 
selected. ‘Fhe coal is delivered into the conveyor- 
buckets through a movable distributor A, Fig. 2, 
which can be shifted by hand beneath each outlet of 
the different hoppers M. In order that foreign sub- 
stances or too large pieces of coal may be prevented from 
falling upon the mechanical parts of the distributor, 
the hopper is fitted with a grate formed of bars placed 
close together. The distributor-valve is operated by 
one of the links of the conveyor-chain; the latter 
passes round the pulley B, Fig. 2, which is provided 
with a spring-tension device to compensate for the 
differences in tension due to differences in tempera- 
ture, wear, and so forth. On ing underneath 
the distributor the buckets are filled automatically. 
The conveyor-chain travels horizontally at the bottom 
of the pit under the boiler-room, passes round the 
pulley B, Fig. 2, travels back in the same _hori- 
zontal plane under the five coal-hopper compart- 


ments, and leaves the pit round a radius 90 deg. | 


in amplitude, whence it reaches the floor-level of the 
boiler-room. It is then diverted in a vertical plane 
perpendicular to the former, and takes a swivelling 
action by following a spiral guide-path, rising verti- 
cally, then describing an arc of 90deg., and travelling 
perpendicular to the boiler-house. It enters the latter 
in front of the boilers, describes a curve at a higher 
level (Fig. 1), and takes another twist to reach a x me 
parallel with that formed by the front of the boilers. 
On its upper horizontal travel it meets a Schenk 
weighing-machine C, Fig. 1, which weighs the coal 
automaticall 
Access is had 


way shown in Figs. 4 and 5, page 601. 
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tally above the front of the boilers, Fig. 1, the coal is 
tipped automatically in the bunkers, whence it is 
allowed to fall in two chutes which lead it to the 
under-feed stokers. 

In order that there may be a sufficient reserve on 
Sundays and holidays, when the coal supply cannot 
take place, the hoppers above the boilers have been 
designed to contain each 7500 kilos. (16,5001b.) of coal. 

It is always advisable in an installation of the kind 
to use a uniform tipping device for emptying the 
buckets, and there are several of these devices to 
choose from. The installation at Brussels shows 
several of these. Those above boiler No. 1 are fixed 
automatic devices. The bunkers above the boilers 
Nos. 2 to 8 inclusive are supplied by the action of one 
single movable tipping device, which can be placed by 
means of a cable and a small winch above any of the 
seven bunkers corresponding with the said boilers. 
The tipping devices for boilers 9 and 10 are fixed and 
woohell by hand. The automatic devices for boiler 
No. 1, marked D in Fig. 4, tip the buckets until the 
hoppers are full, when the pressure exerted by the 
coal causes them to cease acting. For the same boiler 
there are two weighing-machines, styled ‘‘ Semi- 
automatic,” each of which is provided with a receiver 
of known capacity, which, when full, allows the coal 
to run down, registering its weight. The product of 
the number of weighings by the capacity of the coal- 
receiver gives the volume of coal taken by the boiler. 
These machines have simply been used for exhibition 
as The distributor E, Fig. 4, for the boilers 

to 8, is adjusted by hand, after having been shifted 
to where the coal has to be tipped. In order to pre- 
vent it from acting, it is only necessary to work a 
lever provided for the purpose. The fixed tipping 
devices for boilers 9 and 10 are marked F on Fig. 4; 
these can also be prevented from acting by means of 
a lever. 

After tipping the coal, the conveyor passes round 
the ggg ee | shown to the right in Fig. 4. This 
pulley is rota by a worm and two speed-reduc- 
ing gears from an electric motor. The teeth are 
carefully machine-cut. The gear is enclosed in ao 
casing, and runs in oil. The conveyor then turns at 
right angles horizontally, and then travels downwards ; 
then horizontally again in the ash-pit, in front of the 
ash-chutes, marked I in Figs. 3:and 4. The movable 


| distributor G, Fig. 4, can be placed by hand in front 


of each ash-chute. The ashes are scraped down the 
hopper corresponding with the chute opposite which 


and is operated by the conveyor itself. | the distributor is placed ; the latter then distributes 
to it for taking the readings by the stair-|them in the buckets which carry them u : 
arriving hopper H, Fig. 1, in which they are emptied. In its 


to the 


inside the boiler-house, the conveyor travels horizon- journey in the same plane the conveyor describes two 








vertical curves before reaching the hopper which 
receives the ashes. It then travels down vertically, 
describes another curve of 90 deg., then travels hori- 
zontally towards the pulley marked B in Fig. 2. 

From the foregoing it will be seen that the conveyor 
travels round the installation horizontally and verti- 
cally, swivelling several times to follow the required 
planes. For meeting this the chain is made of identical 
elements formed of frames jointed round an axis, pro- 
vided at each end with a roller. When the chain is 
vertical, the bucket oscillates freely inside its frame 
on the same axis. The frames are connected together 
by a small rod in two parts, the connection being such 
that one frame and its bucket can turn with reference 
to the two neighbouring ones, this giving great flexi- 
bility to the whole device, and enabling it to swivel 
both in a horizontal and in a vertical plane. 

The power required is small, each element separately 
being of light construction, and there being throughout 
only a rolling friction to overcome. At Brussels the 
electric motor is a 124-horse-power machine ; the chain 
has a total length of 270 m. (885 ft.). The rollers are 
amply lubricated. 








Tue TELEPHONE IN SwepEN.—Sweden has always heen 

a pioneer in the matter of telephones, in their use 
aa their manufacture, and also as regards State and 
private services. Ever since the Swedish State tele- 
hone commenced operations, in the year 1887, there has 
n a continuous increase in the turnover, and last year's 
number of telephone conversations at the State telegraph 
stations amounted to 322,288,450, the receipts amounting 
to 11,042,351 kr., against 10,220,575 kr. the previous year. 
The State telephones had, at the beginning of the present 
year, 118,949 telephone apparatus in use. The length 
of telegraph lines at the end of last year amounted 
to 32, 083 km., the length of interurban lines to 
60,430 km., and that of connecting and subscribers lines, 
respectively to 51,213 km. and 127,463 km. The large 
Stockholm Telephone Company, on the first half-year of 
1910 had an increase of 1639 subscribers, which is a record 
figure, and the Swedish telephone companies in Moscow, 
Warsaw, and Mexico are all doing exceedingly well, new 
centrals having been necessary in the two former places. 
At Moscow, Warsaw, and Mexico the central-battery 
system has been adopted, and a similar reform is under 
contemplation in Stockholm. The two Russian com- 
panies have the sole concession for telephones in their 
respective cities, with environs, whilst the one in Mexico 
has an American competitor, but they are all doing well 
and the increase in subscribers is very rapid and striking. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 19. 

A NUMBER of transactions in basic pig at the lowest 
prices known for the year have just been closed, the 
delivery for a portion of it extending over into next 
year. Further sales will be cl this week at 
current prices, and it is possible that the present 
buying movement may develop to considerable pro- 
portion, Consumers of basic have very little material 
on band, and at present prices there appears to be 
the strongest inducement to make provision for an 
incetnite future. The demand for coke has fallen 
lower, owing to the depressed condition in indus- 
in which coke is largely used as a fuel. Foun- 
‘es and machine-shops are slackening operations 
a busy summer. The Kokomo Steel and Wire 
mpany has just purchased 24,000 tons of Bessemer 
‘ets, to be delivered from now on to the end of the 
year. Pittsburg mills are picking up considerable 
business from the smaller buyers. The larger con- 
Sumers are still holding off. The railroads are 
still holding off, and in consequence there are 
Tumours to-day of shading quotations to 1.351 








dols. 
oO 


Quite a number of steel plants are now 
rating to 60 per cent. of the total ca 


ity. 


e present low range of prices in crude and finished 
steel ordinarily attract a large volume of business and 
increase the output far above the present output of 
60 per cent. of capacity. The heavy demand for cast- 


iron pipe is still a feature of the market. 
of buying is done in view of a 
are at a very low level, an 
demand has led to the resumption of wor 


A good deal 

ible advance. Tubes 
the consequent active 
in two or 


three large mills which had been idle since July. 
Wire-rods are exceptionally active, and some of the 
idle rod-mills were started up on Monday of this week. 
The general tone of the market is weak, and if this 
condition should continue, further shadings of prices 
may be looked for. although such shadings will bring 
material down very close to present cost. The exports 
ate in value 
168,858,093 dols., against 153,962,895 dols. for Sept- 


for the mon 


ember of last year. 
past nine months was 1.222,911,208 b 
1,161,024,910 dols. for the corresponding period of | 


last year. 


th of September 
The valne of 


exports for the 
a aginst 


| 





Contracts. —The British Humboldt Engineering Com- 
pany, Limited, have signed with the Carn Brea and Tin- 
croft Mines, Limited, a contract for the supply of a 
Wetherill magnetic separator. 





AN INTERNATIONAL COMPETITION IN PRacticaL TxrE- 
GRAPHY.—A competition in practical telegraphy will’ be 
held in Turin from August 22, 1911, onward, in con } 
with the International Exhibition whith is to be held. in 
that town. The competition will a trials on Morse, 
Hughes, and Baudot apparatus, and will be open to the 
staff of both sexes rey oy the telegraph services of 
States adhering to the St. Pertersburg Convention, and 


also to the staff of submarine cable companies or large 
private telegraph systems which are used for public ser- 
vice. Telegraphists of the same countries belonging to 


State navies, corps of military engineers or State railways, 
are also eligible. Employees wishing to take part in the 
competition should make application, through their Ad- 
ministrations, to the Minister of Posts and‘Telegraphs at 
Rome. A series of individual prizes in the thrée sections 
will be given, and in addition a championship prize cover- 
ing the three. A team prize will also be given to the group 
of competitors belonging toa single State who have taken 
part and won prizes in each of the three sections, 
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CONDENSING PLANT. AT THE BRUSSELS 
EXHIBITION. 


Tue Nederlandsche Fabriek van Werktuigen en 
Spoorweg-Materieel, Amsterdam, exhibit at Brussels 
a complete condensing plant, with mixing condenser, 
dry-air pump, water-pump, and steam-engine com- 
bined, which they style a ‘‘vacuum engine.” We illus- 
trate this in vertical section in Fig. 1, page 604. 

In designing this new type of plant the company 
had in view the construction of an engine which should 
combine all the advantages of condensing with dry- 
air pump without any drawbacks due to the horizontal 
air-pump, the barometric condenser, and consequent 
long piping, the whole forming a compact engine. 

It consists of an overflow condenser, carried on four 
columns, between which is Jocated the vertical steam- 
engine ; this works the waier- ump and the dry-air 
pump, the latter being tel inside the upper part 
of the condenser. The air-pump piston is fitted to an 
extension of the steam piston-rod which passes through 
the condenser. The water-pump is mounted on the 
crank-shaft of the steam-engine ; this is a two-stage 
centrifugal pump of the latest type, the suction side 
of which is connected to the oe ham by a pipe of 
large diameter. The whole engine is mounted on a 
single bed-plate of comparatively small dimensions. 
Where sufficient space is available the centrifugal 
a can be driven by a belt, this reducing somewhat 
the first cost of the plant. 

As will be seen from Fig. 1, the condenser is ata 
‘height of about 13 ft. from the floor level. The injec- 
tion water enters the condenser owing to the vacuum, 
this rendering a special pump for supplying injection 
water unnecessary. It flows in an annular-shaped 
trough, and its supply is regulated by a float which 
maintains the water level in the condenser constant. 
The annular trough is surmounted by a corrugated 
ring-shaped extension ; the injection water rises 
through this and overflows on a series of bafiling- 
plates in jets or sheets, thus providing an extensive 
area of contact between the water and the steam. 
The “eee are throughout of sufficient size 
to prevent their becoming choked up by any foreign 

ies. 

The air-pump is provided exclusively with delivery 
valves, instead of suction-valves; the lower part of the 
eylinder-wall is made with a row of ports. By this 
means the arrangement is a much simpler one, and a 
higher vacuum is obtained, than would be the case by 
using suction-valves ; it also makes for silent running. 
The top, or delivery, valves are thin elastic steel plates 
of simple manufacture, with concentric holes. The 
engine runs at about 120 revolutions per minute, and 
works quite noiselessly, the lift of the valves not 
exceeding 4 in. In order to obviate the slight noise 
caused by the expansion of the air, a silencer of simple 
construction is placed above each valve; these are 
four in number. The pump-cylinder is surrounded by 
a jacket, through which cooling water is made to flow. 
The air-pump being in the upper part of the con- 
denser itself, all loss in the piping and leakage of air 
between the condenser and the pump are avoided. 
The condenser overflow-ring and the bafile-plate are of 
cast iron, this being found much more suitable than 
steel ; the pump-cylinder is of hard cast iron; the 
steel pump-rod is brass-lined and the valves are of 
gun-metal. The steam-piston has four Ramsbottom 
rings. The wear on the air-pump and steam-cylinder 
is reduced to a minimum ; the engine can be built 
with but a small clearance, this facilitating the 
vacuum, 

The injection water and condensed steam are drawn 
from the condenser by the centrifugal pump through a 
12-in. pipe. The difference in height between the 
water-level in the condenser and the pump outlet is 
about 16 ft., the pump thus having to deal with a 
column of water A about that height. The water is 
entirely free from air or other gases when it enters 
the centrifugal pump, and the latter never runs idle. 
The impellers are of the turbine type, and are balanced 
by the water-pressure. The steam distribution to the 
steam-engine is by a Trick valve ; the governor is of 
the Hartung type, working a throttle-valve and 
driven by a pair of encased helical wheels. The crank- 
shaft is balanced and fitted with a fly-wheel. The 
normal capacity of the engine is about 75 indicated 
horse-power. It is provided with the nece fit- 
tings, vacuum-gauge, water-level indicator for the 
condenser, stop-valves, and so forth. Easy access is 
had to the condenser from a circular platform round it. 
The engine is provided with central lubrication by 
means of an oil-pump driven by a pin at the pump end 
of the crank-shaft. 

The saving in floor space compared with other types 
of condensing plants is an important feature ; the cost 
of erection is a comparatively low one, owing to the 
compactness of the engine, notwithstanding which 
every part is easy of access from all sides. 

These vacuum engines have so far been built by 
the company in four different sizes. The one they 
exhibit at Brussels is of the following principal 
dimensions :— 





22 in. 
Wh ws 


22,500 lb. 


2 


Diameter of steam cylinder ... 
Diameter of air-pump 
Stroke... Nd asd " a 
Capacity in condensed steam per 
hour... ~~ Se vee ren 
Total height. ...  ...0 «1: ” 25 ft. 
Floor space required, about ... .. 17 ft. by 10 ft. 
of engine sp ves ...120 revs, per min. 
This machine is suitable for dealing with the exhaust 
steam from a sugar factory which has a capacity of 
900 tons of crushed cane per day. 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was flat, due principally to the adverse 
vote of the boilermakers and the consequent continuance 
of the shipyard lock-out. The dealings only amounted to 
2500 tons of Cleveland warrants at 4s. 54d. cash, 49s. 84d. 
one month, and 50s. 34d. three months, and closing sellers 

uoted 49s. 6d. cash, 49s. 94d. one month, and 50s. 4d. 
three months. The market was the turn stronger in the 
afternoon, when 4500 tons of Cleveland warrants changed 
hands at 49s. 6d. cash, 49s. 9d. one month, and 50s. 44d. three 
months. . At the close there were sellers at 49s. 6d. cash, 
49s. 10d. one month, and 50s. 5d. three months. On Frida 
morning the market recovered some of the previous day’s 
loss, aon | Cleveland warrants were done at 49s. 8d. cash, 
50s. one month, and 50s. 7d. three months. The turnover 
was 2500 tons, and closing sellers quoted 49s. 8d. cash, 
49s. 114d. one month, and 50s. 7d. three months. The 
upward movement continued in the afternoon, but the 
total dealings consisted of only 1500 tons of Cleveland 
warrants at 49s. 114d. cash, 50s. 14d. seventeen days, and 
50s. 3d. one month. The clusing prices were 50s. cash, 
50s. 34d. one month, and 50s. 104d. three months sellers. 
Hematite was quoted at 65s. 6d. cash and 65s, 9d. one 
month sellers, but buyers only offered 65s. 3d. one 
month. On Monday morning a quiet tone prevailed, and 
3000 tons of Cleveland warrants were dealt in at 49s. 10d. 
cash and_ 50s. 11d. and 50s. 10d. three months. Sellers’ 
closing quotations were 49s. 11d. cash, 50s. 3d. one month, 
and 50s. 104d. three months. Hematite was on offer 
at 65s. 6d. cash and 66s. 6d. three months sellers. In 
the afternoon the market was weak, and Cleveland war- 
rants changed hands at 50s. 2d. one month and 50s. 9d. 
three months. The dealings only amounted to about 
1500 tons, and at the close there were sellers at 49s. 10d. 
cash, 50s. 24d. one month, and 50s. 94d. three months. 
Hematite was quoted 65s. 6d. cash, 65s. 10$d. one month, 
and 66s. 6d. three months sellers. On Tuesday morning 
the tone of the market was again easier, and 3000 tons of 
Cleveland warrants were done at 49s. 94d. ahd 49s. 9d. 
cash, and 50s. ld. one month. Closing sellers: quoted 
49s. 9d. cash, 50s. 1d. one month, and 50s. 9d. three 
months. The afternoon session was dead idle, and the 

uotations for Cleveland warrants were unchanged. 
When the market opened to-day (Wednesday) the 
ruling tone was quiet, and. the total business was only 
1000 tons of Cleveland warrants at 49s. 8d. cash, and 50s. 
one month. The closing quotations were easier, with 
sellers at 49s. 9d. cash, 50s. 04d. one month, and 50s. 74d. 
three months. . In the afternoon the market gained some 
strength, and Cleveland warrants were put through at 
49s, 9d. and 49s. 94d. cash, and 50s, 14d. one month. . The 
turnover was 2000 tons, and closing sellers quoted 49s. 10d. 
cash, 50s. 2d. one month, and 50s. 94d. three months. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 62s. 6d.; Calder’ and Gartsherrie, 63s. ; 
Langloan, 64s.; Summerlee, 64s. 6d.; and Coltness, 81s. 
(all shipped at Glasgow); Glengarnock (at Ardrossan), 
_ 3 _ (at Leith), 63s.; and Carron (at Grangemouth), 


Sulphate of Ammonia.—An improved demand is again 
being experienced for sulphate of ammonia, and the price 
has advanced. The current quotation is about 13/. per 
ton for promet lots, Glasgow or Leith, and ye the 
reported at that figure. For forward delivery sellers 
name 12/. 10s. per ton, that price being for the second 
half of next year. | 


Scotch Steel Trade.—No change has taken place in the 
state of the Scotch steel trade during the past week, an 
deliveries to local consumers are still on the small side, 
owing to the scarcity of specifications. The foreign market 
is, however, a source of interest at the present time, and 
an active demand is felt for plates and almost all kinds of 
steel material for Australia and Canada. The same 
colonies are also in the market for structural sections. 
The demand for lighter material is very brisk, and a con- 
siderable quantity of thin plates has been booked this 
week for shipment to India. The following are the 
current export prices a 6/. 10s. per ton; 
boiler-plates, from 7/. 2s. 6d. to 7l. 5s. ad ton ; angles, 
51. 108, per ton ; tees, 6/. 5s. per ton, all less 24 per cent. ; 
and bara, 6/. 2s. 6d per ton, net, 

Ma'leable-Iron Trade.—The various malleable-iron 
makers in the West of Scotland still report vases we d in 
obtaining specifications, but they are, nevertheless, 
managing to keep. their works fairly well employed. At 
a meeting of the associated makers, held in Glasgow 
yesterday, it was decided to advance their minimum 
selling prices by 5s. per ton. The price for Crown bars 
will now be 7/. 2s. 6d. per ton, less 5 per cent., for local 
delivery, which must within six months, and after 
which an extra 1s. 3d. per ton per month will be added 
to the price for all tonnage not taken up. _ Prior to this 
advance a fair amount of business was put through at the 
old basis price. 

Scotch Pig-Iron Trade.—The demand for Scotch pig 
iron continues good, and this week some lots of No. 1 


| ton has alread 


have been sold to German buyers at about 81s. per ton 
with buyers over. For forward business makers gene. 
rally ate ‘unwilling sellers, as it is considered likely that 
prices will gradually go higher. An increase of (id. per 
been made in the quotations for No, | 
iron, for which there is at present a very strong local 
inquiry. Hematite is rather quiet, and it would look as 
if requirements were fairly well covered in the meantime, 


Shipbuilding.—An order has been secured by Messrs, 
William Hamilton aud Co., Port Glasgow, for a steamer 
of 500 ft. for Liverpool owners. This vessel, which is for 
trading in the Far East, will be built on the Isherwood 
principle, and will be the largest vessel ever constructed 
in Port Glasgow.—Messrs. William Simons and (o., 
Limited, Renfrew, have been successful in securing the 
contractto build a powerful new dredger for the Canadian 
Government. *--This vessel, the cost of which will be about 
42,000/.. is required for the deepening of the harbour at 
Prince Rupert, the new Pacific terminal of the Grand 
Trunk Pacific Railway, as well as for other similar work off 
British Columbia. The competition for the order was 
very keen.—Messrs. Macmillan and Co., Dumbartor, 
have contracted to build a steamer of about 8500 tons for 
Messrs. Macbeth and Co., shipowners, Glasgow. This 
vessel will be a duplicate of the previous steamer built for 
the same owners.—Messrs. Yarrow and Co., Scotstour, 
have received an order to build a high-speed motor-boat 
for service at Buenos Ayres. She will be 60 ft. long b 
9 {t. beam, and will be propelled by five sets of internal- 
combustion engines of the Yarrow-Napier design, of 
approximately total horse-power, designed to give a 
speed of 254 knots. The vessel will be practically the 
same as Mercury II., built by the same firm for the 
British Admiralty, 

Institution of Engineers and Shipbuilders in Scotland. 
—The opening meeting of the fifty-fourth session of the 
Institution of Engineers and Shipbuilders in Scotland 
took place last night (Tuesday) in the Institution head- 
yori Elmbank-crescent, Glasgow. The new. Presi- 

ent, Professor Barr, was introduced by Mr. C. P. Hogg, 
C.E., who, in moving the adoption of the annual report 
and treasurer’s statement, mentioned that the members 
numbered 1645, or 5 under the figure at this time 
last year. The purging of the roll was the reason 
of the reduction. Dealing with finance, he stated that 
the subscriptions had amounted to 2370/., and that 
the balance on the year’s working was 3401. The 
total cost of the new buildings was 29,000/., and that as 
the debt only amounted to 281/. he appealed to the 
members to clear this off during Professor Barr’s term of 
office. The new president; in his presidential address, 
dealt largely with the art of war as it influenced inven- 
tions, which worked out for the good of humanity during 
times of peace. A paper on “‘The Block Coefficient,” by 
Mr. P. A. Hillhouse, B.Sc. was afterwards read. 





Water - TusE Borters. —Mr. -D.- Wilson read, on 
Saturday, the 22nd inst., before the Manchester Associa- 
tion of Engineers, 8 paper under the above title, in which 
he gave the history of the water-tube boiler, ithe recent 
prcgraes mede.in its construction, examples of its working, 
with figures on efficiency, maintenance, repairs, and other 
interesting data, 

Tur Lonpon Scuoon or Economics. —During the past 
few daysthere has been published, in the columns of tke 
daily Press, a letter from Mr. Sidney Webb, which is 
intended as a reply to Lord Claud Hamilton’s letter of 
the 17th inst., informing Mr. Webb that, in view of 
certain of the. latter’s recent public utterances, Lord 
Hamilton considered it necessary to resign his governor- 
ship of the London School of ‘Economics. The speech of 
Mr. Webb’s, which gave rise to this resignation, and also 
to that of Mr. Bury, General Manager of the Great 
Northern Railway, and Mr. Inglis, of the Great Western 
Railway, was delivered on September 25, at_the opening 
of the new building of the Amalgamated Society of 
Railway Servants. Mr. Webb took that opportunity of 
making several statements which gave rise to consider- 
able comment at the time, and which in his recent letter 
to Lord Hamilton, he makes no attempt to substantiate. 
Objection was rai to the tone of Mr. Webb's remarks 


d| with regard to the administration of justice in this 


country, the Judges of Appeal having been said by him 
to suffer from “ colossal ignorance,” while the Law Lorcs 
were taxed with political bias. Mr, Webb further stated 
that 100,000 men were employed on the railways at less 
than 1/. per week, and that 100,000 men were kept at 
work more than 12 hours per day. The tone of other 
parts of Mr. Webb’s speech was moreover considered to be 
subversive to discipline, and against the acceptance by 
the men of the awards made under the conciliation 
scheme. In view of the occasion, it is certainly to be 
regretted that Mr. Webb did not seize.the opportunity of 
endeavouring to promote good feeling on the railways 
instead of discord, and this resignation of three of the 
leading railway men in this country from governorsbips 
of the London School of Economics, of which Mr. W ebb 
is chairman, can certainly cause no surprise. The three 
gentlemen in question have taken a very active int oe 
in the development of the department of this schoo 
devoted to railway economics, and the railways contribute 
to the support of this branch of the work, besides en- 
couraging their staffs to take advantage of the instruction 
given. It is largely to being thus countenanced by t , 
official,railway world that this department of the pches 
has attained the position it now holds. It can hardly be 
expected that the railways should continue their — 
of an institution of which the chief is op to «lie 
methods of administration; taking, moreover, public 


occasion to attack them in order to win applause from 





their employees, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
A New Company.—A new company, ! 
Tenter Foundry Company, Limited, has been registered 
to take over the business of ironfounders, manufacturers 
of, and dealers in, malleable-iron. castings, carried on at 
Rotherham, by F. C. Moorwood and J. A. Potter as the 
Tenter Foundry Company. The company has a capital 
of 19002. in 11 shares, and the first two directors are 
Messrs. Moorwood and Potter. 


South Yorkshire Coal Trade.—The approaching end of 
the export season is having its usual effect, which mes 
more marked week by week. It is shown in the gradually 
accumulating stocks at collieries, though the excellent 
demand for manufacturing hards is having a counter- 
balancing effect, and is also, no doubt, responsible for the 
fact that many of the pits keep on full time. The size of 
the output all round induces keen competition, in face 
of the decreasing demand on export account. Prices 
continue firm, and any weakness is confined to second- 

rade fuel. Not much business is being done in gas coal, 

ut slacks are in a better position. od prices are 
obtained for best washed coke, and there is no decrease 
in the output. Whilst merchants have had a busier 
week for house coal, the position leaves plenty of room 
for betterment. It is again the best coals which are in 
the most satisfactory demand; otherwise there is a 
tendency for stocks to accumulate at pits unless new 
business comes to clear away the output. The London 
merchants are taking pretty well, but contract deliveries 
are not by any means of full strength. ceoes geneeny 
are firm, but in lower-grade qualities are affected by com- 
petition. There is not much inquiry for cheap fuel and 
small nuts, though cobbles are selling well. Latest 
*Change quotations :—Best Barnsley, 12s. to 123. 6d.; 
Silkstone, 9s. 3d. to 103. 3d.; Derbyshire brights, 11s. to 
12s.; Yorkshire hards, 93. 6d. to 10s. 6d.; Derbyshire 
hards, 8s. to 9s. 3d.; rough slacks, 53. 6d. to 6s. 3d.; 
seconds, 33. to 4s. 3d.; and smalls, 1s. to 2s. 3d. 


Tron and Stcel.—The iron market has suffered consider- 
ably of late as a consequence of labour troubles, and after 
experiencing a hopeful revival, has been again clouded 
during the past week. Pig-iron makers find it difficult to 
obtain new business, but, in spite of the slow movement, 
prices remain firm. A further contributory cause of 
small business is the fact that many consumers are 
still in possession of stocks. The better rates lately 
obtained for hematites have not been lowered, and 
prices of common irons are firm. In some cases even, 
it is said, Lincolnshire makers are getting an advance 
upon the Association’s basis. There is a heavier amount 
of work in bar iron, but some falling off in billet 


quotations. The rolling-mills are not quite so well 
euglerst. The position of the armament houses 
is decidedly the most notable feature about the city’s 


industries at the present moment. Al y well occupied 
with work to last several months, they have recently 
received fresh orders in connection with new warship con- 
struction, and promise of more to follow. The three big 
Sheftield firms find, in consequence, their resources fully 
taxed. So busy are they that further work is likely'to 
receive only a gualitied welcome. Heavy engineering 
demands have brightened up alittle. One of the largest 
engineering firms in the city has on hand important 
home and foreign contracts. Some of the large iron 
foundries dependent upon engineering prosperity are 
also well enga A good South American railwa 

order will bring work to Sheffield for tyres, axles, an 

springs, but otherwise railway material has not yet 
looked up, and there is room, especially on home account, 
for much improvement. The shipbuilding demand has 
been somewhat more active. Improvement has been 
noticed in the file trade, and the lighter trades generally 
are well employed. Compared with a year ago, the 
advance is very satisfactory. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is a lull in buying, 
following a period of brisk business. The quieter feeling 
was not unexpected, as the event usually occurs after a 
turn of briskness. Prospects generally are regarded as 
encouraging. The statistical situation shows some im- 
provement, but production of pig iron is still a little in 
excess of requirements, with the result that stocks con- 
tinue to accumulate. Though falling short of what was 
hoped, shipments this month are falsty good. Inland 
deliveries of pig are on a satisfactory scale. No. 3 g.m.b. 
Cleveland pig is 49s. 104d. f.0.b.° No. 1, which is re- 
ported to be very scarce, 53s. 3d. to 53s. Gd.; No. 4 
foundry, 48s. 9d.; No. 4 forge, 48s. 6d.; and mottled and 
white iron, each 48s, Inquiry for East Coast hematite 
pig is rather good, and values are advancing. Some 
td substantial contracts have been made recently. 
; os. 1, 2, and 3 stand at 63s. 6d. for early delivery, and 
or next year 64s. to 65s. rules, aceording to time of 
delivery, the latter figure having been accepted for the 
os ond half of the year. Foreign ore is ver strong. 
a of 50 per cent. quality is 20s. 6d. enahl Tees 
delivered this year, and on forward account 21s. 


upward is named. tare 


Freights are advancing. Fixt 

have been made at 5s. 6d. Bilbao. Middlesbreagh, “Coke 

- 7 —— in good request for local consumption. Up 
AY 8. - Ww 

kinds ddlogan han named for average blast-furnace 
Manufactured Iron and Steel.—Satisf. tory acco 

are given of nearly all branches of the manufactured — 

aud steel industries. Producers have order- 

as they anticipate values ad. 


and are not keen sellers, 


to be known as the | Qo; 


vancing. This week the demand has slackened somewhat, 
but the check is expected to be of only short duration. 
Values, though not quotably changed, tend upward. 
mmon iron bars are 71. ; bars, 7/, 7s. 6d. ; best 
best bars, 7/. 15s. ; packing iron, 5/. 15s. ; iron and steel 
ship-plates, each 6/. 15s. ; iron ship-angles, 7/. ; iron ship- 
rivets, 7/. 5s. to 7l. 7s. 6d. ; iron and steel boiler-plates, 
each 7/. 10s. ; steel bars, 6/. 5s. ; steel ship-angles, 61. 7s. 6d.; 
steel strip, 62. 10s.; steel hoops, 6/. 12s. 6d.; and steel 
joists, 62. 2s. 6d. to 6/. 7s. 6d.—all less the customary 24 
per cent. discount. Cast-iron columns are 6/. 10s. ; cast- 
iron railway chairs, 3/. 10s. ; light iron rails, 6/. 10s. ; 
heavy steel rails, 5/. 10s.; and steel railway sleepers, 
6l. 12s. 6d.—all net at works. Iron and steel galvanised 
ee sheets stand at 11/. 10s.—less the usual 4 per 
cent. f.o.b. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has ruled quiet; dry 
large and best bunker smalls have, however, been well 
maintained. The best large steam coal has made 16s. 
to 16s. 3d. per ton, while secondary qualities have ran 
between 14s. 6d. and 15s. 9d. per ton. The best bunker 
smalls have realised 8s. 3d. to &s. 6d. per ton, and best 
ordinary smalls 7s. 6d. to 7s. 9d. per ton. The house- 
coal trade has been generally firm; the best ordinary 
a have been quoted at 14s. 6d. to 16s. per ton, 

o. 3 Rhondda large at 17s, to 17s. 3d. per ton, and 
smalls 9s. 6d. to 9s. 9d. per ton. No. 2 Rhondda large has 
brought 11s. to 11s. 6d. per ton; smalls 6s. 9d. to 7s. 
per ton. Foundry coke been quoted at 18s. to 20s. 
per ton, and furnace ditto,-16s. 9d. to 17s, 3d. per ton. As 

iron ore, Rubio has realised 19s. 6d. to 20s. 

per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

Portsmouth.—The Lords of the Admiralty have accepted 
a tender of Sir John Jackson, Limited, for the construc- 
tion of a viaduct in connection with the floating dock, 
and the work Ss pape a position for it in Fountain 
Lake is expec’ to be now energeticall — for- 
ward. The viaduct will start from the ie yard néar 
the spot where the old Warden Viaduct commenced. 
There is to be a swing-bridge across the deepest part of 
the channel. The contract let to the Jackson Company 
foots up to about 100,000/. 


Welsh Coal for Argentina.—The Central Argentine 
Railway Company have let a contract for 120,000 tons of 
large steam coal to the Lewis-Merthyr Consolidated Col- 
lieries, Limited, and the Ynyshir Steam-Coal Company. 
The contract prices are understood to be 15s. 6d. to 15s. 9d. 
per ton, free on 


The South Wales Engineers.—The South Wales Insti- 
tute of Engineers has decided to alter its bye-laws so as 
to permit of the presidential term being one year instead 
of two years, the object being to enable members of the 
council to “‘ pass the chair” at an earlier period than is 
at present possible. At the last meeting of the Institute 
interesting lantern slides were shown by Mr. M. B. Field 
in illustration of his paper on “High: ension Switch- 
Gear,” and a discussion followed. Mr. H. K. Jordan 
read a paper on and showed sections of the western part 
of the coal-field from the Swansea Valley to the Gwen- 
draeth (Valley). Observations on the paper were offered 
by Mr. Arnold (Llanelly), and Mr. W. O'Connor ( Argoed), 
and its further consideration was deferred. 


Baldwin’s, Limited.—At the annual meeting of Bald- 
win’s, Limited, the chairman said the new tin-plate 
works near the King’s Dock, Swansea, had started, and 
the result was quite justifying the expenditure. There 
are now four mills working, and he ho the remaining 
eight mills would be on by the end of the year. 

Dowlais.—Recent output has been upon about a normal 
scale. There been a good supply of Spanish iron ore, 
and the furnaces have been well supplied. The Goat Mill 
has turned out a larger tonnage of steel rails. The Big 
Mill has been busy upon curves, angles, and colliery rails, 








Tuer Roap Boarp.—The Road Board has appointed 
the following gentlemen to form an Advisory Engineering 
Committee :— Mr. H. P. ulnois, M. Inst. C.E., Mr. 
J. A. Brodie, M. Inst. C.E., Mr. P. C. Cowan, B.Sc., 
M. Inst. C.E., Mr. H. P. Maybury, M. Inst. C.E., Mr. J. 
Walker Smith, M. Inst. C.E., and Mr. J. Wilmot, F.S.I. 
The Chairman of the Board, Sir George Gibb, and the 
consulting engineer,Colonel R. E. Crompton, are ex-officio 
members of this committee, and the secretary of the Board, 
Mr. Rees Jeffreys, will act as secretary to the Committee. 





Tae Society or Enainrers.—In a paper entitled 
**Current Professional Topics,” read by Mr. Henry C. 
Adams, Assoc. M. Inst. C.E., on October 3, the author in 
his opening remarks referred to the fact that the status 
of the engineering profession had recently received con- 
siderable attention ; and the chief need appeared to him 
to be that unqualified men should be prevented from pre- 
tending that they are members of the profession, for by 
so doing they lower its prestige in the eyes of the general 
public. He recommended that candidates for election to 

ofessional societies should be personally cross-examined 

y local advisory committees as to their fitness, To be a 
competent engineer a man must possess a judicious mix- 
ture of theoretical and practical knowledge and the train- 
ing of —— should consist of education in theoretical 
principles, and the employment of theoretical knowledge 
in practical work. With to business qualification, 
he thought that a man who is a comparatively poor 
engineer but a first-rate business man will probably suc- 
ceed better than the highly qualified engineer who cares 
little for commercial considerations, 





THE PROGRESS OF THE PARSONS 
MARINE TURBINE. 

Fut. evidence of the increasing favour of the Parsons 
marine turbine is afforded by the annual report of the 
Parsons Marine Steam-Turbine Company, Limited. In 
it it is stated that up tothe present time the total horse- 
power of turbine engines completed and under construc- 
tion in the works of the company and of licensees, as 
well as in the works of the Continental Sub-Companies 
and of Licensees of Parsons’ Foreign Patents Company, 
Limited, amounts to 4,500,000 horse-power—an increase 
during the year of 1,250,000 horse-power. Of this total 
horse-power, nearly 3,700,000 horse-power are, or will be, 
employed for the propulsion of warships, and over 
800,000 horse-power in vessels of the mercantile marine 
and yachts. The British Admiralty took the lead in 
the introduction of the Parsons type of turbine into 
warships, and has continued to employ that type in 
nearly all the vessels laid down during the last five 
years. At present the total number of vessels built 
and building for the Royal Navy and the Colonies 
with Parsons turbines is 143; the total horse-power is 
about 2,100,000. 

In all the important war fleets of the world the lead of 
the British Admiralty has been followed, and the Parsons 
type of turbine has been largely used in recent ships. 

he United States Navy Department, after making ex- 
haustive trials of the Parsons turbine in the scout-cruiser 
Chester, in competition with the Curtis turbine fitted in 
the Salem, and reci ting engines fitted in the Bir- 
mingham (sister-ships of the Chester), adopted the Parsons 
type for the four lai battleships now building and for 
fifteen destroyers. The French Ministry of Marine have 
adopted the Parsons turbine for all the eight first-class 
battleships now building, and for ten beupate vessels. In 
the German Navy, all the large armoured cruisers recently 
laid down have Parsons turbines; that type has been 
adopted also for four protected cruisers and eight des- 
troyers. 

he trials of the armoured cruiser Von Der Tann, 
fitted with Parsons turbines, have proved most satis- 
factory, the speed attained on trial being 274 knots, as 
~ my the speed of 25 knots said to have been contem- 

ated when the design was prepared. In the Italian 

avy, three large battleships, an armoured cruiser, and 
three smaller vessels have Parsons turbines. The cruiser 
San Marco recently attained 22.9 knots on her speed 
trials, as against 21} knots attained by a sister-ship fitted 
with reciprocating engines. Two first-class Austrian 
battleships now building and a scout cruiser recently 
completed have Parsons. turbines; tho latter vessel 
attained a speed of.27 knots on trial. In the Japanese 
Navy, four vessels are fit with Parsons turbines. 
Spain is building three battleships, three destroyers, and 
ten torpedo-boats, for which the same type of engines 
has been adopted. Denmark, Sweden, Brazil, Argentina, 
and China have also made use of Parsons turbines in 
recent war vessels. 

Experience on a very large scale in war vessels on 
actual service has now confirmed the favourable results 
obtained on the trials of turbine-driven ships. Equally 
satisfactory results have been obtained in vessels of 
the mercantile marine fitted with Parsons turbines. 
The French Trans-Atlantic Company have adopted 
Parsons turbines for their new steamship La France, 
recently launched, for which the speed of 23 knots 
is contemplated. The Japanese steamships Tenyo Maru 
and Chiyo Maru, propelled by Parsons turbines, have 
fully realised, the intentions of their designer on their 
trans-Pacific service. It has been — recently that 
orders have been given for a turbine-driven steamship fer 
the service between England and New Zealand, and there 
is a reason for the belief that the Parsons type of 
turbine will be adopted to a very t extent for 
oceanic service in vessels of high speed in the mercantile 
marine. 

The ‘‘ Combination ” system, devised by Mr. Parsons, 
in which low-pressure turbines are associated with reci- 
procating engines, is also being developed for mercantile 
steamships of comparatively moderate speeds, and has 
given very satisfactory results in working, especially as 

fuel economy. 

n the last report reference was made to the cargo 
steamer Vespasiam, which had been purchased by the 
company, and was then being fitted with a system of 
geared turbines in order to demonstrate the possible 
economy in fuel, weight, and space which that system of 
machinery would secure, as compared with the best types 
of reciprocating engines fitted in cargo steamers of low 
speed and great dead-weight capacity. Since these 
results were obtained the vessel has been continuously 
employed on ordinary ,sea-service, carrying coals to 
Rotterdam and returning in water-ballast. She has com- 
pleted fourteen voyages and steamed 8500 miles in all 
weathers. The results obtained on the first trials as to 
relative economy in steam consumption when compared 
with reciprocating engines—namely, a reduction of 15 
per cent.—have been confirmed by the data obtained on 
these voyages. 





Tur Junior InstTiTUTION oF ENGiNreRS.—The annual 
general meeting of the Junior Institution of Engineers 
was held at the Royal United Service Institution on the 
evening of the 24th inst. The ballot for the election of 
officers was taken mg bey meeting, and it was announced 
that Mr. J. Wylie Nisbet had been elected chairman fon 
the new session. At the conclusion of the general mecting 
a paper entitled ‘‘The Manufacture of Glass Bottles” 
was read by Mr. Bernard A. Kupferberg. Mr. Kupfer- 
berg dealt with the various sses which os pis 
through in the manufacture of bottles, and deseri the 
furnaces and other appliances which are used, 
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STEAM-CONDENSING PLANT AT THE BRUSSELS EXHIBITION. 
CONSTRUCTED BY THE NEDERLANDSCHE FABRIEK VAN WERTUIGEN EN SPOORWEG-MATERIEEL, ENGINEERS, AMSTERDAM. 
(For Description, see Page 602.) 
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INDIAN LOCOMOTIVES. 













































































Figs. 6 To 9. 





5-Fr. 6-In. Gauce, 2-6-4 Type 


TankK-EnoineE, 1906. (SEE Fic. 3c.) 


Fics. 10 to 12. 5-Fr. 6-In. GavucE, 2-8-0 
Tyre Goops-Encinxe, 1906, wir 4000- 
Gatton TenDER. (Ste Fie. 4k.) 


For Exp Views or TENDER, SEE 





Fics. 26 anp 27. 
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STANDARDISATION OF INDIAN LOCOMOTIVES. 


(For Description, see Page 614.) 






















































































Fies. 13 10 17. 5-Fr. 6-In. GavuGe, 
Type Passencer - Enoatne, 1903, 




















4-4-0 
WITH 


3000-GaLLoN TenperR. (SEE Fic. 3a.) 


Fias. 18 to 20. 5-Fr. 6-In. Gaver, 0-6-0 


Tyre Goops-Eneine, 1903, witH 
GALLON TENDER. (SEE Fie, 3b.) 


For Enp Views oF TENDER, SEE 
Fics. 16 anp 17. 
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PLATE LXIX. ENGINEERING, Ocrorer 28, 19°9. 


STANDARDISATION OF INDIAN LOCOMOTIVES. 


(For Description, see Paye 614.) 













































































Fias. 23 To 27. 5-Fr. 6-In. Gauce, 4-4-2 Type 
PassENGER-ENGINE, 1906, wrrn 4000-GALLON 
Tenper. (See Fic. 4e.) 


Fics. 28 tro 30. 5-Fr. 6-In. Gauce, 4-6-0 Type 
PassENGER-ENGINE, 1906, witH 4000-GALLON 
Tenper. (SEE Fie. 4h.) 








For Enp Views or TENDER, SEE 








Figs. 26 anp 27. 
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THE NEW NAVAL YARD AT SIMON’S TOWN, CAPE OF GOOD HOP®, 


(For Description. see Page 591.) 











Fic. 24. GENERAL View oF Works; Marcu 3, 1908. 








Fic. 25. View or Inner Face or East BREAKWATER, SHOWING SLopine Biocks AnD PARaPet. 
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THE NEW NAVAL YARD AT SImon 


For Description, se 
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IMon’s TOWN, CAPE OF GOOD HOPE. 


Description, see Page 5” 
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THE NEW NAVAL YARD AT SIMON’S TOWN, CAPE OF GOOD HOPE. 


(For Description, see Page 591.) 





























Fic. 26. View or East BREAKWATER, WITH TiTAN CRANE BLOCK-SeTtTinG aT THE HEAD, THE INNER WALL BEING SEEN IN THE FOREGROUND. 























G. 27. Tue LicHTHouse on THE East BREAKWATER. Fic. 28. View rrom West Pier across ENTRANCE, SHOWING ENTRANCE-LIGHTS 
AND LIGHTHOUSE, 
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PLATE LXXI. 


(For Description, see Page 614.) 
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STANDARDISATION OF INDIAN LOCOMOTIVES. 



















































































Fics. 33 to 37. Merre-Gauce, 4-6-0 Type 
PASSENGER-ENGINE, 1903, witH 2000-GALLON 
TenpeR. (SEE Fic. 5m.) 


Fics. 38 to 40. Metre-Gauce, 4-6-0 Type 
Mrixep Trarric or Goops Enerne, 1903, with 
2000-GALLON TENDER. (SEE Fic. dn.) 


For Enp Views or TENDER, SEE 
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Figs. 43 to 46. Metre Gaucr, 2-6-2 Type 
Tank-Encine, 1910. (See Fic. 5p.) 


Fics. 47 to 49. Mertrre Gaver, 4-8-0 
Tyre Goops - Encine, 1903, witH 
2000-GALLON TENDER. (SEE Fic. 5o.) 


For Enp Views or TENDER, SEE 


Fics. 36 anp 37. 
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ENGINEERING. 


THE STANDARDISATION OF 
LOCOMOTIVES. 


No broader or more interesting subject could 
well come up for discussion among omy engi- 
neers than that of the standardisation of locomo- 
tives. It was very fitting, therefore, that the 
Institution of Mechanical Engineers—a body for 
which locomotive men have a very natural predi- 
lection—should open its programme for the winter 
session with a paper on this topic. There is so 
much to be said, on the one hand, from the railway 
man’s point of view, and, on the other, from the 
standpoint of the manufacturer, that such a debate 
could hardly prove unattractive or fail to result in 
some healthy and stimulating exchange of views. 
We can fancy what would have been the effect of 
the announcement of a discussion of this kind in, 
say, the year 1899, when the American scare was 
at its height, when prophets of greater and lesser 
note all took for their theme our national decad- 
ence, and disturbed our serenity with disquieting 
iterations on the enlightened methods of the 
United States, and when the Press of this country 
was so fascinated by American ascendancy and our 
own decrepitude that the opening of the morning 
paper became as — a duty as a visit to the 
dentist—necessary, but bound to produce a shudder. 
But that is now ten years ago, and that particular 
. We are 
to-day able to argue the matter quite coolly and dis- 
ionately, or even, if we are so minded, pass it 
y completely. 

At the time we have just referred to it was the 
pleasure of the Press, and of the public generally, to 
take an anti-railway attitude on this subject. The 








‘railways were obstructing progress, it was said, and 


driving orders abroad, to the general loss. Stan- 
dardisation would enable manufacturers to supply 
all the country’s wants as regards locomotives, ve so 
on. The advantage from the manufacturer’s point of 
view was always uppermost in the public mind, yet, 
of course, it was well known in responsible quarters 
on both sides that the matter was at the most one of 
compromise. The exact nature of the compromise 
remains to this day debatable. Naturally the ideal 
process of production from the builder’s point of 
view would . one by which he would be able to turn 
out locomotives just as a man might manufacture 
hair-pins—all exactly the same, and of such size and 
finish as best suited him. Since the railway world 
cannot possibly accommodate itself to such condi- 


‘tions, the manufacturer has perforce to forego some 


of the pleasures of dictatorial power, and to make the 
best bargain he can think of. No blame to him for 
The next phase might therefore be some- 
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railway would then be able to get an engine by 
return of post, so to speak, and such prompt delli- 
very would be of immense direct and indirect benefit 
to the whole community. But even this will not 
meet with the acceptance of the railways. They 
know their own business best, and feel that they 
must have engines of the power and type they 
think most suitable. This involves the manufac- 
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turer in some inconvenience, putting him to extra 
trouble ; but he may still bargain for leave to get 


| out designs so as best to suit his methods of pro- 








duction. This would still enable fairly prompt 
delivery to be made, while the adoption of other 
methods would involve delay. This, of course, in 
itself is quite a reasonable proposition. 

Although largely misrepresented at the time, it 
was, in fact, this attitude that the American builders 
adopted in 1899-1900, when so many orders, which 
usually went to British firms, were placed in the 
United States. In the scare which was contrived 
when the loss of these orders became known, and 
which, though founded largely on a fallacy, was 
yet attended by much good to this country, the 
real state of affairs was obscured by the circula- 
tion of the fable that these American firms 
kept so many standard spares in stock that the 
orders could be filled merely by sending gangs 
round the stores to fetch the necessary parts from 
the racks and putting them together. my the ful- 
filment of these orders it is not denied that the 
gangs did go round the stores collecting such parts 
as it was customary to pass into them, but they did 
so only after the parts had been delivered thereto in 
the regular shop sequence. The British railways’ 
representatives were able to watch the process of 
production from the furnace or rolling-mill right 
up to the stores stage, although they did not, in 
some cases, arrive upon the scene until several 
weeks after the order had been given. With a few 
exceptions these engines were built to suit the 
maker, in order to obtain early delivery, and the 
result of these orders has been to impress the rail- 
ways with the true value of their own contentions. 

It is at this point that we arrive at the actual 
relations of manufacturer to customer as regards 
British practice. Having, as users, matters to take 
into consideration with which the manufacturers 
have little or no concern, the railways here have 
insisted on a recognition of their right to spend 
their money on what is most suitable to them. 
Their case is somewhat unique. Odd gas-engines 
may be taken out of stock and sold to different 
customers without much ado, but if one cus- 
tomer had hundreds of gas-engines in service, 
he would soon see the benefit of having them to 
standards. Though a railway cannot have its 
engines all alike, it still requires them to be as 
like as possible, and the manufacturers must needs, 
therefore, build to the railways’ standard, instead 
of the latter accepting theirs. The whole question 
is one of economy in repair work. A slight de- 
parture by the manufacturer from a railway’s 
practice may prove inconvenient later. Much 
more troublesome, of course, is the introduction of 
a totally new type of construction. In the latter 
case new patterns have to be made and new tem- 
plates, and the stocks of spares kept on hand are 
of necessity relatively large. If, on the other hand, 
the classes are large, relatively speaking the spares 
can be kept down to small quantities, and especially 
is this the case if there some well-organised 
system of distribution run in connection with the 
stores. The term ‘‘economy in repair work, of 
course, embraces such points as economy of time 
and money, and also of money locked up in the 
spares stored. 

Engines must be kept at work as continuously 
as possible in order to make the best use of the 
capital invested. It is not to be doubted that 
this can best be done if a broad system of 
standards be adopted. An engine in England earns 
roughly, say, about 5/. net per day. If the in- 
convenience in repair work on an engine of an 
odd class keep it idle for only two days more per 
year than a standard engine, it will earn 10/. less 
than the latter, which, capitalised, gives a permis- 
sible difference of first cost for the standard engine 
of 2001. On this basis it would be as cheap to pay 
2001. extra in the first instance in order to obtain 
ap engine conforming to railway standards, as it 
would be to secure a saving of this amount of 
capital expenditure at the risk of inconvenience 
later. The matter is more complicated than this, 
however. Quick delivery is sometimes of para- 
mount importance, and the balances have to be 
nicely weighed between present convenience and 
subsequent expense on the one hand, and slightly 
increased first cost accompanied by reduction of the 
all-important repair costs and time. This the rail- 
way can gauge better than either the manufacturer 
or the public. 

The broader the system of standardisation the 
better,’ provided it in no way interferes with the 
economical handling of traffic. At home and abroad 
generally the principle is made to cover types 
designed for different classes of traffic on the 
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respective railways. If it can safely be extended 
so as to embrace different railways, it should prove 
of still greater advantage, especially under condi- 
tions such as obtain in India, with which the paper 
of Mr. C. Hitchcock, read at the Institution of Me- 
chanical Engineers on Friday last, dealt. Although 
several standard classes have now been produced 
for that country, no very decisive opinion as to 
whether or not the hoped-for results have, as yet, 
been thoroughly achieved, appears at present to 
exist. Though Mr. Hitchcock’s paper was brought 
forward under the best auspices, the discussion was 
vague and disappointing. Few, if any, of the chief 
claims for standardisation were touched upon either 
by makers or railway men. No manufacturer came 
forward to prove that standardisation had decreased 
the time necessary for the completion of locomo- 
tives for India. The remarks dropped by one, in fact, 

ointed to no improvement as yet in this respect. 

o consulting engineer touched on the question of 
decreased cost, or attempted to produce figures to 
show that these engincs were cheaper than those 
formerly purchased. No one, in spite of repeated 
appeals from the President—who put the important 
points for consideration very clearly before the 
meeting—came forward to give the Institution the 
benefit of their experience as regards repairs. The 
debate, unfortunately, quite failed to elicit that 
definite information which is essential to enable a 
true judgment to be formed on important matters 
of this kind. This is the more to be regretted, as 
no one who has followed the work of the Locomo- 
tive Sectional Committee of the Engineering 
Standards Committee can fail to be aware of the 
vast amount of skill and attention which they have 
devoted to the consideration of the questions 
brought before them, and of their earnest desire to 
recognise fully any special requirements to be 
satisfied. A few members of the Scctional 
Committee were present at the meeting, and 
some of them spoke. Mr. Tritton, representing 
consulting engineers, complained of the difficulty 
of designing engines for people thousands of miles 
away, and thought the burden too great to be 
borne alone by the people at home. ‘The author 
implied that they had trouble from having to work, 
so to speak, in the dark, without sufficient informa- 
tion from India. Mr. Greg had very little to say 
as to the success of the system from the builders’ 
point, while Mr. Hughes uttered a note of warning 
with regard to the possibility of the system of 
designing for India at home leading to a check 
being imposed on the enterprise of capable men in 
India, All these speakers are members of the Loco- 
motive Sectional Committee, and though doubtless 
given as the views of individuals, such remarks do 
not sound quite satisfactory. 

The failure of the discussion at this meeting has 
been attributed, by some, to the inability of engi- 
neers here to discuss Indian conditions. But the 
opportunity was an exceptional one, and there 
were certainly present at the meeting some engi- 
neers connected with our Indian railways who 
were quite capable of affording definite answers to 
the very pertinent questions asked by Mr. Aspinall, 
and whose replies to these questions would have 
been of the greatest interest. Their silence is the 
more to be regretted, as nothing tends more to 
help forward a scheme of standardisation, and to 
establish it on a firm footing, than judicious 
criticism of any defects which may be discovered 
during its development. Some such defects are 
bound to occur in an undertaking of such extent 
and importance, but their existence is no reason 
for believing them to be irremediable. 








INSPECTION OF LABOUR IN FRANCE. 
Tuere has existed in France, since 1892, a special 
Government department instituted for the inspec- 
tion of labour; its object is to ensure the application 
of legislative measures for regulating certain trades, 
and for protecting various classes of workmen. 
This department has been instituted through mis- 
trust on the part of the Government in the em- 
ployers of labour ; it was taken for granted that the 
works-owners had a tendency to evade the laws 
and regulations which make for safety and sanita- 
tion. It was instituted with that view only, but 
the field of activity of the inspectors of labour has 
gradually been enlarged from year to year. 

The exact date of the formation of the depart- 
ment in question is November 2, 1892 ; at about 
that same time a law had been for regula- 
ting the work in industria] establishments of chil- 





dren under age, and of women. According to this 
law, no child under thirteen could be employed in 
any factory ; youths and girls under sixteen were 
not allowed to work more than 10 hours a day ; the 
hours were 11 per day, with a maximum of 60 per 
week, for those sethen sixteen and eighteen years 
of age, and 11 per day for all women, no night-work 
being allowed for the children, youths or women, 
and all were to have one day of rest every week, 
The former law, that of 1874, was less stringent in 
character, and dealt only with female labour, and 
no inspectors were appointed to watch its applica- 
tion. The inspectors appointed in virtue of the 
law of 1892 have to ensure both the application of 
the law of the same year and of that of 1848, 
which specifies that no workman shall be em- 
ag in shops and factories longer than 12 hours 
a day. 

The inspectors numbered at first about one 
hundred. ‘lhey are appointed after an examination, 
in which they have to show that they have an ade- 
quate knowledge of legislation and of means of 
ensuring hygiene, for preventing accidents, and so 
forth. After the appointment of such inspectors 
had been decided, a law was passed entrusting them 
with the contro] of sanitary and safety measures in 
connection with labour. A decree dated 1894 enters 
into minute details concerning the said measures. 
The inspectors’ duty is to point out to employers 
of labour the necessity of conforming to legislation, 
previous to instituting proceedings against them 
for non-compliance. Their power is extensive, 
although the decision concerning alleged infringe- 
ments of points of law is reserved to the courts. 

By virtue of a Bill passed in 1900, the factory 
owners who employ both children, females under 
age or women, and full-grown men, have been com- 
pelled to grant to the latter the same limitation in 
the hours of labour as that which applies to the 
former. Numerous are the points of detail which 
legislation has dealt. with from time to time; they 
apply to the protection of labour in the installations 
where electric current is used, to the risks by fire, 
to the maximum weight to be carried by youths 
and females, to the different classes of work which 
must not be entrusted to youths under eighteen, to 
the interdiction of white lead in paints, to the 
extension of the legislative measures to commercial 
houses, &c. 

As will be seen, therefore, the labour inspec- 
tors, by reason of the interventions which form 

rt of their duty, have at all times free access 
in all establishments, and play a considerable 
part in the industrial and commercial life of the 
country. If they carry out their work of inspection 
actively, they are compelled to visit a great 
number of works, factories, and establishments 
every year. From the point of view of:equity, the 
amount of inspection should be the same for all, 
an1 the interpretation of the laws and regulations 
should be identical throughout ; in other words, 
the tolerations granted by one inspector should be 
granted also by the others. This is not so, and for 
a long time past many establishments have com- 
plained that the application of the laws on inspec- 
tion was not uniform throughout, but that varia- 
tions occurred, depending upon the character of 
each inspector. f 

It has been suggested that the number of 
inspectors should be increased in order that they 
may more easily cope with their work. Other 
advocates—NSocialists—are in favour of meeting the 
insufficiency in the number of inspectors by en- 
trusting the trade unions with labour inspection ; 
the unions, formed of working men, would in this 
way become the overseers of the employers. An 
attempt has also been made to appoint a class of 
‘* police inspectors,” selected by their fellow work- 
men, and paid by the factory and works-owners, 
whom they would denounce when they found, in 
their own estimation, that the employers have not 
sufticiently closely observed the laws on safety and 
sanitation. An institution called the Conseil 
Supérieur du Travail, a department of the Ministere 
du Travail et de la Prévoyance Sociale, which has 
been established for some years past, has taken up 
the question of facilitating to the men the access in 
the ranks of labour inspectors, This Council was 
formed with a view to enforce the legislative require- 
ments connected with industry, commerce, and 
labour in general. It consists of members chosen in 
equal numbers by the employers and by the men, of 

embers of Parliament, of delegates of workmen’s 
and employers’ associations, and of members selected 
by the Minister of Labour. Matters are always so 





arranged that the majority is always on the side of 
those who are favourable tothe men. The Council 
puts forward bills which are generally accepted with- 
out modification by Government, and sent in their 
original form to Parliament. The question of 
labour inspection has led to violent discussions in 
the said Council between the representatives of the 
employers and those of the men. One of the points 
dealt with has been the too small number of in- 
spectors, attention having been called to the fact that 
in 1905, for example, out of a total of 512,000 estal)- 
lishments, 166,000 only had been efficiently inspected. 
The matter, however, is not so alarming as would 
appear, because the men have always taken care to 
call the attention of the inspectors to the installa- 
tions and the practices concerning which they had 
complaints to make. Moreover, there are practic- 
ally no establishments so modified in the course of 
a year that their installations or methods of work- 
ing should require a fresh inspection and consequent 
alterations the following year. 

The representatives of the men on the Council 
above referred to have stated that they require 
the men to collaborate in the work of inspec- 
tion, the men selected to be in constant com- 
munication with the whole body of workmen, the 
Government authorities and the syndicates. On 
the other hand, the Council could not but acknow- 
ledge that a great many of the inspectors had 
attested that, thanks to the intervention of the 
syndicates, they had been able to ascertain all in- 
fractions of the law. It would appear, therefore, 
that the collaboration of the syndicates in one 
given district. would give results equivalent to the 
aid afforded by two inspectors in that same district ; 
this shows, at all events, that the men have already 
taken upon themselves, individually or corporately, 
to inspect and to put forward denunciations. 

In the course of discussions which took place 
in the Council, a State Professor of Law and Poli- 
tical Economy, who sets up in favour of Socialistic 
intervention, stated that, in his opinion, the men 
should be called upon to appoint officially recog- 
nised labour inspectors from among their numbers. 
He further considered it advisable that the men so 
—_— should be also entrusted with the duty 
of controlling the action of the other official in- 
spectors in the same district. This proposal has not 
been accepted in its entirety by the majority of the 
Council ; the Bill sent to the Ministry simply pro- 
vides for the eventual selection of inspectors from 
among-the workmen themselves, a condition being 
that the men shall have formed part of a ‘trade 
union for at least three years, and be acéepted by 
a majority of the union of their trade. The danger 
of such a Bill, were it to become law, is clear at a 
glance. It would do away with the necessity, 
formerly a sine qud non, of having inspectors accu- 
rately posted in regard to thé laws to be applied, 
and fully cognisant of the safety, sanitary, tech- 
nical, or other measures to ‘be introduced in the 
factories and works. It is clearly evident that the 
object aimed at is to provide a system of espionage 
carried out by the men. This is in accord with 
the spirit that rules at the Ministry of Labour, 
and tends to’confirm a Ministerial decree calling 
upon the syndicates, or trade unions, to exercise 
vigilance, and to give their aid to the labour 
inspectors—i.e., to act as official denunciators for 
the inspectors. It is a well-known fact that the 
French trade unions exist almost exclusively to 
keep up the conflicts between the classes ; their 
denunciations against employers are always defa- 
matory. 

The Bill above. referred to, drawn up by the 
Council, was not accepted as it stood by the Govern- 
ment. Matters, however, have not been improved 
since the Minister of Labour made a proposal at 
least as dangerous in its consequences, and of a 
more treacherous nature. If workmen inspectors 
had been appointed by law, they would have been 

aid by the State, although they had heen selected 
y their comrades. The Budget, however, 1s 
drawn up with a view to economy, and the 
Minister of Labour seeks to proceed, in regard 
to works and factories in general, on the lines 
followed formerly in the matter of the miners 
delegates. The latter are elected by their col- 
leagues to act as spies on the mine-owners, who 
pay the said delegates. The Minister of Labour 
wants the workmen inspectors in all works and 
factories to be on a par with the miners’ delegates 
—i.e., to have their expenses paid by the works 
whose installations they would inspect twice 4 
month, and condemn when they found them, m™ 
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their opinion, faulty im any way. The Bill pro- 
viding for this is still awaiting to be There 
would be one workman inspector for every 100 
workmen or employees, and he would be paid 
from 5 to 10 francs (4s. to 8s.) per day spent on 
his visits of inspection, according to distance. A 
socialist paper, ie Voix du Peuple, writing on the 
subject, stated the following :—‘‘ Viviani ”—the 
Minister in question—“‘ has had this trait of genius, 
to lay the expense of his sub-inspectors upon the 


factory owners.” This state of affairs is a direct | 
consequence of the appointment of miners’ dele- | 


gates, an institution which has been followed both 
in Germany and in Belgium. 

If it be thought that the inspectors of labour, as 
originally appointed—and who presumably give 
complete satisfaction in the discharge of their 
duties—be insufficient in numbers to compel the 
works and factory owners throughout the country to 
respect the law, it would appear to us that there is 
but”one reasonable course open—i.e., to appoint 
a greater number of similar inspectors, selected 
officially, and under the same conditions as the 
former ones, after a competition which afforded a 
proof of their technical attainments and of their 
knowledge of the rules and regulations concerning 
sanitary and safety measures, legislation, and so forth. 





FERRO-CONCRETE. 

GreaT masses are not easily set in motion, and 

this verity is, no doubt, largely responsible for the 
fact that the committee Te nearly two years 
ago by the Institution of Civil Engineers to inves- 
tigate the applicability of ferro-concrete to engi- 
neering work has not been able to issue up to the 
present more than an interim report. Fortunately, 
other technical societies have been quicker to act, 
and those desirous of freeing themselves from the 
necessity of handing over to one or other of a 
certain limited number of specialists, the computa- 
tions for work in reinforced concrete, and also the 
preparation of the requisite specifications, have 
for nearly three and a half years past been able to 
refer to the excellent report on the subject prepared 
by a committee of the Royal Institute of British 
Architects. In this report methods of calculating 
the relative proportions of iron and concrete neces- 
sary in different cases were considered in sufficient 
detail to enable anyone, reasonably versed in the 
design of structural steel work, satisfactorily to 
effect the calculations necessary in the case of 
any ordinary building of ferro-conerete. 
, Advice. was. also given in this report as to the 
character and proportions of the cement and e- 
gate that should be used, and as to the best methods 
of mixing and laying. Such questions as to how long 
it is advisable to wait before removing the centering 
from arches and floor beams were also discussed; and 
definite minimum limits of time fixed. Rules were 
also given for estimating the weights to be used 
as a basis for calculations. Thus in the case of a 
building more than .three storeys high, as it is 
practically impossible that all floors of a high build- 
ing shall simultaneously be fully loaded, the report 
recommended that in proportioning the columns the 
full load should be assumed to be carried by the top 
floor only, whilst the floor below took 90 per: cent. 
of this, and the next 80 per cent., and so on, until 
the reduction reached-a limit of 50 per cent. Other 
hints were given as to the best methods of protect- 
ing the reinforcement from damage by fire. The 
report provided, in short, in succinct form precisely 
the information which the designer of a structure 
in ferro-concrete immediately requires. 

The interim report of the Civil Engineers’ Com- 
mittee is also a valuable document, but is certainly 
less adapted to the immediate needs of those respon- 
sib'e for the design or execution of work in reinforced 
conerete. In fact, to a large degree. the report is 
raw and undigested, the labour of assimilating and 
comparing the requirements of the various building 
regulations quoted and the statements of users 
and contractors, being, for the present, left to the 
reader; the attitude of the committee is dis- 
tinctly non-committal, and there is accordingly a 
complete absence of definite recommendations. This 
need, we learn, is to be supplied ina final report, but 
as matters stand, the practising engineer will cer- 
tainly tind the prior report of the sister society more 
adapted to his immediate requirements than that of 
his own Institution. The latter, it may be noted in 
passing, appears to contain practically no reference 
to the existence of this anterior report, though 
extensive references are made t« much less important 


articles which have ap in the publications of 
the Institution of Civil Engineers. In fact, the only 
notice taken of the very valuable and comprehen- 
sive production of the Royal Institute is the state- 
ment that the rules for as the reinforce- 
ment have been adopted by two firms of specialists. 

A very large proportion of the volume consists 
of memoranda, dealing with various aspects of the 
subject, and these have been most ably compiled 
by Mr. E. W. Hollingworth, M.A. That dealing 
with the history of ferro-concrete does not, how- 
| ever, appear particularly complete. Of the early 
| patents, those mentioned are solely of French 
| ori in. It is true, however, that though other and 
| earlier patents exist, these bore little fruit ; partly, 
| no doubt, because reinforced concrete made with 

anything but the best of materials is a highly 
| dangerous structure, and it is only within rela- 
| tively recent years that really suitable qualities of 
cement have been commercially procurable. How- 
ever this may be, and however far other patentees 
may have developed the idea on paper, and to a 
more limited extent in practice, few, we think, will 
question that it is the French whom we have to 
thank for the introduction of the system into com- 
mon usage, and it is in French sources that the most 
reliable experimental data are still to be sought. 

A very valuable feature of the report is a memo- 
randum in which are printed in parallel columns 
abstracts from the standard specifications for this 
class of work, issued by seven different firms of 
ferro-concrete specialists. ‘The specification adopted 
by Messrs. L: é. Mouchel and Partners appears to 
be particularly complete, butallare interesting. As 
to the cement, five of the firms quoted have adopted 
the British standard specification. For steel the 
requirements vary somewhat widely, as one firm 
employing special bars believes in the use of high 
tensile steel having an ultimate strength of about 
40 tons per square inch, whilst others, using plain 
round bars, content themselves with ordinary mild 
steel, which is always readily procurable, not 
having to be specially rolled. 

The Hennebique Company specify the use of a 
sand consisting of grains of mixed sizes, from } in. 
diameter downwards. Similarly, they require the 
aggregate to be such that it will all pass a }-in. 
mesh, and “be- caught’ by a }-ins mesh. Probably 
the object of recommending so wide a variation in 
the siaes of the particles is to reduce the percentage 
of: voids to a minimum; and thus to secure thoroughly 
solid work. ~The same firm specify the cement to 
be gauged by weight, and not - volume. The mix- 
ture adopted for ordinary work consists of 2 cwt. of 
cement, 44 cubic feet of sand, and 9 cubic feet of 
aggregate. The Coignet Company use for ordinary 
ee pee a concrete consisting of three parts cement, 

ve of sand; and ten of river gravel, making, when 
mixed, 124 parts of concrete. They advise, as do 
also the Hennebique Company, that in all cases a 
test block eek be made as a preliminary, in order 
to ascertain whether the mixture’ is homogeneous 
and! sound, or whether the presence of cavities 
indicates that the proportion of sand and cement 
should be bnentenell 

In another memorandum, the official rules regu- 
lating the use of reinforced concrete in Germany, 
Austria, France, Italy, and the United States are 
similarly summarised, and their principal require- 
ments set forth in parallel columns. is section 
of the report is abstracted from a compilation made 
by Mr. C..F. Marsh, and previously published in 
Concrete and Constructional Engineering. 

In view of the large experience France has had 
in the use of ferro-concrete, special interest attaches 
to the French Government rules, which, though less 
elaborate than those of Germany and Italy, are 
based on relatively long experience, and much care- 
fulexperimenting. The use of a slow-setting cement 
is specified in France, and in mixing sufficient 
water must be used to insure the thorough embed- 
ment of the steel. In laying, the concrete must be 
rammed in layers suitable to the size of the aggre- 
gate, but never in thickness greater than 2 in. The 
minimum thickness of the concrete outside of the 
reinforcement is never to be less than 0.6 in. to 
0.8 in. So far as possible the rules provide that 
there shall be no stoppage of the operation of con- 
creting ; but where this is unavoidable, the surface 
must be cleaned, roughened, and watered before 
fresh concrete is laid. ‘The concrete is, further, 
to be kept moist for 15 days after laying, and 
no work must be done in frosty weather unless 
effectively protected. After the work ‘is finished, 











at least 90 days (in the case of structures of 








primary importance) must elapse before it is called 
on to’carry its working load. This limit in the 
case of ordinary structures is reduced to 45 ‘days, 
and to 30 days in the case of floors, Under 
test loads the deflection shall not, it is ruled, 
continue to increase for a period of more than 
15 hours.. For beams with partially-fixed ends the 
French Government allow the maximum bending 
moment for a distributed load of w Ib. per foot 


run to be taken as wh 
10 


In view of the large use of floors of reinforced 
concrete, monolithic with the floor-beams, special 
interest attaches to the regulations prescribing 
what proportion of the floor is to be reckoned as 
effectively aiding the beam. It is usual to consider 
each such beam as a T, the upper flange of which 
is in reality part of the floor-slab. e French 
rules prescribe that the width of this slab shall not 
be more than one-third the span nor three-quarters 
the distance between the reinforced ribs, whichever 
is the smaller. The New York Municipal regulations 
fix the width of the flange as ten times that of the rib. 

Where rectangular slabs are used, reinforced both 
ways, the French regulations allow the bending 
moment to be reduced in the ratio of 
B+ 
L 


ltol +27, 


where B and L are the spans in the two directions, 
and B is less than L, 

The ratio of the modulus of elasticity of steel to 
concrete is taken in Germany and Austria as 15 to 
1, in France as from 8 to 15, in Italy as 10, and in 
the United States as 12. The value 15 was adopted 
by the Royal Institute of British Architects’ Com- 
mittee. The working load on concrete in beams is 
spanned in Germany not to exceed one-sixth the 
ultimate compressive strength. In columns this 
fraction is to be one-tenth. In shear a working 
stress of 64 lb. per square inch is allowed. On 
steel the German and Austrian regulations permit 
a working stress of 14,200 lb. per square inch, 
whilst in America 16,000 lb, is allowed. 

In another memorandum Mr. E. W. Holling- 
worth has collected data from many sources, show- 
ing the elastic constants of concrete, together with 
the results of many observations on its change. of 
volume in setting, and its expansion by rise of 
temperature. This is followed by another note, 
by the same author, describing tests of beams and 
columns, and comparing the results with the 
strength as calculated according to, the. different 
otticial regulations, 

The remainder of the report, is largely composed 
of the evidence tendered by different engineers and 
contractors who had had experience in the use of 
the material. The testimony of Mr. W. H. Hunter, 
of the Manchester Ship Canal, was particularly 
noteworthy, since reinforced concrete has been 
most successfully adopted on these works, ti- 
cularly for transit sheds, the largest of which yet 
built. is 450 ft. long by 120 ft. wide. In the first 
instance the Hennebique system was used, but 
since 1904 the canal company has itself prepared 
the plans, made the computations, and carried out 
the work, The only trouble experienced in the case 
of the long transit-sheds has been some cracking in 
the end panels. These are mere weather screens, 
4 in. thick, and the cracks apparently arose from 
temperature changes.. Mr. Hunter stated that had 
he to build new sheds he would make these panels 
entirely independent of girders and columns, so 
that they would be free to expand and contract. 
For use as aggregate, Mr. Hunter says he has 
found nothing better than old, well-burnt bricks, 
broken small, and mixed with ordinary gravel. 
Granite is also good, but is not fireproof. 

Some of the evidence tendered rather points to 
the conclusion that ferro-concrete, when used for 
jetty construction, is lacking in stiffness, no satis- 
factory method having yet been devised for bracing 
together the piles below low water. It seems 
difficult to believe, however, that this difficulty is 
insuperable. The piles themselves give no trouble 
either in handling or in driving, and they are, of 
course, immune from the attacks of marine worms. 
This property is almost always valuable, and in 
certain localities is almost essential. 





THE HONG KONG UNIVERSITY. 
Some time ago (ENGINEERING, December 10, 1909, 
page 797) we referred briefly to the steps which 
were being taken to institute a university in Hong 
Kong, and since then considerable progress has been 
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made with the necessary buildings and with the 
endowment. The project was taken up enthusias- 
tically by the Governor, Sir F. Lugard, and his sug- 

estions found a response in an offer by a wealthy 

‘arsee gentleman, Mr. H. Mody, to erect the build- 
ings at a cost of some 16,0001. Consideration of 
the details of the scheme, however, showed that 
this was not nearly sufficient, and Mr. Mody offered 
to erect the buildings, whatever their cost, in 
accordance with the approved plans, estimated at 
about 30,0001. The foundation stone of the build- 
ings was laid with considerable eclat on Wednesday, 
March 16, of this year, and Sir F. Lugard was able 
to announce that the King had been pleased to 
confer on Mr. Mody the honour of knighthood for 
his patriotic generosity. Mr. J. H. Scott, the 
senior partner of Messrs. Butterfield and Swire, 
announced, on behalf of his own and allied firms, 
the magnificent gift of 40,000/., and so secured the 
success of the scheme. There has thus been raised 
the bare minimum necessary to start the scheme, 
but it is proposed to raise an endowment fund of 
not less than 100,000/., and an appeal is now being 
made to the British public to complete the amount 
necessary to make the university a real success, 
worthy of its title, and including an adequate staff 
of British professors. 

A very interesting feature has been the enthusiasm 
with which the scheme has been taken up by the 
Chinese, not only in Hong Kong, but also in several 
of the important cities of China. During recent 
years large numbers of Chinese students have been 
sent to Japan, America, and Europe, and no doubt 
the more wealthy will be able to continue to go to 
these countries. The expense of a student going 
to Japan is as lowas from 301. to 501. a year, while 
that of those who go to America and Europe 
ranges from 1501. to 3001. a year, and that puts a 
Western education beyond the reach of all except a 
very few, unless they are subsidised by the Govern- 
ment. Moreover, it is found that a considerable 
number of the students sent abroad become de- 
nationalised and pick up many of the bad habits of 
the Westerners, anddo not seem to take to their 
good qualities. It is therefore felt that a university 
in Hong Kong would give many of the advantages 
of European or American universities, as it would 


— foreign training and, at the same time, 


eep the students essentially Chinese. Moreover, 
it is expected that the expense to the students 
will be comparatively small, and therefore it should 
— to a wider circle. 

hese considerations have weighed with influen- 
tial Chinese who are studying the wants of their 
country in its present transition conditions, and 
under Dr. Ho Kai, C.M.G., senior member of the 
Legislative Council of Hong Kong, they formed a 
committee, of over 100strong, to invite oukuaiationn 
from every part of China as well as from their com- 
patriots in the Straits Settlements, in America, and 
in Australia, They were supported by the Viceroy 
of Canton in an exceedingly able manifesto, in 
which he pointed out the advantages of the scheme 
for the training of scientific and technical men in 
every department of applied science. Engineering 
in its various departments, and medicine, would 
receive special attention, so that men would be 
trained who would develop the resources of the 
country and improve its health conditions. The 
Viceroy pointed out that in China there are no 
specialists who have a profound knowledge of tech- 
nical and scientific subjects, and that it was ex- 
ceedingly difficult to get scholars of —— to 
accept an invitation and come to a distant land 
like China, where the mode of living differs so much 
from that observed in the West. But in the Hong 
Kong University the professors are to be engaged 
by the British themselves, who are able to ensure 
that only thoroughly competent professors will 
be taken. Many professors who have already 
geet a reputation will he glad to join the staff, 
ong Kong being a Britisa Colony, and the social 
conditions there similar to those to which they have 
been accustomed. 

Backed up, not only by British, but also by 
Chinese support, the University of Hong Kong 
should soon develop into a very influential institu- 
tion, for the colony supplies the means for practical 
instruction in many of the subjects connected with 
university education. The gross tonnage which 
enters the harbour exceeds that of any other port 
in the world; it has vast docks, large engineering 
establishments, factories of many kinds, banking 
and insurance establishments, and hospitals for the 
study of disease. Moreover, when the railway from 


Canton to Peking has been completed, Hong Kong 
will be in close touch with all the important parts 
of China, and will only be fourteen days from 
London. It is intended to affiliate the University 
with a British University, and its degrees will have 
all the weight of those of the parent institution, as 
its teaching and examination will be at the same 
standard. Many interesting questions will arise in 
connection with the proposed University, which 
will require very careful study, but meantime we 
have inane in directing the attention of our 
readers to an important experiment which is likely 
to have very far-reaching results in the destinies of 
the Far East. 
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TrapE EFFLUENTS AND THE LocaL GOVERNMENT 
Boarp. 


THE county boroughs, being the most conspi- 
cuous offenders against the rivers, as from the mere 
fact of their size they must be, given that uniformity 
of trade conditions which is generally found in the 
Riding, it has been deemed right, in the first 
instance, to set forth the question of combined 
sewage disposal and rivers pollution as influenced 
by them. They also have been in some sense, 
at any rate the three greatest of them, the chief 
opponents of rivers purification, fighting as they 
did from the beginning against the creation of the 
Rivers Board, and later against the Amendment 
Act, it being their opposition which defeated it, 
as will be seen. To mark what they had done, 
or were doing, was naturally the feature of 
central interest as regards the treatment of town 
sewage in general. It is not proposed, there- 
fore, in the present articles, to enter into any 
details as to the action and general progress of the 
rest of the urban authorities ; and it will suftice to 
say that, as regards the non-county boroughs and 
urban sanitary districts, there is, generally speak- 
ing, main drainage of a fairly complete description, 
often more or less piecemeal in kind and date, 
and also sewage disposal. Instances of the failure, 
almost complete, to ppemase a satisfactory effluent 
have occurred at Wakefield, Batley, Keighley, 
Bingley, Baildon, Rawmarsh, Heckmondwike, 
Liversedge, and the Joint Board of Warley, Midgley, 
Mytholmroyd, and Luddendenfoot. To these, 
numbers of smaller places might be added. Three 
causes have chiefly contributed to these widespread 
failures, and doubtless will long continue to disturb 
the even tenor of sewage treatment, for the root 
of the evil lies deep. 

First, there is the fact that nearly all the sewer 
systems in the West Riding woollen districts 
receive trade effluents, more or less, in ever- 
varying volume and character: the result is a 
combined sewage which may be called refractory. 

Second, that hitherto it has proved almost impos- 
sible for even competent sanitary engineers to secure 
scientific management of their works, even in a small 
degree. Their clients will not face the first cost, 
which is the least. The making of polluted water 
clean, and especially such polluted water as this, is 
a problem to be based on the common lines of all 
business problems—how to get the required result 
in the quickest way at the least cost ; and it is a 
problem of singular difficulty, only to be solved by 
good works and skilled management, the one being 
just as essential as the other. But this plain busi- 
ness maxim is reversed in the business of sewage dis- 
posal among the minor authorities. In their hands 
the works are expected to manage themselves, and 
the results are expensive and peculiar ; they exhibit 
the too-well-known fruits of collective management, 
which is a totally different thing from that concen- 
trated force of a single master-mind which under- 
stands its own business and which has created every 
mighty workshop. But beyond this default in the 
polluters is the apparent indifference of the rivers 
authority to this cardinal factor in the astonishing 
disproportion of the prime cost to the result in 
sewage treatment. So far as we know, no sustained 
effort has been made, or even attempted, to en- 
force upon the sewer authorities the plain conditio 
sine quad non of scientific management where it can 
be afforded. Not only should this condition pre- 
cedent to success be urged before the powers of 
the statute are given, but also at the judicial 
inquiry ; the special point, where combined sewage 
is treated, being that the appointment of an un- 
qualified man is at once, primd facie, equivalent to 





a total indifference to the result and a negation of 


the law: as much as to say ‘‘ You are pursuing a 
shadow, and we will make it one.” If this special 
point had been made at the beginning, very diffe- 
rent progress would have been evident. Why 
should the protest—the general protest—against 
the havoc wrought by the unqualified man he 
confined to the lawyer and the doctor ? 

The third cause, which also operates with more 
force as the lower stratum of sanitary districts is 
reached, lies in incompetent design and construc- 
tion, the engineer being often selected with but 
little inquiry into his experience and character, 
and sometimes under a motto in complete ignor- 
ance of them. The Local Government Board 
sometimes, but not so often as they should, make 
protest, and return a novice’s scheme, with the 
wholesome advice to an authority that they should 
call in a competent engineer. All engineers worthy 
of the name know that size and population are not 
the true gauges of difficulty in town drainage and 
sewage treatment. Often, indeed, the very reverse 
is the case, as in flat or straggling districts, where 
all the engineer’s skill and energy, and, it may be 
added, his integrity too, are put to the test to 
accomplish a good scheme within a reasonable limit 
of cost. With half the professional work he may 
easily double the cost, and, with it, the amount of 
his commission. 

Though we allot the second place to the treat- 
ment of trade effluents, it is the real crux of 
the problem of rivers pollution in the West 
Riding. The chief difficulty lies in their character; 
yet, were it not for the fact that all the county 
boroughs receive the great bulk of the trades eftlu- 
ents within their boundaries, the volume of the 
mill effluents direct to the streams even would 
exceed that of the domestic sewage. But along 
with the peculiar character of these effluents are the 
rest of the difficulties which indeed characterise, 
more or less, the flow of all sewage, but which are 
intensified in their case. These are the complica- 
tions arising from the variation of chemical character 
of the liquid in each factory, and also of colour, of 
flow, and of temperature, the position of the works 
whence they flow, water rights, sewer rights, and, 
finally, of law process, which last offers a diffi- 
culty from which town sewage, combined or not, 
is entirely free. These evils were big enough in 
1866, and they have since grown vastly in number, 
extent, and complication. In the beginning of 
things the West Riding County Council, before 
they got the Rivers Board, to which their river- 
cleansing powers, strongly reinforced, were trans- 
ferred, were opposed to the reception of trade 
effluents into any sewerage system. But their own 
consulting engineer advised such reception, and 
had so advised his clients for many years previous. 
Now, indeed, the Rivers Board would welcome the 
universal adoption of that policy, with absolute 
freedom from that intervention by the Local 
Government Board which has produced so much 
friction. Thus the Gordian knot would be cut so 
far as that Board is concerned. 

Instead of these blessings, a new difficulty has 
arisen undreamed of in 1866. A powerful organised 
body of manufacturers, entitled the ‘‘ West Riding 
Yorkshire Millowners and Occupiers’ Association,” 
has come into existence, whose special object was 
innocently given in evidence by one of its members 
in clear and simple words. In a rivers pollution 
case he was asked in cross-examination if it was the 
object of the Association to purify the streams, and 
his answer was: ‘‘I have never seen anything to 
make me think that it is ; as far as I know it is to 
fight the Rivers Board.” The italics are ours—not 
to help or guide the Board, but to fight it ; that was 
their reason of existence. This is the reception of 
a beneficial Act by those mill-owners whom Kaw- 
linson expected to welcome it—an act beneticent 
to themselves, as will be seen. The loopholes 
found in the Act of 1894 might have been specially, 
and of malice aforethought, provided for this par- 
ticular purpose. At any rate, they have been used 
with such effect as, with the efficient help of the 
Local Government Board, almost to paralyse for 
long periods this all-important section of the Rivers 
Board’s work. 

This weapon was put into the hands of the mill- 
owners by Sub-Section 2 of Section 9, to which 
we have already referred, and which provides that 
the discharge of liquid pollution into a stream 
shall not be an offence if the Court be satisiied 
that the offender is using the best practicable and 
reasonably available means to render such polluting 





liquid harmless ; with a. second line of defence 
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(under Part V.) that no action at all shall be taken 
in respect of trades effluent pollution without the 
sanction of the Local Government Board ; and, as a 
still further line of defence, that they too shall not 
give their consent to a unless both they 
and the Rivers Board are satisfied.that means of 
rendering the polluting liquid harmless ‘‘are 
reasonably practicable and available, and will not 
entail material injury upon the interests .of. the, 
trade affected.” Thus there is prohibition upon 
prohibition and wheels within wheels. These 
powers are the stumbling-block; as similar powers 
are the stumbling-block of the Smoke Prevention 
Act. No obstructive clause was ever more skil- 
fully designed in an Act of Parliament. The 
Factory Act had none such. There was the usual 
outery of universal ruin to all the employers of 
child labour in factories, but the ignorant country 
gentlemen, who, whatever was their motive, passed 
that beneficent Act—the charter of the child’s 
emancipation from a species of slavery—knew both 
their duty and their work, ignored all opposition, 
and went straight on with their Act, the direct 
sweeping force of which forthwith effected its pur- 
pose without the least trouble. The industries 
were not ruined, the bitter resentment passed away, 
and everybody knew, ere long, that the right thing 
had been done in the right way. 

Leaving the central flaw that has, as it were, 
broken the shield of the West Riding Rivers, we 
are arrested by a difticulty entirely new ; to wit, the 
deliberate and calculated reluctance of the Local 
Government Board to consent to a prosecution. 
This was a difficulty unforeseen by any of the 
reformers. Who could imagine the Local Govern- 
ment Board of the ’sixties, ’seventies, or eighties, 
under the guidance of Chadwick, Rawlinson, and 
Simon, the founders of modern hygiene, standing 
in the way and thwarting the plain course of the sani- 
tary law / To them, the bare idea of such a result of 
all their labours in this direction was impossible ; 
and the proviso of their assent to this clause, rather 
than that of an alien body, was regarded as no 
more than a mild assurance that by neither direct 
nor indirect means obstruction or delay of the 
intent and purpose of the Act could arise. Yet it 
has arisen. 

Nearly twenty years ago Lord Ripon, in his 
address to the West Riding County Council, con- 
fessed that he wished their duties received more 
appreciation ata certain ofticein London. The duties 
of the Council then included much of what is now 
the work of the Rivers Board. Mr. Milnes Gaskell, 
his successor, tells us in his last, and be it said with 
regret, his final report, that the long interval 
has not increased the appreciation, nor has the 
attainment of the Council’s majority increased their 
allowance (whether of power or of money he does not 
explain). But he thinks the Council will be lucky if 
they escape being yoked to some commissioner of the 
Local Government Board, who at need will fit them 
into their office by rack and pinion, or saw, adze, 
and hatchet, after the stretching and compressing 
methods of Procrustes of old. This is the short 
way with the county councils at present in other 
directions. At one time minister and department 
were regarded with fear and reverence by provin- 
cials. Sydney Smith, writing ninety years ago 


from his rectory, at Foston, near York, said, ‘‘ At 
this distance from London no magistrate believes 
that « Secretary of State can be a fool.” ‘* London,” 
Mr. Gaskell drily says, ‘‘is very near us now.” 
He wisely adds that no sane person expects grati- 
tude, but he may reasonably hope for assistance. 


What applies of recent date to the County Council 
apples to the Rivers Board ; at any rate, so far as 
obstruction goes. The Act of 1894 in many respects 
is no longer a terror to evil-doers. It does not 
pursue the offender with that just and undeviating 
precision which inevitably in the long run destroys 
i. lactious opposition, but rather with a stagger in 
its gait as though uncertain of its end. It is 
evidently no longer master of itself. Why not ? 

‘ has a master. Let us recount a little of its 

erratic ?- during the past two years or more, 
citing the cases of Barnoldswick, Ossett, and the 
dan‘ hwaite and Golear Joint Sewage Committee. 

‘‘vese are all cases in which there were special 
“«-ons for speedy decision—reasons urged strongly 

ie outset upon the attention of the Local Govern- 
sent Board. At Barnoldswick the Urban District 
-ouncil was under threat of legal proceedings by 
the Fishery Board. At Golcar and Linthwaite the 


scveme presented was te deal with the domestic 
Sewage, combined with most of the trade effluents 





of the combined districts, the Rivers Board being 
almost unable to move in the trade-effluent question 
until the.fate of the. scheme was determined. . At 
Ossett serious complaints of nuisance caused by 
the polluted sewage effluents had been repeatedly 
made, and legal proceedings eashenel The 
salient facts of these three cases are as follow :— 
Barnoldswick.—On February 8, 1907, the West 
Riding Rivers Board wrote to this urban authority 
asking what was the position in the matter of a 
new scheme of sewerage for the district, whether 
such scheme had been transmitted to the Local 
Government Board, and, if so, what answer had been 
received. Ata meeting of the authority on May 16 
following, it appears from the minutes that the 
proposal to borrow for the proposed scheme of 
extension. was now before the Local Government 
Board. The authority having thus applied to the 
Local Government Board for sanction to borrow 
83521. for purposes of sewerage and sewage disposal, 
and 51771., for works of private street improve- 
ments, the usual inquiry into the schemes was 
held on August 15, 1907, three months later. 
Before concluding his opening statement, the clerk 
to.the authority stated that the West Riding Rivers 
Board had threatened to take action against the 
Council unless they improved the condition of the 
sewage effluent, and he therefore pleaded urgency. 
Three months later, on November 7, the authority 
received a letter from ‘the solicitor to the Rivers 
Board asking if any decision or communication had 
been received from the Local Government Board 
relative to their application ; to which they re- 
plied, saying that the plans had been returned by 
the Local Government Board for some alteration, 
and that a provisional agreement was now bein 
entered into for the acquisition of the additional 
land required. Seven months later, at a meeting 
of the authority on June 25, 1908, the clerk read 
a letter from the Local Government Board stating 
that they had given the matter very full considera- 
tion, and it appeared to them that the scheme might 
be modified so as to reduce the cost and avoid the 
need of purchasing new land to the extent of 
24 acres additional area by dispensing with land 
treatment of the effluent, which they would not need, 
having provided for continuous artificial filters at 
the rate of 158 gallons per cubic yard. This, no 
doubt, is now in accordance with scientific experi- 
ence, but the question arises, Why take eight 
months to announce it’ Within a fortnight, at 
the next meeting of the authority, an amended 
scheme was presented, passed, and ordered to 
be submitted to the Department for approval, 
an immediate reply being requested. One month 
later, at a meeting of the Council, the Sanitary 
Committee reported that a visit of the inspector 
of the Rivers Board and a few of the members 
of the Fisheries Board to the Council’s sewage 
works, had been made, and that complaints 
were being raised as to the effect of the continued 
flow of their bad effluent into the streams, which 
usually flow clear in that thinly-populated district. 
As we have already said, the Fisheries Board were 
threatening to prosecute the Barnoldswick Council. 
Again, on September 10, 1908, the Council Clerk 
pressed the Local Government Board for their 
early sanction to borrow for the purposes of the 
sewage works, nothing having been vouchsafed in 
answer to the application but a formal reply to his 
last letter. 

At the next meeting of the Council a letter was 
read from the Local Government Board stating 
that there were certain points arising out of the 
amended scheme which called for a personal investi- 
gation on the ground by one of the Board’s 
inspectors. To this the Clerk to the authority had 
replied, expressing his surprise at this announce- 
ment, and venturing to question the use of a further 
visit—a liberty which perhaps trespassed on ground 
forbidden to a lawyer—he pointed out, without 
fear of contradiction, that, even before an inquiry 
could be held, several weeks would elapse. No 
information had been given as to what items should 
be investigated. 

We have known many authorities who, in the 
item of sewage treatment, would receive with 
philosophic complacency as much of the tedious- 
ness of delay as even the Local Government Board 
could, like Dogberry, find it in their heart to bestow 
upon ‘‘their worships.” But the Barnoldswick 
Council were in earnest, and were justly incensed 
at what, to them, appeared like trifling in high 
places, the chairman clinching the charge by saying 
that the fault of the Board was that they took too 











long in finding fault—a remark which few would 
find fault with. On January 29, 1909, the Clerk 
made a curious announcement—namely, that he 
had received letters from Southport, and from 
persons at several other places, offering to nego- 
tiate for the loan of 70001. for works of sewerage, 
for which they had observed the Barnoldswick 
Urban Council had received sanction ; that no such 
sanction had been received ; that. he had written 
to this effect to the Local Government Board, 
asking how it was that the Council had not been 
informed. of the sanction, if sanction there 
were ; and finally that, as yet, he had received no 
acknowledgment of this pointed letter. All of 
which sounds very natural to those who know ; yet 
others exist who ‘‘ wonder how these things get 
out,” and cannot deem it possible that financial 
information can escape from under the very shadow 
of State authority ; the fact of which seems con- 
clusive, for at the next meeting the sanction of 
the loan of 78871. was proclaimed. The letter of 
sanction made the provision that no payment should 
be made out of the loan to any salaried officer of 
the Council, except for legal work in connection 
with the object of the loan. 

Thus one year and seven months were consumed 
between the date of submission and the date of 
sanction of an urgent scheme. 

Ossett.—The application for the extension scheme 
of the Spa outfall works in this borough was made 
on December 10, 1907 ; but the inquiry was not 
held until April 3, 1908. No reason was assigned, 
for this preliminary delay: gentlemen of the 
department do not explain such matters. It was 
stated truly by the Clerk that the Ossett Local 
Board of 1873 was the first authority in the West 
Riding to provide a scheme receiving all trade 
effluents capable of gravitation to the outfalls. 
This was done under the advice of their engi- 
neer, but at that time the extreme difficulty and 
responsibility attached to the obligation were 
but dimly understood. There are two distinct 
outfalls, and the great difficulty centred at the 
Spa. outfall, where, in 1895, it was estimated that, 
with a population of only about 7500, no less than 
7 tons of sulphuric acid, used in the carbonising 
of the raw material of shoddy, together with a large 
volume of dye and scouring refuse from the woollen 
manufactures, were discharged weekly into a total 
volume of about 300,000 gallons mean dry-weather 
flow daily, Although the works were altogether 
reconstructed in 1896, from the crude lime pre- 
cipitation process of 1875, they proved inadequate. 
In the face of the engineer’s final report, strenuously 
advising the Corporation that this was essentially 
a case for the skilled management of a practical 
chemist, whose training would enable him to throw 
light, by experiment and observation, on the novel 
and most difficult problem in his hands, no such 
manager was appointed to displace the elderly 
mason who had charge. 

The wise counsel was ignored, and the result was 
what might have been expected—a new application 
within twelve years for a loan of 85001. At the 
inquiry, the Clerk further stated that in the opinion 
of many the sewage was, in its refractory character, 
second only to that of Bradford. It is pro- 
bable that the Ossett Spa outfall sewage will be 
found far more difficult of treatment than that of 
Bradford, the nature of the difficulty in the two 
sewages essentially differing. In unfolding his case 
no mention was made by the Clerk as to manage- 
ment, and no question was asked by anybody 
—a point of the utmost significance, on which 
all authorities conscious of default are silent. 
But why should the silence be reflected by nearly 
all Local Government and other inspectors? In 
what direction can they do more good towards the 
cleansing of rivers? and how are such problems to 
be mastered if all the parties concerned ignore 
this cardinal factor in the treatment of effluents 
of such refractory character? Five months after 
the ag og | an apology for the long delay, and a 
reply to the application, were sent, in which the 
Board stated that they regarded the scheme as 
inadequate, but were prepared to accept it as 
an instalment, subject to certain amendments, 
which would add considerably to the 85001. This 
view also had been taken up by the Rivers Board 
at the inquiry. Touching these amendments, the 
Chairman of the Sanitary Committee and the Engi- 
neer had a conference at the Local Government 
Office, after which the Clerk was instructed to inform 
the Board that in the event of the proposed perco- 
lating filters not being sufficient for their duty, 
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additional filters would be required. © This ‘pledge 
gained the necessary sanction, and enabled the 
Corporation to proceed with the works after wait- 
inz upon the Local Government Board almost a 
whole year, during which delay they experienced 
the urgent pressure of the Rivers Board. 

Linthwaite and Golcar.—This is a scheme of joint 
sewerage and sewage disposal, the genesis of which 
now, by reason of many delays, has grown almost 
into ancient history. The original scheme provided 
for the domestic sewage of these two urban districts, 
which adjoin Huddersfield. Before it was well 
completed, the question of woollen trade effluents 
aross, and the Linthwaite and Golcar Joint Sewer- 
age Committee had to face their liability to take 
and treat such effluents, for which no provision was 
made in the original outfall works. In both dis- 
tricts, rights of user asserted themselves, affecting 
factories which had been connected with the sewers 
for many years. Beside this, the Linthwaite 
Council put forward an old agreement entered into 
by their former local board with certain mill-owners, 
by virtue of which, for valuable consideration, the 
said local board acquired the right to convey sewage 
through a drain belonging to the said mill-owners, 
which the local board undertook to maintain. This 
appears to have been an excellent bargain for the 
mill-owners—an easement of flow through their 
old drain exchanged for a literal easement ; that is, 
the riddance of all their trade effluents for ever, 
together with the responsibility of the maintenance 
of the drain, 

These complications account for years of the 
delay, and hence arose, when once a complete 
scheme for the combined sewage and trade effluents 
was presented after requests, warnings, and threats 
by the Rivers Board ad nauseam, the urgent neces- 
sity of speedy sanction. What happened was this:— 

About August 19, 1907, the scheme was sub- 
mitted, and on October 29 the Local Government 
inquiry took place. At the inquiry strong opposi- 
tion appeared from thirty mill-owners, who were 


precluded from discharging their trade effluents 
into the proposed outfall sewers, and yet would 
have to pay towards the treatment of the effluents 
from eight mills possessing ancient rights: The 
a urged u 


n the inspector, Mr. A. G. 

alet, M. Inst. C.E., that the Local Government 
Board should be requested to bring into Parliament 
their long-promised Bill for dealing with the whole 
question of rivers pollution. This demand was 
strongly supported by Mr. Atter, solicitor to the 
Rivers Board, who pointedly and properly added 
that the Local Government Board should either 
bring in their Bill, or tell them plainly they had 
no intention of doing so, and then assist the 
Rivers Board to administer the law as it stood. 
On March 20, 1909, the plans were returned for 
revision and amendment, the estimated volume of 
trade effluents to be treated being greatly increased. 
This was the first communication received for five 
months. The amended plans were returned to 
Whitehall on July 21—no doubt a long delay. On 
September 19 the plans were again returned for 
further amendment, and on October 20 were again 
submitted to the Board, only to be once more, 
in January, 1910, returned for a third amendment. 
So the matter stands, or did stand until a later 
date. Meanwhile, it is interesting to know that 
the joint main sewer of Golcar and Linthwaite was 
laid in the river bed between the two districts in 
1900, and to this day has never been used. 

These are a few only of the recent cases of unin- 
telligible delay ; ‘‘ stately deliberation ” one local 
newspaper calls it. At a meeting of the Rivers 
Board held on October 16, 1908, complaint was 
made of the ineffectual applications for consent 
accumulating at Whitehall, there being at that 
time some thirty trade effluent cases awaiting the 
Board’s decision as to consent to prosecute or 
otherwise, including manvfacturers in Batley, Bir- 
stall, Dewsbury, Gildersome, Golcar, Holmfirth, 
Linthwaite, Mirfield, Slaishwaite, and Thornhill, 
the majority of which had been submitted eight 
months before. The ‘stately deliberation” of the 
Local Government Board brought forth merely the 
formal acknowledgement of the application, and 
nothing more; a form of that passive resistance 
which seems to have more effect now than in the old 
virile years of John Bull, who, although he might 
tolerate it in the frigid atmosphere of the Law 
Courts, had no respect for it in the ministerial 
bureau. It was pointed out at this meeting that 
the great and needless delay of the Local Govern- 
ment Board not only hampered the Rivers Board’s 





work, but wrought grevious hardship and injustice 
on those manufacturers who had loyally carried out 
their legal obligations, and put down purification 
works, while it put a premium upon the disloyalty 
of those who set the law at defiance. 

In the report of the West Riding Rivers Board 
for 1908-9 we find the charge against the Local 
Government Board plainly formulated. It says 
(page 6): ‘*The work of the Board in dealing with 
trade pollutions has been seriously hindered by 
the action of the Local Government Board, who 
have practically refused to sanction any proceedings 
against manufacturers. In fact, since an interview 
which the President of the Local Government 
Board granted to a deputation of manufacturers 
on December 23, 1907, it has been ‘commonly 
stated that the members of the deputation were 
given to understand that no further legal pro- 
ceedings by the Rivers Board would be sanctioned 
until new legislation has been brought into force.” 
This lies at the bottom of this curious obstruc- 
tion of the law, not in favour of the poor, but in 
favour of the rich, who, for the most part,. 
have acquired their wealth from textile industries 
within the past three generations at the expense 
of the riparians below. A promise was. given 
and a Bill prepared, which, amid a plethora of 
other Bills, has not yet seen the light. It is 
for this shadow of a Bill that the law, the 
river authorities, and His Majesty’s lieges have 
been, and are still, kept waiting throughout the 
land. To be plain, it seems clear that in the matter 
of rivers purification the attitude of Whitehall 
towards local authorities is that of a detective 
rather than that of a guide:; of one who is quick to 
point out a fault, and not the remedy ; and the 
Yorkshire Observer is not far wrong when it charges 
the Local Government Board with having appeared 
almost in the réle of aider and abetter of the 
offenders. The whole position marks a change in 
our public departments; the shadow of bureau- 
cracy is upon us. 

There is, nevertheless, one forlorn hope lying 
within the range—we will not say of probability— 
but of possibility. It may be that the strong-willed 
head of the department, himself in proprid persona 
the Local Government: Board—Mr. Burns —sees 
plainly that the present state of things will not do ; 
that the West Riding Rivers Board, or ‘the ‘future 
National Rivers Board, with greatly extended 
powers, by which it is to be displaced, ‘must have 
more single and direct control ; must be the “strong 
central, independent, and dominant authority” of 
Mr. Mansergh: standing equal with the Local 
Government Board itself, and not hampered by any 
authority less than the law of the land. The Local 
Government Board, it may be, wisely realises that 
it has lifted a burthen it cannot carry, and desires 
to cast some part of it. 

If so, it has taken an effectual, if not a straight- 
forward, way to satisfy the country that for one 
thing, at least, the Whitehall control of the Rivers 
Board has caused a signal failure in the operation 
of the West Riding Rivers Act in the matter of 
trades pollution. No man having knowledge of 
the facts of the deep-seated malady which besets 
the industrial rivers of this country, and which has, 
dispossessed the riparians of that reasonable purit 
which is their right; of the vested interests whic 
have wrought the mischief, and the selfish powers 
they wield, and has studied them impartially, doubts 
that Mr. Mansergh was right in every attribute 
which he demanded for the coming charter for the 
rivers; Such a charter must needs be strong ; it 
must be central ; it must be independent, and it must 
be dominant. That the various Rivers Acts are 
crippled in every one of these qualities is manifest. 
In one all-important branch of the remedial powers, 
the administrators are entangled in the stifling folds 
of a Government department, a referee guided not 
by the dry light of scientific truth, but to a large 
extent by the accidents and exigencies of politics. 

Already the position of the Rivers Board has 
received a shock ; in the public estimation it does 
not dominate the rivers. The report of a Joint 
Select Committee of both Houses of Parliament has 
been issued on the Water Supplies (Protection) 
Bill. Amongst other things it was ‘‘ struck by the 
absence of trustworthy—and, indeed, often of any 
—information as to the subsoil water supply avail- 
able in any particular district, and as to the effect 
of rainfall on the water-levels in various parts of the 
country.” Also ‘‘ the Committee saw some reason 
to doubt whether the powers for protecti 





rivers from pollution possessed by local ies are 


effectively exercised by them.” This is vagueiy 
expressed, but at any rate it is clear that the West 
Riding Rivers Board is almost the chief amongst 
the powers for protecting rivers, and is thus 
im hed. 

n a final article we propose to deal with the 
future policy to which the whole project of the 


‘protection of our rivers in a full and real sense 


seems tending. 








NOTES. 
ENGINEERING Epucation. 

Tue value of practical training in early life for 
engineering students, and the importance of hard 
work, are unexceptionable doctrines, and while 
holding very definite views as to the relative value 
of real practical work in shops and pseudo-practical 
work in laboratories, we none the less have no 
difficulty in agreeing with the observations made 
by the Hon. C. A. Parsons when opening the new 
mechanical laboratory of the Darlington Technical 
College on the 20th inst. From the report before 
us it is not possible to say what relative values Mr. 
Parsons attributed to shop and laboratory training, 
but of the accuracy and acuteness of his general 
remarks there can be no question. Mr. Parsons 
pointed out that practical knowledge acquired at an 
age when ideas and facts impressed themselveson the 
mind in a way they could not do in later life, became 
so ingrained as to constitute the basis of the intuitive 
and guiding principles of after life. A man in his 
early years brought into actual contact with e: gi- 
neering materials, and with the machines for dcal- 
ing with them and for discovering their charac- 
teristics, was later able to think in enginecring 
materials, so to speak, and to form adequate mental 
pictures of new machines he might wish to 
design, or of improvements he might: wish to 
introduce into old ones. Mr. Parsons’ remarks 
on hard work were, perhaps, but a restatement of 
an oft-told tale, and yet it is a tale which can 
never be too often repeated to students and others 
whose life lies before them.. If it were possible to 
learn what proportion of the ordinary business 
success of the present day is due to hard work 
and energy, and what proportion is due to excep- 
tional ability, one would probably be more than 
surprised. 


Tue. West, oF ScoTLAND IRON AND STEEL 
i INSTITUTE. 

An able review of the-present position éf the 
iron and steel industries in Great: Britain, and par- 
ticularly in Scotland, was given by Mr. William 
Clark, of the Steel Company of Scotland, in his 
presidential address to the West of Scotland Iron 
and Steel Institute, on the 21st inst. Mr. Clark 
led up to this review by a brief réswmé of the history 


‘of mild-steel manufacture, in which he dealt with 


the’ work of Bessemer, Martin, Siemens, Thomas, 
and Gilchrist. He pointed out that in the early 
days Bessemer steel was used for constructional 
and shipbuilding purposes, and that it was not 
until years after the introduction of Siemens acid 
steel that its use for such purposes finally ceased ; 
gradually, however, the claims of Siemens steel 
were recognised, and in 1879 Mr. Barnaby, Direc- 
tor of Naval Construction, read a paper before 
the Iron and Steel Institute in which he gave 
it the preference. Siemens-Martin acid steel 
was first made in Scotland at the works of the Steel 
Company of Scotland, and in succeeding years much 
progress was made with its introduction, largely 
owing to the energy of the late Mr. James Riley. 
After giving some statistics of the world’s steel pro 
duction, Mr. Clark then dealt in an interesting way 
with the causes which have led to the relative falling 
back of Great Britain, which.was shown by those 
statistics. Among the causes of first importance he 
placed the question of labour costs, and pointed out 
that this aspect of the matter may well become more 
acute in the future, with the development of the iron 
and steel industries in Japan and China. He then 
raised the point of antiquated plant, which un- 
doubtedly has handicapped this country. Such plant, 
which is the penalty of pioneer work, is, however, 
rapidly being replaced, particularly in the Midlands 
of England. Mr. Clark, after touching on the jues- 
tion of the-effect of tariffs, then went on to point out 
that statistics show not only a falling back of Great 
Britain relative to other countries, but in addition 
a falling back of Scotland. relative to England. 
This he attributed to the lack of suitable ores im 
Scotland for the production of basic pig, and he 
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announced the recent discovery of a valuable 
deposit of native ore which should do much to 
improve the relative position of Scotland ‘in this 
matter in the future. Mr. Clark’s address formed 
a brief but precise review of the important industry 
with which his name is associated. 


Tue Institution oF Civit ENGINEERS. 


Another stage in the development of the Institu- 
tion of Civil Engineers, and likewise in the trans- 
formation of Great George-street, Westminster, 
was marked, on Tuesday last, by the laying of the 
foundation stone of the new building of the Institu- 
tion, on the site at the corner of Great George- 
street and Prince’s-street. The ceremony was 
opened with prayer i the Rev. Canon Hensley 
Hinson, Rector of St. Margaret's, Westminster, after 
which Sir William H. White, K.C.B., as chairman 
of the Building Committee, made some remarks 
on the growth of the Institution, and the causes 
which had led to the need of other and more com- 
modious premises. It is barely fourteen years 
since the present Institution building was opened, 
and in that time the membership has increased 
about 30 per cent. Some time ago it became 
necessary for the Government to acquire the site 
of the existing building for the extension of the 
public offices. Another site has been found, and 
conveyed to the Institution, who have also been 
able to purchase neighbouring sites, and have thus 
obtained a first-class freehold property of size sufti- 
cient to meet the requirements of the Institution 
for some years to come. The new building will 
embody new features which have been thought 
necessary to the dignity of the Institution, the 
chief of which will be the Great Hall, in which 
banquets and special er" as well as the 
examinations will be held. Sir William White sub- 
sequently invited Mr. J. C. Inglis, President of 
the Institution, to lay the foundation stone. Mr. 
Inglis then laid the stone, copies of the Charters, 
replicas of the Telford, Watt, and Stephenson 
medals of the Institution, a list of members, &c., 
being placed in a cavity. A vote of thanks was 
afterwards proposed by Mr. A. Siemens, Presi- 
dent elect, and seconded by Sir John Wolfe Barry, 
K.C.B., senior past- president. Mr. Inglis, in 
acknowledging the resolution, made some remarks 
on the status of the Institution, and of the pro- 
fession of which it is representative, the ceremony 
then terminating. It will be remembered that on 
its new site the new home of the Institution will 
stand adjacent to that of the Institution of Mecha- 
nical Engineers, facing ‘St. James’s Park, and at 
the Storey’s Gate end of Great George-street. The 
new building, which will be to the designs of Mr. 
James Miller, A.R.S.A., of Glasgow, was described 
and illustrated in our issue of May 27 last. The 
contract for its erection has been. placed with 
Messrs. John Mowlem and Co. 


15,000-Votr Locomotive: FoR THE LOETSCHBERG 
RaAILWay. 


The Maschinenfabrik Oerlikon, near Zurich, 
have recently completed, for service on the Loetseh- 
berg Railway, a 2000-brake-horse-power, 15,000- 
volt, single-phase commutator compensated series- 
motor locomotive. The results of a number of 
trial-runs made with this engine show that with a 
15,000-volt, 13 to 17-period current, it is able to 
develop a draw-bar pull of 13,000 kg. when running 
at a speed of 42 kilometres (26.3 miles) per hour, 
this being equal to 2000 horse-power developed at 
the draw-bar. The speed can be regulated up to 
70 km. (43.5 miles) per hour. On starting, the 
draw-bar pull rises up to 15,000 kg. The load on 
each axle is about 15 tons, the total weight 88 tons, 
this being also the weight available for adhesion, 
equal, therefore, to 6.7 times the draw-bar pull. The 
locomotive hasa total length of 15 m. (49 ft.). If it is 
desired to increase the speed at which the normal 
draw-bar pull has to be exerted, so as to make it 
‘pproach the maximum speed, the engine can be 
made to ‘travel at a 60-km. (37.4-mile) speed, de- 
veloping 3000 horse-power per hour, by making a 
slight modification to the secondary winding of the 
Terme, BO increase in weight being necessary. 
mechanical part of the engine, consisting of 
- © bogies, having each six coupled wheels, has 
= ®n constructed at the Swiss Locomotive Works, 
‘oterthur. The electric equipment consists of 
ati similar parts, two current-collectors, two trans- 
am each with the corresponding switches, 

vo motors, and two complete controllers. The 
ctions are so arranged that in case of 


conne 


need the engine can be started with one 
single motor, transformer, and controller. The 
mechanical equipment of the motors can easily be 
uncoupled from the driving-axles. The electric 
equipment can be worked with three-phase current 
at the same power, with but slight altcrations. 
The motors can also run with continuous cur- 
rent at 400 volts without sparking, after suitably 
ee we shunt resistance of the auxiliary 
poles. e two transformers are designed for a 
normal continuous output of 2 x 1000 k.v.a.; they 
are air-cooled. The motors are 12-pole compen- 
sated series motors, with ™ displaced reversing 
fields. Each motor, with its toothed-wheel gear- 
ing, has a total weight of 9600 kilogrammes. The 
locomotive is complete, with air-compressor set, 
air and Westinghouse brakes, and all necessary 
equipment. It is to work the service on the Spiez- 
Loetschberg-Simplon line, drawing a _train-load 
weighing 310 tons up gradients of 27 mm. per 
metre (1 in 37), at a speed of 42 km. (26.3 miles), 
thus developing a draw-bar pull of 10,000 kg. The 
maximum speed is to reach 70 km. (43.5 miles), the 
— is 0.05 m. (1.97 in.) per second per 
second. 





THE LATE MR. T. W. R. HUGHES. . 

Many will regret to learn of the death of Mr. 
Thomas William Robert Hughes, at his residence, 
Catford-hill, S.E., on the 13th inst., as he was well 
known, not only for the good work he did towards 
the development of South American navies and of 
engineering industries generally in the various repub- 
lics, but also for his genial and urbane character. 
Mr. Hughes, who was fifty-seven ycars of age, was 
educated by private tuition, and spent some time 
(1863-4) in France, returning to take a course of 
study at the East London College. He became later 
assistant to his father, who was well known at 
that time as an engineer and brassfounder in Poplar. 
He served the full term of five years’ apprentice- 
ship, between 1869-74, with the old firm of ship- 
builders and engineers on the Thames, Messrs. ha 
and W. Dudgeon, and for nine months later added 
to his experience by serving with Messrs. John Penn 
and Sons, when, it will be remembered, they were 
amongst the leading firms of naval machinery con- 
structors. In September, 1894, he was sent by the 
firm to Peru as a guarantee engineer in a gunboat, and 
this proved a turning-point in his career. He con- 
tinued for many years, up to 1881, in the Peruvian 
Navy, passing through the various grades, and becom- 
ing chief engineer. e took a prominent part in the 
peo + to war with Chili, and was the head of the 
machinery department of the Peruvian ironclad 
Huascar, when two-thirds of the crew were killed. 
He achieved distinction, although the vessel was 
captured by the Chilians. After the war he was pre- 
sented by the ladies of Lima with a gold watch and 
— in recognition of his distinguished services to 

eru. 

In 1881, when the torpedo-boat came into great pro- 
minence, Mr. Hughes transferred his services to the 
Argentine Navy, where there was then greater sco 
for his ability, and he became the first engineer of the 
torpedo division of the navy. He continued in the 
service of the authorities at Bines Ayres practically 
until the time of his death, serving nineteen years in 
that country. He subsequently returned to England 
as Inspector of Naval Construction, including machi- 
nery, and latterly was technical adviser to the’ Argen- 
tine Legation, a position which he held until the time 
of his death. In this eapacity he was brought into 
contact with many of the shipbuilding companies, and all 
of them found in him not only a capable engineer, but 
one absolutely straight and honourable in all his deal- 
ings, so that his death, as we have already said, will 
be widely regretted. He became a member of the 
Institution of Mechanical Engineers in 1900. 








Great Frencn Tunnet.—The Paris, Lyons, and 
Mediterranean Railway Company has let contracts to 
MM. Fougerolle Fréres, the Daydé and Pillé Works, and 
the Marseilles Works Company, for the piercing of the 
Mont d’Or tunnel upon a line from Frasne to Vallorbe. 
The tunnel will be 3} miles long, and the cost of con- 
struction will be about 800,000/. 





Mortor-Boat ror Buenos AyrESs.—Messrs. Yarrow and 
Co., of Ghagew, have just received an order for a high- 
speed motor-boat for service at Buenos Ayres. The vessel 
will be 60 ft. long by 9 ft. beam ; propelled by five sets of 
internal-combustion engines of the Yarrow-Napier design, 
of approximately 300 total horse-power, designed to 
give her a moet | of 254 knots. She will be practically 
arrow for 
It may be remembered that His 
King Edward and a Royal party went for 
e Solent in the Mercury II. during Cowes 


similar to the Mercury II., built by Messrs. 
the British Admiralty. 
late eg! 

a trip in t 





week, 1906. 


WORKMEN’S COMPENSATION CASES. 
County Court. 


Omission to Wear a Truss.—Rupture, or hernia, is such 
a@ common weakness amongst seamen, used to hauling 
and straining, that medical inspectors are accustomed to 
pass men who have been ruptured, if they are otherwise 
tit, provided they wear a truss. The omission to take 
this precaution will defeat any application for compen- 
sation in the event of rupture. ‘ For example, at Liver- 
pool, County Court on September 30 a marine fireman 
named Kirby claimed compensation for an injury received 
on board the s.s. Mauretania, of the Cunard Company. 
In the course of his work cleaning out the furnase he 
suffered a rupture and was compelled to undergo an 
operation. which would incapacitate him for some months. 
In defending the claim, it was proved by the company’s 
doctor that six months before the accident he had 
examined the applicant. and found he had had slight 
hernia and advised him to wear a truss. The applicant, 
however, made several voy without. the truss, and it 
was only after the accident that he wore one provided for 
him by the ship’s doctor. The Judge found that the 
accident was not the cause of applicant's incapacity, and 
was traceable to former weakness, against which he had 
been warned. Had he used the truss in time the accident 
would have done him no injury, and on this ground the 
Judge found for the respondents. 

Heat-Stroke.—At Chester County Count the widow of a 
workman named Jarvis, anemployee of Messrs. Summers, 
Iron Works, sought compensatfon for her husband’s 
death caused by cardiac failure following heat exhaustion 
suffered in the course of his employment. His duty was 
to stand between the furnaces and the rollers, and to put 
the heated metal on the rollers. He suddenly collapsed 
and died the following day. There was no post-mortem 
examination and there was a conflict of medical opinion 
as to the cause of death. Two doctors said the man died 
from heat-stroke, and two others were of opinion that the 
cause of death was heart failure due to intestinal disease. 
The deceased had been discharged from the army as 
unfit, and it may be presumed he was unable to stand the 
** heat-stroke” of the furnaces. The argument that the 
element of ‘‘accident” was wanting in the case was pressed 
for the defence, and it was said that, if the employers 
were held liable for death by natural causes when acce- 
lerated by the employment, the operation of the Act 
would be no protection to any but those who. had passed 
a medical examination before entering their employment. 
The cases in the Court of Ap ave already settled 
that if the employment was the proximate causo, it is 
enough to prove an “ accident,” and therefore the County 
Court J —_ decided that the employers were liable for the 
death of the man from “‘ heat-stroke” arising out of, and 
in the course of, his employment. Stay of execution was 
granted, pending an appeal. 

“Arising Out of, and in Course of, Employment.”—A 
curious and interesting defence was rai in a case at 
South Shields County Court on October 5, when a boat- 
swain named Williams claimed compensation for injuries 
from the managers of the China Mutual Steam Navigation 
Company. The applicant had been employed by the 
m rs, Messrs. Holt and Co., of Liverpool, and had 
been in various ships for them. On December 28, 1909, 
he was sent by them to Liverpool for orders, and was 
there engaged as boatswain on board a new steamer then 
nearing completion. He presented himself to the chief 
officer and started work on board. A fortnight later the 
steamer was removed down the river to be docked. The 
steamship was attached to the tug by a hawsér, which 
was connected to a wire ro _ shackle. The ship- 
builders’ men were engaged in the moving of the ship, 
but the new boatswain was on duty on rd and went 
aft to ask the builders’ men if the pin in the shackle 
were all right, and at that moment the wire hawser 
eg and whip round his leg, so injuring him that 
his leg had to amputated, and he had thus been 
incapacitated for work. The respondents in their de- 
fence said the builders’ men were en to move 
the ship, and that the accident did not arise out 
of, and in the course of, the applicant’s employment, 
and that the applicant had no right to interfere in 
the work of the shipbuilders’ men. The Judge, how- 
ever, held that the applicant was e as boatswain 
and had a perfect right to beaft on deck. He had ney 
asked the builders’ men if the shackle were all right when 
the wire hawser sprung and whipped round his leg. It 
was a pure accident and such as imposed liability for com- 
pensation on his employers, the managers of the steam- 
ship company. The applicant was awarded half his w: 
equal to 1, per week compensation, to date from the day 
of the accident. This was evidently a case which the 
employers should never have disputed. The applicant 
was in their service, and on duty at the time of the acci- 
dent, which was not brought about by any interference 
with the builders’ men. 








“Tue OrriciaL YeAR-Boox or New Sourn Watgs.” 
—This year-book for 1908-9 has just wane. It is edited 
by Mr. John B. Trivett, F. R.AS., 8.S., Government 
Statistician, and is published by authority of the Govern- 
ment of the State # New South Wales. It contains over 
560 pages of interesting data and statistics, reference to 
which is facilitated by a good index. 


ENGLISH Prices wiTH SPANISH EquIvALENTS.—Messrs. 
E. and F. N. 8 57, Haymarket, publish, at the price 
of 1s. net, another of their small booklets, giving English 
prices with the Spanish equivalents calculated at seven 
rates of exchange in pesetas per kilogramme, and the rate 

r pound, wi uivalents ton. The booklet hag 








compiled by Mr. 8. Lambert. 
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INDUSTRIAL NOTES. 


Ir has been said that no surprise was caused among 
trade-union leaders by the result of the ballot of the 
boilermakers, as private advices received previously 
had prepared them for what happened. There seems 
little doubt, however, that there was considerable 
surprise among certain sections of the men, many of 
whom looked upon the lock-out as practically settled. 
Even, however, if there had not been a majority 
against the settlement, the minority would, it is 
thought, probably have been powerful enough to have 
made the ition very difficult for the executive to 
handle. The trade union seem to think that the terms 
which the employers pro for acceptance by 
the men were such that they could not possibly be 
accepted, and the fact that the terms were urged on 
the men by the executive caused surprise. The par- 
ticular part of the proposed agreement to which the 
men appear to have objected most strongly was that 
permitting the employers to have the last word in 
saying whether a man was guilty of violating the 
national agreement. , It was felt also that no union 
should combine with employers to punish workmen 
who were not contented with their working condi- 
tions. For these reasons there was a strong feeling 
against the Boilermakers’ executive, whose only excuse, 
in the eyes of the men, seems to be that they are 
short of money, and felt rather at the mercy of the 
employers. ewe this may be, the men must not 
expect that the masters will be likely to agree to 
anything short of some reliable guarantee being given 
that the troublesome sectional strikes shall cease. 
The men, of course, object to give these guarante*s ; 
they want to feel that they are free to act if they like. 
They may fight for some time longer, but the end must 
come soon, because their position is unreasonable. It 
is expected that‘although no decision can be at once 
arrived at, the other trades interested in the National 
Agreement will lose no time in getting into com- 
munication with the Employers’ Federation with 
the object of arranging for a conference to discuss the 
new situation. 

At a meeting of the executive council of the Boiler- 
makers’ Society, held in Newcastle on Monday last, it 
was stated that the branches would be circularised to 
the effect that the last vote was not representative of 
the society, and the members who abstained from 
voting at the last ballot were earnestly besought to 
take part in the second. Should this course be taken, 
it is expected that a result in favour of accepting the 
agreement will be the result. 
of the iron and steel trades of the North have 
y been affected by the lock-out, while it has 


ome 
naturall 
been responsible for throwing out of work more than 


70,000 men in the shipbuilding trade alone. One of 
the most ominous features of the whole affair is the 
loss of control or persuasive power over the men that 
appears to have taken place. In spite of all the efforts 
of the executive and district officials of the society 
to gain the assent of the men to the modified con- 
ditions, the men have gone their own way, and now 
must take the consequences. The position of the 
society is said to be serious, and they have been 
informed by their chartered accountant that the 3500/. 
odd drawn from the superannuation fund to pay 
lock - out: allowances, on account of the difficulty ex- 
perienced in realising securities on the general fund, 
must, before the end of December, be replaced. The 
end of the society’s money is therefore clearly in sight, 
for this will leave them with not more than between 
20,0002. and 30,000/., which, if the executive continue 
to disburse payment on a scale which costs between 
7000/. and 8000/. per week, cannot last long. 

The position on the Clyde, owing to the lock-out, is 
growing very serious. It is said that orders for more 
than 50,000 tons of shipping have been placed with the 
shipbuilders of the district within the past few weeks, 
and that when the trouble is at an end as much again 
is ready to be placed. In anticipation of a settlement 
large amounts of material were ordered. In conse- 
quence of the dispute two steel works have been closed. 


At the Cwmtillery and Heyworth collieries, in 
Wales, the miners on strike resumed work on Tuesday 
in last week at an advance of 34d. per day on the 
1897 standard. The wages dispute at the Garth and 
Oakwood collieries, Maesteg, and also the Gilfach 
Goch, Ogmore Vale collieries have been settled. 

At the Ely pit the men resolved, on Wednesday, 
to reject the terms offered by the Cambrian Combine, 
although their acceptance had been strongly ey 
upon them by their leader, Mr. Abraham, M.P. 
Should the dispute not be settled by the end of the 
month, 12,000 men employed by the Combine at other 

its will be idle, as the notice given by them at the 
inning of October will then expire. 

On Wednesday night, at Burnley, about 3000 
miners laid down their tools at several pits and came 
out, a dispute nee arisen on the question of timber- 
striking. The employers assert that this work is 
paid for on the tonnage rate of wages, which the men 





deny. Arbitration on the question has been rejected 
by the men. 


According to the Board of Trade returns for 
September our trade with China and Japan con- 
tinued dull so far as the yarn market was concerned ; 
there was, however, a considerable increase in exports 
to the Straits Settlements as compared with the cor- 
responding month of last year. ere was an im- 
provement in the cotton-piece goods trade, there being 
an increase in the value of purchases made by five out 
of the six of the countries of the Far Kast. This in- 
crease in the case of China was as mueh as 130,000/., 
though a deficit of 400,000/. on the year’s figures has 
still to be made The increase in the Dutch 
East Indies was 27,000/.; in the Philippine Islands, 
2000/.; in Siam, 9000/.; and the Straits Settlements, 
40,000/.; the falling off in Japan was 40,000/. There 
was a slightly improved trade in linen with the Philip- ' 
pines, an my. 0 quantities of both woollen and worsted 
tissues were shipped to China and Japan. Soap also 
continues to go to China in large quantities. In the 
early part of the year there was an increase in the 
export of ship, bridge, and boiler-plates to Japan, 
which increase has been further augmented by the 
September figures, To -Japan, -also, ‘an incfeasin 
number of wrought tubes, pipes, and fittings, steel’ 
bars and angles, and textile machinery were sent, 
but there was a decrease in the quantity of pig.iron, 
tinned plates, and sheets. China also took a smaller 
quantity of tinned plates and sheets, though the 
— to that country continued to grow. 

ith regard to imports, our receipts of China tea 
fell off, the decline being over 850,0001b.° For the 
nine months, however, there was a marked advance. 
The quantity of silk also from China and Japan was 
less for the month. Although our import of rubber 
during September fell off in quantity there was a rise 
in value. 


The offence of drunkenness is viewed with varying 
degrees of disfavour by the public and by individuals, 
but the stand made against it by the United States 
Brotherhood of Locomotive Engineers is, we think, 
unique in its severity—at any rate, so far as its 
own members are concerned, if we are to judge 
by the following quotation from an article in the 
September issue of the Century, by Charles Frederick 
Carter :—‘“‘It is safe to say that no other union, 
club, or organisation of any sort applies quite 
such heroic treatment to undesirable citizens as 
the Brotherhood of Locomotive Engineers. One 
thing that the Brotherhood most strenuously insists 
upon is that its members shall not drink, Thirty- 
five members were expelled for getting drunk in 
1909, and their shame was publicly proclaimed in 
the journal. The treatment does not stop here by any 
means. The Brotherhood will not risk the lives of its 
members and the general public by permitting a drink- 
ing man to run an engine. When a man has been 
duly convicted of drinking, and punished according 
to the laws of the order, the facts are laid before the 
— authorities on the road that employs him and 

is discharge is demanded. In one notable instance 
the engineer of a fast train got drunk during his lay- 
over, and discharged himself. He was tried, convicted 
and expelled, the management was informed, and the 
offender’s discharge requested in regular form. But as 
the engineer had oe a good man, the railroad com- 
— emurred, saying that he had not been drunk 
while on duty. ‘ But,’ said the Brotherhood, ‘ there 
is no telling when a man who gets drunk off duty may 
take a potion to get drunk on duty, and we do not 
intend to take any chances in having a drunken man 
tearing through the country at 60 miles an hour, 
endangering the lives of others. It is unfair both to 
the employees in your service and to your patrons. 
The po x was discharged. He can never be em- 
ployed on a railroad again.” If the locomotive drivers 
of other countries could see their way to form similar 
brotherhoods, it would be an advantage. 


In an address delivered by Mr. P. M. Starnes, presi- 
dent of the American Timber Holding Company, at a 
recent luncheon given by the directors of the Dominion 
Sawmills and Lumber, Limited, the speaker said that 
they had to-day something like 1,500,000,000,000 board- 
feet of coniferous timber in the United States. There 
was a very common idea that in Canada timber 
was inexhaustible, but it had been computed by the 
Forestry Department of the United States that 
the total quantity of merchantable timber in Canada 
was only about one-third of what they had in the 
United States. That being so, Canada would need all 
the timber she had to supply her own wants without 
seeking markets for it in other countries. Nearly 
5000 acres of wood were, the speaker said, required to 
run a great daily newspaper for twelve months, so 
that the demand made on the supplies was appalling. 
Mr. Starnes, referring to the depletion of timber in the 
United States, quoted an instance, which had come 
within his own knowledge, of a town near Michigan 
where there were ten saw-mills twenty years ago, with 





an output of 1,000,000,000 ft. per annum. To-day 
there was not a single Saw-mili within a radius of 
13 miles, and supplies of timber are sent in from ‘he 
South. The shortage of timber was made known b 
the census taken by the United States authorities. j] 
statements regarding thé available iy of ‘timber in 
different countries ld, -hhowevery:be- received with 
due caution, for all estimates must, we think, to a very 
considerable extent be foinded on guesswork: 


i —_—- 
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. According to thé Monthly, Report of the United 
Society of Boilermakersjand Iron and -Steel Ship- 
builders there were at. the end of September 8843 
members signing the book, as. compared with 401() at 
the end of August... Members on. the. sick fund 
numbered, at the end: of tember, 1141, as compared 
with 1135 at the end: of August, while on the same 
dates there were 2396 and 2370 members on super- 
annuation respectively. The. total at the end of 
September was 12,380 and 7515. The expenses for 
September amounted to 23,970/. 10s., and in August 
532/. 5s. 1d., or an increase in September of 18,648/, 
4s. lld. The secretary complains that some members 
have written to the newspapers stating that the society 
is too much devoted to parliamentary business, to the 
disadvantage of the society itself. He points out in 
defence that, as a society of about 50,000 members, 
they are already somewhat of a byword amongst trade 
unions for backwardness in things political, and for not 
possessing a direct representative in Parliament. He 
also points out with regret that the society cannot 
support all its members affected by the lock-out, and 
that consequently there will be much suffering. The 
society is one of the old trade unions, having been 
established over seventy-six years. Complete records 
of benefits paid are not procurable, but during the last 
forty-three years a total of 3,210,901/. has been spent 
on benevolent benefits, and during the same period 
130,901/. has been expended on disputes, which com- 
_ very favourably with some other societies. 

uring last year the amount spent in dispute was only 
372/., or less than 1?d. per member, this being the 
lowest for the previous ten years. 


It is reported that, owing to the restriction of iron- 
ore supplies from Spain, in consequence of the Bilbao 
strike, a great impetus has been given to the Cumber- 
land hematite iron-ore trade, and the Scottish iron and 
steel manufacturers are now making a large demand 
upon the Cumberland ore-field. Their requirements 
are such that a shortage of ore has occurred. There 
was a temporary damping down of one Cumberland 
furnace a week or two ago as a result. Scotch manu- 
facturers are said to be finding out that it pays them 
better to get the ore from Cumberland, and make 
their own iron, than buy Cumberland hematite iron, 
there being a saving of nearly 2s. per ton in railway 
carriage alone. 

According to the .7'eatile Mercury there are in 
Calabria, Southern Italy, 356 districts where the silk- 
worm is grown, and 35,305 ple are employed in 
the industry, which is calculated to produce 1,904,179 
kilos. of cocoons. The principal seats of the indus- 
try are Cosenga, Gerace, Reggio, Tricastro, and Paolo. 
As a rule, women incubate the eggs by body-heat, 
and there is a good deal of superstition attached to 
this part of the industry. For instance, at Reggio, the 
hatching out is performed away from the public gaze, 
in perfect.seclusion. There are sixty-two silk-spinning 
factories, employing 3812 individuals. Villa San 
Giovanni is the centre of the industry, and formerly 
the leading interests were British, but at present the 
leading British interests areat Messina. Silk-weavin 
in Calabria and Sicily formerly flourished greatly, an 
is a very ancient art. It is said that the Jews had 
looms at Catanzaro as early as 1100, and silk woven at 
Catanzaro is mentioned in early medieval records. 


In view of the growing demands of the workmen, 
the report of the New Zealand Employers’ Federation 
states that the question will soon have to be faced as 
to whether the Arbitration Law should remain. The 
Act must either go, or the workmen must be loyal to 
the Act. We referred to the subject of compulsory 
arbitration in our article on page 506 anée. 





Tue JapANEsE Navy.—Japan is now completing oF 
building at its arsenal at Kuré the ironclads Kawachi 
(20,800 tons displacement), the Aki (19,800 tons displace- 
ment), and the cruiser Ibuki (14,620 tons displacement). 
At its Yokasuka arsenal the Japanese Admiralty 1 
building the ironclad Settsu (20,800 tons displacement) 
and the cruiser Kurama (14,620 tons displacement). At 
Sasebo Japan is engaged upon the cruiser Chikuma 
(5000 tons displacement); and at Maizuru, upon the 
torpedo-boat destroyer Uruikaze (1050 tons). A cruiser 
of 5000 tons displacement and a torpedo-boat destroyer 
oe tons displacement) are further in hand at the Mitsu- 

ishi Docks. The Japanese budget for 1912 will enable 
the Government to lay down three ironclads with a dis- 
placement of 21,000 tons to 25,000 tons each, and one oF 
two powerful cruisers, 
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MARINE OIL-ENGINE; NORTH-SEA FISHERIES EXHIBITION, GREAT YARMOUTH. 


CONSTRUCTED BY MESSRS. 








Messrs. JoHn I. TuorNycrort AND Co., Limirep, of 
Caxton House, Westminster, are showing at the North 
Sea Fisheries and Shipping Exhibition of Marine Oil- 
Engines at Great Yarmouth a very interesting example 
of the type of marine oil-engine in which they 
specialise. The set comprises one of their 47-brake- 
horse-power ‘‘C 4” type oil-engines mounted up com- 
plete with Thornycroft reverse gear, driving a pro- 
peller in a water tank. The set will be workin 
continuously during the period of the exhibition, 
under conditions which will closely approximate to 
those that exist in the many drifters in which Thorny- 
croft engines are now working so satisfactorily. 

The engine has four cylinders, each 6 in. in diameter 
and 8 in. stroke. The fuel used is paraffin lamp oil, 
on which it may be started up by using a single lamp 
(irrespective of the number of cylinders) to feat the 
apenas to the point at which the fuel is vaporised. 
When this has been reached the lamp is removed, and 
is not required —- to start up again after a stop 
of some duration. ordinary manceuvring, or even 
after stops of an hour or so, it is possible to start with- 
out again using the lamp, as the vaporiser is designed 
to retain the heat for a considerable period. As 
paratiin fuel varies to some extent, a by-pass is 
provided, so that the heat of the vaporiser may be 
regulated according to the quality of the fuel used. 
This is probably| the most efficient form of vaporiser 
yet devised for marine oil-engines. 

In many cases it has been found advantageous to 
use petrol for starting. This method enables a start 
to be made instantly without recourse to the use 
of a lamp. The carburettor has therefore double 
float-boxes for paraffin and petrol respectively. The 
paratiin is turned on, and the petrol supply cut off, by 
means of a two-way cock, when the vaporiser is suffi- 
ciently heated by the exhaust gases, a matter of 10 


or io minutes, The lever used for switching from 
petrol to paraffin is also used for cutting down the 
supply of fuel for slow running. Though objection 


may be raised to the presence of even the small quan- 
ty of petrol required, the fact remains that in the 
nuinerous sets working on this system no accident 
has yet occurred, and the risk is negligible in an ordi- 
narily good installation. The advantages, beyond 
that of instantaneous starting, are cleanliness, the 
avoidance of the use of a lamp, and the possibility of 
Securing @ substantial increase of power when the 
rp speed is desired, such as in racing for port with 
_ The speed of the engine in ordinary working condi- 
tion is about 500 sovelttions per mores A but the range 
of control, and consequently of power, is such that it 
biay be throttled down to 300 revolutions, and still 


led 
aus iis 
ame a 








Fig. 2. 
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ALTERNATIVE ARRANGEMENT OF DRIP 
LUBRICATION.“C* ENGINES. 


to 800 revolutions for the utmost s A 

The fuel consumption has been proved (by skippers 
of East Coast boats using this type of engine) to be no 
more than from 24 to 2% gallons perhour. The average 
on @ run of upwards of 400 miles was registered to 
nearer the lower figure. The figure the makers 
guarantee (following their policy of not under-estimat- 
ing in such cases) is 0.9 pint per brake horse-power, 
which shows a substantial 
tion on service. 

The ignition is by Bosch high-tension magneto. The 
high-tension system was adopted by Messrs. Thorny- 
croft on its being shown that it had several advantages 
over the usual low-tension system, one of which is ease 
in starting. The magneto is placed on a platform near 
the top of the crank-case on the front of the engine, 
where it is particularly accessible, a point very fre- 
quently overlooked in other makes of oil-engines. 

The control of the motor is effected by a single lever, 
which regulates the action of the governor on the 
throttle-valve, and by the provision that is made for 
advancing and setanding the ignition. In the matter 


work regularly and efficiently, or it | be accelerated | i 
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of accessibility this engine has many points ofjadvan- 
tage Large inspection-doors are provided on each 
side of the crank-case, easily and quickly opened, and 
those on one side are made sufficiently large to allow 
of withdrawing the piston and connecting-rods without 
lifting the cylinders or otherwise dismantling the 
engine. The reverse-gear is of the Thornycroft epicyclic 
type, providing a direct drive in the ahead ition. 
The propeller, which will be seen working in the tank, 
is a Thornycroft three-bladed screw cast in bronze, and 
is designed specially in each case to suit the boat. 

These engines are fitted with either (1) forced lubri- 
cation or (2) a system in which the oil is forced from 
a pump to a series of drips which feed the bearings. 
The first system needs no explanation, bei in 
accordance with usual practice. The second will be 
readily understood by reference to the accompanyin 
diagrams, which represent two different adaptations o' 
the same system. The reference letters apply to the 
same parts in each diagram. 

The action is as follows :—Oil is sucked from the 
crank-case by the rotary pump A through the suction 
pipe B. It is then forced through the delivery pipe C 
to the distributing-pipe D. The latter is fitted with 
nozzles E, each of which delivers a stream of oil into 
the cup beneath it. Of these, the three marked F 
deliver to the main bearings, suitable oil-ways being 
cut in them to conduct the oil inside the bearing. 
The four cups marked F' deliver each to one of the 
connecting-rod bottom ends, the pipe leading from 
the cup being so arranged that the bottom end, pass- 
ing just underneath, receives a etream of oil into the 
ew provided. 

In the second arrangement an additional cup F? is 
provided, which delivers oil on to the cam-shaft gear- 
wheels in the front of the engine. G is an overflow 
pipe delivering the excess of oil, supplied by the 
ump, back to the crank-case by means of the large 
unnel H. This funnel is also used for putting in oil 
to make up for the wastage. 

The pistons are thoroughly lubricated by the spray 
thrown off from the bottom ends as the latter pass 
through the streams of oil from the supply pipes. 
In the bottom of the crank-case a strainer is provided, 
through which all the oil has to pass on its way back 
to the pump suction. Should any one of the pipes 
leading to the bearings or bottom ends become choked, 
attention will be at once called to the fact by the over- 
flow of oil from it, and it may be cleared by inserting 
a wire. Should one of the nozzles become obstructed, 
this can easily be pricked out with a piece of wire 
without stopping the engine. The flow of oil is under 
observation at all times, there being, therefore, no 
excuse for heated bearings. 





614 


ENGINEERING. 


[Ocr. 28, 1910. 





THE STANDARDISATION OF LOCOMO- 
TIVES IN INDIA, 1910.* 


By Cyrrit Hitcucockx, Member, of London. 


THE inauguration of the Engineering Standards Com- 
mittee under the auspices of the leading engineering in- 
stitutions in this country, in 1901, and the subsequent work 
of that body, is a matter of common knowledge to members 
of the engineering profession, and is briefly described in the 
Engineering Standards Committee’s Fifth Report on work 
accomplished, published in November, 1909. Commenc- 
ing with the standardisation of iron and steel sections, 
the subjects under reference to the Committee with a view 
to standardisation have steadily increased in number, and 
up to September, 1910, fifty-two reports and specifications 
had been issued. Among the earlier subjects considered 
by the Committee was the question of suitable standard 
types of locomotives in India, this matter having been 
referred to them by the Secretary of State for India. 

Conditions giving Rise to the Standardisation of Loco- 
motives in India.—In view of the time which has elapsed 
since the first desi, for standard locomotive engines for 
India were issued by the Engineering Standards Com- 
mittee in November, 1903, it is interesting to recall some 
of the considerations which have helped to determine the 
standard types of locomotive engines now being adopted 
on Indian railways, to review briefly the progress and 
possibilities of locomotive standardisation in India, and 
to note some features of the designs and the materials 
employed in the construction of standard locomotive 
engines and tenders as built, for example, for those lines 
which are worked by Government, comprising the North- 
Western, Eastern Bengal, and Oudh and Rohilkund Rail- 
ways, known collectively as the Indian State Railways. 

At the close of 1909 the open mileaget of the Indian 
Railways reached a total of 31,490 miles, made up of 
16,309 miles of 5-ft. 6-in. gauge, 13,323 miles of metre 

uge, 1443 miles of 2-ft. 6-in. gauge, and 415 miles of 

-ft. gauge. The number of engines of these gauges at 

that time amounted to 4517, 2209, 220, and 78 respec- 
tively. It is not proposed to deal in this paper with the 
2-ft. 6-in. and 2-ft. lines, as their mileage is compara- 
tively small, and locomotive standardisation is in their 
case not under consiceration. The three large lines 
worked by the Government at the close of 1909 repre- 
sented 5298 miles of the total 5-ft. 6-in. gauge mile- 
age with 1469 engines, and 1022 miles of the total 
metre-gauge mileage with 199 engines; and inasmuch 
as the lines which are worked by companies are also under 
direct Government control, it will be seen that the condi- 
tions in India are favourable to the standardisation of 
locomotives. 

With the rapid expansion of the railway spoons of 
India during recent years, it became increasingly evident 
that the multiplicity of locomotive types resulting from 
the tendency of cnah railway to evolve types of its own, 
differing often but slightly from those of neighbouring 
systems, was attended by numerous disadvantages, and 
that a remedy should be sought in the direction of stan- 
dardisation, which would have the effect of limiting the 
number of locomotive types and the spare ae stocked 
in railway stores, of facilitating the transfer of engines 
and duplicate parts, and of enabling manufacturers to 
deliver engines in less time and at lower cost than had 
been customary. For military reasons also a movement 
of the kind was desirable. 

Steps taken by the Engineering Standards Committec.— 
The question having been discussed at a conference of 
locomotive superintendents in India in December, 1901, 
was subsequently considered by the Engineering Stan- 
dards Committee, with the result that a sectional com- 
mittee on locomotives was appointed by the main Com- 
mittee to deal with the matter. The Committee numbered 
among its members representatives of the Government 
departments interested, the consulting engineers to the 
Indian railways in England, representatives of some of 
the principal locomotive builders and manufacturers of 
materials, and of British railway locomotive interests. 
The Calcutta Conference of Locomotive Superintendents 
was also represented on the Committee. The Locomotive 
Committee dealt with the standardisation of locomotive 
types, component parts, and specifications for locomotive 
materials ; the committee have from time to time met to 
deal with proposals submitted to them, and the latest re- 
vised results of their deliberations are embodied in the 
Engineering Standards Committee’s publication No. 50, 
being the Third Report on Standard Locomotives for 
Indian Railways, published in February, 1910; No. 24, 
revised June, 1907, containing specifications for Materials 
used in the Construction of Railway Rolling Stock ; and 
No. 51, published in August, 1910, relating to Wrought 
Iron for use in Railway Rolling-Stock. ” “ 

Diagrams showing the maximum moving dimensions 
permissible are shown in Figs. 1 and 2, y 615. Some 
diagrams (Figs. 3, 4, and 5, 616) and tables (page 617) 
of particulars of the Standard engines are given in the 
paper as an Appendix. The engines and tenders, as built, 
are illustrated by Figs. 6 to 49, Plates LX VI. to LX. XIII. 

First Locomotive Popes Decided Upon (1903).—A com- 
mencement was made in 1903 with two types for the 
5-ft. 6-in. gauge, and three types for the metre-gauge rail- 
ways, and the committee prepared designs in which full 
advantage was taken of the axle-loads permissible under 
the rules, to obtain the most powerful engines possible 
within the limitations of the Indian Government leading 


* Paper read before the Institution of Mechanical 
Engineers, October 21, 1910. The Engineering Standards 
Committee’s publications, Nos. 24, 50, and 51, should be 


referred to in connection with this 
+ Administration Report on the 
the calendar year 1909. 
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rules in force for the time being. Diagrams of the five 
types (revised) appear in the Engineering Standards 

ommittee’s Report No. 50. , 

First Two Types for 5-Ft. 6-In. Gauge (1903).—Taking 
first the 5-ft. 6-in. gauge: The two types decided ee 
comprise a 4-4-0 type passenger engine, Plate LX VII., 
Figs. 13 to 17, and Plate LX VIII., Figs. 21 and 22, and a 
0-6-0 type goods engine, Plate LX VIL., Figs. 18 to 20, 
with a six-wheeled 3000-gallon tender common to both 
types. 
he design for the passenger engine was to a great 
extent modelled upon a type already running with satis- 
factory results in India, having inside cylinders and 
balanced slide-valves above them actuated by Stephenson 
valve-gear and rocking-shafts. 

The goods engine was designed with a view to the 
duplication of the boiler,* cylinders, motion, rods, axles, 
axle-box guides, springs, &c., and other details so far as 
practicable, with those of the passenger engine. 

First Three Types for Metre Gauge (1903).—Taking next 
the engines for the metre gauge :—The three types com- 
prise a 4-6-0 type passenger engine, Plate LX XI., Figs. 
33 to 37, a 4-6-0 type mixed trattic or goods engine, 
Plate LXXL., Figs. 38 to 40, and Plate LXXII., Figs. 
41 and 42, and a 4-8-0 type heavy goods engine, 
Plate LXXIIL., Figs. 47 to 49,+ with a six-wheeled 
2000-gallon tender common to the three types. As 
was the case in the types for the 5-ft. 6-in. gauge, the 
designs for the metre-gauge passenger and mixed traffic 
or goods engines were largely based on the latest type of 
metre-gauge engines existing in India at the time, having 
outside cylinders, balanced slide-valves above them, Wals- 
chaert valve-gear, and frames inside the wheels. The only 
differences in these two types are those due to the differ- 
ence in the size of the coupled wheels of the passenger 
and mixed traffic or goods engines, and the several parts 
of the two types are interchangeable to the extent allowed 
by these differences. 

The metre-gauge 4-8-0 type heavy goods engine has 
many details in common with the 4-6-0 type passenger 
and mixed traffic or goods engines above described ; but 
from the nature of the type, the boiler and cylinders are 
different, and duplication with the 4-6-0 type engines 
could not be carried to the same extent that was possible 
in their case. 

Four Additional Types, 5-Ft. 6-In. Gauge (1906).—In the 
year 1905 the need for additional and more powerful 
engines for the 5-ft. 6-in. gauge was represented, and a 
new edition of revised ‘‘Standard Dimensions” was 
published in India in that year, under which it was 
possible to introduce heavier axle-loads than were allowed 
previously. The following types were then designed by 
the Locomotive Committee for the 5-ft. 6-in. gauge. 
Diagrams of the engines, with the exception of the 28-0 
type engine with wheels 5 ft. 1} in. in diameter,} appear 
in Report No. 50 

1. A 4-4-2 type heavy passenger engine (Plate LXTX., 
Figs. 23 to 27, and Plate LXX., Fig. 31 and 32). 

2. A 4-6-0 type heavy passenger engine (Plate LXIX., 
Figs. 28 to 30). 

$3. A 2-8-0 type heavy goods engine, with 5 ft. 14 in. 

wheels (not illustrated). 

4. A 2-8-0 MY, heavy goods engine, with 4 ft. 84 in. 
wheels (Plate LX VI., Figs. 10 to 12). 

5. A 2-6-4 type tank-engine (Plate LXVI., Figs. 6 
to 9). 

A choice of three tenders of different capacities has been 
provided for the heavy passenger and goods engines— 
namely, the six-wheeled 3000-gallon tender of the earlier 
standard engines, a six-wheeled 4000-gallon tender, and a 
double bogie 4500-gallon tender. The tenders illustrated 
in Figs. 10, 23, 26, 27, and 28 are the 4000-gallon tenders, 
which have, so far, been generally used with the heavy 


types. 

fn the case of the tank-engine the option is given of 
adopting either the original 4 ft. 8} in. diameter boiler 
of the 4-4-0 and 0-6-0 type engines, or, in the case of roads 
which are able to carry the additional weight, a larger 
boiler, 5 ft. 1} in. in diameter. Figs. 6, 7, and 8 show the 
smaller boiler. 

The several parts of the 4-4-2 and 4-6-0 type heavy 

nger engines are interchangeable so far as the 
ifferences in the main design, due to the different wheel- 
diameters of the two types, will allow, and certain details 
also duplicate with the corresponding parts of the earlier 
4-4-0 type passenger engines and 0-6-0 type goods 
engines. 
he 2-8-0 type heavy goods engines have parts common 
to the other standard engines for the 5-ft. 6-in. gauge. 
They are provided with leading two-wheeled trucks and 
compensating spring-gear. 

The heavy passenger and goods engines have outside 
cylinders and balanced slide-valves, and in their case the 
option is given of adopting either Stephenson valve-gear 
and valves inside the frame, or an outside type of valve- 
gear with the valves above the cylinders. The illustra- 
tions show the latter arrangement, which has been most 
generally adopted. The 2-6-4 type tank-engine is, in effect, 
the earlier inside cylinder 0-6-0 type goods engine re- 
designed in the form of a tank-engine, with the addition 
of a pair of leading radial axle-box wheels, and a trailing 


* The choice of a larger alternative boiler has since been 
allowed in the case of the 4-4-0 and 0-6-0 type engines as 
described hereafter. 

+ The 4-8-0 type engine has since been re-designed with 
a shorter wheel-base as described hereafter. Figs. 47 to 49 
show the later design. 

t It may here be noted that it has since been decided, 
as descri hereafter, not to perpetuate the 2-8-0 type 
engine designed with 5 ft. 14 in. wheels, in accordance 
with instructions received from India. 


bogie and bunker, so that the details of the two types 
duplicate to a very great extent; as already stated, a 
choice of two boilers is provided. 

An Additional Type: Metre Gauge (1910).—In 1909, in 
view of a growing demand for a powerful tank-engine for 
metre-gauge lines, it was decided to add a 2-6-2 type tank- 
engine, Figs. 43 to 46, Plate LX XIII, to the standard 
types. In preparing the design, the interchangeability of 
parts so far as possible with the corresponding details of 
the existing metre-gauge standard engines has been kept 
in view. ‘The engine is provided with leading and 
trailing two-wheeled radial trucks. A diagram of the 
engine appears in Report No. 50. 

5-Ft. 6-In. Gauge 2-8-0 Types ; One Design only Retained 
(1910).—It was now decided that it was no longer neces. 
sary to perpetuate two designs for the .5-ft. 6 in. gauge 
2-8-0 type heavy goods engines. The engine was origin- 
ally designed with wheels 5 ft. 14 in. in diameter, in 
accordance with instructions received from India, but 
the Committee being of opinion that the wheel was 
unnecessarily large for engines of this type, at the same 
time designed the alternative engine with wheels 4 ft. 
84 in. in diameter, having tyres interchangeable with 
others in use in. India, the opportunity being also 
taken to reduce the fixed wheel-base, and to adopt a boiler 
interchangeable with other existing boilers in India. All 
the 2-8-0 type heavy goods engines subsequently sent to 
India having been of this latter design, it was decided 
to retain this engine only as the future standard for engines 
of this type. 

Metre-Gauge 4-8-0 Type; Whecl-Base Reduced (1910).— 
The 4-8-0 type metre-gauge heavy goods engine was 
originally designed with a longer wheel-base than the 
diameter of the coupled wheels required, in order to 
exceed as little as possible the Government loading-rules 
at the time in force, and it was now decided, in view of 
the ane revision of the rules in India, to adopt a 
shorter wheel-base. Plate LX XIII., Figs. 47 to 49, shows 
the engine modified accordingly, as was indicated in the 
footnote in the previous column. 

5-Ft. 6-In. Gauge, 4-4-0 and 0-6-0 Types; Alternative 
Boiler Allowed (1910).—The use of an alternative large 
boiler, 5 ft. 14 in. in diameter, originally allowed in the case 
of the 5-ft. 6-in. gauge 2-6-4 type tank-engines for roads 
able to carry the additional weight, was now extended to 
the 4-4-0 and 0-6-0 type engines. 

Summary of Types Adopted.—It will be seen from the 
foregoing particulars that up to the present time six prin- 
cipal types have been designed for the 5-ft. 6-in. gauge, 
three with inside and three with outside cvlinders, a choice 
of three tenders having different capacities being pro- 
vided for the three heaviest types, and that four outside 
cylinder types have been designed for metre-gauge lines. 
In all cases the boilers have been designed for a working 
pressure of 180 1b. per square inch, and in fixing the 
wheel diameters, due coneibeantion was given to the sizes 
of tyres already in use in India, with a view to duplica- 
tion with existing tyres, so far as was possible without 
prejudice to the new designs. 

The arrangement of details of the three 5-ft. 6-in. gauge 
inside-cylinder engines, comprising the 4-4-0, 0-6-0, and 
2-6-4 types, is on generally similar lines for the three 
types, and the drawings of the 4-4-0 type passenger 
engine, Figs. 21 and 22, Plate LX VIII., may be con- 
sidered as fairly representative of them in this respect. 


-| Similarly the drawings of the 4-4-2 type passenger engine, 


Figs. 31 and 32, Plate LX X., are generally illustrative of 
the arrangement of details for the three 5-ft. 6-in. gauge 
outside cylinder engines, comprising the 4-4-2, 4-6-0, and 
2-8-0 types. The drawings of the metre-gauge, 4-6-0 type 
mixed traffic or goods engines, Figs. 41 and 42, Plate 
LXXIL., are, in like manner, representative of the general 
arrangement of details for the four metre-gauge types. 
The designs described are intended to become standards 
throughout India. A considerable number of types are 
necessary owing to the variety of conditions to be met 
with in different parts of the country ; and doubtless the 
need for further types will arise in the future. It is, 
however, hoped that the designs described will for the 
present meet all ordinary requirements. ; 
Bridges and Permanent-Way.—On certain sections the 
strength of the bridges and permanent-way is below that 
required for the standard engines, and until these sections 
are brought up to the requisite strength it may be neces- 
sary, when new engines are required, either to repeat 
existing types having lighter axle-loads than those of the 
standard engines for use on those sections, or, as an alter- 
native course, to modify standard designs in such a way 
that lighter axle-loads are obtained, while retainin 
interchangeability of parts with those of the standa 
engines to the greatest extent possible in the circum- 
stances. It is, however, necessary in the interests of 
standardisation that new engines should, if possible, con- 
form to standard designs; and doubtless, if conditions 
| exist which prohibit the use of standard engines on 
| account of their weight, early opportunity will be taken 
| to improve them. 
| Possibilities of Locomotive Standardisation.—The extent 
'to which standardisation can with advantage be carried 
| and maintained, in the case of locomotive engines, is 0 
| importance and interest. Consideration will show that 
| a hard-and-fast limit cannot profitably be defined, but if 
certain main principles are generally recognised, am 
kept constantly in view by those responsible, there 1s n0 
doubt that much can be 5 fms towards the standardisa- 
| tion of types, component parts, and materials, whic 
| will benefit both railways and manufacturers. 5tan- 
dardisation, in the case of locomotives, clearly cannot be 
carried to extremes, and it cannot be too generally 
| recognised that it must not be allowed to check progress, 
lor to interfere with individual enterprise and invention. 
| A glance at the British locomotives of to-day, comp# 
| with those of only a few years ago, is sufficient tv show 
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the advances that are being made in locomotive design, 
and to demonstrate the obligation incumbent on all rail- 
ways to keep abreast of the times. Standardisation, as 
applied to locomotives, must therefore possess an elasti- 
city which will admit of progress, and must at the same 
time be sufficiently strict to prevent unnecessary depart- 
tures from recognised standards. It can, however, 
scarcely ba expected thit alterations which are not of 
such a character as to constitute substantial departures 
from accepted standards, or to interfere with the inter- 
changeability of parts, can be altogether avoided, as 
experience in actual working, under the varied conditions 
which obtain in different parts of India, is certain from 
time to time to suggest the need of improvements. 

It will be recognised that unremitting vigilance on the 
part of the railway authorities in India, their consulting 
engineers at home, and of the manufacturers, is necessary to 
guard against unauthorised departures from standards, 
and that specifications and designs must be periodically 
revised, if standardisation as applied to locomotives is 
to be a success. In this connection it is satisfactory to 
note that the Engineering Standards Committee have 
acceded to a request made by the authorities in India— 
that the Locomotive Committee, on which the consulti 
engineers in England for Indian railways and the Britis 
manufacturers are largely represented, should form a 
permanent advisory body on matters relating to standard 
engines, and that specifications and designs will be from 
time to time revised and brought up to date. In the 
interests of standardisation it 1s necessary that altera- 
tions to details should not be made without due con- 
sideration of their full effect ; a small alteration may 
easily result in far-reaching complications. To take a 





all types; their position, and the arrangement and types 
- valve-gears for the different classes, have already n 
escribed. 


mentioned, are left to be settled specially to suit the con- 
ditions obtaining on individual railways; the forms of 
the blast-pipe, spark-arrester, grate, ash-pan, &c., are, for 
example, so largely dependent upon the class and quality 
of the fuel used, of which there are many varieties in 
India, that experiments during actual working form the 
best guide to the most suitable designs for these details. 

Standardisation of Specifications for Matcrials.—Sub- 
stantial progress has been made in the standardisation of 
specifications for materials used in the construction of 
Jocomotives, and British standard specifications have been 
prepared by the Engineering Standards Committee for 
axles, tyres, springs, steel forgings and blooms, steel 
castings, copper plates and rods, brass and copper boiler- 
tubes, copper-pipes, a and sections, bars and 
rivets for boilers, and steel-plates and sections, bars and 
rivets for engine and tender frame and tank work, &c. 
These specifications are contained in publication No. 24, 
revised June, 1907, already referred to. A British 
Standard specification for wrought iron has also been 
issued in publication No. 51, dated August, 1910, as 
stated above. An important feature is the standardisa- 
tion not only of the tests, but of the forms of test-pieces, 
with the object of obtaining results which are com- 
parable. 

Standard Locomotive Practice as followed on the State 
Railways, &c.—A few remarks on standard locomotive 
practice, as followed, for example, by the State and other 
Indian railways within the author’s personal observation, 
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simple example, an additional wash-out plug, placed to 
suit one particular class of engine, without reference to 
other types, might easily be found to be inaccessible in 
the event of the boiler baing interchanged with that of 
one of the other types, or even seriously to interfere with 
the change. It is necessary, therefore, that alterations, 
when contemplated, should be considered not only with 
reference to a particular type of engine, but also with due 
regard to the other types in which the details which it is 
proposed to alter are Viable to be used, in order to ensure 
that interchangeability is maintained. ; 
_ Again, one of the advantages sought in standardisation 
is to obtain rapidity and cheapness of production by 
repetition work in the workshops, and proposed modifica- 
tions which might involve alterations to pagel 
terns, tools, dies, templates, &c., should be looked at 
from this point of view. It is usually the case, when an 
alteration is under consideration, that there is more than 
one method of attaining the results desired, although the 
alternatives may not at first sight be equally obvious ; 
and it is therefore desirable, when any modifications of 
standard details are proposed by the railway authorities, 
not only that the alteration contemplated should be stated, 
but that the reasons, or experience in working, which have 
given rise to the proposals should be made clear, to enable 
the home authorities to deal with the matter in the best 
interests of standardisation. There are, it need scarcely 
be observed, many details which will admit of modifica- 
tion without prejudice to standardisation in its accepted 
Sense; it may be desired, for example, to vary certain 
removable, self-contained fittings, such as boiler mount- 
ings, and there would seem to be no objection to this, 
pre a flanges are unaltered, and boiler-seatings remain 
standards, 
. Some Features of Design.—Among the more important 
features of the designs of the standard engines, the Bel- 
apd! of fire-box, which is universally adopted, may 
© mentioned ; until comparatively ever. 3 this type has 
not been widely used in India, but with increasing pres- 
-~ es and longer fire-boxes, the weight of roof-bars would 
‘ave Become excessive, and the Belpaire system of direct 
Staying, which gives more steam and water space than 
1s obtainable with the round-topped roof-bar type, and a 
large area at the water-line, was therefore adopted. The 
hre-boxes are of copper, the water-space stays of copper 
or other approved material, and the material for boiler 








may be of interest, although it is not proposed to deal 
with the matter in this paper in very great detail. The 
British Standard specifications for materials used in the 
construction of engines, contained, so far as issued up to 
the present time, in publication No. 24, revised June, 
1907, and No. 51, dated August, 1910, referred to elsewhere, 
provide for the whole of the steel and copper used in the 
construction of the engines and tenders, for brass boiler- 
tubes, and wrought iron, and further specifications are 
under consideration. The materials used in the construc- 


tion of engines and tenders for the State Railways are | 


required to comply with the British Standard specifica- 
tions which relate to them, and with such other require- 
ments as ma necessary. In the case of materials for 
which British Standard specifications have not yet been 
issued, Indian State Railway specifications are followed. 

The steel used in the construction of the engines and 
tenders is made by the open-hearth process; in some 
instances, asin the case of steel used in the construction 
of boilers, axles, tyres, and certain other details, steel made 
by the acid open-hearth process is used in preference to 
steel made by the basic open-hearth process. Steel details 
are, practically without exception, made without weld. 
Generally, steel is used in preference to iron, but for a 
few purts—for example, Gav-eue, foundation-rings, 
&c.—iron is employed. 

Tron forgings are made from the British Standard grades 
of waa iron, to suit the purposes for which they are 
required. Materials are subjected to tensile, bending, 
forge, and other mechanical tests, and are subject to 
analysis. 

Case-hardened details are generally made of open- 
hearth steel of a suitable quality for case-hardening pur- 
poses, but iron is also in certain cases. Steel having 
a maximum tensile strength of 27 tons per square inch, 
with a minimum ——. of 25 per cent. on British 
standard test-piece ‘‘D,” is used for motion and other 
work which it is desired to case-harden ; steel of a higher 
tensile strength than this cannot always be relied upon to 
give satisfactory results in case-hardening. ; 

Boilers.—The fire-boxes are of copper, hand riveted, 
and stayed with direct roof-stays on the Belpaire system ; 
water-space stays are usually of copper, and boiler-tu 
of brass, beaded, and fitted at the fire-box end with steel 
ferrules. The boiler-shells and the other parts of the 
boilers, with the exception of the foundation-rings, which 


tubes isleft open. Balanced slide-valves are employed in’ are of iron, are of steel made by the acid open-hearth 








Certain parts of the designs, among which | 
the smoke-box arrangement, chimney, grate, &c., may be | 





TABLE 1.—British Standard Tensile Tests. 
(The Engineering Standards Committee's Pubiication No. 24.) 











== 
Fecentoge of| Bad 
Details and Materials. Lm yey | Hi 
Strength. Standard | 52% 
Test-Piece. | S3e 
Steel. tons per sq. in. 
Crank-axles* és - | 30 min. 25 min. 
Crank-axles (oil-hardened)| 35 20, ‘| 
‘ (35 with) 25 ,, i\Derc 
Straight axles* “Hy to | 
40 ” 20 ,, 
j 56 ” 10 ,, |) 

Tyres .. +14 to 0 

lez £ os 

Steel forgings (including | 
motion work), uiring, } 27 max. ew | 
to be case-harden: . } | 

Other steel ordinary forg- ) .- ith | . 
ings (including “ boiler) |"? - «@ 
forgings, &c.), which will (‘9 -_ 
not be case-hardened .. | os aa | wo» 

Connecting-rods, connect- | 
ing-rod straps and bolts, 
coupling - rods, cross-| | 32 oe 3 » 
heads, crank-pins, eccen-| ‘to 
tric cranks, and bogie in-| | 37 “ah 2 « 
verted spring carrier-bars 
or pins ob pa -s 

Slide - bars, piston - rods, | 
cotters for cross-headsand | -Dorc 
connecting-rod ends, axle- } 
box guide-wedges, gud- 
geon-pins, bushes for | 40 e 2 » 
coupling-rod knuckle-| >to | 
joints, reversing screws) | 45 ” 15 , 
and nuts, sliding-tops and } | 
internal bearing liners for | | 
tender axle-boxes, crank- | | 
pin nate, &e. «a Sa } 

Steel blooms for forgings . , 
monk Nd somes As above, ae 

’ -piece 
taken from section Suse ~ purpose | Lie te aor 
down to represent section wed — be ‘red - 
of forging) ws te .|4 oe = 

Steel plates, sections, and )\,. 7 © ant 
bars for boilers .. . } 26 to 82 £23 min. 

Steel plates, { in. thick ( DD « Aand 
and over, sections and | 98 to 32 (16 min. for B 
bars ,'; in. thick and over; | ” ins under 
except for boilerst i in. thick) 

Bars for rivets - .- 26030 25 min. 

Steel castings with wearing 
faces .. - ne .. 85 min, 10 ,, 

Steel —~ ~ other than Dorc 
above, including wheel 726 ,, 1 ,, 
centres ee oe J | 

a ag 
Copper fire-box plates M4 ,, | ww « A 
Copper rods for stays, &c. 14 ,, 40 ,, B 


* Yield-point in the case of crank and straight axles not less 
than 50 per cent. of the ultimate tensile strength. 
+ For material under ,’, in. thick, bend tests only are required. 
TABLE II.—British Standard Tensile Test. 
(The Engineering Standards Committee’s Publication No. 61.) 





| 
Tensile Test Requirements of | Name of 
British Standard Specification. | British 








Materials. For Particulars see Publication’ Standard 

No. 51. test-piece. 

‘Wrought Iron. oF op ee se 
“Best Yorkshire”) Yield-point, ultimate tensile AB 
iron bars, flats, strength, elongation, and and F 


and sections contraction of area 
“Best Yorkshire” | |Ultimate tensile strength and 
iron plates elongation 
Grade A: 
Wrought-iron bars, | Ultimate tensile strength, elon- 
flats, and sections/ | gation, andcontraction of area 
jrade B: 
Wrought-iron bars, | Ultimate tensile strength, elon- | A, B, 
flats, and sections/| gation,andcontractionofarea | and F 
Grade Cc: 
py a eagren \ ae a tensile strength and 
plates jf, e ongation 


} a 


> | 
} 





Tasie III.—Jndian State Railway Tests. 











Materials. Tests. 








Engine axle-box! Ultimate tensile strength not less than 24 tons 
metal (special, per square inch, with elongation from 10 to 20 
alloy). r cent. on test-piece D. 

Cast iron (cylin- Ultimate tensile strength not less than 12 tons 
der metal) per square inch on test-piece, turned down at 

the centre portion to } square inch in sectional 
area. 

Bars 14 in. long by 2 in. by 1 in. cast on the 
cylinders and placed on edge on bearings 12 in. 
apart, to withstand a | of 90 cwt. at the 
centre, with a deflection of 0.06 in. 

Bars 42 in. long by 2 in. by 1 in. cast separately 
and placed on edge on bearings 36 in. apart, to 
withstand a load of 33 cwt. at the centre, with 
a deflection of 0.30 in. 


process; all holes are drilled, and hydraulic riveting is 
employed, the rivets being of steel. Steam domes are 
provided on the boiler barrels, and Ramsbottom safety- 
valves on the fire-boxes ; gun-metal stands are also placed 
on the fire-boxes for the whistles and other mountings, or 


bes | the safety-valve base-castings are in some cases utilised 
for the purpose, instead of providing separate stands. 
The grates are usually of the plain bar type, the fire-bars 
being carried by notched bearers, or if the quality of the 
fuel and the length of the fire-box render rocking grates 
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desirable, steam and hand-rocking gear is provided, 
hinged drop plates being fitted at the front end of the 
grate, wneked from the cab. With these grates it 
is usual to arrange doors in the bottoms of the ash- 
pans, worked from the cab, to facilitate — 
out at roadside stations. Spark-arresters are fit 
in the smoke-boxes, and the chimneys are of steel 
plate, or cast iron, continued downwards into the 
smoke-box, and bell-mouthed, or fitted with petticoat 
pipes, over the blast-pipes ; the blast-nozzles are seldom 
laced higher than the centre line of the boiler-barrel. 
Lee are placed below a level, with clack- 
boxes on the sides of the barrel, or with combined steam 
and delivery-valves on the fire-box back ; as an alterna- 
tive, combination injectors can be placed on the fire-box 
backs, on seatings which are also suitable for the com- 
bined steam and delivery-valves. Water connections 


LOAD DIAGRAM. 


Fig. 3. 
(BARREL I’ 


BOILER(OUTSIDE) {pipe g es 
BOILER (OUTSIDE) BA REL IO" x 


EBOX 7: 4¢x 
bK 
| @ @ 
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‘8%’ 
8s" 
14 
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$ 
4: 8's AT BOTTOM. 


5-FOOT 6-INCH GAUGE. (INSIDE CYLINDERS.) 


as required. The engine-cabs are provided with side 
sliding-shutters, and with doors in the front plate on 
each side of the fire-box ; the cab-roofs are double. The 
engi are fitted with cow-catchers; side buffers and 
independent draw-gears are employed for the 5-ft. 6-in.- 
gauge engines, and the ge and draw-gears are central 
and combined in the case of the metre-gauge engines. 
The engines are fitted with vacuum-brake ejectors and 
train-pipes, and either vacuum cylinders, or steam-brake 
cylinders with steam-valves in combination with the 
ejectors or independently placed, are provided as re- 





required by local conditions. Bogies are constructed 


connected by central stretchers of cast steel, designed to 
receive the cast-iron sliding-blocks, which are bored to 
receive the main cast-steel centre-pins ; laminated bear- | 
ing springs with adjustable links are provided, and the' 





Bonen(oursine) {SARREL IS 6-515. 


with the frames inside the wheels, stayed at the ends, and | grea 


SB en 


| expeditions to the Tochi Valley, Tirah, and elsewhere, - 


the summer of 1897, pointed to the necessity for more 
powerful engines, having larger boilers and increased 
tender capacities. e conditions under which engin»s 
are worked during a continued troop traffic in India ars 
very severe, involving much standing in steam in read. 
ness for emergency calls, long hours on the road, and 
little time for washing out and i In 1897 the 
mobilisation magne at high pressure, with a suddenness 
characteristic of the Indian frontier, and which mu:t, 
perhaps, be experienced to be Somenty appreciated, 
and the transfer of engine-power to the centres of the 
test activity at once me necessary. A desire 
to send military units forward as complete as possible 
mg op: Bey a few vehicles overload, which, 
in the absence of sufficiently powerful engines in a 
district characterised by heavy gradients and curves, 
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Fig.5 . METRE GAUGE {OUTSIDE CYLINDERS.) 
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between engines and tenders are usually made by india- 
rubber hose-pipes, with canvas and wire embedded in the 
rubber. The boilers are clothed with asbestos mattresses, 
or other approved non-conducting material. 

Engines.—The frames are of open-hearth steel, placed in 
all the designs inside the wheels. The axle-box guides are 
of cast steel, with high tensile steel wedges for adjustment 
in the case of the coupled wheels. The axle-boxes for these 
wheels are usually of bronze, white-metalled, or of cast 
steel or forged from steel or wrought iron case- ened, 
and fitted with white-metalled crown bearings. Bogie 
axle-boxes are of cast steel, with gun-metal bearings in 
the crowns, white-metalled ; the frames are connected 
by stretchers of steel plate or cast steel. Cylinders, 
balanced valves, and valve-gears are arranged as already 
described for the several types of standard engines. 
Wheel centres are of cast stee!, and the tyres have lips on 
the outsides, and are secured to the rims by studs. Con- 
necting - rods, ge, -rods, crossheads, crank - pins, 
eccentric cranks, slide-bars, piston-rods, gudgeon-pins, 
axle-box guide-w: reversing-screws, ey certain other 
details, named in the following table of tensile tests, 
which are not case-hardened, are forged without weld 
from steels made by the acid open-hearth process, of 
higher tensile strengths than employed for the motion 
work which is case-hardened in its working parts. The 
tensile strengths required of steels for different purposes 
are given in the table of tensile tests, page 615. Spri 
are of the underhung type, and are fitted with adjustable 


Sand-boxes are fitted with steam or hand-gear, | 
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bogie-slide is controlled 
by check-sprin 

Tenders. —The carry- 
ing capacities of the dif- 
ferent tenders are given 
in Figs. 3, 4, and 5.. The 
tenders are, when required, provided with cabs having side 
sliding-shutters and double roofs, and with light fuel fenc- 
ing designed either for coal or wood fuel. The wheels and 
axles are of similar materials to those of the engines; 
axle-box guides and axle-boxes are of cast iron, and the 
boxes are fitted with gun-metal bearings, white-metalled ; 
side-play is provided between the axle-boxes and guides 
of the centre wheels of the six-wheeled tenders, the boxes 
being provided with sliding-covers, and the frames are 
placed outside the wheels. The arrangement of brake- 
gear is generally as described for the engines, and is 
arra also to be worked by hand. The largest tenders, 
which have a capacity of 4500 gallons of water and 10 tons 
of coal, are mounted on two ies. 

Tables of tensile tests to which test-pieces taken from 
steel and iron and other details and materials are subjected 
have already been given. 

General Seerenllans and Conclusions. — Generally, it 
will be seen that the standard designs are characterised 
by simplicity, that the engines are powerful, and able to 
give a good account of themselves in heavy traffic. Ex- 
perience during the last troop traffic on a large scale on 











the Indian frontier, on the occasion of the several military 
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necessitated double-engine trains at a time when every 
engine was in request. In stress of traffic the advantage 
of working with engines having some reserve of power 
can scarcely be over-estimated ; the forcing of boilers, and 
consequent wear and tear, are saved, repairs are fewer, 
and the crippling effect of double-engine trains on the 
sources of engine power are thus avoided. During the 
pressure of traffic the need for large tenders was very 
marked in districts where surface water was conspicuous 
by its absence. The continued abnormal strain not m- 
frequently caused a shortage of water, often with —_ 
warning, in wells which formed the only source of supply 
on certain lengths of the line, and this necessitate¢ run- 
ning water-tanks to certain points at great inconvenience 
to traffic. With large tenders it is possible to a great 
extent to be independent not only of stations which ” 
short of water, but also of supplies which are bad for the 
boilers, a consideration of the first importance when there 
is little time for washing out and repairs. It is some 
times said that large tenders entail a good deal of unneces- 
sary haulage of coal and water, but it must gp 
bered that users have the option of ey | with sue 

tenders only partially filled, when light axle-loacs w@ 














Oct. 28, 1910. ] 


“ENGINEERING. 





617 





APPENDIX.—TABLE I.—5-F. 6-In. Gaver Locomorives. 
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desirable ; a little extra capacity adds but little to the 
weight of the tender itself. ere is also much to be said 
for large tenders where the water-trough system is not 
practicable. A ee 

As the number of engines of standard design increases 
in India, the rapid transfer of engine power from point to 
point in iangnel thiten; such as may occur during a sudden 
mobilisation of troops, will be facilitated. The standardi- 
sation of parts will enable the same spares to be stocked 
on districts widely removed from each other. With a 
multiplicity of locomotive types difficulties are sometimes 
cau when power has to be transferred to relieve 
pressure at different points, by the inability to provide 
engines of the class and power already in use on the dis- 
trict requiring them. The employment of two or more 
classes of engines of different power on the same train 
service is attended by disadvantages, and difficulties are 
increased if the engines transferred are of a class with 
which the staff is not previously acquainted. Engines 
transferred to meet sudden demands of traffic should be 
able immediately to take their turn on train services with 
other engines of the same class, and standardisation will, 
in time, no doubt, materially help in this direction. 

Up to the present time orders have been placed for 
some 841 standard engines for the 5 ft..6 in. gauge, and 
472 for the metre-gauge lines. The engines ordered 
include all types yet designed by the Engineering Stan- 
dards Committee. Reports from India show that some 
smal! alterations to details have been suggested by actual 
working, as is not unusual in the case of new designs, and 
that, generally, the engines are giving satisfaction. 

Since the question of locomotive standardisation for 
India first took definite form it will be seen that good 
progress has been made, and there is every reason to 
expect that the advantages derived from it in India will 
in the future become increasingly marked, with mutual 
benefit to both railways and manufacturers. 

In conclusion, the author’s thanks are due to the Engi- 
neering Standards Committee and to Messrs. Rendel and 
Robertson for the very kind assistance afforded him in 
the preparation of the paper. 








YOREIGN ENGINEERING PROJECTS. 
‘& give below a list of colonial and foreign engineering 
ects, tor several of which tenders are Further 
pariculars concerning same can be obtained from the Com- 
mc: ial Intelligence Branch, Board of Trade, 73, Basing- 
hall street, London, E.C. 

da: With reference to the proposed extension of 
the electric tramway service of fous the Imperial 
Tra:\v Correspondent at Toronto has forwarded a copy of 
& r’port, presented to the Toronto City Council on Sept- 
euler 1, on the existing traffic conditions in that city 
anc on the present tramway system, and containi 
recommendations -for the construction of a system o 
underground tramways, to be worked in conjunction with 
the present surface system. In this connection the corre- 
Sponcent reports, under date September 28, that the city 
&vthorities propose to construct street car lines in dis- 


pr 


railways within the city limits) refuses to serve. The 
length of the proposed line is 9.7 miles, of which 1} miles 
would be single track, and the cost of the work is esti- 
mated at 750,000 dols. (about 154,000/.). 

Spain: The Gaceta states that the estimate of about 
39,2002. for the dredging of the channel and bar of the 

rtof San Esteban de Pravia, submitted by the Direccién 

e Obras Piblicas de la Provincia de Oviedo, has been 
approved. 

Austria - Hungary: The Oesterreichischer Zentral- 
Anzeiger (Vienna) states that a committee, consisting of 
Herr Divis, of Prelouc (Bohemia), and others, has been 
appointed to consider steps for the construction of a light 
keen 15 miles long, between Chotebor and Tremosnice, 
at a cost of 2,800,000 kronen (116,700/.), and another light 
railway, 7 miles long, between Skalka and Vapenny 
Podol, at a cost of 1,560,000 kronen'(65,000/.). It also states 
that the Town Council of Reichenberg is seeking autho- 
risation from the Landtag to negotiate a loan of 17,400,000 
kronen (about 725,00/.). ‘This amount is to be devoted to 
various public works, including the installation of an 
electric-light and power-station, tramway construction, 
gas works, water supply extensions, sewage works, &c. 

Argentina: With reference to a call for tenders in con- 
nection with the projected extension of the Military Port 
ge Militar), which is situated near ia Blanca, 

.M. Consul at Buenos Aires reports that the scheme 

rovides for the execution of the following works :—(1) 

redging the entrance canal and the tidal basin; (2) 
building a wharf in the basin and two piers at its entrance ; 
(3) constructing a dry dock measuring 402.60 metres of 
actuai available length, divided into twosections of 183 m. 
each ; (4) constructing a pumping station for the dry dock, 
and installing machinery for generating electrical energy ; 
(5) buildin em workshops, offices, and dwelling houses 
for the staff ; (6) sanitary and other necessary works. At 

resent tenders are only invited for one section of the 

ry dock, and for the wharf in the tidal basin with the 
two corresponding piers. Tenders will be received by 
the Direccién General de Obras Hidraulicas, Ministerio 
de Obras Ptiblicas, Buenos Aires, up to December 15. 
The works may be completed within three or four years, 
and are to be fully ane ; among other things a 150- 
ton crane is to be provided. 

Ecuador : The Netherlands Handelsberichten notifies, on 
the authority of the Consul-General of Ecuador at Amster- 
dam, that tenders are invited by the Ministerio de Obras 
Piiblicas, Quito, for the construction of a railway, 73 
miles long, from the town of Ambato to the River 
Arajuno. The cost of the work is estimated at 6,242,690 
sucres (624,269/.). The line must be completed in four 
years. Tenders must reach the above-mentioned Minis- 
terio within 180 days from August 24. ; 

Brazil: Referring to the electrification of the Victoria- 
Diamantina Railway from Victoria to Itabira de Matto 
Dentro, the Diario Official publishes a decree, No. 8188, 
approving the plans and specifications for the above-men- 
tioned work. The cost of the work is estimated at 
52,687,000 milreis (about 3,950,000/.), and is to be defrayed, 
in accordance with the terms of a previous decree, from 
the receipts from the carriage of minerals. 





tri.'s which at present the Toronto Street Railway Com- 
pany (which has the exclusive privilege to work street 


Venezuela: The Bulletin Commercial (Brussels) states, 


on the authority of the Belgian Legation at A that 
a contract has been made between the Venezuelan is- 
lature and a private individual for the construction of a 
railway from the Orinoco to E) Callao, district of Roscio. 
The line will have a total length of about 150 miles. 





CATALOGUES. 

Air-Compressors for Starting a sos emg cata- 
logue section giving prices and parti of vertical, 
single - acting air-compressors, specially suitable for start- 
ing gas-engines, has come to hand from Messrs. F. W. 
Brackett and Co., Limited, Hythe Bridge Iron Works, 
Colchester. 

Vulcamised Fibre, Gutta-Percha, Ebonite, &c.—We have 
received from Messrs. Arthur Cort and Co., 3034, Camber- 
well-road, S.E., a circular stati ices of hard and 
flexible vulcanised-fibre sheets, = 9 bre rods and tubes, 
valves for air and circulating-pumps, brake-blocks, and 
other Prices are also stated for ebonite and 
vulcanite sheets, rods, and tubes; balata, gutta-percha, 
ans aeen belting ; and gutta-percha sheets, tubes, and 
sundries. 


Electrical Machinery.—Messrs. Wright and Wood- 
Limited, Century Works, Halifax, have sent us a price, 
list of motor-generators, rotary-transformers, and smal] 
rotary converters for supplying cinematograph ares, 
battery charging, boosting, X-ray, experimental and 
other work. The list gives particulars of motor gene- 
rators for omnes pe A qn current to a higher or 
lower voltage, and for transforming alternating to 
continuous current. Single-field rotary transformers for 
raising or lowering the pressure of a continuous current, 
without voltage regulation on the generator side, are also 
listed, as well as small rotary converters for producing a 
— alternating current from a continuous-current 
supply. 


Smoke-Prevention.—A circular which has reached us 
from Smoke Consumption, Limited, 120, Fenchurch- 
street, E.C., illustrates and describes the ‘‘ Caloriser” for 
at ang Eee oagy meme in Cornish, Lancashire, and 
similar boilers. e invention consists in lining the 
boiler-flue for a short distance immediately behind the 
hea ay with special tiles, which are rendered incandescent 
by the furnace, and thus prevent the comparatively cool 
boiler-plates from lowering the temperature of the gases 
until combustion has been completed. The circular in- 
cludes the results of trials made on a Cornish boiler fitted 
with the ‘‘Oaloriser,” and these show a saving in fuel of 
13 per cent. With the apparatus in use the av co, 
in the flue-gases for a period of 12 hours was 13.5 per 
cent., whereas before fitting the ‘* Caloriser” an average 
of only 7.2 per cent. was recorded with the same fuel. 
Another circular from this firm relates to the prevention 
of smoke from domestic fires, and illustrates a grate con- 
structed in such a manner that fresh fuel can be intro- 
duced at the bottom of the fire, so that the smoke evolved 
is consumed in | ing through the incandescent fuel. A 
third circular illustrates a device for automatically regu- 
lating the supply of air to boiler furnaces. 


Electric Motors for Cranes.—The Phenix D C) 
Manufacturing Company, Limited, of Thornbu orks, 
Bradford, ‘have sent usa copy of a pamphlet they have 
issued relating to the rating of electric-motors for 
intermittent work. It is pointed out that the usual half- 
hour test of crane motors is unsatisfactory, as, in the case 
of asi machine, a higher temperature is attained on 
test than would probably be reached under working con- 
ditions, and the motor is consequently underrated. 
machines having a greater heat capacity do not reach 
their working temperature in a half-hour full-load run, so 
that if rated on the results of this test, may not be equal 
to their ordinary work, and down in consequence. 
To get over these difficulties in the new line of crane- 
motors of this firm, the machines are tested with reduced 
current and voltage for a og extending over four to 
six hours, according to the size of the machine. As a 
result of experiments and investigation the most satisfac- 
tory test-load is found to be the normal full-load multi- 
plied by the square root of the load-factor under which 
the machine is intended to work. Thus a machine for a 
load-factor of one-half would be tested at 0.707 of its full 
load current and voltage. This test, of course, only de- 
termines the heating of the motor under working con- 
ditions ; it must be tested at full load and overload to 
ascertain its other qualities. 








ELEcTROLYSING Fusep Matre.—In a communication 
— to the Pittsburg meeting of the American 
tlectro-Chemical Society in May last, Mr. E. M. Chance 
proposed directly to electrolyse the fused matte or 
speiss, instead of casting anodes, which, owing to their 
want of homogeneity, are apt to disin te. His 
experiments were made on a very small e, however, 
with a fire-clay crucible, through the bottom of which 
the wire anode entered; the cathode was a rod of steel or 
carbon. The matte—50 per cent. of copper, 24 per cent. 
of iron, and 26 per cent. of sulphur, e.g.—filled the conical 
bottom of the crucible ; over it he placed sodium meta- 
silicate as electrolyte. When the materials were fused in 
a gas furnace, the current of four accumulator-cells was 
turned on. Pure copper was deposited ; at higher electro- 
motive force an alloy of iron and copper was obtained ; 
the sulphur, and in other experiments the antimony, 
seemed to be all volatilised. lorides were tried in t 
place of the metasilicate, but only. sodium chloride 
answered, for lead-silver alloys of lew melting-point. 
Nickel-copper matte was likewise treated with success. 





The electrometive force must not be high enough 
decompose the electrolyte, . ies 
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ELECTRICAL APPARATUS. 


8219/10. H. Leitner, Woking. Dynamos. [1 Fig.) 
July 31, 1909.—This invention relates to reversible variable-speed 
dynamos of the type described in Specification No. 17,847 of 1909, 
and which has subsidiary brushes, the field excitation and regu- 
lation being furnished wholly or mainly by the subsidiary brushes. 
According to the present invention, in lieu of providing indepen- 
dent main brushes and subsidiary brushes, use is made of broad 
brushes a, ) placed on the centre line or axis of the field flux, or 
given a movement on either side thereof; ¢ is a battery of 
accumulators. The broad brushes are the equivalent of the main 
and subsidiary brushes taken together, and by virtue of their 
width may be considered to be two brushes, one on each side of 
the centre line. This effect is enhanced when the brushes are 
actually allowed a rocking movement of small amplitude. The 
magnet system is arranged in such a manner that the pole-pieces 
embrace a larger angle than usual, or inter-pole projections are 
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made use of. In either case the result is that the current due to 
the short circuit produced by the broad brushes gives rise to a 
cross magnetic field in the tips of the pole-pieces, or in the polar 
projections. This cross magnetic field, in conjunction with the 
main field and the fleld generated by the main current taken by 
the external circuit, interacting on each other, furnish on load a 
constant electromotive force at the main brushes, apart from 
variations in speed, in a manner similar to that described in 
Specification No, 12,645, of 1905, of which the present invention 
may be regarded as a variant. When the direction of rotation 
changes, the cross-magnetic field produced as described above 
also changes, thus allowing the main current to flow in the same 
direction as previously. Instead of the broad brushes a, > being 
fixed upon the axis of the field flux, they may, when necessary, 
be given lead in either direction of rotation by mounting them 
upon a ball-bearing rocker, as in the case of the arrangements 
described in Specitication No. 17,847. (Sealed October 18, 1910.) 


18,221/09. M. B. Field and Ferranti, Limited, Hollin- 
wood. Electric Switches. [10 Figs.) August 6, 1909.—In 
the present invention, the construction is such that the current- 
carrying i are made of standard wrought-copper sections of 
high conductivity ; the manufacture is thus rendered cheaper and 
material and labour are sav The switch contacts are formed 
of parallel wrought-copper bars @ and), which may be split at the 
front end. These bars pass through slots inthe panel d, The two 
copper bars of thecontactsa or bare separated by asuitable metallic 
distance-piece e, and on either side are attached angle-pieces /, 
the whole being riveted together, and the angle-pieces employed 
for the purpose of attaching the whole to the panel. The movable 
member may consist of two copper pieces g and h, the former 
pivoted to the lower set of jaws », and provided with an 





operating-handle i, and the latter pivoted in a bracket & on the 
piece g, and also connected thereto by a spring /, thus forming 
a quick-break attachment. It will be seen that the current 
passes directly from the jaws in connection with the leads m on 
the back of the panel to the front of the panel without passing 
through surface contacts, except where such are used to connect 
the leads into the switch-bars @, and it may thence be transmitted 
through the switch-arm and the bars } to a cable-socket n by 
clamping the socket tightly to the bars between the contact- 

jeces at the back. Thus only a single-surface contact is required 
he re, and no bolt and nut contacts are — for carrying 
current, such bolts as are employed being for the purpose of 
btaini juisite pressure to ensure good contact. (Accepted 


4 the r 
August 17, 1910.) 

18,405/09. F. Hope-Jones, London. Electric Time- 
In {4 Figs.] August 10, 1909.—This invention relates 
to electric time-indicators. e dial movement is provided with 
a main wheel, having teeth nding in number with the 
desired periodicity. e wheel is driven by a click 6 pivoted upon 
a rocking armature lever 4, and engaging the wheel at an angle 
of about 135 deg. to the radial line, a momentum stop being fixed 
to the base-plate over the front end of the click. The back-stop 10 
is carried by a pivoted lever 7 just below the driving-click, and 
this lever carries a post or projection 9 upon its extreme end, 
which limits the backward motion of the armature lever 4. The 
driving-clock 6 is shaped on its under side in such a manner 








that when the back-stop lever 7 is lifted, a Jan sere thereon, such 
as the back-stop itself, en with the riving-click, and causes 


suction stroke of the engine the mixture inlet-valve is opened 
and closed at two almost constant points in the cycle, but the 





it to recede from the main wheel, which is then 
to revolve for the purpose of setting the dial to time either by a 
zeroiser or by hand. At the point where the armature lever 4 
comes into mechanical contact with the projection 9 on the back- 
stop lever it is shaped as at 14, so that it holds the back-stop 
securely into engagemant with the wheel, and by shaping the 


surfaces at a peaches an angle of 45 deg. to the direction of 
the motion of both these parts respectively at the point of contact, 
the lock may be continued practically throughout the cycle of 
movement, so that the main wheel is never unlocked, and cannot 
possibly pass more than one tooth for one to-and fro movement 
of the armature, even though the hands of the clock are a“ 
to weather and external influences tending to push them back- 
wards or forwards during their motion. (Accepted August 17, 
1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


17,112/09. W. P. Gibbons and J. R. Masters, London, 
Gas-Retorts. (5 Figs.) July 22, 1909.—This invention relates 
to gas-retorts of the vertical type, and of the kind wherein the 
retorts of a setting are subdivided into groups, and the heating 
and secondary air-ducts are so arranged that one or more groups 
may be cut out and rendered accessible for repairs while the 
remainder in the setting remain in use, and the regenerator is 
subdivided into sections corresponding in size with the capacity 
of the respective groups of retorts with which they are associated, 
the secondary air required in the heating of each group of retorts 
being pre-heated in a separate section of the regenerator, sepa- 
sabely ed to the combustion-chamber of the corresponding group 
of retorts, and separately controlled by suitable dampers or 
valves, and it consists in improved arrangements according to 
which the producer for generating heating gases for the retorts is 
placed between the parallel rows of retorts and the heating gases 
are delivered to a central gas-duct extending between the two 
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rows. In the drawing each of the retorts a is shown as a double 
retort, the two members of which are placed back to back, as 
described in Specification No. 16,925, of 1909. These double retorts 
are divided into two groups on each side of the gas-producer b, 
one of six and the other of four, this arrangement being 
duplicated on the other side of the setting. Preferably the pro- 
ducer ) is placed between the parallel rows of retorts, and is 
double, the two producer furnaces being placed back to back, and 
each being provided with ports d, which can be closed by dampers 
so that either furnace ean be cut off for purposes of repair without 
shutting down the whole setting. The heating gases from the 
eee or producers pass to a central flue e, and thence through 

ucts f, controlled .by dampers, to the combustion-chambers 
between adjacent retorts, where they mix with the secondary 
air supply, which enters these chambers by the ducts A, and are 
burned, the burnt gases passing around the retorts, and thence by 
ducts through the regenerator, in which the secondary air supply 
is preheated, to the damper-controlled waste-gas flues. (Sealed 
October 13, 1910 ) 


1687/10. J. Marshall and C. 8S. Salfeld, Gains- 
In -Combustion En (3 Figs.) 

January 22, 1910.—According to this invention, the mixture 
inlet-valve and the gas-valve are under the control of a governor 
which causes the lift and the period of opening of the gas-valve 
to be reduced simultaneously with, but disproportionately to, 
the lift of the mixture inlet-valve, the period of opening of the 
mixture inlet-valve remaining almost constant. A is the mixture 
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inlet-valve to the cylinder, and B is the gas-valve. These valves 
are actua a cam D mounted upon a half-speed shaft E. 
Pivoted to the ket Gisa tant-motion lever H carrying a 
roller J operated by the cam D. Pivoted tothe same bracket G is 
a variable-motion lever L which receives a movement varying 
with the position of a roller M actuated by the governor. Actin 

in unison with the lever L is the lever N, the motion of which is 
transmitted to the stems oi the mixture inlet-valve A and the 
gas-valve B. The action of the gear is as follows :—At every 








t of lift is dependent upon the vertical position of the 
roller M, which in its turn is controlled by the governor. The 
amount of clearance between the gas-valve lever W and the stem 
of the gas-valve B is greater than that between the rolling-le\er 
P and lever Q ; consequently the valve B opens later and less, and 
closes earlier, than valve A, (Accepted August 17, 1910.) 


GUNS AND EXPLOSIVES. 


465/10. F. A. Bullivant and G. M. Selby, Londcn, 
Torpedo-Nets. (5 Figs.) January 7, 1910.—According to this 
invention, the torpedo-net 2 is provided with special eyes or 
grommets 1 at suitable distances a along it, near the upper 
edge, and a brail is led through each grommet and down uncer 
the net and up again, and to the brailing —_ One end of each 
brail 4 is connected to the net-shelf 6, and each brail is then 
carried over the top edge of the net 2, passed through the grom.- 
met 1 and down on the inner side and round the lower edge and 
up the outer side of the net, and through an eye 9 carried by a 
short length of rope. The erd of the brail is connected hy a 


Fig.2. 
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readily attachable and detachable connection to a brailing rope 12, 
which is led to a block 13 carried by the hand-railing 14 on the 
ship’s side. From the block 13 the brail rope 12 is led a sufficient 
distance along the side of the ship to enable brailing to be per- 
formed, and is spliced into or otherwise connected with the 
adjoining brail rope, which, in its turn, is carried a sufficient dis- 
tance and is spliced into the next brail rope, and so on until the 
brailing is arranged in convenient sets for handling by winches, 
it being therefore only necessary to lead a single rope on to the 
deck from which the nets are manipulated. (Accepted August 17, 


SHIPS AND NAUTICAL APPLIANCES. 


3382/10. C. D. Doxford, Sunderland. Ships. [1 /iy.) 
February il, 1910.—According to the present invention, in a 
so-called ‘‘single-deck vessel,” having a br.idge-deck or shelter- 
deck or awning-deck, and having wing tanks in the tween decks 
for bailast, there are constructed transversely-depressed marginal 
portions of the main deck at opposite sides thereof, so that the 
edges of the marginal portions of the deck are lower than the 
central part of the deck. It is an important feature of this inven- 
tion that each marginal portion is situated within the transverse 
limits of a wing-tank, and slants downwards from the inner limit 
of the wing-tank to the ship’s side at or about the load line, thus 
meeting the side by a junction which is not abrupt. Thus there 
is an inclined deck within the ballast spaces, and an ordinary 
camber deck in the space between the ballast-tanks. The results 
of this improved construction are a taving in the weight of frames, 
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beams, and supports, an improvement in the sea-going qualities 
of the vessel, a better distribution of the load in her, whether she 
is in ballast or in cargo, and an improvement in facilities afforded 
in the lower hold for trimming. e vessel has a shelter-deck, 
8.D., and wing-tanks, W.T., in the tween decks for ballast. Trans- 
versely -depressed marginal portions P of the main deck M.)., are 
each situated within the transverse limits of q wing-tank W.T. ; 
they slant down from the inner limit of the wing-tank to the 
ship’s side at or about the load-line L. The junctions between the 
vasgioal portions P and the shell S are at an oblique angle, 
the lower frame lengths F between L and the turn of the bilge 
at B are reduced ; so also is the span of the “‘ straight " portions 
of the main-deck beams. The chain line C indicates the level at 
which the marginal portions P of the main deck would be * tuated 
in vessels not constructed according to this invention. (4°""pt 
August 17, 1910.) 
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A Practical Manual on Sea-Water Distillation. Witha 

Description of the Necessary Machinery for the Process. 

By FRANK Normanpy, Barrister-at-Law. With 

numerous illustrations. London : Charles Griffin and 

Co. [Price 6s. net.] . 
THERE are some operations on shipboard which, 
though of considerable magnitude, become so much 
of routine that they escape attention, owing to the 
greater prominence given to the details connected 
with propulsion and locomotion. The process of 
distillation, in order to secure a sufficient supply 
of fresh water, is one of these, whose importance 
is at once apparent ; but the extent to which it is 
necessary to make provision may not be appreciated 
without such a guide as the book before us. Mr. 
Normandy states that for large ocean liners the 
usualdaily allowance of fresh water is from 3000 
to 5000 gallons, all of which is procured by distilla- 
tion. A first-class battleship in His Majesty’s 
service, with a crew of about 500 men, would be 
allowed 12 tons of fresh water per day, and to this 
must be added the amount required to replace the 
loss by leakage, due to the exhaust steam from the 
engine not being all returned to the boiler feed- 
tanks. This latter quantity is uncertain and vari- 
able, but 6 tonsa day for every 1000 indicated horse- 
power is a fair estimate of the loss on this account. 
Evidently the means of securing an unfailing supply 
of this prime necessity is a problem of grave import- 
ance; and, moreover, there must be ample oppor- 
tunity for the exercise of ingenuity to invent methods 
that shall work most economically. In this little 
book Mr. Normandy tells how the problem is 
solved. Besides economy, however, the distilla- 
tion must be carried out in a way that shall ensure 
absolutely pure water. Grease must not be allowed 
to contaminate the drinking-water ; mineral salts 
must not pass back to the boiler. A small amount 
of saline matter may be carried over with the 
steam, and not make the condensed water un- 
palatable, but the distilled water required for feed- 
ing water-tube boilers, or for use in connection with 
accumulators, must be absolutely pure. When the 
nitrate of silver test is used, there must not be any 
trace of any bluish tint or discoloration. In 
ordinary drinking-water white streaks, followed by 
a slightly clouded precipitate, may be permitted, 
and even approved ; but a far higher degree of 
freedom from salt is sought and attained by the 
distilling process. 

The theory of distillation, of course, presents no 
difficulties, and the nature and properties of steam 
necessarily apply to all types of apparatus, whether 
fuel is applied, or the agency of steam heat is em- 
ployed to raise the necessary temperature. Much, 
therefore, is set out here which may be found in 
treatises of general physics or on the management 
of steam boilers. Reddiness of reference, as well 
as completeness of treatment, may demand and 
justify this repetition ; but since an evaporator is 
simply a boiler worked by steam, the author might 
have assumed a little more elementary knowledge 
on the part of his readers. In all practical matters, 
however, we have to acknowledge the hand of a 
master, and his cautious advice and experience will 
ort agama by those who are connected with the 
industry. 

The more interesting portion is that devoted to 
multiple distillation and the extent to which the 
practice can be carried. A single operation, in- 
volving vaporisation and liquefaction, by which sea- 
water is converted first into steam, and the steam 
condensed into pure water, is that which occurs 
most readily on a superficial consideration of the 
subject. But in multiple distillation, a variation 
more generally adopted on land than on sea, greater 
economy is sought, and more ingenuity displayed, 
by linking up a series of distillations in which a 
succession of evaporators is introduced between the 
boiler, where the initial steam is produced, and 
the condenser, where the steam finally appears as 
pure water. In steamships, where the steam is 
taken from the boiler, two evaporations are involved, 
and the process is known as double distillation. 
But evidently the heat obtained by a primary 
distil! ‘tion can be further utilised, since the 
‘eam, in condensing, emits the same amount 
of heat as it absorbed, and if there were no loss of 
heat, multiple distillation might be carried on 
analy But other considerations limit this 
. topian scheme. In the first place, the cost of the 
Pparatus increases very considerably with the 








addition of each successive distillation, and a still 
further objection, as can readily be seen, is the 
necessity of increasing the pressure of the primary 
steam, or diminishing the final pressure, Secnen 
the most efticient working demands the same 
difference in temperature between that of the 
steam inside the evaporator coils and of the water 
outside such coils. With some care the author 
works out the economy effected by each successive 
distillation. He finds the progressive gain to be 
80 per cent. of that of each preceding distillation. 
That is to say, ifa distillation gave a result of 10 
tons of water, the next will give 8 tons, the third 
6.4 tons, and so on—a sufficiently rapidly-diminish- 
ing series. In employing a large plant under 
favourable conditions it is suggested that a quad- 
ruple distilling apparatus, capable of producing 30 
tons of water to the ton of coal, will be found to 
be a practical limit of economy and efficiency. 
‘* Beyond this point the actual return for the 
outlay is a doubtful advantage.” 

The process is not complete with the condensa- 
tion. If the water is to be made potable, the air 
that was removed by boiling must be restored, and 
the water further filtered through animal charcoal, 
in order to be rendered palatable. Four cubic feet 
of charcoal per ton of water filtered per hour is the 
minimum quantity recommended. The chemical 
action of the charcoal does not seem to be com- 
pletely understood. The action is supposed to be 
catalytic, oxidising the trace of gaseous organic 
matter passing over with the steam. In this con- 
nection the possibility of employing ozone is dis- 
cussed, but the plan does not seem to have reached 
a practical stage. 

Mr. Normandy states that he knows of no book 
that deals with this subject of distillation in an 
exhaustive manner. In that case this work must 
fill a decided gap in technical literature. 





The Theory of Structures. By R. I. Woops, M.E., 
M. Inst. C.E., Fellow and formerly Assistant Pro- 
fessor of Engineering, Royal Indian Engineering Col- 
lege, Cooper’s Hill. 276 157 illustrations. 
London : Edward Arnold. [Price 10s. 6d. net. ] 

TRUE to its title, this book opens with a considera- 
tion of compound and principal stresses on a purely 
theoretical basis, passing to the application of the 
principles stated to the case of earth pressures, 
treated in considerable detail. Eccentric loading 
and the variation of stresses resulting, stability of 
masonry structures, including dams, next claim 
attention. The author then proceeds to deal with 
framed construction, first touching upon selected 
methods of determining the working stress, follow- 
ing which is given the process of determining 
stresses in girders by coefficients and by moments 
as applied to parallel flanged and parabolic girders. 
Girders having curved-top booms other than para- 
bolic are treated in some detail, and a method of 
ascertaining by graphic construction the maximum 
live load stresses for concentrated wheel loads is 
explained, which first appeared in an earlier work 
of the author, ‘‘The Strength and Elasticity of 
Structural Members,” the process being illustrated 
by application to a particular case. Wind and 
portal bracing and steel trestles are also dealt 
with, the writer then passing to the consideration 
of continuous girders, first stating the essential 
conditions which underlie the determination of the 
problem by the theorem of three moments, which 
follows. 

Cantilever girders, suspension and _ stiffening 
girders, are then treated succinctly, the author 
next dealing with riveted joints, with respect to 
which it may be noted that no method is given of 
deciding the safe diagonal proximity of zig-zag 
rivets, orany word of warning with respect thereto. 
Plate girders are touched upon, but without 
any attempt to settle the question of web thick- 
ness, or stiffener proportioning by any reasonable 
method, a peculiarity somewhat surprising in a book 
dealing with some other questions in considerable 
detail. A chapter on columns and struts gives a 
fairly concise account of the principal formule in 
use, with examples of their application. Some 
little space is devoted to the treatment of arched 
ribs and trussed arches, exclusive of the hingeless 
arch (which it is true is seldom adopted), with 
worked examples. The last thirty pages of the 
book relate to reinforced concrete, giving methods 
of calculation for beams, for a straight line and for a 
parabolic distribution of stress in the concrete, treat- 
ing also of double reinforcement, and of columns 
having longitudinal rods, including the case of 


non-axial loads. The calculation of such columns, 
though that usually given, cannot be regarded as 
satisfactory. Numerous experiments on plain 
and reinforced compression members show clearly 
by the very divergent results, in which some- 
times one and sometimes the other offers the 
greater resistance, that the problem is by no 
means so simple as it is assumed to be. The 
tendency of the rods to cripple and burst the 
concrete must make the area and position of the 
rods a matter of great importance. If the stec!, as 
is commonly the case, has no appreciable flexural 
stiffness, the concrete, to supply that deficiency, is 
called upon to do much more than take its own 
proper share of compressive stress alone. 

An example of the design of a retaining-wall, 
with back counterforts and a st*“ening coping at 
the top, treats the earth pressu.e as transferred 
wholly in a horizontal direction to the counterforts, 
instead of part in this direction and part vertically. 
Vertical rods are shown, but are said to be for 
settlement stresses only. The foundation slab 
between counterforts, upon which the earth rests 
to secure stability, is not calculated, though it is as 
important as any part of the structure. 

e book will appeal to readers mathematically 
inclined, though, as demonstrations are generally 
wanting, not wholly to their satisfaction. There is 
very little explanatory matter, so that the intelli- 
gent reader needs to be particularly intelligent, or 
to have extraneous assistance, to grasp some of 
the = stated ; numerous worked examples 
are, however, a helpful feature. The treatment is 
somewhat unequal, the matter of earth pressures, 
for instance, which in practice is largely dealt with 
by other than mathematical methods, is treated as 
a question of figures simply. Web-plate girders, 
admittedly not amenable to any strict treatment, 
might yet have been dealt with a little more fully. 

The hesitation which is frequently observable in 
treatises of this kind to any serious handling of 
such matters as the proportioning of webs and 
stiffeners of plate-girders, is, perhaps, accounted 
for by the dislike of mathematical writers to any 
form of empiricism, even when there is nothing 
better to offer ; but this dislike is not entirely con- 
sistent in its manifestations, for we have at times 
an empiricism of the study which is even more open 
to question than the empiricism of practice. 

The book is well got up, and the diagrams clear. 
A very complete table of contents seems to render 
the want of an index no great disadvantage. 





Recent Cotton-Mill Construction and Enginecring. By the 
late JosepH Nasmitu, M.I. Mech. E., &c., and FRANK 
NasmitH. Manchester: John Heywood, Limited. 
Third Edition. [Price 6s. net.] 

Tus book deals in a general way with the con- 

struction of cotton mills, their heating, ventilating, 

power supply, &c, and is addressed to mill 

managers or owners, rather than to architects or 

engineers. The fact that a third edition has been 
found necessary is evidence that the book has 
proved of value. The greater part of the matter 
has been re-written for the new edition, while 
additional chapters have been added dealing with 
recent developments. The earlier chapters deal in 
an adequate way with the lay-out and construction 
of mills, good descriptions being given of the 
various fire-proof flooring systems in use. One 
section deals with reinforced-concrete construc- 
tion, and the necessity for good workmanship 
and material in this class of work is insisted on; 
while it is pointed out that its suitability for any 
particular case may be entirely vitiated by build- 
ing bye-laws which have been drawn up without 
any reference to its use. Examples of European 
and American mills are quoted, in addition to 

English cases, to illustrate various methods of con- 

struction. 

The chapter dealing with electric driving will be 
read with interest. It is stated that ‘‘ anyone who 
has carefully followed the subject must have come, 
however reluctantly, to the conclusion that elec- 
tricity will be largely adopted as the motive power 
for the textile industries in the near future.” This 
sentence will probably be read with satisfaction 
by all connected with the electrical manufacturing 
industry. The statement occurs at the beginning 
of the chapter, but it cannot be said that the 
details and results of the various plants which 
follow make out any very strong case for conver- 
sion. Apparently little, or nothing, can be saved 
in running costs with electric working, and for the 





moment the chief advantage appears to lie in 
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increased output and improved quality, as a result 
of a steadier drive. In the case of old mills, im- 
provement in lighting would sometimes follow the 
removal of a good deal of the line-shafting. 

There are signs of some carelessness in the pro- 
duction of the book. It contains a number of 
absurd misprints— ‘‘caused,” for ‘‘ carried ;” 
‘*hole,” for ‘‘ whole ;” *‘ coal,” for ‘‘cold;” ‘* it 
is atic,” for ‘‘ automatic,” &c.—while the intro- 
ductory paragraph to Chapter XV. would appear 
to belong to Chapter XVII. Figs. 40 and 41 are 
upside down. 


Submarines of the World’s Navies. By CHARLES W. 
Domvitie-Firr. London: Francis Griffith, 34, Golden- 
lane, Strand, W.C. [Price 21s. net. ] 

THE title-page of this book is imposing, as the 

names are given of five contributors whose informa- 

tion and opinions on the submarine question would 
be of great value. We find, however, on turning 
to the section of the book in which these con- 
tributions appear, that they scarcely merit the 
importance thus given to them. Indeed, the 
suspicion is aroused that the names of the authors 
have been included in order to influence the 
sale of the book. This, it is true, is a legitimate 
object, but we find that Sir Trevor Dawson’s con- 
tributions are taken from a paper read at the 

Institution of Mechanical Engineers nine years 

ago. Admiral Sir J. O. Hopkins, G.C.B., has a 

page ‘‘ contribution” which co a suspicious like- 

ness to one of those colourless speeches made upon 
the reading of a paper. Sir Cyprian Bridge’s con- 
tribution is only a page and a quarter in length, 
and certainly does not add to our knowledge of the 
subject. Mr. L. Bertin has half a page, in which 
he refers to the work done in 1895, and remarks 
that he is not familiar.with the successive steps 
which have been taken in the general progress. 

Captain Edgar Lees, R.N., confines his attention 

to the importance of air-heaters in torpedoes. The 

contribution by Mr. Lawrence Y. Spear, formerly 

Naval Constructor in the United States Navy, which 

is the longest of the series, is taken from Harper's 

Weekly, by kind permission of Messrs. Harper 

Brothers. These facts speak for themselves. 
Regarding the other part of the book, there are 

several contributions af icieee, the progress of 

the submarine in each country being reviewed at 
some length. Lists are given of the submarine 
fleets of the various Powers. It is doubtful, how- 
ever, whether there is justification for a separate 
volume on the subject, especially as this compilation 
work is so admirably done in existing naval annuals. 

The book is well printed, and there are many 

fine illustrations, but the appropriateness of some 

of these illustrations is open to question. We have, 
for instance, views of a ship leaving the ways, and 
the launching-cradle of a ship, to show respectively 

‘*the unprotected area of a battleship hull below 

the water-line,” and ‘‘ what would have to be 

armoured to withstand mine or torpedo explosions.” 

A view of H.M.S. Triumph is given as the ‘‘ prey 

of the submarine.” Again, the illustrations are 

put in without much regard to the suitability of 
their position relative to the articles. 


Dic Dampfmaschine (cinschliesslich der Dampfturbine) und 
Gas- und Oelmaschinen. Von Dr. JOHN Prany. Auto- 
risierte, erweiterte deutsche Bearbeitung von Dr.- 
Ing. HerMANN Mevtu. Bauinspektor, Mitglied der 
Kgl. Wiirttemberg. Zentralstelle fiir Gewerbe und 
Handel in Stuttgart. Leipzig and Berlin: B. G. 
Teubner. [Price 22 marks.] 

A aoop friend, Professor John Perry’s ‘‘ Steam- 

Engine and Gas and Oil-Engines,” of 1899, appears 

here in the new garb of an enlarged German ver- 

sion, which includes steam-turbines. Dr. Meuth has 

been a loyal translator. Professor Perry writes a 

good deal in the first person, and when we meet 

with “I” and ‘‘my” in the German edition it is 
he who speaks, and not Dr. Meuth. The general 
arrangement, the division into chapters and num- 
bered sections, and the numerous practical ex- 
amples have all been retained. Though some 
remarks of Professor Perry’s as to most recent 
experiences have naturally been omitted or replaced 
by references to subsequent researches, the German 
reader will feel the personal influence of Pro- 
fessor Perry’s vigorous exposition as much almost 
as the student of the British work. British 
measures have, of course, been converted into 
metric measures, and notes on favourite types of 

British constructions and on British practice are 

supplemented by comments on German practice. 

But on the whole the work reads like a second 





enlarged edition of a thoroughly practical text-book 
on steam-engines, conscientiously brought up to 
date so far as the frame of a general treatise per- 
mits. The development of caloric engines in Ger- 
many during the last ten years has received special 
attention. The chapters on hypothetical diagrams 
for compound engines, on superheated steam, and 
on the steam-turbine are new additions; and the 
chapters on steam distribution, governing, heat 
and temperature, thermodynamics of gases, pro- 
rties of steam, and on cyclic thermal processes, 
ave been re-written. We notice references to our 
own columns of 1909 in these altered sections. The 
table of contents is far more elaborate than in the 
original, but the want of an alphabetical index is, 
all the same, much to be regretted. By condensing 
some sections, and by substituting new types for 
some older diagrams, Dr. Meuth has managed not 
to exceed the compass of the original much in this 
volume of 707 pages, illustrated by 350 text-figures. 
Perry-Meuth’s ‘‘Steam-Engines” should become 
as popular as Perry’s has been. 
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THE WHITE STAR LINER “OLYMPIC.” 
(Continued from page 572.) 

Wr continue on the two-page plates LXXIV. 
and LXXV. our series of illustrations of the White 
Star Liner Olympic. The drawings reproduced are 
a longitudinal section and plan of the main engine- 
rooms showing the general arrangement of the com- 
bined reciprocating and turbine engines and the 
auxiliary machinery. The illustrations now given 
should be read in conjunction with the article which 
we published in our issue of October 21 last (see 
page 564 ante) containing detailed descriptions of 
the machinery. 

It will be seen from the drawings that, as then 
stated, the two main reciprocating engines driving 
the wing-shafts are in a forward engine-room, and 
the turbine, with the condensing plant, in the 
after engine-room. The elevation and plan show 
clearly the general arrangement of the four-cylinder 
triple-expansion engines, and the sequence <f 
cylinders and valves, to which we made special 
reference. It will be seen (Fig. 30) that the inter- 
mediate cylinder has double piston-valves, and 
the two low-pressure cylinders double slide-valver, 
each with two sets of ports in a common chest, 
worked by two rods through crossheads to single 
links. The framing follows Messrs. Harland and 
Wolffs usual practice. The arrangement of the 
steam-pipes is plainly shown. There are two maim 
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stop-valves on the forward bulkhead and a sepa- | 
rator. The stop-valves are connected by a cross- | 

ipe, as shown, so that either of the two main steam- 
a which extend right through the six boiler- | 
rooms, can be utilised for supplying steam to both 
The stop-valves are of the equilibrium 
double-beat type, operated by hand-wheel and 
screw, as Shown. The connection between the | 
valve and the high-pressure cylinder is in front of 
the engine, while those between the high-pressure 
and intermediate, and between the intermediate 
and low-pressure cylinders, are at the back. The’ 
exhaust from the two low-pressure cylinders is in 
the front, as shown on both plates. The position 
and form of the bellows joints to take up expansion 
and to ensure thorough tightness in the interests 
of high vacua will also be seen. 

The exhaust-pipes are connected to their respec- 
tive change-valves, from the bottom of which there | 
is communication to the turbine, while above is the | 
pipe to the condenser. The change-valves are of 
the piston type, and each is, when in its highest posi- | 
tion, open to the strainer and thence to the turbine, 
and when down is open to the condenser, and there- 
fore closed to the turbine. The piston of each 
valve is suspended to a lever, which is shown both 
in the plan and section. The other ends of both | 
levers, as shown in the plan, Fig. 30, are connected 
to one of Brown’s engines of the hydraulic type, 
actuated from the main starting-platform. 

The section, Fig. 29, shows clearly the gear for 
lifting the upper part of the casing and the rotor of 
the turbine, as well as the electric motor for 
actuating the gear. 

One of the condensers, with its circulating and 
air-pumps, is shown dotted in the section, Fig. 29, 
and more clearly on the plan, Fig. 30. Each con- 
denser, of which we gave a description in our issue 
of October 21 last, is of the inverted pear shape, so 
that the maximum cooling efficiency is got where 
most desired. This, too, enables the condensers to 
be comfortably housed alongside of the shafts of the 
reciprocating engines, which are shown dotted in 
Fig. 30. The eduction-pipe from the turbine to 
the condenser passes over the top of the shaft, and 
this eduction-pipe is closed by a double-ported 
sluice-valve, actuated by electric motor, in order to 
disconnect the turbine entirely from the condensing 
plant in the event of any accident happening to the 
turbine. The condensing plant is grouped con- 
veniently near to the condenser on each side of the 
ship ; but as it was fully described in our previous 
article, there is no need to further refer to it. The 
evaporators and distilling plant for the forced- 
lubrication pumps are also shown on the plan. 

A further interesting point about the longitudinal 
section (Fig. 29) is the electric-light engines, which 
are placed on the saloon-deck. There are two of 
these electric generators at this high level, to be 
used in the event of the main generator abaft the 
turbine-room being rendered hors de combat by the 
flooding of the separate compartment in which they 
are placed. 

The plan further shows the auxiliary machinery 
accommodated in the reciprocating-engine room. 
On both the port and starboard sides there are at 
the forward end of the engine-room the boiler feed- 
pumps, two pairs on each side, and any two pairs, 
irrespective of their position in the ship, can be 
used together, and are suflicient to feed the whole 
of the boilers. Adjacent to them are hot-well, 
bilge, sanitary, and fresh-water pumps, and a surface 
and contact-heater. The surface-heater, which is 
on a lower level, takes the exhaust from the 
electric engines for heating the feed, while the 
coutact-heater, which is on the saloon-deck level, 
as shown in the elevation, takes the exhaust from 
the other auxiliaries. On one side will be seen, 
at the after end, the auxiliary condensers and their 


oe and on the other side is the refrigerating 
P ant. 


engines. 


REFRIGERATING INSTALLATION. 

The duty of cooling the ship’s provision-rooms, 
which are of very elaborate character, insulated and 
fitted up in accordance with the standard require- 
ments of the White Star Line, cooling drinking- 
water, which is supplied at a large number of 
different points throughout the first, second, and | 
third-class accommodation, cooling wine and beer 
in the bars, alsoa number of cold lockers in the 
pantries, larders, &c., making ice, and also for 
cooling the cargo-beef chambers, is performed by 
two horizontal duplex CO, machines, each of which 





combines two complete units capable of independent 





working, so that actually four refrigerating units 
are provided. The position of these, on the port 
side of the vessel, will be seen on Plate LXXV. 

The machines are of the Hall’s standard type, 
the compressors being bored from solid blocks of 
hih-custen steel, the condenser coils being of solid- 
drawn copper contained in the base casting, each 
of which is divided into two casings. Each machine 
has its own steam surface-condenser, brass circulat- 
ing-pump, and air and feed-pumps; a duplex 
brass-ended water-pump is also provided as a stand- 
by. The evaporators are correspondingly divided 
into four units and are placed in an insulated 
recess above the machines at the orlop-deck level, 
at which level the brine-pumps—three in number, 
with interchangeable connections—are placed. The 
brine return-tanks are placed at a higher level im- 
mediately above the evaporators. 

The brine circulation is on the open return system, 
with separate flow and return on each circuit. All 
brine-pipes throughout are externally galvanised. 
lhe various circuits are of moderate length, and are 
interlaced in the chambers to ensure even distribu- 
tion of the cooling effect, even in the remote con- 
tingency of one section becoming blocked. 


(To be continued.) 





THE NAVAL YARD AT THE CAPE 
OF GOOD HOPE. 
(Continued from page 595.) 
Tue Coat Stores. 
WE illustrate on pages 622 and 623 the coal 


stores which are being built in the lee of the|P 


parapet wall of the East Breakwater, as shown on 
the general plan (Fig. 3) reproduced on our two- 
page plate, No. LXI., in our issue of last week, 
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Fig. 31. 
PART PLAN OF EAST 
BREAKWATER. 
SHEWING COAL STORES 
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while we now annex, in Fig. 31, a key plan, show- 
ing the arrangement of the three stores marked 
respectively A, B, and C. The design of the stores 
has been ay aes in the Director of Works Depart- 
ment at the Admiralty, and is somewhat unique, in 
view of the openings in the roof, fitted with sliding- 
covers, through which the coal will be passed. 
Many of the details finally adopted, in order to 
fulfil the necessary conditions, as will be seen by 
our description of them, and particularly of the 
reason for their special form, are of great interest. 
The constructional steel-work of the stores has been 
supplied by Messrs. E. C. and J. Keay, Darlaston, 
and the work of erection on the breakwater is being 
carried out by the Admiralty Works Department. 
The stores are each 34 ft. wide and 15 ft. 6 in. 
high inside. The total length of the three stores is 
1000 ft., and the capacity 10,000 tons. Generally, 
they are constructed of steel framework, covered 
with corrugated steel sheeting, and have openings 
in the roof 22 ft. 6 in. wide, with reinforced- 
concrete platforms on each side, in order to enable 
the movable covers to be manipulated. These covers 
run on roller-path girders, and are constructed at 
two levels alternately, so that those at the lower 
level can be placed under those at the high level. 
Openings, 10 ft. wide by 8 ft. 3in. high, are pro- 
vided in the front elevation of the stores, fitted 
with sliding-doors, as shown in Figs. 32 and 33. 
For carrying the main roof joists columns have 
been provided of wide-flanged joists, 8§ in. by 
Si in. by 43.6 lb. per foot, placed at 20 ft. centres 
(Figs. 32, 33, and 35). Similar wide - flanged 
columns are provided at each end of the stores, to 
carry the ends of the roller-path girders (Fig. 55). 
Intermediate columns 8 in. by 5 in. by 28 lb. per 
foot have also been provided between the main 





columns (Figs. 52 and 53). All these columns have 
base-plates riveted on, and are embedded in the 
concrete forming the breakwater, and no founda- 
tion bolts have been provided. Between the main 
columns in the front there are, at the top, longi- 
tudinal joists 8 in. by 5 in. by 28 lb. per foot, with 
cleats riveted to their ends and bolted to the main 
and intermediate columns (Fig. 35). The columns 
at the ends are connected transversely by 88-in. by 
8§-in. flanged joists (Fig. 55). Four rows of pur- 
lins are provided on the front and ends, to which 
corrugated sheeting is bolted. Three rows of these 
purlins, 3in. by 3} in. by @ in., are angles ; the 
other row is made of heavier section—8-in. by 
34-in. channels—as they support the runners for 
the sliding-doors. Diagonal T-struts are con- 
nected to each of the main columns and to the 
ridge girders (Fig. 52). 

The main roof joists carrying the roller-path 
girders are 24in. by 7}in. by 100 lb. per foot. At 
the parapet end these are provided with bearing- 
plates, angles, and gussets, riveted together and 
secured to the seating with lewis bolts (Figs. 35 
and 38). The ends next to the main columns in 
the front of the building are provided with angles, 
bolted to the column heads Wig. 35). Where the 
roller-path girders bear on the main joists, connect- 
ing-plates are provided, and cranked angle-stiffeners 
bolted to them and to the surface of the main joists 
(Figs. 36 and 37). 

The roller-path girders are formed of channels 
and angles riveted together in 20-ft. lengths (Figs. 
33 and 41) to span over the main joists. They are 
rovided with covers at the joints, and bolted 
together (Figs. 36 and 37). The top edges of the 
angles are planed, so as to form a runway for the 
wheels of the moving covers, and they are also drilled 
in the positions shown for the pins to secure the 
moving-cover locking-gear. The position of these 
holes is shown in Fig. 52, and also in Figs. 43 
and 44. Holes are also drilled through the webs 
of the horizontal and the side channels of those 

irders which are next to the concrete roof covering 
he drainage, and these holes are connected by 
castings bolted to the channels (Fig. 44). Steel 
stops are provided on each of the girders, so as to 
prevent the cover damaging the hoods at the ends 
of the stores. The T-struts connected to the 
heads of the intermediate columns are bolted to the 
bottom of these girders at mid span. This section 
of roller-path girder was adopted to also act as a 
gutter to take the rain-water which will fall from 
the inside moving cover, and the angles forming 
the running rails for the sliding-covers were made 
of sufficient height with a view of preventing coal- 
dust &c., from fouling the wheels. 

At each end of the store a hood is provided, one 
over the upper moving cover, and one at the other 
end of the shed, over the lower moving cover. 
They are made of plates and angles bent to the 
curve of the covers, with vertical ends, the bases of 
which are brought down to the horizontal beams 
which connect the heads of the end main columns 
and are fixed thereto. These hoods are shown in 
Figs. 55, 56, and 57. Four galvanised steel ladders 
are provided to each store, to give access to the 
platform on each side of the moving covers, Figs. 55 
and 56. 

The moving covers, as already stated, are a not- 
able feature of the structure, and are illustrated on 
Figs. 40 to 49. Each is formed of four bulbed 
angles with gussets on their ends, which, with 
plates and angles, form a wheel-box. Tho bulb- 
angles are connected together in pairs by the plates 
and angles, to which the purlins and wind-bracing 
—the latter of flat bars—are secured (Fig. 42). The 
wheel-boxes are connected together by angles and 
plates (Fig. 45), so as to form a weather-screen. A 
cast-iron running-wheel is provided on each corner 
of each cover. These are bored and bushed with 
gun-metal to fit the axle-bolts (Figs. 47 and 49). 
The wheels on the parapet side of the cover are 
flanged, as shown in Fig. 47, those on the front 
being plain, as shown in Fig. 49. This difference 
was adopted to provide for easy running should 
there be any variation in the gauge due to tempera- 
ture or other causes. These covers are arranged at 
two levels alternately, so constructed that those at 
the lower level will just pass under those at the 
upper level, as shown by Figs. 32 and 41. This 
enables about one-half of the roof to be uncovered 
at any time. 

To enable the covers to be locked in any position 
required, and to prevent the covers being blown 
off the rails, a locking-pin and safety-clip has been 
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THE NEW NAVAL YARD AT THE CAPE OF GOOD HOPE: COALING-SHEDS. 
(For Description, see Page 621.) 
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provided at each corner 
of each cover, and holes 
for the locking-pins have 
been provided in the 
running rails of the 
roller-path girders, A 
nib is forged on to the 
locking-pin in such a 

sition that when the 

andle is down the pin 
cannot be withdrawn, 
and in order to release 
the pin the handle has 
to be turned, so that the 
nib may pass through 
the elongated upper part 
of the pin-hole (Figs. 43 
and 44); the pin is con- 
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nected by a chain to the bottom angle of the 
weather-screen of the cover, in which a hole is 
provided, so that it may hang there when it is 
removed from the hole (Fig. 45). Three handles 
are provided on each side of the cover for facili- 
tating the movement of the cover (Fig. 42). To 
revent the covers damaging each other when 
olan moved buffer-plates are provided at the end 
of the framework (Fig. 46). The sheeting of the 
covers is of corrugated iron, curved and bolted to 
the bulb angles and purlins and to the upper angles 
of the weather-screen. 

The sliding-doors in front are framed with angles, 
gussets, and flat bars riveted together, and are 
covered with galvanised-iron corrugated sheeting 
bolted to the framing ; bent bars are fixed to the 
top of the doors for securing the running wheels 
\Figs. 50 to 52). The weight of the doors is carried 
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by the bar which is fixed to the channel purlins 
already referred to. The bottom of the door is 
kept in position by bars projecting into the hollow 
of an inverted bridge-rail, which is securely fixed 
to the concrete floor (Fig. 59). Door-handles and 
padlocks are provided, as shown in Figs. 50 and 51, 
and above each sliding-door a bent, galvanised, 
corrugated weather-screen is fitted to protect the 
running wheels. To keep the coal from pressing 
against the sliding-doors the adjacent columns are 
fitted with grooves, in which removable timber 
planks can be put in to a height of 7 ft. 6 in., 
according to the depth of coal within the store. 
Cn each side of the moving cover there is a platform 
formed on the top of the main joists; this is of 
reinforced concrete, and enables the men to move 
the covers when required. Access is obtained, as 
already stated, by ladders at each end (Fig. 35). 

Two electric travelling-cranes, fitted with grabs, 
are being supplied to run on a special railway track 
along the front of the stores. The coal will be 
grabbed by these cranes from the holds of the 
collier, which will be berthed at the wharf of the 
basin. The crane will also put coal into the stores 
at such points as may be required, the covers for 
this purpose being moved along their track. For 
shipping the coal on to the warships, the cranes 
will grab the fuel out of the stores through the 
openings in the roof, emptying the grab into the 
coal-bagging hoppers. 

(7'o be continued.) 








GLASGOW AND WEST OF SCOTLAND 
TECHNICAL COLLEGE. 
By Joun G. Kerr, M.A., LL.D. 
(Continued from page 490.) 
Civi, ENGINEERING. 

Tuts department of the College is wide in its 
scope and aims at preparing its students for 
many demands. As indicative of these demands 
reference may be made to the operations of the 
great railway companies, two of which have their 
head offices in Glasgow, and to the Clyde Trust, 
by whom the River Clyde, a pleasant stream, 
2 ft. or so in depth at the Broomielaw a century 
ago, has been rendered navigable for ships of 
largest tonnage into the heart of the city. The 
Glasgow Corporation, with its magnificent and 
always developing water supply for over a million 
people, and its beneficent sewage scheme drain- 
ing a densely populated industrial area of 41} 
square miles, require a large staff of well-trained 
engineers, capable of dealing with the problems 
emerging from these enterprises, and skilled in 
executing the engineering work necessary for 
their satisfactory solution. Lanarkshire, with its 
abounding wealth of coal-fields, its prolific output 
of iren and steel, its countless engineering estab- 
lishments, and particularly those devoted to struc- 
tural and bridge-building work (made famous by 
the achievements of Sir William Arrol and those 
who follow in his footsteps), represents an impera- 
tive call for the best possible education in civil 
engineering science in all its aspects. Accordingly 
an outline of the provision which has been made 
by the Goveraors of the College to meet this 
call should prove of interest to the readers of 
ENGINEERING. 

The diploma of civil engineering can be obtained 
hy students attending a prescribed course cover- 
ing a period of three winter sessions and one 
summer session, the interval between the second 
and third winter sessions being spent, if at all 
possible, on works under construction. The first 
winter is given, as in other diploma courses, to the 
study of pure science, and thereafter specialisation 
proceeds rapidly. Broadly stated, the students’ 
work falls under the following heads :—(1) Descrip- 
tive lectures, (2) laboratory work, (3) tutorial 
drawing-office design, (4) field-work, (5) reading 
and discussion of papers, and (6) visits to works 
in progress. 

he lectures are ordinarily tutorial in style, and 
include instruction in the various branches of civil 
engineering. Thus there are courses in mechanics, 
the theory of structures, hydraulics, motive-power 
engineering, and geology, with shorter courses 
dealing with the railways and roads, harbours and 
docks, sewerage and water-works. There is also a 
course on the manufacture and properties of mate- 
rials used in the various engineering undertakings. 
In conjunction with, and complementary to, the 
lectures there are courses of drawing-oftice and 





laboratory training. The drawing-office consists of 


a hall, 50 ft. long and 30 ft. broad, giving ample | 


accommodation for sixty students. The lecture 
hall can seat one hundred. The laboratories for 
hydraulics and the testing of materials are under 
the Mechanics Department, and have already been 
described. 

In the drawing-office the scheme of teaching, while 
encouraging the student to employ first principles 
in making his designs, provides instruction in the 
best office methods and inculcates neatness of 
finish. An important side of this training is the 
instruction given in estimating quantities and costs. 

To the complete training of the civil engineer well- 
directed experiences in field-work and surveying 
are essential, and for these the curriculum under 
review provides. The importance of this provision 
is all the greater on account of the large number of 
engineering students from the Clyde area who find 
employment abroad. India, the Colonies, China, 
and the South American Republics require young 
men who can apply the principles of engineering 
science to practical account under all sorts of con- 
ditions, and who can with certainty conduct survey 
work in relatively unexplored areas. The equip- 
ment for instruction in surveying is very complete 
and includes all the instruments in ordinary use— 
theodolites, tacheometers, levels, sextants, Abney 
level, inclinometers, Lean’s dial, and an ample 
supply of steel bands, chains, ranging-poles, 
&c. The instruments are of various types and 
makes. Thus, for example, there are four kinds 
of theodolites, one being specially adapted for 
astronomical observations. After a course of lec- 
tures and tutorial work, interspersed with elemen- 
tary field-work and the handling of instruments, a 
camp is organised for survey work on a serious 
scale. The location of the rg is generally in 
some outlying district of the West Highlands. 
The equipment of the camp includes ten bell-tents, 
a dining-marquee, a cook-house, and soon. Need- 
less to say, the students appreciate the opportuni- 
ties offered, and there can be no question as to the 
benefits obtained. The area surveyed is usually 
about two miles long and one-quarter mile broad, 
and the young engineers are exercised in making 
contour surveys for route location, taking levels 
along route centre lines, cross-sectioning, ranging 
out curves, tacheometric work, plane tabling, com- 
pass surveys, and solar observations. Instruction 
is also given in the practical adjustment and minor 
repairs of instruments. The surveys are necessarily 
partly put on paper in camp, but the greater part 
of the detail work is carried through on the return 
to college. 

The engineering societies which have been in- 
stituted in the College play a useful part by means 
of addresses, papers, and discussions, in widening 
the views wd deepening the interest in profes- 
sional practice; and, finally, the many oppor- 
tunities which students have of visiting works in 
the various stages of progress contribute to the 
broad cducation of those who are to be en- 
gaged in designing and carrying out civil engineer- 
ing enterprises at home and abroad. The total 
number of enrolments of day and evening students 
last session in the Civil Engineering Department, 
under Mr. George Moncur, B.Sc., Mr. Gilbert 
Thomson, M.A., Mr. William Blackadder, B.Sc., 
and Mr. L. P. Lewis, was nearly four hundred. 


BuItpInG AND ARCHITECTURE. 


The programme of instruction arranged for the 
diploma in building, which has been lately instituted 
by the College, extends over three years, the first 
being devoted to general science. The study of 
mechanics, with laboratory work and much practice 
in geometrical drawing, form essential parts of the 
second year’s course, in which carpentry, joinery, 
masonry, and architectural drawing are the techno- 
logical studies. The third year includes courses in 
the mechanics of structures, structural drawing, 
builders’ quantities and building superintendence, 
with extended experience in the professional sub- 
jects of the previous year. The remarks we have 
made as to the need for providing a wide and 
sound training for civil engineers are also appli- 
cable to building, and the Governors expect that 
the diploma in that department will guarantee the 
possession of a good knowledge of principles and 
practice. They offer an education of special service 
to er masters and managers in the build- 
ing trades, and also to those who may become 
closely associated with such trades in the capacity 
of, say, a clerk of works, an estate factor, a 


| Measurer, or a quantity surveyor. Students are 

expected to take, so far as possible, the courses of 
study during the period of their apprenticeship ; and 
in order that college work may be related to actual 
| building practice, the candidate for a diploma must 
| spend at least six months on works in progress. 

Evening classes, which are well attended (|ast 
session there were 741 enrolments), are specially 
arranged for operatives who are striving to become 
more efficient in their daily work and to qualify 
themselves for positions of responsibility in their 
several trades. The local associations of masters 
take a cordial interest in the work of these classes, 
Representatives from the trades’ associations act 
upon the committee controlling the department, and 
the councils of some of the associations make grants 
of prizes to successful students in the classes with 
which their work is directly connected. 

The teaching appliances include a most extensive 
series of models which have been collected, or made, 
since the institution of this department in 1888, 
Samples of all the generally used building materials, 
including, of course, those of most recent intro- 
duction, are available for examination and reference 
purposes. 

In addition to the markedly practical work done in 
the class-rooms and workshops, and to the valuable 
experiences obtained in the frequent visits to 
buildings in course of erection, the building depart- 
ment supplies, through the Architectural Crafts- 
men’s Society, a most serviceable educative influence. 
This society, now in its fifteenth session, and with 
a membership of 120, concerns itself with the 
present-day problems and practice of the building 
trades. By means of papers, discussions, visits of 
inspection, and exhibitions of work, it keeps alive 
a spirit of inquiry and fosters professional ideals. 
Many former members of this society, we learn from 
the Professor of Architecture and Building Con- 
struction, Mr. Charles Gourlay, B.Sc., A.R.1.B.A., 
now occupy important positions abroad. 


Tue Giascow ScHooL or ARCHITECTURE. 


The Glasgow School of Art, which dates from 
1840, has all along contributed to the artistic train- 
ing of craftsmen. To those engaged in the build- 
ing trades, and particularly to architects, it has 
offered opportunities not only of ssthetic culture, 
but also of professional education. With these and 
the other great services rendered by the School of 
Art and with the wide extent of its influence, 
should be associated the names of Sir James 
Fleming, tho chairman, and Mr. Fra. H. Newbery, 
the director of the school. 

In the Technical College, on the other hand, there 
have been for many years courses of instruction 
on the lines which now lead to its diploma in build- 


ing. 

What the Glasgow School of Architecture has 
accomplished, with the approval of the Scotch 
Education Department, is the co-ordination of the 
work of these two central institutions so far as con- 
cerns ample provision for a comprehensive scheme 
of architectural education and the establishing of 


a diploma in architecture. The Joint Committee 
representative of the School of Art and the Tech- 
nical College have made full use of the available 
resources of the staff and the equipment of the two 
organisations, with advantage to both, and, what is 
of most consequence, with advantage to the cause, 
in the interest of which the coalescence and colla- 
boration were devised. In the Technical College, 
courses of lectures are given on the history of archi- 
tecture, constructive and historical design, descrip- 
tive geometry, the mechanics of structures, and the 
main elements of a general science curriculum— 
viz., mathematics, natural philosophy, chemistry, 
and geology—while in the School of Art extensive 
courses in architecture, in drawing and modelling 
(life, antique, and ornament), in design and deco- 
rative art, form an essential complement to the 
Technical College contribution. The Glasgow 
Institute of Architects recommends to architects 
pupils and apprentices attendance at these courses 
as a necessary part of their education, and the 
Royal Institution of British Architects accepts 
pro tonto the certificates and diplomas of the 
Glasgow school. As evidence of the importance 
attached to the scheme, it may be noted that during 
last session 145 architect students were under the 

uidance of the Director of Architectural Studies, 
Sostinen’ Eugéne Bourdon, B.A., Architecte Diplome 
by the French Government. 





The normal = course arranged by the Joint 
Committee should be taken in full-day classes for 
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Fics. 20 ro 23. GENERAL ARRANGEMENT or TesTING or APPLIANCES FoR MareriaLs AND OF HypravuLic Lasoratory. 


REFERENCE TABLE FOR FIGS. 20 TO 23. 


\. Senior laboratory, 70 ft. by 7. Orifice tank. 18. Measuring-tanks. 29. Leeds meter. 38. Tank and weighing-machine. 
41 ft. 8. Thomson turbine. 19. Operating-valves. 30. 6-in. Venturi meter. 39. Switchboard. 

B. Cement-testing laboratory. 9. Pelton wheel. 20. Measuring -tank valves. 81, Differential manometers. . 40. Hydraulic pressure-pipes. 

1. 100-ton testing-machine. 10. Girard turbine. 21. High-pressure Pelton wheel. 82. Journal-friction and oil-testing 41. Suction-pipe. 

*. Combined tension-torsion testing- 11. Mercury column. 22, Fan. machine. 42. Suction-wells. : 
machine. 12. Weir channels. 23. Hydraulic ram. 33. Differential mercury-gauge. 43. Cement-testing machine. 

3. Reverse - torsion testing - ma- 13. Weirs. 24. Small-orifice tank. 34. Differential air-gauge. 44. Setting cu boards. 
chine. 14. Hook gauges. 25. Differential reciprocating pump. 35. Water-level indicator. 45. Water-tan 6. 

4. 5-ton testing-machine. 15. Conveyors to tanks. 26. Variable-speed motor. 36. 2-in. Venturi meter. 46. Mixing-table. 

- Delivery-pipe from roof tank. 16. Valves. 27. Experimental turbine-pump. 37. Pipes for experiments on less of 8.V. Sluice-valve, 

6. Return-pipe to roof tank. 17. Float gauges. 28. Brakes. ead. 


four years, with office work during the vacations, | tion of the time spent in the School of Architecture,| Prior to entering upon this comprehensive pro- 
or in such a combination of full-day and part- there should be a reduction in the duration of pro-/| fessional education, the student must hold « 
day classes as would be equivalent to the normal fessional pupilage, and no doubt adequate adjust-| leaving certificate from the Scotch Education 
course. The Committee believe that, in considera- ments will be arrived at. Department, or pass a preliminary examination in 
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the same standard as that set for the diploma 
courses of the College. This regulation gives a 
satisfactory guarantee that the student at his first 
step towards a professional diploma has maturity 
of mind and good general scholarship. It is in- 
teresting to learn that the Director of Architec- 
tural Studies advocates some university experience 
as an advisable preparation for the special studies 
belonging to the profession of architect. 


HypRAULICs. 

Where so many departments, or, rather, where all 
departments, of scientific study are so completely 
equipped and so suitably accommodated, objection 
may be taken to separating out for special praise 
that of hydraulic engineering. Yet it may be 
permitted to do so for the reason that until lately 
the teaching of hydraulics in Great Britain could 
not be claimed among our outstanding achieve- 
ments. The economic circumstances of our in- 
dustries and commerce made no great demand for 
an effective scientific knowledge of the phenomena 
of water-pressure and water-flow. Our attention had 
been directed more to the applications of steam and 
electricity than to weirs, channels and rivers, 
water-pipes and valves, reciprocating pumps and 
turbine machinery. In such matters we had allowed 
Continental physicists and engineers to lead the way. 
The importance of the subject of hydraulics has, 
however, been forced upon us, and therefore it is 
proper that the magnificent installation which Pro- 
fessor Longbottom has designed for experimental 
work in this matter should Secome the subject of 
congratulation to him and to the Governors of 
the Glasgow Technical College. In view also of the 
classical researches of Dr. James Thomson, the 
successor of Lewis Gordon and Macquorn Rankine, 
pioneers in this country as teachers of engineering 
science, and professors in the University of Glas- 








gow, it seems specially fitting that the technical | 
college which the citizens of Glasgow have called | 
into Tolng should possess so perfect a scheme and 
such admirably complete appliances for instruction | 
in hydraulic science. 


Fig. 24, GENERAL View or Hypravu.ic PLant. 


The general arrangement of the senior mechanics 
laboratory, which is 70 ft. long and 42 ft. wide, is 
shown in the plan (Fig. 20) given on page 625, while 
the annexed Fig. 24 is a reproduction of a photo- 
graph of the hydraulic plant. This uncommonly tine 
plant is at the northern end of the laboratory, and 
extends through two floors. On page 627 there are 
general drawings of the vortex turbine (Figs. 25 
to 27), with details of the wheel (Figs. 28 and 29) 
and a section of the Pelton wheel, with details of 
the variable pitch buckets (Figs. 30 to 34). Tllus- 
trations will be given in the next article of the 
more important of the other wv enumerated 
in the table appended to the plan of the laboratory 
on page 625. 

The turbines—a 3-horse-power reaction or pres- 
sure turbine of the Thomson type, with inward 
radial flow, and a 3-horse-power Girard or impulse 
turbine with outward radial flow—have been de- 
signed for a fall of 50 ft., and at the correspond- 
ing speeds each uses about 35 cubic feet of water 
per minute. The guide-blades of the Thomson 
turbine are movable (Fig. 26), so that the entrance 
orifices can be adapted to any quantity of water 
below the full supply, and gearing for adjusting the 
guide-blades is fitted. Outside guide-blades, corre- 
sponding in position with those inside the casing, 
are also provided for convenient measurement. 

The supply of water to the turbines, as also to 
the low-pressure Pelton wheel, is ordinarily pro- 
vided by 6-in. mains from a cast-iron tank of 6000 
gallons capacity, which is placed on the roof of the 
College, 82 ft. above the laboratory floor. By 
means of branch-pipes the turbines and the Pelton 
wheel can be supplied with water at a higher 
pressure directly from the pumps. The supply 
heads are measured in the usual way, by dial and 
mercury gauges. 

The turbines are 
two rectangular channels on the upper floor 
(Figs. 20 and 24). One of these channels termi- 
nates in a right-angled V-notch. The other has 
provision for the insertion of rectangular weir-plates 
of various widths. 





pat over and discharge into | 


In each of the channels is | 








placed a series of baffles made of copper-wire gauze, 
to steady the streams before they reach the weir- 
plates. The head of water over the weirs is 
measured by specially-designed hook gauges in 
stil]-water chambers communicating through pipes 
with the main channels. After falling over the 
weirs, the water is conveyed to four measuring- 
tanks—two for each channel—each 3 ft. 9 in. in 
diameter and of 75 cub. ft. capacity. These tanks 
are filled and emptied alternately through quick- 
action inlet and outlet valves, operated by high- 
pressure water, and controlled by slide-valves. In 
this way continuous measurements extending over 
any length of time can be made, thereby obviating 
errors from limited observations. The capacities 
of these tanks have been carefully calibrated 
between fixed points, which are accurately deter- 
mined by float-gauges. 

The turbines are provided with speed-indicators, 
and are fitted with Shuniten"s fast and loose pulley 
brakes, the fast pulleys being water-cooled. With 
these brakes and measuring-tanks accurate deter- 
minations of quantities and efficiencies under various 
heads can be obtained. After measurement the 
water is discharged into a well of about 4500 gallons 
capacity, from which it is returned by one or other 
of the pumps to the tank on the roof of the 
building. 

The low-pressure Pelton wheel is designed to 
develop about 4 horse-power on a 55-ft. fall. It is 
fitted with a spear adjusting-needle for regulating 
the power and speed, and is provided (Figs. 30 
to 34) with interchangeable buckets of three dif- 
ferent types, and also with six interchangeable 
nozzle-tips of different diameters. As the buckets 
can be changed, experiments can be made on the 
influence of form of bucket, and the number of 
buckets giving maxiinum efficiency can be arrived 
at. The wheel is placed over and discharges into 
one of the rectangular channels, the amount of water 
used being measured at the weirs or tanks, as in the 
case of the turbines. The power developed 18 
determined by a Prony brake on the shaft. _ 

For the accurate measurement of the discharge 
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Fics. 25 to 27. Vortex TuRBINE. 
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of weirs the water is conveyed through branch-pipes 
to the weir channels from the main supply tank, 
or, by short-circuiting, directly from the pumps. 
Fine needle by-pass valves are provided close to 
the hook gauges, so that in the event of any varia- 
tion in the level of the water in the supply tank, or 
of any variation in discharge from the pump, the 
student can easily maintain a constant head over 
the weirs without leaving his post of observation 
at the hook gauge. Similar needle regulating-valves 
are arranged at the supply pipes to the turbines 
and the Pelton wheel. 


(To be continued.) 








WOLSELEY CARS AT THE MOTOR 
SHOW AT OLYMPIA. 

As in previous years, one of the most interesting 
exhibits at the Motor Show, to be opened to-day at 
Olympia, is that provided by the Wolseley Tool and 
Motor-Car Company, Limited. The Wolseley car has 
always been remarkable for the sound mechanical 
features of its design, as well as for the general excel- 
lence of the body work, which has been executed by 
the company at their works at Adderley Park, 
Birmingham. This year’s exhibit is no exception to 
the rule, and although in the general design there is 
no very marked change from the cars of the imme- 
diately preceding years, because of the favour with 
which they have been .~ by clients, there are 
many modifications in the details of design, intro- 
duced for further improving economy, for increasin 
the facility with which speed—particularly low apeed 
in dense traffic—can be achieved, more especially by 
high-power cars, and for making even more acces- 
sible and reliable the mechanism. These modified 
details are illustrated on the photographs and drawings 
which we reproduce this week, but before dealing with 
them it may be well to refer briefly to the design of the 
seven models now manufactured by the company. Five 
of these correspond to those of the previous season— 
namely, the 12—16 horse-power, the 16—20 horse- 
power, and the 20—28 horse-power—all four-cylin- 
der cars ; the 24—30 horse-power, of the six-cylinder 
type; and the 30—34 horse-power, four-cylinder car. 

is year there are two new models of 40 horse-power 
and 50 horse-power, each with six cylinders. But even 
in the cars of the same standards as those of the pre- 
vious year new details are introduced, and to these 
reference will be made later. In Table I., overleaf, we 
give a list of the dimensions of all these cars. 

Generally, two ignitions are arranged for, by Bosch 
dual system of high-tension magneto and induction 
coil. ‘The carburettors are of the automatic equalising 
multi-jet type, with auxiliary attachment for slow- 
running and starting, to be referred to later. Petrol 
is fed to the carburettor by pressure supplied by an 
air-pump on the engine, also to be referred to later. 





The lubrication is automatic, under pressure by a 
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ump from the motor, with an indicator on the dash- 
rd. The radiator is of the honeycomb type, and 
with the exception of the 12—16-horse-power car, 
which has thermo-syphon circulation, the water is 
circulated by a centrifugal pump, while air draught 
is produced by a fan behind the radiator, but mounted 
independently of the engine. The transmission is b 
metal-to-metal multiple-disc clutch, running in oil, 
with a ball-thrust and a universal joint shaft to the 
gear-box. The live axle is adopted in all models, 
the propeller-shaft having two enclosed universal 
joints. In the 12—16-horse-power and 16—20-horse- 
power models the final drive is by worm-gearing, and 
in all the larger models by bevel gears. The front 
axle is of Vickers axle steel and of [-section, with 
inverted jaw ends. The practice with regard to hub- 





bearings varies in several of the models. 


TABLE I.—Particutars or WoLse_ey CARS AT THE OLYMPIA SHOW. 


12-16 H.-P. 16-20 H.-P. 


20-28 H.-P. 


spray of oil to all bearings and gears, the oil returning 
to a sump at the bottom of the box. A section 
through the water-circulating pump and magneto 
drive is given in Fig. 11, on page 631. 

The 40-horse-power car is an entirely new model, 
specially designed to meet the demand for a large chassis 
with a four-cylinder engine. This latter, being a new 
design, is a special feature, and is illustrated by Figs. 3, 
4, and 5, on e 630. The running gear is the same as 
that of the six-cylinder 50-horse- power car. The 
cylinders, being of large dimensions, are provided with 
water-cooled valve-caps, to keep the uncooled surface 
exposed to the flame at a minimum, and in these caps 
the sparking-plugs are set. The valves are ample in 
diameter, to ensure power at high speeds, and give 
— of hill-climbing capacity with the heavy bodies 
usually fitted to this type of chassis. This, as well as 


40 H.-P. 50 H.-P. 


24-30 H.-P. 30-34 H.-P. 





Wheel-base ..| 0 ft. (2.75 m.) 9 ft. 
(2.87 m.) or 
10 ft. 1 in. 
(3.07 m.) 

4 ft. 44 in. 
(1.33 m.) 

9 ft. 5 in. 
wheel - base. 
12 ft. 10 in. 
(3.91 m.) 

10 ft. 1 in. 
wheel - base. 
13 ft. 4 in. 
(4.06 m.) 

6 ft. 5 in. 
(1.65 m.) 

> ft 5. in, 
wheel - base. 
7 ft. 10 in 
by 2 ft. 8 in. 

(2.39 m. by 
81 cm.) 

oh 1 ix 
wheel - base. 
8 ft. 6 in. by 
2 ft. 8 in. 

(2.60 m. by 
81 cm.) 

Four 
By in.(90 mm.) 


Track .. 4 ft. 04 in. 
(1.23 m.) 
12 ft. 4 in. 
(3.76 m.) 


Over-all length of chassis . 





lO ft. 
14 ft. 


5 ft. 1 in. 
(1.55 m.) 
..|7 ft. 6 in, by 
2 tt. 6 in. 
(2.29 m, by 
76m.) 


Over-all width of chassis .. 
Body space 10 - ft. 
2 ft. 
86 cm.) 


10 ft. 
2 ft. 


- Four 

..|34 in. (79 mm.) 
- ‘ie ..| tH in,(114 mm.) 
revolutions per 


Number of cylinders 
Bore... as ee 


Stroke .. 

Normal 
minute ae 

R.A.C, rating 


Road Speeds : 
First... ‘ 


1200 
20.3 h.-p. 


1200 
15.6 h.-p. 


74 mis. p. hr. 74 mls. p. hr. 
2 2 


F 5 
O° 9 o »» ” o 9 


: ” 
-. | 26 





99 
” ” od ” « ” 





31 yy 
10 gallons 


8 gallons 
)- ft. 5 - in.|10-ft. 


Weight of chassis empty.) lb ewt. 
with standard tyres 
164 ewt. 


10- ft. 1-in.|10- ft. 


in.| 10 ft. (3.05 m.) 
or 10 ft. 6 in. 
(3.20 m.) 


4 ft. 6in. 
(1.37 m.) 
10 ft. wheel - 
base, 13 ft. 
8in. (4.16 m.)} 


wheel - base! 


(4.32 m.) 
5 ft. 7 in. 
(1.70 m.) 
wheel- 
base. 8 ft. by| 2 
10 in.| (2.60 m. 
(2.44 m. by| &6 cm.) 


| 
wheel - base. | 
8 ft. 6 in. by | 


4} in.(121 mm, )/5§ in.(130mm.))! 


i | 
| 80.4 h.-p. 
| 


1000 
25.6 h.-p. 


8 mls. p. hr. | 
32 45 os 35 45 ow» 
14 gallons | 14 yallons 


wheel-| 
wheel - base,| base, 20cwt. | 


6 in. 


11 ft. 7 in. 


(3.53 m.) 


10 ft. 6 in. 
(3.20 m.) 


10 ft. 9 in. 11 ft. (3.35 m.) 


(3.28 m.) 


4 ft. 8 in. 
(1.42 m.) 
15 ft. 6 in. 
(4.73 m.) 


4 ft. 6 in. 
(1.37 m.) 
14 ft. 2 in. 
(4.32 m.) 


4 ft. Gin. 
(1.37 m.) 
14 ft. 6 in. 

(4.42 m.) | (4.50 m.) 
| 
6 in.| 
2 in. | 


5 ft. 7 in. 
(1.70 m.) 
8 ft. 6 in. by 
ft. 10 in. 
by 


5 ft. 6 in. 5 ft. 9 in. 5 ft. 9 in. 
(1.67 m.) (1.75 m.) (1.75 m.) 
8 ft. 5 in. by/9 ft. by 2 ft. 9 ft. by 2 ft. 
2 ft. 10 in.) 10in.(2.75m.| 10in. (2.74m, 
(2.58 m. by| by 86 cm.) by 86 cm.) 
86 cm.) 


| 





10 in. 
(2.60 m. 
86 cm.) 
Four 
4 in. (102 mm. )/3 4 in.(90 min. )/48 in.(118 mm.) 
53 


by} 
Six | Four Six 

5 in, (127 mm.) 44in.(114 mm.) 

5 in. (127 mm. )/54in.(140 mm.) 5} in-(146 mm.) 


1000 
48.6 h.-p. 


Four 
in.(130 mm.) 


1000 
34.2 h.-p. 


1000 { 
40 h. -p. 


9 mls. p. hr. | 10 mls. p. hr. 
20 


| 32 


11 mls. p. hr. 12 mls. p. hr. 
99 2: 


| 10 
| 24 


” ” oo” ” oo» ” oo» 
35 yy 
45 45 
22 gallons 


28 cwt. 


” ” ” ” ” ” 


}43 oy 45 
| 22 gallons 
26 cwt. 


412 4, 9 
16 gallons 


21 ewt. 23 ewt. 


6 - in. 


wheel - Lase, | wheel - base, 


17 cwt. 


| 20) cwt. 





The 12—16-horse-power car is fitted with Timkin the 50-horse-power car, has a special type of carbu- 


conical roller-bearings to all wheels, the 16—20-horse- 

power car has them for the front hubs, and all the 
leat models are still provided with ball-bearing hubs. 
The Timkin bearing is especially suitable for use in 
hubs, as it is capable of carrying considerable thrust 
in addition to the journal load, and therefore obviates 
the necessity of providing the ball-bearing thrusts 
seen in the hubs on the larger models, 

There are two independent brakes, one double-acting 
metal-to-metal hinged-strap brake, with positive re- 
lease operating on a drum fitted to the gear-box 
counter-shaft, and actuated by a pedal, while the other 
is an internal enclosed metal-to-metal compensated 
double-acting shoe-brake, operating inside drums on 
the rear road-wheels, and actuated by a hand-lever 
through rods. Both these brakes have cast-iron braking 
surfaces ; the drum being a hard, and the shoe a 
soft, iron; in all cases the actual surface is renewable, 
being in the form of a detachable shoe. The engine 
control is by a pedal and finger-lever on the steering- 
wheel, each independently controlling a single throttle 
on the carburettor, while there is an additional lever 
for altering the mixture, this lever being also on the 
steering. wheel in the larger models, and on the dash- 
board in the 12—16-horse-power and 16—20-horse- 
power cars. 

The 50-horse-power six-cylinder model is practically 
a new one, having been i:troduced only a month or 
two ago, when one was yo na to Her Majesty 
Queen Alexandra. A plan and elevation of the chassis 
are given in Figs. 1 and 2, on the opposite page, while 
a perspective view is given in Fig. 16, on e 634. 
Wolseley practice is followed in the general design, 
but the lubricating system has been slightly modified, 
the oil being carried in a tank at the side of the engine 


| 


rettor, which is shown in Figs. 8 and 9, on page 631. 

The only notable alterations in the 30—34-horse- 
— car are in connection with the cooling, the fan 

aving been enlarged and the radiator cooling surface 
extended. In almost every other respect this chassis 
follows that of the 1910 30—34-horse-power car. 

Little alteration has been made to the well-known 
24—30-horse-power six-cylinder mode]. A special 
feature is the engine distributing gear, which is shown 
in Fig. 10, on page 631. This applies to all models. 
In this, at in the smaller cars, the direct drive is now 


‘on the fourth speed instead of the third speed, a 





| 


| 


change made to meet popular requirements. The 
countershaft brake has Soom increased in size. The 
gear-box for this car and the 20—28-horse-power car 
is shown in perspective in Fig. 20, on page 634. This 
model is in future to be made in one wheel-base only, 
which, however, will give the same body space as the 
previous long wheel-base chassis. 

The 20—28-horse- power model shows a slight 
increase in wheel-base and length of frame, to give 
more scope for the carriage work. In common with 
the two smaller models, the valves are increased in 
diameter, and other modifications have been made to 
ensure silent running. The clutch has been increased 
in size, and made identical with the 24—30-horse- 
power car, and the direct drive is now on the fourth 
speed. Another notable innovation is that the steer- 
ing-wheel now carries all three controls—throttle, 
ignition, and air. This chassis is being made in two 
wheel-bases, both having 880-mm. by 120-mm. wheels, 
and both are fitted with transverse springs at the rear. 

The 16—20-horse-power model, which is most popular 
with the great majority of motorists, because its 
power is moderate, yet ample, for most requirements, 


fed by a second pump, instead of in a sump below | is still made in two wheel-bases, as indicated in 


the cranks. 


The crank-chamber is kept empty by the | Table I. 


The short-wheel-base chassis is long enough 


second pump, which lifts the oil into the oil-tank, |to accommodate large touring bodies, and the long 
whence it is drawn by the ordinary circulating-pump, | wheel-base suited for closed carriages for town use. 
and forced to the main bearings and big end troughs. | The chassis construction closely resembles that of the 
The gear-box also is provided with a similar oil-circu- | larger Wolseley models, but as the rear axle is worm- 
lating system, a pump being fitted which delivers a | driven, the engine and gear-box are inclined to the 





main frame, to reduce the angle of the propeller-shaft 
universal joints. Indeed, the construction of the 
chassis now conforms to the company’s practice for 
larger cars. There are four speeds provided for in the 
gearing, instead of three, as heretofore. An increase jn 
the valve area has been made ; the starting-handle is on 
the engine, and the carburettor is carried high and 
arranged for pressure feed, the air-pump for the pres. 
sure being combined with the oil-pump. The clutch 
has an adjustable spring, and, except as regards size, 
is practically the same as those in the large models, 
The gear-box provides four speeds forward and one 
reverse, the direct drive being on the top. Another 
noteworthy point is the increase in diameter and width 
of the countershaft brake, to improve its durability 
when the chassis is fitted with full-sized bodies. 

The 12—16-horse-power model is specially suitable 
for use as an open touring-carriage. Several altera. 
tions in engine details have been made, and these will 
fall to be described when we come to deal with the 
illustrations in regular sequence. The valves are of 
larger diameter, to enable the engine to carry its load 
at a higher rate of revolution, aa slight modifications 
have been made to the engine, rendering it still quieter, 
in spite of the higher speed and increased valve area. 
The carburettor, anh sndiovend in principle, has 
been modified in form to increase accessibility and im- 
prove the hot-jacketing. The starting-handle is carried 
on the engine in a similar manner to the larger Wolse- 
ley models, and a clutch-stop has been added to the 
clutch. The speed-change and brake-levers have been 
slightly altered to render them more suitable for 
bodies with closed-in fronts, and the reverse lock has 
been replaced by a push-button on the change-speed 
lever. As before mentioned, both front and rear 
wheels are fitted with Timkin roller-bearings,* which 
are held in a cage, adjustable independently of the 
hub to facilitate the removal of the wheels. A torque- 
bar has been added, the springs have been lengthened, 
and the frame is built narrow in front to give a good 
steering-lock. The chassis is exhibited at Olympia 
fitted with a newly-designed ‘‘rotonde phieton,” with 
scuttle-dash and high driver’s doors. Fitted with cape- 
hood and wind-screen, it constitutes an ideal small 
touring-car. 

Coming now to the illustrations of the more notable 
departures in the details of design, Figs. 1 and 2 are 
respectively elevation and plan of the new 50-horse- 
power chassis, which is also shown in perspective on 
Fig. 16, on page 634. The main features have already 
been described. From Fig. 16 it will be seen that the 
valves are closed in by readily detachable aluminium 
doors. The fan, it will also be seen, is carried on a 
separate bracket from the crank-case, instead of being 
attached to the front of the cylinder. 

The engine which we illustrate in Figs. 3, 4, and 5, 
on page 630, is that of the 40- horse - power car, 
which is more or less typical in many of its details. 
Attention may be directed to the water-cooled covers 
for the valves, which are adopted in this model only, 
in order to reduce the amount of uncooled surface 
exposed to the flame. This refinement is not found 
necessary in engines with small cylinders ; but in this 
case, where, as we have already indicated, the valves 
are of considerable area, these holes are large, and it is 
advisable that everything should be done to minimise 
the extent of uncooled surface. 

Figs. 6 and 7, on page 630, illustrate the clutch of 
the 16—20-horse-power car, which is representative of 
all the cars. As already indicated, it is a multiple-dise 
clutch, in which all the discs are of steel. In accord- 
ance with the company’s usual practice in all models, 
two complete universal joints are interposed between 
the clutch and the gear-box, in order to ensure that 
the clutch will run with perfect freeness on its spigot, 
even in the event of the alignment between the engine 
and the gear-box being imperfect. 

The carburettor, illustrated in Figs. 8 and 9, page 631, 
pertains to the 40 and 50-horse-power cars. ‘This is 
quite a new design, and will be studied with con- 
siderable interest. It has three jets, the first, with 
a very small aperture, discharges into a small mix- 
ture-pipe, which comes into action only for very 
slow running. This is an important feature in a high- 
powered car which is to be used in running where 
occasionally dense traffic is met with, notably in the 
Metropolis and its environs. A continuation of the 
opening of the throttle cuts off the first jet and opens 
up the second, which is used for all medium speed 
work, being so proportioned as to give economic running 
under such conditions. The third jet is brought into 
action by the last part of the movement of the throt tle, 
and is used in conjunction with the second jet. The 
third jet is very large in proportion to its mixt 
pipe, and consequently increases the proportion of 
petrol to air. In this case the desire for high power 18 
primary ; economy is of small consideration i such 
high-power cars when running at full speed. Phere 18 
a hand adjustment which regulates the tension ‘{ the 
auxiliary air-valve spring provided on the stecring- 
wheel of all but the 12—16 horss-power and | —20, 


* See ENGINEERING, vol, Ixxxviii., page 290. 
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horse-power cars, which gives the driver complete con- 
trol over the richness of the mixture at all times. 

Fig. 10, on page 631, is a section through the engine 
distributing gear of the 24—30-horse-power, but it is 
oe ne of all the models, and shows the care 
taken in the arrangement of this part to ensure silent 
running and cleanliness. The gears are lubricated by 
a jet of oil from the main oil system, the bearings 
being fed by splash into wells provided above them. 

Fig. 11 shows a section through the water-circu- 
lating pump and magneto drive on the 40 and 50 
horse-power cars, and the arrangements adopted for 
retaining oil. It is representative of the methods 
adopted throughout all the models. It will be seen 
that the pump is of the centrifugal type, as adapted 
throughout all the models. Both pump and magneto 
are driven through jaw couplings to facilitate re- 
movals. 

The gear-box illustrated in Figs. 12 to 14, on page 
631, is that of the 16—20-horse-power car, but is 
representative of the general practice, the difference 
being in respect of size. Attention may be drawn to 
the ample proportions of the ball-bearings. The 
journal load only is taken by the annular bearings, 
thrust-bearings, either pivot or ball, being suitably dis- 
posed in all boxes to take end thrust due to whatever 
cause. Rigidity of the shafts is alsoa notable feature, 
as is the small distance between the bearings, the 
latter contributing to the attainment of the former. 

The live axle illustrated in Fig. 15, on page 631, is 
that of the 16—20-horse-power car. This, it will be 
noted, is of the worm type, which is adopted for this 


Fio. 21. 


and the 12—16-horse-power car. The larger models 
are all fitted with bevel-drive. The axle is cf the 
company’s usual construction, which has been main- 
tained in principle since the live axle was first adopted. 

Coming now to the perspective views on page 634, 
Figs. 16 and 17 are views respectively of the near side 
of the 50 and 16-horse-power chassis. To the former 
we have already referred. The feature of the latter is 
the arrangement of the dashboard, which is now 
adopted on all but the largest models. The aluminium 
casting seen in the view is the same siz> and shape as 
the bonnet, and thus the builder of the body has full 
scope to put on such form of dashboard as he pleases. 
This practice has been found advantageous at the 
Wolseley Works, giving those responsible for the 
carriage works a freer hand, which is the more desir- 
able now that scuttle-dashes of various shapes have 
become so fashionable. Another feature of note in 
the view, Fig. 17, is the arrangement and position of 
the speed-change and brake-levers. This has been 
modified so that they can both come inside the doors 
where closed-in front bodies are adopted, without 
making the body abnormally wide to attain this 
desideratum. 

Fig. 18, page 634, shows the engine of the 16—20- 
horse-power car in the chassis with the bonnet re- 
moved, A threc-jet carburettor, which has already 
been described in connection with Figs. 8 and 9, is 
shown on this view, perhaps better than in the 
drawings reproduced. Tig. 19 is a view of the 12—16- 
horse-power engine, showing the side on which the 
valves are placed, This v:ew is notable, as it illus- 
trates clearly the monobloc casting with the exhaust 
and induction-pipe in one with the cylinder of the 
engine. The water inlet in this engine, which is not 
shown on any of the views, is now made separate from 
the carburettor, and goes in on the front of the 
cylinder, whereas last year a combination casting 
fulfilled both purposes, but at the expense of accessi- 
bility. 

The remaining illustration on page 634, Fig. 20, is a 

lan view of the gear-box fitted to the 20—28 and 24—30 
copaiees ears. This clearly shows the foot-brake 
in position, and gives a good idea of the construction 
of the box and the arrangement of the gears. 

The foot-brake itself is shown in Fig. 21, annexed. 





The peculiar form of the opening in the drum is to suit 
the universal joints to which the brake-drum is bolted 
on the after end of the gear-box. The nut for ad- 
justing the brake, and its automatic locking arrange- 
ment, is clearly shown. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 26. 

SEVERAL conditions are interfering with the long- 
looked-for revival of demand in iron and steel pro- 
ducts. The volume of traffic is heavy enough to satisfy 
railroad men’s expectations, and the price of steel 
material is low enough. Other conditions, such as 
pending suits in the various courts and questions now 
under consideration of the inter-state commerce com- 
mission, are, no doubt, instrumental in delaying much 
of the work that has been mapped out during the past 
twelve months. The course of the market is sluggish 
and towards further weakness. The railroad schemes 
now determined upon relate to construction of shops, 
buildinge, bridges, vast terminal improvements and 
considerable track construction. In the State of 
Texas alone, which is perhaps the most progres- 
sive State at present in railroad building, nearly 
1000 miles of road are under construction. Van- 
couver, in British America, is —- up in import- 
ance as a shipping port to the Orient, because 
of its deep harbour, being the third in the world 
in size and depth. The prospects for Oriental trade 
are improving, and much American capital is moving 
in the direction of China. The porte: ellen of ship 
lines is under consideration, as well as the establish- 
ment of extensive terminal facilities for railroads at 
the point named. As a result of the interest felt in 
Vancouver, considerable extension in railroad mileage 
to connect that point with interior centres of freight 
accumulation is now under consideration. Canadian 
railroad building enterprise will not be slow to make 
itself felt in this new field. There are at last some 
signs of activity in steel rails by way of covering, in 
= at least, the eg mar of railways for 1911. 
Juring the past few days inquiries have been made for 
rails, which the makers do not prefer to mention at 
present. Most of the contemplated construction is on 
or near the Pacific Coast. A rich new oil-field has just 
been developed in California, and the avenues leading 
to it are crowded with teams carrying equipment with 
a view to oil development. Crude material has shown 
further weakness. 





Conrracts.— Messrs. Richardsons, Westgarth, and 
Co., Hartlepool, have just completed the largest installa- 
tion of marine evaporators in the world for the turbine 
steamer France, now being built by the Société Anonyme 
des Chantier et Ateliers, St. Nazaire. The separate 
units are also the largest yet made, there being four, each 
having a capacity of 200 tons per thirty-four hours. One 
of these evaporators was exhaustively testedon Saturday, 
October 22, when an average output of 222 tons per 
day was produced, an amount of steam which necessitated 
the use of three large marine boilers for the test.—The 
Mirrlees Watson Company, Limited, Glasgow, have re- 
cently booked orders for six barometric jet-condensin 
plants, three surface-condensing plants, three low-leve 
jet-condensing plants, and one steam-driven Edwards’s 
air-pump, for Great Britain, the colonies, and foreign 
countries.—The contracts for the first supply of rolling- 
stock, consisting of locomotives, passenger - coaches, 
covered and open wagons, for the Anhwei Provincial 
Government Railways, have been placed with Messrs. 
John E. Hall and Co., Kiukiang Road, Shanghai, China. 
The contracts call for delivery in running order on the 
railway within eight months from contract date. 


PkrsonaL.—Mr. A. C. Kelly, Assoc. M. Inst. C.E, 
who went to Argentine in 1909 to report on the suburban 
electrification of the Buenos Aires and Pacific Railway 
Company, has been appointed chief electrical engineer to 
that company, with head-quarters at Buenos Aires.—The 
A.E.G. Electric Company, Limited, have opened an office 
at Winchester House, Victoria-square, Birmingham.— 
Messrs. Hans Renold, Limited, have opened an office in 
Kingsway House, Kingsway, London, W.C. It will be 
managed by Mr. Charles EK. Holliday, M.I. Mech. E., 
who has held a leading papition with the firm in Man- 
chester for many years.—The Judson-Jackson Company, 
of 14, Great Smith-street, Westminster, are the agents 
for Messrs Hum , Thompson, and Hardy, automatic- 

r hobbers, lathe-centre grinders, &c., and the Coventry 
rdnance Works for Small Tools. For London and 
London counties they are agents for the British Abrasive 
Wheel Company, Limited, Sheffield, makers of the well- 
known ‘‘ Bulldog” brand abrasive wheels, and Messrs. 
Williams and Co., Coventry, for rough diamonds and 
diamond tools.—Messrs. Hooghwinkel, Anthony Brown, 
and Partners have opened a branch office at Calle de 
Cadena, No. 2, Mexico City, under the superintendence 
of Mr. Victor Braschi.—The following appointments 
have recently been made under the pt, of Engi- 
neering of the University of Liverpool:—Mr. T. R. 
Wilton, M.A. (Cantab), Assoc. M. Inst. C.E., Lecturer 
in Dock and Harbour Construction ; Mr. H. Lapworth, 
D.Sc., F.G.S., Assoc Inst. C.E., Lecturer in Engi- 
neering Geology; Mr. K. Rice-Oxley, Assoc. M. Inst. 
C.E., Assistant Lecturer and Demonstrator in Civil 
Engineering. 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning : 
pig-iron market was firm, and 3000 tons of Clevela: 
warrants were put through at 49s. 10d. cash and 50s, *d, 
one month. Closing sellers quoted 493. 11d. cash, 50s. 5 
one month, and 50s. 10d. three months. The marke 
continued strong in the afternoon, when Cleveland war. 
rants amounting to 3000 tons were dealt in at 49s. 11d, 
cash, and 50s. lid.“and 50s. 104d. three months. At : 
close the quotations were 49s. 11d. cash, 50s. 3d. one month, 
and 50s. 104d. three months sellers. On Friday morning 
the rising tendency of Cleveland warrants was again in 
evidence, and dealing took place at 50s. cash, 50s. 3d, 
twenty days, and 50s. 4d. one month. The business was 
limited to 3000 tons, and sellers’ closing quotations 
were 503. 04d. cash, 50s. 44d. one month, and 51s. three 
months. Buyers of hematite offered 65s. 3d. one month. 
In the afternoon the tone was strong, and 9000 tons of 
Cleveland warrants were done at 50s. 1d. cash, 50s. 14d, 
seven days, 50s. 5d. one month, and 51s. 04d. three months, 
The session closed with sellers quoting 50s. iad. cash, 
50s. 54d. one month, and 51s. 1d. three months. Hematite 
was quoted at 65s. 6d. cash and 65s. 10d. one month 
sellers, and 65s. 44d. one month buyers. On Monday 
morning the market was fairly steady, and dealing took 
place at 50s. 1d. cash, 50s. 3d. ten days, 50s. 5d. one month, 
and from 51s. 2d. to 51s. 04d. three months. The turn. 
over was 9000 tons of Cleveland warrants, and clusing 
sellers quoted 50s. 1d. cash, 50s. 5d. one month, and 
51s. 1d. three months. The afternoon session was quiet, 
and only 1500 tons of Cleveland warrants changed hands 
at 50s. 1d. cash and 51s. 1d. three months. At the close 
sellers’ quotations were 50s. 04d. cash, 50s. 5d. one month, 
and 5ls. 1d. three months. On Tuesday morning the 
market was quiet and easier in tone, and the total business 
consisted of two lots of Cleveland warrants at 50s. cash. 
Closing sellers quoted 50s. 04d. cash, 50s. 4d. one month, 
and 51s. three months. In the afternoon weakness pre- 
vailed, and 3500 tons of Cleveland warrants were done at 
50s. 24d. one month, with buyers over, and sellers at 
50s. 3d. For the other positions the latter quoted 
49s. 11d. cash and 50s. 1ld. three months. When the 
market opened to-day (Wednesday) the tone was steady, 
but business was limited to 2000 tons of Cleveland 
warrants at 49s. 11d. cash and 50s. 3d. one month. Closing 
quotations were almost unchanged at 49s. 114d. cash, 
50s. 83d. one month, and 50s. 11d. three months sellers. 
Buyers of hematite quoted 65s. cash, and there were 
sellers at 65s. 9d. three months. . In the afternoon the 
market was nominally steady, but only 500 tons of Cleve- 
land warrants changed hands at 50s. 24d. one month. 
At the close sellers quoted 4%s. 11d. cash, 50s. 3d. one 
month, and 50s. 11d. threemonths. Hematite was quoted 
by sellers at 65s. 6d. cash, 65s. 10d: one month, and 
66s. 44d. three months. The following are the market 
—= for makers’ (No. 1) iron:—Clyde, 62s. 6d.; 
Jalder and Gartsherrie, 63s.; Langloan, 64s.; Summer- 
lee, 64s. 6d.; and Coltness, 81s. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 64s.; Shotts (at Leith), 63s.; 
and Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—There has been little change in 
the state of the sulphate of ammonia market and a fairly 
good demand exists. The current quotations are prac- 
tically unaltered from the last report. 


Scotch Steel Trade.—The ition of the Scotch steel 
trade is not so favourable this week, and the longer the 
trouble with the boilermakers continues the more difficult 
is it for the steelmakers to keep their works employed. 
Several of the mills are not rolling this week, and specifi- 
cations are so scarce that more may be idle before long. 
The outside demand is fairly gocd, and, although it does 
not anything like make up for the falling off in the local 
demand, it is helping to ose things moving. Canada, 
Australia, and the Continent have each been buying in 
this market lately, and orders for a considerable quantity 
of plates and angles have been secured. Light material 
and structural sections continue in good request and 
makers are well employed. The minimum selling prices 
are unchanged. 


Malleable-Iron Trade.—The malleable-iron-trade of the 
West of Scotland is again quieter this week, and Monday 
was a blank day at a number of the works owing to the 
shortage of specifications. The tonnage booked since the 
advance has sem small, but a fair quantity was secured 
beforehand. The Belgian makers are again offering keen 
competition for any orders that are passing. 


Scotch Pig-Iron Trade.—A strong tone is the ruling 
feature in the Scotch pig-iron trade at present, and the 
dealings have all been at full rates. ] buyers are 
meantime out of the market, but the export demand is 
— Hematite is quiet, but prices are inclined to 

arden. The current quotation is about 68s. 6d. per ton. 


Shipbuilding.—The dislocation caused by the lock-out 
of the boilermakers is now telling its tale, and the output 
for the month of October is the smallest for any month 
this year. It is very unfortunate that this trouble should 
have. lasted so long, as general trade has been getting 
better, and with freights also showing signs of improve- 
ment, better times were the hope of all. Shipbuilders 
order-books are fairly well filled at present, and teady 
employment for some considerable time is almost sure to 
follow the resumption of work in the yards. The follow- 
ing shows the output for the past month :— 

Vessels. 
The Clyde .. + re 13 
The Dee... os ae ‘ 3 


Total 16 


The Clyde total is less than half that for the mont 
| September, and 1143 tons less than the total for the! 
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of January. The total output for the year to date is as 


follows :— 





Vessels. Tons. 

The Clyde .. e . oe 239 364,261 
The Forth .. = as oe 16 7,285 
The Tay .- ‘ ~ i 6 5,356 
The Dee ee ee - “* 43 10,600 
304 387,502 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, het pee 

New Collieries and Coal Prices.—The rapid growth of 
new collieries in South Yorkshire is already having an 
effect upon the situation in the coal trade, and threatens 
soon to introduce complications. Their large outputs 
will have a very material influence upon prices, and the 
necessity of an assured market for such big tonn will 
force them into the keenest competition with other col- 
lieries. At the present moment merchants are obtainin 
heavy deliveries without having cleared stocks in hand. 
Naturally values suffer, for the coal must be cleared even 
at the expense of price concession. Coalowners are 
seriously considering the positions. . 

South Yorkshire Coal Trade.—The gradual decline in 
the export of steam coal has been accelera: during the 
past week, and big outputs at the collieries have accen- 
tuated the position. Although working on short time, 
many of the pits find their output much in excess of 
requirements. Contract terms for next season’s ship- 
ments are being discussed. On the industrial side no 
appreciable difference is to be seen, the demand keeping 
pretty firm, Stocks have a tendency toaccumulate. There 
are fair deliveries of gas under contracts, but little new 
business. Slacks are steady and smalls firm and in good 
demand. House coal, which was weak on ’Change at the 
week-end, has improved, and merchants have dealt with 
larger tonnages. So far, however, orders have not come in 
any great quantities. London takings have not grown, 
but there is a livelier inquiry from the counties. Best 
coals are most sought after. Stocks of cheap lots are on 
the increase. In some instances price reductions have 
been made. The following were Change prices last Friday, 
though business has been done su uently at easier 
terms—Best Barnsley, 123. to 123. 6d.; Silkstones, 93. 3d. 
to 103. 3d.; Derbyshire brights, 11s. to 12s.; Yorkshire 
hards, 9s. 6d. to 103. 6d.; Derbyshire hards, 8s. 3d. to 
9s. 3d.; rough slacks, 5s. 6d. to 6s. 3d.; seconds, 3s, to 
4s, 3d.; and smalls, 1s. to 2s. 3d. 


Tron and Stecl.—The position in the raw material market 
still reflects the uncertain state of affairs caused by labour 
troubles in other parts of the country. The market is 
fairly firm, but pig iron is not selling as well as was 
expected. In spite of the big consumption of hematites, 
of which contract deliveries in the locality are heavy, new 
business is only in small quantities. akers of East 
Coast mixed numbers are asking a premium on forward 
orders. Billets are in a good position and the demand for 
bars is more active. Finished iron has improved as well 
as semi-steel. Scrap is not doing well. It is stated that 
the import of Swedish pig iron has been considerably 
affected by the substitution for it of what are known as 
“briquettes” of Swedish ore, which are now largely used 
in the manufacture of acid steel. The general steel trades 
show a continuing progress. At the present moment 
armament, ordinary, and lighter steel departments are 
all actively engaged. The large amount of work in the 
hands of armament firms is having a beneficial effect upon 
dependent industries, which are receiving subsidiary 
i although in the general steel trades competition 
is keen, and there are continued complaints of price- 
cutting. One of the very. active branches is crucible steel 
and there isa considerable export of saw-plates. Engi- 
neering inquiries, except in isolated cases, are not mate- 
rially improved, but better shipbuilding prospects have 
raised the tone of the filé trade. The outlook for railwa 
material is not much altered. A fair amount of wor 
in tyres and springs is on hand. Wagon builders are 
mostly engaged on repairing work, little new business 
having come forward. The stove-grate trade has a some- 
at ‘omed appearance, but makers are not fully em- 
ployed, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—As was not unexpected 
after the recent period of activity, business is quiet, and 
values of Cleveland pig are rather easy. At the end of 
October the stock of Cleveland iron in the public warrant 
Stores stood at 486,492 tons, there having been an increase 
of 13,442 tons during the month, which was a smaller 
addition than was looked fer. The output of pig iron is 
fairly well taken up just. now, but with the —e 
season fast drawing to a close, the make promises to be a 
good deal in excess of current needs in the near future, so 
that a-cumulation of stocks may once more be looked 
for. ‘This week up to 50s. 1}d. has been paid for early 


f.o.b. delivery of No. 3 g.m.b. Cleveland pig iron, but the 
price lias eased, and there are now merchants ready 
enough to dispose of the ruling quality at 49s. 10}d., at 
whic!: figure some business was recorded to-day, No. 1 
Is stil! scarce, and is put at 53s. 3d. ; No. 4 foundry and 
No. 4 f ge are each obtainable at 48s. 6d., and mottled 
and white iron are put at 48s. Continued fairly good 
inquir.-s for East Coast hematite pig iron are being made, 
and the outlook in this branch is Fetter than for a con- 
sideralle time past. Nothing under 63s. 6d. is now 
named for this year’s delivery of Nos. 1, 2, and 3, and for 
forward business and 65s. are named, the latter 
figure having been paid for delivery over the second half 
of next year, Foreign ore is very strong, up to 20s. 9d. 





ex-ship Tees being named for best Rubio delivered this 

year. Coke iss y, with a heavy local consumption. 

page blast-furnace kinds are 16s. to 16s. 3d. delivered 
ere. 


Manufactured Iron and Steel.—Few new features of 
moment present themselves in the manufactured iron and 
steel industries. Producers have good order-books, and 
values tend upward, but are not quotably cha . Con- 
siderable contracts for shipbuilding material have been 
—e recently, and bar and sheet manufacturers have 

ked new work. Common iron bars are 7/.; best bars, 
71. 7s. 6d. ; best best bars, 77. 15s.; iron and steel ship- 
plates, each 6/. 15s.; iron ship-angles, 7/.; iron ship-rivets, 
71. 5s. to 7l. 7s. 6d.; steel ship-angles, 6/. 7s. 6d.; iron and 
steel boiler-plates, each 7. 10s.; steel strip, 6/. 10s.; steel 
ne 61. 12s. 6d.; steel joists, 67. 2s. 6d. to 61. 7s. 6d.; 
steel bars, 6/. 5s.; cast-iron railway chairs, 3/. 103.; light 
iron rails, 6/. 10s.; heavy steel rails, 5/. 10s. ; steel rail- 
way sleepers, 6/. 12s. 6d.; and galvanised corrugated 
sheets, 11/. 10s.—sheets less 4 per cent. f.o.b., railway 
material net at works, and all other descriptions less 24 
per cent. 


Iron and Steel Shipments.—Official returns for Oc- 
tober show shipments to have turned out a deal 
better than they at one time promised to. adings 
of pig iron for last month oy 4283 tons per 
working day, the total despatches being returned at 
111,374 tons, 102,240 tons of which went from Mid- 
dlesbrough, and 9134 tons from Skinningrove. The 
total clearances of pig for the previous month amounted 
to 107,536 tons, or a daily average of 4136 tons, and 
during October last year the total shipments of pig 
reached 126,904 tons, or an average of 4880 tons per 
working day. Of the pig iron sent from Skinningrove 
last month 8054 tons went to Scotland, and 1080 tons to 
the Continent. Of the pig iron loaded at Middlesbrough 
during October 65,847 tons were for abroad, and 36,393 tons 
for coastwise customers. Scotland was again the largest 
customer, receiving 17,848 tons, whilst Bulgaria took 12,425 
tons ; Germany, 11,621 tons; ypt, 7650 tons ; Sweden, 6661 
tons; Japan, 4500 tons; and Italy, 4404 tons. Clearances 
of manufactured iron last month were returned at 13,207 
tons, 4737 tons going abroad, and 8470 tons coastwise, 
India, as usual, being the largest customer with an import 
of 2807 tons. Steel shipments last month reached 58,739 
tons, 53,689 tons of which went to buyers abroad, and 
5050 tons to coastwise customers. Egypt, with 9055 tons, 
was the largest importer; West Australia was second 
with 8350 tons ; then came India, 8031 tons ; the Argen- 
tine Republic, 7027 tons ; Canada, 6470 tons ; and Cape 
Colony, 4625 tons. 


Electric Power in the Cleveland Arca.—Continued pro- 
gress is reported in the adoption of electric power in the 
Cleveland area. At the cement works of Messrs. Otto 
Trechmann and Co., ey om some 500 horse-power 
in all is employed. There have also recently been in- 
stalled one 25-horse-power and one 10-horse-power motor 
running at 890 revolutions per minute, The motors are 
of the enclosed type, at 460 volts, with Reyrolle drum 
starters, and the installation has been carried out b 
Messrs. Kirtley and Dunford. Considerable additions 
and extensions are expected, but these will be carried 
out with direct current, 440-volt three-phase. At the 
North Ormesby Works of Messrs. H. W. Pilking- 
ton and Son, where a considerable number of electric 
motors are installed, a pug mill has recently been 
equipped. This is driven by three-phase squirrel-cage 
open-type motor at a voltage of 440, a ‘‘Star-Delta” 
starter ae used. Extensions are being made to the 
installation at the Haverton Hill Wells of the Salt 
Union, Limited. Electric power is being adopted for 
brine-pumping and salt-making. Some 250 horse-power 
is used altogether. The extensions now in hand include a 
10-horse-power centrifugal reservoir-pump running at 
1140 revolutions per minute, and driven by aslip-ring 
semi-enclosed motor with an automatic liquid starter. 
Two well-pumps running at 755 revolutions per minute 
are also ny driven electrically by means of squirrel-cage 
semi-enclosed motors, with ‘Star - Delta” connected 
starters. For the pur of supplying this new plant 
new sub-station buildings and mains are being put 
down. The sub-station plant is to be installed in an 
existing building, which is being adapted, and comprises 
three single-phase static transformers with a ratio of 
2200 to 220 volts made by the British Electric Trans- 
former Company, and these transformers will be air- 
cooled. The high-tension switch-gear is by the British 
Thomson-Houston Company, and has. one: transformer- 
panel suitable for 2750 volts, while on the low-tension side 
there is a set of Reyrolle fuses. To feed this sub-station 
a new overhead transmission line is being erected from 
the Port Clarence Wells to the Haverton Hill Wells. 
This will consist of three 0.02sq. in. cables at a voltage of 
2750. Single-type poles wil be used with a normal s 
of 60 yards. Swan-neck brackets are employed. This 
main will be fed from the sub-station of Messrs. Bell 
Brothers, and the work is being carried out by the Cleve- 
land and Durham Electric Power Company, who are 
supplying the energy for working the plant. 





ASSOCIATION OF TEACHERS IN ‘TECHNICAL INSTITUTIONS. 
—The annual meeting of the above association will be 
held at the Northern Polytechnic, Holloway-road, on 
Saturday, November 5, st 3p.m. The president of the 
association will move the adoption of the annual report. 
This includes an account of the work of the council 
during the past year in such matters as registration, 
superannuation, Royal Commission on London University, 
aay on reforms concerning technical education, —_ 
matters, &c. The results of the recent elections for 
officers for the coming year will be announced. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—There has been a prevailing impression that a 
strike of the Cambrian Combine workmen would not be 
avoided ; there has been, at the same time, no rush on 
the part of buyers to secure coal. Stocks of coal are 
reported to be heavy, and buyers for prompt delivery are 
not numerous. There has been, however, a general feel- 
ing that business in second-class Admiralty coal is likely 
to be scarce. The best large steam se is quoted at 
16s, 3d to 16s. 6d. per ton; secondary qualities ranging 
between 14s. 9d. to 16s, per ton; best bunker smalls 
between 8s. and 8s. 6d. per ton ; and cargosmalls between 
6s. 9d. and 7s. 3d. per ton. Household coal has shown 
firmness ; the best ordinary qualities have made 14s. 6d. 
to 16s. per ton. No. 3 Rhondda large has realised 17s. 
to 17s. 3d. per ton; smalls 9s. 6d. to 9s. 9d. per ton. 
No. 2 Rhondda large realised 11s. 6d. to 11s. 9d. per ton ; 
smalls 6s. 9d. to 7s. per ton. Foundry coke has brought 
18s. to 20s. per ton, and furnace ditto, 16s, 9d. to 17s. 3d. 
per ton. As regards iron ore, Rubio has made 19s. 9d. to 
20s. 3d. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

New Tin-Plate Works.—The inauguration of new tin- 
plate works of Messrs. Richard Thomas and Co. took 
place at Llar-elly on Monday, when four of the eight mills 
to be erected were put in motion. The new works and 
the South Wales works, which are situated near each 
other, were gaily decorated. 


The ** Hannibal.”—It is proposed to make a cane in 
the 12-in. armament of the battleship Hannibal, which 
has been lying under the shearlegs in the south yard, 
Devonport. The alteration is an interchange of the right 
and left guns. 


_ Cunard Company Going North.—The Cunard Company 
is stated to have p an order for Denaby and Cadeby 
Main coal to the extent of about 250,000 tons, the period 
of delivery extending over twelve months. The contract, 
it is further stated, was only placed after comparative 
tests of various northern coal with South Welsh. The 
reason for the diversion from South Wales is said to be 
Welsh labour unrest and the relatively high price of 
Welsh coal. 


Dredging at Portsmouth.—A_ new dredger, built for the 
Lords of the Admiralty by Messrs. Simons and Co, of 
Renfrew, has arrived at Portsmouth, and has been placed 
in the Fountain Lake, which is to be deepened by dredg- 
ing. The Renfrew dredger has been fitted with a special 
screw-cutting apparatus for dredging into the stiff blue 
clay which is found at the bottom of Portsmouth Harbour. 
The dredger will work to a depth of 65 ft. When Foun- 
tain Lake has been deepened, other work is to be under- 
taken on the opposite side of the harbour, where a new 
a or pier in connection with an oil-fuel dépét is being 

wilt. Itis intended to dredge here to a depth sufficient 
“ — = largest battleship to lie alongside at any state 
of the tide. 





Tur GerMaN Navy.—The German ironclad Von der 
Tann realised an average speed of 27.40 knots, and a 
maximum speed of 28.12 knots during her recent trials, 
The Von der Tann is fitted with the Parsons turbines. 





INSTITUTION OF NAVAL AtcuiTrcts.—The next annual 
meetings of the Institution will te held on Wednesday, 
April 5, 1911, and the two following days. The dates 
for the Jubilee meetings of the Institution have been pro- 
visionally fixed for Tuesday, July 4, 1911, and the follow- 
ing days, and it is intended that the programme of the 
meetings shall be on similar lines to that which had been 
prepared for the present year. 





Rust-Proor Anti-Corrosion Stret.—The Poldi Steel 
Works, Napier-street, Sheffield, have placed upon the 
market a quality of steel, intended more especially for the 
manufacture of rifle-barrels, which does not corrode under 
the action of the gases of smokeless powder. They state 
that a rifle-barrel 8 mm. (0,315 in.) in calibre, made of the 
steel in quéstion, was fired 5000 times, the cartridge used 
containing 2.8 grammes (43.21 grains troy) of smokeless 
powder. The barrel was not. worn in any way. The 
steel is rust-proof, and also resists the action of acids; it 
can therefore be‘used with advantage for the manufac- 
ture of pump-shafts, valve-épindles and seats, check-rings 
for valves, plug-valves, and so forth. The rust-proof 
tests were made with barrels fired with smokeless powder 
five times a day, at intervals of ten days, the tests last- 
ing over a = of fifty days. The barrels were kept in 
a damp cellar in the meantime and never cleaned, and 
did not reveal the formation of any rust. In the course 
of internal-pressure tests, the pressure required to burst 
the barrels was shown to be as high as from 43 to 51 
tons per square inch. Tensile tests made with the steel 
in question have shown the following average figures :— 


Ultimate tensile strength, about .. 
Elastic limit, about .. ee - . ee 
Elongation in 2in., about .. 25 per cent. 
Reduction of area, about .. oo = ” 


These show that the steel could also be used for the manu- 
facture of mechanical parts requiring a high resistance. 
The steel can be machined without any particular diffi- 
culty, provided good sharp-cutting tools be used. If the 
steel be heated ahove brown-red, 620 deg. Cent. (1148 deg. 
Fahr.), great difficulty will be ay oer or in machining 
after it hascooled rapidly. By heating it a second time 
to dark brown-red, 500 deg. to 600 deg. Cent. maximum 
(932 dez. to 1112 deg. Fahr.), and allowing it to cool 
downslowly, the steel regains its original properties, and 
can be machined without any special difficulty. 
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THE ECONOMICS OF ENGINEERING. 


Tue large audience which listened to Mr. Alex- 
ander Siemens’s address, delivered last Tuesday, 
as President of the Institution of Civil Engineers 
—an address which we print in full on another 
page—were delighted with its philosophic tone. 
It must be confessed, however, that many, although 
pleased, were not quite satisfied. The address 
partook a little too much of after-dinner, arm- 
chair philosophy, and not enough of that un- 
swerving, insatiable search after truth associated 
with library study in the keen light of the 
morning. No doubt it was all the more pleasant 
to those who heard it, and yet, as the President 
moved with easy, connected sequence from point to 
point, one felt that he departed from each topic, not 
so much from any inability to pursue it to a final 
and logical conclusion, but rather from a disinclina- 
tion to follow the true process of reasoning which 
he enunciated—the rejection of inaccurate hypo- 
theses—by which alone one can arrive at accurate 
conclusions. 

At the same time, there was much that was con- 
ducive to profitable thought, perhaps more so than 
in many preceding presidential addresses. More- 
over, there was little limitation to the variety of the 
subjects treated. Mr. Siemens covered the field of 
learning from the Greek States during the fifth and 
fourth centuries B.c. to the modern Socialism that 
opposes those mechanical developments which alone 
establish our advance from the time of the Greeks, 
upon the fallacious theory that they tend to un- 
employment. He hurriedly analysed work from 
those great intellects—Ictinus, the designer of 
the Parthenon, and Dinocrates, who built the 
Temple of Diana and laid out the City of Alexandria 
—and others, to the youth of the vaguely veiled 
future, who will store energy from radium to 
enable later generations to disport themselves in a 
manner conceived only by such romancers as Lytton. 
He referred to the barbarians who overran the 
Roman and Byzantine empires and destroyed the 
products of genius, and to the modern inventor ; 


. and it was not difficult to seesome parallel between 


the former and that variety of the latter who 
patents his inventions in foreign countries only to 
prevent them from being utilised for advancing the 
prosperity of such countries. 

Throughout the analysis Mr. Siemens was 
inclined to the belief that we had not advanced 
in learning, and that such material progress as 
had been made was due entirely to the effort 
of the engineer, particularly in the direction 
of ‘‘lowering the cost of obtainables.” Would it 
not have been more accurate to say rather that 
the engineer had, by economical production, in- 
creased the number of desirable ‘‘ obtainables ” ? 
The difference may appear to be one of phrasing, 
but it materially affects the standard of comparison. 
Not only has the engineer greatly extended the 


possible fields of employment, but he has rendered 





labour more productive, and therefore more effi- 
cient. As a consequence the sum of the wage is 
higher. Apart altogether from this, too, there 
has been a still more marked increase in the pur- 
chasing value of the wage, and thus.the number of 
‘* obtainables ” which may be purchased for a given 
sum has been enormously augmented. Mr. Siemens, 
at the same time, might have enforced the point 
that the increased efficiency of labour was not at 
the cost of greater fatigue, either mental or 
physical, because the application of mechanical 
means of production has greatly reduced, in most 
cases, the manual, and, in others, the mental effort 
required. The result is that the men are more 
fitted to spend their leisure rationally, and have 
greater capacity, after work, for improvement, 
mental and physical. We are not, however, sure 
that this condition is adequately recognised in any 
social status. Thus the President might have 
found proof for the contention that not only had 
we failed to make great progress in the higher 
branches of science and art, but that it was doubt- 
ful if the general average intelligence was increasing 
to the extent which engineering development had 
made possible. Certainly, in the matter of dis- 
cipline, mental and moral, there is room for belief 
that we are no further forward than earlier genera- 
tions ; this defect has its beginning in the early 
school life, and cannot be rectified under the exist- 
ing laxity of working conditions as dominated by 
present-day trade-unionism. 

Consciously or otherwise, Mr. Siemens seemed 
to be influenced in his treatment of his subject by 
the principle of the teaching of Aristotle, which he 
himself quoted, to the effect that “‘in every branch 
of science or art the only means of obtaining pre- 
mises on which logical deductions can be based is 
by experience and observation of facts ;” and, 
further, that ‘‘ when the facts in each branch are 
brought together, it will be the province of 
the logician to set out the demonstrations in a 
manner clear and fit for use.’”” These quotations 
awakened interest, and gave promise of high 
intellectual treatment, particularly as he subse- 
quently quoted the Baconian assertion that the 
**induction which is to be available for the dis- 
covery and demonstration of sciences and arts must 
analyse Nature by proper rejections and exclusions, 
and then, after a sufficient number of negatives, 
come to a conclusion on the affirmative instances.” 
Here, undeubtedly, was a noble inspiration for a 
leader of a great branch of science for the time 
being; and our complaint with Mr. Siemens, as with 
many presidents, is that he sought to deal with too 
many topics, instead of confining himself to one and 
setting out the demonstration by ‘‘ proper rejec- 
tions and exclusions” in ‘‘a manner clear and fit for 
use.” From this point he passed to consider one or 
two matters in economics dealing with the attitude 
of labour towards the methods of production, and 
the contention that unemployment may be reduced 
by restricting the output. We fear, however, that 
Mr. Siemens did not add to the sum of our know- 
ledge on either point, though his arguments were 
clear and his illustrations lucid. 

We had more hope when he proceeded to tackle 
the subject of the relations of the engineer and the 
contractor or manufacturer to the efficiency and 
economy of engineering works. Here at once was 
a subject for Aristotelian and Baconian analysis. 
He was right in differentiating between what he 
termed the contractor and the manufacturer. The 
former he confined to the constructor of roads, 
dams, filtering-beds for water works, drainage 
works, docks, or the permanent-way of railways. 
In such a case the technical conditions under 
which the engineer works have not very much 
altered during the last sixty years; but in view 
of the development of machinery for the execu- 
tion of such works, the problems have changed. 
Still the designing engineer must ever aim at 
economy. Mr. Siemens’s conception of the re- 
quirements of the engineer was sound, but we are 
not quite at one in the view that where a number 
of contractors are employed for various portions 
of a scheme, an individual contractor ‘‘ need not 
have any knowledge of the work of the other con- 
tractors, nor need he even be informed as to the 
object in view.” The designing engineer must, of 
course, prepare the whole of the plans for the com- 
»leted work, and must be responsible for the work 

ing ultimately suitable for its purpose. But the 
question of economy, which the President himself 
contended was a dominant consideration, requires 
more co-operation between the engineer and con- 
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tractor, and between one contractor and another, 
than is always recognised. The carrying out 
of railway, dock, and similar schemes efficiently, as 
well as economically, depends largely on what. is 
termed the ‘‘ temporary plant,” and instances might 
be given where the character of this temporary 
plant has influenced the design. We know, for 
instance, of a breakwater where the concrete blocks 
were greatly increased in size, an advantage in 
stability, because the contractor’s plant was suitable 
for dealing with larger blocks. Other instances 
might similarly be quoted, so that it would be a 
mistake if the view were accepted that an engineer 
was displaying weakness by consulting the con- 
tractor or accepting from him suggestions associated 
even with matters of design. oreover, SO soon as 
contracts are placed, there should be regularly 
organised conferences between the staffs of the 
several contractors and of the designing engineer 
in order to encourage suggestions and consider 
details, even in design, which arise from day to day. 

The case of manufactured products is different, 
and here also Mr. Siemens seemed to have recognised 
that he was on delicate ground. The question at 
issue here is as to the extent to which the consult- 
ing engineer should utilise the experience in design 
begotten in the process of manufacture. Mr. Sie- 
mens recognised that technical experts are nowa- 
days entrusted with the task of directing industrial 
operations in factories, and it is inevitable that they 
should know more about manufacturing methods 
and requirements than outsiders. He went on to 
say that complaints have been made lately that 
some engineers have taken advantage of these cir- 
cumstances by ‘‘ specifying results only, and invit- 
ing manufacturers to submit detail designs of the 
means proposed by them for obtaining the specified 
results.” Later on he made inquiry as to who is to 
specify the tests—the engineer, who wants the 
apparatus for a particular purpose, or the manu- 
facturer, ‘‘ whose inclination is to consider nothing 
but cheapness of construction”? These quotations 
are sufficient to disclose the general attitude of Mr, 
Siemens’s mind on this subject, and we fear that this 
attitude was not arrived at by the true Aristotelian 
and Baconian process of reasoning. The extent to 
which engineering has been specialised by particular 
firms ensures a much fuller knowledge on their 
part of one particular branch than is possible in the 
case of any consulting engineer, however eminent, 
and it would be an error on the part of an engineer 
not to take advantage of this. The consulting 
engineer who undertakes such work ought to be 
able to specify clearly sufficiently searching tests. 
Moreover, we demur to the idea that the inclina- 
tion of manufacturers is to ‘‘ consider nothing but 
cheapness of construction.” Such an attitude is 
untenable in a firm either seeking to establish a 
reputation, or conserving one. The achievement 
of cheapness at the expense of efficiency and dura- 
bility soon brings its penalty. The true test of 
success in business is not only the lowering of first 
cost, but the ensurance of low maintenance charges. 
Of this fact Mr. Siemens later made a special point, 
contending that economy must be measured by 
both standards. It may be urged that Mr. Siemens 
was guarding against the employment of incap- 
able consulting engineers, but his case was not 
strengthened by this attack on manufacturers. 

He referred to the practice of engineers issuin 
conditions to be met, and inviting designs om 
tenders. There is nothing inherently wrong in 
such an attitude ; an argument that the President 
had against it was that it involved the making 
of six or seven designs and specifications instead 
of one. But here, again, advantage may accrue, 
as the competitive system has a distinctly improv- 
ing effect. Moreover, it is conducive to eco- 
nomy. The principle is abused, but the abuse of 
4 — does not necessarily make the prin- 
ciple bad. We might quote several instances. One 
may suffice. Recently the South American Republic 
appointed a Commission, who invited, from the 
leading firms in all the maritime countries, designs of 
battleships to meet specified conditions and prices 
for their construction. Having received these, 
they modified the conditions to be met to improve 
the result, because of the suggestions of the com- 
petitive —_ They repeated this practice yet 
again. The result was that finally a design was 
nae pom which embodied the best points suggested 

y the most experienced firms in the world, and 
far beyond the capability of a Commission to evolve 
on their own initiative. No doubt each of the 
designing firms had a serious grievance ; but com- 





petition and the desire for work precluded any 
practical opposition to the method adopted. The 
result was the attainment by the Government in 
question of the most efficient ship ordered up to 
that time. The Commission was in exactly the posi- 
tion of a consulting engineer. The result can 
never be justified on ethical grounds ; but, as Mr. 
Siemens says, ‘‘ when studying the means to stop 
such action it will be conceded, on reflection, that 
not even an Act of Parliament can prevent a man 
from undertaking work for which others do not 
consider him competent, if in the end he satisfy 
his employer in a way that nobody can find fault 
with.” The problem, like so many others, reduces 
itself to a compromise. The consulting engineer 
can only promote economy by a wise discrimination 
between his own design and the acceptance of 
designs by those who have specialised in certain 
manufacturing products, and in purely constructive 
work, by accepting freely the dictates of experienced 
contractors. Standardisation will help in this dis- 
crimination, but even this must have its limitations, 
as was clearly established by Mr. Siemens, and in 
our leading article last week. 

One other point which affects the economics of 
engineering had reference to invention, and on this 
point Mr. Siemens was particularly felicitous. His 
main point was that the Statute of Monopolies of 
1623, which was the beginning of patent legisla- 
tion, granted privilege or protection, not so much 
to the invention as to the new industry which 
was created to work such invention. Conse- 
quently, the recent amendment of the law, whereby 
patentees are compelled either to work the inven- 
tion, or grant licenses for working the invention in 
this country, was consistent. Equally important 
is the deduction that mere modifications of an 
invention do not merit protection, and it certainly 
would be conducive to increased economy, as well 
as the general development of an invention on 
broad lines, if there were more restriction of 
patents for slight improvements. 





THE SECRET OF THE 13.5-IN. GUN. 

THE statement is made that the Germans have 
been astonished at the definite announcement of 
the adoption of the 13.5-in. gun in warships, and 
that as a consequence there will be serious delay in 
the construction of these vessels. This statement, 
if inaccurate, may prove most harmful, as it might 
encourage those economists at all costs, who are 
ever ready to oppose the legitimate proposals of 
the Admiralty and the Government. It is notorious 
that at the moment we are no more than keeping 
pace with the construction necessary to maintain 
the officially accepted standard of strength, and any 
proposal to reduce our rate of construction relative 
to the programme laid down in the German Navy 
Law might prove disastrous. 

We do not believe that the Germans have been 
taken by surprise. Lord Charles Beresford, on 
Saturday, stated that a German officer had informed 
him a year ago that the Germans were aware that 
the 13.5-in. gun was being adopted in the British 
service. We know that ENGINEERING is read by 
the naval authorities at Berlin, and it will be con- 
ceded that a statement made in ENGINEERING 
would at least be regarded as worthy of such 
inquiry as must lead to accurate information as to 
what is in progress. As long ago as July of last 
year we wrote on the subject of the relative 
advantages of the 12-in. and the 13.5-in. gun. At 
this time it was known to those who were fully 
conversant with developments that the 13.5-in. gun 
was certain to be adopted in the service. In our 
issue of November 19, 1909, we published the 
following :— 

‘*The new 13.5-in. gun occupies much attention. 
When recently we wrote on this subject, we pointed 
out that the effective range of the 12-in. gun was 
equal to, if, indeed, it did not exceed, under certain 
conditions, the range of vision of even the most 
practised naval officer. It will not be surprising, 
therefore, if the ges | aim in designing the 
13.5-in. guns which are to be fitted in one or two 
of this year’s eight armoured ships, and in arrang- 
ing the charge for them, is to ensure a high bursting 
charge and, therefore, great destruction following 
penetration of armour, rather than increased pene- 
tration.” At that date only two of the eight 
armoured ships of last year’s programme had been 
laid down, the battleships Colossus and Hercules. 
In the six subsequent ships the 13.5-in. gun was 
also adopted. 





The earlier article, to which reference is made 
in the above quotation, contained the following, 
which even thus earlier indicated an advance in 
the size of gun :— 

‘* British naval designers have ever been leaders, 
and it is not therefore surprising that a decision 
has been arrived at to adopt a more powerful 
weapon than the 50-calibre 12-in. gun. In th 
Dreadnought the weapon adopted was 45 calibre 
long, giving a muzzle energy of 47,000 foot-tons. 
In the later ships the 12-in. guns are to 
of 50 calibres, giving 52,000 to 53,000 foot-tons 
In this latter weapon we have probably reached 
the limit in the length of the gun, not only 
in the interests of longitudinal strength, but 
also because of the great extent of the weapon 
unprotected. It is, therefore, certain that the 
next step will be to increase the bore, probably to 
13 in. or 13}in., while maintaining the same length 
as at present. It will thus be possible to increase 
the energy while maintaining the same internal 
pressure and velocity, and thus ensure a large 
increase in striking power at great range. This 
development is criticised by some naval officers on 
the plea that atmospheric conditions may limit the 
possible range of vision ; but, with the rapid advance 
in the effective range of torpedoes, battles will, 
when possible, be fought at long range, and it is 
an axiom that, conditions being equal, the arm 
with the longest reach is bound to achieve the 
greatest success. Moreover, even if the atmo- 
spheric and other conditions encourage the Admiral 
to engage the enemy more closely, the power which 
the larger gun gives must increase enormously the 
damage done, so that a cruiser capable of firing ten 
guns on the broadside and a battleship firing twelve 
guns on the broadside, each with a muzzle energy 
of over 60,000 foot-tons, must inflict enormously 
greater damage than a ship less effectively armed. 
These developments, however, have been under 
consideration for more than a year, although the 
national interests have induced us not to refer to 
them. Consequently, there is no reason, attribut- 
able to this increase in power, for delay in ordering 
at once all of the eight ships which ought to be 
laid down this year.” 

In view of these statements there seems to be no 
room for believing that the German naval authori- 
ties were unaware a year ago of the proposal to fit 
the 13.5-in. gun in at least some of our ships, and 
it would therefore be a fatal blunder to conclude, 
from the statement now made, that the rate of 
building is being retarded because of that decision. 
Asa matter of fact, the Germans have for a long 
time been making a gun to beat the 13.5-in. weapon, 
and it will not be at all surprising if this gun is to 
be fitted to some of the ships now designed. 








AEROPLANE ACCIDENTS. 

Tat the number of deaths in connection with 
aeroplaning during the past summer has been enor- 
mous in proportion to the number of people who fly 
is a matter as to which there is, unfortunately, no 
doubt whatever. Almost every week, and often, in 
fact, several times a week, there have been notices 
of accidents to aeroplanes involving fatal results to 
the aviator. That every new development in me- 
chanics involves some risk is obvious, and there are 
few instances of progress which have not been 
accompanied with a certain toll of human life. In 
the case of aeroplanes, however, this toll has been 
excessive, and it is quite clear that the movement 
cannot be of any practical use if the loss of life so 
far incurred represents in any way approximately 
the necessary risk. 

In reviewing both the accidents and the general 
character of the movement up to date, however, 
there are several points which strike one as indi- 
cating a strong difference between the development 
of aviation and any other form of mechanical pro- 
gress. The first is, that up to the present almost 
the sole use to which the aeroplane has been put 
is exhibition flights ; and the second, that nearly 
all the fatal accidents happen on the Continent. 
It is true that Lieut. Selfridge was killed in the 
United States, and also that the Hon. C. S. Rolls 
lost his life in England, but, with these exceptions, 
practically all the fatal accidents have been Con- 
tinental. 

While the accidents have principally been on the 
Continent, the ‘‘ records” have also been princi- 
pally made there, and this leads to the considera- 
tion of whether the accidents are the result of the 
attempts at records, and whether the making of 
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records is the best way of furthering the progress of 
flight. In fact, this points to the whole considera- 
tion of the position of flightin England and on the 
Continent. 

There can be no doubt that the endeavour to 
improve on previous performances has a beneficial 
effect, provided that the performances are under 
actual working conditions. Thus, if we examine 
the history of the progress of any branch of 
mechanics we find it consists simply of an en- 
deavour to improve on previous performances. We 
can see this very well in the case of steamships. 
The constant endeavour of the passenger steam- 
ship lines, for instance, is to reduce the length 
of passage, and each reduction in time, pro- 
vided that it is done without sacrificing sea- 
worthiness, reliability, &c., is a distinct improve- 
ment. When we come to the making of records 
by special machines built for the purpose, 
however, we get to a very different state of 
things. Thus, if scaworthiness, durability, and 
safety are sufficiently sacrificed, speeds can be got 
far above those which can be obtained from a boat 
which is of any practical use.. In fact, the speed 
obtained depends solely on the extent to which prac- 
tical requirements are sacrificed, and the risk which 
those in the vessel are willing to take. ‘‘ Progress” 
along these lines is simply movement in the wrong 
direction, and does not in any way contribute to 
the development of useful machines. In the 
large majority of the branches of engineering 
no attempt whatever is made to create such 
records, but where they have been made they have 
had no effect whatever on the progress of prac- 
tical engineering. Thus the fastest steamboats 
in proportion to their size which have ever been 
built are probably the racing steam-launches built 
for some of the American millionaires, but their 
construction has had no effect whatever on the con- 
struction of practical steamships. 

What is true of ships is true also of aeroplanes 
and everything else. Records can only be got 
by cutting down the factor of safety ; sensational 
performances can only be made by taking risks. 
Given that the makers of aeroplanes require sensa- 
tional performances as an advertisement, there is no 
difficulty in getting men to take practically any risk 
for the sake of the rewards offered. The position is 
in fact exactly the same in this case as in that of an 
entertainment which requires men to do risky per- 
formances on a tightrope or in any other similar 
way, and the results are useless. Obviously, how- 
ever, if performances are attempts of which the 
whole point is that they are sensational and risky, 
there will be numerous accidents. 

What is required to make the aeroplane take its 
place as one of the practical means of locomotion in 
the world is general confidence in its safety, and 
the result of all these attempts at records, with 
their accompaniment of accidents, is having exactly 
the opposite effect. 

As has been said, the striving after records has 
been carried a great deal further on the Continent 
than here, but in view of the fact that there have 
been such an enormous number of accidents as a 
result, we may fairly consider that the position of 
flight here is as promising. Flights round Brook- 
lands and at similar places are not as sensational as 
flights across the Alps, but there is probably more 
of scientific interest to be learnt from them. Again, 
the strife for records means that flights are seldom 
attempted except in calm weather, while, in 
England at all events, flight will be of little use 
till it is a certainty in all reasonable weather. In 
this we appear to be well holding our own, and at 
the Bournemouth meeting English aviators showed 
that they were at least as much at home in a wind 
as any of their competitors from the Continent. 








OIL.MOTORS FOR FISHING-BOATS. 

Avioxe the many uses to which oil-motors are 
how put there is one which, at first glance, would 
appear to offer a particularly bright prospect, but 
Which does not seem to have made great headway. 
We refer to the adoption of these motors as an auxi- 
liary surce of power in fishing-boats and similar 


craft. it is true that there are many drifters and 
_ oats on which they are installed, but nearly 
e W 


€ le of these seem to belong to Scottish pro- 
Tietors and fishermen, the men of the East Coast 
‘aving, so far, done comparatively little in the way 
of fitting these auxiliary machines to their craft. 
Whether the men of the North are quicker to see 
the advantages to be gained by their use, in the 








way of rapidity in reaching the fishing-grounds, 
and the securing of carly markets by speedy re- 
turns, as well as general independence of the 
wind, than are the men of the East, or whether 
there are other reasons, we cannot say, but the fact 
remains that the type of motor referred to has not 
been received by the latter with the enthusiasm 
that might have been looked for. It is with the 
object, therefore, of bringing the matter more 
closely before the attention of East-Coast fishing- 
boat owners that the North Sea Fisheries and 
Shipping Exhibition of Marine Oil - Engines and 
Motors, now open at Yarmouth, has been organised. 
The idea is excellent, and the result in the present 
case good, although the efforts of the promoters 
might have gone further. There is no doubt that 
the appliances now on view at Yarmouth give an 
excellent opportunity for an inspection of the 
machinery itself, under show conditions; what is 
really wanted is a demonstration of the various 
motors running under working conditions and 
actually installed on shipboard, because, although 
a certain motor may work admirably when placed 
in a building with every attention devoted to it, 
the same motor, when subjected to the rough and 
tumble of sea life, may develop defects. unnoticed 
under other conditions. We quite recognise, how- 
ever, that there are great difficulties in the way of 
carrying out what we suggest, for it would, of 
course, add greatly to the expense (which, by the 
way, exhibitors find quite heavy enough already), 
and would probably not meet with favour among 
manufacturers ; and we may, therefore, have to be 
content with what we may call ‘‘shop views.” In 
the case of the present Exhibition, one maker, at 
any rate, attempts to approach working conditions 
by rigging up an imitation deck over the motor, 
leading thereto all the controlling levers, &c., in 
addition to which the propeller runs in a tank 
of sea-water, so as to put some load on the engine. 
There are, in fact, several motors whose propellers 
run in water, but we saw only one supplied with 
a temporary deck over it. 

The Exhibition is quite small, having in it only 
nineteen stands, and not all of these are devoted 
to motors, some showing other kinds of appliances. 
What there are, however, are typical and interest- 
ing, and show the latest advances that have been 
made. An exhibit that will no doubt attract 
a good deal of attention is that of Messrs. 
Norris and Henty, 87, Queen Victoria-street, 
London, E.C., who have on view a three-cylinder 
55 to 60-brake-horse-power four-cycle Gardner 
petroleum engine, the cylinders of which are 8 in. 
in diameter and 9-in. stroke, the specified power 
being developed at 500 revolutions per minute. It 
is an excellent example of the makers’ good finish 
and workmanship, and it appears well fitted for the 
work it is intended for, and runs with remark- 
able quietness and freedom from vibration. The 
extreme length of the engine, from the outside of 
the coupling for the propeller-shaft to the outside 
of the governor gear, is 12 ft., the width 46 in., and 
the height 54 in. The crank-shaft is of Siemens- 
Martin steel machined from the solid. The motor 
is fitted with a very efticient type of governor, which 
is mounted on the forward end of the crank-shaft. 
When working on very light loads the governor 
operates by hit-and-miss, but when under heavy 
load the speed regulation is effected by the lift of 
the inlet-valves being varied. The makers claim 
that even in very heavy weather, with the propeller 
lifting clean out of the water, the variation in speed 
is not more than 5 per cent. from the normal. If 
necessary, the speed can very quickly and simply be 
reduced from thenormal of 500 revolutions per minute 
to 250 revolutions per minute, at which speed the 
economy is said to be nearly as good as at the 
higher speed. All the air intakes are fitted with 
muffies, and silence in running has been very care- 
fully studied. The makers have adopted the method 
of heating the vaporisers by blow-lamps, which 
are kept constantly in action, as it is considered 
this is the most satisfactory method where long 
stops may have to be made. On this installation a 
two-bladed bronze propeller has been adopted, and 
reversing is effected by means of a carefully boxed-in 
epicyclic gear, a method commonly used in connec- 
tion with oil-motors. Over 1000 of these motors 
have now been fitted into boats, and among the 
North Sea drifters there are thirty-six boats in which 
they have been installed. 

Messrs. John I. Thornycroft, Limited, Caxton- 
House, Westminster, are well represented by one of 
their four-cylinder 47-brake-horse-power type of oil- 





engines, which is driving a propeller in water. The 
cylinders are each 6 in. in diameter by 8-in. stroke, 
and the fuel used is ordinary paraftin lamp oil, while 
the engine may be started by using a single lamp 
to heat the vaporiser. When once heated, and the 
engine started, the vaporiser will retain its heat, so 
as to allow of stops of even an hour’s duration being 
ssible. As we described this engine very fully, 
owever, on page 613 in our issue of last week, we 
need not devote more space to it here. 

Two engines, over which a great deal of time and 
thought have been expended, may be seen running 
at the stand of Messrs. Perman and Co., Limited, 
43-45, Great Tower-street, London, E.C. The type 
is known as the ‘‘ Kromhout” engine, designed to 
secure great simplicity and freedom from the need of 
attendance. One of these (the larger one) is the 
motor to which we referred previously as having a 
temporary deck rigged up over it, and runs at from 
285 to 295 revolutions per minute, using paraftin, 
or a mixture of paraftin and gas-oil. It has two 
cylinders, each 10} in. in diameter by 13, in. stroke, 
and develops 56 brake horse-power, consuming 42 
pints of oil per hour. The other engine is one of 
14 brake horse-power, which is not shown in motion. 
It runs at a higher speed than the larger one, the 
revolutions per minute being from 325 to 350. The 
dimensions of the cylinders are 7}} in. in diameter 
and 102% in. stroke, the consumption of fuel at 
325 revolutions per minute being 10} pints per hour. 
What is noticeable about these engines is that 
everything has been omitted from them that is not 
absolutely necessary forefticientand reliable working. 

Certain little elegant devices that are in evidence 
in some other motors are here absent, but the 
engines really lose nothing by this, so far as their 
sea-going qualities are concerned, and they ap to 
have given great satisfaction, as over 500 of them 
are now fitted into boats. The ordinary epicyclic 
gear is used for reversing. The chief advantages 
claimed for them are that they do not require a 
lamp when starting and can be set running at once. 
The makers have adopted the petrol system of 
starting, because they consider it, as they make 
it, less dangerous than the use of a lamp. When 
once started, the vaporiser is kept hot by the explo- 
sions. These motors are made entirely by Messrs. 
Plenty and Son, Limited, of Eagle Iron Works, 
Newbury. 

The almost universal method of reversing marine 
motors is by means of epicyclic gear, which can 
be made very silent, and appears on the whole, 
when well made, to be fairly satisfactory ; but it is 
no doubt more or less liable to injury when the 
engines are racing in a heavy sea. In order to 
avoid this danger the Bolinder crude -oil engine 
has been designed, several of which are exhibited 
by Messrs. James Pollock, Son, and Co., Limited, 
3, Lloyd’s-avenue, London, E.C. These range in 

wer from 5 to 40 brake horse-power, the last 
illustrating how easily direct reversing can be accom- 
plished, no intermediate gearing being required. It 
is effected by reversing the action of the pumps that 
supply the oil to the cylinders, the whole arrange- 
ment being quite simple. This type of engine we 
described and illustrated on page 797 of our eighty- 
eighth volume. It is of the two-cycle type. The 
en is effected in the following way :—The 
pump which supplies the jet of oil to the cylinder 
is actuated by an eccentric and is returned after 
each stroke by a spring. The stroke can be 
adjusted, and the pump may be thrown out of 
work entirely also, by raising the striker, as in the 
ordinary hit-and-miss arrangement. When the 
engine is to be reversed, a clutch is disconnected 
and the reversing lever moved over, which opera- 
tion cuts the fuel-pump out of action, and the engine 
slows down. When the speed has fallen toa certain 
limit, a special oe comes into play, and forces a 
jet of oil into the cylinder at such a time that the 
charge is pre-ignited, causing the engine to turn in 
the opposite direction. After this the usual jet- 
pump comes into action, and the engine continues 
to run backwards. No special skill is required for 
the operation, the attendant merely having to de- 
clutch and hold over the reversing-lever until the 
engine changes its direction of motion. The engine 
is started by compressed gas, which is pumped into 
a steel receiver fixed to the bed of the engine, the 
— being about 10 atmospheres at starting. 

e understand that one of these engines has 
cruised 11,000 miles in the worst of weather without 
hitch of any kind, and a very large number are now 
in use. All parts of these engines are manufactured 
by means of special machinery, and are guaranteed 
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interchangeable. There are several other exhibits 
at this stand. 

Messrs. William Beardmore and Co., Limited, 
Naval Construction Works, Dalmuir, have an 
engine of the two-cycle type running. It has two 
cylinders, each 10 in. in diameter by 15 in. stroke, 
and develops 60 brake horse-power at 340 revolu- 
tions per minute. A blow-lamp is only required 
at.starting, the engine running without it when the 
vaporiser is heated. An air-compressor is fitted, 
and is driven direct from the cam-shaft. There is 
also a combination gun-metal bilge-pump, which, 
too, is driven from the cam-shaft. Ordinary paraftin 
is the fuel used, the consumption being, according 
to the makers, very low, or about 0.65 pint per 
brake horse - power hour. Other makers who 
exhibit are Messrs. Blackstone and Co., Limited, 
Rutland Engineering Works, Stamford, and the 
Griffin Engineering Company, Bath, the former of 
these having on view an 80-brake-horse-power 
vertical marine-engine adapted to work on crude 
petroleum or heavy fuel oil. It has four cylinders, 
and the liquid fuel is injected into a volume of com- 
pressed air at or near the end of the compression 
stroke. The heat of the compressed air is not 
relied on, as in the Diesel engine, the compression 
pressure for ignition being in the Blackstone engine 
very moderate—about 150 lb. persq. in. The details 
of this engine are, however, now very well known. 
These engines are now in successful use on a 
number of vessels engaged in the East Coast 
fisheries. Some other exhibits are to be seen at 
the stand. The motor shown by the Griffin Engi- 
neering Company, Bath, has four cylinders, and is 
titted with a friction-brake, by means of which the 
load on the engine can be varied. The Exhibition 
closes on the 12th inst. 





LEAD-MINING IN SCOTLAND. 

THE questions asked in Parliament last summer 
in connection with the strike of miners at Lead- 
hills drew attention to a district long associated 
with lead-mining, and to an industry which, once 
more widely diffused in Scotland, is now only repre- 
sented at Leadhills and the neighbouring village of 
Wanlockhead. We do not propose here to refer to 
the unfortunate labour dispute, but it may be 
of interest to say something about the mining in- 
dustry generally, both because of the paucity of 
the information to be gained in works on mining, 
and also because developments of considerable im- 
portance are now in progress. Leadhills, the 
highest village in Scotland, is situated in the wild 
mountainous country where the Clyde has its 
source. The county boundary of Lanarkshire 
and Dumfriesshire s between the two mining 
villages, which are little more than a mile apart, 
Leadhills being in Lanarkshire, and Wanlockhead 
in Dumfriesshire. The systems of veins, which are 
in the lower Silurian strata, seem to be distinct in 
the two districts, though their general course of 
N.W.—S.E. harmonises. They appear to have 
always been worked separately, owing no doubt 
to different royalty-owners, Leadhills belonging to 
the Hopetoun family and Wanlockhead to the Duke 
of Buccleuch. Compared with the lead-mining 
districts in the North of England, that under 
notice has a very limited amount of water-power 
available. Since the construction of the 6} miles 
of branch railway from the Caledonian main line 
at Elvanfort, steam-power has been generally 
used at both mines, and coal is being used for the 
electric power plant recently installed at Leadhills. 
Water, of course, is still necessary for the dressing 
operations, and this is obtained from the old sys- 
tems of reservoirs and subterranean earthenware 
conduits, which are such a contrast to the wide 
open gridben of the Harz Mountains, or, to come 
nearer home, to the open water-races of Weardale 
and Teesdale. In past times, both at Leadhills 
and Wanlockhead, the lower levels of the mines 
were drained by water-wheels, placed at a con- 
siderable depth below grcund, and worked by water 
derived from the upper ijevels. The old pumping 
plant at Wanlockhead is of considerable interest, 
and has only comparatively recently been replaced 
by more modern plant. Its main disadvantage lay 
in the fact that in times of drought there was danger 
of the mine being drowned out, an eventuality 
which has frequently proved a difficult matter for 
the inquiring tourist to understand. 

During the many centuries of lead-mining which 
this district has witnessed, the scene of active 
operations has frequently shifted, and the brief refer- 





ences in old mining works to the riches of the mines 
relate to ground which has long ago been abandoned. 
M. Jars, a Frenchman, who visited Leadhills about 
1770, and John Mawe, who was there a year or two 
later, both wrote with enthusiasm about the extent 
and solidity of the lead ore they saw. This, how- 
ever, was in the Susanna Mine, which has long 
been a ruin, though it had not been worked to 
anything like the depth of the present shafts a 
mile or so to the south. The standard works on 
mineralogy contain many references to Leadhills, 
numerous comparatively rare minerals having been 
found there ; the ore of lead called Leadhillite, and 
first found in the district, is the double sulphate 
and carbonate of lead. Considering its minera- 
logical fame, it is somewhat surprising that there 
is no local museum or any collections of minerals 
such as those which are to be found in the managers’ 
houses and the miners’ cottages in Weardale. In 
this respect, however, Leadhills is quite in con- 
formity with the other lead-mining districts of the 
United Kingdom, Weardale alone excepted. 

Although without direct connection with lead- 
mining, the occurrence of gold in this district may 
be mentioned as of some interest. In past times 
it was by no means rare to find small nuggets in 
the beds of the streamlets. This alluvial gold has 
always been considered as being derived from 
some gold reef, for which diligent search has 
hitherto been made in vain by natives of these 
parts. No systematic gold-mining is carried on, 
but it is an interesting fact that a wedding present 
made of gold obtained from the bed of the River 
Elvan, and elsewhere locally, was given to the late 
Earl of Hopetoun (first Marquis of Linlithgow) by 
the inhabitants of Leadhills. The present Queen 
Mary’s wedding-ring was also made from Leadhills 
gold. 

According to the Mineral Statistics the amount 
of dressed lead ore obtained in 1908 at Leadhills 
was 3199 tons, with 10,600 oz. of silver ; and at 
Wanlockhead 1378 tons, with 6890 oz. of silver. 
The figures for 1888 were: Leadhills 1854 tons lead, 
with 9251 oz. silver; and Wanlockhead 2150 tons 
lead, and 14,062 oz. silver. This shows the Lead- 
hills mine to have changed places with the Wan- 
lockhead as regards output, a fact which may be 
attributed to greater activity in mining. 

We now proceed to give some details of these 
mines, commencing with Leadhills. The present 
Leadhills Mining Company was formed in 1903, 
being a reconstruction, with the wiping out of 
90 per cent. of the capital, of the earlier company, 
formed in 1876, and capitalised at 120,000/. In 
1906 a dividend of about 34 per cent. was declared 
—the first paid for nine years ; in 1907 about 84 
per cent. was paid on the total capital sunk ; in 
1908 and 1909, 5 per cent. and 4 per cent. were the 
respective distributions. These dividends could no 
doubt have been increased had not the board 
decided on a comprehensive scheme of development 
and the equipping of the mine with up-to-date 
electrical plant. The chairman of the board is Mr. 
Peter Watson, a veteran who has been associated 
with the mine for over fifty years; and the new 
resident manager, appointed two years ago, is Mr. 
W. Bawden: Skewis, a Cornishman with varied 
experience, and late manager of the Nundydroog 
gold-mine, India. 

The two veins now being worked are the Brown, 
running N.W.—S.E., and the Brow, which is a 
continuation of this at the northern end, but bear- 
ing S.W.—N.E. There are two shafts, the Glen- 
gonar and the Wilson; the former 175 fathoms 
deep, and the latter 220 fathoms. The lode dips 
about 60 deg. and varies from 4 ft. to 8 ft. in 
width. The pay streaks of galena vary from 3 in. to 
1 ft. in a gangue which is mostly slaty, but occa- 
sionally calcareous. Unlike the English and Welsh 
lead-mines, the two shafts, which are some distance 
apart, follow the underlie of the lode on a wide 
curve after going down vertically for 60 fathoms. 
At the Glengonar shaft there is a double skipway, 
the skips being self-tipping. The winding is by 
steam-power. This shaft is also used for con- 
veying the men to and from their work. At 
the Wilson shaft, where the new electrical plant 
has been installed, the winding is by electricity ; 
but in this shaft there is no skipway, the ore 
being raised in an elongated iron kibble very 
similar to those in use at the Samson mine, St. 





Andreasberg, Harz Mountains. The electrical 
plant, which, besides the winding-gear, operates | 
the pumping and dressing machinery, was laid 
down by the British Westinghouse Company, of | 


Manchester. It consists essentially of two Bellisg 
and Morcom’s high-speed compound condensing. 
engines, coupled to two 60-kilowatt 500-volt th: ee- 
phase electric generators. 

The cable goes down to the 85-fathom level, 
where there has been fixed a 45-horse-power three- 
throw ram pump by Messrs. Pearn and Co., capable 
of throwing 13,000 gallons of water 500 ft. high per 
hour. A rising main of 6-in. sfeel pipe takes the 
water up to Gripps’ deep adit at 60 fathoms from 
the surface, this Sian the level where the old waier- 
wheel previously referred to is located. This adit 
opens out about 14 miles down the valley near the 
old smelt-mill. We cannot stay to describe the 
electric installation in detail, and indeed it would 
be rather premature to do so, as additions are still in 
progress, particularly in connection with the putting 
in of suction-gas plant. The present workings are 
all to the north, and very satisfactory returns have 
been obtained from ground previously abandoned, 
waterlogged, as unpayable. Turning to the dress- 
ing mill, the ore from the Glengonar shaft comes 
by rope haulage to the Wilson shaft, near which the 
crushing, screening,.and washing plant is housed. 
From here the ore goes nearly half a mile by tramway 
to the mill where the jigs and buddles are situated. 
This mill has a weekly capacity of 70 tons of dressed 
ore. Green’s tables are in use, but there is nothing 
that calls for special mention in the equipment. 
Owing to trouble with farmers about the fumes, 
smelting was discontinued some years ago, and the 
smelter, about a mile and a half down the valley, is 
now in ruins. This smelter, as also the live one at 
Wanlockhead, was originally put at a distance from 
the mine, so as to reduce the distance the metal 
had to be taken by road to market. With the 
advent of the railway the present positions of the 
smelters have become a disadvantage. 

Before leaving Leadhills mine we may express the 
— that the money which has been spent in the 
electrical plant 4nd on the provision of rock-drills— 
which should have had an earlier reference—has 
been wisely laid out. It is clear that with the 
prospect of lead continuing at its present low price, 
a spirited policy of development in order to augment 
the output is absolutely essential if dividends are 
to be earned. 

We proceed now to a brief notice of the Queens- 
berry mine at Wanlockhead. This mine, which is 
some centuries old, was for many years, until quite 
recently, worked as a private property by the Dukes 
of Buccleuch, and if space had permitted of it, much 
interesting matter relating to the lives and working 
conditions of the miners prior to the passing of the 
Truck Acts might have bad mention. Some two 
years ago the mine was taken over by a company— 
the Wanlockhead Lead-Mining Company—largely 
financed in Glasgow, and, as at Leadhills, energetic 
sinking is in progress. The main lode, bearing 
N.W.—S.E., is mostly worked out to the north 
down to 160 fathoms; all the present output 
of lead coming from the south. Mr. Mitchell, 
the present manager, has been engaged in sinking 
another 40 fathoms, so as to open up new ground 
to the north. The lode has an easterly dip of 
62 deg. to 70 deg., and the main shaft goes down 
on the footwall from the surface. There are eight 
levels, the upper ones, adits on the _hill-side, 
dating from earlier days. New plant recently 
put in includes two Babcock and Wilcox boilers 
and a winding-engine by Messrs. Gibb and Hogg, 
of Airdrie. The shaft is fitted with a double 
skipway with safety catches, the skips for raising 
and lowering the men being double-decked, to 
hold four men each. The ore-skip, on arrival at 
the surface, is automatically tipped into the 
wagons, which run on a 3-ft.-gauge tramway to the 
mill about half-a-mile away. The new plant also 
comprises air-compressors for the Hardy rock drills 
and for the new pumps, which have replaced the 
old underground water-wheel of 30 ft. in diameter. 

The ore at the Queensberry mine differs from that 
at Leadhills by being in many places largely complex 
with blende, the sulphide of zinc, somewhere abouta 
hundred tons of 45 per cent. ore being sold annually. 
Pyromorphite, the yellow phosphate of lead. is also 
not uncommon as an incrustation on the galena. 
The mill, which is an old one, is worked by « water- 
wheel, its distance down the valley from the shaft 
being in order to get a sufficient head of water. 
It is about half-a-mile further before we reach the 
smelter, where desilverising by the Pattinson process 
forms part of the procedure. The 1-cwt. and 5-cwt. 
ingots of lead all bear the inscription ‘‘Queens' ry, 
with the ducal coronet. With regard to the 
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future, as the ground being sunk on has opened 
up well, the works will be concentrated by the 
erection of a new mill and smelter in the vicinity 
of the shaft, a step which certainly has much 
to recommend it. The mill, we understand, has 
already been ordered. Whether the past feudalism 
had anything to do with it or not we cannot say, 
but no complaints as to smelter fumes have ever 
marred the harmony at Wanlockhead, though the 
surroundings of the village and its smelter are 
physically similar to those of Leadhills. 

We have now exhausted our references to working 
lead-mines in Scotland, and a brief notice will suffice 
for those which are defunct. Passing over one or 
two long-closed workings in the Highlands, there 
only remains the East Black Craig Mine, situated 
at Palnure, Kirkcudbrightshire, a mile or so from 
Newton Stewart. Lead was first mined there in 
1765, but the produce in the time of the Liverpool 
company, which worked the mine from 1850 to 
1884, was mainly blende with a considerable amount 
of copper pyrites. The mine was rendered more 
accessible in 1860 by the opening of the Portpatrick 
and Castle Douglas Railway, before which time the 
ore was shipped to England via the River Cree and 
Wigtown Bay. Mr. Dunbar, of Machermore, is 
the royalty-owner, and an old map of the Stewartry, 
dated 1797, in the factor’s possession, shows a smelt 
mill, though this was not in existence during the 
tenure of the Liverpool company. 





NOTES. 
Parts-PETERSBURG-PEKIN. 

ImMpoRTANT new departures may, ere long, be 
looked for in the railway connection between 
Western Europe and the Far East, and the plans 
in question appear to be regarded with the same 
lively interest both in Russia and China. It isa 
question of bringing Pekin in nearer touch with 
Kurope through the construction of a new railway, 
in connection with the great Siberian railway. 
This new railway, about which the Governments 
of St. Petersburg and Pekin have recently been 
exchanging views, is to proceed from the great 
Siberian railway in the vicinity of the Baikal Lake, 
straight through the Gobi Desert to Pekin, and a 
line of this description will materially shorten the 
distance between the two capitals. Both Govern- 
ments are understood to favour the plan, so its 
realisation is looked upon as almost ensured. The 
first section of the new line, from Pekin to Kalgan, 
the last large town before entering the desert, has 
already been built for some time. The projected 
continuation, from Kalgan to Lake Baikal, will 
have to face considerable difficulties owing to the 
nature of the desert, but the journey by rail 
through the desert can be done in some 40 hours 
or less, whilst the caravan transports at present 
take 40 to 50 days. The projected new line should, 
according to the plan, be ready as early as the end 
of 1912, and the journey from Paris to Pekin 
should then only take days, from St. Peters- 
burg to Pekin 7} days. From Berlin to Pekin 
the distance would be reduced to 9085 kilometres, 
and the journey should be compassed in 211 hours, 
or barely nine days. 


Derects IN Iron CasTINGs. 


The name of Mr. Thomas D. West, of Cleveland, 
Ohio, has long been familiar to foundrymen on both 
sides of the Atlantic as an authority on foundry 
practice, and on the peculiarities of cast iron in par- 
ticular. Mr. West is at present engaged in an 
inquiry as to the real cause of the globules which 
occur in gas cavities, of the solidly encased shot iron 
observed in other cases, and of hard streaks of white 
iron which are at times found inside of grey and soft 
ron. But little is yet known as to how these mis- 
chances arise, nor as to the best methods of avoidin 
them. Mr. West is accordingly collecting an 
studying samples of the defects enumerated, and 
18 aNXious to secure specimens from British as well 
as Aicrican sources. He is, therefore, making an 
appeal to foundrymen in this country to send him in- 
teresting samples of thedefects enumerated, together 
with as full data as practicable as to the conditions 
in Which they made their appearance. The character 
of the pig iron and of the scrap should be stated, 
also that of the fuel and flux, as well as particulars 
of anything unusual occurring during the heat. 
If possible, an analysis of the casting should be 
added, but in any case the specimen should be 
accompenied by a statement as to the grade of 
casting produced, whether medium, soft, or hard. 


A rough sketch of the casting, having marked on it 
the location of the sample, would, . West says, 
prove valuable, as would also particulars as to the 
character of the mould, and of the methods adopted 
for gatingand pouring. To these data should be added 
a statement as to the conditions in which the metal 
was tapped, and in which it was poured, whether hot, 
medium, or dull. Mr. West intends to make the 
results of his inquiry the subject of a paper to be 
read before a leading soshulent society. fe address 
is 10,511, Pasadena-avenue, Cleveland, Ohio. 


RADIOTELEGRAPHIC TIME-SIGNALS. 


In 1904 and 1905 Albrecht provided chrono- 
meters with a recording mechanism for their control 
at a distance by means of radiotelegraphic signals. 
It is evident that such signals would be very valu- 
able, especially also for longitude determinations 
out at sea, and the Eiffel Tower radiotelegraphic 
station was partly fitted out for that object. Regis- 
tering mechanisms are apt to complicate chrono- 
meters, however. The method adopted at Paris 
was that of the observation of telephone coin- 
cidences suggested by Guyou in 1906, and tried 
by him between Paris and Brest. Tests as to the 
reliability of this method have been carried out 
by A. Claude, Ferrié, and L. Driencourt, and have 
been described in a communication presented to the 
Academié des Sciences in April last. For this 
— sharp, distinct radiotelegraphic signals 

ave to be sent out at regular intervals; these 
intervals should hardly differ from the intervals of 
the beats of the two pendulums under comparison, 
but not absolutely coincide with them. An electro- 
magnetically excited pendulum was fitted with 
a short cross-bar of silver ; the bar was fixed ata 
distance of about a quarter of the pendulum length 
from the pivot, and it just touched when at rest 
two elastic rings of fine silver wire. These rings 
formed the terminals of the relay-circuit which 
actuated the radiotelegraphic apparatus. Ordinary 
Hertzian waves would therefore be emitted as long 
as the pendulum was not swinging. When the 
— started to oscillate, the one ring would 
compressed, and the current interrupted at the 
other. The emission of waves would thus stop. 
By means of a micrometer screw the rest (zero) 
position could be adjusted in such a way that only 
one spark was given each time the pendulum 
through the zero ; a sharp signal was then given. 
These signals were sent from the Eiffel Tower by 
means of a pendulum whose length was so ad- 
justed that it made, in 88 seconds, one oscillation 
more than the two pendulums to be compared. Of 
the two chronometers under trial, the one was at 
the Observatory at Paris, the other at the Mont- 
souris Observatory. Each of the observatories was 
provided with a small antenna in order to make the 
conditions similar to those of a receiving radio- 
telegraphic station at considerable distance from 
the transmitting station on the Eiffel Tower. The 
electrolytic receivers were so tuned that the 
operator heard, in the telephone, not only the sharp 
rap of the arriving signal, but also the beats of 
the chronometer in his station. As the two sounds 
are similar in acoustical character, the coincidences 
were not difficult to observe. Each of the two 
stations thus determined the coincidences of its 
chronometer and the signals, i.e., the pendulum 
beats, on the Eiffel Tower, and the difference between 
the two chronometers could then be ascertained. 
One of the chronometers was marked mean time, the 
other stellar time. Before these tests were carried 
out, and after their completion, Guyou telephone 
tests were also made. In this way the difference 
‘telephone signal minus radiotelegraphic signal ” 
was determined, This difference proved always very 
small, 0.01 second in the worst case ; it was some- 
times positive and sometimes negative, and the 
average was + 0.006 second. The research would 
thus show that very accurate comparisons of chrono- 
meters and determinations of longitude can ‘be 
effected by means of the radiotelegraphic method, 
which should become valuable for geodetic survey. 


THE Brussets ExHIsirion. 

The Brussels Exhibition is to close on Wednes- 
day, the 9th inst. It will have proved, we believe, 
both directly and indirectly, a very successful under- 
taking for Belgium as a whole. It has given to 
Belgian engineers, architects, and industrial men 
the opportunity of affording to the world at large a 
further proof both of their talents, energy, and 


resourcefulness, and of the power of production of 


It was marked 





the Belgian factories and works, 





when at the height of its success, in August last, 
by a most regrettable occurrence, the conflagration 
which totally destroyed the main entrance, the Bel- 
gian, British and French industrial sections, together 
with other side-shows, pavilions, and buildings. The 
original British industrial section, which we de- 
scribed shortly after the opening, with its admirable 
display of works of art of all kinds, will have left a 
lasting impression upon the minds of the visitors 
who saw it in all its beauty. The feeling of ad- 
miration will possibly be increased by the regret 
caused at the utter destruction of the numerous 
valuable displays it contained. As far as possible 
the priceless articles destroyed were replaced by 
other similar ones with remarkable rapidity, the 
British manufacturers and Belgian and British 
committees having co-operated in the matterina | 
most praiseworthy way to insure the continued 
success of the Show. The British firms, who so 
gallantly responded to the invitation that was 
issued in this respect at the time by the Exhibi- 
tions Branch of the Board of Trade, have won a 
well-deserved praise in that they gave to the world 
an example of British enterprise and resource, and 
a testimony of their spirit of good-fellowship. The 
Brussels Exhibition, it will be remembered, marks 
a new departure in this country’s participation 
in similar undertakin; i.e., the formation of the 
above-mentioned Exhibitions Branch of the Board 
of Trade. The branch.in question makes a study 
of all the forthcoming exhibitions. When it has 
ascertained that British interests are likely to be 
furthered by a participation of British trades and 
industries in any of them, it informs the various 
firms and centralises the work. This means the 
purchase of the required space, conducting the 
numerous formalities in regard to transport, cus- 
toms, light and water distribution, and so forth. 
In other words, the members of the new Exhi- 
bitions Branch act as intermediate agents be- 
tween the British exhibitors and the authorities 
in charge of the different committees and sub- 
committees on the spot. While the Exhibitions 
Branch was looking after British interests in 
Brussels, it was assisting them in the Vienna 
Exhibition, the Argentine centenary celebrations 
in Buenos Aires, and is now busy with the Turin 
exhibition to be opened next spring. The central- 
ising of all the necessary formalities is an important 
step in the right direction ; it is one which is quite 
sufticient to keep the new branch well occupied long 
before the opening of an exhibition, during the time 
it remains open, and for many weeks after it has 
closed. From this point of view the new branch is, 
we feel sure, most welcome; it has done, and is 
continuing to do, useful work at the exhibitions 
referred to. The danger, however, is that it may 
wish to centralise too much, and not allow sufficient 
initiative on the part of individual exhibitors in 
instances where individual initiative would act to 
enhance the attractiveness of distinctive displays, 
thus preventing monotony, which, in exhibitions 
work, should be guarded a at all costs. In 
regard to the Brussels Exhibition now coming to a 
close, the Board of Trade states that in comparison 
with the number of firms taki in it, the 
Grands Prix, Diplomas, and Meda which fall to 
this country are unprecedented, the advertisement 
gained for British trade-excellence and enterprise 
being of the utmost value ; it has also led to a 
good number of orders and inquiries, all of which 
results we are glad to record. 





Exear ScHouarsuip, 1910.—The er Scholarship in 
Naval Architecture has been awarded by the Council of 
the Institution of Naval Architects to Mr. Frederick O. 
Cocks, of Sheerness Dockyard. The Scholarship is of the 
value of 50/. per annum, and, subject to the regulations 
governing the same, is tenable for three years. 


ScarBorouGH TramMways.—On Friday last Lieut.-Col. 
P. G. von Donop, R.E., held an inquiry at the Town Hall, 
Scarborough, on behalf of the Board of Trade, into a pro- 
posal made by the Scarborough Tramways Company to 
discontinue street electric tram service during the winter. 
The town clerk (Mr. D. A. Nicol) said the corporation 
strongly objected to the proposal of the company. The 
trams in Scarborough had proved something ae Anancial 
failure, and in the winter months the north cliff section 
was abandoned ; to that the Town Council had hitherto 
offered no active opposition, but when a total suspension 
of service was threatened in the winter the corporation 
felt bound to take some action. Mr. Gripper, on behalf 
of the company, said the directors had done all they could 
to foster the tram service of the town, but there had been 
a gradual decrease in the receipts. In 1909, there had 
been a loss of 677/.; the fos | estimated that the 





a effected by the pro winter suspension would 
be 700/. per annum, 
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INDUSTRIAL NOTES. 


S1Nce our last issue the aspect of things in the South 
Wales coal crisis has not improved, for the men of the 
Cambrian Combine have refused to listen to the 
advice of the Federation leaders. On Saturday last, 
the 29th ult., they sent a message to the Powell- 
Duffryn men now on strike in the Aberdare Valley, 
and this message contained an invitation to join in the 
formation of a new union, independent of the Federa- 
tion. This looks as though a certain section of the 
men, at any rate, had decided to throw over all pre- 
tence of loyalty, and a great split now seems certain 
unless concessions are made by the leaders to the more 
advanced section of the workers. To judge from the 
following, things seem to be getting on admirably from 
the disloyalists’ point of view :—‘‘I regret to learn 
they have been winding coal at one or two of the pits, 
which I may say isa violation of the Act by not giving 
the check-weighers notice to be there. Further, 
I would like to say that if there is going to be black- 
legging over this, there is going to be murder. My 
Gol, f mean it!’ These are not the words of an 
Anarchist, but are quoted from a message sent by Mr. 
C. B. Stanton, the miners’ agent in the Aberdare 
Valley, to Mr. George Hann, the general manager of 
the Powell-Duffryn Company. Naturally, after this, 
the latter gentleman refused to see Mr. Stanton on 
any business whatever. In explanation, Mr. Stanton 
stated that he meant well, but that his meaning had 
been misunderstood. All he meant was that if any- 
thing like what he chose to call ‘‘ blacklegging ” took 
vlace, he would not be responsible for what would 
follow. It is reported that the Powell-Duffryn men have 
refused to meet Mr. Hann unless Mr. Stanton accom- 

anies them. The situation is interesting, but reflects 
ittle credit on the men; and it is unfortunate that 
they do not recognise the stigma that surely attaches 
to their cause when they support such language as 
we have quoted. The result of a ballot of the men 
does not seem to be at all clear, and it is thought 
highly probable that if one be taken the older 
men may vote against a stoppage. The Socialists, 
however, do not appear to be willing to allow the 
matter to go to the ballot. The Ae men in the 
Aberdare Valley have been asked by the Rhymney 
Valley men to send a deputation to wait upon them, 
the latter men intimating that they are ready to join 
in the strike. Should they do so, the number of men 
thrown out will be about 30,000. All these intrigues 
point to serious trouble. On Monday things came to 
a crisis, for on that day 9000 Cambrian Combine men 
brought out their tools, and 4500 North Navigation 
men joined them, so that the total now on strike is 
26,000. 

The positions taken up by Mr. Hann and Mr. Stanton 
appear to be unchanged, and at the time of going to 

ress the former still refuses to meet Mr. Stanton. 

‘he workmen were informed on Monday that the pits 
were to be open yesterday to enable the men to bring 
out their tools and be paid off, which does not look 
promising for peace. The strikers damaged the house 
of one of the Powell-Duffryn officials on Monday. 

Seventeen hundred men employed at the Pont- 
lettyn (Rhymney Valley) Works of the Rhymney Iron 
Company determined, at a mass meeting on Tuesday 
night, that unless one of their number, Timothy Davies, 
was reinstated in the place which he occupied prior to 
an illness, they weal cease work to-morrow. Davies 
had been offered other work, but he alleged that he 
could not earn the same amount as formerly. 


On Wednesday last the decision of Lord Gorell upon 
the interpretation of his award of August 19, 1909, 
regarding certain questions which had arisen between 
the Great Eastern Railway Company and certain of 
the employees was published. In a summarised form 
the result is as tollows:—Signalmen: Section A, 
Clause 1 (a): It is held, upon the true interpre- 
tation of the award, that the time mentioned is the 
time actually worked. Signalmen: Section A, Clause 
1 (b):—The true interpretation of the award is held 
to be that the sub-clause applies to all signalmen, but 
does not apply where one of the week’s turns of 
duty is ellowel off, whether such allowance is caused 
by a change of duty or otherwise. Passenger guards : 
Section A, Clause 2 ():—It is held upon the true 
interpretation of the said award that, in those cases of 





passenger guards in which a turn of duty is in addition 
to the usual turns of duty for the week, and is not | 
within the proviso of Sub-Clause 2(b), the former | 
practice of the company remains in force, according 
to which the additional turn was id for extra. | 


Shunters : Section A, Clause 4 (+) :—It is held, upon | 
the true interpretation of the said award, that the sub- 
clause does not apply to any cases where a continuous | 
period of 24 hours off duty is allowed at some time | 


in the seven days. Foremen, porters, &c.: Section A, | 
Clause 5:—The interpretation is that the time men- | 
tioned is the time actually worked. Drivers on small | 
branch lines, Section B, Bom 8 (y):—Itis held, upon | 
the true construction of the said award, that the sub- | 
clause applies to drivers on the small branch lines | 


mentioned in the proposals of the company in part B 
of the schedule of the award, whether they were em- 
loyed on such lines at the date of the said award, or 
me so employed afterwards, and whether driving 
nger or goods trains. Acting drivers: Section B, 
lause 8 (f/) :—The point with regard to these seems 
to be whether the words ‘‘ drive for five hours or more” 
refer to the time actually occupied, or include also 
the time occupied in proceeding toor from the engine. 
According to the true interpretation of the award, 
they refer to the time actually driving. Acting 
firemen: Section B, Clause 9:—The dispute as to 
whether the words ‘‘fire for 4} hours or more” refer 
to time actually occupied in firing, or include also the 
time occupied in proceeding to or from the engine. 
According to the true interpretation of the award, 
they refer to the time usually occupied in firing. 
With regard to holidays, the true interpretation of 
the award is that the clause as to holidays is general, 
and not confined to any particular grades, and the 
power left by the award to the company to vary the 
practice in its discretion with regard to annual holi- 
days, and payments in respect thereof, is not ex- 
ceeded by the company in its discretion stopping pay 
with holidays. 


Ballot-papers were again sent out on Tuesday last 
to members of the Boilermakers’ Society, with a view 
of ending the shipyard lock-out, and the men are 
asked to vote on the York agreement drawn up by 
the employers’ and the men’s representatives. In 
addition to the papers there was also sent out an 
important explanatory circular regarding the steps 
taken to remove misunderstandings among the men 
respecting the agreement. The masters have refused 
to re-draft the proposals, but are willing to answer 
informally any questions that may be necessary to 
remove ambiguity. The ballot-papers are returnable 
not later than November 8. A statement of accounts 
is also given on the circular, showing that there is a 
balance of 6700/. in the general fund, and it is pointed 
out that lock-out benefit cannot be continued. Asa 
result of the lock-out no vessels were launched from 
Sunderland shipyards last month. 


The changes in rates of wages taking effect in 
September affected 24,000 workpeople, all of whom 
received advances. Amongst these workpeop!e were 
3400 ironpuddlers and millmen in the North of 
England, 13,000 mechanics, &c., on the Clyde, and 
5200 ironmoulders in Scotland. The estimated effect 
of the changes was an increase of 1200/. per week. 
The summary for the nine completed months of 1910, 
up to the end of September, gives the total number of 
workpeople (separate individuals) whose rates of wages 
were changed. Up the end of that time the number 
was 484,587, as compared with 1,117,876 in the corre- 
sponding period of 1909. The changes arranged gave 
336,122 workpeople a net increase of 11,946/. per 
week, and 148,465 workpeople, a net decrease of 5421/. 
per week. The net effect of all the changes was thus 
an increase of 6545/. per week, as compared with a de- 
crease of 69,085/. per week in the corresponding period 
of 1909. 


According to the report of the Labour Department 
of the Board of Trade, the industrial activity of the 
country seems to be on the whole fairly good, and 
trade continues rather above the average. Employment 
in September was on the whole much about the same 
as in August, when allowance is made for the effect of 
the lock-out in the shipping trade on other industries. 

As compared with a year ago most of the principal 
industries showed an improvement. There was, how- 
ever, adecline in the cotton trade, and employment in 
coal-mining showed little change. In the 416 trade 
unions, with a net membership of 674,760, making 
returns, 28,703, or 4.3 per cent., were reported as un- 
employed at the end of September, 1910, compared 
with 4 per cent. at the end of August, 1910, and 
7.4 per cent. at the end of September, 1909. 


The shoe factory of Messrs. G. P. Simons, at 
Leicester, is suffering from a trade dispute, the lasters 
and finishers having gone out on strike, in spite of the 
efforts made by the National Union of Boot and Shoe 
Operatives to persuade them to return to work. The 
number of men concerned is not great, but an im- 
portant point is involved. 

Some time ago there was a disagreement, with the 
result that about twenty men gave notice to quit 
the service of the firm, and when the notices were 
worked out the men did not return, but picketed the 
works. The point is that the men did not leave work 
suddenly, but gave due notice, in spite of which the 
matter was regarded as an ‘unauthorised strike.” 
The men, it is maintained, should have submitted 
their grievances to the Board of Arbitration, ia case 
other arrangements failed, and they should not have 
stop work. In reply to this, Senn, the men 
absolutely refused to resume work at the dictation 
of the rd of Arbitration until their grievances 
were settled to their satisfaction. This attitude, of 





course, does not help matters, and the men hay 
received no countenance from their union, althouy 
some private collections seem to have been made { 
them. This is another instance of disloyalty. 


iay 
on 
‘es 


At a meeting of the members of the Mersey Q 
and Railway Garters’ Union, held at Liverpoo! 
Sunday last, the men decided to hand in their noti 
in consequence of the refusal of the masters to submit 
to their demand for shorter working hours, and pay {or 
— work. About 6000 men have been thrown out 
of work. 


The violation of the Osborne judgment has caused a 
number of injunctions to fall on the heads of trade 
unions, and the following are among those who have 
had to pay the penalty of law-breaking :—The Amal. 

amated Society of Railway Servants, Amalgamated 
Society of Engineers, North Wales Miners, Derbyshire 
Miners, Typographical Association, United Pattern. 
makers, Northern Counties Weavers, London Society 
of Compositors, Lancashire and Cheshire Miners, 
South Wales Miners, Nottingham Miners, Devonport 
Government Labourers, Operative Stonemasons, Card 
and the Blowing-Room Operatives. Many parliamen. 
tary members are affected thereby. 


The Labour Party leaflets sometimes form amusing 
reading. One that has recently been circulated— 
No. 49—is devoted to the subject of that ‘‘red rag” (to 
the Labour Party and a section of the trade unionists) 
the Osborne judgment, and is particularly entertaining. 
In this the payment of members is demanded, bu/ not 
as an alternative to the reversal of the Osborne judgment. 
The italics are ours. The payment of members may 
or may not be a good thing, but there is much to be 
said for it, whereas we have never yet heard any 
reasonable argument in favour of the reversal of the 
Osborne judgment, which, if it take place, will offer 
inducements for many corrupt practices. The trade 
unions now have a perfectly free hand in the payment 
of their members if they wish, only the payments from 
their members must be voluntary, not compulsory. 
If funds cannot be got in this way, it points clearly to 
the fact that the majority of the members are indif- 
ferent, and that the union, therefore, does not require 
a special parliamentary representative. If the members 
are really in earnest, there will be no need of the 
compulsion which the union Members of Parliament 
and some others are clamouring for ; there would be 
plenty of funds ready. We have ao strong suspicion, 
however, that all this fuss about the Osborne judg- 
ment is because the majority of the union members 
have little enthusiasm on the subject, and the parlia- 
mentary members know it and feel their positions 
insecure. Lack of enthusiasm is, no doubt, very sad, 
for the world ought to be full of enthusiasts ; but we 
cannot always have the world as we would, and the law 
merely steps in and protects certain members of the 
trade unions, over whom other members wish to 
tyrannise, 


The National Free Labour Association opened its 
eighteenth annual Congress on Monday last at the 
Memorial Hall, Farringdon-street, E.C., Mr. J. W. 
Roberts, of West Ham, having been elected president. 
Since its formation the Association has enrolled 768,000 
wage-earners of the country, claimed by the secretary, 
Mr. Collinson, to be the cream of the working classes, 
who have been formed into a defensive and defiant 
organisation. Trade unions have, Mr. Roberts main- 
tains, been defeated all along the line by free labour, 
and many disastrous strikes have been prevented. 
His opinion of Labour Members in the House of 
Commons is not exalted, for he considers, and does not 
hesitate to make it known, that they are self-seeking 
aggrandisement-loving men, merely economic quacks, 
who had, however, been able, unfortunately, to throw 
their industrial poison broadcast. Resolutions were 
passed calling for the repeal of the Trades Disputes 
Act, and protesting against the Miners Kight Hours 
Act, as well as the present ‘‘ trade-union bias of the 
Board of Trade.” 


On Monday last, at a meeting of the Council of the 
Yorkshire Miners’ Association at Barnsley, the ques- 
tion of non-union men again came up for consideration, 
and it was stated that about thirty men at the (iarforth 
Colliery still refused to join the union, and the rest of 
the men had made up their minds that they should be 
made to for the benefits they were obtaining, like 
the rest of the men belonging to the Association. It 
was agreed that the union men should be allowed to 
take a ballot on the question of giving in their notices 
to compel those outside to join. The men at the 
Topeliffe Colliery of the Yorkshire Iron and Coal 
Company at Tingley had already taken such ballot, 
but it was decided to postpone its effect until a depu- 
tation had met the managing director of the colliery. 
The men at the Holley Park Colliery, Batley, also got 
permission to take a ballot. The men of seve: i] other 
collieries also sought for similar permission. 
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CHARACTERISTIC ENERGY DIAGRAMS 
FOR STEAM LOCOMOTIVES. 
To THE EpriTorR oF ENGINEERING. 

Srr,—In your issue of October 7, your correspondent 
«“ , L.” makes a comparison between results obtained in 
3ritish locomotive practice and the energy curves derived 
by Professor Dalby from the Pennsylvania Railroad tests, 
and asks for an explanation of the differences which 
appear. These differences seem to be due to differences 
in the quality of the fuel, and in no way show that Pro- 
fessor Dalby’s methods cannot be extended to British 
locomotives. Any study of locomotive characteristics 
must be on the relation between boiler efficiency 
and the rate of firing, and the underlying principle of this 
relation is that, as the rate of — is increased, the boiler 
efficiency is reduced. With quite low ratio of firing—say, 
20 lb. per sq. ft. of grate per hour, with soft coal—an 
efficiency of about 80 per cent. can be secured, but, in 
order to obtain sufficient power with a small boiler, the 
rate of firing is usually pushed to such a point that the 
efficiency is reduced to between 50 and 60 per cent. The 
relation between the boiler efficiency and the rate of firing 
is determined by the design of the boiler and by the quality 
of the coal, and the physical characteristics of the coal as 
well as its heating value must be considered. The coal used 
by the Pennsylvania Railroad in the St. Louis tests, on 
which Professor Dalby’s curves are largely based, was of 
excellent quality, but very friable. It split up on being 
heated, so that with a heavy draught very considerable 
quantities were carried off unburnt. aye owe | while 
boiler efficiencies of 80 per cent. were obtained when 
firing 20 lb. per square foot, the etticiency fell to about 
40 per cent. (Proceedings of the Institution of Mecha- 
nical Engineers, 1908, pages 280 to 283) when 1401b. of coal 
were fired per square foot per hour. The British tests to 
which your correspondent refers were undoubtedly made 
with a coal which coked, and thus offered more resist- 
ance to the rT of the draught to carry it off the 
grate. Tests made by the Pennsylvania Railroad at 
Altoona with a coal of this nature showed that with 
sufficient firebox volume a boiler efficiency of over 50 per 
cent. could be maintained with a rate of firing as high as 
170 lb. per square foot of grate per hour. 

In all the locomotive-bouler tests which I have examined, 
I have found that the relation between the boiler 
efficiency and the rate of firing can be very closely ex- 
pressed by an equation of the form, 


b 
F= 
1+aG 
where F is the boiler efficiency in per cent.; G the 
weight of coal fired per square foot per hour ; and a and } 
are constants depending on the quality of the coal and the 
design of the boiler. 

In the St. Louis tests, on which Professor Dalby’s 
Diagram 600 is based, b = 89, and a = 0.0085; while in 
the Altoona tests, with the coking coal, b = 89, and 
a = 0.0042, I should expect these latter figures to a ply 
fairly closely to the Great Western tests cited by ‘‘F.L.” 
If this is the case, and if we assume that each indicated 
horse-power requires the boiler to absorb 400 B.Th. U. per 
minute, we find that the maximum power of 1540 
indicated horse-power will correspond to 178 lb. of coal 
per square foot of grate per hour and a boiler efficiency of 
dl per cent., while the normal sustained power of 1360 
indicated horse-power will correspond to 146 Ib. of coal 
per square foot of pe per hour and an efficiency of 
dd5per cent. These figures seem to be within the bounds 
of reason, and I think that if your correspondent will 
study the problem along the lines indicated, he will find 
that the methods of Professor Dalby’s curves are applic- 
able to British practice. 

Yours faithfully, 
Lawrorp H. Fry. 

64, Rue de la Victoire, Paris, October 31, 1910. 





DIRIGIBLE BALLOONS. 
To THE EpitTor oF ENGINEERING. 

Sir,—In response to the clamouring of the man in the 
Street, or rather his journals, we now possess two or 
three dirigible balloons. The question arises, What are we 
going todo with them? Are they to be locked up carefully 
in their sheds, unless the weather is dead calm? in which 
case they will be safe, but quite useless ; or are they to be 
. Sent out in moderate weather to visit a place, say, 60 miles 
away and return? If the latter course be pursued, serious 
trouble will certainly arise. It is all very well for people 
on the Continent at, say, 100 miles from the coast, to 
fetter about in calm weather from one town to another, 

ut in these islands the weather conditions are very dif- 

ferent, there being no dependence upon the strength of 

a wind from one hour to another, especially near the 
st. 

On many occasions I have left the neighbourhood of 

aris in calm weather, and before reaching the English 
Coast half a gale of wind has been blowing. Now, suppose 
the weather is quite moderate, and a dirigible balloon is 
ordere. to make a two hours’ journey in a given direction, 
and return to the shed ; should the velocity of the wind 


Increase, she might possibly reach home, but she could 
not be docked in a strong wind, and she certainly could 
not be anchored, with a view of riding out the gale, 
becauis: if the grapnel held, there is nothing strong 
a to make the rope fast to ; but even if she could be 


y anchored, the car and machinery would 
umped upon the ground and smashed to pieces in a very 


short time. The only means of escape for the crew would 
to get near the ground, ri 4 the envelope, and then 

oy to escape the fumes of tke gas and the falling 
- Das 


a 
hose who advocate thé use of dirigibles, and who know 


something of sea-work, should consider a parallel case 
—e.g., a vessel capable of being propelled at a speed not 
exceeding four knots, set to work in tidal currents 
which range from two to six knots, provided with anchor 
and cable, but nothing strong enough to make the cable 
fast to. It is quite certain that no man in his senses could 
be obtained to take charge of such a vessel. 

Having had exceptional opportunities, both in this 
country and abroad, of witnessing the trials of dirigibles, 
I have no hesitation in stating that, when the time arrives 
to write the history of the dirigible, only one word will 
be necessary—fiasco. 

Yours faithfully, 
Horatio PuHIuirs. 

West Barnham, Sussex, November 2, 1910, 





FURTHER NOTES ON FURNACES. 
To THE EpiToR OF ENGINEERING. 

Srr,—As you have deemed my letter of the 17th ult. 
worthy of a portion of your valuable space, may I ask you 
to allow me to supplement the matter therein contained ? 
My main point is that fortunes are daily wasted, owing 
to the non-full recognition of the vast difference between 
calorific intensity and calorific quantity. When this is 
~ > ae the evolution of steel manufacture is rendered 
clear. 

If the calorific intensity of the working temperature of 
an operation is 75 per cent. of the calorific intensity of 
just perfect combustion of the fuel, then only 25 per cent. 
of the total quantity of energy of the fuel is available for 
working under perfect conditions. If this be increased to 
50 per cent. by any means, then 50 per cent. is available, 
and is as cheap at twice the cost. 

Now at 1600 deg. working temperature many coals 
have only, say, 10 per cent. balance of calorific intensity 
left. That is why by coking them and wasting the coke- 
oven gases even, and raising the calorific intensity of 
combustion of the fuel, say, 15 per cent., it pays well, 
and the two prominent examples are the blast-furnace 
or crucible-steel ‘‘ coke-hole” and charcoal furnace. 

It should be borne in mind that the calorimeter is a 
measurer of the total heat available, and not of that 
developed, in a chemical action, for the reason that any 
portion of the stages of reaction in which heat is absorbed 
result in a deduction from the total ene developed. 
Thus in burning coal the available heat is that due to its 
constituents, mainly coke and gas, less that required to 
produce them from the coal as separate entities. 

t us review an imaginary coal in the proper way. 
We coke it at various temperatures and collect the gases 
and cokes produced. We burn 1 kg. coal in calorimeter ; 
it yields, say, 7000 cals. The coke is 80 per cent.—i.c., 
0.80 kg., and gas 0.20 kg.; they yield on combustion in 
the calorimeter 8000 cals. per kg. and 10,000 cals. per kg. 
respectively, from which we derive energy shantbed 1 
coking, thus :— 


Combustion of 0.80 coke at 8,000 = 6400 
Combustion of 0.20 gas at 10,000 = 2 
Total 8400 
Combustion of 1 kg. coal : 7000 
Difference energy lost in coking 1400 


Now this must be lost in all cases, because the coal is in 
every case coked before it is burnt. 

This loss is 20 per cent. on 7000. 

Now we see that even a mixture of the ultimate gases 
will yield god cent. more calorific intensity than 
their direct production and combustion. Thus if the 
7000 cal. coal burnt direct or in two stages—+t.e., using a 
half-combustion type producer—would give 1500 deg., 
its gases could, under working at 20 per cent. loss, give 
1650 deg., and therefore, for a working temperature of 
1450 deg, be five times as efficient for a 20 per cent. loss 
on total. That is why the gas-producer is a very un- 
scientific device. That is why it pays to use coke to get 
high temperatures by direct firing, for out of 0.8 of the 
fuel we obtain 0.92 of its energy. On the other hand, 
debiting the coke with the cost of distillation, we obtain 
from 0.2 of the fuel 0.28 of its energy. 

It is this concentration of energy which pays so well, 
provided high temperatures are required. e may thus 
conclude that gas-producers and tall chimneys will soon 
cease to be practical politics. 

We are often nowadays as illogical in our efforts to use 
carbon as a reducing agent, for exactly the same reasons. 

Let XO be the oxide of an element or compound X 
which we wish to produce. Consider the left-hand side 
of the equation 2X O + 2C = Y; let the reaction which 
occurs be endothermic. The only means of supplying 
the requisite quantity of energy is by means of intense 
heating ; therefore the quantity required for its half 
reduction plus formation of carbide is less than that for 
its complete reduction. 

Consider the stages : 

(a) 2X0+2C=X0+CO+4+X+4+C. 

Now, unless the loss of heat by the reaction X + C = 
X C be not greater than that of X O + C = CO, the next 
reaction on rise of temperature will be 

(4) XO+C00+X+C=X0+CO+XC; 
and lastly, on further rise of temperature, 
(ec) XO +CO+XC=2X +2C0. 

Is it surprising that experience has shown the folly of 
trying to make steel direct from the ore instead of follow- 
ing the path of least resistance in the two low tempera- 
ture stages of making pig iron, and mixing it with ore to 
make steel, or obtaining CaC, and mixing it with CaO to 
get Ca or SiC, and mixing it with SiO, to obtain silicon ? 





A reaction of a calorific intensity of 100 deg. may be un- 


n | reason for this would demand too much of 


attainable starting from 1700 deg., and easy starting from 
700 deg. Now iron differs from many elements under 
carbon reduction, for its reduction is less endothermic 
than some, and iron only loses its oxygen at about 50 

r cent. of FesC owing to the different ratios of the 

eats of formation of CO and CO,. But with the big heat 

absorption in reducing CaO, practically 100 per cent. 
CaC, must be formed. 

Recalescence is no surprising phenomenon ; its explana- 
tion is simple. Fall of available heat, due to loss of tem- 
perature, uces a chemical change which increases 
the ratio of the total charge of heat to mean specific heat, 
and increases the temperature of body or transmutes heat 
into light as a compensation. 

When, about twelve months . I conceived the idea 
that for high temperatures a costly calorie was necessarily 
the cheapest to use, I communicated with the gifted 
general manager of the gas company in a certain district, 
and for business and scientific reasons, he placed facilities 
for experiment at my disposal, to practically test my 
theories. Now, he showed me that Bunsen type flames 
always gave a rich n flash and made a peculiar sound 
when doing their absolute best. Analysis of gas or any 
materials failed to give a reason. 

Reasoning ah since writing you last, I have found 
a simple explanation of this—viz., that abstract calcu- 
lations may show that the green colour and sound are 
absolutely involved in just perfect combustion. They 
are interdependent. Under-combustion gives yellow, 
over-combustion gives blue. The green comes between 
in the spectrum. How and why involve more space than 
is possible in a letter. 

Every practical man knows that the higher the pres- 
sure at which air is introduced in a Bunsen burner, the 
higher temperature is given—i.¢., the ratio of gas to air 
is more correct. The reason is that the air expanding 
on leaving the jet is better mechanically mixed with the 

; the expansion causes movement in all directions. 
This identical effect, however, can be attained just as 
well by putting gas, instead of air, under pressure, but 
only one-eighth of the mechanical work is involved, and 
therefore greater economy is secu Therefore the 
high-pressure gas-jet is theoretically, as well as prac- 
tically, best. The reason it roars is again due to a 
necessary physical condition. Perfect mixture involves 
explosive combustion. This results in an inert gas for a 
differential portion of time keeping a neighbouring mole- 
cule of gas and of air from meeting and ex ing. 

The effect of bringing cold gas and hot air into a 
Siemens furnace is a little similar to pressing the gas up 
to 6 atmospheres, and using it with cold air in a furnace. 
The effect of under-combustion is transmutation of much 
heat into light, which again my be retransmuted into 
heat, as combustion progresses. Transmutation of forces 
must take place, or perfect combustion cannot, The 
our space, 

Yours faithfully, 
ALLEYNE REYNOLDS, 
117-119, Birkbeck Bank Chambers, Southampton 
Buildings, London, W.C., November 1, 1910. 





THE TESTING OF AERO-PROPELLERS,. 
To THE Eprtor oF ENGINEERING. 

Srr,—With reference to Mr. Larard’s article on “* The 
Testing of Propellers,” I would like to point out that, 
except for helicopters, stationary tests are practically 
useless. I fail to see how any information as to the thrust 
during flight can be obtained therefrom, so that while 
these figures are of the utmost importance to designers of 
helicopters, they cannot be any appreciable guide to the 
efficiency of aeroplane propellers. 

With regard to the item “ thrust per horse-power,” 
may I call attention to the obvious, but much-neglected, 
fact that wis 


Thrust i ds < . 
Seale atitaaas Axial speed in feet per second 


so that for aeroplanes with a relative velocity of 50 ft. per 
second under no circumstances whatever can the thrust 
exceed 11 lb. per horse-power. 

With respect to the stationary thrust, I have recently 
shown in a paper submitted to the Aeronautical Society 
(abridged in The Engineer, a 1) that the thrust in 
pounds per horse-power is not like = exceed 30 Ib. 

This agrees with Mr. Larard’s t results, and shows 
that some of Messrs. Page’s propellers would serve wel! 
for helicopters. 

The assumption made as to » being negligible seems open 
to question. 

Iam, Sir, yours faithfully, 


Herpert CHATLEY. 
Tang Shan, October 19, 1910. 








Tue ILLUMINATING ENGINEERING SocreTy.—A meeting 
will be held at the house of the Royal Society of Arts, 
John-street, Adelphi, on Tuesday, the 8th inst., at 8 p.m., 
when a paper on ‘‘ Recent Advances in and the Present 
Status of Gas Lightin ” will be read by Mr. F. W. Good- 
enough, M. Inst. Gas Engineers. The chair will be taken 
by the President, Profeesor 8. P. Thompson, D.Sc., F.R.S. 


Tue LATE Mr. H. J. West.—We regret to have to 
record the death of Mr. H. J. West, M. I. Mech. E., 
which occurred at his residence, Thames Ditton, on the 
20th ult. Mr. West, in conjunction with the late Mr. 
James Harrison, Geelong, Western Australia, constructed 
the first ice-making machine used for commercial pu , 
This machine was on the ether system, and was exhibited 
at work during the exhibition of 1861, in charge of Mr. 








West. Mr. West had been living in retirement for some 
new past. He was 71 years of age at the time of his 
eath, 
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WORKMEN’S COMPENSATION CASES. 
county Court. 

Disease Accelerated by Strain.—In leading cases in the 
Court of Appeal it has been decided that, where the strain 
of a man’s work has brought on an attack of cerebral 
hemorrhage, the exertion has been the cause of his death, 
and that the latent tendency or disease was not the proxi- 
mate cause of death. Following these decisions the 
County Court Judge at Aldershot on October 6 decided 
to make an award to the widow of a workman named 
Oliver, employed by the Heath and Wiltshire Motor Com- 
pany. The deceased, apparently a man in whole health, 
was vigorously en rubbing with pumice-stone the 
body of a motor-car, against which he stood some 3 ft. 
from the ground. 

His work entailed great exertion, which caused him to 
stop, and, making a sudden exclamation, he fell forward 
and died. The point at issue in Court, when his widow 
claimed compensation, was whether the rupture of an 
artery which caused death had been caused by strain. 

The case raised a purely medical question, and the post- 
mortem examination showed that the cause of death was 
cerebral hemorrhage, and the evidence proved that the 
man’s work requi great strain and frequent stooping. 
On the ee of a recent case already reported in 
ENGINEERING (Hughes v. Clover Clayton and Co., 1909, 
C.A.), the County Court Judge, with some hesitation, 
awarded compensation to the widow. 

The Court of Appeal case above mentioned, it will be 
remembered, was the case of a riveter tightening a nut 
with a spanner, when the exertion caused him to fall 
dead. On examination it was found there was rupture 
of the aorta. Aneurism was so advanced that the man 
might have died in his sleep, but the Court of Appeal 
decided that the strain of the work was the proximate 
cause of the workman’s death.. Medical men are disposed 
to say that in such cases as these it is not strictly true that 
a man who died suddenly from a natural cause, such as 
heart rupture, can be a> f to die of an “‘accident arising 
out of and in the course of his employment,” but it 
will be noted that the object of the Act is.to compen- 
sate when such sudden death has been precipitated by 
heavy work, and the strain of unusual exertion. The 
workman in this Aldershot case might have lived for 
many years but for the nature of his employment at the 
time of his death. As the Act stands, compensation is 
payable by the employer whenever the exertion of serving 
the employer has hastened a worker’s death. 

An Aged Dependant.—F ull compensation to the amount 
of 3001. was claimed at Blaenavon (South Wales) County 
Court on October 8, but, on account of the applicant's 
great age and reduced expectation of life. the award was 
granted at 120/. only. 

The deceased was a miner, age 62, who was killed 
in the Blaenavon colliery, leaving his infirm old mother, 
age 82, his sole dependant. The employers paid 78/. 
into Court, and contended that the applicant was not 
solely dependent on the deceased, having an old-age 
pension of 5s. a week. This, with the fact that the 
applicant was now ill in the doctor’s hands, and at her 
advanced age had a short lease of life, was their reason for 
offering such greatly reduced compensation. 

The met Court Judge could not give the employers 
the full benefit of their argument, for the law required 
him to provide at least for the possibility of the aged 
mother living for —_e. more years. 

The County Court Judge, as arbitrator, has discretion 
to fix a sum as compensation within the limit of the 
maximum allowed by the Act. 

Casual Workmen.—A battleship was in graving-duck at 
Liverpool for painting the hull, and a labourer was 
one carrying cases of ship’s stores and furniture on 
board. The iron band on one of the cases caused an 
injury to the applicant, and he claimed compensation 
from the ship’s builders, Messrs. Vickers Sons and Maxim. 
It was a trivial accident, and, as the Judge said, 30s. 
might have settled the compensation. The respondents, 
however, insisted that, in carrying the cases on board, 
the applicant was not their servant, and they went to 
considerable trouble and expense to bring evidence for 
the defence. The Judge was not satisfied that the work- 
man was employed by the respondents, and dismissed the 
application. This case shows to casual labourers the 
difficulty of proving employment as a workman; it 
should be remembered by the casual labourer that his 
difficulty is when he is ‘‘employed” otherwise than for 
the purposes of the employers’ ‘‘ trade or business,” for 
then it is presumed he is not employed as a workman 
within the meaning of the Workmen’s Compensation Act. 

Reservist’s Compensation: Conewrrent Contract of Ser- 
vice.—In the first schedule of the Workmen’s Compensa- 
tion Act, Section 2}, it is provided, where a workman 
had entered into concurrent contracts of service with two 
or more employers, under which he worked at one time 
for one such employer, and at another time for another 
such employer, his averag>? weekly earnings shall be 
computed as if his —- under all such contracts 
were earnings in the employment of the employer for 
whom he was working at the time of the accident. This 
point of how far wages under a concurrent contract of 
service affect a claim for compensation came before the 
County Court. Judge of Selby (Yorkshire), when Alfred 
Archer sought compensation from the Olympia Oil 
Company, The applicant was engaged as a moulder. 
The accident was not disputed, and the employers 
admitted they should be liable to pay half the workman’s 
wages of 24s, a week—t.e., 12s. weekly compensation. 
The applicant was an Army Reserve man, and he claimed 
that to half his average weekly earnings should be added 
the half of his reservist’s pay. It was a condition of 
service at the employer’s oil-mill that the workman 


should bean Army Reserveman, On June 30 last Archer 
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was dismissed from the Army Reserve as medically 
unfit. His half-pay as a reservist was 1s. 9d. per week, 
and this he claimed should be reckoned with his weekly 
earnings at the time of the accident. The Judge held 
that whilst the point was of some importance, it could not 
be understood that a reservist was a workman, or reserve 
pay __ of his weekly earnings within the meaning of 
the Workmen’s Compensation Act. The workman was 
offered 15s. a week for light work, and to this the Judge 
awarded him 9s. per week compensation. It is clear from 
the wording of the Act that it was never contemplated 
thatan Army man with a pension was under a concurrent 
contract of service as a workman, or that Schedule 1, 
Section 2, of the Act meant that a reservist’s pension was 


a part of his weekly earnings to be reckoned in estimating | 


the scale of compensation. 





Tue Royat Sanitary Institute.—Lectures on army 
sanitation will be es by Lieut.-Colonel C. H. Melville, 
M.A., C.M., D.P.H., Professor of Hygiene, Royal Army 
Medical College, on November 10, 17, and 24, at 7 p.m. 
The following courses of students’ lectures are now being 





in-plates are per box of I.C. cokes. 


held at the Institute :—For sanitary officers, on hygiene 
and its bearing on school life; for women, health visi- 
tors, and school nurses ; and practical training for meat 
inspectors. Special course on food and meat inspection, 
arranged for army officers and professional men, will 
commence on November 14. 


THe InstirvTion oF Crvit ENGINEERS : YARROW 
EpvucaTionaL Funp.—Several vacancies for scholarships 
under this fund will occurin March, 1911, and the Council 
of the Institution are prepared to receive and consider 
applications therefor. Applications should be addressed 
to the Secretary, Great George-street, Westminster, 8.W 
Every application should contain a brief statement of the 
candidate’s age, parentage, and career, as well as the = 
posals with respect to his future engineering training. The 
application must be accompanied by testimony as to the 
character and ability of the applicant from his past or 
present schoolmasters or employers, and by evidence of 
the fact that means are not available to complete his engl- 
neering training. Further particulars may be obtain 
on application to the Secretary, 
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MESSRS. HENRY PELS AND CO.”S MACHINE-TOOLS AT THE BRUSSELS EXHIBITION. 


CONSTRUCTED BY 


MESSRS. HENRY PELS AND CO., 








ENGINEERS 


BERLIN, 




















Fic. 1. Puncatnc-Macuine, 

Messrs. Henry Pets anp Co., Berlin-Erfurter 
Maschinenfabrik, Berlin, and 9, Portsmouth-street, 
Lincoln’s Inn Fields, W.C., exhibit, in the German 
Pavilion at Brussels, several of the machine-tools of 
their construction. We illustrate two of these in 
Figs. land 2, above. Fig. 1 shows one of their John’s 
universal triple punching-machines, having a gap 
measuring 16 in. This particular machine has a capa- 
city of 1}-in. holes through {-in. steel. It is also 
arranged for punching through the flanges, and further 
particulars are as follow :— 


Number of strokes per minute 20 
Length of stroke Ae 1g in. 
Revolutions per minute 200 
Diameter of fly-wheel 40 in 
= belt-pulley DP os 
Width of belt sion 3h 
Power required 4H.-P. 
Over-all length 85 in. 
width 48 ” 
» height 90 ,, 
Weight a ve 44 tons. 
It has hand and treadie mutiun, and a hand-lever 


for putting the punch on the centre marks ; it can be 
arranged for belt or motor drive. Although one hole 
can only be punched at a time with a capacity as above, 
three punches are provided in the punching end, with 
corresponding die-blocks. The idea of this design is to 
do away with the necessity of frequent changes where 
there are a number of differently sized holes to be 
punched in the same bar or plate, ‘as very often occurs 
in rolling-stock work. All three punches are sepa- 


rately gagged, and if either smaller holes, or corres- 

ponding) thinner material, are to be punched, either 

Wo or three holes may be driven simultaneously. The 

— aud dies may be arranged adjustable within 
Imits. 

Fig. 2 illustrates a John’s bar -shears, capable of 


cropping t ild-steel billets up to 5 in. square, and also 
hae 2 by means of easily interchangeable and suit- 
Sbly-shaped blades, rounds up to 54 in., squares up to 


ein. It principal dimensions and features are the 
following ;— 





Number of strokes per minute bas 8 


Length of stroke 4? in. 
Revolutions per minute 240 
Diameter of fly-wheel, which als 
serves as belt-pulley ae 68 in. 

Width of belt... za =~ 108 ,, 
Power required... * 35 to 40 H.-P. 
Over-all length ... 125 in. 

a width ... 92 ,, 

ma height .. 144 ,, 
Weight ... ot 184 tons 


The frame is built of steel plates, which ensures 
rigidity, combined with comparatively low weight. 
The machine is double-geared. and may be arranged 
for either belt or motor drive. In the machine shown 
at Brussels a substantial bracket is attached to the 
frame for carrying an electric motor. Improved stop 
motion is provided, and the claw-clutch engaging the 
Goninneiie disengages automatically after each 
streke. A very substantial down-holding attachment 
is fitted, containing in the lower portion a set of 
guide-rollers for facilitating the feeding of heavy 
billets into the shears. Suitable provision is made 
for efficiently lubricating the various parts of the 
machine. 

Besides the above, Messrs. Henry Pels and Co. 
exhibit also one of their John’s universal punching- 
machines, with interchangeable shearing-tools, and 
having a 24-in. clear gap. The machine is capable of 
punching 1}-in. holes through j-in. material. It is 
also provided with an overhanging jaw for punching 
through the flanges of joists and channels; when 
fitting it with suitable shearing-tools it can be used 
for shearing plates up to { in. in thickness. In this 
case the gap is reduced to19in. The machine may 
be started either by hand or by foot, as desired by the 
operator ; an additional hand-lever serves for pulling 
the punch down on the centre mark, where it remains 
until the machine is actually thrown into gear. The 
frame is of the all-steel design. 

The stand also contains a John’s splitting-shears 
combined with universal punching - machine, and 
bar, angle, and tee-cropper. This machine 





is | 


Fic. 2. Bar-SHEARS. 


capable of shearing plates of any length or width 
up to { in. through the middle, also flats up to 
4 in. by 14 in. at one stroke. It punches at the 
opposite end 1}-in. holes through }{-in. material, 
20 in. from the edge. It is provided with an over- 
hanging jaw, for punching also through the flanges of 
joists and channels. The cropping blades are in the 
centre and can crop without changing blades :— 
Rounds, up to 2% in. ; squares, up to 2 in. ; angles, up 
to 5 in. by 5in. by # in. ; tees, up to 5 in. by 5 in. by 
in. By using additional down-holders, which are 
attached to the frame, and are specially provided for 
the purpose, angles up to 4 in. by 4in. by 4 in. can be 
bevelled up to 45 deg., right and left hand. A separate 
down-holder, consisting of a powerful spindle with hand- 
wheel for instantaneous adjustment to admit various 
thicknesses, is provided, and can be used when cutting 
angles or tees square only. 

he firm exhibit further one of their John’s patent 
bar, angle, and tee bevel croppers capable of cropping 
on the square :— 


Angles.. Up to 6 in. by 6 in. by # in. 
Tees .. Up to 6 in. by 6in. by fin 
Rounds Up to 3 in. 

Squares Up to | in. 

Flats Up to 39 in. by 1} in. or 


74 in. by § in. 


On the bevel to any angle from 45 deg. to 90 deg., 
right and left hand :— 
Angles... Up to 6 in. by 6 in. by # in. 
Tees . Up to6 in. by 6 in. by # in, 
Also one of Juhn’s ete double-ended notching- 
machines which is capable of notching :— 


Joists, from 3 in. by i} in. by 41b., up to 18 in. 
by 7 in. by 75 Ib. 

Channels, from 3 in. by 14 in. up to 15 in. by 4 in. 

Broad-flange joists 18 B. to 40 B. 

Plates, flats, and angles Up to 1¥, in. thickness 


The firm show one of John’s joist-shears, in com- 
bination with a universal punching-machine, and 
one of John’s one-stroke joist-shears, which does 
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away with the necessity of turning over joists and 
channels for the second cut. This machine can shear 
joists from 3 in. by 14 in. up to 12in. by 6 in., and 
channels of corresponding dimensions at one stroke. 
The same upper blade may be used for all sections, the 
bottom blade-holders alone requiring adjustment, 
which can be readily effected, since they are carried 
on a universal axis. Supposing large sections have 
been cut, when small require to A sheared, the larger 
bottom blade-holder simply moves out of the way, and 
the small one immediately swings in its place. The 
side blades can also speedily be adjusted to suit various 
sections, for which purpose a large hand-wheel is 
provided. 





FOREIGN ENGINEERING PROJECTS. 


WE give below some account of a number of colonial 
and foreign yn projects. Further data concern- 
ing them can be obtained from the Commercial Intelli- 
pow ny rity Board of Trade, 73, Basinghall-street, 

mdon, E.C. 


Canada ; The Canada Gazette publishes a notice to the 
effect that application will be made to the Parliament of 
Canada at its next session for an Act incorporating a 
company, under the name of the Niagara, Welland, and 
Lake Erie Railway Company, with power to construct 
and work a line of railway from the — of Niagara Falls, 
New York State, to pointson Lake Erie between Fort 
Erie and Port Dover, to generate electrical energy, &c. 

Holland ; According to a notice in the Vaderiand the 
communal authorities of Maasluis have decided upon the 
construction of a new harbour. The cost of the work is 
estimated at’1,727,000 gulden (about 144,000/.). It appears 
that most of the concrete to be used in connection with 
the building of this harbour will have to be purchased 
abroad, as very little is made in Holland. 

Turkey: With reference to a call for tenders for the 
construction and working of a railway from Panderma to 
Soma via Balikesri, the Journal of the British Chamber 
of Commerce of Turkey states that a contract in this con- 
nection between the Turkish Government and _ the 
Smyrna-Cassaba Railway Company was signed in July 
last. A survey has just been made, by an official from the 
Ministry of Public Works, of the country between Ada- 
Bazar and Bolu, with a view to the construction of a 
railway from Ada-Bazar to Bolu via Duzdji. Plans for 
the line as far as Duzdji have already been drawn up by 
the Anatolian Railway Ey which will also draw 
up the plans for the rest of the distance. It is reported 
that the Government have decided to build a railway 
from Karaferia to Elassona, to join the Greek railway. 

Argentina: The Bolctin states that the legislative 
authorities have sanctioned the issue of a loan of 
20,000,000 pesos currency (about 1,750,000/.) by the city 
of Buenos Aires. This loan will be issued in bonds 
bearing 5 per cent. interest, and the proceeds will be 
devoted entirely to street-paving. The Boletin also con- 
tains a decree, issued by the Ministry of Public Works, 
approving a contract with the Ferrocarril del Sud for the 
carrying out of extensive irrigation works in the valleys 
of the Raced and Negro, between Lake Pellegrini and 
Chichinales. The cost of the undertaking is estimated at 
800,000/. sterling. 

Mexico: The Diario Oficial contains particulars of a 
contract entered into between the Mexican Public Works 
Department and the Compajiia Ferrocarriles Nacionales 
de Mexico, by which the latter is granted a ninety-nine 
years’ concession for the construction and working of a 
railway in the State of Michoacin, from Pénjamo to 
Zacapi, with the option of extending the line southwards 
as far as Ajuno or Ario. Work must be un within six 
months from the middle of September, and the line com- 
pleted as far as Zacapti in four-and-a-half years. Five 
years are allowed for the importation of constructional 
materials free of duty, in accordance with the usual 
Mexican procedure in the case of new railways. 

Bolivia: The following information is from the report 
by H.M. Minister at La Paz on the trade, &c., of Bolivia, 
which will shortly be issued :—Of the proceeds of the loan 
of 1,500,000. which the Bolivian Executive have been 
authorised by Congress to contract, 280,000/. is to be ex- 
pended on sanitary works in the capitals of the Depart- 
ments ; 55,000/. on the surveys of railways from La Paz 
to Yungas, Cochabamba to Chimoré, Yacuiba to Santa 
Cruz, and Potosi to Sucre ; and 165,000/. on sundry repro- 
ductive works. ; 

Brazil: The Diario Official contains a decree granting, 
in favour of the Ministry of Communications and Public 
Works, a credit of 500,000 milreis (about 37,0002.) to meet 
expenses in connection with the construction of the 
Itacurussé Branch of the Central Railway of Brazil 
(Estrada de Ferro Central do Brazil). Another decree 
sanctions, in favour of the same Ministry, a credit of 
1,000,000 milreis (about 73,000/.) for expenses in connec- 
tion with extensions and new works on the Western 
Railway of Minas (Estrada de Ferro Oeste de Minas). 








Worsetey Moror GARAGE AND RepatR Works.— 
The Wolseley Tool and Motor-Car Company, Limited, 
of Adderley Park, Birmingham, have issued a brochure in 
connection with their London garage and repair works 
for motor-cars. ‘The garage, which is one of the largest 
in the United Kingdom, is conveniently situated in 
York-street, Westminster, and the repairing shops are 
in Gatliff-road, Pimlico. Cars can be stored and cleaned, 
accumulators charged, and all kinds of repairs effected, 
and, in addition to this, a school of instruction in driving 
anda hiring department are in operation. Attached tothe 

rage are the offices and show-rooms of the company, and 
in these the latest models of Wolseley cars are on view. 





THE INSTITUTION OF CIVIL ENGINEERS. 


Address of ALEXANDER SIEMENS, President, 
November 1, 1910. 


My first duty on taking this chair is to thank the mem- 
bers of the Institution for the honour they have conferred 
on me by electing me their President for the current year. 
Their confidence has encouraged me to undertake this re- 
sponsible office, and I shall endeavour to justify it by 
emulating the efforts of my predecessors, who have spared 
neither time nor trouble in advancing the interests of the 
Institution. 

In saying this I do not wish to claim for the presidents 
that they alone can increase the influence of the Institu- 
tion, or that they alone are responsible for the administra- 
tion of its affairs; on the contrary, the influence of the 
Institution is the collective result of the engineering work 
of all the members, and the President is the mouthpiece 
of the Council, whose work he directs, and the members 
of Council have to decide how the work of the Institution 
is to be carried on. 

It is, therefore, of the atest importance that the 
members of Council should be carefully chosen, and that 
they should represent not only the various branches of 
our profession, but also the various parts of the Empire, 
as the membership of the Institution is by no means 
restricted to the United Kingdom. Thishas always been 

ised to be the right principle, but in carrying it 
out difficulties arise which sometimes have been lost sight 
of by the members. 

The first charter settled the number of members of 
Council to be not more than fifteen and not less than seven, 
besides the President and four Vice-Presidents; this 
remained in force until 1896, when the charter was 
revised in this respect, and the number of members of 
Council was fixed to be not less than twenty-two, while 
the actual number has to be determined from time to 
time by the bye-laws. Simultaneously new bye-laws were 
drawn up, which provide that the maximum number 
should be thirty-one, and that seven new names must be 
submitted for ballot every year, so that it would be 
possible to change the entire Council every four years. 

Another provision of the Supplemental Charter of 1896 
directs the elected members to appoint a certain number 
of Past-Presidents to serve on the Council, so that the 
traditions of the past may be adequately represented. 

f you scrutinise the balloting-lists which have been 
presented by the Council since 1896, I think you will find 
that the names selected have been fairly representative 
of the various branches of engineering, and of the various 
parts of the Empire; but, as two names beyond the 
number to be elected have to be placed upon the list, 
members, in making their selection, sometimes frustrate 
the best intentions of the Council by not bearing in mind 
what branch of the profession has no representative. 

In any case, the effect of the new bye-law is to intro- 
duce at least five new members to the Council every year, 
which affords the members of the Institution ample 
opportunity of keeping up the representative character of 
the Council. 

It would be rash, however, to assume that no further 
changes in the Charters or in the bye-laws may become 
necessary ; in fact, during the past session a very impor- 
tant section, dealing with the rules of professional con- 
duct, has been added to the bye-laws, and the conditions 
of admission to the Institution have been modified with a 
view of enhancing the value of membership. These changes 
in the constitution reflect the very important differences 
in the conditions under which our profession is working 
now, compared with the period when the Institution was 
founded. 

Since then the activity of engineers has been deve- 
loped in so many directions that the time at our disposal 
for the discussion of engineering topics has become too 
short to do justice to all, and this has caused several im- 
portant branches of our profession to establish societies of 
their own, where sufficient time can be devoted to their 
—_ subjects. This multiplication of institutions 
should, however, not be taken as a sign of separation, for 

pers on every branch of engineering are still welcome 
in this Institution, but as an indication of the important 
position which the engineer has acquired in modern life. 

In order rightly to appreciate the share taken by our 
profession in bringing about the present state of civilisa- 
tion, a comparison should be made between the conditions 
pais. say, in the Greek states during the fifth and 

ourth century before Christ and those existing now in 
the twentieth century after Christ. 

In indicating the state of knowledge at that period of 
Greek history, it is enough to remind you that it was the 
age of Themistocles, Aristides and Pericles, the states- 
men ; of Aischylus, Sophocles, Euripides, and Aristo- 
phanes, the dramatists: of Phidias, Scopas, and Praxi- 
teles, the sculptors; of Apollodorus, Zeuxis, and Apelles, 
the painters; of Ictinus, the chief designer of the Par- 
thenon, and Dinocrates, who built the Temple of Diana 
at Ephesus, and laid out the City of Alexandria, the 
architects ; of Herodotus, Thucydvdes, and Xenophon, 
the historians; of Socrates, Plato, and Aristotle, the 
philosophers. 

Can we say that there have been many since that time 
who are worthy to be mentioned as equals of the men I 
have just named? The fact alone that we use the 
adjective ‘‘ classical” to indicate perfection in literature 
and art shows what a standing had been attained more 
than 2000 years ago, and in many respects we feel down 
to the — time the direct influence of Greek and 
Roman learning. At the same time they did not neglect 
the culture of the body, but encouraged ‘‘ sporting” com- 

titions, of which the Olympic Games are the most 

amous example, and they insisted that the ideal state of 
a human being was attained when there was mens sana in 
corpore sano. 





After this wonderful exhibition of the capabilities of 
the human intellect, a period followed which threatened 
to obliterate all the achievements obtained by the flourish. 
ing civilisation of Greece and Rome. Uncultivated bar. 

i overran the Roman and Byzantine Empires 
which comprised at that time the Western civilised 
world, and destroyed what they did not appreciate, the 
culminating vandalism being the burning of the library 
at Alexandria in the year 640 a.p. by the Arabs, on the 
el that if the books contained the same doctrine as the 

oran. they were superfluous, and if they contained any 
other matter they might be dangerous ; therefore they 
should be destroyed. 

Another indication of the changes wrought by the 
migration of peoples during that period is the absence 
of any information with regard to the history of Athens 
from 529 a.p., when the Emperor Justinian closed the 
philosophical] schools, until 1130 a.p., when Athens fur- 
nished the first king of Sicily with artificers to introduce 
the culture of silk. 

oe period of intellectual darkness the fathers 
of the Christian Church devoted themselves to the con- 
version of the new races who had settled on the lands 
formerly subject to the Roman emperors, and to the 
elaborating and systematising of theological dogmas. 

A decided revival of general learning coincided with 
the consolidation of the Gani of the West in the hands 
of Charlemagne, who perceived the importance of spread- 
ing knowledge, and by imperial decree in the year 787 
commanded the establishment of schools in connection 
with every abbey in his realms. To aid him in this work 
he endeavoured to attract to his court the best scholars of 
Britain and Ireland, where the classical tradition had 
never died out ; of these Alcuin of York may be con- 
sidered his Minister of Education. 

Besides the celebrated school of the Palace at Paris, 
which Charle e himself attended with his family, 
there were founded at this time the episcopal schools of 
Lyons, Orleans, and St. Denis, the cloister schools of 
St. Martin of Tours and of Fulda—the latter started by 
Hrabanus Maurus, a pupil of Alcuin—and those attached 
to the old monasteries of St. Gall and Reichenau. These 
schools developed into the medieval universities, and 
some of them have had a continuous existence down to the 
present time. 

During this period of gradual enlightenment it may be 
said that reason was subject to authority, for the school- 
men spent their time in trying to prove the truth of all 
knowledge, either by theological dogmata or by such of 
the classical philosophical writings as were accessible to 
them. Among the latter the ‘‘ Organon” of Aristotle 
played the most prominent part, and, curiously enough, 
the limited knowledge of his works had the effect of 
comeeeny reversing the leading principle of his own 
teaching. 


In the ‘‘Organon” Aristotle has expounded the logic 
of deductive reasoning in such a complete form that even 
the terms which he was the first to establish are in use 
at the present time, and both Kant and Hegel acknow- 
ledged that, from the time of Aristotle, logic had made no 
progress. Since their time the fourth figure has been 
added to syllogism, and Sir William Hamilton introduced 
the quantification of the predicate, both matters of no 
great importance in the study of logic. 

But the schoolmen did not realise that the ‘‘ Organon” 
was merely an ‘‘instrument” setting out the theory of 
reasoning ; they neglected eae the teaching of 
Aristotle, that in every branch of science or art the only 
means of obtaining premises on which logical deductions 
can be is by experience and observation of facts. 
He says in the “Prior Analytics” I. xxx., 3, ‘‘ When the 
facts in each branch are brought together it will be the 
province of the logician to set out the demonstrations in 
a manner clear and fit for use.” 

This principle of bringing together facts was absolutely 
neglected in medizval times by the later schoolmen, even 
when, during the thirteenth century, the complete works 
of Aristotle, translated into Latin, had become known to 
them, although at first the Church authorities would not 
allow any lectures to be delivered on them in the uni- 
versities. ; 

A reaction against Scholasticism, or Obscurantism, asit 
is sometimes called, set in during the fifteenth century ; 
it was strongly supported by the Reformation, but it 1s 
the merit of Sir Francis Bacon to have directed the course 
of the further studies of mankind into the right channel 
by showing that the object of all science is to recover 
man’s sovereignty over Nature, or, as he expresses it, “te 
extend more widely the limits of the power and of the 
greatness of man ” (‘‘ Novum Organum,” i., 116). 

For this pu , Bacon asserts, it is necessary to study 
Nature by inductive investigation after observing and 
collecting facts, but in contrast to the deductive reasoning 
adopted _ the schoolmen, he lays down that ‘‘the ir- 
duction that is to be available for the discovery and 
demonstration of sciences and arts must analyse Nature 
by proper rejections and exclusions, and then, after § 
sufficient number of negatives, come to a conclusion on 
the affirmative instances, which has not yet been done, 
save only by Plato . . . and this induction must be. used 
not only to discover axioms, but also in the formation of 
notions” (‘‘ Novum Organum,” i., 105). 

Although it cannot be said that the Baconian method 
has been followed in its entirety during the subsequent 
development of ‘science, its fundamental ideas—viz., the 
need for rejecting rash generalisation and the necesmty 
for critical analysis of experience—serve as the soum 4 
basis of the modern method of framing hypotheses 80 
verifying them by observation and experiment. : 

During the fifteenth century, the old order of bare 4 
was further shaken by the introduction of printing, whic 
made the classical literature accessible to th multitude 
and facilitated the intercourse of students in all countries 
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Another means of communication came into being a 
little later through the gradual establishment of a postal 
service under Government control, by which letters of 
private persons could bo forwarded ; but it is hardly 
necessary to pursue in detail the history of the further 
development of our present civilisation. Let me only 
remind you that the rapid modern progress dates from 
the time when the perfecting of the steam-engine enabled 
mankind to utilise mechanical power as the means of 
increasing the efficiency of labour by relieving the work- 
men more and more of physical exertion. This led very 
soon to the application of steam-power to transport on 
sea and on land, improving the certainty and the s 
of communications to an extent considered impossible for 
centuries ; in.addition, telegraphs and telephones have 
almost annihilated distances for messages, so that the 
pace of extending our knowledge has increased to a 
degree that is not fully realised even in this twentieth 

pntury. 

Having thus traced hurriedly the history of knowledge 
from the prosperous period of Greece down to the present 
time, we find that in literature and art or in philosophy 
we cannot boast of being greatly superior to the ancients, 
but as far as engineering problems are concerned we have 
enormously advanced, thanks to the practical application 
of scientific theories. ba : 

Comparing generally the conditions of life, then and 
now, we may sum up the difference by claiming that our 
progress is due principally :— = 

1. To the improvement of the means of communication. 

2. To the saving of manual labour by the introduction 
of mechanical power ; which main features have caused a 
general lowering of the cost of ‘‘obtainables.” 

Both these features, characterising modern civilisation, 
are the outcome of the work of our profession, and we 
may claim in addition that progress has by no means 
ceased in our time. 

When Hertz discovered the property of electric sparks 
to start waves of the ether which can be detected at a 
distance, nobody anticipated that Marconi and others 
would succeed in developing these small beginnings to the 
system of wireless telegraphy, of which nowadays so 
many applications are in constant use. . 

Again, the polyphase motors and generators of electri- 
city had their beginning in the researches of Professor 
Ferraris, who demonstrated that three alternate currents 
can be combined in such a manner that the sum of the 
three currents at any moment is equal to zero, and that 
by their aid a revolving magnetic field is produced. 

We also know that twenty-five years ago there were 
plenty of scientists who doubted whether it would be pos- 
sible to navigate the air without the aid of balloons or 
even to fit balloons with sufficient mechanical power to 
make them travel in any desired direction independently 
of the wind. We all know that the feat has almost been 
accomplished, but we do not know how far the art of 
flying will develop. Perhaps we shall soon be able to dis- 
ort ourselves in the air in the marvellous way described 
yy Lord Lytton in his book ‘‘The Coming Race.” 

You will remember that this race was able to perform 
the most astounding feats by the aid of a store of energy 
accumulated in a way that is, unfortunately, not clearly 
described in the book, but I think the younger generation 
of engineers might try with advantage to utilise the 
energy suntan th radium, of which at present we can 
only make a very limited use. 

If this sounds fantastic, a little reflection will remind 
you of the fact that for nearly 2000 years, since Thales of 
Miletus mentioned it, almost the only electrical pheno- 
menon known to mankind was the fact that amber and 
some other substances, after being rubbed, would attract 
light bodies and then repel them. 

Even Dr. Gilbert, who was the first to repeat the 
observations of the ancients, and to investigate them in 
a systematic manner (his book ‘‘De Magnete ” was pub- 
lished in 1600) would have been incredulous if he had 
been told that at a future time reversing rolling-mills 
would be set in motion by the agency for which he 
invented the name of electricity. 

Why should it not be possible to develop our know- 
ledge of the properties of radium to a proportionate 
comme, and obtain results undreamt of at the present 
ime ? 

On the other hand, every thunderstorm reminds us 
that our power over electricity is still very far from 
complete, and in this way incites us to continue our 
= to increase our domination over the forces of 
avature, 

When we seek to recognise true progress in the material 


conditions under which we are living, it is not unreason- 
able to expect that any further advance will be made on 
the same lines as differentiate our present civilisation 


from that of the ancients, and that “ owering the cost of 
obtainables,” based upon improvement of communications 
and upon the saving of manual labour, will furnish a 
telialle test whether a change suggested to be made in 
our material surroundings is worth adopting, or ise 
merely an alternative without any prospect of being 
generally accepted. 





Everybody readily agrees that improving the means of 


communication is a desirable form of progress, and that 
any innovation which has this result on come to stay}; | 
but curi usly enough the consequences of improved com- | 
munication, implying that people and merchandise can | 
reach distant parts in shorter time than before, and that 
information can be imparted to most parts of the earth | 
almost instantaneously, are not yet fully 1 


: appreciated, and 
the saving in manual labour is still looked upon askance 
by those most concerned. 
For the ery of the workman has been, ever since machi- | 
aary Was introduced, that the displacing of manual labour | 
‘ mechanical power means diminished opportunity of em- 
Ployment for him ; and even nowadays, when the fallacy | 


of this argument has been exposed over and over again, 
the leaders of the workmen strenuously oppose improve- 
ments in this direction as inimical to their interests. 

The development of the manufacture of glow-lamps is 
a striking example of the advantage of labour-saving 
machinery ; at first the lamps were made by a few skilled 
workers at a high cost, so that they could not be sold for 
less than 25s. each. This excessive cost naturally re- 
stricted their sale, but the efforts of the manufacturers 
to devise labour-saving machinery were not relaxed until 
the selling Pa of glow-lamps had diminished to its 
present level, when they are sold by the million. Can 


peed | anybody doubt that the introduction of labour-saving 


machinery into this industry, far from diminishing oppor- 
tunities for employment, has not only benefited the 
skilled workers, but has opened new avenues for profitab!e 
employment to the oath unskilled labour. 

or is the advantage limited to this particular industry ; 
the possibility of obtaining cheap glow-lamps has in- 
creased the sale of dynamos, steam and gas-engines, cables 
and fittings, giving employment to thousands of work- 
men. Similar consequences have followed the introduc- 
tion of labour-saving machinery into other branches of 
manufacture ; still it appears to be the conviction of the 
working man that mndidane y is his enemy. 

Coupled with this anomalous attitude regarding machi- 
nery is another fallacy which appears to be equally 
difficult to eradicate, indicated by what is usually called 
‘* restriction of output.” This sentiment has its origin 
in the desire to remedy unemployment, and its pro- 
moters argue that, to maintain our present mode of 
living, a certain amount of work has to be performed 
daily ; if, therefore, each man does as little work as pos- 
sible for ‘‘living wages,” more people must be employed, 
and the workers have ouuk & maintain themselves 
comfortably. On the face of it this argument sounds 
plausible, but the weak point lies in the assumption that 
the work really necessary to be carried out daily is suffi- 
cient to give employment all round, and the sup’ 
remedy fails because it increases the cost of production. 
Enhanced cost means diminished demand, and conse- 
—— decrease of sale; but if the sale falls off, pro- 

ucers have to be dismissed. e consequence of restric- 
tion of output is, therefore, restriction of cere, 
the very opposite effect of what is intended by its 
advocates. 

Conversely, it may be argued that cheapening the neces- 
saries of life enables the consumer to spend more money 
on luxuries, if by that expression we designate all that is 
not absolutely necessary for keeping body and soul 
together. 

From these considerations it follows that increase of 
employment can only be effected by the increase of the 
demand for luxuries, and this can only result from the 
lowering of the cost of obtainables, indicating by that 
expression the necessaries of life, as well as its luxuries. 

Accepting, therefore, that “lowering of cost” is the 
most important factor of modern progress, it is as well to 
emphasise that lower first cost, by itself, does not prove a 
“lowering of cost” in the sense that it has been used 
during the foregoing remarks. The ‘‘cost of maintenance” 
should always taken into account, in addition to the 
first cost, when comparing the value of several alternatives 
presented for the solution of a problem. 

Bearing in mind that the distinguishing features of 
modern civilisation—viz., the saving of time, of exertion, 
and therefore of money—are the outcome of engineering 
science, it will be conceded without further argument 
that ‘‘lowering of cost” should be the guiding principle 
of all engineering design; and by accepting this we 
admit that successful engineering must be not only 
on technical knowledge, but on the proper understanding 
of economic laws. 

The extent of the influence of commercial considerations 
has steadily increased since the middle of last century, 
owing principally to the great improvement in the means 
of communication, which, as far as technical knowledge is 
concerned, places engineers of all countries on an equal 
footing, and permits of unlimited competition between 
manufacturers wherever their works may be situated. 

It is true that the technical conditions under which an 
engineer has to construct a road, a canal, dams and filter- 

8 for water works, drainage works, a dock, or the 
permanent way of railways, have not very much altered 
during the last sixty years ; but directly it becomes neces- 
sary to utilise machinery or other manufactured products 
in engineering works, the economical aspect of the manu- 
facturing process becomes paramount, and every effort 
should be made by the designing engineer to facilitate 
economy of manufacture. 

The importance of this consideration arises partly from 
international competition, and partly from the tendency 
to supersede small workshops, as they have existed since 
medieval times, by large industrial establishments, 
because the machinery which is necessary for cheap pro- 
duction involves a capital outlay which can only prove 
remunerative by manufacturing on a large scale. 

A broad distinction should, therefore, be made between 
contractors’ work and manufactured produce. __ ; 

With regard to contractors’ work, the consulting engi- 
neer must be the real expert, with a varied practical 
experience of similar work, in possession of all the 
necessary preliminary data for designing the complete 
works, a well uainted with all the details of the 
method of carrying them out. 

The contractor brings his implements to the spot 
where he carries out the work in accordance with the 
orders of the engineer, while it is tically of no conse- 
quence whether the contractor could design the works in 
question himself or not, as long as he ep under- 
stands the means and methods by which he should carry 
out the wishes of the engineer. In many cases the engi- 


neer employs a number of contractors for the various = 





portions of the scheme, but the individual contractor 
need not have any knowledge of the work of the other con- 
tractors, nor maven | he even be informed as to the object in 
view. The contractor has, therefore, no responsibility 
for the design of the works or of any part of them, but 
the engineer who has worked out the problem and has 
superintended the carrying out in all its details takes the 
full responsibility of every part of the work being suitable 
for its pur . 

This is different with manufactured produce which is 
utilised in engineering works, the variety of which is con- 
stantly increasing, so that it is perfectly hopeless to expect 
that every engineer, who requires manufactured quel ta 
order to carry out his designs, can be acquainted with 
every detail of their manufacture. Moreover, trained 
technical experts are nowadays entrusted with the task 
of directing industrial operations in factories, and it is 
inevitable that they should know more about manufac- 
turing methods and requirements than outsiders. 

Complaints have been made lately that some engineers 
have taken advan of this circumstance by specifyin 
results only, and inviting manufacturers to submit detail 
descriptions of the means proposed by them for obtaining 
the specified results. This procedure implies that six or 
seven complete specifications have to be worked out by the 
manufacturers invited to tender instead of only one by the 
engineer, and it is complained that this enables a person, 
who is not competent to draw up a satisfactory specifica- 
tion by himself, to act as superintendent of works to the 
exclusion of really competent engineers. In fact, it is 
alleged that sometimes the first proposals are not accepted, 
but their details are utilised by the engineer for drawing 
up a complete specification of his own. 

The objection to this way of specifying engineering 
works, apart from its moral iniquity, is the waste of time 
it involves, and it is no excuse to say that the client will 
in the end obtain better work than, cx hypothest, his engi- 
neer could have devised by himself. 

When studying the means to stop such action, it will be 

conceded, on reflection, that not even an Act of Parlia- 
can prevent a man from undertaking work for which 
others do not consider him competent, if, “in the end, he 
satisfy his employers in a way that nobody can find fault 
with. In addition, we must remember that this problem 
refers only to manufactured goods that are required for 
the execution of engineerin fen, which the manufac- 
turer is called upon to deliver as finished articles fit to 
pass tests agreed upon at the time the order was placed, 
and subsequent failure may have to be made good by the 
manufacturer, who therefore incurs a greater responsi- 
bility than a contractor does. Another point is that the 
same apparatus is often used in a variety of engineering 
schemes, while in the interest of economic manufacture it 
is desirable that its construction should be the same in all 
cases. 
The question is, Who is to determine the construction 
or specify the tests under such circumstances—the engi- 
neer, who wants the apparatus for one particular purpose, 
or the manufacturer, whose inclination is to consider 
nothing but cheapness of construction ? 

rene arb our Institution has furnished a satisfactory 
solution of the problem by establishing, in conjunction 
with other kindred institutions, the Engineering Stan- 
dards Committee. By referring to the publications of 
this Committee, the consulting engineer can rely upon 
obtaining apparatus that will pass the tests therein speci- 
fied, and the manufacturer can adapt his processes to the 
requirements set out by the Committee, without the risk 
of being invited to quote to specifications which may 
upset his methods of manufacture without benefit to 


an y- 

There are, however, two features of its activity which 
the Committee will have to keep steadily in view: the 
one is the ever-increasing variety of manufactured pro- 
duce requiring standard specifications, and the other the 
need of constant revision so as to avoid hampering pro- 
gress. This task is made more difficult by the inter- 
national character of the competition in manufactured 
articles, which accentuates the necessity not only of doing 
all that is possible to increase economy of production, but 
also to facilitate in every way the introduction of new 
industries. 

A beneficial consequence of successful efforts in these 
two directions is the multiplication of opportunities for 
employment ; illustrated on the one hand by the manu- 
facture of glow-lamps, already alluded to, and on the 
other hand by the rise of the motor-car industry since the 
speed limit for mechanically-propelled vehicles was raised 
from 3 to 12 miles per hour in 1896, and to 20 miles per 
hour a few years later. 

Although Continental manufacturers had commenced 
making automobiles many years previously, their atten- 
tion was specially directed to the production of racing- 
cars, in which line they certainly achieved many remark- 
able results. The British makers, however, made it their 
business to adapt motor-cars to more utilitarian pur 
constructing, by preference, touring-cars and ve idee for 
trading purposes, the chief merit of which should be 
reliability. There is no need to relate the history of the 
international success that has crowned their endeavours, 
supported, as they were, by a plentiful supply of capital, 
by careful investigation of the scientific problems con- 
nected with oil engines, and last, but not least, by the 
untiring and unremitting work of enthusiastic con- 
structors. 

A series of international exhibitions has further helped 
the progress of the industry by making every improve- 
ment in construction speedily known to all concerned, 
and the systematic trials organised by the Royal Auto- 
mobile Club have shown to the makers, on unimpeachable 
authority, the weak points in their desi 
One of the results of the success of this new industry 





has been that thousands of skilled and unskilled work- 
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men can find employment in it now, although fifteen 
years there seemed to be little prospect of effective 
competition with the established motor-car industries of 
other countries. 

Parliament has evidently felt encour: by the conse- 
quences of the ‘‘ Motor Act,” and in order to hasten the 
introduction of new industries has passed the Patent Act 
(1906), which in a way makes the working of patented 
inventions obligatory. 

In my opinion this Act does nothing more than carry 
out the intention of the original ‘‘ Statute of Monopolies 
(1623),” which permitted the granting of the privilege ‘‘ of 
the sole working or making of any manner of new manu- 
factures within this Realm to the true first inventor and 
inventors of such manufacture, which others at the time 
of making such letters patent and grants shall not use . .” 
It should be Guntiontanley noticed that in the original 
Act there is no provision for rewarding the mere inven- 
tion of a novelty, but that it is the ‘‘ working or making” 
which is to be encouraged by the protection of the law; 
further, that the Statute was interpreted in such a manner 
that anybody could obtain a patent for an invention 
**communicated from abroad,” even without the consent 
of the original inventor, which clearly shows that not the 
ingenuity or novelty of the invention, but the establishment 
of a new industry was considered worthy of a reward. 

This attitude cannot be considered unfair to inventors, 
for an examination of the difficulties attending the adapta- 
tion of a patented invention to commercial exploitation 
will disclose their varied and often unexpected character. 
Not infrequently the details alluded to in specifications 
by the words ‘in a well-known manner” prove to be 
stumbling-blocks which nullify the advantages of the 
invention. 

As a case in point I may mention a primary battery 
witha solution of potash as electrolyte, from which zinc 
white could be recovered in a manner which regenerated 
the electrolyte. The value of the recovered zinc white is 

ter than the value of the zinc forming the anode of the 
nattery, and the cost of precipitating the zinc white is 
trifling when carried out on a large scale, so that ap ntly 
this battery provided a current of electricity for less than 
nothing. According to the inventor these batteries were 
to be established in every house in conjunction with 
two secondary batteries, each secondary battery being 
charged, with its cells in parallel, while the other 
secondary battery, with its cells in series, furnished the 
current of electricity for whatever purpose it was required. 
Several installations on this plan were actually worked 
to the satisfaction of the customers, but the system was a 
commercial failure because the electrolyte could not be 
collected in an economic manner. Here you have a 
theoretically perfect process, carried out as described, 
and claimed in the patent, which has not been successful 
for reasons which only became apparent when the attempt 
was made to carry it out on a commercial scale. Such 
cases are the rule rather than the exception, especially 
with inventions made by persons not actually engaged in 
the manufacture to which the improvements relate. 

Another difficulty is that the majority of useful altera- 
tions mark only a small step in advance, and each of the 
succeeding steps may make the previous one obsolete after 
a very short time, so that the value of any particular 

atent is very precarious, even when it has been success- 
ully introduced into practice. 

From all this I desire to deduce that the mere patent- 
ing of a novel idea is not as meritorious an action as a 

many people wish to make out; and I believe the 
popular notion of numbers of unrecognised geniuses trying 
in vain to sell brilliant inventions to be based principally 
on what these geniuses think of themselves. Referring 
to this class, the late Sir William Siemens used to say that 
he dreaded an interview with an inventor, for he knew he 
should lose valuable time and make an enemy for life. 
This remark refers to the sad fact that most of these 
unrecognised geniuses bitterly resent any endeavour to 
enlighten them about the error of their ways, and have 
not realised that anyone wishing to become a successful 
inventor should make himself thoroughly acquainted :— 

(1) With the natural laws governing the case ; 

(2) With the existing practice of carrying out similar 


work ; 

(3) With as many as possible of the modifications that 
have been seepened, but have failed ; 

(4) With the wishes of intending purchasers. 

In their own interest inventors should appreciate more 
than they have done in the past that progress is not the 
result of flashes of genius that illuminate suddenly a 
hitherto unknown subject, but that it can only be gained 
by plodding work and careful study directed by an infinite 
capacity for taking pains. 

his requirement is expressed very tersely by Aristotle 
in his definitions of science and of art, which, unfortu- 
nately, have been lost sight of in the course of ages, so 
that they cannot be wu any longer. They are, how- 
ever, 80 appropriate to our subject that I do not hesitate 
to repeat them. 

Aristotle says: ‘‘Science is the trained faculty of de- 
monstrating necessary conciusions from necessary pre- 
mises, and these conclusions are independent of the 
producer. 

“ Art is the trained faculty of producing, involving 
sound reasoning ; it has to do with the genesis, the produc- 
tion of things, and the result depends on the producer.” 

From these definitions it follows that every profession 
requires to have its ‘‘ science,” which teaches the ‘‘sound 
reasoning” on which its ‘‘art” is based, and for both 
“*science” and ‘‘art” training is a necessary condition 
for success, 

They indicate, to my mind, for our profession in par- 
ticular, that the college teaching should occupy itself 
iggy: og though not exclusively, with ‘‘science”— 
viz., the natural laws which are ‘independent of the 





producer,” leaving the ‘“‘art” of engineering to be de- 
veloped by practical work either in the field, in the 
drawing-office, or in the workshop. 

Reverting to the granting of patents, it is, perhaps, too 
sanguine to expect that a distinction could be made 
between trained and untrained applicants ; but at a later 
stage Parliament, in my opinion, would be quite justified 
in regarding the commercial success of a patented inven- 
tion as a proof of its benefiting the community, and there- 
fore making it unassailable except by prior commercial use. 

In this way the development of the industries of the 
country would be materially assisted by giving the manu- 
facturers more time for international competition arising 
out of the facilities of communication which already 
exist and are continually being extended. By their aid 
the natural obstacles which formerly impeded active com- 
petition between different countries have been removed, 
so that the industrial conditions of one country exert an 
ever-growing influence on all others. 

I have already indicated that as far as the ‘‘ science ” 
of any industry is concerned all civilised countries have 
access to the results of the latest researches which are 
published without loss of time in the technical presen 
and the ‘‘art” of each industry devotes itself every- 
where to the problem of lowering the cost of production 
in order to widen the circle of possible customers. 

Viewing the question of international competition from 
this aspect, it can only be regarded as an extension of the 
competition at home, and, applying the same reasoning, 
the question naturally arises whether it would be desir- 
able to have international standards or not. Looked at 
from the standpoint of the consumer, it certainly appears 
to be very convenient to be able to obtain supplies from 
a number of different sources with the certainty of their 
being interchangeable or at least equivalent. 

In fact, the same reasons that have led to the establish- 
ment of the Engineering Standards Committee in this 
country hold good for international dealings, so that we 
may luok forward to the time when international standard 
specifications will be accepted all over the world. A 
beginning was made when the British Association intro- 
duced in 1861 the C.G.S. system of electrical units, which, 
since that time, have been adopted internationally, and a 
further step has been taken at the St. Louis Exhibition 
of 1904, when the International Electro-Technical Com- 
mission was called into being. 

It is a very significant circumstance that it has been 
found necessary for this Commission to associate itself in 
some branches of its activity with the Engineering Stan- 
dards Committee, and it is not unreasonable to expect 
that such joint international action will gradually extend 
beyond the field of electricity. 

“ven the bugbear of the metric system of weights and 
measures loses some of its terrors when you come seriously 
to grapple with the problem of converting the values 
determined by the Engineering Standards Committee 
into metrical measure. 

In all cases where extreme accuracy is required, so that 
limit gauges or interchangeable leading screws are em- 
owe, it is evidently of no great moment whether the 

imensions have been stated in English or in metrical 
measure ; but there are a great many specifications issued 
by the Engineering Standards Committee in which a 
latitude of from 2 to 5 per cent. in the dimensions and in 
the weights are permitted. Considering an English 
pound avoirdupois plus 10 per cent. equal to half a kilo- 
gramme, and 4Vin., equal to 1 metre, keeps the error within 
these limits, so that anybody can convert those tables of 
the Engineering Standards Committee into metrical mea- 
sure without much trouble. 

That the metrical system will eventually be adopted is 
foreshadowed by the House of Commons Committee of 
1862, which reported that in its opinion “‘ it would involve 
almost as much difficulty to create a special decimal 
system of our own as simply to adopt the metric decimal 
system in common with other nations. And if we did so 
create a national system, we would in all likelihood have 
to change it again in a few years, as the commerce and 
intercourse between nations increased, into an interna- 
tional one.” 

About the same time a commission was appointed in 
Germany for the express purpose of devising a national 
system of weights and measures; but, after carefully in- 
vestigating the subject, it decided not to elaborate a 
national system, but to recommend the adoption of the 
metrical system. 

In both cases the desire to facilitate communication 





between the various nations decided the committees, after 
carefully listening to the arguments of a number of 
witnesses, to favour an international system rather than 
a national one, and since that time no new arguments | 
have shaken these conclusions. 

If the improvement in communications has thus the 
tendency of aggravating the burden of competition and 
of placing all nations on a footing of equality, it ensures, 
on the other hand, the continued progress of our civilisation 
by guarding it from the fate that the culture of so many | 
ancient empires has experienced, which have left only | 
scanty traces of their once flourishing state, because no | 
adequate means existed for spreading their knowledge or | 
for protecting it from destruction. | 

There is the further advantage that in conjunction | 
with the saving of manual labour, modern facilities of | 
communication ensure leisure, and thereb opportenity | 
for cultivating the mind in other respects than merely on | 
utilitarian lines. 

We engineers may claim, therefore, that our endeavours | 
have materially furthered the great modern object of | 
conferring the greatest good on the greatest number, | 
but in continuing our efforts we must never forget that | 
in these strenuous times more than ever the admonition | 
of the preacher obtains .—‘* Whatsoever thy hand findeth 
to do, do it with thy might.” 
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ON MAGNETIC ALLOYS FORMED FROM 
NON-MAGNETIC MATERIALS.* 


By ALEXANDER D. Ross, M.A., B.Sc., F.R.S.E. (Lecture 
on Natural Philosophy in the University of Glasgow), 
Since early times it has been customary to divide the 

elements into the two classes “‘ magnetic” and “‘non-inag- 
netic.” The former class includes iron, nickel, and cobalt 
—the three simple metals which exhibit in a marked 
d the well-known phenomena of magnetic attraction 
and repulsion, and of permanent or residual magnetism. 
The other elements are generally grouped in the “ non- 
magnetic” class. Many of them, however, are not non- 
magnetic in the strict sense of the term. Under the 
action of powerful magnetising forces they exhibit polarity, 
as do iron, nickel, and cobalt, although the magnetism so 
induced in them is relatively very small. This magnetism, 
too, is entirely, or almost entirely, temporary, vanishing 
on the removal of the magnetising force. Materials 
which show such phenomena are more accurately described 
as ‘‘ para-magnetic” than as ‘‘non-magnetic,” and it is 
convenient to employ the special term ‘‘ ferro-magnetic ” 
for iron, steel, nickel, cobalt, and other materials which 
are highly magnetic and retentive. 

Of great interest in the study of magnetism are the 
effects produced by allowing or admixing different ele- 
ments. Many of those alloys have resultant properties 
which give them important commercial applications. 
Thus Pm and tungsten steels, on account of their 
great retentivity, are specially suited for the preparation 
of permanent magnets. Again, the addition of such 
elements as silicon or aluminium to iron results in certain 
cases in inc susceptibility to magnetisation and 
reduced hysteresis loss, thus rendering the material well 
adapted for transformer working. From the theoretical 
point of view, of still greater importance was the dis- 
covery that by allowing together the two ferro-magnetic 
elements, nickel and iron, in the proportion of one part 
of the former to three of the latter, a non-magnetic or 
merely para- netic material was produced.t 

The reverse phenomenon—viz., the production of a de- 
cidedly ferro-magnetic material by the alloying of non- 
magnetic or para-magnetic elements, was unknown till 
1903, when Heusler announced his discovery that cer. 
tain binary and ternary manganese alloys showed con- 
siderable ferro-magnetism.} The binary groups found to 
have magnetic properties were Mn + Al, Mn + As, 
Mn + B, Mn + Bi, Mn + Sb, and Mn + Sn. These 
retain their magnetic properties when copper is added, 
and in some cases the ternary alloy is much more strongly 
magnetic than the binary material. Of all these alloys 
the most remarkable are the copper-manganese-aluminium 
group, commonly referred to as the Heusler alloys. 
Certain members of this class are very susceptible of mag- 
netism, and have a saturation intensity of magnetisation 
equal to about 80 per cent. of that for pure nickel. In 
low fields they are as permeable as cast iron. 

The copper-manganese-aluminium alloys have been 
investigated by several experimenters, and a large amount 
of interesting data has been published regarding their 
magnetic properties.§ No results, however, have been 
given of tests on the other ternary systems, with the 
exception of a brief note on the copper-manganese-tin 
alloys in Heusler’s original paper. ’ 

Since 1905 the author has conducted research in the 
Physical Institute of the University of Glasgow on these 
ternary magnetic alloys. The earlier work consisted in a 
detailed examination of the properties cf one of the most 
highly magnetic of the copper-manganese-aluminium 
series, and, in particular, of the effects produced by vary- 
ing thermal treatment. This work was afterwards 
extended to different members of the same ternary system, 
and more recently investigations have been made on other 
ternary groupsand on certain binary systems. The binary 
groups, however, have been examined only in so far as it 
was thought probable that they might throw light on the 
more complex phenomena of the ternary alloys. It is 
proposed to give in this paper a general account of the 
results which have been obtained in these investigations. 

Scope of the Research.—Magnetic tests have been carried 
out on alloys belonging to the following ternary systems :— 

1. Copper-manganese-aluminium. 
2. Copper-manganese-tin. 

3. Copper-manganese-antimony. 
4. Copper-manganese-bismuth. 

In the case of the first two systems several members of 
the group were prepared and tested, so that the effects 
produced by thermal treatment and their variation with 
the composition of the alloy might be fully studied. In 
the two latter cases the object of the tests was merely to 
compare in a general manner the properties of these 
systems with the two former. One or two castings 
accordingly sufficed for the purpose. 

The binary groups tested comprised the following :— 

1. Copper-manganese. 
2. Copper aluminium, 
3. Manganese-antimony. 
4. Manganese-boron. 


—— 


* Paper read before the Institute of Metals, at G lasgow, 
September 21, 1910. ; cs - 

+ J. Hopkinson, Proceedings of the Royal Society, 1889, 
vol. xlvii., page 23, and 1890, vol. xlviii., page 1. - 

+ F. Heusler, Verhandlungen der Deutschen Physi kas 
chen Gesellschaft, 1903, vol. v., page 219. _— 

§ See several papers in the Verhandlungen der Deutse - 
Physikalischen Gesellschaft. Proceedings of the Dee 
Society, Proceedings of the Royal Society of Edinburg™ 
Proceedings of the Royal Philosophical Societ y of Glasgow, 
Zeitschrift fiir anorganisché Chemie, Schriften der re 
schaft zur Befirderung der gesammten Naturwissens haf 
rg. 
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The object of these investigations being to ascertain the 
magnetic properties of the various intermetallic com- 
pounds formed, the number of specimens required was 

in small. 
eofate rials Employed.—In the preparation of the —_ 
every endeavour has been made to obtain materials of the 
highest purity. Electrolytic copper was used in all cases, 
and contained less than 0.15 per cent. total impurity. 
The manganese selected was prepared by the thermite 
process. It contained about 98.5 per cent. of manganese, 
the remainder consisting chiefly of silicon, iron, and alu- 
minium. The presence of aluminium in the manganese 
may possibly have influenced slightly the results obtained 
in ternary ups other than the copper-manganese- 
aluminium alloys, as the addition of aluminium to man- 
ganese produces a magnetic material. The amount of 
aluminium introduced in this way was always very small, 
and the consequent error in the results must therefore 
be almost or entirely negligible. The iron impurity is of 
nogreater moment, as alloys prepared by the use of ferro- 
manganese, and hence having a decidedly larger iron 
content, showed almost identical magnetic properties. 
The presence of small quantities of silicon has no effect 
on the magnetic properties except in so far as it reduces 
the amount of magnetic material in the specimens. The 
thermite manganese thus contains no objectionable im- 
purity. On the other hand, it possesses a great advan- 
tage, in that it has a very low carbon content, only a 
trace of that element being present. This is important, 
as the presence of carbon has a powerful influence in 
modifying the equilibria of manganese alloys, and also 
produces change in the magnetic properties of manganese 
itself. 

Preparation of the Specimens.—In the preparation of 
the ternary alloys, the plan adopted was to make first a 
manganese-copper alloy and then to add the third metal 
toit. As a rule, the manganese-copper was composed 
of these elements in the weight ratio of 3:7, that ratio 
giving the alloy of lowest melting-point in the binary 
system (about 870 deg. Cent.). In this way there was 
little or no loss through volatilisation, &c., on adding the 
third constituent. On account of the extreme readi- 
ness with which hot manganese absorbs carbon, special 
precautions had to be taken to prevent the admission 
of this element. In general, therefore, the alloying 
was conducted in a ‘‘Salamander” crucible under a 
layer of fused barium chloride. Charcoal cannot safely 
be employed unless the percentage of manganese 
present is small. The metal was cast in dry sand 
moulds lined with whiting. When moist sand was tried, 
it was found that the material was invariably of some- 
what inferior magnetic quality, and could not be brought 
quite up to the standard by annealing or other heat treat- 
ment. The alloy was cast vertically in the form of cylin- 
drical rods about 9 in. long and ,j in. in diameter. The 
binary alloys were prepared in much the same way, except 
that the majority of thera, being too feebly magnetic to 
test by the usual methods, were cast as small rods mea- 
suring about 44 in. by } in., and were tested between the 
poles of a powerful electro-magnet. These bars were in 
all cases sufficiently long to allow a small piece to be cut 
off the lower end and rejected, and two further portions— 
one from either end—to be taken for chemical analysis, 
leaving a rod of suitable dimensions for the magnetic test. 

Investigation of the Magnetic Properties.—The pro- 
ma of the magnetic tests on the ternary alloys was as 
OLLOWS :— 

1. To determine the magnetic quality of the alloys in 
the condition as cast. 

2. To find the simplest and most efficient heat treat- 
ment for bringing the alloys into a stable condition with 
the highest possible magnetic quality. 

3. To investigate the changes produced in the mag- 
netic properties by exposure of the alloys to different 
temperatures, and incidentally to determine the critical 
temperature and investigate the reversibility of the 
therma! treatment, 

4. To examine the effects produced by quenching, 
annealing, and baking the alloys. 

The tests were carried out on a magnetometer specially 
designed by Dr. J. G. Gray and the author for investi- 


gations of this kind.* The main feature of the instru- 
ment (Fig. 1) is the simple and novel method introduced 
for rapidly securing accurate compensation of the effects 
due to the electric current in the magnetising solenoid. 
The magnetometer proper(A), the solenoid (H), the com- 
pensating coils (Cj, Co, Cs), and the lamp (L), for showin 
the movement of the magnetometer need)e, are all moun 

on a strong agg od baseboard, and move freely in 
channelled beds. They can be firmly fixed by friction 
clamps. C, is the principal compensating coil, C. a coil 
for fine adjustment, while C, removes any error due to 
want of proper alignment of the other coils. When tests 
were to he carried out at temperatures above normal, the 
Speci:nens were placed in an electric furnace of the newest 
type! for use within the magnetising solenoid. In this the 
alloys could be raised to temperatures approaching their 
melting-point without danger of oxidation ensuing. When 
. ap © cases it was desired to maintain a specimen for more 

an 


‘ day at a moderately high temperature, the bar was, 
as an «iditional precaution, tightly packed with pure kaolin 
clay in a copper tube inserted in the furnace. The kaolin 
clay used for this purpose was previously strongly heated 
and then powdered so as to ——_ subsequent shrinkage 
when used as a protection for the specimens. The mea- 
Surement of temperature was effected by a platinum, 
platinum-iridium thermo-element used in conjunction with 
a ae Gray and A. D. Ross, Proceedings of the Royal 
Society of Edinburgh, 1909, vol. xxix., nn 182; Philo- 


soph i a sfopesins, - 1909. 
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a millivoltmeter. This apparatus was calibrated before 
and after the tests by determination of five boiling and 
freezing a. and was found to have remained unchanged 
during the interval. While the arrangement was not so 
sensitive as one involving null methods with the potentio- 
meter or wire-bridge, it was sufficiently accurate for the 
purpose in view, and was, moreover, preferable on account 
of its simplicity. 

Results of the Tests.—It is proposed to give in some 
detail the results of the tests on the copper-manganese- 
aluminium and copper - manganese -tin alloys, and 
then to indicate the similiarities and differences found 
when the investigations were continued to the copper- 
manganese -antimony and copper- manganese - bismuth 
alloys. Afterwards a short résumé will given of the 
work on the binary alloys and of the chief deductions 
drawn from the results. 

Copper-Mangancse-Aluminiwm and Copper-Manganese- 
Tin.—The alloys, to which reference will hereafter be 
made, were found on analysis to have the following com- 
positions :—- 

Taste I.—Compositions of Cu + Mn + Aland 
Cu + Mn + Sn Alloys. 


Percentage Composition. 








Alloy. 
Cu, Mn. Al. Sn. 
per cent. per cent. per cent. per cent. 
1 | 75.5 16 
2 62 25 12.5 
3 54 30 15 
4 60.2 25.1 ‘ 14.1 
5 58.7 23.5 16.1 
6 57.6 24.9 18 
7 49.2 | 20.4 29.8 
8 43.4 | 181 40 
9 36.4 15 48.1 
Of the first up No. 2 was by far the most strongly 


magnetic, and in the second group No. 8 was the best. 





Figs. 





The yay my in quality of these alloys on cooling 
to — 190 deg. is an interesting and somewhat characteris- 
tic feature, as most magnetic materials, such as iron, 
steel, iron alloys, nickel, and cobalt, are in general less 
susceptible to magnetisation at low than at normal tem- 
peratures. 

It has been found that the majority of those bronzes are 
improved in quality by exposure for some time to tem- 
peratures between 150 deg. and 200 deg. Cent. The im- 
provement has usually a double origin. First, it removes 
the strains generally left in the material by the process 
of casting; and, secondly, it results in constitutional 
change, the material being brought into a new equilibrium 
condition. In most cases this improvement can be 
effected in two steps, corresponding with the two distinct 
processes involved. Thus, if the metal is heated to, say, 
180 deg. Cent., and then cooled comparatively slowly, the 
internal strains are removed. he alloy now gives 
a@ magnetisation curve of precisely similar shape to 
the initial one, but with each ordinate slightly larger. 
The percentage improvement in quality on cooling. to 
— 190 deg. Cent. is unaltered; the thermal treatment 
has resulted merely in a “normalising” of the alloy. 
If now the metal be heated to the same temperature, 
and kept thereat for several hours previous to the slow 
cooling back to room temperature, we have an annealing 
process resulting in constitutional change of the material, 
which is altered from a metastable condition towards the 
true equilibrium condition corresponding to temperatures 
not far removed from room temperature. 

In the case of the copper-manganese-aluminium alloys 
the normalising has comparatively little effect, but con- 
siderable improvement can be obtained in some instances 
by annealing or baking at temperatures about 170 deg. 
Cent. for six to eight hours. With alloy No. 2 this results 
in an increase in the saturation value of I of as much as 
10 per cent., while the hysteresis is not appreciably aug- 
mented. It is different with the copper-manganese-tin 
alloys. Normalising not infrequently produces a decided 
improvement in quality, but annealing or baking results 





in an increased hysteresis loss which more than counter- 
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Nos. 7 and 9 were only vury feebly magnetic. In what 
follows the results obtained for alloys 2 and 8 will gener- 
ally be given, values being added for the others only 
when they show special features of interest. 

The aes were first of all tested as cast—that is, 
without any preliminary dressing operations, with the 
exception of the removal of the end portions, as described 
above. Tests were made with the material (1) at room 
temperature, and (2) when cooled down to —190 deg. 
Cent. For the latter test the specimen (A, Fig. 2) was 
placed in a glass tube (BCD), one end (B) of which was 
closed, while the other (CD) was open and curved 
upwards. The tube was er by cork bungs (F F), 
so that the specimen la ong the axis of the mag- 
netising solenoid (E E). iquid air was poured in at D, 
and a steady temperature was soon attained, as the corks 
prevented access of warm air from without. 

Table II. gives the results obtained in tests at 15 deg. 
and — 190 deg. Cent. 


TaBie II.—Tests at 15 deg. and —190 deg. Cent. 





Intensity of Magnetisation. 





Applied (|Ou+Mn+Al. Alloy2.| Cu+Mn+S8n. Alloy 8 
Field, H. | Ms 
15 Deg. | -190Deg. | 15 Deg. | - 190 Deg. 
| } J 
20 254 | 300 2 | 21 
50 292 358 53 53 
100 310 | 388 | 95 95 
200 324 401 159 160 
Residual 6 | 160 l | u 


| 

The effect of cooling to liquid-air temperature is large 
in the case of the aluminium alloy, and practically nil in 
the case of the tin alloy. This liquid-air effect, however, 
varies greatly in different members of the same series. 
Table III. gives the percentage improvement in_ the 
values of I cor ding to H=100 for the various alloys 
referred to in Table I. 


TaBLe III.—Jmprovement in Quality by Cooling 
to — 190 deg. Cent. 


| | 
1) 2/3)\4)/5 6/7/8/9 





Percentage increase in I for H=100| 20 | 25 | - 1) 21 | 26 35/1) 0/0 
Soak 








balances any advantage derived from the slight improve- 
ment in susceptibility. Prolonged baking, especially at 


moderately high temperatures, has invariably an adverse 
influence, although the resultant effect varies irregularly 
with the temperature employed,* pointing to complex 
structural changes. 

The quenching of the alloys at high temperatures has 
revealed several interesting facts. The copper-manganese- 
aluminium alloys are always less magnetic after this treat- 
ment, but it is noteworthy that the coercive force, and 
consequently the hysteresis, are greatly diminished. 
Coercive force is a quantity which varies greatly in 
different materials, as will be seen from the figures given 
in Table IV. 

TasLe IV.—Coercive Forces. 
Coercive Force. 


Material. C.G.8. Units, 
Very soft iron 1.7 
Cast iron. . oe ee 4 
Annealed carbon steel .. 20 
Quenched tungsten steel - 50 
Cu+Mn-4Alalloy No.2 .. 1.3 
Do. quenched at 550 deg. Less than 0.3 
Cu + Mn+ Snalloy No.8 .. y 
quenched at 400 deg. 6 


The exceedingly small value of the coercive force for 
alloy No. 2 after quenching at 550 deg. is remarkable, 
considering that the material is still comparatively mag- 
netic, having a permeability of over 100 for H = 20; that 
is to say, a value little inferior to that for cobalt. The 
quenched alloys are in an unstable rather than a meta- 
stable condition. If left at reom temperature for several 
months, they gradually improve in magnetic quality, and 
finally attain a permesbility little less than that which 
they had prior to the quenching. Thus a specimen of 


aay png 2, which had initially a permeability « = 160 
for H = 20, had « = 130 after quenching at 400 deg. 
Cent. In the course of a year « risen to over 157. 


This improvement in quality was not accompanied by 
any appreciable increase in the small value of the coercive 
force for the quenched material. We thus obtain a 
material of fair permeability and with extremely little 
hysteresis loss. Phis is at least an approximation to 

the ideal magnetic substance, which should be highly 
magnetic and without hysteresis. The recovery of mag- 


* A. D. Ross and R. C. Gray Proceedings of t the Royal 
Society of Edinburgh, 1909, vol. xxix., page 274, 
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netic susceptibility with time of the quenched copper- 

g aluminium alloys was first pointed out by the 
author early in 1907.* Asteroth has since shown that 
the recovery can be accelerated by exposure of the alloy 
to a temperature of 140 dez. or 160 deg. Cent.| Heusler 
and Richarz have recently suggested that this material 
might ba useful in the construction of electrical measur- 
ing instruments on account of its vanishingly small hys- 
teresis.t In the author’s opinion, however, this seems 
unlikely for several reasons. The alloys are exceedingly 
hard and brittle and almost unworkable. They are a 
very sensitive to change of temperature, and ageing from 
exposure to hvat has a much more deleterious effect on 
them than on iron and steel. 

As already stated, copper-manganese-aluminium alloys 
are always less magnetic after quenching, but the resultant 
susceptibility does not steadily diminish with increasing 
temperature of quenching. On the contrary, alloy No. 2 
is much more magnetic after basing quenched at 700 deg. 
Cent. than after quenching at 600 deg. Cent. 

With the copper-manganese-tin alloys the effect of 
quenching is even more complex. When the quenching 
is carried out at temperatures high above the critica! 
temperature the material is always rendered almost non- 
magnetic. But if quenching is carried out at moderate 
temperatures, the allege are sometimes almost as magnetic 
as before this treatment. 

An interesting point in regard to the quenched alloys 
of both groups is that they are nearly all more sensitive 
to temperature variations than they were in the un- 
quenched condition. This is well shown by Table V., 
which compares the changes in I for H = 100 produced 
in the unquenched and quenched materials respectively 
by cooling from 15 deg. to - 190 deg. Cent. 


TABLE V.—Percentage Change in I for H = 100 on Cooling 
Srom 15 deg. to — 190 deg. Cent. 





Alloy. }u {eis 


..J+ 20] + 25! - 1421426435 4+ 1 
++[+ 400 + 83) + 50/+25 +33 +35 + 5+ 9/+ 5 


As cast .. 
Quenched 





The magnetic properties of the alloys have also been 
examined when the cast or normalised specimen is placed 
in an electric furnace and heated to various temperatures. 
The procedure usually consisted in carrying out a series 
of tests at successively increasing temperatures until the 
critical point was attained, and then the tests were re- 
peated at the same temperatures taken in the reverse 
order as the specimen was allowed to cool down to room 
temperature again. The copper-manganese-aluminium 
and the copper-manganese-tin alloys behave very dif- 
ferently under this treatment. The former are much less 
magnetic at each definite temperature during the cooling 

rocess than they were at the same points during the 

eating. The tin alloys give similar magnetisation curves 
in the two stages. The manganese-tin bronzes are there, 
fore reversible, whereas the manganese-aluminium bronzes 
are irreversible. The critical temperatures of the former 
alloys were found to range from 220 deg. to 280 deg. 
Cent., while those of the three copper-manganese-alu- 
minium alloys were 280 deg., 500 deg., and 345 deg. 

Copper-Manganese-Antimony and Copper-Manganese- 
Bismuth.—Experiments made on copper - manganese- 
antimony alloys showed them to have properties very 
similar to those of the copper-manganese-aluminium 
alloys. The bismuth bronzes, however, differed in one 
or two important particulars from the others. The fact 
that these metals are ferro-magnetic at all is rather 
remarkable when we consider the nature of the consti- 
tuent elements. Manganese is only very feebly para- 
magnetic, while copper is slightly, and bismuth compara- 
tively strongly, diamagnetic (that is to say, much less 
magnetic than what we commonly term empty space). 
Those elements nevertheless combine to give alloys with 
decidedly ferro-magnetic properties. This will be seen 
from Table VI., which gives the results obtained in a test 
on an alloy with the approximate composition—copper, 
43 per cent. ; manganese, 17 per cent. ; bismuth, 59 per 
cent. This material became much more magnetic on 
quenching at 300 deg. Cent., the treatment resulting in 
an enhancement of Over 60 per cent. in the intensity of 
magnetisation for an applied field of strength about 
200 gauss. The retentivity was greatly increased, and 
the coercive force was also augmented instead of under- 
going reduction as in the other ternary systems. Cool- 
ing to liquid air temperature lowered I for H = 200 by 
over 30 per cent. in the case of the cast material, and 
by about half of this amount in the case of the alloy 
as quenched at 300 deg. Cent. 


Taste VI.— Magnetisation Curve for Alloy (Copper, 
43 per Cent. ; Manganese, 17 per Cent. ; Bismuth, 39 per 
Cent.). 

Applied Field. Intensity of Magnetisation. 
50 2 
100 5.5 
200 12 
Residual 2 
Coercive force Circa 40 
Binary Alloys.—Tests have been made on the binary 
alloys—copper-manganese, copper-aluminium, manga- 
nese-antimony, and manganese-boron—with two objects 
in view :—(1) to ascertain their susceptibility to mag- 
netisation ; and (2) in the case of the Cu+ Mn and 





* A. D. Ross, Proceedings of the Royal Society of 
Edinburgh, 1907, vol. xxvii., pase 88. 

+ P. Asteroth, Inaugural Dissertation, Marburg, 1907 ; 
Verhandlungen der Deutschen Phystkalischen Gesellschaft, 
1908, vol. x., page 21. : 

} F. Heusler and F. Richarz, Zeitschrift fiir Anorgan- 
tsche Chemie, 1909, vol. Ixi., page 265. 


Mn + B groups. 





re their behaviour upon quench- 


Cu + Al groups to com 
eg. Cent., &c., with that of. the 


ing, cooling to — 190 
ternary alloys. 

A word or two will suffice as to the Mn + Sb and 
The former is the more magnetic, 
alloys approximating in composition to the formula 
Mn;S os. comparatively speaking, fairly susceptible. 
Alloys corresponding roughly with the formula Mn,Sb 
were less magnetic, somewhat more retentive, and had 
much greater coercive force. A manganese-boron alloy 
containing equal atomic proportions of the two elements 
was about as magnetic as Mn.Sb, and exhibited much 
the same hysteresis. Owing to the impossibility of ob- 
taining castings free from blow-holes, no attempt was 
made to measure the absolute values of the permeability 
of those materials. 

The Seuss nageaste and copper-aluminium alloys 
were so feebly maguetic that it was not practicable to test 
them magnetically in the usual way. Short bars of the 
metal were placed in the narrow pole gap of a powerful 
electro-magnet in a field of nearly 5u00 gauss. The 
residual magaetism of the specimen was thereafter 
tested by a delicate magnetometer. In comparing the 
results so obtained with those found in other cases by 
the ordinary I-H magnetometer test, it is very im- 

rtant to note that we must compare only residual 
intensities of magnetisation. High oer | does not 
imply, as is too often assumed, high susceptibility. It is 
pen A characteristic of bodies which are only mode- 
rately magnetic, but exhibit large coercive force. 

Copper-manganese, containing about 30 per cent. of 
manganese, was found to be more retentive after quench- 
ing than in the cast condition. It thus differed essen- 
tially in magnetic properties from the manganese-alumi- 
nium and manganese-tin bronzes. On the other hand, an 
alloy containing about 10 per cent. aluminium and 90 per 
cent. copper gave effects very similar to those in the 
copper-manganese-aluminium alloys—viz., an improve- 
ment on cooling to liquid-air temperature, and a deteriora- 
tion on quenching. A few other copper-aluminium 
alloys with widely varying compositions were tested, but 
= others did not show the same similarity to the ternary 
alloys. 

The Magnetism of the Copper-Munganese-Aluminium 
Alloys.—The 10 per cent. aluminium-bronze referred to 
above differed from all the others tested in that it con- 
tained the intermetallic compound Cv;Al.* As alloys 
approximating in composition to this formula were appa- 
rently the most magnetic of the aluminium-copper series, 
the view was expressed that this compound played an im- 
portant part in the — of the copper-manganese- 
aluminium alloys.t Shortly afterwards Heusler and 
Richarz published a somewhat similar hypothesis based 
on tests of a different kind.t These experimenters, 
having gathered data for some thirty or forty manganese- 
aluminium bronzes, found that on marking the alloys on 
aternary diagram (Fig. 3) the most highly magnetic la 
approximately along the line joining the points whic 
Fig 3 COPPER-MANGANESE-ALUMINIUM TERNARY 

; DIAGRAM. 








represent CusAl and Mn;Al. They accordingly advocated 
the theory that the ternary alloys contain magnetic com- 
pounds consisting of aluminium in chemica! combination 
with manganese and copper, so that in every case each 
atom of aluminium is associated with three atoms of the 
other metals. In other words, they postulate the occur- 
rence of a series of ternary magnetic compounds repre- 
sented by the general formula CuxMn, Al, where 2 and 
y may have any of the values 0, 1, 2,. . . , and r+y=32. 

This theory seems unsatisfactory for several reasons :— 

1. Ternary compounds are almost unknown. Indeed, 
with the exception of CdHgNa and Hg.KNa§ we have 
no reliable evidence of their occurrence, 

2. No ternary compounds were found in the portion of 
the copper-manganese-aluminium system investigated by 


* For the compositions of aluminium-copper alloys, 
see H. C. H. Carpenter and C. A. wards, ings 
of the Institution of Mechanical Engineers, 1907, page 
7; B. E. Curry, Journal of Physical Chemistry, 1907, 


vol. xi., 425. 

t A. D. Ross and R. C. Gray, Proceedings of the Royal 
Society of Edinburgh, 1909, vol. xxix., page 274. 

+t F. Heusler and F. Richarz, Zettschrift fiir Anorga- 
nische Chemie, 1909, vol. lx., page 265. 

§ E. Jiinecke, Zeitschrift fiir Physikalische Chemie, 
1906, vol. lvii., page 507. 





Rosenhain and Lantsberry, although several of their 
alloys were decidedly magnetic. * 

3. If such compounds did exist, there would be no 
reason why they should show quenching and liquid-air 
effects identical to those in Cu;Al. The extremely close 
a between the magnetic behaviour of Cu.Al 
and the ternary bronzes would therefore be a chance 
coincidence, which seems very improbable. 

On the other hand, the author adheres to his former 
view that the magnetic properties are due to the forma- 
tion of solid solutions, of which the compound Cv. AI is a 
constituent. Mn.Al is known to be the most magnetic 
of the manganese-aluminium alloys.}| Itis possible, then, 
that a series of solid solutions occur between the com. 
pounds Cu;Al and Mn,Al, and give rise to the ferro. 
magnetism of the ternary alloys. It should be noted, 
however, that, owing to the great difficulty of obtaining 
satisfactory castings, no ternary alloys with less than 60 
per cent. copper have been tested along the line joining 
Cu,Al and Mn;Al. Accordingly one cannot be certain 
as to whether the solid solutions are formed merely 
between Cu,Al and Mn,Al, or whether uncombined man- 
ganese enters into them, There are certain considerations 
which make the presence of free manganese probable, and 
with a view to gaining further information on this point, 
the author has taken in hand the microscopic examination 
of the ternary ferro-magnetic alloy, and also magnetic tests 
on manganese-aluminium alloys. 

It may be asked why solid solutions of Mn or Mn, Al in 
Cu, Al should result in the production of a material so 
much more magnetic than either of its constituents. No 
direct explanation can at present be given, but we have 
analogous instances. Thus the addition of small quan. 
tities of aluminium and other elements to iron with the 
formation of solid solutions leads to materials more mag- 
netic than iron, although the added element is itself non- 
magnetic.} Again, copper-aluminium alloys containing 
aluminium in increasing proportions up to 8 per cent. 
consist of solid solutions which are the more retentive 
of magnetism the greater the amount of aluminium 
present. § hy the presence of a non-magnetic con- 
stituent should enhance the magnetic quality of a 
material is a difficult question to answer. Perhaps the 
action is somewhat similar to that in which we find 
nickel and otLier allied elements altering the recalescence 
point Arg, at which iron transforms from the non-mag- 
netic to the magnetic condition. The solution of the 
problem would be of great interest alike to physicists and 
metallurgists, and it seems probable that satisfactory 
progress is most likely to be attained by extensive mag- 
netic tests on alloys conducted in combination with 
metallographic investigation. 

he researches are not yet sufficiently advanced to 
permit of a discusion as to the origin of the magnetism of 
the copper-manganese-tin alloys. Meanwhile, however, 
it may be stated that a similar solid solution hypothesis 
seems applicable in this case also. It may be of in- 
terest to point out in this connection that the copper- 
manganese-tin alloys have been found to fall into two 
distinct magnetic groups!| and that manganese and tin 
form two magnetic compounds, Mn,Sn and Mp.Sn,‘ 
whereas manganese and aluminium form only one mag- 
netic compound, Mn, Al.** 

The work described in the present paper has been 
carried out in the Physical Institute of the University of 
Glasgow, and the author desires to acknowledge his 
indebtedness to Professor Gray for the facilities granted 
for conducting the investigations. 








Tuer GERMAN STEEL UNION AND THE AMALGAMATION 
OF THE DEUTSCH-LUXEMBURGER MINING COMPANY AND 
THE DorRTMUNDER Union.—Although, generally speak- 
ing, the amalgamation of the above two bodies can 
scarcely be called a concern of the Steel Union, the latter is 
likely to have some influence with it, as the business involves 
the question of the manufacture of girders. The Deutsch- 
Luxemburger. Company, at its works at eer pg 
manufactures girders under the Grey patent. ‘These 
| ree are also, subject to certain conditions, sold by the 
Steel Union, and the Differdingen works have in_the 
union an allotment for girders of 123,000 tons. When 
the sale of gir€ers (Grey patent) has reached this limit, 
different works, which Sone taken up the manufacture 
of a similar girder, are entitled to supply this special 
make. The Differdingen Works, however, have hitherto 
managed that this contingency has not occurred, and 
the competing works have consequently not been in a 
position to supply anything. Now, however, the sale 
of girders of the bow system has so increased that the 
Differdingen Works can no longer manage with their allot- 
ment. The amalgamation with the Dortmunder Union 
had the additional advantage of these works having an 
allotment of 92,000 tons of girders, which the Deutsch- 
Luxemburger Company now wishes to transfer to Differ- 
dingen, which weal onli them to supply as many (irey 
girders as the Steel Union requires. me manufacturers 
within the Steel Union object to this arrangement ; they 
do not mind the Deutsch-Luxemburg Company taking 
over the allotment of the 92,000 tons of girders, but only 
ordinary makes, not the Grey girders. 


* W. Rosenhain and F. Lantsberry, Proceedings of the 
Institution of Mechanical Engineers, 1910. _ ae 
G. Hindricks, Zeitschrift fiir Anorganische Chemie, 
1908, vol. lix., page 414. F 
t W. F. Barrett and W. Brown, Journal of the Insti- 
tution of Electrical Engineers, 1901, vol. xxxi , page 07°. 
§ R. C. Gray, Proceedings of the Royal Phil sophical 
Society, Glasgow, 1910, page 41. 


|| Vide supra. . ae 
7 RS. Williame, Zeitschrift fiir Anorganische Chimie, 
1907, vol. lv., page 1. 
** G. Hindricks, ibid., 1908, vol. lix., page 414. 
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MINING, METALLURGY, AND METAL- 
WORKING. 


4484/10. Pather Ironand Steel Co: Limited, 
and E. Davies, Wishaw. Ro . (6 Figs.) 
February 23, 1910.—This invention relates to clutches for rolling- 
mills of the type wherein the clutch members are made wit 
inclined teeth which are retained in engag t by means of 
arms or catches pivotally secured to the one member and adapted 
to engage the other member. The main driving member a of 
the clutch is bolted to the coupling of the main driving shaft, 
and it has, on its face, angular teeth al. It has also joined to it 
a number of arms». The driven member c of the clutch is keyed 
to and slides upon a spindle d, and it has on its face teeth c! 
which correspond to, and are capable of engeging with, the teeth 
aon the face of the driving member a. e teeth a! and c! are 
so shaped that when retained in engagement by means of the 
arms }, they will transmit motion from the driving member a to 
the driven member ¢ and spind : i diately the driven 
member c is left free to a! will, if the 








p ; but, 
move axially, the teeth 


Fig 3. 









































driving member a@ be rotating, force the teeth cl and driven por- 
tion c out of engagement with the driving member. At its outer 
end the driven member c is reduced so as to serve asa seat for the 
arms l. The loose spindle d is supported by a centre bearing in 
the driving member a, and it is made of wobbler section at its 
outer end, so as to intermesh with the usual pinion. On the 
spindle @, and sliding on feather keys thereon, is a collar e having 
an annular recess, When the clutch is driving, this collar engages 
the ends of the arms b and holds them in en ment with the 
driven member ¢. The collar e can be actuated by a lever and 
wiper-shaft or otherwise, and it is, preferably, provided with a 
circumferential recess for this pur; . The arrangement is such 
that when the collar e is moved —F it frees the arm b of the 
driving member a, with the result that they fly out, under centri- 
fugal action, and permit the driven member ¢ on the loose spindle 
d to be forced out of gear by the action of the inclined teeth a! 
and c! of the driving and driven members a@ and ¢, as already de- 


scribed. (Accepted August 17, 19:0.) 
MOTOR ROAD VEHICLES. 
22,949/09. Alldays and Onions Pneumatic Engi- 


neering Com: , Limited, and C. E. - 
mingham. Detachable Wheels. [3 Figs.) October 7, 
1909. This invention relates to detachable wheels for motor-cars, 
and of the type provided with a nave of a size and shape proper 
to slide on and fit the hubs on the outer ends of the axles of the 
vehicle. a@ is the axle, on the outer end of which a hub b is 
mounted, the hub remaining on the axle, as usual, when the detach- 
able wheel is removed therefrom. The hub 6 has the usual flange 
6! on its inner side, having holes in which the heads of the bolts 
¢, ¢, by which the inner ends of the spokes d are secured between 





Sell 
G HN 
r i) 
va ae : plates e,f, take when the detachable wheel is fitted to the 
“weed di reby ensuring the rotation of the wheel and hub as one. 
— ing to the invention, a screw thread b2 is provided on the 
_— of that part of the hub } which projects from the 


ee wheel when the latter is in position on the hub, the 
ale d of the projecting part being left plain and being made 
With the Smaller in diameter than the screw-threaded portion. 
ee hub and detachable wheel is combined ascrew-nut g, the 
ally A id tye hich is internally plain and somewhat larger intern- 
—~ deme he ue ocrew-threaded In the serew-nut g a coil h is 
Giiete 7 fixed at its outer end to the nut g. The coil h has 

*rnal diameter proper to fit the plain outer end of the hub 6 








when the nut g is screwed home. The inner end of the coil h is 
bent or turned outward, and occupies a recess g? in the body of 
the nut g. The coil A is of such construction that on the applica- 
tion of force tending to unscrew the nut g, the coil tightens itself 
on the hub and renders the rotation of the nut with respect to the 
hub impossible. (Accepted August 17, 1910.) 


PUMPS. 


26,139/09. W. E. W. Millington, West Gorton. 
Pum: (2 Figs.] November 11, 1909.—This invention relates 
to means for automatically priming or charging pumps, and for 
peng yy the valve controlling the priming supply is arranged 
£0 t it is closed, during delivery of liquid by the pump, by 
liquid pressure consequent upon friction head in the delivery 
pipe. The accompanying drawing shows the invention applied 
to a plant of a known kind, wherein water for priming the pump 
1 is taken from the delivery pipe 2, and conducted to the suction- 
pipe 3 by a pipe 4, the suction-pipe 3 having a non-return valve 
at 5, and being provided with a pipe 6 smaller and shorter than 
the suction-pipe to lessen the quantity of air admitted to the 
pump when the water-level is lowered below a predetermined 

int. 7 is a branch from the delivery pipe 2 connected to the 
inlet of a casing 9, containing balanced valves 10, which control 
the outlet connected to the pipe 4. The stem of the valves is 
attached to a flexible diaphragm 13 that is subject on one side 
to the pressure of fluid at the inlet, and on the other side to a 





a 





























(e139) 


ressure due to the head of liquid taken from the delivery pipe 2 
in the neighbourhood of the outlet end by a pipe 14. This pres- 
sure is shown as aes by aspring 15. Theaction of this 
arrangement is as follows :—When the pump is delivering water, 
the pressure on the underside of the flexible diaphragm 13 will 
exceed the liquid pressure on the upper side of the diaphragm by 
an amount due to the friction head in the delivery pipe 2. Should the 
pump fail to deliver water through drawing in air, the fluid pres- 
sures on the two sides of the flexible diaphragm become equalised, 
and the priming valves10 open under the action of the spring 15. 
This allows a supply of water to from the delivery pipe 2 of 
the —- through the pipe 4 into the suction-pipe 3. This 
supply of priming water then, as usual, forces out any accumula- 
tion of air through the small non-return valve 16. As soon as the 
air has been cleared out of the pump it will again start delivering 
water up the main delivery pipe 2, and thus cause a rise of 
fluid pressure on the Bann A of the flexible diaphragm 13, which 
then closes the priming valves 10, and cuts off the supply of 
priming water. (Accepted August 17, 1910.) 


RAILWAYS AND TRAMWAYS. 


24,628/09. Vacuum Oil Company. Limited, London 
(Vacuum Oil Company, New York). A Journals. (2 Figs.) 
October 26, 1909.—This invention relates to lubricating devices for 
journal bearings, and has particular reference to apparatus of the 
kind in which a wick or felt conveys the oil from an oil-box, 
through an upwardly-extending tubular portion within the oil-box, 
to the part to be lubricated; the wick being pressed against the 
tubular portion by a —- to regulate the flow of oil. Aisa 
shaft mounted in a bearing B, and C is a lubricating wick by which 
oil is transferred from an oil-box D to the shaft A. The wick is 
threaded through a tubular portion E, one end being bent down 
and immersed in the oil, whilst the other rests flat upon the shaft, 
and a clamp F is provided to press the wick against the wall of the 
tube E, and thus to regulate the quantity of oil supplied to the 
shaft. One wall of the tube E is made shorter than the opposite 
wall by an amount approximately equal to the thickness of the 
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wick C, so that when the latter is in position the end of the longer 


wall will be flush with the wick. The upper edges of the tube are 
formed with outwardly-projecting flanges orribs. The clamp F com- 














prises two downwardly-extending flanges. The one flange presses 
the wick against the rib on the shorter wall of the tube, this pressure 
being produced and regulated by means of a screw that engages 
with a tapped hole in the other flange, and bears inst’ the 
longer wall of the tube E. The point of compression of the wick 
should, of course, not be below the surface of the oil in the box. 
It will be seen that as the screw engages the oad wall, the 
clamp F will be prevented from being laced accidentally. The 
oil-box D, which is provided with a hinged lid D!, is mounted upon 
brackets G carried by the bearing B, the brackets curving around 
the shaft, as shown. In the construction shown the ay | B is 
wider than the opening at the bottom of the oil-box, so the lower 
portion of the wick is made wider than the upper portion thereof. 
(Sealed October 13, 1910.) 





a. The Consolidated Brake and 

» Limi and London. 
Brake anh aren August 13, 1909.—This inven- 
tion obviates certain defects which have been found in practice to 
accompany the use of compensating brake-mechanism, and to this 
end, in lieu of providing a single-power pawl, working in conjunc- 
tion with the detent, use is made of two such power-pawls d, ¢, 
which engage with the two sets of teeth ¢, ) upon the opposite 
sides of the ratchet, the two power-pawls being preferably mounted 
upon a swivel-piece or bridle f, which embraces the ratchet, and 
is pivoted to the lower end of the actuating link or lever /, carry- 
ing the detent i, the pivot-pin g running in a slot in the ratchet. 


Engineer- 
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The pawis d and ¢ are normally held in engagément with the 
ratchet-teeth b and ¢ by gravity. The pawl ¢ is formed with a pro- 
tuberance e!, and the detent i with a tail-piece 71, these two parts 
being so itioned relatively to one another that the disengage- 
ment of the pawle from the ratchet-teeth b forces the detent ¢ 
into engagement with the said teeth, and the disengagement of 
the detent i from the teeth presses the pawl e into engagement 
therewith. The pivoting of the two pawls d,e in the manner 
described enables these pawls to adjust themselves relatively to 
the ratchet when engaging therewith, notwithstanding the 
variations in the inclination of the ratchet to which it is subject 
when the gear is in operation. (Accepted August 17, 1909.) 


18,390/09. Heenan and Froude, Limited, Man- 
chester, and J. N. Scholefield, Wo: r. Radial 
Trucks. (5 Figs.) August 10, 1909.—This invention relates to 
single-axle radial trucks for tramway and railway vehicles. The 
invention consists essentially in constructing the radial truck 
with side frames coupled at the ends by transoms pivoted thereto 
to allow of a parallel movement, axle-boxes pivoted in the side 
frames, and suitable stays or springs for returning the trucks to 
normal position. The radial truck is constructed of side frames 
A fitted with pockets to take the spring and axle-box swivel-plates 
B, B! and transoms D pivoted to the ends of the side frames, 
and which also support the car-body. The spring plate B is free 
to slide vertically in the ket, and is held in position by the 
springs b, which are placed between it and the side frame A. The 
swivel-plate B! is bolted rigidly in position across the bottom of , 
the pocket. The plates B and B! are both formed with sockets, 
and the axle-box C is fitted with trunnions, top and bottom, 
which enter the sockets, leaving the axle-box free to swivel to 
right or left. By this construction of side frame and spring-plate, 
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the meet of the springs } is low relatively to the centre of the 
axle, thus reducing the height of the car-body. The top plate of 
the side frame A is made of Tavested trough-section to receive the 
socket on the plate B, and take the lateral thrust, and the plate B! 
also acts as a ‘‘horn block-keep,” the two taking all the side- 
thrust of the axle. The transoms D are fitted with end castings 
to which the side frames A are pivoted to allow of a parallel move- 
ment. Thus the two side frames A are maintained parallel to one 
another, and the transoms D and axle E are maintained parallel 
the axle E being given a radial movement about its vertical axis and 
the axle-boxes C swivelling on their trunnions in the plates B, B), 
The transoms D also support the car body bolsters, which may be 
of either the rigid or the swing type. The car body bolsters F are 
supported on springs f at the ends, the springs at each end restin 
upon a spring plate bolted to spring planks G supported at bo’ 
ends by links g! depending from brackets g® firmly and rigidly 
affixed to the transoms D. The car body is fitted to the bolsters 
F by a bracket H affixed to the latter and a top-plate K affixed to 
the body. Side-bearer brackets L are also affixed to the bolster F, 
which engage with rub-plates on the car body. Each car is fitted 
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with two independent single-axle radial trucks, and the two radial 
trucks are connected together by rods and springs which control 
“hunting,” and tend to return them into normal position with the 
axles parallel. The frame-work of each radial truck having a free 
parallel motion, the two points of tact of the t D with 
the car body produces the effect ofa ‘‘ virtual king pin” or pivot 
over the vertical axis of the axle E, about which the truck swivels 
under the car body as it passes round a curve in the track. 
(Yealed October 13, 1910.) 





STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
Brown, Boveri, et 
bines. (3 Figs.) March 

nvention relates to a turbine installation with 
three shafts, and consists in a three-shaft turbine installation, the 
low-pressure elements of which are provided at their inlet end 
with an action stage having two independent sets of nozzles for 
admitting high-pressure and low-pressure working fluid respec- 
tively, the working fluid in each case, after passing through the 
same number of blades in the action stage, being further expanded 
in a succeeding action or reaction stage. According t6 the 
arrangement shown, the high-pressure turbine a is arranged on 
the central shaft, whilst two similar low-pressure turbines ) and 
¢ are arranged on the side shafts, each of which turbines com- 
prises an astern turbine d and e respectively, arranged at the 
exhaust end. The pipe fsupplies live steam to the high-pressure 
turbine a, which steam may flow to the low-pressure turbines by 
way of the pipes gandh. Both pipes g and h are provided with 
non-return valves, so as to prevent the steam from flowing 
back to the high-pressure turbine a if the latter is cut out 
of operation, and if the low-pressure turbines 6, ¢ run by 
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themselves. In this case the latter are supplied with live 
steam by means of the pipes / and m respectively. The pipes n 
and o supply the astern turbines d and e respectively when 
stopping or moving astern. The low-pressure turbines b and c 
are similar to each other. Both turbines belong to the drum 
type. An action stage having several velocity stages is arranged 
in front, as well as two separate sets of nozzles of different 
arc lengths for live and exhaust steam respectively. The mode 
of operation is as follows:—With normal working the live steam 
flows through the pipe f into the high-pressure turbine a, and 
then in parallel through the pipes g and h into the low-pres- 
sure turbines } and ¢ respectively, and from there into the con- 
densers. As the steam is at a low pressure, and consequently has 
a large ific volume, it is caused to flow through the nozzle set 
having the larger arc length into the turbine. If, however, the 
low-pressure turbines are to work by themselves, then live steam 
is supplied through the pipes / and m, which steam enters there- 
after through the live-steam inlet opening, and through the 
nozzle set having the shorter arc length, in view of the smaller 
specific volume of the live steam. . (Sealed October 13, 1910.) 


18,681, W. M. Stilland A. G. Adamson, London. 
aioe tonae {1 Fig.) August 13, 1909.—This invention pro- 
vides a steam-trap that, whilst being particularly suitable for use 
with high-pressure steam, is also suitable for all pressures of 
steam without adjustment. In the improved trap, the water- 
outlet passage c is controlled by a diaphragm e, the opposite sides 
of which are normally subjected to the pressure of the steam ; the 
steam supply to one side d of the diaphragm is through a passage / 
controlled by a ball-valve p that is actuated by a float, so arranged 
that, upon an accumulation of water of condensation, the float 
operates the valve to close the ge l, and the water outlet ¢ is 
then opened by movement of the diaphragm consequent upon a 
reduction of. pressure upon one side thereof. Water is thereupon 
discharged until the float again falls, and equilibrium of pressure 
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on the two sides of the diaphragm is re-established. In the 
pam lis fitted a short tube m, the lower end of which is open 
and the upper end closed ; the tube m, which is pressed down by 
a spring », is formed with lateral ports, so that it is always in 
communication with the compartment d. The ball-valve p is 
carried in a recess in the float lever opposite the lower end of the 
tube m, risa relief opening to at phere from the a 
and ¢ is a ball which closes said opening when the tube m is in the 
position shown. When the float rises to a predetermined level, 
the ball p closes the lower end of the tube m and cuts off com- 
munication with the compartment d, and further upward move- 
ment of the float then raises the tube m so that the lower edge of 
one of its ports engages and moves the ball s away from the open- 
ing r; a reduction of pressure at once takes place in the compart- 





ment d, causing the diaphragm e to be pressed inwardly, thus 
lifting the ball-valve f from its seating and allowing the water to 
escape through the water outlet c. (Accepted Auguat 17, 1910.) 


12,015/10. W. H. Wilson, Glasgow. Turbines. [4 Figs.) 
May 14, 1910.—This invention has reference to the method of 
attaching vanes of steam-turbines to the rotors. The disc a is 
formed preferably in one piece, and has a circumferential groove 
of an approximately duplex Y shape formed round it, having a 
check 6 formed on the interior surface of each side flange c. 
These checks b may be angled (Fig. 1), or they may be parallel to 
the axis of the wheel (Fig. 2). The foot of the vane e is shaped to 
fit within the groove and distance-pieces f of the same form as 
the feet of the vanes are inserted between each, and these may be 


flush with the circumferential surface of the wheel. The vanes ¢ 
and distance-pieces f may be inserted into the groove of the wheel 
through an opening in one flange, which is afterwards closed by a 
closing-piece h, secured in place preferably by ——- e 
construction described provides a maximum of strength where 
the vane proper merges into the attaching foot and to roots of 
the side flanges of the wheel, thus allowing the same to be 
restricted to the minimum weight practical, while the effects of 
the centrifugal force are counteracted by the checks or abut- 
ments, (Accepted August 17, 1910.) 


17,005 /e0. A. G. Hopper and K. Anderson, Leeds, and 
J. Greenwood, London. Surface-Condensers. 
{3 Figs.) July 24, 1909.—The present construction refers to 
surface-condensers comprising water-tubes with spiral vanes 
fitted among them adapted to guide the steam to the centre and 
back again to the circumference, and the aim is to obtain a 
very efficient counter-current flow, at the same time increasing 
the length of travel of steam and water as much as practicable 
within the apparatus, utilising the cooling surface as much as 

ible. The steam is admitted to the d at opening 1, 
which communicates with the spiral volute 2, and the steam is 
led into the interior of the condenser through the slit 3, provided 
with guide-vanes 4, all in order to impart a spiral motion to the 
exhaust steam in the condenser. This spiral motion is kept up 
in the apparatus by means of guide-vanes 5 placed in amongst 
the tubes, and baffles 6 are arranged for carrying the steam first 
towards the centre of the condenser, then outwards, then towards 
the centre, and so on. The — motion of the steam is kept up 
all the time by means of guide-vanes inserted amongst the tubes, 
and the height between the baffles is so arranged as to keep the 
velocity of steam that has not been condensed as much as possible 
constant. The condensed steam finally flows down through the 
opening 7 into the bottom of the condenser, and thence it is 
delivered by means of a hot-well pump, ted to openi 
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to the hot-well of the boiler installation. By this arrangement 
the steam becomes very effectively condensed, and the condenser 
obtains practically one and the same temperature in the horizontal 
regions, thus avoiding as much as ible any ae of the 
— of the condenser, The circulating water is admitted to 
the d at 


pening 9, travels down into the centre of the 
condenser through pipe 10 into the cold-water chest 11. 





From 
this chest the cold water is distributed into the set of tubes 12, and 
travelling upwards reaches the discharge-chest 13 and is allowed 
to leave the condenser through outlet 14. The cold-water chest 
11 is only suspended by means of the tubes 12 and centre tube 10, 
and by this arrangement the cold-water chest can take any posi- 
tion in the condenser, depending on the heat ; but as, on account 
of the spiral flow of the steam already referred to, the condenser 





obtains practically the same temperature in the horizontal regions, 
there will be very little warping of the cold-water chest and the 
set of tubes. In order to utilise the cooling effect of the water 
ognae 4 the tubes as much as possible, spiral strips of metal may 
put in the condenser tubes so as to give a spiral motion to 
the water passing » 3 through the tubes. The air is withdrawn 
from the condenser through the central tube 15 at outlet 16. The 
air is drawn from the coolest part of the condenser and tube 15 is 
arranged in the centre of the water-pipe, so that the air passin 
up through the pipe to the air-pump will be effectively cool 
Even in this pipe a spiral strip of metal plate might be put in so 








as to impart a spiral motion to the air travelling up through the 


pipe, all in order to make the cooling of the air as effective ag 
possible. (Sealed October 13, 1910.) 


47 0. F. Hargreaves and J. G. Hudson, Boito 

‘alve Gears. [3 Figs.) February 25, 1910.—The pr. oa 
invention provides valve-gear-operated means for balanciny (or 
partly and to an effective extent) the steam pressure upon op) osite 
sides of the dashpot piston during the opening movement ot the 
valve, and at the same time providing adequate unbalanced pres. 
sure upon the effective side of the piston during the closing }-riod 
of the valve. According to the invention, these means comprise a 
valve operated from the main valve-gear and controlling ports 
communicating with opposite ends of the dashpot cylinder in 
such manner that, during opening of the main valve, steam at 
the higher pressure is admitted to both sides of the dashpot 
piston, and, during closing of the main valve, this steam continues 
to be admitted to one side of the piston, but the other side is put 
in communication with the engine cylinder, where the pressure is 
lower, and there is thus a preponderating pressure upon one side 
of the dashpot piston adequate to effect closure of the main valve, 
The trip-valve gear shown is of the type in which a crank A rocked 
by a rod from the wrist-plate carries a claw-lever B, having at one 
end a tripping-bit C coacting with a bit D on a lever E on 
the spindle F of the main valve, and at the other end a cam 
contour G, the claw-lever and tripping-bits being operated by the 
oscillation of the cam contour G against a normally fixed anti- 
friction roller tappet H, operatively connected to a governor. An 
arm F! on the lever E is connected to a slotin the head of a piston- 
rod J carrying a piston J! operating in a dashpot cylinder K. 
Ports K!, K2 in this cylinder communicate with a valve-chamber 
L, in which is a piston-valve L!, Passages in the valve-chamber L 
communicate respectively with the valve-chest and with the 
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engine cylinder. The valve L! is operated by a spindle N, con- 
nected with a bracket N2 fixed to the claw-lever B in such position 
that the point of connection when the bits are engaged is coin- 
cident with the axis of the valve-spindle F, and rocking of the 
crank A therefore does not operate the valve. Tripping of the 
¢am contour G by the roller H, and consequent release of she bits 
C, D, and movement of the lever B upon its centre, nowever, 
moves also spindle N, thus lifting the valve L!. This tripping, 
of course, takes place upon release by the bits C, D of the 
main valve for closing, and, simultaneously therefore to that 
release, the position of the valve L! is changed from that shown 
in Fig. 1 to that shown in Fig. 2. In the position shown in Fig. 1, 
the valve L! admits steam at valve-chest pressure from the 
passage M to one side of the dashpot piston J!. The other side 
of the dashpot piston is under steam at valve-chest pressure. 
Pressure is therefore partly, but to a sufficient extent, balanced 
upon each side of the piston J! when the valve L! is in this 
position during the opening movement of the main valve. When 
after tripping, however, the valve L! assumes the position shown 
in Fig. 2, the right-hand side of the dashpot ager J! is put into 
communication with the engine cylinder. The other side of the 
dashpot piston J} remains open to steam at valve-chest pressure. 
Thus there is a preponderating pressure upon that side, and the 
piston J! is thrown to the right, and closes the valve. This pre- 
ponderating pressure is in itself sufficient to overcome both the 
inertia and the normal friction of the gear and valve, as well as the 
variable part of the resistance without taking into account the 
variation in area due to the piston rod. (Sealed October 20, 1910.) 


VEHICLES. 


21,740/09. RK. H. Fowler and C. Smith, Leeds. 
End- pping Wagons. (2 Figs.) September 23, 1909.— 
According to this invention, an end-tipping wagon is adapted to 
be tipped by application of the tractive power provided for draw- 
ing the wagon, and has the tipping centre mounted on an inde- 
pendent underframe, serving to support means whereby the 
tractive power is converted into a substantially vertical downward 
pull for tipping the wagon. The rear of the wagon body is carried 
on two main laminated springs a. The independent underframe ¢ 
carries two brackets d mounted in advance of the hind axle ¢. 
The brackets have eyes, and eyes on the buckles / having been 
made to register with those in the brackets, a shaft is engaged 
in the several eyes, a tipping centre for the wagon being thus 
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obtained. The front end of the independent underframe 18 
carried by a fore i J, and the front end of the wag: »n-body 
rests upon the independent underframe, being held by some we 
of lock. The rear end of the independent underframe extends 
beyond the hind axle e, and carries two pivoted bell-crank levers 9, 
one on each side of the frame. To one arm of each lever 18 
attached a chain A connected with the frame of the wagon, —s 
the other arm is attached the respective end of a chain = a 


bight of which is a grooved pulley adapted to be attached bg 


chain that is to be pulled by the engine or horse. 5 ihe 
wagon is to be tipped, the hind wheels are scotched, ant 
engine or horse, detached from the draw-bar m, 1s at's chet 

the chain n, which transmits the pull to the rear endof the wagon 





(Accepted August 17, 1910.) 
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THE NAVAL YARD AT THE CAPE 
OF GOOD HOPE. 
(Continued from page 624.) 

‘Tat patriotic enthusiasm which characterises 
the visit of their Royal Highnesses the Duke and 
* Duchess of Connaught for the opening of the first 
Parliament of the Union of South Africa was on 
no occasion more pronounced than at the cere- 
monial inauguration of the new naval dockyard in 
Simon’s Bay. Here there was a tangible and indis- 
pensable link of Empire, maintained in thorough 
efficiency in part by the patriotic sympathies and 
aspirations of the colonist. On the 3rd inst. 
the Duke visited the new naval harbour, where 
there was a picturesque naval gathering. His 
Royal Highness laid a memorial stone and operated 
the valves to admit water into the Selborne Dock, 
which we fully illustrate this week in continuation 
of our articles on the new naval establishment. 


Tue RECLAMATION OF THE FORESHORE AND 
CONSTRUCTION OF COFFERDAM. 

The land on which the graving-dock, pumping- 
station, workshops, and other accessories are con- 
structed has been reclaimed, and is between the 
East Breakwater and West Pier. Material, taken 
from the quarry on the hillside, was run out by 
wagons on to the shore on each side of the site of 
the graving-dock, and there tipped. When the 
banks thus formed were sufficiently advanced into 
the bay, a cofferdam was constructed to connect 
the outer end of the tipped banks, and thus to 
enclose the area required for the dock itself and for 
the pumping-station, &c. The tipped banks and 
the dam are shown at an advanced stage of the 
work in the engraving, Figs. 23 and 24, on Plates 
LXII. and LXIII., accompanying our issue of 
October 28. The dam was an interesting construc- 
tion, and a section of it is given in Fig. 60, on Plate 
LXXVL., published this week. It consisted of a 
single row of whole-timber sheet-piling driven for 
20 ft. to 30 ft. through the sand into the hard 
material. Two rows of gauge-piles, 13 ft. apart, 
were driven, as shown, and were connected to the 
sheet-piling by diagonals of half-timbers, with 
horizontal beams at the top. These latter carried 
a double line of railway, on which wagons were run 
for tilling in the cofferdam. This filling consisted 
of puddled-clay hearting between the sheet and 
inner gauge-piles, with rubble-stone and quarry- 
refuse embankments. ‘To enable the clay hearting 
to be deposited, shutters 3 ft. 6 in. high, to span 
one bay, were placed against the inner row of 
gauge-piles, and the space between this shuttering 
and the sheet-piling was filled in with puddled 
clay obtained from the quarry on the hillside. 
Ordinary filling was tipped to approved slopes 
both on the outside of the sheet-piling and on the 
land side of the gauge-piles. The shutters were 
then lifted and fixed for the next 3 ft. 6in. in 
height, a further layer of clay being put in, with 
filling on the outside of the piling. This process 
was repeated in layers of about 3 ft. 6 in., until the 
puddle-bank had reached a height of about 4 ft. 
above high-water level. The enclosed area was 
then pumped dry, and the excavation for the dock 
itself was proceeded with. The construction 
adopted for the dam proved quite successful ; there 
was very little icciagp through it during the 
progress of the work. 


Tue Excavation FoR THE Gravinc-Dock. 

For the work of excavation for the dock inclined 
railway lines were laid from the wharf level on to 
the dock site, and the excavation was dealt with by 
means of steam-cranes and wagons. After moving 
the top surface, which consisted altogether of sand, 
the remainder of the materlal, which was generally 
granite of an inferior quality, was removed in the 
usual way by blasting. It was then loaded by crane 
into wagons, which were hauled to the tipping-bank. 
An aerial ropeway was erected across the site, and 
Was used for the removal of excavation in its vicinity, 
but it was more extensively utilised for transport of 
the material for the construction of the dock. A 
notable feature of this part of the work was the 
very sm:!l quantity of water which had to be dealt 
with, notwithstanding the presence of numerous 
small fissures in the rock, which were closed in a 
manner \o be presently explained. 


SELBORNE GRAVING-Dock. 


The “raving-dock itself is illustrated by the plan, 
Sngitudinal section, and cross-section reproduced 


in Figs. 61 to 67, on the two-page Plate LXXVI. 
The dock, as already mentioned in, our introductory 
article, has a total length on the floor of 765 ft. 
between the centre of the caisson to the front 
of the bottom broad altar. As shown on the 
plan, and as described in our previous article, 
intermediate grooves have been arranged for the 
caissons, in order that ships of different lengths 
may be accommodated in the dock. Thus the 
inner compartment has a length on the floor of 
237 ft., the centre compartment 120 ft., and the 
outer compartment 313 ft. The width at coping- 
level is 120 ft., and on the floor level 70 ft. The 
width of the entrance is 95 ft. 1 in., and the depth 
at low water of spring tides over the sill is 30 ft. 11 in. 
As shown in the various sections, the floor was con- 
structed almost entirely of concrete, finished with 
a granolithic surface, the only exception being 
three lines of granite stones under the keel-blocks. 
The total thickness in the centre is 15 ft. 6 in., 
sufficient to resist the upward pressure of water, 
assuming that the dock were completely surrounded 
by water. The total width of the concrete base, is 
150 ft. The side walls were built of concrete, with 
granite steps on the inner face up to the broad altar 
level ; above that the face is partly of granite and 
partly of granolithic concrete. All the steps and 
timber slides are of granite, as well as the faces of 
the culverts and quoins of the inverts. The quality 
of the concrete in all the work up to high-water 
level was :—1 of cement, 1} of sand, and 5 of 
broken stone ; above that level it was, 1 of cement, 
3 of sand, and 8 of brokenstone. Theconcrete was 
put in almost entirely in mass within shuttering, 
and the surfaces of all joints in the concrete were 
roughened with a chisel-ended pick, and thoroughly 
scraped and rendered with stiff neat cement mortar 
4 in. thick. This rendering was not applied at one 
time over the whole area of the face to be treated, 
but was applied in such sections and times 
as to keep the rendering just in advance of 
the new deposit of concrete. No traflic of any 
kind was allowed over the surface of the con- 
crete until it had thoroughly set. The granite 
was imported partly from Cornwall and partly from 
Norway, as, although excellent granite is obtainable 
in the neighbourhood, the cost of labour to quarry 
and dress it is so high that it was found more 
economical to import the material required for the 
dock. All the granite was sent tothe works dressed 
ready for laying in position. The joints of the 
masonry generally were ? in. wide, and were made 
with mortar composed of one part of Portland 
cement to one part of sand. The surface of the 
granite was generally fine picked, with drafted 
margins. 

The work of construction commenced with the 
concrete floor, which was laid over the complete 
area on rock, and key-trenches were provided in 
order to secure an efficient bond between the rock 
and the concrete. The leaks of water from the small 
fissures in the rock under the dock foundations had 
to be dealt with before any concrete was deposited. 
For this purpose small pipes were laid horizontally 
along the work, in order to convey the water from 
the leaks, and prevent it washing away the cement. 
After the concrete had set, the pipes were plugged. 
In the building up of the floor, the first course 
put in was in the central longitudinal line, and this 
was done with stepped sides, as shown in the various 
cross-sections (Figs. 63 to 67), the full depth of the 
centre course being put in in one operation from 
the foundation to the underside of the granite 
course on which the keel-blocks were placed, and 
to a length arranged to ensure satisfactory bonds 
with the courses on each side. The section on each 
side was put in as soon as the concrete in the centre 
work was considered to have sufticiently set to 
permit of the shuttering being removed. Succes- 
sive sections were similarly deait with until the 
whole width and length of the area had been 
covered. 

The inverts at the entrance and the intermediate 
caisson grooves were constructed in the same way. 
The granite work was set as soon as the concrete 
was sufficiently advanced. 

The side walls were next taken in hand, the 
concrete being deposited in mass within shuttering 
where necessary. Culverts were formed in the 
walls as the work proceeded. The concrete used 
throughout the works was mixed in Taylor’s rotary 
mixers on the wharf surface, and was conveyed to 
the site in cubic-yard iron skips on trolleys, the 
contents being deposited by the assistance of steam- 





cranes. The concrete vf the walls was carried up 





in layers for the full width of the wall, and in cases 
where the granite was put in in advance of the con- 
crete, it was carefully worked up against the back 
of each stone, and in other instances was roughly 
finished in steps to take the masonry. The grano- 
lithic concrete blocks forming the face above the 
altars were made in the block-yard, and were laid 
in the dock and jointed in cement mortar, exactly 
as in the case of the granite. The coping-stones of 
granite are dowelled at the joints to the top course 
of the granolithic blocks. 

The surface of the floor of the dock between the 
centre granite stone courses, which were 10 ft. 
wide, and the gutter-stones was finished with 
granolithic concrete 3in. thick, laid in bays of about 
9 ft. square, with hard-wood strips 3 in. by } in. sunk 
into the concrete forming the squares. Along the 
edges of these squares, at intervals of 4 ft. 6 in., 
small brass pipes 1 in. in diameter were laid verti- 
cally through the granolithic covering down to the 
surface of the concrete underneath. The object of 
providing these pipes was to allow any water that 
may lead through the mass concrete underneath to 
pass through the pipes, and thus obviate the lifting 
of the granolithic covering. This is a most advan- 
tageous practice, as experience has shown that if 
weeping takes place, the impervious lining to the 
floor is forced upwards. As a matter of fact, 
however, in this particular dock practically no 
weeping has taken place through these vertical 

ipes. 
, The granite masonry forming the caisson grooves 
and steps was set # in. full to the required finished 
lines, and on completion the faces were ‘‘ patent 
axed,” and rubbed to a perfectly true and smooth 
surface, in order to ensure an absolutely water- 
tight joint between the keel and stems of the 
caisson and the masonry. 

It will be remembered that in our introductory 
article we stated that there was a subway around 
the works and under the dock entrance, for the 
accommodation of water and other supply-pipes. 
The subway under the dock entrance is shown in 
the plan (Fig. 61), and in the longitudinal section 
(Fig. 62). It is lined with cast-iron cylinders, 
6 ft. 6 in. in diameter and of 1}-in. metal, put in in 
7-ft. 3-in. lengths, and connected up by inside 
bracket-flanges. At one end of each length there 
is an outside bracket-flange, to prevent water leak- 
ing along the line of the pipe and into the vertical 
shaft at each end, to connect with the subways 
laid immediately under the wharf-walls and the 
East Breakwater and West Pier. 

The bollards are of the ordinary naval type, and 
3 ft. high above cope-level, set in Portland-cement 
concrete blocks to a depth of 8 ft., with granite 
coping around all sides. The capstans are operated 
by hydraulic power, and will be described in con- 
nection with the mechanical equipment of the 
works. There is also a track laid along both sides 
of the dock for a steam-crane to be utilised in con- 
nection with the repair of ships in the dock. This 
also will be described in a subsequent article. 

On page 668 there are four views of the dock in 
process of construction and completed. Fig. 68 
shows the intermediate grooves for the caisson and 
the culvert openings practically completed, and the 
walls above the broad altar in course of construc- 
tion. Fig. 69 is a general view of the basin, the 
entrance to the dock being seen just beyond the top 
of the bucket-ladder of the dredger,with the macliine- 
shops alongside the dock. Fig. 70 shows the inside 
of the dock, looking towards the entrance, with the 
cofferdam in the distance, while Fig. 71 shows the 
graving-dock flooded, with the caissons in the two 
intermediate grooves. In this view are also seen 
the machine-shops and the pumping-station, with 
the West Pier, and a Titan crane upon it, in the 
distance, and Simon’s Bay beyond. Across the 
entrance there is seen a dam, constructed there to 
enable the cofferdam already described to be 
removed. 

Tue Catssons. 

Two caissons have been constructed by Messrs. 
Head, Wrightson, and Co., Thornaby-on-Tees, one 
for the intermediate grooves, and the other for the 
groove at the entrance. The caissons are inter- 
changeable. Drawings of the latter are reproduced 
on page 652 (Figs. 72 to 79), while photographic 
views of the caissons in course of construction are 
given on page 653 (Figs. 80 and 81). The caissons 
are of box section. The length, moulded, at 
coping-level is: 95 ft. 1 in., and there is a batter of 
1 in 12 at the stems. The width of the upper 
chamber between decks A and C is 15 ft. The air- 
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| chamber below this, between decks C and D, is 

| 27 ft. 6 in. wide. The outer walls in both cases , 
are vertical, and thus there are formed ledges at i 
| the level of deck C. These are more clearly shown ; 
in the view, Fig. 81. To prevent anything afloat 
getting upon the ledges, there are raking timber 

fenders of angle steel faced with timber, as shown ; 
on the cross-sections, Figs. 73 and 74. Under the 

air-chamber the walls taper, as shown also on the 

cross-sections. The caisson.is constructed of steel, 

with greenheart timber stems and keel, to ensure 

water-tight joints at the bearing faces on the granite [ 
masonry. he chief dimensions and details of i 





the constructional work are sufficiently well shown i 
on the drawings to render a detailed description ‘ 
unnecessary. j 

It will be seen that the caissons are divided hori- i 
zontally by decks marked A, B, C, and D on the j 


longitudinal section, Fig. 72. Between the decks 
A and C there are bulkheads forming three cham- 
| bers, the area of the central one being as nearly as 
possible equal to the area of the other two combined. ' 
| Between the decks A and B there is a water-tight H 
chamber extending between the two bulkheads 
already referred to. Decks C and D form the 
upper and lower divisions of the air-chamber, which 
extends for the full length of the caisson, while 
between the deck D and the keel is the ballast- 
chamber. There is a scuttling-tank in the centre 
of this last-named chamber. Trunks, with ladders, 
communicate from the deck A to the various 
chambers, whilst suitable waterways pass through 
the air-chamber to the ballast-chamber, connecting ' 
the upper centre chamber between decks B and C 
to the ballast-chamber. In the two end chambers 
are valves, with openings on one side of the caisson 
only. In the ballast-chamber there are flood-holes 
placed on the side of the caisson opposite to that 
on which the end chamber valves are located. 
This will be seen from cross-sections, Figs. 73 and 
74. The scuttling-tank is provided for use in 
cases of emergency, and pumps are connected to 
transfer the water in the scuttling-tank to the 
upper water-chamber between decks A and B. 
he method of working may be briefly described. 
The caisson being in its groove and the water on 
both sides of the caisson-level, and the valve in each 
end chamber open, the upper tank-valves are opened 
and the water-ballast is then discharged from this 
tank by gravity, so as to allow the caisson to rise in 
its groove, the scuttling-tank being empty. The 
caisson then rises sufficiently to allow it to swing 
out of its groove, and is removed to permit a ship 
to enter or leave the dock. When the caisson has | 
returned to its groove, the water is run into the top 
tank between decks A and B, and the caisson sinks 
gradually into the groove. At the ends of the 
caissons, at the top of the stem, wedges are fixed, 
so as to bring the caisson into adjustment across 
the entrance before the caisson rests on the bottom. 
In order to guard against the possibility of the 
caisson rising during excessive tides, a sliding cover 
is placed at each end of the caisson, carrying a lock- 
ing-gear which comes into position over the top of 
the stem when the covers are in position. Falling 
hand-rails are placed along each side, and prevision 
is made for a railway of 3-ft. 6-in. gauge over the 
deck of the caisson. Two ladders are placed on 
each side of the caisson to enable the workmen to 
get down to the ledge already referred to on the 
level of deck C, 
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The Navy League Annual, 1910-11. Founded and edited 

by Aran H. Burcornge. London: John Murray, 

Albemarle-street, W. [Price 2s. 6d. net. ] 
THERE can be no question of the extreme care 
which Mr, Burgoyne has exercised in collecting is 
together a great mass of information regarding the if 
progress of shipbuilding for each navy, and his ff 
review, which occupies 120 pages, should quite 
satisfy all the requirements of the increasing pro- 
portion of the population who interest themselves 
in naval affairs. e dimensions of the later ships 
are given in detail, and, although the amount of 
secrecy, which nearly every Government attempts 
to maintain, makes the accuracy of some of these 
dimensions doubtful, the general result is satis- { 
factory. It is unavoidable, of course, that there 
should be inaccuracies. For instance, the name of 
the battleship being built by Messrs. Beardmore 
is the Conqueror, not the Monarch, as given on 
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page 13. On page’218 it is stated that one of the 
battleships of this year’s programme is to be con- 
structed by the Thames Iron Works; no decision 
has been come to regarding the three armoured 
ships of this year’s programme, tenders having been 
forwarded to the Admiralty only at the beginning 
of this month, and two or three weeks will yet 
elapse before any decision can be arrived at. 

he concluding chapter of Mr. Burgoyne’s review 
deals with comparative naval strength, and we 
quote a table showing the number of Dreadnought- 
era units complete, or to be complete, up to 
November 31 in various years from now to 1914 :— 





1913. | 914. 


27 
17 


1911. 


1912, 
British Empire e oe 20 
Germany .. ee ee oe 2 9 
United States... ad i 6 
Japan oe oe ee os 2 4 
France we oe ee a ie oe 6 
Russia , ‘ 
Austria 
Italy 

Brazil - 
Argentine .. 
Spain 
Turkey 
Chili 


Nat‘on. 1910. 
i 7+? 
21 
10 





+ mR CoRR MARE 


Mm PONS Ome me 


15 
10 


25 


Germany plus United States 9 
21 


Germany plus Italy plus Austria] 5 


rr 











As to pre-Dreadnought ships, it is quite evident 
that up to 1913 we shall have an equality with any 
two naval Powers combined, our preponderance in 
this respect gradually diminishing up to that date. 
Of armoured cruisers we have 26 which exceed 23 
knots speed, whereas the United States have only 
one; Germany, 2; France, 5; Italy, 4; and Japan, 2. 
Of all cruisers of the armoured class we have 34; 
the United States, 15; Germany, 9; France, 21 ; 
Italy, 10; Japan, 9; Russia, 6; and Austria, 3. 
It is further pointed out that of destroyers under 
480 tons of the pre-‘‘ River” type we have 65 to 
Germany’s 42 ; of the ‘‘ River” type (from 480 to 
640 tons) 36, compared with 18 by Germany ; and 
of ocean-going destroyers of larger type 84, against 
48 ; so that the total destroyers, excluding our old 
27-knotters, is 185, against 108. Of submarine 
boats we have 87 built or building, as against 81 by 
France, 40 by the United States, 35 by Russia, 24 
by Germany, 19 by Italy, 14 by Japan, and 12 by 
Austria. 

Part II. of the book contains a series of articles 
on various questions associated with the naval 
policy, but throughout the whole work Mr. Bur- 
goyne refrains from dealing with engineering ques- 
tions. Sea-training very properly takes a prominent 
place. The influences of sea power and the command 
of the sea are dealt with in an educative manner. In 
the article by Mr. Gerard Fiennes on ‘‘Great Britain 
and the Smaller Powers,” special prominence is 
given to the strategic importance of Denmark, and 
to the ambition of Germany to secure a position to 
develop attack much more effectively than is pos- 
sible from existing German harbours on the North 
Sea. The writer seems to think that the Danes 
are not fully conscious of the dangers of their geo- 
graphical position, and warns our diplomatists care- 
fully to watch the development of events. If Ger- 
many should be able to secure a position of influence 
in Denmark, we ought, he contends, to obtain Ice- 
land and the Farée Islands in order to frustrate any 
flanking movement on the British position, which 
would be facilitated byGermany’s possession of these 
points d’appui, At the same time he enforces the im- 
portince of Germany being denied a point on the 
African Coast north of the Cameroons, which would 
enable them to carry out raids on merchant ships 
more effectively than under existing conditions. 
Mr. Nicolas Portugaloft, a Fellow of the Russian 
Society of Military Science, has an article on the 
future of the Russian Fleet, in which he com- 
mends our criticism of the four Dreadnought battle- 
ships now building, and contends that, as Russia 
cannot at the present time recover her position in 
capital ships, owing to financial conditions, she 
ought to spend her available money on the build- 
ing of the best possible ships of the smaller type, 
including destroyers of 1200 tons, coastal torpedo- 
boats of 350 tons, submarine boats of 600 tons, 
and armoured submarine cruisers of 4500 tons, 
and armoured mine-layers, reviewing the design 
of vessels of later types. ‘‘Some Sidelights 
on German Naval Policy” is the subject of an 
article by Mr. Hector C. Bywater, Berlin, in 
which he seeks to establish that German naval 
ambition was born as a consequence of the 





stopping and searching of two German steamers, 
the Bundesrath and General, at Delagoa Bay in 
1900, and states that contemporaneous with the 
evolution of the Dreadnought design, the German 
authorities had schemed a battleship known as the 
super-Brandenburg, with a displacement of 16,500 
tons, six 1l-in. 40-calibre guns, twelve 6.7-in. 
guns, and twenty 24-pounders. He remarks :— 
‘* Either the designing of the Dreadnoughts by 
Great Britain and of the super-Brandenburg by 


Germany was a coincidence pure and simple, or | 
Whitehall was well served by its intelligence agency ! 


in Berlin.” The Nassau, however, was arranged 


for after the particulars of the Dreadnought became | 


known, but it would appear that these ships, as 
well as the Blucher, the first of the armoured 
cruiser class, have not met with the approval of the 
German naval authorities, a point which ought not 
to be lost sight of at the present time, when there 
is so much unrestrained pessimism about an assumed 
British naval decadence. 


Stattk und Festigkeitslehre. Vol. Il.  Acussere wnd 
Innere Krdfte; sowie dic Formdnderungen statisch 
Bestimmtcr Trager. By GrorG CHRISTOPH MEHRTENS, 
Professor der Ingenieur-Wissenschaften an der Kgl. 
Technischen Hochschule in Dresden. Second Edition. 
—— : Wilhelm Engelmann. [Price 22.50 marks, 

sound, 

Ir is not a little characteristic of our German col- 
leagues that a special treatise on statics and 
strength, comprising three volumes, should appear 
in a second edition, when the first edition, likewise 
in three volumes, was only written during the years 
1903 to 1905. This is the more striking, since these 
three volumes only form part of a series of publica- 
tions on ‘‘ Ingenieur-Wissenschaften.”” The whole 
series is based upon lectures delivered by Professor 
Mehrtens at the Technical High School at Dresden, 
and the fact that a second edition of these rather 
expensive treatises is. offered after so short an 
interval is a guarantee for their value. Professor 
Mehrtens differs in his treatment in several respects 
from the usual methods of exposition. On the 
very tirst ge we notice, for instance, that 
he distinguishes between beams and arched girders 
by the reactions ; if the reactions are vertical, the 
structure is a beam, though it may have the shape 
of an arch ; if not vertical, it is an arch, though it 
may be built as a beam. 

The new edition has been revised and enlarged 
with the assistance of Messrs. Walter Hauffe and Max 
Schreiter. The second volume before us consists of 
412 pages, illustrated by 353 figures. These diagrams 
deserve special praise, as does the whole production 
of the book. They are all text figures, and different 
types of lines are ni, se by different colours, 
black, red, and green. These two points contribute 
a good deal towards the lucidity of the deductions, 
and as the expositions are given in clear, concise 
language, we can well understand the popularity of 
the treatise. 
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FOUNDRY PLANT AND MACHINERY. 
No. XVII. 
By JoserH Horner. 

THe practice of removing crucibles of melted 
metal from furnaces is abandoned in numbers of 
the best modern foundries. The Jife of a crucible is 
shortened by sudden transition from a temperature 
of from 1700 deg. to 2500 deg. Fahr., for brass and 
steel respectively, to that of the atmosphere. 
Accidents are liable to happen—fracture in the 
furnace, or out of it, with spilling of metal. !our- 
ing is a hot, uncomfortable job for the founder. 
The surface of the metal is exposed to oxiiation. 
By the simple device of making the crucible a !\xture 
in the furnace during the period of its natura! life, 
and tilting the furnace for pouring, these evils are 
avoided, This design permits also of the employ- 
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Figs. 234 ro 238. Stationary Brass-Mettinec Furnace (THe MorGan CRvcisle 
Company, Limirep, Batrersea, S.W.). 
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Fics. 239 ro 243. PortasLe Brass- 
Me.tine Furnace (THE Morcan 
CructsLE Company, LIMITED, 
BatrersEa, S.W.). 
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ment of larger crucibles, which is preferable to 
pouring the contents of several into one large ladle 
or mould, while the cost of fuel and attendance is 
reduced in heavy casts. 

The originals of the tilting brass-melting furnaces 
using forced draught were invented by M., Piat, of 
Paris and Soissons. These furnaces, as now manu- 
factured by Les fils de-A. Piat et Cie., and used 
extensively on the Continent, more than a thousand 
being in use, are illustrated in Figs, 221 to 229, 
page 655. They are built in capacities ranging from 
25 kg. to 300 kg., and in five types. The differences 
in types are partly those which are rendered de- 
sirable by differences in dimensions, but not wholly 
so. The methods of counterbalancing vary with 
small and large furnaces, but the hopper for feeding 
and preheating the metal is a device which may or 
may not be fitted at pleasure. The retention of 
the crucible in the fire and tipping the furnace to 

ur the metal are common to all, as are also the 

oreed draught and the abolition of the chimney, 
the fumes —s up and away through a coned 
hood suspended from the roof over the furnace. 
When these furnaces were introduced the advan- 
tage of heavy melting was pointed out ; that with 
three or four such furnaces it was practicable to 
pour pieces of from 1500 kg. to 2000 kg., and thus 
avoid the reverberatory furnace, which occupies 
much room in the foundry. , 

A simple form of Piat furnace without, preheat- 
ing arrangement is shown in Figs. 221 and 222, and 
a similar furnace with a preheater in Figs, 223 and 
224, the furnaces themselves being otherwise nearly 
identical. ‘The construction is as follows :—The 
furnace body is constructed of sheet-iron encircled 
by a belt A of steel, which carries the trunnions B, 
set at a suitable height to facilitate the easy tip- 

ing of the furnace. An angle-iron section a, 
Fie 222, is carried round the interior of the base 
of the furnace shell to support the brick. lining. 
Two bars b, b, Fig. 222, support the grate-bars, 
which are loosely fitted, and which carry a disc of 
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is supported at the top centrally by a portion c, ' 
Fig. 223, of the refractory lining of the furnace 


which is carried inwards for that purpose. A beak, 
or pouring spout C, on one side of the furnace is 
continuous with a corresponding channel made in 
the lining (see Figs. 221 and 223). 

The raised design or preheater, Fig. 223, rather 
suggests a resemblance to a second crucible, only 
that it is pierced with a hole in the bottom. The 
waste heat from the crucible passes up through 
this into the upper vessel, warming the lumps of 
metal already introduced there, and saving fuel 
subsequently in the melting. Une charge of coke 
suffices to melt one crucible of metal. 

In these furnaces the axis of the trunnions is the 
centre on which tilting is done, and the bottom is 
therefore formed to an arc struck from this axis, 
Figs. 221 and 223, thus making a joint with the 
base, through which base the blast enters from 
the passages shown at D, it being regulated by the 
damper EK. A dog or stop-block d locates the 
vertical position of the furnace during melting. 

In these the tilting is done by the lever F, 
Fig. 221. Figs. 225 and 226 show the arrange- 
ment of a heavy furnace without a preheater, in 
which the tilting apparatus is worked from gear 
attached to a wall adjacent. The reference letters 
used in the previous figures indicate identical parts 
inthis. The furnace is carried at oneend of the levers 
F, F, which have a balance-box G at the other end. 
On the lever shaft a quadrant H is keyed, to which 
a chain is fastened, and around the arc of which it 
lies. The chain passes around two pulleys J, J, 
next the wall, the top one of which is turned by the 
worm-gear K, 

In this design, as the furnace is tilted on the axis 
of the lever, the bottom is not curved, as in Figs. 221 
and 223, but flat, as shown, the base forming a 
wind-box. It is tilted independently on its trun- 
nions to lay flat on its seating, and to be brought 
into the horizontal position, as indicated by the 
dotted outlines above, Fig. 225, in order to pour 
all the metal out. 

Figs. 227 to 229 illustrate a Piat furnace which 
combines a little cupola with a crucible for the 
inelting of special mixtures of iron or of steel. One 
hollow column L serves to conduct the blast to 
the crucible and cupola. The crucible can be used 
alone for brass and its alloys by turning the cupola 
aside around the column in which its arm M is 
pivoted on a sleeve. This is also turned aside when 
iron or steel has been melted and run down into the 
crucible, and the latter has to be tilted for pouring, 
as indicated by the dotted lines showing its hori- 
zontal position. 

The metal and coke are introduced into the 
cupola in alternate charges, and the blast is brought 
simultaneously into the cupola, the volume being 
regulated by a cock N, and into the bottom of the 
crucible through a lift-valve actuated by a lever P 
from outside. The molten metal falling into the 
crucible becomes equally hot and fluid. Other 
reference letters are as in the previous figures. 

A coke-fired tilting crucible-furnace, from which 
the crucible is not removed, is manufactured by 
Messrs. George Green and Co., of Keighley. It is 
also constructed for oil fuel. The furnace, Figs. 2: 
to 233, page 656, is carried on trunnions, and tilted 
by worm gear. The trunnions are supported on 
cast-iron standards. The blast enters through a 
Y-shaped pipe into both trunnions, whence it is 
brought down through an air-belt, becoming heated, 
into the bottom of the furnace, and _ up through 
the coke to the top of the crucible. The crucible 
is supported on a fire-brick block, Fig. 231, about 
6 in. high, and is centred at the top by fire-clay 
bricks, Fig. 233. The cover of the furnace, made 
of fire-brick blocks, is hinged, and counterbalanced 
by the suspended weights seen, so that it can be 
easily raised, as indicated, into the dotted position, 
for stirring or pouring, or examination of the metal. 
Charging is done througk the hole in the cover, 
out of which also the waste heat passes into a hood, 
not shown. A ladle, or a pouring crucible, can be 
heated over this opening while the melting pro- 
ceeds. The bottom cover of the furnace can be 
dropped after the day's work by knocking out the 
cottars which secure it in place. Should a crucible 
fracture in the furnace and its contents escape, the 
metal can be removed through a tapping-hole a in 
this bottom cover. 

The blast is supplied from a fan-blower adjacent, 
mounted on a cast-iron column ; or if a blast-fan is 
already installed for cupolas, or smiths’ hearths, 
the supply can be utilised and the volume required 


regulated by a blast-gate. These furnaces are built 
to take crucibles ranging from 100 lb. to 800 lb. | 
capacity. A furnace will melt the contents of its | 
crucible in one hour. | 

The crucible furnaces constructed by the Morgan | 
Crucible Company, Limited, of Battersea Works, | 
London, S.W., illustrate remarkably the differences | 
between modern requirements and designs and the | 
older ones. They include a goodly saukee of valu- | 
able characteristics, which will be understood by the 
aid of the various illustrations (Figs. 234 to 255, on | 
pages 656, 657, and 660) and the remarks following. 

They are mostly tilting furnaces, and the crucible | 
is for the whole period of its life an integral por- 
tion of the furnace, and the metal is poured out | 
by the tilting of the furnace body. The labour of 
lifting out a crucible of metal being thus avoided, 
those of large capacity can be used, the furnaces being 
made in a range of sizes to take ‘‘Salamander’”’ cruci- 
bles up to 1000 lb. capacity. Another feature is that 
rthe air-blast is heated by the escaping gases on the 
regenerative principle. Also, the waste gases as 
they leave the vicinity of the crucible can be utilised 
in a preheater to heat lumps of brass too large to 
go into the crucible directly. Then also two types 
of these furnaces are built—one stationary, the 
other portable. The utility of the latter is appa- 
rent in the work of a large foundry. The entire 
furnace.is not moved; but the body only, which 
contains the crucible, is lifted by the overhead 
traveller or by a swing crane and taken to the 
mould, and tilted exactly like an ordinary ladle 
with worm-gear. But there is no chilling of metal 
as in pouring into a ladle, and no waste to be re- 
covered. Many minor matters of value are also 
included in these furnaces. 

Before giving any detailed account of these it 
will be well to indicate what are the leading types 
of these furnaces, which are classified according to 
their standardised features, irrespective of variations 
in dimensions. The principal types are termed 
“A” and ‘*B” by the firm, utilising a low-pressure 
draught. Figs. 234 to 238, page 656, show the ‘‘A” 
type, a stationary furnace. ‘This furnace tilts on 
an axis through the spout of the crucible, by which 
means a constant stream of metal is obtained. It has 
been specially designed on these lines for running 
strip and ingot moulds directly from the furnace. 
Figs. 239 to 243, page 657, show an essentially similar 
design, but it is portable—the ‘‘B” type. In this 
the body is lifted from the base by the crane, and 
taken to moulds in any part of the foundry. There 
is consequently a difference in the tilting-gear in 
each, though the illustrations are both of furnaces for 
crucibles of 400 lb. capacity. There are two other 
types, ‘‘C” and ‘‘D,” portable and stationary re- 
a eae not illustrated. ‘‘C ” is provided with 
chains for attachment to overhead gear, and ‘‘D” 
is so designed that less floor-space is occupied than is 
required for an ‘‘A” pattern. Figs, 244 to 246 show 
a standard design of forced-draught furnace, the 
firm’s type ‘‘ M,” non-tilting, carried on girders 
Q, Q, fitted with a drop-bottom, and installed in a 
pit. It is capable of melting steel and iron as well 
as the bronzes. A modified design is the “N” 
type, in which oil-fuel is burnt instead of coke, and 
the drop bottom is, therefore, not required, while 
the depth of furnace-pit is reduced correspondingly. 
Figs. 247 to 252, page 660, illustrate the ‘‘S” fur- 
nace for coke fuel, which is designed to meet cases 
where the shop-room is too limited for the installa- 
tion of the previous types. Figs. 247 to 250 show 
an electric blower fitted. Figs. 253 to 255 show one 
of the ‘*S ” type furnaces fitted for burning oil-fuel. 

The principal details of these furnaces are the 
following :—In the regular types, ‘* A,” ‘* B,” 
**C,” and ‘* D,” the furnace body and the air-flue 
are carried on one bed-plate A (see Figs. 236 and 
241), which has a raised portion, forming the base 
on which the furnace body is mounted. This 
body comprises two — steel shells, the outer 
one, B, seen in several of the figures, being of 
octagonal shape, the inner one, ©, of circular 
form, Fig. 243. Between the interior of the octa- 
gonal walls and the shell enclosing the fire-brick 
lining, the incoming air passes up and enters the 
fire through ducts a in the lining, seen in Figs. 236, 
238, and other figures. After the heated air and 
gases have left the furnace, they pass down through 
the central flue-pipe D to the escape-flue, but in 
traversing the pipe they give up much of their heat 





to the incoming current of air, the passage of which 
is delayed b ing caused to trace a spiral 





th 
coerced by the screw E in the outer jacket F of the 
concentric flue, Figs. 236 and 244. 


Incidentally, the joints in these furnaces are 
machined joints. The outer portion F of the pipe 
is attached to the base-plate A, with a faced flanced 
joint, and the inner portion D containing the 
spirals fits into a short cast socket-pipe projecting 
through the base-plate. The brickwork of the tlue 
in Fig. 244 is built up high enough to enclose the 
lower part of this socket-pipe. 

The furnace-base section of the bed-plate A 
receives the seating for the furnace, attached with 
a flanged joint in Fig. 244. It carries the fire-hars 
on which the crucible and stand rests. In the 
type ‘‘S” furnace the two portions of the cylin- 


| drical body-casing (see Fig. 236) are united with 


cast rings b, b, machined at top and bottom, riveted 


| to the casings. The joint to the upper portion, which 


forms the preheater, is made with asbestos c. There 
are slight differences in this jointing in different 
furnaces. Thus, in Fig. 244 the upper part is built 
with only a single shell, divided from the lower 
with a break-joint. The lower rings of brickwork, 
which wear most, can be removed without dis- 
turbing the upper portion of the lining. 

The preheater G contains a muffle-ring H of the 
firm’s ‘‘ Salamander ” brand, to receive large lumps 
of metal which require more space than can be 
afforded by the crucible, and which can be used for 
feeding metal in while the melting is proceeding. 
The waste gases make their exit through a central 
outlet in the cover of this chamber. The preheater 
is a steel shell, stiffened with top and bottom rings of 
cast iron, which are machined. It is raised off the 
asbestos packing-ring by a lever J actuating a cam, 
when the heater can be swung aside from the body. 
A top cover K makes a sliding machined joint with 
the top of tho heater, to be removed for working 
the furnace. 

The dire-bars L are cast in three parts. Thetwo 
outer portions are removed on the withdrawal of 
pins d (Fig. 236) in order to permit of clearing the 
furnace at the close of the day’s work, leaving 
the central section to support the crucible until the 
latter has to be renewed. Very little ash and 
clinker are made, the combustion being so perfect — 
not more than about 10 per cent. of the fuel-—and 
this is caught in a tray M carried on a drop-bottom 
in Fig. 244, but detachable in the other furnaces. 

The variations in design, broadly grouped as 
stationary and portable, are :—The stationary fur- 
naces are tilted by hand or by power. Hand-tilting 
is performed by quadrant worm-gear N (Fig. 235), 
actuated by a hand-wheel O through mitre gear 
(compare with Fig. 234), the levers P being counter- 
weighted. In some cases an electric motor is geared 
directly to the worm-shaft. The axis on which the 
furnace tilts is at the spout, so that a steady stream 
can be poured withaccuracy. In the portable type 
the arrangement is different, because the furnace 
body which contains the crucible of metal is lifted 
from its base by the crane and transported to the 
mould or moulds. The tilting - gear is hand- 
operated, the mitre-wheels and worm-gear being 
enclosed (Fig. 239). The body is carried by a cross- 
head from the crane, so that the tilting is done as 
with a ladle. 

One design of these furnaces, the type ‘‘S,” 
Figs. 253 to 255, is especially adapted for oil-fucl 
instead of coke. In this, therefore, the drop- 
bottom and ash-pan are omitted. The waste gases 
pass out through an aperture in the cover and are 
taken away through an exhaust-pipe. The oil is 
sprayed through an atomiser A, drawing in air along 
with it, and burning within the cone B, whence the 
products of combustion encircle the furnace. The 
tilting-gear acts directly on the trunnions. A ladder 
and working platform are shown. The melting 
ratios of these furnaces are good—roughly from 6 lb. 
to 10 lb. of gun-metal or brass respectively per 
pound of coke; 400 lb. to 600 1b. weight can be 
melted in the hour. The consumption of oil-fuel 
in these furnaces is from 1.25 to 1.5 gallons of fuel- 
oil of good quality per 100 Ib. of brass or gun-metal 
melted. 





Tue German Navy.—The German Admiralty proposes 
an increase of about 1,000,000/, in next year's German 
naval expenditure. The increase is divided about e vally 
between permanent and special charges. The construc- 
tion of submarines is to i coneand upon the same 
conditions as hitherto. As regards new constructions, it 
is not intended that the limits of the existing nava! law 
should be exceeded, but it is proposed to urge upon the 
Reichstag the necessity of constructing as rapii'y as 
possible six cruisers to be built between 1/11 and 
1917, the idea being that as from 1912 two cruisers, instead 
of one, should be laid down annually. 
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THE OLYMPIA MOTOR EXHIBITION. 


Tue ninth annual exhibition of motor - cars 
opened at Olympia on Friday, the 4th inst., and, 
as usual, the whole of both the ground floor and 
the gallery are filled with stands, exhibits of com- 
plete cars occupying the ground floor, and those 
of accessories the gallery. As might be expected, 
the variations in the general design of cars get less 
and less as time goes on, and the main outline of 
chassis appears, for the time, at all events, to 
have settled down toa standard pattern, the live 
back axle being now practically universal. The 
worm drive is, however, growing in favour, and is 
shown on the stands of several makers who have 
previously used the bevel gear. There are many 
advantages in the worm drive, especially in connec- 
tion with the very high-speed type of engine, as it 
is difficult to make the bevel-wheels run quietly 
when there has to be a large gear ratio. The worm 
drive is also in practice much cheaper, as it needs 
no tuning up to make it run quietly. 

There is a good deal of diversity of opinion 
as to whether the worm should be at the top 
or bottom of the worm-wheel, some makers 

lacing it in the one position, some in the other. 

n the general design of the car there is no 
doubt whatever that the position on the top has 
many advantages, as it is easier to get the crank- 
shaft of the engine horizontal. On the other hand, 
with a modern system of lubrication there is no 
objection whatever to sloping the crank-shaft, and 
the worm at the bottom, where it always runs in oil, 
should be the more efficient. When running fast 
there is probably little difference, whether the worm 
be at the top or at the bottom, as an ample supply 
of oil will be carried round; but on a steep aT 
when going slowly, the matter is different, and 
when starting on a hill the worm at the top will 
be dry till the worm-wheel has made nearly half a 
turn. 

In the matter of engines there are few startling 
novelties. The Knight sleeve-valve engine is made 
by several firms under licence, but on the whole 
the ordinary drop-valve is holding its own, and 
there seem to be few attempts to introduce other 
slide-valve engines. On the other hand, there are 
an increasing number of engines shown in which 
the valves depart from the accepted positions. 
There is a distinct tendency in the smaller sizes to 
place the inlet over the exhaust. This is, no doubt, 
principally the result of the desire to build engines 
of small bore and long stroke, which renders it 
dificult to arrange the valves in the usual way 
without making a very bulky engine. In some cases 
the valves are all placed on the cylinder tops, a 
plan which should theoretically give the best shaped 
combustion-chamber. In several cases chains are 
used for driving the valves. This undoubtedly 
facilitates the design, especially when the valves 
are placed on the top of the cylinders. 

The plan of casting the cylinders en bloc is cer- 
tainly extending, and there is a very considerable 
increase in the number of engines which have the 
valve gear covered in. 

In the matter of lubrication there does not seem 
to be a great deal of change, but there isa distinct 
increase in the amount of ‘‘controlled splash ” 
systems—/.e., those in which each big end dips 
into a trough in which the level of oil is kept con- 
stant by a pump, or some similar means. In some 
cases tlic position of this trough is made adjustable, 
so that when the engine is run hard the depth of 
oil into which the big end dips is greater, and 
therefore a greater supply of oil is thrown on the 
cylinder walls. 

As reyards engine-bearings, there is an increasing 
tendency in the smaller sizes to use only two 
bearings, one at each end of the shaft. On the 
other hand, there is also an increase in the number 
of engines with five bearings—i.e., with a bearing 
between each pair of cranks. In fact, while the 
makers who started with the conventional type of 
engine, with its cylinders cast in pairs and witha 
three-bearing crank-shaft, still largely stick to it, 
there is an increasing tendency to depart from it. 

The Jadiator continues, in most cases, to be 
placed u front of the engine, and, in spite of the 
 sgreres. be the type in which it is placed against 

e dashboard, this latter arrangement is gaining 
ground very slowly. 

_ ZS are receiving more attention every year, 
and it is at last getting to be recognised that the 
— Car requires springs at least lee and easy as 

Cordinary horse-drawn carriage. There are a few 





makers, it is true, who still do not provide anything 
except short semi-elliptic back springs, but the large 
majority provide either a cross back spring or three- 

uarter elliptics, while a few provide complete 
Toate elliptics. The single springs are, no doubt, 
satisfactory if made long enough, but it is difficult 
to arrange for this. The semi-elliptic front spring 
is almost universal. Front-wheel brakes have not 
extended to any = extent, but appear to be 
gaining groundslightly. Their use involves several 
new problems, not only in the construction of front 
axles, but also in the front springs, for unless some 
special arrangement is made, the whole of the 
torque due to the brakes comes on the springs. .To 
avoid this one maker uses radius-rods. We pointed 
out last year that the use of front-wheel brakes 
increased the horizontal stresses on the axle con- 
siderably, and that axles did not appear always to 
have a great margin of strength in this direction ; 
it is noticeable that in some cases the horizontal 
strength has been greatly increased. 

Steam-cars are very little in evidence, though 
they are exhibited by at least three firms :— Messrs. 
Turner’s Motor-Manufacturing Company, Limited, 
Lever-street, Wolverhampton ; the White Company, 
Carlow-street, Camden Town, London, N.W.; and 
the Stanley Steam-Car, Limited, 13, West-street, 
Shaftesbury-avenue, London, W.C. Of these, the 
first two employ coil boilers, the Turner boiler 
burning paraftin, the White petrol. The Stanley 
car has a vertical tubular boiler, and burns petrol. 
The engine of the Turner car is of the three- 
cylinder single-acting type; that of the White, 
two-cylinder double-acting compound; and that 
of the Stanley, two-cylinder double-acting simple. 
The increasing popularity of the petrol-car is, how- 
ever, shown by the fact that two of the above 
exhibitors—viz., the Turner Manufacturing Com- 
pany and the White Company—show petrol-cars in 
addition. Of these, the White Company showed 
a petrol-car last year, of the ordinary type, with 
a vertical four-cylinder 20- horse - power engine. 
The Turner petrol-car, however, is of somewhat 
special design, intended to meet the demand for a 
cheap runabout, and has an air-cooled two-cylinder 
engine, with the cylinders. in Y on to one crank. 
Two speeds are provided with gears always in mesh, 
driving a live back axle. The car should appeal to 
those who require a cheap light car, and do not 
object to the air-cooling and two speeds, but who 
want something better than a motor-cycle or tri-car. 

Probably the most interesting points in the 
Show in many ways are the attempts to meet the 
demand for really cheap light cars. Several inte- 
resting designs intended to fulfil this demand are 
shown, in which the conventional design is departed 
from in order tosccure simplicity. ‘It is, of course, 
in this type that the two-bearing crank-shaft is 
most in evidence. In some cases, in order to 
simplify matters, the change-speed gear is placed 
on the back axle. That there is a good opening 
for cheap light cars is obvious, and there is 
probably room for considerable simplification of 
the conventional design of the larger cars. 

The design of the various American cars exhibited 
is naturally of great interest, and this is intensified 
by the enormous output of some of the American 
factories, and the prices at which their cars are sold. 
In the earlier days of the motor movement the 
Americans went in for a great many designs, which 
departed a long way from the conventional, but 
they have now very generally adopted the four- 
cylinder vertical engine with a live axle, «Kc. 
Although, however, the general outline of the cars 
is the same as in European models, the details vary 
considerably, and in some cases a great deal of 
ingenuity has been spent in reducing the amount 
of machining and erecting to a minimum. In the 
matter of weight also economy has been exercised 
in many cases to a large extent, a course which some 
English firms might follow with advantage. In 
engine construction the principal difference appears 
to be that the Americans make their engines of 
the proportions which they think will give the best 
results on the road, and they are not affected by 
the arbitrary limits imposed by racing measure- 
ments or taxation. Hence the general tendency is 
to use larger cylinders and run the engines slower. 
The cylinders are also of larger diameter in_pro- 
portion to the stroke than is usual here. Being 
untrammelled by convention, it is natural that 
they should gencrally either cast their cylinders 
all separate, or else all en bloc. It is also natural for 
the same reason that they should generally either 
have five bearings to the crank-shaft or else only 








two. It appears to be their usual practice to place 
both brakes on the back hubs. 

It is noteworthy that the American cars very 
seldom have more than three speeds, and often only 
two, as the makers prefer to give them enough 
engine-power to do their work properly without 
numerous changes of gear. This, of course, means 
that the cars are so geared that they take most 
ordinary hills on their top spced, and thus make a 
good average without excessive speed on the flat. 

Having thus taken a brief gencral survey of the 
Show, we will turn to some individual exhibits. 
Messrs. Darracq (1905), Limited, Walnut Tree 
Walk, Kennington, London, S.E., show a new 
pattern 15-horse-power car, having cylinders 80 mm. 
by 120 mm. (34 in. by 4j}in.). The arrangement of 
this engine is in many ways a departure from their 
previous practice. The inlet valves are placed over 
the exhausts, and driven by rocking-levers, all 
valves being driven from one cam-shaft. The 
tappets to the valves are all adjustable. This 
arrangement of valves allows of a very compact 
engine being made with large valves. The crank- 
case is not split on the line of the crank-shaft, but is 
split vertically, like that of a single-cylinder engine. 

hree bearings are provided to the crank-shaft, and 
the cylinders are cast in pairs. A high-tension 
magneto and centrifugal circulating pump are pro- 
vided, these being placed on the same shaft, and at 
the opposite side of the engine to the valves. 
Splash lubrication is used, with a small pump and 
drip-feed to control the supply. 

lain bearings are used i the engine, but the 
bearings for the road wheels, gear-box, &c., are all 
ball-bearings. Three forward speeds with gate 
change are provided ; all brakes are of the expand- 
ing type. In other respects the chassis follows the 
general lines of last year. The clutch is of the 
cone type, made of a very light stcel stamping. The 
frame has the two side members and the under 
shield all stamped in one piece, as last year. The 
firm is showing several other sizes of cars, including 
a 10-horse-power four-cylinder, with cylinders 
68 mm. by 120 mm. (28 in. by 4}in.), and a 
20-horse-power six-cylinder, with cylinders 80 mm. 
by 120 mm. (3 in. by 4} in.). It is noteworthy 
that no cars with less than four cylinders are 
shown. 

A car having an engine with many new points 
about it is the Germain, shown by Captain Theo 
Masui, 162-163, Grosvenor-road, Westminster. 
We illustrate this engine in Figs. 1, 2, and 3, on 
page 661, from which it will be seen that the valves 
are all overhead. The arrangement for driving them 
is very simple. A chain drives the counter-shaft, on 
which is the magneto, and from this another chain 
drives the cam-shaft running along the top of the 
cylinders. From this shaft the valves are worked by 
rocking-levers, having rollers running on the cams 
and adjustable tappets, with springs to prevent 
shock. The whole is covered with a casing, and, 
being oil-tight, all parts are run in oil. The valves 
are held in place by screw-caps, and the valve-seat 
fits on a cone joint, which ensures tightness against 
leakage of air or oil into the inlet. The seatings 
of the rocking-levers are easily detachable, so that 
the valves can readily be removed. Three bearings 
are provided for the crank-shaft, and the inlet to 
the carburettor is taken through the water-jacket 
between the centre cylinders, and thereby heated 


without a special hot-air pipe. The after end of - 


the cam-shaft has a small pump for keeping up 
the air pressure in the tank, and a skew-gear driv- 
ing the oil-pump for the forced lubrication. Thermo- 
syphon cooling is used, and the high-tension 
magneto has an automatic advance enclosed in the 
magneto-casing. The clutch is of the expanding type, 
the gear-box Kes four speeds and a reverse, and 
the back axle is of the bevel-gear type. The clutch 
and universal joints are all arranged to run in oil. 

The enormous development of the motor trade of 
the United States renders the Cadillac chassis 
shown by Messrs. F. 8. Bennett, Limited, 219-229, 
Shaftesbury-avenue, London, W.C., of great inte- 
rest. The gencral design of this chassis follows 
conventional lines, there being a four-cylinder 
vertical engine in front, a cone-clutch, three-speed 
gear-box with gate change, and a live back axle. 
As might, however, be expected, the details differ 
in many ways from ordinary English practice. 

The engine shown in Figs. 4 and 5, page 661, has 
four cylinders, 44in. by 4}in., cast separately, having 
copper water-jackets, the cylinder-heads being loose 
and bolted on. All the valves are at the same side, 
and are driven direct from one cam-shaft. The 
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crank-shaft has five main bearings, which are 
carried on the bottom half of the crank-case instead 
of the top, as is more usual. Large inspection- 
doors are provided. The lubrication system con- 
sists of troughs, into which the big ends dip. 
Channels are provided, so that the oil thrown up by 
each big end runs through a channel into the 
trough below the next, and that thrown up by the 
last runs through a channel to the other end of the 
erank-case, e oil thus continually circulates, 





Ti) 6Roumo sever 


Furnace Firtep ror Burning Ou. Fuet (Toe Morgan Crucisre 


Batrersga, S.W.). 


and the cylinders always have an equal amount what- 
ever the gradient. Oil is fed into the crank-case 
automatically from a reservoir bya mechanical pump. 
Cups are provided to catch the oil, and lead it to 
the main ings. Two complete ignitions are 
provided — high-tension magneto and coil; the 
distributor -water circulation is by centrifugal pump. 

The clutch is of the cone type, with a special spring 
ring in the fly-wheel, and is easily removable. A 
gear -box, containing three speeds and a reverse, with 
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gate change, is placed in the usual position, with 
universal het wrong it and the clutch. Uni- 
versal joints are used at both ends of the propeller- 
shafts, a triangular torque-rod restraining the axle, 
The differential is of the bevel-gear type, with the 
wheels running on the casing. Both front and back 
wheels run on Timkin roller-bearings. The foot and 
hand-brakes both act on the back hubs, the one 
being external, the other internal. A cross back 
spring is used for the back axle in connection with 
the usual side springs. : 
Another American production is the F ord car, 
shown bythe Ford Motor Company, 55 to 5¥, Shaftes- 
bury-avenue, London, W. This is an example of - 
light cheap car, and the design is very well — 
studying by those who wish to cater for this class 0 
work. The engine has four cylinders, 3}in. by 4m. 
diameter, which are all cast in one piece, together? 
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Figs. 1 to 3. 15-Horse-Powrer Germain Moror. 





with the top half of the crank-case. In place of 
having the tops of the cylinders cast on them, how- 
ever, a loose cover is provided which covers the 
tops of the cylinders and also the valves. This 
cover is hinged at one side, and by loosening a few 
| bolts it can be turned back, so exposing the whole 
of the pistons and valves. Three bearings are 
| used for the crank-shaft, and these are carried on 
the top half of the crank-case, which forms part of 
|the cylinder casting. This plan of construction 
| should make for rigidity, as well as cheapness. Two 
speeds and a reverse are provided, actuated by 
| ‘**Crypto” gears. The change-speed gears are all 
enclosed in a case bolted rigidly to the engine, the 
bottom half of the crank-case, which is made of 
sheet steel stamped, being extended to form the 
bottom of the gear-case. The back axle has a bevel 
drive, and is of very light, but simple, construction, 
the casing for the axles being formed in one piece 
with the casing for the bevel and differential wheels. 
Roller-bearings are used. 

The magneto is peculiar, consisting of a series of 
magnets carried on the fly-wheel, and a series of 
bobbins placed on the casing, in which a current is 
induced much as in an ordinary alternator. This 
current is led to trembling-coils of the ordinary 
‘ype through a commutator. 

he springing is noticeable, as there is a single 
cross-spring to both the back and front axles, no 
side springs at all being used. The springs have 
very short shackles at both ends, and the front 
Fic. 4. axle has, in consequence, to be held in position by 
radius-rods. A tubular casing round the propeller- 
shaft forms a torque-rod, and is carried in a ball- 
and-socket joint surrounding the universal joint. 
In order to avoid the heavy side bending stress 
which this system of torque-rod may put on the 
tube, however, diagonal ties are taken from the 
front end of the torque-rod to the ends of the axle. 
The whole construction is extremely light, the 
weight, complete with body, being stated to be 
12 cwt. The design is well worth studying, as 
there is hardly a point in it in which there is not 
some original feature. 

Yet another American car, the ‘‘ Overland,” is 
shown by the Anglo-American Motor Company, 
Limited, 19-21, Heddon-street, Regent-street, 
London, W. The engine shown is of 25 horse- 
power, having four cylinders, 4 in. in diameter by 
44-in. stroke. The cylinders are cast separately ; 
they have all the valves at one side, and are spaced 
at even distances, a five-bearing crank-shaft being 
employed. Ignition is by Bosch high-tension 
magneto, and cooling by thermosyphon. The engine 
is carried on a three-point suspension, Lubrication 
|is by «a mechanical lubricator feeding the crank- 
|case with the correct amount of oil. The special 
| feature of this car is that the transmission, for the 
gear-box is placed on the back axle just in front of 
the bevel pinion. Three speeds and a reverse are 
employed with a gate change, and the change-speed 
and brake levers are placed in the centre of the car 
instead of at the side. This enables the driver to 
I pb ale eee change speed without putting his hand over the 

a side door, and without taking his right hand from 
Fic. 5. the steering-wheel, and also makes the driver’s seat 
Fios, 4 anv 5. THe Capittac Motor. accessible from the driving side. A tube surround. 
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ing the propeller-shaft forms the torque-rod. The | 
clutch is of the cone type. Both brakes are on | 
the back hubs. A feature of the steering-gear is 
that the angle of the steering-column is adjust- 
able to taste. 

Messrs. J. I. Thornycroft and Co., Limited, | 
Caxton House, Westminster, London, S.W., show 
an 18-horse-power chassis which is generally similar | 
to last year’s, except that the diameter of the cy- 
linders has been increased from 3} in. to 4 in., the! 
stroke remaining as before, 45 in. In place of the! 
bevel-drive back axle of last year, however, a worm 
drive is now used. We illustrate this axle in Figs. 6, 
7, and 8, annexed, from which it will be seen that the | 
axle-casing is in one piece of steel, running right | 
across the car, and the road wheels run on the ends 
of it. This part is made of pressed steel, and therefore | 
the weight of the car is carried entirely on a forged 
axle, and none of the cast parts of the casing are 
subject to stresses from the load. The worm is 
placed below the worm-wheel, and the casing is not 
split on the line of the worm shaft, as usual, but 
the worm-shaft is threaded through spigoted covers, 
thus reducing the liability to leakage of oil. An 
aluminium cover closes the top of the casing, and 
can be easily raised for inspection, By removing 
the wheels and withdrawing the axle-shafts, the 
whole of the gear and differential can be removed 
without taking the axle off the car. 

The steel-forging ends of this axle and differen- 
tial gear are identical with the firm’s bevel-geared 
type, and therefore tne drive can be changed from 
bevel to worm, or vice versd, without altering any 
parts except the bottom cover of the axle and the 
worm and worm-wheel. 

Mossrs. H. M. Hobson, Limited, 29, Vauxhall 
Bridge-road, and 16, Pall Mall, London, S.W., 
show a six-cylinder 18—24-horse-power Delahaye 
car, with an engine of unusual design, shown in 
Fig. 9. Instead of the cylinders being placed 
longitudinally along a six-throw crank-shaft, they 
are arranged with a three-throw shaft and with 
two cylinders working diagonally on to each 
crank. The angle between the cylinders is very 
small, and they are all cast in one piece and 
contained in one water-jacket. Two cam-shafts 
are used, arranged in the same manner as in 
the ordinary engine, with the valves on opposite 
sides of the cylinders, each cam-shaft working the 
valves for three of the cylinders. The whole of 
the inlet and exhaust passages are cast in the 
cylinders, and the appearance, therefore, is much 
like that of a large single-cylinder engine of short 
stroke, with twelve small valves. The crank-shaft 























Fic. 9. 
is of the two-bearing type, having no intermediate 
bearings. High-tension magneto ignition is used, 
® special magneto being provided to get the 
ignition point at the right place, in spite of the 
fact that the explosions are not exactly half a 
revolution apart. 

Many advantages are claimed for this type of 
engine over the usual six-cylinder one. Compact- 
ness is, of course, the most obvious, for although 
the engine has cylinders 75 mm. by 120 mm. (3 in. 
by 4}in.), the length over the cylinders is only 
13 in. It is also claimed that the shortness of 
the crank-shaft makes it much less liable to 
spring, and that, therefore, there is no trouble 
at any speed with torsional vibration. It is, of 
course, obvious that the simplification of the 
bearings and the compactness of the engine should 
make it cheap to construct, as well as light. The 
remainder of the chassis has no special features, 
having a live bevel-gear back axle, a four-speed gear- 
box, with gate change, &c. A feature of the back 
axle is that radius-rods and drag-links are employed 
to keep it in position in place of a torque-rod, the 
springs being hung on shackles at both ends. 











THe Devauayve Forr-Cyttyper Mouton. 


A 16—20-horse-power chassis, with an ordinary 
| four-cylinder engine, is also shown. 

Messrs. Chas. Jarrotts and Letts, Limited, 45, 
Great Marlborough-street, London, W., show the 
new 12-horse- power four-cylinder Sizaire and 
Nandin car. This firm has, up till now, confined 
itself exclusively to single-cylinder cars of some- 
what peculiar construction, and has developed high 
speeds with single-cylinder engines of great power. 
The new four-cylinder engine has four cylinders 
70 mm., by 120 mm. (23 in. by 43 in.), all cast en loc, 
a two-bearing crank-shaft being used. The inlet 
valves are placed over the exhausts and are driven 
in rather a peculiar manner, one cam being used to 
| work both an inlet and exhaust-valve. The exhaust- 
| valve is, in this case, worked direct, while rocking: 
| levers are placed below the cam-shaft which works 
| the inlet-valves through suitable push-rods and 
| overhead rocking-levers. The sparking-plugs are 

at the opposite side of the cylinders to the valves. 
| The main distinctive features of the single- 
| cylinder chassis—e.g., the wood frame, cross front 
spring, and direct drive on all speeds—are retained, 
| but double elliptic springs are now used for the 
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Fig. 1 


back axle. The peculiarity of the transmission is | 
that the direct drive on all speeds is accomplished | 
by bringing three different sized pinions into mesh | 
with one crown wheel. It is obvious that with | 
this system the teeth cannot be of the right shape 
for all the different speeds, but the crown wheel is 
of large diameter, and the teeth narrow, so the| 
error is small, and the gear appears to work well | 
in practice. 

A car designed to meet the want of a two-seated | 
light four-cylinder car is the ‘‘ Waverley,” shown by 
Messrs. T. B. Andre and Co., 8, Great Marlborough- 
street, Regent-street, London, W. This car, 
which we illustrate in Fig. 10, above, has a four- | 
cylinder engine, with cylinders 65mm. by 110 mm. | 
(24 in. by 42 in.), all cast in one, with the inlet | 
valves over the exhausts, a two-bearing crank- | 
shaft being used. Magneto ignition and a centri- | 
fugal circulating pump are provided. A ccne clutch | 
transmits the power to the live back axle. Two 
speeds and a reverse are provided, and the change- | 
speed gear is placed on the back axle, thus doing 
away with the separate gear-box. 

The springing is peculiar, as the front and back | 
axles are both carried on springs of the ‘* coster- | 
monger’ type, but these are arranged in pairs one | 
above the other, and thus serve both as springs | 
and torque-rods. This certainly appears a very | 
cheap construction, and seems also to give easy | 
springing. The arrangement of the front springs | 
allows of the front axle being carried well forward 
without lengthening the frame, and _ therefore 
a good wheel-base is obtained without excessive 
weight. The design of this car is well worthy of 
study, as there are several original features, and it 
has the merit of being very light, the weight com- 
oem being stated to be under 10cwt. With sucha 
ight car two speeds will doubtless be sufficient for 
many classes of work. 


(To be continued.) 








THE TESTING OF AERO-PROPELLERS. 
To THE EpiTor oF ENGINEERING. 

Sin,—The goddess Aéro is just now being pestered by 
humerous mushroom admirers. They profess to have 
known all about her for years, some of them going so far 
as to attempt to prove their long-standing intimacy by 
piling up, on the slenderest foundations, column after 
column of mathematical formule. 

Mr. Herbert Chatley is one of the aforesaid admirers, 
but he is more modest than the generality of them, as 
shown by his letter in your last issue, for he actually 
aimits that he does not know anything about the thrust 





given by an aero-propeller when the machine to which it | 
is attached is under way. | 

Now, in the hope of Leies of some assistance in helping 
Mr. Chatley out of his difficulty, I make the following | 
Satemcnt. Assuming that an engine and a screw pro- 
peller have been fairly well designed, the thrust is always | 
proportional to the mean pressure on the pistons and | 
their velocity in relation to the pitch of the propeller. | 


This statement holds good whether it be a static or a} 
translatory test. 

A few moments’ consideration will convince anyone | 
that it cannot be anything else ; however, experimental 
Proof is the only way to settle the matter. 

On wy large whirling-machine (illustrated in your issue 
of May 5, 1893) serew propellers were driven by a steam- 
engine ; the thrust extended was always about 10 per cent. 
greater when the test was static than when the whirling- 





table was in motion ; this was simply due to the fall of 
ee pressure on the pistons due to the wire-drawing of 


‘m through the ports and passages. 


0. 


When a petrol-cngine was substituted for the steam- 
engine no naan difference of thrust was shown, 
whether the machine was in motion or not; this result was 
just what one would anticipate, bearing in mind the fact 
that the mean pressure on the pistons of a petrol-engine is 
practically the same whether the engine So making 1000 
or 1500 revolutions per minute. 

Mr. Herbert Chatley states: ‘‘I have recently shown, in 
a paper submitted to the Aeronautical Society, that the 
thrust in pounds per horse-power is not likely to exceed 


The late Mr. F. H. Wenham made exactly this state- 
ment forty-four years ago, vide the first annual report of 
the Aeronautical Society of Great Britain. While on 
this subject I may mention that the authorities have 
recently been discussing the effect of cavitation upon 
aero propellers. To lay this bogey to rest, it is onl 
necessary to remember that air flows into a vacuum wit 
a velocity of about 1300 ft. per second. 

I do not think the present generation need trouble 
themselves about slip ratios anywhere near this figure. 

Yours faithfully, 
Horatio PHILLIPS. 

West Barnham, Sussex, November 9, 1910. 





LOADING GAUGES. 
To THE Epitor oF ENGINEERING. 

Srr,—Referring to the diagram of maximum moving 
Cimensions for Indian metre-gauge rolling-stock, given on 
page 615 of your issue for October 28, may I venture to 
point out that the maximum moving dimensions now 
adopted for metre-gauge rolling-stock in the south of 
Brazil are on a much more generous scale than those 
adopted for India. 
- The accompanying diagram, showing the minimum 
inside clearance for bridges, &c., marked D, the maximum 
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moving dimensions adopted in Brazil, marked E, and the 
maximum moving dimensions adopted in India, marked 
F, and showing the differences between the gauges, may 
be of some interest. ; 

The Brazilian gauge not only allows approximately 
2ft. J,;in. more in height at A, but also 1 ft. 4in. in 
width at B, and 8,',in. more at C. f ‘ 

There is also another feature that has considerable in- 
fluence on the design of rolling-stock. The height of draw- 





bar centre from rail-level, on the railways in the south of 
Brazil, is fixed at 0.80 m.—say, 2ft. 7}fin., as compared 
with 1 ft. 10in. on the Indian railways, a difference of a 
little over 94 in., the importance of which I need not enlarge 


upon. 
I may add that the usual booked speeds for passenger 
trains, in the part of Brazil to which I am referring, are 
45km., say, 27.96 miles per hour, and much higher speeds 
are frequently attained. . 
Yours truly, 


November 3, 1910. Wituram Lacuan. 





STANDARDISATION OF INDIAN 
LOCOMOTIVES. 
To THE EpitoR OF ENGINEERING. 
_ Str,—I have just been reading your leading article in 
issue of October 28 on the ‘‘Standardisation of Locomo- 
tives.” I think the report of my remarks has conveyed a 
wrong impression to you. 

I did not complain of the difficulty of designing engines 
for people thousands of miles away ; I am an old Indian 
railway man myself, and know the conditions, and several 
others of the locomotive committee are also. I complained 
of the difficulty of obtaining definite information from the 
users as to the performance of the engines designed here, 
so that we might not go on perpetuating details which 
experience on the road showed to be undesirable. 

I also endeavoured to show that the full benefits of 
standardisation had not been obtained, because hundreds 
of engines of all types were (through a sudden demand) 
launched upon the Indian roads before any service trial 
had been made of them, or there was time to correct any 
faults found in service. 

Consequently every locomotive superintendent wanted 
some alteration in his next standard engines, and each 
had different ways of carrying the alterations out. 

It ought not to be left to each of the consulting engi- 
neers to try and meet these demands ; a central ‘= 4 
such as the Standards Committee, should do so, in con- 
sultation with the maker, in the best way possible. On 
the whole, the standard Indian locomotives have been 
very successful, and the railways can undoubtedly pur- 
chase more cheaply, and get better delivery, than before 
the introduction of standards. 

Yours faithfully, 
Srymour B. Tritton, M. Inst. C.E. 

13, Dartmouth-street, Westminster, 8. W., 

November 7, 1910. 





Our Locomotive Exports.—The prescnt year will be 
a comparatively dull period in the history of our locomo- 
tive exports. The value of the engines shipped in October 
showed another sharp falling off, coming out at 82,319/., 
as compared with 158,256/. in October, 1909, and 244,944/. 
in October, 1908. In the ten months ending October 31, 
this year, locomotives were shipped from the United 
Kingdom to the aggregate value of 1,426,598/., as com- 
pared with 2,090,103/. in the corresponding ten months of 
7h 2,206,711/. in the corresponding ten months 
of 1908. 





Tue Brennan Gyroscopic Mono-Raiiway. — Last 
Friday, the 4th inst., Mr. Brennan gave a demonstration 
of his gyroscopic mono-railway at the Japan-British 
Exhibition, Shepherd’s Bush, W., before a party which 
included Mr. Asquith, the Prime Minister, Mr. Lloyd- 
George, Mr. Birrell, Mr. Winston Churchill, Sir E. 
Cassel, and several others. The car ran round a circular 
track of 105-ft. radius at a speed of about 20 miles an 
hour, automatically leaning over towards the centre at an 
cage corresponding to the speed. Mr. Churchill, who 
had seen the railway before, took his colleagues into the 
cab, and explained the action of the gyroscopes. After- 
wards he exhibited to them a series of models, in which 
the motion could be followed more easily. The Brennan 
railway has already been described in our columns. 





THe ANDREW CARNEGIE RESEARCH SCHOLARSHIP.— 
We have received from the secretary of the Iron and 
Steel Institute the following announcement : — ‘‘ A 
Research Scholarship or Scholarshipa, of such value as 
may appear ——— to the Council of the Iron and 
Steel Institute from time totime, founded by Mr. Andrew 
Carnegie (Past heey 9 who has presented to the Iron 
and Steel Institute eighty-nine 1000-dol. 5 per cent. 
debenture bonds for the purpose, will be awarded annu- 
ally, irrespective of sex or nationality, on the recommen- 
dation of the Council of the Institute. Candidates, who 
must be under thirty-five years of age, must apply on a 
special form, before the end of February, to the secretary 
of the Institute. The object of this scheme of scholar- 
ships is not to facilitate ordinary collegiate studies, but to 
enable students who have passed through a college 
curriculum, or have been trained in industrial estab- 
lishments, to conduct researches in the metallurgy 
of iron and steel and allied subjects, with the view of 
aiding its advance or its ——— to industry. There 
is no restriction as to the place of research which 
may be selected, whether university, technical school, or 
works, provided it be properly equi for the prosecu- 
tion of metallurgical investigations. The eee to 
a scholarship shall be for one year, but the Council may 
at their discretion renew the scholarship for a further 
period instead of proceeding to a new election. The 
results of the research shall be communicated to the Tron 
and Steel Institute in the form of a paper to be submitted 
to the annual general meeting of members ; and if the 
Council consider the paper to be of sufficient merit, the 
Andrew Carnegie Gold-Medal-shal!l be awarded to its 
author. Should the paper in any year not be of sufficient 
merit, the medal will not be awarded in that year.” 
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AUTOMATIC COMMUTATOR-SEGMENT MACHINE. 
CONSTRUCTED BY THE DEUTSCHE ELEKTRIZITATS-WERKE ZU AACHEN (GARBE, LAHMEYER, AND CO.). 
(For Description, see opposite Page.) 
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DETAILS OF AUTOMATIC COMMUTATOR-SEGMENT MACHINE. 
CONSTRUCTED BY THE DEUTSCHE ELEKTRIZITATS-WERKE ZU AACHEN (GARBE, LAHMEYER, AND 0O.). 
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Figs. 3 to 7. 
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ELecrricaL novelties were not particularly con- 
Spicuous at the Brussels Exhibition, so that the 
automatic machine for slotting commutator bars and 
for soldering them with their stri 
played by the Deutsche Elektrizitiits- 
Garbe, Lahmeyer, and Co., deserves all the more 
attention. We illustrate this machine in Fi 
pposite page, which give front and 
the complete machine, and in the detail, Figs. 3 
to 14, above. Figs. 3 to 7 show the segments in their 
Successive stages. The machine was designed and con- 
e shops of the company at Aix-la-Chapelle 
: It performs automatically several 
Opers.(ions which would otherwise demand hand-labour 
and special machinery. The attendance 
ally limited to filling the sup ly-bins and taking 
shed segments out of the 
them. One girl attends to the machine 
y, which has taken up 
ure of this novelty. 
operations may be distinguished in the| 
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working of the machine, 
and the numbers (1), (2), 
&c,, in Fig. 2, indicate the 
positions of the respec- 
tive parts. The operations 
commence at the left-hand 
side of Fig. 1, where the 
electric motor driving the 
whole machine will be 
seen in a casing under- 
neath the bed. The wedge- 
shaped segments (Fig. 3) 
are supplied ready as such, 
sawn or cut to proper 
lengths. The attendant 
takes them out of the 
bin (not shown), and piles 
them up in the container 
standing on the - of the 
inclined path. e does 
not trouble about right or 
left and thin or thick 
edge of the segment, the 
machine taking care that 
the segment is delivered 
with the thick edge always 
on the same side. Figs. | 
and 2 indicate that the 
segments glide down an 
inclined. plane, whence 
they aretaken by a chain 
into a magazine. The interposition,of this magazine, 
which is shown at A in Fig. 8, is necessary, because 
bent segments are deflected and thrown out into 
a bin-on their way down the inclined path, so that 
the magazine insures that the feed neither becomes 
too rapid nor too slow. The container is not shown 
in Fig. 8, but the reciprocating slide-bar a with its 
nose 6, which pulls out the segments one by one, 
will be seen. In sliding down the incline the pulled- 
out segment is guided by two ribs to a ridge, over 
which the middle of the segment passes. As the 
segment is not symmetrical, it must tilt either to 
the left or to the right. The one side of the ridge 
slopes gently down to the plane, the other is vertical 
to it. If the heavier and thicker edge of the segment 
falls on the gentle slope, the segment keeps its a 
tion ; if the thicker edge happens to be on the side of 
the vertical slope, the segment is turned over through 
180 deg., and thus it is secured that all the segments 
face the same way. 

(3) We return now to the regulating feed arrange- 


























ments (Fig. 8). The slide a is attached to the rod e, 
which receives a reciprocating motion by means of a 
crank and lever through the intermediation of the 
rod ¢, in alignment withe. The pawl d is pivoted on e, 
and is pulled inst a projection on c by a spring, 
this device forming a detachable coupling between the 
two rods. The magazine into which the segments are 
carried by the chain is marked A in Fig. 8. This 
magazine has a hole through one of its sides, through 
which a reciprocating-pin p alternately projects and is 
withdrawn; p is mounted on the lever /, em the lower 
end of which a bolt g extends into the fork h ; the fork 
is fixed on the rod i, which bears the lever k at its 
other end. Thislever & engages with the slide /, which 
the spring m, as well as the stop n (near g), normally 
keep in a position such as to permit the pawl d (on the 
rod e) to through the recess in theslide/. Lever i 
is pivoted to the top of the oscillating lever 0, whic 
in turn is pivoted on a fixed point in line with the 
bolt g. Lever ois oscillated to and fro by an eccentric 
(not shown in the diagram), and / participates in this 
movement. As long as the pin p finds its way into 
the magazine unobstructed, the bolt g keeps its cae ap an 
in the fork h. When, however, the segments begin to 
pile up in A, the pin p can no longer enter, and / and 
o are relatively displaced. Through the intermedia- 
tion of the parts h, i, k the position of the slide / is 
then altered, and the pawl d now knocks against /. 
The two rods c and e are then detached from one 
another, and the feed is interrupted—that is to say, 
the slide a remains stationary—until the magazine A 
has been sufficiently emptied again to let the pin 
have its free play. It should be mentioned that & is 
not es | connected with the shaft i, but its spiral 
spring and stop are not shown in the figure. 

(4) From the magazine a chain carries the segments 
on to a vice, which clamps them while they are slotted 
by asmall cutter. Fig. 4 illustrates the slotted segment, 
and Figs. 9 and 10 will explain the arrangement of the 
vice. The letters on these di s do not corre- 
spond with those previously oa. ! The ment is 
clam between the oscillating part a, which is pro- 
vided with ridges, and the likewise oscillating piece 
b, which is fixed on the slide c. The clamping is 
effected with the aid of the cam disc d, the levers e 
and /, and the screw g, which work against the helical 
springs h. 

(5) We now come to the contact-strips which are 
supplied to the machine in the — shown in Fig. 5. 
The feeding apparatus consists of a rotating drum- 
container, the chute of which can be seen in Fig. 1, 
next to the solder-box and chimney ; it is marked 5 
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in Fig. 2. Further particulars will be found in 
Figs. 11 to 13. The strips entering the chute A 
are taken round by the slowly-rotating drum until 
they are discharged over the inclined plane c and 
thrown either on the flat steel rod d, which is mounted 
edgeways and is continually vibrating, or fall back 
into the drum. Unless the strips are caught so that 
their split ends straddle the flat rod, they fall off again. 
When they are caught they may ride the right way (as 
the strips g in Fig. 11), or the wrong way (like /). 
In the former case they travel forward, owing to the 
vibration of the rod, while in the latter they are 
knocked off again by the finger a, which is moved to 
and fro by the spring i and the cam, to which it is 
attached. The play of the cam alters the position of 
the finger from a, to a, ; when at a, it knocksa strip f 
over, while it merely inclines a strip g ; when at ay, it 
pushes a g strip on. If the rod d were all set with 
strips, the spring h could no longer cause the finger 
to move quite back; the finger would temporarily 
remain in the a, position, and knock off strips until 
the regular feed could recommence. 

(6). In the next operation the strips which ride on 
the bent steel rod are brought up singly to the slotted 
segment, pushed into it, riveted, and counted, the total 
number of combined strips and segments being marked 
on the counter, which is the disc visible below the strip- 
feeder drum in Fig. 1. If anything should go wrong 
in the mechanism, the riveter will not act, but strip 
and segment are thrown out into a special receptacle, 
from which the attendant returns them to their respec- 
tive bins. A bell gives a warning in such cases. Fig. 14 
explains the way in which the riveting is carried out. 
When the strip has been inserted into the slot of the 
segment, an indentation is produced by a punch 
under a pressure of 10 tons. There is no real riveting ; 
the indentation produced in the two separate parts, 
combined with the subsequent soldering, is sufficient 
to hold them together. ‘lhe regulation of this me- 
chanism is similar to that described above with regard 
to the magazine feed. When the parts are not in 
correct position, the press does not act, an electric 
current passes in a shunt-circuit, and the machine 
rejects the respective parts. 

(7), (8), (9), (10). The combined strip and segment 
are carried by a chain to an acid-bath, thence to the 
electrically-heated tin bath, and are finally ag 
through cleaning-mops revolving at high speed ; the 
finished segments being discharged into a bin. The 
portions of the machine in which these operations are 
carried out are provided with glass windows, so that 
the process can be watched by the attendant. 

The proper sequence of the operations and the 
proper performance of the several mechanisms is 
secured by the various devices, which we have 
described. Provision has in addition been made such 
that a relay cuts out the driving-motor when, owing 
to a failure of some of these devices, two operations, 
which should be successive, commence at the same 
time. 

The machine, of which the example shown at Brussels 
was very easily started up, deals with segments whose 
dimensions may vary as follows :—Length, from 60 mm. 
to 133 mm. (2.4 in. to 5.25 in.) ; depth, from 20 mm. to 
33 mm. (0.8 in. to 1.3 in.) ; thickness, from 2 mm. to 
8 mm. (0.08 in. to 0.3 in.). The chief dimensions of the 
machine itself are: Length over all, 4450 mm. (nearl 
15 ft.); height at slide end, 1850 mm. (6 ft.) ; wit 
chimney, 2170 mm. (7 ft.); the weight is 2200 Ib. 
The machine turns out about 250 segments per hour. 
It is driven by a 44 horse-power direct-current motor, 
running at 1370 revolutions per minute. The Union 
Electric Company, of Park-street, Southwark, 8.E., 
represent Messrs. Garbe, Lahmeyer, and Co. in the 
British Empire. 





Sires ror Works anp Factortgs.—The Eastwood 
(Notts) and District Associated Trades Guild are offer- 
ing a number of sites varying in area from one to ten 
acres and over, most of them in the immediate proximity 
of two canals and two railways, all of which are suitable 
for the erection of works and factories. Full information, 
with plans, can be obtained from the Clerk of the Trades 
Guild, Nottingham-road, Eastwood 


Execrric Lirts at THE New Post Orrice.—The 
various departments of thenew General Post Office are pro- 
vided with twelve large lifts »y Messrs. R. Way and 
Co., Limited, and worked with three-phase alternating 
current, produced at the generating station of the Post 
Office. One of the lifts is a passenger lift capable of rais- 
ing a load of 20 cwt. to a height of 94 ft. at a speed of 
200 ft. per minute, with a cage of oak panelling. Of the 
remaining lifts, five are arranged for loads of 30 cwt. at 
a speed of 200 ft. per minute; two carrying 40 cwt. at 
200 ft. per minute, one taking 5 tons at 60 ft. per 
minute, and the others for smaller duties. The 
of the large goods lifts have an area of about 8 ft. 
square, and are strongly constructed of steel angle- 
framing and steel channel suspension bars. All the cages 
are fitted with Messrs. Waygood’s special safety gear, 
arranged underneath the cage, so as to take the whole 
of the weight in case of failure or undue stretching of 


suspension-ropes. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 2. 

THE iron-ore shipments from Lake Superior points 
for the month of September were 6,009,682 tons, or 12 
od cent. less than the total of the preceding month. 

he season’s shipments of coal westward over the 
lakes for September were 22 per cent. less than the 
month before, but for the nine months past the totals 
were 13,697,705 short tons, which were the largest 
shipments for many years. The total vessel move- 
ments on the Great Lakes for the season have been in 
excess of the season last year. The steel trade con- 
tinues quiet and the railways are still withholding a 
large volume of business until the Government takes 
final action upon disputed questions. Several systems 
have completed their estimates for the coming year, and 
the requirements tor extension and repairing pur- 
poses will be heavy. No change will be made in prices, 
as the makers are pre upon the policy of maintaining 
rates. The rail-mills at present are very slack, and the 
steel-making capacity in general is barely two-thirds of 
the capacity. Ordinarily, under such conditions, prices 
would be broken in the struggle of manufacturers to 
keep their plants going. The widespread apathy in 
iron and steel circles has very little influence on stocks, 
as it is taken for granted that activity is only delayed, 
and that the resumption of ordering on a large scale 
will not be delayed beyond the close of the year. Con- 
cerns like the Westinghouse and other large consumers 
have quietly ordered several thousand tons of foundry 
iron on the most favourable terms that have prevailed 
this year. Reports from all Southern iron centres 
indicate an accumulation of crude iron, which policy is 
at variance with the course pursued by Southern iron- 
makers in former years. Tin-plate capacity has at last 
been restricted. The American Sheet and Tin-Plate 
Company closed a portion of its works because of the 
closing of the canning season. This company supplies 
the American Can Company with all its material. The 
industry is under a cloud, and it may remain several 
weeks in the present unsatisfactory condition. 








PuysicaL Socrety’s EXuIBITtion.—The date of the 
Annual Exhibition held by the Physical Society of 
London, which was fixed some time ago for December 13, 
has been altered to Tuesday, December 20. The Exhi- 
bition will be open in the afternoon as well as in the 
evening. 


HaRRISON STEERING-GEAR.—Messrs. Alex. Turnbull 
and Co., Limited, of St. Mungo Works, Bishopbriggs, 
Glasgow, wish to contradict the report that they have 
ceased to make the Harrison steering-gears. Messrs. 
Turnbull have in hand at present quite a number of 


NOTES FROM THE NORTH. 
Gtascow, Wednesday, 

Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market was firm, but business was limited to 
tons of Cleveland warrants at 49s. 7 cash, and 
from 50s. 11d. to 50s. 114d. three months. Closing se} lers 
quoted 50s. cash, 50s. 54d. one month, and 51s. three 
months. The afternoon session was quiet, and Cleveland 
warrants easier. Only one lot changed hands at 49s. 10d. 
cash, and at the close there were sellers at 49s. 104d. cash, 
50s. 24d. one month, and 50s. 103d. three months, On 
Friday morning the market was weak in tone, due prin. 
cipally to the unfavourable result of the earlier returns 
of the boilermakers’ second ballot. Cleveland warrants 
were done at 493. 7d. cash, and from 49s. 11d. to 
50s. one month, with buyers over at the latter figure, 
and sellers at 49s. 9d. cash, 50s. 1d. one month, and 
50s. 84d. three months. The turnover was 2000 tons. In 
the afternoon the market was dead idle, and sellers of 
Cleveland warrants quoted unchanged from the morning’s 
close. On Monday morning the market was again fiat, 
and Cleveland warrants showed a further decline. The 
dealings consisted of 4500 tons at 493. 7d. and 49s. (Ad, 
cash, 49s. 10d. twenty-two days, and 49s. 11d. one month, 
and closing sellers quoted 49s. 7d. cash, 49s. 11d. one 
month, and 50s. 6d. three months. Sellers of hema- 
tite quoted 65s. cash and 65s. 44d. one month. In 
the afternoon the tone was inclined to be firmer, 
but business was limited to 2000 tons of Cleve. 
land warrants at 49s. 7d. cash, and 49s. 7d. and 
49s. 74d. four days, and 50s. 7d. three months. At the 
close sellers quoted 493. 74d. cash, 49s. 114d. one month, 
and 50s, 74d. three months. On Tuesday morning Cleve. 
land warrants were easier, and 2000 tons were done at 
49s. Gd. cash, 49s. 74d. ten days, and 49s. 9d. twenty days. 
Closing quotations were 49s. 64d. cash, 49s. 104d. one 
month, and 50s. 6d. three months sellers. Hematite was 
also easier, and sellers quoted 64s. 9d. cash and 65s. three 
months. The afterncon session was quiet, and the total 
turnover consisted of one lot of Cleveland warrants at 
49s. $d. cash. Weakness prevailed at the close, and 
sellers quoted 49s. 53d. cash, 49s. 94d. one month, and 
50s. 54d. three months. When the market opened to-day 
(Wednesday) the tone was steady, and about 4500 tons of 
Cleveland warrants changed hands at 49s. 5d., 49s. 44d., 
and 49s. 5d. cash, 493. 84d. twenty-eight days, and 50s. 5d. 
three months. Closing sellers quoted 49s. 5d. cash, 
49s. 9d. one month, and 50s. 5d. three months. Sellers 
of hematite quoted 64s. 6d. cash and 65s. 6d. three 
months. In the afternoon the market was just the turn 
firmer, and 1000 tons of Cleveland warrants were done 
at 49s. 6d. cash and 503. 2d. two months, and sellers 
at the close were quoting 49s. 6d. cash, 49s. 10d. one 
month, and 50s. 54d. three months. Sellers of hema- 
tite quoted 64s. 6d. cash, but buyers offered 6d. less. 
The following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 62s. 6d.; Calder and Gartsherrie, 63s.; Sum- 
merlee, 64s. 6d.; Langloan, 64s.; and Coltness, 81s. (all 
shipped at Glasgow) ; Glengarnock (at Ardrossan), 64s.; 
Shotts (at Leith), 633.; and Carron (at Grangemouth), 


Harrison steering-gears for steamers for leading shipping | 63s, 6d 


lines. 


Foreign Encinrerinc Provects.—The Commercial 
Intelligence Branch of the Board of Trade have issued a 
small hand-book, at the price of 2d., reviewing the organi- 
sation of the Branch, giving data on the information the 
supply, on the subjects they deal with, the countries with 
which they have connections, and general information 
which will prove useful to British works and manufac- 
turers. 


Rust-Proor Anti-Corrosion STEEL: Erratum. — 
With reference to our paragraph on page 633 ante, the 
Poldi Steel Works, Sheffield, inform us that, in the tests 
we refer to, the barrels were fired five times in all, there 
being an interval of ten days between each firing. In the 
internal-pressure tests, the pressure required to burst the 
barrels was as much as 57 tons persq. in. The works 
supply the steel in the annealed state, in which it ismuch 
easier to machine. 


PERSONAL,—Messrs. Kater and Ankersmit, engineers, 
of 14 and 15, Conduit-street, London, W., inform us that 
their address from next week will be Centre Avenue, 


Acton Vale, London, W.—Messrs. Moncrieff P. Ford 
and Co., machinists, toolmakers, and specialists in harden- 
ing shop equipment and supplies, have opened offices at 
57, Colmore-row, Birmingham.— Messrs. 
and Co., Limited, of 110, Fenchurch-street, London, 
E.C., have been appointed by the Siiddeutsche Draht- 
industrie, A.G. (South German Wire-Drawing Mills), 
of Mannheim, their sole representatives in the United 
Kingdom. 


Royat Society or Arts.—The programme for the 
157th session of the Royal Society of Arts is being issued 
to the members. There will be five ordinary meetings 
before Christmas, at the first of which the usual address 
will be given by the chairman of the Council, Sir John 
Cameron Lamb. The papers announced for the other 
four meetings are by Sir Henry H. Cunynghame, K.C.B., 
** Detecting Fire-Damp ;” Mr. C. P. Ogilvie, ‘“‘ Argen- 
tina;” Dr. Vaughan Cornish, ‘‘The Panama Canal ;” 
and Mr. Reginald Smith, ‘‘ Roman London.” There will 
also be a meeting of the Colonial Section, at which Mr. 
A. Montgomery will read a paper on ‘‘ Mining in Western 
Australia,” and one of the Indian Section, to be occupied 
by a paper by Mr. R. F. Chisholm, on ‘‘ The Taj Mahal.” 
On the four Mondays before Christmas Mr. C. R. Dar- 
ling is to give a course of Cantor Lectures on “ Industrial 
Pyrometry.’ 


Sdward Lomer | 8g® 





Sulphate of Ammonia.— The sulphate of ammonia 
market is rather quieter at the moment, and sellers are 
uoting 13/. per ton for prompt delivery, Glasgow or 
ith. Last week the amount shipped from Leith 
Harbour was 3330 tons. 


Scotch Steel Trade. — No improvement falls to be re- 
ported in the state of the Scotch steel trade, and, in 
fact, it may be said that the position is actually worse 
this week. Rolling plant is gradually being closed 
down, as specifications are daily getting scarcer, but 
a fair export business is being done. Inquiries for 
forward delivery of plates and angles are rather more 
eg and reports say that quite a good tonnage has 

mn booked during the past week or so for delivery over 
next year. Some of the Colonies are in the market with 
inquiries for boiler-plates, and the demand is likely to 
increase in the near future. In light-steel material and 
structural sections there seems to be an ever-increasing 
demand, especially for export. This is really the only 
bright spot in the steel trade at present, and althoug 
it 1s very welcome, it cannot make up for the loss in 
tonnage due to the falling away in the deliveries of heavy 
material. 


Malleable-Iron Trade.—The number of shifts in some 
of the malleable-iron works in the West of Scotland has 
in had to be curtailed owing to the want of specifica- 
tions. Although some of the establishments have managed 
eight shifts this week, some others have only been able 
to run seven, and that with difficulty. New business 1s 
very scarce. The current price is based on 7/. 2s. bid. per 
ton, less 5 per cent. for crown bars, but sellers of Belgian 
bars are offering better terms. 


Scotch Pig-Iron Trade.—The local demand for Scotch 
pis iron is still almost nil, but producers are exceedingly 

usy with orders for consumers in the South, and for 
export. In the latter connection a fairly good business 
is passing. Hematite continues quiet, and as the rate of 
production has not yet been reduced, and as the deliveries 
to the local steel works have fallen off, makers’ stocks are 
on the increase. 


Increase in Blastfurnacemen’s Waaes.—As a result of 
the report by Mr. John M. MacLeod, C.A., Glasgow, to 
Messrs. James C. Bishop and James Gavin, joint secre- 
taries of the Board of Conciliation in the blastfurnace 
trade in Scotland, as to the price of Scotch pig iron 
warrants in the Glasgow market for the monthsof August, 
September, and October, the wages of the workmen have 


| been increased by 2) per cents 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—Although the export figures for 
coal from South Yorkshire have fallen off considerably 
within the last week, the October return for the tonnage 
dealt with at the port shows that trade during the month 
was of large dimensions. After so many records have 
been made during the year, it is not altogether surprising 
to find that the a this October has only once been 
exceeded for the month, and that was in 1907, when the 
total was 650,208 tons. The tonnage for the past month 
was 601,856 tons. On the year so far there is still a 
record —5,722,624 tons this year, as against 5,480,880 tons 
for the same period of 1907. The coastwise exports for 


the month show an increase compared with last year— |] 


82,875 tons, against 64,985 tons. Of general exports, 
355,097 tons were dealt with, as compared with 362 
tons in October, 1909. The biggest takers in order were 
North Russia, Germany, Sweden, Holland, South 
America, and Italy. 

South Yorkshire Coal Trade.—The factor which is engag- 
ing most attention in South Yorkshire is undoubtedly the 
large outputs from the new collieries around Doncaster. 
Especially has it become of importance just now when 
export is normally slack. Conditions tending to an 
accumulation of stock are intensified. e giving out of 
the Cunard Company’s twelve months’ contract for 
300,000 tons to one colliery—the Denaby Main—is 
making other coal-owners all the keener for business. 
Usually this contract has been divided between five 
or six concerns. Also, it is understood that the con- 
tract figure was considerably lower than that of a 
year ago. Shipments have not only fallen off appre- 
ciably on account of the closing of the Baltic ports, 
but there has been a decline in ordinary Continental 
demands. On industrial account, large tonnages are 
changing hands, though the state of affairs in South 
Wales is responsible for a certain amount of tension 
in the market. In steam coal generally values have 
shown considerable fluctuation, and many concessions 
have been made on recent contracts. Railway companies 
are inquiring with a view to their Christmas contracts, 
and they are likely to obtain reductions. Gas-coal pits 
are working fairly well and the gas companies are accept- 
ing substantial deliveries. Slacksare scarce, with prices 
tending to he stiffer. House coal, though it has improved 
on the week, only moves slowly. Probably the last few 
days’ severe weather will prove to have had a beneficial 
effect. There may be some advance in prices, which are at 
present fairly firm. It is mostly on cheap sorts that easier 
terms are obtained. The London demand is backward. 
Change quotations are :—Best Barnsley, 12s. to 12s. 6d. ; 
Silkstones, 9s. 3d. to 10s. 3d. ; Derbyshire brights, 11s. to 
12s.; Yorkshire hards, 9s. to 10s.; Derbyshire hards, 
7s. 9d. to 8s. 9d. ; rough slacks, 5s. 6d. to 6s. 3d.; seconds, 
3s. to 4s. 3d. ; smalls, 1s. to 2s. 3d. 


Iron and Steel.—The position of the iron market as 
regards new business is quiet, though contract deliveries 
are of satisfactory quantity, and the price tone is firm. 
Makers decline to give concessions, and what buying has 
been done has been at ruling rates. Hematites are no 
better than ordinary pig iron, so far as inquiries go. An 
advance is being asked on forward contracts for hema- 
tites. In the common irons forge shows better business 
than foundry, and there is talk of increased quotations. 
Some Lincolnshire makers continue to get a premium for 
deliveries next year. Billets are somewhat down. It is 
generally agreed that a settlement of the boilermakers’ 
trouble would materially improve the conditions. Whilst 
iron remains quiet, the expansion of the general steel 
trades is generally growing. Leaving out of acccount, 
on the one hand, exaggera reports of inflated pros- 
perity, and, on the other, the pessimistic outlook based 
upon the unsatisfactory state of one or two isolated 
branches, it will be accurate to describe the present as a 
time of marked activity in Sheffield. The chief cause 
of complaint is the price-cutting engendered by severe 
competition in lower-grade material. Makers of this 
class of goods undoubtedly suffer under a heavy handicap. 
But amongst the manufacturers of high quality special 
steels things are extremely satisfactory. Their fidelity 
to the old traditions of putting absolutely the best article 
on the market is being well rewa: Continental 
users have learnt to rely upon Sheffield goods and 
are making an ever-increasing inquiry for them, par- 
ticularly for tools. The crucible-steel makers are very 
busy, and there is a large general export to the Colonies, 
America, and Japan. There are prospects of fresh 
orders for the armament houses, otherwise; nothing 


new is to be recorded in this direction. The activity of | Co 


the big works is undiminished, and forms a firm founda- 


tion for contingent prosperity. Engineering orders are 
not satisfactory, but there is a better outlook for railway 
material, Tyre and spring-makers are fairly well em- 


ployed. Of the lighter manufactures, edge-tools make 
the best showing. Saw-plates are exported in large 
quantities to America, and large saws to the Colonies and 
South America. There is a big demand from Russia for 
impement parts. Trade in files is very quiet. 








Ovk Rams ABroap.—The present appears to have 
been a tolerably good year as rds the external de- 
mand for British rails. The lptneate for October 
amounted to 277,120 tons, as compared with 211,860 tons 
in October, 1909, and 171,978 tons in October, 1908. The 
aggregate shipments for the ten months ending October 31, 
this year, were 2,267,927 tons, as compared with 2,715,581 
tons and 2,169,606 tons in the corresponding months of 
1909 and 1908 respectively. Argentina imported British 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Notwithstanding the favour- 
able Board of Trade returns, the iron market is depressed, 
and business is very slow. Buyersand sellers alike appear 
indisposed to operate, and this is accounted for by the 
unfortunate labour unrest. The probable prolongation 
for some time of the cessation of work at the shipyards, 
owing to the boilermakers’ dispute, is having a very detri- 
mental influence upon the market. A general opinion pre- 
vails that if industrial peace was established, the iron trade 
would he characterised by much briskness, and indeed 
everything points to such being the case. Values of Cleve- 
and iron have eased. No.3g.m.b. is now 49s. 6d. for prompt 
f.o.b. delivery, but it is recognised that any attempt to 
place a fairly good order at that figure would result in the 
price being immediately advanced. No.1 Cleveland pig is 
practically unobtainable. Very little is being made, and 
there is next to none in stock. The price is 53s., but the 
quotation is quite nominal. The lower qualities of Cleve- 
land pig are quiet. No. 4 foundry is 48s. 6d., No. 4 
forge 48s. 3d., and mottled and white iron each 47s. 9d.— 
all for early delivery. Satisfactory accounts are given of 
East Coast hematite pig, though for the time being the 
amount of business is only ak Buyers would contract 
well ahead if they were able to do so, but sellers as 
a rule are not dis to commit themselves beyond 
June next, though some sales over the second half 
of next year have been recorded. For this year mixed 
numbers stand at 63s. 6d.; whilst 64s. is named for next 
quarter, and 65s. for delivery over the second quarter of 
next year. Foreign ore fully maintains its value, though 
there is no demand for early delivery, consumers being 
well bought for this year, but for next year buyers would 
readily contract up to June on the basis of 21s. to 21s. 6d. 
ex-ship Tees for best Rubio. Coke continues in fairly 
good request for local consumption, though many users 
are very well bought. Medium blast-furnace kinds are 
16s. delivered here. 


Manufactured Iron and Steel. — Very encouraging 
accounts are given of the manufactured iron and steel 
industries. Improvement is general, and works are well 
employed, with the exception of those producing plates 
— | angles, where irregular working is due not to the 
state of trade, but to the trouble with the boilermakers. 
Manufacturers of shipbuilding material have plenty of 
orders booked, but they are stop for want of the 
supply of specifications. Sheet- ucers are well off for 
work, and manufacturers of railway material are fairly 
well placed. Common iron barsare 7/.; best bars 7/. 7s. 6d. ; 
best heat bars, 7/. 15s. ; packing iron, 5/. 15s.; iron ship- 
plates, 6/. 15s.; iron ship-angles, 7/.; iron ship-rivets, 
71. 5s. to 7l. 7s. 6d.; iron boiler-plates, 7/. 10s.; steel bars, 
6l. 5s.; steel ship-plates, 6/. 15s.; steel ship-angles, 
62. 7s. 6d.; steel boiler-plates, 7/. 103.; steel strip, 6/. 10s. ; 
steel hoops, 6/. 12s. 6d.; and steel joists, 6/. 2s. 6d. to 
6l. 7s. 6d.—all less the customary 24 per cent. discount. 
Cast-iron columns (plain) are 6/. 10s.; cast-iron railway 
chairs, 3/. 10s.; light iron rails, 6/. 10s.; heavy steel rails, 
Bl. 10s. ; and seed railway sleepers, 6/. 12s. 6d.; all net 
cash at works. Iron and steel galvanised corrugated 
sheets, 24 gauge, in bundles, are firm at 11/. 10s. f.0.b.— 
less the usual 4 per cent. 


Electrical Extensions on Tyncside.—A number of exten- 
sions have recently taken place in connection with the 
various electrical equipments at the different works on 
the Tyne. At the engineering and shipbuilding works 
of Messrs. Hawthorn, Leslic, and Co., at St. Peters, both 
direct current and alternating current is employed at 
480 volts and 440 volts respectively. The recent addi- 
tions include two electrical winches driven at 480 volts 
by series motors, with controllers of the ‘‘ tramway” 
pattern. Also a 40-horse-power hydraulic pump driven 
at 440 volts alternating current, the motor being of 
the slip-ring type by the Union Electric Company. At 
the works of the Wallsend Slipway and Engineer- 
ing Company, at Wallsend-on-Tyne, some 2500 horse- 
power is already driven electrically, three-phase at 
440 volts being adopted throughout. The recent 
additions include a 50-horse-power lathe motor of the 
slip-ring type, with a liquid controller, and a 30-horse- 

wer planer motor of a similar pattern by the British 

homson-Houston Company. At Smith’s Dock, North 
Shields, where some 1700 horse-power of motors is already 
employed, over 1000 horse-power has recently been added 
for hydraulic pumps and other purposes. All of these 
are of the three-phase type, running at 440 volts, and 
supplied by the Newcastle-upon-Tyne Electric Supply 
mpany, Limited. At the works of Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Wallsend, 
where over 3000 horse-power is now employed, a 250- 
horse-power air-compressor motor, running at 440 volts, 
of the slip-ring type, with a dry grid controller, has been 
added. Switch-gear of various types has been adopted ; 
in most cases iron-clad gear and motor-starters of the 
Reyrolle type are used. 








Burmesk Petrro.eum.—There has been a very consider- 
able increase in the production of petroleum in Burma 
during the last nine years, the output coming out as 
follows year by year :— 


Year. Gallons. Year. Gallons. 
1901 we 49,441,734 1906 187,654,261 
1902 .. 64,848,980 1907 148,888,002 
1903 .. 85,328,491 1908 173,402,790 
1904 .. 115,903,804 1909 230,396,617 
1906 -. 142,063,846 


Petroleum industry in Burma only dates from 1889, 





rails to October 31, Sis vem, to the extent of 442,617 tons, 
™ compared with 790,081 tons and 455,574 tons: 





and the output for 1890 was only 4,641,308 gallons, 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Business in the steam-coal trade has been 
almost at a standstill. Bad weather has delayed steamers, 
and buyers have confined themselves a good deal to watch- 
ing the course of labour difficulties. Colliery owners 
have not shown much disposition to accept lower prices, 
but in several instances buyers have been enabled to 
secure lots for prompt shipments upon rather easier 
terms. The best large steam coal has made 16s. 6d. to 
17s. per ton; secondary qualities have ranged between 
14s. 9d. and 16s. 3d., and best ordinary bunker small 
between 7s. 9d, and 8s. 6d. per ton. Household coal has 
shown scarcely any change ; the t ordinary qualities 
have made 14s. 6d. to 15s. 6d. per ton. No. 3 Rhondda large 
has been quoted at 17s. to 17s. 6d. ; and smalls at 10s. to 
10s. 6d. per ton. No. 2 Rhondda large has brought 
lls. 9d. to 12s, 6d. per ton ; smalls, 7s. to 7s. 6d. per ton. 
Foundry coke has made 18s. to 20s. per ton, and furnace 
ditto, 16s. 9d. to 17s. 3d. per ton. As iron ore, 
Rubio has been quoted at 19s. 9d. to 20s. 3d. per ton, 
upon a basis of 50 per cent. of iron, and charges, includ- 
ing freight, insurance, &c., to Cardiff or Newport. 

The North and Wales.—The Stella Coal Company, 
which has sent several to Liverpool by way of 
experiment as the result of the Welsh coal troubles, has 
entered into a provisional contract with the Cunard Com- 
pany to supply it with the best Towneley bunkers (in the 
event of collieries in South Wales, from which it draws 
its chief supplies, being stopped), at the rate of about 
42,000 tons per month. 


The Tin-Plate Trade.—The erection of twelve mills 
near. the Burry Works, Llanelly, by Messrs. Richard 
Thomas and Co., has been commenced. Messrs. Thomas 
are also contemplating an extension to their tin-plate 
works at Abercarn, and eight additional mills are to be 
laid down on land abutting on the Great Western Rail- 
way and adjoining the present works. 


Welsh Coal for Belgium.—In connection with a recent 
adjudication of locomotive coal for the Belgian State 
Railways, it may be noted that contracts for from 70,000 
tons to 90,000 tons have been placed in South Wales. Of 
this quantity Messrs. L. Gueret, Limited, have secured 
five lots, totalling 22,500 tons, and Messrs. Pyman, 
Watson, and Co., nine lots, representing 40,500 tons, at 
10s. to 10s. 3d. per ton respectively. The coal has to be 
delivered over twelve months at Antwerp or Ghent. 


Dowlais.—More briskness has been observable at the 


blast-furnaces. The Goat Mill has been running five days, 


a week, and a good tonnage of steel rails, sleepers, tin bar, 
&c., has been turned out. The Big Mill has been fully 
engaged upon steel angles, curves, props, light rails, &c., 
for collieries. 


More Weish Coal.—The Ebbw Vale Steel, Iron, and 
Coal Company, Limited, is proceeding with the re-opening 
of pits at Cwmcarn, while at Newbridge the Newport- 
Abercarn Colliery Company has this week taken pre- 
liminary steps for sinking a shaft midway between 
Crumlin and Newbridge to connect with the Celinen 
Colliery. 

Bristol and Canada.—The directors of the Canadian 
Northern Railway Company observe in their annual 
report :—‘‘ Through a subsidiary company, the Canadian 
Northern Steamships, Limited, your directors now 
operate the two fastest steamers in the British Canadian 
service—viz., the Royal Edward and the Royal George. 
These steamers are triple-turbine vessels, built by the 
Fairfield Company, of Glasgow; they are over 12,000 
tons each, with a speed exceeding 20 a They fur- 
nish a fortnightly service between Bristol, Quebec, and 
Montreal, and they carry His Majesty’s mails. Bristol 
was chosen as the British port because of its contiguity to 
Canada, its admirable cok facilities, and the opportunity 
it affords of securing freight and passenger business from 
the Midlands, the West of England, and South Wales.” 








Tue ENGINEERING STanparpDs CommitTTre.—The issue 
by the Engineering Standards Committee of standard 
specifications for bayonet lamp-holders and caps is oppor- 
tune, for the advent of the metal filament lamp Ree brought 
with it a difficulty in regard to the fitting of any lamp- 
cap into any holder in general use, a difficulty which 
has been increasingly noticeable of late. Whether this 
has been caused by faulty gauging or too hasty manu- 
facture, we cannot say, but that it has been encountered 
is certain. The suggestions of the Committee have been 
made in order to overcome the trouble, and if lampmakers 
will adopt them as outlined in the specification in question, 
it shenblnst be a difficult matter to do away entirely with 
any tendency to non-interchangeability between lamp- 
caps and lamp-holders of different makes. If adopted, 
the specification will be a commercial benefit to the 
maker and a boon to the user. It is pointed out that the 
great desirability of interchangeability has been kept 
in view, but that the Committee have also been very 
careful not to interfere in any way with invention and pro- 
gress. They also express their appreciation of the courteous 
assistance rendered by the makers. The present specifi- 
cation deals with holders for lighting purposes only, but 
it is understood that the effect of heat on the ordinary 
lamp-holder is being investigated experimentally at the 
National Physical Laboratory, so we may expect soon to 
see an addendum to the present report, dealing with 
lamp-holders for use with radiators. The price of the 
specification is 5s. 2d., post free, and it may be obtained 
from any bookseller, or direct from the offices of the Com- 
mittee, 28, Victoria-street, Westminster. It is published 
for the Committee by Messrs. Crosby Lockwood and 
Son, 7, Stationers’ Hall-court, Ludgate Hill, E.C., and 





121a, Victoria-street, S.W, 
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STRESSES AND STRAINS. 


Recent experiments on the strength and en- 
durance of materials have only served to emphasise 
the truth of the proposition that at the present 
time there is only one really scientific method of 
proportioning the parts of a structure or machine ; 
that is, to find some similar structure or machine 
which has proved satisfactory in practice, to esti- 
mate by the usual approximate formulz the stresses 
in the different parts of it, and to use the same 
nominal stresses in proportioning the new structure 
by the same formulz. This is the only method 
which takes into account the whole of the com- 
plicated sets of forces and straining actions to which 
a structure or machine is exposed in practice. He 
would be a bold man, for instance, who would 
venture to assert that he could, reasoning solely 
from the mathematical theory of elasticity and from 
laboratory experiments, fix definitely the best size 
for the axle of a motor-car. In all probability, the 
straining actions in such an axle, arising from the 
effects of inertia when the car is driven at speed 
along a bumpy road, are far more severe than those 
due to the static weight, but, as Silas Wegg said 
of the goodwill of his business, it is extremely 
difficult to put such considerations into definite 
figures. 

When it is possible to adopt the only scientific 
system of design, as above described, it is a matter 
of absolute indifference whether the nominal factor 
of safety is based upon the ultimate strength, or on 
the elastic limit of the material. The one plan is just 
as logical and scientific, or, perhaps, it would be 
better to say, just as illogical and unscientific, as the 
other. Where, however, new departures have to be 
made, due either to the introduction of new methods 


1) of manufacture or of new materials, data for the 


fixing of 


Pits a in a really scientific manner are 
necessari 


lacking, and recourse must be had to the 


74 | results of. laboratory experiments, and to more 


elaborate methods of evaluating the probable stresses 
to be endured. Here again it is a matter of indiffer- 
ence whether the nominal factor of safety is based 


5 | on the elastic limit, as ordinarily determined, or on 


the ultimate strength. The prudent engineer will 
take both into consideration, and fix his work- 
ing stress by what past experience has shown 
to be permissible with materials of as similar 
a character as he can find, and used in as nearly the 
same way as possible. The working stress on a 
pianoforte wire is, Dr. Pole pointed out many 





|on the other hand, a chronometer spring, made o 
a not dissimilar material, works with a stress which 


at its maximum does not exceed 10 tons per square 





inch or so. Rails, again, are in practice subject to 
stresses which, according to actual measurements 
made by Dr. Dudley on the Pennsylvania Railroad, 
attain at times a value of 16.7 tons per square inch, 
whilst ordinary plate girders, made of what is com- 
monl aadieiel a better, if a weaker, steel, are not 
usually subjected to as much as two-fifths the stress 
just stated, 

All attempts to finda definite connection between 


gi-| the elastic properties of a material and the stress 


to which it can safely be subjected in practice, 
have only served to show how complicated the 
question of resistance really is. 

Of late much has been heard about what has 
been called Guest’s law, according to which the 
ultimate failure of ordinary mild steel depends on 
the maximum shearing stress develo in the 
material. Certainly this assumed law goes far to 
account for the somewhat anomalous proportions 
which experience has shown to be necessary in the 
crank-shafts of high-speed engines, but it utterly 
fails to account for the resistance of mild-steel 
cylinders exposed to an internal bursting pres- 
sure. As Professor Smith pointed out in our issue 
of September 2 last, the maximum shear arisin 
from the combined action of the radial rom | 
circumferential stresses may attain double the 
value it would have did either of the principal 
stresses act separately, and hence, if Guest's law is 
a signs of failure should be apparent when 

tangential stress is equal to about half the 
elastic limit as determined in an ordinary tensile 
test. It appears, however, from experiments by 
Mr. G. Cook, described at the recent meeting of 
the British Association at Sheffield, that mild-steel 
cylinders give no evidence of elastic breakdown 
until the calculated tensile stress on the material 
approaches the elastic limit as ordinarily deter- 
mined, so that Guest’s law would appear to be 
inapplicable in this case. 

Again, the fact that failures do occur by what has 
very appropriately been dubbed the fatigue of a 
material has Jong been known to engineers. A 
very ingenious explanation of such failures was 
advanced by Professor Bauschinger nearly thirty 
years ago. He discovered that the raising of the 
tensile elastic limit of a material, by:stretching it, 
was accompanied by a nearly equal reduction in 
the compressive elastic limit, or, in other words, 
that the distance between the two limits, which 
may be called the elastic range of the metal, was 
approximately constant. Structural iron or steel, 
he suggested, must not be subjected to a range 
of stress exceeding the elastic range of the 
material, and this suggestion found support when 
Wohler’s classical experiments on the failure of 
materials by fatigue were compared with Bausch- 
inger’s on the elastic ranges of similar qualities of 
metal. Materials which, in Wohler’s experi- 
ments, withstood, without fracture, an indefinite 
number of repetitions of a stress varying through 
a wide range, were found by Bauschinger to 
have a correspondingly large range of elasticity, 
the distance between the tension limit and 
the compression limits being great. In fact, the 
elastic range, as determined by Bauschinger, was 
very approximately the range of stress which Wohler 
found could be carried through an indefinite num- 
ber of repetitions. The theory thus advanced was 
most suggestive, and has unquestionably a solid 
basis of fact. Further experiments have, however, 
shown that it does not in itself form an adequate 
basis for the rational proportioning of bridge 
members and machine parts. Thus, by greatly 
increasing the rate of repetition of stress, Professor 
Osborne Reynolds and Mr. Smith found that there 
was no appreciable difference in the endurance of 
a very soft steel and a hard cast steel. This result 
is not in accord with experiments made previously 
in a very similar way, in America, by Mr. William 
Metcalfe, but it has received not a little indepen- 
dent support. Professor Arnold, for instance, 
finds that in his testing-machine the rate of alterna- 
tion of the stress has a marked influence on the 
endurance of a bar. .- 

A contrary result has, however, been obtained in 
experiments lately completed at University Coll 
and descri at a recent meeting of the Philo- 
sophical Society of the University of Durham by 
Mr. E. M. Eden. In these experiments a rotating 
bar was subjected to a uniform bending moment, 
and the range of stress required to produce fracture 


different sets of experiments ranging from 250 u 
to 1300 revolutions per minute. In this new 4 
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no effect dependent on the speed was apparent, 
and a similar result was obtained at the National 
Physical Laboratory in 1908 with the Stanton ring- 
testing machine. In the discussion on Mr. Eden’s 
paper, Dr. Stanton further stated that with the 
new Wohler machine at the National Physical 
Laboratory, with which the rate of alternation can 
be raised to 2200 reversals per minute, there has 
also been observed no effect due to the speed. 

On the other hand, Dr. J. H. Smith, of Bel- 
fast, also discussing Mr. Eden’s paper, maintains 
that experiments he has had in progress for the 
past two-and-a-half years have definitely confirmed 
the original results of Reynolds and Smith, and 
added that similar results had been also obtained 
by Professor Morley, of Nottingham, in a similar 
series of experiments. With high rates of change 
of stress, these investigators find a marked decrease 
in the range which can be carried indefinitely. On 
the other hand, experience with ordnance, which 
is confirmed by Hopkinson’s experiments with 
falling weights, appears to show that materials can 
momentarily carry stresses which they could not 
withstand permanently without suffering serious 
injury. 

As matters stand, definite conclusions are im- 
possible, and much tedious experimental work is 
obviously yet necessary before it will be possible 
to proportion safely even simple structures on 
laboratory results taken alone, and without reference 
to accumulated practical experience. 








ACCELEROMETERS. 

Ir is comparatively few years since the increasing 
use of motor-cars created a demand for speed-indi- 
cators—i.e.,instruments that would indicate directly 
the speed of a moving vehicle. This demand has been 
satisfactorily met, and reliable speed - indicators 
may now be obtained at a reasonable price. The 
success of these instruments has possibly had 
something to do with attempts to construct direct- 
reading acceleration-indicators, or accelerometers, 
although the value of such instruments has been 
recognised for years, and much desultory work has 
been done in connection with their development. 
Accelerometers do not, of course, appeal to the 
ordinary motor-car-using public in the way that 
speed-indicators do, and it is difficult to see that 
any very large sale, even of a cheap and reliable 
direct-reading instrument, is to be anticipated. 
None the less, accelerometers form such a con- 
venient and satisfactory means of carrying out 
experiments and tests on the tractive effort and 
resistance to motion of moving vehicles, and the 
comparative resistance of various road surfaces, 
that they may be expected to come into use on a 
considerable scale among engineers and others 
interested in such problems, if they are once 
available in an easily-read and reliable form. 

The most obvious method of constructing an 
accelerometer is to employ some form of freely- 
suspended body which, as the vehicle to which its 
point of suspension is attached accelerates or 
decelerates, will tend to take up a position behind 
or in advance of its normal, in such a way 
that its displacement serves as an indication of 
the acceleration or deceleration of the vehicle. 
In its simplest form such an instrument would 
consist merely of a pendulum swinging across 
a scale on which its angle of deflection could 
be read. For practical work, however, various 
refinements would be needed, and _ particularly 
some form of dashpot to prevent oscillations being 
set up owing to the vibrations of the vehicle. Mr. 
Lanchester has constructed instruments of this pen- 
dulum class, two of which were illustrated in a paper 
read by him before the Institution of Automobile 
Engineers last January. They consisted essentially 
of simple pendulums, with oil dashpots, although 
lever mechanisms with pens were fitted, as the 
instruments were of the recording type. Mr. Lan- 
chester has done much aseful work with these 
accelerometers, but they are comparatively com- 
plex instruments, and, as far as we know, they have 
not been put on the market, or made generally 
available to other experimenters. An exceedingly 
simple and ingenious modification of the pendulum 
type of instrument has been developed by Mr. 
H. E. Wimperis, and was described by him in a paper 
read before the Engineering Section of the British 
Association at Shefhield, and reproduced in abstract 
in our issue of September 16. The moving part 
of this instrument consists of an out-of-balance 


copper dise mounted on a vertical axis, and pro- ! 





vided with an eddy-current brake to check oscilla- 
tions. The most original feature of the instrument, 
however, consists in the compensating balance 
arrangement which is used. By gearing the out- 
of-balance disc with another out-of-balance part, 
Mr. Wimperis has arranged that the instrument is 
entirely unaffected by transverse accelerations, so 
that it will indicate accurately when travelling 
round railway or other curves, or when fitted to a 
vehicle travelling over a road having consider- 
able camber. The arrangement is very simple, 
the two geared moving parts having their heavier 
sides so situated in relation to each other that, 
in obedience to accelerations in the direction of 
motion of the vehicle, they tend to rotate in 
opposite directions, which the gearing permitted, 
so that the instrument indicates, while in reply 
to transverse accelerations they tend to rotate in 
the same direction, and so lock each other. The 
instrument is remarkably simple and neat, and for 
the moment may certainly be considered to be the 
last word on the accelerometer question. 

An interesting, and at first sight unexpected, 
feature in connection with these suspended body 
type of instruments is that in a sense they are un- 
affected by any slope over which the vehicle on 
which they are mounted may be travelling. This 
point was brought out by Mr. Wimperis at the 
British Association meeting, and was also referred 
to by Mr. Lanchester in the paper previously 
mentioned. It is not correct to say that such 
instruments are unaffected by slope, but it is true, 
none the less, that when travelling with a vehicle 
up or down a slope they will indicate correctly 
the difference between the coefficients of propul- 
sion and resistance—that is, in the case ofa vehicle 
running freely down a slope they will indicate 
the coasting resistance, while in the case of a vehicle 
travelling up or down hill under its own power they 
will indicate the acceleration or deceleration due 
to the difference between the propulsive coefticient 
and the resistance. The instruments will not show 
true acceleration, as the acceleration due to gravity 
will not be indicated on the scale ; but for practical 
work this will usually be rather an advantage than 
otherwise. The reason the acceleration due to 
gravity is not indicated is that, owing to the slope, 
the suspended body would take up a permanent de- 
flection if the vehicle was at rest, and when the 
vehicle is travelling freely down a hill the body 
swings back an amount equal to the original per- 
manent deflection, owing to the acceleration due to 
gravity. If the vehicle had absolutely no resistance, 
and ran freely, the instrument would indicate zero, 
owing to the gravitational acceleration exactly 
balancing the deflection due to the slope, but in 
practice there will be a deflection representing the 
deceleration due to the resistance. The same line 
of reasoning applies to the case of a vehicle travel- 
ling up or down hill under its own power. 

The design of an accelerometer which would indi- 
cate true acceleration, entirely independently of 
slope, is an interesting question, although perhaps 
more of academic than practical interest. It has 
been suggested that an instrument approximating 
to the pendulum type might be constructed in 
which a body having a uniform distribution of mass 
about a centre, such as a disc, would be suspended 
at the centre of a taut wire. Acceleration in any 
direction in a vertical plane, of the vehicle carrying 
the instrument, would cause the body to tend to 
take up a position (in reference to the vehicle) behind 
its normal ; and if the wire carrying the body were 
carried over pulleys and loaded with weights or 
springs, the lift of the weights or stretch of the 
springs would give a measure of the accelera- 
tion. Such an instrument would, however, pre- 
sent such difficulties in practical construction 
that it is hardly likely to be tried even experi- 
mentally. An accelerometer which indicates in 
terms of the number of revolutions of one of the 
axles of the vehicles carrying it, and consequently 
acts independently of slope, assuming no skidding, 
was described at the end of last year by Mr. C. R. 
Moore, of Purdue University, Lafayette, Ind. 
The arrangement consists of a direct-current 
magneto driven from one of the axles, and having 
two commutators. One of these supplies current 
to a circuit containing a condenser and a moving- 
coil ammeter in series. When the speed of the 
vehicle is constant, and the voltage generated by 
the magneto constant, no current flows into or out 
of the condenser, so that the ammeter indicates 
zero. But as the speed and consequently the 
voltage varies, a eurrent will flow proportional to 





the increase or decrease in voltage, since the total 
quantity of electricity carried by the condenser 
is equal to its capacity multiplied by the 
impressed voltage, and, as its capacity is a 
constant, the current flowing becomes a direct 
measure of the rate of change of voltage—that is, 
of the rate of change of speed or the acceleration of 
the vehicle. The second commutator of the 
magneto supplies current to an extra coil forming 
part of the moving-coil ammeter, the circuit being 
completed .through an external high resistance. 
The object of this arrangement is to compensate 
for condenser leakage, this being done by arranging 
that the two coils of the ammeter act in opposition, 
so that by adjusting the high resistance it is possi}le 
to obtain such acurrent in the second circuit at con- 
stant voltage as will just compensate for the leakage 
current of the other circuit, so that the ammeter 
will indicate zero. It is obvious that this instru- 
ment may be calibrated in any units, and that it 
may be made recording by using a suitable am- 
meter. As, however, it has, in the first instance, to 
be calibrated in terms of the wheel-diameter of the 
vehicle on which it is being used, and has to be 
geared up to the axle, it has not got the self-con- 
tained simplicity of the suspended body class of 
accelerometer, and is not, as it stands, suitable for 
use on ships or aeroplanes, as is the case with the 
other type. 

In connection with this subject, some discussion 
has taken place with reference to the most satisfac. 
tory units in which to calibrate accelerometers, or, 
more properly, the discussion has had reference to 
the most satisfactory units in which to specify 
acceleration for engineering purposes. In general, 
engineers in this country, following the physicists, 
have been content to speak of acceleration in 
terms of fect per second per second, but in a paper 
read at the International Electrical Congress at 
Marseilles in 1908, M. Mailloux pleaded the 
superior logic and convenience of a definition in 
terms of miles per hour per second. His conten- 
tion briefly was that, as velocity is, for engineering 
purposes, practically always specified in terms of 
miles per hour, the only logical and convenient pro- 
cedure is to specify acceleration in terms of miles 
per hour per second, he taking up the position that 
acceleration in practical work is always considered 
from the point of view of changes in velocity, and 
that in any case there is neither logic nor con- 
venience in employing a unit of acceleration in 
terms of the foot-pound-second system unless 
velocity is spoken of in the same terms. 

Mr. Lanchester, in the paper previously men- 
tioned, raised indirectly the question of the units 
in which acceleration should be specified, but ap- 
proached the matter from a quite different point of 
view to that adopted by M. Mailloux. Accepting 
the common practice, and stating his accelerations 
in terms of feet per second per second, Mr. Lan- 
chester, in order to maintain consistency in his 
equations dealing with acceleration, coetticient of 
propulsion, and coefficient of resistance, adopted 
the corresponding units of poundals per pound for 
his statements of propulsion and resistance. In 
this respect there is a direct. divergence between 
Mr. Lanchester and M. Mailloux. The latter 
speaks from the point of view that questions of 
acceleration are kinematic only, and that they 
are independent of the forces acting, he says :— 
‘*Les seuls phénoménes que nous aurons a ex- 
aminer sont des déplacements, des vitesses et des 
changements de vitesse. II] ne s’agit donc que 
de relations entre l’espace et le temps, lesquelles 
peuvent étre étudiées et précisées sans avoir a 
s’occuper des forees mises en jeu.” Mr. Wimperis, in 
his British Association paper, did not directly raise 
this question, but stated that his instruments were 
now calibrated in terms of pounds per ton, which 
is equivalent to Mr. Lanchester’s poundals per 
pound multiplied by seventy. 

It is difficult to think that this question of the 
most suitable unit of acceleration is of very great 
importance. There is certainly something to be 
said for M. Mailloux’s contention that an accelera- 
tion specified in terms of miles per hour per second 
is likely to convey a more accurate idea of magni- 
tude to an average hearer than one specitied 
in terms of feet per second per second ; while 
an adoption of the miles-per-hour-per-second 
system would have the additional advantage of 
bringing English practice into line with that of 
America. But none the less, when all is said and 
done, questions involving acceleration are only 0 
interest to, and only likely to be dealt with by, 
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engineers who are quite competent to deal in either 
unit, or to convert accelerations from one to the 
other when necessary, so that as long as the advan- 
tages of change have to be off-set by the disadvan- 
tages of abandoning a generally accepted unit, it is 
difticult to see that there is any very strong case in 
favour of M. Mailloux’s proposal. When it comes 
to the relation between acceleration and tractive 
coefticient, Mr. Lanchester’s point of view is cer- 
tainly sounder than that of M. Mailloux, and 
it is hardly possible to agree with the latter 
in his contention that questions of acceleration 
are kinematic only. Certainly, from the point 
of view of the practical use of accelerometers, 
the opposite is the case, as these instruments 
find their chief practical use in measurements of 
tractive coefficients and resistances. While agree- 
ing with Mr. Lanchester in his insistence on the 
importance of recognising the relation between the 
acceleration of a moving vehicle and the resistance 
or other forces acting on it, it is difficult not to 
think that his use of the unit poundals per pound, 
in order to preserve consistency in his equations, 
is somewhat academic. The average engineer 
neither knows what a poundal is, nor cares ; and 
as long as it is possible to talk and work in pounds 
per ton, and to calibrate accelerometers in this 
unit, it is not easy to see that advantage accrues to 
anyone by introducing poundals into what is, after 
all, an entirely practical question. 








IRRIGATION IN THE MADRAS 
PRESIDENCY, 1908-1909. 
Tue irrigation works carried out and projected 
in the Madras Presidency differ to a large extent in 
character from those in connection with the Ganges 








Arabian Sea on the West, the Western Ghats being | 
generally the origin of the larger rivers; and | 
though this watershed is close to the western 
coast, and the flow of the rivers comparatively 
long before reaching their outfall in the Bay of 
Bengal, they do not compare in this respect with 
the northern rivers. These southern streams, flow- 
ing also through the undulating country of the 
tableland, do not offer the same facilities for tap. 
ping near their sources as the Indus and its 
affluents, and the Ganges in the north. The prin- 
cipal areas, therefore, which the southern rivers 


and the Godavari, which overlap, are irrigated to 
the extent of about 1,600,000 acres. The width of 


‘the Godavari at the head-works is about 2} miles, 


but there are three islands, between which and the 
shores the weir—which dates from 1844—is built. 
Smaller works of the delta character in operation 


are the Marudar, near Cape Cormorin, the Bucking- 


ham Canal, the Ganjam rivers, and in the extreme 


north the Rushikulya scheme, while the Mallada- 
Tampara and Bagura works are in the project stage. 


In the inland course of most of the rivers mentioned, 


or their tributaries, and on the Cheyar, Palar, and 


serve lie on the east coast in the form of deltas, | Ponniyar Rivers, all flowing eastward, there are 
huge dams being necessary at the apex of each of | smaller, but still important, irrigation works in 
these, so that their areas may be commanded, a3 / operation, one of the chief of which—the Kurnool- 
well as the water stored. But a very large portion | Cuddapah Canal—connects a tributary of the Kistna 
of the irrigation of Southern India is formed ‘of | with the Penneru, watering over 90,000 acres in its 

small local schemes by means of earthern dams | course. 


nary drainage collects, and is distributed to the 
lands immediately below them, this method being 
favoured by the undulating character of the country. 

While the northern irrigation schemes were almost 
all due to British enterprise and engineering skill, 
a very large number of the southern earthen reser- 
voirs, or tanks, as they are locally called, are of 
native origin, and many were constructed before 
the British occupation. Two tanks at Chingleput 
are 1100 years old, and still irrigate areas of 2000 
and 4000 acres respectively. The older dams of 
Southern India have no core of puddle, as in 
similar work elsewhere, but are fairly water-tight, 
as a rule. The reason for this is that the 
earthwork was built up by natives carrying small 
baskets of earth on their heads, so that the constant 
trampling upon the embankment as it arose, closely 








packed every particle together. Nevertheless, a 


thrown across depressions, behind which the ordi- | 


One of the most remarkable of the inland 
schemes has its origin, however, in a river flowing 
westward. This is the Periyar, and the works were 
fully explained and discussed at a meeting of the 
Institution of Civil Engineers (vol. cxxvili., page 
140). The rainfall is much heavier on the sea coast 
than on the inland side of the Western Ghats. 
Opportunity, therefore, was taken to collect water 
|on the western slope by a concrete dam, where it is 
stored, and led through the range by a tunnel 1901 
yards long on a down grade of 1 in 75. The water 
is then led into a river bed, whose course is fol- 
lowed for 86 miles, where a distributing weir is built, 
|and nearly 180,000 acres are irrigated. There were 
two undertakings completed, twelve under con- 
struction during the year—none of them of a very 
important character—and six in abeyance, while 
there were no less than forty-four projects under 
investigation. River conservancy and navigation 
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and the great rivers of the Punjaub of the North 
and North-West. These latter rivers run for 
enormous distances through comparatively flat 
plains, and are tapped for irrigation purposes not 
far from where they issue from the mountains in 
which they have their source, among the Himalayan 


























| good deal of the expenditure accounted for in the 


very comprehensive report before us, the subject 
of which forms the heading of this article, is being 
incurred in the maintenance and restoration of 
these useful works. 
The great delta schemes, the principal of which, 





snows. The main canals, therefore, are of great | counting from the south, are those of the Cauvery, 
length, and, with many branches and distributaries, | Penneru, Kistna, and Godavari Rivers, are prac- 
furnish water to the rainless plains of the Punjaub, | tically all British in origin, though the first-named 
and to the irregularly-supplied expanse of rich was banked across in the second century A.D., 
country to the south of the Ganges, the north of |and anciently served no less than 670,000 acres. 
that river having generally such a sufficiency of | Sir Arthur Cotton, to whom so much is due in 
rainfall as to dispense with an artificial supply. | irrigation policy, restored it in 1836, and at present 

In the south, a large portion of which is included | the country served by the Cauvery dam is about 
50 per cent. greater in area than at that time. The 
Penneru waters at its mouth a comparatively small 
area of 180,000 acres, while the deltas of the Kistna 


| 


in the Madras Presidency, the configuration of the | 
country exhibits a comparatively narrow tableland 
between the Bay of Bengal on the East, and the! 


Som. 


are also under the charge of the irrigation branch, 
and account for some of the working expenses. 
Modestly enough, no word is said among the dry 
figures of the report about the changes these works, 
as well as railways, have made in the famine statis- 
tics of the people. Millions of lives have been 
|saved by irrigation, causing food to be produced 
| where without it it would have failed, and also, as 
drought is always partial in India, by the railways 
transferring the plenty of one district to the dearth 
of another—practically all the work of a Government 
which is sometimes charged with want of sympathy 
with its dependants. The main support of India 
isagriculture, and 90 per cent. of the population are 
rural, living by its means. These inarticulate 
millions are not demonstrative and their voice is 
not heard, but we may be fairly sure that if ques 








672 





ENGINEERING. 


[Nov. 11, 1910. 











tioned as to their satisfaction with the methods and 
personnel of an administration which provides them 
with so many benefits, no uncertain response would 
be made. Second only in importance to this are 
the net returns credited to the Indian revenue 
on irrigation works. The diagrams attached to the 
report, and reproduced by us on page 671, give 
these. For example, the curve representing the 
percentage of net revenue to capital outlay on what 
are called the major works shows a fairly even line 
from 1899 to 1909, varying from about seven to 
nearly ten, which latter percentage it almost touches 
in the later years. 

Coming to some of the principal works under 
this general classification, and dealing with the 
corresponding figures, we find the great Godavari 
scheme gives during the same d e 16 to 20 per 
cent., the Kistna 13 to 18 per cent., and the 
Periyar from 24 to 44 per cent,, while the Cauvery 
Delta system has been declining in net profits from 
34 to 21 per cent., the explanation for which 
does not appear inthis report. Of course, there 
are many others which do not show so favourably, 
thus bringing down the average. What are called 
the minor works are not so profitable, their per- 
centage of net revenue running from 2 to 4 per 
cent. on the capital outlay ; but the extent of the 
minor works, as indicated by their capital cost, is 
not more than about one-fourth of that of the 
major works. 

Mr. R. B. Buckley, C.S.I., M. Inst. C.E., in his 
able work on ‘‘ Irrigation in India,” published a 
few years ago, stated in it that it was estimated 
that 59 per cent. of the total rainfall is absorbed in 
vegetation, 35 per cent. reaches the sea in rivers, 
while only 6 per cent. is saved for irrigation ; and 
he demonstrated how largely the latter figure might 
be profitably increased. This highly authoritative 
opinion, based on large experience, applied, of 
course, to India as a whole, but no doubt much of 
it is applicable to the Madras Presidency, with 
which we are at present dealing. The same remark 
may be made regarding the report of the Irrigation 
Commission of 1901 - 1903, which recommended 
works serving an additional acreage of 6,500,000, 
a very small fraction of which, as far as Madras is 
concerned, has been since carried out. 

There is nothing heroic or sensational in the 
character of the report before us, but it is a record 
of steady work and progress of which the irrigation 
engineers of India, who have been the teachers of 
those in Egypt, in America, and in Australia, may 
well be proud. In conclusion, we may draw atten- 
tion to the confusing variation in the spelling of 
names in the text, diagrams, and map of the report. 
Some years ago a drastic change was made by the 
authorities in the spelling of Indian names, the 
necessity for which - of pedantry, as it was 
termed, many people have doubted. But, if desir- 
able, the reform should be consistent at least. The 
addition of an index, which characterises so many 
of the modern reports, would have been a great 
help in the case of that under review, and its 
preparation would have called attention to the 
vexatious variety in the spelling to which we 
have just referred. 








THE WORK OF THE REICHSANSTALT 
IN 1909. 

In giving a brief account of the work of the 
Physikalisch Technische Reichsanstalt at Char- 
lottenburg for the year 1909 we follow in the main 
the official report on this work, presented by Presi- 
dent Warburg to the curatorium of the Reich- 
sanstalt. We do not separate researches carried 
out in the Physical Division from those conducted 
in the Technical Division, however, and we have, 
of course, had to consult the large number of 
special publications on the details of researches 
which have appeared in scientific and technical 
journals, The establishinent of a branch of the 

ichsanstalt on Telegraph Hill, Potsdam, is now 
contemplated. Our illustrations are taken from the 
Zeitschrift fiir Instrumentenkunde (which every year 
publishes an official abstract of the report), with 
the permission of the editor of this journal, Pro- 
fessor S. Lindeck, member of the Reichsanstalt. 
We deal with the subject under separate headings, 
and the names in brackets indicate the respective 
investigators. 

Temperature Coefficient of Volume Elasticity (E. 
Griineisen).—The modified Mallock apparatus used 
for the determination of the temperature changes of 
the volume elasticity of metals was described in our 





account of last year’s work.* Closed cylinders of the 
apo metal under examination were expanded 

y internal fluid pressure. The apparatus was sus- 
pended in baths of liquid air, benzene, petroleum, 
or electrically-heated lubricating oil. The pressure 
fluid was hydrogen gas for low temperatures (— 190 
deg. Cent.), a castor oil for high temperatures. 
Each cylinder had a length of 49 cm., the diameter 
was 12 cm. or 13 cm., and the wall thickness ranged 
from 1 mm. to 2.6mm. In order to diminish the 
influence of the heat of compression of the fluid, a 
metal rod, having practically the same coefficient 
of expansion as the metal under test, was pushed 
into the cylinder, so as nearly to fill the latter. 
The rise in temperature was therefore distributed 
over a large mass of metal. The pressure applied 
ranged from 20 kg. to 150 kg. per square centi- 
metre, according to the yield-point of the metal. 
The production of a permanent set, which caused 
cylinders of platinum, tin and lead to shorten, and 
those of aluminium and silver to lengthen, was 
avoided so far as possible. Iron and copper were 
also investigated. It resulted that the compressi- 
bility increases as the temperature rises ; much 
below the melting-point the increase is linear, 
nearer the melting-point more rapid. It would 
appear that for several metals the influence of tem- 
perature upon the volume elasticity is the same as 
that on the moduli of elasticity and of torsion, and 
that hence the ratio of longitudinal dilatation to 
cross contraction should be independent of the tem- 
perature. 

Water—Saturation Pressure of Water Vapour 
(K. Scheel and W. Heuse).—The pressure of the 
aqueous vapour collecting above ice has been deter- 
mined, by means of a modified Rayleigh tilting 
manometer and a platinum resistance thermometer, 
for temperatures down to —68 deg. Cent., and 
the vapour pressure above liquid water at tempera- 
tures from 0 down to —16deg. Cent. Thiesen 
and Scheel had formerly found the value 4.579 mm. 
for the vapour pressure at 0 deg. Cent. ; this 
value is entirely confirmed (4.5788 + 0.0006 mm.). 
According to Thiesen the difference between the 
saturation vapour pressure of water and ice should 
have a maximum at — 11.7 deg. Cent.; this is also 
confirmed, while the logarithmic formule of Hertz 
are not found to be in perfect agreement with the 
observations—that is to say, a certain constant is 
not found to be constant. There may thus, as 
Thiesen has pointed out, remain a source of error, 
possibly in both the pressure and the temperature 
measurements. 

The saturation pressures of water vapour between 
0 and 50 deg. Cent. (Scheel and Heuse), and above 
200 deg. Cent. (L. Holborn and A. Baumann) have 
been redetermined. The former investigators 
— the statical method and, about 50 deg. Cent., 
also the dynamical method. The apparatus con- 
sisted of glass, all blown ; the water was contained 
in two tubular flasks, immersed in baths of constant 
temperatures, surrounded by a vacuum-jacket, and 
a special mercury pressure-gauge for temperatures 
up to 100deg. Cent. was constructed for the re- 
search. Holborn and Baumann have compiled a 
table giving the vapour pressures for every degree 
Centigrade from 200 deg. up to 370 deg. Cent. 
The pressures agree with those of W. Ramsay and 
S. Young, which extend up to 270 deg. Cent., while 
they differ by as much as 5 kg. per sq. cm. some- 
times from those of Cailletet and Collardeau 
for the neighbourhood of the critical point, where 
they agree again best with Battelli. The critical 
point of Holborn and Baumann would be 374 deg. 
Cent. (as that of Traube and Teubner), and the 
vapour pressure at it 224.24 kg. per sq. cm. ; but 
the water vapour attacked the steel vessel above 
300 deg. Cent., and that might influence the deter- 
minations. This steel cylinder had a capacity of 
40 cub. cm., the external and internal diameters 
being 5.5 cm. and 2cm.; the heating was effected 
by a nickel coil up to 230 deg. Cent., and then by a 
saltpetre bath. 

Latent Heat of Steam (F. Henning).—The heat 
of evaporation has been determined between 30 and 
100, and between 100 and 180 deg. Cent., with 
the aid of similar apparatus, that for the higher 
range being larger than the other. A constantan 
ribbon wound on a clay cylinder was immersed in 
the water, which was surrounded by an electrically- 
heated oil-bath ; constant boiling at different tem- 
peratures was secured with the aid of compressed 
air. The steam raised (up to 12 grammes per 


* See ENGINEERING, vol. lxxxviii., page 750, 





minute) was condensed and weighed. Although 
the results of the different experiments agreed very 
well, they cannot be expressed by one formula for 
the whole temperature range. The total heat at 
80 deg: Cent. agrees with Regnault ; below that 
Henning’s values are lower, above it higher. When 
the specific volume of saturated vapour is calculated 
after Clapeyron, the result accords with the average 
values of Knoblauch, Linde, and Klebe at 170 deg. 
Cent.; below that temperature it is by 0.1 or 0.2 

r cent. too high, while it is by 0.2 per cent. too 
ow at 180 deg. Cent. 

Water Calorie (W. Jaeger and H. v. Steinwelir), 
—The determination of the water calorie has been 
resumed. An accuracy of 0.1 per mille is desired, 
and the experiments are to be performed with rises 
of temperature amounting to 1 deg. Cent. or less, 
There are hence great thermometric difficulties as 
regards comparing the platinum or nickel resist- 
ance thermometers, actually to be used, to the 
standard air thermometers. The mercury thermo- 
meters chosen as intermediate standards are quartz 
capillaries of W shape, made by W. C. Heracus, 
of Hanau. The W has a length of 1 m., and the 
four limbs lie parallel and close to one another 
within a casing of perforated sheet-brass ; the ends 
of the capillary, which is filled with mercury in a 
vacuum, are joined to wider quartz tubes, contain- 
ing the platinum leads. 

Masonry Pillars (Scheel).—The observations on 
the masonry pillars for scientific instruments are 
continued ; they still show an increase in height 
amounting to about 0.02 mm. per metre and year ; 
the cement pillar grows about twice as much (by 
0.04 mm.) as the others made of mortar or gypsum. 
As the increase may possibly be due to a shrinking 
of the cast-iron columns used for comparison, three 
rods of *‘ Atlas”’ steel have been mounted next to 
these columns, and they are also kept under obser- 
vation. 

Radiations, Spectrum Analysis (L. Janicki).—It 
had been noticed that three lines of chromium and 
also of calcium did not keep their distances from 
their principal lines quite constant with varying 
current intensities. his has been shown to be 
due to an asymmetrical broadening of these lines, 
which should not be used therefore for astro- 

hysical investigations on the Doppler principle. 

e spectra of barium, nickel, iron have also been 
investigated by means of the vacuum are and 
Wehnelt cathodes (compare Fig. 5 of our issue of 
December 3, 1909, page 751). 

The New Plane- Parallel Interference Prism 
(Gehrcke and Janicki) appears much to surpass the 
échelon and the plane-parallel plate in resolving 
power, while jal simple as the latter. In the 
rectangular glass prism ABCD (Fig. 1) the 


Fig.1. 


incident beam is reflected in such a way as to 
travel along the same path an infinite number of 
times, and interferences are produced in the 
reflected rays R and in the refracted rays 8, which 
leave the prism every time the beam reaches the 
rye or lower surface of the prism. H. Haecke, 
of Berlin, has supplied one of these prisms, which 
is being tested with the aid of the mercury lines ; 
the highest accuracy is, of course, expected of the 
optician. 

Grating Copies with Metallic Surfaces (E. Gehreke 
and G. Leithiuser).—Good metallic- deposits on 
Thorp’s transparent grating replicas (of gelatin) are 

roduced by cathode volatilisation of ——- 
The replica is mounted in the vacuum bulb at such 
a distance as to be just outside the Hittorf dark 
space. The bulb is charged with hydrogen, evacu- 
ated by means of liquid air and charcoal, and 4 
uni-directional discharge secured by coupling 4 
valve - tube provided with a Wehnelt cathode 
(barium and calcium oxides) in series to the 
bulb. A current of 5 milliamperes produces 4 
reflecting replica, exactly as good as the original, 
though less bri ht, in two hours. 

Anode and Cathode Rays, A, Rays (O. Reichen- 
heim).—The anode-rays spectra are being studied 
on account of their teataiie. Measurements of 
the Doppler effect in the anode rays of calciuin and 
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strontium indicate that these corpuscles are atoms 
carrying, double ——- or divalent ions. Certain 
positive rays have n discovered which pass 
through the ——_ of the anode, backwards 
(away from the cathode) in opposite direction to 
the ordinary anode rays; these rays have been 
termed A, rays, in analogy to Goldstein’s K, cathode 
rays of similar peculiarity. The behaviour of these 
A, rays is partly explained by the electric con- 
duction through electro-negative gases or mixture 
of gases. It had been observed that the vapours of 
jodine, and also of phosphorus, absorb negative 
electrons very strongly ; that fact may be connected 
with the auto-evacuation which is noticed in such 
gases. Certain technical methods of evacuating 
glow-lamps—that of Malignani, e¢.g., who intro- 
duces vapours of phosphorus, iodine, sulphur, 
arsenic, &c., into the bulbs to be evacuated—may 
find their explanation on these lines ; they cannot 
be explained chemically. The other halogens 
behave like iodine. Matthies and Bode noticed, 
in 1906, that the potential gradient was exception- 
ally high (hundreds of volts) in halogen compounds, 
and increased from the cathode towards the anode. 
In a mixture of hydrogen and iodine Reichenheim 
has found an anode fall of 4000 volts. If the nega- 
tive electrons were concerned in this phenomenon, 
the fall should decrease if an excess of negative 
electrons were introduced into the tube ; Reichen- 
heim has confirmed this conclusion with the aid of 
a Wehnelt cathode. As regards the determination 
of e/m for cathode rays, Gehrcke and M. v. Wogau 
have worked out an improved method for the exact 
measurement of magnetic fields; the iron-clad 
galvanometer of Du Bois and Rubens is used in 
this ballistic method. 

Cathode Rays in Longitudinal Magnetic Fields 
(H. Diesselhorst and Reichenheim).—Villard and 
Righi had recently taken up experiments of 
Pliicker, Hittorf, and Birkeland on the behaviour 
of cathode rays in a magnetic field acting in the 
direction of the rays, and had found that those rays 
apparently behaved exceptionally in three respects: 
—(1) They were deflected by an electric field at 
right angles to the field ; (2) the rays carried no 
charges, or very small charges ; (3) their discharge 
potential was lower than in the non-excited mag- 
netic field. Villard and Righi hence suggested 
that a new kind of ‘‘ magnetic” rays had been dis- 
covered. But Fortin disproved point (1) by show- 
ing that the deflection was normal ; Langevin and 
Perrin proved that (3) was normal ; and Diessel- 
horst and Reichenheim confirm these latter scien- 
tists, and show that Villard and Righi were wrong 
about (2). 

Radiation of a Black Body ; the Stefan-Boltzmann 
and Wien-Planck Laws (S. Valentiner).—According 
to the law of Stefan and Boltzmann, the total 
energy radiated by a black body at the tempera- 
ture T (absolute scale) is S=CT*. The value 
of the constant C has been determined up to 1600 
deg. Cent. (absolute), and the figure which Kurl- 
baum found some years ago for 100 deg. Cent. has 
been confirmed—viz., 1.28 . 10—12 gramme-calorie 
per square centimetre and second. The constant c 
of the Wien-Planck law is also being redetermined 
(E. Warburg and G. Leithiuser). As the tem- 
perature of a hot body rises, the maximum of radia- 
tion in its diffraction spectrum is displaced more 
and more towards the violet, though it is still out- 
side (in the infra-red) of the visible spectrum, even 
at 2000 deg. Cent. Wien’s displacement law is 
utilised in measuring temperatures above 1300 deg. 
Cent. absolute by means of spectro-photometers 
(Hoiborn-Kurlbaum, Wanner, and others), and the 
constant ¢ must be known for these measurements. 
Several determinations of c have been made at the 
Rei hsanstalt ; but there are still doubts as to the 
relixbility of the experimental basis of the thermo- 
dynamical scale used in these measurements. The 
black body (Fig. 2) constructed for the redeter- 


mination is of the Lummer-Kurlbaum type, but 
th heating is now effected in a vacuum, in 
Which the carbon tube can be heated up to 2500 
dey. Cent. absolute without being burnt. The 
caroon tube K hasa length of 35 cm., and an internal 
widt h of 26mm. ; itis mounted within a bronze box 
R and held by the jaws B, and B,, in which the 
carvon wall is thicker than outside. The bronze 


casting is fixed to the base M, rubber washers 

»eing interposed. The box has four openings— 
two, F and Q, for the windows, which are made of 
fluorspar or quartz, the third for evacuating, 
and the fourth, A,, for introducing the one insu- 
lated lead, the other, A,, being joined to the frame; 








the connection with the tube is sliding, to allow for 


the expansion of the tube. 
serving as cement for the pipe A,, which is water- 
cooled, like the whole box R. The space between 
K and R is ked with kryptol (fine-grained 
graphite) or, for very high temperatures, with 
calcined charcoal, which is a poorer conductor for 
electricity at high temperatures than graphite ; 
asbestos paper keeps this carbon off the bearings. 
LL are stops of carbon placed within the tube, 
V is a block of carbon ; as soon as a uniform black 


S is sealing - wax 


A, 





But it would appear that aos to 150 deg. 
Cent. for about ten hours would bring about the 
desired ageing. These experiments are being made 
with thirty-eight unhardened end-measures, sup- 
plied by five different firms, and further with seven 
specimens of special steels. All these were mea- 
sured unhardened, returned to the manufacturers 
for hardening, and then experimented with. 

On behalf of the Berlin Steam-Boiler Revision 
Association a boiler-plate has been examined which 
seemed good in the cold, but brittle at higher tem- 
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radiation is attained, L is no longer visible on the 
back ground of V. A temperature of 2500 deg. 
Cent. is realised for an expenditure of 4.5kw. A 
vacuum bolometer is used in connection with the 
black body. 

The Spectropyrometer (F. Henning), for the deter- 
mination of the selective emission of glow-lamps, is 
also of the Holborn-Kurlbaum (1901) type. The 
rays of the lamp pass through a slit on to a prism 
of flint glass, which is turned to bring the required 
wave-length into the field ; an image of the filament 
is also seen by the observer. So far twelve lamps, 
fitted with filaments of carbon, metallised carbon, 
osmium, tantalum, and tungsten, have been tested, 
and the hitherto unknown reflecting powers of 
tantalum, ruthenium, and iridium have also been 
determined, mirrors of these metals being used. 
For photometric measurements metallic filaments 
are recommended. It had previously been estab- 
lished that for the metals gold, silver, and platinum 
the absorptive power (within the visible spec- 
trum) is independent of the (black) temperature, 
so that ‘ -< = k, where S and §S, are the abso- 

0 
lute temperatures of the metal for wave-lengths A 
and ),, and k is a constant which depends upon the 
wave-lengths, but not upon the temperature. This 
is now confirmed for metallic filaments. In stan- 
dardising a lamp it would hence suffice to determine 
the relation between the black temperature and the 
current intensity for a certain wave-length, and 
further to find the k for the desired number of 
colours (or wave-lengths) at any particular tempera- 
ture. Different lamps of the same type yield the 
same k, 

Metrology (A. Leman, Blaschke, and A. Werner).— 
Steel Gauges.— A mong the 92 end-measures standard - 
ised are ten sets of steel gauges made by H. Hommel, 
of Oberstein, after the gauges of Schanteds. of 
Eskilstuna, in Sweden. The Hommel gauges are 
found perfectly equal to the Swedish prototypes, 
and the Reichsanstalt accentuates the advantage of 
their being true to their nominal dimensions at 
freezing point of water instead of at the arbitrary 
temperature of 20 deg. Cent. 

Twenty sets of hardened-steel end-measures, 10, 
25, 50, and 100 mm. in length, have been carefully 
measured since 1906. The changes in length have 
become very small during 1909, amounting to a 
fraction of a micro-millimetre. But there are in- 
dividual peculiarities ; some specimens seem to have 
attained permanent dimensions, and it is clear that 
the tempering has much to do. with the secular 
changes. In most cases, probably, the finished 
gauges are heated up to 10 or 200 deg. Cent. and 
slowly cooled again. 
tinued on the influences of tem 
and ony magnetisation an 
have also been tried in this connection. 


cessful ; magnetic changes seem to act chiefly 
through the thermal changes accompanying them. 





Experiments are being con- | 

ture and time, | the colour and ——— of the etched surface. 
demagnetisation Small article 

The same way. or 

magnetic treatment alone has not proved suc-|from the inner wall of a tube or 


ratures, owing, it was suggested, to the internal 
ayers containing more phosphorus than the outer 
layers, which seemed to be tough. As the whole 
plate could be knocked to pieces at —_ Cent., 
serious internal strains were suspected. Test-rods 
were cut, so far as ible, from the two surface 
layers and from the core, and their expansions 
carefully measured by the aid of mirror apparatus. 
The outer layers expanded very slightly less than 
the core at temperatures up to 300 deg. Cent. ; but 
the differences appeared far too small to hold 
thermal expansion responsible for the failure of the 
boiler-plate. 

(To be continued.) 








NOTES. 


Cieaninc Guiass AND Mrtats or GREASY 
Matter. 


CHEMISTs and metallographers know how difficult 
it is te remove the last traces of greasy or oily 
matter from surfaces of glass or metal. A glass 
beaker, or a polished plate of metal, may re- 
peatedly be washed with alcohol or ether ; that 
some traces of grease are left will afterwards become 
apparent when the surface is wetted with water or 
etched with some chemical. Electro-chemists are 
also well aware of the trouble due to grease ; 
galvanic deposits made on metals which are not 
perfectly cleaned are irregular, and will not adhere 
on ‘spots which remain covered with a film of 
grease. The paraffin, vaseline, or other fatty sub- 
stance, which causes the trouble may be quite 
soluble in the solvent applied—alcohol or ether, but 
cleaning will not necessarily take place on contact. 
These solvents are highly volatile, and when the 
hot or cold solvent evaporates, the grease is again 
deposited and cannot completely be removed by 
repeated rinsing. According to a note contri- 
buted by C. Benedicks, of Upsala, to the Physika- 
lische Zeitschrift, the trouble may easily be overcome 
by making the alcoholic vapour condense on the 
surface. hen a beaker, the inside of which is 
greasy, is to be cleaned, Benedicks inverts 
it, and places it over another vessel which 
contains some alcohol ; the latter vessel is put in 
a water-bath. The treatment only takes a few 
minutes or seconds, for as soon as the beaker itself 
becomes hot, no more alcohol will condense on it. 
The beaker is therefore taken off, and wetted with 
water. If the wetting is not uniform, the treat- 
ment has to be repeated. When a fractured piece 
of steel is to be etched, it should be held for a few 
seconds over boiling alcohol. This is generally to 
be recommended for metallographic analysis, 
because the slightest trace of would alter 


s to vanised are cleaned in the 
When the has to be removed 
ipette, the 
vapours are introduced at the top of the tube, and 
allowed to escape below. The treatment will not 
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be unknown in some laboratories; but it is not 
generally practised, and a good deal of alcohol is 
wasted in the ordinary washing and rinsing. 


Tue Evectro-STeEL PLANT OF THE EICHER 
Hirren-VEREIN. 


The Eicher Hiitten- Verein, Le Gallais, Metz, and 
Co., of Dommeldingen, Luxembourg, have, since 
September, 1909, been converting pig into steel 
in electric furnaces. The works possessed three 
blast-furnaces, each of a capacity of 100 tons, but not, 
so far, any steel furnaces. The new electric plant, 
built by Messrs. Siemens and Halske, is interesting 
in several respects. It comprises at present three 
single-phase furnaces, for charges of 3 or 4 tons 
and 950 kilovolt-amperes at 3500 volts and 25 periods 
(cos p = 0.4), as well as a three-phase induction 
furnace for charges of 14 tons and currents of 
275 kilowatts at 500 volts and 50 periods (cos p = 
0.7). As the transformers of the municipal elec- 
tricity works of Luxembourg are joined to the 
three-phase mains of the Eicher Verein, the single- 
phase generators are driven by three-phase motors, 
so that the load - factor of the plant is im- 
proved. The pig used has the average composi- 
tion : carbon, 3.5 per cent.; silicon, 0.5 per cent. ; 
manganese, 1.2 per cent.; sulphur, 0.12 per cent. ; 
and phosphorus, 1.8 per cent. Originally, the 
furnace was charged half with liquid pig and half 
with scrap; the heat then lasted eight and even 
ten hours. Later, a tilting Wellman mixer fur- 
nace of 20 tons was added to the plant, and 
the ordinary heat period in the electric fur- 
naces is now reduced to 2 hours, and in the case 
of the special steels to 3 or 34 hours. According 
to statements made by the manager, Mr. Bian, to 
Dr. B. Neumann—who referred to this installation 
in his report on the present status of electro-steel 
processes, presented to the International Congress 
for Mining and Metallurgy at Diisseldorf—the 
material left in the mixer after charging the furnace 
will have the composition : C, 0.9 per cent.; Mn, 
0.45; P, 0.56; S, 0.020 percent. Pig is charged 
into the mixer, a lively reaction sets in, and by 
blending the charge is brought up to the composi- 
tion: C, 0.26 per cent. ; Mn, 0.30; P, 0.082; S, 
0.030 per cent. The refining then takes place in 
the electric furnace. From 350 kw. - hours to 
390 kw.-hours are reckoned per ton of steel with 
charges of 35 tons. Various steels are prepared, 
from hard steel with 0.85 per cent. of carbon down 
to a very mild steel containing 0.08 per cent. of 
carbon ; a chromium steel with 0.87 per cent. of 
chromium and 1.17 per cent. of carbon is also 
made. The results have been so satisfactory that a 
third single-phase furnace was added to the plant, 
which was started with two of these. 


Tue OxipaTION OF NITROGEN IN THE 
Execrric Arc, 

The combustion of nitrogen in the electric arc 
has been explained on two lines. The one school 
regards the combustion as essentially a thermal 
phenomenon, and calculates the theoretical yields 
to be expected from the temperatures, according to 
the formula of W. Nernst. The other school be- 
lieves that ionisation and collisions between ions 
and molecules also play an important part, and that 
the phenomenon is, therefore, at least partly elec- 
trical. That high temperatures are not indispensable 
is proved by the researches of E. Warburg and G. 
Leithiuser, who produced nitric oxide by the silent 
discharge under conditions which make even con- 
siderable local heating improbable ; their yields were 
very low, however. But F. Haber has shown that 
‘*cold”’ arcs are quite as efficient as hot arcs, and 
the most recent experiments which he has con- 
ducted at Karlsruhe, in conjunction with A. Koenig, 
W. Holwech, G. W. Morden, E. Platou, and A. 
Wolokitin seem further to demonstrate that the 
electrical part must not be disregarded. There are 
five papers by the just-.nentioned authors in the 
Zeitschrift fiir Elektrochemie of October 1, 1910; 
others have appeared elsewhere. The first of these 
papers concerns experiments carried out in a vertical 
quartz tube, provided with a water-jacket, with the 
particular objectof finding the most suitable gas pres- 
sure for the reaction. A reduced pressure of 150 min. 
of mercury decidedly gave the best yield; direct 
currents proved more efficient than alternating cur- 
rents in these and other experiments ; the phase- 
lag was, in the latter case, estimated with the aid 
of a binant electrometer. Since energy determi- 
nations become very difficult at high frequencies, 
however, Platou placed the discharge tube in a 





calorimeter, and studied the discharge from elec- 
trodes of the horn lightning-arrester type. In 
this case the higher frequency and the reduced gas 
pressure did not seem to offer advantages; but 
the calorimeter is not a convenient piece of appa- 
ratus for high-frequency arc discharges, and Haber 
and Platou did not consider that the arrangement 
justifies any general conclusions. In the third 
paper Holwech and Koenig continue previous re- 
searches by Morden and others on direct-current 
arcs with cooled electrodes. The one electrode, 
generally the cathode, was an iron wire over 
which a quartz tube was pushed to keep the 
iron vapours off; the other electrode (profitably 
the lower) was a water-cooled tube (the authors 
use the term ‘‘capillary”) of copper, the 
diameter of which varied in different experiments 
between 0.5mm. and3mm. The arc passed into 
and through this capillary, so that its real length 
(electrode distance not more than 5 mm. mostly) 
could not be determined. Heating the cathode 
(tried by Morden) did not raise the yield notice- 
ably. Decidedly high yields were obtained ; but the 
capillary-cooled electrode would hardly answer in 
works. The fourth paper, by Haber and Holwech, 
concerns the arrangement of Schénherr and the 
Badische Anilin- und Soda-Fabrik, which we have 
described. The steel tube was provided with 
windows for watching the phenomena, and pres- 
sures up to 50 atmospheres were tried, both with 
preheating the air by circulating it through con- 
centric steel tubes, and without preheating it. 
Direct currents were alone used. The increased 
pressure certainly did not improve the yields of 
nitric oxide. In the last paper Wolokitin investi- 
gates the problem, whether the heat generated by 
the combustion of hydrogen in air or mixtures of 
oxygen and nitrogen would produce nitric oxide. 
Haber and J. E. Coates had last year made similar 
experiments with carbon monoxide burning in air 
to carbon dioxide. They had obtained very little 
nitric oxide in ordinary air, but had improved the 


NO yield—up to 5 molecules of HNO, per 100} 4 


molecules of CO.—by working in so-called Linde air 
(half oxygen, half nitrogen by volume) at a pressure 
of 5 atmospheres. Wolokitin did not obtain more 
than three molecules of HNO, per 100 molecules of 
water at a gas pressure of 16 atmospheres ; raising 
the pressure up to 50 atmospheres had no effect. 
Thus a 10 per cent. nitric acid might be gained as a 
by-product of the combustion of hydrogen. This 
yield agrees with the results of explosion experi- 
ments made by Finckh and by Pier, but it is much 
lower than the calculated value, and the questions 
arise whether the temperature estimates made in 
such experiments are not too high, or the specific 
heats assumed too low. 








Tur NATIONAL PuysicaAL LABORATORY.—By the gene- 
rosity of Sir Julius Wernher, who recently placed a sum of 
10,000/. at the disposal of the committee for the pur ; 
a much-needed extension of the Department of Metallurgy 
has now been commenced. The department has, up to 
the present, been accommodated in a number of scattered 
rooms in Bushy House, which, in consequence of the 
increase and importance of the work, have become quite 
inadequate. Plans have been prepared in consultation 
with Dr. Rosenhain, the superintendent of the depart- 
ment, and the contract has been let to Messrs. Dick Kerr 
and Co., who have already mide good progress with the 
foundations. 


Tue Society OF ENGINEERS (INCORPORATED).—A paper 
on ‘ Public Slaughter-Houses,” by Mr. 8. M. Dodington 
(Member), was read at Caxton Hall, Westminster, on 
Monday, November7. The following isan abstract of it : 
~-The paper begins with a reference to the vital necessity 
of public slaughter-houses from the standpoints of public 
health, practical economy, and humanity, and, after a brief 
historical survey, alludes to the conditions of slaughtering 
and meat inspection now in vogue in this country as a 
nationa] disgrace, and as unworthy of the name of 
“system.” The private slaughter-house, with its attendant 
evils, is nenle condemned and contrasted with the 
careful attention given to the matter in other parts of the 
civilised world. Some of the principal types of public 
slaughter-houses are discussed, and the arrangement of 
typical Continental abattoirs described in detail. A 
pleasing exception to the usual inadequate British way of 
dealing with this matter is to be found in the slaughter- 
houses controlled by the Admiralty, which were erected 
or remodelled, after extensive enquiries, by a Commission, 
and are regulated by sult coudlinel and efficient rules. 
There is plenty of scope for the engineering, not only in 
designing the structural work of abattoirs and cattle 
elite but in improving the instruments used for stun- 
ning animalsand the plant for handling their carcases, not 
to mention the work in connection with cold storage, 
water-softening, sterilisation, electric lighting, drainage, 
&c., all of which form essential parts of the modern 
slaughter-house. 


THE LATE SIR JAMES CLIFTON 
ROBINSON. 


In view of the range of its activities the career of 
the late Sir James Clifton Robinson was probably 
exceptional in the remarkable continuity of interest it 
exhibited, and in the steady application to one branch 
of work which it displayed throughout. Mr. Robinson 
obtained an appointment at an early age in connection 
with the first tramway constructed in this country, 
and from that time until his death on the 6th inst. 
was constantly employed in connection with tramway 
work and development, his field of operations covering 
many towns in this country and America; while at 
the time of his death he was returning from a visit of 
investigation to the East, in connection with the same 
branch of work. The closeness of his connection with 
tramway operation and development was curiously 
accentua by the fact that he was born in Birken- 
head, the town in which the first tramway to operate in 
Europe was laid down, and by the strange coincidence 
that the fatal seizure which caused his death occurred 
while he was travelling in a tramcar in New York. 

The history of Sir James Clifton Robinson's 
activities is, in a measure, an epitome of the history of 
tramway development from its inception to the present 
time. e was born in Birkenhead in 1848, and at an 
early age obtained employment with George Francis 
Train, who constructed, at Birkenhead, the first tram- 
way in Europe. He afterwards assisted Mr. Train in 
connection with tramway construction in Stafford- 
shire and London, and, in 1866, travelled with him to 
America, where he spent some few years, mainly in 
New York. In 1871 Mr. Robinson returned to this 
country, and, as an assistant to Messrs. Fisher and 
Parrish, was engaged in connection with the construc- 
tion and working of tramways in Liverpool, London, 
Dublin, and Cork. From 1875 to 1882 he was manager 
of the Bristol tramways, and in the latter year became 
manager for the Edinburgh Tramways Company. In 
1884 he became associated with the Cable ‘l'ramways 
Corporation, and was responsible for the cable 
line at Highgate Hill, which again was the first 
of its type to be laid down in Europe. Shortly after 
this Mr. Robinson returned to America, and was 
engaged on the installation of cable-tram work in Los 
ngeles. Later his activities in America extended to 
Texas, California, Mexico, and Canada. He at this 
time did some work in connection with the introduc- 
tion of electric traction, and when he returned to 
England, to become managing director of the Imperial 
Tramways Company, he had become persuaded of the 
superiority of electric traction over other systems. 
From this time the story of Mr. Robinson’s activities 
is a record of electrification and development schemes 
in many parts of the country, the final and greatest 
being the present London United Tramways, of which 
he was managing director and engineer. He retired 
from this post early in this year, and went to the 
Philippine Islands to report on possible tramway 
developments there. Mr. Robinson was an Associate 
of the Institution of Civil Engineers and a Member of 
the Institution of Electrical Engineers. He was a 
contributor at times, both to the technical Press and 
newspapers, of articles dealing with his special subject. 





THE LATE Dr.-ING. Max JiiDEL.—We regret to announce 
the death of Dr.-Ing. Max Jiidel, founder and chief of the 
firm of Max Jiidel and Co., A.G., manufacturers of rail- 
way signals, who died in his native town of Brunswick last 
month. Max Jiidel was originally a merchant. In 1873 
he became associated with the engineer, H. Biising, and 
established at Brunswick the Eisenbahnsignal-Bauan- 
stalt.. The high standing of this firm, which was some 
time stherwesite was in the 
éeased chief, 
as a liberal and fair- 


converted into a —— 
main due to the energy and ability of the de 


who was also generally respec 
minded employer and citizen. 


Contracts.—One of the largest orders placed for & 
number of years in Great Britain for sub-station electrical 
machinery bes been secured by Messrs. Bruce Peebles and 
Co., Limited, Edinburgh. The order includes sixteen 475- 
kilowatt motor converters (La Cour Patents) for the Cal- 
cutta Electric Supply Corporation, Limited, to the 
specification of Messrs. Kennedy and Jenkin, consulting 
engineers.—The India-Rubber, Gutta-Percha, and Tele- 
graph Works Company, Limited, have fulfilled an im- 

rtant contract to the order of Messrs. Spencer and Co., 
Fimited, of Melksham, for the Hull and Barnsley Railway 
Company, consisting of two large rubber belts, to he 
used for loading vessels with coal at the Hull Docks. These 
belts ure 953 ft. and 929 ft. long, and weigh 12,071) Ib. and 
11,7403 lb. respectively.—The Horsfall Destructor Com- 
any, Limited, are completing a large installation for the 

fersey Docks and Harbour Board and for the Aberdare 
Urban District Council. Their other contracts for large 
patent refuse-destructor plants include Newtown (Mont- 
gomery), Grimsby, Colombo, and Manaos in Brazil, all of 
which are of considerable importance and value.—The 
Brightside Foundry and Engineering Company, Limited, 
of Sheffield, London, and Birmingham, have secured from 
the War Office the contract for the new steam-generating 
plant and complete centralised heating installation at the 

lloon factories, offices, and dirigible shed at South Farn- 





borough, Hants. 
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LOW-WATER TEST OF A JACOBS- 
SHUPERT FIRE-BOX. 


We have received particulars of a low-water test, 
carried out by the Atchison, Topeka, and Santa Fé 
Railway Company recently, on a Jacobs-Shupert fire- 
box. This type of locomotive fire-box has been briefly 
referred to in ENGINEERING on former occasions. It 
consists of a series of sections built up together, plate- 
stays taking the place of the ordinary round stays. The 
fire-box proper is constructed of a series of narrow aie 
of plate flanged to channel section, and then bent to the 
form of the fire-box, with the flanges of the channel on 
the outside. Each strip extends from the foundation 
ring level on one side, over the crown, and down to the 
same level on the other. The fire-box is built up of 
the required number of such channels placed flange 
to flange, with a continuous plate-stay riveted in be- 
tween each pair of flanges. A box so built up, with 
the plate-stays, is shown in the figure herewith. The 
outside contour given to these stays is that of the 
shell, which is constructed in the same manner as 
the fire-box itself, of flanged sections inserted between 
the plates shown. The box and shell are built up 
wholly by hydraulic riveting, except for the staying 
of the tube and back sheets. The rivets of the seams 
of the fire-box are altogether removed from contact 
with the fire, being on the steam and water side. The 
riveting of the shell is on the outside. 

A great many advantages are claimed for this type 
of box, which has been in service for eighteen months 
on the Atchison, Topeka, and Santa Fé Railway, 
thirty-six engines now being equipped with it, and 
other sixty-six on order. It is said to have substan- 
tiated in service the claims made for it as regards 
evaporation, efficiency, and low cost of repairs. 

The test about to be described was made with a 
boiler having tubes 19 ft. 6 in. in length, the front 

















ring of the barrel being 77 in. in diameter, and the 
back ring 88 in. in diameter. The fire-box was built 
up of eleven sections, and had an inside length of 
1096 in., and width inside of 79.5 in. The thick- 
ness of the plates forming the fire-box channel sections 
was ,°; in., and of the shell sections 4 in. The barrel 
contained 373 tubes 2} in. in external diameter, giving 
a heating surface of 4098 square feet, which, with the 
fire-box heating surface, made a total of 4363 square 
feet. The beller had a water capacity of 580 cubic 
feet, and a steam capacity of 142 cubic fect, and its 
weight was 75,000 lb. It was fired with oil fuel. These 
boilers work at a pressure of 225 lb. For the purposes 
of the tests, precautions were taken by means of dupli- 
cate fittings: to ensure accuracy of readings, which, 
for the most part, were taken at a distance, check 
marks, &c., being carefully arranged beforehand, to 
enable the level of the water above or below the 
fire-box crown to be recorded during the test. All 
operations were also controlled from a distance. 

When pressure had been raised to 225 Ib., the 
water in the boiler was lowered by means of the 
blow-off cock at the rate of 1210 lb. per minute 
until dropped to 4 in. below the top of the 
crown sheet, firing continuing the while. Pyrometer 
readings taken on the steam side of the crown 
sheet at this stage showed that the temperature 
of the exposed crown rose at the rate of 67 deg. per 
minute until it reached 1125 deg. Fahr. at the front 
end, and 1065 deg. Fahr. at the back, the steam- 
gauge registering 230 lb. pressure in spite of the 
three pop-valves blowing ot contin. The level 
of the water was ultimately reduced to 6 in. below 
the crown, when eleven tubes were out of water, 
and eicht others only partly in contact with water. 
At this stage the steam blowing off showed signs of 
® considerable degree of superheat. After the 
crown had been bare of water for 10 minutes, the 
pump was started and the boiler gradually filled 
up with water at 60 deg. Fahr., the fire being 
= of, When the water was still 3 in. below 
The crown, the sheet was observed to be still red. 

© pressure in the boiler gradually fell during this 





filling process to 215 Ib. 
test there was found to be no distortion of the 
box, and no opening of the seams. It may be stated 
that the tubes were welded in the tube-sheet by the 
oxy-acetylene process. 

he conditions of this test were such as would have 
resulted in a serious failure of an ordinary stayed fire- 
box. In theexplosion of such boxes(regrettably frequent 
in the United States), either from stay failures, lack 
of holding in the sheets due to corrosion, shortness of 
water, or other causes, it usually happens that a 
large portion of the fire-box is ripped away from 
the stays. It is claimed for the Jacobs -Shupert 
box that, in addition to its great strength, its 
sectional form of construction would, in the event 
of an explosion, render extensive ripping up of the box 
improbable. In the foregoing test the boiler was not 
exploded, though the test was arranged with due allow- 
ance made for such a contingency. The arguments on 
this point are, therefore, not based on actual observa- 
tion, though the peculiar construction adopted would 
appear to warrant such conclusions. 

The water circulation in this type of box is stated to 
be excellent, in spite of the fact that the construction 
appears in one respect to be rather unfavourable to this. 
While less obstruction is presented to flow in an up- 
ward direction, the obstruction to flow in an horizontal 
direction, or from the barrel to the lower part of the 
sides of the box, is greater in this box than in the 
ordinary stay pattern. Below the water-line the pro- 
portion of free space to obstruction in an horizontal 
direction would appear to be about 0.9: 1.0. In the 
ordinary box it is about 3:1, allowing the water 
evaporated round the box to be much more readily 
replaced by water from the barrel than in the 
Jacobs-Shupert box. In a deep box this might 
have a material effect on the steaming capacity. 
It is further claimed that this box gives greater 
freedom from scaling and incrustation than the ordi- 
nary form. This is probably true, as there are no 
crown-bars or stays to provide lodgment, or to impede 
the cleaning and scouring in washing out, &c. It 
must be remembered, however, that for washing out 
and like purposes the sections are virtually isolated 
one from the other, each section needing, for instance, 
its own washing-out plugs. It is, nevertheless, appa- 
rent from the above test that the box is of great 
strength, and can stand very bad treatment, features 
that will probably make it especially valuable in 
America, in some classes of service. 


After the close of the 








Tue Mipianp Rattway Company’s ALTERATIONS AT 
Braprorp.—In the new scheme for putting Bradford 
on the main line of the Midland Railway it is pro- 
posed to make use of overhead viaducts. The new line 
will stretch from just outside Manningham Station, on the 
one side, to a point near the Low Moor Tunnel, where it 
joins the Lancashire and Yorkshire system, thence run- 
ning to Thornhill, via Dewsbury, and thence on Midland 
metals again to Royston and Sheffield. It is proposed to 
construct a new tunnel near the present Low Moor Tunnel, 
and the line will regain the open air near Frederick-street, 
which it crosses overhead, then proceeding by way of 
Diamond-street, George-street, Vicar-land, Leeds-road, 
Bentley-street, and Hall Ings to Forster-square, in the 
very heart of Bradford. Forster-square will be crossed 
and No. 6 platform in the canens Wiel Station will 
then be reached. From outside the station the line will 
descend by a gentle gradient until the level of the present 
permanent-way is attained on the Bradford side of the 
Manningham Station. This route is almost identical 
with that of the old scheme, except that it is now over- 
head instead of underground. 





Tue InstrtuTE oF Marine ENGINgERS.—This institu- 
tion held its twentieth annual dinner on Friday evening 
last at the Holborn Restaurant, the chair being occupied 
by the President, Sir David Gill, F.R.S. The eons 
was a large one, and after the usual loyal toasts had been 
drunk, Sir Walter Howell pro that of ‘‘ Shipping, 
Colonies, and Commerce.” is was responded to by 
Lord Strathcona, who was able, owing to his age and 
wonderful memory, to contrast the Canada of very many 
years ago with the wonderful country of to-day. He 
sketched a picture of Canada in the days when he was in the 
service of the Hudson’s Bay Company, when the present 
city of Winnipeg was but a trading station of the Hud- 
son’s Bay Company, and when no one ever dreamt of 
the enormous strides the country would make in the 
seventy years that he could look back upon. He hadseen 
Winnipeg in the old days of the fur trader, and he had 
seen it as it now stands—a city as well-paved and as well- 
managed as any in the world. Sir Owen Phillips, M.P., 
who also nded, said that, in his opinion, the Port of 
London would, when schemes now under consideration 
were carried out, be the greatest port in the world. The 
toast of ‘‘ The Institute of Marine regeeyees ” was pe 
posed by Sir W. Hall-Jones, who, in referring to the close 
connection between commerce and shipping, said that 
these had, of course, played a great ed in the building 
up of the Empire. Comparatively little of this great 
work would, however, have been done without the aid of 
the marine engineer, who not only assisted in the forma- 
tion of the Empire, but also helped to keep it together. 
The response to this toast was given by Mr. Adamson, the 
secretary. During the dinner the members and guests 
were entertained by a well-chosen selection of music and 
songs. 





THE HOLBORN TO STRAND IMPROVE- 
MENT AND TRAMWAY SUBWAY. 


At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, November 8, Mr. Alexander 
Siemens, President, in the chair, the paper read was 
“The London County Council Holborn to Strand Im- 
provement and Tramway Subway,” by Mr. G. W. Hum- 
phreys, M. Inst. C.E. The following is an abstract of 
the paper :— 

The subject of the paper is the carrying out of the 
largest scheme of street improvement ever effected in 
London, having as its result the establishment of through 
communication between North and South London, the 
removal of one cause of congestion of traffic passing from 
east to west, and the purging of the insanitary areas 
lying in a portion of Central London. In addition to the 
amenities thus afforded to vehicular and pedestrian traffic, 
the construction of a shallow tramway subway (the first 
of its kind in London, or, indeed, in England) has suc- 
ceeded in effecting a junction between the tramway 
systems north and south of the Thames, which previously 
had seemed to be impossible, owing to the main arteries 
of traffic to be crossed and the disinclination of the 
authorities to allow tramways in what may be called 
Central London. 

The scheme in question, which may be described as the 
amalgamation of three distinct and separate endeavours, 
consists of, first, the widening of the Strand between 
Wellington-street and the Law Courts ; secondly, the 
construction of a new main thoroughfare, 100 ft. wide and 
about 3000 ft. long, from the Strand to Holborn, inter- 
secting the numerous narrow and squalid streets formed 
in the past, according to no recognised scheme of plan- 
ning; and, thirdly, the widening of Southampton-row 
in continuation of the new street. There is, further, 
the ccnstruction under the new street of ashallow tramway 
subway, and its continuation under the Strand and 
Wellington-street to the Victoria Embankment, thus 
enabling tramcars from the northern system to pass 
through the subway from its egress into Southampton- 
row, near Theobald’s-road, to the Embankment, and 
thence, via Blackfriars or Westminster Bridge, on to the 
southern system. 

The whole of the works, both of street and subway 
construction, were, with some slight exception, executed 
by the London County Council, by the direct employment 
of labour through its late works department, of which 
the author was chief, and to the designs of and under 
the general supervision of Mr. Maurice Fitzmaurice, the 
London County Council’s chief engineer. 

The formation of the new street calls for little com- 
ment, save for the fact that the work had to be spread 
over some time, and a great deal had to be carried out in 
crowded thoroughfares. In connection with the formation 
of the street, however, the electric-power, gas, water, and 
other mains and pipes had to be carefully preserved, with 
a view to their reception in the subways formed beneath 
the new thoroughfare; and the diversion of old and the 
construction of new sewers formed also an important part 
of the undertaking. It is noteworthy that during the 
progress of the work practically no interruption to 
vehicular traffic was caused, nor was diversion of traffic 
necessitated, particular care being taken to provide access 
for vehicular traffic on the main roadways affected by the 
improvement. : 

The construction of the subway, however, is of more 
interest from the engineering point of view. The main 
portion was constructed in ‘* cut and cover,” but the 

ortions under Holborn and under the Strand and Wel- 
ington-street were constructed by means of a shield. 
The portion of the undertaking which called for the 
greatest care was the subway under Wellington-street, a 
thoroughfare found to be constructed on brick arches, 
the piers of which had to be cut at varying angles to 
admit of the formation of the subway. The normal 
roofing of the subway is steel troughing, a brick-arched 
roof being substituted in the deeper portions ; the walls are 
composed of Portland cement concrete, with an envelope 
of fin. of mastic asphalt embedded in the concrete. A 
double line of tram-rails is laid in the subway, and two 
stations, the entrances to which are utilised also as street- 
refuges in Kingsway, afford means of access to the 
tramways. 

The magnitude of the undertaking may be judged by 
the fact that the i cost is approximately 6,078,324/., 
of which 385,041/. was for works, which were executed 
well within the limit of the estimates of the Council’s 
officers. Tables in an appendix to the paper give details 
of the cost of the acquisition of properties and the execu- 
tion of works, with particulars of cost of some of the more 
important items of the latter. 

The paper does not discuss any theories or comment 
upon the general policy that has led to the undertaking, 
but presents a detailed account of the construction and 
finished works, and, in addition, gives some particulars of 
the steps leading up to the acquisition of the necessary 
Parliamentary powers. 








Russian Rat.ways.—The length of railway in opera- 
tion in Russia last year was 41,362 miles. This total was 
made up as follows :—State lines, 28,165 miles; private 
lines, 11,855.4 miles; and lines of local interest, 1341.6 
miles. The number of passengers carried last year was 
169,995,000, this total being made up as follows :—State 
lines, 117,211,000 ; oe ines, 42,223,000; and lines of 
local interest, 10,561,000. The length of line in operation 
in 1908 was 41,089 miles, and the number of rs 
carried in that year was 155,883,000. The increase in the 
length of line in operation last year was 0.66 per cent.; 
the increase in the number of passengers was 9.40 per 
cent., and the increase in the weight of goods carried was 
7.50 per cent. 
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INDUSTRIAL NOTES. 


THE prospect of a peaceful settlement in South Wales 
does not seem any nearer than when we last referred 
to the strike a week ago. Indeed, things seem reall 
less hopeful, for on acon | morning last the Powell 
Duffryn strikers were joined by 6000 miners from the 
Cwmaman, Bwllfa, Dullas, Wimber, and Llaynhelig 
Collieries. The only colliery now at work between 
Hirwain Mountain and Mountain Ash is at Blaennant, 
where there are about 500 men still employed. It 
was decided by the strike committee at a meeting on 
Saturday last to appeal for help to a meeting of the 
executive committeeof the South Wales Miners’ idee. 
tion, which met at Cardiff on Monday last. The 
situation has not been improved by the action of the 
locomotive engine-drivers and firemen on the private 
railway of the Duffryn Company, for these men have 
come out on strike in sympathy with the colliers. By 
this step all the collieries, which are some distance 
from the main line of the Great Western and Taff 
Vale Railways, are cut off from the main lines of 
transport. 

On Saturday last a further reply to the men’s mani- 
festo was received from Mr. Hann, the general manager 
of the Powell Duffryn Company. his referred to 
the statement made by the men to the effect that 
Mr. Hann had refused to meet Mr. Stanton, their 
agent, which meant that there was a determination to 
lock-out the men without an Pagan J for the com- 
pletion of the discussion. On the other hand, the exact 
position was clearly put before the men by Mr. Hann 
in these words: ‘‘I have not broken off the discussion, 
as I simply informed you that I declined to meet 
Mr. Stanton. I am still prepared to meet the work- 
men’s committee, and to listen to, and discuss, the 
alleged grievances ; but I cannot, in the interest of law 
and order, recede from the position forced upon me by 
the message received from Mr. Stanton.” This message 
from Mr. Stanton we published last week. 

Early in the week, at Ton-y-pandy, in the Rhondda 
Valley, serious rioting tonal & 5 and it was decided to 
telegraph for soldiers to suppress the disturbances. In 
the rioting that took place the police were over- 
powered, and the strikers entered the boiler-houses at 
the Clydach Vale Mine, and extinguished the whole 
of the fires, thus bringing to a stand the pumping and 
ventilating machinery. The effect of this will oohatine 
be that the horses in the mine will die. Other mines 
were attacked, and the police were unable to prevent 
the rioters from entering the power-stations and over- 
awing the men in charge of the engines. It is much 
to be regretted that the miners do not appreciate the 
fact that their disorderly conduct can gain them no 
public sympathy, and lawlessness of this kind must be 
sternly repressed, and the sooner it is done the better, 
before things grow worse. There is no real humanity 
in weak-handed measures. 

At the time of going to press things appear to have 
quietened down, and there has been little rioting since 
the military reached the scene of the disturbances on 
Tuesday night. Owing to the delay in sending a suffi- 
cient force to the district at an earlier date in the pro- 
ceedings much destruction of property has taken 
place; Ton-y-pandy has, indeed, been practically 
wrecked. There is, it is ee, great indignation 
at what Mr. Leonard Llewe lyn, the manager of the 
Glamorgan pit, calls the ‘‘ shilly-shallying” policy of 
the Home Secretary. Althdugh it is by no means 
certain that the disturbances are at an end, things 
certainly look more hopeful. 


The Boilermakers’ lock-out still continues, and all 
hopes of asettlement on the basis of the York proposal 
are for the present at an end, the result of the second 
ballot, declared on Tuesday last, showing a majority of 
9913 against the acceptance of the terms, out of a total 
of 21,213 votes. It is thought probable that the men’s 
council must resign. It is now expected that many 
shipyards in the North will be thrown idle. 


The strike at the Clifton Collieries, Nottingham, is 
ended, for the men decided last Monday to return to 
work on Thursday. The strike commenced in October 
last year, and has cost the Notts Miners’ Association 
over 30,0000. 


Notices by practically the whole of the colliery 
enginemen in Scotland have been lodged with the 
general secretary of their organisations that, unless 
the coalowners meet the concessions demanded, the 
whole of the Scottish pits will at once be thrown 


idle. 


In the Sunday Times for October 9 are given some 
interesting figures relating to female labour in Ger- 
many. From these we gather that during the years 
from 1893 to 1907, while the employment of men 
decreased 20 per cent., the increase in the number of 
women employed was as much as 57 per cent. In 
other words, there were eight millions of women 
employed in the last year of the twelve, against five 





million men, and at the present time a full third of the 

economic labour of the empire is carried on by females. 

Contrary to what many people would have expected, 

the increase of employment not been in factories 

and other industrial enterprises, but in agriculture, 

which employed 44 million women in 1907, as against | 
2? millions in 1898. Such an increase—67 per cent.— | 
seems extraordinary, but shows how rapidly the em- 

ployment of women in agriculture has grown when 

compared with other industrial employment, which | 
increased in the same time only 38 per cent. 


According to the monthly report of the Associated 
Ironmoulders of Scotland, it appears that for the | 
four weeks from September 24 to October 22, in- | 
clusive, the total working membership returned was 
5738, while this month it is 5716, being a drop of 22. 
The falling off was greatest in North Aberdeen, where 
idle members now number 29, as against 11 last 
month ; and in Dundee, with 48 idle members, against 
43 a month It is said that these reductions are 
on account of the boilermakers’ lock-out. This is 
probable, but in, addition, at this time of year there 
does not seem to be the same pressure for placing 
work as in other months. The net income for the month 
(September 24 to October 22) has been 2638/. 4s. 7d., 
ng the outlay 1666/. 17s. 1ld., which shows an in- 
crease in the funds of 971/. 6s. 8d. 


The subject of State insurance received some atten- 
tion at Wigan on Saturday, the 22nd ult., from the 
Grand Master of the Independent Order of Oddfellows, 
Manchester Unity, on the occasion of the centenary of 
the Order. In a speech replying to the toast of the 
**Grand Master and the Board of Directors,” he said 
that if the welfare of the Order was to be protected, 
they would have to rouse themselves up, for they were 
face to face with the question of State insurance. He 
was afraid the Chancellor of the Exchequer did not know 
the danger there was in putting officialism in the place 
of a great fraternity such as the Manchester Unity. 
Personally, he (the Grand Master) did not believe that 
our Empire would be better off if every man was made 
practically like an automaton. If one was forced to 
do right, there was no virtue in it, and whatever there 
might be said in favour of State insurance, he thought 
that we were being governed too much in that direc- 
tion. If such grandmotherly legislation continued, 
he was afraid the English people would lose the 
sturdiness of their character, and he hoped nothing 
would be done to impair institutions like the Man- 
chester Unity. There were, no doubt, certain people 
who could not be received into the Order because they 
were unable to pass the medical examination. The 
State might be of service there without doing injury 
to friendly societies, or to the character of the people. 


According to the Leeds Mercury, child-labour exists 
in Leeds, in common with many other large industrial 
centres. That the evil is great is shown by returns 
from the head teachers of the elementary schools. 
From these returns it appears that in Leeds some 
4343 school-children, of whom 1380 are girls, work at 
various occupations during the time they are not 
at school. The age of the children varies from seven 
years to fifteen years, and 667 of the children are under 
the age of ten years. The number of hours worked 
varies from a minimum of six hours per week to fifty 
hours per week, and the earnings vary from 6d. to 
4s. 6d. per week. Moreover, the inquiry showed that 
some of the children employed out of school belonged 
to families where the earnings, exclusive of those of 
the child, amounted to an average of close on 3/. per 
week. 


The total membership of trade unions in Germany 
in 1909, according to statistics compiled by the 
Imperial Statistical Office, was 3,597,259, and more 
than half of these—namely, 1,832,667—belonged to 
unions known as ‘* Gewerkschaften,” which are 
affiliated to a central body at Berlin, and are identical 
with the Social-Democratic movement. Other im- 
portant groups of unions were the ‘‘ Christian ” unions, 
with 270,751 members, and the ‘‘ Hirsch-Duncker ” 
unions, with 108,028 members. In addition, there 
were ‘‘ Patriotic” unions, with 24,657 members, 
‘*Yellow” unions, with 71,346 members, Roman 
Catholic or Protestant unions, with 24,657 members, 
and Independent or unattached unions, with 654,240 
members. 

With regard to the financial position of these groups 
of organisations, the total receipts of the Social De- 
mocratic unions amounted to 2,484,348/. in 1909, their 
expenditure to 2,274,648/., and their accumulated 
funds at the end of the year to 2,137,812/. In the 
case of the ‘‘Christian” unions the totals were re- 
- angen d 226,128/., 188,3387., and 263,796/., while in 
the case of the ‘‘Hirsch-Duncker” unions they 
amounted to 137,972/., 127,548/., and 214,981/. re- 
saree For the benefit of the unemployed mem- 
bers (including those travelling in search of work) 





the Social Democratic unions spent 477,888/., the 


‘** Christian” unions 9614/., and the ‘* Hirsch-Duncker” 
unions 17,568/. in 1909. Under the head of “ strike. 
pay,” and allowances in support of “ victimised” 
members, these groups spent 392,306/., 24,044/., and 
72881. respectively in the same year. 


Tradition has it that sugar was cultivated in Pery 
as earlyas 1570. It is, however, only within the past 
35 to 40 years that it has been developed as an im. 
portant industry. It has been shown that the pro- 
duction could be increased as much as 50 per cent. if 
methods of intensive cultivation were adopted and 
proper machinery were used. Topographically and 
climatically the country is suited to the growth of 
sugar. ative labour is chiefly employed at the 
plantations, as it is cheap and effective. The daily 
wage is from 0.5dol. to 0.6 dol. (United States cur- 
rency). Irrigation has only recently been adopted, 
and where it has been tried on dry lands, the water 
is led from the rivers by means of canals from which 
it iscarried across the fields in small ditches, from which 
it flows freely along the rows of canes. Irrigation 
by means of water raised by pumps is not usually 
adopted. From 100 to 120 tons of cane per hectare 
are produced, but under good management as much 
as 150 tons can be raised. The only variety 
that is cultivated on a large scale is the ‘‘ Jamaica 
amadilla,” which is a large yellow cane, and which 
is found to compare favourably with any other 
kind. More than fifty sugar estates now exist, 
having a total area of about 3000 hectares (7400 acres), 
from which are produced yearly about 150,000 tons. 
Steam ploughing is usually adopted as a means of 
breaking up the land. It is expected that the total 
production in 1910 will reach about 165,000 tons, 
representing a value of about 5,000,000 dols. 


Fears a — to be entertained regarding the 
supplies of Egyptian cotton, on account not only of 
deterioration in quantity, but in quality, through 
insect pests and other causes; the seed also has 
suffered degradation. In spite of this, there is an 
increasing demand for raw cotton, such as Egyptian 
staples. The spinning trade of Lancashire is, there- 
fore, soon likely to find itself face to face with a 
shortage in the supply. Reference to the subject by 
Sir William Mather, in an address recently delivered 
in the Manchester Town Hall, is therefore of very con- 
siderable importance at the present time, particularly 
as Sir William Mather is looked upon asa man possess- 
ing very sound, broad-minded views on such subjects. 
Cotton-growing in the Soudan was what occupied most 
of his attention. It appears that primitive methods 
still maintain in the cultivation of the land in that 
part of the world, whether for wheat or cotton, but 
there is an extension in the province of Berber, under 
the control of the Soudan Plantation Syndicate, which 
is largely supplied by British capital. This concession 
at present comprises about 12,000 acres, of which 
acres are devoted to cotton, 3000 acres to 

wheat, and over 2500 acres to leguminous crops. An 
extension of the estate is expected shortly. Accord- 
ing to Sir William Mather, the results have, 80 
far, been satisfactory, in proof of which he gave 
figures showing what could be produced on an area 
of 3000 acres, on which he allowed 161/. as tenant’s 

rofit from a cultivation of 10 acres. The result was 

on a selling price of Is. per lb., which, for the 

spinner of Egyptian yarns, is thought to be too high an 
average. Such a price may be paid for a short time, 
as recently took place when there was a shortage in 
the crop, but it must be looked upon as exceptional. 
The province in question is reported as being free from 
the ‘boll worm,” ‘‘ cotton-stainer,” &c., and there 
are practically no weeds. Labour, however, is not 
plentiful. 

Sir William next referred to the great Gezira Plain 
asa future field for cotton. It is formed between the 
converging courses of the Blue Nile and the White 
Nile, and extends as far as their confluence at Khar- 
toum, while towards the south it stretches for 150 
miles; an area capable, according to competent 
authorities, of yielding 700,000 Egyptian bales per 
annum of the best cotton. In the words of Sir Wm. 
Mather, ‘‘Given sufficient capital for irrigation works 
and ample labour, it will yield as much and as g 
cotton as the Delta of Egypt.” Its area is about 
4500 square miles, or over one-third the total culti- 
vatable land in Egypt, which amounts to 12,00) square 
miles. Irrigation can, it is thought, be readily carr! 
out by gravitation from the Blue Nile. The cost of 
developing the above area has been estimated by Sir 
Wm. Garstin at 3,000,000/., and a suggestion hs been 
made that the Soudan Government should put 4 tax 
on the irrigated land. Whatever means be adopted, 
however, the prospects are of such high import 
ance that every effort should be made tow 
development. 


The carters’ strike in Liverpool was settled on 
Tuesday last, the 8th inst., the men having ®ccePp 
he terms offered by the masters. 
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Now that steam-turbines of large size are in such 


extensive use in electric-light an wer-stations in 
on and in other countries, the provision of a copious 
an 


constant supply of clean circulating water for 
condensing purposes is of the utmost importance. 
Such a supply is not readily obtained. If the 
power-station on the bank of a canal or river, 
the water from such a source of supply cannot be 
passed directly through the condensers, but must first 
undergo some sort of filtration in order to remove 
the varied and miscellaneous flotsam and jetsam 


- ‘ys contained therein. This suspended débris, 


be not removed from the water before it 
enters the condenser, collects and builds up on 
the condenser tube-plate into a more or less impene- 
trable mass, and 
Water, 


aS l interferes with the free flow of the 
To design a filter that will efficiently clean 
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circulating water drawn from an impure source, and 
will require little attention, is not an easy matter, and 
many proposals have been made and tri Stationary 
strainers fixed in the mouths of the suction-pipes and 
in the pipe-line itself, on one or other side of the cir- 
culating pump, are not satisfactory, as they are difficult 
of access for cleaning purposes, and may necessi- 
tate the shutting down of a portion of the plant 
during examination. The provision of a strainer 
cleaned automatically .and continuously, without 
interference with the free flow of the water, would 
appear to meet all: requirements. We believe the 
first attempt to provide such a strainer on a large 
scale was made at one of the large generating stations 
in London, The straining body is a reticulated cir- 
cular disc continuously rotated at a slow speed, and 
contained in a casing subdivided into two portions, a 
part of the disc being in each portion. the disc 
rotates through one portion it stops the débris, and 
the débris so stopped is washed off as the disc passes 
through the other portion, and is thus returned to the 
river by the discharge. The apparatus is in successful 
use in other stations, and was Sectsthed in Mr. Rider’s 
recent paper on the ‘‘ London County Council Tramway 
System,” read before the Institution of Electrical 

gineers. This strainer, however, is of necessity 
of very large size, as only one-third of the straining 
surface is oing useful work at any time, and a con- 
siderable quantity of water is always required to seal 
the joint between the two portions. Other methods of 
using @ rotary strainer, automatically and continuously 
cleaned, have been proposed and are in use. 

We illustrate on this page a new t, of rotary 
strainer that has recently been installed at the Dept- 
ford station of the London Electric Supply Corpora- 
tion, Limited, and has been designed by one of their 
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engineers, Mr. T. M. Aitken. The apparatus has 
been in use for some months, and is giving complete 
satisfaction. From Fig. 1 it will be seen to comprise 
a cylindrical casing A divided into two parts by a 
diaphragm B (Fig. 5). The upper part contains the 
strainer, and the lower part forms a settling-chamber. 
The inlet-pipe C discharges into the upper part above 
the diaphragm B, but below the strainer. The dis- 
charge takes place at D. A portion of the strainer is 
illustrated in Fig. 3 to a larger scale, and it will be 
seen to comprise a perforated disc mounted on a 
wheel-like carrier. This carrier is fixed on the end 
of a spindle that passes through a combined stuffing- 
box and bearing provided on the upper closure of the 
casing. The strainer is thus horizontal ; it is driven 
through reduction gear from the shaft of the circulating 
pump. As the strainer rotates it is acted _ by 
scrapers. The scrapers are carried by ducts E (Fig. 4), 
that are of a size and shape to surround the holes F 
in the diaphragm B (Fig. 5). As the débris-charged 
water passes through the inlet pipe C and the hole G 
in the diaphragm B into the upper part of the casing, 
the débris is stopped by the strainer and is removed 
by the scrapers, falling downward through the ducts E 
and holes F into the settling-chamber. The débris 
collects in this chamber and can be removed as and when 
desired, without stopping the plant. 

Fig. 6 shows a development of the design, the 
strainer being in the form of a revolving hollow cy- 
linder of perforated material, the water ing from 
the exterior to the interior of the cylinder and thence 
to the condenser. The débris is removed by scrapers 
and falls into the lower part of the apparatus. A 
strainer of this type to deal with 500,000 allons of 
water per hour is now under construction at Deptford, 
Fig. 7 shows a general installation. 
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THE PHYSICAL SOCIETY OF LONDON. 


At the meeting held, by invitation of Professor Ernest 
Wilson, at the Electrical Engineering Laboratory, King’s 
College, October 28, Professor H. L. Callendar, F.R.S., 
President, in the chair, a paper entitled ‘‘ A New Method 
for Producing High-Tension Dischurges” was read by 
Professor Ernest Wilson and Mr. W. H. Wilson. 

According to this method, energy is taken from an 
alternating or continuous-current source, and stored in a 
magnetic field by an inductance ; it is then permitted to 
surge into a condenser, which forms with the inductance 
a low-frequency oscillating circuit. When the nome is 
stored in the condenser the latter is mechanically bridge 
across the primary winding of a spark-coil, with which it 
forms a high-frequency oscillatory circuit. The energy is 
then transmitted by the secondary winding of the spark- 
coil to the work circuit in well-known manner. 

The method therefore involves the use of an induc- 
tance, a condenser, a spark-coil, and a special contact- 
making device. In one form, the contact-maker consists 
of a cylinder of insulating material driven by a small 
motor, the cylinder carrying a metal segment, and a com- 

lete ring of metal attached to the segment. Three 
srushes (Nos. 1, 2, and 3) bear upon the cylinder. No. 1 
makes contact with the segment once in a revolution, 
No. 2 is continuously in contact with the ring, and No. 3 
makes contact with the segment once in a revolution, and 
is mounted on an adjustable arm. According to one 
method of connection, the coil of the inductance is con- 
nected in series with the primary winding of the spark- 
coil, and forms one circuit. In parallel with this circuit 
is placed the condenser. One pole of the supply source 
is connected to brush No. 1 on the contact-maker. The 
other pole of supply is connected to a tapping point on 
the inductance suitable for the voltage of supply, the 
total number of turns on the inductance depending 
upon the voltage at which it is desired to charge the 
condenser. The junction of the inductance and the 
condenser is connécted to brush No. 2 on the contact- 
maker, and is therefore continuously in contact with 
the metallic segrient. The junction of the inductance 
and the primary winding of the eae is connected 
to brush No. 3, which is capable of adjustment. 

At the epoch of ‘‘ make,” brushes Nos. 1 and 2 are con- 
nected by the segment, and the system is switched on to 
the supply source. The current rises in the winding of 
the rm a Aarne and builds up the magnetic field. The 
condenser also becomes charged, and its charging current 
passes through the primary winding of the spark-coil. At 
the period of ‘“‘ break,” brush No. 1 severs contact with the 
segment and is insulated. The energy stored in the con- 
denser is added to that in the inductance, and the condenser 
begins to be charged in the reverse direction. Ultimately 
the whole energy in the system is stored in the condenser. 
Brush No. 3 is so adjusted that, at this moment, it begins 
to touch the segments of the contact-maker, and thereby 
short-circuits the inductance. The condenser then dis- 
charges with great rapidity through the primary winding 
of the spark-coil, and the energy oscillates to and fro. As 
is well known, the electromotive force induced in the 
secondary winding may be of an oscillatory or unidirec- 
tional character, according to the nature of the work 
circuit. As only the current in the condenser 
through the primary winding of the spark-coil at ‘‘ make,” 
the inverse electromotive force induced in the secondary 
winding is so small as to be negligible; but, if desired, it 
can be entirely eliminated by a modification in the con- 
nections. 

Briefly, the following are some of the advantages 
gained :— 

1. For X-ray work the inverse electromotive force at 
‘*make” is eliminated, thereby leading to increased life 
of the tube and to a more sharply-defined radiograph. 

2. Only a small magnetising current is required, as the 
inductance has a nearly-closed magnetic circuit. This 
gives rise to a very small C?R loss, and consequently 

igher efficiency. : 

3. On account of the long periodic time of the system 
between the periods of ‘“‘ break” and ‘‘short-circuit,” the 
voltage acrcss the contact of the interrupter at ‘‘ break” 
does not rise to a high value, or rises so slowly that the 
contacts are well separated before itis developed. Hence 
immunity from sparking. 

4. The method lends i‘self to few secondary turns, and 
this keeps down the time-constant. It also makes the 
coil lighter, cheaper, and more compact. 

5. The method lends itself to low secondary resistance 
—a point of great importance in connection with radio- 
telegraphy. . 

6. The iron of the spark-coil can be kept small in 
amount, and special attention can be paid to its lamina- 
tion and insulation, as it may have to be operated at 
frequencies of 3000 or 4000 per second. 

7. The elimination of sparking increases efficiency, and 
on board ship, where -gas ‘s not conveniently obtain- 
able, this is an advantage. 

8. The apparatus can be worked from direct-current or 
alternating-current systems at usual voltages, or from a 
portable battery of a few storage-cells. 

9. The oscillatory current at ‘‘ break” does not pass 
yw the battery, and hence does not assist in its dis- 
charge. ae 

10. The iron in the magnetic circuit of the external 
inductance has only to operate at low frequency, and 
hence it has not to be finely laminated. 

11. When used on alternating-current systems, rectifi- 
cation, if desired, is easily effected by employing two 
short-circuiting brushes, one for each half-period, and 
allowing the second brush to short-circuit at the moment 
when the condenser is fully charged after allowing a 
second complete surge of the energy between the con- 
denser and the inductance of the spark-coil. 





12. The apparatus is light, efficient, and cheap, and is 
suitable for radiotelegraphy, X-ray, medical, and other 
work in which high-tension electricity is employed. 


The following are a few particulars of the apparatus 
exhibited at the meeting :— 
Spark-length of secondary winding 
Secondary turns Ee = ia 
Primary turns ... & ea ia 78 
Secondary resistance (aluminium)... 2900 ohms. 


10 in. 
16,000 to 20,000 


Primary resistance _... we ... 0.056 ohm. 
Weight of spark-coil and condenser 10 lb. 
Weight of inductance and interrupter 20 Ib. 


Mr. A. Campbell asked if the adjustment of the com- 
mutator was made experimentally, and if the instrument 
could produce high-frequency oscillations suitable for 
wireless telegraphy. 

Mr. W. Duddell asked if the discharge through the 
X-ray bulb in the experiment shown at the meeting was 
unidirectional. 

Professor J. A. Fleming asked if the coil could be 
used for medical work. e also asked if the frequency 
of the discharge could be made high enough for wireless 
telegraphy, and commented on the small amount of 
sparking at the commutator. ; 

Dr. R. 8. Willows suggested that the nature of the dis- 
charge in the secondary could be easily determined by 
using a vacuum-tube rectifier. 

Mr. Addenbrooke asked how much energy could Le 
obtained from the secondary of the coil exhibited. 

Professor Wilson, replying, said the adjustment was 
performed Prine en lom ~3 Using an air-coil for primary, 
enormous frequencies could be obtained in the secondary. 
The efficiency of the instrument was high compared with 
that of ordinary coils. The electromotive force induced 
in the secondary was oscillatory, but in the experiment 
shown the X-ray bulb acted as a rectifier. 

A paper on ‘‘ The Behaviour of Stcel wnder Combined 
Static Stress and Shock” was read by Mr. F. Rogers. 

Attention is drawn to the importance of the time rate 
of increase of stress, ds/dt, in the behaviour of materials 
under stress. The exact determination of this rate must 
usually present much difficulty, but the indirect expeti- 
mental method adopted consisted in submitting specimens 
of steel to shock whilst under static loading. The machine 
used for this purpose was exhibited and described at the 
meeting, and contained some novel features. The im- 
portant conclusion that steel is substantially less resistant 
to shock whilst it is under static stress appears to 
definitely established by these experiments. In some 
cases the effect of a large static stress was to diminish 
the resistance to shock by as much as 30 per cent. 

It is noteworthy that the correction for the work done 
upon the sample in applying the static load is relatively 
small. Thus the energy absorbed in breaking a sample 
of steel is greater when entirely applied as shock than 
when applied partly as shock and partly statically. This 
difference is considered to be due chiefly to the difference 
in the rate of increase of stress at the higher stresses in 
the two cases. The actual values of the highest stresses 
are not necessarily identical, but probably the higher the 
rate of increase of stress the higher is the greatest stress 
reached before rupture occurs ; whilst simultaneously de- 
formation is diminished, and the intimate nature of the 
breakdown suffers a corresponding variation. An explana- 
tion depending directly upon the nature of intermolecular 
forces is so conjectural in the present state of knowledge 
that it is not pressed. At the higher static loads em- 

loyed some portions of the test-pieces were stressed 

yond their elastic limits, and this may also help to 
account for a part of the diminution in resistance to 
shock —a factor to which the author is, however, inclined 
to attach comparatively little weight, because a piece of 
steel which has been overstrained statically is not neces- 
sarily thereby made more brittle. The importance of 
the effect of internal stresses in steel upon its resistance 
to shock is emphasised in view of the present results. 

Mr. R. S. Whipple asked if the same results were ob- 
tained with high and low-carbon steels, and whether the 
results were affected by annealing. 

Mr. Etchells asked what the author meant by ‘‘calcu- 
lated extreme static stress,” and also how the stress was 
applied. It was difficult to calculate the stress in the 
author’s experiments. 

Professor Smith said the paper opened up a field for 
research, and then described some experiments which he 
had been making recently on the’ time rate of change of 
strain. 

The author, in ay to Mr. Whipple, said he had 
obtained the same results from steels with carbon varying 
from 0.16 to 0.45 per cent. The actual apparatus was 
exhibited and the manner in which the stress was applied 
was shown. 








SrANDARD SPECIFICATION FOR STEEL CONDUITS FOR 
EvecrricaL Wriring.—The revised edition of this (No. 31) 
specification has just been issued by the Engineering 
Standards Committee. The revision was found neces- 
sary owing to the fact that on account of the obliteration 
of the inspector’s stamp by the galvanising process 
difficulties have arisen in the practical carrying out of 
this specification. It was therefore decided by the Com- 
mittee to revise the clauses dealing with the gauging of 
the tubes, so that they may be gauged after, instead of 
before, galvanising. In order to provide a better joint the 
length of the thread on the end of the tube has been 
slightly shortened, so as to prevent the tubes butting 
inside the coupler. The specification is published for the 
Committee Ff essrs. Crosby Lockw and m, 7, 
Stationers’ Hall-court, Ludgate-hill, E.C., and 121, 
Victoria-street, S.W., and may be purchased for 5s. from 
any bookseller, or direct from the offices of the Committee, 
28, Victoria-street, Westminster, S.W. 





SHRINKAGE OF ALLOYS DURING 
SOLIDIFICATION.* 


Shrinkage of the Antimony-Lcad Alloys and of the Aluiii- 
nium-Zine Alloys During and After Solidification. 


By Donatp Ewen, M.Sc., and Professor 
T. Turner, M.Sc. 


INTRODUCTION. 
By Professor TuRNER. 


THE work done by Mr. Ewen is an extension of that 
already published, in conjunction with Mr. M. T. Murray, 
on the copper-zinc series of alloys.+| The general method 
of procedure has been the same as before, the changes of 
length of a cast bar being observed by means of an ex. 
tensometer, from the moment of solidification down to 
the ordinary temperature. To this method of investiga. 
tion exception has been taken by some who have been 
good enough to criticise the work, on the ground that the 
measurements do not give volume changes, but only altera- 
tions in length. -It has been suggested that, in the case 
of a cast bar, owing to crystal thrust or other causes, the 
volume may vary in a different proportion to the length. 
No experimental proof has, however, been adduced in 
support of the above suggestion, while there is direct 
evidence that in certain cases an increase of length of the 
cast bar does coincide with a diminution in density, 
Probably the normal case is that where the bar decreases 
in len th it increases in density, and vice versa; and 
though it is possible, or even probable, that certain more 
or less abnormal cases may be found to exist, these excep- 
tions will not in any way detract from the value of the 
extensometer as a simple and trustworthy indicator of 
internal changes which are not readily observed by other 
methods. From the practical standpoint also the study 
of the behaviour of cast bars is of great importance, since 
the number of articles cast with three equal dimensions is 
almost negligible, and all other shapes approach more or 
less nearly to the bar form. 

When the extensometer was first applied to the study 
of the cooling of cast bars the whole field was open to 
investigation, and typical substances at once yielded very 
interesting results. In natural sequence came the study 
of series of alloys, and accumulating observations show 
that the subject is by no means so simple as might be at 
first anticipated. It may, perhaps, be well here to con- 
sider under which conditions a change of volume may be 


be | expected to result when substances are subjected to 


es of temperature. 

When chemical union takes place there is usually a 
marked volume change. This is generally in the direction 
of ‘‘close-packing,” and leads to smaller volume, as, for 
example, when carbon or hydrogen unite with oxygen. 
But, exceptionally, chemical union may result in largely 
increased volumes, as with explosives; these latter cases 
are often — of being regarded as being the formation 
of simpler from complex types, and are thus, perhaps, 
less contrary to rule than they at first appear. 

2. There is usually a marked volunie change noted 
when an allotropic or dimorphic transformation occurs. 

_3. There is a change of volume when one substance 
dissolves in another, and, conversely, when a body sepa- 
rates from solution there is a corresponding change in the 
opposite direction. As a rule, dissolution is accompanied 
by contraction, and separation or crystallisation by ex- 
pansion. There are, however, notable exceptions to 
this general rule, as, for example, with the ammonium 
salts, which expand on dissolving. Dissociation is believed 
to account for some special cases, while hydration and 
ionisation doubtless play their part in other instances. 

4. The separation of constituents which occurs during 
the solidification of a eutectic appears usually to be accom- 
panied by a measurable expansion. 

In the work of Mr. Murray on the copper-zinc series of 
alloys it was shown that where a continuous succession of 
solid solutions separate out, the extensometer curve 
closely follows the solidus. Mr. Ewen has now shown 
that in the antimony-lead alloys, where no solid solutions 
exist, the extensometer curves give negative results, no 
single bar of the series having expanded more than the 
original antimony. The expansion due to the formation 
of the solid eutectic has, however, been noted. In the 
aluminium-zinc series, on the other hand, where solid 
solutions exist, Mr. Ewen has found that the expansion 
curve closely follows the liquidus curve from 0 to 50 per 
cent. of aluminium, when allowance is made for the 
ex ion noted at the eutectic point. 

Side by side with Mr. Ewen’s researches, experiments 
have been in progress with various alloys of iron, and 
these have given interesting results, which are in course of 
publication elsewhere. It is hoped that by extended 
study on systematic lines the important points which are 
still undetermined may be oalle. clear, and further in- 
formation obtained which may be of interest to the 
metallurgist and physicist. 


SHRINKAGE OF THR ANTIMONY-LEAD ALLOYS ANI) OF 
THE ALUMINIUM-Zinc ALLoys DurRING AND AFTER 
SOLIDIFICATION. 

By DonaLp Ewen, M.Sc. (Birmingham). 
Objects of the Research.—The importance of the volume 
changes of metals during and after solidification is gain- 
ing more and more recognition year by year, and by the 
resent research it is hoped that a little more light will 
thrown on so interesting a subject, which, however, 
seems to grow more complex the further it is investigated. 

The attention which the volume changes of met!s and 

alloys are attracting in the metallurgical world is shown 
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* Paper read before the Institute of Metals at G!«sgow. 
+ Journal of the Institute of Metals, 1909, vol. i. 
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by the number of researches which have been published 
lately on this subject. : ' : 

Total shrinkage has also received a fair share of notice, 
though it imperfectly indicates the value of a given 
material for casting purposes, since it gives only the alge- 
braic sum of the volume changes after casting, whereas 
the nature and rate of shrinkage are also important when 
the casting properties of a metal are under consideration. 

In the recent researches of Wust* on the shrinkage of 
metals and alloys, volume changes were measured with 
an extensometer of novel design, the motion of two pins, 
one at each end of the test-bar, being conveyed to a 
graduated capillary tube by hydraulic pressure by means 
of cylinders, pistons, and connecting-pipes. ith this 
instrument a large number of metals and alloys were 
tested, and to some of the results reference will made 
later. . 

Degens,t working on the tin-lead alloys, measured 
volume changes in a modified form of dilatometer, which 
appears to be quite satisfactory for alloys of low melting- 

int. His results, however, can hardly have so great a 
technical value as those obtained by Wust, and still earlier 
by Turnert and by Keep,§ where the test-bars were cast 
in sand moulds, so that the conditions of casting and 
cooling approximated closely to those obtaining in actual 

ractico. 
. Mr. M. T. Murray,|| a former Bowen research scholar 
of this University, has investigated the volume changes 
of the copper-zine alloys during solidification, and has 
suggested the possibility of plotting the solidus curve on 
the equilibrium diagram of these alloys by means of the 
amounts of expansion shown on solidification which are 
in proportion to the distances between the solidus and 
liquidus for all alloys containing above 40 per cent. eopeet. 
his theory having been started in connection with the 
brasses, it was thought that its applicability to other 
series of alloys should be tested. 


Part I.—Tur Antimony-Leap ALLoys. 


Some preliminary shrinkage curves of these metals and 
alloys having been obtained by Murray, it was decided to 
begin with the investigation of this series. 

Wust “has determined the shrinkage curves of the pure 
metals, antimony and lead, but otherwise no records of 
previous work on this subject are to be found. ; 

Lead antimony alloys are of considerable commercial 
importance, being employed for the production of white- 
metal bearing-linings, and for type metals. Small pro- 
portions of antimony are also added to lead for hardening 
purposes, as in the production of leaden bullets. 

Preparation of the Alloys.—The metals used were the 
purest obtainable. The lead was guaranteed to contain 
99.95 per cent. of lead, with traces only of bismuth, iron, 
zinc, and antimony, whilst the antimony was guaranteed 
99.5 per cent. pure. A sufficient quantity of both of these 
metals was kindly presented by Messrs. Cookson, of 
Newcastle-on-Tyne. i 

In making up the alloys the exact percentage required 
was weighed out, no allowance being made for loss of 
antimony, this procedure being justified by subsequent 
analysis. The antimony was first melted in a cove 
fireclay crucible (Morgan’s H size) over a small coke fire ; 
the requisite amount of lead was added, the alloy well 
stirred, and the bar cast. 

Apparatus Used.—The method of experiment and the 
a 3a used for observing the alterations in length of 
this series of alloys were the same as those employed by 
and and Murray** in their work on the copper-zinc 
alloys. 

The apparatus consisted of, first, the sand mould in 
which the test-bar was cast ; secondly, the extensometer 
for measuring the changes of length; and, thirdly, the 
pyrometer which recorded the changes of temperature. tt 

Owing to the small size of the test-bars—namely, 4 in. 
Square section—cooling was too rapid to give very satis- 
factory cooling curves, but the eutectic halt was obtained 
with all the alloys, and it averaged 228 deg. Cent., being 
thus in agreement with the result obtained by Roland- 
Gosselin. ++ 

Assay of the Bars.—Having been cast, the bars were 
sampled by drilling at six different points, and assayed. 
The scheme of analysis as first drawn up involved a 
volumetric estimation of the antimony 4 means of 
potassium iodide. $$ After repeated trials this method was 
discarded, and the lead was estimated gravimetrically as 
sulphate, the analysis being standardised by running a 
couple of assays on the pure lead bar. 


, F. Wust, Mctallurgie, December, 1909, ‘On the 
Shrinkage of Metals and Alloys.” 
Tz Degens, Zeitschrift fur Anorganische Chemie, B. 63, 


BL. 207, ‘‘ Temperature, Volume, and Structural Changes 
in Tin Lead Alloys.” 

Ne $ Turner, Journal of the Iron and Steel Institute, 
No. 1, 1906, 


“Volume and Temperature Changes During 
the Cooling of Cast Iron.” 
§ W. J. Keep, Journal of the Iron and Steel Institute, 
1895, vol. ii., page 227. 
a Turner and Murray, Journal of the Institute of 
etals, No. 2, 1909, vol. ii., ‘* The Copper-Zinc Alloys; 
y of Volume Changes.” 


‘ F. Wust, Metallurgic, December, 1909, ‘On the 
Shrink: e of Metals and Alloys.” 
M Turner and Murray, Journal of the Institute of 
etals, ‘0. 2, 1909, vol. ii., ‘‘The Copper-Zine Alloys: 
Study of Volume Changes.” 
uit Turner and Murray, Journal. of the Institute of 
etals, No, 2, 1909, vol. ii., ‘‘ The Copper-Zinc Alloys ; 
® Study of Volume Changes.” 
isis T. \zautier, Bulletin dela Société d’ Encowragement, 
only echerches sur la Fusibilité des Alliages Metal- 


$$ Parry, “The Assay of Tin and Antimony.” 


Rapid solution of the samples was obtained by using a 
mixture of nitric acid and a concentrated solution of 
tartaric acid. The antimony was estimated by difference. 
The results of the analysis are given in Table I. 














Taste I, 
Lead : Expansion 
Bar. by —_ (in Inches) Remarks. 
Assay. aed on 12 In. 
per cent. per cent. 
1. oe 100.0 0.0025 
XL 12.3 87.7 0.0020 Gate slightly piped 
Il. 22.5 77.5 0.0020 Much pi gate 
x. 31.6 68.4 0.0019 Gate slightly piped 
1IL. 42.9 57.1 0.0000 —- Gate slightly piped 
1X. 51.2 48.8 0.0015 Gate slightly piped 
IV. 62.8 37.2 0.0000 
VILL. 76.8 23.2 0.0006 
V. 85.4 14.6 0.0012 
VL 94.9 5.1 0 0011 
VIL 100.0 = ¢.0090 = Not piped 


The nature of the piping of the gates of this series of 
bars was, unfortunately, not noted in every cage, and as 
many of the original bars were used up in subsequent 
trials when using a heated iron mould (to obtain slower 
cooling), such observations were afterwards rendered im- 

ible. So far as could be judged, the piping was 
argest when the casting temperature was nearest to the 
commencement of solidification. I% will be observed from 
the cooling-curves that towards the antimony end of the 
series the heat of surfusion is very pronounced. 

Shrinkage of the Antimony-Lead Alloys.—Whilst no 
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expansion was observed in the shrinkage curve of pure lead, 
pure antimony expands to a considerable extent. These 
results confirm those obtained by Murray,* and similar 
values were obtained later when using the mirror extenso- 
meter employed in investigating the aluminium-zinc 
alloys. Wust,t however, has stated that neither pure 
lead nor pure antimony expand on freezing, but no 
particulars are supplied as to the purity of the materials 
employed. The equilibrium diagram of the antimony- 
Teal alloys has been worked out by Roland-Gosselin} 
(Fig. 1), and indicates the total insolubility of the two 
metals in the solid state, the eutectic halt being present 
in the cooling curves of all combinations of these metals. 
The eutectic alloy contains 13 per cent. antimony, and 
melts at 228 deg. Cent. All alloys containing less than 
13 per cent. antimony consist of primary lead crystals 
in a matrix of eutectic; with more than 13 per cent. 
antimony the alloys show primary antimony crystals 
surrounded by eutectic. Thus the micro-structure of the 


series is very simple. : 
The shri curves are less easy of explanation. It 
should be said that the first reading of the extensometer 


was taken immediately the gate was full of metal. This 
reading was taken as the zero for the shrinkage curve, so 
that the changes recorded in this research are due to the 
behaviour of the bar itself after casting, and cannot be 
ascribed to the mechanical influences of casting, such as 





* Turner and Murray, Journal of the Institute of 
Metals, No. 2, 1909, vol. ii., ‘‘The Copper-Zine Alloys: 
a Study of Volume Changes.” 

+ F. Wust, Metallurgie, December, 1909, on ‘‘The 

of Metals and Alloys.” 


Shrink 
+ T. Gautier, Bulletin de la Société d’ Encowragement 


1896, “Recherches sur la Fusibilité des Alliages Metal- 





liques.” 





wash of metal or jarring. This being so, it is believed 
that the values obtained represent actual expansion. 

_ The cooling and shrinkage curves obtained are shown 
in Fig. 18, page 681 ; only the earlier parts of the extenso- 
meter curves being shown (in the upper part of the 
diagram), as contraction was perfectly uniform after the 
first few minutes. 

Pure lead shows no expansion. On making increasing 
additions of antimony, the expansion increases to a maxi- 
mum at about the eutectic composition, with 13 per cent. 
antimony ; it then falls to a minimum at about 35 per 
cent. antimony, whence it rises to a second maximum at 
about 50 per cent., and, after falling again to 60 per cent. 
antimony, it increases ually up to that of pure anti- 
mony. These results are summarised in the expansion 
curve (Fig. 1). 

According to Wust,* melts of about eutectic composi- 
tion show a minimum of shrinkage, which observation 
serves as indirect confirmation of the expansion maximum 
noticed at this point. It is not so easy from the equili- 
brium diagram to account for the maximum found at 50 
= cent. of antimony in conjunction with the minima at 

5 per cent. and 57 per cent. It should be noticed, how- 
ever, in this connection that although Bar III. (57.1 per 
cent. antimony) and Bar IV. (37.2 per cent.) were both 
cast at a slightly higher temperature than Bar 1X. (48.8 
per cent.), they show a much more coarsely crystalline 
and dendritic structure than the 48.8 per cent. bar, in 
which small white primary crystals of antimony are very 
uniformly distributed throughout the section. Possibly, 
then, this is an example of expansion due to an altered 
form or method of crystallisation. 

Beyond 57 per cent. antimony the expansion curve 
rises rapidly at first, and then more slowly up to the 
highest expansion of the series given by pure anttnens, 
the influence of the antimony on the expansion gradually 
asserting itself in a more or less normal fashion. 

Considering this expansion curve in its relation to the 
distance of the solidus from the liquidus in the equili- 
brium diagram, the results are purely negative; a rela- 
tively large expansion is obtained at 13 per cent. anti- 
mony, where solidus and liquidus meet, and from this 
point to pure antimony ; while the distance between the 
solidus and the liquidus is uniformly increasing, the ex- 
pansions vary from zero through a maximum to zero 
again and thence up to pure antimony. The experi- 
ments of Mr. Murray, to which previous reference. has 

m made, were conducted on the copper-zinc alloys, 
which exhibit a series of solid solutions, whereas anti- 
mony and lead are mutually insoluble in each other. 
Possibly the close relation between expansion and range 
of temperature during solidification may hold only for 
alloys of metals whisk are more or less soluble in each 
other in the solid state. It would a that the rule 
does not obtain in the case of metals which form no solid 
solutions, if the antimony-lead series may be taken as 
typical of such. 

Hardness.—It was thought that hardness tests might 
help to explain the somewhat remarkable shape of the 
expansion curve already described. e hardness was 
measured by the scleroscope invented by Mr. Shore.t 
This method, when tested against other recognised ways 
of measuring hardness, has been found to give fairly con- 
cordant results for pure cast metals (Turner),t but does 
not seem to be adapted to tests on non-metallic substances. 
However, its usefulness for comparative results on a series 
of alloys such as the present is unquestionable. The 
great advantage of the method consists in the rapidity 
with which a number of tests can be made, the specimens 
being merely pieces about 14 in. long sawn off from the 
bars, and tested with the ‘‘ blunt hammer” on the top 
surface after removing the rough skin due to casting by 
rubbing lightly on a fine file. 

The results obtained are shown on the curve in Fig. 2. 
Up to the eutectic composition of 13 per cent. anti- 
mony, the hardness rises fairly uniformly. On passing 
this point hardness increases much more rapidly, and, 
passing through a maximum of 17.3 at about 80 per cent. 
antimony, it falls again very rapidly down to pure anti- 
mony. The sharp upward turn taken by the hardness 
curve at the eutectic composition corresponds with the 
maximum shown by the expansion curve at this point, 
and coincides with the first appearance of crystals of free 
antimony in the micro-structure. Nothing noteworthy is 
to be found in the hardness curve at 50 per cent. antimony, 
where the expansion curve shows a second maximum. 

Calvert ont Sekesn, by penetration tests, found that 
the alloy containing 23.5 per cent. antimony and 76.5 per 
cent. lead was four times as hard as pure lead. A refer- 
ence to the curve will show that this ratio is confirmed by 
the scleroscope tests. 

Microscome Examination.—Although the micro-struc- 
ture of the antimony-lead alloys had been investigated 
by Stead§ and Guillet,|| micro-sections of the bars cast for 
shrinkage-curve observations were made, nevertheless, in 
the present research (see Figs. 3 to 12, page 680), in order 
to obtain information as to their internal composition 
and arrangement. For this pu sections were sawn 
off about 2 in. from the end of each bar, where the extenso- 
meter pin entered it, and were polished in the usual way. 

The greater part of the sections were examined without 
etching. By this treatment the hard white crystals of 


* F. Wust, Metallurgie, December, 1909; ‘‘On the 
—- of Metals and Alloys.” 

+ T. Turner, Journal of the Iron and Steel Institute, 
May, 1909, ‘‘ Notes on Tests for Hardness.” 

t T. Turner, Journal of the Iron and Steel Institute, 
May, 1909, ‘‘ Notes on Tests for Hardness.” 

§ Heycock and Neville, Journal of the Chemical 
Society, 1897, 383. . 

|| E. 8. Shepherd, Journal of Physical Chemistry, 1905, 
page 504. 
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SHRINKAGE OF ALLOYS DURING SOLIDIFICATION. 


(For Description, see Page 678.) 























~ 


Fie, 3.—Bar I. Pure antimony. Magnified Fic, 4.—Bar XI. 87.7 per cent. antimony. Fig. 5.—Bar II, 77. on antimony. Fie. 6.—Bar III. 57.1 per cent. antimony, 
60 diameters. Magnified 60 diameters. Magnified 60 diameters. Magnified 60 diameters, 























Fie, 7.—Bar IX. 48.8 per cent, antimony. . 8.—Bar IV. 37.2 per cent. antimony. ig. 9.—Bar V. 14.6 per cent. antimony. Fie. 10.—Bar VI. per cent. antimony. 
Magnified 60 diameters. Magnified 60 diameters. Magnified 60 diameters, Magnified 60 fd th ' 


Fig. 11.—Bar VII. Pure lead. Magnified . 12, i y- tic . Fie, 22,—Bar XII. 89.33 per cent. aluminium. Fig. 23.—Bar XI. 79.28 per cent. aluminium. 
: 60 diameters. Magnified 60 diameters, Magnified 60 diameters. 
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Fie, 24.—Bar IX. ; 60.21 per cent. aluminium, ‘1G, 25.—Bar VIII. 49.84 per cent. aluminium. Fie. 26.—Bar VI. 30.55 per cent. aluminium. ‘1G. 27.—Bar V. 21.03 per cent. aluminium. 
Magnified 60 diameters, Magnified 60 diameters, Magnified 60 diameters, Magnified 60 diameters. 





Fie, 28.—Bar lV. 9.48 per cent. aluminium. Fie, 20,—Bar III. 4.31 per cent. aluminium, Fie, 30,—Bar III. 4.31 per cent. aluminium. Fie, 31.—BarII. 2.44 per cent. alun:inium, 
Magnified 60 diameters. Magnified 120 diameters, Magnified 60 diameters. Magnified 60 diameters, 
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antimony were obtained standing out in a dark ground 
mass of eutectic, 4 

In bars containing much antimony, this metal appears 
as primary white dendritic crystals. As the proportion of 
antimony decreases, the dendritic structure ually dis- 
appears, and the ay pen assume the form of 
cubes, so well known in ring metal structures. In 
two bars containing 14.6 per cent. and 23.2 per cent. anti- 
mony, these primary cubical crystals show a marked 
segregation to the top of the bar, leaving a perfectly 
homogeneous layer of eutectic at the bottom. 

It would appear then that in casting alloys of this range 
of composition, which includes bearing metals and type 
metals, the casting temperature should be as low as pos- 
sible if segregation is to be avoided. With ee per- 
centages of antimony the dendritic structure effectually 
prevents segregation. ; y 

Bar V1., containing lead in excess of the eutectic com- 
position, shows polygonal lead crystals embedded in a 
matrix of dark eutectic, the banded structure of which is 
just visible between the white lead crystals at this magnifi- 
cation. 

The specimen of pure lead shows the twinning of the 
crystals due to the effect of work during polishing. Most 
of the structures were coarse, the magnification for the 
series being only 60 diameters. 

The fine structure of Bar IX. compared with those of 
its neighbours, Bar III. and Bar IV., has already been 
noted in connection with the expansion curve, 

To sum up the foregoing results, it has been found that 


with this series of alloys, in contradistinction to the ex- | 


these, the amount of piping in the gate is largely governed 
by the casting temperature; the closer the latter approxi- 
mates to ie eaten of solidification, the greater will 
be the liability to pipe. 


Fig.13. EQUILIBRIUM DIAGRAM OF ALUMINIUM- 
ZINC ALLOYS/ | 
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Shepherd* has conducted a microscopic and pyrometric 
research on these alloys, the results of which are included 
in his nee diagram (Fig. 13). He did not obtain 
the soli lus curve, however, and as this is not known at 
present, it is hoped that additional interest will attach 
to the present work. 

The aluminium-zinc alloys had been partially investi- 
gated Wy Mr. F, D. Simpson, a former research scholar 
of this University, who carried out an unpublished series 
of tensile tests, and also took some curves with the dial 
extensometer already described. Only a few of his results 
are to hand, and he seems to have failed to observe any 
expansions with the alloys, with the single exception of 
that containing 90 per cent. aluminium. As the accuracy 
of these curves was doubtful, it was decided to test them 
by repeating one or two of the castings. Bars containing 
5 per cent. and 35 per cent. aluminium were therefore 
cast, and an expansion was recorded in each case by 
means of the mirror extensometer, which will be described 
later. In consequence, the aluminium-zinc series of alloys 
was adopted for investigation. 

Preparation of the Alloys.—The alloys were made from 
pure aluminium, supplied for the purpose by the British 
Aluminium Company, of London, and found to contain 
on analysis the following impurities :— 


Per Cent. 
Iron ... ~ nis te 0.16 
Silicon 0.21 


The zinc used was specially uxe ; it was obtained from 
Messrs. Brunner, Mond, 4 Bo. of Norwich. Accord- 





ing to analysis by Mr. Murray it contained :— 
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pansions of the copper-zine alloys containing more than 
40 per cent. copper, the amount of expansion on solidifica- 
ion is not proportional to the range of temperature over 
which solidification takes place. Tt has been suggested 
that the absence of solid solutions in the antimony-lead 
Series of alloys may possibly account for this. 

An unexpeeted maximum in the expansion curve at 50 
per cent. antimony has been noted, and, on the evidence 
_ tmrcro-sections, has been ascribed to some crystalline 

e, 

The value for the melting-point of the eutectic has been 
confirmed as 228 d ent.—the figure obtained by 

land-Gosselin* in his work on these alloys. 

2 A maximum in the expansion curve was obtained at the 
nectic composition, which point was also indicated on 
qpardness curve by a sharp upward turn. 

The piping was noted in a few cases, and, judging from 


* T. Gautier, Bulletin de la Société @ Encouragement, 


mall Recherches sur la Fusibilité des Alliages Metal- 
































percentage of <a may be expected to give the 
sharpest castings, as the expansions for this range of 
composition gradually diminish from a maximum at 15 

r cent. antimony to a minimum at about 30 per cent. 

he hardness, on the other hand, increases uniformly and 
fairly rapidly over this range, so that a cast alloy con- 
taining about 20 per cent. antimony would appear to 
combine a fairly high hardness figure with ak casting 
properties. 


PART Il.—Txe Avuminium-Zinc ALLoys. 
Various reasons appeared to indicate the aluminium- 
zinc series as an interesting one to investigate in succes- 
sion to the antimony-lead alloys. : 
More icularly, reference may be made to the in- 


creasing industrial importance of this series, and to the 
fact that the equilibrium diagram indicates the existence 
of mutual solubility of the two metals, 
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Practical Considerations.—Of the alloys containing Per Cent. 
15 to 25 per cent. antimony, which include varieties of Tron ... 0.01 
type metals and bearing metals, those with the lower * sd 0.006 
Cadmium ... 0.05 


with traces of arsenic and antimony. 


Since both Shepherdt and Bancroft} lay great stress 
on the fact that aluminium readily absorbs silicon when 
melted in a fireclay crucible, some of the pure aluminium 
was melted in a salamander crucible, and heated to about 
800 deg. Cent. On testing the melt the silicon content, 
which was then 0.25 per cent., showed very little increase 
on its original value 6.21 per cent.). ta, 

In making up the alloys, therefore, the aluminium was 


* E.S. Shepherd, Journal of Physical Chemistry, 1905, 
page 504. ‘ e 
+ E. S. Shepherd, Journal of Physical Chemistry, 1905, 


504. 
t W. D. Bancroft, American Brass-Founders’ Associa- 
tion, ‘‘ The Tensile Strength of Aluminium-Zinc Alloys,” 
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first melted in a salamander crucible set in a small 
injector furnace, The necessary amount of zinc was then 

ded, when it was observed that in the case of the alloys 
containing much zinc the whole mass e solid. On 
further heating, the substance melted, and the alloy was 
well stirred and poured. The melting up and alloying 
were effected under an atmosphere of coal gas, to mini- 
mise oxidation. 

Apparatus Used. —Extensometer and cooling-curve 
readings were taken simultaneously, as has been described 
in dealing with the antimony-lead a The apparatus 
used was the same as that employed for the previous 
series, with the exception of the extensometer, which was 
an adaptation of an instrument made by Mr. Murray, and 
worked on the reflecting principle. 

Referring to the plan (Fig. 
mould is shown med up justas for casting the antimony- 
lead alloys. The extensometer pin P was attached by a 
socket and thumb.screw to a rack which worked in two 
guides, and was capable of horizontal motion. This rack 
engaged with a pinion fitted to a vertical spindle, which 





ple. 
14), the bottom box of the | 


| 


| 


castings, but those containing 50 to 60 per cent. alumi- 
nium gave the cleanest and sharpest castings of the series. 
It was thought that the amount of piping in the gates 
of the cast bars might be of some value in su uently 
considering the expansion curves, and the character of 
the gate of each bar was noted. As will be seen from 
the photograph, Fig. 19, the test amount of piping 
is shown by Bar [. (pure zinc), Bar IIT. (4.31 per cent. 
aluminium, the eutectic alloy), and Bar XIII. (pure 
aluminium). With the antimony-lead alloys it was 
noticed that the’ nearer the casting temperature was to 
the beginning of solidification, the greater was the piping. 
This is not true of the present series of alloys, for Bars 
VII., VIII., [X., and X., all of which were poured at a 
very low a 5 i Oh exhibit little or no piping in their 
gates. Bars IV., V., and VI. show no piping at all. 
Arguing from these results, it would appear that sub- 
stances which solidify at a more or less constant tempera- 
ture (such as pure metals and eutectics), and those which 
expand on solidification, show the greatest tendency to 
pipe, although the amount of piping is governed also b 


and Bancroft* attribute the superior casting properties 
of these alloys to the increase of fluidity and decrease of 
surface tension obtained on alloying, and express their 
doubts as to the influence of possible expansion on solidi- 
fication in this respect. 

That fluidity and low surface tension are of importance 
in determining the good casting properties of these «loys 
is shown by the nature of the tops of the gates, which have 
perfectly rounded edges for all alloys containing from 50 
to 90 per cent. aluminium. But whilst these factors un. 
doubtedly affect the casting properties of any material, it 
may be argued fairly in this case that the excellent cast. 
ings obtained were due in part to expansion on freezing, 
the best castings being obtained with alloys containing 
from 40 to 60 per cent. aluminium, a range of composition 
which includes the maximum expansion of the series. 

The shrinkage curves obtained with the pure metals 
confirm Murray’s results, both aluminium and zinc bars 





showing considerable expansion on solidification. The 
| whole series of shrinkage and cooling curves of these 
| alloys is shown in Fig. 17, the shrinkage curves being 


worked easily between adjustable centres ; on this spindle | the casting temperature. The numerical results obtained | shown in the upper half of the diagram, and the cooling 
just above the pinion a mirror M was fixed, being a in this part of the research are included in Table IT. 


silvered yor 4 cover-glass. The rack and pinion 
were very carefu 


As was the case with the antimony-lead alloys, the 


below them. For the sake of clearness, only the 


| curves ‘ 
rts of the shrinkage curves are shown, contrac. 


| earlier 


ly made, and as the position of the highest temperature recorded by the thermo-couple placed | tion being perfectly uniform after the first eight or ten 


spindle was adjustable, it was a simple matter to arrange | in the mould (the “‘ casting temperature”) was in many | readings. 


the apparatus so that there was no play between the 
moving parts. 

Changes in length of the test-bar in the mould were 
thus communicated to the mirror, which turned through 
an angle proportional to the length variation of the test. 
A box-wood metre-scale SS was bent to the shape of an 
arc of radius equal to its distance from the mirror, and 
mounted on a stand (Fig. 15). Immediately above this 
scale was a cross-wired telescope Y, by which the reflec- 
tions of the scale in the mirror were observed, and thus 


Fic. 19. Pirrya or ALUMINIUM-Zinc ALLOY. 


values were obtained from which the shrinkage curves 
were plotted. 

The magnification adopted was about 1 : 400. As 
compared with the older dial form, this extensometer 
gives increased magnification and sensitiveness owing to 
the use of a larger scale and a more accurate method of 
reading, it being quite easy to read rapidly to 0.5 mm. 
By this means any critical part of the curve may be estab- 
lished by a much greater number of points than was 
possible when using the dial extensometer. The question 
of play between the moving parts and of possible strain 
in the case of very large length alterations are also 
eliminated in this apparatus. The photograph, Fig. 16, 
shows the apparatus set up y for casting ; an ingot of 
lead is placed on the top of the mould to ensure good 
contact between the top and bottom boxes. The method 
of casting the bars was exactly the same as when working 
with the aitimony-lead alloys. As it appeared possible 
that the expansion of the pin connecting the test-bar with 
the extensometer might introduce an appreciable error, 
a check casting was made of one of the bars, but a thin 
glass rod was employed in place of the iron wire ordi- 
narily used asa pin. Within the range of experimental 
error the results in each case were identical. ‘The use of 
‘*invar,” which had been originally contemplated, was 
therefore abandoned. 

Assay of the Bars.—-The assay of aluminium-zinc alloys 
described by Seligman and Willot,* comprising a solution 
of the sample in a strong solution of caustic soda, followed 
by precipitation of the zinc with sulphuretted hydrogen, 
redissolving the zinc sulphide in hydrochloric acid, and 
titrating, gave good results for alloys containing high 
percentages of aluminium. But for alloys containing 
much zine this method was impracticable, as the samples 
were only eeoty soluble in the caustic soda solution. 
High zinc alloys were simply dissolved in hydrochloric 
acid and titrated with potassium ferro-cyanide without 
any previous separation, Bars containing less than 75 
-¥ cent. aluminium were assayed by this direct process. 

he method was calibrated by introducing varying 
amounts of aluminium into the solution when standardis- 
ing the potassium ferro-cyanide solution, and a curve was 
drawn sy the effect of aluminium on the assay 
results, By this means a rapid and accurate method of 
analysis was obtained. Bars containing upwards of 75 
per cent. of aluminium were subjected to precipitation 
with sulphuretted hydrogen, as described by Seligman 
and Willot, before titrating. The aluminium was obtained 
by difference in every cas3. 

Description of the Bars.—All the alloys gave good 


* Seli n and Willot, Journal of the Institute of 
Metals, No. 2, 1909, vol. ii., page 12, ‘The Analysis of 
Aluminium and its Alloys,” 
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ALLOYS 
AFTER SIMPSON). 


(998.4) Per Cent, 

cases below that of the commencement of solidification, 

as deduced from Shepherd’s diagram. 
TABLE IT. 

| Expansion 

Zinc. (in Inches) 

| on 12 In. 


Hard- 
ness. 


Alu- 


minium. Remarks. 





| Much piped. 
‘slightly piped. 

5 |Eutectic alloy; much 
_ Piped. 

|Not piped. 


Not piped ; clean cast- 
ing. Drilled much 
sofver than V. 

Not piped; seemed 
harder than V. when 

| drilling. 

| 51.8 |Not piped ; 

casting. 

0.00048 41.2 Not piped; very sharp 

| casting. 

31.46 | 0.00056 | 35 |Notpiped ; much softer 

| than Bars VII. and 
mat — 
ightly . 
Distinctly iped. 
Much piped. 


per cent! p.c. 
j. 100 


97.56 
95.69 


0.00126 
0.00058 
0.00063 


0.00029 
0.00048 
0.00084 


on 14 
2.44 22 
4.31 
9.48 
V. | 21.03 
I. | 30.55 


28 
42.9 
38.5 


90,52 
78.97 
69.45 


39.54 | 60.46 | 0.00116 | 43.3 


49.84 | 50.16 | 0.00126 excellent 





60.21 | 39.79 


.. | 68.54 
| 79.28 


| 89.33 
100 


25.8 
7.8 
2.8 


XI 
XIIL 





This is unfortunate, as it detracts from the value of the 
cooling curves, but it was unavoidable on account of the 
rapidity of cooling and the necessity of pouring at a low 
temperature in order to obtain reliable readings for the 
shrinkage curves, which are of primary importance. 
There is reason to believe that in some cases distinct sur- 
fusion occurred, and possibly also the ‘‘lag” of the pyro- 
meter prevented its reaching the maximum temperature 
of the cast. It has, however, been thought best to pre- 
sent the curves in their entirety. All the alloys were 
perfectly fluid when cast. 

Shrinkage of the Aluminium-Zinc Alloys.—Shepherd* 





* E. S. Shepherd, Journal of Physical Chemistry, 1905, 
page 504, 


| The curve of maximum expansion for each alloy (see 
| Fig. 13) shows that the expansion on solidification drops 
| from that of pure zinc to a minimum at 2.4 per cent. 
| aluminium, exhibits a small maximum at the eutectic 
| composition (4.31 per cent. aluminium), and then rises 
uniformly to a second much larger maximum at about 
50 per cent. aluminium, after which it undergoes a sudden 
fall, and finally rises, slowly at first and then more rapidly, 
to the large expansion shown by pure aluminium. 


Fig. 32. EQUILIBRIUM DIAGRAM OF THE 
ALUMINIUM-ZINC ALLOYS. 


20 30 40 50 60 TO 80 90 100 


Per Cent, Alaminrium. 


Oo 
(934.M) 
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This curve exhibits some interesting points when com- 

ared with the equilibrium diagram, and has therefore 
tn added to the latter (Fig. 13). The maximum shown 
at the eutectic point is worthy of notice, when it is re- 
membered that a similar maximum was obtained at the 
eutectic composition of the antimony-lead alloys. But if 
one dis s this maximum for the moment as being a 
characteristic property of eutectics, which, indeed, seems 
a fairly justifiable supposition, the expansion curve might 
be continued underneath the eutectic maximum, as shown 
on the equilibrium diagram, and would then follow the 
shape of the liquidus very closely from nearly pure zinc 
up to about 50 per cent. aluminium. os 

The expansions of the alloys within these limits (2 to 
45 per cent. aluminium) are therefore proportional to the 
distance of the solidus from the liquidus (since the 
solidus over this range is the horizontal eutectic line), 
and may be said to support Murray’s suggestion, that ex- 
pansion is p rage to range of temperature during 
solidification. ith the disappearance of the eutectic, 
however, on exceeding 50 wd cent. aluminium, the ex- 
pansion suddenly falls, and thealloys, now consisting of a 
simple solid solution of zinc in aluminium of varying 
degrees of concentration, show a more or less uniform 
expansion until, with more than 90 per cent. aluminium, 
the larger expansion of this metal begins to make its 
influence felt, and the curve rises sharply. 

Hardness.—Following the same method of procedure a8 
in dealing with the antimony-lead alloys, the hardness of 
the aluminium-zinc test-bars was investigated, again 
using the scleroscope. : 

The curve obtained was very much what might be ex- 
pected (see Fig. 20); the only outstanding feature 1s & 
small minimum at about 30 per cent. aluminium. . his 
was confirmed on machining two sides of the test-pieces 
perfectly parallel and again testing their hardness. 

The hardness increases rapidly from pure zinc up to & 
eutectic composition, and ceo more slowly up to a smal 
maximum at about 20 per cent. aluminium, | whence it 
falls to a minimum at 30 per cent., and rises again to 

r cent. aluminium, the hardest alloy of the series. 

his point corresponds with the solid solution of zine 
in aluminium containing the largest possible amount 
of zinc compatible with a homogeneous atractars 
After passing this or the —- - —- 

inium. rou u oO e A 
to pure aluminiu i im rilling out tbe 


ness of the bars was obtain 
* W. D. Bancroft, American Brassfounders’ Associa 
tion, ‘‘ The Tensile Strength of Aluminium-Zin: Alloys. 
+ It may be observed that the arrest at 250 deg. ee 
which will be referred to later, shows its maximum ele 
at about this composition. 
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samples for analysis before the hardness tests were made, 
and it confirmed the general shape of the curve and the 
minimum at 30 per cent. aluminium subsequently found 
by scleroscopic tests. . ? 

The bars were all fractured in a vice by tapping with a 
hammer. The influence of small amounts of aluminium 
on zinc was very noticeable. Bar I. (pure zinc) showed 
the usual coarsely crystalline structure. Bar II., con- 
taining 2.4 per cent. aluminium, had a fine-grained frac- 
ture, and stood a t deal more hammering than Bar I. 
before it broke. he eutectic alloy (4.31 per cent. alu- 
minium) showed a fracture much coarser than that of 
Bar II., whilst Bar V. (21 per cent.) showed a very fine 
fracture, somewhat resembling that of tool-steel, and was 
very difficult indeed to break. Most of the bars nee 
without appreciably bending, a small amount of ductility 
being observed only when the eutectic limit of 50 per 
cent. aluminium had been well ' 

Tensile Tests.—A series of values for the tenacity of the 
aluminium-zince alloys was obtained by Simpson, and the 
results have been plotted, giving the curve on Fig. 21, 
which rises rapidly on adding aluminium to zinc up to 
20 percent., when it reaches its maximum value of 18 tons. 
This figure is maintained until 45 per cent. aluminium is 

ssed, when it drops uniformly to pure aluminium, with 
a tensile strength of 3.6 tons. 

The maximum tensile strength of the series is thus 
covered by alloys which consist of a saturated solid solution 
of zinc in aluminium with varying amounts of eutectic, 
and appears to reach its highest value when the amount of 
eutectic present is vanishingly small. Microscopic exami- 
nation of the alloys included in this range of composition 
shows the structure to be essentially dendritic. The curve, 
which gives the values of the tenacity after annealing for 
three hours at 300deg. Cent.. is in fair agreement with 
that obtained by W. D. Bancroft,* who conducted his 
tensile tests on cast alloys, so that simple heat treatment 
without work has little effect on the tenacity, but it is 
said to improve the ductility considerably. 

From the equilibrium diagram it will be seen that the 
industrial alloys, when in perfect equilibrium, consist of a 
homogeneous solution of zinc in aluminium. In the cast 
state, however, small amounts of eutectic are always 
present in these alloys when rich in zinc, so that heat 
treatment and work would be expected to have a beneficial 
effect, tending to increase uniformity of structure. This 
has been realised in the case of the alloy containing 88.7 
per cent. aluminium, and the improvement in the 
mechanical properties is very evident. + 








— Chill-Cast. | Drop-Forged. 
Yield-point 5.3 tons 11 tons 
Tenacity 7 = 7 
Elongation 3 per cent. 12.4 per cent. 


Industrial applications of the aluminium-zinc alloys are 
limited by the fact that they become brittle under the 
influence of repeated shock. 

Microscopic Examination.—Specimens for microscopic 
examination were taken from each bar. The softness of 
the alloys at either end of the series was again the cause 
of some difficulty in polishing. Alloys containing up to 
50 per cent. aluminium were etched with dilute nitric 
acid; with higher percentages of aluminium, potash 
solution was found to give better results as an etching 
agent. 

As cooling was comparatively rapid, perfect equilibrium 
was not obtained in many of the bars, and the eutectic 
appears in several specimens which, on annealing, would 
give a uniform one-constituent structure. 

The magnification for these micro-photographs is 60 dia- 
meters. Micro-photographs of the pure metals were not 
taken. Referring to Figs. 22 to 31, in the series of micro- 
photographs, Bar II. (2.44 per cent. aluminium) shows 
primary granular crystals of a solution of aluminium in zinc 
in a matrix of dark eutectic ; the banded structure of the 
latter, being very coarse, is just visible between some of 
the white crystals at this magnification. Bar III. (4.31 





per cent. aluminium) appears to be com entirely 
of eutectic, the typical banded structure being well de- 
veloped. ‘This is also shown magnified 120 diameters. 


Bars IV., V., VI., VII. (9.5 to 39.5 per cent. aluminium) 
showed primary white crystals, consisting of a saturated 
solution of zinc in aluminium, embedded in a matrix of 
eutectic. The primary crystals gradually assume a more 
and more dendritic structure as the percentage of alumi- 
nium increases. Small quantities of a biue-grey con- 
Stituent, often in minute cubical crystals, were first 


noticed in Bar V., and persist in varying amounts up to 
Bar X. (68.5 per cent. cleaniniann). On exceeding 45 per 
cent aluminium the alloy is no longer a saturated solid 
solution of zinc in aluminium, and the eutectic disappears. 
This accounts for the difference in structure between 


Bar VI. (30.6 per cent.), which is markedly dendritic, and 
Bar VIII. (49.8 per cent. aluminium) ; the latter consists 
of solid s lution of zinc inaluminium, with small amounts 
of eutectic, which would have disappeared entirely had 
the alloy been slowly cooled or annealed. Bar IX. (60.2 
per cent. aluminium) closely resembles Bar VIII., and 


on repeated hammering and annealing its structure was 
found ¢ ) become perfectly homogeneous, this being the 
charac: ristic appearance of the other bars up to 89.3 per 
cent. aluminium, 

Pyromctric Results.—Although the cooling curves ob- 
— from the shrinkage tests of this series of alloys 


insatisfactory at the higher temperatures, on 
_ W.1 ). Bancroft, American Brassfounders’ Association, 
he Tensile Strength of Aluminium. Zinc Alloys.” 


P + Proceedings of the Institution of Mechanical Engi- 
110” Tenth Report of the Alloys Research Committee, 


account of the rapid cooling and the necessity of casting 
at a low temperature, an interesting feature was yet 
exhibited by some of the curves. 

This was an inversion, taking place between 200 deg. 
and 300 deg. Cent., which was found in the cooling 
curves of bars containing about 10 to 40 per cent. of 
aluminium. 

In order to investigate this halt further, slow cooling 
curves of Bars IT. to 1X. (2.44 to 60.21 per cent. of alumi- 
nium) were taken by means of a delicate potentiometer, 
galvanometer, and thermo-couple. 

A faint indication of the halt was found at 2.44 per 
cent. of aluminium at a temperature of 255 deg. Cent. 

As the percentage of aluminium increased the effect of 
the halt became more and more apparent, until it reached 
its maximum at about 17 per cent. of aluminium and 
83 per cent. of zinc, a proportion which approximates 
closely to the formula AlZno. 

As the aluminium content is still further increased the 
duration of the halt becomes less and less, and finally 
it disappears altogether between 50 and 60 per cent. of 
aluminium. These facts are shown on the equilibrium 
diagram (Fig. 32), which is drawn from the data obtained 
in this part of the research, with the exception of the 
curves of solid solubility. 

A series of quenching and annealing experiments have 
been carried out on an alloy containing 17 per cent. of 
aluminium, but sufficient time to arrive at the explanation 
of this halt has not yet been available. 

It may be remarked, however, that the specimen 
quenched from 330 deg. Cent. did not show eutective struc- 
ture, although well within the eutectic limits, whilst the 
annealed alloy, which was slowly cooled through the 
critical range of the halt (280 deg. to 220 7 ‘ent. ), 
showed a well-defined pearlitic structure in the matrix 
between the primary crystals. 

The eutectic halt was found at 380 deg. Cent., in agree- 
ment with the figure obtained by Shepherd. 

On recording the results so far obtained with this series 
of alloys, the most noticeable feature is that the alloy 
containing 49.8 per cent. of aluminium, corresponding to 
the disappearance of eutectic and attainment of a homo- 
geneous structure, shows the maximum hardness, tena- 
city, and expansion on solidification of the series. Its 
ductility, however, is too low for practical purposes, the 
elongation of the annealed alloy being wall caer 1 per 
cent. on 2 in. 

The piping of these alloys was noted. It was practi- 
cally restricted to the pure metals and the eutectic alloy, 
and appears to be chiefly influenced by the range of tem- 
perature and the amount of expansion during solidifica- 
tion ; the results obtained in this respect dispute the 
generally accepted idea that piping is an evidence of 
contraction. 

The curve expressing the maximum expansions of the 
cast bars shows two maxima—a small one at the eutectic 
point, and a much larger one at about 50 per cent. If 
the eutectic expansion be disregarded as being a constitu- 
tional property of eutectics, the expansions on solidifica- 
tion are approximately proportional to the range of 
temperature over which solidification takes p for 
alloys containing from 2 to 50 per cent. aluminium. 
The direction of the solidus on exceeding 50 per cent. 
aluminium is not yet known, but has been drawn in 
Shepherd’s equilibrium diagram in the direction which it 
would be expected to take. From considerations of the 


-| expansions of the bars of aluminium-rich alloys, however, 


it should be drawn very much more curved, and would 
appear as shown dotted in Fig. 32. Further work on 
this subject is necessary before it can be definitely stated 
which of these two lines most closely follows the path of 
the actual solidus. A halt at 250 deg. Cent. has been 
noticed in the cooling curves of alloys containing 2 to 50 
per cent. aluminium. This indicates some structural 
change at the temperature shown by the horizontal line 
in the equilibrium di m (Fig. 32), but the exact nature 
of the transformation has not yet been fully investigated. 

On rehearsing the results obtained in the shrinkage 
curves of cast bars of the antimony-lead and aluminium- 
zinc alloys, it is obvious that the relation between expan- 
sion and range of temperature during solidification is 
much more complicated than was suggested by Murray ; 
and one general theory which shall apply to all alloys 
cannot yet be deduced. 

The efficacy of the extensometer used for measuring 
volume changes has n questioned, on the supposition 
that it does not measure changes in volume, but only 
changes in length. For absolute measurements of con- 
traction this may be true, but in dealing with a series of 
alloys it is an instrument of no little value, and gives com- 
parative results which are of undoubted help in indicating 
structural changes coincident with fall of temperature. 
From the technical standpoint the usefulness of the 
extensometer lies in the fact that it gives a simple way 
of obtaining practical results for the Staines of mate- 
rials cast under working conditions. 

A glance at the diagrams showing the shrinkage and 
cooling curves of the various alloys will make it clear 
that the expansions in the two series examined all take 
place during solidification, no arrest in the shrinkage 
curves being noticed after the eutectic halt in the cooling 
curve (signifying complete solidification) is passed. In 
iron alloys, on the other hand, expansions are met with 
which occur after the metal has long passed the eutectic 

int. 


The changes in length of the bars are observed from the 


very beginning of solidification, when it is probable that 
a network of crystals of the less fusible constituents forms 
in the mould, and sets round the end of the extensometer 
pin. These crystals serve as a sponge, and hold up the 
= — portion of the alloy scattered throughout 
the 


in the 


constituents produce compegonting volume ch y 
changes is 


already solid sponge, and the record of these 
presented in the shrinkage curve. 

The amount of liquid material left in the interstices of 
the crystalline network when sufficient has solidified to 
establish a connection with the extensometer pin is 
roughly proportional to the distance of the solidus from 
the liquidus, but supercooling, latent heat of solidification, 
freezing point, specific heat, and coefficient of a 
of the material, all claim some consideration when the 
ultimate expansion or contraction during solidification is 
in question. Allotropic changes and crystal growth will 
also have an influence of some kind on the volume changes 
when a material freezes. 

Shrinkage of the Copper-Tin Alloy.—Three preliminary 
casts of these alloys were made, using the mirror exten- 
eg described in dealing with the aluminium-zinc 
alloys. 

Although the results are meagre, they appear to con- 
firm the direct proportion existing between expansion ang, 
range of temperature during solidification, and are there- 
fore included here. 

With 89 per cent. copper and 11 per cent. tin, an 
enormous expansion during freezing was obtained, whilst 
a single solid solution (pure a) separated out; the distance 
of the solidus from the liquidus on the equilibrium dia- 

ram is here at its maximum. In the case of a bell-metal 
= containing 78 per cent. copper and 22 per cent. tin, 
a much smaller expansion was obtained ; pure a is still 
separating out, but the distance between the solidus and 
the liquidus is much smaller than for the 89 per cent. alloy. 

The last bar cast contained 66 per cent. copper and 
34 per cent. tin, and showed a very large expansion, which 
may perhaps indicate the existence of the doubtful com- 

und Cu,Sn. This series should prove of great practical 
interest, and it is clear from the above trials that it would 
certainly repay investigation by means of the extenso- 
meter. 

In conclusion, the writer wishes to express his great 
appreciation of the kindly interest and counsel of Pro- 
fessor Turner. Great indebtedness is felt to Mr. O. F. 
Hudson, whose help and advice, more especially in the 

yrometric and microscopic work, have been invaluable. 
he funds necessary for the research have been supplied 
from the foundation of the late Mr. T. Aubrey Bowen. 








E.rcTricaAL MEASUREMENTS.—Professor J. A. Fleming, 
F.R.S., will deliver a course of advanced lectures on 
“The Theory and Practice of Electrical Measurements, 
with special reference to Telegraphy and Telephony,” 
at University College, London, on Wednesday afternoons, 
at 5 p.m., beginning January 11, 1911. The course is 
designed to meet the needs of post-graduate students, 
teachers, telegraph, telephone, and electrical engineers 
generally possessing some knowledge of the subject of 
electrical measurements, but desiring to make a further 
study of the advanced theory and practice. As only a 
limited number of students can be admitted, early appli 
cation should be made. Full particulars may be obtained 
from the Secretary of the College. 





Tue German Coat Trape.—The production of coal in 
Germany in the first eight months of this year amounted 
to 99,719,729 tons, as one with 97,895,931 tons in the 
corresponding period of 1909. The output of coke was 
15,373,605 tons, as compared with 13,991,259 tons; of 
lignites, 43,948,178 tons, as compared with 43,837,316 
tons ; and of briquettes, 12,593,688 tons, as compared with 
12,248,458 tons. The imports of coal into Germany in 
the first eight months of this year were 7,112,348 tons, as 
compared with 7,509,458 tons. The exports of coal from 
Germany to August 31, this year, were 15,058,327 tons, 
as compared with 14,785,681 tons. The imports of coke 
were 418,611 tons, as compared with 437, tons. The 
exports of coke were 2,681,624 tons, as compared with 
2,207,727 tons. 





Tue Corprrr Market.—In their report dated the 1st 
inst., Messrs. James Lewis and Son state that the 
demand for copper was very active during the earlier 
- of the past month, standard advancing from 

. 7s. 6d. for cash on the 3rd ult. to 57/. 12s. 6d. on the 
18th, when three months prompt realised 58/. 10s. per 
ton. With large sales to secure profits and an advance in 
the Bank rate to 5 per cent., fell to 56/. 12s. 6d. on 
the 20th, but recovered next day to 57/. 8s. 9d. It subse- 
quently declined again to 56/. 12s, 6d. on the 27th, and 
improved to 56. 17s. 6d. on the 28th, 1/. 2s. 6d. per ton 
being paid for carrying for three months. Closing values 
were 57/. 7s. 6d. cash and 58/. 7s. 6d. three months 
prompt. About 40,000 tons had changed hands. Manufac- 
turers bought freely refined copper while the standard 
market continued strong, but since it “po ~ weak- 
ness they had shown little or no desire to make further 

urchases. A considerable quantity of Chili bars had 

mn taken by makers of sulphate of copper, not only in 
this country, but also in France and Italy. With very 
limited shipments of American electrolytic to England 
stocks showed a considerable reduction, but with the 
large quantity exported to Germany and Holland, the 
‘invisible stocks” at Hamburg and Rotterdam must have 
increased to a very material extent, the published returns 
of existing stocks being consequently very misleading. 
Large sales were reported to have been made by Ameri- 
can producers to American consumers, the demand from 
the latter having been freely met at 12? cents per lb. and 
581. 10s. per ton c.i.f. for electrolytic, a slight advance on 
these prices being now asked. A reduction in the output 
of some of the American mines was reported, but this 
would be largely neutralised by increased production in 


Russia, Australia, and Africa, and ’ere long from the 
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FOREIGN ENGINEERING PROJECTS. 


Wr give below a list of colonial and foreign engineeri 
rojects. Further data concerning them can be obtain: 
rom the Commercial Intelligence Branch, Board of 

Trade, 73, Basinghall-street, E.C. 

Canada: The Imperial Trade epee pec at Toronto 
reports that an appropriation of public money is to be 
made for beginning construction work on a new Welland 
Canal. It is proposed to build an entirely new canal, 
some 22 miles long, from a point about 6 miles west of 
Port Colborne, having its outlet at the mouth of the 
Jordan River. The present Welland Canal has two 
entrances from Lake Ontario at Port Dalhousie, from 
which place to Allanburg, a distance of 11? miles, there 
are two separate lines of canal ; from Allanburg to Port 
Colborne, a distance of 15 miles, there is only one 
channel. From the head of the Welland Canal there is 
deep-water navigation for a distance of 580 miles, through 
Lake Erie, the Detroit River, Lake St. Clair, the St. 
Olair River, Lake Huron, and River St. Mary to the 
Sault Canal. 

Switzerland : The Feuille Fédérale Suisse states that the 
Swiss Federal Council has granted a subsidy of 50 per 
cent. of the cost of works to repair the damage done by 
the flooding of the Rivers Landquart and Taschinasbach, 
and the Schanielabach and Schraubach Canals, in the 
Canton of Grisons. The total cost of the work is esti- 
mated at 3,750,000 francs (150,000/.). 

Italy: The Gazzetta contains a notice, issued by the 
Ministry of Public Works, inviting tenders for the length- 
ening of a breakwater and other coast-defence works in 
the harbour of Santo Stefano. The upset price is put at 
417,000 lire (16,680/.). Tenders will be opened on Nov- 
ember 24. Although the above contract will in all 
probability be awarded to an Italian firm, nevertheless 
the carrying out of the work may involve the purchase of 
some materials out of ag 

Spain: The Gaceta de Madrid notifies that Don Ignacio 
Coll y Portabella and Don Julio Bielsa y Perun have 
applied to the Direccién General de Obras Publicas, 

adrid, for a concession for the construction and 
working of a secondary railway from Alcafiiz to Vinaroz. 
The Gaceta also publishes a notice inviting tenders for 
the draining of the Peiia Marshes, in the province 
of Huesca. Tenders will be received up to mber 
6 at the Direccién de Obras Publicas, Ministerio de 
Fomento, Madrid. The upset price of the work is 
1,155,681 pesetas (about 43,000/.). With reference to a 
law relative to the construction of secondary railways in 
Spain, the Gaceta de Madrid contains the text of a Bill 
to be laid before the Cortes for amending the law of 1908 
governing railway construction. The Bill aims at facili- 
tating the further building of railways, and has the object 
of the eventual acquisition by the State of the ownership 
of all the railways in the kingdom, the working of the 
lines being left to private companies. The State will, 
under the Bill, contribute a considerable percentage of 
the capital required, and will, in return, participate pro- 
portionately in the profits that onmeale accrue. The 
concessions to be granted will in no case extend over 
more than 99 years. The concessionnaires will have a 
month to inform the Government as to the companies to 
whom the concession may be ultimately transferred. The 
companies so formed are to be domiciled in Spain, and 
to be subject to Spanish law. 

Austria-Hungary : H.M. Consul-General at Budapest 

reports that the Budapest Budafok Tétény Railway Com- 
pany has obtained permission to extend iesline to Erd. Ac- 
Soodien to the Oecesterreichischer Zentral-Anzeiger (Vienna) 
the communal authorities of Salzburg have applied to the 
Landtag for powers to contract a loan of 7,000,000 kronen 
(about 292,000/.), of which amount 1,300,000 kronen (about 
54,0001.) will be devoted to the construction of an electric 
tramway, and 400,000 kronen (about 16,700/.) to street- 
paving. 
; Netherlands East Indies: The Bulletin Commercial 
(Brussels) states, on the authority of the Belgian Consul 
at Batavia, that a concession has been granted for the 
construction of an aerial tramway for carrying Dc 
between the towns of Pengalengan, Koppo, and Bandveng 
(Java). A steam-tramway line is to be constructed at the 
same time over the same route. The same journal 
announces that the Netherlands East Indian Government 
intend also to extend the steam-tramway line from 
Tasikmalaja, Singaparna, to Mangoenredja, and to con- 
nect it with Garvet. 

Brazil: The Diario Official contains a decree approving 
the terms of a contract for the construction of a section 
of the Minas Western Railway (Estrada de Ferro Oeste 
de Minas) between the station known as Henrique Galvao 
and the 45th kilometre of the Goyaz line, and authorising 
the Ministerio da Viacgio e Obras Publicas to arrange for 
the carrying out of the work. 

Argentina ; With reference to the proposed irrigation 
works in the Neuquen and Negro River valleys, H.M. 
Consul at Buenos Aires has forwarded a copy of a report 
of the Buenos Aires Great Southern Railway Company, 
from which it appears that a barrage is to be thrown 
across the Neuquen River, and that an intake canal 
is to be cut at this point for the irrigation works. In 
connection with this barrage there is to be a canal 
for the diversion of the flood waters into a lar 
natural in known as the “Cuenca Vidal.” It 
appears that the works in connection with the bar- 
rage, the foundation of which was laid on March 17 
last, are to be carried out by the Argentine Govern- 
ment engineers ; while the irrigation (distribution) canals 
from the barrage as far as Chinchinales are to be con- 
structed by the railway company. The cost of the works 
to be undertaken by the company is estimated at 4,032,000 
o— gold (806,400/.). The Boletin Oficial publishes a 

ecree, issued by the Ministerio de Obras Publicas, ap- 





proving the plans submitted by the River Bermejo Inm- 
provement Committee for the carrying out of various 
works designed to increase the usefulness for industrial 
purposes of the River Bermejo. The improvements 
include harbour and dock works, sanitary works, and the 
installation of loading appliances. The cost of the works 
is estimated at 172,000 pesos (about 15,600/.). 





CATALOGUES. 

Autogenous Welding A us.—A circular to hand 
from Messrs. James McMillan and Co., Clun House, 
Surrey-street; Strand, W.C., illustrates and states prices 
of apparatus they supply for autogenous welding, using 
acetylene or coal-gas with oxygen. 


Locomotives.—The Hohenzollern Aktiengesellschaft fiir 
Lokomotivbau, of Diisseldorf, have issued a booklet illus- 
trating and giving some particulars of the different types 
of locomotives they have designed and built in recent 
years. Those illustrated include passenger and 
engines for standard and narrow-gauge railways, engines 
for mines, steel works, contractors’ and other industrial 
railways, electric locomotives, steam motor-coaches, tram- 
way and ‘‘fireless” locomotives. The chief dimensions 
and other particulars of each engine illustrated are given 
in English, French, German, and Spanish. 


Fuse-Boxes.—Messrs. A. Reyrolle and Co., Limited, of 
Hebburn-on-Tyne, have issued a leaflet relating to their 
—— fuse-boxes. These consist of a cast-iron box 
lined with fire-proof material, and provided with a lid 
hinged to one end. The spring fuse-holders are mounted 
on porcelain or slate in the y of the box, and the fuse, 
which is contained in a fire-proof tube, is carried on the 
lid. Thus, when the box is opened, the fuse-ends are 
drawn away from the live. pa and the fuse can be 
replaced with safety. The leaflet gives dimensions and 
states priees of single, double, and triple-pole fuses, with 
capacities up to 400 amperes at 500 volts. 


Bolts, Nuts, Rivets, Screws, d&c.— Messrs. Thomas 
William Lench, Limited, whose London address is 120, 
Fenchurch-street, E.C., have sent us a copy of a cata- 
logue they have issued recently, which illustrates and 
states prices of their various manufactures. These include 
black and bright bolts, nuts, and washers of all kinds, in 
iron and steel, coach screws, set-serews, grub-screws and 
studs, coupling-boxes, and turnbuckles for tie-rods, crown, 
castle, and slotted nuts, Thackray and Grover washers, 
Ross and other lock-nuts, steel and iron rivets, boiler- 
patch — many other articles. Particulars are 
also given of brass bolts, nuts, washers, screws, studs, &c. 


Cranes and Transporters.—We have received from the 
Appleby Crane and Transporter Company, Limited, 56, 
Victoria-street, Westminster, 8.W., a copy of Section P 
of their general catalogue, printed in Spanish, for dis- 
tribution in South America and other Spanish-speakin 
countries. This section illustrates and describes hand, 
steam, and electric locomotive cranes, railway breakdown 
cranes, gantry cranes, floating cranes, overhead cranes, 
large hammer-head cranes, and several special lifting 
appliances. Particulars are also given of bs, steam 
pile-drivers, Temperley transporters, &c. e prices of 
most of the appliances dealt with are stated, both in 
pounds and francs. 


Gold Mirrors.—The Reflector Syndicate, Limited, 82, 
Victoria-street, Westminster, S.W., have sent us a 
circular giving some particulars relating to their = 
mirrors for motor-car headlights, searchlights, &c. e 
advantages claimed for these mirrors are that the light 
reflected is of a more penetrative and less dazzling nature 
than that from silvered mirrors, and also that the gold 
mirrors last indefinitely, being unaffected by conditions 
which rapidly destroy the silver coating of. ordinary 
mirrors. The circular also refers to the use of translucent 
gold deposits for house-lighting, decorative, advertising, 
and other purposes. For lighting interiors a glass re- 
flector coated with a thin gold film is suspended just 
below an electric lamp. The ter part of the light is 
thus reflected up on to the ceiling, whence it is diffused, 
but a certain amount, of a pleasing green tint, is trans- 
mitted directly downwards through the gold film. A 
similar effect may be obtained p a Sa a gold film 
on the lower part of the lamp bulb itself. 


Cables and Electrical Accessories for Mines.—A cata- 
logue of cables and accessories for mines has been received 
from the British Insulated and Helsby Cables, Limited, 
of Prescot, Lancashire. The catalogue first gives parti- 
culars of low-tension single, twin, and three-core cables 
insulated with vulcanised bitumen, having conductors up 
to one square inch in cross-sectional area. Similar cables 
insula with paper and sheathed with vulcanised 
bitumen are also dealt with, as well as trailing-cables, 
shot-firing cables, braided aerial cables, and telegraph and 
telephone line and stay-wire. The remainder of the 
catalogue is devoted to joint-boxes, switches, switch-fuses, 
water-tight electric-light fittings ; tramway-poles and fit- 
tings for overhead construction; insulators, poles, and iron- 
work for telegraph, telephone, and power-transmission 
lines ; magneto exploders and accessories for shot-firing ; 
bells, relays, and other apparatus for signalling; tele- 
phones, cells, &c. The catalogue is fully illustrated 
throughout, and prices of all the articles are stated. It 
will be found of great service to all interested in the use 
of electricity in mines and collieries. 

Ball-Bearings.—The Skefko Ball-Bearing Company, 
Limited, of Carlton House, Lower nt-street, ow: 
have sent us acopy of a catalogue of hall-bearings they are 
introducing to the lish market. These bearings, which 
are nes. are the invention of a Swedish engineer, 
Mr. Sven ingquist. To render them self-aligning, the 
outer ball-race is machined and ground to form part of a 





rena surface whose centre coincides with the centre of 
e ing. Theinner race is provided with two circum. 
ferential grooves of a slightly larger radius than that of 
the balls employed, which are sprung into suitable recesseg 
in both edges of a phosphor-bronze case. Thus the balls 
are forced to run in the two ves on the inner ball. 
race, but can take up any position on the spherical surface 
of the outer race, according to the angle which the shaft 
makes with the plane of the bearing. The catalogue 


gives English and metric dimensions of radial and single 
and double-thrust bearings for light, medium, and heavy 
loads, ang Se maximum load for different speeds in 
-_ case. , blocks, 

angers, plummer-blocks, an 
bearings. 


ustrations and | pet cag are also given of 
other fittings using these 


Water-Tap.—A circular illustrating and describing the 
** Acme” tap for hot or cold water has reached us from 
the Automatic Tap Syndicate, Limited, 11, Queen 
Victoria-street, E.C. This tap is intended to be used in 
place of screw-down valves, and is designed to prevent 
the concussion that occurs when a plug-tap of ordinary 
construction is closed rapidly. In this tap a short hollow 

lug of largediameter, and open at the bottom, is employed. 

he plug is provided with two diamond-sha; ports 
diametrically opposite each other, which correspond with 
similar openings in the inner wall of an annular passa, 
which surrounds the plug and is in connection with the 
supply pipe. When the plug is turned so that the ports 
in it coincide with those in the annular passage, water 
flows from the latter through the interior of the plug to 
the outlet. The shape of the ports is such that the 
column of water in the pipe is gradually brought to rest 
when the tap is closed, and thus “‘ water-hammer” action 
is avoided. Some of the other advantages claimed for 
this valve are simplicity of construction and rapid open- 
ing to full-flow by a quarter turn of the plug. The 
circular illustrates a bib cock for domestic use, and a 
larger sized valve for fire-hose connections, and also gives 
the results of tests, showing that the rise of pressure in 
the mains, when these taps are closed rapidly, is very 
small. 

Armoured India-Rubber Hose.—We have received from 
the Power Plant Company, Limited, Temple Bar House, 
Fleet-street, E.C., a catalogue and price-list of armoured 
india-rubber hose and accessories for conveying com- 

ressed air, steam, and water under pressure. The three 
different forms of armouring employed consist of a spiral 
of round or flat wire, a covering of braided fine steel 
wires, and another covering composed of galvanised steel 
interlocking strip, wound tightly on the hose and com- 
pletely enclosing it. The latter form of armouring is 
specially recommended as it greatly strengthens the hose, 
prevents it from kinking or being crushed, and, at the same 
time, is sufficiently flexible for all practical purposes. 
Hose with this armouring is made from }-in. to 2h-in. 
bore, suitable for compressed-air or cold-water pressure. 
For steam, hose made from a special rubber mixture 
which does not easily become dried up or brittle is 
supplied. It can be protected externally by any of the 
above-mentioned methods of armouring. Another type 
of steam-hose is provided with an internal lining of 
asbestos held in place against the rubber walls by a spiral 
of galvanised-iron wire. The asbestos lining serves to 
protect the rubber and also to reduce condensation. The 
catalogue gives particulars of hose armoured with 
steel-wire braiding suitable for hydraulic pressures up to 
one ton per square inch. 


Lubricators.—A catalogue of lubricators of the mecha- 
nical and ccallictatiion te lacement types has come to 

d from Messrs. C. C. Wakefield and Co., 27, Cannon- 
street, E.C. The mechanical lubricators are made in 
three patterns, for locomotives, stationary engines, gas 
and igre mond motor vehicles, &c. These lubricators, 
one of which was illustrated and described in our issue of 
May 6 last, on page 577, employ differential hollow 
plungers in such a manner that oil is delivered on both 
strokes, so that the feed is continuous. In two patterns 
the oil delivered is visible through a sight-feed glass, 
which is, however, not under pressure. All three patterns 
are supplied with from one to eight feeds. The catalogue 
next deals with lubricators of the condensation displace- 
ment type, for locomotives. They are all provided with 
an oil expansion release-valve, which makes it impossible 
for the reservoir to give way through expansion of the 
oil. A steam-jet attachment is also provided, which 
atomises the oil, and carries it forward to the parts 
requiring lubrication. In one pattern illustrated the feed 
is visible through discs of thick glass instead of the usual 
sight-feed tube. Full particulars are given of lubricators 
with one, two, or three feeds, though a greater number of 
feeds can be provided if required. The catalogue states 
prices for lubricators of various sizes in each type, aD 
also includes illustrations of a number of locomotives on 
which they have been fitted. 





Supe-Ruta ror Catcunations inv RapiocraPiy.—A 
slide-rule for use in determining the wave-lengths and fre- 

uencies of electric oscillations has just been issued by 
the Electrician. The rule has been schemed out by Dr. 
H. R. Belcher-Hickman. Knowing the inductance 
the capacity of acircuit, the corresponding wave-length or 
frequency can be instantly obtained by setting the slide 
and en off one or other scale 5 peo to certain 
reference points. The rule can also be used as a slide- 
soto of the ordinary ty ene of the scales —<—- 
it being ordinary logarithmic scales. e card of i , 
tions om also printed on it a number of} useful formals. 
a table of dielectric constants, and a table showing t 
voltage corresponding to different spark-lengths between 
balls 2 centimetres in diameter, e price of the rule is 
2s. 6d. net, 
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GLASGOW AND WEST OF SCOTLAND 
TECHNICAL COLLEGE. 
By Joun G. Kerr, M.A., LL.D. 
(Continued from page 627.) 
HypravLics—(continued). 

A pHOTOGRAPH of the pumping plant, which is on 
the ground floor, is reproduced in Fig. 35, on page 
686. The centrifugal pump (which is just out of the 
picture, but the position of which is indicated in 
Fig. 23, on page 625 ante) is a three-stage Worth- 
ington turbine pump, capable of delivering 450 
gallons per minute against a total head, including 
Br ction-tift and friction, of 110 ft. It has been 
designed so that it may be run as a one, two, or 
three-stage pump. The impellers and the diffusion- 
rings are removable (Figs. 40 and 41, on page 686), 
so that others of varying angles may be inserted for 
experiments. The centrifugal pump is driven by a 
shunt-wound variable-speed electric motor, capable 
of developing 37 brake horse-power when running at 
a speed of from 350 to 1400 revolutions per minute. 
In connection with this pump is a complete system 
of mercury pressure columns, and mercury-and water 
differential-gauges, whereby pressures at all the 
important points in the pump may be determined 
with precision. To the motor are connected a 
tachometer, brake-gear, a voltmeter, and an am- 
meter accurately calibrated, so that the actual 
power reaching the pump can be readily measured, 
and consequently for varying speeds and heads 
the delivery, efficiency, pressures, &., can be 
obtained: 

The reciprocating pou depicted in the engrav- 
ing, Fig. 35, and in the drawings, Figs. 42 to 44, is 
like that designed by Dr. Nicolson, and in use in 
the School of Technology, Manchester. It is of the 
differential type, with 5-in. and 7-in. diameter 
plungers, and 12-in. stroke, but it can be run as a 
single plunger-pump, with either plunger, and the 
stroke can be varied from 3 in. to12in. The steel 
crank is shown in Fig. 45. Valves of four different 
types are provided for both suction and discharge 
(Figs. 46 to 53). The suction-valve box and air 
vessel are illustrated by Figs. 54 to 58, page 688. 

All the valves work automatically at low speeds, 
and two may be closed by control-gear when working 
athigh speeds. Arrangements are made for increas- 
ing the mass of the valves, so that the effect of such 
increase of mass on the action of the valves, when 
working automatically, may be studied. This 
experimental reciprocating pump is equipped with 
indicators and indicator-gears for recording the 
motions of the valves and the pressures at different 
points, and provision is made for measuring pressure 
losses in various parts of the pump. It is driven 
by the electric motor through a speed-reducing 
gear, the centrifugal pump being meanwhile dis- 
connected. 

‘The general arrangement of the 3-horse-power 
Girard turbine, referred to on page 626 ante, is shown 
by the sections Figs. 36 and 37, the admission-indi- 
cator, the guide-blades, and the wheel-vanes being 
shown in Figs. 38 and 39. This machine—an 
impulse-turbine of variable-admission type—admits 
of a wide range of experiments to determine the 
horse-power developed with varying consumption 
of water. 

In the pump delivery pipes are placed a ‘‘ Helix ” 
meter and a 6-in. Venturi meter, with the 
necessary manometers, by which the deliveries can 
be compared with those obtained from direct 
measurements at the tanks. Arrangements are also 
made at various points of the pipe-lines for measure- 
ments of losses of head due to valves, &c. 

the orifice tank on the upper floor is 3 ft. 6 in. in 
diameter, and is equipped with numerous orifices, 
mouthpieces, and measuring instruments for the 
accurate Investigation of the coefficients used in 
hydraulic practice. 

('n the east wall of the laboratory are arranged a 
serics of pipes, with a2-in. Venturi meter, weighing- 
tan Ss, and necessary gauges, by means of which 
variations of loss of head due to pipe-friction, 
* ‘" enlargement, bends, &c., may be investi- 


2 


it 


_ ‘he total floor-space devoted to the hydraulic 
‘ion of the mechanics department is 1500 square 
eet. The student who is prepared to take advan- 
tay of the foregoing extensive and ideal facilities 
prepared for him under the direction of Professor 
ongbottom will have at command not merely the 
principles of his subject, but may render himself 
thoroughly well trained experimentally, and fit to 








tackle with fair promise of success the problems of 
hydraulic engineering work. 


Testinc OF MarTERIALS. 


As essential to a sound mastery of the mechanics 
of structures, on which there are three extensive 
courses, the student of engineering must have 
personal experience in testing the strength and 
elasticity of materials. Floor space of nearly 2000 
square feet in the Senior Mechanics Laboratory is 
given up to this work. Of the instruments provided 
for investigation purposes, the most imposing is 
the 100-ton horizontal testing-machine, which, with 
certain other appliances, was fully described in 
ENGINEERING of September 25 and October 9, 1908. 
The position in the laboratory, and the general 
character of the machine, will be gathered from 
the plan (Fig. 20, page 625 ante). It may be noted 
that this 100-ton testing-machine has been designed 
for experiments on materials under tension, com- 
pression, shear, and bending, and is adapted for 
specimens up to 12 ft. long in tension, and for 
beams up toa span of 15 ft. Among the other equip- 
ment available for the study of those properties of 
materials that must be taken into account in design- 
ing parts of structures and machinery are the follow- 
ing:—A machine for experiments on materials 
under combined tension and torsion ; a torsional 
testing-machine of 15,000 in.-lb. capacity ; a ver- 
tical testing-machine of 12,000 lb. capacity, for 
tensile, compressive, transverse, and _ torsional 
tests ; a Sankey. steel-testing machine; a Brinell 
hardness-testing machine ; impact testing-machines ; 
extensometers of various types, and the usual 
appliances for the testing of cement. In all 
cases these testing appliances are of the most 
approved pattern, and of the scale found most 
useful in works, so that full-sized pieces may be 
dealt with, and the experimental work made iden- 
tical with professional practice. Apart, therefore, 
from the higher ideal which has been so well pro- 
vided for, and always kept in view, the cultivation 
of conditions favourable for research work and 
the direct encouragement of original inquiry, the 
students from this laboratory work associated with 
the appropriate lecture courses will find themselves 
possessed of knowledge and skill of much value, 
and, as has been said, they will acquire an essential 
basis for professional work. 


NavaL ARCHITECTURE. 


In the earlier days the subject of naval archi- 
tecture was taught on one evening per week, in two 
courses, elementary and advanced. The treatment 
of the subject closely followed the lines laid down 
by the Science and Art Department. The class 
continued to grow in numbers and popularity, and 
the successive teachers were sanbled to broaden the 
field of work and bring it more into harmony with 
the methods and requirements of the day. In the 
elementary course the work done was generally of 
a practical nature, while in the advanced class the 
methods of calculation were dealt with. About 
sixteen years ago the Governors resolved that the 
more academic aspect of the subject should be 
touched upon, and a third course was inaugurated. 
This arrangement continued until last session, when 
there was a further expansion in order that more 
attention might be given to the developments of 
scientific work in shipbuilding yards. As now 
arranged, the work in evening classes is divided into 
(1) a ‘‘ preparatory course,” which may either be 
taken in the college or in one of the affiliated science 
schools; and (2) three courses in the college designed 
to cover fully both the theoretical and practical work. 
Inaddition tothese there are three courses of drawing, 
and there has been arranged for naval architecture 
students a special course of applied chemistry deal- 
ing with the chemical and physical properties of iron 
and steel, corrosion, and various methods adopted 
for combating it, the nature and properties of 
fuels, various methods of refrigeration, and gene- 
rally the chemistry of the phenomena observed in 
connection with ships. In the preparatory course 
consideration is given to the weights and properties 
of the principal materials used in shipbuilding, the 
simpler calculations, the various structural arrange- 
ments adopted both in merchant ships and war 
vessels, the usual shipyard practice in working in 
material, and the methods of launching a: 

Course I. deals with the application of theory to 
practice. Moments and centres of ship-shape 
solids are calculated by means of the various rules ; 
initial stability, metacentric diagrams, the effect of 
cargo stowage and free liquid, both on stability and 





trim, are considered. The strengths of plating 
and riveted joints are gone into, and the require- 
ments of classification of registration societies— 
Lloyd’s, Bureau Veritas, &c.—with the arrange- 
ments of material they provide for dealing with 
various forces acting on thewhip, are worked out. 
Board of Trade rules with respect to tonnage, 
freeboard, &c., are explained to students, and the 
geometry of the ship’s form and laying-off are 
described. Structural details of various types of 
vessel are sketched and described, and generally 
the routine work of shipyard and drawing: office is 
discussed. ’ 

Courses II. and III. are devoted to the funda- 
mental principles on which the science of naval 
architecture is based, the rules and formule being 
deduced from first principles. The College - 
sesses fine examples of typical instruments, such as 
the planimeter, Amsler’s integrator, and Conradi’s 
integraph. The use of these, and investigations 
into the methods of calculating trim and stability, 
both static and dynamic,’ and such part of the 
theory of rolling as is in accordance with observed 
fact, occupy Course II. In Course III. strength 
and speed problems are considered. In this.course 
special attention is given to the ‘‘ trochoidal” 
theory of deep-sea waves, owing to its great im- 
portance both on the bending moment and on the 
resistance of ships. The strength of the structure 
to resist bending and shearing, and the effect of 
heeling on the former, are investigated. In dealin: 
with propulsion, the work of Beaufoy, Rankine, an 
Froude is outlined. Froude’s experimental. work 
and the law of comparison naturally assume promi- 
nence, notably in regard to the effect of form and pro- 
portions on speed, and to the relation between indi- 
cated horse-power and effective horse-power. = The 
diameter of the propeller in relation to speed 
and power, and the influence of pitch ratio and 
slip ratio on efficiency, as exemplified in practice 
and in experimental work, are fully examined, as 
are also steering problems. The courses culmi- 
nate in an investigation into the design of a vessel 
to fulfil specified conditions. In the drawing- 
classes the students have practical experience in 
carrying out the calculations dealt with in the 
lecture courses. 

Last session the authorities of the College placed 
naval architecture on the same footing as the other 
departments, and framed a very inclusive three 
years’ diploma course, which, in addition to such 
special training as we have described, included 
classes in mathematics, mechanics, applied 
chemistry, motive power, and electrical engineer- 
ing. The naval architecture day classes were con- 
ducted by Mr. Wm. M. Gray, B.Sc., of the design 
staff of Messrs. John Brown and Co., Limited, 
Clydebank. 

The schemes now in operation cover the whole 
field of naval architecture, and as the head of the 
department, Mr. J. R. Jack, M. Inst. N.A., occupies 
a responsible position in the shipyard of Messrs, 
William Denny and Brothers, who have done so 
much for the application of pure science to ship- 
building, the collage work is permeated with the 
best modern practice. 


ScHoot or NAVIGATION. 


For the School of Navigation, which has now 
taken definite shape, three commodious and suitably 
furnished rooms have been set apart in the new 
wing. The Glasgow City Educational Endowments 
Board have undertaken to make an annugl subsidy 
of 500/., and most of the large shipowners associated 
with the Clyde have indicated their desjre to sup- 
port the school. 

Students are expected to follow complete courses 
of study extending over at least two winter sessions, 
and it is in contemplation to provide a training 
vessel suitable for coastal navigation, so that during 
the suinmer sessions it may be possible to satisfy 
in some measure Board of Trade conditions as to 
period of sea service, while at the same time navi- 
gation studies are being prosecuted. 


MINING AND GEOLOGY. 


The accommodation for the Department of 
Mining and Geol consists of a lecture-room 
seated for 100 students, a geological laboratory, a 
geological specimen .room, a mining laboratory, and 
a room for survey office work. In this geological 
laboratory the student has a training in mountin 
geological specimens for the microscope an 
museum, cutting and grinding sections of minerals 
and rocks, analysing minerals and rocks, and in . 
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determining minerals by the blow-pipe. One set 
of cases in the specimen-room gives an introduc- 
tion to the study of minerals, for each specimen is 
accompanied by a card with a short description of 
its chemical and ie ag properties, a drawing of 
its common crystal form, and often a micro-photo- 
graph of a section. Other cases supply illustra- 
tions for the study of crystallography, rocks, and 
paleontology. The appliances in the mining | 
iobesthens are: an experimental fan ; special appa- | 
ratus for the detection of gas-caps on the flames of | 
safety-lamps ; apparatus of various classes for the | 
approximate and accurate analysis of mine air ; | 
apparatus to illustrate the principles of jigging, 
crushing, concentration, &c.; but no attempt has 
been made to fit up plant on an industrial scale. 
Through the kindness of mine-owners in the dis- 
trict, facilities are placed at the disposal of the Pro- 
fessor of Mining, Mr. Daniel Burns, M. Inst. M.E., 
for the inspection and testing of colliery appliances 
much more complete and satisfactory than could be 
obtained from the installation of a model plant 
within the College. It may here be mentioned that 
the large air-ducts forming part of the ventilating 
system of the buildings are available for experi- 
mental work on the measurement, splitting, and 
regulating of air-currents. 

One consequence of the close relation of Glasgow 
and the Clyde to the coal-fields of the Central 
Plain of Scotland is this excellent provision which 
has been made for the training of colliery managers 
and mining engineers. The mining diploma is 
recognised by the Home Office as qualifying for 
two out of the five years’ experience required by 
candidates for mine managers’ certificates. Last 
session the enrolment was 609, 88 being in the day 
classes of this department. 





Puystcs. 


During the first thirty-four years of Anderson’s 
College—i.e., from 1796 to 1830—natural philosophy 
and chemistry were united under one professor. 
The range of work covered the wide field of natural 
phenomena. Intensive cultivation of special areas 
was of the future. To-day, not merely chemistry, 
but mechanics, electricity and metallurgy (to men- 
tion outstanding examples), are separate depart- 
menta, each with its own line of work and its own 
teaching staff, all, however, finding in general 
physics foundation principles and methods. 

Associated with the ‘‘ Freeland” professor of 
natural philosophy, Mr. James Muir, MA. D.Sc., 
is a large staff of lecturers and demonstrators deal- 
ing with an enrolment of over 900 students. 

In the introductory article on September 23, 
there were shown in plan (see Fig. 4, Plate XXXII.) 
the various rooms set apart for the department of 
physics, and in Plate XXXII. was given a picture 
of one of the five laboratories, which, taken together, 
can accommodate 200 students engaged in experi- 
mental work. 

The appliances for demonstration purposes, for 
use by students approaching their subject experi- 
mentally and for research, are of the most approved 
type and in full supply. There are in this depart- 
ment, it may be mentioned, some treasured pieces 
of apparatus with which notable service was ren- 
dered to science more than a century ago. 

The lecture work extends over three courses, the 
first of which introduces the student to the elements 
of physical science, while in the second and third 
courses there is a more advanced and mathematical 
treatment of ‘dynamical principles, properties of 
matter, heat, thermodynamics, light, magnetism, 
and electricity. 

MATHEMATICS, 


Twenty-nine years after Anderson’s College 
started on its career of usefulness, with Dr. Garnett 
as professor of chemistry and natural philosophy, a 
chair of mathematics was instituted, with Professor 
Robert Wallace, M.A,, as its first occupant. It is 
superfluous to remark on the importance of having 
in «technical college highly organised courses of 
mathematical instruction. The great enrolment 
of 1050 in this department last session. must have 
made great demands on Professor John Miller, 
M.A., D.Sc, and his colleagues. In the treatment 
of mathematical subjects t stress is laid on 
graphical methods. The elements of the calculus 
are introduced at an early stage, and the students 
acquire facility in applying their knowledge to the 
solution of physical problems. 





As in physics, the scheme of work involves three | 


courses of severe study. In his third course the 
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capable student will find himself possessed of high 
attainments in pure mathematics, including a know- 
ledge of, and aptitude in, differential equations. 


(To be continued.) 








THE OLYMPIA MOTOR EXHIBITION. 
(Concluded from page 663.) 

A caR embodying many points representative of 
modern tendencies is the 12-horse-power Argyll 
exhibited by Messrs. Argylls, Limited, Alexandria, 
nas as it embodies the long-stroke engine, 
two-bearing crank-shaft, and worm drive. We 
illustrate this car in Figs. 11 to 17, pages 690 and 
691. The engine has cylinders 72 mm. by 120 mm. 
(24% in. by 4} in.), and has only two bearings to the 
crank-shaft, which is, in consequence, made of very 
large diameter. All the valves are at one side, 
driven direct, and the tappet-gear is all cased in, 
with detachable doors. The lubrication of the main 
bearings is of the forced-feed type, while the big 
ends dip into troughs in which the oil is kept at 
constant level, and have scoops to force the oil into 
the bearings. The cam-shaft is also without inter- 
mediate bearings, and is of large diameter. The 
cylinders are all cast in one piece, and thermo- 
syphon cooling is used. A cross-shaft driven with 
skew gear is provided for the magneto. 

The back axle (Figs. 12 and 13) is of the worm type, 
with the worm placed at the top of the axle, and it 
will be seen that this makes a very neat general 
design. Only one universal joint is used, the pro- 
peller-shaft running in a tube forming the torque- 
rod. The universal joint is inside the anchorage of 
the torque-rod, and is so arranged as to allow of end- 
play, though theoretically there should be none. 
Both the propeller-shaft and axles are provided with 
ball-bearings as well as ball-thrusts. The gear-box 
has four speeds and a reverse, with a gate change, 
the shafts in the gear-box being one above the 
other, instead of side by side, as usual. The 
clutch is of the multiple-disc type. 

In place of having the front brake on the dif- 
ferential, it acts on the front wheels, the hand- 
brake being, as usual, on the back ones. The 
arrangement of the front brakes is shown in 





Fig. 14, from which it will be seen that short shafts, 
with universal joints at each end, run from the frame 
to the brakes to transmit the brake power. The 
brakes themselves are of the expanding type. In 
order that the line of the steering centres should 
touch the ground at the same point as the wheels, 
the centres are sloped outwards. This is a matter of 
greater importance when front-wheel brakes are used 
than is ordinarily the case, for, if the resistance of 
one wheel is greater than the other when the 
brakes are applied, non-coincidence of these points 
would involve a tendency to turn the steering-year. 

Both Messrs. Panhard and Levassor, 14, Regent- 
street, London, S.W., and Messrs. Milnes Daimler, 
Limited, 221, Tottenham Court-road, W., and 131, 
Long Acre, London, W.C., showed examples of the 
Knight sleeve-valve engine, that exhibited by 
Messrs. Milnes Daimler being the Mercedes. The 
Panhard is 25 horse-power, and has cylinders 
100 mm. by 130 mm. (4 in. by 5} in.), the cylinders 
in this case being all cast separately. The general 
design of this engine is very similar to those of the 
English Daimler, but the lubrication is by simple 
splash. The advance and retard of the magneto is 
arranged by rocking the magnets round the arma- 
ture. The Mercedes engine has cylinders of the 
same size as the Panhard, but they are cast in pairs, 
and there is no bearing between the cranks of each 
adjacent pair. In place of the shaft having the 
usual three bearings, however, it has four, the 
centre bearing being divided into two, and the 
gears driving the cam-shaft being placed between 
them, the drive being by gear, and not by chain 
The drive to the cam-shaft is thus in the centre of 
its length. 

The Knight engine, as made by the Minerva 
Motors, Limited, 40, Holborn Viaduct, London, 
E.C., is now fitted. with an arrangement by which 
the troughs, into which the big ends dip, are mov. 
by the throttle-lever, so that when the throttle 
opened the big ends dip deeper and the engine x's 
more oil 

Messrs. Rolls Royce, 15, Conduit-street, Lond 
W., showed a 45-horse-power chassis, in which ther 
is very little alteration since last year. For some 
time Messrs. Rolls Royce have confined themselves 
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to the production of one pattern 45-horse-power 
six-cylinder car of the highest quality, and the 
excellence of the result obtained is ample justifica- 
tion of their policy. The alterations this year are 
entirely in details. The switch and carburettor 
adjustment are now placed at the top of the steer- 
ing-column, while a very neat ratchet adjustment 
is provided for the side brakes. The magneto igni- 
tion-plugs are now placed over the centre of the 
combustion-chamber instead of over the valves, and 
this is stated considerably to improve the perform- 
ance. The Rolls-Royce chassis is very well worthy 
of study in the matter of weight, for, although the 
wheel-base is 11 ft. 10 in., and the engine has six 
cylinders 4} in. by | in., the chassis weight is 
stated as 24 ewt., or less than some chassis with 
considerably smaller engines. Lightness is, how- 
ever, not obtained by cutting down the factor of 
safety, for the crank-shaft and important parts are 
of ample size, but is got by carefully reducing the 
weight of those parts which have little stress on 
them. 

The Maudslay Motor Company (1907), Limited, 
Parkside, Coventry, and 60, Piccadilly, London, W., 
showed, in addition to others, a specially built 
‘Colonial ” type car, similar to that used by the 
Duke of Connaught in South Africa. This car is 
built specially high off the ground, the clear way 
under the front axle being 12 in., and under the 
back-axle casing 10} in., everything else being above 
the 12-in. limit. This type should be very useful 
for special purposes. 

Messrs. Renault Fréres, Limited, 19, Newman- 
street, London, W., showed two chassis, which have 
the peculiarity that the back springs are carried 
below the axle instead of above it. The springs 
are of the three-quarter elliptic type, and the fact 
of their being below the axle entails their having a 
great deal more curvature than usual. As there is 
usually ample clearance for the springs, it is not 
quite clear what is the object of placing them below 
the axle instead of above. It is noticeable that in 
the Austin car, exhibited by the Austin Motor Com- 

any, Limited, Longbridge Works, Northfield, 
Tiomiesinan: plain: bearings are now used in place 
of ball-bearings for the front hubs, experience 
having shown that the latter gave trouble. 

In the: chassis which was shown by Messrs. 
Humber,-Limited, Coventry, there is a novelty in 
the side member of the frame being bulged out 
just where the change-speed levers come. The 
evers are placed inside the frame, and the bulge 
in the latter allows of their being further away from 
the centre of the car. The cam-shafts, &c., in the 
Humber cars are now driven by chains in place of 
gears. 

In looking over the cars in the Show as a whole 
it was evident that while the general outline appears 
to have settled down to fairly uniform lines, there 
is still a very great diversity in the proportions of 
cars intended to do practically the same work, and 
the diversity is intensified by the presence of the 
American element. To what extent American cars 
are likely to be successful in this country remains 
to be seen, and may depend very largely on whether 
the makers are willing to consider the special 
requirements of the English market. But the 
enormous output and the prices at which the cars are 
sold show that they must be seriously considered. 
In the engines of British make the tendency is to 
use small cylinders of long stroke, and to run them 
somewhat faster. We have already gone into the 
question of the high versus low-speed engines in our 
issue of the 21st ult., and therefore need not deal 
further with the matter. An examination of many 
of the engines in the Show will demonstrate, how- 
ever, that the high-speed engine is by no means 
light for its power, as although the cylinders may 
be swall, all the other parts have to be large. It 
appears, therefore, that for practical work the 
high-speed engine is being overdone, and that much 
better results could often be got with slower-running 
engines having larger cylinders, and this would save 
both wear and tear and noise. 

The lengthening of the stroke has undoubtedly 
facilitated the introduction of the two-bearing 
crank-shaft—i.e., the type with only a bearing at 
each end. This type seems likely to come into 


very much greater use in the future, owing to its 
simplicity and cheapness. In order to get the best 
results, however, it seems likely that the usual 
arrangement of having all the Valves at one side 
direct-driven will have to be abandoned, as in this 
case the valves 
cylinders, 


take up more room than the 
Where three or five bearings are used 





there is no objection to this, but with only two 
bearings it is desirable that the centres of the 
cylinders should be brought as close to each other 
as possible, in order to shorten the length between 
the bearings. Hence many makers are returning 
to the inlet above the exhaust. 

When the two- bearing type of crank-shaft is 
used, there is no reason whatever for either 
splitting the main bearings or for splitting the 
crank-case on the line of the shaft. “Plain bushes 
are not only a great deal cheaper to make in the 
first place, but wear better, and can generally be 
renewed cheaper than split-bearings can be adjusted. 
It is also a great deal cheaper to split the crank- 
case vertically than horizontally. While the two- 
bearing crank-shaft has so far mainly been used for 
light cheap cars, there seems no reason why it 
should not be used for the larger ones, for there 
is no difficulty in making a crank-shaft strong 
enough to be rigid without intermediate bearings 
for any sized engine used in motors. This is recog- 
nised in America, for the 20-horse-power White 
petrol-car has no intermediate bearing, with four 
cylinders 3? in. by 54 in. 

In lubrication the simple splash is less evident 
than formerly, but the forced lubrication has not 
gained ground as much as might have been ex- 
pected. We went into the matter of lubrication in 
our issue of June 18, 1909. Briefly stated, the 
essential problem of lubrication is to supply the 
maximum possible quantity of oil to the bearings 
without throwing too much on to the cylinder walls. 
This being so, it does not seem possible that there can 
be any better method than pumping oil direct into 
the bearings, so that no oil goes on to the cylinder 
walls except what has passed through the bearings. 
The main objection to the forced lubrication has 
generally been held to be expense, but some of the 
modern splash systems have circulating pumps, and 
must be at least as expensive as the forced system. 
In some cases a separate mechanical lubricator is 
used, notably in the American cars. This may seem 
cheap in the shops, because the lubricator does not 
appear as part of the cost of the engine, but, as a 
matter of fact, the cost of the lubricator may be 
greater than that of the pump for forced feed. 

In some cases splash lubrication is arranged so 
that the depth to which the big ends dip is variable 
according to the opening of the throttle. It would 
be quite easy, if desired, to arrange a connection 
between the pressure-regulator and throttle, so that, 
with forced feed, more oil could be supplied to the 
bearings as the throttle was opened, or oil can 
be supplied direct to the cylinder walls when the 
throttle is full open, as in the Rolls-Royce. 

In the matter of chassis weights there does not 
appear to be muchchange. There seemsa tendency 
in some quarters for the chassis of the smaller cars 
to grow larger and heavier without corresponding 
increase in the size of the engines, which is a very 
doubtful advantage ; on the other hand, there is a 
real endeavour to cater for a light two-seated four- 
cylinder car. 

In connection with the question of the chassis 
weight the question of bodies has to be considered, 
and in many cases the excessive weights of chassis 
are due to the fact that they are designed to suit 
a great many different kinds of bodies. Thus 
many chassis are sold without bodies and may be 
fitted with anything from a two-seater to a landau- 
lette. This cannot possibly be sound mechanically, 
for it is absurd to use an axle capable of carrying 
a 15-cwt. body for one which only weighs 3 cwt. 
It seems probable that the plan of selling chassis 
to coach-builders who put on their own bodies is 
not at all conducive to good mechanical proportion, 
and that it would be much better for cars always to 
be sold complete by the makers. It also seems 
that cars should be much more specialised, and that 
a chassis should, for instance, be made for a two- 
seated body and sold with nothing else. Even if 
the weights of the bodies are taken into con- 
sideration, there seems, however, in many cases 
a considerable margin for reduction of weight, and 
in this matter the American cars are worthy of 
study. While it may be true that in some instances 
they have gone to an extreme in the matter of light- 
ness, their weights show that in many cases we 
have gone to the opposite. Thus there were in the 
Show two cars—one English, the other Ameri- 
can, the latter having slightly the larger engine, and 
yet having a chassis weight approximately half that 
of the English. In fact, the American car weighs a 


great deal less fitted with a side-entrance body com- 
plete than the English chassis without body. 








This is doubtless an extreme case on both sides, 
but there were many chassis in the Show which 
are often used for two-seated bodies and only have 
cylinders about 3 in. to 3} in. in diameter and 
4}-in. to 5-in. stroke, and which yet weigh from 
l4cwt. to17 cwt. No doubt it is necessary to have 
sufficient strength in the various parts, but in many 
the margin seems excessive in some places, and the 
material not scientifically dis . If the Rolls- 
Royce with six cylinders 4} in. by 4} in., anda 
total cylinder capacity therefore of 450 cubic inches, 
only weighs 24 cwt., a chassis with four cylinders 
3} in. by 4} in., total 156 cubic inches, should not 
weigh 17 cwt., especially when the great differences 
in the wheel-base, size of wheels, and tyres is taken 
into account. 

It must be remembered that although great dura- 
bility may be got with a heavy car, the increased 
petrol consumption and tyre wear may far more 
than compensate for this, besides which the car will 
be slower, especially up hills. 

As might expected, the fact that very mall 
engines are now put into heavy cars has resulted 
in an increase in the number of small cars fitted 
with four speeds. If it be taken for granted that 
the car is to be under-powered, no doubt four 
speeds are an advantage, for the only chance of 
maintaining a good average speed is to make the 
best possible time downhill and on the flat. The 
reasonable way of making a good average is, how- 
ever, to take hills at good speed, and for this plenty 
of engine power is required, so that ordinary slopes 
can be taken on top speed without changing gear. 
In this case two lower speeds seem ample. It 
must always be remembered that an extra a 
adds very perceptibly to the cost of the gear-box, 
and therefore that for a given selling price a four- 
speed car must always have a smaller engine. It 
must, therefore, either be geared lower on its top 
ons, or else cannot take as steep hills without 
changing down. 

The American cars are all built on the principle 
of having an engine large enough for its work, and 
therefore taking good hills on top gear. Hence 
only one of the cars exhibited had more than three 
speeds, and many only two. In fact, although 
the four-speed car is popular in England and 
France, there can be little doubt that if a census 
were made of the world’s production of cars, the 
two-speed cars would be far the most numerous, the 
three-speed would come next, and the four-speed 
cars would form a very small part’ of the whole. 

In the matter of back axles there is little change, 
except for the increase in the proportion of cars 
fitted with worm-drive. It seems very probable that 
in the future this will come into very general use in 
place of the bevel-drive. The latter is undoubtedly 
very satisfactory if thoroughly well made and tuned 
up, but even then it is not as silent as the worm, 
and the tuning up to run reasonably quict is often 
a very expensive process. As the noise of the 
engines, &c., has decreased, other noises have 
become more evident, and bevel-gears, which were 
hardly heard among other noises some years ago, 
make themselves very evident now. Hence there 
is no doubt that the worm will in many cases be a 
good deal the cheaper. It is possible that it is not 
quite so efficient as the bevel, but if this be the 
case, it only means that slightly larger cylinders 
must be used. In the early days of motors, when 
it was not possible to put in enough power to go at 
any great speed, the matter of efficiency was of very 
great importance. Now it is possible to drive a 
car fitted with either a worm or a bevel-gear at any 
reasonable speed, and therefore what is reyuired is 
to settle which transmission is necessary for quiet- 
ness, and then design an engine large enough for 
the work. In many ways the ideal transmission 
would be a worm-drive on the top speed, and 
a bevel for the lower ones. Where the change- 
speed gear is on the back axle, as in the ‘‘ Sheffield- 
Simplex ” and ‘‘ Overland,” or the latter is of the 
De Dion type, there is no reason why this arrange- 
ment should not be used. In this case the in- 
efficiency of the worm would be of little consequence, 
as most cars are ry fast enough on the flat, 
while the efficiency of the lower speeds would be 
higher than in the ordinary bevel-drive, as there 
would be one pair of gear-wheels less in the tranc- 
mission. There would also in this case be no objec- 
tion to the worm being on the top of the worm- 
wheel, as it would only be used when the latter was 
revolving fast enough to carry round an ample supply 
of lubricant. In many of the cars the position of the 
change-speed and brake-lever is not very satisfac- 
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tory. These should be so arranged that when the | 


car is fitted with high side-doors both levers come 
inside. There can be no doubt that high side-doors 
will soon be universal wherever the owner drives, 
and it is absurd for him to have to put his hand 
over the door to get at the levers. 

In the matter of the commercial side of design 
there has not been as much progress as might be 
expected. It is quite true that the two-bearing 
engine has made some headway, and that there were 





at the Show but few examples of engines with 
innumerable shafts and gear-wheels for driving 
accessories, as there used to be years ago. Still, on 
examining the designs as a whole, it strikes one that 
in a very large pevetaings of them the machining 
and erecting could be made a great deal more con- 
venient, without in any way depreciating the value 
of the product. Two cars Po out in this respect 
as thoroughly well thought out—viz., the Ford and 
the Darracq. The latter, of course, has always 














been conspicuous for care in this matter, and 
the fact that all the designs of this firm lend 
themselves to very economical production has 
had a very great deal to do with its success. In 
the case of the Ford also there can be no doubt that 
the fact of economy in production being very care- 
fully considered has been one of the essentia! 
elements of its success. Apart from the Ford, 
however, the American designs do not appear to 
show any very great consideration of manufacturing 








os 
a 
a4 
oa 
oa) 
Zz 
O 
Z 
ke 





oy} UI GATBA-o[poou oYyy Aq peT[or1}UOO SI eIN4XIUI OY} 
tedo st g 9793014} 04} MSY AA “| JOA] 043 YFnOIY3 
qd e108 ey} jo suvour Aq _pattoziace eATRA-eTpoou 
8 yyH peyy st CO gef-forjed ey], “ya14 posuedsrp 
Suleq si0ag] Tensn oy} ‘g @ATwA-e[poou OY} UO Yorp 
qo8 04 epeul seq s¥y 4woy ey} u1093Nd sTY} UT 
‘269 eBed ‘gy “Big ul JOyeInqi¥o sTyy 998I4SNI! 
2A ‘“WOMONI}sUOD 10;30INqIvO UI pey SABY OIBUT 
-enduor] ‘sisseyy eoustiedxe 4ve13 A104 ey} 04 Zutmo 


‘qse10qur peroeds jo st ‘Amjuoscg ‘j002148-doysig | 


“op pue Apivy pivapgy ‘sissoyg Aq  poqiqryxe 
ervuienZuo'y u104yed mou ey3 od44 JouLI0J 943 JO 









































’ *MOP JO 9981 94} 04 JT98zT 
sqsnf{pe Ayjeoryeu0yne YyoryA J04jeINGI¥O B 4ZIM 403 
oq Avui sy[nsez 10}40q [[4S8 4¥y3 o7qissod st 41 4nq 
$j“ y10m Loy} ‘reaemoy ‘sorjoerd uy “HBeM 004 
oq [LA erngx1ur oy} ‘mols ZurmuNns oulsue oY} YIM 
[83 puedo st 9430143 oy} FI Joy ‘Burarrp ey} uo 
[ep poo3 v pusdop Aoyy 4wy} st soolAep esey} [Ie 
| JO JoeJop [¥oIJeI10043 EYJ, ‘10¥JeINGI¥O ey} jo OZIS 
94} Zuronper 04 quepeambeA;duns st yorym ‘10a 
91990143 943 jo suvout Aq Ayddns ae pu yef-jor} 
24} YI0q Area SIOY4}() “PesO[o SI 9133014} 943 Se 
| peonpe st are jo uonsodoid oy} 4843 AvM & Yons UI 





‘MOHS VIAWATIO WFWHL LV 


IOAG] 91}40.1Y3 9Y} YIM popouTO ore sji0d-1e vIVxO 
4vy} pesuvize os Orv S10}}0INGIvO._ JO JequINu OFI¥] 
AI0A ¥ SIY} OP 0} JOpIO UT “pep}}OIY} puY MOTs 
Zuruuni st oursue ey} usYyA oINgxImM yoL APQUOETO 
-Wns @ 403 04 Ayureur st Ayjnogyp eyy, “poeds jo 
eSuvri 1038013 & I@AO Suruuns 4ooj10d 403 03 sfemye 
SI INOAREpUS OY} S1OZJOINGI¥O JO 10}}8UI OY} UT 
“s[o0yM o[QeyoRjep puv ‘sojyousvur ‘s104301NqG.I1¥O 


SIG} 9% O10M B10q} SOLIOSS3008 Jo 19q3RUI OY} UT 
“perpnys AyyZno10y3 sea 194981 9Y4 SUIT] St 
yt ‘emngny ey} UT you oq 03 St <oLd ut UoWMeduUI0O 
uvoLIOMy jl puv ‘uoyonpoid ut Auiou0se jo [vop 
qvei8 8 10} sudisep ystjZuq jo 4y10(em ey4 UI WOOT 
| TH98 St stey3 4eyy suTeUIOI ‘I0AQMOY ‘GoRy OU, 
‘serqiquenb ere] Ul orngoejnuvU snyy Ue PUT 
| *spoo8 1104} 103 e[es snouzous ue eavy Loy} 4e43 


—sollosseoov sv epwur Ajjeroued ‘10A0moy ‘ore I¥O | yoRy ey} JO ynq ‘uBisep Ul soUeT[e0xXe Jo you ‘erz0yor10Y44 


ey} jo syred guezzodun Ar0oa sory, 
8}I UBY} Ivo O43 Jo yuourdnbe oy4 04 JeyZeI pesuoTeq 
esey3 jo Aqt10[vur oy3 ynq ‘sory}eAou [yeus Aueu MOYg 


UVOUOLOW TTIADUV 


“uoTgonI4sUu00 


‘q[NSeI OY} BI 4B SIKO IIEY} [98 04 9IqQe ore Loy 
| seourd = ey], ‘seuo uvedom@ uvy3 10990q fue 
eq 04 de jou op suitsep rey} “qovy ut { sy800 


(29102) 








692 


ENGINEERING. 


[Nov. 18, 1910. 





jet OC, and this is adjusted till the engine gives its 
maximum power. When running dead slow, how- 
ever, the direct passage for the air is practically 
closed, and the mixture is taken through the passage 
in the screw E and port G into the inlet pipe, the 
upper part of the throttle having a notch cut to 
allow it to pass. The mixture can be regulated by 
turning the nut H. This carburettor has, there- 
fore, one adjustment for the mixture at full power, 
and another for running throttled, and doubtless 
there will not be a great variation in the inter- 
mediate positions, provided the throttle is opened 
the right amount. 

A carburettor of the purely automatic type is 
the Scott-Robinson, exhibited by Messrs. B. M. 
and W. D. Fair and Co., 3, Great Winchester- 
street, London, E.C., is illustrated by Fig. 19, 
nnexed. In this the float-chamber is of the usual 


Fig. 78. 








and space above the piston, in order to prevent the 
latter moving too rapidly and vibrating with the 
beat of the engine. 

Of all parts of a car the ignition is probably the 
most vital, and therefore novelties are of great inte- 
rest. The high-tension magneto is practically 
universal, and it is now almost always made in 
the form in which both the high and low-tension 
windings are on the armature. While the general 
design has settled to a standard, however, there 
are still some novelties in the details. 

A magneto with several points of interest is the 
Mea, shown by the United Motor Industries, 
Limited, 45 and 46, Poland-street, London, W. 
We illustrate this machine in Fig. 20, from which 
it will be seen that in place of the magnets being 
set vertically they are horizontal, the spindle of the 
armature passing through the crown of the magnet. 





distributor. The latter is practically an ordinary 
distributor duplicated—i.e., one end of the secon. 
| dary coil is connected to one set of the ignition. 
| plugs, and the other end to the other set. The 
current therefore travels from. one end of the 
‘secondary coil to one sparking-plug, through 
‘* earth” to the other plug, and then back to the 
secondary coil. This system involves the current 
| jumping two spark-gaps instead of one, but at the 
ordinary revolutions of the engine this does not 
involve any increase in the size of the magneto. ' 
For starting, however, either end of the secondary 
can be earthed, so that only one set of plugs is 
used. 

It is well known that with two ignition-plugs 
combustion is much more rapid than with one, and 
it is claimed that the angle of advance can be greatly 
reduced and more power obtained. It is also 
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Fic. 19. Tar Scorr-Roprnson CARBURETTOR. 


type, supplying petrol to a jet A. The piston B 
slides freely in a cylinder closed by a cover D, 
which has a small hole in it communicating with 
the inlet passage. This p‘ston carries a needle- 
valve, which controls the area of the jet A. When 
the throttle is closed the piston B rests on the 
seating E, but when the throttle is opened the 
vacuum causes the piston to rise, and so opens an 
air-passage, and at the same time opens the petrol- 
jet. The areas of the air and petrol-passages are, 
therefore, always proportionate to each other, and 
the rate of flow through the air-passage is constant 
up to the full capacity of the carburettor The 
petrol flows from the needle through the numerous 
small holes C, and therefore meets the air at the 
point of maximum velocity. The body of the 
carburettor can be water-jacketed if desired. Only 
a small hole is provided betwéen the suction-pipe 
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Fic. 21. Sparkrne-Piva Diacram, 

The contact-breaker is of very simple type and has 
no rocking pivots to stick. 

The shape of the magnets not only allows of the 
machine being very compact, but also allows of the 
advance and retard being accomplished by rotating 
the magnets round the armature. To do this the 
whole of the machine is mounted on trunnions on a 
base-plate, so that it can be rocked, and it is 
claimed that in this manner a range of 70 deg. can 
be obtained. As the fixed part of the contact- 
breaker moves with the magnets, the current is, of 
course, always broken in the position of maximum 
power: This method of advance and retard is 
undoubtedly theoretically right, but is seldom used 
with the ordinary shaped magnets owing to the 
space required. 

The Bosch Magneto Company, Limited, 40-42, 
Newman-street, London, W., in addition to a series 
of machines of their well-known types, showed an 
interesting magneto capable of giving sparks at two 
sparking-plugs at once, so as to get double ignition 
with one magneto. In order to accomplish this 
the secondary coil is not earthed at one end, as 
usual, but both ends are brought out and led to a 
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Fic. 22. Timkin Rotuer-BEARING FOR FRONT AXLE. 


claimed that, as the angle of advance is so much 
smaller, it is not necessary to fit an advance and 
retard even for great variations of speed, and that, 
if necessary, the effect of retarded ignition can be 
got by cutting out one set of plugs. 

Fig. 21, annexed, shows the curve of power 
obtained with the double ignition and the ordinary 
single ignition respectively, and it will be seen that 
not only is the power obtained with the doubl 
ignition greater, but that it is obtained with less 
than half the advance. The engine in these tests 
was run with constant load, so the power is propo! 
tionate to the revolutions. 

Messrs. Bosch also showed a magneto fitted with 
automatic advance and retard. This is arranged 
with a centrifugal governor, which revolves tlic 
armature relatively to the crank-shaft by a spire 
sleeve. While such a device cannot give absolute!) 
the best timing at all speeds, it may, in pract 
be a successful compromise. 

A very large high-tension magneto was shown 10! 
use on really slow-running engines, such as st 
tionary gas-engines. This machine has only the 
low-tension winding in the armature, and has 4 
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; 
separate coil which can be used with an accumu- 
lator for starting. 3 

Several firms showed exhibits of ball-bearings, and 
it is interesting to note that two of the most expe- 


rienced makers of ball-bearings are now making 
earings, Which seems to show that the ball- 
hearing has not been that universal success which 
its advocates expected. The reason stated for 
introducing the roller-bearing is that it is required 
where heavy loads have to be carried, as the 
rollers have line contact in place of the point con- 
tact of the balls. If, however, a roller-bearing of a 
given size will carry a heavier load than a ball-bear- 
ing, it seems as if it should also be more durable 
under light load. The construction of the roller- 
bearing is in some cases similar to that of the ball- 
bearing, with the exception of the substitution of 
short rollers, having a length about equal to their 
diameter for the balls. In others the rollers are of 
considerable length. In either case they are held 
in position by means of a cage. One point in which 
the roller - bearing possibly has a considerable 
advantage over the balls is that it does not restrain 
the shaft endways, and therefore cannot be damaged 
by end thrust. With such bearings it is therefore 
imperative that a thrust-bearing be used to keep the 
shaft in position. , 

A roller-bearing which is intended to avoid the 
defects of both the ordinary ball and roller-bearing 
is the Timkin, shown by the Electric and Ord- 
nance Accessories Company, Limited, Chester- 
road, Aston, Birmingham. In this bearing the 
rollers, and the races they run on, are tapered, and 
the bearing will consequently sustain an end thrust 
as well as a radial load, and can be adjusted for 
wear. The general construction of these bearings 
can be seen from Fig. 22, which shows their 
application to the front hub of a motor-car. The 
special feature of the bearing is that the rollers 
have a groove turned in them near the small end, 
the inner race having a rib which fits into this 
groove. The rollers are therefore prevented from 
moving endways. A very neat cage stamped from 
one piece of sheet steel keeps them at the right 
distance apart, but does not have to control their 
position endways, as this is done by the shoulder 
and groove. The outer races are ground to a 
plain cone internally, and the end thrust is there- 
fore taken by the full width of the roller. 

Bearings of this type must obviously always be 
used in pairs, and adjustment for wear is made by 
moving one of the inside races along the shaft, and 
is done in the hub illustrated by screwing up the 
large nut at the end. It is claimed that these 
bearings will take a heavier radial load than a ball- 
bearing of equal size; will take an end thrust equal 
to the radial load ; and that whereas the slightest 
wear causes a non-adjustable bearing to get noisy, 
and therefore require replacement, the Timkin 
bearing can be adjusted and continue in use. 

Several patterns of detachable wheels are shown, 
and there seems a tendency to drive the outside 
hub by pegs in a flange instead of by feathers in the 
inside of the outer hub. The advantages claimed 
are that the pegs can be set at a bigger radius, and, 
therefore, the pressure is less, while the inner hub 
cin be made a casting, and therefore much cheaper 
than the hubs with feathers on them, which must be 
special forged steel. The pegs are, of course, of 
steel, and can be riveted into the casting. Detach- 
able wheels usually have wire spokes, which makes 
them very awkward things to carry on the car, 
owing to the width across the hub, and also difficult 
toclean. Accordingly, wood detachable wheels are 
fometimes used, but these entail extra weight. A 
wheel which is claimed to avoid these difficulties is 
the Sankey, shown by Messrs. Joseph Sankey and 
Sons, Limited, Albert-street, Bilston. The appear- 
ance of this wheel is similar to that of a wooden one, 
but it is made of steel, the spokes and rims being 
hollow. In order to make it, two half-wheels are 
stamped from sheet steel about ;;in. thick, and are 
welde together with acetylene. This makes a very 
neat form of detachable wheel, as the outer hub is 
only the width of the spokes, and it can, of course, be 
used as a fixed wheel, if preferred, in place of wood. 
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Tir Association oF TEACHERS IN TECHNICAL INsTI- 
TeTIONs.—The sixth annual meeting of the Association of 
Teac hers in Technical Institutions was held at the 
North tn Polytechnic on Saturday, the 5th inst., under 
the pri sidency of Mr. J. Wilson, Battersea Polytechnic. 
The annual report of the Council was presented. This 
Siowe:! that there had been a considerable growth in the 
Srencih of the association during the last year, and a 


great «\ pansion in its work and influence. 





THE WHITE STAR LINER “OLYMPIC.” 
(Concluded from page 621.) 

We give two two-page plates this week in further 
illustration of the machinery of the Olympic. 
Fig. 31, on Plate LXXVII., is a cross-section 
through the turbine-room, and shows clearly the 
position of the turbine driving the centre shaft, 
with its eduction pipe to the condenser on each 
side, and the large sluice-valves for shutting out the 
turbine from the condensers, on these pipes. The 
two change-valves for passing the exhaust steam 
from the reciprocating engines either to the turbine 
or to the condenser are clearly shown, as is also 
the engine for operating these equilibrium valves 
through pivoted levers. Bellows expansion-joints 
are, as previously mentioned, fitted in the pipes 
connecting these valves with the turbine or con- 
densers. The relation of the various circulating 
and air-pumps to the condenser will be readily 
understood from this cross-section. 

Fig. 32, also on Plate LXXVII., is a cross- 
section at the forward end of the reciprocating- 
engine room, and shows the steam-separators and 
bulkhead stop-valver. The arrangement of the 
feed-pipes is shown with the connection from the 
hot-well pump to the feed-water filters and Weir 
surface-heater, and thence to the Weir contact 
heater, which is placed high on the engine-room 
bulkhead, as shown. The pipe arrangement to the 
feed-pumps is also indicated. 

On Plate LXXVIII. are given a longitudinal 
section and a plan of the two after boiler-rooms, one 
of which is fitted with five double-ended boilers, 
while the other—that nearer the engine-room— 
has five single-ended boilers, ordinarily used for 
running the auxiliary machinery. The boiler in- 
stallation was described in some detail in our issue 
of October 21, page 564 ante, so that it is un- 
necessary to enter here into details. Half cross- 
sections of the two boiler-rooms given on page 694, 
Fig. 36 show the compartment for the double- 
ended boilers, where there are See ash-ejectors. The 
other half section (Fig. 35) shows the compartment 
with the single-ended boilers, which is almost sym- 
metrical with the others. The positions of the fans 
for ventilating the stokeholds, and other accessories, 
are clearly indicated. There are expansion joints 
in the uptakes, which are of exceptional length, 
owing to the exhaust gases from the boilers in two 
compartments being conveyed to one funnel, 
notwithstanding the interposition of bulkhead and 
coal-bunkers between the boiler-rooms. The posi- 
tion of the coal-bunkers and of the bilge and ash- 
ejector pumps is clearly indicated on the plan. 


Evecrric-LiGHTInG PLAnt. 


For generating electric current for light and 

wer, four 400-kilowatt engines and dynamos are 
ee fitted in a separate water-tight compartment 
aft of the turbine-room at tank-top level. The 
engines, which indicate each about 580 horse-power, 
are of the Allen vertical three-crank compound, 
enclosed forced-lubrication type, running at 325 
revolutions per minute. Each set has one high- 
pressure cylinder, 17 in. in diameter, and two low- 
pressure cylinders, each 20 in. in diameter, with a 
13-in. stroke. They take steam at 185 lb. pressure 
per squareinch. The engines exhaust either into a 
surface-heater, which is the usual sea-going condi- 
tion, or to the condenser. Each engine is direct- 
coupled to a compound-wound dynamo, with an 
output of 100 volts and 4000 amperes, continuous 
current, so that their collective current capacity 
is 16,000 amperes. The dynamos are of the ten- 
pole type, and are fitted with inter-poles. The 
arrangement of the sets is clearly shown in Figs. 37 
to 39, on page 695. These views are respectively 
the longitudinal section, plan, and cross-section 
through the electric generating department, which 
is abaft the turbine-room. 

In addition to the four main generating sets there 
are two 30-kilowatt engines ne dynamos, placed in 
a recessoft the turbine-room at saloon-deck level, well 
above the water-line. Three sets will be supplied 
with steam from either of several boiler-rooms, an 
will be available for emergency purposes. They are 
of a similar type and make to the main sets, but 
have two cranks. 

The distribution of current is to be effected on the 
single-wire system, and is controlled and metred at 
a main switchboard placed on a gallery in the elec- 
tric-engine room, to which the main dynamo cables 
and feeders are connected. The latter pass up 





through port and starboard cable trunks to the 





various decks, radiating from thence to master- 
switch and fuse-boxes grouped at convenient points 
in the machinery-spaces and accommodation, from 
whence run branches to the distribution fuse-boxes 
scattered throughoutthe vessel, controlling the lamps 
and motors. 

A complete system of electric lighting is, of course, 
being fitted, and electricity is also largely em- 
ployed for heating, as well as for motive power, 
including no fewer than 75 motor-driven ‘‘ Sirocco ” 
fans, from 55 in. to 20 in. in diameter, for venti- 
lating all the passenger and crew spaces, as well 
as the engine and boiler-rooms. All fan-motors are 
provided with automatic and hand speed-regulation. 


Carco CRANES. 


There are three cargo hatches forward and three 
aft. Two of the forward hatches are served by 
steam-winches, the gins being fixed to cargo spans, 
while the third hatch, that nearest the passengers’ 
quarters, is served by two Stothert and Pitt elec- 
tric cranes, designed to lift 50 cwt. They have a 
radius of 27 ft., a height from the deck to the centre 
of the pulley of 29 ft., and a total lift of 100 ft. 
The hoisting motor fitted is of 40 brake hofse- 
power, and the slewing motor 5 brake horse- 

wer. 

All the hatches in the after part of the ship are 
served by electric cranes of the same make ; two of 
these are on the promenade deck, there being two 
small hatches to the hold below, so as to form a 
minimum of interference with the promenading 
— The cranes here are of 30 cwt. capacity, 
the radius being 21 ft. The height between deck 
and pulley is 20 ft., while the total lift is 80 ft. In 
this case the hoisting motor is of 30 brake horse- 
power, and the slewing motor of 3 brake horse- 
power. For the remaining two hatches aft there 
are four electric cranes of 50 cwt. capacity, corre- 
sponding exactly with those already referred to, 
except as regards the radius, which is, in the case 
of two cranes, 28 ft., and of the other two 29 ft. 
The height to the centre of the pulley is, how- 
ever, slightly less than the forward cranes, being 
27 ft. and 26 ft. respectively. 

The lifting speed at full load is 160 {t. per minute 
in the case of the 50-cwt. cranes, and 200 ft. in 
the case of the 30-cwt. cranes, and increases auto- 
matically at lighter loads, whilst the slewing speed 
in all cases is 500 ft. per minute. 

In addition to the electric cranes, there are 
four 3-ton electric cargo winches at the hatches, 
operating through gins on the cargo spans ; also 
four 15-cwt. electric boat-winches. 


Sream Sreertnc-Gear. 


The steering-gear, which is illustrated in Figs. 40 
to 42, on page 698, is of Messrs. Harland and 
Wolff's wheel-and-pinion type, working through a 
spring quadrant on the rudder-head, the whole 
being actuated by means of a set of three-crank 
vertical engines (in duplicate). The entire gear is 
housed on the shelter-deck. The working tiller 
consists of two forged arms keyed to the rudder- 
head. These are tied together by means of a heavy 
wrought-steel tie-bar. The connection between 
the tiller and quadrant is made by means of heavy 
a so arranged as to prevent any undue 
shock coming on the gear or the engine. A spare 
tiller is keyed to the rudder-head, placed imme- 
diately above the quadrant, with rods connecting 
the two, and left clear at the end, so as to come 
into action only in the event of the connection 
between the quadrant and working tillers giving 
out. This tiller can also be worked t. the warping 
capstans should the whole gear be disabled. 

he engines are of the three-crank type, having 
inverted direct-acting cylinders, each 17 in. in 
diameter, with an 18-in. stroke, working with 
steam at a pressure of 100 lb. per square inch. 
The steam-valves are of the piston type, worked 
direct from the crank-shaft by eccentrics. The 
cylinders are connected to the sole-plate by means 
of three wrought-steel columns at the front 
and three cast-iron columns at the back, two of 


d| which are made of suitable strength to carry the 


intermediate shaft, which connects the spur and 
bevel-gears. The bed-plate is of cast iron, of box 
section, placed on a sliding bed, also of cast iron, 
with adjusting-screws, so arranged that the engine 
can be quickly drawn completely out of gear with 
the quadrant, should it be necessary to change to 
the second engine in case of a breakdown. 

The spur-pinion on the crank-shaft drives the 
spur-wheel on the intermediate shaft carried on 
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THE BOILERS OF THE WHITE STAR LINER “OLYMPIC.” 


CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, BELFAST, 
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the back columns of the engine, which, in turn, is! notable for their noiseless running and absence | means of Brown’s patent telemotor gear. 1 _* 
connected to a vertical shaft by bevel-gearing, and| of backlash. They are of the Citroen type. The | motor cylinders are placed alongside their = 
the vertical shaft gears into the quadrant by means | quadrant and its pinion have machine-cut involute | tive steering-gears, to which the steam - con't, 
of a manganese-bronze pinion. The spur and bevel- | teeth. |valve on the engines is connected by means \) 
gears have machine-cut helical teeth, which are, The engines are controlled from the bridge by | levers and-shafting. The hunting gear 1s wol’'™ 
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THE ELECTRIC-LIGHT INSTALLATION OF THE WHITE 
Fig.87. 


ORLOP DECK. 


STAR LINER “OLYMPIC.” 


SWITCH BOARD GALLERY. 





Fresh Water Tanks 
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off the intermediate shaft on the back columns by | which shuts off the steam automatically when the 
bevel-wheels. An economic valve of Brown's type | engine is at rest, and so prevents the leakage of 
ts Utted to the contro] steam-valve on each engine, steam into the cylinders, 














“Tue Piterims’ Roap.”—This is the title of a small 
book issued by the Homeland Association, Limited, 
Frederick Warne and Co., at the price of 2s. 6d. net, as 
a practical guide for the pedestrian on the ancient way 
from Winchester to Canterbury. It has been compiled 
by Mr. Frank C. Elliston - , and contains a 
number of views and sketch maps. 





MarinE-TuRBINE D1AGRAM8.—With the steadily in- 
creasing use of the steam turbine in the mercantile 
marine, a knowledge of its principal elements and of 
its accessories and their objects and uses is becoming 
more and more necessary to the sea-going engineer. 
For the use of such, Messrs. Thomas Reed —~ Co., 
Limited, of Sunderland, have accordingly.issued a series 
of diagrammatic views of marine turbines (of the Parsons 
type), in which every element and constituent is numbered, 
and an accompanying index gives the name and use of 
each. The diagrams have been erepee’ by Mr. W. T. 
Thorn, and are arranged in two folding plates. Of these, 
one represents plans of a high-pressure and of a low-pres- 
sure and a reverse turbine, whilst the second shows to 
a larger scale such details as the thrust-block, steam 
gland, the adjusting-bolts, and also plans of the piping 
and ollcunaly arrangements. It is probable that many 
others besides marine engineers, for whose benefit the 
diagrams are, primarily intended, will find them both 
interesting and useful, The published price is 3s, 6d, the 
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INDUSTRIAL NOTES. 


Art present things appear to be fairly tranquil in the 
Welsh coalfields, but that this is only superticial, and 
due to the strong evidence of force before the men, 
may be easily credited. The attitude of the men on 
strike is said to be sullen, and if the military and police 
are withdrawn the shameful and brutal rioting ma, 
easily break out again. When an ignorant mob, suc 
as has lately been seen in South Wales, in blind folly 
begin the work of destruction, there is no knowing when 
reason will return to it. For the time being it may be 
unwillingly compelled by the civil or military forces to 
maintain the semblance of quietude, but may on the 
withdrawal of this restraining influence break out with 
increased fury. Under such conditions a removal of 
the only preventive of disorder would be most unwise. 
When there are signs that reason has really returned, 
then it will be safe to come back to normal conditions, 
but not till then. 

It is estimated that, during the early days of last 
week, the damage wrought by miners amounted to 
20,000/., and the town of Ton-y-pandy is said to 
resemble a town that has withstood a siege, and little 
or nothing has been done to repair the havoc 
done during the night of the great onslaught on the 
power-station of the Glamorgan pit. “At this pit, 
which is the principal one of the Combine’s Collieries 
in the district, the ventilation fans and the pumps 
were kept at work till Thursday in last week, steam 
being raised by the officials of. the mine, but these 
men were naturally only able to keep them going 
so as to prevent the water gaining, for, in addition 


to their being unaccustomed to the work, there| y 


were only about a dozen of them in place of the 
usual forty men. On Thursday night, therefore, they 
had to give in and rest for a while. In the course of a 
few hours, however, they returned to their labours, and 
with the aid of some enginemen whom they had per- 
suaded to come, under protection, to the engine-room, 
steam was once more raised and pumping resumed, so 
that, early on Friday morning, Mr. Llewellyn, the 
heroic manager, and the equally plucky Mr. Clark, 
one of the sub-agents, descended the shaft with the 
object of attending to such of the horses as might be 
still alive after having been for several days without 
food and water. In addition to this, it was thought 
desirable to see to what extent the workings had been 
flooded, 

The explorers found that at the bottom of the shaft 
they had to wade to the nearest of the stables, where 
some of the stalls were found empty, the horses 
having broken their halters. Most of the animals 
were, however, found and fed. In all three hundred 
horses were attended to. It was found that the 
pumps had only just been started in time, for Mr. 
Llewellyn estimated that had there been a further 
delay of a quarter-of-an-hour the water would have 
reached the motors which govern the pumps. Had 
this happened it would in all probability have meant a 
stoppage of the pit for twelve months or more, and a loss 
of about 100,000/. Last Saturday morning a deputation 
of the strikers offered to allow stokers and enginemen 
to work to the extent of keeping the horses out of 
danger. The whole of the pits were represented by 
this deputation, but the manager declined to meet any 
but a deputation from the Glamorgan workmen. This 
the men declined, and so the matter was left. The Home 
Secretary has come in for much hostile criticism for 
having countermanded the original order to send troops 
to the district ;. while, on the other hand, in his de- 
fence it is said that had he not done so, much greater 
trouble would have been caused. We think, however, 
that ew shows in all such cases that a stroag 
show of force in the early stages is far more likely to 
prevent rioting and destruction of property than dilly- 
dallying with lawlessness at first, which almost invari- 
ably ends in much greater loss and suffering. One of 
the ironies of the situation was the attack on the pro- 
perty of the tradespeople. because since the strike 

gan the Traders’ Association voted 40/. to the strike 
fund. But such is mob gratitude. These tradesmen 
are the ones who dleserve our sympathy, and not the 
strikers, who have been guilty of abominable law- 
lessness. 

The Cambrian Company’s south pit has become 
flooded owing to the stoppage of the pumps, and the 
miners will, therefore, be unable to resume work there 
for a considerable time after the strike has ended, 
whenever that may be. 

A rather unexpected event happeneed at the meet- 
ing of the South Wales Conciliation Board in Cardiff 
on Monday last, for the coalowners granted a demand 
put forward by the miners for an increase of 1} per 
cent. in wages. This represents an increase of 3d. 
in the pound of the men’s earnings. It was ux that 
this concession would tend to remove the possibility of 
a general coal-field strike which had been discussed. 
The offer has, however, been rejected. At the meet- 
ing the subject of the strike at the Powell Duffryn 
mine at Aberaman came up, and the conclusion arrived 
at by the owners was that the dispute cannot be settled 
wnti] the miners return to work, and Mr, Stanton, 


their Socialist leader, has apologised to Mr. Hann, 
the general manager, for sending the outrageous tele- 
phone message, to which we have before alluded. 

"About forty of the underground officials returned to 
work at the Glamorgan pit on Tuesday. These men 
do not belong to the secretarial staff, but are chiefly 
connected with the actual working of the pit below, 
and they do not belong to the Miners’ Federation, 
though they have kept away from the mines for a 
week. These officials did not, however, long remain 
at their work, for on Tuesday they received a deputa- 
tion from the men on strike urging them to leave. 
Half an hour was given them to decide, and they 
surrendered. If this does not amount to intimida- 
tion, words have lost their meaning. What the police 
were doing to allow it is not recorded. It is reported 
that the men are now trying to stop the whole coalfield. 


The Federation of the Engineering and Shipbuildin 
Trades has been asked by the Amalgamated Society o 
Engineers to convene a conference to consider a 
scheme for trade-union amalgamation. The reason 
given for this is that the men’s executive think that 
the employers in the engineering and shipbuilding 
trades have such a strong position that the time has 
arrived when the various organisations in each section 
of trade unions should combine by amalgamation so as 
to be able to meet the employers on common ground. 


It appears from the monthly report of the Amal- 
gamated Society of Engineers for November that 
the present membership amounts to 110,043, as against 
109,381 a month ago, being an increase of 662. A 
ear ago the membership stood at 107,259. On dona- 
tion benefit there are 4367, as against 4225 a month 
ago, oran increase of 142, while a year ago the number 
on the donation fund was 8600. There has been a slight 
drop in the numbers on sick benefit, the actual figures 
being 2469, as against 2503 a month ago; while on 
superannuation benefit there are now 6008, as against 
5983 a month ago, which shows an increase of 25. On 
the whole it will be seen that things have not im- 
proved, and the number of the unemployed is greater ; 
this has been due, no doubt, to some extent, to the 
Boilermakers’ lock-out, as members of the Amal- 
—— Society of Engineers have suffered indirectly. 

he mining crisis in South Wales also has not had a 
stimulating effect. But for these two causes there is 
little doubt that a substantial reduction in the number 
of the unemployed would have been registered, instead 
of an increase of 142, as compared with a month ago. 


An interesting phase of co-operation is now to be 
seen in Australia. This is in connection with sheep- 
shearing, and has followed the contract shearing 
business, which latter made its appearance soon after 
the State Government made it imperative in many 
districts that the shearers should have what the 
masters considered were all kinds of luxuries, The 
masters did not consider that the expense was justifi- 
able for a week or two of shearing in each year. Con- 
tract shearing then commenced, and made great head- 
way, for the great majority of owners were very glad 
to take advantage of it. The contractor pen A to 
arrive ata certain time, and generally kept his appoint- 
ment, unless unavoidably delayed by the weather at 
other places. Many of the larger owners, however, 
still adhere to the old practice. More recently the 
shearers have had a joint interest, for they thought 
that what was good for the masters would be good 
for them, and this feeling ended in the formation of a 
number of co-operative shearing companies, the share- 
holders being confined to the actual workers. It 
seems that the movement, when expert shearers have 
been combined, has been a great success, for up to the 
present the management is said to have been good, 
and there have been no complaints, Working, as the 
do, for themselves, the men have put their best wor 
into the contracts, which has given satisfaction to the 
owners, Moreover, the operatives have a special 
interest in many of the contracts, as they are carried 
out at the same sheds year after year. The system 
ot been much helped by the use of portable shearing 
sheds. 


The monthly trade report of the United Pattern- 
makers’ Association for October shows a substantial 
gain of 1863/. for the three months ending September, 
though some 600/. less than was gained during the June 
quarter. The net gain on the year’s financial opera- 
tions have, up to the present, resulted in an addition 
to the funds of 4840/. The income for the past quarter 
amounted to 5943/., a falling off of 473/. from that 
of the preceding quarter, the cause of which has 
been that no interest has accrued on account of invested 
funds during the past quarter, and the halving of the 
contingent levy has reduced the income over 256/. 
The total income from levies has amounted to 1560/., 
which is within 300/. of accounting for the entire gain 
during the past quarter. The expenditure for the 
September quarter amounted to - 103. 6d., as com- 

red with 3961/. for the quarter previous, and an ex- 








pa 
penditure of 6633/, for the corresponding quarter of last | 


year. There was a falling off of funeral benefit during last 
quarter, 1039/. being spent for these purposes, which 
was a reduction of 138/. on the figures for the pre- 
vious quarter. Superannuation benefit, however, con. 
tinued to advance steadily, and the contingent henefit 
amounted to a considerable sum, on account of the 
strike at Preston. Arrears showed a slight reduction 
at the end of September. 


The Labour Party have issued a booklet containing 
a list of resolutions that are to be discussed at the 
Eleventh Annual Conference to be held in the Tem. 
perance Hall, Leicester, on Wednesday, February 1, 
1911, at 11 am., and on the two following days, 
The 3 gan ag is an ambitious one, and may be 
classified under five headings, which again are divided 
up into other headings. It bears clear witness as to 
how completely the Labour Party has come under 
the control of the Socialists. ‘he five headings 
named are:—(1) Amendment to Constitution; (2) 
The Osborne Judgment; (3) Labour Party Policy ; 
(4) Party Administration ; and (5) General Resolu- 
tions. The first of these headings refers to Clause III., 
bearing on candidates and members. At present it 
stands : ‘‘candidates and members must accept the 
constitution ; agree to abide by the decisions of the 
Parliamentary party in carrying out the aims of this 
constitution ; appear before their constituencies under 
the title of Labour candidates only ; abstain strictly from 
identifying themselves with or promoting the interests 
of any Parliamentary party not affiliated, or its candi- 
dates, and they must not oppose any candidate recognised 
by the National Executive of the party.” The words 
‘* Labour candidates only,” which we have placed in 
italics, it is proposed to alter to ‘‘ Labour or Labour 
and Socialistic candidates.” Nothing could more 
clearly indicate the trend of the Labour Party. 

With regard to the other headings, it is needless 
to devote much space to them ; almost all bear the 
stamp of Socialism ; and we have before had occa- 
sion to refer to some of them, particularly to the 
Osborne judgment. Under heading 5, the Bill for 
dealing with the right to work and unemployment 
takes a leading place, and the enfranchisement of all 
adult men and women is to be urged. Among other 
things that are to be opposed are railway amalgama- 
tions and military service. 


The heartburnings in the ranks.of the Labour 
Party over the Osborne judgment do not appear 
to subside, but rather to increase, if the clamour for 
its reversal raised by a certain section of the trade 
unionists is any guide. Whether the Government 
will prove strong enough to resist all this uproar, or 
whether they will give way from party motives, 
remains to be seen. Possibly they may get out of the 
difficulty by leaving it to their successors, who, if 
reports about an immediate General Election are true, 
are soon to follow them. On Friday last a deputation 
of combined labour waited on Mr. Asquith on the 
subject, with a view, it is said, of this gentleman 
learning the men’s opinions, not of expressing his own. 
The demand of the men is, of course, for a complete 
reversal of the judgment. What is wished by those in 
favour of a reversal is that a bare majority in a trade 
union may be able legally to coerce a minority into 
having money, which partly belongs to the minority, 
expended for political purposes, which were not in- 
tended when the union was formed, and of which the 
minority does not approve. The advocates of the 
reversal do not appear to ke able to see that, should 
it take place, it would not be to the true interests of 
the trade unions. 


With regard to the beet-root industry, exports of 
sugar-beet are now being made from Lowestoft and 
Ipswich, in Suffolk, to Holland. About 200 tons re- 
cently left the former port, principally from the Ditch- 
ingham and Homersfield districts. It is expected that 
othe shipments will soon follow. 

Disgraceful scenes occurred at Messrs. Doulton's 
pottery works at Rowley, Staffordshire, on Monday 
night last. While thirty men, who are replacing 
those on strike, were leaving work they were attacke« 
and pursued by a gang of ruffians, who assaulted them 
with sticks and stones. The mob smashed the windows 
of the waiting-room of the railway station at Windmill 
End, where the men took refuge. Several of the 
occupants of the waiting-room were seriously in jured. 








TRANS-SIBERIAN RatLway.—The Russian Government 
is proceeding with the double tracking of the great Trans- 
Siberian Railway. The cost of the work is estimated at 
120,000,000 roubles, or about 13,000,000/. 


Tuer Japan-BritisH Exuipition.—The total numlx r 
of visitors to the Japan-British Exhibition was 8,350,000, 
the largest number on a single day being 460,000. 
These y saad were accurately registered through ove! 
two hundred patent : 
Messrs. C. er and Limited, and fix 
entrances and various parts of the grounds, 


at the 


registering turnstiles, supplied by 
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SPEED REGULATION OF THREE-PHASE 
MOTORS 


To THe Epitor oF ENGINEERING. 

Sir.—With reference to the paper read by me before 
the Iron and Steel Institute in September last, which was 
reprinted in your issue of October 7, my attention has 
been drawn by Dr. A. Scherbius to the fact that an error 
has been made in my descriptions of the Scherbius and 
Kriimer systems of speed regulation. 

The annexed illustrations are reproduced from my 
paper and carry the same numbers. The arrangement 


Fig.2 
































Regulating Motor 

























































































Indaction Motor 


shown in Fig. 3 was attributed by me to Dr. Scherbius, 
but it is really due to Mr. Kriimer (the inventor of 
the arrangement shown in Fig. 5 of the paper), and was 
first described in the German Patent No. 169,453, applied 
for March 19, 1905, 

The arrangement shown in Fig. 4 was correctly attri- 
buted to Dr. Scherbius ; it was first given in the German 
Patent No. 179,525, of July 18, 1905, 

The diagram of connections shown in Fig. 2 is in 
reality a general diagram applicable to both the Kriimer 
and Scherbius systems. 

Yours truly, 
J. J. Exvink ScHvuuRMAN. 
London, November 14, 1910. 





PROGRESS IN FLIGHT. 
_ To THe Eprror or ENGINEERING, 

Sir,—Some few weeks ago you published an article on 
the above subject deprecating the method of constructing 
the present aeroplane, advocating the employment of 
much stronger and stiffer framework of the wings by 
means of cross-sections of the usual lattice-girder system, 
which they at present lack. Perhaps you will permit 
me, on the other hand, but with no cavilling spirit or 
arbitrary motive, to condemn this system as quite inade- 
quate and useless for the purpose desired—i.e., ability 
to withstand turbulent winds, cross-eddies, or those of a 
Vertical tendency. Indeed, the desiderata being not only 
to secure immunity from disaster in this respect, but 
also additionally to withstand the pressure induced 
by high translatory velocities ; the further adoption of 
metal surfaces advocated in some quarters would not only 


fail signaily, but augment the danger. At the recent 
aris .\cronautical Show was exhibited a monoplane 
He wo den lanes, somewhat on the lines adopted by 
a a Phillips, but, of course, with greater breadth 


Now, if we observe the 


ted types flying- 
machines, as exemplified in tee ins 


é volant animal kingdom, 


whose ideal travelling surfaces, desi 
ign, and accomplish- 
- ag) Prove an object-lesson to the 
» it 


P: 
‘superior ” efforts of 
would be difficult to discover ony iyiag creature 


endowed with rigid, passive, or inert o7 2 of flight, 
unless we except the rigid elytra of the Goliath beetle, 
whose function consists of providing these anterial con- 
cavo-convex cases as elevators and steering appliances to 
work in conjunction with the rapidly-beating membranous 
exible posterior wings when in flight. Even then it 
is noticeable that the real pinions thus actuated are semi- 
rigid anteriorly, graduating in form from the root to the 
tip, and with plastic margins posteriorly and at the tips, 
ne yen | those fine qualities unseen in the modern aero- 
plane, and enabling Nature’s flyers to become automati- 
cally stable when struck by tumultuous winds, particularly 
those of a vertica] tendency. ry | one must concede 
that in such an elastic medium as the air it is plausible 
that the supporting surfaces should be correspondingly 
light, plastic, and thus susceptible of securing the max1- 
mum of horizontal displacement whilst yielding the 
minimum of resistance at high velocities by accommo- 
dating the travelling area to the variations of pressure, 
both vertical and horizontal, by the give-and-take action 
induced by flexibility. 

To those aerodynamical students to whom progress 
in flight is unswayed by mercenary motives it is gratify- 
ing to note that in England signs are not wanting that 
the trend is inning to S more advan and 
radical departures from the ae type of aeroplane. To 
the claim of M. Passat that he has flown preliminarily 
some 20 yards with a four-winged ornithopteré of 24-ft. 
span, with only 4 horse-power, on the principle mentioned 
above of the beetle method of flight, must be added the 
more elaborate design of Mr. G. L. O. Davidson, whose 
machine I have recently inspected by the kindness 
of this scientist. This machine is really beautifully 
constructed, and is indeed a true engineering job, 
and from a close analysis of both predecessors’ experi- 
ments, and a study of machine itself, I honestly 
believe that the ‘“‘gyroptére” of Mr. Davidson is a 
distinct advance, and well meriting the praise of his 
fellow-countrymen. Briefly, the machine is at present a 
maze of girder construction, with two huge elevating and 
pon screws, each 26 ft. 10 in. in diameter, which 

r. Davidson found, in the previous machine, built at 
California, yielded a ‘lift ” of over 3 tons at 55 revolu- 
tions per minute, with the cxpenditure of 100 horse- 
power derived by steam Stanley type boilers. These are 
affixed in = ute surfaces in the form of triple bi- 
planes of long narrow transverse design, whose curves 
are attained by strong laths of sequoia, which, in fact, is 
employed throughout in the framework of the gyroptére, 
including the sixty concave blades comprising each rotary 
wing. 

Yours faithfully, 
tpear E, WILson. 
85, Glamorgan-street, Pimlico, November 14, 1910, 


** ACCELEROMETERS.” 
To THE Eprror OF ENGINEERING. 

Sir,—I have read with great interest the able article on 
** Accelerometers” in your last issue. One statement, 
however, calls for comment—viz., the reference to the 
possible construction of an instrument to record vertical 
accelerations, in regard to which it is remarked that 
“‘such an instrument would, however, present such diffi- 
culties in practical construction that it is hardly likely to 
be tried, even py a 

The practical difficulties in constructing a vertical, or 
lift, accelerometer are by no means so formidable as is 
suggested, and Messrs. Elliott Brothers have lately con- 
structed such an instrument to my design for the purpose 
of checking the operation of electric and other lifts and 
hoists, where, under existing means of operation, the 
acceleration is often in no proper relation to the traffic 
conditions. 

Doubtless Messrs. Elliott Brothers would be willing to 
show the instrument to anyone interested in the subject. 
The graduations are in ‘‘ feet per second - second,” 

I am, yours faithfully, 
K. WimpEris. 
28, Rossetti Garden Mansions, Chelsea, S.W., 
November 12, 1910. 


[We think Mr. Wimperis has hardly se the 
point taken up in our article. The phrase he quotes had 
reference to a form of accelerometer which would indicate 
in any direction in a vertical plane, not one that would 
indicate in a vertical direction merely, It is clear that 
Mr. Wimperis’s own instrument, with its balanced parts, 
may be made to indicate in any selected direction ; but 
one that would indicate in all directions in a plane is a 
different matter. An instrument constructed on the prin- 
ciple suggested by us would fulfil this latter condition, 
but, as we said, the ae difficulties are likely to pre- 
vent its trial.—Ep. E.] 











Tue LATE Herrich Herarvs.—We 
the death of Heinrich 


t to announce 
U Heraeus, one of the chiefs of the 
well-known platinum works of W. C. Heraeus, Platin- 
schmelge, of Hanau. The death, from failure of the 
heart, took place while he was at Berlin on a business 
journey. Heinrich Heraeus had not quite completed his 
fiftieth year. He studied chemistry and rmacy at the 
University of Strassburg, and the Mining Academy of 
Freiberg, in Saxony, and entered his father’s works, which 
were then confined to plati lting hen his 
father retired, in 1889, the two brothers, Dr. W. Heraeus 
and Heinrich Heraeus, became the chiefs of the establish- 
ment, which developed to a remarkable degree the manu- 
facture of electrical apparatus, furnaces, thermometers, 
and instruments made of platinum, quartz, aluminium, 
and other ma Heinrich Heraeus took himself a 








very active part in this development, 


THE ROYAL METEOROLOGICAL SOCIETY. 


Tue first meeting for the current session was held on 
Wednesday evening, the 16th inst., at the Institution of 
Civil Engineers, Mr. H. Mellish, president, in the chair. 

The meeting was devoted to the consideration of papers 
dealing with the investigation of the upper air. 

Miss M. White gave the results of the hourly balloon 
ascents which were made from the Meteorological Depart- 
ment of the Manchester University, March 18 and 19, 
1910. Twenty - eight small rubber balloons carrying 
Dines’s meteorographs were liberated hourly, and of these 
twenty have been recovered. The balloons left Man- 
chester, going at first in a southerly and later south- 
easterly direction, and were found in the Worcester, 
Hereford, and Monmouth districts, one reaching North 
Devon. The direction of the upper wind was constant 
during the period over which the ascents extended, and 
did not vary with height. The average height of the 
stratosphere was 10.7 km. Whereas at the ground-level 
the eagaeies was remarkably constant throughout the 
course of the experiments, showing a maximum variation 
of less than 2 deg. from the mean, the isothermals at the 
higher levels show a well-marked rise throughout the 
first fifteen hours—e.g., a temperature of — 40 deg. Cent, 
was at first encountered at a height of 6 km., but con- 
tinued to recede, until, at the end of twelve hours, it was 
not met with until 8 km. ey 

Mr. W. H. Dines, F.R.S., gave a summary of the 
results obtained from the registering balloon ascents 
which were carried out during the two international 
weeks— December 6 to 11, 1909, and August 8 to 13, 1910, 
Balloons on each occasion were sent up from Manchester, 
Pyrton Hill, Ditcham Park, Crinan in Scotland, and also 
in the West of Ireland. Seventeen records were secured 
in the December ascents, and these show that the value 
for the height of the isothermal column, or stratosphere, 
are some of the lowest ever observed, and the tem - 
tures are perhaps the lowest ever recorded at a height of 
5 miles. Of the balloons sent up in the August week 
seventeen were found. The average height attained was 
about 10 miles. The inversion of temperature at the 
commencement of the isothermal layer was larger than 


usual. 

Mr. C. J. P. Cave gave an account of the pilot-balloon 
observations which were made in Barbados during the 
international week, December 6 to 11, 1909. hese 
observations, which were undertaken at the request of 
the Royal Meteorological Society, were carried out by 
Mr. Radcliffe Hall and several other gentlemen asso- 
ciated with him. The prevalence of clouds during the 
daytime interfered with the ascents, many of the balloons 
being lost to sight after a few minutes. It seems that 
the wind behaves like an east wind in this country, 
names to a maximum and then falling off above. 

Mr. W. Marriott read a brief paper describing three 
registering balloon ascents which he carried out at the 
Royal Agricultural Society’s Show at Liverpool on 
June 21 to 23. 

Captain C. H. Ley gave an account of some experiments 
which he had carried out at Blackpool at the uest of 
the my Meteorological Society, with the view of throw- 
ing light on the irregularities of the wind at moderate 
altitudes, 





Tue Roya Socrery or Arts.—The opening meeting 
of the 157th session of the Royal Society of Arts was 
held on Wednesday, the 16th inst., when Sir John 
Cameron Lamb., C.B., C.M.G., vice-president and chair- 
man of the Council, delivered the inaugural address. 
For the subject of his address Sir John Lamb took 
the connection with, and the influence on, the develop- 
ment of telegraphy, maintained by the Society since 
the early days of the invention down to the time of 
the introduction of the present sixpenny telegram rate. 
The earlier part of the address consisted of an in- 
teresting résumé of the various re steps in 
inventive development of telegraphy which were brought 
before the notice of members of the Society cvither 
through papers read at the meetings, Cantor and other 
lectures, or by means of articles or correspondence in 
the journal. In order to realise the value of the 
work done by the Society in the way of disseminating 
knowledge of wae movements in the scientific 
world, it should be remembered that for a long period 
in the earlier years of its career, the Royal Society 
of Arts was one of a very small number of bodies indeed 
which concerned themselves with the advancement of 
science. In later times the number of such bodies 
has multiplied astonishingly, so that while the Societ 
of Arts retains its — wide platform, its useful wor 
is to some extent, perhaps, overshadowed by the activity 
of institutions each of which specialises in some one 
direction. The latter portion of Sir John Lamb’s address 
referred more particularly to the part taken by the Societ 
in the movement for the acquisition of the tel ph 
systems in this country, 4 the State. Sir John Lamb 
exp his conviction that the attitude of the Society 
in — to this movement had a great deal of influence 
on the ultimate successful transactions, whereby the 
tere systems were reduced to one of national ser- 
vice. e story is here told of the papers read on the 
subject at the Society’s house in the early days of the 
movement, of the special committees appointed to watch 
the progress and to urge the Post Office to action, and of 
the results following upon the transfer to the State. 
Subsequently the Society, intent upon seeing the work 
completed, addressed a petition to the Postmaster- 
General in favour of ee! telegrams, a deputa- 
tion from the Council waiting, in 1880, upon 
the Postmaster - General in support of this, and re- 
ceiving from him a strong endorsement of the Society’s 
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THE STEERING-GEAR OF THE WHITE STAR LINER “OLYMPIC.” 


CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, BELFAST. 
(For Description, see Page 693.) 


Fig. 4. 
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BENNIS SPRINKLING STOKERS; GEMEENTE ELECTRICITEITSWERKEN, AMSTERDAM. 
CONSTRUCTED BY MESSRS. ED. BENNIS AND CO., LIMITED, ENGINEERS, LITTLE HULTON, BOLTON. 


(For Description, see Page 700.) 
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BENNIS STOKERS. AT THE GEMEENTE 
ELECTRICITEITSWERKEN, AMSTERDAM. 


A very complete installation of sprinkling stokers 
and compressed-air furnaces has recently been placed in 
the boiler-house of the Gemeente Electriciteitswerken, 
at Amsterdam. The plant has been constructed by 
Messrs. Ed. Bennis and Co., Limited, Little Hulton, 
Bolton, and has been fitted to sixteen combined Lanca- 
shire and multitubular boilers, arranged in two facing 
rows of eight each. The boilers, but for slight frac- 
tional differences of dimensions, are practically iden- 
tical, though made by three different high-class Con- 
tinental firms, eight of them having been built in 
Amsterdam by the Netherlands Factory. A very 
good idea of the appearance of the installation may be 
obtained from Fig. 1, page 699, which is a view taken 
between the two rows of boilers. Figs. 2 to 6, on the 
same page, are details of the stoking appliances. The 
Bennis automatic stokers were first om to eight 
of the boilers, and the performance of these was so 
satisfactory that the Dutch Municipality of Amster- 
dam decided to have the remaining eight boilers fitted 
up in the same way. 

The central station is situated on the side of the 
canal (partly on the site of ancient naval yards of the 
time wi Admiral Van Tromp), and the coal is brought 
to it in large Rhine barges, which are moored below a 
jib crane that travels from end to end of the quay on 
a moving gantry. In order to discharge the coal from 
the barges, empty tipping-truck bodies of about 1 ton 
capacity and of v section are lowered into the barges 
by the crane from a platform at a height of 31 ft. above 
water-level. After the trucks are filled they are raised 
by the crane to the platform, one at a time, and are 
deposited on their respective wheel-frames. When they 
are weighed the trucks are pushed on rails at the same 
level into the coal-store and tipped where required. 
The coal-store is a large building placed between the 
boiler-house and the quay-side, and has a storage 
capacity of over 2000 cubic yards. At flie middle of 
the store the coal can be tipped from the trucks into a 
crusher, which is situa about 20 ft. below the 
truck platform. The crusher can also be fed from 
the ground level of the store by hand-trimming. From 
the crusher the coal is lifted by an almost vertical 
bucket-elevator, which delivers it again into a steel 
hopper of about 100 tons capacity. 

irom the conveyor base of the hopper at ground 
level a [J-link chain conveyor rises at an angle of 
30 deg., passing through the wall of the coal-store to 
a height within the coal-house of 25 ft. above the 
firing-floor, at which level it crosses the boiler-house 
horizontally. The arrangement is clearly shown in 
Figs. 2 and 3, which are respectively an elevation and 
a plan. The total length of the conveyor is 83 ft, 
and it has a capacity of 25 tons per hour. The coal 
elevated by it descends at the front of each of the two 
boiler-ranges, through automatic weighing-machines, 
one at each range, which deliver it to scroll conveyors, 
to be distributed by them along the boiler-fronts to the 
different stoker-hoppers. 

The point of entry of the chain-conveyor into the 
boiler-house is midway in the length of the ranges, 
and the latter are divided for the purposes of the coal 
supply into four groups of four boilers each, and the 
four scroll conveyors are necessarily two pairs of 
right and left-hand scrolls, Suitable valves are pro- 
vided, whereby the coal can be cut off from any boiler 
in any group. 

The Bennis (J-link conveyor is driven by a 12-horse- 
power motor at 475 revolutions per minute, situated 
on a driving platform at the extreme end of the con- 
veyor on the upper level, as shown in Fig. 1, and a 
tension drum for tightening the chain is fitted at 
the bottom end, below the steel hopper previously 
mentioned. The chain moves at 60 ft. per minute in 
a trough 12 in. wide and 7 in. deep. 

The method of fixing the stoker to the boiler front 
is shown in Figs. 4, 5, and 6. It will be seen that 
only a portion of the boiler is represented. It is 
similar to a short Lancashire boiler, having a water- 
tube boiler perched on its shell ; some of the boilers 
were made by Piedboeuf, and the others are of similar 
size and design. 





Tur Royat Society or Ants.—A series of four lec- 
tures on ‘‘Industrial Pyrometry” will be delivered at 
the Royal Society of Arts, by Mr. Charles R. Darling, 
A.R.C., Sc.D., F.1.C., on Mcnday evenings, November 


21 and 28, and Dece’ and 12, at eight o’clock. 





Pumping PLANT FOR THE CHINGFORD RESERVOIR.— 
The Metropolitan Water Board has decided to adopt 
Humphrey pumps for filling the new Chingford reservoir 
from the flood-waters of the Lea. The scheme includes 
five pumps, four of which will have each a capacity of 
40 million — per day, whilst that of the remaining 
pump will 20 million gallons, making a total of 180 
million gallons a day, which is equal to more than two- 
thirds of the total average daily supply of the Metropolis. 
The lift is 25 ft. to 30 ft. As compared with triple- 
expansion engines driving ——— pumps, the contract 
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2}-TON ELECTRIC TRANSPORTER. 


WE illustrate in the views Figs. 1 and 2, on page 702, 
a 2}-ton transporter, which has recently been built by 
Messrs. Cowans, Sheldon, and Co., Limited, Carlisle, 
and has been erected by them at Fleetwood Docks for 
the Lancashire and Yorkshire Railway Company. It 
is to be used for coaling trawlers, a large fleet of which 
is stationed at Fleetwood. 

The transporter is electrically driven, and has two 
trolleys, one on each side of a longitudinal girder, each 
trolley being complete with its own gear, and acting 
independently. The framing throughout is built up of 
steel sections, and is very rigid. The runway for the 
trolleys is made of steel channel, having a flat bar 
riveted on the top to act as a rail. The front arm is 
a to allow of its being raised, as shown in Fig. 2, 
to clear the masts of steamers, &c. The transporter is 
provided with five motors, two for lifting, each of 
25 horse-power ; two for traversing, each of 10 horse- 

wer ; and one for derricking the extended arm and 

or travelling, this motor also being a 10-horse-power 


mavhine. The speeds are as follow :— 
Lifting 200 ft. per min. 
Traversing ... Sp a6 800 wa 
Travelling ... ea 60 
Derricking arm, full range 3 min. 


The height to the under side of the runway is 26 ft., 
and the total length of travel of the trolley is 124 ft. 
The gauge of the rails is 35 ft. 6in. The current is 
collected by tramway-type collectors from overhead 
wires. The two houses for the operator are fixed on the 
front upright of the crane, so as to give him a full view 
of his work. Each house contains a lifting and travers- 
ing controller for operating the lifting and traveraing 
motors, and also two large clock-face indicators, one 
for the lifting and one for the traversing gear, which 
show the position of the load at all times. The ma- 
chinery is carried on the top of the cantilever, and is 
all covered in with a steel house. The lifting and 
traversing barrels are of cast iron. The gearing 
throughout is of steel, and has machine-cut teeth. 
The pongo barrel-wheels are fitted with a special 
slip-gear to obviate the risk of breakage, should the 
trolley-arm run into the end. During the trials this 
was thoroughly tested, the trolley being run at full 
speed into the stops at the end of the cantilever, when 
the slip-gear acted perfectly. Lifting and traversing 
are done by extra flexible steel-wire ropes. 

The transporter travels on eight rail-wheels having 
cast-iron centres and steel tyres. 1t is capable of ship- 
ping 50 tons of coal per hour, including the time 
spent while manwuvring the boxes in the restricted 
space between the trawler bridge and bulwark. 





Tue Ecxuiorr Appressing-Macuine: Esrratum.— 
The Hayward Company, of 2, Clerkenwell Green, E.C., 
point out, in reference to our mention of the Elliott 
addressing-machine in our article of the 2\st ult., dealing 
with the Business Exhibition at Olympia, that wax paper 
stencils are not employed with this machine, but that 
tough manilla Ss are , in which the letters are 
clearly cut out. They further point out that one of the 
special features of the machine is that it prints the 
wrapper or envelope from above. 





Tur LATE Dr. Henrich Caro.—Dr. Heinrich Caro, 
who died at Mannheim in September, was best known as 
one of the leading chemists of the Badische Anilin- und 

a-Fabrik, but he was also one of the original members 
of the Verein Deutscher Ingenieure, president of this 
institution in the years 1892 and 1893, and honorary 
member of the Verein and of several of its branches, and 
an able and energetic administrator. Born at Posen in 
1834, he was educated at Berlin, where he attended both 
the University and the Gewerbeinstitut, which later 
developed into the Technical High School. There he met 
with Grashof, Richard Peters, Ewald Dittmarr, and other 
members of the Akademische Verein Hiitte, who founded 
the Verein Deutscher Ingenieure on an excursion to the 
Harz Mountains at Alexisbad in 1856. Deep dissatisfaction 
with the narrow-minded, petty political tutelage of those 
days was one of the sentiments which brought the youn 
engineers together. Caro interested himself in pA tm 
experiments, obtained employment in some dye works at 
Miilheim on the Ruhr in 1856, visited England in 1857, 
studied the textile industry there, and settled in England 
in 1859, in the employ of Messrs. Roberts, Dale, and 
Co., of Manchester. William Perkin had prepared the 
first coal-tar dye, mauveine, in 1856; Caro p awelien 
another method of preparation of this compound, and 
brought out, in conjunction with others, several new 
colours, known as Manchester blue and Manchester 
brown. Failing health obliged him to leave England in 
1866. In 1868 he joined the Buadische Anilin- und Soda- 
Fabrik, in whose triumphant development he has had a 
main share, since 1884 as one of the directors, and after 
1890 as member of the board. Electro-chemists owe to 
him the study of the Caro acid, or persulphuric acid, 
which causes a good deal of trouble when concentra 
sulphuric acid is electrolysed. Caro took a very active 
part in the reform of the German patent law, which was 
completed in 1891. He held honorary d from the 
Universities of Leeds, Munich, and Heidelberg, and from 





figures were 19,000/. less, and it is med that the amount 
of coal needed will be practically halved. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday, 

Glasgow Pig-Iron Market.—Last Thursda morning the 
pig-iron market was very quiet, but Cleveland warrants 
were unchanged. The dealing consisted of only one lot 
at 49s. 54d. cash, with buyers over, and closing sellers 

uoted 49s. 6d. cash, 49s. 10d. one month, and 50s, 6d, 
three months. Buyers of hematite offered 64s. Gd. one 
month, but sellers quoted 64s. 6d. cash and 64s. 104d. one 
month. The market was the turn easier in the after. 
noon, when 1500 tons of Cleveland warrants changed 
hands at 493. 5d. cash, with sellers over. For the other 
positions the quotations were 49s. 9d. onemonth and 50s. 5d, 
three months sellers. On Friday morning the tone was 
steady, and a good business was done in Cleveland war. 
rants at 493. 4d. and 493. 5d. cash, 49s. 5d. seven days, 
49s. 74d. one month, 50s. 04d. two months, 50s. 24. 
February 1, and 50s. 3d. three months. The turnover 
amounted to 8500 tons, and closing sellers quoted 4s. 5d, 
cash, 493. 9d. one month, and 50s. 4d. per ton three 
months. Sellers of hematite quoted 64s. 3d. cash. The 
market was stronger in the afternoon, but business was 
limited to one lot of Cleveland warrants at 4%s. 54d, 
cash, with sellers, at the close, quoting 49s. (id. cash, 
49s. 10d. one month, and 50s. 54d. three months. On 
Monday morning the market opened easier, and 1500 tons 
of Cleveland warrants were done at 49s. 4d. cash, with 
sellers over, and at 49s. 7d. one month. The other 
closing quotations were 493. 8d. one month, and 50s. 4d, 
three months sellers. Hematite was lower with sellers 
at 64s. cash. In the afternoon the tone was steady, and 
Cleveland warrants were dealt in at 493. 4d. cash, 
49s. 74d. one month, and 503. 34d. three months. The 
dealings amounted to 4000 tons, and the session closed 
with sellers at 493. 44d. cash, 49s. 8d. one month, and 
503. 4d. three months. Hematite was unchanged at 61s. 
cash sellers. The market was again firmer on Tuesday 
morning, when 2000 tons of Cleveland warrants were done 
at 49s. 44d. cash and 49s. 84d. one month, with buyers 
over in each case and sellers at 1d. more, and at 50s. 5d. 
three months. The values of Cleveland warrants were 
still higher in the afternoon, but the business consisted 
of only some 3000 tons at 493. 54d. and 493. 6d. cash. 
Sellers’ closing quotations were 49s. 64d. cash, 49s. 10}d. 
one month, and 50s. 6d. three months. Hematite was 
again quoted at 64s. cash sellers. When the market 
opened to-day (Wednesday) a steady tone prevailed, and 
4000 tons of Cleveland warrants were dealt in at 493. 6d. 
cash and 49s. . 4 one month. Closing sellers quoted 
493. 64d. cash, 49s. 10}d. one month, and 50s. 6d. three 
months. Hematite was quoted at 64s. 6d. cash sellers, 
and there were buyers at 64s. 14d. cash and 64s. 6d. one 
month. In the afternoon the market was dead idle, but 
prices were a shade stronger, with sellers of Cleveland 
warrants quoting 49s. 7d. cash, 49s. 11d. one month, and 
50s. 7d. three months. Sellers of hematite quoted 
64s. 6d. cash, and there were buyers at 64s. 7d. one month. 
The following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 62s. 6d.; Gartsherrie, 63s.; Summerlee, 
64s. 6d.; Calder, 62s. 6d.; a. 65s.; and Coltness, 
81s. (all shipped at Glasgow) ; —— (at Ardrossan), 
64s.; Shotts - Leith), 63s.; and Carron (at Grange- 


mouth), 63s. 

Sulphate of Ammonia.—An easier tone falls to be 
en in sulphate of ammonia to-day, and the 
shows a decline. Business has been put through at 
12/. 17s. 6d. per ton for prompt delivery, Glasgow or 
Leith. The amount shipped from Leith Harbour last 
week was 3468 tons. 


Scotch Steel Trade.—The Scotch steel industry, parti- 
cularly in heavy material, is quieter than ever, and this 
cannot be wondered at considering the number of weeks 
that the boilermakers have been locked out. All around 
rolling-mills are standing idle, with a consequent decrease 
in the number of men employed in the various establish- 
ments, While the home demand is almost at a standstill 
there is a fair business being done in export. No falling- 
off has taken place in the demand for light sheetsand thin 
plates, especially for the Colonies, and several hundred 
tons have been booked this week for India, Australia, 
New Zealand, and South Africa. Inquiries are also good, 
and considerable quantities are being asked for for forward 
delivery. Structural material is likewise the subject of 
excellent business at the present time, with the prospect 
of a steady demand for the next few months. No change 
has been made in the last official list of prices. 


Malleable-Iron Trade,—No improvement can be noted 
in the malleable-iron trade of the West of Scotland, and 
broken time is the rule all round. With home business 
so quiet, makers are thankful for what is doing in the 
matter of export, even although the prices are not quite 
so satisfactory as might be desired. 


Scotch Pig-Iron Trade.—The local demand for the 
ordinary qualities of Scotch pig iron is again rather easier 
this week, but, all the same, a fair amount of business has 
been transacted with consumers in the South. The 
export trade is good, and the inquiry from the Continent 
for No. 1 iron is characterised as strong. Hematite 1s 
still quiet, and owing to heavy stocks, &c., some prv- 
ducers are reported to have unloaded a fair quantity 1 
the neighbourhood of 67s. per ton, but the current figure 
is about 68s. or 68s. 6d. per ton, delivered locally. 
Shipbuilding.—Although no change has taken place! 
the present trouble with the boilermakers, it is stated th.t 


ted | several of the Clyde shipbuilders have lately booked some 


important new orders. Messrs. Russell and Co., Port 
Glasgow, have contracted to build a large steamer, « 
10,000 tons carrying capacity, for Messrs. Prentice, >! 
vice, and Henderson, Glasgow. The same builders have 
also secured the order for a steamer of 9000 tons car 





the Technical High School of Darmstadt, and was 
universally respected as a modest, kind-hearted man. 





ing capacity, for Messrs. Gow, Harrison, and Co, 
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Messrs. Scott and Sons, Bowling, have 
received an order from Mr. E. Radonicich, Glas- 
gow, to build # powerful screw-tug and salvage steamer 
for service in South America. The engines are to be 
supplied by Messrs. Ross and Duncan, Govan. The 
Greenock and Grangemouth Dockyard Company, Limited, 
have contracted to build a large passenger steamer for 
Messrs. Huff and Co., Liverpool. This vessel, which is 
to be built at the Grangemouth yard, is for. nger 
traffic between London and Liverpool, and will be con- 
structed on the most modern lines. She will have accom- 
modation for 100 first-class passengers. 


Glasgow. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Russian Duties on Steel.—The doubt as to whether 
Russian duties will be increased upon pawns steel is 
a matter of concern to Sheffield manufacturers. At a 
recent meeting of the Sheftield Chamber of Commerce the 
jossibility was considered. A communication from the 
Board of Trade suggested that such alteration was pend- 
ing. The Chamber, however, had evidence from private 
sources showing that under a commercial treaty between 
Russia and Germany, England was protected until 1917, 
rceiving the benefits of the ‘‘most favoured nation” 
clause. However, by putting high-speed steels under 
different classifications the tariff upon them might be 
materially raised, and, in view of this contingency, the 
Sheffield Chamber is seeking further information. 


State of Employment.—During the month of October, 
according to information from an official source, employ- 
ment in the general trades of Sheffield was at about the 
same level, with one or two exceptions, mostly due to 
the boilermakers’ dispute on the North-East Coast. Iron- 
founders and labourers dependent upon them had not 
been so well employed. ork amongst engineers had 
improved only slightly. Some eens of pattern- 
makers, which, of course, affected moulders, and caused 
some uneasiness at the time, fortunately did not assume 
a really serious aspect. 

South Yorkshire Coal Trade.—Although steam coal has 
not shown any further depression on the week, the posi- 
tion is still very unsatisfactory and a fluctuate. So 
far the South Wales trouble has had little direct effect in 
this locality, but its continuance will probably influence 
demands. Deliveries for manufacturing purposes remain 
on a considerable scale. Railway contracts are not much 


forwarder, and there is considerable speculation as to | P 


what terms will be offered. There have been some reduc- 
tions on hards sold from stock. Gas-coal contracts have 
been well taken up, but gas-nuts hang fire. Best slacks 
have improved, and there is a fairly good inquiry for coke. 
Cold weather has had an appreciable influence upon the 
house-coal trade, and deliveries are going out with greater 
freedom. Collieries are experiencing a better demand, 
and London inquiries are more active. Cheap coals 
are livelier, although there are stockson hand. Prices are 
not altogether steady. Latest ’Change quotations are :— 
Best Barnsley, 12s. to 12s. 6d.; Silkstone, 9s. 3d. to 10s. 3d. ; 
Derbyshire brights, 11s. to 12s.; Yorkshire hards, 9s. to 
10s.; Derbyshire hards, 7s. 9d. to 8s. 9d.; rough slacks, 
5s. Gd. to 6s. 3d.; seconds, 3s. to 4s. 3d.; smalls, 1s. to 
2s, 3d. 

Tron and Stecl.—So far as Sheffield’s general trades are 
concerned, a general election will be unfortunate. At 
present they are improving steadily, and are in such a 
position that any check upon their activities would be 
detrimental. The iron market is brisker, with values 
tending to rise. Consequently many buyers have aban- 
doned their hesitating policy, and are fixing up contracts 
for the next half-year as freely as possible. Official 
quotations are as yet unchanged, and both East and 
West Coast hematites are finding ready purchasers. 
Forge iron is in much better demand, and foundry has 
improved slightly. Bar-iron makers are fairly well 
occupied, and the South Yorkshire Bar-Iron Association 
have decided not to alter quotations for the present. 
There isan active trade in billets and semi-steel. The 
foundries completed a lot of orders in the expectation 
of a speedy settlement of the labour dispute, and early 
deliveries, and at present much of this work is left on 
their hands by the shipbuilders. A better appearance 
has been given to railway matérial by substantial foreign 
orders, and there are hopeful prospects for the immediate 
future. A number of tyres, springs, and..axles for a 
South American order are to be made in the city. Crucible 
steel is one of the most satisfactory branches of the lighter 
trades. These are doing a good deal of business on foreign 
account, especially with the United States, where a 
revival has been experienced. Rolling-mills are fairly 
well occupied. In tools and implements of all -. 
tions most of the Sheffield makers are busy on stock. It 
1s confidently anticipated that in these departments, when 
the figures for export are all available, the year will have 
been a record one. 





Tue Ivstrrerion or SiGNAL“ENGINEERS.—The growing 
Importance of signalling as one of the functional divisions 


of railway working has led to the formation of an Insti- | 


tution of Signal Engineers. The new Institution, which 
has Leen duly incorporated, held its first general meeting 
at Birmingham on the 8th inst. The President, Mr. A. 
T. Blackall, the signal engineer of the Great Western 
Railway, in his inaugural address, laid emphasis on the 
modern conception of signalling. The address of the 
Presic ont was followed by a paper by Mr. A. H. Johnson, 


sign \l and telegraph engineer of the London and South- 
Western Railway, on Detection.” Information regard- 
ing membership may be 

secreta 









ay, Manchester, 


also | Ship-angles, 67. 7s. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Notwithstanding labour 
troubles and the political situation, there is a rather 
better feeling in iron-trade circles. Reports from other iron 
centres are such as to assist in strengthening the position 
here, and prospects are regarded as rather bright and 
encouraging. At the same time the amount of business 
passing just now is not extensive. Deliveries of pig iron 
on contract are excellent for this season of the year, ship- 
ments in particular being exceptionally heavy. The out- 
put of pig, however, isnot fully absorbed, with the result 
that stocks are still accumulating, both in makers’ yards 
and in the public warrant stores. In the latter the stock 
of Cleveland pig threatens to reach 500,000 tons before the 
end of this month. The increase of stock is the most 
unsatisfactory feature of the market. Producers of pig 
iron have order-books, and they are not keen sellers, 
as they believe that by waiting they will be able to make 
better terms than are obtainable at —— No. 3 g.m.b. 


Cleveland pig is 49s. 74d. f.o.b., whilst No. 1 is put at 
53s., but the quotation is purety nominal, there being 


next to no stock of this quality, and the make being very 
limited, so that there is practically none to be had. The 
lower — are quiet and steady. No. 4 foundry is 
48s. 74d.; No. 4 forge, 48s. 44d.; and mottled and white 
iron, each 47s. 9d. All the foregoing quotations are for ear] 

delivery, any inquiry on forward account eliciting quite 6d. 
above the ratesnamed. East Coast hematite pig is fairly 
well asked after, but inquiries do not appear to be leading 
to many sales at present. Nos. 1, 2, and3 stand at 63s. 6d. 
for this year’s delivery, butone or two small odd lots have 
been bought from second hands at 63s. 3d. Foreign ore 
fully maintains its vaiue, though little or none is being 
bought for this year, consumers having satisfied their 
requirements. For next year Rubio of 50 per cent. — 
is 21s. to 22s. ex-ship Tees, according to time of delivery. 
Coke is very plentiful, and values are falling, notwith- 
standing the heavy local consumption. Average blast- 
furnace qualities are now on sale at 15s. 9d. delivered here, 


accounts continue to be given of nearly all branches of 
the manufactured iron and steel industries. Producers 

merally have very good contracts made, and there is a 
air number of orders in the market. Plate and angle 
manufacturers are handicapped by the boilermakers’ dis- 
ute, but in all other departments a large amount of work 
is being turned out. Values of several descriptions show 
a marked upward tendency, but up to the present no 
actual advances on recent quotations have been made. 
Principal market rates stand :—Common iron bars, 71. ; 
best bars 7/.7s. 6d.; best best bars, 7/. 15s. ; packing iron, 
5l. 15s. ; iron and steel ship-plates, each 6/. 15s.; iron 
ship-angles, 7/.; iron ship-rivets, 7/. 5s. to 7/. 7s. 6d.; steel 
6d.; iron and steel boiler-plates, each 
7l. 10s.; steel bars, 6/. 5s.; steel “a 61. 10s.; steel hoops, 
61. 12s. 6d. ; steel joists, 6. 2s. 6d. to 61. 7s. 6d.; cast- 
iron railway chairs, 3/. 10s.; light iron rails, 6/. 10s.; heavy 
steel rails, 5J. 10s. ; steel railway ~~ pe 61. 12s. 6d.; and 
iron and steel galvanised corrugated sheets, 24 gouge, in 
bundles, 11/7. 10s.—sheets less the usual 4 per cent. f.o.b., 
railway material net at works, and all other descriptions 
less the customary 24 per cent. discount. 





THE JAPANESE Navy.—The Japaneseironclad Kawachi, 
just launched from the Yokosuka Arsenal, has a dis- 
lacement of 20,800 tons. She is 583 ft. long * 93 ft. 
m, and she will carry a crew of 1000 men. She will 
not be ready for service until March, 1912; she was laid 
down in April, 1909. The Yokosuka Arsenal was estab- 
lished in 1 with 440 workpeople ; in 1880 it employed 
2800, and the number now on the books is 8000. 





DoncasTEeR.—Upon the occasion of the election of the 
Mayor of Doncaster for 1910-11, Mr. Alderman Theobald 
observed that the present marked a distinct epoch in the 
history of Doncaster, a dividing line having now been 
formed between old, quiet, respectable Doncaster and 
new Doncaster, which would be the industrial centre and 
heart of the mining industry in the West Riding. The 
town might now expec to grow far more rapidly 
than most townsin the neighbourhood. As the population 
increased, the town council would have to grapple with 
many difficulties, as suitable and adequate accommoda- 
tion would have to be provided for the working classes. 





Strate Hypro-Exectric Schemes 1n New ZEALAND. 
—The Hon. R. MacKenzie, Minister for Mines and 
Public Works, devoted the greater part of a recent speech 
in the New Zealand House of Representatives to the 
a of the development of electrical energy in the 

minion. Power was available for this purpose in the 
Hutt Valley, and at Featherston, and also at Otaki. In 
the Rangitikei there were good prospects, but the most 
mmo source available in the North Island was the 

ituna, te | into the Bay of Plenty. There were re- 
sources available in New d which would develop 
4,000,000 horse-power, and at present 250,000 Benue gaser 
was sufficient for all the industries and the railways of New 
Zealand. The development of electrical power in connec- 
tion with both quartz and alluvial mining would be con- 
siderable, and in regard to railways the time was close at 
hand when they would be worked electrically. It had 
already been decided to work the Arthur’s Pass section of 
the Midland Railway in this way, when it was ready. 





One of the first water-power schemes to be undertaken by 
the Colonial Government, if Parliament sanctioned the 


obtained from the honorary | raising of the money, would be the Lake Coleridge project. 
wy, Mr. C, B. Byles, Lancashire and Yorkshire | The 
| in the North Island and one in the South Island. 


overnment would commence with one installation 


Manufactured Iron and Steel.—Highly satisfactory po 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has not shown im- 
rovement; tonnage arrivals have been more satisfactory, 
ut have still been insufficient to meet the requirements 

of shippers. It is anticipated, however, that there will 
shortly be more arrivals of steamers, and that buyers will 
not be able to hold off much longer. The labour situation 
is still unsatisfactory. The best large steam has 
made 16s, 3d. to 16s. 6d. per ton; while secondary qualities 
have ranged between 14s. 9d. and 16s. per ton; best 
bunker smalls have made 9s. to 9s. 3d., and cargo smalls, 
6s. 9d. to 7s. Gd. per ton. As regards household coal, the 
general tone of business has m firm, and other bitu- 
minous descriptions have remained steady. The best 
ordinary household coal has made 14s. 6d. to 16s. 6d. per 
ton. No. 3 Rhondda large has brought 17s. to 17s. 6d., and 
smalls 10s. to 10s. 6d. per ton. No. 2 Rhondda large 
has been quoted at 11s. 6d. to 12s. per ton, and smalls at 
7s. to 7s. 6d. per ton. Foundry coke has realised 18s. to 
20s. per ton, and furnace ditto 16s. 9d. to 17s. 3d. per 
ton. As regards iron ore, Rubio has made 19s. 9d. to 
20s. 3d. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

South Wales Coal.—The shipments of coal from the six 
principal Welsh ports in the first ten months of this year 
were as follows :—Cardiff—foreign, 14,223,934 tons; 
coastwise, 2,447,035 tons; total, 16,670,969 tons. New- 
port—foreign, 3,152,453 tons; coastwise, 625,440 tons; 
total, 3,777,893 tons. Swansea—foreign, 2,264,143 tons; 
coastwise, 254,158 tons ; total, 2,518,301 tons. Port Talbot 
—foreign, 1,198,651 tons; coastwise, 143,837 tons ; total, 
1,342, tons. Neath—foreign, 124,405 tons ; coastwise, 
144,647 tons; total, 269,052 tons. Llanelly—foreign, 
164,703 tons ; coastwise, 41,399 tons ; total, 206,102 tons. 
The aggregate shipments, foreign and coastwise, for the 
ten months were, accordingly, 24,784,805 tons. 


Swansca.—The monthly meeting of the Swansea Har- 
bour Trust was held on Monday, Sir G. Thomas in the 
chair. Mr. Glynn Price sta that the trade of the 
rt had moved on satisfactorily during October, an 
increase of 41,000 tons being reported in the tonn 
movement of the month. The result of the month’s 
working was a debit balance of 10601/., but all interest 
payable on the capital of the Trust, including a large 
amount due on the capital of the King’s Dock, was met. 

Shot-Firing.—Mr. Henry Davies, director of mining 
instruction for the ees County Council, gave a 
lecture on ‘‘ Explosives and Shot-Firing in Mines,” at 
Bridgend County School, on Saturday. Dr. W. 
Atkinson, superintendent inspector of mines, presided. 
Mr. Davies said while the men who used the explosives 
were undoubtedly reliable and experienced, yet it was 
stated at the Royal Commission on Mines, now sitting, 
that 90 per cent., if not the whole, of those who are com- 

tent shot-firers under the Mines Act had no theoretical 

nowledge at all as to explosives. poe last year there 
were 4449 misfires, and 27 separate accidents, involving 
29 deaths and 295 injuries. r. Davies proceeded to give 
a description of explosives and their action, and a 
number of practical lessons. He stated that he had 
never been refused a favour which would be to the advan- 
tage of students of mining. Every possible facility had 
been put in his way by colliery engineers and managers. 

Dowlais.—The Dowlais works have not been affected 
at 7 by neighbouring labour difficulties. The Goat 
Mill has turned out a large tonnage of rails and tin-bar. 
The Big Mill has ne on fish-plates, curves, 
angles, rails, and other similar colliery material. 





Tur Strate Gxonocicat Survey, Tsnnessee.—The 
State Geological Survey has entered into a co-operative 
agreement with the National Forest Service for a pre- 
liminary study of the present forest conditions of the 
whole State. The work will be in charge of Mr. R. 
Clifford Hall, of the Forest Service, United States 
mp pe of Agriculture, who has recently completed 
a three-years’ study of Kentucky, and the results will be 
published by the State Geological Survey. Although 
work involving detailed estimates and measurements is 
not contemplated in this preliminary one the most 
important problems affecting forestry in the different 
sections of the State will be considered. The aim is to 
bring the general facts before the public in the hope that, 
as a result, ample provision may be made for the actual 
carrying out of active measures, looking to the mainten- 
ance of the State’s present position as a great lumber 
and wood-working State. 





A Proposep DUsstLporF EXHIBITION IN 1915.—Accord- 
ing to the Dilsseldorfer General-Anzeiger an informal 
meeting of works-owners and engineers was held recently 
in Diisseldorf, to consider the expediency of holdin 
an exhibition of West German industrial products ont 
machinery, on lines similar to those of the successful Diis- 
seldorf Exhibition of 1902. No definite decision has been 
arrived at, but a committee of seven has been formed, with 
the object of approaching the various industrial concerns of 
the region on the subject. An exhibition in 1915 would also 
serve as an occasion for celebrating the centenary of the 
union of the Rhine Province to the Kingdom a7 brani. 
The scheme a to have been very favourably re- 
ceived so far. e next International Congress on Mining, 
BotaDesy. Applied Mechanics, and Geology is to take 
place in London in 1915, and many of the foreign members 
of Congress would in all probability take the opportunity 
of calling on their way to view the Diisseldorf Exhibition, 


which otherwise would be sure to attract a large number 





of visitors, 
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2$-TON ELECTRIC TRANSPORTER AT THE FLEETWOOD DOCKS. 


CONSTRUCTED BY MESSRS. COWANS, SHELDON, AND CO., LIMITED, ENGINEERS, CARLISLE. 


(For Description, see Page 700.) 
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CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, BELFAST. 


(For Description, see Page 693.) 
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PRESIDENTIAL VISIONS. 

WHEN a popular writer ‘cman a fanciful or 
prophetic vision of the future he invariably pictures 
it as being founded on a basis of electricity. His 
reason for assuming this force as the motive power 
of all his marvels is not far to seek. Since he has 
generally no knowledge of the limitations of the 
subject, and can assume an equal ignorance on the 
t of his readers, his fancy can roam without 
restriction, and can endue the creations of his brain 
with capacities which not only transcend all ex 
rience, but which also disregard logical deduction 
from known facts. His heroes are not fettered with 
a consciousness of the existence of the dogma of 
the conservation of energy, and they habitually 
get something out of nothing with the facility of a 
conjurer on the stage. In the hands of a clever 
writer, with a mastery of style, the result is some- 
times very delightful, and, in imagination, his readers 
can revel in capabilities and powers which, for the 
moment, make them forget their human origins. 
They realise the scriptural assertion ‘* Ye are gods,” 
and in thought they work marvels never yet beheld 
on land.or sea. Even an engineer may be carried 
off his feet in this way, and casting behind him all his 
knowledge and the caution born of a long struggle 
with the powers of Nature, may enjoy an hour or 
two of freedom in a world where all material things 
bend to his will. It is, however, only for a brief 
spell. The keen logic of fact clips the wings of his 
imagination as soon as he returns to his daily work, 
and does it so thoroughly that he is generally unable 
to take the shortest flight into the empyrean on his 
own initiative. 

Lack of imagination is a disability from which 
engineers as a class suffer most seriously, and which 
is the obstacle standing between them and the posi- 
tion they ought to take in the world on account of 
the immense services they render to it. Their daily 
struggle with intractable matter, their constant 
battle with the forces of Nature, the unremitting 
care they expend — detail, are all opposed to the 
growth of that intellectual freedom which enables a 
man to ascend to mental heights and take a wide 
survey of the present and the future. Even when 
the occasion cries out for such treatment, we often 
see engineers of the greatest eminence refusing the 
appeal, and deliberately keeping their eyes on the 


09 | earth, instead of directing them to the horizon to 


pierce the mists which guard the distant view from 
their less elevated brethren. If there ever be an 
opportunity in an engineer’s life when he should 
discard detail and fix his vision on principles, when 
he should bring forth the essence distilled from 
years of experience, when he should loose his hold 
upon mere facts and declare his faith—it is when 
his fellow-engineers place him in the proud position 
of the head of his profession, and gather to hear 
such words of wisdom as may fall from his lips. 
Sad to relate, it is onlya minority of engineers that 
grasp such an occasion. Some recreant in the long 
past enunciated the absurd contention that a presi- 


dential address should not be controversial, and 
many a faint-hearted successor has endeavoured to 
hide his intellectual insufficiencies behind it. It has 
been repeated ad nauseam that since courtesy pre- 
vents such an address being controverted, it might 
give currency to dangerous errors if it dealt with 
matters which could not be demonstrated by simple 
arithmetic. The logical result of such an argument 
would be the abolition of inaugural addresses, for 
outside geometry it is impossible to speak for five 
minutes without giving utterance to remarks that 
may be controversial. Statistics, the refuge of 
many a president, are continually proving to be a 
battleground on which the fiercest conflicts may be 


Assoc. | waged. The same figures make one mana furious free 


trader and another a staunch tariff reformer. All 
statements which are not truisms must be con- 
tentious ; but many are so remote from all intel- 
lectual and scientific interest that they are not 
worth fighting about, and it is these which often 
constitute the staple of the addresses which open 
the sessions of our technical institutions. In no 
other walk of life is this cult of deadly dulness 
so steadily followed. Even the most dogmatic of 
Christian churches admits degrees in the matter 
of truth. All truth is not de fide, and when 
there is matter for comparison there is subject for 
controversy. The diminution of the power of the 
pulpit, which one sees debated from time to time 
in the daily press, has proceeded step by step with 
the growing practice of the preacher to avoid those 
polemical topics upon which the divines of an 
earlier age sought to build their reputation. 
Politics, the drama, literature, and science owe 
their attraction to the controversies they engender ; 
if there were no differences of opinion regarding 
them, they would be as dull as a diet of ditch 
water. The man who leads in the legislature, the 
author who sells his books, the dramatist who 
attracts the public, is the one who boldly pro- 
claims his ideas, and offers to maintain them against 
allcomers. He may succeed, or he may fail, but in 
any case he stimulates the brains of less energetic 
or less courageous people, and helps to make the 
world go round. 

Fortunately, such men are not entirely lacking 
in the ranks of engineers, although they are scarce. 
From time to time they come forward to redeem the 
profession from the stigma of intellectual myopia, 
and only this month we have had the privilege of 
listening to two addresses calculated to widen the 
outlook of the audience. Mr. Alexander Siemens 
pressed on the members of the Institution of Civil 
Engineers the lessons to be learned from philosophy, 
and their application to our times. We dealt with 
his address a fortnight ago. More recently (on 
the 10th inst.) Mr. 8S. Z. de Ferranti has indulged 
in a presidential vision, and has limned for his 
fellow-members of the Institution of Electrical 
Engineers a picture of futurity in which elec- 
tricity will displace all other sources of power and 
heat, will give security to the country by rendering 
it independent of foreign sources of food, and will 
endow us individually with prosperity and with 
leisure to enjoy it. Here is matter for controversy 
with a vengeance, and from the lips of one less 
gifted by nature to attract and hold the attention 
of an audience it might either have fallen flat or 
have been received with ridicule. Neither of these 
things happened. Mr. Ferranti’s courage and his 
well-known habit of looking far ahead command 
intellectual respect, while the charms of his voice 
and manner take captive the senses of an audience. 
The fact that he spoke his address instead of 
reading it, that every word fell clear and limpid, 
without haste and without effort, while the scheme 
was unfolded step by step in logical sequence, so 
beguiled his hearers that they were carried away 
into fairyland quite unconsciously, and when at the 
close they awoke with astart, the delightful expe- 
rience disarmed their powers of criticism. 

Frankly, it is not an easy matter to criticise Mr. 
Ferranti, for, unlike the novelist, he understands his 
subject when he discourses on electricity. Of course, 
the man in the plain may deride the vision of the 
horizon proclaimed from the watch-tower, and may 
assert that nothing exists but what he can see 
himself. That is done every day, and by no one 
more frequently than by engineers. But Mr, 
Ferranti did not let his gaze stray too far. Some 
part of every subject of which he sketched the 
development was visible to all the members of the 
audience, although the wider features could only 
be discerned by the eye of faith. We print the 





address in full on another page, but may here empha- 








704 


ENGINEERING. 


[ Nov. 18, 1910. 








sise the careful way in which a train of stepping- 
stones was laid to each objective, to aid the halting 
steps of those to whom flights of fancy are impossible. 
The foundation statement was that from the 150 
million tons of coal that we burn in this country 
per annum we obtain an efficiency of less than 10 
per cent. No one will doubt that. This led to the 
estimate that in the near future we may reasonably 
expect to convert 25 per cent. of the energy of 
fuel into electric motive power. Already we can 
obtain 10 per cent. by aid of the steam-engine, 
17 to 18 per cent. by large steam-turbines, and 
25 per cent. by gas-engines. But gas-engines are 
too small and too expensive for Mr. Ferranti’s 
vision of the future, and he pins his faith to the 
steam-gas-turbine, in which steam is used ina state 
of gas at high temperature throughout the process 
of conversion into work. It is no secret that he 
has been occupied for years at the subject, and 
when he says that an efticiency of 25 per cent. will 
be obtained from it some day, even an intellectual 
cripple may keep step with him. 

The next stage in the vision is that the increase 
of efficiency from 10 to 25 per cent. would enable 
60 million tons of coal to do the work upon which 
150 millions are now expended. Against this gain 
is to be put the extra cost involved in works 
charges, interest on capital, and the like, and the 
result is that the world would be out of pocket 
on the transaction. But the coal contains a 
great store of fixed nitrogen, which is now 
wasted, although it is well known to be a most 
valuable fertiliser. Mr. Ferranti reckons that a 
hundredweight of — of ammonia,could be 
got from each ton of coal with improved pro- 
cesses, although we believe this is more than 
50 per cent. beyond what is obtained now. 
Against that, however, he reduces the value from 
121. to 8l. a ton. Rising prices do not enter into 
his vision; in present-day experience engineers 
could not follow him along thatline. Of course, the 
extraction of ammonia involves the gasification of 
the coal, and so far there is no available process to 
fix the nitrogen and to make a gas advantageous to 
burn under oe at the same time. Either can 
be done separately, but we must look to the future 
for the two processes to be worked together. 
But even with 24 millions sterling as the value of 
the ammonia to the credit side of the account, the 
price of electric energy is still too high to enable it 
to be used for every purpose in life unless the 
load-factor of the stations can be increased to 60 per 
cent. At one favoured spot a load-factor of 33 per 
cent is already attained, so that we are more than 
half-way to that goal. 

Under these hypothetical conditions, with coal 
at 10s. a ton, Mr. Ferranti reckons the cost of cur- 
rent at the switchboard at ,,d. for capital charges 
and j<d. for works cost, or a total of jd. His 
selling price would be jd. on the average, varying 
from 2d. for lighting to ,:d. for smelting iron. 
We must refer our readers to the address itself 
for further details. We have only given these few 
particulars to show how careful Mr. Ferranti was 
not to strain the imagination of his hearers to 
the breaking point. e seldom asked them to 
conceive of a process more than about 50 per 
cent. better than existing processes, and if 
one looks back five-and-twenty years it is easy 
to tind very many examples of greater pro- 
gress than this. We are apt to forget what may 
happen in a single lifetime. There are a consider- 
able number of people in this country who were 
alive when there were no railways and no elec- 
tric telegraphs, and there are children still at 
school whose birth preceded the advent in this 
country of motor-cars, flying-machines, and wire- 
less telegraphy. The public distribution of electric 
energy was commenced by Mr. Ferranti about 
twenty-four years ago, and at the time the possi- 
bility that the cost wovld come down to the 
figure that now prevails at Tyneside was quite 
as remote as that it may be still further reduced 
to 4d. per unit. When Sir William Siemens melted 
steel in a crucible by the electric arc no one 
seriously contemplated that within a quarter of a 
century the electric manufacture of steel would 
become an every-day process, carried out in a score 
of places. During that period there has been no 
great invention in generating machinery or in 
metallurgy. The dynamo is in essence what it 
was then, and steel-making has not changed in 
principle. Yet the cost of current for power pur- 
poses has fallen from 8d. to about 4d., and, in places 
where there are exceptionally advantageous sources 





of water-power, to near ),d. It is the constant 
march of improvement in detail that creates com- 
mercial revolutions. Science may advance by a 
long stride occasionally, but industry creeps for- 
ward at a gradually increasing rate, which attracts 
little attention, and is often mistaken for immo- 
bility. When we look back we see the progress 
that it has made, but when we look forward we 
are apt to let our fears dictate to our knowledge, 
and to protest that no further advance can be 
attained. 

The achievement of Mr. Ferranti’s ideal depends 
on steady progress on several distinct lines, and if 
failure should supervene in any one, the end will 
not be reached in the way he suggests. Probably 
the solution of the problem which he sketches is 
not the true one, for the gift of prophecy is not 
accorded to man. The future is deans shrouded ; 
but while that is reason for caution, it is also ground 
for hope. We cannot say with certainty how exist- 
ing tendencies will develop, and, at the same time, 
we are ignorant of the possibilities lying hidden 
before us. We are sure that they exist—all ex- 
perience testifies to that—but we do not know what 
they are or when they will appear. It isthe belief 
in the continuous improvement of our knowledge, 
in the unfaltering march of our race towards its 
mastery over matter, that distinguishes the man of 
imagination from the mere mechanic. Given a 
desirable goal, and some avenues leading a fair 
distance towards it, it is no sign of folly to plunge 
into them, confident that by one’s own exertions, 
or by those of others, a way will eventually be dis- 
covered. 

Mr. Ferranti’s project does not end by simplify- 
ing the supply of heat and light. It includes a 
great increase in the fertility of our fields, an 
emancipation from the risks attending over-sea 
sources of meat and corn, the return of immense 
numbers of workers to the land, the clearing of 
our skies from smoke and fog, and the remioval 
from our homes of the dirt connected with the use 
of coal. These are all by-products, and if attained 
will be another illustration of the fact that the 
work of the engineer is the great engine in social 
amelioration. It lifts the burden of toil from 
all by substituting steam for human energy, and 
steel for muscles, it gives leisure to the working 
classes, and reduces the cost of necessaries of life. 
Of course, there are risks attending this complex 
organisation. A civilisation which largely depends 
on mechanism is more liable to be thrown into 
temporary confusion than one founded on a more 
wimitive plan. Wellington compared one of 

assena’s campaigns in the Peninsula to a set of 
leather harness for a gun, while his own, he said, 
was like rope harness. If the leather trace was 
cut, it was useless, while the rope trace could be 
mended by aknot. However, in spite of all risks, 
mankind earnestly travails to free itself from 
toil, and will not be deterred from increasing 
the complexity of its organisation because it 
can be shown that thereby it puts itself more 
into the power of those who seek to fish in troubled 
waters. Mr. Ferranti has pointed out an attractive 
line of a for the engineer of the future 
to pursue, and it remains for his hearers to support 
their president by each contributing his mite to the 
elucidation of the many problems that yet remain 
to be solved before the coal-fed furnace ceases to 
exist in the land. 





THE WESTPHALIAN MINE-OWNERS’ 

ASSOCIATION AND MINERS’ SCHOOL. 

Wuen at the Diisseldorf International Mining 
Congress* this summer, some of the members took 
the opportunity to pay a visit to the Westfalische 
Berggewerkschaftskasse and to the Bergschule at 
Bochum, institutions of very great interest to 
all connected with mines and mining. The term 
‘*Berggewerkschaftskasse”’ signifies a common fund 
to which all the mine-owners of a district have 
to contribute in the common interests of the indus- 
try. The institution dates back in Prussia to the 
reign of Frederick the Great—1740 to 1786 ; and 
of the six miners’ associations of this kind, belong- 
ing to the old Prussia of the days before 1866, the 
Westphalian Berggewerkschaftskasse, which has its 
seat at Bochum and which practically coincides, 
for administrative purposes, with the Oberbergamt 
(mining district), of Dortmund, has long been 





* See ENGINEERING, vol. Ixxxix., page 820, and pages 
11 and 43 ante. 


——————— 
the most important. Al] the mines of the district 
‘‘ without distinction of mineral or fossile,” have 2 
pay an annual maximum due of 0.5 pfennig (0.6d.) 
per ton on the annual output; the actual contri}; ic me 
raised last year amounted to 0.41 pfennig. The admi- 
nistration of the fund is vested, under the supervision 
of the Oberbergamt, in a council of members (nine 
at present) elected for a period of three years by 
the proprietors of the mines ; a deputy for cach 
member is elected in the same way, and these are 
likewise re-eligible. The Association is also in pos- 
session of certain foundations, and may, in special 
cases, call for further extraordinary contributions. 
The income is spent on schools for training miners, 
on the preparation of geognostical maps for miners 
on technical and scientific tests, and in general for 
the promotion of research in the common interests. 
The revenue from the sale of the maps and from 

rofessional tests flows back into the funds. To 
indicate the sums involved, we may state that the 
balance-sheet for the year ended March 31, 1909, 
showed an expenditure of about 19,3501. 

The work of the Association is concentrated in 
the Bergschule, to which we now turn. The Berg- 
schule at Bochum trains in its lower class Steiger 
(foremen or captains), in its upper class Betriehs 
fiihrer (technical managers), and there are in dif- 
ferent hamlets of the district twenty-five preparatory 
schools, also under the supervision of the Berg- 
schule. In both the classes mentioned special courses 
are provided for engineers. All the instruction 
is free of charge, and as the number of candidates 
always exceeds the number of vacancies, admittance 
is gained by examination or by satisfactory certifi- 
cates for the lower classes. Professor F. Heise is 
the director, or headmaster, of the Bergschule and of 
the preparatory establishments. The actual organ- 
isation has been in force for about twenty years. 

Candidates for the preparatory schools must be 
18 years of age, and must have worked in mines 
for two years. The course of studies covers two 
years, or four semesters. Pupils have to attend 
eight evening classes every week in the first three 
semesters, and ten classes in the fourth semester, 
in which instruction (in drawing) may also be given 
on Sundays, not during church hours. The subjects 
are German, arithmetic and elementary geometry, 
freehand and geometrical drawing, introduction into 
natural science, and the special administrative regu- 
lations ps erp to safety of the mines ; these 
last two subjects are only taught in the last semester, 
and two hours a week are devoted to each of them. 
The entrance examination is held bya board of five 
members, two being teachers and two deputies 
of the Council of the Berggewerkschaftskasse ; the 
chairman is a Government official. The average 
attendance at the classes seems to be 35; it ranges 
from 21 up to 48; the number of teachers at a 
school varies between two and five, three is the 
average. In recent years only half, and sometimes 
only a quarter, of the candidates applying have been 
admitted. 

The Bergschule proper is a large commodious 
building in Bochum, a town of about 120,000 
inhabitants. The school is certainly well equipped 
for instruction in both the classes. The physical 
and chemical apparatus are adequate ; the mineralo- 
gical and geological museum contains remarkable 
specimens in excellent arrangement ; the collection 
of models of shafts, fans, engines, and all the mecha- 
nical and electrical appliances that a miner may 
have to deal with above and below ground, is justly 
famous ; and the outfits for diving and for working 
in poisonous atmospheres are so varied and com- 
plete that they are much in requisition, not only in 
the district; the Institution sent, for instance, 
apparatus to Courriéres in 1905. There are rope 
and oil-testing departments ; electric motors, \c., 
are tested as to their safety in mines; the experi- 
mental gallery near Gelsenkirchen, not far from 
Bochum, for coal-dust and fire-damp experiments 
and for testing explosives and safety -lamps is 
affiliated to the school and under its direction ; »nd 
the magnetic and seismic observations, taken up 
during recent years in addition to the meteorological 
| work, are of particular interest. Maps are «!sv 
| prepared in the school. : 
|" ‘The staff consisted in 1909 of the director aud 
| twenty-one teachers, all men of academical or tec 
| nical high school, as well as practical, training; mony 

of them have passed through mining academies and 
have also studied law. The number just stated 
does not comprise the medical man who supet- 
intends the experimental course of first aid to the 
| sick and disabled, nor the diving-master, who con- 
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ducts experiments in diving and in vitiated atmo- 
spheres. These last two courses are obligatory for 
all the pupils, except that diving is voluntary. The 
number of pupils ast year amounted to 684 ; of 
these, 642 belonged to the lower class, and 42 to 
the upper class. We have already mentioned that 
there is a special engineering side in both the 
asses. 

P The instruction of the lower class is completed in 
two years. Candidates must have been working in 
mines for at least four years, and must have good 
references ; engineers have to show that they have 
four years’ experience as fitters, Kc. ; one of these 
four years may have been spent in ordinary mine 
work. ‘The number of lessons is twenty (on five 
days) per week during the first year ; twenty-four (on 
six days) during the second year ; four lessons are 
given at a time, and the instruction begins at seven 
in the morning, winter as well as summer. All 
the pupils of the lower class must do their regular 
eight hours’ shift every working-day—the shift 
is always eight hours in Westphalian mines— 
as long as they belong to the institution, from 
6a.M. to 2 P.M., or from 2 P.M. to 10 p.m. This 
rule does not apply to the students of the upper 
class. There are twelve weeks’ holidays in each 
year, six weeks in the autumn, and periods of two 
weeks at Christmas, Easter, and Whitsuntide. The 
instruction is more or less adapted to the practice 
of the Westphalian mines. The schedule of lessons 
is drawn up by the teachers in conference and is 
subject to the approval of the Council of the Berg- 
gewerkschaftskasse, with which also rests the de- 
cision as to the admission or exclusion of pupils. 
The removal of inefficient pupils may be proposed 
by the conference at the end of each semester. The 
appointment of teachers requires Government sanc- 
tion. The subjects of instruction are :—Drawing, 
mathematics, mechanics and engineering, electri- 
city, surveying, mining, ore-dressing, mineralogy and 
geology, natural science, law, mining calculations, 
salvage ; all these subjects are obligatory. In the 
engineering side particular attention is paid to draw- 
ing, mechanics, engineering, electricity, and ore- 
dressing. Pupils who the final examination 
of the lower class command twice the salary that 
they could otherwise claim. 

Candidates for the upper class are admitted on 
the strength of the just-mentioned final certificate 
from the lower class or from some equivalent edu- 
cational institution, or by examination. They must 
all have had the practical training demanded of the 

upils of the lower class, and be already foremen. 

he course extends over one year, during which 
they have to attend for thirty-six hours every week. 
Simultaneous practical work in the mines is not 
expected of them, since they are sufficiently ex- 
perienced, and have to devote all their time to their 
studies. The subjects are the same as in the lower 
class. All the students passed the final examina- 
tion last year, both in the upper and in the lower 
class, and owing partly to the previous elimination 
of inefficient pupils, the percentage of successful 
“°C is always very high. 

n October, 1908, 103 candidates presented them- 
selves for admission to the upper class. Ten were 
rejected for want of general qualification, thirty 
were admitted without examination, only twelve 
satisfied the entrance examination ; some were put 
back. The average age of those accepted was 28} 
years, the extremes being 25 and 36 years; the 
average practical experience was 12 years, the 
minimum 6, the maximum 20 years. The average 
age of the pupils in the lower class was 24} years, 
the youngest had completed his twentieth year ; the 
average practical experience amounted to 7} years, 
the extremes being 15 and 4 years. The candi- 
dates for the lower class numbered 1022 in 1908 ; 
985 were examined, and 232 of these passed the 
entrance examination. The director’s report points 
out that there is still a deficiency of duly trained 
higher grade employees in Westphalian mines. 
The number of miners employed in these mines 
has risen from 194,000 men in 1898 to 334,000 men 
in 1908. The average age of foremen (Steiger) 
leaving the lower class is 28 years; they are 


pensioned off, if they have not left the service, at 
the age of 53 years on an average, and the average 
period they serve as Steiger is 22 years. Durin 


the last decade of the past century rapid courses of 
instruction were temporarily established to meet 
the dearth of officials ; at present the Bergschule 
turns out 310 Steiger every year, but the demand 
iS not yet entirely satisfied. 

Passing to particulars and to scientific and com- 








mercial testing, we notice that the chemical work 
(Professor Broockmann with four assistants) com- 
a analyses of air and gases, of coal, coke, 

riquettes, pitch, ashes, of water, feed-water and 
boiler incrustation, of ores and metals, &c.; a total 
of 3586 analyses were made in the year 1908-9. In 
the rope-testing department Mr. Speer conducted 
387 tests of metal and fibre ropes. Special appa- 
ratus for determining the sactalieg of wires and of 
whole wire-ropes have been constructed by A. Von 
Tarnogrocki and by the school, and a report on 3800 
endurance bending-tests of wire-rupe is being pre- 
pared—169 rope-breaking tests were made last year. 
‘The comparative weakness of galvanised wire-ropes 
is still being investigated by Dr. Winter. Evapora- 
tion tests are conducted by Mr. Stach for the Coal 
Syndicate, and Dr. Hoffmann conducts the oil tests. 

The experimental gallery is in charge of Mr. 
Beyling. It was established in 1894, near the 
Consolidation Colliery, and afterwards transferred 
to grounds near Bismarck, belonging to the 
same colliery. We described the gallery in our 
review* of the magnificent publication, in twelve 
volumes, on ‘‘ The Development of the Rhenish- 
Westphalian Coal-Mines during the Second Half 
of the Nineteenth Century.” During recent years 
the gas supplied by a blower of Zeche Consolidation 
III./IV. had been used for the experiments ; that 
supply has failed, however, and another transfer 
of the gallery has been decided upon. Blasting 
agents are now tested, not in a mixture of fire- 
damp and coal-dust, but in fire-damp and in coal- 
dust separately, so that two complete series of 
experiments are required ; the altered method 
involves the re-testing of some old blasting agents. 
As regards safety-lamps, ignition by the sparks of 
the cerium-iron alloy and by methyl] alcohol (with 
the aid of spongy platinum) has been studied ; 
further, acetylene, benzene, and electric lamps, 
outer safety-lamp mantles of brass and bronze wire- 
gauze (over inner iron mantles), and also automatic 
fire-damp alarms are being examined ; the latter 
have not so far given satisfaction. 

Of 404 pupils who took part last year in the 
obligatory first-aid and salvage instruction (Mr. 
Grahn and Dr. van Biirck), 162 volunteered for 
diving practice under Diving-Master Korte. There 
is a well 2¢ m. in depth for these experiments 
in the school building, and a great variety of 
apparatus, portable and semi-portable, for working 
and for rescue operations in poisonous atmospheres, 
are provided. The collection of these apparatus 
is probably the most complete in existence, 
and we mentioned already that the services of 
Mr. Korte are much in demand for difficult 
operations in connection with shaft and well-sink- 
ing, pumping installations, and for colliery fire- 
extinction. That the various collections of the 

eological and mineralogical museum (Mr. P. 
Kukuk) are rich in rare specimens of minerals and 
fossils, and excellently adapted to the practical 
aims of the school, should also be stated. The 
stratification of the district is exemplified, among 
other ways, by series of vertical glass plates, on 
which the chief strata and localities are marked ; 
these plates are arranged in a big glass case. One 
of the chief problems studied is the damage done 
by subsidences. Reports on the current work and 
observations of the school are, as a rule, published 
in the well-known weekly journal Gliick Auf! 

Excursions to works and institutions have been 
more frequent during recent years. The lower class 
makes about ten, the upper class thirteen excur- 
sions in the course of a year. These excursions 
may occupy several days, and are not confined to 
Westphalia. All the pupils are taken to the 
experimental gallery and to the lamp-testing station 
connected with it. 





SCIENCE AND ENGINEERING. 

Conspicuous amongst the qualities which have 
raised Sir J. J. Thomson to a foremost position 
amongst living physicists has been the success with 
which he has been able to imagine working models 
of the complicated electrical processes which he 
has investigated with so much originality and 
power. He appears, indeed, to regard physical 


&| phenomena from the standpoint of the engineer, 


and not from that of the philosophic mathema- 
tician, whose equations are not pale reflections or 
images of subsensible particles of matter in motion, 
but merely a collection of recipes for acting or 


* See ENGINEERING, vol. lxxix., page 598. 


reacting on Nature. This latter mental attitude, at 
one time greatly favoured in certain parts of the 
Continent, is no doubt logically inexpugnable, but 
it may bo safely asserted to have been almost 
barren of results, being conducive neither to the 
establishment of new facts nor to the origination of 
fertile speculations. It is what may perhaps be 
termed Sir Joseph’s ‘‘ Faradian” methods of ex- 

ition which have rendered his annual course of 
ectures at the Royal Institution so peculiarly 
fascinating to those who, whilst desirous of learning 
something as to the present drift of the unceasing 
advance in matters scientific, have neither time nor 
— gd to make a serious study of mathematical 
physics. 

In his presidential address last Tuesday to the 
Junior Institution of Engineers, dealing with ‘* The 
Relation of Pure Science to Engineering,” Sir 
Joseph attributed his tendency, to regard physical 
phenomena as reducible to aggregates of matter in 
motion, to the fact that, like the late Henry Rowland, 
of Baltimore, he commenced life with the intention 
of becoming an engineer, and, in his case, studied 
to this end under Professor Osborne Reynolds, one 
of the ablest and most original thinkers that has 
ever filled a professorial chair in engineering. 
Circumstances led Sir Joseph subsequently to choose 
a fresh path in life, and science has gained what 
engineering has lost. It would seem, however, that 
he has never seen reasons to regret his earlier 
training for a profession in which it is all-important 
to study actual phenomena, and not merely the 
mathematical forms by which their interrelations 
can be more or less successfully expressed. 

In his address he claimed that the methods of 
the physicist and of the pioneer working in the 
engineering field are largely akin; and, indeed, 
Mr. Swinburne has expressed much the same view 
in one of his own presidential addresses. The 
difference between the two lies mainly in the aim. 
The physicist is in the fortunate position of being 
able to seek out the facts of Nature with no ulterior 
motive, whilst the engineer’s gropings in the well of 
truth are in the main, to be quite frank, a hunt for 
dividends. The justification for his work must be 
found in the fact that, in one way or another, it must 
pay. Where this necessity is removed, as in Govern- 
ment service, stagnation seems inevitably to result. 
A leading American authority has remarked that, 
up to the taking over of the telegraphs by the 
Government, some thirty years ago, the improve- 
ments made were almost wholly of British origin ; 
but since then they have been almost exclusively 
exotics, although in cable telegraphy, which remains 
in private hands, we still retain our supremacy as 
fertile and original workers. Similarly, the many 
thousand miles of State railways in operation 
abroad have contributed practically nothing to the 
solution of problems in transportation. 

The luckier physicist, who finds his sphere in the 
laboratory or in the study, needs no commercial 
justification. Shallow thinkers will doubtless hold 
that the aim of the physicist must accordingly, from 
the standpoint of the moralist, be ranked higher 
than that of the engineer; but any attempt to 
institute an effective divorce between idealism 
and materialism is as futile as that to solve the 
famous problem as to the relative priority of the 
bird and the egg. The existence of the one pre- 
supposes that of the other, and whilst the world 
rightly honours those engaged in the pursuit of. 
science for its own sake, such a pursuit is rendered 
= solely by the fact that the engineer and the 

usiness man are attending to the more immediate 
and pressing necessities of mankind. He who 
invests in Consols or municipal securities escapes, 
indeed, the thoughtless taunt of being a mere 

reedy hunter of dividends, but is, in truth, a 
ten useful member of society than if, in the hope 
of a larger return, he had aided in the development 
of, say, the telephone, the steam-turbine, or the 
aeroplane. 

As was, perhaps, to be expected, Sir J. J. 
Thomson proved himseif a strong advocate of the 
works laboratory and research department, and he 
remarked that the balance-sheets of those firms 
whose laboratories were the most extensive did 
not suggest that they were ruining themselves in 
the cause of science. It would seem, however, that 
in many cases the laboratory is as much the result 
as the cause of large dividends. It is, indeed, 
impossible for a firm which returns its ordinary 
shareholders a mere 5 or 6 per cent. in a good 
year, and nothing at all in a bad one, to embark on 





a large expenditure on pioneering work, which is 
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necessarily of a highly speculative character. Such 
gambling risks can only be run by more prosperous 
undertakings, and the struggling firm has perforce 
to content itself with business of a more humdrum 
character. Fortunately, we still have some highly 
prosperous engineering firms who are in a position 
to make ventures in experimental work to the 
extent of many tens of thousands per annum. In 
mechanical engineering, however, the laboratory 
will always play a somewhat secondary part, its 
utility being much less marked than it is in the 
case of chemical and metallurgical establishments. 
The Parsons steam-turbine, for example, was raised 
from little more than a toy to its present pre- 
eminence with appliances in the way of labora- 
tory equipment which would excite the derision of 
a Continental engineer. One foreign firm noted 
for the lavishness of its expenditure on laboratory 
research is said to have expended nearly half a 
million sterling on the unsuccessful attempt to excel 
the Parsons machine, calling to its assistance 
university professors, demonstrators, and graduates 
in engineering, who were most liberally financed. 
However, in real pioneering the engineering labo- 
ratory probably counts for little. Ability of the first 
order is not purchaseable at will in the open market, 
and the works laboratory is commonly staffed with 
less original men, who are, however, often extremely 
useful in developing ideas from outside. 

Sir Joseph, in his address, raised a timely pro- 
test against the not uncommon, but short-sighted, 
contention that it is a wise plan to let ‘‘ other 
nations spend their money in developing new pro- 
cesses, and to wait until the preliminary difficulties 
are overcome and success assured before taking them 
up.” Against such a policy there are many argu- 
ments. Even as a matter of pure finance the prac- 
tice is unsound. The profits of successful pioneering 
are extremely large. In the early days of the heavy 
electrical industry in this country dynamos costing 
some 30l. to build readily sold for over 902., and the 
— thus secured sufficed to build up an estab- 
ishment which, starting with a total of some four 
or five hands, had become in three or four years the 
largest in the world engaged in that class of work, 
and employed hundreds of workmen. Its prosperity 
was then checked, and all possibility of further 
pioneering in the heavy electrical trades destroyed, 
so far as this country was concerned, by Mr. Joseph 
Chamberlain’s disastrous Act of 1882. The fallen 
sceptre passed to America and to Germany, where 
the enormous establishments of the A.E.G. not 
only pay regularly a high dividend to their fortu- 
nate shareholders, but the works themselves, with 
all their elaborate plant and equipment, stand 
on the books at but a nominal figure, having been 
written off out of profits. 

The monetary returns attendant on successful 
pioneering constitute, however, only one of its 
advantages. The process opens a career to men 
whose forte lies in their originality rather than in 
their organising ability or painstaking industry. 
Moreover, almost every firm that has tried it will, 
we think, admit that it is not ible to purchase 
experience over the counter along with working 
drawings. Many, for example, have taken up the 
manufacture of large gas-engines to Continental 
designs, paying heavily for the privilege, in the 
fond belief that they would thus at once be able to 
on the construction of such engines on a manu- 
acturing basis. In many cases, however, the trans- 
action has resulted in serious loss and disappoint- 
ment, and it has been necessary to spend large sums 
in acquiring, by trial and experiment, that experi- 
ence which they vainly imagined they had secured 
by the simple process of purchase. 

To no small degree this history is repeating itself 
in the case of Continental designs for steam- 
turbines. An instance could be quoted of two 
firms engaged in a very similar class of work, both 
of whom decided to take up the manufacture of 
small steam-turbines. The one purchased a Con- 
tinental design, costly to build, and but moderately 
efticient, and have not yet attained to commercial 
success in spite of much work. The other firm, 
entering the field later, determined to build their 
own turbine ab initio, and succeeded. The very 
first built ran without a hitch from the start, gave 
most excellent results in the matter of steam 
economy, and actually cost less to construct than 
was paid in cash down for its Continental rival, 
which is, moreover, still subject to a royalty per 
horse-power turned out. It may be added that the 
firm bold enough to construct its own machine 
realised from the outset that the supposed necessity 


for employing technical students from Continental 
schools for such work is wholly imaginary, and is 
likely, owing to their imperfect knowledge of the 
practical side of engineering, to lead to serious losses 
of time, money, and material. The thermodynamic 
aspect of the steam-turbine is, indeed, much less 
important than the mechanical, and a sufficient 
knowledge of the theory is not difficult to acquire. 

In concluding his address, Sir J. J. Thomson 
insisted on the importance of a knowledge of 
mathematics to the engineer, and it is a view 
with which we have much sympathy, although 
it must be confessed that in mechanical and con- 
structional engineering, as opposed to electrical, 
opportunities for the useful employment of higher 
mathematics are few and far between. Still 
the training is valuable, although experience has 
shown that certain types of men are inclined to 
use mathematical formule as a substitute for 
serious thought. The late Sir Benjamin Baker, had 
he had time for it, could probably have derived 
profit from even a minute study of the mathematical 
theory of elasticity. Smaller men, however, find it 
difficult to resist the temptation to design structures 
so as to simplify them mathematically, sacrificing 
to this end much more important considerations. 
Indeed, this tendency seems to have been at least 
partially responsible for the Quebec Bridge disaster, 
as it was also for the collapse not long ago of a 
very large shipbuilding crane supplied by a leading 
Continental firm. A well-known American engineer, 
again, has declared the use of plate-girders to be most 
unscientific, since it is impossible to calculate with 
reasonable accuracy the stresses to which they are 
subjected. Riveted trusses meet the same condem- 
nation, although experience with them, as with 
plate-girders, has been most satisfactory. 

At Winnipeg last year Sir J. J. Thomson drew 
attention to the great difficulties attendant on the 
application of mathematics to physics, and we 
believe that the difficulties are even greater in the 
case of mechanical engineering. The partial differ- 
ential equations which arise in the mathematical 
theory of elasticity are, in fact, very much more 
complex than those of Laplace, which, we presume, 
may be taken as the basis of mathematical physics. 
It is, moreover, even in solvable cases, extremely 
difficult, and, indeed, often impossible, to make 
the ‘‘ boundary conditions,” necessarily assumed, 
agree with actual practice. To this may be 
added the fact that no adequate theory as to 
‘* strength ” of statically indeterminate structures 
exists, though the ‘“‘ stresses” can often be calcu- 
lated with practical accuracy. Thus in New South 
Wales there are now standing, apparently satisfac- 
torily, a number of reservoir dams in which the 
stresses calculated by the mathematical theory of 
elasticity exceed the breaking strength of the 
material; and we question whether an engineer 
well versed in this theory would have ventured to 
erect them. They are, nevertheless, highly econo- 
mical of material, and ey experience of a 
somewhat similar type in the United States gives 
reason for believing that they are safe. 

In fact, in all but the simplest class of struc- 
ture or machine part the mechanical engineer 
has to rely upon ‘‘physical,” rather than on 
strictly mathematical considerations. He forms an 
image in his own mind as to the general character 
of the stress distribution, and of the various ways 
in which failure may occur, and provides for these 
by somewhat rough-and-ready methods. In the 
case of the Assouan Dam, for instance, whilst his 
Continental colleague was much concerned as to the 
necessity of keeping calculated stresses below a 
certain limit, the late Sir Benjamin Baker attri- 
buted less importance to such considerations, since 
the severest stresses to which the structure would 
be subjected would, he knew, arise from incalcu- 
lable changes of temperature. He paid special 
attention, accordingly, to the stability rather than 
to the strength of the structure. 

The foregoing comments are not intended to 
belittle the importance of mathematical knowledge, 
but merely to draw attention to the extreme diffi- 
culty of applying mathematical theories in one 
particular, but very important, branch of engineer- 
ing, and to draw attention to a certain danger, 
which experience has shown to exist, that a skilled 
mathematician may design a structure to suit his 
methods of computation rather than to carry its 
load in the most effective way. The mechanical 
engineer has, in practice, often to employ methods 
of reasoning akin to those of Faraday ; and it is, 








perhaps, doubtful whether it will ever be possible 


for a Clerk Maxwell to throw them into strict 
mathematical form. 

The problems of the electrical engineer are, o{ 
course, much simpler, and lend themselves more 
readily to strict mathematical treatment, a fact 
which has unquestionably been largely responsil): 
for the exceedingly rapid development of this 


industry. 


WEST RIDING RIVERS; 1904-1910. 
No. VII. 


Summary.—Concivsion. 


In previous articles we have shown that after the 
forty-four years which have elapsed since the sittiny 
of the Great Commission of 1866, the question of 
rivers is still unsettled, even in respect of sub- 
aerial or surface pollution, which is but one moiety 
of it, and of the utmost importance. The rest of the 
subject is practically untouched. The latter portion 
involves the treatment of the channel—that is, the 
wetted perimeter up to the line of the highest 
flows ; the prevention or amelioration of floods ; the 
control of all artificial obstructions or constructions 
existing, or contemplated, within or pertaining to 
the channel ; the improvement of the flow or dis- 
charge by means of training works or cuts in the 
channel ; the cognisance or purview of all reservoirs, 
goits (or mill-races), culverts, drains, embankments, 
or other works affecting the flow of running water, 
or the flow of compensation .water due to streams ; 
and last, but not least, and demanding the earliest 
consideration consistent with a wide knowledge of 
the various issues, the conservation, allotment, and 
distribution of all waters, surface or underground, 

roposed or eligible for abstraction from their 
natural bed for the use of man. Legislation in this 
last question must, indeed, have just regard for that 
wisest of the original maxims of law, De minimis 
non curat lex (the law takes no cognisance of very 
small infractions), and refrain from obstructing 
the power of an owner to dig and use a well for his 
own house or within its curtilage without let or 
hindrance. 

But at the present moment we are dealing with 
river purification only. Let that be accomplished, 
at any rate so far as to assure us of its ultimate 
success by the best possible test—to wit, the de- 
monstration of the fitness of the water to the senses 
by its inoffensiveness to sight and smell, and its 
suitability for ordinary factory uses. What, in the 
meantime, is still necessary? What, indeed, more 
than was asked for in the period 1866-72, when the 
Rivers Pollution Commission issued their several 
reports, covering all phases of river pollution in the 
three kingdoms. 

It is true that before that period there had been 
commissions on sewage treatment ; but these con- 
fined themselves to that subject alone, and never 
toucked upon the broad question of stream pollu- 
tion in its entirety. Of one of these we are 
reminded in the interim report of the present 
Commission on the Treatment and Disposal of 
Sewage, which has been sitting since the year 1898. 
This first Commission was appointed in 1857, and, 
as a result of eight years’ labour, it reported ‘‘ that 
the right way to dispose of town sewage is to apply 
it continuously to land, and it is only by such 
application that the pollution of rivers can be 
avoided ;” a conclusion which was another example 
of the danger of a little knowledge. But this result 
had been attained in the Sper year, 1864, for, 
curiously enough, on April 26 of that year another 
Select Committee was appointed on ‘‘Sewage 
(Metropolis),” and actually presented, in the same 
year, its report in a single volume of 600 pages, 
which was ordered by the House of Commons to be 
printed on July 14, or within three months of the 
appointment of the Committee—a parliamentary feat 
which astonishes us in these days of lengthy Commis- 
sions. Yet, it must be confessed, its speed was 
attained at the expense of efficiency, its conclusions 
being remarkable for their inconclusiveness, except 
in one conspicuousitem. In this, where now every 
wise man is circumspect and steers his way cau- 
tiously, the Committee, no less than fifteen in 
number, with not an engineer or a chemist or 4 
farmer among them, were not only decided, but 
laid down their view with all the emphasis vf 
an Anathasius. ‘‘If,” they said, ‘‘the sewage 0! 
tewns is no longer to flow into rivers, the only 
alternative which remains is to dispose of it on the 
land.” Those were the early days of sewage 1'Tl- 
gation, full of the promise of its spring. 











But, as has been said, these inquiries antecedent 
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to 1866 did not cover the whole question. The 
report of 1864 contains not one word of trade 
effluents poisonous to the land, nor of how to pro- 
vide lands suitable in level, area, contour, and fil- 
tering qualities, throughout the kingdom ; nor was 
there any conclusion given on the important ques- 
tion of how to administer the proposed new — 
relative to rivers pollution. It was merely sug- 
gested that some witnesses thought this way and 
some that way, the suggestions being made in such 
a manner that the sole conclusion which the mem- 
bers of the House of Commons were warranted in 
drawing from their report was that the Committee 
had no opinion of its own. Therefore what was 
done by Committees of the House before the work 
of the Rivers Pollution Committee needs no further 
consideration ; and we may briefly recite the chief 
Acts and reports, dating from a time inclusive of 
and subsequent to that work, and coming down to 
the present time. } ; hel 

The reports of the Rivers Pollution Commission 
may first betaken. Of these two only need be cited. 

The first, dated 1865, was on the’ River Thames. 
This asked : (a) That powers be given to local autho- 
rities to take land compulsorily for the purpose of 
sewage irrigation to an extent not exceeding one acre 
for every 50 persons whose sewage is to be applied ; 
and (b) That the whole river be placed under one 
governing body, and that such body should be the 
existing Thames Conservancy Board, provided 
that the Board receive an addition of an adequate 
number of the representatives of the local interests 
of the River Thames. 

The third report of the 1865 Commission, which 
is by far the most important in the whole range of 
river pollution inquiries, and may safely be adopted 
as a standard, is no other than Rawlinson’s famous 
report on the Aire and Calder Rivers, issued the 
year following its sittings—1867. The chief con- 
clusions it laid down were: (a) That three classes 
of treatment for sewage, domestic and combined, 
were available, viz. :—Chemical precipitation, inter- 
mittent filtration, and broad irrigation, with combi- 
nation of any two processes if needed, as in many 
eases; and (b) the parcelling of river basins into 
conservancy districts or areas and sub-areas, larger 
in agricultural districts, where the duties would be 
light, by grouping together several river catchment 
basins, with a central board of supervision, ap- 
pointed by a State Department, as necessary for 
the protection of running waters. 

Another Commission on Rivers Pollution was 
appointed in 1868, of which the 37th report con- 
tains the recommendation ‘That all rivers and 
streams in England be placed under the superin- 
tendence of a central authority or board, to be 
composed of not more than three persons, who shall 
be duly qualified to deal with all questions con- 
nected with the pollution of water and with water 
supply.” 

In 1876 came the Rivers Pollution Act, to which 
reference has so often been mede, and which revealed 
the weakness of its framers and the apathy of the 
authorities, who alone had real power to put it 
into force, and who practically never handled this 
weapon forged for their use. Then, ata long interval, 
followed the County Councils Act, formall known 
as the Local Government Act (England me | Wales), 
1888, which, for the first time, conferred power to use 
the Act of 1876 upon an outside authority, which 
was, to a certain extent, independent and dominant. 
Close upon this Act came the three joint com- 
mittees of the Yorkshire and Lancashire rivers, 
out of which sprang the West Riding of Yorkshire 
Rivers Act in 1894. Finally, we have the reports of 
a Select Committee on the ‘‘ Treatment and Dis- 
posal of Sewage, 1901-10,” three of which refer 
to the questions of administering the law and the 
creation of a new authority. These are based 
largely upon the experience of the existing rivers 
authorities, which have so vastly increased the sum 
of our knowledge of the whole question. They 
evince much thought and care, and are deserving 
of a rather fuller consideration. 


_In their interim report of 1901, the Sewage 
Commissioners state, as their third conclusion, that 
they ‘‘ are of opinion that the general protection 
of our rivers isa matter of such grave concern as 


to demand the creation of a separate Commission, 
or a new department of the Local Government 
Board, which shall be a supreme rivers authority 
dealing with matters relating to rivers and their 
purification, and which, when appeal is made to 
them, shall have power to take action in cases 
where the local authorities have failed to do go.” 





This report made no provision for local rivers 
boards. In their third report the Commissioners 
went fully into the whole question. With the 
principal alterations touching the proposed new 
central authority and the duties of tenes Boards 
we dealt at length in 1904.* We are now treat- 
ing the general subject concisely, except with 
regard to certain points on which the experience 
of the intervening years has shed light and 
resolved surmise into certainty. Some recapitu- 
lation, therefore, is needed, and will be excused, 
especially as the Commissioners’ conclusions are 
not always of the clearest. They were of opinion 
that a properly equipped central authority is essen- 
tial, and unhesitatingly recommended its creation, 
with permanent chief officers, consisting of — 

1. An administrative head. 

2. A bacteriologist having special knowledge of 
the bacteriology of sewage, trade effluents, and 
water supply. 

3. A chemist having special knowledge of the 
chemistry of sewage, trade effluents, and water 
supply. 

4. An engineer having a special knowledge of 
geology and water supply. 

A laboratory is iodelad in the requirements. 

In the important matter of the control of the 
Local Government Board, the Sewage Commis- 
sioners have not yet been able to set aside what 
is now seen to be a myth—to wit, the idea that the 
work of rivers purification involves danger to any 
industry. They regard the work of the proposed 
central authority as so intimately connected with 
the work of the Local Government Board that it is 
desirable to make it a new department under that 
Board, rather than create an entirely separate 
department. 

ere we must strongly dissent ; there should be 
no such attachment. The Local Government Board 
has been the obstructor of the law of rivers purifi- 
cation. It has encouraged its enemies, and cast 
down its friends. It should have had all the 
machinery of the control of running waters at work 
long since, covering the three kingdoms, while 
‘*unexampled prosperity” prevailed. It had it in 
its own hands to do this, but it has evaded the 
burthen. The Board carried out certain cut- 
and-dried regulations regarding sewage treatment, 
as to area of land drained per 100 persons, regardless 
of the sewage en. its quality, the trade 
effluents combined with it, or the nature of the best 
land available; and, having prescribed these things, 
it left the results to themselves, to cover the land 
with dilapidated works, overrun with weeds, and did 
nothing material to bring its legitimate influence 
to bear upon their mismanagement, or to urge the 
purification of the foulest rivers in the world. As 
we have seen in these matters, laisser faire and 
obstruction are still in the air of Whitehall. They 
are apparently indigenous and ineradicable, as the 
West Riding Rivers Board have proved to their 
cost ; and not only that, but the Controlling Board 
treats remonstrances, after many months of forbear- 
ance, with neglect, evasion, and indignity. If, as the 
Sewers Commissioners propose, Whitehall is still 
to be the head, with the Rivers Board as the first 
tribunal in the cause, then there will be three 
Boards and increased delay. We live in an age of 
Boards. Lord Dalhousie, after he had dispersed 
the Military Board of the old East India Company, 
with its genius, almost amounting to inspiration, 
in the art of interfering, once ejaculated, ‘‘ So 
may all Boards perish.’’ Constant checks are a 
blight upen strength and responsibility, and will 
never breed useful men. ieaen, decision, and 
clear judgment, qualities which should characterise 
the fiat of a tribunal at once legal and scientific, 
cannot be fostered thus: they must be reared in free- 
dom, free from the lengthening chain of red-tape. 

With the Rivers Boards as the first tribunal of 
appeal, and the proposed central authority as the 
second, any appeal from the latter should be direct 
to the higher courts, which hitherto have remained 
an example to the world in holding the balance of 
justice. If this course be adopted, it follows that 
practically the whole of the obnoxious Section 6 of 
the Act of 1876 must go. It is not to be supposed 
that any trade beneficial to the people will be 
endangered by the action of Rivers Boards, them- 
selves largely reinforced from the great manufac- 
turing classes, and discharging their functions in 
the very midst of them. On the other hand, the re- 
peated checks, delays, and obstruction from White- 


* See ENGINEERING, yol, Ixxvii., page 667, 


hall, due to the existence of this clause requiring 
their assent to prosecution, have injured the power 
and prestige of the existing Rivers Boards. Semi- 
ralysis of the law cannot fail to encourage the 
w-breaker, and in like measure discourage the 
law officers, whose morale must needs be affected, 
no matter how high their resolution. 

After the central authority thus to be created, the 
Sewage Commissioners lay down with emphasis 
the opinion that such authority shall not take the 
place of local bodies in regard to the protection of 
running waters, but that, on the contrary, local 

wers should be utilised to their fullest extent. 

ey therefore recommend that Rivers Boards be 
formed throughout the country on the general 
basis of the present West Riding Rivers Board 
and the two Joint Committees. Although Rivers 
Boards are merely Joint Committees of County 
Councils, and possess similar powers, they are of 
far greater value for the protection of running 
waters than the councils from which they spring. 
Such protection is their sole duty, their reason of 
existence, and the whole basin of a river or of rivers 
is under their jurisdiction—not a mere fraction of 
it—so that no conflict of authority, method, or 
system, no piecemeal application of law, no breach 
of uniformity, can easily come into operation. What 
is essential above all is that each Board shall have 
control over such a combined area as will ensure the 
maintenance of a competent staff of officers. The 
Commissioners inform us that they find as a fact 
that, outside the areas represented by the existing 
Rivers Boards, little or nothing is done by the 
County Councils to exercise their power of checking 
rivers pollution. Finally, on this point it is 
es to learn from the report that both the 
ocal authorities and the trade polluters recognise 
the effective action of the present Rivers Boards for 
the improvement of the rivers in their district ; and 
that several witnesses have expressed their con- 
fidence in them as a first court to which differences 
between the local authority and the manufacturer 
may be referred. 

No scheme for the partition of the country into 
Rivers Conservancy districts is put forward in the 
report, but the Commissioners say that one of the 
first duties of the central authority should be the 
effective grouping of the counties in areas fittest for 
the work of Rivers Boards. In this important and 
heavy task, we may add, the services of an advisory 
committee of two or more of our most experienced 
water-works and drainage engineers might be found 
useful, 

Under the heading ‘‘ Duties of the Rivers Boards,” 
in this third report, it is stated that ‘‘ In addition 
to the duties which these bodies under the 
existing law in regard to pollution of rivers and 
streams, it should also be their duty to inspect 
public water supplies, and to report to the central 
authority any case of dangerous pollution of such 
supplies which they may detect.” The report also 
puts forward the Rivers Board as the first tribunal 
of appeal, proposing that the central board should 
be an appellate tribunal only. It further classifies 
cases of appeal, as follow :— 

— to the Rivers Boards in the case of — 

1. Differences between the manufacturer and the 
sanitary authority as to variation of the general 
regulations respecting preliminary treatment. 

2. Differences between the manufacturer and the 
sanitary authority as to the amount of special 
charge to be imposed on the former. 

3. Differences as to whether the preliminary treat- 
ment in special cases complies with the regulations. 

4. Differences as to the removal of sludge. 

In all these cases there is the right of a second 
appeal to the central authority. 

Causes of appeals to the Central Authority alone 
are as follow :— 

a. Refusal of a sanitary authority to allow a 
particular trade effluent to enter a river. 

b. Refusal of a sanitary authority to construct or 
enlarge sewers for the reception of the effluent of 
a particular factory. 

It seems not to have occurred to the Sewage 
Commissioners that the interposition of a central 
authority between the Rivers Boards and the Local 
Government Board would suggest the abolition of 
the obnoxious conditions of the Act of 1876. 


Tue Sewace Commission.—FirraH Report, 1908. 

The conclusions of the fifth report carry us much 
further as to the work of our future rivers authori- 
ties. Paragraph 356 contains, amongst other things, 
but as the essence of the whole, a new classified 
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list of duties and powers, in addition to those 
already inforce. These are :— 

z. The settlement of disputes between local 
authorities and manufacturers as to the terms and 
conditions on which trade effluents should be 
admitted to sewers. 

2. The control of shell-fish layings (propagation), 
so as to prevent the taking of shell-fish for human 
consumption from positions in which they are liable 
to dangerous contamination. 

3. The protection of water suppliesfrom pollution. 

4. The collection of information as to the water 
supplies available in various parts of the country. 

5. The collection of information as to the need 
of water in various parts of the country. 

6. The settlement of standards for different 
reaches of water. 

7. The conferring of powers on local authorities 
in suitable cases to provide separate systems of 
sewers for surface water, and to enforce the pro- 
vision of separate drains. 

8. The settlement of questions as to the extra 
amount of sewage which a local authority should be 
required to treat during storms. 

These are all matters of pressing moment, but 
Nos. 7 and 8 clearly indicate that a knowledge of 
sewage and sewerage should form part of the equip- 
ment of the chief engineer of the proposed central 
authority. Such knowledge is, however, not 
specified in his qualifications. 

Numerous other questions which remain still to 
be worked out also demand consideration ; but 
these may be left to the handling of the new 
authority and the new Rivers Boards. 

In thus recapitulating the proposal of the Sewage 
Commission for a national scheme of rivers purifica- 
tion, we see that such a scheme was drafted and 

ublished no less than seven years ago, almost in 
its entirety. True, the draft was extended a little 
five years later, but the essence of the scheme has 
been before us seven years. The country contains 
no authority so well fitted to lay down the broad 
outline of such a scheme, for none has possession of 
the immense accumulation of facts bearing on the 
subject which this body has drawn in public evidence 
from a multitude of witnesses, more or less compe- 
tent from their experience to speak, on behalf of 
the nation, upon the science of the treatment of 
sewage and trades effluents, which is the key to the 
cleansing of rivers. Yet nothing has been done— 
nothing attempted. Pressure has been applied, 
questions asked in Parliaments, and promises have 
been made, but without result. The West Riding 
Rivers Board, weary of the law’s delay, has twice 
——— amendments to the pioneer Act, and twice 
withdrawn them, without venturing to challenge 
Parliamentary inquiry—daunted, we regret to say, 
by opposition which would have come to nought in 
Committee. In 1893-4 the same cry of wtra vires 
was as loudly uttered, and collapsed ignobly when 
the real struggle closed in. What encouragement 
has the Local Gorauanet Board given? Certainly 
not the staunch and vigorous support to be expected 
from a department of its lofty aims and its great 
traditions ; for it has been at times, asthe Yorkshire 
Observer says, ‘* even appearing almost in the réle 
of aider and abettor of the offenders.” 

A Bill was promised many years ago, but the 
rospect of itsappearance grows more doubtful daily. 
Yet pending the enactment of a national measure, 

the ate ends have been told from Whitehall 
that the powers to prosecute trade-effluent offenders 
will not be given unless there be special reasons in 
the case. Why ? Is it in order that those who hold 
out to the very last shall receive the full benefit 
of any new power to force the local authority to 
provide sewers and sewage works for the reception 
of trade effluents, where they have not done so 
voluntarily. If so, then the first are to be last, and 
the last first; and even-handed justice to all the 
members of a trade is to be given to the winds ; 
— are not to stand cnone footing. What 
would happen if grand juries were to decide that, 
pending some Act which the future might bring forth 
to relieve offenders from some of the consequences 
of their misdeeds, they would find no true bill 
against them / The cases might be considered to 
approach a parallel. Justice, which should be 
blind, thus withdraws her balances to benefit the 
offender. It seems clear that there is some idea 
that those manufacturers who have carried out 
efficient works of their own—which, it must not 
be forgotten, are a trade expense—are to be ex- 
pected to contribute, out of their rates, towards 
the cost of those who do not. This is the place 





in which to draw attention to a remarkable omis- 
sion made by the Commission in the course of 
their inquiry—to wit, any reference to special evi- 
dence from every important polluting trade, show- 
ing what its best representatives had, on their own 
initiative and at their own cost, done to solve the 
question of the purification of their liquid refuse. 
They expressly say (page xvi., Third Report) :— 
‘* We have not yet examined in detail the methods 
available for the purification of trade effluents, but 
from an inspection of some manufactories where 
considerable sums have been expended on purifica- 
tion plant which is inefficient, and also from the evi- 
dence, we are satisfied that in some cases at least 
the purification of trade effluent by itself would be 
very difticult to accomplish.” No doubt, and a 
sufficient reason why the making of a separate or 
new sewer should be considered, but not a reason 
for admission of such effluent to such sewer free, 
after preliminary treatment only. To say the least, 
such a proposal, before proper investigation, was 
premature. 

If the national scheme be not forthcoming, it 
seems to us that the duty of the Local Govern- 
ment Board is to make the announcement forth- 
with, so that, if possible, a private Bill may be 
introduced to deal with the matter; and even in 
that case the Rivers Board would serve their own 
and the country’s interest well by taking steps to 
procure enlarged powers in the session of 1912. 
They have already paved the way with a goodly 
experience, and, with enlarged powers of a more 
particular and experimental nature, their further 
experience would add greatly to the value of the 
precedence they would take to a great measure 
covering the whole country. This of itself would 
be a sufficient reason for introducing a Bill. An 
immediate national Act might be thought the 
best solution ; but a more powerful Rivers Bill 
would act as a training ground for greater 
things, and would be easier got through Parliament, 
the citizens of the West Riding having got well 
into harness, after sixteen years’ experience. 
To show still further how slowly the action in the 
trades effluent phase of the question moves, our 
readers may be interested to learn that even 
those authoritics which, of their own free will, get 
powers to receive such effluents, often take years to 
formulate their regulations and terms. Hudders- 
field, for instance, which secured its special Act for 
this purpose in July, 1906, did not issue its regu- 
lations and terms until February last, or over 
three-and-a-half years from the date of the King’s 
sanction. 

Without repeating the details of the new powers 
suggested in an amendment of the West Riding of 
Yorkshire Rivers Act, and set forth in our treat- 
ment of this question in 1904, it may be shortly put 
that the following addition to those then suggested 
should be considered :— 

1. Powers to enable them to apply to Parliament 
at need for the amendment of their own Act. 

2. Power to enable small districts to extend their 
borrowing powers, with proviso as to limit of rating 
in decaying districts, at which carrying out or 
extension of extraordinary works may be dispensed 
with, at the discretion of, say, the West Riding 
County Council. 

3. Power to undertake a complete system of 
rivers observation, including flood-level and dis- 
charge, rainfall, flow of springs, &c., and to appoint 
a competent staff for that purpose. This to be 
preparatory to larger powers dealing with all works 
pertaining to the storage and use of rivers. 

Of these, No. 2, no doubt, seems a singular and 
exceptional demand, but cases are singular and 
exceptional. The salient facts of the following case 
are taken from a leading Yorkshire paper. The 
village of Airton, in Airedale, contained 221 in- 
habitants at the last census. It now contains 125, 
of which five were to leave before the end of last 
October ; this is owing to the decay of certain small 
mills, The present rates are at 9s. 5d., and the 
county authority is pressing upon them the adop- 
tion of a sewage scheme said to be extensive. 
Alterations in the village school are needed, and 
the villagers seem to be in despair. 
conclude by repeating those wise words of the 
Roman law-giver, De minimis non curat lex. 
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NOTES. 
Tue British StTeet-Makers’ Ore Suppiiyp 

In a paper read before the meeting of the West 
of Scotland Iron and Steel Institute, held in Gla 
ow, on Friday, the 2Ist ult., on ‘“‘The British 

teel-Makers’ Ore Supplies, with some Conside;..- 
tions Respecting our Future Requirements,” })y 
Mr. W. Herdsman, Glasgow, the author reviewed 
the various iron ore formations. He stated that 
we now imported about 8 million tons annually of 
Bessemer, or acid process, ores to supplement: the 
1? million tons raised in this country to supply 
the acid-steel maker. Our imports came mostly 
from Spain ; Algeria, Greece, Norway, and Sweden 
furnished the greater part of the balance. It was 
expected that Tunis would become an important 
contributor. Acid ores were, however, steadily 
falling off in their iron contents, and unless some 
important new discoveries were made within the 
radius available for our markets, the acid process 
was bound to disappear. But seeing that the acid 
and basic processes marched side by side, there 
was no reason to anticipate any disturbance of the 
economic situation by the eventual disappearance 
of the acid process. In regard to phosphoric ores, 
they formed our great store of the metal for future 
use, and would be found to be practically inex- 
haustible. They constituted the greater proportion 
of our own native ores, as was the case in Ger- 
many, France, Luxemburg, Spain, and, indeed, in 
every country retaining its original sedimentary 
strata. Our colonies had deposits of this ore reach- 
ing thousands of million tons. With reference to 
manganese, we had to go far afield for any consider- 
able supply. Russia, India, and Brazil practically 
supplied not only our own needs, but those of the 
whole metallurgical world, minor supplies coming 
from Spain, Greece, Turkey, Cuba, and Chili. 
The Russian Caucasus held probably the greatest 
reserves of this mineral. As for tungsten, vanadium, 
and molybdenum, these were all of rare occurrence 
in Nature, and there was no reason to believe that 
they would ever be otherwise ; their use, therefore, 
would be confined, as at present, to limited amounts 
in special steels, 


THe Purity or THE Tatta Water Supply To 
EpInBuRGH. 

It appears that there has lately been some 
anxiety as to the satisfactory condition of the Talla 
water supply to the city of Edinburgh, and careful 
investigations have been made with a view of 
ascertaining to what extent there is ground for fear. 
Necessity having arisen some time ago for an 
increase in the filtration plant used, it was decided 
by the authorities that, in order to reduce the 
expense, mechanical filtration should be adopted, 
and not open sand filters, as the cost of the latter 
would have been very heavy. The mechanical 
filters having been installed at Fairmilehead, very 
careful tests were carried out, the results of which 
are embodied in a report issued by Dr. James Ritchie, 
of the Edinburgh and District Water Trust, and 
Dr. J. P. M‘Gowan, bacteriologist to the Royal 
College of Physicians’ Laboratory, Edinburgh. 
The conclusions arrived at by these gentlemen are 
interesting, as showing the different effect of the 
two processes of sand filtration and mechanical 
filtration on the Talla water. It was found, from 
a chemical standpoint, that the raw water was 
relatively pure, and the ingredients on which 
such mechanical filters usually act were not 
present to any great extent. The saline elements, 
as one would naturally have supposed, were prac- 
tically not affected by the filtration, but the 
process diminished the organic constituents by 
about 25 per cent. It also caused a slight rise in 
the total hardness of the water, but the rise 
curiously did not affect both the temporary and 
the permanent hardness, the former being really 
decreased, and the latter markedly increased. 
Bacteriologically the raw water during the period 
that it was under observation contained a very 
considerable number of the kind of bacteria that 
develop at blood heat. It was also suspected 


‘that it contained excretal bacteria in relatively 
Here let us| small amounts of the water—namely, 1 to 10 cubic 


centimetres. The mechanical filtration did not 
appear to bring the filtered water up to the standard 
degree of purity usually required in potable 
water—namely, not more than 100 bacteria per 


CanapIAN Baripexs.—A steel -and-concrete bridge, | eybic centimetre; nor did it remove organisms 


2700 ft. in length, is to be thrown over the Ottawa at 
Mattawa, Ontario. Messrs. Stewart and Hewitson, of 
Port Arthur, Ontario, have secured the contract, which 
foots up to 600 000/, 


of the excretal type. The filtered water appeared 
to be generally frec from alumina, and when- 


| ever this did exist the quantity was so small as to 














Nov. 18, I 910. ] 


ENGINEERING. 


709 








=— 


be of no consequence from a public-health stand- 
int. As far as could be ascertained, most of 
the sulphate of alumina used passed out in the 
effluent when the filter was washed. . The fact that 
the filtration did not produce a water complying 
with the usual standard of bacterial purity, and 
also did not satisfactorily remove the excretal 
bacteria, has naturally caused some anxiety, for it 
had been expected that these mechanical filters 
would obtain a high degree of bacterial purification, 
whereas, according to the report, they only re- 
moved an average of from 67 to 81 per cent. of the 
bacteria, while sand filtration removed from 84 
to 97 per cent. The Edinburgh Water Trust have, 
however, proposed to continue the experiments, 
and have accorded Messrs. Bell Brothers a further 
six months’ trial in order to see if a greater 
degree of purification can be obtained, and the 
results of these additional tests will be awaited 
with much interest. A fact that was particularly 
noticed during the above experiments was that 
whereas sand filters produce a water chemically as 
satisfactory as that from the mechanical filters, they 
are much more efficient as bacterial purifiers, and 
even in summer, when conditions are favourable to 
the mechanical filters, these latter yield an effluent 
which, bacterially, it is barely possible to pass. 


Hypro-Ex.ectric DEVELOPMENT IN TASMANIA. 


A hydro-electric scheme of some importance has 
recently been undertaken in Tasmania, The com- 
pany interested in this work is the Complex Ores 
Company, of Melbourne, who propose to utilise the 
basin of the Great Lake as a reservoir, a dam of 
only 4 ft. in height being required. The lake has 
an area of approximately 26,000 acres, and it is cal- 
culated that with arise of 6 in. of the lake, a 24,764 
horse-power generating plant could be run for 
thirty-one days without any supply coming in to 
the lake. A 4-ft. dam would enable the plant to 
be run for eight months without additions, or much 
longer than any drought yet known to have occurred. 
This dam can subsequently be raised to 16 ft. if the 
development warrant it, so that the scheme is one 
of considerable possibilities. In connection with 
this project there isa suggestion to divert the upper 
waters of the River Ouse into the lake, when it is 
calculated arrangements could be made to generate 
100,000 horse-power without trouble. The neces- 
sary powers have been obtained to erect a power- 
station at a point where the river draining the lake 
falls into the Ouse, and metallurgical works are to 
be laid down here by the company. Units of 5000 
horse-power will be installed as required, the ulti- 
mate size of the works requiring, it is estimated, 
20,000 horse-power. It is expected that cheap elec- 
tricity supplied from such plant as is contemplated 
will enable various new industries to be built up in 
the island, in which, of course, the difficulties of 
transmission as regards distance are not very great. 
An expenditure of 200,000/. is estimated as needed 
for the completion of the first complete unit, in- 
cluding head works, power-station, transmission 
line, and metallurgical plant. 


Tae New Post Orrice Exectric PowEeRr-SratTIon. 


The new station which has been built to supply 
electric power and light to various of the Post 
Office buildings in London has recently been put 
into service. The station is situated on the south 
bank of the Thames, close to Blackfriars Bridge, 
and has a frontage in Upper Ground-street. It is 
connected up by high-tension cables to sub-stations 
at King Edward’s Building, General Post Office 
West, and Carter-lane. The load taken by the 
new station will, in addition to that due to the new 
King Edward’s Building, consist of lighting, tele- 
phone, and lift service, which up to the present 
has been supplied from generating-stations at 
Carter-lane and in the basement at the General Post 
Office East, which have been in operation for about 
twenty years. In addition to this service, further 


load will be provided by the pneumatic installation 
which is now being changed over to electric 
drive, the existing beam - engine installation 
having been laid down as long ago as 1871. The 


new generating station, which at present has a 
Capacity of 2500kw., forms a good example of a 
modern high-tension plant, but does not contain 
any features of unusual interest. It is a steel- 
framed structure filled in with brickwork screens, 
and is carried on a concrete raft. The boiler-house, 
which is situated directly on the river front, con- 
tains seven Stirling water-tube boilers fitted with 


installation. Coal is normally brought to the 
station by barges, which are moored alongside the 
river-wall, and which are discharged by a 15-cwt. 
electric grab-crane fixed on the station roof. A 
fuel economiser, by the Clay Cross Company, is 
fitted in connection with the boiler plant. The 
generating equipment consists of two 1000-kilovolt- 
ampere and one 500-kilovolt-ampere turbo-alter- 
nators, the steam ends being by Willans and 
Robinson, and the alternators i. Dick, Kerr and 
Co. Three-phase, 6600-volt, 50-period current is 
generated. The condensing-plants are also by 
Willans and Robinson ; they are fitted underneath 
the turbines, and vacuum augmenters are used. 
Circulating water is taken from the river, three 
24-in. pipes having been laid down to a concrete 
apron situated about 200 ft. out in the river bed. 

he local conditions are somewhat unfavourable, 
owing to the presence of mud, but it is expected 
that the scour from the discharge-pipe will keep 
the apron sufficiently clean to render frequent 
dredging unnecessary. One or other of the pipes 
will ts used for discharge, and the remaining two 
for suction, depending on the direction of the tide. 
Two mechanically-operated grid strainers are in- 
stalled to deal with the incoming water. Make-up 
water for the boilers is taken from the town mains, 
and a Paterson water-softener is installed. The 
station contains the usual auxiliaries, and various 
electrical apparatus forlocal low-tension supply. The 
high-tension switch-gear is by the British Westing- 
house Company, and is of the standard cubicle 
and electrically-controlled type. The sub-station 
apparatus has been designed with the idea of com- 
bining simplicity with as high an efficiency as pos- 
sible. It consists partly of static transformers and 
partly of rotary machinery. A complete conver- 
sion to direct current would have been suitable for 
the service demanded, but such a scheme would 
have increased capital cost and lowered the over-all 
ettiviency. A combination system was decided on 
in view of existing conditions and of some of the 
service required, and also with a view to allowing 
the installation of a stand-by battery. The battery 
is situated at the General Post Office West, and is 
available in emergency to take the load for all the 
sub-stations, by running the rotary machinery 
reversed. 








Tue Frencu Destroyer “ CavaLier.”—We are in- 
formed by the Chantiers et Ateliers Augustin Normand, 
Havre, that the 600-ton destroyer Cavalier, built by them, 
recently completed a six-hours’ trial run at high speed ; 
the speed obtained was 31.02 knots, the speed contracted 
for being 28 knots. 





THe Textite InstiTuTe.—This Institute has issued 
No. 2 of Vol. I., giving the report of the proceedings at 
the congress held in Bradford on September 8, 9, and 10 
last, under the presidency of Lord Rotherham. It con- 
tains the president’s address and the papers that were 
read at the meetings, dealing with education, the testing 
- textiles, gas power in textile factories, and other points 
of interest. 





Tur Sr. LawrENck.—Within the last five years the 
St. Lawrence Ship Canal has been ignted and buoyed 
with increased care and efficiency, and it is now claimed 
that its lighting between Quebec and Montreal has added 
60 days to the navigable season, by making navigation 
as safe by night as by day. The channel is now 550 ft. 
wide in the straight and 750ft. wide at curves, and 
its depth varies from a minimum of 40 ft. in the spring to 
a minimum of 31ft. in the autumn. Fifteen years 
the largest vessel trading in the St. Lawrence had a dis- 
placement of 6000 tons ; now ships of 15,000 tons can come 
up to Montreal. 





THe GERMAN CABLE EmpDEN-TENERIFFE-MONROVIA. 
—After the completion of the direct cable connection 
between Emden, on the North Sea, and the Island of Tene- 
riffe, the loading of the cable section Teneriffe-Monrovia 
was commenced on January 18 last at Nordenham. The 
whole cable has been made by the Norddeutsche See- 
kabelwerke at Nordenham, near Bremerhaven. 
new*section has a length of 1857 nautical miles of sea 
cable and of 4 miles of shore cable, the total weight bein, 

3400 tons. By February 16 the whole cable was on boa: 

the Stephan, which reached Teneriffe on March 1. The 
actual laying of the cable over to Monrovia, the capital 
of the Republic of Liberia, was accomplished in the ten 
days, March 5 to 15. The weather was favourable, and up 
to 8.65 nautical miles were laid per hour, and a maximum 
of 196.5 miles per day. The greatest depth met with 
was 2400 fathoms. By March 20 the first signals were 
exchanged between Emden and Monrovia, and on the 
following day the line was declared open. At present 
Monrovia, on what used to be known as the West African 
Pepper t, is being joined to Pernambuco, in Brazil, 
and the last section of the cable of the German South 
American Line will soon be completed. The settlement 
at Monrovia dates from 1822, the establishment of a 


880 | d’ Academie.” —M 


The | W 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 9. 

AccoRDING to an announcement of the American 
Railway Association there are very few idle freight-cars 
in the country. The number is 21,896, compared to 
36,636 at same time last year. Nearly all the railway 
systems have completed their estimates of equipment 
in the shape of cars, locomotives, and minor equip- 
ment for the coming year. Quite a number of systems 
have completed their estimates for steel rails. Many 
of them are specifying a higher grade of steel 
than heretofore. This will, of course, increase the 
price somewhat, but the standard price for standard 
steel rails remains at 28 dols. Purchasers of con- 
struction material will not order just at present, but 
with a favourable national election the disposition to 
contract will be stronger. An important feature in 
the new estimates for equipment is the number of all- 
steel cars that will be ordered. Several systems will 
operate all-steel trains exclusively. While the general 
situation has not improved radically, there is an im- 

roving tone to the market growing out of the know- 
ae that an enormous amount of railway equipment 
will be necessary, and that it is impossible to delay 
orders for this equipment very much longer. The 
entire situation will change as soon as the railroad 
systems begin to buy. Late advices from the manu- 
facturers of machine-tools and shop equipment are 
affording encouragement to this branch of industry, 
not in orders that are booked, but in inquiries that are 
coming along. It is estimated that exports of manu- 
facturers for the current year will exceed 800,000,000 
dols. in value, which will be the largest figure for any 
year. For the nine months ending September 30 the 
value of exports was 613,000,000 dols.—-an average of 
68,000,000 dols. per month. The value of crude 
materials for use in manufacturing for the nine months 
show a total of 413,000,000 dols., against 379,000,000 
dols. for the same period last year. The volume of 
freight traffic as compared to last year indicates an 
increase, as is corroborated by the decrease in idle 
cars above mentioned. With the election past much 
hesitancy will disappear, and manufacturing activities 
will resume normal proportions, 








ContTracts.—Messrs. Schmidt’s Sapementiog Com- 
pany, Limited, inform us that the number of ships fitted 
with their system of superheating this year, plus the orders 
on hand, give a total of ninety-seven installations.—Mr. 
Charles Taylor, Bartholomew-street, Birmingham, states 
that he has received from Paris an order for forty-nine of 
his patent spiral self-centering chucks for one of the 
French arsenals.—The Mines de Pierrefitte, Limited, 5, 
Fenchurch-street, E.C., have adopted the principle of 
roasting and dry magnetic separation at their Pierrefitte- 
Nestalas_ mines, and have signed a contract with the 
British Humboldt Engineering Company, Limited, of 
Dixon House, Lloyd’s Avenue, London, E.C., for the 
plant.—Messrs. Kermode’s Liquid-Fuel System, Liver- 
pool, have received the order from Messrs. Vickers Sons 
and Maxim for an outfit of their patent pressure jet 
liquid-fuel system for a cruiser for the Imperial Chinese 
Navy; also an order from Messrs. William Arnott, 
Coatbridge Iron Works, for their steam-jet liquid-fuel 
system for twelve Lancashire boilers ; further, an order 
from the Power Gas Corporation, Limited, Stockton- 
on-Tees, for their a system for burning Mond 
gas-tar.—Messrs. Ed. Bennis and Co., Limited, have 
recently booked orders for ninety-eight of their stoking 
a mostly for this country, many of which are repeat 
orders. 





PERSONAL.—Mr. F. W. Bridges, the organiser of the 
recent successful Engineering and Machinery Exhibition 
at Olympia, London, has just had conferred on him by 
the French Government the distinction of ‘ Officier 
r. W. Henry Hunter, M. Inst. C.E., 
who for fifteen years has held the position of chief engi- 
neer of the Manchester Ship Canal Company, has re- 
signed that position, and has been appointed consulting 
engineer to the company in the place of the late Sir E. 

er Williams. Mr. Hunter's resignation will take 
effect at the commencement of the new year, when he 
intends to begin private practice as a civil engineer. Mr. 
Hubert Congreve, Assoc. K.C.L., M. Inst. C.E., the 
assistant engineer, has been appointed to succeed Mr. 
Hunter as chief engineer of the company.—Messrs. R. 
aygood and Co., Limited, inform us that Mr. H. 
Harmsworth and Mr. H. Cecil Walker have joined their 
board of directors. —The Cowper-Coles Galvanising Syndi- 
cate, Limited, operating the Cowper-Coles latest patents 
for cold and hot galvanising, are now adding another 
branch to their business, that of coppering and brassin 
iron for protective and ornamental purposes.—With 
reference to Mr. T. R. Wilton’s appointment as lecturer 
on dock and harbour engineering at the University of 
Liverpool, this appointment does not involve his giving 
up private practice as a consulting civil engineer, 
—Messrs. Buck and Hickman, Limited, 2 and 4, White- 
chapel-road, E., are sole agents for the sale of the grind- 
epee manufactured by the American Emery-Wheel 
orks, Providence, R.I., U.S.A. — Messrs. Royce, 
Limited, electrical-crane makers, Trafford Park, Man- 
chester, have removed their London office to No. 13, 
Walbrook, E.C., and have appointed Mr. F. E, Chilton 








chain-grate stokers, and has a coal and ash-handling 





Negro Republic from 1847. 


as their manager for London and district, 
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HAULAGE GEARS FOR MINES 


Tne illustrations on the present and opposite pages 
show three haulage gears recently constructed , 
Messrs. Barry, Henry, and Co., Limited, of Aber- 
deen, who build a large number of plants of this class. 
The gears embody some of the special features which 
the makers have developed for use in connection 
with this type of apparatus, and form interesting 
modern examples of haulage installations. That 
shown in Figs. 1 and 2, annexed, is a 50-horse-power 
electrically-driven main and tail haulage-gear for a 
colliery, and consists of two drums, carrying respec- 
tively the main and tail-ropes, which each run loose 
on the main shaft, but are arranged to be connected up 
to it and driven by it, one only at a time, by means 
of the sliding claw-clutch between them. This clutch 
slides on feathers fitted in the main shaft, which is 
driven from the counter-shaft through a spur-gearing, 
the counter-shaft being in turn driven from the motor 
through a second spur-gearing. The sliding claw- 
clutch is actuated by a hand-lever situated at the front 
of the gear alongside the two treadles which are 
fitted to the end of the levers which control the two 
drum brakes. 

The details of construction will be followed from the 
figures. The sole-plate is built up of double steel 
channels at the sides, and single channels at the back 
and front, fastened together with angle-cleats and 
gusset-plates, while joggles are riveted on the upper 
side for the pedestals, and plates for the foundation 
bolts. A special channel-frame is attached at the 
front left-hand side to carry the motor. The drums, 
which are of cast iron, are 3 ft. 0% in. in diameter and 
2 ft. 6 in. wide. They have flanges 5 ft. in diameter, 
secured to their ends by countersunk bolts, with their 
nuts inside the drums. Each drum has a brake-ring, 
4 ft. in diameter, cast at its inside end, and at the 
same end cast claws, which serve to engage the sliding- 
clutch. The clutch itself is of cast steel, and has a 
circumferential groove, in which two pads work. 
These pads are pivoted to the upper ends of two ope- 
rating levers, which are attached to the rocking-shaft 
carrying the hand-lever, so that as the lever is moved 
into its right or left-hand position the clutch is carried 
into driving contact with either the main or tail-drum. 
The hand-lever works in front of a cast-iron quadrant, 
and is fitted with a locking-bolt with a hand-nut, so 
that it may be locked in any desired ition. When 
the lever is in its central position, ial dveme are free 
from the clutch. 

Each drum is fitted with s post-brake, operated by 
a foot-lever, of which the arrangement will best be 
understood by referring to Fig. 1. The posts are 
made of rolled-steel sections, and have cast-iron 
brackets bolted at their lower ends, which carry steel 

dgeon-pins, which fit into cast-iron pivot-brackets 
Bolted to the sole-plates or the foundations. The 
brake-shoes are of cast iron, and work on steel pivots 
secured into cast-iron brackets fitted to the posts. 
The tops of the posts are connected by pull-rods, which 
are fitted with adjustable balance-springs workin 
against an upper fixed beam. One end of each o 
the two pull-rods is pivoted to one arm of a bell-crank 
lever, the other arm of which is pivoted to the upper 
end of a vertical rod connecting to the correspondin 
treadle-lever. These levers have tilence-eelaiie an 
vertical ratchet-posts carrying the treadles, so that 
the brakes may Le locked in any ition. It will 
be obvious from Fig. 1 that the depression of the 
treadles will bring the brake-blocks in contact with the 
brake-wheels, and that when all is free and properly 
adjusted, the springs will hold the blocks out of con- 
tact with the wheels. 

The main shaft is 7 in. in diameter in the body and 
6 in. in the journals, and works in bearings 84 in. 
long. The counter-shaft is 4in. in diameter, and is 
carried in two bearings, each 6 in. long. Collars are 
fitted on each side of oae of the bearings to keep the 
shaft in position. The gear-wheels are of cast-iron, 
except the motor pinion, which is of forged steel. 
The drum-shaft spur-wheel is of 4 ft. 64 in. pitch 
diameter and gears with a counter-shaft pinion of 
1 ft. 8}4 in. pitch diameter, while the counter-shaft 
spur-wheel is of 3 ft."0} in. pitch diameter, and the 
motor pinion of 8% in. pitch diameter, The drums 
run at 56.1 revolutions per minute, and the speed of 
the haulage rope is about 6 miles an hour. The motor 
works from a 2750-volt circuit, and revolves at 600 
revolutions per minute. 

Haulage gears, on the lines of the one illustrated 
in Figs. 1 and 2, but embodying a friction-clutch drive, 
are also constructed by Messrs. Barry, Henry, and Co., 
and an example of one of these is shown in Fig. 3. The 
drive of this gear is ae gen A similar to that in the 
one previously described, except that the main and 
tail-drums are each driven ny by their 
own train of gear-wheels through Barry-t; friction. 
clutches. As will be seen from Fig. 3, the power- 
shaft runs across the front of the gear and carries two 
pinions, which gear with spur-wheels on the two inter- 
mediate shafts which carry the clutches. In working, 


the power-shaft runs continually, and either or both of 
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the drums may be driven by causing the spur-wheels 
to drive their respective intermediate shafts by operat- 
ing either or both of the clutches. The intermediate 
shafts drive the spur-wheels on the drum-shafts by 
means of the pinions at their outer ends. When the 
clutches are disconnected, the spur-wheels run free on 
the intermediate shafts. 

_The detail construction of one of the clutches is 
given in Figs. 4and5. It consists of a shell A, bushed 
with gun-metal, which runs loose on the shaft, and on 
to the boss of which the spur-wheel is keyed. Inside 
this shell a driver B wales This driver, which is 
keyed to the shaft, consists of a central boss carrying 
four arms, as will be seen from Fig. 5. Two of om 
arms are cylindrical, and form trunnions for the shoes 
C, which slide in and out, and either clamp the driver 
to the shell A, so that the whole arrangement drives 
together, or else run free of the shell, so that the 
drive is not transmitted. The shoes, which are fitted 
with steel-plate rims secured with countersunk screws, 
are operated by means of spindles having right and 
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left-handed square threads at opposite ends, working 
in nuts E in the shoes. The centre parts of the 
spindles are octagonal in section, and are fitted with 
levers F, as shown in Fig. 4, in such a way that, as 
the levers are moved through a small angle, the spindles 
are rotated and the shoes are caused to slide in or out, 
thus either freeing themselves from, or clamping them- 
selves to, the shell A. The levers F are operated by 
a sleeve G, which slides on the shaft and which is con- 
nected to them by short links. The sleeve G, which, 
of course, rotates with the driver B, is moved along 
the shaft by pads working in a circumferential groove, 
and which are attached to the top end of a rocking- 
lever operated from the hand-wheel mechanism, which 
can be seen in Fig. 3. 

A rope-driven: single-drum endless haulage ¢ 
fitted with a Hall-type friction-clutch, is illustra‘ d 
in Fig. 6, while details of the clutch are given 1 
Fi to 9. The general arrangement of the gear 
will be clear from Fig. 6, The first shaft is rope-driv«s, 
and the drive is stepped down between it and the 
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THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 


Inaugural Address, by 8. Z. DE FERRANTI, President.* 


I proposk this evening to address you on the following 
subjects :— 


Coat CONSERVATION ; Home-Grown Foop ; anp 
THE BETTER UTILISATION OF OuR LaBouR. 


I believe that these problens are closely connected, and 
are all capable in a great measure of being solved Ly means 
of an electrical treatment. 

There are few subjects more important to the people 
of this country than the question of the rapid and ever- 

rowing rate at which we are using up our coal supplies. 
oe writers have dealt with this subject, and have sug- 
gested various remedies. 

It may be said that the rate at which we can use coal is 
a measure of our industrial activity and prosperity. This 
would be true, perhaps, if we were using our coal with- 
out waste, or at least with reasonable economy ; but it is 
certainly not true of what we are at present doing. 

Taking all the uses for coal into consideration, I believe 
that we are getting back an amount represented by useful 
work of one kind or another of much less than 10 per 
cent. of the energy in the coal. We can never, of 
course, hope to get anything like the full value of the 
energy in the coal, but, on the other hand, throwin 
ag | more than 90 per cent. of the value of our coa 
in the process of conversion is of the greatest possible 
concern to the country. Moreover, there is a further 
waste involved in our present methods of using coal which 
is only second in importance to the one I have spoken of. 

We now dissipate nearly the whcle of the valuable by- 
products contained in the coal, consisting principally of 
fixed nitrogen. 

Besides the question of the waste of our coal by misuse, 
there is another cause working at an ever-increasing rate 
towards the exhaustion of our supplies. I refer to the 
immense exportation of our coal to other countries. 

I will now turn to the question of our food supplies, 
and without going into details, which are available for 
every one to read and study, I would remind you that we 
now import the greater portion of our food because we 
believe it pays us better to do so. 

This state of affairs is brought about by a number of 
complex circumstances, but is, in a measure, due to the 
necessary uncertainty of prices in our market under our 
present system, the comparatively small acreage that 
we have available, and to getting an insufficient return 
from the land that we have under cultivation. 

Our only chance, however, of supplying our food re- 
quirements lies in a successful system of intensive culti- 
vation throughout the country. This, in its turn, depends 
upon many things, but primarily it can be stated that 
it involves spending money in order to get the greater 
return required, and our farmers are naturally averse to 
spending money when the return to be obtained is so 
problematical. It isalso attributable to the fact of inten- 
sive cultivation requiring a liberal supply of chemical 
fertiliser, principally in the form of fixed nitrogen. This 
commodity, on account of the wasteful system of using 
our coal], is, I believe, at too high a price to make 
intensive cultivation attractive to the farmer. There is a 
further difficulty still standing in the way-—viz., the want 
of knowledge on the subject of intensive cultivation ; but 
T am sure that once a sufficiently general interest was felt 
in the country, and a sufficient prospect of reward to 
workers on this subject assured, that knowledge would 
grow ata rapid rate and soon bring about an efficient 
system of using our land. 

The third subject that I have mentioned to you is that 
of our wasted labour. It may be said that all labour is 
useful, insomuch as if it were not required it would not be 
used. On the other hand, we may consider the theoretical 
case of all labour being wasted, insomuch as it is possible 
to conceive of a vast automatic machine which, with the 
direction of a single person, would fill all our possible 
requirements and would include in its many functions a 
capacity for keeping itself in repair, and extending its 
operations to all new wants that it had to fill. There is, 
however, as in most things, the middle course, for which 
we should aim, and that is, the supply of all our reasonable 
wants with the least possible amount of labour. 

Looking at the question-more in detail, we can first 
consider the labour spent in and about raising and distri- 
buting the coal which we now use, and which we would 
save under more economical conditions. Then there is 
the vast army of workers who are employed in cleanin 
up the dirt that is produced by our present methods o 
using coal. If you consider what goes on in every house- 
hold, you will see how large a proportion of the domestie 
labour is devoted to this. There are also all the people who 
are now employed in the process of burning for all 
the various uses to which it is put, and who represent an 
enormous amount of labour, which, under a more efficient 
system, could be turned to better account. 

It must be evident that the more efficient running of 
the country as a whole the more rapidly must it add to 
its wealth and diminish the amount of labour which in- 
dividuals have to expend in order to live ‘at a given 
standard. This efficient working of the country to a 
large extent depends upon the proper use of its natural 
resources in material and labour, and the saving of all 
waste in these which can possibly be brought about. 

Considering the question of coal - saving, by- uct 
recovery, and labour-saving, it is evident that the onl 
way of obtaining material improvement under these heade 
is to concentrate the process of transformation of the coal, 
and to carry out this process at the smuallest reasonable 
number of centres. It is in the process of transformation 
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of coal into work in the form of heat and power that the 
great loss occurs, as this is always a most difficult process, 
and requires the highest scientific and practical skill to 
carry out with even very moderate economy. 

It has been proposed, with a view to accomplishing the 
above ends, to treat the coal at central stations and turn 
it into gas, and distribute the energy in this form ; but 
this process only goes a small way towards the solution of 
the problem, as under it combustion—which is such a 
difficult problem—would be taking place at numerous 
points over the whole country, all tending to inefficiency, 
and the conversion of the gas into power is by no means 
easy, involving running machinery of the reciprocating 
class, requiring special and skilled attendance. 

It appears that with a problem such as we are discussing 
it is fundamental that the energy in the coal should be 
converted, at as few centres as possible, into a form in 
which it is most general] —— to all purposes with- 
out exception, and in wate it is most easily applied to 
all our wants, and is, at the same time, in a form in which 
it is most difficult to waste or use improperly. 

We are therefore forced to the conclusion that the only 
complete and final solution of the question is to be ob- 
tained by the conversion of the whole of’ the coal which 
we use for heat and power into electricity, and the re- 
covery of its by-products at a comparatively small number 
of great electricity-producing stations, 1 our wants in 
the way of light, power, heat, and chemical action would 
then be met by electricity distributed over the country. 

It must, however, be remembered that the distribution 
of energy in the form of electricity instead of coal can 
only be effectively carried out when it can be done in such 
a way that it is available for all the purposes for which 
cual is now used, and this can only be the case when the 
conversion is effected at such an efticiency as will cause 
the electric energy delivered to represent a high per- 
centage of the energy in thecoal. Failing this, no scheme 
for conversion at the pit’s mouth and delivery of energy 
in the form of electricity is sound. There is also another 
controlling factor which must be satisfied in order to make 
this scheme possible. Both the conversion of the coal 
into electricity and the distribution of the current must 
be effected at a low capital cost, so as not to overburden 
the undertaking with capital charges. 

Considering the various processes of conversion which 
are now available, or which may be invented, and their 
possible and probable efficiency, we first come to electric 
generators driven by reciprocating steam-engines. Their 
economy, expressed in the form of energy in the coal to 
electric enersy: may be taken as a maximum of 10 to 12 
per cent. is is, of course, far too low an efficiency 
to make any scheme such as I have already indicated 
possible, besides which the capital expenditure and the 
complication involved are far too great, and the size of the 
units too small, to be thought of for the purpose in view. 

We next come to large steam-turbines, such as have 
been constructed, and see that their maximum efficiency 
may be put down at about 17 to 18 per cent. 

Next in the list, in order of economy, comes the big 
gas-engine, fed from gas-producers, with an efficiency of 
coal energy to electric energy of possibly 25 per cent. 

In the future we have to look towards two other means 
of conversion—the gas-turbine-driven electric generator 
and the production of electricity in some more direct 
way from the coal; but these two means of conversion, 
although being capable of giving the most efficient 
results, are so much in the distance that they are quite 
beyond our present consideration. 

After very careful thought, I have come to the conclu- 
sion that, in order to supply electricity for all purposes, 
it would be necessary, amongst other things, to have a 
conversion efficiency of not less than 25 per cent. 

For the purpose of looking into this question I have 
taken the figures of production and consumption given in 
the report of the Royal Commission on Coal, which 
clearly summarises the position as it stood a few years 
ago ; and as the increase taking place is fairly regular, these 
figures have been taken throughout. According to this 
report 167 million tons of coal were being u: in the 
country in 1903. Of this amount 2 million tons went to 
coasting steamers and 15 million tons were used by the 
gas companies. In order to simplify matters and make 
the figures clear, I have left out of consideration the coal 
used on these two items, and taken the balance—viz., 150 
million tons—as the annual coal consumption of the 
country. If now, instead of using this coal for doing 
work as at present, we were to convert it into electricity, 
we should use, instead of 150 million tons, 60 million tons 
of coal a year. This coal], turned into electricity, would 
produce 131,400 million Board of Trade units, and the 
electricity so produced would, after allowing for losses of 
transmission and conversion into work of different kinds, 
be sufficient to supply the whole of our requirements now 
being satisfied by the use of the 150 million tons of ‘coal 
which we now burn. : 

To form an idea of the magnitude of the proposal, it 
is well to compare it with electrical supply as we know it 
to-day. At present of all the coal we burn in the country, 
only _ cent. is used by the public electric supply works 
of which returns are pub bohed and it is therefore evident 
that electricity has up till now hardly commenced to dis- 
place direct-used coal. 

In the conversion of coal into electricity one of the most 
important considerations is the load-factor at which the 
converting and distributing plant effects the operation. 

Electricity used for lighting, cooking, power, and trac- 
tion must supplied as and when required. On the 
other hand, domestic heating will be done largely through 
the medium of heat storage, and is therefore a control- 
lable form of demand. Metallurgical and chemical pro- 
cesses, which depend for their success upon a wa cheap 
supply of current, will have to be so adapted and modi- 
fied that they can take current intermittently and so fill 
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up the load curve, thus enabling the current which ¢ 
require to be- produced with the-least capital expendi- 
ture, and at the same time greatly assisting the good 
conversion efficiency of the whole supply. I believe that 
under the circumstances a load-factor of 60 per cent, 
would be obtained. 

At first sight it seems unreasonable to expect such a 
load-factor, but it must be remembered that our ideas are 
based on ne goa electric supply, which only uses some 
1 per cent. of the coal now consumed in the country. At 
present, as is quite natural, electricity is used for what 
coal does least satisfactorily direct, and it is. misleading 
to compare the load-factor so obtained with those which 
will be got when electricity replaces coal entirely. 

Considering now the means to be adopted for convert- 
ing the coal into electricity, and the efficiency at which 
this can be done, we find that in gas-engine-driven alter- 
nators we have a system theoretically capable of return- 
ing 25 per cent. of the energy in the coal in the form of 
electricity. The gas-engine, however, as a converter of 
energy on the scale required suffers from the fact that the 
units are too small, and the cost of the complete installa- 
tion is too high. These difficulties appear to defer the 
realisation of an all-electric scheme until electricity is 
generated by some gas-turbine of the future, or direct 
from coal by chemical action. 

There is, however, an intermediate process of conver- 
sion which will, I believe, give the necessary efficiency 
without’ undue complication or expense. The steam-gas 
turbine, in which steam is used in the state of a gas at a 
high temperature throughout the process of conversion 
into work, gives theoretically a high efficiency at workable 
temperatures, and, I believe, will in course of time supply 
the necessary means of conversion for effectively turning 
our coal into electricity. 

In order to produce the supply of 131,400 million Board 
of Trade units at a 60 re cent. load-factor, machinery of 
the normal capacity of 25 million kilowatts would have 
to be installed. For the purpose of estimation it may be 
considered that this capacity would be divided up into 
100 stations of the capacity of a quarter of a million kilo- 
watts. Each of thesestations would contain ten generators 
of 25,000 kilowatts capacity. Thiese stations would be 
spread about the country to supply the demand in each 
part roughly proportional to the coal now consumed. 

The positions of the actual generating-stations would 
be largely controlled by the facilities for obtaining coal 
and water for condensing. ._In many cases they would be 
close to the colliery districts, and the current would be 
transmitted to the points of demand. In other cases, where 
a considerable demand was concentrated at a distance from 
the sources of coal supply, and where the coal could be 
cheaply carried, especially by water, stations would be 
installed, and would supply electricity to meet the sur- 
rounding demand. In Ph cases, however, whether far 
from or near to the coal production, the coal would le 
delivered in very large quantities to only a few points of 
consumption, and would thus reduce the labour and co: t 
of transmission and handling to the lowest figure. 

Many works taking a large quantity of electricity for 
metallurgical and chemical purposes at a very low price 
would be built adjoining the generating stations, and 
other existing works would be at such short distances 
that the capital costs for distribution of the electricity 
which they used would be very emall. i 

Estimating on the basis of the typical generating-station 
considered and multiplying by the number of stations, I 
have put down the capital cost of generating works at 7/. 
per kilowatt,“which, for the total kilowatts required, 
gives an expenditure of ‘175 millions sterling. The cost 
involved in’ the distribution system on such a scale is 
difficult to estimate. The conditions of demand in rela- 
tion to the position of the supply stations would, however, 
be favourable, as a great deal of the energy required 
would be transmitted only short distances, and units of 
demand would belarge. Under the circumstances, I believe 
that 13. per kilowatt would be amply sufficient, and 
a sum of 325 millions sterling would thus cover the cost 
of the distribution system. The total cost of the scheme, 
including ‘all expenses up to the point of delivering the 
electric supply to'the consumer, would thus be 500 
millions sterling. This, of course, isa very large figure ; 
but, considered in relation to other industries, and the 
results to be accomplished, cannot be considered excessive. 

It has been estimated that the capital now invested in 
this country in electrical. undertakings amounts to some 
400 millions sterling.. t year the electric suppl) 
business had invested in it some 58 millions sterline. 
The proposed scheme would therefore absorb from eight 
to nine times the amount of capital now invested in the 
portion of electric supply undertakings for which figur:= 
are available. The units generated upon the all-electric 
method of working would, however, be some 150 times as 
great as those generated by the above undertakings, anc 
the cost of rdiiection and sale price of current would, of 
course, be very much lower than at present. 

The cost of producing the electricity required under th: 
scheme may now be considered. Capital costs taken at 
84 per cent. upon the money invested form by far the 
most serious item, and amount to 0.0776d. per unit, or # 
total of 42,500,000. per annum. The works cost woud, 
I believe, not exceed 0.086d., bringing up the total cost- 
including interest and all other charges, to 0.1145d. p: 
unit, or 62 milliéns sterling per annum. 

In arriving at the above figures for the costs of gene: 
ration, 60 million tons has been taken as the annua! co! 
consumption, and this has been charged at an averag 
price of 10s. per ton, thus amounting to 30 millior 
sterling. On the other hand, it has been assumed tliat 
with improved processes of conversion, 1 ton of coal w) 
yield fixed nitrogen equivalent to, 1 cwt. of sulphate 
ammoiiia.. ‘The*present price of this commodity is w: 
over 12/. a ton, but considering the large scale of produc- 
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i nd the necessity of supplying it at a low price to 
ie. its use general for agricultural purposes, -I ‘have 
reckoned the fixed nitrogen as of a value of only 8. per 
ton of sulphate of ammonia, or, on the three million tons 
to be produced, of 24 million pounds sterling. This 
reduces the cost of the coal to six millions sterling, which 
largely accounts for the low works costs. : 

The cost of chemicals required to make the fixed nitro- 

n available, together with the necessary labour involved 
in the process, would be met by the sale of the other coal 
by-products, principally consisting of tar and oils. 

“It is, of course, well known that firing by means of gas 
compares unfavourably with using the direct. It is 
also generally found that a good return of fixed nitrogen 
in the form of ammonia is only obtained from the coal at 
a sacrifice of thermal ane. and also involves a much 
smaller yield of the other by-products which can. be 
extracted from the coal ; but now that the importance of 
these matters is realised, a great deal of work is being 
done to improve the processes, and eventually it will un- 
doubtedly be ible to obtain the high return that I 
have spoken of without sacrifice in other directions. 

Following upon the costs of electric generation already 
discussed, I have assumed, for the purpose of comparison, 
that the average price at which current would be supplied 
throughout the country would be 4d. per Board of Trade 
unit. The charges would not be uniform, but would be 
graded according to the position and nature of the load 

upplied. 
_ 3 is interesting for a moment to consider the effect of 
such a supply of electricity upon its present and future 


ses. 
7 Taking lighting to begin with, which was the first 
application for which a supply of electricity was generally 
given, it will be clear, considering the strong position 
which electric lighting now holds even with current at 
an average price of 2d. per Board of Trade unit, that 
when it is obtained from current at the much lower prices 
that would rule under the all-electric scheme, no other 
form of light would have a chance in competing with it. 

Notwithstanding _ high prices, a good deal of 
electric cooking and heating is already being used, and 
although it would appear to be too expensive for general 
application, still the very good results obtained and the 
large amount of labour saved are already sufficient to 
justify its use to-day. ; ; 

When electric heating and cooking are carried on with 
current at the very low figures at which it would be 
possible to sell for these purposes, it would me | be a 
matter of time for all heating and cooking to be done by 
means of electricity. 

Regarding the supply of power, electricity is now 
admittedly the most convenient form of power for all 
purposes, and this, again, notwithstanding the costs 
involved on the comparatively small scale on which we 
now produce. The overwhelming advantages of electric 
power at a price at which it would be supplied on the all- 
electric scheme would clearly ensure its use for all power 
purposes. 

The case with regard to electric tramways and light 
railways is well known, and any reduction in the costs of 
running due to cheaper current would, of course, act 
greatly in favour of these undertakings, and would help 
to extend their usefulness. Light railways, which, for 
various causes, have made such poor p' if sensibly 
dealt with, would greatly benefit by finding a cheap 
supply of energy available in all parts of the country. 

The electrification of main-line railways has not yet 
progressed very far, as it is hard to make out asufficiently 
strong case to warrant the large expenditure necessary for 
electrication; but there is little doubt that growing 
traffic, which necessitates additional works, will be best 
met by electrification, which will enable a greater return 
to be obtained from existing lines and works. The elec- 
trification of our railways would be greatly assisted and 
made a more profitable investment if a supply of current 
at such a figure as we are now considering were available 
for their working. 

The manufacture of pig iron is, no doubt, quite the 
most economical use of coal that we now have, but recent 
work with electric smelting furnaces has shown that it is 
only necessary to have electric current at a low enough 
price, and for sufficient experience to be obtained, to make 
it more economical to smelt iron electrically than by 
present methods, and using only sufficient coke to provide 
the carbon for the purpose of reduction. 

It may be taken, from the experiments already made, 
that, when worked on a sufficient scale, a } ton of coke 
would be required 4 ton of iron produced, and that 
4 tons of iron would be obtained per kilowatt-year. This 
would mean that about 0.42 ton of coal would have to be 
converte’ into coke and used per ton of iron, together 
with alout 2200 Board of Trade units, which, at ;,d., 
Would come to 15s. 3d. per ton of iron. As the electric 
furnaces would no doubt closely adjoin the generating- 
Station, tle price named for current would be a very good 
one. We should thus have a cost for coke and electricity 
of about 19s. 6d. per ton of iron produced. 

According to the recent report of the Royal Commission 


on Coal, pig iron on the ave now requires about 
2 tons of coal per ton of iron ven Be inde taking this 
pe the seine price as coal has been taken for the purpose 
oh electric generation—viz., 10s.—this would give 20s. as 
t © cost f fuel per ton of iron produced. It is, however, 
Probable that the production of pig iron electrically with 
a supplied to the works would involve less plant 


a. upkeep of plant than at present ; also a good 
eal less labour would be required. Improvements in the 
a ‘\ brought about as the result of experience would, 
no doubt, further reduce the costs, and would result in 


te = bility in a better article at a lower price. 


Th present produce about 10 million tons of pig 


iron, 1s would therefore require 2} million kilowatts 








of plant run continuously and producing 22,000 million 
Board of Trade units annually. In order to get cur- 
rent for this purpose at the lowest price, it would in all 
probability be found desirable well to insulate the furnaces 
to avoid heat-loss, and for the same reason to have indi- 
vidual furnaces of a very large capacity. It would then 

ble to work intermittently and yet with economy, 
and so use the current taken by the furnaces to fill up 
the load curve, thus adding to the economy of conver- 
sion and reducing the capital expenditure involved in 
electric plant. 

Steel-making electrically is already in extensive use, 
and even with present facilities for generating the cur- 
rent which the process requires is beginning to make con- 
siderable headway. ll steel would, of course, be pro- 
duced electrically as soon as sufficient experience had 
been gained regarding details and a supply of very cheap 
current was available. 

Foundry work in both iron and steel would be most 
conveniently carried out by means of electric melting. 
It is already known that the electric furnace gives the best 
results obtainable for steel castings. 

The heating of steel for rolling, forging, and annealing 
will be most efficiently carried out electrically as soon 
as the cheap supply warrants apeaests in this direc- 
tion. In fact, furnace work for which coal or gas are 
now used could, I am convinced, be more satisfactorily 
done electrically when an abundant and cheap supply is 
available. 

We now use aluminium for a number of purposes, not- 
withstanding our want of knowledge as to the best ways 
of working it. When our experience with aluminium 
in any way approaches what we now know about the work- 
ing of steel, it is certain that vast quantities of this 
material will be used throughout the world. The manu- 
facture of aluminium is another of the processes which 
will be greatly facilitated by a cheap supply of electricity. 
In fact, it may be said that aluminium can only pro- 
duced economically at present in water-power countries; 
but as an intermittent supply of electricity could be given 
under the a gm scheme at a lower price than it is 
being obtained from water powers, we should be in a 
better position than the water-power countries to manu- 
facture this metal. 

With cheap electricity available, electro - chemical 
processes must grow and multiply to an enormous extent, 
and not only should we produce for ourselves all the 
chemicals which are now produced electrically abroad, 
but everything that can be produced electro-chemically 
would then be made in this country. 

There is a further application of the electric current 
which, so soon as the price was low enough, would no 
doubt largely come into use. This is in the intensive 
growing of fruit and vegetables under glass. It isknown 
that considerably more forcing in the way of heat can be 
advantageously applied where light is also furnished 
artificially, and it is therefore probable that, with electri- 
city everywhere available at a low price, an immense 
amount of intensive cultivation under glass with the heat 
— by means of the electric arc would be under- 
taken, as in supplying heat by this means light would also 
be supplied, which would have the effect of enabling the 
growth to benefit fully by the artificial heat. 

Summarising the whole position, it may safely be said 
that, wherever coal, gas, or power are now used, every- 
thing for which they are used will be better done when 
electricity is the medium of application. 

Hardly less in importance in the all-electric scheme is 
the question of the by-products which become available 
b Sopage use of our coal, These consist principally 
| fixed nitrogen, together with tar and oils. 

Fixed nitrogen in the forms of sulphate of ammonia, 
nitrate of soda, and nitrate of lime are most valuable 
fertilisers, and enable land continually to produce the 
same crops with a greatly increased yield per acre. Much 
has been done in finding out how best to utilise these 
artificial fertilisers, but no doubt a great deal more will 
be done in this direction, and fertilisers will be prepared, 
with fixed nitrogen as their principal constituent, which 
best suit the particular soils and crops that it is desired 


to deal with. 

According to last year’s Board of Trade returns we 
now grow about 23 per cent. of the total wheat that we 
use, and import 77 per cent. Of,the barley used we grow 
59 per cent., and import 41 per cent., and of the oats used 
78 per cent. is home grown, and 22 per cent. imported. 
Last year we devoted 7} million acres to the cultivation 
of these crops. 

Much is being done to improve the yield of corn crops, 
and it is probable that with scientific treatment in the 
production‘of the seed, in the sterilisation of the ground, 
and in the application of fertiliser, we may look at no 
distant date to an in yield of 50 per cent. in these 
crops upon what is now being produced per acre. The 
most vital feature, however, in bringing this about, once 
we have acquired sufficient knowledge, is an ample supply 
of fixed nitrogen to use as fertiliser, and it is when con- 
sidered from this point of view that a scheme which 
supplies this from our coal as the result of saving present 
waste is most important. 

With the increased yields which we have mentioned we 
could produce corn crops sufficient to supply the whole of 
our requirements upon J1 million acres. is would 
represent 234 per cent. of our present cultivated area, and 
would only be an addition of 34 million acres to the land 
now used for the purpose of growing these same crops. 
The value of these additional crops would be about 
58 millions sterling, based upon the prices which we paid 
last year, and tothis would have to be added the value of 
the straw and the other wheat by-products, which would 
go a long way towards providing the food for growing the 
— meat which we require to supply our demand 
at home. 





In order to fertilise the land, we should have available, 
under the all-electric scheme, 3 million tons, or its nitrogen 
equivalent, of sulphate of ammonia. This, if used over 
the whole of the 46} million acres now under cultivation, 
would give 143 lb. per acre; but, of course, the fertiliser 
would be distributed according to the nature of the land 
and the crops being grown. It is probable that under 
these circumstances the increased yield of the land now 
cultivated would not only give us all the grain that we 
should require for food, but also all the foodstuffs, partly 
as by-product from the in and partly grown, that 
would be required for raising the cattle, sheep, and other 
animals necessary_to supply the whole of our wants. 

It is now beginning to be understood that intensive 
farming of the land also involves intensive cattle-raising, 
and that it is very advantageous greatly to reduce the 
amount of grass land, and instead to grow crops inten- 
sively cultivated, as in this way a given amount of land 
can be made to produce a much larger yield. 

Sulphate of ammonia is a particularly fertiliser 
for the purpose of growing sugar-beet, and here again it 
is probable that the availability of large quantities of this 
fertiliser at a very much lower price than at present 
prevails would enable us to produce the whole of our sugar 
at home, especially as the by-product obtained in the form 
of crushings from the beet is a very valuable food for 
cattle-raising, and also as the crop is a very suitable one 
for growing alternately with wheat. 

If it was found that a larger amount of fertiliser than 
the three million tons of sulphate of ammonia, which 
would be the principal by-product from the 60 million tons 
of coal turned into electricity, could be advantageously 
used, this would be very economically produced from the 
electrical station by the oxidation of atmospheric ni n, 

iving a valuable fertiliser in the form of nitrate of lime. 

his could be made intermittently by means of current 
filling up the load-curve, and would not necessitate the 
expenditure of any more money on plant for generation or 
transmission of thecurrent. It would, however, uire 
the burning of additional coal, and this in itself would add 
to the sulphate of ammonia available. 

The output of the 25 million kilowatts of plant installed 
has been reckoned upon a 60-per-cent. load-factor, but it 
is quite _— that the load-curve could be still 
further filled up by an additional 20 per cent. for an 

urposes such as those just stated. In this way it woul 
a possible to burn an additional 20 million tons of coal 
annually, producing a million tons of sulphate of ammonia 
and other by-products, and 43,800 million additional 
units, which could be sold at a considerable profit at 
dyd. per unit, as the cost would not exceed ~yd per 
unit. 

A certain proportion of this extra supply of current 
could be used to fix nitrogen in addition to that obtained 
direct from the coal, should this latter supply be in- 
sufficient for the country’s wants, and the balanve of the 
current used for electro-chemical or other requirements 
which could take power intermittently. 

In this connection it must be remembered that an inter- 
mittent or controlled make-up load may be intermittent 
to the extent of 80 or 90 per cent. of the load, a certain 
amount of current being always kept on to make up for 
heat-losses in furnaces or to prevent reversal in electro- 
chemical work. 

If the whole of the additional output could be taken 
up, the effect of the increase of revenue, together with 
the difference on the original — of selling the first 
60 per cent. at an average of {d., instead of at the lower 
figure of 0.1145 of a ye! already mentioned, would 
enable 10? per cent. to lowed on the capital, instead 
of 84 per cent. already provided for. 

It is assumed by many people that the climate of this 
country is largely unsuitable for the purpose of growing 
food, and for this reason it is thought that we can never 
grow the food which we require. is is largely a mis- 
conception, as crops in quantity and of good 
quality can be produced in this country. Nevertheless, 
it would be a desirable thing if, instead of the dark 
weather that we now often experience, owing to cloud 
obstruction, we could have continuous sunshine at certain 
times of the year. The amount of sunshine would, no 
doubt, be largely increased by the abolition of all smoke 
in the air, as not only does the smoke itself obscure the 
sun, but also it seems to have the effect of assisting the 
formation of cloud, which greatly diminishes the light 
and heat which we receive. 

At present it is considered quite right and reasonable to 
canalise rivers, and make great works for adding to the 
fertility of countries by means of irrigation; but I believe 
that in the future the time will come when it will be 
thought no more wonderful largely to control our weather 

it is now thought wonderful to control the water after 
it has fallen on the land. - I think that it will be possible 
to acquire knowledge which will enable us largely to 
control by electrical means the i h 





hine which r 
us, and, in a climate which usually has ample moisture in 
theatmosphere, to produce rainfall when and where we 

uire it. 

t seems to me that it may be possible, when we know 
a great deal more about electricity than we do to-day, to 
set up an electrical defence along our coasts by which we 
could cause the moisture in the clouds to fall in the form 
of rain, and so prevent these clouds drifting over the 
country between ourselves and the sun which they now 
blot out. It also seems to me that it will be possible, 
when more water on the country is required, to cause the 
falling of rain from the clouds passing over the highest 
part of the country and so produce an abundance of water, 
which, properly used, would greatly add to the fertility 
of the country. 

Of course; it may seem that these are only mad visions 

of the future, but 1 think we can hardly consider these 
results more improbable than anyone would have con- 
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sidered wireless telegraphy or flight in heavier-than-air 
machines fifty years ago. My excuse for mentioning 
these matters here is that they might constitute another 
great use of electricity, and their useful consummation 
would certainly be facilitated by an abundant supply of 
electrical energy. 

There aan be further by-products from the coal in 
the form of tar and light oils. The effect of their abun- 
dant production and sale at a low price would be most 
important to the country, as the large quantity of tar 
produced would enable us to make goon roads, which we 
much need, and which would have the lowest cost of up- 
keep, and the light oils would, when carburettors have 
been further developed, go a long way towards supplyin; 
the fuel for our motor-cars and other motor vehicles whe 
we now have to import from abroad 

As there must be an enormous development in the way 
of motor traction, these two by-products become most 
important. The necessity for labour-saving appliances 
used in agriculture must greatly add to the number of 
motors which cannot, according to present knowledge, be 
replaced by electricity, and these, no doubt, would be 
made to burn the heavier oils which would be produced 
as part of the coal by-products. 

onsidering the general effect of the all-electric scheme, 
in which, with but small exception, the whole of the coal 
used is turned into electricity, the first important effect 
would be the saving of some 80 to 90 million tons of coal 
a year. As weshould produce the whole of our food re- 
uirements, we should not have to export our capital in 
the form of coal to help pay our food bill. In this way, 
by making these two savings, we could prolong the useful 
life of our coal-measures two-and-a-half times, and still 
have 20 million tons of coal a year available for the use 
of our steamships over and above the coal required in the 
country. 

The saving of labour now employed in raising the vast 
amount of coal which we now waste or send abroad, and 
also the labour employed in transporting this coal and 
using it for all the various purposes for which it is now 
required, together with the labour employed in cleaning 
up and getting rid of the effects of burning coal according 
to our present methods, would all be available for addi- 
tional manufacturing of the articles now imported and for 
use on the land. 

The saving of so much wasted labour and material 
would tly add to the prosperity of the country, and 
so enable us to support a larger population living under 
more healthy and comfortable conditions than at present. 

Cheap electricity would greatly stimulate all manu- 
facturing operations, which would, in turn, enable labour 
to be much better remunerated than at present, and to 
enjoy a much higher standard of comfort. The higher 
value of labour would in its turn stimulate inventiveness 
and the production of all sorts of labour-saving appli- 
ances, which, with cheap electricity, would enable us to 
produce in the future, under suitable market conditions, 
at cheaper rates than are now possible, notwithstanding 
the better return that labour would obtain. 

Great hardships are always produced where any great 
industrial change is made, but the more efficiently we can 
carry on the work of the country, the more margin must 
there be for the great majority of the people ; so that any 
change which decreases the amount of labour requi 
must eventually give the ple greater comfort and less 
arduous work. It is hardly necessary to point out how 
much better the position of the country would be if we 
were producing the whole, or nearly the whole, of our 
requirements, as in this case we should be far less liable 
to be adversely affected by any external causes or by the 
occurrence of any great war. 

At present, although the using of our coal may mean 
commercial activity, it certainly means the desolation of 
the country in parts where it is largely used. Instead of 
this harm being done to the country by our coal, we 
should fertilise the lands by its means, and might even, 
as I have indicated, use it in the future to increase our 
sunshine. 

Of course, there are many things which at present 
stand in the way of realising such a scheme as I have out- 
lined. There are many technical details which nothing 
but an immense amount of work can solve satisfactorily. 
There are also political and legislative difficulties stand- 
ing in the way, but these, when the time arrived, would 
have to be got rid of rather than allow them to handica 
the advance of the country. The more, however, that 
have considered these ideas in detail, the more certain am 
I of the fundamental soundness underlying them, and 
that it is only a matter of time before such a scheme is 
carried out in its entirety. 

What interests us most perhaps is the question of how 
long it is likely to be before the all-electric idea becomes 
possible. At present there is so much uired to be 
done to make it workable in all its details that it seems 
as though its realisation would be long deferred. It 
must, however, be remembered that knowledge is con- 
tinually being acquired which brings us nearer to its reali- 
sation, and that things engimeering, and especially in 
electrical engineering, now move very rapidly. It may, 
therefore, come to pass that the all-electric idea, with its 
far-reaching changes and great benefits, will become an 
accomplished fact in the near future. 








Maenetic Frevps. — Variations of the strength of 
magnetic fields are, as a rule, indirectly investigated by 
the aid of an oscillograph which shows the electromotive 
force induced in an auxiliary coil, and by es mw 
integration of the resulting curve. In the Physikalische 
Zeitschrift of June 1, 1910, C. Déguisne describes a direct 
oscillograph method, making use of a test-coil in the 
alternating circuit, the coil being connected to a circuit 
containing the oscillograph and sufficient self-induction to 
make the ratio of resistance to self-induction 
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HUMPHREY PUMPS AND COMPRESSORS.* 
By Herpert A. Humpurey, M. Inst. C.E. 


WHEN uested by your Council to re a paper 
for this Aaaidien pi doubts ported yxy o author’s 
mind as to whether there was sufficient new material left, 
in view of the very full statement of the new principles 
involved-in his inventions as given in a paper before the 
Institution of Mechanical Engineers only last year. 
However, matters have pi with unexpected 
rapidity, and the flexibility of his system has been demon- 
strated by its ability to meet conditions which were 
thought by some to impose limitations. 

It was, for instance, pointed out that the only Hum- 
yey pump having a suction lift, and described in the 

rst r, had a change-over valve, which was objection- 
able in large sizes. The author and those associated with 
him were at once able to produce designs of suction-lift 
pumps without this objectionable feature. Again, it was 
stated that the level of the supply water affected the 
volume of the explosive charge, and that it was not in 
practice desirable to be obli to keep the supply level 
constant. Now we can show designs in which the charge 
volume is automatically maintained constant in spite of 
varying water levels, the device producing this result 
being of the simplest kind. Once more it was =a 
against the system that it was bulky, and although this 
was never true if the comparison was made as between 
Humphrey pumps and ordinary reciprocating pum 

et the criticism held when considering the use of the 

umphrey pump for power production and compar- 
ing it with an ordinary gas-engine. Well, this point 
has been met also, and the 1000-horse-power Hum- 
phrey pump new being constructed in Germany 
will compare favourably as to space occupied with a 
tandem double-acting type of gas-engine of the same 
power. The fact is that those friends who believed that 
they saw limitations did not fully realise that the 
resources available to increase the output of a 
were equally open to adoption by us, and that higher 
pressures and Uicher speeds could be applied wherever 
occasion required. The result has been that no case has 
been submitted to us for solution in which the system has 
not proved elastic enough to meet the conditions. One 
must add that some of these solutions are yet untried, and 
are on mathematical calculations to show the i - 
bility, and designs to show the practicability, of the 
several cases. But having in a the established sim- 
plicity and reliability of the pumps so far tested, and 
which embrace the main principles, there is little room 
for doubting that the new proposals will mature into 
efficient and commercially successful machines. 

In the present paper it is intended to deal with the 
subject of pumps and compressors from the broad point 
of view, omitting all details as to types of valves and 


valve gear, except in one instance, just to illustrate |, 


the kind of device which has been found: suitable. 
Also, to make the paper more complete in itself, some of 
the old ground will have to be covered again, and it may 
be as well to start with a definition of the new system. 
Such a definition might read as follows:—A method of 
raising or forcing liquid which consists in applying the 
ited combustible mixture to 
one end of a column of liquid so as to propel the column 
along a discharge-pipe, and to cause it to oscillate in the 
pee under such conditions of energy of the moving 
iquid, that everything necessary for preparing for the 
next ignition is performed during one or more oscillations, 
and wholly or partly owing to it or them. 
Take the simplest case of Humphrey 
trated in Fig. 1. Water has to be rai 


ump, as illus- 
from supply- 


tank ST to an elevated tank ET. . C is the combustion- SE Si 




















chamber, W the water-valve box, w.th valves V opening 
inwards, and D the discharge-pipe. In the top of the 
combustion-chamber are fitted an inlet-valve A and an 
exhaust-valve E. A simple interlocking gear is arranged 
between these two valves, so that when valve A opens 
and closes it locks itself shut and releases the valve E, 
and when valve E opens and closes it locks itself shut and 
releases valve A. Consequently each time that suction 
occurs in the chamber these valves open in turn. 
Imagine a charge of gas and air to be compressed in 
the top of chamber ©, and fired by a sparking-plug which 
projects through the top casting. All the valves are shut 
when explosion occurs, and the increase in pressure 
drives the water downwards in the pump, and sets the 
whole column of water in the discharge-pipe in motion. 
The column of water attains kinetic energy while work 
is being done upon it by the expanding gases, so that 
when these gases reach atmospheric pressure the column 
of water may be moving with considerable velocity. The 
motion of this column of water cannot be suddenly 








* Paper read before the Manchester Association of 
Engineers, November 12, 1910. 





arrested, hence the pressure in C tends to fall below that 
of he Ruse, the exhaust-valve E opens, and also 
the water-valve V. Water rushes in through the water. 
valves mostly to follow the moving column in pipe !), byt 
rtly to rise in chamber C in an effort to reach the same 
evel inside the chamber as exists in the suction-tan|;. 
en the kinetic energy of the moving column })as ex. 
pended itself by forcing water into the high-leve! tank 
1t comes to rest, and there being nothing to pixvent 
a return flow, the column starts to move back towards 
the pump, and gains velocity until the water reaches 
the level of the exhaust valve, which it shuts by in:pact 
A certain quantity of burnt products is now imprisoned in 
the cushion space F, and theenergy of the moving ¢olumn 
is expended in compressing this gas cushion to a preater 
pressure than that due to the static head of the water 
in tank ET. Hence a second outward movement of the 
column results, and when the water reaches the level of 
valve E the pressure of the space F is again atmospheric 
and further movement of the water opens valve A aguinat a 
light spring, and draws in a fresh charge of gas aid air, 
If there were no friction, the water would fall to the same 
level as that from which the last upward motion started 
but the amount of combustible charge drawn in is slightly 
less than this movement would represent. Once more 
the column of water returns under the elevated tank 
pressure, and compresses the charge of gas and air, which 
1s then ignited to start a fresh cycle of operations. 

The action of the pump is not altered if, instead of 
delivering into an elevated tank, it discharges into an 
air vessel, as shown in 7+ 2, or into an open-top stand. 
pipe or tower, as shown in Fig. 3, and both these arrange. 
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ments are useful if a continuous flow from the outlet O is 
i In many cases the pump can be placed directly 
in a concrete pit, which serves also as a foundation, and 
the discharge can be by an inclined pipe, as shown in 
Fig. 4, where the water-valve box is shown vertical. 
This arrangement is very satisfactory, and is economical 
in material. ; 
In the simple form of pump the degree of compression 
of the combustible charge prior to ignition depends on the 
height to which the water is raised, and exceeds the static 
equivalent of the head. This can be made clear by refer- 
ence to Fig. 5, where water returning under a pressure 









































AB, and moving through a stroke A D, does work in 
compressing the gas equal to A B C D. The gas 1s 
compressed from A to E, and the work of compression 18 
A ED, co uently the shaded area above the line B 
must be equal to the shaded area below it, and bk, the 
maximum compression pressure, is much above C. This 
result is obvious if one remembers that the kinetic energy 
acquired by the liquid column on its return flow is utilis 
in compressing the combustible gas, while the compressi08 
brings the column to rest. ' - 
The same considerations enter into the question of t . 
cushion pressure attained, but here we are dealing — 
the compression of a volume of us fluid © = 
occupies the clearance space only, and the stroke «! o 
water column is greater in proportion, because fr te 
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| the stroke exhaust products are being 
expelled, and no compression occurs, | Without going 


into the mathematics of the sybject, it is sufficient to say 

that the cushion, pressure rises rapidly as the height to 

which the water is lifted increases, and at the maximum 

lift of about 40 ft. to which the simplest type of pump is 

limited, it may exceed the explosion pressure when using 

producer-gas, or may approximately equal the explosion 
ressure when working with town gas or petrol. 

Without much sacrifice of simplicity the cushion space 
may be kept ——> from the combustion chamber, and 
can then be made relatively large, because the products or 
air in the cushion do not then mix with the new charge. 
This forms one way of keeping the cushion pressure low, 
and is explained later. Again, if air-scavenging is em- 

loyed, as is now usual, the residual burnt products left 
in the clearance space are mixed with air, and the latter 
may constitute the greater part of the mixture ; a rather 
excessive clearance is then permissible as compared with 
an ordinary gas-engine, and the simple pump will work 
throughout its whole range of lift with very moderate 
cushion pressures. od, Dat 

No simple means of indicating the work done by the 
expanding gases has been found, so that the indicated 
horse-power of a Humphrey pump cannot be directly 
ascertained, but indicator-cards showing pressures on a 
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time basis are interesting. Such an indicator-card is given 
in Fig. 6, and is taken from a 45 water horse-power four- 
stroke pump, lifting to 39.4-ft. head, and working on 
town gas. The figures relating to this card are :— 
Compression pressure at ignition ... 56.5 Ib, p. sq. in. 
Explosion pressure... ne ... 163 i 
Cushion pressure .-- 185 ie 


The pump was delivering 306 gallons per working stroke. 
The card may be explained as follows :— 


Compression of charge from a to b. 

Explosion from 6 to ec. 

Expansion from c to d. 

Taking in water and scavenging air, and partly 
exhausting, d to e. 

Return stroke completing exhaust till valve shuts, ¢ to f. 

Cushioning, f to g. 

Cushion expansion, g to h. 

Intake of new charge, h to /j. 

Next compression of charge, j to k. 


The stiff spring used does not permit the suction to be 
shown on this card, but the partial vacuum at the end of 
cushion expansion may momentarily be as much as 4 Ib. 
per square inch, and the water. suction may at first be 
equal to 2 ft. or 3 ft. of water, both dying down to atmo- 
spheric pressure during the respective strokes. 

If one thinks of the reciprocating column of water as 
representing the pendulum of a clock, it is easy to appre- 
ciate the fact that the length of the column governs the 
— of the swing ; and if one assumes other things to 

equal, and the column to be of uniform section, then 
the period is almost proportional to the square root of 
the length. Mr. H. M. Martin, of ENGINEERING, has 
worked out a number of examples illustrating the effect 
of the length of the discharge-pipe under a given set of 
conditions, and his results are here reproduced from ENGI- 
NEERING of February 11, 1910 :— 

Diameter of play-pipe, 2 ft. ; maximum velocity of flow 
permitted, 14 ft. per second. 


Length of pipe, feet 25 50 100 200 

Cycles per minute .. bed ain 61 31 143 7.0 

Discharge, = > ae per minute 527 486 447 417 

Efficiency —*—*—° 0.98 0.95 0.91 0.82 
L.H.P. 


Evidently, for a simple type of pump taking in its 
charge at atmospheric pressure, the first and last columns 
do not represent practical conditions, the cycles being too 
rapid in the first and too slow in the last ; the two middle 
columns are possible cases, and a length of 60 ft. to 80 ft. 
is generally found advisable. The maximum velocity 
chosen is merely an example, and may be exceeded. 

The author has dealt at some length with the four-cycle 
pump, because its construction is exceedingly simple, and 
it is the key to all the others. Moreover, its reliability 
has been amply proved, and its elasticity in meeting 
changes of lift without altering the mixture of gas and air 
or the clearance volume has been demonstrated. The 
four unequal strokes which result from the free oscillations 
of the water column give rise to a cycle which is superior 
to the Otto cycle, and is, in fact, the theoretically perfect 
heat-cycle described in text-books. On the subject of 
heat eificiency more will be said later, but we must now 
pay a little attention to mechanical details. 
hibire ‘18 a sectional view of the Humphrey pump ex- 

ibited in operation at the Brussels International Exhibi. 
tion, and which obtained two “‘ highest possible” awards 
Peary a Grand Prix in the class for gas-engines, and a 
rend Vrix in the class for pumps. Its construction can 
2 Seen ut a glance, and explanation is not needed till we 
yi vo the valve gear shown in Figs. 8 and 9. It will be 
observed that a bolt B sliding horizontally must lock 
either the admission-valve A or the exhaust-valve E by 
engaging under collars a or e, which are fixed on the 


oy 0! their respective valves. Now the bolt is u 
s : Ma left, according to whether spring 8) or 82 is pulling 


st, and this again depends on whether the link /, 





to which the springs are attached, has been shifted to the 
right or left. Suppose the. exhaust-valve opened last, 
then its washer m, engaging against cam arm p, moves 
the system p, J, ¢ so that it leans to the right, in which 
position it is retained by the tension of spring s;. This 
puts tension on spring s, and loosens spring % ; bolt B, 
therefore, tries to move to the right, but until the exhaust- 
valye shuts it can only press upon collar ¢. However, 
when valve E comes on its seat the bolt instantly locks 
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under ¢, and the same motion which holds valve E shut 
has released valve A, so that next time a suction occurs 
in the combustion-chamber, A only can open. Precisely 
the same kind of action occurs when A shuts and is locked 
and E is released in. Thus valves A and E are 
automatically allowed to act alternately, the difference 
between them being that while E remains open till shut 
by the rising water, A shuts under the action of its sup- 
porting spring, so soon as the suction in the chamber 
permits the spring to lift the valve to its seat. 

The scavenging-valve V is shown in the plan of the 
combustion-head, Fig. 9, and as it operates at the end of 
each expansion stroke, its locking and release periods 
correspond with those of the exhaust-valve, and are made 
simultaneous by a lever pivoted at K, and operated by a 











pin on the bolt B. If the watercould rush in fast enough 


| when the pressure falls to atmosphere, there would. be no 
| scavenging action ; but the incoming water has to 


accelerated, and that just gives rise to a sufficient suc- 
tion to effect the desired scavenging. In the exhaust 
outlet there is a light non-return valve, to prevent burnt 
products being drawn back into the chamber. 

When an internal bell is to be used to provide a separate 
cushion of burnt products, a slight modification of the 
gear is required to control the three valves. Instead of a 
scavenging-valve we have a valve S opening into the top 
of the internal bell, as shown in Fig. 10, and on its spindle 


| is a loose non-return valve Q. The valve S is released to 


fall at the same time as the admission-valve opens, but 
the valve Q prevents any inlet into the top of the bell. 
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The action is as follows :—When explosion occurs the bell 
is full of water and all valves are shut. Expansion below 
the open bottom of the bell allows the water to escape 
from the bell, which becomes filled with burnt products. 
On the first in-stroke of the water the exhaust-valve E is 


| found open, as usual, and allows the products to escape ; 
but valve S is shut, so that the burnt products in the bell 


are wepped, and suffer compression by the rising water, 
which clears away all the other burnt products outside 
the bell. The compressed cushion in the bell now ex- 
pands, and the second outstroke occurs, during which the 
suction opens the admission-valve A to let in the fresh 
charge, as usual, and in addition valve 8 opens. 

The second outstroke being shorter than the first does 
not lower: the water to the bottom of the bell, and the 
pure combustible charge outside the bell does not mix 
with the products inside. Lastly, the second in-stroke 
occurs, and the water rising in the bell forces the 
exhaust gases out past the non-return valve Q until the 
valve S is reached. The water then shuts the valve 8, 
and the return column of water having gained velocity, 
a on the volume of discharged from the 
bell, compresses the pure combustible charge outside the 
bell. Since the volume of the bell is not limited, the 
water column may attain a high velocity, and so give a 
high compression pressure, thus ensuring good efficiency. 

ne other important modification of the single-barrel 
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pump de ration upon the fact: 
that in the Humphrey pump the burnt gases are so well 
cooled at the end of the long expansion stroke that the 

will not ignite an incoming combustible charge. It 
therefore becomes possible to have a true two-cycle pump, 
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and the action will be understood by reference to Figs. 
10a and 10B, which show alternative arrangements 
of the top of the combustion chamber. Dealing first 
with Fig. 10a, the combustion chamber has to be 
specially shaped so that the incoming charge, which 
may be preceded by pure air, displaces the burnt 
roducts and mixes as little as possible with them. 

hus, in the figure, A is the admission valve at the 
top of a tall, but narrow, part of the chamber B, in 
which the full charge volume extends down to the level 
ec. A number of exhaust-valves E lead to a common 
exhaust outlet O, which may be fitted with a non-return 
valve, or each exhaust-valve may carry a lightnon-return 
valve on its spindle, as shown. The level at which ex- 
yansion reaches atmospheric pressure is, say, f f, but this 
coat having been reached by the water, its further move- 
ment draws in a fresh combustible mixture till it occupies 
the space down toc c, and the liquid level has fallen to 
gg. Thecolumn of liquid now returns and drives the 
exhaust products through the valves E (which opened by 
their own weight) until these valves are shut by the water. 
The kinetic ye acquired by the column is now spent 
in compressing the fresh charge, which is ignited to start 
anewcycle. Thus each out-stroke is a working stroke, 
and no locking gear is required on the valves. 

The same cycle applies to Fig. 10s, but in this case 
there are a number of admission valves placed in a ring, 
so as to allow the mixture to enter with a low velocity, in 
order to prevent eddies and mixing with the exhaust 
products. 

The advantages of the cycle will be apparent at once, 
as a higher compression pressure is obtained than with 
the simple pump, and consequently higher efficiencies 
with the same lift. 

Before leaving the simple pump, it is necessary to call 
attention to the fact that if a pump, when working, is 
stopped by switching off the ignition current, it will con- 
tinue tocomplete its cycle up to the point of compressing 
the new charge, and will pull up, after a few oscillations 
of the water column, with the fresh charge remaining 
ready for ignition, to in start the — when the 
current is switched on. In starting up from “‘all cold” 
a single charge of air is introduced against the head of 
water by a hand-pump or small compressor, and the 
exhaust-valve is opened by a hand-lever to allow the air 
to escape. This starts the oscillation of the column which 
automatically shuts the exhaust-valve, cushions, draws in 
a new charge, compresses and fires it, and so the pump 
gets away under load. 

Coming now to the double-barrel pump, diagrammati- 
cally illustrated in Fig. 11, there are two combustion- 
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chambers, A and B, in which explosion occurs alternately. 
In each chamber there are the usual cycle of compression, 
explosion, expansion, exhaust, and the taking in of the 
new c , thus again involving four strokes of unequal 
length. In this case, as in that of Fig. 10a, the water 
column has only one outward and one inward movement 
e cycle, but the expression ‘‘two-stroke ” would here 

» misleading, unless one remembers that it applies only 
to the water column, and does not refer to what occurs 
in the combustion chambers. 

Let us follow through the cycle in this case, and we 
will assume that a compressed combustible charge exists 
in the top of chamber A, and that B is full of water. 
Explosion and expansion in A cause the outward propul- 
sion of the water column, and when atmospheric pressure 
is reached the exhaust-valve of A opens, water flows in 
to follow the column and to rise in A, expelling burnt 
products, and, there being insufficient pressure to main- 
tain the water in B, the level therein falls, causing an 
intake into B of a fresh combustible charge. All this 
takes place during the outward movement of the column 
of water, and then the column coming to rest commences 
to return towards the chambers. It finds that the 
remaining burnt products in A can be readily sent out 
through the still open exhaust-valve, whereas the new 
charge in B cannot escape, as the admission valve which 
admitted the charge is now shut, under the action of its 
epring. Consequently the column rises at first in A until 
the exhaust-valve is shut, and then in B compressing the 
new charge. Ignition in B starts a fresh cycle with the 
functions of A and B reversed. 

There are important differences to be noted between 
the action of this pump and of the single-barrel pump 
first described. To begin with, the new charge is taken 
in merely by water falling under the action of gravity, 
and does not depend upon the compression and expansion 
of an elastic cushion. The clearance spaces at the tops 
of the combustion-chambers may therefore be reduced to 
the very small volume needed to bring easily to rest that 
portion only of the column which rises in the chamber, 
the main body of the column being brought to rest by the 
compression of the newcharge. Again, for a given height 





of lift the compression pressure attained is higher in the 
double-barrel pump, because the be pep ae | column gains 
speed while exhausting the last part of the burnt products, 
and has thus obtained a store of kinetic energy before 
starting the compression stroke aes po ‘ 

The advantages of the two-barrel over the simplest of 
the single-barrel pumps may be briefly stated. : 

1. Higher explosion pressure for the same water lift, 
due to (a) reduced clearance resulting in less contamina- 
tion of the new charge by residual burnt products, and 
(b) — compression pressure. 

2. More cycles possible in unit of time. 

3. Greater output for a given total weight of pump and 
play-Pipe. é ; 

here are ways and means of making a single-barrel 
pump operate on a four-stroke gas and a two-stroke water 
cycle with many of the advantages pertaining to the two- 
barrel pump, and although interesting experiments have 
been e by running a single-barrel pump in such 
manner, yet it is impossible to deal with them in this 
paper, and, indeed, it is necessary to omit all reference to 
— = a other types of pumps which the author has 

lesigned. é 

So far we have considered only those pumps which have 
a drowned suction, and a limited lift of 40 ft. We will 
now take a brief glance at a few of the types of Humphrey 
pumps capable of working with a suction lift, and then 
we will come to high-lift pumps. : . 

Fig. 12 is a diagram of one kind of suction lift-pump, 
and the cycle is as follows :— 

1. Explosion of compressed combustible charge in A 
driving water to high-level tank K, continuation of 









































expansion stroke below atmosphere owing to the exist- 
ence of non-return valve in exhaust-pipe. Consequent 
lowering of pressure till water is ie from the low- 
level tank H, past the valve G, until water comes to rest 
and the valve G shuts. 

2. Return movement of water column towards the 
chamber A, giving exhaust and cushion stroke. 

3. Cushion expansion, and inlet of a measured combus- 
tible charge into A, and expansion of this charge below 
atmosphere. 

4. Second return of water column towards A, giving 
compression stroke. 

Some forms of suction pumps working on the above 
cycle were illustrated in the reply to the discussion at the 
Institution of Mechanical Engineers, and are therefore 
omitted from the present paper. 

The measured charge involved in step 3 of the cycle 
may be obtained in many ways, one of the simplest being 
by the use of gas-bags, the diaphragms of which are 
attached to valves, and on being drawn in actuate the 
valves to close the outlet. The use of a measuring device 
can, however, be obviated by employing the ‘‘rejected- 
charge” device to be described in connection with air- 
compressors. 

Another suction-pump is illustrated by di m in 
Fig. 13. The combustion-chambers A and B of a two- 
barrel pump are connected to the play-pipe D, but the 
water-suction pipe is at the opposite end of the play-pipe, 
and in addition there is an air-vessel C, and valves N and 
M, as shown. The cycle will be readily surmised. On 
explosion in A the water column moves outwardly from 
the chambers and compresses the air in C until the 
pressure is sufficient to Vite valve N and pass water into 
the high-level tank. On tne column coming to rest valve 
N shuts, and the compressed air in C expands again, im- 





parting velocity to the column, and enabling the expansion 
to below atmosphere, and so lift water from the low. 
level tank at the same time that exhaust in A and com. 
pression of the new charge in B take place. The cycle is 
then repeated. : 

A single-barrel pump will operate in a similar manner 
but the arrangement of Fig. 14 necessitates two «xtra 
strokes, and the cycle is as follows :— 


(a) Refers to what occurs at pump. 
(b) Refers to what occurs at air vessel. 
First out-stroke (caused by explosion in 1): 
(a) Explosion in 1 followed by expansion to 
spheric pressure, then continued mov: 
taking in scavenging air till column co: 


atmo. 
ment 
ies to 


rest. 

(b) Compression of air in 2 until delivery pressure is 
reached, then water is delivered through valve 
9 until column comes to rest. 

First in-stroke (caused by expansion in 2) : 

(a) Exhaust until the valve 6 is shut by the water, 
then compression of cushion which remains 

(b) Expansion of air in 2 giving velocity to water 
column. When partial vacuum equal to suction 
lift is attained water is sucked up past valve 10 
to follow moving water. 



































Second out-stroke (caused by expansion of cushion in 1) 

(a) Expansion of cushion in 1 and intake of com- 

nustible mixture in excess, the first portion 

being taken from 8 through valve 7, and the 
remainder through admission-valve 5. 

(b) Compression of air in 2, but no delivery of water. 

Second in-stroke (caused by expansion in 2) : 

(a) Rejection of surplus charge past valve 7 until 
water shuts this valve. Compression of charge 
which remains. 

(}) Expansion of air in 2. 

Norr.—For clearness the usual scavenging-valve on 
pump is not shown. Exhaust and scavenging-valves are 
released (or locked shut) together. Admission and 
rejected - charge valves are released (or locked shut) 
together. 

Yet another suction-pump is shown in Fig. 15, the 
arrangement being suitable for pumping from « well. 
Explosion in A drives the water down one leg of the U- 
pipe and up the other leg into the delivery tank. [xpan- 
sion below atmosphere causes an intake of water through 
the suction-valves in the well ; then the first return move- 
ment occurs, giving the exhaust and cushion stroke, 
followed by the cushion expansion and gas-suction stroke, 
and lastly the compression stroke. Many other varieties 
will quale suggest themselves to engineers, but we 
must only stay reg need one more type, which is illus 
trated by Fig. 16, and is interesting as giving the same 
high efficiency with a low lift as can be obtained with a 
high lift. ; 

n this case the energy of water falling to 4 
level is used to cause the intake of fresh water, a 
pump barrel is placed at a low level to render thi 
sible. Thus in the figure we have a single com!ustion- 
chamber A, and upon explosion water is forced out 
wardly, the whole column from the pump to the h gh- 
level tank partaking of the motion. The two par'=\' the 
column a, from the pump to the valve V, and / from a 
valve V to the high-level tank ET, are so propor one 
that the a portion loses its kinetic energy first, 2nd 18 
ready to return towards the pump before the / portion 
has come to rest. When the a portion flows back cown- 
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pill fresh water is taken in at the valve v between the two | the Be putes of the out-stroke of the water column 


por 


strokes occurin A. Ex 


tions of the column, and the exhaust and cushion 
nsion of the cushion in A gives | sources of sup 


| is allow 


to reject the surplus air and back to the 
ly, then the action throughout the cycle 


) 
the usual out-stroke, taking in gas and air, and the cycle is | is precisely that described when using the single 


comple ) 
combustible charge in A. 
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levels. The chief point to observe is that while water is 
only raised from the tank ST to the tank E T, yet the 
fall to the pump may be sufficient to give a good com- 
pression pressure, and thus secure high efficiency. 

Coming now to high-lift pumps, any Humphrey pump, 
whether single or double barrel, may be converted into a 
high-lift pump by means of an air-vessel fitted with 
valves, and called an “intensifier.” The idea is to 
first allow the water-column to gain velocity, and then to 
utilise its kinetic ene to (a) compress an elastic fiuid, 
and ()) deliver water under the we to which the elastic 
fluid has been compressed. Fig. 17 will serve to make 
the cycle clear. 

A and B are the barrels of a two-barrel pump, and at 
the end of the play-pipe D there are two air-vessels E and 
F, the latter being large enough to give a continuous flow 
at outlet O, and to maintain a practically uniform pres- 
sure. The smaller air-vessel ¥ is fifted with a down- 
wardly projecting pipe K, open to the atmosphere at 
the top, and carrying a valve L at its lower extremity, 
arranged to close under the action of the rising water. 
The cycle starts with explosion, all valves except L being 


Figt? 
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shut, and the water level as shown. While the water 
level in E is rising to L, air is merely being discharged 
into the atmosphere, and as no work is cary yy! by the 
column of water, it gains — until valve L is shut by 
impact. Imprisoned in E there is now a definite quantity 
of air, which suffers compression until its pressure reaches 
that at which the high-pressure water-valves W can open, 
and allow the remaining kinetic energy of the column to 
force water into F. Valtes W close when the column 
comes to rest, but there remains enough energy in the 
compressed air in E to give, by expansion, the retura 
flow, which causes exhaust in A and compression of the 
fresh charge in B to start a fresh cycle. When the water 
level falls below valve L this valve opens, and air is 
admitted into E for the rest of the return stroke. 

Now it is easy to see that if the pipe K is made 
vertically adjustable with regard to E, the point of the 
cycle at which L shuts can varied, and-more or less 
air entrapped in E at will. But the amount of energy 
stored in this air will also vary with its quantity, for we 
assume that the degree of compression remains constant, 
and is indeed fixed by the pressure maintained in F. 
Consequently the ratio of the total energy of the work- 
ing stroke to the energy stored in the compressed air in 
E can be made anything desired, or, in other words, we 
can obtain any compression pressure of the new charge in 
B which we like, and this independent of the water lift. 
The ad vantage is obvious, for compression pressures equal 
to those in modern gas-engines can be employed with a 
corresponding increase in thermal efficiency. Further, 
by manipulating the position of pipe K a given pump can 
be made to meet any conditions as to height of lift, for 
if the lift increases K can be raised, so that the energy 
stored in the air in E remains the same, there being now 
ess air, but at a higher pressure. 

. Ashort digression may now be made to describe an 
important development of the arrangement shown in 
Fig. 17, and notice is directed to the fact that at each 
cycle air is drawn into, and rejected from, the vessel E. 


ae ls suppose K to be connected to a supply of com- 
ustill: mixture instead of opening into the atmosphere, 
We shall then have an automatic pump for taking in 
aaature and discharging it under pressure. If the dis- | 


pi into a reservoir from which combustion- 
chambers A and B can be supplied, we have at once a 
means of quickening the cycles and greatly increasing 


mh utput of a given size apparatus. It isconvenient to 
replace vessel E by two vessels, one for air and one for 
Bas, so as to maintain the combustible constituents 


Separate until they enter the combustion-chambers. 





f | into reservoir X 


by a second in-stroke which compresses the | vessel KE, except that a larger proportion of the total 
In this last stroke either the 
tion or the whole column may take part, depending 
he proportions of a and J and the differences of 


ene is absorbed in the corapression of air and gas, 
but the excess is given out again during the expansion of 
the pre-compressed charge in either A or B. The chief 
advantage arises from the more rapid working, as there is 
| no longer any need to wait for the water-level in A or B 
| to fall under the action of gravity when the charge is 
| being taken in. In fact, the apparatus mes practi- 
| cally independent of the water-level on the supply side. 
| The 1000-horse-power Humphrey pump now under con- 
| struction in Germany will operate in the manner just 
| described, the result being that the dimensions are very 
| moderate, and the pump itself occupies no more space 
| than a 1000-horse-power tandem gas-engine. 
| The limits of this paper preclude any reference to 
| single-barrel high-lift pumps, other than that shown in 
Fig. 14, or to other modifications. of the double-barrel 
type to suit special conditions, as there still remains the 
important subject of air-compressors to be considered. 

If the column of water oscillating in the play-pipe of a 
Humphrey pump is used as a water piston, and caused to 
rise and fall in an air vessel fitted with suitable valves for 
the inlet and outlet of air, the combination constitutes an 
air-compressor of a very efficient type and promising many 
advantages. Let us take the case of a single-barrel pump 


and a single air vessel, as illustrated in Fig. 18. A is the 
ordinary pump chamber and C the air - compressor 
chamber, and we may call them for convenience the 


Fig 18 
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me and the ‘‘ compressor” respectively. The inlet 
valve i, for gas and air, and the exhaust-valve e, for burnt 
products, exist as before, but the exhaust-pipe and valve 
are adjustable vertically so as to vary the cushion space 
in the top of A. There is another pipe », fitted with a 
valve r,and also adjustable vertically. A reservoir X, 
such as an old boiler-shell, is connected by.a flexible pipe 
to p. Corresponding parts are fitted to the compressor ; 
thus f is an air-inlet valve, g an outlet valve for air which 
is shut by the water, and h a non-return valve for the com- 
Pp air. The dip-pipe g, with its valve s, gives com- 
munication between the atmosphere and the compressor. 
The outlet-pipe and the dip-pipe are vertically adjustable, 
asin the pump. Lastly, suppose the play-pipe D filled 
with water, then we have all the elements required for 
working under the most varied conditions. 

The cycle can be explained by assuming the water-level 
is well up in A, and low in C, as shown in the figure, and 
that a compressed charge is ignited in A. Expansion 
occurs, driving down the water in A, and up in C. At 
first air escapes from C through valve s; but when the 
water reaches this valve it is shut, and the remaining air 
is trapped, and suffers compression until the pressure of 
discharge is reached, when A opens, and compressed air 
is delivered. Next the water reaches valve g, and shuts 
it, so that no more air can escape, and the water-column 
is brought to rest by the continued compression of the 
remaining air, which forms a cushion. Meanwhile in 
chamber A expansion to atmosphere allows the exhaust- 
valve e to open, and the continued stroke draws in 
scavenging air (the scavenging-valve being omitted from 
the figure for the sake of simplicity), but valves ¢ and r 
remain locked. Now the column begins to return, due to 
the expansion of the comp cushion in C, and this 
causes exhaust and cushion in A, and, at the same time, 
there is a fall of pressure in C to atmosphere ; then valve f 
is opened against a light spring, and a fresh supply of air 
enters. 

So far we have had one outward and one return stroke, 
but the expansion of the cushion in A starts a second 
out-stroke, which results in drawing in a new combustible 
charge in A through valves i and r, which were released 
on the shutting of the exhaust valve c. As the second 
out-stroke is nearly as long as the first, it follows that too 
much combustible mixture is drawn in, but the surplus 
is got rid of on the second return stroke by allowing it to 
escape into the receiver X, and to slightly raise the 
pressure therein. Valve i was shut by its spring, but r 
| waits to be shut by the action of the water, and when 
| this occurs chamber A contains a definite volume of com- 
| bustible mixture, the size of charge being fixed by the 
| height of r. Finally we have only to observe that the 
, Second outstroke towards C merely compressed the air in 
l C without causing delivery to take place, but storing in 
the air the energy given out by the expansion of the 
cushion in A. The air in C now expanding gives the 
compression stroke in A, and the combustible charge is 
y to be ignited to start the next cycle. 
| Perhaps the whole cycle, which may take two seconds to 
| accomplish, sounds a hittle complicated, but, if so, it is 
| merely due to the length of the description. It may be 
| easier to grasp the action if it is set out to show the 
| Simultaneous steps in A and C, in the next column. _ 

It will be evident that in the next cycle, when admission 
| of combustible change occurs, the surplus last rejected 
ill want to enter first, because it is 








under slight pressure, whereas inlet valve ¢ has to be 
sucked open against its spring. Consequently X will 
empty to atmospheric pressure each time, and only the 
additional mixture uired will be taken in through 
valve «. A slight modification may be made by trans- 
ferring valve ¢ from the pump to the reservoir X. 


A. o, 
Ist out-stroke. Expansion to atmo- Expulsion of air till water 
sphere. Intake of shuts valve s. Compres- 


scavenging air. sion and discharge of 
compressed air till water 
shuts valve g. Cushion 


till water comes to rest. 


lst in-streke. Exhaust till _ water Expansion of cushion to 
shutsvalvee. Cushion atmosphere. Intake of 
till water comes to fresh air. 


rest. 

Expansion of cushion 
to atmosphere. In- 
take of combustible 
charge in excess. 


2nd out-stroke. Compression of air, but 
not sufficient for further 


delivery. 


2nd in-stroke. Rejection of surplus Expansion of compressed 
charge till watershuts air. 
valve r. Compression 
of charge till water 


comes to rest. 


The flexibility of the air-compressor can now be studied. 
To begin with the pump side, the level of the inlet valve e, 
and the rejected-charge valve *, are assumed to be variable, 
although Fig. 18, being merely a diagram, does not show 
how the pipes carrying these valves are moved vertically. 
As the level of these two valves controls the amount of 
charge ignited at each cycle, and the amount of the 
cushion space, their regulation is all that is required to 
increase or diminish the energy develo) per working 
stroke. On the compressor side the position of the 
valves g and s controls the > of operations on this 
side of the apparatus, and renders it possible to compress 
a large volume of air to a low pressure, or a smaller 
volume of air to a high pressure, or to make any inter- 
mediate changes which may be desired. 

Thus all the conditions of output, up to the full limit 
of the compressor, may be governed at will, and for all 
ranges the compression pressure of the new charge may 
be ood up to the required degree, so that the apparatus 
works at its maximum efficiency throughout the whole 
range. The amount of water which oscillates between 
the chambers should theoretically be altered along with 
the total capacity per working cycle, but the reason for 
this is mere 4. prevent the last portion of each down 
stroke from being wasted by taking in surplus combus- 
tible mixture in one chamber, or surplus air in the other 
chamber, to an undue extent. If the surplus of the com- 
bustible mixture is unnecessarily large, the extra amount 
rejected will increase the pressure in the reservoir X, and 
this increase of pressure may be made to automatically 
govern a water supply, and so bring up the total volume 
of reciprocating water, or to allow part of the water 
already in the apparatus to escape, so as just to keep a 
small amount of excess charge for each cycle, no matter 
what may be the output of the pump. 

To illustrate the importance of the air-compressor, and 
at the same time call attention to the use of the double- 
barrel pumps for this purpose, we may take a definite 
example, and Fig. 19 shows a compressor capable of 
dealing with 25,000 cub. ft. of free air per minute, and 
compressing it to 25lb. per sq. in. It is composed of two 


units, as shown in elevation and plan, and the dimensions 


Fig.19. 





























are given. The horse-power in the air delivered is about 
1500. As the pressure of delivery increases the forces 
acting upon the water also increase, and the accelerations 

me greater. Consequently for a higher pressure of 
delivery the size of the apparatus becomes smaller for a 
given output. 

Usually compressed air is uired to be delivered at 
as low a temperature as possible, so as to free it from 
moisture, and it may be noted that where the maximum 
cooling is required vertical sheets of wire gauze may be 
fixed in the compressor, so that the gauze takes up 
water on each stroke and forms a very effective cooling 
medium in direct contact with the air, thus permitting 
the compression to be more nearly isothermal than in 
any other kind of compressor. The reciprocating water 
itself can be cooled either by cooling the play-pipe 
externally, or by allowing water to be taken in and re- 
jected at each cycle. The latter arrangement has been 
worked out, but for lack of space it cannot now be 
described. 

One other type of compressor may, however, be briefly 
referred to, use it differs from the other air-com- 
pressors in that the pump and the compressor alternate 
in their functions at each cycle. It has the advantage of 
giving a greater horse-power output for a given size of 
a tus, but it has the disadvantage that the air and 
the exhaust products are mixed together and delivered 





under pressure. For power purposes, however, this is 
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not a drawback, and in such a case there is some advan- 
tage in delivering the compressed mixture rather hot, so 
that during its expansion, while performing work in some 
kind of air motor, there is no chance of its freezing the 
moisture contained, as frequently happens when the air 
enters the motor at normal temperatures. The thermal 
efficiency of such an a is exceedingly high, 
provided that the air can utilised close to the com- 
pressor, so as to make use of its sensible heat. 

Turning now to the question of thermal efficiency, the 
curves shown in Fi , 21, and 22 are taken from the 
Institution of Mechanical Engineers’ paper, and show 
the relative efficiency as between the Humphrey pump 
cycle and the ordinary Otto cycle calculated u the 
usual formula, and upon the assumptions anal vs the 
diagrams. These calculations are on the assump- 
tion of the constant specific heat, but Professor Dr. 





Eugen Meyer, of Charlottenburg, has made the very 
laborious calculations involved when taking the true 


gained by the adoption of the gas-hydro-electric 
system, and the absence of the need for any lubrication 
would alone more than com te. 

In concluding this paper, which has already somewhat 
exceeded theusual limits, a brief reference may be made to 
the application of the Humphrey pump for the purposes 
of marine propulsion. The theoretical efficiency of the 
sak oe ape! is well known and admitted. The trouble 

as to find a pump which would be at once pump 
and engine combined, and which would handle large 
quantities of water, so that the area of the jet at the point 
of her a be comparable with the oe of _ = 
acted upon by an ordinary screw propeller. e Hum- 
phrey pump falfils the required seadiitonn, and the dia- 
gram of Fig. 23 shows one possible arrangement in skele- 
ton form. e double-barrel pump with cylinders A, B 
discharges simultaneously in two directions through equal 
lengths of pipe C, D leading to air vessels E, F. The 
suction occurs through the side of the ship and passages 


Fig. 20 THEORETICAL EFFICIENCY CURVES, PUMP CYCLE,AIRSTANDARD. Fig.2/, THEORETICAL THERMAL EFFICIENCY CURVES- 
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(7) 
Formule for Pump-Cycle Diagram. 
T!-¢ 
T-t. 
a 


(; 


(for curve at 1000 deg. Cent.) = 273 deg. 
+ 1000 deg. Cent. = 1273 deg. Cent. abs. 

= (for curve at 1600 deg. Cent.) = 273 deg. 
Bt 1600 deg. Cent. = 1873 deg. Cent. abs. 


Efficiency = 1 - y 


= suction temperature = 17 deg. Cent. 
290 deg. Cent. abs. 
Adiabatic compression and expansion. 


specific heat of each constituent of the gas mixture, and 
allowing for the variations ef the temperature involved 
at each point on the curve. The absolute results are 
affected, but the relative results remain approximately 
the same, and for present purposes it is sufficient to take 
the curves as here given. 


It may be mentioned, however, that with a compres- | | 


sion pressure of 11 atmospheres absolute, the theoretical 
thermal efficiency of the Humphrey cycle is 52.5 per cent., 
whereas that of the Otto cycle is only 40 per cent. when 
all corrections for varying specific heats are allowed for. 
Such compression pressures have not yet been adopted 
by the author, but they will be employed in the 1000 
horse-power German pump already referred to. In the 
meantime, when using only very moderate compression 
pressures of under 50 lb. per square inch, an actual 
thermal efficiency of over 23 per cent. has been obtained 
on a four-cycle enehoer pump. This corresponds to 
0.95 lb. of anthracite coal per water horse-power hour, 
and was obtained on a lift of only 35 ft. It may be 
expected, therefore, that as the compression pressure 
increases the efficiency will also increase, and there is 
every reason to believe that when the compression pres- 
sure reaches that employed in ordinary gas-engines, the 
best efficiencies attained in pomoue will be reached, 
and probably surpassed, by the Humphrey pump. i 
A large-scale experiment is to be tried, in which a 
Humphrey pump will be used to drive a water-turbine 
coupled to an electric generator. The advantages of 
such an arrangement over the ordinary gas-engine arise 
chiefly from the simplicity of the cole parts; the 
absence of all troubles arising from contraction and 
expansion due to heating and cooling ; the freedom from 
cyclic irregularity, thus enabling alternators to be driven 
in parallel ; and, finally, the high efficiency and the low 
cost of upkeep. Alsothe apparatus may be started and 
rm ay immediately, and can, indeed, be entirely con- 
trolled from a switchboard. One has to face the loss due 
to conversion of water-power into mechanical energy, but 
the efficiency of well-designed turbines can be guaranteed 
at over 80 per cent. at full load, and in a central station 
there is no need to run any of the pumps at less than full 
load, since they can be so easily started and stopped. 
Moreover, if blast-furnace gas or producer-gas derived 





from cheap fuel is used, the loss of 20 per cent. of the 
energy is not important, as compared with the advan- 


Formule for Otto Cycle Diagram. 
Efficiency = : 1 - =e 


t = 273deg. + 17 deg. Cent. = 290 deg. Cent. abs. 
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G, H as shown. The water from one air vessel E is 
brought back to air vessel F through a pipe J, and the 
common disc is then through the pipe K, which 
ae into the surrounding water at the stern of the ship. 
Means for diverting the jet as it leaves the vessel either 
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to the right or to the left, or through a complete turn of 
180 deg., so as to drive the ship backwards, are not shown, 
as they have been worked out by many experimenters. 
The arrangement indicated in the figure prevents all 
vibration, since the stresses, due to the moving water, 
are equal and opposite, the pump being situated in the 
centre, between the air vessels. Also, the air vessels 
keep the discharge continuous, so that there are no 





jerks, the result being a system in which full power 
either ahead or astern, is available instantly, and the 
ship so fitted has a radius of action, owing to the fuel 
economy, equal to at least twice that which can be oh. 
tained by any other system. Since jet-propellers become 
more wasteful with increasing velocities of propulsion 
it may be found advisable to limit the application of 
the system now. proposed to cargo steamers of moderate 
cmell but for such vessels requiring, say, 2000 to 3000 
horse-power, the scheme contains all the elements of 
success. It may eventually prove that a pump having 
pny ression of its and air will be more suitable 
or the larger sizes, and, when one remembers the smal] 

occupied by two or three 1000-horse-power pumps 
of this type, the outlook is distinctly promising. 





Strate OWNERSHIP OF RaiLways.—A little pamphlet 
has recently been issued by the Pastoralist’s Review, 70a, 
Basinghall-street, E.C., and also of Melbourne and 
Sydney, entitled ‘‘The Failure of State Ownership of 
Railways.” This pamphlet consists of a series of articles 
reprinted from the journal, from whose office it is issued. 
In these articles the railway service, as provided by the 
several States in Australia, is discu and its short- 
comings reviewed. Comparisons are made with other 
countries in a somewhat similar state of development, 
much to the advantage of the latter. Sketch maps of 
more or less comparable areas are = for instance, of 
sections of Australia, Canada, and Argentina, showing 
the latter countries to be far ahead of the former in this 
respect. Attention is also drawn to the possibilities of 
joint development by the Government and private bodies, 
and the suggestion made that in some such manner the 
rapid a of suitable tracts of the Australian con- 
tinent might be encouraged, 


Tue Trape oF New Sourn WALgs For August, 1910. 
—During the month of August last the imports of New 
South Wales were valued at 4,128,452/., or an increase of 
298,523. as compared with the corresponding month 
of last year. For the eight months there was an increase 
of 2,533,592/., or over 11 per cent. as compared with last 
year. The direct over-sea imports during August 
amounted to 2,340,584/., as compared with 1,914,908/. in 
1909; the total for the eight months was 14,804,419/., 
an increase of 1,626,231/. over the corresponding figures 
for 1909. There were increases in most of the principal 
articles—apparel and soft goods, agricultural implements, 
boots and shoes, iron and steel, metal manufactures, 
tobacco, cigars, &c. The over-sea exports for August 
amounted to 2,023, 266/., being an increase of 366,115J., or 
over 22 per cent. compared with the corresponding 
month of last year. For the eight months there was an 
increase in the over-sea exports of 3,885,425/., or over 
27 percent. as compared with last year. The principal 
increases in exports during the month were :—Wool, 
1,238,2287.; wheat, 1,157,594/.; butter, 361,647/.; meats, 
483,261/.; minerals, 385,028/.; skins, 291,829/.; and tallow, 
232,397. The export of gold during the eight months 
increased by 4,335,754/. 


CanapIAN Procress. — The length of new railway 
opened in Canada in 1908-9 was 1138 miles, as compared 
with 520 miles in 1907-8. The total length of railway in 
operation in Canada at the close of June, 1909, was, 
accordingly, 24,104 miles, as compared with 22,966 miles 
at the close of June, 1908. These figures did not include 
675 miles of the new trans-Continental railway, which 
were opened for traffic in 1908-9, although officially 
returned as being still under construction. It is estimated 
that at the close of June, 1909, there were 3300 miles of 
railway under construction in Canada. The Dominion of 
Canada has the largest railway mileage in proportion to 
its population of any country in the world, but the 
proportion is small in relation to area. The total capital 
invested in Canadian railways at the close of June, 1909, 
was 261,696,283., of which 129,506,929/. was represented 
by stock and 132,189,354/. by funded debt. Striking out 
the capital liability of the uncompleted Grand Trunk 
Pacific Railway, and the mileage of lines owned by the 
Canadian Government, the capital obligations of Canadian 
railways work out at 11,128/. per mile. ‘The aggregate 
revenue of Canadian railways in 1908-9 was 29,011,267/., 
showing a decrease of 372,3962. On the other hand, the 
working expenses in 1908-9 were 20,920,017/., or 540,812V. 
less than in 1907-8, so that the net result im 1908-9 was 
larger by 168,416/. 


Pure TrrantuM AND ZrRcon1uM.—Present researches 
on metallic titanium and other rare metals only accen- 
tuate the difficulty of obtaining these metals in the pure 
state. L. Weiss and H. Kaiser CZeitschr. Anorgan Chemie, 
vol. Ixv., 345) start from potassium titani fluoride 
(prepared om rutile titanium oxide); they fuse this 
salt, drop aluminium into it, and thus gain Al, Te, or 
they uce to fluoride with metallic sodium. At the 
best their metal contained 97.5 per cent. of titanium, and 
melted at 2200 or 2400 deg. Cent. Matthew A. Hunter 
(Journal of the American Chemical Society, vol. /xxxil., 

330) tried the methods of Berzelius, W ohler, and 
Deville (reduction by alkali metals), and Moissan (r 
duction of the dioxide of carbon) with indifferent success. 
By modifying the Wilson-Pettersson method (reduction « 
the tetrachloride by sodium in a steel cylinder), he claim- 
to have obtained small quantities of pure titanium how- 
ever. It strongly resembled steel, was brittle in the cold, 
malleable when red-hot, and melted at 1800 or 1850 deg. 
Cent. The density was 4.5, considerably lower than t he 
value of Weiss—5.17. Zirconium, another comparative!: 
rare metal allied to carbon and silicon, has yet not been 
obtained in the pure state; the recent researches of 
E. Wedekind and Judd Lewis (Liebig’s Annalen, vol. 
ccclxxi., page 367) yielded a 97 per cent. metal, 
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WORKMEN’S COMPENSATION CASES. 
County Court. 


Due Notice of Accident.—It would seem from a case 
which came before the County Court Judge at Aberdare 
last weck that workmen are sti 1 slow to realise the serious 
importance of gras due notice of an accident which may 
cause them ultimately to claim compensation for injuries. 


A miner in the Powell-Duffryn Colliery injured his 
arm on June 6 last. At first he thought the injury would 
be nothing serious. His arm bled, but he went on working 
for a fortnight, till blood-poisoning supervened, and he 
had to stop work, and for five weeks he was incapacitated. 
No written notice of the accident was given till July. 
On the day of the accident the injured workman men- 
tioned his accident to the colliery fireman, who remarked 
the injury was a trifle, but advised him to report it at the 
office. The workman, however, said it was not worth while. 

In these circumstances, it is obvious the delay in givin 
notice was unfair to the employers, for it prejudi 
them, since they were unable to trace the origin of the 
blood-poisoning, which might or might not have been 
the result of an accident. The absence of timely notice 
justified the inference that no accident had happened. 
The County Court Judge warned workmen that notice 
of an accident should always be given in writing, and at 
once. It was useless to tell the Court that verbal notice 
had been given. ‘ as : 

The rule as to giving notice is clearly set out in 
Section 2 of the Workmen’s Compensation Act, which 
says proceedings for the recovery under this Act of com- 
pensation for an injury shall not be maintainable unless 
notice of the accident has been given as soon as practi- 
cable after the happening thereof, and before the work- 
man has left the employment in which he was injured. 
Exceptions in favour of the workman are provided. For 
instance, the failure to give a proper notice, if occasioned 
by mistake, absence from the kingdom, or other reason- 
able cause, will be considered in favour of the work- 
man. There is no excuse for omitting timely written 
notice on the ground that a verbal notice had been 
given, and the reported cases making this all-important 
point quite clear should be noted by workmen. If an 
accident be not worth writing about, it is not worth 
speaking about. The Master of the Rolls in the Court 
of Appeal said, in the case of Osborn v. Vickers Sons an 
Maxim (1900), 2, Q.B. 91, the want of notice prior 
to the proceedings is only cured on the assumption 
that the employers are not prejudiced by it, but 
the employers, though they may have waived the 
want of notice, have not waived their right to any 
matter the absence of which may prejudice them in their 
defence.” Cases decided in favour of the workman by the 
Court of Appeal show that when failure to give notice 
was due toa reasonable cause, the claim for compensation 
is not barred. Every case of delay in giving notice will be 
considered on the circumstances of the case. The decision 
inthe Aberdare case against the Powell-Duffryn Colliery 
applies the general rule which workmen should observe. 

mployers, however, should recognise that many cases 
occur where the Court is justified by numerous decisions 
in the Court of Appeal in deciding that an injury not 
apparent at the time of the accident may be “‘a reason- 
iam so as to excuse notice” of accident. Asa rule 
the onus of proving that the employer has not been pre- 
judiced by the delay or failure of notice will rest with the 
applicant for compensation. 

Is a Member of an Employer's Family a ‘‘ Workman” ? 
—Section 13 of the Workmen’s Compensation Act defines 
a workman who may claim for compensation against his 
employer, and it excludes from the protection of the Act 
a “member of the employer’s family dwelling in his 
house ;” but, save as aforesaid, ‘‘ workman” means any 
person who works under a contract of service or appren- 
ticeship with an employer, whether the contract is 
— or implied. 

This section is so worded as to involve a contradiction 
which may be an outrage upon justice and common-sense, 
It may be assumed the intention of the Legislature was 
to exclude only members of the employer’s family who 
are described in the section as wife, ned dhe | father, 
mother, grandfather, grandmother, stepfather, step- 
mother, son, daughter, grandson, grand-daughter, stepson, 
stepdaughter, brother, sister, half-brother, and half-sister. 
These are excluded in virtue of their relationship when 
they live in the employer’s house, because then it may 
be presumed they are not working under “a contract of 
service.” When, however, the fact is proved that such 
arelative is living in the employer’s house, and is under 
a boni-fide contract of service, it is only common-sense 
to regard the relative as a workman within the meaning 
of the Act. The Act doubtless contemplates these 
relatives living in the employer’s house as under no con- 
tract of service, and as members of the employer’s house- 
hold, and enjoying benefits and privileges to which an 
ordinary workman has no sort of claim, and is therefore 
im no sense entitled to the protection of the Workmen’s 


Compensation Act. In at least two County Court cases 

just reported, this section has been literally and in a 

harrow sense interpreted as excluding workers who are 

Within the relationship referred to in the 13th Section 

of the \ct, and living in their employer’s house. One 

pT f an applicant at Wandsworth County Court 
anv 


; : v. Edmunds). The applicant was employed by 
his step; ‘ther as driver of a van. He was paid 14s. a week, 
and with his wife occupied rooms in hisemployer’s house, 
for which he paid 4s, a week rent. In the course of his 


gaploy: ient he was loading at a railway station, and in 
“eng, heavy churns into his cart he so strained his eyes 
that the optic nerves were permanently injured, and he 
eo rencored almost blind and wholly incapacitated for 
118 work. The facts of the injury by accident were not 
in dispuie, but the employer, in his defence, took advan- 








tage of the terms of Section 13 of the Workmen’s Compen- 
sation Act, and it was argued that the van-driver was not 
like a stranger, but a member of the family within the 
meaning of the section, and, because he lived in his 
employer’s house, was excluded from the Act. The 
County Court Judge acknowledged the injustice of his 
decision when he refused compensation to the workman, 
but seemed to consider he was bound by the Section. 
He hoped the case would go to the Court of Appeal. 
This Section 13 has, we believe, not yet been interpreted 
by the Court of Appeal, but it may be presumed its deci- 
sion will settle an awkward po of Workmen’s Com- 
pensation Law. The Court of Appeal has no power to 
amend a mistaken section of the Act of Parliament, 
but it might not be straining its authority if it 
decided that the — who works for his employer 
and lives in his house is not necessarily a member 
of his family. In this case he was actually working 
under a contract of service, for the wording of Sec- 
tion 13, on which the employer’s case depended, says 
a “‘workman” does not include any member of the 
employer’s family dwelling in his house, but seems to 
include even these when they work under a contract of 
service. Thedecision of the Court of Appeal in this case, 
if it go further, will be interesting, for this section is also 
discussed in the following somewhat similar case. 

Claim by a Son against a Father.—This was in Glasgow 
Sheriff Court on October 24, when a young man named 
McDougall, living with his father in Glasgow, and work- 
ing for him as a journeyman glazier, went to do some 
work at Oban, where he lived in lodgings. In the course 
of his employment the young workman received an injury 
to his hand, but the Sheriff refused his application for 
compensation on the ground that, though residing and 
working in Oban at the time of the accident, he was a 
member of his father’s family, living in his father’s house 
in Glasgow, and that the 13th Section of the Workmen’s 
Compensation Act excluded him from the protection of 
the Gatene> Compensation Act. This case, like the 
one at Wandsworth, shows the need of the ruling of the 
Court of Appeal. 

Light Work.—An interesting decision was delivered by 
the Deputy Judge of Preston County Court in the case of 
Messrs. George Woods and Son, for review of a weekly 
payment to Dominic Nicholson, whitewasher, with whom 


d| they had made an agreement in February, 1910, to pay him 


14s. 6d. a week compensation for injury received by a 
strain of his back. Tie had gone to the hospital, and 
came out practically cured ; but as he complained of 
giddiness, he accepted labourer’s work from his employers 
rather than go again on a lofty scaffold at his old occupa- 
tion. This lighter work, which Nicholson preferred, con- 
tinued till April 29, and when it the employer, 
having no more of it, offered him his old work, for which 
the medical witnesses said he was quite fit. The fear of 
standing again on scaffolding was not the result of nervous 
disease, and should wear off. The Judge therefore decided 
to continue compensation for a month, to give the work- 
man the opportunity to try his old work, and, in order 
that the original award might be kept open, he said he 
would reduce the compensation at the end of a month 
to 1d. a week. 
Court oF APPEAL. 


Indemnity to Employers by Third Party.—The Court of 
Ap took several days to discuss the case of W. Cory 
and Sons, Limited, v. W. France, Fenwick, and Co., 
Limited, and on October 18 delivered pongnent on 

ints of workmen’s compensation law which, we believe, 
we not previously engaged the attention of the Court. 
The plaintiffs appealed from the judgment of the Court 
of Assize at Durham in an action for indemnity under 
Section 6 of the Workmen’s Compensation Act, which, it 
will be remembered, provides as follows :—‘‘ Where the 
injury for which compensation is payable under this Act 
was caused under circumstances which create a — 
liability in some person other than the employer, the 
—— may proceed pe inst he Sgr to recover 

jamages, and against the employer liable to pay compen- 
sation, but shall not be entitled to recover both dam 
and compensation.” Further, it is provided, “‘if the 
workman has recovered compensation under the Act, 
the employer who paid the compensation shall 
entitled to indemnity from the person who is liable 
to pay damages.” In this, the first appeal case under 
this section, the plaintiffs, Messrs. W. Cory and Sons, 
Limited, as owners of the s.s. Highgate, had to pay 
to applicants in a workman’s compensation case under 
the following circumstances:—The s.s. Highgate was 
being made fast in a berth alongside a coal-loading 
wharf, which was owned by the defendants, Messrs. 
France, Fenwick, and Co., Limited, whose servant was 
the wharf-master in oun of the berthing cf the vessels 
loading at the wharf. In directing the mooring of the 
steamship the wharf-master made a mistake, which caused 
the steamship’s propeller to swamp a small boat manned 
by two of the crew, one of whom lost his life while bring- 
ing a rope from the steamship to the wharf. Compensa- 
tion awards were paid by the owners of the steamship in 
respect of the accident, which they all was caused by 
the wharf-master’s mistaken order to the captain of the 
steamship, and they took action for damages against the 
wharf-owners, claiming that Section 6 gave them a right 
of indemnity. The Judge of Assize, who tried the 
indemnity action, found the wharf-master’s order had 
brought about the accident, but also that the captain and 
mate of the steamship had been guilty of contributory 
sagmeraen, thus depriving the steamship owners of their 
indemnity. The steamship owners thought that legally 
they had a right of indemnity, and that Section 6 of 
the Workmen’s Compensation Act supports their con- 
tention. As counsel for the wharf-owners argued, 
though it might be considered that primd facie Sec- 
tion 6 gave a right of indemnity in a case where em- 








ployer and another person were both guilty of negligence 
Thich had caused the accident, yet it would be impossible 
that Parliament could have meant to excuse a careless 
employer, and give him an indemnity against someone 
else who shared in his negligence. The case of the steam- 
ship owners was that although both shipowners and wharf- 
owners were alike guilty of negligence, there had been 
no action taken against both jointly for damages, but only 
a claim made against the steamship owners, as the em- 
ployers, for compensation under the Workmen’s Com- 
pensation Act. The Act clearly stated that ‘where 
compensation had been paid by the employer there should 
be renger | from those who were legally liable for 
damages to the workman who suffered by the accident. 

The Judge, who held there had been contributory negli- 
gence on the part of the master and mate of the steam- 
ship, was supported in his view by the Court of Appeal. 
Lord Justice Vaughan, in his judgment, said the order 
of the wharf-master was, of course, given subject to 
officers on the steamship seeing that it could be safely 
carried out. An action for damages by the persons who 
suffered by the accident could not probably have been 
sustained as against the wharf-owners, since the steam- 
ship officers could have avoided the accident. 

If the steamship officers had been careful, there would 
have been no accident, and their neglect was the proxi- 
mate cause—i.ec., their starting of the propeller, which 
} soon the small boat and its occupants. No action being 
clear against the wharf-owners, the steamship owners 
could not take advantage of Section 6 of the Workmen’s 
Compensation Act. It will be clearly understood that 
the dismissal of the steamship owners’ appeal does not 
contradict the literal meaning of Section 6 of the Work- 
men’s Compensation Act, which very properly allows an 
employer to claim indemnity against a third party who 
might have been made liablein an action for damages by the 
workman who is the victim of the accident. It is absurd 
to argue that one of two wrong-doers has a right of action 
over for indemnity against the other wrong-doer. There 
is no question of the employer’s negligence in any claim 
under the Workmen’s Compensation Act for compensation 
to an injured workman, and Section 6 simply gives an 
innocent employer, who is under a statutory obligation 
to pay compensation, the right to be recouped for his 
payment by any outsider whose tort was the proximate 
cause of the workman’s injury. 








Tue Wor.p’s Propuction or Pic Iron. — Messrs. 
James Watson and Co., of Middlesbrough, Glasgow, 
ore and Swansea, have issued their interesting 
annual statistics of the world’s production of pig iron. 
They show that during the year 1909 by far the Genes 
production was in the United States, where the output 
reached 25,795,471 tons, or 9,859,453 tons more than in 
1908, and 14,110 tons more than in 1907. Last year 
Germany was the second largest producer, turning out 
12,917,653 tons, an increase of 1,104,142 tons as compared 
with the previous year, but 128,107 tons less than the 
make of 1907. Great Britain was the third largest manu- 
facturer, turning out 9,664,287 tons, or 374,447 tons more 
than in 1908, but 259,569 tons less than in 1907. The out- 
put of France last year was 3,544,633 tons, or 200,493 tons 
more than in 1908, but 44,311 tons less than in 1907. 
Russia last year made 2,817,000 tons; Austria and 
Hungary, 1,947,300 tons; and Belgium, 1,632,350 tons, 
The total world’s pig-iron production last year reached 
60,327,998 tons, an increase on the previous year of 
12,153,210 tons, and 148,038 tons more than the output of 
1907. Of the make in Great Britain last year, the dis- 
trict producing the most was Cleveland, where the make 
reached 2,527,499 tons, being 19,947 tons less than the 

revious year, but 93,932 tons in excess of the output of 
907. Scotland was last year’s second largest producer, 
with 1,353,615 tons, or 110,350 tons more than the previous 

ear, but 49,832 tons less than the make in 1907 ; and 
Durham was the third largest manufacturer, turning 
out 1,176,844 tons, or 178,682 tons more than the pro- 
duction of the previous year, and 76,343 tons above the 
output of 1907. 





CENTRIFUGAL Pumpine PLANnts In Continuous Srr- 
vick.—Objection is occasionally raised against centrifugal 
umps on account of the impellers and guide-wheels 
ing subject to abnormal wear and tear and to the cor- 
responding decrease of the original high efficiency of this 
type of pump. This may paape be the case with water 
of which the chemical and mechanical properties are 
particularly unfavourable, but in general o lene life from 
these pumps may be expected, if the material of which 
the pumps are made and their speeds are chosen properly. 
This is shown by the working results obtained in a 
silver mine in Horcajo (Spain), where the first pumping 
plant consisting of high-lift centrifugal pumps driven 
electrically was installed. This plant was supplied by 
Sulzer Brothers, of Winterthur, ten years ago, In 1900 
three, and later on four, pumps were installed, which are 
working in series on the various levels raising 5 cub. m. 
r minute against a head of 500 m. he pumps 
ave been working day and night from the day they were 
started up with only a stop of about 16 to 20° hours 
per month. Continuous measurements have been taken 
»y the superintending engineer with regard to the power 
absorbed and water delivered, and these have shown that 
up to the present—i.e., after ten years’ continuous service- 
the original er me A of the pumps, of 76 per cent., has 
suffered no noticeable decrease. Although the water is 
very muddy and contains a quantity of fine quartz 
ny om the impellers and guide-wheels originally fitted 
show hardly any wear. Recently this pumping plant has 
been extended by installing four pumps for 6 cub. m. 
serving as spares. During five weeks Poth installations 
have been working simultaneously day and night, raising 
together about 11 cub. m. of water per minute. 
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FOREIGN ENGINEERING PROJECTS. 


WE give below a list of colonial and foreign engineering 
projects, for some of which tenders are asked. Further 

rticulars concerning them may be obtained from the 
ecmaesein’ Intelligence Department, Board of Trade, 
73, Basinghall-street, London, E.C. 

Straits Settlements : The Straits Budget of September 29 

ublished the annual address by the Governor of the 
Straits Settlements on the financial, &c., ition of the 
colony, in the course of which he sta that among 
the more important services which it is proposed to 
undertake in 1911 are the following :—Building of a new 
district court ; construction of a sea-wall across the gap 
at Johnston’s Pier; raising of low-lying land adjoining 
Penang Road, and draining of the swamp at estier 
Road ; erection of a lighthouse on Kuruman Island, off 
Labuan ; construction of a hill railway (see page 552 ante); 
completion of water supply extension works at Bukit 
Seraya, Province Wellesley, and Lumut, Dindings ; con- 
struction of revetment wall to part of the reclamation at 
the Malacca River mouth. Reference was also made by 
the Governor to the following municipal works :—The 
sanitary engineer appointed to report on the removal and 
disposal of sewage at Singapore has recommended the 
establishment of a system of underground sewers through- 
out the town. A scheme has also been under considera- 
tion for increasing the water supply of Penang by the 
construction of a large aoe reservoir at the Waterfall 
Gardens. A new hospital for infectious diseases is 
shortly to be built in Singapore. 

India: Indian Engineering, Calcutta, of October 15, 
notifies that the Commissioners of the South Suburban 
Municipality, Behala, invite tenders for the construction 
of an elevated water reservoir of 30,000 gallons capacity 
in the vicinity of the Diamond Harbour Road. The 
works comprise a steel tank to hold 30,000 gallons, about 
8000 cubic feet of first-class brick masonry, about 4 tons 
of steel-work, together with valves, valve-chambers, &c., 
and connection with the existing 7-in. municipal main. 
Tenders must be sent in sealed envelopes ad to 
the Chairman, South Suburban Municipality, Behala, 
Calcutta, 5s Ag they will be received up to 4 p.m. on 
November 23. Copies of the specification, form of tender, 
&c., can be obtained, and drawings seen, at the office of 
the Sanitary Engineer for Bengal, 1 and 2, Old Court 
House Corner, Calcutta. It will be observed that the 
limited time for receipt of tenders will not permit of their 
being despatched by post, and the above intimation is 
therefore only of use to those firms having agents in India 
whom they can instruct by cable. 

Federated Malay States : The Federated Malay States 
Government Gazette of September 29 pxSlishes a draft 
enactment igen! financial provision for the public ser- 
vice for 1911, which allocates 5,197,000 dols. (about 
606,000/.) for railway construction. 

Brazil: The Diario Official of October 15 contains two 
decrees, Nos. 8272 and 8274, approving the plans sub- 
mitted on behalf of the Goyaz Railway Company (Com- 
panhia Estrada de Ferro de Goyaz) for the construction 
of (1) a section of line, 32 miles long, from Uberaba in 
the direction of Pedro de Alcantara, and (2) a section, 
30 mileslong, from Formiga to Goyaz. The cost of con- 
struction of the two sections is put at 10,367,337 milreis 
(about 720,000/.). The Diario of October 19 publishes a 
decree, No. 8279, approving the plans submitted on behalf 
of the Sio Paulo-Rio Grande ilway Company (Com- 
panhia Estrada de Ferro Sio Paulo-Rio Grande), for the 
construction of another 45 miles of the 8S. Francisco 
section of the compeny’s line—viz., between the River 
Negrinho and the River Negro. The cost of the work is 
estimated at 5,381,276 milreis (about 2 te ange 9 

Argentine Republic ; The Boletin Oficial of October 7 
— a decree granting to the Buenos Aires 

estern. Railway (Ferrocarril Oeste de Buenos Aires) 
a concession for the construction of a section of line, 
454 miles long, from La Zanja_to Meridiano V. The 
Boletin of October 11 publishes a decree empowerin 
the Buenos Aires Great Southern Railway, Limited 
(Gran Ferrocarril del Sud de Buenos Aires), to con- 
struct and work a line, of either single or double 
track, to connect its system with the Buenos Aires 
harbour lines. Work must commenced within six 
months after the approval of the plans, and completed 
within two years thereafter. Under the terms of another 
decree, a concession is granted to Sefior Damian M. 
Torino for the construct’on and working of a railway from 
Rufino, in the province of Santa Fé, vid Pegasano and 
Nacuiian, to San Rafael, in the Province of Mendoza. 
Work must be begun within six months after the approval 
of the plans, and completed within three years thereafter. 

Chilt: The Diario Oficial of September 7 publishes a 
Bill, prepared under the direction of the Ministerio de 
Hacienda, providing for the improvement of the harbours 
of Valparaiso and Antonio. The cost of the com- 
bined works is estimated at 4,275,000/., for which amount 
the President of the Republic is authorised, under the 
terms of the Bill, to contrart a loan. So soon as the 
plans for the works have been adopted, tenders will be 
pare 2 invited from Euro countries and from the 

Jnited States, and they will be opened 150 days after the 
signing of the decree deciding on the plans. The Bill 
further provides that plans must be drawn up within 
two years for improving the harbours of Arica, Iquique, 
—— Mejillones (see Board of Trade Jou of 
September 1, page 423), Chafiaral, Taltal, Coquimbo, 
Tocopilla, Huasco, Los Vilos, Papudo, Pichilemu, Llico, 
Buchupureo, Tomé, Talcahuano, Puerto Naavedra, 
Lebu, Valdivia, Ancud, and Puerto Montt. 

Japan: The British Acting Commercial Attaché at 
Yokohama (Mr. R. Boulter) re that the Japanese 
Railway Board have decided to down a narrow-gauge 
electric tramway alongside the railway track from Yoko- 


hama to Tokyo, This tramway may subsequently be 
extended to Kozu and Kamakura. It is intended also to 
build a railway passenger station at Takashima-cho, 
between Hiranuma and Ka wa stations, and to use 
the present Yokohama station for goods only. 








CATALOGUES. 

Rolled-Steel Sections.—A list of angles, bulb-angles, 
zed-bars, channels, round and square bars, and other steel 
sections has come to hand from the Consett Iron Com- 
yon , Limited, Consett, Co. Durham. The steel is made 

y the Siemens-Martin acid process. 


Engineers’ and Smiths’ Tools.—The Alldays and 
Onions Pneumatic Engineering Company, Limited, Great 
Western Works, Birmingham, have issued a small illus- 
trated catalogue of stocks and dies, ggg © hoist- 
ing tackle, smiths’ hearths, portable forges, blowers, 
tongs, vices, &c. Prices of most of the articles are stated, 


Water-Tube Boiler.—A catalogue has reached us from 
the Parker Boiler Company (Incorporated), Pennsylvania 
Building, Philadelphia, Pa., U.S.A., explaining the con- 
struction and pointing out the advantages of the Parker 
down-flow boiler, which was described and illustrated in 
our issue of February 4 last, on page 138. The catalogue 
also contains a number of reproductions of photographs 
of installations of these boilers. 


Marine Motors.—Messrs. John I. Thornycroft and Co.’ 
Limited, Caxton House, Westminster, S.W., have sent 
us a copy of the Spanish edition of their new catalogue of 
oil and petrol marine motors. Illustrations and full par- 
ticulars of complete sets ranging from 74 to 400 brake 
horse-power are given. A list of code-words to enable 
the motors and all spare parts to be ordered by cable is 
also included. 

Motor - Lawnches, &c.—We have received from the 
Wolseley Tool and Motor-Car Company, Limited, of 
Adderley Park, Birmingham, a copy of their new cata- 
logue of motor-launches and other pleasure craft for sea 
or river use. The catalogue, which is well printed and 
illustrated, gives full particulars, including prices, of all 
the more popular types of boats, such as standard launches, 
yachts, pinnaces, river and cabin launches, cruisi 
yachts, &c. Prices are also stated for Wolseley petro. 
and paraffin engines for marine work. 


Centrifugal Pumps.—Messrs. Ernest Scott and Moun- 
tain, Limited, Close Works, Gateshead-on-Tyne, have 
sent us a copy of their new catalogue of centrifugal pumps. 
This catalogue, which is fully illustrated, deals with the 
construction of high-lift pumps with two, three, or four 
stages, and states their capacities at speeds suitable for 
three-phase motors. Full particulars are also given of 
single-stage pumps for medium and low lifts. A few 
pages of useful hydraulic tables and formule are included 
at the end of the catalogue. 


Recording Instruments sal Power Plants.—We have 
received from Messrs. nders, Rehders, and Co., 
Limited, 108, Fenchurch-street, E.C., a binding case 
containing the first three numbers of a bulletin they issue 
at interva. These are intended to keep steam-users in- 
formed as to the latest developments in ‘‘ Sarco” appa- 
ratus, and contain articles on the combustion of , on 
the use of the ‘‘ Sarco” CO, recorder, draught-gauge, 
steam-meter, and other appliances for effecting economies 
in boiler working. 


Oil-Engines.—A small booklet dealing with their oil- 
engines has come to hand from Messrs. Fielding and Platt, 
Limited, Atlas Works, Gloucester. This booklet gives 
eee of single-cylinder horizontal engines ranging 
rom 3 to 60 brake horse-power ; pate te gud engines 
up to 120 horse-power can also be supplied. Illustrations 
are included of portable engines, a combined oil-engine 
and pump, and a sectional oil-engine. The latter is 
intended for export, where a long journey across country 
is unavoidable. It is built of parts, none of which weighs 
more than 400 Ib. 


Mond Gas.—We have received from the Power-Gas 
Corporation, Limited, of Stockton-on-Tees, a copy of 
their latest catalogue, which deals with producer plants 
for use with bituminous coal, lignite, peat, wood, &c., 
with or without the recovery of sulphate of ammonia 
and other by-products. The catalogue describes the 
process of eegteies and ammonia recovery, and 
also deals with the use of the gas for various metallurgical 
processes, as well as for power production. A list of 
installations, several of which are illustrated, is included ; 
the illustrations show plants with capacities ranging 
from 300 to 16,000 horse-power. 


Dynamos and Motors.—A catalogue of small two-pole 
+ mma and motors has been issued by Messrs. J. H. 

olmes and Co., of Newcastle-on-Tyne. These machines 
are fitted with ball-bearings, which are lubricated with 
semi-solid grease, so that the machines can be fixed in 
any position without alteration ; oil-creeping, the cause 
of 7 breakdowns of small electrical machines, is also 
avoided. The catalogue includes a general specification 
of the machines, and states the outputs at different speeds 
and voltages of motors from 0.4 to 5.3 brake horse-power, 
and of dynamos from 0.27 to 2.64 kilowatts. Prices are 
also stated. 

Switch-Gear.—Messrs. A. Reyrolle and Co., Limited, 
of Hebburn-on-Tyne, have issued a leaflet illustrating a 
type of high-tension mining oma, designed to prevent 
accidents from electric shoc! The apparatus is so 
arranged that the isolating-switch cannot be opened until 
the corresponding oil-switch has been opened, also the 
oil-switch cannot be closed while the isolating-switch is 





open, The door is also interlocked, so that it cannot be 





opened while the isolating-switch is closed, The aa 
can be designed to accommodate current and od 
transformers, and the fronts can be fitted with any com. 
bination of instruments. pom 
Gas- Engines and Suction-Gas Plants.—Messrs, F je); 
and Platt, Limited, Atlas Works, Gloucester: have in 
a —- “3 of Fielding engines for running on svction 
gas. e catalogue illustrates and gives particulars 
of single-cylinder horizontal engines, from 114 to 140 
horse-power, two-cylinder side-by-side engines to 290 horse- 
power, and a four-cylinder vertical engine of 180 horse. 
power, for industrial work or electric lighting. Suection- 
gas producer plants up to 145 horse-power are also i!|,s- 
trated and described. e coal consumption of these 
— is guaranteed not to exceed 1 Ib. of anthracite per 
rake horse-power per hour at full load. 


Locomotive Superheaters.—A well-printed booklet ji)us 
trating a number of British-built iesipetives with Schmidt 
superheaters and piston-valves has reached us from 
Schmidt’s Superheating Company, Limited, 28, Victoria. 
street, Westminster, S.W. The locomotives selected for 
illustration include goods and passenger engines for 
several British and some South American railways ; the 
leading dimensions of each example are given. At the 
end of the booklet a few calling attention to th. 
advantages of the Schmidt system are included. A 
reduction in coal consumption of 25 per cent., and in 
water consumption of 33 per cent., is claimed. 


Gauges, Micrometers, and Measuring-Machines.—The 
Newall am Company, Blackhorse-lane, Walt- 
hamstow, E., have sent us a copy of a new edition of their 
catalogue of gauges and measuring appliances. After 
giving some notes on their limit system, and tables of 
allowances for various fits, the catalogue illustrates and 
states prices of internal and external limit-gauges, refer- 
-_ bars, internal and external micrometers, cylindrical 
and snap- gauges, screw-gauges, taper-gauges, surface 
plates, straight-edges, &Xc., wed for both English and 
metric sizes are stated. The construction of the firm’s mea- 
suring-machines is also illustrated. These machines give 
readings to 0.00001 in. 


Protective Coating for Iron and Stecl Work.—Messrs. 
Wailes, Dove, and Co., Limited, 5, St. Nicholas’ Build- 
ings, Newcastle-on-Tyne, have issued a pamphlet relatin 
to their ‘‘ Bitumastic ” solution for protecting iron pom | 
steel structures of all kinds from corrosion. The pamphlet 
illustrates blast-furnaces, corrugated - iron buildings, 
bridges, &c., which have been coated with this solution, 
and also contains a number of testimonials expressing 
satisfaction with the results obtained fromits use. Refer- 
ence is also made to a composition known as “‘ Bituros,” 
specially prepared for coating tanks used for storing 
water for drinking purposes. It is stated that water 
stored for long periods in tanks coated with this material 
is not in any way contaminated or discoloured. 


Steam - Pumps.—The Worthington Pump Company, 
Limited, 153, Queen Victoria-street. E.C., have issued a 
well-printed and illustrated general catalogue of duplex 
steam-pumps. Dimensions and capacities are given for a 
wide range of vertical and horizontal pumps of the piston, 
plunger and ring, and ram patterns for boiler feed, 
general and special services. Among the latter may be 
classed beer-racking pumps, fire-pumps, and an automatic 
| som, and receiver for removing water of condensation 

rom heating-coils, drying-cylinders, &c. Pumps operated 

| water pressure are also dealt with. In the latter part 
of the catalogue illustrations and particulars of hydraulic- 

ressure pumps and large pumping-engines for mine- 

rainage, water works, and other duties are given, and 
the last few pages are devoted to steam and hydraulic 
tables, lists of parts, telegraph code-words, &c. 


Watt-Hour Meters.—A pamphlet illustrating and de- 
scribing the construction of their ‘‘G 4” type watt-hour 
meters come to hand from Messrs. Siemens Brothers’ 
Dynamo Works, Limited, 39, Upper Thames-street, E.C. 
The special feature of these meters is the ease with which 
all the working parts can be replaced when worn, no 
tools being required for this purpose. The pamphlet 
illustrates and describes the method of effecting these 
replacements, and also gives instructions for installing and 
overhauling the instruments. They are of the motor 
type, and the energy consumed is registered on a cyclo- 
meter dial, although they can be supplied with ordinary 
pointer dials if these are pusheered. The meters wor 
equally well on continuous or alternating circuits, and are 
made for currents up to 200 amperes and pressures up tu 
650 volts. They are particularly suitable for export. 





Sream-Bor.ers IN SwiTzERLAND.—The Schweizerische 
Verein von Dampfkesselbesitzern tested, during the year 
1909, altogether 5121 boilers, of which 4577 were provided 
with internal furnaces. The average age of the boilers was 
16.6 years, and 73 per cent. of them were built in Switzer- 
land. As regards the heating surface, the 4939 land 
boilers had an ave heating surface of 36.86 sq. m. 
(418 sq. ft.), and the 182 marine boilers of 71.72 sq. ™. 
(772 sq. ft.). The tests were conducted under the super- 
itendence of Mr. J. A. Strupler. They involved 247 
fuel tests at the Ziirich Polytechnikum. Of the boilers, 
122 belonged to the Government, and 222 were put out of 
use or disqualified at the end of the year 1909 for various 
reasons, among these being displacement by electri 
power. The following figures give the numbers and th: 

reen of the total heating surface, the latter in 

rackets, for the chief industries :—Textile, 1114 (29.1): 
leather, rubber, hair, horn, 146 (1.8); food-stuffs, 10" 
(13.4) ; chemicals, 299 (6.8); paper, 141. (3.8); wood, 58 
(4.8); metal, 420 (8.9); building materials and ceramic-, 
137 (2.9) ; various industries, 105 (1.7) ; traffic (not includ 
ing locomotives), 405 (9.8) ; miscellaneous power, 91 (20.4). 
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SELEOTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 
views given in the Specification 
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Where inventions are communicated from abroad, the Names, é&c., 
ded pam do Lp Sale 
— § 25, Southampton Buildings, Chancorytane Wt. at 


ts stated 
is not 


abstract, unless the 

may, at any > 2 
ar Apa gf the of a Complete Specification, 
ive notice at the Patent O; of to the grant of a 
atent on any of the Act, 


ELECTRICAL APPARATUS. 


26,250/09. Siemens Brothers and Co., Limited, 
London, and W. Di Old Chariton. Sub- 
marine Telephone Cables. (2 Figs.) November 12, 1909. 
This invention relates to the insulation of the induct coil 
arrangements of submarine telephone cables. According to this 
invention, deterioration due to gradual absorption of moisture by 
the hygroscopic insulating material is prevented by providing the 
inductance coil with a light sheathing of impermeable metallic 
or non-metallic material, as tin-foil, which will prevent endos- 
motic action. @ is the inductance coil proper, of tubular form, 
the wire of which is covered with hygroscopic insulation. 0b is 
the outer tube which contains this coil, and consists of non- 












py 


LK YV 
Yj, 


VIN 
7 
LZ 


hygroscopic material, fitting closely on to the coil. In the 
example shown, the impermeable metallic or non-metallic layer is 
situated directly between the hygroscopic insulation of the coil 
a itself and the inner side of the external layer of the protective 
covering }, and consists of tin-foil c, which is very thin, and may 
be — as a wound-on strip, having overlapping edges, or it 
may be folded over from a single sheet of sufficient size, or be 
formed asa cylinder with the ends closed in, the essential point 
being that the foil, although of negligible thickness and of prac- 
tically no mechanical strength, shall form a complete inner skin 
or separation to prevent the transference of moisture effects to 
the ny groscopic insulation of the coil itself. (Accepted August 31, 
1910. 


19,387/09. S. C. Mount and Beck Flame-Lamp, 
Limited, Hayes. Aro-Lamps. (2 Figs.) August 23, 1909. 
—This invention relates to multiple-carbon arc-lamps, in which, 
when one pair of carbons has been consumed, the carbons of a 
second pair are automatically brought into action, and has for its 
object to provide mechanism whereby, when the first pair of 
carbons has been consumed, the movable carbon of a second pair 
is moved laterally nearer its fellow carbon, or held so that upon 
the operation of the striking mechanism an arc is struck on the 
second pair of carbons. According to the invention, a controlling 
meniber is provided upon, or in connection with, the operating 
lever of the striking mechanism, and is adapted, according to its 
position, to cause the movable carbon of one of the pairs of 
carbons to move laterally to take up a position nearer its fellow 
carbon than in the case of the other pairs, or to be held so as to 
ensure that the arc shall be struck upon this particular pair of 
carbons. The movable carbon a@ of each pair is passed through a 
slipper-plate b, which plate is under the control of the striking- 
gear, and is operated thereby. For the pu of striking an 
arc on one_of the pairs of carbons, each slipper-plate is linked to 
a corresponding rocker member c¢. e rocker members 
are pivoted to the base of the lamp below the slipper - plate 
connection in such a way that the slipper - plates may have 
an independent movement backwards and cai oy The operat- 
ing lever d of the striking mechanism is also pivoted upon 
the base of the lamp in a line with and in between the 
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rockers and carries the controlling member e, in the form of 
a bar, pivoted upon the lever d, so as to swing or oscillate in a 
plane parallel to the hinges of the rocker members and of the 
Operating lever. In each of the rocker members c is a slot c2, in 
which the respective ends of the pins ¢! at the ends of the bar are 
engayed, which slots¢?, according to one modification, may be dis- 
posed at an angle to the plane in which the bar e moves, so that 
When one of the ends of the bar is at the lower end of the corre- 
sponding slot, the upper end of the said slot is situated beyond 
the plane of movement of the bar. Thus, when the bar rises 
‘ot the rocker member is moved forward till the upper 








end of the slot is in the plane of movement of the bar, to 
bring > pair of carbons nearer together. At the same 
time the other end of the bar will move to the lower end 
of the slot of the second rocker , and in q 

the second pair of carbons will be moved further apart. 


In operation, when the are has been struck upon the first pair of 


carbons it will continue to burn thereon until the carbon-carrier, 
ora projecting pin connected therewith, has moved into contact 
with the Lar, so as to turn it upon the pivot and cause the second 
pair of carbons to be moved nearer together; thus when the 
an nechanism is again operated, the arc is struck upon 
the sec nd pair of carbons, In order to render the action of the 


mechanism such that only one pair of the carbons are brought 


— vether each time the striking mechanism is rated, 
the other carbons remaining undisturbed in the struck position, 
the slot c? may advantageously be provided with their lower ends 
Fi ened cr opened out in the horizontal direction, as shown in 
thet 1... be drawing, and be so disposed in the rocker member 
When... Ste parallel with the plane of oscillation of the member ¢ 


© arcis burning. Each of the rocker members may be pro- 





vided with a strut /, which may be rendered adjustable, if desire’, 
to en the base of the lamp, when the arc has been struck, thus 
ensuring that the slots c? ll take up the required position. 
In operation, when the striking lever d is moved to bring a pair of 
carbons together to strike an arc, the rocker member, in whose 
slot the uppermost pin e! of the member ¢ is engaged, is moved by 
the member ¢ in its forward movement to bring the corres A 
ing carbons together. The lowermost pin e! of the member e, 
however, will merely travel along the horizontal portion of the 
slot c2 of the second rocker member with which it is engaged 
without in any way disturbing the second rocker member, an 
thus the second pair of carbons remain undisturbed in the struck 

ition. When the first pair of carbons is separated by the 
a mechanism in the act of striking the arc, the member e¢, 
upon the movement of the lever d, is returned to its initial posi- 
tion and the lowermost pin ¢! accordingly moves back to the 
position at the lower end of the vertical portion of the slot c2, so 
that thus, upon the a eager my of the first pairs of carbons, and 
the consequent oscillation of the member e¢ by the carbon carrier, 
it is free to travel to the upper end of the slot c2. (Accepted 
Augquat 31, 1910.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


W. Hurd, Bothwell. Coal-Cutting 
(4 Figs.) February 23, 1910.—This invention 
le and effective means forsupporting and facilita- 
ing the handling, when in use, of coal-cuttin machines of the 
Hurd bar type, in which the motor is arran, on a vertical axis 
co-axial with the axis of rotation of the cutter-bar carrying gear- 
casing, and is in a casing more or less cylindrical vertically. A 
supporting ai _— made according to the invention com- 
prises pon A 'y what may be termed a girdle frame encircling 
the machine casing, and within which it is rotatable through a con- 
siderable horizontal arc ; a horizontal guitle-rail upon which the 

irdle frame is supported at one side and is traversible, an ad- 
ustable foot or skid, also for supporting the girdle, at the other 
side ; and jacks for supporting the horizontal rail with means 
for applying them at various points in their length. The motor 
and gearing are together enclosed in a vertical cylindrical casing 
A, from the lower part of which there extends radially the usual 
cutter-bar head B. The cylindrical casing A is carried within 
a circular guide frame C made in two parts and formed with an 
annular channel to receive, and hold between its faces, a flange 
formed around the casing and toothed around its periphery. The 
casing A is rotated within the frame C by gearing engaging the 
teeth upon the periphery of its flange. This — is arranged ina 
casing Don the frame C, and is operated by meansof a handle applied 
to the squared end of a spindle E connected to the gearing. At the 
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rear end of the frame C are formed two horizontal sleeves F, G, 
through which there passes a tube H forming the guide-rail 
hereinbefore referred to. One, F, of these sleeves is split on its 
underside, and there is provided a square-ended screw-spindle J 
by which it can be pinched upon the rail H ; the other sleeve G 
has formed in its underside a recess, in which is arranged a pin- 
wheel gearing with a series of apertures K in the underside of 
the rail H, and which pin-wheel is operated to traverse the frame 
C upon the rail by a handle applied to its square-ended spindle L. 
One end of the rail H is pivotally connected to a split sleeve M 
embracing the circular pillar of ascrew-jack N which is clampable 
on that pillar by means of a bolt. e opposite end of the 
rail H is provided with a horizontal screw-jack head Q, while 
intermediately there is a third screw-jack R, having on it a 
clampable sleeve similar to the sleeve M, formed integrally with a 
second similar, but horizontal, sleeve S, embracing and clamp- 
able at any point upon the rail. It is to be understood, however, 
that the forms of screw-jack carrying devices are alternative and 
interchangeable—that is to say, two or more of any one or more 
of the types may be applied to any particular apparatus ; and it 
is further to be understood that, alternatively to screw-jacks, 

wer-operated or hydraulic hand-operated jacks may be used. 

e front of the machine is supported by a foot T alternatively 
securable in one of two sockets U in the frame C, which of the 
two sockets it is secured in depending, of course, upon the arc 
through which the cutter-bar head is to be traversed. 
(Accepted August 31, 1910.) 


MOTOR ROAD VEHICLES. 


13,689/10. H. Wardill and H. E. War Car- 
ton. Motor Starting-Gear. (2 Figs.) June 6, 
1910.—This invention relates to starting-gear for motor vehicles 
and, according to this invention, an obturator is provid 
which is adapted to render the operative engagement of the 
starting-handle with the engine-shaft impossible except when 
the change-speed lever is in the neutral position, and the obtu- 








rator is formed in such manner that it may be locked in the 
position in which it acts to prevent the engagement of the handle 
with the shaft, and can only be released by the person who is 
authorised todo so, There is provided in front of the engine- 
shaftda ——— a, in which is slidably mounted a plate b pro- 
vided with an aperture c, the size of which is large enough to per- 
mit the inner end of the starting-handle or a collar or boss on the 
handle to pass through. The plate b is connected by a Bowden 





wire ¢ to the change-speed lever in such manner that when the 
lever is brought into the inoperative or neutral ition the 
aperture c is brought into alignment with the engine-s! , 80 that 
it is possible to bring the starting-handle into engagement with 
the engine-shaft. A spring f connected to the guide-plate a and 
the plate b is provided for the purpose of continually drawing the 
plate b into a — in which it prevents the engagement of the 
starting-handle with the engine-shaft. For the purpose of pre- 
venting any unauthorised person from starting the engine, the 
plates a and b are advantageously provided with holes through 
which, when the plate b is in a position preventing the en : 
ment of the starting-handle with the engine-shaft, is pected a 
padlock. (Accepted August 31, 1910.) 


20,738/09. C. Burrell and W. C. Wilson, Thetford. 
Motor Lorries. (2 Figs.) September 10, 1909.—This inven- 
tion has for its object the application to a lorry, driven. by an 
engine a of the traction-engine type, of a bined arrang t 
for eae | the rear wheels. which has before been proposed for 
engines of another type. The engine a is placed on the top of a 
horizontal locomotive boiler, but the differential ar } is 
arranged on the countershaft c, and the rear wheels d are inde- 
— driven by two chains ¢ gearing with chain-wheels c! 

xed to the countershaft. At the rear the chains ¢ gear with 
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chain-wheels free to turn on a shaft f carried by a pair of bars or 
frames g pivoted to a perch-bar A fixed to the frame j of the 
lorry, and these bars or frames g also carry the axle k on which 
the rear wheels d are free to turn. The rear chain-wheels have 
fixed to them pinions f2 gearing with internal rings of teeth d! 
on the rear wheels d. It will be seen that by this arrangement 
the rear wheels can move up and down independent of each other 
relatively to the body of the lorry. The bars or frames g are 
adjustable in length, so that any slack in the driving-chains can 
be readily taken up. (Accepted August 31, 1910.) 


RAILWAYS AND TRAMWAYS. 


30,382/09. A. G. Spencer, London. Buffer-Sp: 3. 
(2 Figs.) December 29, 1909.—According to this invention, sprin 
elements, each comprising annular india-rubber bodies arran 
one within the other a short distance apart, and a ring or rings 
or a perforated plate or plates moulded into them, are produced 
by partially curing or vulcanising the india-rubber when the 
rings or plates are in position, in any known manner ; a desired 
number of such elements are then placed together end to end 
with a perforated separating-plate or ring or rings between each 
element and the adjacent ones, and the operation of curing or 
vulcanising the india-rubber is then completed, so that the separa- 
ting-plates or rings become securely held in the india-rubber. A 
buffer-spring, according to this invention, and made according to 
the method just described, comprises rings or cylinders of rubber 
arranged one within the other a short distance apart, and a number 
of perforated metal plates held in the rubber rings or cylinders, 
the several rubber rings or cylinders constituting the spring being 
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inseparable and arranged in such a way as to form, with the 
metal plates, spaces or chambers in the body of thespring, The 
drawing shows in central vertical section a railway-carriage buffer- 
spring. a and b are the cylinders of india-rubber and ec, c! are per- 
forated plates of metal securely held in the rubber. Such a 
spring is adapted to be threaded on arod d between thrust-trans- 
mitting plates or abutments. The rubber of the cylinders a and b 
extends through the perforations e of the metal plates c and cl, 
and such plates hold the rubber cylinders the desired distance 
apart. Between the rubber cylinders the plates c and c! can be 
formed with other perforations that allow air to freely pass to and 
from the several annular spaces or chamber g formed by and 
between the rubber cylinders a and b and metal plates ¢ and cl, 
In some cases, the metal plates c and c!, or some of them, can be 
cupped or formed with marginal flan that confine the outer 
cylinder a and limit its expansion under compression. (Accepted 
August 31, 1910.) 
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/08. A. Spencer, London. Buffers. [4 Pigs.) 
October 22, 1909.—This invention relates to buffers wherein two 
springs are provided arranged in a common buffer-case, the initial 
buffing being effected mainly by one of such springs, the com- 








pression of which is limited, and the final and most severe portion 
of the buffing action being effected mainly by the other spring, 
the full compression stroke of the combined springs being suc 

as to prevent shock due to contact between the buffer-head and 
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the case. The invention provides an improved construction of 
this type of buffer, and comprises a buffer-case, the inner part a 
of which is cylindrical, the intermediate part b of which is conical, 
and the outer part c of which, where it is bored to fit the buffer- 
rod d, is either externally cylindrical or slightly conical. At the 
inner end part a is a compound spring, constructed of sets of 
concentric india-rubber rings e, with separating metal rings / 
threaded on the tubular sleeve g of the thrust-plate A, the spring e 
being arranged between this plate and a plate m that closes the 
inner end of the buffer-case. A helical steel spring w is located 
between a loose collar o held against a shoulder p on the buffer- 
rod d and thrust-plateh. The outer end of the spring n is guided 
on the buffer-rod d, and the inner end is centrally supported by a 
ring r on the thrust-plate 4, When —- the rod d is forced 
inwardly, and the spring 7 effects the initial buffing ; as the inward 
movement continues, a shoulder s on the rod d abuts against 
the thrust-plate A, so that the spring n cannot be further stressed, 
and the most severe portion of the buffing action is effected by 
theinner spring e. (Accepted Auguat 31, 1910.) 

24,405/09. The Consolidated Brake and Engineer- 
ing Vompony, Limited, and E. S. Luard, London. 
Brake-Pipe Couplings. [8 Figs.) October 23, 1909.—In 


brake-pipe couplings, according to this invention, the applicants | 


provide for the employment of joint washers of unstretchable 
material, the washer being securely attached to the half-coupling 
by a locking-ring. In a suitable arrangement for carrying out 
the invention, the ring-washer b is placed on a conical face pro- 
vided on the half-coupling a, and the latter is screw-threaded so 
as to receive a clip-ring d, which is screwed into place, and is 
provided with a flange or the equivalent at its outer end, the 
flange bearing upon the upper face of the washer, and so tightly 





pressing the same against the conical face of the half-coupling. 
Or, in lieu of the screw-clamp d, the applicants use a spring split- 
ring d which is inserted into the bore of the half-coupling, the 
bore being preferably tapered outwards in the inward direction, 
and the split-ring being formed with a flange upon its outer end 
which bears upon and clamps the washer 0. Phe inner edge of 
the split-ring may be provided with slots for the insertion of a 
tool for withdrawing the same from the coupling when required. 
In some cases the inner edge of the washer b may be provided 
with a sheath of sheet metal, the sheath being of angular sha 
in cross-section. The split-ring clamp d is thus forced on to the 
sheath, its upper end overlapping the upper edge of the sheathing, 
or not, as desired. (Accepted September 7, 1910.) 


19,655/09. C. J. Spencer and J. W. Dawson, Brad- 
ford. Multiple-Gauge Tramway Vehicles. [5 Figs.) 
August 27, 1909.—This invention relates to means for locking the 
wheels of tramway vehicles adapted to run on tracks of varying 
gauges in the desired position. The whcel or wheels W are 
mounted on the axle in such a manner as to be free toslide longi- 
tudinally thereon to the amount required for the varying width 
of gauges. As the vehicle moves from one gauge to another, the 
tapering track rail connecting the various gauges causes the 
wheel to move inwards or outwards on the axle, according to the 
gauge of track, it being understood that when changing from one 
gauge to another the Tockine-doviee is out of gear. In one form 
of locking device, the wheel is mounted on a sleove B, such sleeve 











being counted as part of the wheel. On the sleeve at either end as 
required is a collar C, or annular recesses are made for the lock- 
ing device to engage. In the case of a collar C being used in con- 
junction with the locking-piece L, they are together of such a 
width as to allow the locking-piece L to be on either side of the collar 
© for two fixed gauges respectively, or the annular recesses may 
be similarly arranged as to distance apart. The locking-piece L 
is supported in a guide L! fixed to the axle by means of the box 
Al, and is connected by means of a link L* and through suitable 
connections to a lever on the driver's platform. To each locking- 
piece L may be attached one end of a spring E!, which tends to 
ae: or push the locking-piece into position when the wheel is 
ocked to gauge, the locking-piece being pulled out against the 
action of the spring, or vice versd, (Accepted September 7, 1910.) 


STEAM ENGINES, BOILERJ, EVAPORATORS, &c. 


4774/10. Galloways, Limited, and H. , Man- 
chester. Water-Tube Boiler. (2 Figs.) February 25, 
1910,—This invention relates to the cross-boxes which connect 
the headers of water-tube boilers with the main steam and water- 
drum. In the present invention, the cross-box consists of a 
cylindrical drum of circular cross-section, except where it is cut 
away to fit the surface of the main top drum, the length of the 
cross-drum being practically at right angles to the main drum. 
The cross-box is made of sufficient diameter to enable the small 
tubes from the headers to be expanded satisfactorily into position 
without the necessity of flattening the tube. The surface of the 
metal at the aperture of the cross-drum is worked, as shown 
clearly in the drawings, so that the connection between the two 
drums is made by an angle-iron joining surfaces which are at all 
parts at right angles to each other, thus ensuring satisfactory 
machine-riveting, which was impossible in some previous con- 
structions. The cross-drums at each end of the foiler will be 
similarly constructed, the only difference being in the lengths of 





] +i head. 


the tubes g the and the drums. From the 
figures it will be seen that the cross-drum L! is connected at its 
lower end by tubes c! to the vertical headers d! at the front end 
of the boiler and to the top drum a@ by means of an angle-ring e, 
which preserves its right-angle formation at all parts. In order 
to facilitate this construction, the diameter of the cross-drum is 
made about half that of the main drum, and the cross-drum is so 
fixed that its horizontal axis is about level with the underside of 
the main drum. The cross-drum L2 similarly connects the top 





drum with the headers d2 at the rear end of the boiler by means 


e 








of the tubes c2. The steam and water flow between the cross and 
the top drums through openings / in the latter, arranged as shown, 
so as not to need the removal of a large amount of steel at any 
one part, and leaving sufficient longitudinal strips g to maintain 
the strength of the drum at the same \alue as that of the riveted 
seams. Much higher pressures can consequently be employed 
with safety, and the largest size of drum that can be employed is 
not limited, as in previous constructions, by the weakening caused 
by the apertures required for the cross-box. (Accepted August 31, 
1910.) 


24,577/09. J. Dewrance, Southwark. Pressure- 
Gauges. (3 Figs.) October 26, 1909.—This invention relates to 
pressure-gauges and has for object to render such instruments 
independent of changes in the pressure of the ambient atmosphere, 
and thereby to increasestheir accuracy. In applying the im- 
proved method of construction for the purpose of a vacuum gauge, 
the Bourdon tube a, exhausted as perfectly as practicable, is 
permanently closed, and, together with the pointer and graduated 
dial, is enclosed in an air-tight chamber b provided with a trans- 
parent front. This chamber is placed in communication with the 
vessel, the vacuous condition of which is to be indicated. As the 


Fig.7. Fig.2. sp 

















pressure to which the interior of the enclosing chamber b is sub- 
jected changes, so the difference between such pressure and 
that prevailing in the interior of the tube @ varies; such change 
being attended by a corr nding change in the dial reading. 
According to this method 0’ working, the interior of the Bour- 
don tube is subjected to a permanent vacuum, whilst its exterior 
is exposed to the varying pressure of the vessel with which the 
pg yo is in communication ; but neither externally nor intern- 
ly is the tube exposed to the pressure of the ambient atmosphere. 
Under these circumstances, the apparatus is not affected by 
changes of barometric pressure. (Accepted August 31, 1910.) 


19,066/09. R. Waddington, London, and R. Kendal, 
imbledon. St Ss ter. [14 Figs.) August 
19, 1909.—This invention relates to means for superheating 
steam for use in steam-engines of the type wherein a portion of 
the hot gases drawn directly from the fire-box is passed through 
tubes that run through a bath of high-pressure steam contained 
in that portion of the steam supply main which is lowered from 
its usual position in the steam space of the boiler, and arranged in 
the water space thereof adjacent to the ordinary steam-raising 
tubes. In the arrangement illustrated, there is a set of six parallel 
steam mains numbered 1 to 6, extending throughout the whole 
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| length of the boiler water-space adjacent to the ordinary flue 
| tubes 7, between the headers A and B, preferably, as shown, with 
| a slight fall or downward inclination towards the fire-box, so as 

to cause any water collecting to flow to the fire-box tube-plate 8, 
| and there to be evaporated. In each of the ay gt one there is 
| arranged a group of seven superheating tubes 9, whose ends are 
| open to the fire-box 10 and the smoke-box 11, so as to permit of the 
free and uninterrupted passage of the furnace gases whilst super- 
heating the steam. These tubes are expanded in the usual way 
into the outer walls of the headers A and B, Steam supplied to 
the header A through the pipe 12 from the steam dome 13, after 





being superheated by passage through the pipes 1 to 6, is col! >c{< 
by the header B, whence it passes to the ‘aulees ylinders th: , . 
the regulator 14 and branch-pipes 15. Easily removable det. od 


are arranged in the headers A and B, the one deflector seryin. to 
throw any water carried over by priming against the tube-p|a'e ¢. 


where it will be instantly evaporated ; whilst the other detio::o; 
serves again to vary the direction of flow of the steam, ) 
throw down any water that may reach the header B and ca 

to flow towards the tube-plate 8. Any water that may ren)ain in 
the header B would, in any event, have to be lifted vertica| y 
the steam to the height of the regulator valve before it could fio 
towards the cylinders, thus placing so many difficulties in the yay 
of its reaching the cylinders as to render such occurrence in) )\; 
able. Intermediate deflectors may be inserted at suitable joins 
in the main pipes 1 to 6 to vary the direction of flow of the ste: 
and to break it up, so as to precipitate any water reaching these 
points. (Accepted August 31, 1910.) 


SHIPS AND NAUTICAL APPLIANCES. 


25,021/09. W. M. Simors and Co., Limited, W. Brow 
and W. Brown, ew. Dredgers, (2 Figs.) Octobe 
30, 1909.—This invention relates to dredgers, and the invention 
comprises the combination of a suction nozzle having a central 
partition dividing it into two sections, two suction-pipes, on¢ 
connected to each section, a valve for each pipe, a mooring 
winch, and connections for operating the valves and the winch 
The suction nozzle A is fan shaped, and has a central partition 7 
dividing it into the two sections C and C!, each connected to an 
independent suction-pipe D and Dl, each suction-pipe being 
fitted with a valve operatively connected with devices for moving 


Ftg.t. 


























With a fan-shaped nozzle, a 
deep cut may be made by the one face when the vessel is moved 
in one direction, and a deep cut may be made by the other face 
when the vessel is moved in the opposite direction ; thus, while 
the vessel F is moved by the winch E to port, the port Suction- 
pipe D will be in communication with the pump G, and the 
opposite will be the case when the vessel is moved to starboard. 


the vessel F sidewise or radially. 


The means for controlling both mooring chains and valves of 
the suction-pipes D and D! are connected with the winch, so that 
there will be no interval of time lost between the shifting of 
direction of movement of the vessel and the opening and closing 
of the respective valves. (Accepted August 31, 1910. 


TEXTILE MACHINERY. 


L. “4 g, 

hg 9 October 30, ; 
In combing-machines of the Heilmann or other construction, in 
which a circular brush is employed to clean the pins of the comb- 
ing cylinders, the delivery of waste from the stripping-brush is 
effected by means of the centrifugal force resulting from the 
rotation of the brush, a casing closely fitting around the brush 
and having a stripper-blade over which the waste falls. The 
combing-cylinder A and the stripping-brush B both work in the 
usual way, the latter running at a which varies according 
to the length of the staple. The back tin C is, at its front side, 
provided internally with a nase gd D projecting rearwardly be- 
tween the cylinder and the brush. The damper D is fitted with 
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a thin blade d, which lies in close proximity to the brush, and 
encloses the front end of the latter. Two flanged washers c! are 
provided at the ends of the tin C, which fill up any space between 
the spindles of the brush and the tin. To each washer may be 
attached a small bracket, which is adjustably secured to a stud 
on the tin C, and a projecting piece may also be attached to each 
washer, which rests on the stripper-blade E, described below. A' 
the back the tin C, at the part c, extends downwards in the form 
of a chute C! for the delivery of the waste. Behind the strippi t 

brush B an adjustable stripper-blade E is placed with its edx« 
against the surface of the brush, over which the waste is thrown 
by the brush as it rotates. The chute C! is formed with a wast« 
chamber F, and the sides of the chamber are perforated to allow 
of the escape of air, and prevent any pressure being set up within 
the back tin. (Accepted September 7, 1910.) 
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THE PROPORTIONS OF ROLLING- 
STOCK JOURNALS. 
By T. Rosson, A.M. Inst. C.E. 
Ix order that journals may run cool under all 


conditions of service, it is necessary that a film of 
lubricant must a be present between the 
‘ournal and the ing. rer 
The lubricant selected must be such that it will 
not be squeezed out at the point of maximum jpres- 
sure at the highest required speed of rotation. 
The work expended in rotating the journal is dis- 
sipated in the form of heat, and unless this heat 
can be conducted away from the bearing by the 
surrounding parts sufficiently fast to keep the tem- 
perature below a certain limit, it will not be possible 
to maintain a continuous oil-film. The lubricant 
will not have sufficient body at this high tempera- 
ture, and it will be squeezed out, and the journal 
and brass will seize. Therefore, to ensure cool 
running, the work expended in friction in a given 
time must not exceed a certain amount per unit 
area of bearing, and this figure will be a constant 
for all bearings in which the conditions and system 
of lubrication are similar. j iB 

The work expended per minute in friction, ex- 
pressed in foot-pounds, equals the surface speed of 
the journal in feet per minute multiplied by the 
total load on the journal in pounds, multiplied by 
the coeflicient of friction. 

Numerous experiments have been made to deter- 
mine the coefficient of friction under different con- 
ditions ; and without needlessly recapitulating these, 
it may be stated that within the limits of load and 
speed usual in railway work, and with the methods 
of lubrication employed, the coefficient of friction 
remains the same, provided the lubricant is of the 
same nature, and applied in a similar manner in the 
cases which are compared, It will, therefore, be 
possible to arrive at a formula by which the dimen- 
sions and surface speeds of journals can be fixed 
for different loads, provided we know from practical 
experience the performance of a journal of similar 
type, and can so fix the constant. 

Let S equal the maximum continuous speed of the 
vehicle in miles per hour. 
D equal the diameter of the wheel in inches. 
W equal the weight on journal in tous. 
1 equal the effective length of the journal in 
inches. 
d equal the diameter of the journal in inches. 

Now the surface speed of the journal in feet per 
minute will vary directly as the speed of the vehicle 
and the diameter of the journal, and inversely as 
the diameter of the wheel—that is, 


Surface speed varies as Sa ° 


The force applied at the surface of the journal 
necessary to overcome friction will vary with the 
load only, as the coefficient of friction does not 
vary within the limits of ordinary practice, there- 
fore work absorbed in foot-pounds per minute varies 
os WSd ; 

D 

Now in bearings that have to transmit power in 
addition to carrying vertical load, the breadth has to 
be equal to the diameter of the journal. For other 
bearings the breadth is a fraction of the diameter 
of the journal, generally between three-quarters 
and two-thirds ; so in all com tive cases the pro- 
jected area of the bearing will vary as its effective 
length, multiplied by the diameter of the journal. 

Consequently, the total work absorbed per minute, 
and dissipated in the form of heat per unit area of 


bearing, varies as “8 4 givided by Id; that is, as 


Ws 
LD’ 

It will be noticed that the diameter of the journal 
does not appear in the final formula. 
Increasing the diameter will not decrease the 
liability to overheating, because, although the bear- 
ing area is increased, thus reducing the pressure 
per square inch, the surface speed of the journal 
18 Increased proportionally, and as the force neces- 
sary to overcome friction applied at the surface of 
the journal remains the same, the work expended 
per revolution of the wheel will have been in- 
creased proportionally with the diameter of the 
journal ; and as the bearing area has just been in- 
crease in the same proportion, the total work 
absorbed per minute and dissipated in the form 
of heat per unit area of bearing remains the same, 
80 no advantage will have been gained from this 


increase in diameter; but, on the other hand, a 
greater turning moment will be necessary to rotate 
the journal. Its diameter should, therefore, be 
fixed solely by considerations of strength. 

Now knowing the safe working limit of any 
ws 
lD 
for it, we have then a constant for all bearings of 
similar type, and we can give any reasonable value 
we please to each factor in the formula, to make 
the seston suitable for either high or low-speed 
work, provided the value of the expression as a 
whole is not altered. 

If the same accurate fitting, rigidity of con- 
struction, quality of lubricant, and method of 
application and attention in traffic were possible 
with all bearings, whether locomotive, carriage, or 
wagon, the same constant could be applied to all 
purely load-carrying bearings. As, however, these 
actors vary greatly, each different type of bearing 
must be considered, and the constant for ‘that 
class found by experience. In the cases given 
below the bearings have been white-metalled, and 
the lubrication, except in the case of crank-pins, 
has been effected by means of a pad or waste 
saturated in oil below the journal ; the quality of 
lubricant employed with each type of stock is repre- 
sentative of ordinary railway practice, so far as oil 
lubrication is concerned. 

Taking first the case of locomotive journals for 
driving and coupled wheels, it has been found that 
on express passenger engines having wheels of 
6 ft. 10 in. diameter, journals with an effective 
length of 74 in., supporting a load of 7.8 tons, are 
rather small for their work. The average speed of 
express passenger trains is in the neighbourhood of 
55 miles per hour, a speed of 70 miles per hour 
is fairly common for considerable portions of the 
run, and even higher speeds are attained for short 
distances. Taking 70 miles per hour as the maxi- 


existing bearing, and calculating the value of 


ws 
mum continuous speed, the value of Tp for this 


bearing is 0.89. A journal of similar dimensions, 
supporting a 7-ton load on wheels of the same dia- 
meter, has given good results at the same speeds ; 


15 for this bearing is 0.8, and it 


would be an advantage not to exceed this. In the 
case of an axle-box being very near to the fire-box, 
it would be advisable to reduce this figure to 0.75. 
Inside bearings on bogie-axles of an effective length 
of 74in., supporting a load of 3.7 tons, the wheels 
being 3 ft. 6 in. in diameter, have been found to give 
satisfactory results on express passenger engines, 


the value of 


the value of < being 0.82. Therefore, for in- 


side bearings on bogie and carrying-axles on loco- 


motives and tenders, the value of bh 


may be 
taken as 0.8, the same as for driving and coupled 
wheels. 

In some instances it has been found that the 
bogie-wheels of locomotives strike the sides of the 
frame when going round curves, and set up heating, 
due to the brass being forced up against the neck of 
the journal; in this case, of course, the only 
remedy is to give more clearance. 

As outside journals on locomotives and tenders 
can be better protected by the axle-box than inside 
ones, it is reasonable to suppose that a higher 
figure than 0.8 can be used. Taking first the case 
of a tender bearing; as the load on it varies due to 
the tender getting empty of water and fuel during 
the journey, the maximum load at the maximum 
continuous running speed must be taken, as with 
water-troughs in existence, the weight of the tender 
is avaaal to its maximum when running at a high 
rate of speed. It has been found that a tender 
bearing of the outside type, having an effective 
length of 8? in., carrying a oad of 63 tons, the dia- 
meter of the wheel being 3 ft. 9 in., was somewhat 
small for its work when the engine was working 
express passenger trains; the effective length of the 
journal was then increased to 10 in., and the trouble 


was much decreased. The value of ba for this par- 


ticular journal, as altered and running at a speed of 
70 miles per hour, is practically 1, but it appears too 
high for every-day practice. 

A locomotive ing of this type, having an 
effective length of 13 in., i py of 8 tons, 


the diameter of the wheel being 4 ft., has been found 





to give no trouble at express passenger train speeds ; 





the value of an : for this bearing is 0.9, and this 


will be a suitable figure to take as the constant for 
outside bearings on locomotives and tenders. 

With regard to the main crank-pins on loco- 
motives, as the pressure is here intermittent, a 


WS non be used. The 


actual value of W depends on the maximum effec- 
tive pressure on the piston, and the weight of the 
reciprocating parts. Although the boiler pressure 
is higher than the maximum effective pressure in 
the cylinder (unless excessive compression is pre- 
sent), there will bea fairly definite ratio between 
them, and the weight of the reciprocating parts 
will be fairly proportional to the total effective 
pressure on the piston. On these assumptions we 
may, for purposes of comparison, take the load on 
the bearing as being equal to the piston area 
multiplied by the boiler pressure, and by applyin 

this value to bearings of which we have practica 

knowledge we can get a constant for crank-pins. 
For inside two-cylinder high-pressure engines 
about 5 in.- is the maximum length that can be 
allowed for crank-pins, and if the crank-axle is of 
the solid type, a }-in. radius must. be allowed on 
each side, leaving the pin only 3} in. effective length. 
With an express engine, having 19-in. cylinders, 
180 lb. per square inch boiler pressure, and 
6-ft. 10-in. driving - wheels, a bearing of these 
dimensions is about up to its limit when the engine 
is travelling at the maximum continuous speed, 
with the regulator-valve full open. Expressing W 
in tons, and taking 70 miles per hour as the maxi- 


very much larger value of 


ws 
mum continuous speed, the value of ID is 5.6; 


this figure is on the high side, and should be less if 
possible. 

The limitation of gauge on British railways 
renders it impossible to decrease this e on 
powerful inside two-cylinder high-pressure en- 
gines, except by using built-up cranks, by which 
means a proportion of the length taken up by the 
fillet at the ends of the journal is saved, and the 
figure can be reduced to about 4}. 

On outside two-cylinder locomotives there is not 
the same restriction, and satisfactory results have 
been given on express engines with a crank-pin 
having an effective length of 4f in., the cylinders 
being 20 in. in diameter, the boiler pressure 180 Ib. 
per square inch, and the wheels 6 ft. 10 in. in 
The value of rp is 4.5. The outside 
position of the crank-pins renders them more liable 
to access of dirt ; but, on the other hand, heat can 
be radiated off better, so the tendency to run cool 
should be about the same with each type of pin, 


diameter. 


as long as the value of bl. is the same. 


Wherever the design will allow of it, it would be 
an advantage not to let the value of bali exceed 4, 


as it would give a more reasonable factor of safety 
against overheating. 

In the case of carriage journals, experience has 
shown that a dining-car of approximately 40 tons 
weight, mounted on two six-wheel bogies, with 
wheels 3 ft. 6 in. in diameter, the bearings having 
an effective length of 7 in., and carrying a load of 
3 tons, will run satisfactorily on the fastest expresses, 
cases of heating being exceedingly rare. Taking 
70 miles per hour as the highest safe continuous 
speed, as has been done with locomotive bearings, 


the value of “ for this type of journal is 0.715. 


Let us take the case of another vehicle, with which 
very fair results have been obtained on the fastest 
expresses. Effective length of bearing, 9 in.; load 
per journal, 3.9 tons ; diameter of wheel, 3 ft. 6in.; 


the value of bah therefore being 0.725. The con- 


stant for coaching stock might therefore be taken 
as 0.7. 

With to goods and mineral stock, it has 
been found that high-capacity mineral wagons with 
wheels 3 ft. in diameter, and bearings having an effec- 
tive length of 9 in., supporting a 64-ton load, give 
trouble through heating when the maximum speed 
is allowed to exceed 30 miles per hour. To ensure 
freedom from heating, the highest continuous s 
should not exceed 25 miles per hour, which on long 
trips, without a large proportion of adverse gra- 





dients, would make average speeds of 20 miles per 
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hour practicable ; but for short-distance trips, or 
those over irregular routes, an average speed of 
15 miles per hour would be high enough. Taking 
25 miles per hour as the highest safe continuous 
speed, the value of - is 0.5, and this figure may: 


be taken as a suitable value for all oil-lubricated 
wagons. 


As these figures have been obtained from ‘actual- 


practice, bearings designed in accordance with 
them should give satisfactory results in every-day 
work, 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Aw ordinary meeting of the Institution of Mecha- 
nical Engineers was held on Friday last, the 18th 
inst., at Storey’s Gate, Westminster, the chair being 
occupied by the President, Mr. J. A. F. Aspinall. 
After the formal business, the President made the 
announcement that, as Mr. H. A. Ivatt had, un- 
fortunately, not seen his way to accept the office of 
Vice-President then vacant, the Council had decided 
to elect thereto Mr, H. F. Donaldson. 


Tae DeveLopmMEeNT oF Roap Locomorion. 


The paper read and discussed was one of a 
statistical nature by Mr. L. A. Legros, entitled 
‘*The Development of Road Locomotion in Recent 
Years.” This paper will be found reprinted else- 
where in this issue, 

Colonel Crompton (now acting as advisory engi- 
neer to the new Road Board) opened the discussion. 
The paper was, he said, particularly interesting to 
him. For nearly fifty years he had been connected 
with the subject, and had watched the growth of 
road locomotion. Though statistics were doubtless 
dry, they were, in the speaker’s view, necessary. 
It was not, he thought, generally realised to what 
an enormous extent the cycle trade had grown. In 
the course of his recent duties in connection with 
traffic on the roads of the kingdom, he had been 
surprised to find that the pedestrian had, so to speak, 
ceased to exist. He knew of one country road on 
which about 400 bicycles passed in a certain time, 
and only one pedestrian. The anxiety felt on the 
subject of footpaths had therefore become a rather 
wren roblem. In searching for places for a 
ootpath (sometimes over a hedge) it had scarcely 
occurred to the Board that the need was non- 
existent. In parts of the country practically every 
farm-labourer owned a bicycle. The enormous 
amount of money spent on bicycles, tyres, &c., by 
a comparatively poor class of people was, he thought, 
not fully appreciated. This actually formed a very 
large proportion of the total business of factories. 
It might be of some value to add a few statistics to 
those given in the paper. To give some idea of the 
great size of the motor-cab traffic in London— 
he only had accurate figures for a date when there 
were 5300 motor-cabs, while now there were nearly 
7000 about the streets—he would say that the wear 
of the tyres of these 5300 cabs cost 15001. a day, 
and ninety men were then constantly employed in 
taking the flints out of the tyres; he believed that 
there were now many more so engaged. These 
figures had come before the Board in connection 
with a petition for the alteration of the system of 
gritting the London streets, which was causing 
this enormous damage to the soft tyres of modern 
mechanical vehicles. 

The author had, it seemed, been inclined to doubt: 
the figures given for the reduction of horses in 
London, from about 500,000 a few years ago to 
100,000 now. These figures were, however, accu- 
vate. The speaker had been a member of the 
Committee appointed to investigate that matter, 
and could say that the 500,000 was taken from 
the War Office census of horses taken six or 
seven years ago; and ths 114,000 from a census 
taken by the police about eight or nine months ago. 
There were said to be only 78,000 horses left fit for 
the purposes of the Territorial Army, while there 
might be 20,000 or 30,000 ponies in addition. The 
outside figure was 114,000 in all. The reduction 
was most extraordinary, and he agreed with the 
author that it was a puzzle to know where they had 
gone. 

There was one rather important class of vehicle 
of which the author had said nothing. It was 
known that the wear of the road was practically 
in proportion to load stresses on the wheel. In 
this connection he might remind the meeting of 
the Renard road train, in which the driving power 








was transmitted mechanically to the driving-wheels 
of all the vehicles composing the train, so that 
it was no longer necessary to have a very great 
weight on a single pair of tractor-wheels. Con- 
sequently, the lls of pound weight per inch 
of tyre width had been cut down from that 
allowed as the maximum weight by the Local 
Government Board, 784 lb., to about 300 lb. 
This had a great effect in reducing road-wear. 
The noise caused with ordinary tractors by heavy 
steel wheels grinding down the stones on the sur- 
face of the road, with resulting damage to the 
road, was greatly reduced with a stress of 300 lb. 
weight per inch of tyre, and the trains rolled along 
less noisily. This resulted in a reduction of power, 
the effect of which was reflected in the fuel bill. 
The lowest fuel bill of which he was aware was that 
of the Renard train ; he believed it to be close on 
60 ton-miles per gallon of petrol. That result was, 
he thought, due to the fact that the wheels followed 
one ran ; the leading vehicle did the little grinding 
there was to be done, and the other wheels of the 
train followed a prepared track. 

With regard to the road question, he could say 
that it was intended to make the roads of England 
thoroughly good, which up to the present they had 
not been, largely on aecount of those causes men- 
tioned by the author. Mr. Legros had not, however, 
given prominence to the most important cause of 
all--the weather. It was often overlooked that 
the roads were always exposed to this great enemy, 
which did them more harm than the traffic. If it 
were not for the weather the roads would cost prob- 
ably only a quarter of what they did at present. In 
the gas by-products they had now at command means 
of water-proofing the roads, by which the removal, 
by the weather, of the wearing material could be 
prevented. The use of pitch, or bituminous binders, 
with the excellent sod rt found in many parts 
of the kingdom or imported from the Continent, 
gave road surfaces durable, elastic and silent, and 
in every way superior to the roads they had a few 
years ago. This development furnished a striking 
example of the supply rapidly following on a de- 
mand. It was only four or five years ago that the 
public were howling at the advent of mechanical 
traction and the motor-car on account of the dust 
nuisance, Now there were many counties in which 
the dust nuisance had ceased to exist, and it would 
not be long before such was the case all over the 
country. 

Dr. H. 8S. Hele-Shaw, who followed, spoke on 
the subject of the pedrail, which, he thought, was 
not quite correctly referred to in the paper. The 
author had said: ‘‘The pedrail and other forms 
of tractor designed for use across country .. .” 
His point of disagreement with the author was that 
he had described the — as a ‘cross-country 
vehicle ;” in the speaker’s opinion, that was just 
what it was not. The Diplock Haulage Syndicate 
claimed for the pedrails the following advantages :— 
(1) The feet pressed and improved the roads instead 
of cutting them up, as with wheels. (2) The pedrail 
could be used on slippery pavements and square 
setts when the ordinary wheel could make no pro- 
gress. (3) On heavy ground and on light soft soil, 
where the ordinary wheel would be useless, the 

rail would be as effective as on a good surface. 
4) Owing to its superior grip on the road surface the 
pedrail engine would haul at least double the load 
of any ordinary engine of equal size. (5) Pedrail 
engines, being vibrationless, had a life of three 
times the length of any other engine, the economy 
being obvious. For the last year or two, Dr. Hele- 
Shaw continued, the pedrail had been hauling loads 
commercially in and about London. A small ped- 
rail tractor of 5 tons had been hauling 30 tons regu- 
larly over ground on which a 10-ton tractor engine 
had failed to work ; it had not broken down. On 
one occasion a pedrail had been able successfully to 
haul out of a contractor’s road a load which it was 
impossible to move witha very large traction engine 
that had been brought there for the purpose. These 
were facts which could be verified. 

The pedrail did not lay the permanent-way down 
on the road ; the wheel put downa series of spokes, 
which resembled the legs of an animal, with the 
exception that it threw the legs over its head. 
Dr. Hele-Shaw at this point proceeded to illustrate 
the principles of this machine by blackboard 
sketches, showing how, by means of the telescopic 


by the machine. A small portion only of the ring 
forming this rail needed to be hardened. This rail 
and the spoke-wheels rolling upon it, were carried 
in a dust-proof casing. Colonel Crompton had been 


one of the earlier supporters of the invention, and 
the speaker believed that he would by-and-lye 
welcome it as a means by which the roads of tie 


country would be preserved, and millions a 
saved in upkeep. 

Mr. J. Sutherland Warner, who spoke ext 
referred to what he called the ‘rolling line” of a 
moving vehicle. A study of such a line showed 
that no railway bogie or automobile, or, indeed, 
any vehicle, ever rolled over a plane surface in 
a straight line. It was well known that when 
an automobile was driven along a straight road 
the vehicle had to be steered continually in 
order to run straight. He was of opinion that 
100 miles of road might be traversed in a good 
private automobile with less fatigue to the traveller 
than would result from traversing 100 miles in the 
best railway trains in the world, for the reason 
that there was much less disturbance of the body. 
He found that with an automobile the amplitude 
of the deviation from a straight line might be, 
perhaps, one foot in a hundred. In such a case 
the acceleration and the disturbance of the body 
was not great, and did not cause fatigue to the 
passenger. In the case of railway carriages, or 
parts of carriages, with clearances probably never 
more than about 3 in., the carriages were always 
endeavouring to run in a sinuous path, but were 
constrained by the rails from doing so. With the 
automobile there was an easy undulating movement, 
and transverse disturbances were hardly felt, or only 
so by reason of the slight vertical disturbances 
caused. In the case of the railway, during the 
progression over the track, there was a continual 
disturbance of the body, which made riding in it 
very fatiguing. 

Mr. R. W. A. Brewer wished to refer to some 
observations which the author had made on trials 
at Croydon, in 1893-94, of tramcars propelled by 
gas-engines, Mr. Legros had stated that there 
were one or two small systems working in this 
country in which gas-engines of about 16 brake 
horse-power were employed. He had also indi- 
cated that he saw no reason why tramcars should 
not be propelled by internal-combustion engines, 
but had qualified this by the words ‘ using 
compressed town gas as fuel in place of petrol.” 
He would be glad if Mr. Legros would say why he 
preferred compressed town gas. He (Mr. Brewer) 
had, during the past few years, designed a number 
of tramcars for propulsion by internal-combustion 
engines, not, however, for this country. He had 
designed a number of light-rail tractors, used on 
what would, in this country, constitute light 
railways, but which, abroad, were the ordinary 
means of locomotion, where roads either did not 
exist or were too bad to carry much traffic. To 
meet the conditions he had largely adopted very 
light railways in which the rails weighed any- 
thing from 10 lb. to 18 lb. per lineal yard. On 
such a system of traction far more goods could be 
carried at far less cost than could be done by 
putting down roads, or going to the enormous ex- 
penses which were undertaken as a preliminary to 
the transport of heavy goods on a large scale. Some 
of the schemes referred to extended over many hun- 
dreds of miles. He would be glad to know whether 
in certain districts of England such schemes could 
not be carried out, especially as many roads were 
bounded on both sides by a wide strip of grass 
which at present was serving no purpose. 

Mr. Mark H. Robinson thought it would be the 
experience of everybody who used the London 
streets that a great amount of time was waste: 
because heavy traffic habitually moved along the 
middle of the street, and the police did not drive 
it off to the sides. He believed that London traffic 
might be accelerated to a very great extent, and 
very much improved, if the police had strict orders 
to keep heavy traffic to the sides of the street. 

Mr. B. E. Dunbar Kilburn wished to supple- 
ment the remarks of the author on the subject «! 
railless electric traction, as the speaker scarce!) 
thought them up-to-date. They seemed to sugge>! 
that the overhead trolley was a somewhat cumber- 
some thing. The speaker had ridden in an expe! 
mental railless car in the neighbourhood of Lond, 
where the overhead conductor system was no mvc 


year 





action of the legs, governed by wheels rolling on a 
cam or rail of suitable contour, the usual rise and 
fall of a walking body was overcome, This cam or 
rail controlling the length of the spokes was carried 





cumbersome than in the case of the ordinary elect! ic 
tramcar ; there was no heavy ‘eqpusr samy and the re 
were no excessive weights in the system now b«''5 
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put f .rward—practically speaking, only two trolley- 
arms. Putting the trolleys on the overhead con- 
ductors was just as easy as with the ordinary 
tramear, and the change-over was just the same. 
He considered that this system had some fair 
prospect of success, as, indeed, the author had also 
seemed to indicate. 

Mr. T. B. Browne was the next speaker. He said 
that the railless electric vehicle referred to by the 
last speaker had been built in his works, and he had 
had a certain amount to do with the design, in 
addition to seeing some of the experiments carried 
out. It had seemed to run very - ans 
The overhead gear was not at all cumbersome. It 
_was arranged with two separate motors, each driv- 
ing one wheel, so that no differential gear was 


essary. 
-“—" W. P. Durtnall said he would like to have 
had the author’s views on the subject of the com- 


bination petrol-electric vehicle, in which an internal- 
combustion engine drove an electrical generating 
plant, and motors were attached to the axles or 
driving equipment. He had had some experience 
with that class of vehicle, and could speak as to 
its low cost of maintenance, noiseless working, 
and general all-round efficiency. The author had 
expressed the opinion that tramcars could be 
designed to work with internal-combustion engines. 
Tramears were to-day being made with internal- 
combustion engines for town service, propelled with 
crude oil, small Diesel engines of the motor-cylinder 
type, of 20 to 30 horse-power, being employed. 
Such a car he had at present in hand, building at 
Birmingham. Mr. Durtnall proceeded to refer to 
the electric turbo-locomotive recently built by the 
North British Locomotive Company, and, after 
making mention of its essential features, said it 
would be of much interest if Mr. Legros would give 
an opinion on the application of the internal- 
combustion engine in a similar way to railway 
traction. 

Mr. Aspinall, in reference to the remarks on 
the subject of the internal-combustion engine 
driving a dynamo, and the transmission to a motor 
on the axle, said that on the Continent a large 
number of vehicles for tramway purposes were 
at the present time made in this way. Anyone 
choosing to go so far as Austria-Hungary would 
find, in one place alone, some sixty vehicles of 
the kind running on a light kind of tramway. They 
were said to be doing their work very economically, 
and they constituted an interesting mechanical 
arrangement, about which much more would doubt- 
less be heard. With regard to the question of road 
traction generally, and particularly the practical 
side, he hoped that Colonel Crompton would advise 
the Road Board to make proper provision, not 
only on the old roads where they were wide, but 
on the new roads to be made, for tramways run- 
ning along the side. He had remarked recently 
that this country was far behind Belgium in the 
provision of light railways or tramways, which 
enabled communication to be made between farms 
and villages and the larger towns. In Belgium 
there were about 5000 miles of railway altogether, 
2700 miles of which were ordinary Government 
broad-gauge railways. The 2300 miles of lighter 
railways were all governed and ruled from one 
centre in Brussels. Each line, however, was made 
to work quite independently, and they were con- 
structed so cheaply that the cost, in the first instance, 
with all rolling-stock, worked out at about 34001. 
per mile. They did not, of course, run any more 
rapidly than our tramways, but it was a cheap 
form of communication, which we in this country 
ought to have. In addition to these semi-tramways, 
there were electrical tramways, which, of course, 
cost more per mile. 

He thought this system promising if the question 
were properly thought out, and care taken not to do 


foolish things, such as running a line of this sort 
parallel to some existing railway, taking away a 
certain amount of traffic from the railway, and making 
it at the same time impossible for the tramway to 


live. If, however, the lines laid were between two 


main lines of railway—acrossa triangle, as it were—' 


and they were constructed with the care expended 





| choose between compressed town gas and 


work being done, because they would have to lay 
out the roads, the rail-makers would have to make 
the rails, the rolling-stock manufacturers the loco- 
motives and carriages. There was yet an immense 
area in our own country which had to be threaded 
with railways, and here was an opportunity for the 
engineer to work it out. 

Mr. Legros, in reply, said that it was only neces- 
sary to travel any long distance across country 
to realise how few were the people and how 
small was the amount of traffic on such roads 
in the day-time. With regard to the motor-cab 
tyre trouble, the grit difficulty had, he believed, 
been greatly reduced by improvements. With 
regard to horses, Colonel Crompton had con- 
clusively substantiated the statement the speaker 
had queried ; the census figures were unquestion- 
able. Colonel Crompton had alluded to the 
Renard road-train. This was a matter the speaker 
had not gone into, because no considerable number 
had so far appeared on the road. It was, of 
course, one of those cases in which the wear 
of the road was lessened by increasing the 
number of driving-wheels. In the locomotive an 
increase in adhesive weight had been obtained by 
coupling, this being rendered necessary by the fact 
that the rails of the permanent-way would not carry 
more than a certain maximum wheel-load. Colonel 
Crompton had shown the advantage to be obtained 
on the common road by distributing the drive over 
a number of wheels. It was probable that in the 
future a large number of public vehicles would drive 
on all wheels, should the weight difficulty become 
serious. It was quite probable that the wear on 
the road would be considerably less in the case 
of a motor-omnibus, for instance, driving on all 
four wheels instead of on two only. Road wear 
went up faster than the power. The road suffered 
very much more from a 60-horse-power car being 
driven over it than from two 30-horse-power cars. 
The question of weather was, of course, a most 
serious one in this country, intermittent frosts 
being responsible for much of the damage. The 
harm thus done could be largely stopped by the 
tarring process, igge this were properly carried 
out. The speaker quite agreed with both Dr. 
Hele-Shaw and Colonel Crompton that methods of 
distributing pressure over a larger road area were 
likely to find much application in the future, butas 
yet the Renard system and the pedrail had only 
been used to a limited extent. Blenkinsop, of 
course, had attempted to drive a carriage along by 
means of feet. 

Mr. Warner, continued Mr. Legros, had alluded 
to a matter well known to the automobile engi- 
neer, but not, perhaps, generally appreciated—the 
question of a vehicle not running continuously in a 
straight line. The motor-car did not run straight 
because the surface of the road over which it ran 
was not absolutely level. On a very level surface 
the car would run straight by itself; but if the road 
were undulating, a certain peculiarity in the design 
of nearly every motor-car came into play and 
caused it to travel from side to side. The speaker 
here illustrated by a sketch on the blackboard the 
front spring and suspension of a car, pointing out 
that the front axle did not move up and down 
vertically, but in the path of a circle described from a 
virtual. centre slightly above and well in front of the 
axle, Any deflection of the spring caused a deviation 
of the axle from the vertical line, with the result that 
the arm of the bell-crank of the steering-gear was 
moved from side to side, and as the car rose and 
fell it took a movement to the right or left, accord- 
ing to the oscillation to which the front wheels were 
subjected. 

rom experiments which the speaker had made 
in connection with trams put in at Neath, com- 
pressed town gas worked out at about 40 cub. ft. 
per 10 ton-miles (4 cub. ft. per ton-mile), or 250 
ton-miles per 1000 cub. ft. ‘l'wo-hundred and fifty 
ton-miles would take about 4 gallons of petrol, 
so that it was simply a question of the relative 


| cost of 4 gallons of petrol and 1000 cub. ft. of gas, 


supposing any particular district to be considered. 
In many cases there would not be very much to 
trol. 


upon them in Belgium, where they were mapped out'| With regard to the traffic in streets, he thought 


by a central authority, it would, he believed, 


agood'}much might be done in big towns to improve 


thing forthis country. The newly-established Road'| matters. There were, for instance, narrow streets 


of communication for the country people than they 


had ever before possessed. 
matter to Colonel Crompton’s consideration. 


Board had an opportunity of creating easier methods'| 


which would only take one continuous stream-line 
of traftic. Allowing for a vehicle being approxi- 


He commended the’! mately 7 ft. wide, a width of more than 14 ft. was 
En- needed if one vehicle was to 


another, In a 


gineers were, of course, closely interested with the street of about this width traffic should be allowed to 





move in one direction only, and the end of the street 
should, he considered, be marked with an arrow to 
indicate the direction the traftic should take. In the 
case of streets large enough to admit of two lines of 
trattic, vehicles stopping on oppositesides of the road 
should be compelled to out far enough apart to 
allow of an easy passage of the two streams of traffic. 
In the wider streets all the lamps might have figure 
discs indicating traftic regulations to be observed. 

He had not seen the system of railless traction 
and overhead trolley referred to by Mr. Kilburn, 
but there could be no doubt that such a trolley 
would not be much heavier than that at present 
in use on the tram-line. On the other hand, 
there was always the difficulty of making provi- 
sion for a much greater sideway movement with 
such vehicles than with rail trams.- There was 
no reason why the Diesel system should not be 
commercially successful on tramcars, provided 
that the engine would run well in such small 
sizes and on the road, road conditions being dif- 
ferent from stationary-engine conditions. Every 
petrol-engine was found, of course, to require re- 
adjustment in the carburettor when put on the road, 
The President had mentioned how much we, in this 
country, were behind Continental countries in 
respect of light railways. There were many roads 
here which ran through agricultural districts, and 
did not interfere with any main railway, as, for 
instance, the part of Watling Street running from 
a little beyond Daventry to near Shrewsbury. 
Speaking from memory, that road was 25 ft. to 
40 ft. wide between hedges, though the actual road 
surface was narrow. The road only passed through 
one town of importance—namely, Atherstone—in 
about 60 miles. A light railway laid along that road, 
widened to suit such other traftic as makes use of it, 
would not interfere with any existing railway, and 
would tap a very large agricultural district, 

The proceedings were then terminated by the 
President announcing that the next meeting would 
be held on Friday, December 16, when two papers 
would be read and discussed :—(1) ‘‘ The Influence 
of Troostite on Steel,” by Mr. McChance ; and (2) 
** Strength of Castings to Withstand High Pres- 
sures,” by Professor H, C. Carpenter, 
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Tue Rockwell crucible melting-furnaces (Figs. 256 
to 259, page 726) are designed to burn oil atomised 
with air, the oil being supplied at a pressure of 5 Ib. 
per square inch or higher, and the air wg on | at 
2 lb. pressure ; 400 lb. of metal can be melted in 
about 45 minutes after the furnace has been heated 
up by a first charge, which occupies about 1} hours. 
From 2 to 3 gallons of oil are required to melt 
100 lb. of metal, and the cost may be about one- 
half that of melting with coke, There are other 
advantages inherent in these furnaces, which will 
be obvious on examination of the drawings of those 
illustrated. Figs. 256 and 257 illustrate a single- 
chamber furnace in vertical and horizontal sections 
respectively ; Figs. 258 and 259 one of double- 
chamber design in similar sections, 

Pouring is done without removing the crucible 
from the furnace, which is carried on trunnions 
and tilted by worm-gear and hand-wheel. Through 
one of the trunnions the supplies of gas and air are 
brought and led in through the top of the furnace 
downwards, whence the flame and heat pass up and 
around the crucible and occupy the space beneath 
the cover, having ample time for combustion. 
Natural gas, water-gas, or town gas may be used 
instead of oil fuel, but the shapes of the burners 
and the pipe-connections have to be different. The 
tilting of the furnace does not disturb the supply 
of gas and air, which is controlled by cocks. The 
cover is tilted by means of a lever, but pouring can 
be done without lifting it, which makes for the 
workman’s comfort. The cover is a single fire-tile 
bonded with iron. 

The body of the furnace is made of sheet iron 
bolted to top and bottom flanged plates of cast 
iron. The trunnions, of steel, are bolted to the body, 
and rest on cast-iron standards which are bolted 
down to any convenient foundation of concrete or 
masonry, level with the foundry floor, The lining 
is of firebricks in two rings, an inner and an outer 
one. The inner one only requires renewal from . 
time to time. The double thickness lessens radia- 
tion., The crucibles are deeper than those which 
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New York, U.S.A.). 











Figs, 260 anp 261. Tae Schwartz FuRNACE 
(THe Hawiey Down-Dravent Furnace 
Company, CxIcaco). 


are used in the ordinary furnaces, because it is as 
easy to melt in a deep furnace with oil as in a 
shallow one, with the advantage that less pro- 

rtional area is ex to oxidation. The form 
is but slightly bellied, since the crucible has not to 
be lifted with tongs. The annular space immedi- 
ately surrounding the crucible is small where the 
combustion is complete and the heat intense, but it is 
flanked by a combustion-chamber of large area. This 
is the occasion for building these furnaces in two 
designs, one a single-chamber, the other a double- 
chamber furnace. The reason is, that as it is better 
to melt in a single large crucible fora large quantity 
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Fics. 262 ro 265. Tue Caartier Furnace (Messrs. J. W. Jackman anv Co., Lomrtep, 
Caxton Hovusz, Westminster, Lonpon, S.W.). 


of metal than in several small ones, quicker melting 
is ensured by flanking the crucible with two com- 
bustion-chambers and two tuyeres on — sides 
than to employ one only. It is cheaper also, 
because the cost of labour is not more for a large 
than asmall furnace. Furnaces melting from 800 lb. 
to 1600 Ib. of metal are therefore provided with 
double chambers. 

The Schwartz furnaces, Figs. 260 and 261, are 
used ely in America, burning either oil or gas, 
and ein sizes ranging from 3001b. to 6001b. 
capacity per heat. Fig. is a vertical section 
througha furnace. The bottom is removable, —_ 
made convex for the copper alloys, and flat for stee 
and iron. Fig. 261 shows the tuyeres for gas and 
air, the latter being supplied through one of the 
trunnions. These furnaces do not utilise crucibles, 
but resemble baby converters, the metal being 
melted in contact with the lining, which is of fire- 





brick for brass and its alloys, and of silica brick for 
iron and steel. Blast is brought in through the 
trunnions on which the furnace is tilted for pouring 
through a spout at one side. The tuyeres converge 
as seen in the detail, Fig. 261. Charging is done 
through an opening in the top, covered with a 
hinged door lined with a fire-tile. Some wonderful 
results are recorded of this furnace by firms who 
have them in use, in regard to speed of melting, 
economy of fuel, and unusually low losses by oxida- 
tion. Blast is supplied by a blower, and pressure 
is regulated by cocks. The oil pressure must not 
exceed 20Ib. per sq. in. Air pressures vary with 
different alloys, ranging between 12 oz. and 20 oz. 
A hood receives the fumes and conducts them away. 

The Charlier furnace, by Messrs. J. W. Jackman 
and Co., Limited, of Westminster, London, 8.W., 
Figs. 262 to 265, is one in which gas or oil is used 
for fuel, and no crucible is required. It is ol 
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cylindrical form, with its axis horizontal, and 
is tilted by a cross-handle or hand-wheel on trun- 
nions, supported on standards. The charging 
opening is on one side, Fig. 262. The firing- 
hole, which receives the burner, is in the end 
nearest. the charging-hole, and passes through a 
trunnion cast on the head. The cross-handle, Figs. 

and 265, is on the trunnion at the other end, 
which is solid. The ends are removed when the 
furnace has to be re-lined; the lining is not 
shown. The oil feed is supplied from a gravity 
tank to give a pressure of about 5 lb. per square 
inch. A fan or a pressure-blower supplies air at a 
— of not less than 8 oz. per square inch. 

e capacities of these furnaces range from 300 Lb. 
to 240) Ib. The one most commonly used is a 
No. 2 furnace, having a capacity of 600 lb., which 
melts this quantity of gun-metal in one hour, other 
alloys and nert 3 requiring shorter or longer 
periods. Foundries using this furnace get an out- 
put of 4000 Ib. of metal per day. 





























Figs. 266 and 267 show a design of small brass | 
furnace by Messrs. Fletcher, Russell, and Co., 
Limited. It is fired by a mixture of gas and oil, 
the flame of which enters at a tangent, as seen in 
Fig. 267, the idea being to diffuse the heat. The 
crucible rests on a fire-clay block ; and a cover of fire- 
clay bonded with iron, and having a central opening, 
confines the heat. 

Another design of tilting-crucible coke-burning 
furnace, built by the Badische Maschinenfabrik, of 
Durlach, is illustrated by Figs. 268 and 269. The 
cylindrical body is carried by trunnions on uprights 
over a shallow pit, which contains the blast bend. 
It is tilted by worm-gear and a hand-wheel. The 
crucible is carried on a fire-block, and is retained 
centrally by the brick lining. A pouring-spout is 
formed to one side, flanked by arms which receive 
the shanks of the casting-ladle, in order to give but 
a small drop to the metal being poured. The upper 

of the furnace is extended as a preheater, or 
se ea easily removable and provided with 
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handles. It has a tapered termination which enters 
into an eduction-pipe, a tube with an enlarged 
mouth suspended by counterweights from the roof 
(not indicated). The bottom of the furnace is a 
casting which carries a sliding ‘grate of the drop 
type. The blast is brought in at the bottom, pass- 
ing through the layer of coke up to the preheater. 
When the furnace is tilted the pipe connection is 
broken against a plain flat diagonal joint, Provision 
is made for the removal of the metal in case of 
fracture of a crucible. The cast-iron base of the 
furnace has either one outlet or two outlets, fitted 
with safety-plugs, through which the molten metal 
runs out, should a crucible break. To prevent risk 
of metal getting into the blast-pipe a safety-pocket 
with sheet lead is provided below the bend, which 
any escaping metal will melt, and so collect in a tank 
underneath the furnaces. Blast is supplied by a 
fan at a pressure of from 3 in. to 5 in. of water. 
The series of furnaces made ranges from crucible 
capacities of from 110 lb. to 660lb. A consump- 
tion of coke of from 15 to 25 per cent. of the 
charge is stated as the efficiency of these furnaces. 
Melting is done in from 15 to 45 minutes in smallest 
and largest capacities. 

The foregoing examples will suffice to illustrate 
the direction in which brass furnace practice is pro- 
gressing. We may next give a rather brief notice 
to the work of ‘malleable-iron castings, which form 
a large section of the foundry industry in America, 
and one of considerable magnitude in England. 





THE WORK OF THE REICHSANSTALT 
IN 1909. 
(Concluded from page 673.) 

Electrical Investigations. Verification of Stan- 
dards (Feustel).—The comparison of the manganin 
standards continues to give satisfaction ; the year 
was very damp, but the manganin boxes did not 
show any notable fluctuations. The forty-five stan- 
dard resistances of the technical laboratory,’ and 
five standards of the strong-current laboratory, 
were re-tested in April and in October in two com- 

lete series of measurements (S. Lindeck), some 
ing . 7 all the time in the hygrostat (air con- 
taining 50 per cent. of moisture), others exposed to 
the fluctuations of atmospheric moisture. These 
tests have now been continued for three years, and 
in future all the standard resistances will be kept 
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in the hygrostat. 
inquiry into the influencs of stres3 on the resistance 
of wire. A fine manganin wire, covered with two 
layers of silk, was wound on a steel cylinder, 
25 mm. external diameter, 4 mm. wall thickness, 
24cm. length, a resistance of 500 ohms covering 
6 cm. of the middle portion of the cylinder. Hydro- 
static pressure was applied internally so as to act 
radially on the cylinder. The observed increase in 
resistance amounted to about 0.039 ohm for each 
pressure increase of 200 kg. per square centi- 
metre. These values were concordant, and a per- 
manent increase in the resistance resulted when 
the pressure was pushed above 800 kg. In another 
experiment, performed with a hardened-steel tube, 
no permanent increase was observed, however, 
when the pressure exceeded 1000 kg. per square 
centimetre, although the steel was certainly not 
less sensitive than the other. 

Silver Voltameter, Normal Cells (H. v. Steinwehr, 
Lindeck).—The work oa the silver voltameter 
and on the mercuro-sulphate Weston cells is pro- 
ceeding, but as common experiments have been 
carried on this summer at Washington by the re- 
presentatives of the national physical laboratories 
(W. Jaeger representing the Reichsanstalt), we 
can postpone further reference to these matters, 
and mention only that Weston normal cells—-the 
term was adopted by the International Conference 
on Electric Units in 1908—should, in accordance 
with the recommendations of this Conference, con- 
tain an excess of cadmium sulphate crystals, and 
not merely be saturated with cadmium sulphate at 
4 deg. Cent. Newcells of the latter type were sub- 
mitted in 1909 to the Reichsanstalt, which points 
out that two kinds of Weston normal cells, of almost, 
but not quite, the same electromotive force, should 
not be put on the market. 

Electricity Meters (Orlich, Giinther, Schulze, 
Schmidt, and Feussner).—In some ampere-hour 
instruments the armature, in shunt to a resistance 
through which the current to be measured is flow- 
ing, is rotating ina permanent field. These instru- 
ments do not always prove reliable in long load- 
tests, and cannot very well be so, since the 
potential difference in the meter will only be 1 or 
1.5 volts, so that small fluctuations in the contact 
resistance between brushes and collector must 
become noticeable. J. Busch, last year, suggested, 
in the Electrotechnische Zeitschrift, that the mer- 
cury vapours common in testing laboratories were 
partly responsible for the fluctuations. The sug- 

estion has been studied by Schmidt, and has not 

een confirmed ; some meters kept constant in bad 
mercury atmospheres ; others did not, although 
not exposed to mercury vapours. 

The number of electricity-meter systems (Feuss- 
ner) approved by the Reichsanstalt amounts to 
fifty ; eight further modifications have also been 
passed. In the comments upon the progress of 
electricity-meters, it is mentioned that, among the 
types which have in recent years gained the favour 
which they were enjoying in England, are the mer- 
cury-motor meters of Ferranti and of Hookham ; 
the electrolytic ampere-hour meter of H. 8, Hat- 
field (The Reason Manufacturing Company) ; elec- 
trolysis of the iodides of mercury and potassium, 
was partly worked out under the late R. Abegg, 
and the meters are made by Schott and Genossen, 
and offered under the name of ‘‘Stia-Zihler.” On 
the other hand, it is pointed out that half of the 
German-made electricity-meters go abroad. The 
demand for them in Germany has increased more 
than ten-fold in the last decade; one firm turn 
out 600 meters every day, and the official standardi- 
sation is to be extended to special tariff meters, 
automatic meters, and other specialities in this line ; 
the rules to be adopted were under discussion. The 
standardisation of electricity-meters is left, under 
the control of the Reichsanstalt, to the Elektrische 
Priifungsiimter (testing stations) established at 
Ilmenau, Hamburg, Munich, Nuremberg, Chem- 
nitz, Frankfort, Bremen; of these Munich is the 
busiest, and Frankfort, which comes next, is re- 
garded as the best organised. 

Alternating-Current Measurement ; Electrometers 
(E. Orlich and Hugo Schultze).—It has been proved 
that the constants of the quadrant electrometer 
determined for direct-current measurements re- 
main valid for alternating-current measurements 
when a phase difference exists in the potentials of 
the needle and the quadrants. In the course of 


this research the determination of the constants has 
been reinvestigated, and several new ‘connection 
systems have been described. In transformer tests 


Lindeck has also resumed his | 





difficulties were experienced in splitting a resist- 
ance on the high-tension side. Although the re- 
sistances on the two branch circuits were of the 


| 


fine well-insulated wires occupies the same posi. 
tion in the cross-section an equal number of times, 
This formula has been tested. The experiments 


same type, phase differences arose in the poten-| were made with the ideally-wound stranded con- 
tial owing to differences in the capacities of the ductors or cables of A. Franke (Siemens and Halske), 
resistances as regards the earth and one another ; |It resulted that the increase was proportional to 


to cure this trouble the resistances are provided 
with metallic sheaths charged to definite potentials. 
The self-induction of bifilar standard resistances 
(tapes) have been determined by the aid of the 
electrometer with high-frequency currents. 

For the determination of weak alternating currents 
the bridge arrangement of Salomonson (thermo- 
couples of constantan and manganin), mentioned 
in previous years,* has further been improved 
(Schering) by reducing the thickness of the wires to 
15 p, 20 having formerly been the finest obtainable 
size ; this reduction allows of reducing the number 
of thermo-couples to 4 (instead of 8) and of raising 
the sensitiveness of the simplified arrangement at 
the same time. There remains, however, a certain, 
though slight, discrepancy between direct and 
alternating-current measurements, due to the tem- 
perature coefficient of the couple in the neighbour- 
hood of the soldered junction, because, owing to 
the Peltier effect, the resistance is not the same 
then for currents in different directions. The dis- 
crepancy can be allowed for by calculation ; but 
various attempts have also been made to reduce the 
temperature coefficient of the resistance. Instead 
of soldering the wires with silver, the wires have 
been welded by Hartmann and Braun, of Frank- 
fort; the discrepancy was diminished, but not 
quite cured, because hot manganin becomes covered 
with a film of copper, which cannot easily be 
removed by nitric acid. When heated in a vacuum, 
manganin does not form that copper film ; but the 
difficulty remained, and welding in hydrogen gas was 
not any more successful. The way finally adopted 
for welding the wires is illustrated in Fig. 3. The 
manganin and constantan wires are twisted about 
one another ten times, and the ends bent apart, and 


Fig.3. 
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kept spread by the little rods s, s, which are stuck 
to the wires. ‘I'he wire cross thus obtained is placed 
with its middle w, w on two knife-edges M, M, 
0.5 mm. apart; the w, w really mark two drops 
of water placed on the twisted wire to keep it cool. 
When a current is sent through the knife-edges, 
the wire burns through at two spots, and two 
welded junctions are obtained at the same time, 
which are sufficiently strong and in good contact. 
The process is said to be expeditious and ezono- 
aul. 

Standard Air- Condensers(E. Giebe and Griineisen). 
—Four condensers have been constructed of mag- 
nalium discs, three of a capacity of 0.01 microfarad 
(73 discs, 20cm. in diameter) and one of 0.03 
microfarad (101 discs, 30 cm.); the distance be- 
tween the discs is2 mm. They are serving for the 
absolute determination of the standard of self- 
induction and for the measurement of losses of 
energy in condensers with solid and liquid -dielec- 
trics. The measurements are made with the aid 
of the improved rotating current-interrupter (of 
Kurlbaum and Jaeger), which we illustrated last 
year.* Five consecutive capacity values thus ob- 
tained differed in no case by more than ten parts in 
a million. The currents produced by interrupting 
direct currents may yet be subject to slight fluctua- 
tions in the frequency, and are hence taken through 
an electro-magnet, from which a steel chord is 
stretched, which is tuned to a multiple of the 
mean frequency used ; this chord begins to vibrate 
by resonance, and supplies, with the help of a mer- 
cury contact, currents of really constant frequency. 

Resistance Increase at High Frequencies (R. 
Lindemann).—Max Wien gave in 1904 a formula 
for the increase in resistance to be observed under 
high-frequency oscillations in stranded conductors 
‘* ideally’ wound in such a way that each of the 


* See ENGINEERING, December 17, 1909, page 835. 
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the square of the frequency and independent of 
the number of wires in a strand, but the indirect 
proportionality between the increase in the resist- 
ance and the diameter of the bare wire was not 
quite confirmed, and these experiments are con- 
tinued. When the twisting was not ideal, the 
increase in the resistance was. not proportional 
to the square of the frequency, and in badly insu- 
lated wires the increase was relatively too great ; 
different insulating materials—enamel, silk, and 
‘* acetate” on wires of 0.12 mm. diameter—showed, 
however, the same increase, and the influence of 
the insulating material on possible energy losses 
could not be ascertained. Cables twisted out of 
massive copper wire and out of strands of fine 
wire (0.12 mm.) were compared. At low fre- 
quencies the increase of resistance was greater with 
the massive wire cable than with the finely-stranded 
wire. That difference vanished at higher frequen- 
cies, however, because the resistance increased at 
a slower rate in the massive wires at higher 
frequency. The thickest stranded ideal cable, 
consisting of 180 fine wires (enamelled), for wave- 
lengths of 400 m., marked a greater increase in 
resistance than the corresponding massive cable of 
equal section and pitch. In conducting experi- 
ments on the influence of the capacity of coils on 
damping determinations, by means of undamped 
oscillations, use is made of an arc burning between 
the sides of a carbon rod and the inside of a cooled 
copper tube surrounding the rod ; the arc is rotated 
by an axial magnetic field. 

Stray Flux in Transformers (W. Rogowski and 
Schmiedel).—The theory of Rogowski for the deter- 
mination of stray fields has been tested. According 
to this method the primary coils are made equal 
and opposite to the secondary windings, the ratio 
being 1: 1, so that only the stray field remains. 
The coils were wound on a disc or on a cylinder, 
and the iron could easily be removed. The calcu- 
lated and the observed values agreed within 3 per 
cent. ; introduction of the iron increased the magnetic 
dispersion by from 2 to 30 per cent., according to 
the method of winding ; the current intensity had 
no influence on the dispersion. 

Ageing of Fuses (Orlich and G. Schulze).—Fuses 
are supposed to change their resistance in the course 
of time. Experiments were made with silver wires 
of 0.5mm., 0.25mm., and 0.1mm. in diameter, 
under heavy and light loads. They first showed a 
slight decrease in their resistance, probably because 
the drawn wires were being annealed. The two 
thicker wires kept their resistance constant after- 
wards ; the 0.1mm. wire increased its resistance 
and melted finally after twelve weeks, the metal 
having become oxidised. The soldering of the 
fuses did not appear to be of importance. The 
experiments are continued. 

‘ox Switch-Testing (H. Schering).-—An apparatus 
has been constructed which tests four switches at 
the same time. According to the regulations of 
the Verband Deutscher Elektrotechniker such 
switches must be switched in and out again 5000 
times before further testing. 

Magnetic Laboratory (E. Gumlich and W. Rogow- 
ski).—Ballistic tests by the yoke methods of Hop- 
kinson, Du Bois, Koepsel-Kath and others have the 
disadvantage that they do not yield absolute values ; 
but experiments are now going on, in which the I 
is directly derived from the observed B. The 
inconvenience of the Ewing isthmus method of 
measuring high inductions can be avoided by retain- 
ing the same conical pieces of iron for a series of 
measurements, changing only the isthmus, and by 
arranging the two coils, occupying the space between 
the two conical pieces, on a fixed support. Une 
coil combination is found to suffice for soft mag 
netic materials up to field strength H = 5000 gauss ; 
two combinations are required for stronger fields. 
In testing dynamo sheets the several strips used to 
be cemented with isinglass ; the rods thus obtained 
were mechanically weak, and much time was lost 
im consequence. It would appear that with some 
care the strips may be soldered with Wood's alloy, 
or even with tin, and inductions up to B = 25,10 
can then be tested without particular trouble. 

Pure Iron Alloys.—The experiments with the 
pure iron of Kahlbaum have not yet led to any satis- 
factory result; but the pure electrolytic iron of 
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Franz Fischer loses almost all its coercitive force 
when deprived of its hydrogen by heating in vacuum, 
so that an iron free from hysteresis may finally 

roduced. The nature of the hysteresis curves ob- 
tained with this pure iron changes very much with 
the methed of treatment; the curves may be 
narrow or wide and flat or steep. The fifteen ferro- 
silicon alloys, supplied by Krupp and by Linden- 
berg, have been tested as rods and as sheets (so far 
as they could be rolled), being annealed at six tem- 

ratures between 700 and 1000 deg. Cent., and 

nally heated for 600 hours. The improvement, 
often produced in the magnetic properties of iron 
by the addition of silicon, seems to be temporary 
only ; but these experiments are not yet concluded, 
nor are those with the high-carbon iron samples 
supplied by Lindenberg and the Phoenix Company. 

Thermometry (Wiebe, Griitzmacher, Moeller, 
Hoffmann, Disch, Meissner, and Hebe).— While 
the number of clinical thermometers submitted for 
standardisation has further decreased, owing to the 
rule that, from January 1, 1910, clinical thermo- 
meters were no longer to be certified by the Reich- 
sanstalt, there has been an increase in the number 
of deep-sea and high-level thermometers. The 
testing of clinical and domestic thermometers is 
now done at Ilmenau and Gehlberg ; and Professor 
Griitzmacher, who used to inspect these establish- 
ments on behalf of the Reichsanstalt, has moved to 
Ilmenau, in Thuringia. The lead glasses, brought 
out by the Jena Glass Works within recent years, 
are not recommended for thermometry ; they suffer 
less from slow changes than the English and French 
thermometer lead glasses which were submit.ed to 
the same tests, but they are difficult to deal with 
over the lamp. A new Jena boro-silicate has proved 
very superior, however. 

Thermo-Couples, Resistance Thermometers, and 
Optical Pyrometers.—The demand for the stan- 
dardisation of thermo-couples is still growing ; 928 
of the 1084 couples tested consist of platinum/ 
platinum rhodium; in the others constantan is 
coupled with silver, copper, or iron. Attention is 
drawn to the fact that the free ends, the ‘‘ cold ” 
junctions, should be kept at 0 deg. Cent., while in 
practice they are usually left simply at the tempera- 
ture of the room. It has hence been resolved to 
graduate such couples for a cold junction at 20 deg. 
Cent. Observations with thermo-couples require 
great care, and their use should be ae as easy as 
possible for technical application. 

Platinum resistance thermometers for technical 
purposes (Lindeck) are also gaining in favour, Two 
made by 0. Wolff, of Berlin, had to be verified 
down to —190 deg. Cent. As regards the sixteen 
platinum-quartz thermometers of W. C. Heraeus 
the Reichsanstalt is, in conjunction with the firm, 
investigating whether the fusion of the platinum 
into the quartz does not, after all, affect the plati- 
num wire. The testing by means of Wanner pyro- 
meters (Brodhun) has been modified, with the 
object of simplifying the calculations to be made in 
standardising the instruments, as well as their 
subsequent use. As regards the Holborn-Kurlbaum 
pyrometer, the red absorption glasses have not 
proved quite uniform as to the active wave-length 
of late, and a large stock of special red glasses 
has hence been ordered from Siemens and Halske. 
The spectro-pyrometer of Henning has already been 
mentioned, 

Seger Cones (Hoffmann and Meissner). — These 
cones have been tested in a horizontal electric 
iridium furnace against thermo-couples of iridium, 
iridium - ruthenium, which were previously stan- 
dardised against the melting-points of gold, 1064 
deg. Cent. ; palladium, 1535 ; platinum, 1710 deg. 
Cent. ‘hese temperatures are those of the Hol- 
born-Day scale. In how far extrapolations above 
the melting-point of platinum by the quadratic 
formula applied are permissible, is still under in- 
vestigation. The Seger cones in question, Nos. 20 
to 35 of the L type, were especially prepared in the 
Royal Berlin Porzellan-Manufaktur. Starting from 
No, 22, the observed softening-points were in all 
cases lower than the estimated softening-points, the 
difference rising from 10 deg. Cent. (estimated tem- 
perature 1570 deg. against 1560 deg. Cent. ob- 
served) to 120 deg. Cent. in the case of No. 35 
(estimated temperature 1830 deg. Cent., against 
1710 dey. Cent. observed). The doubt concerning 
the real melting-point of platinum is chiefly respon- 
sible for these considerable discrepancies. The 
melting-point of platinum had formerly been 
assumed to be 1780 deg. Cent., while the recent 
Fesearches of Harker in the National Physical 


Laboratory, and others (also in the Reichsanstalt), 
have led to the assumption of the value 1710 deg. 


be | Cent. 


Petroleum Testing.—In view of the continued 
increase in the number of petroleum apparatus sub- 
mitted for testing (528 apparatus, 144 more than in 
1908), an international understanding as to the 
Abel apparatus has been arrived at. Four English 
apparatus standardised by the Board of Trade had 
been sent to Germany in 1882 to serve as reference 
standards ; three of these were subsequently re- 

ired and restandardised in London. But the 

erman apparatus is not quite the same as the 
English, ps yom country will continue to use its 
own Abel apparatus, while comparative tests are 
being conducted in both countries. 

Mercury Pump (Disch).—A Gaede pump has been 
submitted by E. Leybolds Nachfolger, of Cologne, 
and is being standardised on the basis of the 
researches of Scheel and Heuse on high vacua. 

Optical Department; Photometry (Brodhun, 
Liebenthal, andSchénrock).—There has been a great 
demand for testing metallic filament lamps, includ- 
ing those of 16 candles for 110 volts. Sixteen of the 
latter lamps, giving 1 Hefner candle at 1.1 watts, 
were tested for 1500 hours—eight on continuous, 
and eight on alternating, current circuits. Of a 
series of ten lamps at 110 volts (direct), nine had 
decreased in light intensity by 20 per cent. in 
3210 hours; the tenth was still good after 3700 
hours. Of a series of twenty lamps at 220 volts 
(alternating), seventeen lost 20 per cent. of their 
light intensity in 3650 hours ; the others held out 
for 4000, 5500, and 6000 hours. Most of the 
lamps not submitted to life-tests were intended to 
serve as secondary standards, and the filaments of 
these should all lie in the same plane. The 
National Physical Laboratory, we mentioned last 
spring, also uses such lamps. In conducting are- 
lamp tests, the Verband Deutscher Electrotech- 
niker prescribes that two lamps of the same kind 
shall be connected in series; only one of these is 
to be tested photometrically. The rotation of glow- 
lamps about their vertical axis on the bench is 
not recommended for carbon filaments, because 
at speeds of 180 revolutions per minute, required 
for securing a steady field, the filaments may be 
displaced and distorted. For metallic filaments, 
especially those fitted with many threads, much 
lower speeds are sufficient, and rotation is then 
advisable. The Deutsche Acetylen Verein pre- 
sented burners, reflectors, acetylene generators, 
and purifiers for examination. 

Tax on Light.—Since October, 1909, a tax has 
to be paid in Germany on illumination, which, in 
the case of glow-lamps, depends upon the watt 
consumption. The watts, and also the candle- 
power, have to be marked on the lamp. The 
verification of these statements is, for the present, 
left to the Reichsanstalt ; later on, the Elektrischen 
Prufimter, above mentioned, are to be entrusted 
with this task. 

Prisms of Quartz and Fluorspar (Schénrock).-— 
The Reichsanstalt observed in 1900 that different 
quartz prisms differ as to the amount by which they 
rotate the plane of polarisation, calculated per 
millimetre of quartz. This was confirmed by 
Macé de Lépinay and Buisson. It has therefore 
been investigated whether different fluorspar prisms 
are identical in optical respects, and the refrac- 
tive index has very carefully been determined for 
three prisms of 60 deg. in air at a temperature of 
20 deg. Cent., and 760 mm. pressure, and for the 
wave-length 589.30 up» (sodium light). None of 
these prisms is perfect, but the radius of curvature 
of the plane faces has in the worst case still a length 
of 0.9 km. The resulting three indices were :— 
1.433837, 1.433832 and 1.433830, so that they all 
agreed within five decimals. The temperature co- 
efficient was — 0.0000099 for the range 16 to 32 deg. 
Cent. Similar measurements on a quartz prism 
(60 deg. ; minimum radius of curvature, 1.8 km.) 
gave for the ordinary and the extraordinary ray 
the indices n, = 1.544179, and n, = 1.544253. The 
theory of Von Lang would allow of calculating 
the refraction for rays at any incidence, and this 
theory is further to be tested. 

Emissivity of Metals at Different Temperatures 
(E. Hagen and H. Rubens).—The variation in the 
emissivity of metals and alloys with temperature 
has, in the first instance, been determined for 
Reststrahlen of fluorspar (A = 25 »), and of quartz 
(A = 8.85 ») at temperatures up to 500 deg. Cent. 
It results that the emissivity J—in England the 








symbol E is used instead of J as a rule—is merely 





influenced by the thermal changes in the electric 


resistance, according to the formula J = 36.5 V@/, 


where o is the specific resistance per metre and 
square millimetre, and A the wave-length. As J = 
100 — R, the variation in the reflecting power R of 
a metal or alloy can directly be deduced from this 
formula. In some metals the change in emissivity 
amounts to 60 per cent. when the temperature rises 
from 100 to 500 deg. Cent.; yet the calculated and 
observed values were always in good agreement. 
In the case of nickel the change in the magnetic pro- 
perties is accompanied by a corresponding change 
in the emissivity, and the experiments with other 
metals and alloys, some selected because of their 
large temperature coefficients, demonstrated that 
the ‘‘optical” temperature coefficients coincide with 
the ‘‘electrical” temperature coefficients. This 
applied, however, only for the range 26 » down to 
8.85 2, and as it was known that the optical con- 
stants of metals do not vary appreciably with tem- 
perature for the visible spectrum (range about 0.8 
to 0.52) the above formula could no longer hold 
for the range 0.8 to 8.854, or must lose its validity 
within that range. 

In order to investigate this problem, experi- 
ments were first made with Reststrahlen of calcspar 
(A = 6.65); the formula for J was found applic- 
able. In) the experiments with shorter waves 
of 2, 4, and 6 », a Rubens thermo-couple and a 
mirror-spectrometer were used, the energy being 
measured which a strip of platinum or of platinum. 
rhodium emitted at temperatures ranging from 
400 deg. up to 1400 deg. Cent. It resulted that 
there was no optical temperature coefficient observ- 
able for rays of 2.4. For rays of wave-length 
4 » the optical temperature coefficient was for plati- 
num 3, and for thealloy ,°, of that which it ought to 
have according tothe formula, For rays of 6 » the 
optical and electrical temperature coefticient were 
againin agreement. In order to extend the experi- 
ments to other metals, the variation of the reflect- 
ing power with temperature was determined fir 
rays of wave-lengths ranging from 1lyto5yp. For 
this purpose two mirrors were made in each case of 
the respective material (nickel, steel, speculum 
metal, and constantan) and placed in a small electric 
furnace kept at 20 deg., 200 deg., and 300 deg. 
Cent. The source of radiation was a Nernst lamp, 
whose rays were reflected six times by the two 
mirrors, which faced one another, before they fell on 
the slitof the spectrometer. Constantan, it would 
appear, does not change its reflecting power with 
temperature at any spot between wave-lengths 
2 and 5y. Nickel ath differently ; the tem- 
perature coefficients are very small for 0.78, 1, and 
2, but become noticeable at 3 », and attain at 5p 
almost the value 0.0063, which is deduced from 
electric resistance determinations. Speculum metal 
resembles nickel in its behaviour. The research is 
proceeding. 

Chemical Department ; Weathering of Glass (F. 
Mylius and Groschuff).—The study of the eosin 
reaction of glass at fractured surfaces has been 
extended to heavy glasses. The test is made by 
applying an ethereal solution of iodeosin to a 
smooth surface of freshly-broken glass. A certain 
amount of eosin is absorbed by the glass, and this 
amount depends mainly upon the bases in the 
glass, and hence on its alkalinity. It was hoped 
that this eosin reaction could replace weathering 
tests. This has not been confirmed. Silica and 
boric acid do not absorb eosin ; alumina does ; pure 
lead silicate absorbs it slowly, basic silicate 
rapidly ; and the oxides of calcium, barium, zine, 
and lead are all concerned in the reaction, in addi- 
tion to potash and soda. Hence a weathering 
test cannot be dispensed with. This weathering 
test can, however, be hastened by exposing the 
surface of the broken glass for a week to the action 
of air saturated with moisture ; after one week tho 
alkalinity which had at first decreased becomes con- 
stant, and can then be determined by an eosin test 
lasting one minute. With polished glasses the 
weather tests had to be continued for two years ; 
the final results gave, however, the same order of 
stability as the broken-surface tests in one week. 
The new experiments concern twenty-five heavy 
glasses from Schott and Genossen, of Jena; the 
latter firm and Professor Zschimmer have been. 
carrying on paralle] researches. The eosin values 
of optical glasses vary very much. , : 

Pure Iron; Action of Gas Flames on Metals 
(Mylius, Groschuff, Gumlich, Hiittner, and Gépel).— 





The investigations into the properties of pure iron 
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SHALLOW-DRAUGHT TUG-BOAT FOR SERVICE ON THE RIVER LENA. 
CONSTRUCTED BY MESSRS. JOHN IL THORNYCROFT AND CO., LIMITED, ENGINEERS, WOOLSTON, SOUTHAMPTON. 
(For Description, see opposite Page.) 
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and into the action of coal-gas flames on metals (gold, | especially at spots where they are in contact with| not successful with metallic copper. But copper 
silver, copper, iron, palladium, rhodium, iridium, | lime, magnesia, or clay. can also be (stained black, when it is previously 
platinum) have so far chiefly a chemical interest ;} Metal Mordants,—While brass and other. lloys| heated up to 100 deg. Cent. for about 10 minutes 
platinum and iridium are particularly likely to be | of copper and zinc can be stained black by anammo- in dilute caustic soda, mixed with some oxidising 
corroded by a deposit of soot from the flame, niacal solution of copper, this treatment was so far | agent, potassium persulphate, or also permanganate 
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or chromate. Bronzes and even aluminium-bronzes 
can similarly be stained black. This staining of 
copper deserves attention, because galvanic deposits 
of copper can readily be produced on most metals, 
also, ¢.g., on soldered junctions, which can then 
be stained subsequently. Sometimes light-coloured 
stains are obtainable ; but stains of definite shades 
can rarely be produced by simple immersion. The 
steel-grey deposits of arsenic and antimony are 
pretty, but turn patchy unless varnished, and the 
organic dye-stuffs rarely yield fast coatings. 








600-HORSE-POWER DIESEL ENGINE. 
Tue Nederlandsche Fabriek van Werktuigen en 
Spoorweg-Materieel (Dutch Engine Works), Amster- 
dam, showed in the Dutch Section in the Machinery 
Hall of the late Brussels Exhibition a 600-horse-power 
four-cylinder high-speed Diesel engine, which we illus- 
trate in Figs. 1 to 5, on our two-page plate. Its prin- 
cipal dimensions are the following :— 
Diameter of cylinders 500 mm. (19.685 in.) 
Stroke ee tx »» (25.590 ,, ) 
8 - 215 revs. per min. 
Total weight, 
air-receivers about 120 tons 
In this engine the general principle of the four- 
stroke cycle is maintained. It is of the enclosed type, 
and embodies several new features, the principal ‘dif - 
ference, when compared with Diesel engines of other 
makes, lying in the construction of the main working 
parts. As will be seen, the connecting-rod is not 
—— in the piston, as is the practice generally 
llowed in vertical internal-combustion engines of 
lower power; but a very similar arrangement to 
that which obtains with steam-engines has been fol- 
lowed, with piston-rod, cross-head, and guides. The 
piston has been made comparatively short, and is 
water-cooled. It is fitted by studs on the hollew 
iston-rod, perfect tightness being ensured by twelve 
Ramsbottom rings: e water for cooling each piston 
is led to and from it by two small-brass pipes pro- 
vided underneath the piston and moving up and down 
with it, telescoping into two small barrels fitted 
in the engine frame below the cylinder, a constant 
water current being thus established through the 
engine. ‘The barrel for the water-inlet end is pro- 
vided with a stuffing-box. The hollow piston-rods 
are flanged at the piston end, and have a double cross- 
head pin at the other end, all made in one piece, 
of forged steel. The piston-rods are not exposed to 
the hot gases, and do not require cooling ; the cooling 
of the pistons, however, was necessary, owing to 
their comparatively small dimensions and the high 
speed of the engine. The’ jointed connecting-rod 
with crosshead slide does away with all side pressure 
on the piston and eylinder, besides making it possible 


including 





to reduce the length of the piston. The connecting- 





rod fork bearings are easy of access, and are not 
exposed to the heat developed in the cylinder; they 
remain at all times within the oil-chamber, and are 
thus amply lubricated. This constitutes an important 
advantage over the trunk piston type without cross- 
head and slides, in which no access can be had to the 
pin without dismounting the cylinder-head and lower 
connecting-rod end, and lifting the piston with the 
rod high enough to clear the cylinder top. In this 
respect the engine is as easily seen to as is the case 
with an ordinary type of high-speed steam-engine ; 
for this purpose a hinged door of ample dimensions is 
rovided for each cylinder. The openings in the casing 
or the large sized doors do not weaken the engine in 
any way, owing to the special design followed for 
transferring the main forces in the engine by through- 
going heavy bolts, which connect the cylinders to the 
main bearings. The crosshead has one shoe with 
double goide bare. The pressures caused by the action 
of compression and combustion are taken up by the 
guides at both sides without any rise in temperature 
to — of ; the engine is very quiet-running. 

The crank-shaft bearings are cooled by water under 
pressure. By this means the temperature of these 

, which in normal running are out of reach, can 

ascertained at any time by recording the tempera- 

ture of the water which flows through neato pipes 
into an open tank and proceeds from each bearing. 

An important modification has also been een, A 
in the design of the valve motion. It had hitherto 
been customary to work the opening and closing of the 
inlets and exhaust-valves by means of cams keyed on 
@ common cam-shaft, and operating short rocking- 
levers. Although this method proved satisfactory 
with comparatively low-s engines, it was deemed 
expedient to depart from it for higher speeds, and 
with a view to get silent running. In the engine we 
illustrate an eccentric motion is substituted for the 
cam-gear ; the eccentric rod is jointed to a horizontal 
rocking-lever, this being provided on the opposite end 
with a steel saddle which acts upon a steel counter- 
saddle on the valve-lever, by which this is worked up- 
wards. The upper shaft, on which are the eccentrics, 
is driven from the crank-shaft by an intermediate 
shaft with spiral gearing. The governor is mounted 
on the latter shaft. 

The engine contains an air-compressor which is 
common to all four cylinders ; it is fitted on an exten- 
sion of the engine base-plate, its piston being operated 
by a crank-pin at the end of the erank-shaft. The 
four fuel-pumps, one for each cylinder, are arranged in 
a@ common pump-chamber, and are driven together by 
an eccentric from the vertical governor-shaft. 

Lubrication is provided by a small oil-pump driven 
wy @ crank. outside the crank-shaft-pin which works 

e air-compressor. 

Notwithstanding its high yee the engine runs 
practically noiselessly. It was direct coupled to a con- 
tinuous-current, 470-volt, 745-ampere dynamo, which 
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supplied current for light and power to the machinery 
of the Dutch Section in the Machinery Hall. 

The following are the makers’ guaranteed figures 
for fuel consumption, with a heat value of 10,000 
calories per kilogramme (18,000 B.Th.U. per pound) 
for the oil under varying loads :— 


Pownds per Brake Horse-Power. 





| | 
Full Load, | Three-Quarter | Halt Load. Quarter Load. 





0.37 0.429 | 0.495 0.77 

Fig. 1 is a vertical longitudinal section of the engine, 
Fig. 2 a plan, and Fig. 3 a vertical transverse section. 
Details of the valve gear are given in Fig. 4; Fig. 5 
shows the compressed-air valves. 

The company have been constructing marine Diesel 
engines for sea-going vessels for some time past, and 
they have now in hand a 500-horse-power slow-speed 
reversible Diesel marine engine for propelling a 1000- 
ton tank steamer. 








SHALLOW-DRAUGHT TUG FOR THE 
RIVER LENA. 

A shallow-draught tug-boat, presenting some inte- 
resting features, is illustrated in Figs. 1 to 8, on this 
and the opposite pages. As will be seen in the view, 
Fig. 1, and the elevation, Fig. 2, the little vessel is a 
paddle-boat, which draws no more than 16 in., and is 
capable of maintaining a speed of over 14 knots. -She 
has been designed, built, and engined by Messrs. John 
I. Thornycroft and Co., Limited, at their Woolston 
Works, Southampton. Side-paddles, instead of a 
stern-wheel, were required by the owners in order to 
suit special towing conditions. Messrs. Thornycroft 
therefore undertook to meet these requirements, and 
for this purpose, before completing the design, found it 
necessary tocarry out some experimental work in Sir 
John I. “‘Thornycroft’s tank at Steyne, Isle of Wight. 

The vessel has a length of 140 ft., with a beam of 
25 ft., a depth of 7 ft., and a mean draught of 153 in. 
with a load of 174 tons on board. The engines are of 
the diagonal triple-expansion type, having cylinders 
12 in., 19 in., and 304 in. in diameter by 42 in. stroke. 
The boiler is of the Thornycroft water-tube type, burn- 
ing wood. The vessel has extensive accommodation, 
being fitted with cabins for six ngers, three officers, 
and a crew of twelve men. The cabins for officers and 
passengers are seen forward in Figs. 2 and 4; the 

uarters for the crew are aft, as n* shown in those 

gures. A peculiar feature of the boat is the steering 
gear, which consists of three rudders at the stern 
(see Figs. 2 and 3), all connected and controlled by @ 
hand-wheel on the bridge. This arrangement was 
found to give great satisfaction on trial. 

The boat was put through her trials some time ago, 
before leaving England. On these official trials a 
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speed of 14.41 miles was steadily maintained for over 
six hours. No difficulty was experienced in keeping 
steam, and throughout the trial there was no trouble 
of any kind with the machinery, which, on the full- 
speed run, worked at about 63 revolutions per minute. 
ie fuel consumption was found to be 5.18 lb. of wood 

r indicated horse-power per hour, at which rate the 
munkers would hold supplies sufficient for 12 hours. 
Natural draught was used. 

This tug has been eet in sections to the Lena 
via the Trans-Siberian Railway. Figs. 5 and 6 show 
the hull before being dismounted. Figs. 7 and 8 
show the various sections separated and ready for 
shipment. She is intended, in service, to tow two flats, 
one for passengers and one for cargo, and will be 
worked on the River Lena, which in places is onl 
18in. deep, by the Lena Gold Fields Company, Limited. 
The whole contract and shipment were completed 
within 54 months. 





.COAL AND IRON IN BELGIOM. 

Some interesting information is available with re- 
spect to the course taken in 1909 by the coal and iron 
industries of the province of Liége. The number of 
conceded coal-mines in the province last year was 
81, but of these only 42 were working ; one was pre- 
paring to work, but 38 were idle. The production 
of coal in the province in 1909 was 5,987,250 tons, or 
69,350 tons more than the corresponding output for 
1%J8. The stock of coal on hand at the various col- 
lieries of the province at the close of 1909 was 138,910 
tons, showing a reduction of 63,570 tons when com- 
pared with the corresponding stock at the close of 
1908. Last year’s stock represented approximately 
seven days’ production. The consumption of coal by 
the mines‘of the province last year was 477,330 tons. 
The sales of the year were 5,614,550 tons. The average 
value of the coal raised in the province in 1909 was 
1s. 6{d. per ton below the corresponding average for 
1908. The aggregate value of the year’s output was, 
accordingly, 421,370/. below that of 1908. The fall in 
prices was general in 1909, extending-more or less to 
almost all descriptions of coal. The ordinary and 
spscial expenses attending the working of coal in the 
province last year amounted to 3,415,304/., showing a 
reduction of 225,768/., as compared with 1908. Wages 
paid for labour absorbed last year 1,958,934/., and the 
other expenses of the twelve months amounted to 
1,456,370/. The aggregate profit realised by the coal- 
mines of the province last year was 267,630/., or 
195,602/. less than the corresponding profit for 1908. 
Thirty mines closed their year’s working with profits 
amounting in the aggregate to 329,166/., but 13 other 
mines lost between them 61,536/. The number of 
workpeople employed below ground in coal-mining in 
the province last year was 57,181 ; of these 25,459 
were above 16 years of age, 1143 were from 14 to 16 
years old, and 579 from 12 to 13. No females above 
20 years of age were employed below ground during 
the year. The number of workpeople employed on the 
surface was 9611 ; of these 6895 were men above 16 
years of age, 328 were boys of from 14 to 16 years old, 
and 300 boys of from 12to,14. The ages of women and 
girls employed on the surface were :—Above 20 years of 
age, 738 ; above 16 and below 20, 837; and above 12 
and below 16 years old, 513. 
wages paid to men and boys last year were 3s. 54d.; in 
1908 the corresponding average stood at 3s. 94d., so 
that the remuneration of coal-mining labour in the 
province declined last year to the extent of 4d. per 
day. Thequantity and value of the coal raised in the 
province during the ten years ending with 1909, inclu- 
sive, were as annexed :— 


, Value , Value 
Year. Tons. per Ton. Year. Tons. per Ton. 

s d, s 42 

1900... 5,779,A13 lh. 1 1905. . 5,874,410 10 9 

1901.. 5,341,036 13 6 1906... 6,014,140 12 6 

1902.. 5,783,018 ll 3 1907... 5,779,040 M4 4 
1903... 5,999,036 ay 1908. . 5,917,900 13 10} 

1908. 5,887,350 10 8 1909... 5,987,250 12 4 


The profits realised experienced extraordinary fluc- 
tuations during the ten years. In 1900 they amounted 
to 1,386,570/. ; in 1901, to 659,119/.; in 1902, to 
414,514/. ; in 1903, to 460,083/. ; in 1904, to 298,512/. ; 
in 1905, to 333,912/. ; in 1906, to 602,558/. ; in 1907, to 
613,392/.; in 1908, to 463,222/.; and in 1909 to 267,630/. 
We thus arrive at the discouraging fact that last 
year’s profits were the lowest of the decade. 

There were 18 blast-furnaces in the province of 
Liége last year, of which 16 were in blast. These 
16 furnaces consumed during the twelve months 52,530 
tons of Belgian minerals, 1,683,080 tons of foreign 
minerals, 147,470 tons of scoriz, 723,170 tons of coke, 
and 3920 tons of charcoal. They produced during the 
hee: 20,000 tons of refining pig, 56,430 tons of pig 
or Bessemer steel, and 583,300 tons of pig for Thomas 
steel, making an aggregate output of 659,730 tons. 
The aggregate value of this output was 1,681,044/., 
giving an ave of 2/. 10s. 1ld. perton, The average 


number of working days last year was 337, as com- 
pared with 334 in 1908. The production per furnace 
per working day was 122 tons, or 19 tons more 


The average daily net | Pp; 





than in 1908. The aggregate output, which had been 
declining since 1906, experienced a sharp revival last 
year, having been carried, as already stated, to 
659,730 tons, or 76,740 tons more than in 1908. 

Six steel works were in operation in the province 
last year, and they employed 6432 workpeople and con- 
sumed 300,000 tons of combustible, including 216,250 
tons Belgian coal, 48,860 tons foreign coal, 39,030 tons 
Belgian coke, and a little foreign coke. Altogether, 
the production of steel in the province last year was 
575,650 tons, representing a value of 3,022,986/. The 
production of finished steel in the province for the 
ten years ending with 1909 inclusive, and the annual 
value, were as annexed :— 


Year. Tons. Value. Year. Tons. — 
£ 

1900 .. 373,950 2,689,898 1905 .. 509,840 2,640,232 

1901 .. 341,090 1,951,140 1906 .. © 563,580 3,335,128 

1992 .. 451,390 2,345,092 1907 .. 608,400 3,958,124 

1903 .. 536,360 2,665,522 1908 .. 449,550 2,685,646 

1904 640,340 2,691,504 1909 .. 575,650 3,022,986 


It will be seen that the average price current for steel 
in the province has been declining during the past ten 
years. 








VERTICAL FLIGHT. 

Unper the auspices of the Manchester Education 
Committee, a public lecture was given on the above sub- 
ject on Friday, November 18, at the Municipal School 
of Technology, by Mr. Joseph Clarkson, a member ef the 
aviation section of the Motor Union, at which he gave 
several demonstrations from a model, 8 ft. in diameter, 
of a new form of propeller or elevator which he has in- 
vented, the result of 24 years’ research work in aerial 
engineeri The invention is intended to solve the 
problem of vertical and slow flying. 

When the propeller, which is of the construction of a 
featheri ehadlo-whest with four curved floats, ._ had 
been perfectly counterbalanced, various weights were 
attached to the frame, and the propeller, which was 
driven by an electric motor, made to revolve. As soon 
as it attained the required s it rose gently and 
vertically from the floor until it reached a “stop” 
which had been fixed to prevent it going too high. 
After remaining there a little while, the speed was 
slightly redu and it descended slowly, finally rest- 
ing on the floor almost silently. Another test was 
then made, showing it hovering in the air, neither rising 
nor falling. The lecturer, comparing it with a ‘‘screw ” 
propeller, explained that if several of the latter were 
placed horizontally and in line with each other, they would 
suck the air from, and interfere with, the lift of one another, 
whereas with the propeller he has invented the reverse 

es place, as they drive the air towards each other. 

The energy taken to lift 124 lb. vertically and maintain 
it in the air was 0.4 horse-power, and the revolutions per 
minute only 53. He then showed how an entirely new 
kind of machine, which he calls the ‘*‘ Aerocar,” would be 
built. Imagining, he said, a car 2 ft. wide (containing 
the pilot and engines) with four propellers—that is, two 
on each side—and one got a good idea of an “ Aerocar.” 
Each of these propellers would be 8 ft. in width and 8 ft. 
in diameter—together equal to sixteen times the width of 
the one upon which the tests were made, which was only 
2 ft. in width. Therefore, with sixteen times 124 lb. and 
sixteen times 0.4 horse-power the lift or thrust was 
200 lb. from 6.4 horse-power. According to the law of 
ratio obtained by actual tests, 20 horse-power would 
lift 400 lb. The above-named machine would be 20 ft. 
long and 18 ft. wide, which is just about the size of the 
smallest aeroplane (Clément’s ‘‘ Demoiselle”) atthe present 
aris Show. As the propeller, 2 ft. wide, contains 
25 sq. ft. of planes, sixteen times would give 400 sq. ft. 
The Clément ‘‘ Demoiselle ” has only 107 sq. ft. 

When the ‘‘ Aerocar” risen sufficiently, some of the 
power may be diverted forwards, or even backwards, 
without reversing the propellers or motor. The above- 
named tests and figures were verified before the audience 
by some of the engineering staff of the school. 





_GerMaN Mera.tiurcy.— The production of pig in 
Germany and the Luxemburg in October was as follows: 
—Casting pig, 265,789 tons; Bessemer pig, 42,342 tons: 
Thomas pig, 812,992 tons ; spiegel and steel pig, 118,035 
tons ; and puddling pig, 52,221 tons. ‘The corresponding 
production in October, 1909, was :—Casting pig, 224,627 
tons; Bessemer pig, 33,396 tons ; Thomas pig, 707,131 tons; 
spiegel and steel pig, 99,139 tons; and puddling pig, 
49,470 tons. The aggregate production of pig in Germany 
in the ten months ending with October 31 was 12,213,908 
tons, as compared with 12,917,653 tons in the whole of 
1909, 11,813,511 tons in 1908, 13,045,760 tons in 1907, and 
12,475,267 tons in 1906. Production will, accordingly, 
make a considerable advance this year. 

DETERIORATION OF Rupper.—A case of destruction of 
rubber insulation by ordinary mould is mentioned by 
K. Simons, of Jena, in the Electrotechnische Zeitschrift of 
October 20, 1910. Some rubber-covered wires had been 
installed in a house, the walls of which had been painted 
before they were dry. The cables were lying in enamell 
iron pipes, and the iron had partly been destroyed. 
Experiments proved that the mould, aspergillus glaucus, 
was more responsible for the ing down of the insu- 
lation than the moisture. In tests the insulation did not 
give way for weeks when the cables were kept under 
current while lying embedded in moist iron rust, but 
failed in a minute or two when mould had formed. 
Impr — <i ovter — eae aa we —_a 
sublimate, thymol, or copper su te did not ven 
the destruction ; carbolic acid answered tdinapennelly. 








NOMINAL HORSE-POWER OF MARINE 
ENGINES. 
To THE EpitTor oF ENGINEERING. 

Str,—By the regulations of the Merchant Shi) 
Act the registered nominal horse-power determines the 
number and class of the engineers to be carried, also the 
length of time engineers must serve before being eligible 
for examination for certificates. 

Yet there is no attempt to define the term, and no 
exact meaning can be assigned to it. ‘* Nominal hor:e. 
power” bears no definite relation either to the size or the 
power of the engines. It is, in fact, a fancy term used by 
bs ow Soca and is fixed arbitrarily by each indi. 
vidual firm. The number stated by the builder is duly 
registered, and becomes the standard upon which the 
—— qualifications depend. 

he objections to this loose method of registration will 
be grasped when it is pointed out that, if a steamer is 
registered as under 66 nominal horse-power, and does not 
carry passengers, she can trade throughout the home 
waters between the Elbe and Brest, and need not carry a 
single certificated engineer; while a steamer registered 
as under 100 nominal horse-power can trade through- 
out the globe, and need only carry one second - class 
engineer. 

urther, no length of service in the steamer under 
66 nominal horse-power will qualify a young engineer for 
examination for a second-class certificate, although service 
in a steamer of less actual power would qualify should she 
by chance be registered as 66 or more nominal horse-power. 

Again, no length of service in a steamer under 100 
nominal horse-power will qualify for examination for a 
first-class certificate, although service in one registered as 
100 or more nominal horse-power would do so, although her 
actual power might be less than in the previous case. 

With regard to turbines, it seems customary to register 
the estimated effective horse-power; this may appear 
more satisfactory, but it gives the engineer an unfair 
advantage in this case. For instance, a yacht registered 
as 66 horse-power would be a very small vessel if fitted 
with turbine engines, yet service in her would qualify ; 
though if fitted with reciprocating engines registered as 
65, but capable of exerting over 300 indicated horse-power, 
such service would not qualify. 

It is highly desirable that this matter should be taken 
up ; ther2 should be no difficulty in adopting a definite 
system of: registration which should take into account 
both the size and power of the engines, and remove the 
present anomalies. The Board of Trade is considering 
serious extensions in the service qualifications of marine 
engineers, and these are to be based on the indefinite 
‘*nominal horse-power.” Before these new regulations 
become law, in the interests of both engineers and ship- 
owners, it is necessary that we should know exactly what 
constitutes 66 nominal horse-power and what constitutes 


100 nominal horse-power. 
F. Hovenpen, M.I.Mar.E. 
CarJiff, November 21, 1910. 
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WATER-TUBE BOILERS. 
To THe EprTor OF ENGINEERING. ; 

S1r,—In an article on the ‘‘ Yarrow Boilers for British 
Warships,” in your issue of October 14, we note the follow- 
ing remarks :— 

** Other modifications, of course, have been made, the 
most recent by Messrs. Yarrow being to pass the feed- 
water through the outer tubes, where the water is heated, 
before it enters the steam-generating tubes _—. At 
the same time, any sediment or grease is deposited in 
these outer tubes, where it is least harmful, with the 
result that the tubes nearest the fire are not only more 
efficient, but have greater durability, in view of the 
absence of incrustation and deposit due to the saline 
matter and oil in the feed-water. } 

It will no doubt be of interest to point out that for over 
a year this system of dealing with the feed has been used 
on Niclausse water-tube boilers by Messrs. J. and « 
Niclausse, 24, Rue des Ardennes, Paris. That this system 
should have been adopted by a firm of the repatation of 
Messrs. Yarrow and COo., Lta.., is a proof of its advantage. 

This system of feeding has increased the thermal 
efficiency of the Niclausse boiler and hasentirely removed 
any possibility of distortion of the lower tubes ; the life of 
these tubes is greatly prolonged, and, furthermore, they 
only require cleaning internally at long intervals. 

Yours faithfully, 
Tue British NiciavssE Borer Company. Lrp. 

Caxton House, Tothill-street, Westminster, 8. W. 

November 17, 1910. : 

[The system in question was fitted to the Yarrow 
boilers placed in the Neptune immediately after her 
launch, Cotenher 30, 1909.—Eb. E.] 








Tue Prorecrion or Execrricat Inrerests. — The 
Committee for the Protection of Electrical Interests have 
decided to hold a general meeting to discuss the advisa- 
bility of undertakers under the Electric Lighting Acts 
being empowered to wire premises and supply appatatus 
for the consumption of electrical energy, on loan «1 
otherwise, on Wednesday, December 7, at 8 p.m. 1 


ed | meeting will be open to all members of the electrics! 


industry, and those who would like to take part ar 
invited to send in their names to the hon. secretary, Mr. 
R. Borlase Matthews, Bank Buildings, Kingsway, W.C. 
By courtesy of the Council, the meeting will be held i» 
the lecture theatre of the Institution of Electrical Eng 
neers, Victoria Embankment, E.C. In. the unavoidable 
absence of the president of the Committee, the He m. 
Arthur Stanley, M.P.—due to the forthcoming Parlix- 
mentary elections—the chair will be taken by the \ 
president, Mr. Robert Hammond, M. Inst. C.E. 





























Noy. 25, 1910.] 





ENGINEERING. 





733 











PORTLAND CEMENT. 


Av the ordinary meeting of the Institution of Civil 
Engineers, held cn Tuesday, November 22, Mr. Alexander 
Siemens, President, in the chair, the paper was 
Portland Cement, and the Question of its Aeration,” by 
H. K. G. Bamber, Assoc. Inst. C.E. The following is 
an abstract of the paper:— _ 

Much has been said and written on the subject of Port- 
land cement, but in connection with the chemical or 
physical side there is still a wide field for research, as 
uncertainty exists on many of the complex. problems 
which continue to baffle skilful investigators. _The 
methods of manufacture in the’ t were.known to 
but few, who, with well-established brands of a new 
and eminently useful material, had practically a monopoly 
of the trade in the United Kingdom, and, for a consider- 
able period, of the trade of. the world. pean | to the 
practice during recent years, when the engineer has pre- 
pared the specification detailing the properties of the 
material he proposes to use, the manufacturer then held 
the engineer in the hollow of his hand. . The increase in 
the number of cement works in various parts of the country 
soon caused the supply to overtake the demand, with the 
inevitable result that the handsome profits realised in the 
early days of the industry were diminished, never to re- 
turn to their former level. It was not until a later date and 

‘ towards the end of the nineteenth century that develop- 
ment on scientific and economic lines was undertaken by 
many of the principal manufacturers in all parts of the 
world. Their efforts met with the full appreciation of 
the members of the ys aposml profession, who, by varied 
experience, became fully acquainted with the properties 
and eccentricities of the cements of the.past. Great im- 

rovements were brought about through the initiative of 

ir John Wolfe Barry, Sir William Matthews, and others, 
and a scientific system of standardisation has now been 
established, resulting in t influence for food, as well 
on the commercial as on the technical side. The industry 
as a whole, having accepted these conditions, has im- 
proved the methods of manufacture by large expendi- 
tures of capital in the way best adapted to meet local 
conditions and the character of the raw materials to be 
dealt with. The state of things prevailing in the cement 
industry in the’sixties, and the costly and tedious methods 
which it was generally necessary for the engineer to 
adopt before the cement then supplied to him could be 
safely used, were due to the almost entire absence of that 
scientific chemical control which is an essential part of 
the methods of to-day. The importance of thorough 
amalgamation of the raw materials, and of the chemical 
uviformity resulting, was not then fully realised, or, if it 
was understood, no adequate provision was made for pro- 
ducing so perfect a mixture as is now obtained. Further, 
the subsequent calcination was often carried out in a 
very perfunctory manner, without any successful attempt 
being made afterwards to separate the unburned portions 
from those which were thoroughly calcined. The defects 
being caused chiefly by the presence of uncombined lime, 
due either to faulty amalgamation of the raw materials 
or to insufficient calcination, or to both, the engi- 
neer wissly had recourse to the simplest and most 
natural methods for neutralising its expansive force, ‘by 
converting the free lime into hydrated carbonate of lime, 
by absorption of moisture and of carbonic anhydride from 
the atmosphere, with the object of rendering it inert, In 
treating cement in bulk this is a tedious and expensive 
process, but with the knowledge then available, perhaps 
no better system could have been devi to secure 
soundness and freedom from expansion. Many engi- 
——— those whose experience extends over 
a long period—have become so accustomed to the use 
of some aerating process that, perhaps by force of 
habit, they still continue to require it of their con- 
tractors, forgetting that cement which has already 
the stringent tests of the British Standard Specifi- 
cation has necessarily shown itself to be entirely innocent 
of any expansive tendencies. If this specification is 
adhered to for all requirements, the old aeration methods 
have become as obsolete as the ancient machinery of 
the cement industry, which has found its way to the 
scrap-heap. Photographs are given showing the effects 
of boiling on briquettes made with sound and unsound 
cement respectively. 

The improvements which have been effected, particu- 
larly since the end of the nineteenth century, have lifted 
cement-making to a high position in the list of scien- 
tifically-conducted industries. Given efficient chemists, 
how an important part of the staff, no difficulty is ex- 
pericnced in obtaining continuously a well-proportioned 
mixture of the raw matérials, whatever their char- 
acter, and by means of specially-designed machine 
these materials are so effectually reduced that it is 
usual to find 95 per cent.—calculated on the water-free 
material—capable of passing through a screen of 32,400 
meshes to the square inch. ‘This is as near perfection as 
it is commercially possible to attain, and with proper 
calcination the chnker should contain only traces of free 
lime, by whichis meant amorphous calcium oxide capable 
of hydration or slaking with expansion, as distinct from 
the crystalline form in which it is said to exist, together 
with: the silicates and aluminates of lime in solid solution. 
Crystallised oxide of lime in this form is thought by some 
of the most recent investigators of the subject to be 
relatively inert, hydrating or slaking very slowly without 
expansion or evolution of heat, whereas the amorphous 
oxide of lime slakes immediately upon the addition of 
Water, giving off considerable’ heat with a large increase 
im volume. It is the absence of lime in this latter condi- 
tion in modern cements which renders futile any attempt 
to improve them by aeration. 

One of the most important improvements in the manu- 
facturing process is the introduction, on a practical scale, 








since 1900, of the rotatory kiln. Its advantage is that the 
calcination is completely under control. The author 
proceeds to describe the process in detail, and also that 
of grinding, an operation to which much attention has 
been given of late years. Another great. improvement 
in’ the production of sound cement, and the one 
which renders eyo aeration unnecessary, is the 
introduction of the hydration process carried out in 
conjunction with the grinding ; it consists in submitti 
the cement, during .its final reduction, to a saturat 
atmosphere at a com tively high temperature. The 
results in ieving in a scientific, rapid, and 

Righly efficient manner what the aerating operations of 
the engimeer have og f imperfectly effected on the cements 
of the past. It also has a markedly beneficial effect in 
regulating the setting-time, and in rendering it more 
permanent, by preventing to a large extent the return of 
the cement to a quick-setting condition, a danger which 
exists when sypsum alone has been used to retard the 
setting-time. tly, there is the cooling process, where 
the hot cement on leaving the mill is conveyed to re- 
volving water-jacketed coolers. This operation, being 
conducted in the presence of air, adds the finishing touch 
to the beneficial results of the previous hydration. 

Contrasting, therefore, the properties of the cement 
manufactu under rule-of-thumb processes of the past 
with those of the best cements made to-day, it should not 
be difficult to convince enginéers of the desirability of 
abandoning an obsolete method of treatment. A means 
of diagnosis is now in the hands of the engineering pro- 
fession in the form of the British Standard Specification, 
and there is no necessity to, as it were, impair the vitality 
of the patient by treating him for a complaint which can 
be proved to be non-existent. 








BOYD AND FORREST VERSUS GLASGOW 
AND SOUTH-WESTERN RAILWAY COM- 
PANY. 

In our issue of July 1, page 23, we referred to an im- 

portant case to contractors, turning on the wording of a 

specification. This case has recently been made the 

subject of an appeal to the Second Division of the Court 
of Recslon. by the Glasgow and South-Western Railway 

Company against the decision of Lord Johnston in the 

Outer House, in the action Boyd and Forrest v. Glasgow 

and South-Western Railway Company. 

For work done in connection with the contract for the 
construction of the Dalry and North Johnstone Railway, 
atid also in connection with the widening of the railway 
line between Dalry Junction and Swinlees Junction, the 


contractors claimed for payment of 106,688/. 13s. 11d.,° 


which they maintained was the balance due by the rail- 
way company. The contract was a lump sum offer by the 
contractors amounting to 243,000/. The engineer in pre- 
paring the specifications and schedules had instructed sur- 
acemen to make bores at certain places, and from the data 
supplied by the borers to the engineer, by letters and notes, 
the engineer made up a journal of bores of what he 
thought was the correct interpretation of the bores ; but, 
uncertain that his inferences and bores were correct, he 

ed a clause to his specification excluding all claims 


against the company founded upon inaccuracies in the | ¥’ 


journal of boree. 

In excavating the cuttings at Kilburnie, Whirl Hill, 
and Castle Semple, the excavations were found to consist 
of hard material instead of soft material, as was stated in 
the schedules, and for this the contractors claimed extra 
payment, as well as on other minor items. The railway 
upeny pleaded that the contract covered the whole 
work,.and that the claim was barred by the clause which 
excluded any demand founded upon inaccuracies in the 
schedules. 

Lord Johnston’s decision in the Outer House was that 
the defenders’ bores were misleading, and that the con- 
tractors were entitled to damages, to be determined after 
proof. The Division confirmed this opinion, with expenses 
since the date of the closing of the record. 

In his decision the Justice-Clerk stated that it 
uo Sgpiaennt, as showing that the defenders expected 
the information regarding the bores to be relied on for a 
basis of tender, that while the first advertisement was 
issued at the end of February, 1900, and the last on 
March 5, tenders had to be lodged by March 19. It was 
usual to allow intending contractors to have inspection 
of the bores taken, so that they might have generally the 
information ; and if it were not usual, it would necessaril 
mean the proposing contractors making bores, whic 
must, of course, be calculated in the estimated cost. 
This action arose on the allegation of fraud or misrepre- 
sentation, not on ignorance or carelessness of the com- 

y- It was proved that many of the bores put 
orward as information to contractors submitting tenders, 
were not taken by competent borers, but by ordinar 
unskilled surfacemen, and, further, the railway company’s 
own engineer did not rely on their competency, for, after 
getting from the borers a description of the material at 
certain places, he concluded that it was not hard rock, 
but blaes, which.would fall under the description of soft 
materia], and it was so described in the journals shown to 
contractors. The so called journal of bores was e up 
in the e r’s office, and did not give the particulars 
as stated by the borers, but, by direction of the engineer, 
something different, which he contended he was justified 
in putting forward as sound inferences, but they had 
roved to be wrong. His conclusion was that defenders 
had acted with culpable recklessness, and misled pursuers 
in their tender; for if defenders had shown the contractors 
the borers’ letters, they would not have submitted an offer 
at the sum quoted in their tender. Though the company’s 
engineer had unfortunately done what he had no right to 
do, he agreed with the Lord Ordinary in not imputing 
mala fides to the engineer. 





Lord Ardwall said the so-called journal of bores was 
really the sole basis of the important of the contract 
—in cutting and embanking of the line. The informa- 
tion from certain check-bores was undoubtedly withheld 
from offerers, and there had never been a journal of bores 
in the true sense of the term—that was to say, a day-by- 
day record by the persons who took the bores, giving their 
description of the material they met with in those bores ; 
the nearest approach to it in this case was contained in 
various letters and notes sent to defenders’ engineers by 
the borers, but this information was not supplied to con- 
tractors. On the contrary, the so-called journal of bores 
was a document made in the office of defenders’ engineers, 
and represented what the engineer thought was the result 
of the borers’ reports. y disregarding the borers’ 
reports, and substituting for the contents of them 
their own deductions of the correct state of matters 
underground, the engineers showed they had a lack of 
confidence in the borers. From theevidence these sa 
sentations destroyed the defenders’ defence founded on 
the terms of the specification, because although these 
excluded all claims founded upon inaccuracies in ‘the 
journals of the bores, yet they did not exclude the effects 
of a fraud, which consisted in representing as a journa 
of bores what was no such thing—representing it as an 
authentic daily record kept by borers, in whom the de- 
fenders had confidence. 

As to the extra claimed for a bridge which was addi- 
tional to the contract and for which the defenders Ye 
posed to pay as an extra, he held it should be treated as 
something falling outside the contract altogether, for 
which compensation must be paid, not only for the actual 
cost of construction, but for loss and dam caused to 
the pursuers through negligence of the defenders in delay - 
ing notice to the pursuers that such bridge was to be built 
there, thus causing extra expense to the pursuers in their 
rearrangements to suit the building of the bridge. 

With regard to the whole case, he held that the action 
of the defenders was material to the contract, and was an 
inducing cause to the pursuers to enter it; that the facts 
disclosed amounted to a proof of fraud ; that the contract 
was vitiated by the fraud; and that it mattered not 
whether there was on the part of the defenders or their 
engineer no intention to cheat or injure the pursuers. 

rd Dundas concurred. 








JomntT BeTweEN TRAMWAY-RaILS AND ASPHALT. — When 
tramway-rails are laid in concrete which is covered with 
asphalt, strips of wood are frequently interposed between 
the rail and the asphalt on the street-level. The disad- 
vantage of the use of wood in this way is that it swells in 
wet weather and projects above the road and rail-level. 
The A.G. fiir Seilindustrie, late Ferdinand Wolf, of 
Mannheim-Neckarau, makes a practice of using instead 
ordinary rope, applied in lengths of 20m. The rope has 
a diameter of 6 cm. (2} in.), and it is provided with a wire 
core, 6mm. (}in.) in diameter; the wire helps toa keep 
in position. The rope is sufficiently elastic to absorb 
concussions ; it swells only a little when wet, and does 
not allow the water to ooze through when it is soaked. 
The device has been used at Mannheim for more than two 
ears, and is now under trial in several Jarge towns, 
including Berlin, Hanover, Cologne, Stuttgart, Lidge, 
and Ziirich. 





Tuer Grecory Coat-O1 Furnace.—A report has lately 
come to hand of the working of a Gregory coal-oil 
furnace in use on,the steam-yacht Nerissa, of 128 tons. 
Although a good many bf these furnaces, which are 
supplied by the Direct-Gas Fuel, Limited, 17, Victoria- 
street, S.W., are in use in land installations, we believe 
that only three steam - yachts have as yet been so 
fitted, the Nerissa being one, and the others the 
steam-yacht Calista and the steam-yacht Einna. The 
advantages of smokeless furnaces on yachts and other 
vessels need not be enlarged upon. They are suf- 
ficiently obvious of themselves. The furnaces as fitted 
on the Nerissa, in a cylindrical boiler 9 ft. 6 in. in 
diameter and 8 ft. long, have an agg te grate area 
of 22 square feet. The G ry furnace is arranged for 
assis draught introdu under the front part of the 
grate, and for burning oil, which is injec over the 
incandescent coal. The furnace is coal-fired in the ordi- 
nary way. The arrangement for the assisted draught 
consists of an enclosed trough extending half way down 
the grate, p below the fire-bars, Into the space 
between the bottom of the bars and the trough floor air 
is supplied through a cone, a small jet of compressed 
air or steam being used to carry it forward. The 
furnace-front, except that part occupied by the door, 
is hollow, and acts as a hot-air chamber. In this chamber, 
above the door, is fitted a nozzle pointing slightly down- 
wards towards the grate. Two branch-pi run, one on 
either side, down through the hot-air chamber to the 
underdraught chamber. By this means heated air passes 
from the trough already described to the upper nozzle. 
The upper nozzle is supplied with steam, or, more 
usually,- with a small supply of oil carried forward 
by a jet of steam and vaporised by the hot air in 
the nozzle, the resulting gas being burnt over the 
burning .coal on the grate. arrangement is very 
simiple, and is claimed to be easily wor so as to result 
in smokeless firing. The report above referred to, by 
Mr. E. J. Wilkins, M.I.N.A., speaks of this result 
having been obtained with various types of coal, snguaeien, 
&c., and with different kinds of oil, though petroleum is 
to be The coal used 47 indicated horse-power 
hour averaged for twenty hours 1.16 lb., which is very low 
for such an installation, the oil used Le | in the propor- 
tion of 1 of oil: 100 of coal. The furnace enables 
cheap and small coal to be used with very good results 
and no smoke. 
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THE RANDFONTEIN GOLD-MINES POWER-STATION. 


um. T. P.. E. 


BUTT, M.LE.E., 


ENGINEER, RANDFONTEIN. 














Fic. 6. GerneraL View oF Powgr-Station EXTENSIONS. 


Tue Randfontein Estates Gold-Mining Company, 
Limited, operates a number of properties situated in 
the Witwatersrand district of the Transvaal, between 
Krugersdorp and Randfontein, and about 25 miles 
west of Johannesburg. These properties comprised 
until lately thirteen outerop mines, of which four were 
producing gold, the remainder being in the develop- 
ment stage. The gold-producers are now amalga- 
mated into one concern, known as the Randfontein 
South Gold-Mining Company, and the developing 


companies have been amalgamated under the title of 
the Randfontein Central Gold-Mining Company. The 
conditions are very favourable for the supply of electric 


power from a central source, and, in view of the 


enlargement of the reduction plant on the producing | pec 


mines, the company decided, in 1907, to adopt electric 


driving. The power scheme, which was laid down in | : 
such a way that, if successful, it could form the nucleus 
of a larger scheme in the future, consists of a gene- 
ratiny station situated on the Randfontein Central | } 
Gold- Mining Company’s property, about midway alon 
the series a mines, from which distribution is cemnbed 
out, at 6600 volts pressure, by means of underground 
cables running in both directions and feeding sub- 
Stations at the various mines. The complete scheme 
Was © 


carried out by Mr. T. P. E. Butt, chief electrical 
engineer to the Randfontein group of mines. 

he power-station is a steel-framed corrugated-iron 
ire, divided into boiler-house and engine-room. 
oiler-house. contains four Babcock and Wilcox 


struct 


The | 





evaporating 17,000 lb. of water per hour at 160 lb- 
ssure, the total temperature being 510 deg. Fahr. 

he boilers are fitted with chain-grate stokers, operated 
by electric motors, and an induced-draught system 
with steam-driven fans is provided. © This latter part 

| of the plant was supplied by Messrs. Davidson and 
Co., of Belfast. The boilers are connected up to 
| steel chimney 60 ft. high and 7 ft. in diameter, and 
| are fitted with economisers manufactured by Messrs. 

Roberts and Co., of Manchester. The water supply 
for the boilers is obtained from a bore-hole, and is 
ae into a large storage-tank close to the station. 
Che boiler feed-pumps are of the Weir type, and 
were manufactured by Messrs. Pearn, of Manchester. 
They are situated at the end of the boiler-house 
nearest the engine-room. The steam-pipe system is 
fitted with standard Hopkinson valves, and was 
supplied throughout by Messrs. Babcock and Wilcox. 
| The engine-room contains two 1000-kilowatt turbo- 
| alternators of Messrs. C. A. Parsons and Co.’s stan- 
| dard type. They supply three-phase current at 6600 
volts and 50 periods, and are fitted with direct- 
coupled exciters arranged for a voltage of 100. One 
of these sets is shown in Fig. 1, on page 734. This 
machine, as shown in the figure, was erected in the 
open during the dry season of 1907. The second 
machine, which was set to work in 1908, is shown 
in position in the station in Fig. 2, on the same page. 
The condensing plants, which were also supplied by 
Messrs. Parsons, are situated in the basement, directly 
below the turbines. The plants are designed to give 
an absolute back pressure of 2.2 in. of mercury in 
the turbine exhaust-pipes with circulating water at 
80 deg. Fahr. The air-pumps are of Messrs. Parsons’ 
compound ay may type, while the circulating 
pumps are by Messrs. Gwynne. The air and circulat- 
ing pumps of each set are driven by a single 
motor operating at 550 volts. Parsons vacuum aug- 
mentors are fitted. Condensation water is taken 
from a cooling-pond, and is supplied to the circulating 
pumps under a head of 10 ft. After passing through 
| the condensers the water is discharged into a launder 
28 ft. above the ee floor-level, from which 
it gravitates through a brushwood cooling-tower into 
the pond. The pond, which has a capacity of 3,000,000 
gallons, is shown in Fig. 3, on page 734. This view 
also shows the cooling-tower, and the power-station 
in the distance. 

The switch-gear and equipments for the power- 
station and sub-stations were supplied by the British 
Westinghouse Electric and Manufacturing Company, 
Limited, of Manchester. The power-station gear is 
illustrated in Fig. 4, on page 734. The high-tension 
apparatus is encl in concrete or brick cubicles, 
the switches being of the mechanically - operated 
remote-control type. The static transformers in both 
the main and sub-stations were also supplied by the 
Westinghouse Company. The sub-stationsare seven in 
number, and at present extend over a distance of 
5 miles. Transmission is effected by lead-sheathed, 
steel-armoured cables buried directly in the ground 
and protected by overload time-limit and reverse- 
current relays. The high-tension cable was manu- 
factured by the British Insulated and Helsby Cables, 
Limited, and the length already installed is something 
over 30,000 ft. 

The plant described above completed its first 
twelve months of full-load operation at the end of 
October of last year, and a record of the year’s results 
is given in the annexed table. The whole output 
covered by this-table was furnished by the two 1000- 
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water-tube-boilers, each with 4800 square feet of heat- 
ing surface, and having a superheater of 990 square 
feet of heating surface. Each boiler is capable of 





kilowatt turbo-alternators without assistance from 
other machines. Under the heading ‘‘ units” three 
columns are given, which state the total units gene- 
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rated by the turbo-alternators; the total units avail- 
able for distribution at the switchboard—i.ec., after 
deducting the units taken by the auxiliaries; and the 
actual units metered as sold to the mines at the 
various sub-stations. Following the units columns, 
details of the load carried by the power-station are 
given, and the number of hours run per month. The 
coal costs are then given in detail, and the cost per 
unit available for distribution at the switchboard, sub- 
divided under the usual headings. Cuvlumns are added 
giving details of, cooling-water temperatures, and 
average vacuum carried. It will be seen that from 
March onward the load was practically constant, and 
that the maximum load has frequently been in excess 


of the normal full-rated output of the turbo-alter- | 
| practically the same time as one cut, with the advantage 


nators. The power-station is shut down for a few 
hours every month, during the clean-up of the mine 
batteries, and advantage is taken of these stoppages 
to inspect the plant and to effect. any small repairs or 
adjustments necessary. It is interesting to note that 
during the whole twelve months the supply of power 
has only failed for half an hour, this being due to a 
minor fault on one of the exciters, while the cable 
system has been absolutely free from faults during 
this period.. It will be seen that the coal costs show 
a steady decrease, due, in the first place, to improve- 
ments gradually effected in the operation of the plants, 
and, secondly, to the price of coal having fallen from 
13s. 4d. per ton in November, 1908, to 10s. 5d. per 
ton in October, 1909. The calorific value of the coal 
is about 11,500B.T.U. The tota] costs per unit have 
substantially decreased since starting operations. The 
figures for average cuoling-water temperatures show 
that a steady improvement has been made. This has 
been due chiefly to alterations in the cooling-tower, 
the cost of which is included in the maintenance 
charges. When first installed the condensers were 
not receiving their full supply of water, but this has 
since been effected, and the vacuum carried has 
increased. The improvement has also been helped by 
systematic cleaning of the condensers. 

Further large developments are now being carried out 
at the Randfontein mines, in accordance with a scheme 
drawn up by Mr. David Gilmour, A.M.I. Mech. E., con- 
sulting mechanical engineer to the company, and Mr. 
T. P. EK. Butt, M.LE.E., the chief electrical engineer. 
The power-station is being enlarged, and will contain 
plant of a total capacity of 20,000 kilowatts. The 
new. turbo-alternators, which will all be of Messrs. 
C. A. Parsons and Co.’s manufacture, will consist of 
three 2000-kilowatt machines and two 6000-kilowatt 
machines, while twenty further Babcock and Wilcox 
water-tube boilers are being installed. Induced 
draught will be employed, as in the older part of the 
station, half of the fans being motor-driven and half 
provided with Bellis and Morcom compound engines, 
while mechanical coal-handling plant will be in- 
stalled. ‘the output from the enlarged station is 
expected to be in the neighbourhood of 80,000,000 
units per annum. Five new sub.stations, varying in 
capacity from 3000 to 6000 kilowatts each, are to be 
built, the total distance to be covered by them being 
about 8 miles. Merz-Price protective devices are to 
be fitted in connection with the new transmission 
feeders that are to be laid dqwn, and it may be noted 
that upwards of 100,000 ft. of cable are now on order. 
Two views of the extension work are given in Figs. 5 
and 6, on page 735. Fig. 5 shows one of the 2000- 
kilowatt turbo-alternators during erection, while Fig. 6 
is a general view of the power-station extensions. 








Sourn Austrian Rattway.—A decree of the Austrian 
Government grants the South Austrian Railway Company 
right to continue higher tariffs, so long as the drawing of 
the company's obligations for redemption is postponed. 
This concession is, however, mace on condition that 
rolling-stock on the system is reinforced and improved. 





British FounpryMen’s Association: BrrMiInGHAM 
Brancu.—A meeting of the Association will be held on 
Saturday next, the 26th inst., at 7 o'clock, in the Metal- 
lurgical Theatre of the Technical School, Suffolk-street, 
when ps will be read on ‘‘ Blowers and Fans for 
Cupola Par ses.” tw ** Blowers,” by Messrs. A. E. 
Elhs, A.R.S.M., and Johnson, of Messrs. Thwaites 
Brothers, Limited, Bradford. (b) ‘ Fans,” by Mr. Coates, 
of Messrs. Heenan and Froude, Limited, Manchester. 
On December 10 there will be a general discussion on 
« Foundry Diffisulties.” 





Tur AssociaTION OF WaTER EsxciIngers.—The fifteenth 
winter meeting of the Association will be held at the 
apartments of the Geological Society, Burlington House, 
Ww. on Friday and Saturday, December 9and 10. The 
proceedings will commence on Friday at 2 p.m., and on 
Saturday at 1030 am. The following papers have 
been promised for ing and discussion, in addition to 
the other items on the programme:—l. ‘‘Ga' and 
Recording the Flow of Streams,” by S. C. Chapman, 
Assoc. M. Inst. C.K., water engineer, Torquay. 2. *‘ The 
Advantages of Co-Operation in Rural Water —, 
by F, Graham Fair » M. Inst. C.E., of York. 3. 
‘The Eliminating Effect of Chlorine on the Bacteria of 
a River Water,” by Leslie C. Walker, A.M.I. Mech. E., 
water engineer, Reading. 





BAND SAWING-MACHINE FOR INGOTS. 

Messrs. NoBLE AND Lunp, Limitep, Fellings-on- 
Tyne, have designed and built a special band sawing- 
machine for dealing with the heaviest class of work, 
such as parting off the ends of large steel ingots, 
hollow gun forgings, and other similar pieces. 

We illustrate a machine of this type in the view on 
page 738 ; this, as will be seen, is a double machine, 
consisting of two separate machines mounted on one 
bed-plate, each being driven by its own motor, inde- 
pendently of the other. A special feature of the 
machine is that the saw-pulleys are arranged with two 
steps, each step carrying a band saw; in this way 
two cuts can be taken from an ingot or a forging in 


that aslab of steel is obtained from which test samples 
can be taken. This means a very distinct saving in 
time, @ condition which will appeal to all large steel 
makers who have to prepare test specimens from most of 
their products. The nature and shape of the castings or 
forgings to be cut are often of such a character that 
it is preferable to allow the work to be stationary 
whilst cutting is in progress, the saw travelling 
through the piece. This machine has been built on 
these lines, and has been designed to deal with the 
heaviest and largest of steel ingots. The height of 
work admitted is 7 ft. 3 in., the saw-pulleys are 72 in. 
in diameter, and the machine is driven by a 15-brake- 
horse-power electric-motor, which also controls the 
feed travel and the quick adjustment along the main 
bed-plate in both Teicinns. For the sake of con- 
venience in handling the work it is usual for the table 
to be set at or about the ground-level, the lower 
portion of the machine being sunk in a pit in the floor 
specially prepared to receive it. 








NOTES FROM THE UNITED STATES. 

PHILADELPHIA, November 16. 
ResTRicTIoN of crude-iron production is still in 
progress in the various pig-iron centres. By the close 
of this month the annual capacity will be reduced to 
24,000,000 tons, with an accumulation at furnaces of 
about 1,900,000 tons at the present time, or practically 
one month’s production. This accumulation is as 
great as the furnace interests care to risk in the 
present condition of trade. The past few days have 
developed more inquiry along pig-iron lines, especially 
for foundry and malleable. Negotiations are proceeding 
for a quantity of crude iron in the Buffalo district alone 
that will possibly reach 300,000 tons when the sales 
are made. In other districts inquiries are in the 
way of terminating in contracts that may transfer 
as much as 20,000 tons of foundry iron from makers 
to consumers. So far this month the recorded 
contracts for basic and foundry iron amount to 25,000 
tons, and in consequence of this improvement in 
demand some makers have withdrawn the extremely 
low quotations made two or three weeks ago. In 
other lines of iron and steel only moderate activity 
ne ay There is as yet little disposition to purchase 
eavily. A few large buying interests, as heretofore 

noticed, have bought far into the coming year. Amon 

these are the Westinghouse Air-Brake ne ny an 
certain large electrical interests. It is believed in 
— circles that the present surplus at furnaces 
will disappear very largely before the close of the year. 
The great excess of productive capacity will continue 
to stand in the way of any aggressive buying, except 
where extremely favourable terms are a by the 
makers. While there is a great deal of projected con- 
struction work, involving A we and shapes, but little 
anxiety prevails to secure material by contract much 
before the time when actual construction work begins. 
But little change has taken place in the railroad situa- 
tion. Only two systems have thus far placed con- 
tracts, though most of them have figured out what 
they will require for 1911. The trade is almost hourly 
expecting an announcement from the two great eastern 
systems, whose contracts will fall very little short of 

300,000 tons. 








ProrgessonR EpsTgIN AND THE .ELEKTROTECHNICAL 
InsTITUTE OF FRaNKFoRT.—Professor J. Epstein, for 
thirteen years chief of the testing department and the 
laboratories of the Felten and Guilleaume - Lahmayer- 
werke A.G., of Frankfort, and well known in this 
and other connections over here, will leave this firm at 
the end of this year and resume his post as director of 
the Elektrotechnische Lehranstalt of the Physikalische 
Verein, of Frankfort. It was as secretary of the Physical 
Society and of the International Electrical Congress of 
1891, when 100 horse-power were transmitted from 
Lauffen to Frankfort, a distance of 110 miles, by three- 
phase currents of 22,000 volts, that Professor sae 
first came into contact with many of our electrical engi- 
neers. The Elektrotechnical Institute, whose chief he 
will now become again, is connected with the Physical 
Society ; it trains, not university men, but fitters, fore- 
men, and electric station engineers, and the instruction 
comprises mathematics, physics, drawing, dynamos, 
apparatus, and measuring instruments, power transmis- 
sion, lamps, telegraphy and telephony, &c. 





NOTES FROM THE NORTH. 
: Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was steady in tone, but not a single 
transaction was recorded. llers of Cleveland warrants 

uoted 49s. 7d. cash, 49s. 11d. one month, and 50s. 7./. 
three months, and there were buyers of hematite 3: 
64s. 74d. one month, and 65s. 14d. three months, but no 
declared sellers. The afternoon session was also quict. 
and only one lot of Cleveland warrants was done a: 
49s. 6d. cash, with buyers over, and sellers at 493. (4d. 
cash, 493. 104d. one month, and 50s. 6d. three month:. 
On Friday morning the market was again easier, ani 
Cleveland warrants were dealt in at 49s. 4d. cash, 
49s. 8}d. one month, and 50s. 44d. three months. The 
turnover amounted to tons, and closing sellers 
= 49s." 5d. cash, 493. 94. one month, and 50s. 4) 

ree months. Sellers of hematite quoted 64s. 6d. cash 
and 65s. 6d. three months. In the afternoon a fairly 
firm tone prevailed, but business was limited to 3500 tons 
of Cleveland warrants at 49s. 54d. cash and 49s. 9d. one 
month. At the close there were sellers at 493. 54d. cash, 
49s. 94d. one month, and 50s. 5d. three months. On Mon- 
day morning the market was steady but quiet, and Cleve- 
land warrants changed hands at 49s. 9d. one month, 
with sellers over. For the other positions seller, 
quoted 493. 5d. cash and 50s. 44d. three months. The 
turnover was 1500 tons. The tone was stronger in the 
afternoon, but only one lot of Cleveland warrants was 
dealt in at 49s. 6d. cash. The closing prices were firm at 
49s, 64d. cash, 49s. 10}d. one month, and 50s. 54d. three 
months sellers. On Tuesday morning the market was 
almost steady, and 2500 tons of Cleveland warrants 
were done at 49s. 6d. cash and 50s. 54d. three months, 
with sellers over for each position, and at 49s. 10d. one 
month. The afternoon session was easier in tone, and a 
small lot of 2000 tons of Cleveland warrants changed 
hands at 49s. 54d. cash and 50s. 44d. three months. 
Closing sellers quoted 49s. 54d. cash, 49s. 94d. one 
month, and 50s. 5d. three months. When the market 
opened to-day (Wednesday) the tone was steady, but the 
dealing was limited to one lot, 500 tons, of Cleveland 
warrants at 50s. 44d. three months. Sellers’ closing prices 
were unchanged from the previous session. In the after- 
noon there was rather more doing, and the prices of 
Cleveland warrants were a little firmer. The turnover 
consisted of 3000 tons at 49s. 5d. and 49s. 6d. cash, and 
49s. 10d. one month, and the market closed with sellers 
quoting 1d. up, at 49s. 64d. cash, 49s. 104d. one month, and 
50s. 6d. three mon hematite was quoted at (4s. 
buyers and 64s. 6d. sellers. The following are the market 
quotations for makers’ (No. 1) iron :—Clyde and Calder, 
62s.; Gartsherrie, 62s. 6d.; Summerlee and gloan, 
64s.; and Coltness, 81s. (all ship: at Glasgow) ; Glen- 
garnock (at Ardrossan), 63s. 6d.; Shotts (at Leith) 62s. 6d. ; 
and Carron (at Grangemouth), 63s. 6d. 

Sulphate of Ammonia.—The recent high figure to which 
sulphate of ammonia advanced has not been maintained, 
and since last report the price has again become easier. 
The current quotation is now 12/. 15s. per ton for prompt 
delivery, Glasgow or Leith. The amount shipped from 
Leith Harbour last week was 257 tons. 


Scotch Steel Trade.—The Scotch steel trade is still very 
quiet, and each week it seems to b> more difficult to 
secure specifications to —- the various works running. 
Heavy material is so little in demand for the home 
market—that mainstay of the industry—that it is doubt- 
ful if there is much more than half of the usual 
plant in operation. A fair amount of business, how- 
ever, is being done in export, and during the past 
week some lines in angles and plates have been 
shipped to the Continent. The demand for light steel, 
principally for export, and structural sections, both for 
the home and the foreign market, continues brisk, and in 
many instances it is even urgent. These departments of 
the steel trade are busier than they have been for a long 
time, and the number of inquiries mae in the market 
for structural material for spring shipment to Canada and 
elsewhere tends to show that the present activity is likely 
to continue. 


Malleable-Iron Trade.—The malleable-iron trade of 
Scotland exhibits no change, and with specifications 
being received in only limited numbers there has been no 
improvement in employment. New business for the home 
market is extremely scarce, and export orders are the 
subject of keen competition from Belgian makers. The 
prices for export lots were rai 5s. per ton this week, 
and quotations are now based on 6/. 5s. per ton net for 
crown bars f.o.b. Glasgow. Steel bars made from foreign 
billets have also been advanced to the same figure. 


Scotch Pig-Iron Trade.—The demand for the ordinary 

ualities of Scotch pig iron has improved considerably 
aaa the past week, and deliveries are being made. 
Some satisfactory export business in No. 1 and No. 3 

ualities is reported, and English and Irish buyers have 
bs fixed up fairly large quantities for delivery before 
Christmas. Hematite is still quiet, and stocks are 1n- 
creasing. The current local price is unchanged at from 
68s. to 68s. 6d. per ton, but itis believed that some makers 
would accept about 67s. 6d. per ton for an order for 
immediate delivery of a respectable quantity. 








Tue ‘“ Mecnanica, Wortp” Pocket Diary.—Thie 
diary for 1911, the twenty-fourth year of publication, ha 
just been issued at the price of 6d. net by Messrs. Emmott 
and Co., Limited, 20, Bedford-street,W.C. This issu: 
contains new matter and extensions on cutting tov, 
wheel - gearing, screw - threads, high-speed steel, ga: 
engines, &c. It forms a handy compendium of usefu! 
data for engineers. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—The feature in the iron and steel trades 
of the district has been the placing with the firm of 
Messrs. Vickers Sons and Maxim of the contract for the 
new Japanese battleship. The tone of affairs generally 
in the heavy trades is highly satisfactory, an enormous 
uantity of naval shipbuilding work now being in the 
hands of the great armament companies. Not only are 
|] engaged on the home programme, but Russian, 


y we 
Spenich, Chilian, and Argentine requirements all swell 
their order-books, and full employment is assured for 
many months. The demand for ordinary shipbuilding 
material has been somewhat checked by the dispute 
in the North, but generally prospects are good. he 
forthcoming General Election has had some effect on the 


iron market, the tone of which is again quiet. Buying of 
hematites has fallen off, but prices are very stiff, and 
makers refuse to sell beyond midsummer. Deliveries 
continue heavy. Current rates for West Coast are 77s. to 
* 793., while East Coast make 72s. for immediate delivery, 
and about 74s. forward. A good business is doing m 
forge irons. Bars are selling well, and there is a steady 
demand for billets. Railway business is better. Few 
orders are to hand from the home companies so far as new 
construction is concerned, but there is extensive buying 
for repairs. Wagon-builders report satisfactory. work 
from India and South America, and a moderate home 
business. 

South Yorkshire Coal T’rade.—Business in the early part 
of the week, notwithstanding the severe weather, was 
quiet, but later heavy orders have come to hand for house 
qualities, and business onwards to Christmas should 
brisk. The London market has been somewhat heavy, 
but is brightening, and the outlook is favourable. Prices 
are on the up grade. The South Wales dispute has, so 
far, had little apparent effect on this district, but the big 
outputs of new collieries in the district make a comparison 
with recent years difficult. Steam coal is plentiful, and 
hards al] round are somewhat weaker, consequent on the 
falling off in the export trade. The market is far from 
buoyant, and competition for the best trade keen. Con- 
tracts have been made at a reduction on last year’s rates. 
A fair business is being done in coke, and best slacks are 
in steady demand. Pit quotations are as follow :—Best 
Barnsley, 12s. to 12s. 6d. ; Silkstone, 9s. 3d. to 103. 3d. ; 
Derbyshire brights, 11s. to12s.; Yorkshire hards, 9s. to 10s. ; 
Derbyshire hards, 7s. 9d. to 8s. 9d.; rough slacks, 5s. 6d. 
to 6s. 3d. ; seconds, 3s. to 4s. 3d. ; smalls, 1s. to 2s. 3d. 





Tue Herovtt Execrric Steet Company, ODALA, 
Swenen.—The Héroult Electric Steel Company, Odala, 
Sweden, which has recently had some financial diffi- 
culties, has now been reconstructed, and is continuing 
work. The company manufactured originally electric 
steel, principally with an export to Germany in view ; 
but hou satisfactory results had been attained, the 


French patentees closed the German market for the | }, 


Swedish company, which is principally owned by the 
Société Electrometallique in Praz, Savoy, and Dr. 
Héroult and the company then went in for the manufac- 
ture of ferro-silicon. This manufacture will now be 
continued. 





Tue GerMAN Macutnz-Too.t Inpustry.—According 
to a report from the Union of German Machine-Tool 
Makers, the trade has improved very materially during 
the first half of the present year. Whilst during 1909 
the exports within this important branch, which for a 
series of years has been at the top of all branches of 
German machine construction, suffered tangibly from the 
depression generally prevailing, it has during the first 
six months of the present year approached the figures of 
1907, the export amounting to respectively 26,870 tons 
and 27,387 tons, although still materially behind that of 
the first half of 1908, which was 30,256 tons. German 
machine - tools have recently met with considerable 
encouragement, although an idea still, seems to prevail 
in some quarters that those of American manufacture are 
to be preferred. ‘i 





THE BeRtINER MASCHINENBAU-ACTIEN-GESELLSCHAFT. 
--This firm has lately issued, in English, a series of pam- 
phlets, in one of wnich a well-illustrated description of 
the works is given, together with views showing the 
workmen’s po aon Fo the accommodation provided for 
foremen, &c., and other interesting features of the indus- 
trial and social life of the employees of the firm. This 
pamphlet also illustrates the large variety of engineering 
work constructed by the firm. A seccad pamphlet deals | 
in fairly full detail with a 4-4-0 passenger superheater | 
engine built by the firm for the Rosario and: Puerto- 

Igrano Railway, shown at the Buenos Aires Exhibition. 
A third is partly devoted ‘to a biographical sketch of Mr. 
O. Busse, engineer-in-chief of the Danish State Railways, 
and of the features in locomotive work for which he has 
been responsible, a description being given also of a 4-4-2 
express !ocomotive exhibited at the Brussels Exhibition, 
thisengine having been built for the Danish State system. 
Other three pamphlets deal with trials of superheated- 
steam locomotives — by this company to the Italian 
State, the Prussian State, the French Southern, and the 
Paris and Orleans Railways. Two of these pamphlets 
describe ten-coupled tank-locomotives, and the other a 


2-6-0 type. The superheaters are of the Schmidt ty 
fitted with self-actingdamper. In the case of the Seetbn 
State encine records are given for a few trips, but in the 


case of tle locomotives for the Italian State and the French 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is little doing in 
the iron trade just at present, and this is attributable to 
the political situation and to labour troubles. In trade 
circles — are certainly more discussed just now 
than is business. Consumers of pig iron are backward, 
and producers are not particularly pressing sales, so that, 
with buyers and sellers alike indisposed to operate, 
transactions are on a very limited scale. There is still, 








Southern Railways particulars are given of longer periods 
of working, and show subdtapitial cosncmsies far these 
engines over similar non-superheater engines. | 





however, a persistent feeling of confidence in the 
future, and with the elections over ‘and industrial 

established once more, there is reason to believe 
that considerable activity will be’ experienced. 
few sales of No. 3 g.m.b. Cleveland pig iron have 
been recorded at 49s. 6d. f.o.b., aed that is the 
general market quotation; whilst No. 1, which is so 
scarce as to be practically unobtainable—stocks being nil, 
and the production very limited—is nominally 53s.; No: 4 
foundry, 48s. 6d.; No. 4 forge, 48s. 3d.; and mottled and 
white iron, each 47s, 9d.—all for early delivery, forward 
rates being up to 1s. above the foregoing quotations. 
Under existing circumstances the East Coast hematite 
branch of the staple industry is in a very satisfactory 
state. Notwithstanding the lessened local consumption, 
due to the plate and angle mills being idle, in consequence 
of the trouble with the boilermakers, values are’ well 
upheld. Makers and many merchants adhere to 63s. 6d. 
for this year’s delivery of Nos. 1, 2, and 3 hematite, but 
some of the latter are understood to be selling small odd 
lots at 63s. 3d. Forward quotations range from 64s. to 


be | 65s., according to time of delivery. Some business has been 


done at the latter figure for the second quarter of next 
year. Foreign ore values are upheld, though there is next 
to no business doing just now, consumers being very well 
bought. For delivery over periods next year, Rubio of 
50 per cent. quality ranges from 21s. to 22s. ex-ship Tees. 
Coke is very abundant and weak in price. Medium blast- 
furnace kinds are offered freely at 15s. 6d. delivered here. 


Stocks of Pig Iron.—In addition to what makers have 
in their yards, stocks of Cleveland iron in the public 
warrant stores are steadily accumulating, and this week 
they have risen to over 500,000 tons. Not since the end 
of 1906 has the stock in the warrant stores exceeded half 
a million tons.’ Pig iron is being sent into the stores 
this month at the rate of some 700 tons per working-day. 


Shipments of Pig Iron.—Shipments of pig iron are on 
a very g scale. To date this month they average 
3630 tons per working day, as compared with 2786 tons 
to the same date last month, and a daily average of 
3688 tons for the corresponding part of November last year. 


Manvfactured Iron and Steel. — There are few new 
features in the manufactured iron and steel industries. 
Plates and angles are in only poor request, owing to the 
enforced semi-idleness of the shipyards, but all other 
descriptions are in good demand, and the output is 
eavy. Many firms have excellent order - ks, an 
some have contracts made which will keep them busily 
may tng over the greater part of next year. Quota- 
tions for some descriptions have a marked upward ten- 
dency, but up to the present no actual advances have 
been made. Principal market rates stand :—Common 
iron bars, 7/.; best bars 7/. 7s. 6d.; best best bars, 
7l. 15s.; packing iron, 5/. 15s.; iron and steel ship- 
plates, each 6/. 15s.; iron ship-angles, 7/.; iron —. 
rivets, 7/. 5s. to 7l. 7s. 6d.; steel ship-angles, 6/. 7s. 6d.; 
steel bars, 6/. 5s. ; steel strip, 6/. 10s. ; steel hoops, 6/. 12s. 6d. ; 
steel joists, 6/. 2s. 6d. to 61. 7s. 6d.; cast-iron railway 
chairs, 3/. 10s.; light iron rails, 6/. 10s.; heavy steel rails, 
5l. 10s. ; steel railway sleepers, 6/. 12s. 6d.; and iron 
and steel vanised corrugated sheets, 24 gauge, in 
bundles, 11/. 10s.—sheets less'4 per cent: f.o.b., railway 
material: net cash at works, are other descriptions 
less the customary 24.per cent. discount. 





“Tae West Haw Execrricat Burtetin.”—No. 18 of 
the Electrical Bulletin which is issued quarterly by the 
West Ham Corporation Electricity Department contains, 
as usual, a number of articles and illustrations dealing with 
various West Ham factories which take a power supply 
from the Corporation. This particular issue, which is, as 
usual, excellently printed, contains, among its matter, a 
short article dealing with the Municipal Technical School, 
as well as a record of various firms which have recently 
built or leased new factories in West Ham. 

Metatiic Rapium.— Owing to the preciousness of 
radium ealts the isolation of radium had not so far been 
attempted. Mme. Curie and A, bierne have now 
prepared metallic radium (Comptes Rendus of September 5, 
1910). - They employed the method of Guntz, of Geneva, 
according to which an amalgam of the metal in question 
is prepared, and the mercury removed by distillation. 
They electrolysed an aqueous solution of 0.106 gramme 
of pure radium chloride with a cathode of mercury (10 
grammes) and an anode of platinum-iridium. The resulting 
amalgam was liquid (it would be talline in the case of 
barium, to which radium is related); it was quickly dried 
— distilled in -% iron ae within howe quartz tube, ina 

ydrogen atmosphere, use it mn to spurt in a 
vacuum. Most of the mercury having been distilled off 
at 270 deg. Cent., a brilliant, white metal, melting sharply 
at 700 deg. Cent., was left. At higher temperature it 
volatili and attacked the quartz tube energetically. 
Exposed to the air it turned black, probably forming a 
nitride ; a speck of the metal falling on a paper produced 
a mark like that of a burn. The radium decomposed 
water, forming a soluble hydrate like the alkali metals. 
Its radioactive behaviour was as expected. ~ 


A | brought 11s. 6d. to 12s. per ton, and 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown rather more 
activity and steadiness. Spot coal has been obtainable 
upon comparatively easy terms for the end of November 
and mber shipments. Sellers for later deliveries have 
been holding, however, with ter firmness. The best 
large steam coal has made 16s. to Ms. 6d. per ton; while 
secondary qualities have ranged from 14s. 6d. to lis. 9d. 
per ton ; best bunker smalls, 9s. to 9s. 3d., and cargo 
smalls, 7s. to 7s. 9d. per ton. There has been an active 
demand for house coal, and prices have been well main- 
tained. The best ordinary descriptions have made 14s. 6d. 
to 16s. 6d.; No. 3 Rhondda large 17s. to 17s. 6d., smalls 
93. 6d. to 10s. per ton. No. 2 Rhondda large has 

smalls 6s. 9d. to 
7s. 3d. per ton. Foundry coke has been quoted at 18s. 
to 20s., and furnace ditto at 16s. 3d. to 17s. 3d. per ton. 
As regards iron ore, Rubio has made 20s. to 20s. 6d. per 
ton, upon a | of 60 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Welsh Ccal for France.—Contracts for 93,000 tons of 
Monmouthshire large coal, to be delivered at certain 
French ports in the course of 1911, for the French State 
railways, have been secured by Messrs. Pyman, Watson, 
and Co., Limited, and Messrs. Watts, Watts, and Co., 
Limited. The contract prices are understood to be about 
13s. per ton free on board. Ash is not to exceed 8 per 
cent. 


Dowlais.—The Dowlais Works have been fairly active. 
The Goat Mill, whose running depends on the production 
of Bessemer, has been busily en upon heavy steel 
rails and tin bars. The Big Mill has also been brisk with 
curves, props, and angles for collieries, as well as with 
fish-plates. 


New Bridge.—A new cart-bridge at Rhydyfelan has 
been tested this week by Mr. W. E. Lowe, engineer and 
surveyor to the Pontypridd Urban District Council. The 
bridge is nearly 300 ft. long, and has been built of ferro- 
concrete, by Mr. E. H. Page, contractor, of Cardiff, who 
also constructed large ferro-concrete bridges at Ponty- 
pridd and Merthyr. The test was satisfactory, the 
ay deflection being about one-hundredth part of 
an inch. 


Swedish State Railways.—The administration of the 
Swedish State Railways is inviting tenders for coal for 
shipment in the course of next year. The shipments will 
have to be made ew between April and November. 
The quantity of locomotive coal to be delivered at Stock- 
holm is 120,000° tons, and at Gothenburg 64,000 tons ; 
smaller deliveries are also to be made at Warberg, 
Helmstadt, Helsinborg, Malmo, &c. 


The. ** Indcfatigable.”—The new cruiser Indefatigablo 
has now been practically completed, and she has had a 
first trial of her propelling machinery. According to the 
arrangements proposed she will get through her eight- 
hours full-power trial by December 7, and by Christmas 
her gunnery, torpedo, and subsidiary trials will also have 
been dis d of. It is expected that she will be com- 
missioned in February, and in that case she will be ready 
for sea within two years of being laid down. 


Gloucester Docks.—Sir W. Marling, preities at the 
half-yearly meeting of the Sharpness New Docks and 
Gloucester and Birmingham Navigation Company, said 
the trade of the docks during the t year showed, on the 
whole, a satisfactory increase. the directors were build- 
ing up 2 substantial works and contingency reserve funds, 
which was necessary, as the company had to maintain 
50 miles of canal between Sharpness and Birmingham. 
At present this fund amounted to 27,2654. The company 
had had to pay out 7673/. for a new coal-tip. The returns 
for October were not particularly encouraging, showing a 
falling off of 15,000 tons, as compared with October last 
year. The returns for the present month, however, were 
extremely good. Whatever the company did in the way of 
improvements had to be done practically out of revenue. 





Thr Companigs’ Diary and AGENDA-Boox.—We 
have received a copy of this book for 1911, the twenty- 
eighth edition. It is edited by Mr. H. W. Jordan and 

r. J. H. Davenport, and is published, at the price of 
2s. 6d., by Messrs. Jordan and Sons, Limited, 116 and 
117, Chancery-lane, W.C. Besides the usual division for 
the diary and notes, it contains a large amount of useful 
information on company procedure, finance, company 
law, and so forth. 





State GrorocicaL Survey, TENNESSEE.—An examina- 
tion of the clays of West Tennessee, now being made by 
the State Geological Survey, has afforded proofs that 
Tennessee offers exceptional opportunities for the deve- 
lopment of a large industry in the manufacture of china 
ware, sanitary and porcelain ware of all kinds, glazed 
and encaustic tile, electric high-tension insulators and 
fire-bricks, also ornamental, paving, and common brick, 
terra-cotta, roofing and drain tile, domestic ware, &c. 





INTERNATIONAL FeERRY Trarric.—That international 
steam-ferry traffic invariably tends to increase, and 

erally to do so at a rapid rate, has again been borne ou* 
y the Trelleborg-Sassnitz steam-ferry . service between 
Sweden and Germany. The te weight of sin 
railway loads for August, 1910, amounted to 1,761,106 kg. 
from Sweden to Germany, against 557,056 kg. for August, 
1909, and for the traffic in’ the opposite direction the 
figures were respectively 2,831,840 and 1,836,224kg. The 
smaller goods traffic also shows a distinct increase, and 
the number of pi ngeré has risen from 10,027 for August, 





1909, to 12,185 for August this year; 
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BAND-SAWING MACHINE FOR CUTTING STEEL INGOTS. 


CONSTRUCTED BY MESSRS. NOBLE AND LUND, LIMITED, ENGINEERS, FELLINGS-ON-TYNE. 
(For Description, see Page 736.) 
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~ 600-HORSE-POWER FOUR-CYLINDg 


VAN WERK’ 


(For Description, 


PLATE LXXIX. 














INDRER HIGH-SPEED DIESEL ENGINE. 


VAN WERK TUIGEN EN SPOORWEG-MATERIEEL, ENGINEERS, AMSTERDAM. 


or Description, see Page 731. 
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| whether the visions of power 


744} realised with the gas-engine as, it now exists. 
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52 | g48-engine has, nevertheless, sufficient compensat- 


53 | smaller elasticity and lesser reliability in working. 
°8/ Even so, Nature appears to have fixed a limit to| is 
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STEAM-POWER AND GAS-POWER. 

Tue late Sir Frederick Bramwell once prophesied 
that in view of the high fuel economy realisable with 
internal-combustion engines, it was only a matter 
of a relatively short time before the steam-engine 
would be relegated to a museum of antiquities. In 
considering forecasts of this kind, however, it has to 
be borne in mind that not dissimilar prognostica- 
tions were, in the early days of the railway, made as 
to the supersession of horse traction by mechanical, 
but in actual fact the extension of railways was for 
long not merely associated with, but was the direct 
cause of a very large increase in horse traffic. It is 
possible that the adaptation of mechanical methods 
to haulage on ordinary roads may go far in the ulti- 
mate to justify these too-previous prophecies of a 
past generation, but the conditions now actually 
existing go far to emphasise once again the wisdom of 
the adage ‘‘ Never prophesy unless you know.” In 
certain special fields, no doubt, the internal-com- 
bustion engine has steadily gained ground on its 
older-established rival. It soon became popular 
for power installations of the smaller class, but 
here it met its competitor on ge particularly 
favourable to itself. The smaller class of steam- 
engine was undoubtedly pretty reliable, but its 
best friends were never disposed to deny its voracity, 
considered in the light of its ‘‘ steam-eating ” capa- 
bilities. Hence even the high cost of lighti 
did not suffice to check an ever-increasing sa aa of 
gas-engines to small users of power. 

The introduction of the producer, and in par-} 
ticular of the suction-producer, has, of course, still’ 
further popularised the smaller and medium-sized 
classes of internal-combustion engines. Really large 
gas-engines, on the whole, however, have been less 
satisfactory. The best results have been obtained 
when they have been run on blast-furnace 
which has a calorific value of but 90 to 95 British 
thermal units per cubic foot. Using this special fuel, 
these engines may now, no doubt, be considered to 
be a commercial success ; but it is highly doubtful 
nts generating 
20,000 to 50,000 horse-power with gas-driven units 
of 3000 to 4000 kilowatts each, envisaged by some 
sanguine enthusiasts not long ago, will ever be 


The largest class of such engines cost for the 
engine alone just about as much per horse-power 
installed as a steam turbo-generator complete costs 
per kilowatt. Having to drive a slow-speed gene- 
rator, the need of very heavy foundations still 
further increases the cost of the large gas-driyen 
Where special fuels are readily available the 


ing advantages to outweigh its higher cost and its 


P 
the power which it is possible to develop in a single 
cylinder, which as a maximum cannot much exceed 





48 in. in diameter, and this, in the case of a piston 


speed of 1000 ft. per minute, would correspond 
to but some 900 indicated horse-power per cylinder 
in the case of. a single-acting four-cycle en 
Many of the most experienced makers, or 
still prefer to construct a unit of this size 
with three or four cylinders, in spite of the extra 
cost involved. In fact, whilst a steam-turbine 
builder would, if desired, be pre’ to supply at 
no immoderate cost single units developing as much 
as 20,000 horse-power, there is no visible prospect 


of | Of the gas-engine builder being able to compete in 


this regard. 

The efficiency of the largest class of turbo-gene- 
rators is, moreover, now so great a Carville, we 
believe, is able to, and does, su current for 
electrolytic purposes at a price w win af is actually 
lower than that which is charged by the great water- 
power stations at Niagara. Large power-stations 
seem likely, therefore, to continue to develop 1 
power by. means of steam, which has the 
advantage that it can be produced with qu ities 
of fuel which, in some cases, cannot be used at all 
in gas-producers, and in others only by the adop- 
tion of very elaborate and costly accessories. 

Where special fuels, such as blast-furnace gas, 
are available, matters assume a different aspect. 
With this, engines of the largest type it is possible 
to build work well; but there are very few establish- 
ments in this country where the surplus gas avail- 
able is sufficient for the operation of a really large 

wer-station, which, accordingly, unless a radical 

«parture is made in the means of “ppl ying gas to 
the development of power, will probably continue 
to be run by steam. For moderate-sized plants, 
particularly for those of such a size that the suction- 
producer can be used, the preference appears likely 
to pass more and more to the gas-engine. Should 
a really satisfactory bituminous suction-producer be 
developed, this preference will be very strongly 
accentuated, but though many firms claim to have 
solved this problem, this much-desired producer 
has yet a faire ses prewves on a commercial scale. 

As applied to marine propulsion, a very similar 
state of affairs is apparent, Dut the limit of power 
at which the sbeebs engine now secures 
the preference is much lower than it is on land. 
On the one hand, no steam-launch can hope to rival 
the performances of the best motor-boats; but as 
the demand for power increases the internal- 
combustion engine makes a worse and worse show- 
ing, whilst its rival correspondingly improves. In 
destroyers, for instance, the weight of the 
complete set of turbines has been reduced to 
but 7 lb. per shaft horse-power developed, a 
figure which compares not ly even with 
the weight of aeroplane engines developing, 
perhaps, some 50 horse-power instead of many 
thousands. It is probable, moreover, that the 
weight of turbine machinery has not yet reached 
its limit of reduction.’ Caution in the matter of 
reducing scantlings was certainly highly advisable 
at the outset, but in many cases the various acces- 
sories, levers, and manipulating gear appear to 
have been modelled largely on cargo-boat practice. 
| In some foreign navies, on the other hand, very 


great attention has been paid to reducing to a 


minimum the- weights of such accessories, and the 
levers and the like fitted seem more adapted to 
take the pull of a couple of fingers rather than the 
stress due to the use of ‘‘ both hands and a foot,” 
which has formed the basis for poepersoning cor- 
pines items in the fittings of a cargo-boat. 

n theory, of course, if a 100-horse-power unit 
works a agua ae « any wer whatever can be 
developed by suitably coupling together a number of 
such units, but in practice matters are far otherwise, 
partly on account of the extra cost per horse-power 
of a small as compared with a large unit, and partly 
on account of the difficulty of conveniently assem- 
bling the units on to a single drive. This latter 
fact goes far to make it impossible to realise the 
economies in weight, which are known to be possible 
theoretically by replacing a single unit by a number 
developing, in the aqaregate, the same power. 
Though the latter weigh less, moreover, experience 
shows that they commonly cost more per pound to 
build. 

Were the gas-turbine racticable, the difficulty as 
to the construction of e units would be sur- 
mounted; but the result of many costly experiments 
has been practically wholly negative. The turbine 

sastedatl efficient when fed with gases of 
o Pocus, ut a gas-turbine cannot in practice 
exhaust, below atmospheric pressure, in which case 
its’ efficiency ratio will, as a maximum, hardly 
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reach 65 per cent. Making use of a regenerator 
to recover the waste heat from the exhaust and 
warm up the incoming air, a fairly good case can be 
made out on paper for the: gas-turbine, provided 
always that a really efficient compressor is obtainable. 
This, however, is the point at which all the experi- 
ments hitherto made have proved disappointing ; 
and that the prospects of the gas-turbine are not 
bright, even were this difficulty overcome, seems 
to follow from the results of ppplying the gas- 
turbine to torpedo propulsion. Here the air supply 
is provided already compressed, and the only 
demand made on the turbine is that it shall 
efticiently use this store, which first to a 
combustion-chamber, where it unites with the oil- 
fuel, and thence on through the turbine. The con- 
ditions, therefore, are such as to give the latter an 
excellent opportunity of displaying its capabilities 
unhampered by the ey, of providing its own 
supply of compressed air; but actual experiment 
has shown that the results obtained are substan- 
tially less favourable than with the reciprocating 
engines which have long constituted the standard 
torpedo drive. Everything, therefore, points to the 
steam-engine maintaining its present position as 
the propulsive agent for all the larger class of vessel, 
but the oil-engine, and perhaps the gas-engine, will 
find a steadily increasing use in vessels where the 
demand for power is below 500 indicated horse- 
wer. 
Radical changes in the methods of generating 
wer by gas, such as have been proposed by 
fr. Humphrey, may falsify these conclusions, which 
are intended to apply only to the existing type of 
internal-combustion engine. The results the 
experiments now being made by Mr. Humphrey’s 
licensees in Germany, with a unit designed to 
develop 1000 horse-power, will be awaited with 
interest, as also those of further investigations into 
the possibilities of the Humphrey pump as a solu- 
tion of the problem of jet-propulsion. 








THE POLICY OF THE ROAD BOARD. 

OnE of the best-established precepts in economics 
is that ‘‘demand tends to create a supply,” but 
the converse of this axiom is the maxim most 
likely to be impressed upon any body of officials 
when the supply in question happens to be a 
sum of public money of which they have the ad- 
ministration and control. Proposals as to how 
nublic funds should be spent are never lack- 
ing, but suggestions as to how they should be 
economised or conserved are conspicuous solely 
by their absence. Probably the most popular 
calling of the day is the pursuit of vicarious philan- 
thropy and the display of vicarious public spirit. 
Recruits to this profession are prepared to supply 
all the enthusiasm necessary to initiate a proposed 
reform, and to absorb to themselves all the credit 
for its accomplishment, but have commonly a 
marked preference for furnishing the funds needed 
out of other than their own pockets. The 
establishment of any new source of supply is to 
them as the call of a carcase to the vultures, and it 
was only in accordance with precedent that the 
Road Board should have been inundated with 
schemes for the spending of their somewhat limited 
resources in grandiose schemes for the beautifying 
of the Metropolis, and with proposals for them 
to assume the cost of ordinary road repairs properly 
attributable to local authorities. The claim has 
indeed been advanced that cities and boroughs pro- 
vide most of the tax, and have thus a prior claim 
on its distribution. Asa matter of fact, none of the 
tax is contributed either by cities or by country 
districts considered as such, but by a certain 
limited number of individuals who may live in the 
one or the other; and on the basis of the old, but 
now somewhat discredited, adage ‘‘that he who 
pays the piper has a right to call the tune,” these 
may not unreasonably exp2ct the Road Board to pay 
some regard to their particular interests, which in 
this case, as it happens, coincide to a very large 
degree with those Of the public at large. 

here is, indeed, not a little evidence going to 
show that the generalisation of motor traction 
may actually reduce the cost of road maintenance 
in towns, and it may ultimately do so also in the 
country, though this anticipation is, perhaps, 
inherently less probable. Wentvlence in Paris 
has shown that pavements on which horse trac- 
tion is prohibited last very much better under 
heavy and continuous motor traffic than similar 
areas traversed by horse-drawn traflic of much less 





intensity. In fact, it would appear that to a large 
degree, at any rate, abnormal wear is caused neither 
by horsed vehicles nor by. motor vehicles, but by 
a combination of the two passing over roads in- 
differently made and maintained. To no small 
degree the motor merely calls attention to the 
damage really done to an indifferent road by its 
older rival ; and where the funds have been available 
to cover the capital cost of road improvement, the 
result has in many cases been an actual reduction 
of maintenance expenses. The use of motor 
vehicles for the heavy traffic between Kingston and 
Covent Garden, for example, made it absolutely 
necessary to improve the line of route, with the net 
result that the maintenance cost has been most 
notably diminished, the cost of scavenging having 
fallen from 6d. to 24d. per sq. yd., and the cost of 
watering from ld. per sq. yd. to 0.3d. per sq. yd., 
whilst at the same time the life of the metalling has 
been increased 50 per cent. Other instances could 
be given ; thus at Perth the use of tar-macadam is 
said to have more than doubled the life of the 
roads under heavy traffic. Towns, therefore, have 
little immediate claim to assistance from the Road 
Board, as the introduction of motor traction should 
really tend to reduce their road charges, which in 
the main are attributable to wear and tear, and but 
secondarily to the effects of the weather. 

In many country districts the relative import- 
ance of these two factors is reversed, and the 
car then emphasises the damage done by agencies 
other than itself. The most pressing need in country 
districts is, however, the rendering safe of dangerous 
crossings, of which a driver often receives absolutely 
no indication until he is fairly abreast of them, and 
many serious accidents have resulted in conse- 
quence. — from such crossings and dangerous 
ne ends, motor traffic on country roads is 
singularly free from danger to other wayfarers. 
Pedestrians had largely disappeared from our 
country roads a generation ago, and the popularisa- 
tion of the hepa has still further tended to reduce 
their numbers. 

In towns matters are different, but the greater 
skill now shown by drivers, which has almost 
abolished the skid, tends towards the safety of the 
public. Recent returns have shown that the bicycle 
and the tramcar constitute the most serious sources 
of danger in our streets. In fact, the tramcars are 
also responsible indirectly for many of the accidents 
occurring to other vehicles; the existence of a 
couple of greasy rails in the roadway being a distinct 
menace to safety, tolerable only so long as no more 
effective method of short-distance transport’ exists. 

It would seem that the Road Board in mapping 
out the general lines of their policy, as set forth 
in a memorandum issued on Tuesday last, have 
been influenced by many of the considerations above 
enumerated. The total sum which they will have 
available for advances in the immediate future is 
1,100,000/., and already county councils and other 
highway authorities have sent in claims for assist- 
ance to an aggregate of 5} millions, and many more 
are expected. Tadeo, some enthusiasts declare 
that an expenditure of 280 millions would be re- 
quisite to bring our roads up to standard ; but the 
provision of anything approaching this sum is, of 
course, out of question. 

In the first place, the Board have decided to 
give preference to schemes having special reference 
to the safety of the public using the roads. They 
will therefore deal at the outset with applications for 
advances to provide for the amendment of danger- 
ous curves, corners, and cross-roads. In this con- 
nection, however, they will only give assistance 
towards making approaching vehicles visible to 
each other, and will not, in general, aid in improv- 
ing the alignment of the road, unless this is essen- 
tial to the object first named, or if it can be done 
in addition to the opening out of the view, without 
material increase of cost. They have further de- 
cided that grants will for the present be made for 
the widening of a road only when this is essential 
to the public safety, precedence being given to 
schemes for improving the construction of the 
foundation or the crust of the existing roadways. 
No advances will, however, be made for this latter 
purpose where the bad condition of the road has 
arisen from insufficient maintenance in the past, 
and those to whom grants are made for road recon- 
struction or improvement must agree to properly 
maintain these roads, and to spend on them, in 
addition to the grant, an amount equal to the 
average of the preceding three years plus an allow- 





ance for any increase in traftic, 





The Board are by law precluded from making 
nts for ordinary repairs, and it has therefore 
n necessary for them to frame some definition 
as to these. They have decided that if a road has 
already been surfaced with granite, or equivalent 
wear-resisting material, renewals of this must |, 
classed as ordinary repairs. Grants will, however. 
be made for surfacing with granite or other suit- 
able material roads now ineffectively metalled ; ut 
once this has been done, the local roads authority 
must assume the responsibility for future renewals 
and repairs. 

Similarly, although the Board are prepared io 
make advances at the rate of 3d. per square yard 
for the tarring of roads at present untreated, they 
announce that as this treatment will prolong the 
life of the road, the local authority must be pre- 
pared to maintain it subsequently at its own cost. 

In this connection it is to be presumed that the 
Board will have power to see that the operation is 
effectively performed. Many road surveyors have 
yet to learn the best and most economical methods 
of applying tar, and the grant should, we think, 
be made only after the work has been accom- 

lished to the satisfaction of the Board. The 
atter should, in the course of a few years, be in 
possession of an unequalled experience in this 
regard, and might well consider at a subsequent 
date whether some of the funds at its disposal should 
not be devoted to the preparation of an authorita- 
tive manual on road improvement and maintenance. 








THE LAW OF SALE. 

THE law of contract affecting the sale of goods 
extends to such a multitude of varied transactions, 
and includes so many points, that any bare state- 
ment of first principles is quite inadequate to make 
these principles understood by men of business. 
The most interesting and practical method of 
studying the principles of the law of contract is to 
examine some leading cases, selected to illustrate 
the most useful points. Commercial cases are 
interesting, as illustrations of legal principles, and 
as an aid to memory and to the more ready com- 
prehension of the rules of law which are applicable 
to every branch of business. 

An example of the reasonableness of the law is 
found in the not uncommon dispute caused by the 
repudiation of a contract which is impossible of 
performance, and where common-sense suggests a 
mitigation of damages. 

In the case of Tredegar Iron and Coal Company r. 
Hawthorn Brothers ((1902), 18 T.L.R., 716 C.A.), 
the plaintiffs sold to the defendants about 1500 tons 
of steam coal, to be shipped f.o.b. at Cardiff or other 
Welsh ports named during the month of February, 
1901, for export to Sicily. It was almost immediately 
found that, for reasons which the shippers could 
not control, shipment to Sicily had become impos- 
sible, and they (the defendants) sought to be released 
from the contract. There was then a rising market, 
and the plaintiffs insisted upon fulfilment of the 
contract. Before the end of the month of Feb- 
ruary the defendants repudiated the contract ; but 
the plaintiffs did not accept the repudiation. At 
this juncture the Coal Company acted without due 
consideration of the legal position of the parties to 
the contract. They did not know apparently that 
there was then no breach of the contract, because 
the law says there can be no repudiation unless the 
repudiation is accepted by the plaintiffs. There 
could be no breach of contract in such case until 
the time for the delivery of the coal had expired. 
By their refusal to accept the defendants’ repudia- 
tion the plaintiffs had legally retained their right 
to claim that defendants should take delivery, and 
therefore the damages for breach of contract were 
calculated at the end of the time fixed for delivery, 
and not at the date of the repudiation. In a 
fluctuating market this chanced to operate in miti- 
gation of damages. ; 

The point to be remembered is that the repudia- 
tion of the contract does not in itself mean a breach, 
and that there is no breach of the contract, and, of 
course, no right to damages for the breach, till the 
time for delivery fixed in the contract has expired, 
or unless the repudiation has been as promptly 
accepted. 

It is not generally understood that the right to 
reject goods may survive after a cash payment has 
been made. In the case of Polenghi Brothers °. 
Dried Milk Company, Limited ((1905), 21 T.L.lt., 
118), there was a sale of by sample, payment 
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is against shipping or railway documents. It 
was held the right to reject the goods, if they do not 
correspond with sample, is not impaired by a cash 
payment having been made. In such transactions 
the buyer is not entitled to insist on the Sale of 
Goods Act, Section 15, which would give the buyer 
the opp tunity of comparing the bulk with sample, 
before paying the price. He must pay the price on 
receipt of the documents, according to his contract, 
rem2mbering that his right to reject the goods, if 
not equal to sample, is still retained. 

A very common dispute about a contract arises 
when the sale has been on terms of c.f.i., and one- 
half of the price to’ be paid~on' shipment, the 
other half on delivery of the goods. An action 
was brought (Dupont v. British South Africa Com- 
pany (18 T.L.R. 24, 1902)) for payment of two 
cargoes shipped at Buenos Aires for Beira, in 
South Africa. The cargoes were sold c.f.i., one- 
half to be paid against documents to plaintiffs 
at Buenos Aires, through the River Plate Bank. 
This was paid on shipment, and the other half was 
payable on delivery, or, in the alternative, damages 
for non-acceptance of the two cargoes. It was 
understood the unpaid half was to be paid in Cape 
Town on delivery of the cargoes at Beira. It was 
held by the Court that the peoverty in cach of 
the two shipments was intended to pass, and did 
pass, to the defendants upon the’ completion 
of the shipments at Buenos Aires, and that pay- 
ment of the unpaid balance was dependent a it 
delivery at Beira. Thus the contract being c.f.i., 
the price which the defendants agreed to pay was to 
include cost, freight, and insurance, and the plain- 
tiffs were responsible for delivery from shipboard 
at Beira, and this although the property in the 
goods, dated from time of shipment at Buenos Aires, 
had passed to the defendants before actual delivery. 

Another cause of dispute often arises as to deliver- 
able state of an article sold. This is illustrated in 
the case of Brown Brothers v. Carron Company 
(68.L.T. 297, Ct. of Sess. O.H.). An engineer 
sold customers a steam-crane, and agreed to keep it 
in his yard till required for erection on a vessel. It 
was also stipulated that the seller should make 
certain alterations on the crane, and these altera- 
tions fell to be made in course of itserection. The 
customer having, after six months, refused to take 
delivery, it was held the property in the crane had 
not passed, and therefore the plaintiff could not 
recover the price, but could only sue for damages 
for breach of contract. It will be observed the 
crane alone was not the subject of the contract, 
which also included the alterations which remained 
to be done. The property not having passed to 
the defendants, the plaintiff could not sue for the 
pee, but could only legally sue for damages for 

reach of contract. 

A curious point as to the ing of property in 
goods was disputed ‘in the case of 8 ipbuilders fer 
contracted with shipowners to build them a vessel, 
and in the contract there was a clause to the effect 
that, while the building proceeded, the vessel, and 
all the materials to be used in its construction, 
should immediately become the property of the 
shipowners; the builders- having meantime a lien 
for the unpaid purchase-money. In the course of 
the building of the vessel, materials were sent to 
the shipyard and to the local railway trucks to the 
order of the shipbuilders. The shipbuilders having 
gone into bankruptcy, the trustee of the estate was 
declared to be in possession of the materials,:not- 
withstanding the clause in the builders’ contract 
with the shipowners. Certain plates were designed 
for use in the construction of their vessel, and the 
shipowners’ claimed them against the shipbuilders’ 
trustee in bankruptcy. The Court held that the 
clause on which the shipowners relied was not an 
essential part. of the contract.: The contract was 
for the purchase of the vessel when complete, and 
did not pass the property in the materials imme- 
diately as the building proceeded. 

Delay in delivery is sometimes the cause of heavy 
loss vne of the contracting parties, but when 
such loss is due to special circumstances, of which 
the contractor who delayed delivery had no notice, 
it will not be sufficient for the contracting party to 
- mm the delay meant heavy loss to say that notice 
of urgency had been duly given, when the special 
circumsivuces were not made known to the other 
party to the contract. 

b A’ hig steamship having been laid up with a 

Token piston, the owners contracted with a rail- 
Way company for conveyance of a new piston by 
passenger train at a high rate. The delivery of the 








piston was delayed some days, and the steamship 
owners sued the railway company for damages, 
including outlays and loss of profit due to the deten- 
tion of the steamship and a crew of over fifty men. 

The Court held that the railway company should 
have been informed of the particular circumstances, 
and that with an ordinary formal notice of urgency 
the steamship owners should not have expected ex- 
traordinary attention to the speedy delivery of the 
piston. The railway company were therefore liable 
only for the outlays due to the detention of the 
steamship, but not for the loss of profit for which 
the steamship owners claimed damages. 

Sometimes contracts are made by business firms 
for supply of their ‘‘ requirements” in a certain 
line of materials, for a fixed period. This involves 
proof of the character of their business, previous 
purchases, c., so as to show the true construction 
of the terms of the contract. To contract with a 
manufacturer or broker for the supply of ‘ re- 
quirements ” is too ambiguous. The word ‘‘re- 
quirements” might mean all that the purchasers 
might demand, or all their business needs, and par- 
ticulars are necessary to explain what the parties 
have really contracted for. In the case of the 
Admiralty contract for a supply of stone ‘‘ in such 
quantities and at such times as they may require,” 
it was decided in the Court of Appeal that there 
was no obligation to take a definite quantity. When 
ip an — tender a total quantity is mentioned, 
also ‘‘ such quantities as may be required,” it should 
be remembered the purchasers are not bound to 
take the quantity mentioned, but may end the con- 
tract at any period of the delivery of such quanti- 
ties as are required. 








THE COMMONWEAL OF AUSTRALIA. 
Ir will be admitted that, whatever the attitude 
of the people of this country in the past, few, if 
any, longer ignore the existence of our Colonies, 
and especially of our larger Dominions over-sea. 
Particularly does this apply to Australasia and 
Canada, whose attractions are dangled before 
our eyes in the Metropolis at every turn, and 
whose agencies, by their optimistic campaigns, 
have overborne all indifference. The displays of 
Nature’s bounty, with which we are now so familiar, 
might lead to the supposition that these two lands 
bear some resemblance to each other. Actually 
few can show greater contrasts. It' is but a few 
years since the good stay-at-homes here thought 
them alike unpromising—Canada all snow, Aus- 
tralia all drought. Now the former is known to be 
a land of long winter, but of brilliant summer ; 
while the droughts of the more distant country, if 
not among the forgotten things, are mentioned 
= to prove that their bitterness is past. 
hough misconception has been dissipated upon 
surer knowledge, these two great countries have not 
profited equally by the more favourable impressions 
now current. Of approximately equal size, both have 
millions of acres awaiting development. The quality 
of the products of both have been placed beyond all 
question. Yet hundreds of thousands flock to the one, 
while, as regards increase of population by migration, 
the other is, practically speaking, in a state of arrest. 
And, strangely enough, it is the country of six 
months’ winter which is winning ahead of the land 
enjoying a climate perennially genial. The constant 
stream setting towards the shores of Canada contrasts 
strangely with the mere driblet by which the Austra- 
lian population increases annually. It is almost in- 
credible that this land’ of 2,974,581 square miles, 
more than half of which is unoccupied in any way, 
should attract so few as to account for a net influx 
of merely 2667 persons per annum—for such is the 
average figure for the years 1901-7. This, where 
the population averages 1.41 per square mile, in 
contrast with Europe’s 100, and Ghat 14 of the 44 
million inhabitants are to be found in five towns, 
and the remainder clinging round the coastal belts, 
is very far from suggestive of the healthy kind of 
expansion with which the name of Canada is so 
proudly associated. It is even estimated that, at 
the present rate of increase, the whole population 
of the Commonwealth will amount to no more than 
eight millions, slightly over 2.5 per square mile, 
by the middle of the century—by no means a happy 
outlook. The situation is the less reassuring since 
it is asserted, on good authority, that the Australian 
born are relinquishing country avocations for town 
life, and statistics are put forward to show that 
roe under cultivation is in some cases actually 
shrin 


ing instead of expanding. 








The causes for this failure to realise the rapid 
evolution, which is to bring Australia into that pro- 
minence to which the country is declared to be 
destined to rise in the future, are so complex that it 
is impossible to put the finger on any one and say 
that therein may be sought the root of the evil. 
Some, in explanation, will refer to the course of 
legislation hate, while others contend again that 
the failure is due to the confusion of conflictin 
statements, each State having striven for itself an 
against its fellow, instead of all for the Common- 
weal. With these broad issues, of course, we have 
no concern, save in so far as we may, in a general 
way, partake of the interest in, and the encourage- 
ment due to, the development of an integral part of 
our wide-reaching Empire. There are, however, 
phases of this subject in which engineers have a 
~ ey interest, for to this profession is largely due 
that little already accomplished. For, no less than 
the mining or manufacturing, is the great pastoral 
industry —-still the mainstay of the continent— 
indebted to the engineer, who has solved the 
problems of transport in a manner which allows 
Australia to compete in distant markets, and 
also so well grappled with the water difficulty that 
success is now assured in many districts in which 
men formerly took their chances of a run of success- 
ful seasons. To the engineer, as the result of quite 
recent surveys, is, moreover, due the encouraging 
report that much of the so-called desert of the 
north-western interior is actually well supplied with 
artesian water, needing only to be tapped in order 
that the land may become productive. 

Apart from these and other similar useful engi- 
neering developments, there is an Australian 
problem of a different class awaiting solution, 
without the consideration of which the country 
must fail to rise to a satisfactory economic state, 
but which, unfortunately, owing to the idiosyn- 
cracies of the inhabitants, runs the risk of post- 
ponement until the loss may be well-nigh beyond 
reparation. This problem is that of railway develop- 
ment, into which also this lack of unity of purpose 
and scarcely-veiled rivalry between the various States 
has been imported, with the people’s characteristic 
preference for working on narrow parochial, rather 
than on broad national, lines. The several States 
of this great continent are at present wholly 
occupied in efforts to nurse to successful issue 
those undertakings within their own particular 
boundaries, regardless of the welfare of the country 
as a whole. The absurdities into which this 
policy of sectional development has led the States 
are manifold. The gauge problem is only one of 
them. The abnormal development of a few great 
ports, with traftic compelled to concentrate thither, 
is another. With very few exceptions is enter- 
prise in one political preserve in railway com- 
munication with that in another, save by the most 
circuitous of routes. hus have five separate 
transport systems sprung up in the one continent, 
and, in utter disregard to economic laws, their 
spheres of service are set by lines of latitude and 
longitude and such-like conventional boundaries, 
rather than by the only real limits known to railways 
—genuinely unfavourable physical conditions. 

roadly speaking, areas suitable to railway de- 
velopment are, as a rule, coincident with the extent 
of productive districts, the latter being for the 
most part bounded by features of a physical 
character. In Australia, however, the political 
divisions disr nearly all natural boundaries, 
with the result that the political railways fre- 
uently terminate at some imaginary line drawn 
Dotiegh the midst of a fertile tract, all produce on 
the one ‘side of this fence being impelled to one 
port, while all from the other must go in another 
direction, the idea of co-operation being scouted 
for fear that such a principle put into practice 
should lead to loss of traftic. 

In no other country presenting a large federated 
area, whose inhabitants profess to be actuated by 
one supreme unity of interest and purpose, do such 
wasteful conditions pertain. No one can imagine, 
for instance, the State of Texas isolated, as regards 
its railways, from all its neighbours. Similarly, is 
it against all common-sense to dream of an Ontario 
cut off from all rail communication with Quebec, 
or that the railways of British Columbia should 
terminate in the Rocky Mountains, instead of link- 
ing up that western province with those of the 
east. All the foregoing are areas comparable in 
size to the States of the Commonwealth, but, in 
connection with such countries, the suggestion of 
State-contained railways is altogether illogical and 
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incongruous. The very name of the principal 
Government railway in Canada—the Intercolonial 
—supports our contention, albeit this is a reference 
we will pursue no further, since the line is ib] 
the most inefficient system in the whole of Nort 
America. In the United States, merely a vast 
federation, the railways freely cross administrative 
frontiers and invade all suitable districts as fast 
as development permits. It would be manifestly 
incorrect to state that they know no political 
boundaries, for, although there may be continuity 
of property, the conditions under which the rail- 
ways operate become ever more complex with each 
fresh boundary crossed. The main service to the 
country, however, that the railways effect consists 
in the inter-State.commerce, in which they act as 
agents. As in the United States, so in Canada 
is railway planning and construction carried on on 
a continental, and not a provincial, scale ; while for 
the recently united colonies of South Africa a similar 
broad policy has been laid down. 

Though the courses adopted in the United 
States and Canada, and in South Africa, are 
radically different, they are alike superior to that 
followed in Australia, in the fact that they em- 
brace the whole country whose prosperity is to 
be advanced. In North America private enter- 
prise, duly encouraged to open up the country in 
advance of population, and to supply appropriate 
service in and between districts undergoing deve- 
lopment, has been relied on to attain the desired 
end. In South Africa the same object has wisely 
been held in view, and a coherent railway system, 
to be worked for the welfare of the whole country, 
has been inaugurated, an end having thus been 
put to one of the most unhappy chapters in 
the history of that part of the African continent. 
In future, instead of giving rise to endless strife 
and unpleasantness between the various States, 
these railways will all be worked for the common 
good. How the actual scheme adopted there 
will work out remains, of course, to be seen. 
In view of the requirements of the country, and 
considering that no change from public owner- 
ship has been under consideration, the merits and 
demerits of which we are not now discussing, the 
plan adopted appears to be one of the most workable 
possible. It is, indeed, signiticant that those respon- 
sible for its framing have, and, we believe, wittingly, 
guarded against the :chief evil of the Australian 
system. Federation in South Africa is intended to 
be accompanied by .a federal policy of railway 
development, thus attaining, though by different 
means to those used in North America, the rapid 
opening up of the promising districts of the union 
without regard to provincial limitations. 

In the Australian Federation no such broad 
policy was included. The whole railway question 
is only now tardily being tackled, and in a most 
half-hearted way, nothing serious being done, for 
inter-State jealousies have so far precluded all idea 
of a transfer of the systems to the Commonwealth. 
Similar trouble obstruct® the way of schemes to 
which the Commonwealth practically stands com- 
mitted. In the Constitution it is laid down that 
federal railway work shall be undertaken in any 
State only. “with the consent of that State.” 
Decision, therefore, with regard to routes is only 
possible, if at all, by meeting the States interested 
on their own terms. Everyone has some different 
suggestion to offer, which often can at times be 
backed by the veto, and none is, therefore, 
inclined to give way. 

The need of raising Australian railway matters 
to a much higher plane than that on which they 
stand at present is generally acknowledged. Many 
voices have been raised in favour of some such 
action, and amongst them that of Mr. J. A. Smith, 
President of the Victorian Institute of Engineers, 
who, last spring, at a meeting of that body, made 
& strong appeal for a coherent plan of work, cover- 
ing the complete Austra‘ia. He pointed out the 
defects of the present system, and outlined the 
ideal. As an engineer, ae naturally laid special 
stress on the need of foresight and economy in 
such an undertaking. He did not, however, go so 
far as to explain how the present segregated systems 
were to be reduced to a state of homogeneity, or 
even harmonious combination. Nevertheless, it is a 
great deal to have drawn prominently into notice the 
existing chaos and inconsistency, in which artificial 
delimitations form such real impediment to deve- 
lopment in accordance with natural and economic 
laws. It will, we fear, take a t deal of effort to 
stir the country to united action on this matter ; 





though a young nation, if vigorous, should have no 
difficulty in tackling it. Although inter-State 
emulation may make it difficult, a solution is none 
the less necessary. Postponing its consideration till 
some more convenient season merely aggravates 
the trouble. 

In such a country awaiting development two 
or three ways are open in which to work for the 
desired object. Assisted private enterprise may be 
relied upon, and in many cases, from being politically 
untrammelled and having objects fundamentally 
analogous to those of an enterprising government— 
the rapid settlement of productive districts—has 
proved most successful in many countries of the 
world, having in a wonderful manner fixed, e- 
rally speaking, on routes specially teveuntitiete 
immigration. Or, if private enterprise be not 
palatable, railway development may be reserved 
to the State, in which case it is eminently necessary 
that the control should be removed as far as pos- 
sible from political influence, and should, at the 
same time, be of as comprehensive a nature as 
possible as regards territory, state control giving 
place to federal control in any union of States. If 

ublic ownership be insisted upon, this appears to 
™ the only solution. We have already pointed out 
that in South Africa the railways will be —— 
as one complete machine for the whole Union. We 
may further remark that the Controlling Board will 
consist of three Commissioners and the Minister of 
Railways (something after the Australian State 
system), the ition of the Commissioners having 
been made intentionally a strong one, so that 
political influence shall be minimised. 

Rightly or wrongly, the voice of Australia may be 
taken to be against private enterprise in railway 
work. Likewise, though — in a less degree, 
is it against the joint working of private and State 
systems, in vogue in some other countries. There 
remains, therefore, if the Commonweal is really 
the interest which Australians have at heart, only 
the adoption of unfettered federal control, which the 
people will, perhaps, some day come seriously to 
consider. At present indications seem to point to the 
whole problem being tackled from the wrong end. 
The gauge question is being nibbled at, with the idea 
that federal control may well be left till after the 
settlement of this. This, however, is an inversion, 
for once get federal control, and uniformity of 
gauge and other similar problems would be much 
more easy of solution. 





NOTES. 
THe Smoke NUISANCE. 

ZEaL, rather than knowledge, is, we fear, the dis- 
tinguishing characteristic of most of the enthusiasts 
who support smoke-abatement societies. To them 
smoke is not merely a nuisance, but a sinful waste of 
the fuel resources of the country, which they pic- 
ture as being poured in an unconsumed state out 
of our factory chimneys at the rate of countless tons 

r annum. On this head Mr. C. E. Stromeyer 

as some very pertinent observations in his memo- 
randum just issued to the Manchester Steam-Users’ 
Association. He states that in a recent boiler test 
he found that even very dense black smoke con- 
tained only about 1 per cent. of unburnt carbon. 
Factories are fined for smoke not nearly so 
dense, and the common remedy of admitting 
an excess of air so as to dilute it down to the 
inspector’s standard is, he states, often exceed- 
ingly expensive. The heat loss is tly increased, 
and the steaming capacity of the boiler diminished 
so that more fuel has to be burnt, and possibly 
an inc amount of unconsumed carbon 
is sent into the atmosphere. Mr. Stromeyer 
complains further that inspectors will report single 
large and high chimneys as smoking continuously, 
whereas had each furnace its own smaller and lower 
chimney, the proprietor would escape, though prob- 
ably really much more guilty of contaminating the 
atmosphere. He further remarks that the most 
objectionable constituent of the gases resulting 
from the combustion of coal is sulphuric acid, 
which is invisible, though highly injurious in many 
ways. The private-house chimneys of Manchester 
alone send out into the atmosphere, he estimates, 
100 tons of this acid per day, which is about equal 
to that ing forth from the factory chimneys of 
the district. ‘The effect of fining the proprietors of 
the latter for smoke production is often, he states, 
to drive them to burn more coal, and thus con- 
tribute a — bulk of this corrosive agent. The 
burning of Welsh coai is a partial remedy, as this 





fuel contains little sulphur and gives off no smoke : 
but a more effective process is to use as fuel washed 
gases made by an ammonia-recovery process, which 
is, he states, growing in popularity in the case of 
large works, since the profit from the by-products 
more than compensates for the loss of heat in the 


producer. 


Tue Turin Exursition. 


The preparatory work for the Turin International 
Exhibition, to be held next year, under the auspices 
of the Italian Government, is proceeding apace. 
The site chosen is the Valentino Park, which 
extends along both banks of the River Po, close 
to the Porta Nuova, or Central Railway Station, 
and at the end of the Corso Vittorio Emanuele II. 
The main fagade of the buildings for the British 
section, which alone, with a part of the Italian 
section, stands on the side nearest the city, is about 
500 ft. from the left bank of the river and 35 ft. 
aboveit, in a most commanding position at the south- 
east end of the park. The front of the buildings 
takes the form of a crescent, surmounted by 
a central dome, with smaller domes at both ends. 
The space available for representatives of British 
industry is 20,000 sq. m. (215,280 sq. ft.). This 
space is being rapidly and carefully allotted, and 
there is every prospect that it will contain a 
thoroughly representative display, illustrating the 
various industries of this country. The British 
Chemical Exhibition at Brussels attracted much 
attention, and there is every likelihood that foreign 
manufacturers will make an effort to eclipse our 
display of similar manufactures at Turin. With 
this in view, the Chemical Industries Committee 
of the British Royal Commission has been con- 
sidering how the British Chemical Court at the 
late Brussels Exhibition can be further improved. 
Foreign manufacturers of machinery and machine- 
tools are also being urged to utilise to the 
fullest possible extent the advantages for trade 
expansion offered by the forthcoming Turin Ex- 
hibition, and it is hoped that British works will 
exert themselves to rival, if not to surpass, all com- 
petitors. The Association of Chambers of Com- 
merce of the United Kingdom are giving great 
attention to the Turin Exhibition, and at one of 
their recent meetings it was resolved that ‘‘ in view 
of the success which had attended the collective 
exhibits of the Chambers of Commerce at Brussels ; 
considering also their effectiveness in directing 
attention to the staple industries of this country ; 
the Association strongly recommended all the 
Chambers representing manufacturing industries 
to organise collective displays of their products, 
in addition to the industrial exhibits of their 
members.” The Exhibitions branch of the Board 
of Trade is also actively working for British exhi- 
bitors, and it is hoped that the British Section 
will prove, in every respect, a most eomplete suc- 
cess. 


Water-Power FOR THE Bapen State Raiiways. 


The project of the utilisation of hydro-electric 
power for the State Railways of the Grand Duchy 
of Baden has now assumed definite shape. On 
behalf of Messrs E. Holtzmann and Co., Professor 
Rehbock, Karlsruhe, had worked out a project which 
has been adopted with modifications and published. 
The scheme is reviewed by T. Koehn, of Berlin, 
in the Elektrotechnische Zeitschrift of November 17, 
1910. The water power to be utilised is that of the 

icturesque River Murg, which crosses the Grand 
~s a little to the north of the central portion 
where the country forms a rather narrow strip 
along the Rhine. The Murg comes from Wiirttem- 
berg and joins the Rhine below Rastatt. At the 
point where it enters Baden, the Murg carries on an 
average about 7 cub. m. (240 cub. ft.) of water per 
second ; but the volume may rise to 600 cub. m. 
and sink to 1 cub. m. per second. A reservoir had 
therefore to be built near the frontier ; not to cause 
complication with Wiirttemberg, however, this 
reservoir will only be small, and two large reservoirs, 
together of a capacity of 25 million cubic metres, 
are being constructed in the valleys of the Rau- 
miinzach and the Schwarzenbach, two rivers whose 


waters join one another and the Murg. As the 
levels of these two basins lie at + 650.5 m., while 
the Murg basin lies at + 453 m., two separate 


conduits and separate high-pressure and low- 
ressure Po» Mon pn to be installed ; they will, 
owever, be united in one power - station. The 
conduit from the Murg basin will have a length of 
about 33 miles ; it is to be built in concrete, 4! d 

















Nov. 25, 1910.] 


ENGINEERING, 


743 








end in a cylindrical pr hamber built in the 
rock. Two hydraulic pipes, of Siemens-Martin steel, 
442 m. inlength, with the diameter reduced in three 
steps from 2.2 m. down to 1.5 m., will take the 
water to six Francis turbines, each of 4400 electric 
horse-power. The common conduit for the two high- 
ressure reservoirs starts from the Raumiinzach 
(dam 203 ft. in height), passes the Schwarzenbach 
(dam of 164 ft.), and ends, after a length of 4 miles, 
in a cylindrical pressure-chamber which has a height 
of 50 m. and a diameter of 9 m:; at the top and of 
8 m. at the wether, Ss — ante Sng of — 
orse-power (possibly to be replaced by compoun 
- onl arbinen) are to be driven by this water ; 
the two hydraulic pipes will have a length of 
706 m., and diameters will be reduced in three 
steps from 1.5 m. to lm. All the turbines are to 
run at 500 revolutions, and the generators to 
roduce three - phase currents at 10,000 volts. 
ese currents are to be utilised in the immediate 
neighbourhood ; the transmission to a distance is to 
be effected at 70,000 volts. The water discharged 
from the power-house wil] re-enter the Murg, near 
Forbach, at the level +300 m.; a reservoir is being 
constructed there, and three turbines, low-pressure 
shaft machines, each of 470 horse-power, are to be 
driven by this water. The total cost, including the 
transformer stations and about 200 miles of electric 
lines, is estimated at nearly 1.5 million pounds, and 
the average power thus rendered available at 21,000 
electric horse-power. The railway department of 
Baden possesses at present three steam- power 
sources, at Mannheim, Karlsruhe, and Offenburg, 
aggregating 7800 horse-power. These steam F went 
stations will in future form a reserve. Electric 
working of the railways is not discussed in the 
project. 


Tue THERMAL ConpuctTivity oF Frre-CLay 

at Hich TEMPERATURES. 

A second of a series of original experiments 
carried out by Messrs. J. K. Clement and W. L. 
Egy with a view to determining the thermal conduc- 
tivity of fire-clay at high temperatures is the sub- 
ject of Bulletin No. 36, issued by the Engineering 
Seentenendel Station of the Illinois University. 
The test-pieces used were in the form of tubes 
40 cm. long, 12 cm. diameter, and 3.5 cm. bore. 
These were completely enclosed in a cylindrical 
furnace to prevent radiation, and were heated by-.a 
nickel resistance coil placed in the bore, the desired 
temperature being obtained and maintained by 
adjustment of the current. Thermo-couples placed 
in longitudinal holes formed in the walls at varyin 
distances from the axis of the test-pieces were u 
to obtain the differences of temperatures, and the 
rate of heat flow was arrived at from the power 
absorbed in the resistance. The junctions of the 
couples were so placed as to come centrally in the 
length of the specimen, and since it was experi- 
mentally proved that there was no temperature 


variation longitudinally for about 6 cm. on either | Lim 


side of the centre, the heat flow was radial at this 
point. The quantity of heat Q flowing through a 
given body is proportional to the difference of 
temperature (T, — T) of the two faces. For this 
given difference of temperature Q is inversely pro- 
portional to the thickness r, and proportional to 
the area A. Further, Q is proportional to the 
time t. Thus 


g=K N1- Te ae 
r 


where K is a constant for the given substance at 
any temperature. In these tests Q was taken as 
the heat generated by 1 cm. of the coil, and the 
temperatures T, and T, were directly obtained by 

@ couples. The dimensions r and A were ob- 
tained at the completion of the tests by breaking 
the test-piece through the centre, and making 
accurate measurements, the dimension r being 
taken as the difference of radial distances r, and rz 
of the two holes used for the couples. Since 


Q= oem enlories 


(where E and I are respectively the volts and 
amperes, and | the length of the coil), the value of 
K may be expressed 


K=0, 1 _ where ¢ = 023% log (ra/n) 
1; - T's 2rl 

Twelve samples in all were obtained for the teste 

of four different fire-clays, A being of fine texture, 

of dark reddish brown ; Ba similar material, medium 

coarse, with small white gravel intermixed ; 1 was 





slightly coarser than B, and with a small amount of 
gravel, and 3 was almost white, very coarse, and 
with a large quantity of gravel. One sample of 
each material was tested at temperatures ranging 
from about 400 deg. Cent. to 800 deg. Cent., these 
tests showing a variation of K in the case of sample 
A from 0.0024 to 0.0026, and for B from 0.0021 to 
0.0022 respectively for the lower and higher tem- 
peratures. In the case of samples 1 and 3 the 
values of K were practically constant, being 0.0036 
and 0.0026. The remaining samples were each 
maintained at a constant temperature, but no indi- 
cation is given as to what these temperatures were 
in the respective tests. The values of K obtained, 
however, show considerable variations, and do 
not appear to agree with those obtained from the 
first series of tests, except in the case of sample 
1. .The results recorded are as follow :— 


Sample A to K varies from 0.00256 to 0.00257 


” Sy ee # », 0.00221 ,, 0.00263 
fe oo »» 0.00362 ,, 0.00365 
$6 ee aes » 0.00264 ,, 0.00299 


A full account of the means adopted for calibrating 
and checking the instruments is also given, and 
the methods of carrying out the tests is also fully 
described. 





PrrsonaL.—Messrs. Kern and Co., makers of drawing, 
surveying, and astronomical instruments, of Aarau, 
Switzerland, have opened a London office, in charge of 
Mr. H. E. Hay, at Peninsular House, 4, Monument- 
street, E.C. — Messrs. Charles Churchill and Co., Limited, 
9 to 15, Leonard-street, Finsbury, E.C., have been 
appointed sole agents in the United Kingdom for the 
sale of Norton grinding-wheels, known under the name 
of ‘ Alundum.”—Messrs. Douglas and Adair, 1, Fen- 
church-avenue, E.C., are opening a branch office as 
consulting engineers, naval architects, marine surveyors, 
&c., at 52, Rue Cannebiere, Marseilles, which will he 
under the direct supervision of one of their principals. 





AERONAUTICS.—A special course of lectures in connec- 
tion with the Aeronautical Research Society of the East 
London College, which was founded through the genero- 
sity of Mr. Patrick Y. Alexander, has been arranged for 
the month of December as follows :—December 5, “‘ The 
Cody Machine ;” lecturer, Mr. A. P. Thurston, B.Sc. 
December 8, “‘ Aerial Guns ;” lecturer, Mr. J. Cousins. 
December 12, ‘‘ Maxim’s Recent Work on Aeronautics;” 
lecturer, Mr. A. P. Thurston, B.Sc. December 15, 
‘* Aerial Photography;” lecturer, Mr. A. G. Field. Mr. 
S. F. Cody will preside on the occasion of the first 
lecture. pees for tickets of admission to the 
lectures should be addressed to the secretary of the society 
at the East London College, Mile End-road, E. 





Contracts.—The contracts for the first supply of 
rolling-stock, consisting of locomotives, } ce germ 
and covered and open wagons for the wei Provincial 
Government Railways, have been placed with Messrs. 
John E. Halland Co., Kiukiang-road, Shanghai.— Messrs. 
Alexr. on and Co., Limited, G w, have secured 
from the don and Glasgow Shipbuilding and En- 
gineering Company, Limited, the order for three 60-ton 
three-motor electric overhead cranes, 47 ft., for 
their engine-shop. They have also recently supplied to 
the Fairfield Shipbuilding and Engineering Company. 

imited, Govan, two 65-ton four-motor electric overhead 
cranes, span 50 ft. 8 in., and have in hand at the ere 
time cranes for Messrs. John McNeil and Co. and Messrs. 
James Howden and Co., Limited. 





Tramways.—The tramway system of the United King- 
dom has acquired greatly inc importance during 
the last ten years. The number of miles in operation, 
and the revenue collected during the decade, were :— 


Year. Miles. Revenue. 
£ 
1900... a a 1177 5,445,629 
ee eee 1305 5,961,062 
1902. - a 1484 8,679,291 
1903 on - ma 1772 8,090,042 
1904 ‘ He 7 1840 8,604,884 
1906 :.., ee ~ 2117 9,917,026 
1906 a on —_ 2240 10,643,178 
BE Wie a ae Gas 2394 11,849,175 
1908 ne sp . 2464 12,439 625 
1909 2526 12,641 437 


The net revenue increased from 1,370,237/. in 1900 to 
4,595,779. in 1909. 





New Execrric Furnaces aT DoMNARFVET, SWEDEN. 
—The experimental electric furnace for the smelting 
of iron, which has been in operation for some time 
at the large Domnarfvet iron works, and to which 
reference has already been made in ENGINEERING, has 
now been pulled down in order to make room for new 
electric furnaces. To in with, only one new electric 
furnace will be built at Domnarfvet, but the plans com- 
prise the building of 19 electric furnaces, each of which 
will require 4000 horse-power, whilst the one now bein; 
built at the Trollhiittan Falls is only intended for 2 
horse-power. The Bullerfors Power-Station, which, 
with high water, can only yield a maximum of 24,000 horse- 

wer, will, consequently, not be sufficient when all the 
urnaces have beerr built, and are therefore under 
discussion for building an itional a a at 


Torshnfond, above the K varnsveden paper- 


ARGENTINE RAILWAY AFFAIRS, 

THE general position of Argentine railway property 
is scarcely so encouraging as it was a year or two 
ago. This is due to the less favourable crops secured 
in the Argentine Republic in 1909-10; and it is hoped, 
of course, that this adverse influence is enly of a 
temporary character. Meanwhile, Argentine railway 
management presents many points of interest, as 
extensions are still proceeding, and existing lines have 
been vigorously worked = efficiently maintained. 
The Buenos Aires Great Southern Railway com- 
menced, in March, 1909, a line, 64 miles in length, 
from Alvear to Tapalqué and Olavarria; the works 
were completed in about twelve months, and the 
new line has accordingly been opened for traffic. 
Another line, from Pringles to La Madrid, 47 miles 
in length, has also been completed and opened for 
traffic. A third line, from Cipoletti to Lago Pelle- 

rini, 19 miles in length, was commenced in December, 

909, and has since been completed and brought 
into working. A fourth line, from Bolivar vy 4 
Madrid, 73 miles in length, was commenced in August, 
1909 ; the earthworks have been now completed for 
practically the whole length, and the rails have been 
joined up with a line from Alvear to Pigué, repre- 
senting 424 miles of track from La Madrid ; they have 
been laid thence to Bolivar for a further distance of 
22 miles. The Alvear, Carbué, and Pigué line is 199 
miles in length ; it was commenced in August, 1909, 
and rails have been laid from the Alvear end for 87 
miles, and from the Pigué end for 51 miles. Another 
line from Chas to Ayacucho, 87 miles in length, was 
commenced in October, 1909; the earthworks have 
been carried on for a distance of 64 miles, and 52 miles 
have been completed, while rails have been laid up to 
the 47th mile; from the Ayacucho end the earth- 
works are also in hand for 13 miles more. Another 
line from Florencio Varela to Berazategui, 4} miles 
in length, was started in January; the earthworks 
have mn completed, a double track has been laid 
throughout, and it is hoped that the line will be 
brought into operation in December. Another line 
from Mar del Plata to Miramar, 33 miles in length, 
was started in November, 1909 ; the earthworks have 
been completed for a distance of about 20 miles, and 
13 miles of track have been laid. Works in connection 
with an important extension from Neuquen to Chili, 
212 miles in length, were started in February, 1910, 
but considerable time is, of course, required for the 
completion of a line of such extent. Another line, 
from Cooper to Cristiano Muerto, 45 miles in length, 
was started in January, 1910, and rails have been laid 
for the whole distance. Surveys have been made for 
four other lines, aud are now under the consideration 
of the Argentine Government. 

The ratio of the working expenses to the traffic 
receipts upon the Buenos Aires Great Southern Rail- 
way in 1909-10 was 54.69 per cent., as compared with 
54.44 per cent. in 1908-9. Maintenance expenses 
showed a fractional increase, economies were realised 
in. connection with the maintenance of the permanent- 
way, but rather more was spent on station buildings, 
bridges, &c. A reduction of 5 per cent. was obtained 
in the maintenance of rolling-stock, which had 
been exceptionally costly in 1908-9. Economies 
amounting to as much as 5 per cent. were realised in 
connection with the running of locomotives ; wages 
were somewhat less, and coal consumption remained 
stationary. Lines on the south of the Riachuelo have 
been laid and handed over for traffic, and work on the 
Scherzer bridge is about to be taken in hand. Pre- 
liminary works in connection with a transporter bridge 
over the same river are in a forward state, and good 

rogress has been made with the laying of a conduit 
for draining the Casa Amarilla and adjoining streets 
into the Riachuelo. The Neuquen line is developing 
satisfactorily ; several new stations have been recently 
opened for traffic; at the Neuquen end irrigation is 
also spreading, and when the construction of a dam 
and an intake at Lago Pellegrini have been completed, 
and more water becomes available for irrigating the 
extensive area of the Rio Negro Valley, as far down 
as Chichinales, traffic of all kinds is expected to show 
a large expansion. The number of locomotives upon 
the Buenos Ayres Great Southern system at the so 
of June, 1910, was 546, as com with 549 at the 
close of June, 1909. The total of 546 engines was 
made up as follows :—Tank passenger engines, 46 ; 
single express engines, 5; compound six-wheeled 
coupled express engines, 40; compound mixed engines, 
six-wheel coupled, 142 ; simple mixed engines, four- 
wheel coupled, 44 ; compound mixed engines, coupled, 
49 ; compound eight-wheel coupled engines, 70 ; 
simple six-wheel coupled pave engines, 48; com- 
pound six-wheel coupled goods engines, 47; and 
shunting-engines, 75. 

The increase in the = receipts of the Buenos 
Aires Western Railway year was 0.16 per cent. ; 
there was, however, a decrease in the net profit 
realised of 2.63 per cent. The working expenses 





amounted to 56.52 per cent., as compared with 55.28 
per cent. The Buenos Aires Western Company 
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reports that it has relaid with 80-lb. rails and new 
hardwood sleepers, simultaneously with stone ballast- 
ing, 10 miles of single track between Moron and 
Moreno, and 11 miles between Moreno and Lujan. 
Upon the central market branch five-eighths of a mile 
of single track have also been laid with 80-lb. 
rails, and 5 miles of second track at eight stations 
have been similarly renewed. Half-a-mile of siding- 
track has been renewed with 70-lb. rails. Nearly 
4 miles of single track upon the central market 
branch have been re-ballasted with burnt city refuse, 
and 74 miles on the Carhué branch have been 
re-ballasted with black earth. Some 3 miles of ordi- 
nary fencing have been strengthened by the addition 
of a barbed wire fence, and 3 miles of ordinary 
wire fence have been replaced by mesh wire on the 
inside section. Upon the Bagual extension 111 miles 
of ordinary fencing have been strengthened by the 
addition of two barbed wires. Sidings equivalent to 
20 miles of track have been strengthened at various 
stations, and 51} miles of single track have been 
strengthened by the addition of two hardwood sleepers 
per rail length. The enlargement of the Liniers 
workshops has been practically completed, the roofing- 
in of a machine-shop being the only work still in hand. 
A dock at Ingeniero Brian has been completed and will 
shortly be opened for service. Plans for an extension 
of 62 miles west of Bagual were approved by the 
Argentine Government in November last year, 27 miles 
of earthworks have now been completed, and the Salado 
is expected to be reached in November. Another 
extension of 62 miles west of Ojeda has also been prac- 
tically completed, and it is expected that the line will 
be opened in December. 








THE PHYSICAL SOCIETY OF LONDON. 

At the meeting held November 11, Professor H. L. 
Callendar, F.R.S., President, in the chair, a paper on 
‘*The Supposed Propagation of Equatorial Magnetic Dis- 
turbances with Velocities of the Order of 100 Miles per 
Second ” was read by Dr. C. Chree. 

The question of the simultaneity of magnetic disturb- 
ances recorded at different stations has recently been dis- 
cussed by Dr. Bauer and Mr. Faris. A good many mag- 
netic storms have so-called ‘‘sudden commencements.” 
As regards these ‘‘ sudden ” changes three things are con- 
ceivable:—They may be absolutely simultaneous at dif- 
ferent stations; there may be a very small difference of 
time corresponding to the rate of propagation of electro- 
magnetic waves; or, finally, there may be, as Dr. Bauer 
concludes, longer intervals, amounting to several minutes, 
for stations remote from one another. Dr. Bauer con- 
cludes that Mr. Faris’s figures demonstrate the truth of 
his theory that disturbances normally are propagated 
round the earth, sometimes eastward, sometimes west- 
ward, the time of a complete revolution averaging about 
3? minutes. The author of the present paper discusses 
the weaknesses of Dr. Bauer’s theory. He points out that 
the theory could be adequatetly tested by a careful com- 

rison of curves from selected stations fairly encircling 
the globe, choosing, if possible, stations whose time-mea- 
surements are specially reliable. 

A paper entitled ‘‘On Cusped Waves of Light and the 
Theory of the Rainbow”. was read by Professor W. B. 
Morton. 

Diagrams were shown of the forms assumed by a plane 
wave of —_ falling on a spherical raindrop and twice 
reflected from the interior of the drop, as well as the 
waves emerging from the drop. The waves in general 
have cuspidal edges, which run along the caustic surfaces. 
This relation between the caustic and the cusps on the 
waves was pointed out by Wood in connection with the 
similar waves —— y reflection at a spherical sur- 
face. It had been noticed earlier by Potter, Jamin, and 
Macé de Lepinay.. The phase over a wave of this type is 
not constant, the two portions on opposite sides of a cusp 
differing in general by a quarter period. Attention was 
drawn to the advantage of regarding the distribution of 
light in the rainbow as the consequence of the interfer- 
ence of the ee we.ves which run down to the observer's 
eye along the direction of minimum deviation. This way 
of looking at the matter is shown to be equivalent to 
Mascart’s pent method of explanation of the 
formation of the supernumerary bows by interference of 
disturbances coming from the two poles on the special 
wave-form used by Airy. 

Professor C. H. Lees pointed out that the one | of 
the disturbance as it passed through the drop would be 
subject to diffraction effects. He asked if this would 
ene any material difference in the results arrived at in 
the paper. 

The author, in reply, stated that diffraction phenomena 
would not seriously affect the diagrams he had obtained. 





Tue Great Lakes.— During the last forty years 
various improvements have been effected in the naviga- 
tion of the great American lakes. In 1871 the ordinary 
depth of water at the shallowest points between Buffalo 
a Lakes Superior and Michigan was 14 ft., while in 1908 
the depth been increased to 21 ft. The deepeniig of 
the channel resulted in the building of |] boats. In 
1871-5 the average size of the vessels built for navigation 
on the lakes was 193 tons, while the average size of those 
built in 1906-9 was 1232 tons. One ship cl from 
Duluth in November, 1908, with 413,930 bushels of 
wheat, and sixteen days later she cleared again from the 
same port with 462,374 bushels of flax, seed, and oats. 





AERIAL ROPEWAY AT STEETLEY 
QUARRIES. 


IN our issue of April 22, of this year, we illustrated 
and described an aerial ropeway constructed by 
Messrs. R. White and Sons, of Widnes. This plant 
embodied features of special interest, and was designed 
for the purpose of transporting colliery refuse to the 
top of a mountain. Another example of a ropeway 
constructed by Messrs. White is illustrated by Fig. 1, 
on this page, and in the figures on page 746. The details 
of this installation are generally on the lines of those 
of the one previously described, but its lay-out is so 
unusual as to well merit some description. The rope- 
way has been erected for the Steetley Lime Company, 
at their Steetley Quarries near Worksop, and is used 
for distributing the limestone to saltalle positions in 
the works, and for dealing with the waste from the 
crusher, &c. As will be seen from the plan given in 
Fig. 1, on this page, the ropeway does not consist of 





The total length of the line ‘is about 1100 ft., and 
locked-coil carrying-ropes dre employed. Such r pes 
are found to have much better wearing qualities than 
ordinary lay-ropes, owing to the smoother running 
surface they present, while their use, of course, red.ices 
the power required to drive the line. The rope, ay 
is driven .by an electric motor, which operates the 
fleeting wheel through a worm ard worm-wheel year. 
ing, as shown in Fig. 7. This apparatus is situated 
close to the loading-shoots, in the position indicated 
in Fig. 1. The man who is loading and dispatching 
the buckets stands, of course, by the loading-shoots 
and it should be noted that this man also looks after the 
adjustment of the tripping-levcra as before described 
and, in fact, runs the whole ropeway. The buckets 
are designed for carrying net loads of 6 ewt., while the 
line is at present arranged to transport 30 tons of stone 
an hour ; but this capacity could be doubled by adding 
more carriers, the line having been made strong enough 
to allow..of this. The buckets are fitted with the 
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outward and return lines run more or less parallel to 
each other, as is usual in plants of this class, but that 
it consists of asingle line running all round the works. 

For the purposes of description the ropeway — be 
considered to start from the loading-shoots, whose 
position is indicated at L in Fig. 1. These shoots are 
situated below the breaker-hoppers, the stone being 
loaded through them into the ropeway buckets by 
oo. The hopper is divided into three sections for 

ifferent sizes of stone, and is fed direct from the 
breaker, which is supplied from wagons on the tram- 
line, which is shown in the figure, and which runs up 
to the neighbouring quarry. The buckets hang on a 
fixed- rail when in the loading position below the 
shoots. They are automatically deflected on to this 
rail as they approach on the incoming side of the line, 
while on starting out again they run forward a few 
feet on the run-rail, and become automatically 
attached to the hauling rope again. The three angle 
stations round which the rope passes, and which are 
indicated at D, B, and A in Fig. 1, are illustrated in 
Figs. 2, 3, and 4, on e 746, while the angles through 
which the rope is deflected at these stations are shown 
in Fig. 1. There is an ascending gradient on the rope 
between stations D and B, and a descending one of one 
in four between A and the loading-station. This —- 
gradient may partly be appreciated from Fig. 3, whic 
shows the third angle station. Figs. 2 and 4 show the 
first and second stations respectively. 

Three automatic tipplers are placed at various points 
on the carrying-rope, while three further tipplers are 
placed at three of the standards. These various tipplers 
are fitted with triggers of differing lengths, so that any 
particular bucket on the line may be made to tip at any 
of the tipplers by adjusting its tripping-lever so that 
it will engage with the triggers of the tippler at which 
it is intended to tip, but will pass the triggers of the 
remaining tipplers. The adjustment of the tripping- 
levers may be made by the man whois stationed at the 
loading-station to fill the buckets. The arrangement 
is very simple, and works well in practice. Figs. 5 and 
6 are views of the line, and show two of the tipplers. 
In Fig. 5 one of the buckets may be seen in the act of 
tipping, while the other is just moving away from the 
seoond tipping-station at which it has deposited its 





makers’ latest type of patent automatic rope-gripper, 
which is arranged to have a double movement of the 
jaws, giving both a hinging and sliding motion. This 
affords a very firm grip on the rope, with only a short 
movement of the lever, which is automatically thrown 
over when a bucket starts on its journey. 





Tuer Late Casimir Baunetti.—Casimir Brunetti, chief 
engineer and manager of the Maschinenfabrik Car! Flohr, 
of Berlin, who last month succumbed to acute blood- 
poisoning, has-contributed a great deal to the successful 
development ‘of electric hoisting machinery. Born at 
Porto Re, on the Austrian Adriatic Sea, in 1861, he 
first worked on Austrian railways, and was then, by 
the Alpine Montan-Gesellschaft, entrusted with the in- 
stallation of the new lifting and hoisting appliances of 
the docks at Trieste. When, in 1892, he joined the firm 
of Carl Flohr, which made a spéciality of such machinery, 
steam and hydraulic power were almost exclusively used 
in this field; but electricity began to rival these agencies, 
and Brunetti advocated the new power. In recent years 
he also. interested himself in aerial navigation, trying to 
find a substitute for the oil-engines. 


Practica, Test or Toou-Sreets.—A simple way of 
arriving at a commercial estimate of the relative value 
of different tool-steels, submitted for purchase to railway 
engineers and others, is described by Berthold Braun in 
the Zeitschrift des Oesterreichischen Ingenieur- und Archt- 
tekten-Vereins of November 11, 1910. He tries the tools 
in question, suitably machined, if necessary, as cutters 
on a disc of steel, about 500 mm. (20 in.) in diameter, anc 
50 mm. (2 in.) in thickness, which he fixes on a lathe. 
The disc is perforated in the centre, the hole having & 
diameter of 4 in. He uses the tools one after the other 
on the disc, which is revolved ata gocd speed ; the cutting 
is started at the centre, and continued until the too! - 
become blunt ; the better the steel, the greater will e 
the diameter at which the tool fails. Supposing sev 
steels to be offered, the prices being 690, 580, 575, 5:0, 590, 
800, and 500 kronen per 100 kg., and that they fail at dia- 
meters of 350, 350, 500, 340, 320, 530, and 340 mm., the 
speeds being always the same ; then the quotients, price 
over diameter, 1.96, 1.65, 1.15, 1.73, 1.71, 1.51, and 1.47, 
may be taken as indicators of the value, the smallest figure 
(1.15,.the third steel in question) making the best — 
the cheapest ‘steel le 7) comes second in order, wh! 
the most efficient (No. 6) ranks third. 
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INDUSTRIAL NOTES. 


Ix the November report of the United Society of 
Boilermakers and Iron and Steel Shipbuilders the 
returns for October are given. From these we gather 
that there were at the end of the month 10,532 members 
signing the book, as against 8843 at the end of Septem- 
ber. The number of members on the sick fund was 1086 
and 1141 for the same dates, while there were at the 
end of October 2365 members on superannuation, 
against 2396 in September. The totals of these figures 
were therefore 13,983 at the end of October and 13,380 
in September. There was & considerable rise in the 
expenses during October, 34,837/. 1s. 5d. being the 
amount paid out, whereas in September it was 
23.9701. 10s., or an increase during the former month 
of 10,8662. lls. 5d. It must be remembered, however, 
that in October there were five weeks. There were 
251 members admitted during October. There appears 
some little doubt, however, as to the correctness of these 
figures for October, as in some cases members on lock-out 
benefit have been included by some secretaries, while in 
others those members only fm are not in receipt of lock- 
out pay are taken into account. It is stated that, under 
the present state of the society’s funds, an immediate 
levy is necessary in order to carry on the lock-out 
dispute, and all the members in employment are 
therefore asked to vote a levy of ls. 6d. per week, 
which levy is to continue until the lock-out is ended. 
Any a) Pos at present locked out, or otherwise out 
of employment, will be expected to pay up the full 
amount of this levy at the rate of ls. 6d. per week 
when they find employment. Saturday, December 3, 
is the date on which the first levy is to be paid. The 
votes are to be returned to the general office by Mon- 
day, November 28. Votes are also to be taken for a 
levy of 10s., to be paid by all members except those 
on the lowest scale of sick and superannuated members 
who have no other income. The levy is to be spread 
over the whole year, and 2s. 6d, is to be paid each 
quarter. The returns of voting are to be at the 
general office by first post on Monday, November 28. 





There is something of a reign of terror in the South 
Wales coal-fields, due to the picketing system of the 
idle colliers, and with this great evil the police appear 
powerless to cope. This is what we feared woul | be 
the result of any lack of sufficient force to meet the 
situation. It is pitiful that the authorities do not 
properly protect men who wish peaceably to continue 
their work. The whole system of picketing is one of 

ss intimidation, and it is a disgrace that such ruf- 

fianism should be allowed. Not only are assaults com- 
mitted on the men who are willing to go to work, but 
raids are made on their houses, which often end in loot- 
ing. The Rhondda district is practically in the hands of 
the strikers, held by about 12,000 idle colliers of the 
Cambrian Coal Trust. On Saturday last four men who 
arrived from Cardiff to act as stokers were attacked 
as soon as they alighted at Ton-y-pandy railway 
station, and were taken to the river and there 
immersed before they were sent back to Cardiff. It is 
stated that at the house of Mr. Bowen Jones, the 
manager of the Britannic Collieries, some men placed 
mine cartridges in two holes made in the wall at 
about 10 ft. apart, with the object, it is feared, of 
destroying the house. The men were, however, sur- 
prised at their work, and escaped. Other serious 
outrages have been committed, among them being the 
smashing of the windows in the house of Mr. Archie 
Jones, the manager of the Cambrian Trust pits. Mr. 
Jones was at the pit at the time, and his family had 

en sent away. It does not at present appear as 
though the end of the trouble was near. Up to the 
_ of going to press rioting and disorder still con- 
inue, 





It seems as though the Socialists were not going to 
have things all their own way in the ranks of labour, 
if a conference of Lancashire and Cheshire working 
men, held in Manchester last Saturday, is any guide. 
The conference is said to have represented associations 
numbering about 184,000 men, and voted unanimously 
in favour of the formation of a British Labour Party 
which should be conducted on constitutional lines. 
The conference was known by the name of the Trades 
Unionists’ Defence League, and most, if not all, the 
great industries of Lancashire were represented at the 
meeting, among them being cotton operatives, weavers, 
and engineers. The first resolution was in support of 
the Osborne judgment, and ran thus :—*‘ Any reversal 
of the judgment would mean that the political and 
religious liberties of a large majority, and the liveli- 
hood of many trade unionists, would be subjected to 
the desires of a small minority of extremists in the 
union to use trade-union funds to further their own 
particular political and anti-religious principles.” 

The conference was also of opinion that copies of this 
resolution should be forwarded to the Prime Minister, 
the Earl of Crewe, the Right Hon. A. J. Balfour, Lord 
Lansdowne, Mr. John mond, and Mr. G. N. Barnes. 
There was also another resolution, whieh ran thus :— 

That a national conference be called at an early date 


for the formation of a British Labour Party, to secure 
the direct representation of labour in Parliament and 
on all local government bodies.” A committee was 
elected, the chairman of which, Mr. Beck, pointed out 
that there were four important objects which they par- 
ticularly hadin view. ‘These were :—(1) The status of 
every member of a trade union to be legalised ; (2) 
every trade-union member to have a legal right to claim 
the surrender value of his rights to benefits if and when 
he leaves any trade union ; (3) every trade union to be 
compelled to have its accounts audited by qualified 
accountants ; (4) secret ballots. 

The tyranny of Socialists towards members who 
refuse to accept their views was also referred to, and it 
was maintained that this tyranny was largely due to 
the Trade Union Act of 1871, which gave a trade 
unionist no legal right to recover benefits for which 
he may have paid for half a lifetime. This insecurity 
was termed ‘‘ the charter of Socialism in our ranks.” 
The chairman of the committee asserted that people 
had been quite misled by the methods adopted by the 
Socialists to convince the public that trade unions 
were in favour of a compulsory Parliamentary levy. 
The case of the Engineers’ Society was brought for- 
ward as an example. This society led people to think 
that a compulsory levy was favoured by the majority, 
because, out of $0,006, only 9000 members voted, and 
of these 3000 were against a levy. 

The puzzle to us_is why so few voted on such an 
occasion. Surely they ought to have rallied better 
than that if they were so terribly in earnest. Ina reply 
to a question by Mr. Agquith whether a vote had 
been taken in any of the societies on the question 
of a Parliamentary levy since the Osborne Salinent, 
an instance was given him of an overwhelming majority 
in the Shipwrights’ Society in favour. e actual 
figures showed that 4197 voted for the levy, and 1431 
against, out of a total of 20,993. What were the 
remaining 15,365 members thinking about? It will 
be useless for them to grumble after important events 
have happened in their societies if they take no more 
interest in things than one would gather from these 
figures. Only about one-quarter of the total available 
votes were registered. Itis stated that there are many 
other instances which could be mentioned if necessary. 
It was also maintained by the Chairman of the Com- 
mittee that no trade union has ever been able to get 
10 per cent. of its members to subscribe to a voluntary 
levy, yet this 10 per cent. wished to be able by law to 
coerce the other 90 per cent., for which an assumed 
majority, which did not exist, was used to conjure with. 
It is evident from what at this conference 
that a large section of the workmen do not intend 
to submit quietly to the treatment they are likely 
to receive from the Socialists. 





The lock-out of .the. Boilermakers still continues. 
One very serious aspect of the dispute is its cost. 
During the first ten weeks of the lock-out the 
boilermakers in the , federated shipping districts 
lost at a low estimate about 361,450/. in wages. An 
almost equal sum may be added representing the 
wages ae choi and others indirectly affected, or a 
total of about 700,000/. This is, however, not all, 
because when wages cease trade unions have to con- 
tribute out of their funds in order that the men may 
live. This amount is probably represented by about 
73,000/. Other societies have naturally been affected b 
the unemployment of the boilermakers, because their 
work depended on that of the latter workmen, so that 
the funds of these societies have probably been reduced 
by very nearly a similar amount, or about 62,000/.. The 
total loss therefore to the men during the ten weeks 
mentioned may be taken as about 800,000/. In addition 
the retail traders have had to bear their share of the 
loss borne by the workmen, because of the very great 
decrease in the amount of money spent with them. 


It. has been rasres to the Shipbuilding Em- 
loyers’ Federation by the general secretary of the 
oilermakers’ Society that the lock-out notices should 

be withdrawn pending negotiations, but the masters 

do not seem willing to agree to this course, and have 
replied that such a course would entirely upset the 
action they have taken, and, in addition, would weaken 
the efforts of the men’s executive council and repre- 
sentatives to secure from the men an honourable 
observance of the terms of the shipyard agreement to 
which they are parties. Such an action on the part of 
the masters would now be very unwise. Any yielding 
in this dispute should come from the men, who have, 





‘through ‘dishonourable non-adherence to the agree- 


ment, placed themselves in an entirely wrong position. 
The matter is in their own hands, and they can return 
to work when they wish, so long 08 they have satisfied 
the employers that they will be loyal to their execu- 
tive, and agree that sectional strikes shall cease. 





The monthly report of the Engine-Makers’ Society 





| 


for November regrets the continuation of the Boiler- 
makers’ lock-out, and points out the necessity of eound 
and genuine organisation, backed up by substantial 
finances. The trade union is like an ‘“‘army in eo far 


that where authority, discipline, order, and unity are 


set at defiance, then, as sure as night follows day, defeat 
and disaster are certain, and the march of set 
back by many years.” It would be well if all unions 
would take these words to heart. Trade is reported 
good, but on account of industrial troubles there was 
an increase of 50 per cent. in the number of the un- 
employed compared with the figures of three months 
ago. The figures, however, compare favourably with 
those of a year ago. There is little unemployment, 
the percentage being 2.4, compared with 4.8 per cent., 
which is the average percentage of the country. 


According to the Board of Trade returns for October 
= in the engineering trade was fair, although 
it has been affected by the Boilermakers’ lock-out. 
Trade unions with a membership of 169,864 showed a 
percentage of 4.8 unemployed, compared with 4.4 per 
cent. for the previous month, and 10.8 per cent. a year 
ago. Employment was naturally dislocated in most 
ot the principal centres by reason of the lock-out, but 
in centres not affected by the dispute employment was 
fair, and better than a year ago. In the engineering 
trades there was a substantial decrease in the number 
of unemployed, anaes in Scotland, Belfast, and 
Dublin, and on the North-East Coast, where the 
“Try percentage is 9,4. In. August it was 6.2, and 
20.3 a year ago. In Manchester employment con- 
tinues fairly good, and also in Barrow. It is fair in 
Preston, Bury, and Rochdale, while in Oldham, Bolton, 
and Blackburn it is said that the unemployed: per- 
centage remains high. In most other parts of the 
ecuntry employment is said to be fairly good. 


On Tuesday in last week, Mr. McGowan, the Labour 
Prime Minister of New South Wales, in a speech 
delivered on the eve of the opening of Parliament, 
said that he proposed to raise the wages of State 
employees to a living standard, to pass a new indus- 
trial Act embodying the principle of arbitration, and 
recognising the principle ot unionism. He also would 
extend the eight-hour principle, and reorganise the 
Department of Labour and Industry under a per- 
manent Under-Secretary. Cheaper and quicker pro- 
cesses of law would also have attention, as well as the 
— of opening and working a State coal-mine. 

e hoped also that the State would build all the 
necessary locomotives itself. He remarked that the 
Labour policy was to build up a sturdy people, equal, 
if not superior, to the oldest civilisations in the world, 
and to make life in Australia so attractive that no ad- 
vertisement would be necessary. 











According to the States Bureau of Industrial 
Statistics’ the investment in twenty-three cement 
plants in the State of Pennsylvania was 44,031,055 
dols., an increase of 3,500,000 dols. over the previous 
year. The value of the production was 15,692,200 
dols., a gain of 1,000,000 dols. over 1908. The output 
was 19,592,335 barrels, against 17,831,195 in. 1908. 
The industry employed persons, who received 
wages amounting to 4,687,807 dols., an increase of 
864,082 dols. over 1908. Of the number of employees, 
3598 were Americans. The cost. of management 
amounted to 601,949 dols. 


A novel strike was ordered by the Pennsylvania 
State Labour Federation on the 8th inst., on which 


'Y | date the State elections were held. According to the 


Railway Review, labour troubles, or grievances, were 
not the cause of this, the sole object of the strike 
being to enable trade unionists to exercise the fran- 
chise. It is stated that the working classes there are 
very often not able to record their votes owing to the 
hoursof labour, and the Federation urged their members 
to use the holiday obtained by the 24-hours strike to 
go en masse to the polls, and vote for the labour can- 

idates, who, under existing circumstances, do not 
receive sufficient support. According to the edict, 
‘* the political affairs of the State are a disgrace to 
twentieth-century civilisation,” and it is urged that 
the only way to enable Labour to record its vote is by 
& general cessation of work throughout the State. 





Brazinian Raruways. — The Brazilian Minister of 
Public Works has signed a contract with a syndicate of 
Paris bankers, granting them a lease of the Federal 
railways in thé State of Bahia, and providing for «the 
construction of certain extensions. e French syndi 
cate secured by the contract the control of 1875 ie of 
line. .The cost of the extensions proposed is estimated 
at 7,000,000/. ; this amount is payable in Federal bonds. 





Exxctrric [Ron AND STEEL MANUFACTURE IN Norway.— 
The Hardanger Electrical Iron and Steel Works recently 
held its statutory meeting, at which it was stated that the 
share capital of 1,200,000 kr. (67,000/.) was fully paid up. 
The board is a re tative one, having as a Director . 
General Mr. 8. = This boars wooed is an outcome of 
Mr. Eyde’s plans for further development of Norwegian 
mining and other industries, and the new venture is being 
started under very favourable auvspices,. The cost of the 
works is calculated at some 850, kr. (47,0002.), and 





the company intends to acquire suitable ore deposits. 
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AERIAL ROPEWAY AT STEETLEY QUARRIES. 
CONSTRUCTED BY MESSRS. R. WHITE AND SONS, ENGINEERS, WIDNES. 
(For Description, see Page 744.) 


























Fic, 2. Tae First Ancie Station. Fig. 5. Seconp ANGLE StTaTION, sHOWING TIPPLERS. 
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Fic. 3. Tae Tarrp ANGLE StaTion. View or LINE, SHOWING TIPPLERS. 
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PISTONLESS HYDRAULIC PRESS. 


CONSTRUCTED BY THE PISTONLESS HYDRAULIC PRESS CO., LTD., ENGINEERS, LONDON. 





Fig.1. 
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Tue patented press which we illustrate above is 
of a novel type, and can be used either with hydraulic 
or town service pressures, without the use of costly 
pumps and motive power. It embodies the applica- 
tion of a well-known principle, and its great advantage 
is that it brings an efficient hydraulic press within 
reach of the small user, who has found that the ordi- 
nary ram press is much too costly in initial outlay, 
as well as in running costs and maintenance; it is 
claimed for the pistonless press that it covers a field 
which is not at present supplied with any suitable 
press. Where goods have to be subjected to a total 
pressure of, say, from 3 tons to 80 tons, it ought cer- 
tainly to prove very useful. Of course, the screw press 
has, up to the present time, been much used for such 
pressures; but it has its distinct disadvantages, among 
them being the manual labour required to work it, 
and the friction losses. 

The new press is also free from the disadvantages of 
the ram press, inasmuch as there is no ram, and, 
therefore, no gland or cup leather, no possibility of 
leakage, and nothing to get out of order. There is also 
no gland friction. No skilled attention is required and 
special foundations are unnecessary. Expensive high- 
pressure valves are also unnecessary, and all connec- 
tions are ordinary plumber’s work. The motive power 
required is derived directly from the low-pressure 
in the ordinary water-supply mains, or from a tank 
at the top of the building, so that the press can be put 
into operation by simply turning a three-way cock, by 
means of which the pressure water can be admitted 
to the press as well as the waste water withdrawn. 
The press gives a constant and uniform pressure, 
which can be maintained practically for any length of 
time, as there is no leakage. 

As will be seen from our illustration, the construction 


of the press is quite simple, and consists of a flexible h 


cylinder placed between a. base-plate and a movable 
table supported by guides. Fig. 1 shows the apparatus 
in half-sectional elevation, and Fig. 2 is a plan. The 
cylinder itself is made of rubber fabric A formed into 
corrugations, as shown. It. is retained in shape by the 
metal bands B, and is guided in its motion by the bars 
C and 1), the former of which are fixed to the bed, and 
the latter to the platen of the machine. These bars 
have been found necessary in order to prevent any 
warping of the flexible cylinder. 

The water enters the cylinder by the pipe E, which 
may be seen in Fig. 1, and also in the half-tone 
engraving, Fig. 3, which is a reproduction from & 


Fic, 3, 
photograph. Owing to the elasticit 
sible cylinder the pressure comes gently upon the wor 
which, for certain kinds of work, is an advantage. 

Through the courtesy of the makers we recently 
had the x eee J of inspecting several of these 
presses and testing their capabilities. They certainly 
seemed to fulfil what was claimed for them, and they 
ought, we think, to prove distinctly useful in many 
directions where comparatively small powers are 

uired. If one of these presses, having a stroke of 
8 in., is used, say, twelve times a day, the running 
a with water at 6d. per 1000 gallons, would be as 
‘ollows :— 


of the — 





| | 





‘ Per Week of | Oost per 
ies Per Day. 5} Days. Week. 
12-in. press 45 gals. | 248 gals. | 14d. 
18-in. ,, 102 ,, | 560 5, 3.4d. 
2%4-in. ,, 180 ,, | 990 ,, 6d. 
30-in. ,, 300 ,, 1650 ,, 10d. 
36-in. ,, 420 ,, 2310 ,, 1s, 2d. 





The makers of these presses are the Pistonless 
Hydraulic Press Company, Limited, 3, Cross-lane, 
Eastcheap, London, E.C. 








THE DEVELOPMENT OF ROAD LOCO- 
MOTION IN RECENT YEARS.* 


By L. A. Lecros, of Watford. 


Introductory Note.—Though attempts were made to 
adopt mechanical means as aids to locomotion on the 
common roads as early as 1830, and su uently about 
1860, these efforts were in both cases impeded, and ulti- 
mately checked, by the opposition of those interested in 
orse-drawn vehicles and contingent vested interests. 
A limited amount of haulage, it is true, was done by 
means of heavy traction-engines, but this was only 
effected under conditions so onerous that their field of 
usefulness was extremely limited. 

The first notable break from the traditions of animal 
traction, in which mechanical methods of progression 
were used on the road, though actualiy employing mus- 
cular effort, was that created by the advent of the bicycle 
and by its adoption, in the first instance, for sporting and 
pleasure purposes, and later on as a rapid means of 


* Paper read before the Institution of Mechanical 
Engineers, November 18, 1910. 
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transport for business and trade The history 
of the development of the bicycle up to the first appear- 
ance of the safety bicycle, and further to the advent of 
the pneumatic-t: safety bicycle, has been dealt with 
already in the ings of this Institution.* 

In other European countries, where the influence of 
those interested in traction by animals was not such a 
serious factor, attempts at mechanical locomotion on the 
road, and particularly that of vehicles on which internal- 
combustion engines were used, had been made with more 
than a fair measure of success ; in fact, the results obtained 
abroad by the use of the internal-combustion ine, both 
on tramway metals and on the ordinary roads, led up to 
the ing of the Light Locomotives Act of 1896, in Nov- 
ember of that year. This practically freed the roads of 
Great Britain to mechanical traction. From this point, 


therefore, any real advance in road locomotion must be 
dated. e first four years of this period up to and 
including the completion of the 1000-mile trials have been 


dealt with very exhaustively in the paper on ‘Road 
Locomotion,” by Dr. H. S. Hele-Shaw, read before this 
Institution in 1900. It is the succeeding period with 


which the present paper more particularly deals. 


The various forms of road locomotion to be considered 
may be classed as follows :— 

1. Cycles, including eee pe 

2. Automobile vehicles used for pleasure purposes. 

3. Light automobile vehicles employed in public service 
(motor-cabs). : 

4. Heavy motor-vehicles employed in public service 
(motor-omnibuses). 

5. Light motor-vehicles employed for commercial pur- 
poses (motor delivery-vans). 

6. Heavy motor-vehicles employed for carrying, and 
in some cases also for hauling (motor-lorries with or with- 
out trailers). i 

7. Light road locomotives licensed under the new Act. 

8. Heavy traction-engines of the type previously. de- 
veloped. 

9. Mechanically and electrically-propelled tramcars. 

It will probably be simplest to deal with the develop- 
ment of each of these classes separately, as most of them 
have followed widely different lines in their evolution. 


1. Cronzs. 


The early cycle with a direct drive to a wheel of large 
diameter, and having but small longitudinal stability, was 
the usual type until the advantage of the use of smaller 
wheels and the increased safety due to placing the rider 
nearer to the ground became apparent, about 1885. The 
change in design lead to a rapid increase in the use of the 
cycle, and this modification in the size and arrangement 
of the wheels also permitted the construction of machines 
which could be ridden by persons of both sexes. The 
most marked feature, however, in the development of the 
cycle was the introduction of the pneumatic tyre, about 
1890. This interposition of the equivalent to a spring 
between the cyle and the road constituted so great an 
improvement that an immediate impetus was given to the 
production of these machines, 

The total production of cycles in the United Kingdom 
in 1907 amounted to 590,300, of which 102,400 were ex- 
ported, so that the cycles made for home consumption 
amounted to 487,900 in that year.+ Taking this in round 
figures at half-a-million per annum, and assuming that each 
cycle will under normal conditions have a life of from six 
to seven years, it would appear that about one person in 
every fifteen of the entire population is a cyclist. In 
these figures motor-cycles have not been taken into con- 
sideration ;. they form but a very small part of the whole. 
They amount, in fact, to less than 1.per cent. of the total 
number, and only about 5 per cent. of the total value of 
cycles produced in the United Kingdom. 

The importance of the cycle industry is frequently not 
fully - ager ma but may be understood from the value 
of cycles, motor-cycles, parts, and accessories produced 
in the United Kingdom, which in 1907 exceeded that of 
locomotives and traction-engines (apart from locomotives 
built by railway companies for their own use). Not only 
is the cycle used for pleasure purposes and as a means of 
getting to and from work, but also for light transport for 
many Lindsot goods and for the rapid delivery of small 
articles. Apart from the large number of: tradesmen’s 
— the oe: 3 of the evening papers through- 
out London is very largely effected - 3 means of the cycle. 

Probably the largest employer in the world of the cycle 
for such pu is the Postmaster-General ; the statistics 
of the growth of the General Post Office service are shown 
diagrammatically in Fig. 1, page 748. At the present day 
the total number of cycles in use reaches 11,400, of which 
about 500 are carrier-tricycles, and 250 are trailing carts. 
Of these machines, about 50 per cent. are used by rural 
postmen, 44 per cent. by telegraph messengers, and 6 per 
cent. by engineers (linesmen). 

The Post Office bicycles have equal wheels, 28 in. by 
1j-in., tandem, beaded-edge-type tyres; they are geared 
to 63 in., are fitted with rubber pedals and have three- 
coil saddle-springs. Necessarily they are not of light 
build, as the wor uired of them is heavy, and they 
must be guaranteed to have a minimum life of four years 
under the working conditions, which comprise carrying 
loads up to 50 lb. weight, and oaing siden by two diffe 
rent riders in the course of each day. They are of two 
classes—namely, the telegraph machines, ridden by boys, 
which have a fixed chain-wheel and one brake, and the 


* “The Construction of Modern Cycles,” by R. E. 
Phillips, Proceedings, 1885, 467 et = 3 “The Dis- 
tribution of the Wheel Load in Oycles,” by J. A. Griffiths, 
Proceedings, 1886, page 128 et y **Some Points in 
Oycle Construction,” by F. J. Osmond, Proceedings, 


1897, pege 284 et seq. 
+ “Census of Production” (1907), Part II., page 15, 
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postal machines, ridden by men, which have a free wheel 
and two brakes. . 

The approximate mileage made by each of these bicycles 
is 19,000 miles per annum ; the machines, as a rule, are 
used by two or more cyclists during any one day. It 
follows that the total distance now travelled in the postal 
cycle service exceeds 110,000,090 miles per annum. The 
life of the Post Office bicycle averages 44 years, and 
that of the tricycle five years The mean life of a tyre is 
about nine months. It is noteworthy that in the total 
mileage which has been run since the service was insti- 
tuted—namely, about 600,000,000 miles—no fatal accident 
has occurred by the failure of any portion of a bicycle, 
and only three fatal accidents to employees while riding 
these machines have occurred, owing to external causes. 


NUMBER OF CYCLES EMPLOYED 
Fig. IN THE POSTAL SERVICE 
el OF THE UNITEO KINGDOM. 
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Although the postal. cycle service attains such huge 
proportions, it can, after all, bear but a very small ratio 
to the total commercial cycle —- of the country, 
quite apart from the mileage due to the use of cycles for 
leasure purposes. It is further noteworthy that, apart 
rom improvements in brakes, aeneeteees gears, and 
other details, the general design of the cycle has remained 
almost unaltered Suter the past ten years. 


1910 


2. AUTOMOBILE VEHICLES UskED FOR PLEASURE PURPOSES. 


A few years prior to 1896 the efforts to produce mecha- 
nically-propelled vehicles for running over common roads 
had proved fairly successful on the Continent, but the 
vibration to which the vehicles were subjected gave rise 
to considerable trouble from parts working loose or break- 
ing. As in the case of the cycle, so also in this case, did 
the pneumatic tyre prove the solution of the greater 
portion of these difficulties. 

It is not necessary to g into details with regard to the 

t development which has taken place in these vehicles 
> ni the last fifteen years, the history of this being 
fully given in the technical Press of the industry,* but 
it may be worth noting that a great deal of valuable data 
have been accumulated by the Scottish Automobile Club, 
who have each year, from 1902, organised extremely 
careful trials of automobile vehicles, over peculiarly and 
increasingly difficult sections of road, with independent 
observers on all the vehicles. The results of these trialst 
show how high a me e of the cars subjected to the 
tests have gone through the trials without stoppage on 
the road, and this under conditions which were frequently 
extremely adverse. 

It may be noted that a single car was driven at Brook- 
lands in 1908 by one driver for a period of twenty-four 
hours, during be fe time it ran a distance of 1581 miles 
1310 yards at an average speed of 65.9 miles per hour ; this 
would appear to be the greatest distance ever travelled 
by a man in twenty-four hours. 

The maximum speed attained by racing vehicles of this 

has now exceeded 127.87 miles per hour.t Within 
fifteen years the motor-car has risen from the position 
of the slowest vehicle on the road to that of the fastest. 


3. Ligut AUTOMOBILE VEHICLES EMPLOYED IN PusLic 
Service (Moror-Cass). 


Following the application of the internal-combustion 
engine to pleasure vehicles comes its application to 
public vehicles plying for hire, such as cabs. Several 
attempts to introduce this form of locomotion in London 
in the earlier days of the automobile industry proved 
abortive, owing to the heavy first cost of the vehicles at 
that date, and to the excessive repairs they required, and 
largely to the want of experiente on the part of both the 
designer and the user of the vehicle. Progress in the 
adoption of the motor-cab in London can be estimated 
very closely from the returns of licences issued. The 
diagram, Fig. 2, showing the number of new vehicles of this 
class licensed during the period of five years (1904-9) sets 
out very clearly the growth which has taken place in this 
type of motor-vehicle, and the decrease in the same period 
which has taken place in the horse-drawn vehicle. In 

* See the Autocar, the Automotor Journal, the Motor, 
andthe Car. 

+ See Appendix ITI. ( 750), 

t Obtained on a fiying half-mile at Brooklands, 
November 8, 1909, on a Benz car. 

§ Report of the Commissioner of Police of the Metro- 
polis, 1908. 


1904, 585 new horse-drawn cabs were licensed, and only 
one new motor-cab was licensed; in 1908 only 21 new 
horse-drawn hansom cabs were licensed (or with four- 
wheelers 59 in all), whereas 1715 new motor-cabs were 
licensed. The total number of motor-cabs licensed in 


Fig.2. NEW CABS LICENSED IN LONDON. 
2,000 











8 














New Vehicles Iicensed: 
.~y 
° 


rN 
8 














Sk ; ‘ 9 


1909 was 3956. The motor-cab has proved so much more 
expeditious than the horse-drawn cab, that the period 
at which these latter vehicles will become practically 
obsolete in large towns is obviously close at hand. 


4. Heavy Moror-Veuicies EmpLoyen In Pustic 
Service (MoTor-OmMNIBUSES). 

The motor-omnibus has not followed along the same 
lines of development as those taken by the motor-cab. 
The chassis of the motor-omnibus is of necessity of much 
heavier construction than that of the motor-cab on account 
of the greater weight it has tocarry. The total weight 
is, in fact, so great as to prohibit the use of the pneu- 
matic tyre, and to necessitate the use of solid rubber, 
together with such constructional modifications in the 
framing and mechanism as have been found necessary to 
meet the conditions arising from less efficient cushioning 
of the unsprung weight. ‘The motor-omnibus has, in fact, 
more closely followed the lorry than the pleasure vehicle. 

The rapidity of the development of these vehicles 
during the past five years is shown by the number of new 
vehicles licensed in London; the figures are given in 
diagrammatic form in Fig. 3. Whereas seventy-eight 


Fig.3. NEW OMNIBUSES 
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new horse-omnibuses were licensed in 1905, only twenty 
new motor-omnibuses were licensed ; the number of new 
horse-omnibuses licensed fell to two in 1907 and none in 
1908 ; the total number of motor-omnibuses licensed in 
London in 1909 was 1180. 

Since the amalgamation of the three companies (London 
General Omnibus Company and the Vanguard and the 
Road-Car Companies) the number of motor-omnibuses in 
service, with their mileage, is as follows :— 


1907 1908 1909 


| 
, Omni- 
Year. | buses. 


Total 
Mileage. 


Omni- 


Year. buses. 





536 
664 


17,072,120 
27,500,000 


603 
698 


1908-9 (winter) 
1909-10 (winter) 


1908 (summer) | 
1909 (summer) 





These figures give an average annual mileage of about 
30,000 per motor-omnibus in 1908, and about 40,000 in 
1909. There can be no doubt that the motor-omnibus 
services at the commencement suffered very badly from 
inexperienced management. The fact that as many as 
96 per cent. of the vehicles were kept in service on the 
road was advertised and encouraged, with disastrous 
results in frequency of breakdown and in the ultimate 
cost of repairs. The figures above quoted show the great 
improvement in mileage, as well as in reliability, that can 
effec by proper maintenance. Both steam and 
»etrol-engines are employed on the motor-omnibuses in 
mdon; the number of steam-omnibuses is, however, 
relatively small. One of the petrol-omnibuses belonging 
to a London company was stated to have travelled 148,100 
miles up to June 4, 1910. 
The use of motor-omnibuses in London does not, how- 
ever, give a fair indication of the widespread development 
of this mode of locomotion. Several of the railway com- 
panies have adopted the motor-omnibus for service in 
places where their stations lie at some distance from the 
towns they serve, and in many cases they are employed 
where small outlying towns, otherwise devoid of regular 





communication, could not be economically connecte! to 
the railway service by other means. Foremost am ng 
these companies is the Great Western Railway: the 
development of motor traction by this railway can be 
seen from Fig. 4, which gives the total number of mo‘ or. 


TOTAL MOTOR OMNIBUSES 
Fig.4. IN THE SERVICE 
OF THE GREAT, WESTERN RAILWAY. 
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omnibuses in use by it for each of the t six years, 
Motor-omnibuses are also used by the London and North- 
Western, the Great North of Scotland, the Great Eastern, 
the North-Eastern, the London and South-Western, and 
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* Calculated from the published time-tables of the respective 
railway companies. 


the Cambrian Railways. Particulars of the services and 
mileage run by these omnibuses on the regular services are 
given in Table I. 

At present it is impossible to obtain exact data as to the 
total mileage run by the motor-omnibuses working these 
services ; the figures in the table do not take account of 
the mileage of duplicated omnibuses, nor do they show the 
long distances covered by the summer services, which on 
some railways, and on the North-Eastern in particular, 
are very great ; nor is it possible to obtain data of costs of 
working at present.* The author is of opinion that the 
average cost of working these omnibuses, including wages 
of driver and conductor, fuel and oil, cleaning and waste, 
maintenance and renewals—in fact, all running expenses, 
but not depreciation—will be found to be between 9.5d. 
and 10.5d. per mile.+ 

The life of the tyres on motor-omnibuses is generally 
guaranteed at 10,000 miles. The life of the omnibuses 
cannot at present be ascertained, but it appears that with 
proper maintenance and supervision, they remain in good 
working order and have a considerable life after six or 
seven years’ service. These data are necessarily based on 
omnibuses of early design ; the improvements which have 
since been made in accessibility and interchangeability of 
parts lead to the conclusion that the life of the later 
types will be considerably increased. 

The railway services in many instances rest on a much 
less favourable basis than those of the omnibus companies. 
The only railway motor-omnibus service approaching a 
town service in respect to the continued employment of 
the vehicles.is that of the London and North-Western 
Railway at Watford, in which the omnibuses seldom wait 
more than afew minutes at the end of a trip. In general, 
these services are dependent on the arrival and departure 
of the railway trains to such an extent that long waits are 
involved with corresponding reduction in the daily mile- 
age of each omnibus. Some of the services again are run 
over extremely hilly and difficult'country. Probably the 
worst road conditions encountered in this country are 
those of the Llandyssil-New Quay route in Wales, which 
is worked by motor-omnibuses of the Grest Western 
Railway. 


5. Light Moror-VEHICLES FOR COMMERCIAL 
PURPOSES. 


The development of these vehicles has taken place 
rather more slowly than that of pleasure vehicles and 
motor-omnibuses. The necessity for keeping down the 
weight of the vehicle has required the adoption of light 
construction resembling that of the chassis of the pleasure 
car, while, at the same time, the addition of the load has 
raised the total weight above that at which the pneumatic 
tyre can be economically employed. Hence a large 


amount of special experience was required to be obtained 


before the reliability of this type of vehicle could be 
assured. - 

One of the most important individual applications of 
this type of vehicle is that of the General Post Uttice, 
who have working under contract at the present time, 
120 vehicles, in addition to six of their own ; the number 
also of motor-vans so employed is growing weekly. (ne 


* Two years hence the regulations affecting the keeping 
of the accounts of railway companies will render these 


data available. 4 Lae 
+ ‘*The Design of Petrol-Motor Vans,” by T. 5. 
Browne, M.I. Mech. E., Proceedings, Institution of 


Automobile Engineers, vol. iv., 1909-10. 
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firm of eral viders in London have eighty 
— on the road, each averaging 60 miles per day, while 
another London firm, engaged in a similar business, have 
fifty-five vans running from 70 to 100 miles per day.* 

The total number of trade vehicles coming under the 
Light Locomotives Act in the United Kingdom in Sept- 
ember, 1909, is stated} to have been 15,181, of which it is 
estimated about 8700 were light delivery-vans and 6500 
were lorries of 3 tons and upwards, with which are included 
light ti action-engines licensed under this Act, and, under 
the present method of keeping the statistics of the regis- 
tration, it appears to be impossible to separate the 


figures. 
6. Heavy Motor-VEHIcLes Empioyep FoR CARRYING 
(AND IN SOME CASES ALSO FOR HAULING). 


Of the figure of 6500 light locomotives just quoted 
robably 5000 are motor-lorries. Many of these are driven 
fy petrol-engines, but, unlike the motor-omnibuses, the 
majority are fitted with steam-engines. The slower speed 
of these vehicles and the greater permissible weight 
render the use of a fire-tube boiler possible. Of forty-two 
of these vehicles entered for a recent driving competi- 
tion, two were stated to have run 83,000 miles and 
upwards, and seventeen to have run 50,000 miles and up- 
wards. With the lorries and heavier vehicles about 
10,000 miles per annum appears to be the usual perform- 
ance, while 25,000 miles per annum appears to be the 
maximum for the lighter commercial vehicles. Some of 
these vehicles belonging to carrying companies make trips 
of over 200 miles from their base. Among the various 
uses of motor-lorries, apart from general carrying, may 
be noted their employment by borough councils for pur- 
poses connected with road-maintenance, scavenging, 
cleaning, and watering. 


7. Licut Traction-ENGINES. 


The light traction-engines built for licensing under the 
Light Locomotives Act are not so numerous ; they find 
employment under a number of conditions where very 
bulky loads require to be hauled over comparatively easy 
country ; a typical case is the haulage of vegetable pro- 
duce from the Thames Valley, west of London, to Covent 
Garden Market. 


8. Heavy TRrAcTION-ENGINES. 


Whereas about 8000 engines were in commission in 1896, 
it appears probable that their number has not increased 
by more than about 500 in the last fourteen years. The 
reason is not far to seek ; all lighter forms of work are 
undertaken by the previously-mentioned classes of trade 
vehicles, and the heavy traction-engine is no longer em- 
ployed for such light jobs as it frequently performed in 
the earlier portion of the period under consideration. 

The heavy traction-engine has been responsible for the 
education of a body of drivers qualified to demonstrate 
the economical handling of the motor-lorry ; as a class, 
these men are most resourceful and highly intelligent. In 
the case of those who drive for fairs and circuses, they are 
not only extremely skilful drivers, but require to have an 
all-round engineering knowledge, for maintaining in work- 
ing order the mechanical appliances, electric light, &c., 
entrusted to their charge. 


9. MECHANICALLY AND ELECTRICALLY-PROPELLED 
TRAMCARS. 


One of the tramways in the north of London was 
worked by steam prior to the period under consideration, 
but the slow speed and vexatious restrictions imposed 
seriously handicapped it, with theresult that the steam-cars 
were taken off xk bem traction resumed ; this line has 
now been reconstructed for electric traction, The total 
om of horse-tramways now remaining in the county 
of London is approximately 19.5 miles of route, or about 
82 miles of single track. The total number of miles of 
electrified tramways belonging to the London County 
Council in the county ot Lanien is approximately 121 
miles of route, or 237 miles of single track, in addition to 
which there are 8 miles route length in the county of 
London worked by others. 

The cable system was employed on the Brixton line and 
alsoon Highgate-hill. The former line was reconstructed 
for electric traction prior to 1908 ; the latter was electri- 
fied during the past winter, and was opened for traffic on 
March 25 last. This is the only tramway of really steep 
gradient in the London district, the maximum amounting 
to a rise of over 9 per cent. 

Trials were made at Croydon, in 1893-4, of tramcars 
propelled by gas-engines. The system was not adopted 
on any of the London lines, but was worked for some five 
years, 1596-1901, between Blackpool (South Shore) and 
Lytham, and also in Trafford Park, Manchester. Both 
of these lines have since been reconstructed, and are now 
worked electrically. The system is still running at 


* Much interesting information on the construction of 
vehicles of this class, together with some details of the 
cost of working of one of these services, are given in a 


paper by Mr. I’. B. Browne, M. I. Mech.E., read before 
+ ane porated Institution of Automobile Engineers in 
ruar 


ruary, 1910 (Proceedings of the Institution of Auto- 
mobile |:ngineers, 1909-10). 


T, Re yal Automobile Club Journal, December 2, 1909. 

ese statistics, which give the totals of motor-vehicles 

grr as private cars and as commercial vehicles, and 
ot 


ils including public cars and motor-cycles up to 


Septen ver 30, 1909, must obviously exceed the actual 
a ver of vehicles, because, under the present regula- 
_— ‘hese totals do not take account of vehicles lost, 
<m \, exported, or pose mage on change of owner- 
ron . ith or without cancellation of the original regis- 
Un. 
+ June 30, 1910, 








Neath, in South Wales, between Briton Ferry and 
Neath, and from Neath to Skewen. The cars are fitted 
with two-cylinder opposed engines, of about 16 brake 
horse-power, running at 260 revolutions per minute; 
they have two rs permanently in mesh. and e 

by friction clutches both for forward and reverse running 
—the reversing is effected by means of dog-clutches ; both 
axles are chain-driven from a central shaft. Some of 
these cars have run upwards of 80,000 miles. The cost of 
working is low, but the line is handicapped by the low 
— limit which is imposed, and enforced, on all but 
electrically-equipped lines. 

The author is of opinion that tramcars could be 
designed and constructed to be propelled by the modern 
high-speed petrol-engine, using compressed town gas as 
fuelin place of petrol, and that the first cost of a line 
so equipped would be much lower than that of an elec- 
trically-equipped line. From experience of traction 
he is satisfied that the cost of power for working and of 
maintenance should be less than with electric traction, 
and that lines having a light service only could run 
more profitably by the use of the internal-combustion 
engine. 

he electrification of the London tramways is pro- 
ceeding rapidly, and connections are being made with 
the outlying lines constructed under the Light Railways 
Act. It is now possible to travel by tramway from 
Uxbridge in the west to Greenhithe in the east (less than 
2 miles out of the total distance of over 33 miles bein 
worked by horse traction), and from Purley in the sout 
to Waltham “Abbey in the north, a distance of over 
24 miles, in this case entirely by electric traction. At 
present some study of the map would be necessary before 


attempting these journeys, each of which involves several - 


changes, and offers no alternative route over a consider- 
able portion of the distance. 

The increase in the mileage of the tramways in London 
is shown in Fig. 5. The number of electric cars licensed 


Fig 5 TOTAL ROUTE-MILES OF 
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in 1908 was 2003, an increase of 235 over the whole number 
licensed in 1907. The number of horse-cars licensed fell 
to 323 in 1908, and if the same rate of decrease that existed 
between 1907 and 1908 is maintained, the horse tramcar 
will disappear about the end of 1912. ? 

Railless Traction.—Quite recently systems of railless 
electric traction, in which the cars are supplied with 

wer from a central station, have been developed on the 

mtinent with such success that some municipal authorities 
in this country have obtained powers to enable them to 
use the method. Of these the Cedes-Stoll Trackless 
Trolley System in use in Austria may be taken as an 
example. Since rails are not available for the return 
current, two overhead conductors are necessary, and since 
the vehicle must be able to run on any desi rtion of 
the road, the two overhead conductors must be sheeed ata 
greater height than is the case with the trolley tramcar 
running on rails. The collector is formed as a carriage 
travelling on the two overhead wires and carries a heavy 
pendulum attached to it, so as to bring its centre of gravity 
well below the wires. The arrangement of the attach- 
ment of the double lead is such as to take up all slack, 
and to permit of the strong transverse pull being applied 
which must occur with such lateral displacements of the 
vehicle as 15 to 20 yards. 

Since the trolley with its pendulum and leads occupies 
the two wires and the interspace, it is necessary that two 
of the cars on meeting should stop and exchange their 
trolley connections, which is rendered possible by means 
of detachable contact-boxes. This is, of course, unneces- 
sary where the traffic is sufficient to warrant the installa- 
tion of a four-wire overhead system. The cars are 
arranged with the rotors fixed to the wheels and the 
field-magnets keyed to the axles, no reduction-gear being 
used. Where the cars are required to haul trailers, they 
are so constructed that all four wheels are made drivers. 

The Pedrail.—The pedrail, and other forms of tractor 
designed for use across country, cannot properly be con- 
sidered as coming within the definition of road-using 
vehicles, and in the author’s opinion they are outside the 
scope of the subject under investigation. 

In many parts of the country a great outcry has: been 
raised inst mechanical traction, and much has been 
said and weithen with the object of proving that the new 
method of traction has cai da: to the existing 
roads, which were supposed to be excellent and adequate 





for horse-traffic. An examination of most of these state- 
ments will, however, show that :— 


(a) The roads were constructed on an insufficient 
foundation. 

(b) The roads were made of unsuitable material. 

(c) The road-metal was not broken to proper size. 

(d) In the rolling operations, road-scrapings, togethet 
with other dust and mud-producing matter, were 
mixed with the road-metal proper or spread on 
and watered in with the road-metal, to act as 
“binding.” 

(e) The roads were constructed with an excessive 
amount of camber. 


Attention has been drawn to all those points,* and in 
many cases a very great improvement in the condition of 
the roads has been effec by avoiding these obvious 
sources of trouble. Under the present state of affairs, 
in which a large number of horse-drawn vehicles are still 
employed upon the roads, the surface is subjected to 
more trying conditions than if used chiefly by one class 
of traffic. 

The mattock-like action of the horses’ hoofs disinteg- 
rates the rolling surface, and, unless a camber is pro- 
vided, the centre line of the road simply passes through 
a series of holes and puddles ; for the excessive camber, 

rovided for the very purpose of avoiding this result, 
eads to the destructive custom of driving in the centre 
of the road, a custom almost invariably adopted by horse- 
drivers, and of necessity followed by motor-drivers where 
the road is clear. This very uneven distribution of the 
wear on the hard road, constructed with excessive camber, 
tends to degenerate our highways until they resemble the 
farm road, with its familiar but unaccommodating three 


uts. 

In the suburbs electric tramways, and particularly 
those constructed under the Light Railways Act, have 
only paved the portion of the road occupied by their 
tracks, with the extra width on each side rendered com- 
pulsory under the Acts. Vehicles overtaken are obliged 
to leave the paved area, and in returning to it, the un- 
equal hardness of the paved and unpaved portions of the 
road leads to the formation of a rut at the edge of the 
paving, which, under the action of the weather and 
the traffic, tends to increase in depth. A great improve- 
ment, in the author’s opinion, would be effected if the 
paving of the road with the same material throughout 
its width were rendered compulsory. To allow the whole 
of the extra expense this would involve to fall upon the 
tramway companies would be obviously unfair. 

Dust.—The biggest cause for complaint against motor 
traction is based on the dust raised by this class of vehicle. 
Mr. Mallock has shown} the distribution of wheel pres- 
sure on the road for the pneumatic tyre, the solid-rubber 
tyre, and the iron tyre ; further, he has clearly explained 
the sliding of the surfaces in contact which takes place in 
the case of both forms of rubber tyre, and the consequent 
effect in rolling and raising the small particles of abraded 
road-metal produced by the action of iron tyres and 
horses’ hoofs. 

Dust Prerention.—Many su tions have been made 
for road surface treatment with a view to so binding the 
dust that its raising becomes difficult. Amongst those 
abandoned may be mentioned the use of calcium chloride 
and other deliquescent salts. A better method has con- 
sisted in the treatment of the road surface by tar-spraying 
carried out in dry weather. ; 

It is now generally recognised that the most efficient 
method of applying tar is by mixing it with the road- 
metal and then rolling the tar-covered metal into place. 
By this means the interspaces, and any fine road-metal 
used for binding, as well any loose particles which 
may be formed slightly below the road surface, are effec: 
tively protected against the action of the weather and 
also against the suction produced by rubber tyres. As 
the use of the tar treatment proceeds, the trouble caused 
by dust is likely to become greatly reduced ; on country 
roads the vegetable matter blown on to the roads, together 
with other matter of animal origin, will of necessity con- 
tinue to cause some trouble. 

Cost of Road Maintenance.—It has been publicly stated 
by Colonel Crompton that in London the cost of rubber 
tyres worn out on public-service and trade vehicles is 
equal to the amount expended on road maintenance and 
scavenging in the same period of time. In the opinion 
of the author this statement is inside the mark. The 
average cost of road maintenance and repair, with cleans- 
ing, scavenging and water, in London was 7671. per mile 
per annum for the two years 1904-5, and for the two years 
1907-8 it fell to 680/. per mile.t The change in the methods 
of traction which occurred in thisshort period has already 
been shown in Figs. 2 and 3. 

The approximate costs per mile, taken as two-year 
averages for the period 1901-8, are shown in Fig. 6; from 
this it appears that a small but marked decrease has taken 
place during the last two periods tabulated. 

Reduction in Horse Traction.—It has been stated that 
in the last five years the number of horses stabled in 
London has fallen from 500,000 to 110,000.§ The decrease 
in horse-omnibuses, horse-trams, and horse-cabs is, of 
course, responsible for a very large reduction, because a 
stud of 10 to 12 horses was necessary for each horse- 
omnibus or horse-tram, and many of the cabs were run by 
two horses each day. 

In the period 1903-8 about 2300 horse-trams and omni- 





* See ‘‘ Construction and Wear of Roads,” by H. R. A. 
Mallock, F.R.S., Proceedings of the Institution of Civil 
Engineers, vol. clxxviii., page 111. ; 


+ Loc. ctt., page 120 et seq. 
t Report of the London Traffic Branch of the Board of 
Trade, 1909. 


§ Mr. W. Joynson Hicks, at the Commercial Motor 
Users’ Van Parade, June 4, 1910, . 





75° 


ENGINEERING. 


[Nov. 25, 1910. 


= 





buses wete taken off, and during the same period about 
2700 two-wheel cabs. These ther would account for 
30,000 horses being taken off the road, and if the trade 
vehicles are taken into consideration, probably 50,000 
horses were taken off in this period for public-service 
and trade purposes. Even allowing for the su ding 
of the private —- by the motor-car, the author is of 
opinion that the tota. uction of horses in use in London 
has not greatly exceeded 100,000 in the past five years. 
The author is of opinion that a very large proportion of 
the cartage in London isat present still almost unaffected 
by the change. The chief c unaffected is represented 
by the vehicles of small tradesmen, who at present cannot 
afford the ——e outlay for the mechanical vehicle, or 
who work under conditions of so light a load for the horse, 
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and so few running hours per diem, that a light motor- 
van, with its driver, would not be adequately ongeares. 
The horses used for these — are, however, largely 
recruited from the studs of the public-service vehicles, 
and it is therefore probable that the diminution in the 
number of public-service horsed vehicles will affect this 
class also. 

The Auto-Carrier.—For the rapid transport of light and 
compact goods a new class of three-wheeled vehicles 
been developed. Some of these have already been adopted 
by railway companies for the rapid delivery of parcels, 
and it is obvious that their use is likely to extend to the 
handling of the parcels post in country districts, as well 
as to many other pu ‘ 

Competition between the Various Classes of Mechanical 
Traction.—The only classes among those mentioned 
between which serious competition occurs are the motor- 
omnibuses and electric tramcars. It has been found that 
where a motor-omnibus service has been working satis- 
factorily the laying of an electric ——— has, in general, 
caused a cha‘ of route to be ado: for the motor- 
omnibuses. The hardship so involved is not great, as the 
omnibus services, unlike the electric tramways, have no 
capital invested in the track and track equipment. 
the other hand, the first cost of the motor-omnibus, and 
its cost of working, so closely approximate to those of 
the electric tramcar itself that the saving in capital out- 
lay effected by installing motor-omnibuses, instead of 
tramways, is likely to show itself by a large increase in 
motor-omnibus services, particularly in those places where 
the traffic is not of great density. Already the advent of 
the railless trolley system, and its serious consideration 
by a number of municipal authorities in this country, 
anticipates a limitation to the extension of electric 
tramways. 

TRAFFIC REFORM. 

The roads were originally constructed for purposes of 
locomotion. In many parts of the country the compara- 
tive disuse into which they fell, subsequently to the advent 
of the railway, ed to their being regarded rather as 
common land—useful as a recreation ground and an addi- 
tion to the farmyard. This is particularly well marked 
in those districts which most strenuously op the 
railway in its day. In many of these places the various 
clauses of the Motor Act have been enforced with vindic- 
tive severity, frequently unfairly (in the case of some 
towns the convictions have amounted to 100 per cent.), 
and occasionally with the obvious and avowed intention 
of reducing the rates. Those places which opposed the 
railway were at later dates glad to obtain the tardy 

ition of a branch-line, and those which to-day act 
caniiesty to the motor-vehicle will suffer subsequently in 
loss of trade and in the depreciation of property values. 

The ability to obtain the imposition of s -limits, 
under the powers of the Local Government rd, upon 
roads considered dangerous, has in many cases led to the 
adoption of these limits as a means for further persecution 
of the mechanically-propelled vehicle. It is the author’s 
opinion that in no case can a hard-and-fast speed limit be 
any aid to ensuring safety. Some of the motor-omnibus 
services are run over difficult roads of this class in the 
day, subject to unn y multiplication of the technical 
offences possible, while other services, run at night over 
mountain roads, can make the maximum permissible speed 
and even average 90 per cent. of the permissible speed, 
and this without danger to the public safety. 

In many of the large towns, and particularly in London, 
no praise can be too high for the manner in which the 
police regulate the traffic at the crossings of main streets 
and at certain difficult points. The spirit of obedience 
to the signals is obvious in all the drivers, and it is seldom 
that any breach of the regulations occurs. But although 
this is the case at the important crossings, the same praise 
cannot be given to the manner in which the effective area 
of the streets is wasted between these points. Although 
the camber of the main streets has been considerably 
reduced with the improvements effected in the paving, 
the heavy, slow horse-drawn — is still permitted to 
use the most important thoroughfares during the busy 
hours of the day, and in so doing causes quite 
congestion of the traffic both by its slowness and its 
failure to keep close to the kerb. 





“In the centre of London, near the Bank of ee 
land has a very a hy ow when covered with buildings. 
One would think that the time of the people paying such 
rents was of proportionate value, and that for this reason 
alone the road outside their doors should be kept as clear 
and free from obstruction as the corridors an 
within, and that the traffic should be accelerated as far 


as —_ 

nder the present regulations speed is considered a 
crime, but obstruction, so long as it does not take the 
form of absolute stop , is encouraged indirectly. The 
author is of opinion that a complete reversal of these 
conditions is desirable in respect to those streets having 
the heaviest traffic, and that no vehicle be allowed in 
them during the busy hours of the day, unless capable, 
when fully loaded, of more than a definite minimum 


The total number of public-service vehicles of each class 
licensed in London at the end of each of the past six 
years is shown in Fig. 7, below. This number is not 
that of the vehicles actually in service at those dates, 
because, owing to various causes, some vehicles are 
licensed more than once in the same year. These causes 
are, however, fairly constant in character, and the form 
of the curves, and hence the rate of increase or decrease 
in the total number of vehicles, is but little affected. 
From these diagrams it a rs that the various public- 
service horsed vehicles in London will become extinct as 
follows ; but in the question involved there are so many 
and varied conflicting factors that it would not be prudent 
to speak dogmatically—the horse-tramcar at the end of 
1912, the horse-omnibus at the end of 1913, the hansom- 
cab at the end of 1913, and the four-wheel horse-cab before 
the end of 1921. 
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It is remarkable that of these slow and obstructive 
vehicles one of the worst offenders should have so long a 
probable life. One reason which tends to keep the four- 
wheel horse-cab in service is its ability to deal with larger 
quantities of luggage than can be managed by the motor- 
cab. The extinction of the type might be accelerated in 
two ways : either (a) by the introduction of motor-cabs of 
greater luggage-carrying capacity—say, something inter- 
mediate between the present private railway omnibus and 
the ordinary ‘‘ taxi ;” or (b) by improved facilities for the 
handling of passengers’ luggage, and its rapid delivery at 
destination, under some system analogous to that ruling 
in the United States. The plan — by many of the 
railway companies of collecting and delivering lu 
in advance is much to be encou . Again, the 
facilities for handling lu e in the tubes, and other 
underground railways in London, are so meagre that a 
system of transport of luggage by express motor-van from 
one railway terminus to.another would greatly facilitate 
— of passengers passing through the metro- 
polis. 

ConcLusions, 

In the author's opinion, the extinction, by the end of 
1913, of all peters horsed vehicles except the 
four-wheel cab in London, and the almost entire super- 
os of the horse-carriage by the private motor-car, 
should render it possible to apply the same rules to horse- 
vehicles and other slow traffic as now apply to driven 
cattle and to traction-engines in busy thoroughfares in 
London. That is to say, horsed vehicles of certain 
and slow motor-vehicles, should not be allowed on the 
busy streets within certain hours ; the limitations should 
be based on a minimum speed, and settled in the case of 
horse vehicles by the maximum gross load hauled [ow 
horse. To avoid undue hardship on an icu 
class, the new regulations suggested should be made 
known in advance, and brought into force progressively. 

The regulations affecting traffic in narrow streets should 





provide as far as possible for the use of these streets in | 


one direction only when so constricted that two vehicles 
cannot pass easily. 

Obstruction caused by vehicles standing at the road-side 
should be diminished further than is at present done 
The ing of motor-vehicles in busy streets should be 
discow $ if a good minimum speed be maintained 
the loss of time occasioned in traversing the extra 
distance involved in running round ,a block of bui! lings 
would be comparatively small. 

The obstruction caused by vehicles not keeping within 
a limited distance from the kerb should be investigated 
fully, as this appears to the author to be one of the most 
serious causes of loss of time, in co uence of the 
reduction in the number of streams of traffic that arises 
therefrom. 

The conclusions which can be drawn from the congested 
condition of the London streets to-day apply similarly to 
other large cities, and whatever changes may be adopted 
by London will be considered by other t centres of 
traffic, such as Glasgow, Manchester, Liverpool, Bir- 
mingham, &c.; and whatever rules and regulations are 
found feasible and efficacious in large cities will, mutatis 
mutandis, be found applicable to smaller towns, and 
ultimately to country roads. 

Doubtless these matters will receive the attention of 
the recently-appointed Road Board, who may be expected 
to consider not only the formation and maintenance of 
the road surface, but its efficient use in the safe, con- 
venient, and rapid transport of passengers and mer- 
chandise. 

The author desires to express his thanks to Colonel 
R. E. Crompton, C.B., Messrs. Maurice Fitzmaurice, 
C.M.G., and H. Howard Humphreys, MM.I. Mech. E., 
to Mr. F. C. A. Coventry, of the Great Western Railway, 
and to Mr. Chas. Wheeler, of the General Post Office, 
for the information they have so kindly given him. 


e APPENDIX IL, 
Historicat Norss. 


There can be no doubt that the first mechanically pro- 
— road locomotive carrying passengers was that of the 
renchman, Nicholas Joseph Cugnot, which ranin 1769. 

Murdock’s engine of 1781 was a model, as also was 
that of Symington. It is to Trevithick that the first 

ractical advance in road locomotion in this country is 

ue, and it is po A evident from the patent drawings and 
other records of his work that he not only understood 
the conditions to be met in the designing of a road loco- 
motive, but also the leading position he took in the use of 
high-pressure steam led him directly to the invention of 
the blast-pipe, and was the cause of his successful attempts 
— traction by means of a smooth wheel on a smooth 
rail. 

The patent of Trevithick and Vivian was applied for 
and granted in 1802, after successful trials made in 1801 
at Camborne, in Cornwall. 

The first application of the differential gear to road 
locomoaion can be traced to Richard Roberts, of Sharp, 
Roberts, and Co. (su uently Sharp, Stewart, and Co.), 
and was fitted to a locomotive which ran in Man- 
chester in 1834. The gear was also applied by F. Hill, 
of Deptford, in 1840, in the familiar form of four mitre- 
wheels. The differential gear was, however, known earlier 
than this, and, according to McLaren, was first employed 
in White’s dynamometer prior to 1822. 

Prior to the adoption of the differential gear some of 
the earlier locomotives were constructed with three 
wheels and drove on the single front wheel. 

The first use of rubber tyres on road locomotives was 
made by R. W. Thompson in 1867. Some of these loco- 
motives fitted with rubber types were tested in India, 
and reported on by Colonel Crompton about 1870. 

The exhaust-silencer is stated by Sir Frederick Bram- 
well to have been used by Hancock on his high-pressure 
steam-coaches.* 


APPENDIX II, 
Scottish AuTOMOBILE CLUB TRIALS. 


The progress of the automobile pleasure vehicle towards 
reliability may be appreciated from the reports of the 
Scottish Automobile Club abstracted and summarised 
below ; the improvement is the more striking when it is 
borne in mind that not only has the distance been in- 
creased, but a route has been selected of greater difficulty 
each year. 


} 
: Vehicles 
Miles. Sateved 


| Vehicles | Non- 
Finished. Stops. 


Non- 
Stop 


s Finished. 
Runs. 


Year. 
entries entries 
per cent, per cent 

0.0 } 33.3 
23.0 | 

22.6 

34.1 

27.4 

17.8 

17.6 

25.0 








The trials extended in each case over several days; 
independent observers were appointed for each car, and a 
different observer allotted to each car each day ; the cars 
were loaded with passengers or their equivalent in 
dead weight. The roads selected for the trials from 1906 
onwards comprised some of the most severe routes to be 
found in Scotland, and conditions which can only be 
thoroughly appreciated by those who have driven over 
these a 





* Proceedings of the Institution of Civil Engineers 
vol. ciii., page 26. 
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WOOD-WORKING MACHINERY. 
CONSTRUCTED BY MESSRS. PANHARD AND LEVASSOR, ENGINEERS, PARIS. 
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In Figs. 1 to 3, annexed, we illustrate a planing 
machine exhibited at the late Brussels Exhibition e 
the Société Anonyme des Anciens Lom wane se oe Pan- 
hard and Levassor, Paris, for a simultaneously 
the four faces of a board. nis for advancing 
the wood are shown to the > night end of the machine, 
Fig. 1, at A; the under-cutter is marked B ; there 
— at C two vertical c— - on each side, fa for 

ing the es; D an are the upper roug 
cad finishing sepia, A series of lovers ad provided 
for startin stopping the machine, for starting and 
stopping the feed, for regulating the action of the 
feed-rolls, for controlling the height of the upper 
spindles, and for varying the cut. The thin cutting 
tools are controlled on the “‘ Rivite ” principle. 

The Panhard and Levassor Company also exhibited 
at Brussels a band sawing-machine which we illustrate 
in Figs. 4 to6, The machine is provided with a raj 

ripping-gear for the log, and an auto-mechanical 
evice for dividing up the latter. The bed on which 
the log is held is shown in Fig. 4, with the toothed 
pinions a and 6 engaging eac cnt other. When the 


|pinion } is made to turn to any given extent, it 
| causes a corresponding displacement of the log on 


a 
| 
































(786.0) % | / 


be a! Ed 


the bed. The pinion marked a can transmit 2 horse- 
power when revolving at a s of 200 revolutions 
r minute; its action is regulated by the man 
in charge of the machine; it stops when it has 
made any required number of revolutions. When it 
engages roy pinion marked 6, the log is di 
accordingly for taking a fresh cut. The pinion a can 
rotate  - drive that marked > in both directions. 
The man in charge stands close to the s' apees e 
(Fig. 5), and has two levers within easy reac 
of these is a reversing-lever, which, when brought 
forward, throws the mag into gear for bringing the 
log forward towards him. When it is pushed backwards 
it works the grips back, its action being neutral when 
in the central position. A lateral disengaging-lever 
causes the pinion a to get free laterally of the pinion > 
when the bed is travelling. A hand-crank at the top 
of the support ¢ turns round a graduated circle, operat- 
ing an index finger. The man works the crank 
en sawing is in progress or during the return of the 
bed carrying the log. to prepare the thickness of the 
next cut. working the two levers referred to, the 
log is shifted over the required distance, where it 
the man then places both the levers in their neutral 
central position, and the bed travels with the log for 
the succeeding cut, Division is automatic, since the 
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log to be sawn occupies automatically the position 
desired by the man in charge, who obtains this by 
acting upon the hand-crank during the time the pre- 
ceding cut is being given. If necessary, he can modify 
that position during the return of the bed. The appa- 
ratus is claimed to increase the output of the machine 
by 15 per cent. ; it also greatly decreases labour. 

They also showed a circular saw provided with a 
safety device of the Bouteloup and Le Rozier type, 
together with several other wood-working machines. 





Gas-Works’ Directory AND Statistics, 1910-11.—We 
have before us the thirty-third edition of this directory, 
which has just hoe eee by Messrs. Hazell, Watson, 
and Viney, Limited, 52, Long Acre, W.C. *The volume 
contains nearly 500 pages, and is divided into four sections, 
dealing respectively with English and Welsh, Scotch, 
Irish, and foreign and Colonial works; the latter section 
comprises only such undertakings as have offices in 
London. The particulars given include in each case the 
names of owners and chief officials, financial statistics, 
quantity and quality of gas supplied, price charged, 
number of consumers, length of mains, &c., all of which 
information has been revised up to August last. An 
alphabetical index of officials, and a list of associations of 

-works managers and engineers, are also included in 
the volume, the price of which is 10s. 6d. net, 


Tue Aspestos Mines or CentraL Wromtna, — The 
asbestos industry is expected soon to become an important 
one in Central Wyoming. The material mined there is 
said to be of very good quality, and, according to the Engi- 
neering and Mining Journal, there are at present five com- 
panies carrying out operations in the district. Durin 
the last three months the neighbourhood has been visi 
by a representative of a London company said to control 
90 per cent. of the European product. The discovery of 
asbestos in Wyoming was walle in 1905, but the remote- 
ness of the district and difficulties of transport have 
retarded development. Last year, however, more capital 
was introduced, and the installation of machinery began. 
The fields in question are said to be more extensive than 
those of Canada, and the belts of banded rock range from 
1 ft. to 40 ft. in thickness, and carry, on the average, 
about 35 oe cent. of fibre. In certain localities it is 
reported that veins 300 ft. wide may be traced for miles. 
The fibre is very clean and free from iron, and may be 
used for water-filtering. 


Tests or “ Agro” Firg-ALArM.—In the ‘* Red Book,” 
No, 153, recently issued by the British Fire Committee, 
are published some interesting tests of an ‘‘ Aero”’ fire- 
alarm, submitted by the ‘‘ Aero” Fire-Alarm, Limited, 
London. The objects of the tests were to ascertain at 
what period after the commencement of a fire the alarm 
would be given, and at what rise of temperature. The tests 
were made in an enclosed chamber with two doors and 
two windows approximating to an ordinary room, also ina 
chamber, open on one side, approximating to a shop with 
the front out, and enclosed on three sides, with an open 
door in one of the sides. In addition a third test was 
carried out in a room enclosed on all sides, but with an 
open doorway on two sides and fitted with a hay-rack 
approximating to a stable. Seven different methods of 
area pom 3 fire were adopted, these being : (1) by methy- 
ated spirit ignited in a dish; (2) by wood burnt in a 
wooden crate ; (3) by a lighted lamp overturned on a 
table ; (4) by hay lighted in a manger ; (5) by petrol spirit 
spread on the floor and ignited ; (6) by a newline of damp 
straw, hay, wood, rags, and rubbish ; and (7) by celluloid 
and paper _— in a basket. Out of ten tests two gave 
no alarm, the methylated spirit having burnt itself out; 
whereas in the others the time ranged from 7 seconds, 
where a quart of petrol distributed on the floor was lighted, 
to 72 seconds, when a heap of damped hay, straw, paper, 
rags; and loose wood was set on fire, 


Sprouting WRktL IN FLortpa.—According to the Engi- 
neering Record there is in action at Orlando, Florida, a 
spouting well which throws water intermittently toa height 
of about 30 ft. The well was drilled three years ago for 
drainage purposes, at the edge of a jake, and is 12 in. in 
diameter and 260 ft. deep. The State geologist, Dr. E. H 
Sellards, affirms that the water of the lake is now standing 
a few inches above the level of the pipe, and the well is 


receiving water at about one-half its carrying capacity.: 


The spouting occurs generally at intervals of about five 
minutes, though sometimes the interval is as short as 
two minutes, and as long as fifteen minutes, Various 
reasons to account for the action have been brought 
forward, among which is the supposed occurrence of 
natural gas and oil, but the real explanation is, in the 
opinion of Dr. Sellards, quite simple. At the present 
stage of the lake the well is receiving water at less 
than its full carrying cepacity, and the water entering 
the vertical pipe forms a suction carrying a large amount 
of air with it, The air thus taken into the well evidently 
escapes into a chamber along the side or bottom of the 
well. The air is forced into this chamber under pressure, 
and continues accumulating until the pressure ultimately 
becomes so great that it rushes out with considerable 
force, carrying the column of water with it. In prin- 
ciple this well is therefore like that of the air-lift pump. 
When the well is partly shut off, so that only a limited 
amount of water enters, the air taken into the well is able 
to return to the surface freely, under which conditions 
the spouting ceases, When the lake rises so that the 
water stands several feet above the top of the pipe enter- 
ing the well, Dr, Sellards expects that the spouting will 
cease, os the pipe will then be carrying water at its full) 
capacity. 





FOREIGN ENGINEERING PROJECTS. 


WE give below a list of foreign engineering projects, for 
some of which tenders are asked, Further particulars of 
the same may be obtained from the Commercial Intelli- 

nee Tai Board of Trade, 73, Basinghall-street, 
cadens: »C. 

Crete: H.M. Consul-General at Canea (Mr. A. C. 
Wratislaw, C.B., C.M.G.) reports that tenders are invited 
by the Cretan a of the Interior for dredging 
and clearing out the ports of Canea, Candia, Rethymo, 
and Castelli r Seal The quantity of material to be 
dredged out at the four ports is estimated at about 
137,000 cub. m. A deposit of 5000 francs (200/.) is required 
from each tenderer, who must also supply proofs that he 
has satisfactorily executed elsewhere works similar to 
those in question. The adjudication will take place at 
10a.m. on December 12 to 25. The following information 
is from the report by the British Acting Vice-Consul at 
Canea (Mr. W. D. Peckham) on the trade of Crete in 
1909, which will shortly be issued. The harbours at 
Candia and Rethymo—in no case suited for large ships 
—are silting up, and will require extensive dredging 
operations. At Canea a similar shallow harbour exists. 
Suda Bay, which is only about five miles from Canea, and 
which is the only natural harbour in the island that can 
be used in all weathers, may be developed by the con- 
struction of wharfage accommodation and of a light 
railway to Canea. 

Switzerland : The Feuille Fédérale Suisse of November 9 
contains a decree granting to Messrs. Chavannes, 
Choquard, and Maillat, of Porrentruy, an eighty years’ 
concession for the construction and working of a narrow- 
gauge railway from Alle to mga via Miécourt, 

Jharmoille, rl yn and Cornol. ork must begin 
within six months after approval of the plans, and com- 
pleted within two years thereafter. The line will be 
8 miles long, and the cost of the work is estimated at 
415,000 francs (16,6002. ). 

Spain: The Gaceta of November 9 notifies that a con- 
cession has been granted to the ‘‘Sociedad Minera 
Guipuzcoana” for the construction and working of a 
strategic railway from Pamplona to Plazaola. 

Uruguay : The following information is from the report 
of H.M. Minister in Uruguay on the trade of that 
Republic in 1909, which will shortly be issued. The con- 
cessionnaire company of the Uruguayan section of the 
Pan-American Railway (see Board of Trade Journal of 
September 15 last, page 549) undertakes :—(1) To invest 
in the permanent works of the port of Colonia and 
in modern installations (moles, warehouses, railways, 
winches, power-houses, and lighting) for the operations 
of loading and unloading and movement of products, 
merchandise, and passengers, a sum of not less than 
220,0001., the expenditure of which shall be carried 
out in accordance with a plan approved by the Ministry of 
Public Works, and on conditions imposed by it. It is agreed 
that the port shall be a deep-water one, and that ocean- 

ing vessels of large draught shall have free access to the 

ocks. The said port is to be situated at a place selected 
by the company, either in the waters lying south of 
Colunia or in Colonia Bay ; but in the latter case the bay 
must be deepened at the cost of the company, in order that 
vessels of the above-mentioned class may enter. 2. To 
invest 30,000/. in steam-tugs and lighters devoted to the 
exclusive work of the port. ‘The works called for in this 
clause may at any time be extended by the State, which 
may also grant permission to other companies to make 
similar installations in the port of Colonia independently 
of the work constructed by the company. The plans for 
the port works provide for breakwater quays with from 
25 ft. to 30ft. of water, warehouses, grain-elevators, and 
a cold-storage house. The concessionnaires are, however, 
not bound yates to any specifications with regard to the 
individual parts of the port works, and their plans for 
them are at present on general lines only. ere are 
large tracts of land in the centre of Uruguay and 
towards the east coast that are capable of a good 
crops, but which, being at present out of the reach of a 
railway, could not dispose of such crops if grown, and are 
therefore used for pastoral purposes only. The rich 
native landowners are losing their simple tastes, and 
becoming extravagant and fond of display, and are 
awakening to the fact that grain gives them more profit 
than cattle ; they are therefore disposed to support pro- 
jects for the construction of railways that will enable 
them to grow grain and dispose of it, and so increase the 
value of their estates. Hence it is reasonable to suppose 
that Uruguay is on the eve of extensive railway develop- 
ment, with a consequent development of the produce of 
the soil and an increase in immigration. A project has 
lately been taken up by an ex-diplomatist of the United 
States for the construction of a large completely-equipped 
deep-water port at Punta de la Coronilla, on the Atlantic 
seaboard at the junction of the Brazilian and Uruguayan 
frontiers, and of a railway running diagonally across the 
Republic at right angles to the Uruguayan section of the 
Pan-American railway, starting from Punta de la Coro- 
nilla, and reaching the north-western corner of the 
Republic at Santa Rosa. This scheme contemplates the 
expenditure of some 9,000,000/., of which 2,500,000/. 
would be required for the port at Coronilla alone. 
The Diario Oficial of October 19 contains a decree 
ae the disposal of the surplus in the Uru- 
guayan ury at the end of the financial year 1909-10. 
Among other items may be noted the following :— 
600,000 pesos for sanitary works, the construction of 
roads, bridges, and harbours, and for the improvement of 
rivers ; 225,000 pesos for the construction of, and repairs 
to, the Military and Naval School and other military 
buildings ; 25,000 pesos for the purchase of munitions of 
war ; 150,000 pesos for the completion of the Veterinary 
School ; 250,000 pesos for the construction of, and repairs 


to, police buildings and prisons, and for tel vraph 
telephone installations ; 71,000 $8 for repairs to 
buildings and wharves attached to the Customs’ service 
at Monte Video, and for the purchase of boats for the 
Customs’ requirements. (Peso=4s. 3d. about.) 

Argentine: The Boletin Oficial of October 14 publishes 
a decree spgverng oe plans submitted by the Arcontine 
Central Railway (Ferrocarril Central Argentino) for the 
construction of the last section of the Rosario to Cruz 
line—viz., between the 310th kilometre and Cordoba 
station—and also of a section to run from the 366th kilo. 
metre to Los Molinos and St. José, including branches to 
connect with the Alta Gracia and Malaguejfio lines. The 
Boletin of October 17 publishes the following decrees 
| issued by the Ministerio de Obras Publicas :—No. 7461 
| earmarking a sum of 400,000 pesos (35,000/.) for the « arry- 
ing out of works to protect the town of Salta from the 
overflowing of the River Arias; No. 7336, providing a 
sum of 100,000 pesos (about 8750/.) to carry on sury: ying 
operations, and to prepare a scheme for protecting San. 
tiago del Estero from the currents of the River Dulce; 
No. 7334, allocating a sum of 50,000 3 (about 4400/.) 
for surveying operations relative to the construction of a 
line of railway from Copacabana, on the Mazan and Tino. 
e section of the Argentine Northern Railway, to 

Jhilecito, ria Pituil, Santa Cruz, Campanes, Famatina, 
San Nicolas, and Sarmiento. 

Brazil: The Diario Oficial of October 26 publishes a 
decree, No. 8314, approving the plans submitted on behalf 
of the Sio Paulo-Rio Grande Salou Company (Com. 
panhia Estrada de Ferro Sao Paulo-Rio Grande) for the 
construction of a section of line to connect the Parana 
Railway with the Sio Francisco line at the town of Rio 
Negro. _ The cost of construction is put at 445,000 milreis 
(about 31,500/.). 








Stipe-RvutE FoR PorTtannd CEMENT CALCULATIONS.— 
The British standard specifications for Portland cement 
embody a clause providing that the hydraulic modulus of 
the cement—or, in other words, the ratio of the lime to 
the equivalents of the silica and alumina present—must 
not exceed 2.8, nor be less than 2. In order to facilitate 
the calculation of this modulus, Messrs. J. J. Griffin and 
Co. are now publishing a kind of slide-rule (prepared by 
Mr. D. B. Butler, A.M.I.C.E.) with which, given the 
analysis of a cement, the value of the hydraulic modulus 
is read off on setting a single slide. Unlike too many 
special slide-rules, the new rule in question requires no 
special training in its use, nor the perusal of a lengthy 
series of instructions. Hence it will be found convenient 
even by those who have only occasional need of deter- 
mining an hydraulic modulus, 


Russian Two-GauGe Goops CARRIAGES.—In order to 
facilitate the traffic as far as certain districts were con- 
cerned, the Russian broad-gauge railways have for some 
time been using a number of goods carriages which, by 
means of a gauge-transfer arrangement, can pess on 
to the ordinary gauge European railways to Silesia and 
some Baltic ports. From October 1, this year, this system 
will be extended to Berlin, which thereby will obtain 
direct railway connection with the stations on the Russian 
North-Western Railway, the Moscow-Brest Railway, the 
South-Western Railway, the Polish Railways, and the 
Weichsel Railway, via Prostken-Grajewo, Illowo-Mlawa 
and Sosnowise. Some other frontier stations which the 
advocates of the new arrangement had wished to see 
included, in addition to those just enumerated, have for 
the present been left outside the arrangement. 


Proposep OpTicaL CONVENTION IN 1912.—A joint meet- 
ing of opticians will be held in the rooms of the Chemical 
Society, Burlington House, on Tuesday, November 29, at 
8 p.m. The chair will be taken by Dr. R. T. Glazebr« 10k, 
C.B., F.R.S., Director of the National Physical Labora- 
tory, chairman of the permanent committee. The main 
features of the scheme which the members of the existing 
executive committee have in view, and the principal ques- 
tions on which discussion is specially invited at the meeting 
in question, deal with the following :—1. Anexhibition of 
optical and allied instruments. 2. The preparation of a 
catalogue of optical and allied instruments of British 
manufacture to serve as a convenient work of reference 
for all users of optical and scientific instruments ; not 
necessarily to be limited to instruments actually exhibited. 
3. The holding of meetings for the reading of papers and 
for discussions and demonstrations on optical subjects. 
4. The’ publication of a volume of ‘‘ Proceedings,” 1 
which these papers would be collected together. 


REsEARCH IN Srstey Coutiece, Irnaca, N.Y.—During 
the past ten years the amount of research work done im 
Sibley College has been small, owing to the phenomenal 
growth in the number of students, and to the lack of funds 
available for special investigations. Even when valuable 
investigations have been made, no officer in connection 
with the college has had time to prepare the results for 
publication. Director Smith has now proposed a plan 
which, it is believed, will, in the course of a few years, again 
bring Sibley College prominently before the engineering 
world for its work in research and investigation. The plan 
is to devote a portion of the force of the Department of 
Experimental Engineering to investigation and research 
work, and to relieve them from instruction work. Pro- 
fessor Carpenter will be relieved of educational work im 
connection with the mechanical laboratory, and will dev ~ 
his time to engineering research, except such as may, 
needed for the special courses of instruction in Lvating 
and ventilating and in motor-cars, which he wii! give 
during the second term. Professor Diederichs w:!! take 
| full responsibility for the instruction work in the me- 
| chanical laboratory. He will also give a special course 1m 


refrigeration, 











ec we=eec ee a SF Owew Fle CUS 


~~ 


‘rons oO Or Ft ee Se Ne Se Se oO 


- 





Nov. 25, 1910.] 


ENGINEERING. 


753 





WORKMEN’S COMPENSATION CASES. 
County Courts. 

Disease or Accident.—An unusual case, which, although 
it challenges no new point of law, is interesting in itself, 
as it may be again heard of in the Court of Appeal, was 
heard at Halifax County Court on November 7, the 
applicant under the Workmen’s Compensation Act being 
Robert Culpan, a night.watchman, and the employers 
Messrs. W. Hanson and Co., Limited, of Haley Hill 
Mills. The applicant for twenty years had been employed 
by the same firm as night watchman, firing the boilers at 
night. He had been in good health up to February 12 of 
this year, when at 4 o’clock in the morning he was 
found in a paralysed condition and speechless beside the 

ilers. 

The workman had fired the boilers at intervals during 
the night, and found himself gradually losing the power 
of his right side, till he finally collapsed. : 

According to medical witnesses the cause of paralysis 
was the rupture of an artery in the brain and consequent 
hemorrhage. This, it was contended, was due to the 
exertion of firing; although it was admitted that for some 
time before the accident the man’s condition was such 
that the collapse might have happened when he was not 
at work. 

The argument on behalf of the workman was, that 
since the collapse did happen while he was at work, 
the harm was the result of the strain arising out of 
his work, and was therefore an accident. The strain of 
firing had ceased for hours before the accident, and the 
man had been in difficulties with the approaching seizure 
an hour before he collapsed. It was therefore contended 
that natural disease, and not an aceident causing an 
injury, had been responsible, and, of course, it was argued 
that if employers were held responsible in such cases, the 
effect would be to make all workmen subject to medical 
examination as a condition of entering any a 
The facts of this case and the principles involved seem 
to be identical with the cases already discussed in these 
columns—e.g., the House of Lords judgment in Williamson 
v. Ismay Imrie and Co. (1908), A.C. 437, and Hughes v. 
Clover, Clayton, and Co. (1909), W.N. 187 C.A. 

In one case of heat apoplexy, and in the other of rup- 
ture of an artery, the Courts mn held that even when 
workmen were in a dise: condition, the exertion of 
their work accelerated the “‘ accident.” 

The County Court Judge, relying doubtless on the 
authority of many decisions of the High Court, gave 
judgment for the —. who survives, and now gets 

f his wages, e found on the facts that on the 

morning of the seizure the strain of his work caused the 

lytic stroke, This is in accordance with the previous 
ane cases, but leave to appeal was granted. 

Compensation, Agreement, and Subsequent Lock-Out,— 
An interesting point which is expected to go to the Court 
of Appeal was considered at Gateshead County Court on 
November 8, when Alexander Gordon made an applica- 
tion under the Workmen’s Compensation Act. The 
employers were Messrs. Wood, Skinner, and Co., ship- 
builders, and they had made an agreement with the appli- 
cant, who had been employed as a foreman rigger, to pay 
him 8s. a week compensation for permanent injuries 
received in January, 1908, and to provide him with light 
work at 16s. a week, as storekeeper. On September 9 the 
man was discharged, there being a lock-out in the yard. On 
September 16 he again received 16s, compensation, the 
full amount previously paid, but on the following week 
only 8s. 6d. was paid, the agreed reduced weekly com- 
pensation ; and this, he was told, was all he was entitled 
to under the agreement. 

The applicant, since his discharge, had tried in vain in 
a score of places to get light work, which was all his 
permanent disablement fitted him for. For the employers 
It was argued the applicant was out of work, not because 
of his incapacity, but because of the boilermakers’ lock- 
out. He was out of work and still had 8s. a week, 
whereas had there been no accident he would have been 
discharged with the rest of the men, and would have 
nothing. The judge dismissed the application on the 
ground that the agreement did not give him the right to 
take proceedings until the applicant was unable owing to 
ne epridens to do the work the employers are suguned to 

ve him, 

No agreement to provide a disabled workman with 
suitable light work should be understood as binding the 
employers to make work for him if the state of the labour 
market or a strike or lock-out should stop their business. 
We believe this point has not yet been decided by the Court 
of Appeal, but it has been decided in the County Court 
(Dobie v. Wilson and Co. ), 2W.B.C.C. 379 (1909). Under 
any circumstances, where the inability is due, not to the 
disability of the workman, but to the state of the labour 
market, Loth in regard to his formner work as well as the 
employment offered, then the master is not liable. 


If it were otherwise, the agreement to pay reduced 
compensation and = light suitableemployment, without 
regari to the conditions of the labour market, would be 
much nore than workmen have a right to expect, or than 
18 contemplated by employers under the Workmen’s Com- 
a Act. A decision of the Court of Appeal on 
this point, raised in the lock-out case, will be waited for 


With interest, 
Houses or Lorps. 
an sponstbility of Workers,—The most interesting points 
the \Yorkmen’s Compensation Act are, of course, those 


eat &re most disputed in the Courts. The clumsy draft- 
rd of he Act, and ambiguous wording of certain sec- 
ee haveled to not a few interesting decisions in the 
— 0! Appeal, and in some few instances the House of 

8 has been engaged in solving problems which have 


Biven both employe 
given both on P yers and workmen needless trouble never 


y the Legislature, 


A case reported and discussed in ENGINEERING on 
‘March 11 last has since, as we expected, been sent 
from the County Court to the Court of Appeal; and 
finally, on November 4, it was decided in the House of 
Lords, by the Lord Chancellor and Lords Halsbury, 
Atkinson, and Shaw, who have settled the meaning of 
Section 6 of the Workmen’s Compensation Act, which 
has, till now, been a matter of difference of opinion 
amongst lawyers. 

The case was first heard at the Oldham County Court, 
when the employers recovered indemnity under Section 6 
from two ae for negligence which caused serious 
injuries to a lad who was cleaning machinery which was 
_ in motion by the defendants. The defendants were 

ned at the police-court for a breach of the Factory Act, 
and in due course compensation was paid under the Work- 
men’s Compensation Act to the injured lad by the mill- 
owners, who in their turn obtained an indemnity against 
two joiner-minders whose negligence was responsible for 
the accident. As the County-Court Judge at the first 
hearing remarked, ‘‘Why should the master bear the 
whole brunt and the whole cost if the accident was caused 
by a workman’s negligence?” On behalf of the employers, 
indemnity was sought under Section 6 of the Workmen’s 
is gpa Act, which says:—‘* Where the injury for 
which compensation is payable under this Act, under 
circumstances creating legal liability in some person other 
than the employer, to pay damages in respect thereof, if 
the workman has recovered compensation under this Act, 
the person by whom the compensation was paid shall be 
entitled to be indemnified by the person so liable to pay 
damages.” The County Court J ~~ ~ did justice by grant- 
ing the employers an indemnity, but his judgment was 
disputed, for, as pointed out in our notes on the case, 
in our issue of March 11, it was believed that an in- 
demnity was not recoverable under the Workmen’s Com- 

msation Act, and that the employer’s action should have 
een for damages, and that the person against whom 
an indemnity is recoverable is ‘‘ some person other than 
the employer,” who is liable to pay damages in respect of 
the injury, and did not include fellow-workmen. As the 
Workmen’s Compensation Act is designed for the pro- 
tection of workmen as a class, it was commonly believed 
by lawyers that no workmen are liable under the Act for 
the effects of their negligence, and it was argued that the 
County Court Judge’s decision seemed to reintroduce the 
old doctrine of ‘‘common employment.” The +~T ~ 
of the section may be open to this interpretation, but the 
House of Lords has at length decided the disputed point. 
For the negligent fellow-workmen it was contended that 
the words of the section, “‘some other person than the 
employer,” meant someone entirely outside the employ. 

The judgment of the House of Lords is one of the 
greatest importance to workmen, for their Lordships 
unanimously held that a workman is liable to his fellow- 
workman for negligence, and is therefore under Section 6 
liable to indemnify the employer for any compensation 
paid for injuries. 

That workmen, as a class, should be ‘‘ Scot free” is held 
to be a pernicious doctrine, for, as the Lord Chancellor 
said, ‘‘To say that a man was not to be responsible for 
his own an | mce would mean a free hand to everyone 
who neglec his duty towards his fellow-servant. 
Everyone must have an interest in maintaining the law, 
in a sense hostile to such a proposition, and, of all classes, 
workmen had the greatest interest in preventing such a 
doctrine being successful.” Till now there was no decided | 
case on this. point, and masters and. workmen alike are to 
be congratulated that the highest Court in the realm has 
decided that this vaguely-worded section is, after all, 
conceived in the best interest of both parties concerned in 
preventing accidents, 





CATALOGUES. 

Electrical Supplies. — Messrs. Drake and Gorham, 
Limited, 66, Victoria-street, Westminster, S.W., have 
issued a general catalogue of electrical supplies. The 
catalogue, which is fully illustrated, is divided into’ 
sections dealing with carbon and metallic filament lamps, 
arc lamps and accessories, wires and cables, switchboards | 
and switch-gear, heating and cooking apparatus, auto-’ 
transformers, insulators, and electric-light fittings. Prices; 
are stated and full particulars given of all the goods. 


Electric Motor Syrens.—Messrs. Siemens Brothers and 
Co., Limited, Caxton House, Westminster, S.W., have 
issued a pamphlet illustrating and giving prices and 
particulars of electrically-driven syrens. These syrens 
are mounted directly on the armature spindles of small 
electric motors, and they are intended to be used for 
fire-alarms, for factory dinner-hour calls, and for other 
— om oe I a very loud and characteristic sound. 

or producing the sharply-defined sound required for 
special signalling, the syren is fitted with an electro- 
magnet in series with the motor, the magnet being 
arranged so that it opens the air inlet to the syren against 
the action of a spring, when the current to the motor is 
switched on. When the current is cut off, the spring 
closes the air inlet, so that the sound ceases immediately, 
and thus short sharp sounds can be produced, 


India - Rubber Tiling.—The India - Rubber, Gutta- 
Percha, and Telegraph Works Company, Limited, of 
100-106, Cannon-street, E.C., have sent us a copy of a 
handsome catalogue dealing with their rubber tiling. 
This form of flooring, which is adapted for use on board 
ships, in public buildings, &c., is noiseless, durable, 
sanitary, and water-proof, and is also pleasant to walk 
upon. The tiles, which are fixed by a special cement, 
are made in different shapes and colours, so that a very 
large variety of designs can be carried out, The cata- 
logue contains several coloured engravings showing 


_ 





interiors of ships and buildings with this form of flooring ' 


in place, and also includes a large number of Gociame 
an id illustrate some of the many effects obtainable, 

fLosaic as has recently been introduced by the firm, 
and some pleasing designs embodying this principle are 
also shown, 

Boiler Furnace.—A booklet illustrating the ‘‘ Phcenix” 
boiler furnace (Schofield’s patent) has reached us from 
Messrs. J. and P. Hill, Bernard-road, Park, Sheffield. 
In this furnace, which is shown applied to a Lancashire 
boiler, three or four troughs running the whole length of 
the furnace are employed, the top of each trough being 
closed by a series of short fire-bars placed transversely. 
The back end of each trough is closed, and at the front 
end a steam-jet is provided which forces air up through 
the fire-bars to the fire, The ashes which fall into the 
trough are removed by means of a grid, which, in ‘its 
normal position, closes a series of slots in the bottom of 
the trough. When drawn forward the openings of the 
grid coincide with those in the bottom of the trough, so 
that the ashes fall through into the ash-pit. It is stated 
that with this furnace the production of steam can be 
greatly increased, and that all kinds of cheap fuel, such 
as smudge, coke-dust, &c., can be consumed with the 
smallest possible amount of smoke. 


Electrical Machinery.—We_ have received from the 
Adnil Electric Company, Limited, Adnil-building, Artil- 
lery-lane, E.C., two price-lists of continuous-current 
dynamos and motors. e first of these lists gives full 
particulars, including prices, weights, dimensions, &c., of 
standard four-pole motors from 3 to 60 horse-power, for 
pressures up to 550 volts. Prices and particulars of 
motor-generator sets, liquid and metallic starters and 
flexible couplings, are also contained in this list, The 
other list deals with interpole motors specially suitable 
for driving machine-tools, turbine-pumps, and other 
machinery where heavy overloads may be sustained and a 
considerable wage of speed regulation mange control is 
required. Specifications and full particulars are given of 
machines ranging from 2.3 to 320 horse-power, for voltages 
up to 520. Prices of starters, controllers, shunt-regulators, 
and other accessories are also stated. An abridged cata- 
logue of electrical a, for use in mines has also 
reached us from this firm. This list deals with ironclad 
switch-gear, signalling apparatus for winding-engines 
ya and water-tight telephones, electric hooters and 

lls, water-tight electric-light fittings, &c., stating prices 
of most of the apparatus. 


Testing Brakes.—A small list to hand from Messrs, 
Morris and Lister, Limited, Carlton Works, Coventry, 
deals with their eddy-eurrent brakes, used for testing 
electric, petrol, and other motors, The smaller sizes are 
mounted in place of the pulley or fly-wheel, the motor 
under test driving a sleeve on each end of which is 
mounted an aluminium spider carrying wrought-iron 
dises faced on the inside with sheet copper. Mounted on 
ball-bearings, on the central portion of the sleeve, is the 
floating part of the brake, which consists of an aluminium 
casting carrying a number of electro-magnets energised 
by a continuous current from a suitable control-panel, 
whereby the load can be varied as desired. hen 
in use, eddy currents are produced in the rotating copper 
parts by the flux from the stationary magnets, and 
these experience a d which is baleneedl ty weights 
sliding on a lever attached to the casting, and serves to 
measure the torque exerted by the motor. The energy 
is, of course, transformed into heat in the rotating parts, 
which are provided on the outside with vanes to assist in 
dissipating the heat so formed. Some of the advantages 
claimed for these brakes are accuracy, sensitiveness, con- 
venience, and ability to stand heavy overloads for short 
periods, They are made in five sizes, with maximum 
continuous ratings varying from 4 to 90 brake horse- 
power. Prices are stated and other particulars, including 
weights and dimensions, are given. 


Oscillographs.—We have received from the Cambridge 
Scientific Instrument Company, Limited, of Cambridge, 
a catalogue dealing with the latest types of Duddell 
oscillographs manufactured by them. These instruments, 
the principle and uses of which are now well known to 
electrical engineers, are made in three types, each of 
which is illustrated and described in the catalogue. The 
first type, in which the magnet is exolted tay direct 
current, is suitable for high-frequency work, telephone 
investigations, and for other work on low-voltage circuits, 
It is accurate for frequencies up to 300 or so per second, 
Another type employs a permanent magnet and is suit- 
able for use with very high vane (up to 50,000), but is 
not quite so accurate for high frequencies. The instru- 
ment will, however, follow the wave-form of all ordinary 
frequencies with perfect accuracy, and has the advantages 
of om | stronger and more portable than the first type. 
A third type of instrument is made for lecture call Re : 
monstration purposes; it enables the wave-forms to be 
projected on to a screen, and thus exhibited to a lar 
audience. The catalogue gives instructions for using the 
instruments and also deals with apparatus for recording 
the oscillograms by photographic and other meane, It 
also includes a number of records illustrating the effect 
of resonance on the wave-form of alternators, the current 
variations in telephone circuits, the discharge of a con- 
denser, and other phenomena, all of which can be investi- 
gated ina most interesting manner by means of the oscillo- 
graphs. Prices are stated for the instruments and for the 
requisite accessory apparatus, 








CANADIAN MeEtTatLurcy.—The output of iron ore in 
the province of Ontaria, Canada, last year was 263,777 
tons, valued at 645,662 dols. The production of pig iron 
in the vince during the year was 407,013 tons, valued 





at 6,301,528 dols. The pig-iron output was effected from 
seven blast-furnaces, 
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24,388/08. The British Radio Te h and Tele- 


Company, fo. De ] 
Wireless or Telephony. (6 Figs.) 

October 23, 1909.—This invention relates to a single apparatus for 
receiving messages by wire telegraphy or telephony and consists 
of means for detecting electrical oscillations, means for attuning 
the aerial to the frequency of such oscillations,and means for 
eliminating disturbing influences. A receiving apparatus com- 
prises a detector A and an oscillation transformer having a vari- 
able condenser C connected to its primary, and a similar condenser 
D connected to its secondary coil. The windings of the primary 
and of the secondary coils are respectively connected to two sets 
of terminals cl, d! and each set of terminals is provided with a 
controlling switch. In conjunction with these two controlling 
switches is employed a main switch E. In the front and at the 
rear of this switch are two sets of terminals. The aerial switch F 
has also two sets of terminals, respectively disposed in front and 
rearthereof. By means of this system of connections, the aerial 
and receiving circuits may be tuned to oscillations having a fre- 
uency either above or below the natural frequency of the former. 
When the frequency is greater than the natural frequency of the 
aerial, the contacts of the aerial switch F and of the inductance 



































switch E are respectively brought into engagement with the ter- 
minalsin front thereof, acircuit is then established in such a manner 
that the primary condenser C is parallel to the inductance and 
detector A, which arein series. In this manner the aerial circuit 
with condenser 0 lel to the oscillating circuit is approxi- 
mately tuned to the frequency of the oscillations which it is 
desired to receive. To receive oscillations, the frequency of 
which is less than the natural frequency of the aerial, the contacts 
of the aerial switch are brought into en; ment with the rear 
terminals thereof, and the contacts of the inductance switch are 
brought into en; ment with the front contacts thereof. A 





this result is obtained by arrangements which ensure that each 

tion of the con’ lever corresponds, independently of the 
oad, to a practically fixed and définite value of the potential 
difference across the terminals of the dynamo-electric generator, 
which is electrically coupled to the motor armature winding. 
The dynamo-electric generator armature, the vol across the 
terminals of which is to be ted, is denoted by g, and the 
field winding on this generator is denoted by w. The armature of 
an auxiliary dynamo machine is denoted by h, and eh is the field- 
winding of this auxiliary dynanio which is excited from a separate 
and constant source of vol through the r ting resistance 
lever 7, which, according to its position, introduces more or less 
resistance into the circuit of eh. The armature Ah may either be 
coupled to g or driven by a separate motor at constant 4 
The armature h is connected in parallel with f, and when r is 
moved into a position such that the current in eh induces an 
electromotive force of, say, 100 volts in h, this electromotive force 
causes a current to flow through w which excites g. The volts 
across the terminals of g will then rise to a value which is equal 
to the electromotive force of h less the voltage drop due to the 
current in wand h. In this case the position of r might vary | 
more or iess for a fixed vol across g since owing to the varying | 
armature reaction of g at different loads and differences in rema- 
nent etism the current required in w for the fixed vol 
would vary a little, and consequently the voltage drop in w and h 
would also vary. (Accepted Septer 7, 1910.) 


8418/10. A. P. Lund’ G. C. Lundberg, and P. A. 
und London. Switches. 


Li g, ic Swi (2 Figs.) | 
April 7, 1910.—Electric lamps are usually so wired that control is | 
obtained at one point only. After the wiring has been com- | 
pleted, it is often found desirable to be able to switch the lamp on | 
or off from an additional point. This two-point control of the lamp | 
may be effected by connecting the terminals of a single-way and 
movable switch through flexible connectors with the terminals of 
the fixed switch, which is also of the single-way type. Such an 
arrangement does not give full control of the p from either 
position. Full control can only be obtained by the employment of 
two two-way switches, and the substitution of a two-way switch 
for the si way switch at the fixed position will involve diffi- 
culties with the wiring and the making and insulation of a soldered 
joint. Now, according to this invention, difficulties with the 
wiring are obviated by the substitution for the fixed single-way 
switchof a fixed two-way switch, provided with an additional and 
insulated terminal, which serves to receive and connect electrically 
the end of one of the supply leads with an end of one of the leads 
connecting the two switches. A is the electric lamp to be controlled. 
1, 2 are the leads su ene qe thereto. B is the base of the 
fixed two-way owitek which is substituted for the fixed single-wa; 

switch. This switch has, as ordinarily, four contacts 3,4, 5, 6, wit 








which the movable member of the switch co-operates, the contacts 
5, 6 being electrically connected by a strap 7, as well understood. 
It also has three terminals 8, 9, 10, which are connected with the 
contacts 8, 4, 5, 6; the terminal 8 with contact 8, the terminal 9 
with contact 4, and the terminal 10 with the contacts 5,6. The 
switch base has, in addition to the three terminals 8, 9, 10, a fourth 
and insulated terminal 11. C is the additional.and movable switch 
of the two-way type, but, in contradistinction to the switch B, has 
only three terminals 12, 13, 14. The terminals 12, 13 are each con- 
nected with a contact, as are terminals 8, 9 and terminal 14 with 
two contacts, as is the terminal 10. The two switches are connected 
by three flexib!e connectors 17, 18, 19. The end of the lead 1 is 
connected to the terminal 11 of the fixed switch and this terminal 

ted by the flexible connector 17 with the terminal 14 of 





cnoult, is now established in which the aerial, ind y 

A and primary condenser C and earth connection are all in series. 
In the event of disturbing oscillations arriving from another 
station, and being of such a nature and strength as to obliterate 
or confuse the original oscillations, the disturbance is supp 

by placing the detector A in series with the secondary circuit D. 
This is accomplished by moving the inductance switch over to the 
rear terminals thereof, whereupon the secondary condenser D and 
inductance will be brought into series with the detector A. The 
resultant frequency of the 7 and secon circuits when 
correctly coupled will be t of the oscillations which it is 
desired to receive. (Accepted September 7, 1910.) 


3915/10. Siemens Brothers’ Byusme Works, 
ited, London (Siemens Schuckertwerke G.m.b.H., Berlin, 
Germany). Voltage fon. (3 Figs.) February 17, 
1910.—In the well-known Leonard sytem of regulating the —- 
of a dynamo-electric machine, it is often desirable, more especially 
n connection with hauling or rolling plants, that a fixed position 
of the voltage-controlling lever should always correspond to a fixed 


w 


(39s) 


and definite speed of the main motor (independently o 
on said motor), which is coupled elec ly to, and WE 
said dynamo-electric machine. 


to some constant value, and its speed at all loads is also nearly | 


nal to the vol across its armature terminals. 


pro The 5 

object of the invention is to provide means for obtaining this | ensured. Should it be desired to 

speed of motor and position of site end | 2 
¢ 


agreement between 
ever with more accuracy than hag heretofore been possible, 





| is raised on the outside of the 


| ted by which such fittings can be differentiated from the 
f the load | Retin - S 


ven by, the | the tee 
This main motor is usually excited and cu 


the switch C. e terminal 8 and the contact 8 of the fixed switch 
are connected by the flexible connector 18 with the terminal 13 of 
the switch OC, and the terminal 9 and contact 4 by the flexible con- 
nector 19 with theterminal 12. The end of the lead 2 is connected 
to the terminal 10. From the foregoing it will be understood that 
full control of the lamp A is obtained from either switch, also that 
the provision of the fourth terminal 11 permite the end of the lead 
1 and of the lead 17 to be connected ther electrically without 
the Ted and insulation of a soldered joint. (Sealed November 
17, 1910. 


joo. H. Hirst and T. Taylor, London. Con- 
duit Systems. (3 Figs.) December 22, 1909.—This invention 
relates to improved means for readily bonding or making metallic- 
ally continuous electric conduit systems, whereby such systems 
may be efficiently earthed. The applicants form two grooves in 
eac! ——s or other fitting end or part where the bonding is 
to be effected. The fitting represented is a tee A, and ves B 


groo 
are formed side by side by eg! = ee , 80 that the metal 
tting. Vi 


isible marks are thus 


gs usually employed. After the tube O has been fitted into 
A, a staple D is driven into the 
ts through the enamel of both fittin 
8 pair of grooves on each fitting, two 
at eve and consequently good bonding is 
take down the i , the 


ir of grooves as shown, 
and tube. There 
be of contact are 


Pp 





itaples very readily be driven out to allow of this being don 
‘Accepted September 7, 1910.) 


———= 
MOTOR ROAD VEHICLES. 


A.W. Austerand A. C. Auster,'Birming. 

ham dand (8 Figs.] November 1, 1909, 
—A joint for the wind and dust-screens of motor-cars comprises a 
pivot or trunnion carried by the one part of the screen with teeth 
its periphery, and an eye or ring surrounding the pivot 

ae _ b to be cnghend alten aes to cause the teeth 
of the pivo engage corresponding teeth upon a par 
carried by the other portion of the screen. The lower a of the 
attachment strap a, which is secured to the upper adjustable 
half of the wind-screen frame, is provided with a laterally project. 
ing pivot b, around the periphery of which is cut a series of jonyi- 
tudinal and lel teeth. This pivot member passes throuch 
and is to rotate within coincident eyes formed in a pair 
of forwardly extending and laterally separated ears d, d!, carried 
at the upper end of the attachment arm e, which is secured to the 
lower or fixed portion of the screen. Between these ears 
d, @, and surrounding the pivot b, is an eye or ring g, slightly 


4 





(25099) 


larger than the diameter of the said pivot, and having cut upon its 
inner or rear side of its interior periphery a series of internal 
teeth adapted to be engaged with the corresponding external 
teeth of the pivot b. This eye or ring gis attached to a screw bolt 
h, which extends through a plain eye or hole in the upper end of 
the attachment arm e, so that its end projects from the rear face 
of the latter. Upon this projecting end a handle nut k is fitted. 
When this nut is slackened the pivot 6b may be freely rotated 
within the ears into any desired position, ahonten the screen 
to be adjusted as required, but when the nut k is tightened u 
the eyed bolt A is drawn rearwardly, thereby drawing the teeth 
or serrations formed upon the inner side of the eye g into locking 
engagement with the teeth of the pivot b, whereby the joint is 
securely locked in position. When the nut & is slackened the 
bolt is taken forwardly by asuitably arranged spring, thus causing 
the teeth on same to become clear of, or disengaged from, those of 
the pivot }b, so that the screen can then be adjusted as required. 
(Accepted September 7, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATOBRS, &c. 


8684/10, E. Jacobsen and F. H. Livens, Lincoln. 
“Shaft Governors. [2 Figs.) April 11, 1910.—This 
invention relates to the type of centrifugal shaft governors in 
which, by the outward movement of the weights, an eccentric 
inside another eccentric is moved, which latter operates the valve 
or valves on the engine. In order to make the path of the centre 
of the outer eccentric as nearly as possible a straight line, the 
outer eccentric is provided with a jaw in which a die slides, which 
is pivoted tothe governor weight, situated on the same side of the 
governor as the of the centres of the inner and outer eccen- 
trics. The weights a, a, when flying out, move, by means of the 


Fig. 1. 


382 
levers b, b, the bush ¢, which is in one piece with the inner ecorn: 
d, the centre of which describes a circular path. The jaw been 
the outer eccentric g is moved at the same time, by means of t 
die h, pivoted to the governor-weight a, situated on the same side 
as the of the centres of the inner and outer eccentrics, con 
trary to the direction of the path of the inner eccentric, ai 
between the centre on which the weight @ turns, and the centre 
of the shaft whereby the path of the centre of the outer eccen a 
becomes nearly a t line, and to this eccentric the : 
actuating the valve-gear is connected. (Accepted September “}, 
1910.) 
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Dec. 2, 1910.] 
"EXPERIMENTS ON A BOMB 
CALORIMETER. 
By E. A. Atiout, M.Sc. 


Heart in one of its many forms is used in nearly 
all engineering concerns and processes. In many 
works the annual coal bill is very large, and it is 
absolutely necessary for the engineer in charge 
to know exactly what he is paying for. It is 
not sufficient to know the actual quantity of fuel 
used, there must also be a method of gauging its 
quality. The method adopted must be such that 
different kinds of fuel can be readily compared, and 
the amount of heat generated per unit of cost easily 
obtained. In testing work, too, the heating value 
of the fuel used must be known with considerable 
accuracy, as the efficiency of a particular plant or 
process depends absolutely upon this value. Coal, 
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our most widely used fuel, occurs in many forms of 
widely different heating values. They vary from 
about 11,000 to 15,000 British thermal units 
(B.Th.U.) per pound, and so it is quite evident that, 
in stating coal consumption, the heating or calorific 
value should be included, as it is not coal consump- 
tion that engineers are concerned with, but heat 
consumption. 

The calorific value of a sample of coal is obtained, 
as is well known, by combustion in a calorimeter, 
where the total heat evolved by the burning fuel 
is transmitted to a known weight of water, the rise 


in temperature of which is noted. Corrections for 
radiation have to be applied, and the equivalent 
rise In temperature found, from which the heating 


value of the fuel is obtained. ‘The particular form 
of calorimeter used depends upon the degree of 
accuracy required. In the Lewis Thompson calori- 
meter, the oxygen required for combustion is ob- 
tained |,y mixing the powdered fuel with a substance 
rich in oxygen. Other forms, such as the W. 

ompson and Rosenhain calorimeters, burn the 
uel in a stream of oxygen at atmospheric pressure, 
the heat being radiated out to the water, and also 


abstracted from the bubbles of gas as they rise 

Seruah the water from the combustion-chamber. 

ay the most accurate form, however, is the 
J 


calorimeter, in which the powdered fuel is 





burnt in a chamber of compressed oxygen, sur- 
rounded by water, the heat being transmitted 
mainly by radiation. In the first two forms the 
results obtained are always low, as compared with 
those got by the use of the bomb calorimeter, vary- 
ing from 2 to 10 percent. in the Lewis Thompson 
form, and from 1 to 6 per cent. in the W. Thomp- 
son apparatus. It has been understood that the 
pressure of oxygen required in the latter for com- 
plete combustion was somewhere about 25 atmo- 
spheres, but accurate information on this point does 
not seem to be available. Experiments, therefore, 
were undertaken with a view of finding out the 
exact effect on the combustion (if any) of the pres- 
sure of oxygen in the calorimeter. 

The coal used in the experiments was Welsh 
anthracite, the idea being to make use of a fuel as 





nearly approximating to pure carbon as possible, 
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with a view of obtaining solid, as distinet from 
gaseous, combustion. Since there are very few 
volatile constituents in anthracite, it forms a dis- 
tinctly suitable fuel for the purpose. The whole 
of the coal used was passed through a sieve of 
80 meshes to the inch, so that the sample was abso- 
lutely uniform for all the tests. ‘This precaution 
was also intended to ensure complete combustion, 
as with fairly large pieces of coal the ash might still 
contain an inner core of unburnt fuel. In each 
experiment the coal was placed on a platinum tray 
(Fig. 1), its surface being quite level. A very fine | 
iron fuse-wire was then connected between two | 
platinum points in such a way that part of it was 
immersed in the coal. The top of the bomb | 
was then screwed on, making an air-tight joint | 
on a lead ring. Oxygen was next admitted through | 
the inlet valve to a pressure previously determined 
upon, and indicated by a Bourdon pressure-gauge. | 
e bomb was then immersed in water, being first | 
laced on a stand, so that the contact surface | 
tween it and the copper calorimeter was very | 
small, and the heat conducted in this way negli- | 
gible. The same weight of water was put in the | 





of a degree Centigrade. With care, readings accu- 
rate to 5}, deg. Cent. could be taken. The water 
was stirred at a uniform rate during the whole 
of each experiment, and, as far as possible, the same 
rate of stirring was adopted in each test. In order 
to facilitate compyrison of different experiments, 
the initial temperature of the water for each test 
was altered by warming or cooling until it was 
between 21 deg. and 22 deg. Cent. Thus the con- 
ditions for each experiment were almost exactly 
identical. The water equivalent of the calorimeter 
determined by previous experiment was 510 
grammes. The weight of coal used in each case 
was 1 gramme, and that of water 2206 grammes. 
As one of the principal objects of the tests was to 
obtain the form of the combustion curve, as indi- 
cated by the rise in temperature of the water(Fig. 2), 
it was necessary to take readings at short intervals, 
Accordingly, after firing the fuel, readings were 
taken at every five seconds until the maximum tem- 
perature was reached. Before firing, readings were 
taken at 30-second intervals to obtain the gradient 
of the cooling curve, and these were continued 
after the attainment of maximum temperature. In 
this way the parts A B and C D of the curve were 
obtained (Fig. 2). The fuel in each case was fired 
by fusing the iron wire with current from the 110- 
volt mains. The circuit was made in each case 
exactly at the fourth minute from the first reading. 
The temperature in nearly all cases began to rise at 
the fifteenth second from the point of firing, and 
the combustion curve B F C obtained from readings 
at five-second intervals. Owing to radiation from 
the surface of the calorimeter, the rise in tempera- 
ture actually obtained is lower than that corre- 
sponding to the calorific value. The real rise was, 
therefore, obtained by producing the cooling curves 
AB, DC to H and E respectively. A line HE 
was then drawn so that the area E F C was approxi- 
mately equal to area F BH. Small differences in 
the position of this line do not greatly matter, as 
the lines AH and DE are very nearly parallel. 
Tests were made at pressures of oxygen ranging 
from 25 to 3 atmospheres, and the results obtamed 
plotted in Figs. 3, 4,and5. The moisture present in 
the coal was obtained by heating a weighed quantity 
of the fuel to 97 deg. Cent. in a steam-jacketed 
oven, and observing the loss of weight in each case. 





Pressure of Oxygen - Atmospheres. 


The ash was not determined in this case, but pre- 
vious determinations on the same coal vary between 
2.8 and 3.2 per cent. 

The curves in Fig. 3 represent the rise in tem- 


| perature of the water above that at which ignition 
| occurred. They are plotted from the same starting- 


point in order to facilitate comparison between the 
rates of combustion at different pressures. Not only 
is the rate of burning much slower as the pressure 
diminishes, but the actual temperature finally 
attained is much lower, ST at very low 
ressures. At 13 atmospheres unburnt coal first 
negan to be visible, after combustion, on the 
platinum tray, and this feature was accentuated at 
the lower pressures. At 7 and 3 atmospheres 
there was simply a thin film of ash covering 
the unburnt coal. The completeness of combustion 
is graphically represented by Fig. 4. It is here 
seen that although no traces of unburnt coal were 
visible at 15 and 20 atmospheres, yet the calorific 
value obtained was 1.4 and 0.3 per cent. respec- 
tively below that obtained at 25 atmospheres. The 
latter is probably the true value, as the curve is 
ractically parallel to the abscissa at this point. 
t was intended to conduct a further test at 30 


calorimeter for each experiment, so that the free | atmospheres, but that pressure could not be ob- 


surface, in every case, was about 4 in. above the 
bomb-top. Readings of temperature were taken 
on a very accurate thermometer graduated in 50ths 








tained from the oxygen bottle. 
fact that, although the weight of oxygen present 
was everywhere well in excess of that necessary 


It is a striking 
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Resutts or Tests WITH BomB CALORIMETER AT VARIOUS PRESSURES. 
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Pressure of oxygen .. 


” ” 
Date of test .. os 
Barometric pressure .. 
Temperature of air .. ae ca 
acd calorimeter jacket .. 
Total equivalent weight of water in 
grammes ee én os ox --| 2716 | 
Moisture in coal oe ne =% +. percent. 2.25 | 
Temperature of water at start of combustion, deg. C. = 
Od 
| 2.83 | 
| 2915 


i oa atmospheres | 
. pounds per square inch 


** millimetres 
. deg. Cent. 20 
-| 19.2 


ee ” ° 
ealorimeter— 


” ” en ” ” 
Apparent rise . ‘a = ‘ oe * 
Real rise o ot oe “s om 
Weight of fuse wire ... ES 
Net calorific value of coal .. cals./gm.| 7,899 

* o ~ B.T.U./Ib. 
Per cent, maximum value .. és ry = eS 
Maximum rate of temperature rise ; deg. Cent. per min. 
Mean rate of temperature rise ; deg. Cent. per minute 
Time of let busti te pn .. Mins. 


Maximum ote temperature rise 
Mean 





Rate of cooling before combustion ; deg. C. per min. . al 
” after ” ” .* 
Volume of bomb - ee dis es ve 
Free volume of oxygen in bomb at 0 deg. C. and 760 
millimetres Hg... ie - .. cubic inches) 
Free volume of nitrogen in bomb at 0 deg. O. and 760) 
millimetres Hg ot a - .. cubic inches 24.7 
Weight of oxygen present .. oe -.  Ib.| 0.0407 
grammes, 19 | 
- 1b. | 0.0011 
PA “ og grammes 0.52 


Weight of oxygen required to burn 1 gramme of carbon) 


Weight ot nitrogen present j 





for the combustion of 1 gramme of pure carbon, 
yet combustion at low pressures was incomplete. 
At 3 atmospheres the weight of oxygen in the 
bomb was nearly twice that required for complete 
combustion, and yet only 60 per cent. of the coal 
was burnt. The small volume of nitrogen present 
in the bomb was due to the presence of 1 atmo- 
sphere of air before the admission of oxygen. Re- 
ferring to the curves in Fig. 3, it will be seen that a 
great part of the curve of combustion is practically 
astraight line. This, the steepest part of the curve, 
forms the maximum rate of heat-flow, plotted 
in Fig. 5. The mean rate of heat-flow is simply 
the total rise in temperature, divided by the time 
interval between minimum and maximum tem- 
peratures. These form a measure of the tempera- 
ture reached by the burning fuel. The greater 
combustion temperature attained at high pressures 
gives an increased rate of radiation to the sides of 
the vessel, and also generates convection currents 
of higher velocities than would be the case with 
lower pressures. Thus the rate at which heat is 
transmitted is greater, and the combustion curve 
becomes much steeper. This, however, does not 
account for the undoubted fact that, with excess 
of oxygen, the combustion at low pressures is 
incomplete, It is possible that the rapidity of com- 
bustion at high pressures has something to do with 
this, as the fuel would, in this way, be stirred up 
and constantly expose fresh surfaces to the gas. 
This, however, does not seem to be a complete 
solution. Be the reason what it may, the fact 
remains that, with the bomb form of calorimeter, 
accurate results cannot be obtained with a pres- 
sure of less than 25 atmospheres. This point in 
itself is important, as there is a tendency to think 
that, given a suflicient supply of oxygen, combus- 
tion is bound to be complete, although it may be 
slower in action. 

These experiments show that pressure of the 
surrounding medium has a great intluence both on 
the rapidity and completeness of solid combustion, 
and that in this respect the combustion of solid 
bodies bears a striking analogy to that of gases. 
It is possible that this phenomenon accounts in part 
for the lower calorific values obtained in calori- 
meters using oxygen at atmospheric pressure. In 
that case, of course, the current of gas exercises a 
stirring effect on the fuel, which partly neutralises 
this influence, but it is probable that the pressure 
effect comes into play to some extent. 

The phenomena of gaseous combustion are, of 
course, quite different, as the high molecular velo- 
cities of gases enable them to mix thoroughly before 
combustion, and the latter is thus generally com- 
plete. The case of a solid, however, is that in 
which the combustible and supporter of combustion 
have only a small surface contact, and it seems that 
the pressure of the medium, by forcing the two 
into closer contact, has a great influence on the 
character of combustion. The subject is full of pos- 
sibilities, and would repay further investigation. 

The author wishes to thank Professor F. W. 
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Burstall, M.A., and the authorities of the Univer- 
sity of Birmingham, for the facilities afforded him 
in making this investigation, the details of which 
are given in the Table above. He also begs to 
acknowledge the kind assistance of Mr. B. Turner 
in the preparation of samples and during the experi- 
mental work. 








THE NAVAL YARD AT THE CAPE 
OF GOOD HOPE. 
(Continued from page 653.) 
Tuer PENSTOCKS FOR THE SELBORNE GRAVING 
Dock. 

Havine described in our previous article the 
Selborne graving-dock and the process of con- 
struction, we now turn to the arrangements and 
machinery for the pumping-out of the dock, and this 
week, on Plate LXXX., we reproduce drawings 
which illustrate the main features of the various 
types of penstocks employed, and the gear for 
operating them. 

The general arrangement of the penstocks is 
shown on the key plan, Fig. 60, but further details 
will be disclosed by reference to the general draw- 
ings of the dock reproduced on Plate LXXVIL., 
accompanying our issue of November 11. Suction 
culverts, each 6 ft. by 3 ft. 6in., formed in the 
mass concrete, are provided on each side of the 
dock, so that either of the three sections of 
the latter can be pumped out independently of the 
other sections, and each of these culverts is con- 
nected to a 7-ft. diameter culvert, which runs from 
the east side of the dock entrance to the main pum 
wells. From these wells two discharge culverts, omk 
7 ft. in diameter, are led to the basin. For the drain- 
age of the dock two wells are provided, connected 
with the main wells by culverts 4 ft. by 2 ft. A 
discharge culvert 4 ft. in diameter is provided for 
the drainage wells, with outlet in the basin. There 
are in all seventeen penstocks, and the Table 
annexed gives a list of these, with their diameters 
and depths. The penstocks are all mechanically 
operated, hydraulic power being used in all cases 
except for the quadruple penstock within the pump- 
ing-station, where steam is utilised. Instead of 
fitting a separate motor for each penstock, however, 
each motor is utilised to drive several penstocks 
contiguous to each other by means of shafting. The 
penstocks are similarly grouped in the Table, and 
the power of the hydraulic engine for each group 
is given in column 5. In all cases the doors 
are raised and lowered by means of lifting-screws. 
The bevel-gear in all cases is double, and the shaft 
revclves in one direction only, the raising and 
lowering of the penstock being effected, according 
tothe particular set of gear-wheels brought intoplay, 
by means of clutches. Automatic gear is also pro- 
vided fcr disengaging the clutches when the door is 
at the end of its travel, either in the open or closed 
position. An additional gear-wheel is provided, 
the shaft of which is fitted to take a box-spanner 
with capstan-head in order that the doors may be 





— by hand. Generally, all the bearines for 
the penstocks are of gun-metal, adjustable where 
‘niga agg the lower half being circular, 80 as to 

easily removed without taking out the shaft 
Brasses are turned on the outside, and properly 
bedded in the bearing-block and cap. All studs 
are fitted with locking-nuts and split-pins. Wheels 
running loosely on the shaft are bushed with «un. 


metal. 
Table of Penstocks. 
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Nore.—The speed of lifting of all penstocks except No. 9 is 
2 ft. per minute, that of No. 9 being not less than 6 ft. per minute. 

Coming now to the details of construction, the 
general arrangement of the shaft and penstock lift- 
ing-gear is shown on Figs. 61 and 62, which are 
sections of the single penstock shaft, Nos. 1 and 2, 
for the main suction immediately outside the 

umping-engine house, the depth from the coping 
evel to the culvert bottom in this case being 
56 ft. 6 in., and the diameter of the culvert 
7 ft.; the shaft itself is 8 ft. by 5 ft. Figs. 63 
to 66 illustrate the shaft and gear of the 
main filling penstocks, Nos. 12 and 13, on plan, 
Fig. 60. hese are double penstocks, 7 ft. in dia- 
meter, and control the culverts at the dock entrance 
for filling the dock. In this case the depth is only 
35 ft., but the shaft is 9 ft. by 7 ft. Figs. 67 and 
68 show another type—-the double penstocks for the 
main discharge, Nos 10 and 11, which are only 
21 ft. 6 in. deep, but control penstocks 7 ft. in dia- 
meter. In this case also the shaft is 9 ft. by 7 ft. 

The only further remark which may be made in 
connection with the arrangement of the penstocks 
is that the penstocks numbered 14 to 17 are double, 
with doors 8 ft. by 6 ft., communicating with the 
dock on each side of the intermediate grooves for 
the caisson. These actias levelling culverts between 
the middle and inner dock, and between the middle 
and outer dock. 

As will be seen from the general drawings, these 
various shafts are in concrete with fair faces rendered 
in cement. Iron ladders are fixed in each shaft as 
required. The masonry faces at the bottom of the 
penstock shaft, to receive the valve-frames, are of 
granite. 

The general type of circular penstock door 1s 
illustrated in Figs. 69 to 74. These are of cast iron, 
and gun-metal seatings are provided to both the 
penstock frames and doors. These are securely 
riveted by Muntz-metal rivets driven and fully 
expanded into dovetail holes in the cast-iron frame 
or slide, and riveted over into countersunk holes in 
the gun-metal seating. Care was taken that the 
rivets were tightly clenched and entirely filled the 
holes. All willing faces were machined and scraped 
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until a water-tight joint was obtained. The general | 


construction of the other doors corresponds, varying 
only in size. It will be seen from Figs. 74 and 75 
that the quadruple penstocks in the pumping-engine 
house have oval doors, an arrangement adopted to 
economise space. ‘The doors in this case are 4 ft. 
by 2 ft. These are for the drainage suction, and in 
this case the depth is 59 ft. It should be noted that 
in this instance the general drawings terminate at 
the top of the screw-shaft, and do not include the 
gear-wheels or the steam-engine which drives them. 

The gearing for operating the penstocks is, how- 
ever, more effectively illustrated in Figs. 82 to 86. 
These illustrate the system in the case of the deep 
yenstocks, as shown completely in Figs. 61 and 62. 

he driving-shaft, with the bevel-gear and clutches 
for rotating the lifting-screw, is supported on 
granite blocks, as shown in Fig. 84, and is com- 
pletely under the ground level. The frame for 
carrying the lifting-screw and other attachments is 
fixed to the masonry of the penstock shaft by 
lewis-bolts, and the frame is also provided with 
projections which are embedded in the masonry, 
as shown in Fig. 81. In the toe of the screw- 
frame a gun-metal step is fitted to receive the 
foot of the square-threaded lifting-screw, which 
rests on loose steel-disc packings on the bottom 
of the step. The head of the screw is held in place 
by a gun-metal collar bearing accurately fitted in a 
cap in the screw-frame. On the vertical lifting- 
screw is a gun-metal lifting-nut formed with 
trunnions, to which are attached two wrought-iron 
lifting flat-bar links, the lower ends of which are 
bolted to the upper end of the lifting-rod. These 
are so fitted that they may be truly vertical when 
the gun-metal faces of the penstock and the pen- 
stock-frame are just touching. The lifting-rods 
are of wrought iron, turned for the whole length. 
The lower end is attached to the top of the pen- 
stock door by a wrought-iron key, and the upper 
end is forged solid, and secured by three bolts in 
drilled holes to the flat-bar links. Over each 
screw-frame there is a light cast-iron door slung on 
three galvanised wrought-iron hinges, and secured 
when closed by a clip or catch (Fig. 81). These 
doors are provided for the purpose of excluding all 
dirt from the Muntz-metal screw. 

To the side of the screw-frame is fitted a lever 
for disengaging the working clutch by a self-acting 
movement, actuated by a motion of the crosshead 
when the slide is completely opened or closed. 
One end of the lever is attached to a wrought-iron 
rod, and the other end is connected with a double- 
bell-crank lever, the arms of which work the 
double slipping-clutch. These arms are fitted with 
pivoted gun-metal plates, as shown, for running in 
the groove of the clutch. The other arm of the 
bell-crank lever is vertical, and receives the socket 
of the lever for engaging or reversing the gear by 
hand, when the doors have to be raised or lowered. 

The cast-steel slipping-clutch, which is made so 
as to drive only in one direction, slides on two keys 
sunk into the driving-shaft, and has a lateral play 
of about 3 in. The cast-steel pivot-wheels, into 
which the clutch works, run loosely on the shafts. 
The faces of the clutch and clutch - wheels are 
dressed to a true surface, so as to slide easily one 
on the other. All pins and clutch-gear below high- 
water level are of gun-metal. The screw is a 
rotated by hand through a bevel-wheel, having a 
spindle projecting upwards, to take a box-spanner 
with a capstan head: 

The gear for a typical shallow penstock is illus- 
trated in Fig. 87. This applies to the penstocks 
Nos. 10 and 11—the double discharge penstocks 
located immediately outside of the pumping-station. 
In this case the bottom end of the screw engages in 
& gun-inetal nut fixed to the door itself. Automatic 
gear for throwing out the clutch on the bevel- 
wheels is shown to the right of Fig. 87, with the 
rods cut short near the top ; these extend to the 
bottom of the penstock door, and are provided 
with “stop-nuts in a suitable position for disengag- 
ing the clutch when the door is at the end of its 
travel, either when open or closed. ‘The rods, 
links, and levers of this disengaging gear are 
balanced by counterweights, so adjusted that the 
clutches are placed, by a self-acting movement, 
centrally and clear of the mitre when the penstocks 
are not in use. 

The hydraulic motors, which are of 18 and 28 
brake horse-power (as shown in the table), are, 
as already explained, arranged to work any one 

stock in the group of penstocks, convenienly 
ocated. These motors are of the horizontal double- 


acting type, and the valves are operated by levers 
| passing through the cover-plates over the engine. 
|‘The maximum hydraulic pressure of the main is 
| 750 lb. per square inch, and the cylinders in each 
| case are proportioned according to the work to be 
done. They are placed in pits under the ground 
level in suitable positions for working each group 
of penstocks, and the pits are covered with cast- 
iron chequer cover-plates, with the necessary flaps 
to allow access, and also with manholes over the 
ladder, which is fitted in the penstock shaft in every 
case 


As already indicated, the quadruple penstocks, 
illustrated by Figs. 75 to 81, have gear generally 
similar to that illustrated in Figs. 82 to 86 ; 
although the shaft, bevel-wheel, and clutch are not 
shown in the sections reproduced. In this case, 
however, the gear is actuated by two double- 
cylinder vertical engines, each engine being cap- 
able of opening any two doors at the same time ; 
the diameter of the cylinders is 74 in. by 9-in. 
stroke. 

The contractors for the penstocks, gearing, and 
hydraulic machinery were Messrs, Stothert and Pitt, 
Limited, of Bath. The hydraulic machinery of the 
other penstocks was sub-let to, and manufactured 
by, Messrs. Cowans, Sheldon, and Co., Limited, 
Carlisle. The steam - engine for the quadruple 
penstock in the pumping-station formed part ot 
the contract for the pumping machinery, which 
was manufactured by Messrs. Fullerton, Hodgart, 
and Barclay, Limited, of Paisley. 


(To be continued.) 








GLASGOW AND WEST OF SCOTLAND 
TECHNICAL COLLEGE. 


By Joun G. Kerr, M.A., LL.D. 
(Concluded from page 688.) 
ELECTRICITY. 

Lorp KELVv4, in an address at the opening of the 
laboratories in University College, Bangor, in 1885, 
said, ‘‘ No university in the world can now live 
unless it has a well-equipped laboratory.” Yet in 
1846, when, as Professor of Natural Philosophy in 
the University of Glasgow, he was on the threshold 
of his career, there was allotted to him by the Faculty 
‘*an old wine-cellar,” and this, ‘with the bins swept 
away and a water supply added, served as a physical 
laboratory (a name then unknown) for several 
years.” Under hard conditions of housing and 
equipment his ‘‘ new volunteer laboratory corps ” of 
experimentalists dealt bravely and successfully with 
such subjects as the ‘‘ electric convection of heat,” 
and the ‘‘electro-dynamic properties of metals.” It 
was Lord Kelvin’s opinion that, as part of a liberal 
education, the time spent on definite measurement 
was not thrown away. ‘‘In the laboratory every- 
thing tested or tried is found either true or not 
true,” and ‘‘the measurement itself becomes an 
object to inspire the worker with interested ardour.” 
However helpful this saying is in reference to the 
question of general culture, it is on the specialised 
training of men who are to be engaged in applyin 
scientific knowledge to practical ends that its ful 
force bears most directly. 

Dominated by the ideas contained in Lord 
Kelvin’s words, the Governors—he was for ten 
years a Governor of the College—have, by gene- 
rous and skilful expenditure, created an electrical 
department, which, whether regarded as offering 
an inclusive scheme of education in the science of 
electricity, with facilities and encouragement for 
research, or as supplying in its most applicable 
form practical instruction in electrical engineering 
work, can best be described as a well-rounded whole, 
perfect in all its parts. Professor Magnus Maclean, 
M.A., D.Sc., is head of the Department of Elec- 
trical Engineering. 

Flovr space to the extent of nearly 2000 square 
yards has been given up to this department, and the 
distribution of the rooms has been most admirably 
planned, as will appear by reference to Fig. 59, 
page 758. There are two lecture-rooms, a junior 
and a senior laboratory, a room for drawing and 
design, and a dynamo-room. There are also a 
research laboratory, a battery-room, two photo- 
meter-rooms, an instrument-making and finishing- 
room, and a small workshop. In both junior and 
senior laboratories current is distributed from the 
central battery to each of the twenty experimental 

tables by means of a plug-board and bare wiring 
|on insulators. This is found very convenient, as 
the student, or group of students, at table 1 may be 








using one cell, while simultaneously at tables 2, 3, 
&c., the student or students may be using two, 
three, five, ten, or any number of cells up to the 
maximum number in the battery. The names of a 
few of the various experiments to be performed by 
the students in the junior and senior laboratories ure 
marked upon the plan (Fig. 59). The students work 
in groups of two or three. The order of work is so 
arranged in the two laboratorics that the experiments 
form a complete course of instruction in electrical 
technology extending over two years. Experiments 
of a theoretical character are followed by those in 
which the practical application is involved. In a 
word, the whole equipment in the different labora- 
turies has been designed so as to enable a student to 
get experience in all the electric and magnetic tests 
he is ever likely to have to perform in practice. 
In addition there are apparatus in the manipula- 
tion of which the theory of the subject is brought 
home to him, and the fundamental ideas of the 
electric, magnetic, and electro-magnetic circuits 
are developed by actual experiments carried out by 
himself. In this way the junior student gets accus- 
tomed to measuring the most common electric and 
magnetic units—namely, current, electromotive 
force, resistance, capacity, inductance, magnetic 
fields and fluxes, and so on. 

A plan of the dynamo-room is given in Fig. 61, 
and a photograph is reproduced in Fig. 60. ‘The 
general arrangement is fairly well shown in the 
an On the left-hand side is the main switch- 
oard, consisting of twelve panels on the positive 
side of the three-wire distributing system of the 
Glasgow Corporation Electric-Lighting Department, 
twelve panels on the negative side, both at 250 volts, 
and four panels, seen in the centre, at 500 volts. 
The main switchboard is divided up into three 
panels, consisting of two 250-volt boards and one 
500-volt board. Each of the two 2d0-volt boards 
has two 500-ampere main panels controlling two 
separate supplies from the Corporation Electricity 
Department. The current, after passing through 
the main switches, is distributed to the different 
sub-panels by means of copper busbars at the back 
of the board, which are easily accessible ; and the 
change-over switches, should one of the supplies 
fail, prevent an interruption in the lighting. 

The whole installation, which was carried out to 
the specification of Professor Magnus Maclean, 
consists of an equivalent of over 4000 40-watt 
metallic filament lamps, 100 arc lamps, 40 lanterns, 
and 60 electric motors of different sizes. 

A good idea of the arrangement of the experi- 
mental apparatus in the dynamo-room can be got 
from Fig. 60, and a plan is given in Fig. 61. In 
the dynamo-room students follow similar methods 
to those employed in the junior laboratory. They 
are required to make themselves familiar with the 
connections and methods of starting and operating 
direct-current motors. Speed, power, and efticiency 
tests of shunt and series motors are then made, 
and the usual curves worked out. Students then 
proceed to find the characteristic curves of direct- 
current dynamos ; the variation of potential round 
the commutator ; magnetic leakage ; separation of 
losses ; the relation between current, frequency, 
power, resistance, capacity, and inductance in alter- 
nating-current circuits. These experiments are 
followed by the investigation of single-phase trans- 
formers and their efficiencies by various methods ; 
the study of alternating-current generators and the 
measurement of characteristics at different power 
facters ; synchronising alternators ; the testing of 
synchronous and induction types of motors by 
different methods. 

From the results obtained the student is able 
to test fully the principles of construction of 
these machines. The types include direct-current 
generators and motors, with and without inter- 
poles, alternating-current generators of single-phase 
and three-phase types, and also motors, single-phase 
and induction. The size is chosen so that they 
may not be too expensive in running, that senior 
students can work with them without a teacher 
being always present to help, that original and 
research work can be carried on with them, and 
that the results obtained from them by experiment 
will be sufticient to entitle the student to infer 
what the results would be in the largest con- 
structed machine running under similar conditions. 
The great majority of the smaller measuring in- 
struments are of a commercial pattern, but if there 
is any doubt as to the accuracy of any of them, 
there isa standardising table where currents and 
voltages can be measured to very great accuracy— 
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Senior Laboratory. 

. Measurement of capacity by ballistic or 
Kelvin method. 

2. Constants of ballistic galvanometer. 

3. Coefficients of self-induction by secohm- 
meter or ballistic method. 

. Magnetic induction in iron by ballistic 
method. 

. Permeability of iron by Ewing's bridge. 

. Magnetic induction and hysteresis by 
magnetometer. 


10. Insulation resistance by method of leakage. 

11. E.M.F. current and resistance by the 
Crompton potentiometer. 

12. Calibration ot kilowatt-hour meters and 
ampere-hour meters. 

13. Calibration of single and multi-phase 
power-factor meters. 

14. Localisation of faults in cables 

15. Efficiency capacity and arrangement of 
secondary cells. 

16. Operation of arc-lamps, connections, and 
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Fic. 59. Eectricat ENGINEERING DEPARTMENT. 


LIST OF REFERENCES FOR FIG. 59. 


18. 
meter. 


netic fields. 


. Determination of * H. 


meters. 


Measurement of wave-length by the cymo- 
Junior Laboratory. 

. Magnetisation of iron and maps of mag- 

2. Construction of an electro-magnet. 


. Study of polarisation in cells. 
5. Constants and calibration of galvano- 


9. High resistance by substitution. 
. Insulation resistance by Kelvin testing 
set. 
. Megger for testing insulation resistance. 
. Equipotential points and distribution of 
current in a conductor. 
3. E.M.F. by the potentiometer. 
. Calibration of an ammeter. 
5. Calibration of a voltmeter. 
. Electro-chemical equivalent of copper. 
7. Determination of Joule’s equivalent. 





. Ohmic resistance inductance. 
. Ohmic resistance and capacity. 
. Ohmic resistance with inductance and 


consumption of carbons. 
17. Conductivity of metals by Siemens low- 
resistance bridge. 


5. Specific resistance of metals. 


. Low resistance of millivoltmeter. 


8. Measurement of temperature coefficient 


. Detection of faults in dynamo arma- 


ture. 


. Internal resistance of a battery. 


capacity. 


to 4 per cent.—by any student with care and 
attention to the instructions given. 

In addition to the plant mentioned above, and 
shown in the illustrations, the following apparatus 
are on order and will ve delivered during the present 
session. 

A 100-kilowatt-motor alternator set. This con- 
sists of a 150-horse-power direct-current 500-volt 
motor driving a 125-kilovolt-ampere three-phase 
alternator. ‘I'he set runs normally at a speed of 
7650 revolutions per minute, giving a frequency of 
50 periods per second, but the motor speed can be 
varied over a range of from 350 to 900 revolutions 
per minute, thus enabling frequencies from 25 to 60 
to be readily obtained. 

The motor is six-pole shunt-wound, fitted with 
interpoles and a compensating winding. It has 
search-coils wound in the armature, so that flux- 
distributiun curves can be obtained. Thermo- 
couples are inserted in different parts of the field- 
winding, so as to enable temperature rises to be 
measured throughout any test, and also to gauge 
the variation of temperature rises inside the coil. 
The alternator is an eight-pole revolving field- 
generator. The stator windings are arranged in 
sections, so as to permit of various voltages being 
obtained without reducing the output of the ma- 





of resistance of metals. 


chine. Search-cvils are being wound in the stator 
in various positions, to enable observations to be 
made on the flux distribution in the teeth and core. 
Three different sets of pole-shoes of varying spans 
are supplied, permitting the wave-forms to be easily 
varied. The influence of the ratio pole-are to 
pole-pitch on the form-factor can also be studied. 
The shaft carries a revolving contact-maker for 
use in the Joubert point-to-point method. 

Two 35-kilowatt rotaries are coupled together 
and mounted on one bed-plate. The coupling is 
of the fiexible type, and is easily removable, so 
that the machines can be run separately if required. 
Kach rotary is suitable for running off a 500-volt 
direct-current supply, converting to approximately 
300 volts 50 periods per second and three-phase 
alternating current. One of the rotaries is titted 
with search-coils in the armature and two different 
sets of pole-shoes, one set giving approximately a 
sine wave. Thermo-couples are titted in the fields 
and armatures of both rotaries. These rotaries will 
be used as synchronous motors, when they will be 
separately excited and driven off the 100-kilowatt 
alternator, thus providing an inductive load. 

There is a 20-horse-power three-phase 500-volt 
induction motor. This motor is of standard design, 
with a wound rotor and an interchangeable squirrel- 





. Theory of shunts. 


cage rotor. It is suitable for running off 500 volts 
with the stator windings star-connected, or 290 
volts with the windings delta-connected. It can 
thus be run off the main alternator or the rotaries. 

A very complete set of starting apparatus, such 
as compensator, and star-delta switch for use with 
the squirrel-cage rotor, and resistances for use 
with the wound rotor, are supplied, so that com- 
parisons of the starting characteristics of the two 
types of rotors can be studied. The rotor voltage is 
so arranged that this motor can be cascaded with 
another three-phase motor, or with a rotary, thus 
forming a La Cour converter. ; 

There are also two 25-horse-power traction 
motors. These are standard 500-volt series motors. 
They are mounted ona frame and coupled together, 
so that they can be used for a motor-generator set 
to exhibit the characteristics of series generators or 
series motors. They can also be used for Field's 
efficiency test and brake test of aseries motor. These 
two motors have been presented to the Institution 
by the Tramways Department of the Corporation of 
Glasgow. 

CHEMISTRY. : 

From its predecessor the Glasgow Technical 
College inherited a School of Pure and Applied 
Chemistry, which has been in existence for more than 
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Fie. 60. Dynamo anv ELecrricaL InstruMENT LABoraTorY. 


List OF REFERENCES FOR Fic. 61. 
. D.C. bi-polar open motor, 250 volts, 900 r.p.m. 
II. D.C. Manchester dynamo, series and shunt. 
III. 10 H.-P. D.C. 4-pole compensated motor, 500 volts, 500 
to 1400 r.p.m. 
IV. A.C, 6-pole revolving field generator, 3-phase 220-volts. 
V. A.C, 3-phase motor with wound rotor, 200 volts. 
VI. 3 Kw. 4-pole D.C, to A.C. converter or generator. 
VIL. A.C, 3-phase induction motor, 1400 r.p.m. 
VIII. D.C. or A.C. synchronous 4-pole motor, 250 to 180 volts, 
1400 r.p.m. 
IX. D.C. generator, compound bi-polar, 200 volts, 1400 r.p.m. 
. 16 H.-P. D.C. 4-pole compensated motor, 500 volts, 800 
r.p.m. 
XI. 8 Kw. D.C. 4-pole open compound generator, 250 volts, 
800 r.p.m. 
6 Kw. D.C 2-pole single-coil dynamo, 120 volts. 
9 H.P. D.C, 4-pole shunt-motor, 500 volts, 800 r.p m. 


= 


XII. 
XII. 


XIV. 7 Kw. D.C. bipolar compound dynamo, 100 volts, 800 
at r.p.m. 
XV. \ Two 4-Kw. D.C. 2-pole machines, 250 volts, 1400 r.p.m. 
XVI. Coupled for Hopkinson test. 
XVII. 9 H.-P. 4-pole D.C. shunt-motor, 500 volts, 400 to 800 
‘% r.p.m. 
XVII. 6 Kw. 10-pole A.C. multiphase generator, 200, volts, 


400 to 800 r.p.m. 
— A.C, transformer, variable, 200 to 2000 to 20,000 
volts. 
4-H.-P. D.C. shunt-motor, 250 volts, 800 r.p.m. 
2-Kw. D.C, shunt generator, 40 to 80 volts, 800 r.p.m. 
XXII. Standard ampere and volt-balances. 
XXIII. Eight chloride secondary cells, each 400 ampere-hours. 
T Tables with switches, rheostats, voltmeters, ammeters, 
wattmeters, &c. 
XX I\. 7}-H.P. single-phase commutator motor, 1500 r.p.m. 
\\. Three 5-Kw. single-phase transformers, 200 to 400 volts 


XIX. 


XX. 
XXI. 


acentury, and of which the reputation has been built 


up by a succession of distinguished professors— 
among whose names those of Graham, Thorpe, and 


Dittmar are found—and their pupils. The resources 
of the old laboratories, were limited, yeta high stan- 
dard of teaching was maintained, and much good 
research work was done. When the present buildings 
were being planned, in 1902, the Governors decided 
that the provision of adequate accommodation and 
equipment for the teaching of chemistry was one of 
their most important duties, and, as a result, the 
new laboratories, in their ample space, as well as 
in their modern fittings and appliances, are among 
the most complete and efficient in the country. 


In addition to the general laboratories, which 
have work-benches for 180 students, there are 
Separate rooms for gas analysis, for physico-chemical 
Measurements, for electro-chemical work, for obser- 
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vations with the polariscope, the spectroscope, &c., 
for combustion and tube furnaces, for distillations, 
and for work with sulphuretted hydrogen. The 
lecture-rooms, the preparation and store-rooms, 
and the museum are commodious and well arranged. 
In a word, it may be said that for teaching and for 
research in inorganic and organic chemistry and in 





equipment, and facilities are of the most perfect 
kind. During last session Professor George Gerald 
Henderson, M.A., D.Sc., with a strong staff of 
lecturers, demonstrators, and assistants, directed 
the chemistry work of 42] students. Of these, 224 
were day students working through extensive 
courses, and 197 were evening students, for whom 
separate lecture-rooms and laboratories were pro- 
vided. 
TecHNicaL CHEMISTRY. 


This important department takes its origin in an 
endowment by James Young, LL.D., F.R.S., of 
Kelly and Durris, who in 1870 founded the Young 
Chair of Technical Chemistry. The present pro- 
fessor is Thomas Gray, D.Sc., Ph.D. In 1908 the 
Trustees of Mr. J. Graham Young made a grant to 
the College of 10,0001. in support of laboratories 
for dyeing and bleaching. The theory and practice 
of these arts and of calico-printing are now fully 
attended to by experts in the subject. 

In organising the department of technical chem- 
istry as we now find it, two main considerations 
were kept in view : (1) the importance of devoting 
special attention to the subject of fuels and their 
applications in a large engineering centre, such as 
Glasgow, and (2) the desirability of giving the 
students of chemistry and chemical engineering a 
working acquaintance with the principles underlying 
the various industrial operations and the methods 
for carrying these out on an industrial scale. The 
accommodation consists of a laboratory for special 
analytical work, to which are attached a balance- 
room, a calorimeter-room and a store, two labora- 
tories for large-scale experiments, a gas analysis 
room and a furnace-room, with an annexed room for 
photometry and gas calorimetry, in addition to the 
dyeing laboratories, which will be referred to later. 
The laboratory equipment includes all the forms of 
pyrometer which have found practical application, 
calorimeters of different types, including the bomb 
and gas calorimeters, the various forms of gas 
analysis apparatus for accurate and for rapid 
technical work, a small experimental gas-producer 


physical and electro-chemistry the accommodation, | plant of the Dowson type, designed to illustrate 
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the principles of gas production ; and a yqyq-ton 
coal-distilling plant. Instruction in fuels is given 
by systematic lectures and by laboratory work. 
The syllabus of the lecture course includes analysis 
of solid, liquid, and gaseous fuels ; determination of 
calorific value ; measurement of high tempera- 
tures ; coal, and its behaviour in distillation ; pro- 
duction of coke; reactions in gas production ; 
efficiencies of various systems of gas production ; 
producer-gas, water-gas, power-gas ; the methods 
of using solid, liquid, and gaseous fuels ; efficiency 
of combustion ; and calculation of heat losses. The 
laboratory course includes experiments illustratin 

the methods described in the lecture course, fue 
analysis, calorimetry, high temperature measure- 
ments by various methods, experiments in gas 
production, and tests of efticiency of combustion 
with calculation of heat-losses. 

The large-scale experimental laboratory is sup- 
plied with power, gas, water, steam, and com- 
ae air. The equipment includes a small 

all-mill and a cone-mill, both power-driven; 
vacuum filters; a small hydraulic press; a hydro- 
extractor; two steam-jacketed filter-presses, the 
larger having plates 12 in. by 12 in. ; an air-com- 
pressor and vacuum-pump; a copper extractor 
with sieve of 10 litres capacity ; a drying-chamber 
using heated air; an ammonia-still, diameter 1 ft., 
containing twelve compartments, fitted with a pipe 
from which samples of the liquor may be drawn ; 
a refrigerating - machine coupled to a jacketed 
cooler of 10 gallons capacity ; a steam-jacketed 
= ; and a double-effect vacuum evaporator. The 
ast-named has a heating surface of about 40 sq. ft., 
and is capable of evaporating between 1 and 2 tons 
of a dilute liquor per day ; it is fitted with thermo- 
meters and gauges to permit of observation of 
temperature and pressure at every necessary point, 
and with receivers for the condensed water from 
the steam used for heating, as well as for the water 
evaporated from each of the vessels. The practical 
work with the laboratory plant is designed to 
give the student a knowledge of principles, and 
also to teach the methods of experimenting with 
larger quantities of materials than can be dealt 
with in the ordinary chemical laboratory. He is 
thus placed in the position of being able to carry 
out the pioneering work which is a necessary pre- 
liminary to the translation of any new process 
to the industrial scale. No attempt is made 
to reproduce factory conditions. In conjunction 
with the practical work a general course of lectures 
is given, in which the properties of materials of 
construction of chemical plant, water for industrial 
purposes, fuels and their applications, and the 
various operations of industrial chemistry are dis- 
cussed. 

The dyeing department comprises : (1) the dyeing 
laboratory fit with two dye-tables, containing 
twenty-four steam-heated dye-baths, each of which 
has a set of six pots for experimental dyeing, with 
accessory appliances for analytical and testing work, 
with annexed balance and pattern-room and store, 
and (2) the dye-house and calico-printing labora- 
tory. The last-named is fitted with appliances to 
deal with 101b. to 20 lb. of materials in one opera- 
tion. The equipment includes yarn-vats, wool-pans, 
jigger, padding-machine, hydro-extractor, two- 
colour printing-machines, two single-colour sample 
printing-machines, cottage steamer, hydro-sulphite 
ager, drying-cylinder, and set of colour-pans. 


CHemicaL RESEARCH. 


Research work has always been actively pursued 
in the departments of chemistry and of technical 
chemistry. Formerly the work was done under 
difficulties, which arose partly from the lack of 
adequate accommodation in the old buildings of the 
College, and partly from limitations in the number 
of the staff, whose time was in consequence almost 
wholly absorbed by routine duties. Of recent years, 
however, facilities for research have been provided 
by the erection, and suita»le equipment of, the new 
laboratories, the staff has been enlarged, and an 
increasing number of advanced students have been 
induced to take post-graduate courses involving 
research. Asa result, the output of work has also 
been increasing, and within the last five years about 
thirty pspers descriptive of the results of investiga- 
tions carried on in the two departments have been 
communicated to various scientific societies. Among 
these publications may be mentioned Professor 
Henderson’s series of papers on the chemistry of the 
terpenes, and on the action of ammonia on heated 
metals, and Professor Gray’s investigations on the 





composition of the air in Scottish coal and shale 
mines, and on the relation of the ‘‘cap” on the 
flame of a safety-lamp to the proportion of fire- 
damp in the atmosphere. 


METALLURGY. 


The existence of iron and steel industries in the 
West of Scotland, and the consequent need for young 
men who have a scientific outlook and who have 
been especially trained in the science and art of 
metallurgical processes, affords full explanation of the 
great progress that has been made by the Governors 
of the College in developing a curriculum in metal- 
lurgy. There are, however, many industries in 
which success depends on a knowledge of the 
properties and behaviour of metals other than iron, 
and for that reason the course of college work has 
been devised so as to permit of the diploma being 
taken also in the metallurgy of non-ferrous metals. 

In his second winter course the student attends a 
lecture class in which a general outline of the sub- 
ject is given,and fundamental principles, rather than 
details of methods, are studied. From the second 
summer onwards he devotes practically the whole of 
his time to metallurgical subjects, and at the begin- 
ning of the third session enters upon a specialised 
course of study in the particular branch of metal- 
lurgical work he intends to take up. 

As a part of the programme of instruction a 
considerable number of works are visited. The 
students are shown plant in course of construction 
or undergoing repair. After visits to works the 
students are required to prepare full reports and 
descriptions of the plant and processes inspected, 
and to make working drawings from dimensions 
supplied. 

Practical metallurgy can only be learnt where the 
processes are actually carried out on a commercial 
scale, for however complete and perfect the small 
plant erected in a college laboratory may be, the 
conditions of working are very different from those 
obtaining in works. Accordingly the student in 
iron and steel has to spend the last six months of 
his course in an iron or stzel works, and to make 
reports from time to time to the head of the de- 
partment ; and he is not permitted to enter for the 
final diploma examination until this has been done 
in a satisfactory manner. The diploma in iron and 
steel metallurgy is thus evidence of not only a sound 
training in scientific metallurgy, but also of some 
knowledge of modern industrial practice. The 
managers of many of the local iron and steel works, 
realising the advantages of training men in this 
way, have, we learn, willingly permitted students 
to put in the necessary time in their works, and 
have assisted them to get as much information as 
possible. The local manufacturers are now taking 
much greater interest than they formerly did in the 
work of the College, and are encouraging their young 
men to take advantage of the various courses of 
instruction provided. At the present time the 
number of applications for trained men to fill 
various posts in iron and steel works is in excess 
of the supply. 

In the laboratory the student has practice in 
sampling and assaying. The equipment of the 
laboratory for this purpose is of the most approved 
description. There has been added to the depart- 
ment & metallographic laboratory, equipped with a 
number of polishing-machines and a 
specially designed for the examination of metallic 
sections. For photo-micrographic work there is a 
very complete apparatus, consisting of a micro- 
scope of the Zeiss-Martens pattern, with electric 
arc-lamp, optical bench, and large Zeiss camera. 
The pyrometric installation includes a set of gal- 
vanometers, potentiometers, and a furnace, electri- 
cally heated, for the determination of critical ranges 
in metals and alloys. The furnace-room has a tilting 
crucible furnace of the M.R.V. type, of 200 lb. 
capacity, together with the necessary accessories for 
the performance of experiments on the mixing, 
melting, and casting of metals and alloys, and also 
a large gas-fired heating furnace for experiments on 
roasting of ores, cementation, annealing, and general 
heat treatment of metals and alloys. 

In the past few years a considerable demand has 
arisen for instruction in the principles of foundry 
practice, and a large number of students have 
entered the College for the purpose of obtaining 
such instruction. For this reason there has recently 
been erected a small Whiting cupola capable of melt- 
ing about a ton of iron per hour, and so arranged 
that experiments can’ be made to show the effects of 
different methods of working on the fuel consump- 


tion, and on the quality and properties of the 
resulting castings. 

There are also in the furnace-room some wind- 
furnaces, also coke, gas, and oil-fired mufile {yy- 
naces, and the usual apparatus for assaying and 
metallurgical analysis. 

Students specialising in the study of the precivus 
metals experiment on the various methods of trest- 
ing ores with a view to determining the proces, 
most suitable in actual work. The apparatus for 
this purpose includes an experimental cyanide plant 
capable of dealing with fairly large quantities of 
material. 

The majority of the students who enter for the 
course in the metallurgy of the precious metals 
intend to go abroad, and many former students of 
the College now occupy responsible positions jn 
India, South America, South Africa, and other 
parts. It is the opinion of the head of the depart- 
ment, Mr. Alfred Campion, F.1.C., F.C.S., that a 
remunerative appointment is practically assured to 
a student who obtains the diploma of the College. 

The school of ‘‘ pure and applied chemistry,” 
which we have just described under the foregoing 
three headings, is thus exceptionally complete in 
its arrangements. Full advantage is being taken 
of the opportunities offered, for, in addition to the 
421 students engaged in general chemistry, there 
were last year enrolled in applied chemistry, in 
which we include metallurgy, 401 students, and of 
these 80 took the day courses. 


TextTILE MANUFACTURE. 


The recently-added diploma course in textile 
manufacture promises to “ of exceptional utility, 
not only to those who intend to become designers or 
manufacturers of woven fabrics, but also to those who 
may be engaged as buyers or sellers of yarns and 
cloths. After the conditions as to general scientitic 
training have been satisfied, the student receives, 
under the superintendence of Mr. William Watson, 
very full instruction in the details and rationale of 
all that pertains to weaving, dyeing, designing, &c. 

The arrangements that are being carried out 
for extensive training in all forms of practical 
work will give some twenty hand-looms, eighteen 
Jacquard power-looms, twenty dobby power-looms, 
eight tappet power-looms, with machines for wind- 
ing, warping, beaming and card-cutting, a textile- 
testing laboratory, and a museum of raw materials 
and finished products. Figs. 6 and 7, on Plate 
XXXI., in our issue of September 23 last, show the 
amount and distribution of the floor space taken 
up by this important department. 


SpecraL TRADE CLASSES. 


While it has been the aim of the Governors to 
embody in clearly differentiated diploma courses 
groups of correlated studies, they have also pro- 
vided special classes for operatives in various trades. 
Recognising that the modern methods of produc- 
tion, and consequently the character of ordinary 
apprenticeship, are somewhat against the acquisi- 
tion by the craftsman of a full and interested view 
of the trade in which he is occupied, they have 
supplied liberal instruction in the principles and 
abundant facilities in the practice of the operations 
belonging to such trades as bread-making, con- 
fectionery, tailoring, bootmaking, plumbing, sheet- 
metal work, lithography, typography, bookbinding, 
watch and clock-making, and the decorative trades. 

The total floor space occupied in technological 
departments exceeds 40,000 sq. ft. The appliances 
and machinery are the best of the kind in ordinary 
use, and the teachers, who, as a rule, hold respon- 
sible appointments with leading firms, are experts 
in their several branches of work. 

As an instance of the variety and completeness 
of the experience to be got from the trade classes it 
may be pointed out that in the department of 

rinting, under the superintendence of Mr. Lewes 
R. Crosskey, there can be produced on commercial 
lines (assuming the manuscript) a printed, illus- 
trated, and bound volume. 


PREPARATORY CENTRES. 


The intermediate and secondary schools are in 
ordinary course the main sources of supply of 
students to the technical college. During the past 
five years, however, there has been developed in 
the western district of Scotland a highly-productive 
scheme of preparatory centres to meet particularly 
the circumstances of those who have not carried 
their school education to the intermediate stage, 





but who have the ability and desire to receive such 
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preparatory training as will justify their being 
received later in the classes of this central institu- 
tion. At present there are fifty-three affiliated 
centres, Which in almost all cases are under the 
school boards of the districts in which they are, 
all working through well-thought-out preliminary 
courses in mathematics, engineering, naval archi- 
tecture, coal-mining, and building construction. 

During session 1909-10 there were 6451 individual 
students enrolled in the pre tory centres. Of 
these, 636 (roughly 1 in 10) qualified in virtue of their 

rogress for entrance to the Technical College, and 
it is instructive to note that of those who thus 
qualified no fewer than 426 (nearly 67 per cent.) 
have joined the classes of the central institution. 

In ENGINEERING (vol. Ixxxvii., e 603) there 
was given an estimate of the usefulness of these 
continuation classes, and an account of an exhibition 
of class-work done by the students. 

In order to secure efliciency with some degree of 
uniformity, the several authorities and their class- 
teachers act in consultation with the organiser and 
secretary to the joint committee, Mr. John H. A. 
McIntyre, who is also on the administrative staff 
of the College. 

CoNncCLUSION. 

In conclusion, the writer of these articles would 
remark that here, as in the many institutions in 
this country, similarly organised and working 
towards the same ends, we have evidence of great 
change in the outlook and attitude of those who 
control industries. Scientific training is no longer 
slighted as ‘‘ academic,” and of doubtful service to 
production. The past, it is true, teems with 
instances of advance in industrial processes due 
rather to practical skill and business enterprise 
than to conscious knowledge of fundamental prin- 
ciples. But although those qualities which enabled 
the industrial worker of former years to respond 
readily to the impressions of experience will still 
determine success, yet it has come to be recognised 
that the capacity for anticipating new conditions 
and dealing successfully with them, of analysing 
phenomena and comprehending their causes, is 
fostered to good purpose in such college lecture- 
rooms and laboratories as those we have described. 








NATIVE COAL AND IRON WORKING 
IN THE PROVINCE OF SHANSI, 
CHINA. 

AtrnoucH the native methods of working the 

iron ore of the Ping Ting Chau districts, in the 

province of Shansi, are decidedly primitive, the 
ore itself is of excellent quality. The seams at 
present worked are comparatively thin, and, on 
going over old workings, the ground is often found 
to be honeycombed with small shafts, seldom more 
than 14 in. in maximum diameter, and usually 
just large enough to allow a man to go down. The 
ore is taken out to a radius governed by the 
ventilation and by natural difficulties. The tools 
used consist of a native pick, a cast-iron hammer, 

a wedge, and a sort of basket-shovel, the ore being 

raise] in the basket by a small wooden winch. The 

wooden spindles are fixed over the shafts and are 
held in place by heavy stones. Although the climate 
is healthy, work under such bad conditions is sure to 
roduce disease, and consumption is very prevalent. 
here is one good feature, however, which is, that 
during the summer months the mines are shut 
down, potteries and iron works closed, and all the 
men turn farmers till the close of the harvest 
season. 

_Inthe production of finished iron from the ore, 
different districts have different methods of arrang- 
ing their work, as may be roughly illustrated by 
dividing the area into two districts—northern and 
southern ; in the northern district, the iron in its 
conversion from the crude’ ore to the finished 
article usually has to be carried by mules or donkeys 


over long distances to the various establishments 

that are devoted to the manufacture of certain 

classes of goods. In the southern district, how- 

ever, the ironmaster arranges his works on a hill- 

sary . ith the first-stage establishment at the top, 
1e 


following stages at lower levels, till at the 
bottom the finished article is found. The southern 
district specialises in wrought-iron goods, such as 
spades, picks, nails of all classes, wrought-iron bars, 
and general ironwork, while the northern district 
produces the larger and rougher classes of goods, 


such as cast-iron pans and sections of tyres for cart- 
wheels, 


Let us suppose that we are walking through the 
northern district (and it may be of interest to 
mention that the roads (?) are either river-beds 
or gulleys cut out by the floods during the rainy 
season) ; the first indication that we get of the 
iron works is given by the amount of slag lying 
about, as well as by the broken crucibles that have 
been carried down by the floods ; and, as we get 
nearer, these evidences increase, until, when we 
arrive at the works, we are faced with the slag-heaps, 
which are the accumulations of centuries, and which 
make a veritable ‘‘ black country” of the district. 
On walking up to one of the workshops we probably 
fall in with one of the workmen (not necessarily 
truthful), who will enter into lengthy and mysterious 
explanations. Such a workshop is shown in full 
swing in Fig. 1, Plate LXXXI. In the foreground 
may be seen a man breaking the ore into nut sizes, 
and immediately behind him are two boys, whose 
duty it is to sift the ore through basket sieves ; the 
dust not being used. The other men are engaged 
in mixing anthracite coal-dust with the ore and 
charging it into crucibles, which crucibles are about 
4 in. in diameter. and 4 ft. long. In Fig. 2 may be 
seen two men at work filling acrucible. The charge 
consists of about equal amounts of coal-dust and 
broken ore, the crucibles being placed in the roast- 
ing-kiln when they are filled. One of these kilns in 
course of preparation is shown in Fig. 3. It is a 
rectangular enclosure, about 10 ft. | ta by 5 ft. 
wide, the bottom being built of old broken crucibles 
to allow the air to pass underneath. On the top 
of the crucibles a layer of nut coal, about 4 in. 
thick, is placed, and on the top of this the men can 
be seen stacking the prepared crucibles. When the 
chamber is full the end is built up, small coal is 
dropped between the crucibles, the tops of the 
latter are covered over, as shown on the left- 
hand side, and the fire is lighted. About four days 
are required to burn out the fire, and when cool 
the crucibles are taken out, and the iron residue is 
shaken out, or the bottom part of the crucible is 
broken off to release the iron. This residue is a 
honeycombed mass, about 1 ft. long and about 4 in. 
in diameter. The iron, after being treated in this 
way, is carried on donkeys or mules to the other 
shops for further treatment. 

The clay of which the crucibles are made is 
usually partially stratified, and by way of exacting a 
toll out of all traftic (mostly mule) passing over the 
clay, this traffic does its share towards breaking 
up the clay ready for putting under the mill for 
final grinding. The mill consists of a roller about 
2 ft. in diameter, which is fixed on a flat stone in a 
cave, the motive power being one donkey and one 
boy. The powder from the mill is mixed with 
water, and the resulting clay is shaped either into 
entirely new crucibles or suitable parts to repair 
those broken. 

We will now suppose that we follow the products 
of the roasting chamber to a foundry, shown in 
Fig. 4. The donkeys seen in this illustration have 
just arrived, but the workers are so much interested 
in the writer’s camera that the works wear a holi- 
day appearance. At this place the iron is again 
broken up into fragments, and is mixed with small 
anthracite coal and placed in crucibles. These 
crucibles are of a different shape from those pre- 
viously described, being 12 in. long and about 
10 in. in diameter. In the small house, seen in the 
front part of the illustration, the native bellows are 
placed, which supply the blast to the furnace on 
the right, the loaded crucibles being placed in this 
furnace and the contents melted. e metal is 
then run out into the moulds, which are prepared 
and laid out on the floor of the caves. In this 
foundry are cast the iron pans used by the Chinese 
for cooking purposes. Fig. 5 shows another type 
of foundry. In Fig. 6 may beseen shops where iron 
in all its stages is sold. 

If the roasted ore is to be manufactured into 
wrought iron, it is sent to another establishment, a 
view of which is shown in Fig. 7, Plate LX XXII. In 
the background can be seen a stack of crude iron as 
it comes from the roasting kiln, while to the right is 
the furnace with a native anvil and hammer. This 
furnace is underground and is supplied with a 
strong blast by native bellows in the hut. There 
is an opening to the furnace about 8 in. in diameter, 


into which is fed a supply of wood (usually green), 
and when the furnace is in full blast the crude 
iron is put in and more wood added, the blast 
being then kept going for as long a time as neces- 
sary. When the fire burns out, the metal is re- 





moved and is well hammered on the anvil, the 








steely mass shown in the foreground being the 
result. From this establishment these partially 
prepared masses are taken to the puddling-shop, 
which is usually situated under a tree or in some 
totally unexpected place, as shown in Fig. 8. Here 
a small furnace is erected, fitted with native bellows; 
a fireclay oven in two parts is placed on the fire, 
and in this the iron is brought to a plastic state, and 
is then hammered to the required shape. 

In the southern district the larger-diameter 
crucibles are used for all the stages, and when the 
metal has been melted in the crucibles, and has 
been poured into little flat pits in the ground, it is 
covered with ashes. When cool it is broken upand 
taken to another part for further treatment, one 
department making cast-iron pans, and another 
part iron bars, the bars being purchased by the 
nail-makers, spade-makers, &c. 

In addition to the production of iron, the district 
which we have been describing is well known as 
one of the largest anthracite-coal beds of which 
there isany knowledge. Many parts of the deposit 
are water-free, and in some districts the natives 
speak of the ground being empty, since they have 
worked out all the coal above the water-line. The 
natives get at the coal by adit or by shaft, as may 
best suit the nature of the ground. A few of 
the adits are large enough to admit mules, which 
can be taken in, loaded, and return with their 
burdens, but more commonly the adits are small 
and at difficult angles, in which case the coal is 
carried out by men. Shafts are, however, more 
common than adits, and vary from 6 ft. to 8 ft. in 
diameter, each shaft being supplied with a windlass, 
as shown in Fig. 9. The usual depth of the shaft 
varies between 60 ft. and 300 ft., and the average 
thickness of the seam of coal varies from 4 ft. to 
18 ft. The coal is of good quality and practically 
free from shale, burns without smoke, and, under 
calorific test, has a value of from 13 Ib. to over 15 lb. 
of water evaporated per pound of coal, the ash 
amounting to 10 percent. For boiler work it is not 
suitable unless forced draught be used, as it is 
difficult to meet the peak loads unless considerable 
loss is incurred. As a household coal it is perfect ; 
slow-combustion stoves only require charging once 
or twice daily. 

During late years native mechanics have been 
giving their advice, with the result that collieries 
like that shown in Fig. 10 are rapidly coming 
into existence, the coal being hoisted in baskets, 
and when water accumulates cowhide bags are 
used for hauling it out. The workmen range from 
native clerks and managers down through treaty- 
port mechanics, native carpenters, masons, &c., to 
the most hopeless native coolie, whose daily labour 
brings him 20 cents, equal to about 4d. at the 
present rate of exchange. It is safe to say that 
this class of man lives on 1s. per week, the balance 
going to provide clothes, opium, tobacco, &c. It is, 
of course, quite —_ that he has a family of, 
say, six to keep besides himself, in which case the 
women and girls work on the land and act as horses 
in grinding their own corn. 

Fig. 11 shows two methods of transport for coal 
to the railway station—wheelbarrows and mules ; 
the latter in the background. The wheelbarrows 
are generally used for the shorter distances up to, 
say, six miles, their average load being about 
660 lb. With this load, when the distance 
does not exceed 5 miles, the men receive about 25 
cents per journey, and they are able to make two, 
or sometimes three, journeys per day. As they use 
no oil for the wooden axles, the noise, when a 
number of them are passing, is rather like that from 
a pig at the shambles. The wheelsare fitted with 
an ingenious arrangement to act as a brake, a very 
necessary matter, as the barrows often have to 
descend hillsides at very steep angles before they 
reach the more level, but still stony, watercourses. 
The mules carry about 400 1b. each per journey, 
and the men in this case are paid in proportion. 
The average donkey carries about 300 lb. Another 
mode of transport is by camels, but as they only 
travel at night, it is not possible to include them in 
the photographs. Moreover, it is only camels that 
are no longer fit to undertake long journeys that 
are used for collieries. They carry about the same 
weight as the mules. 

Anthracite coal can be bought at the mines at 
the following approximate prices :— No. 1, 2.7 dols. ; 
No. 2, 2.3 dols.; No. 3, 2 dols.; and No. 4, 1.70 dols. 
per ton, taking the dollar as worth 1s. 8d. Dust 
coal can be had at one cash price per callie, or 
roughly, y,d. per pound. Sometimes the mine 
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belongs to a family, the members of which have an | 


arrangement for sharing the proceeds. In other 
cases the men are paid by results, but after trying 
for two months to analyse these methods the writer 
gave it up, as being too vague and complicated. And 
perhaps it may be as well before proceeding further 
to say that a Chinaman is a born liar, and, further, 
he seems to act on the principle that if a lie will do, 
why tell the truth, so that one cannot rely on any 
information given. 

Fig. 12 is a view of a bituminous coal-mine just 
outside the Ping Ting Chau area, and shows 
the efforts of a Canton Chinaman to apply up-to- 
date methods toa mine. The boilers and pumps 
were erected by Chinese workmen. Previous to 
the advent of this man an adit about 4 ft. square 
had been sunk at an angle of 45 deg. down 
to the coal. - The steps of this adit were steep 
and dangerous, and up these steps all the coal was 
carried by boys, who were paid a certain price per 
bag or lump. The Cantonese sank a shaft beside 
the adit, and proposed to use a winch for winding 
up the coal ; but before this could be done water 
was struck, and the mine flooded. He then fitted 
two pumps, laying the pipes in the adit, and was 
successful in pumping the water out of the first 
level. Shortly after starting work, however, and 
owing to the change of air-circulation.due to the 
hot steam-pipes in the adit, an explosion took place 
and practically closed the shaft. At present the 
men are carrying the coal up the steps in bags, and 
are doing this in an excessively high temperature 
due to the steam-pipes, and the Cantonese has 
retired from the field. The workings are a perfect 
labyrinth, and the only tools used are the pick, 
hammer, and wedge. 








THE SHEPPEE CONVERTIBLE STEAM 
MOTOR-VEHICLE. 

Tus vehicle is designed and built by the Sheppee 
Motor Company, Thomas-street, York, and is supplied 
with two interchangeable bodies, one being a flat lorry 
platform, and the other a char-d-banc to seat from 
18 to 20 passengers, with canopy for light lu 
and a grid at the back for poe. i md as eve 
in the views, Figs. 1 and 2, above. Figs. 3 and 4, on 
Plate LX XXIITI., are side views of the chassis. Theplan, 
Fig. 5, on the same Plate, shows that all the moving 
and working parts of the engine—differential, differen- 
tial-shaft, anc — —are well protected by efficient 
casings. The other elements of the vehicle, donkey- 
pump, lubricators, chains, &c., are also carefully pro- 
tected. One of the chief points to be noted in this vehicle 
is its high clearance, this not being less than 18 in. all 
over fue «8 the vehicle, as illustrated in Figs. 6 and 7, 
Plate LX XXIV., which are views of the front and back 
axles. Another feature is the wheels; these are of steel 
and of large diameter. Two sets of wheels are supplied, 
one set being fitted with detachable solid-rubber tyres, 
and the other shod with wide wooden blocks, which 
can be easily taken off and renewed, when required, by 
any joiner. These wooden-shod wheels are mostly for 
use when the vehicle is required to go over soft or 
sandy ground, and when the speed is a comparatively 
low one. 

Chassis.—This is built of channel steel, 4 in. by 2 in. ; 
‘ts principal dimensions are as follow :— 


Extreme length ... 16 ft. 8 in. 
Width a 3 6 ft. 
Wheel-base 11 ft. 3 in. 
Wheel-track Wiser @ oe 
Road clearancé 18 in. 


Axles.—The axles are of the well-known Kirkstall 
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we type, Butler’s patent, the ends being of nickel 
steel, and the front axle ends being of a special design 
to obtain the required high clearance, as shown in the 
views, Figs. 6 and 7, above referred to. 
Transmission.—This is by two side chains to the 
back wheels from the differential shaft, and Fig. 8, on 
page 763, shows a sectional drawing of this differential 
shaft. As will be seen, the differential itself runs on 
a solid shaft in the crank-chamber, one bevel-wheel of 
the differential being keyed to the shaft, and the other 
keyed to a sleeve which runson the shaft. The whole 
shaft and sleeve run on ball-bearings. The transmission 
from this shaft to the two side-pinion shafts is through 
two sleeves, with internal teeth at each end, which 
engage in teeth on the differential shaft and pinion- 
shafts ; the latter also run on ball-bearings. Two 


| brake-drums are also fixed to the side-pinion shafts, 


as shown in Fig. 8. 

Engine.—This is a two-cylinder double-acting 
engine with 4j-in. stroke by 3y,-in. bore, of special 
design and construction, the cylinders and back end 
being made on the company’s well-known method, the 
former being simply plain tubes of special cast iron, 
the back end being bolted on by long bolts, which 
are fixed at the other end to the guide portion. All 
the eight valves are in the back end, and are of the 
mushroom type, the steam being taken by two pipes 
to the other end of the cylinders. 

Crank-Shaft.—This is of chrome-vanadium steel, 
the side bearings and big ends of the connecting-rods 
being oiled by forced-feed lubrication. The crank- 
shaft drives on to the differential through two gear- 
wheels. The view, Fig. 9, on Plate LXXXIV., illus- 
trates the engine with the top half of the crank- 
chamber removed, and shows the crank-shaft and 
differential shaft with the two gear-wheels. 

Steam-Generator.—This is of the flash type. The 
four lower coils are wire-wound by the company’s 
patent process, this construction strengthening the 
tubes, and preventing them from scaling. One of the 
chief reasons why flash boilers have not become more 
popular is on account of the tendency of the lower 
coils to scale badly, from their contact with the flames 
of the burner, and from this cause they were apt to 
give out. By wire-winding them this objection is 
overcome ; the wire becomes almost welded on to the 
tubes, and does not scale, as ordinary tubes do. The 
Sheppee Motor Company contend that there is no 
boiler so simple, strong. and so easily repaired as a 
flash boiler ; for a number of years they have been 
carefully experimenting, testing, and perfecting this 
type, and they claim for it the Sie main advan- 
tages :—(1) Practically any kind of water can be 
used without damaging the boiler. (2) Oil in the 
water has no detrimental effect, so that condensed 
water can be used over and over again, a very great 
point in a country where water is scarce, and the 
vehicle is requi to travel over somewhat long dis- 
tances. (3) The boiler cannot burst in the ordinar 
sense; if a tube gives out, even at a very hig 
steam pressure—at 1000 lb. per square inch, for 
example—there is no real explosion, only a sharp 
report and a hiss of steam, no damage being done. 
(4) Practically any pressure of steam and any degree 
of superheat can be obtained, so that the necessity of 
having two-speed gears on a steam vehicle is done away 
with. (5) It is extremely easy to repair, as the tubes 
are in sections, and any one can be replaced in a very 
short time. A wire-wound boiler-tube is shown in 
Fig. 10, on Plate LXXXIV. 

urner.—This is of the multiple-jet type, patented 
by the company; it contains no mechanical parts. 
The chimneys consist of long troughs of cast iron, 
tapered upwards. Lengthways across the top of the 
troughs are cast-iron baffle-plates, upon which the gas 
from the nipples impinges, and along the top of the 
baffle-plates rests the vaporiser. By this means the 
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| flame is kept from coming into actual contact with the 
vaporiser, and so the latter is kept at a more even 
, temperature, and does not tend to burn out. The 
| burner will work with a down-flue, and does not need 
| an upright chimney, nor does it require a blast in the 
flue. It is shown in plan in Fig. 11, Plate LXXXIV. 
Boiler Feed-Pump.—The water is pumped to the 
Guten by a separate patent steam double-acting 

onkey pump, the valve being of the mushroom type. 
The valves are operated by a simple trip-gear arrange- 
ment, which flies over at the end of each stroke, and 
a opens and closes the steam and exhaust- 
valves. The pump will work against practically any 
pressure up to 10001b. per sq. in. and with steam at 
any temperature up to 950deg. Fahr. It is controlled 
from the driver’s seat by a small throttle-valve. The 
view, Fig. 12, Plate LXXXIV., shows the donkey- 
pump attached to the outside of the chassis of the 
vehicle, where it is most easily accessible. The pump 
is shown in detail in Figs. 13 and 14, on page 763. 

Valves.—In the patent throttle-valve there are no 
stuffing-boxes or glands. Figs. 15 to 18, on page 763, 
show the details of the valve ; it is made of cast-iron, 
and the valve itself is a circular flat disc. The valve 
is revolved by a spindle which passes through the top 

rtion of the aivecnsinn: there are lugs on the 

utton which engage with lugs on the spindle. The 
spindle has a cone-joint on it which prevents any steam 
from escaping. 

Lubrication.—With the use of highly-superheated 
steam, the lubrication is an important point. There 
are two lubricators on the vehicle, one which pumps 
oil to the big ends of the connecting-rods and side- 
bearings of the crank-shaft, the other which pumps oil 
to the steam itself as it passes through the main 
throttle-valve. After trying a number of lubricators 
the makers found that none were satisfactory when 
working against varying steam pressures, from probably 
200 Ib. to 1000 lb. per sq. in. Four views of the special 
lubricator in question are given in Figs. 19 to 22, on 

e 763. All the mechanism is contained within the 
= od it has two plungers, which are operated by a 
cam-shaft through two short guides, the return stroke 
of one plunger being obtained by a rocking-lever which 
is opera by the delivery stroke of the opposite 
plunger. There are no springs at all in the lubricator ; 
these, as is well known, are a fruitful source of 
trouble. The suction-valves are on the top side of the 
barrels, and are therefore upside down ; this necessi- 
tates their being closed mechanically, and this is 
done by a rocking-lever arrangement operated from 
the cam-shaft with two smaller cams. By this method 
the passage from the oil-reservoir to the barrels is 
extremely short, so that thick oil has a better chance 
of reaching them. There are no glands. Fig. 12, 
on Plate LXXXIV., shows a view of the two lubri- 
cators on the vehicle which are operated by the 
ro 

Pipes.—All the steam-pipes are of solid-drawn seam- 
less steel tubing. 

Brakes.—There are four brakes—two internal ex- 
panding brakes on the road-wheels, and two external 
ones on the counter-shaft. Fig. 23, on Plate LXXNIV., 
shows one of these brakes and a side chain. 


Condensers.—There are three condensers—two at 


the rear of the vehicle and one in front. A feature 
of the front condenser is the method of fixing it; this 
is done on one side by a hinged joint, and on the 
other side by a linked coupling, which allows of avy 
slight movement of the chassis to take place withvut 
putting any strain on the condenser. _ : 

Control.—It is very important, with the us: of 


flash generators and very highly superheated steam, 
that the control of the temperature of the latter s!: vald 
be kept as constant as possible, this is obtained by 4 
very simple patent thermostatic arrangement. ne 
of the connections of the boiler is ale into a long 
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U-tube, aonly fixed at one end; the passage of the 
steam through this causes it to expand, and by an 
arrangement of levers the expansion is made to read 


onacial. From a glance on this the driver can tell 
instantly whether his boiler is tending to get hot or 
cold. An important point about this thermostatic 


device is that it shows in advance whether the boiler 
is ten: ling to cool or overheat. 
Feed-Water Heaters.—There are two feed-heaters, 







































































which can be seen in the plan view of the chassis, 
Fig. 5, on Plate LX XXIII. 

wel.—The fuel used is ordinary paraffin, which is 
forced to the burner by air-pressure on the paraffin 
tank, the air pressure is obtained from a small air- 
pump, which is driven off the main crank-shaft. The 
air pressure is maintained at from 45 Ib. to 50 lb. per 
square inch; a smallj relief-valve on the dashboard 
regulates this under the driver’s control. 


| Cler 






The car we illustrate was built by the Sheppee Motor 
Company, York, for the Natal Government. 





Tue Heattu Resorts AssociatTion.—This Association, 
whose offices are at 29, John-street, Bedford-row, W.C., 
have added another to their well-known series of illus- 
trated booklets, the new volume dealing with Falmouth. 
A copy can_be obtained free upon application to the Town 
Falmouth, 
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STEAM-BOILER DESIGN. 
By Cuarues Eritu, A.M.I. Mech. E. 


Mr. Micuarn. Loncripee’s annual report for the 
British Engine, Boiler, and Electrical Insurance 
Company contains highly interesting tests of Dr. 
Nicolson’s experimental high-velocity boiler and 
economiser, designed to test a theory (mistakenly 
called a ‘‘ law”) that heat transfer is nearly propor- 
tional to the speed of flow of gases. 

This velocity theory is in direct contradiction to the 
general experience that heat transfer is proportional 
to the difference between the temperature of the gas 
on the one side of the plate or ‘abe, and of the water 
on the other side. 

Dr. Nicolson’s boiler and economiser carry his 
velocity theory to its logical conclusion. According 
to his lecture to the Junior Institution of Engineers 
(republished in ENGINEERING, vol. lxxxvii., pages 194 
and 229) his design was to artificially accelerate the 
flow of gases through boilers, both by dispensing with 
skilled firing and admitting a large excess of air to the 
furnace, and also by employing a fan to draw the gases 
through small channels of remarkably small total area, 
quite inadequate for their natural flow, in the belief 
that the high-velocity gases would have a scrubbing 
effect on a cool film of gases which was supposed to 
retard heat transfer. In this way Dr. Nicolson pro- 
posed both to enormously increase the steaming duty 
of the boiler-plant and also to attain an efficiency of 
95 per cent. for boiler and economiser together, in place 
of the 60 to 80 per cent. efficiency of actual practice. 
As recorded in the Journal of the Junior Institution 
of Engineers, February, 1909, pages 254 to 257, both the 
velocity theory and all the proposed changes in boiler 
design were promptly challenged by the writer, while 
the evidence given in the paper was questioned by other 
speakers also ; and subsequently similar criticisms and 
questions appeared in the engineering papers, to 
which Dr. Wise responded. (See ENGINEERING, 
vol. lxxxvii., pages 185, 260, 280, and 384). 

As originally made the boiler had a 39-in. diameter 
water-drum placed in the rear end of a 41-in. furnace 
flue, so that gases were drawn through a 1l-in. annular 
space; and under these conditions Dr. Nicolson 
claimed to have burnt 1200 lb. hourly of small and 
dusty coal on the 41-in. furnace ; but in Mr. Longridge’s 
tests this 39-in. water-drum was replaced by a 37-in. 
diameter fireclay plug, making the annular gas-flue 
2 in. instead of only | in. wide. 

Part of the boiler consists of a shell 64 ft. in dia- 
meter and 24 ft. long, with the above 41-in. diameter 
internal furnace, followed by a brick-lined chamber 
wherein the partial combustion in the furnace proper 
was to be completed before the gases reached the 
annular flue; the other part of the boiler consisted in a 
nest of very small water-tubes, placed in a vertical 
drum, only 16 in. in diameter, through which the gases 
pass immediately on leaving the annular flue ; finally 
the gases traversed a small-tube economiser in a similar 
16-in. diameter vertical shell. A 40-horse-power 
induced-draught fan and a 4-horse-power water-circu- 
lating pump were necessary for this one small boiler. 

We now have Mr. Longridge’s series of six ex- 
haustive tests, carried out with his usual thorough- 
ness and impartiality, and giving ample information 
to judge whether Dr. Nicolson’s theory was correct 
or mistaken. The one omission is the moisture in the 
steam ; while. the unaccounted heat losses for the six 
tests are as high as 22.6, 15, 11.3, 13.2, 16, and 13.3 
per cent. see pene 

A practical comparison of the high-velocity experi- 
mental boiler and economiser, with ordinary mill 
boilers and economisers, is tabulated. The hand- 
fired, low-duty test was reported by Mr. Hiller, of the 
National Boiler Insurance Company, to the Institution 
of Mechanical Engineers ; the borden, high-duty 
test is typical of many ir the possession of the writer ; 
it was made on an old plant in ordinary working con- 
ditions, by the users, and a new plant under expert 
testing conditions would show a higher result. 

On the question of boiler capacity there is nothing 
to approach Dr. Nicolson’s claim of burning 1200 lb. of 
small and dusty coal hourly on the 41-in. furnace with 
l-in. annular gas-flue ; with the actual 2-in. annular 
gas-flue, and with good fuels, the duty was quite ordi- 
nary for capacity tests of standard boilers with clean 
coals and fan draught—viz, with Manvers Main coal, 
13,166 B.T.U. per pound, the three tests show 685 lb., 
688 lb., and 413 lb. hourly ; while with best Welsh, 
14.929 B.T.U. per pound, the 4l-in. furnace burnt 
478 lb., 740 lb., and 737 lb. of coal hourly, which is 
nothing remarkable. 

Dr, Nicolson’s proposal to dispense with skilled 
firing, and to admit a large excess of air to the fur- 
nace, was, of course, found fatal to efficiency ; it is 
clearly stated that on these tests ‘‘ the air-supply was 
carefully curtailed in order to reduce the chimney 
loss,” and the fuel was fired at very frequent intervals. 
With this highly skilled firing the estimated combus- 
tion temperature of 3000 deg. Fahr. was reached, 
though the large unaccounted ) or losses already re- 


| ferred to make it doubtful if this high temperature was 
| constant. 

| The efficiency of the boiler and economiser together 
' is no better pom | no worse than any ordinary type of 
boiler with ordinary large-tube economiser would give 
with similar conditions of combustion temperature, 
and burning the same fuel—viz., combined efficiency 
from 73.8 to 79.1 per cent.; but these apparent effi- 
ciencies were reduced to 64.4 to 69.1 per cent. after 
deducting the enormous working cost for fan power 


/and for water-circulating pump, these net efficiencies 
| being much below the test efficiencies of ordinary 


boiler plants. 


Dr. Nicolson’s Experimental Boiler Compared with 
Ordinary Lancashire Boilers. 


Test made by Mr. Long- | Mr. Hiller, Users 
ridge | 
At Adamsons, | Irish Mill Yorkshire 
yde | Mill 
. Oct. 13, 1909 June 1}, 1903) Apr. 8, 1910 
9 hours 4hours 13hrs. 50m. 
Experimen- Twoeach, One each, 
tal shell and 3u ft. by 8ft. 28 ft. by 
water-tube, plain-flue 7} ft. &8 ft., 
with Lancashire | _plain-flue 
small-tube 224-tube Lancashire 
economiser economiser | 192-tube 
economiser 
| 


Date of test .. 
Duration of test 
Boilers ; 


Boiler-heating surface pe’ 
furnace +e .. 8q. ft. 
Economiser heating surface 
per furnace .. 8q. ft. 
Furnace diameter, average 
in. 41 
Grate surface or combus- 
tion area, average sq. ft. 
Firing method - F 
Average coal per furnace 
perhour .. ee Ib. 
Coal used 


363 460 433 


293 560 480 


38 37 


18.1 
Hand 


18} 
Erith’s 
stokers 
Grime- 
thorpe 

slack 
12,870 


19 
Hand 
688 352 
Manvers Welsh 
Main 
B.Th.U. per pound of coal 14,040 
a per furnace per 
hour on oe a 
B.Th.U. ditto transmitted 
per hour to boiler only .. 
Ash and clinker... .C, 
Feed-water to economiser 
deg. Fahr. 
to boiler, 
deg. Fahr. 
Hourly water evaporation 
per furnace - 1 
Equivalent ditto from and 
at 212 deg. Fahr. Ib. 
Actual water per pound of 
coal as fired és Ib. 
Equivalent ditto from and 
at 212 deg. Fahr. .. Ib. 
COg, average p.c. 
Temperature of 
leaving boilers, 
Temperature of gases leav- 
ing economiser deg. F. 
Average steam pressure by 
gauge ne + Ib. 
Steam temperature, deg. F. 
Superheat ae aa 
Boiler efficiency p.c. 
Add economiser efficiency 
p.c. 


13,166 


9,058, 208 4,942,280 | 7,503,210 


5,652,321 3,098,850 | 5,049,660 
5.04 4 8.27 


73 105 
Feed - water 
280 215 


5810 5040 


6903 5806 


8.445 
10.030 
12.07 

gases 
deg. F. 


Total gross efficiency ,, 
Deduct working cost :— 
Horse - power for fan per 

furnace se -. hp. 
Percentage for fan p.c. 
Ditto for stoker ram “~ 1.1 
Total net plant efficiency 

p.c. 


66.8 73.69 72.8 
High duty Lowduty High duty 


Average heat transmission 
per sq. ft. boiler heating 


surface 6736 


15,040 


As regards space occupied, the economiser should 
be excluded, as, wherever space is limited, an ordinary 
economiser is placed above the boiler. The 16-in. dia- 
meter vertical drum, with water tubes, adds but little 
to the floor-space occupied by the other part of the 
boiler, which was 64 ft. in diameter and 24 ft. long; 
but as there were no bottom or side-flues, the width 
was somewhat less than required for any brick-set 
cylindrical boiler of the same diameter and lnaath. 

As compared, therefore, with standard Cornish or 
Lancashire boilers, for the same duty, Dr. Nicolson’s 
boiler occupies slightly more length, but slightly less 
width ; but it requires considerably more length than 
the well-known ‘‘ Economic” boiler for the same duty, 
which would be only 15 ft. long ; while marine boilers 
for the same duty are even shorter. The comparison 
for single-furnace boilers, of course, applies equally to 
cylindrical boilers with two or more internal furnaces. 

Water-tube boilers are easily made so that no more 
space is used than required for the furnace ; so, on the 
question of ground space for a given steaming duty, 
certain types of both water-tube and cylindrical 
boilers of standard makes compare very favourably 
with the experimental boiler. 

As the velocity theory, which Dr. Nicolson’s experi- 
mental boiler was built to test, has been refuted by 
these trials, it is only necessary, before discussing 





correct boiler designs, to mention a few of the prac- 





tical objections to the complications of the experi- 
mental boiler—viz. :— 

Nine-tenths of the fan-power used was wasted in drawing gas: 
through areas totally inadequate for their natural flow. 

The water-circulating ay is totally useless in brick-set 
cylindrical boilers, as the heat transferred through boiler sh: 
circulates the water below the furnace flues sufficiently to ensu; 
a temperature corresponding to the steam pressure. It is ne\ ¢ 
required in water-tube boilers with normal water areas : if th 
water areas in Dr. Nicolson’s small tubes involved pump circula 
tion, the remedy was obviously to increase such water areas. 

The partial combustion in the furnace was the sole justificat 
for lining the centre part of the furnace flue with fire-bri 
combustion ought to have been completed in the furnace itself 

The partial combustion in the furnace, and the lining of th: 
central part of the flue, merely prevented the normal heat trans‘: 
at the right place, and so caused an abnormal heat transfer at tli: 
rear or wrong end of the 41-in. flue. 

The proposed cooling of the exit gases to 100 deg. Fahr. was not 
approached ; it could only be done by pumping through th 
economiser much water that the boiler could not use, and then 
the unduly cooled gases would deposit moisture and corrode the 
econonuser. 

The proposed admission of excess air to the furnace, and the 
ar moog dispensing with skilled firing, was an obvious confusion 

tween completing combustion at the expense of efficiency, and 
correct combustion due to a proper mixture of a minimum: excess 
of air with the combustible gases. 

Such practical objections were mentioned by the 
writer at the close of Dr. Nicolson’s lecture, and 
further observations by the writer on heat transmis- 
sion in boilers are recorded in the Proceedings of the 
Institution of Mechanical Engineers, October, 190%, 
pages 1054 to 1058. 

Perhaps the one definite point made clear by the tests 
of the experiniental boiler is that the time required 
for heat transfer is only a small fraction of the time 
ordinary boilers give ; in other words, and contrary to 
Dr. Nicolson’s theory, it is proved that gas velocity 
is of extremely small importance, at any rate when the 
combustion is as efficient as during these tests. The 
experimental boiler gave abnormally high gas velocity 
—viz., abnormally short time for heat transfer, with- 
out either better or worse effect than normal practice 
gives. But there can be no objection to allowing 
longer time for heat transfer than is strictly necessary, 
and therefore avoiding the prohibitive working cost 
involved in artificially high gas speeds. 

It has long been recognised that where the gas 
travel is short, the volume of gases should be divided 
by using numerous small flues or gas-passages. The 
locomotive, marine, economic, return-tubular, and 
most water-tube boilers involve a short gas travel, 
but split up the volume of gases, just as the regular 
vertical-pipe economiser does, to compensate for the 
short gas travel; whereas the standard 30-ft. brick- 
set Lancashire boiler, giving about 100 ft. length of 
gas travel, has very large unobstructed flue areas, 
much in excess of the gas areas at the furnace bridges ; 
and yet Lancashire boilers cool the escaping gases 
down to much the same temperature as small-flue 
boilers with short gas travel. 

This division of gas volume over small flues of ample 
total area is, however, a totally different matter from 
accelerating the velocity of gases by drawing them 
through areas inadequate for their natural flow, as 
proposed by Dr. Nicolson. Even when the flue areas 
are normal, there are many objections to — a strong 
suction-draught, which draws unburnt fuel and grit 
into the flues, and causes cold air to enter at the wrong 

laces ; a suction-fan is only a makeshift substitute 
or a suitable chimney. 

The best method is to supply to the furnace, by posi- 
tive fan draught, the correct proportion of air to com- 
bustible, leaving the gases free to flow naturally 
through the flues to the chimney, which then becomes 
a mere outlet. Ifthe air and fuel are supplied with 
mechanical regularity, and if the mixture of air and 
combustible gases is efficient, the gas volume will be 
only about half as great per pound of coal as with ordi- 
nary hand-firing ; and therefore the rate of combus- 
tion can be doubled without any increase of gas volume 
and velocity, so that normal gas areas suffice for forced 
duty with this correct firing method. ; 

The writer is no advocate for forcing boilers, or for 
overloading any kind of plant whatever ; but experi- 
ence shows that boilers can be heavily forced when 
needed, consistently with natural outflow of gases 
through ordinary flues. 

But the above method, though often confused with 
‘‘forced draught,” is just as efficient at ordinary as at 
high rates of combustion, and is properly called ** posi- 
tive draught.” The writer has applied it to boilers ot 
all types and sizes, burning all kinds of coals, in con 
nection with grateless stokers; both air and fuel 
responding automatically in correct proportion to load 
variations, and combustion is smokelessly completed 
with minimum excess of air within the thick bed o! 
burning fuel, thus attaining maximum temperature 1!) 
the furnace itself, and free outflow of gases through 
the boiler. The simplicity of this method is obvious, 
and boilers of all standard types so fired leave no 
margin for improvement in efficiency, as it reduces 
the volume and temperature of exit gases to the miu! 
mum, and is quite free from smoke and grit nuisance. 

It is quite practicable to approach maximum e¢' 
ciency with highly-skilled hand-firing, which close ly 
approximates to mechanical regularity of firing ; but 
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such skilled tests are simply misleading, as in actual 
practice hand-firing is intermittent, and so involves 
the use of a large excess of air, with consequent heat 
loss in exit gases. Correct mechanical firing, with 
positive draught and correct mixing method, can alone 
ensure in commercial working a good boiler efficiency. 

Leaving aside all test results, the writer’s experience 
of the same firing method on the most varying types 
and sizes of boilers, with all grades of fuels, shows 
that there is no appreciable difference in efficiency of 
standard types of boilers, that the only reason for 
any boiler giving a low efficiency is a defective firing 
method, and that with a correct firing method any 
type of ordinary boiler design is consistent with the 
maximum efficiency commercially practicable being 
sustained. : : 

The choice of the type of boiler is a matter of con- 
venience ; whatever the type, its steaming capacity 
will depend on the furnace area and the quality of the 
fuel used, since the same correct firing method will 
give all boilers the same efficiency. ; 
Most boiler ratings are based on forcing tests with 
good, clean coals ; 80, if inferior and dirty fuels are to 
be used, a large margin should be allowed. It is far 
easier to force the rate of combustion with-good fuels 
than with inferior ones ; but forced rates of combustion 
are never necessary, if boilers have adequate furnace 
areas for the class of fuel available. 

Boiler-ratings based on total heating-surface should 
be ignored ; for the same total heating-surface, one 
boiler may have a furnace occupying its entire ground 
area, while another may have a very much smaller 
furnace area; it is ridiculous to suppose the capacity 
can be the same. 

No one has succeeded in finding the actual rate of 
heat transfer at various parts of boilers; but the 
practicable limit has not been reached, even in 
high-temperature foreing tests. The great bulk of 
the total heat is transferred by the front heating- 
surface, so that total heating-surface is no guide to 
capacity ; the rear heating-surface never receives more 
than a small fraction of the initial heat. Lancashire 
boilers have been made 100 ft. long, without any result 
beyond adding to the water capacity or thermal 
storage of the normal 30-ft. length; and similarly, 
water-tube boilers can be built with abnormally long 
tubes or with abnormally deep banks of tubes, without 
any advantage beyond increasing water capacity ; and 
in the same way rear-heating surface can be cut out, 
and abnormally high average heat transfer per square 
foot of total heating-surface can then be calculated, 
without any real advantage whatever over standard 
practice, which mainly represents the survival of the 
fittest. 

The following table gives approximate figures for 
various types of standard boilers, as generally used, 
for about 1000 gallons actual evaporation hourly, 
when using best Welsh coal, and for proportionately 
lower duty with inferior fuels; in each case the 
furnace is about 42 square feet in area, suited for the 
normal combustion of about half-a-ton of coal. All 
weights are for 160 lb. working pressure. 

The wide range of choice in regard to total heating 
surface, water capacity, weight, and ground space, for 
identical steaming duty, is very marked. The figures 
are approximate, as all boilers can be varied within 
wide limits, when required. 


Standard Boilers, all for 1000 Gallons Hourly, with 
Best Coal, 





be s |S& 
3 = 38 Total Ground- 
€ 3 = =| Space, including 
Type of Boilers. = a 3 2| Usual Settings. 
2\ 2, 228 
ae 3 Sst 
Sm | © 23Sin; 
eB = f° Width Depth Area. 
sq. ft. gals. tons | ft. ft. sq. ft 
Fire-Tube. 
Two Corn sh, each 6 ft. x 
30 ft. 7 oa .. 1500 | 5500 34 16 35 560 
Lancashire, $} ft x30 ft. 1100 | 5500 34 12 35 420 
“Economic,” 10} ft x15ft 2500 | 3500 30 14 20 230 
Under-fired, 6 ft. x 15 ft. 1300 | 1500 14 10 18 180 
Scotch marine, 11 ft. » 
11 ft. ne .. 2000 3000 27 ll 11 131 
Vertical, with fire-box ..| 1400 | 1600 15 10 10 100 
: Water-Tube. 
Standard inclined tube 3000 2700 25 10 23 230 
Shorter, inclined tube ..| 2500 | 1800 20 10 18 180 
Small diameter, inclined 
tube, os ..| 2000 | 750) 15 10 12 120 
Standard, vertical tube | 2200 | 2100 23 10 20 200 
Cylindrical, vertical tube) 2000 | 2000 20 10 16 160 





The ‘ large-water-space boiler,” as the Lancashire 
boiler is uptly termed in Germany, is exceedingly 
simple and accessible; its first cost is low, and its 
large water capacity or thermal storage is valuable. 

The ‘* conomie” type of boiler, internally fired, 
but with return tubes, is half the length, but larger 


- diameter than the Lancashire, with similar size 
.Urnaces ; it is similarly set, and is naturally quicker 
In ralsiny steam. 


The marine type of boiler is still 
more compact, but unless brick-set there is no heat 





transfer through shell-plates to assist water circula- 
tion when raising steam. Under-fired multitubular 
boilers are cheap and compact. They are chiefly 
used in America and the Colonies, and are open to 
objections for modern high-pressure work unless the 
water is very good. Vertical shell-boilers are very 
compact, but are little used. All cylindrical boilers 
are limited to medium-sized units ; but a number of 
medium-sized units involve no loss of efficiency, and 
when one is cut out for cleaning or repair, no occasion 
arises for undue spare boilers or for heavily overload- 
ing the others in a battery. 

Water-tube boilers have no limit as to size per unit, 
and their sectional construction makes them very easy 
to transport ; their relatively small water capacity or 
thermal storage makes them quick to raise steam, but 
liable to prime or deliver wet steam if unduly forced. 
The average water-tube boiler involves considerable 
saving in ground space over Lancashire, but not 
much over ‘‘ Economic,” boilers ; but where space is 
valuable the short-tube type of water-tube boiler is 
unapproachable, as its total ground space need be no 
larger than its furnace area. 

A high-capacity boiler of any type does not there- 
fore need forced rates of combustion, but merely a 
large furnace area and a good arrangement of plate or 
tube-heating surface. 

An eftlicient boiler can be of any type, and the simpler 
and more accessible the better. All that is needed for 
efficiency is a correct firing method—viz., mechanical 
regularity of fuel supply, positive delivery of air into 
the fuel, and a good mixing method, so that the 
mixture of the right proportion of air to combustible 
is completed, and maximum temperature attained, 
within the furnace itself. 

The steaming duty of any boiler is considerably 
increased when the feed-water is first heated to 
210 deg. by exhaust or waste steam, thus recoverin 
latent heat from pumps and other auxiliaries ; ol 
then further heated to about 300 deg. Fahr. by an 
economiser, using waste heat which the boiler itself 
is incapable of absorbing, because the water in the 
boiler is at the temperature corresponding to the 
steam pressure. 

Wherever the water is hard or scale-forming the 
solids are easily arrested in a heater-softener—viz., an 
exhaust-steam direct-contact heater combined with 
appliances for feeding soda and for sedimentation and 
filtration. 





CANADIAN RAILWAY DEVELOPMENT. 

One Canadian railway, at any rate, has now become 
about the largest system in the world. This is the 
Canadian Pacific Railway, which, assisted by a very 
liberal land grant from the Canadian Legislature and 
a convenient supply of Chinese labour when it was 
badly needed, managed some 20 years ago to stretch 
across British America, and to establish unbroken 
through communication between Montreal and Van- 
couver. The Grand Trunk Railway is still endeavouring 
to cross the continent, but the ill-success which has 
dogged its steps from the first does not appear to have 
been yet overcome; and although trains can now 
run between Montreal and Edmonton, there is still a 
good deal of constructive work to be done between the 
latter place and Prince Rupert, while labour supplies 
have given out just when there was the greatest neces- 
sity for them. Not only was the Canadian Pacific 
Railway assisted with a liberal land grant, but it 
also enjoyed for ten years a direct interest guarantee 
of 3 per cent. per annum from the Canadian Govern- 
ment. When this guarantee had come into opera- 
tion, there was a general speculation as to what 
would happen upon its expiration ; but the company 
has long lett the guarantee behind, and has developed 
such a large and profitable business, that, after paying 
a dividend upon its ordinary stock for 1909-10 at the 
rate of 8} per cent. per annum, it was enabled to 
carry undivided profits to the amount of no less than 
2,779,323/. to the credit of 1910-11. In another respect 
also the Canadian Pacific Railway has been a much 
more successful concern than the Grand Trunk Rail- 
way of Canada, the ratio of the working expenses to 
the traffic receipts for the past year having been only 
64.38 per cent., as compared with a corresponding 
ratio of 72.55 per cent. upon the Grand Trunk Rail- 
way. One object which the Canadian Pacific Railway 
has kept steadily in view has been the development 
of European through traffic to China and Japan ; and 





with this object it maintains several steamers in the 
Pacific—viz., the Empress of India, the Empress of 
China, the Empress of Japan, and the Monteagle. 
The company has also eighteen steamers engaged in 
the Pacific coast service, while nineteen steamers 
are at work for it in the Atlantic. The large| 
land grant obtained by the company has been a} 
mine of wealth to it, 975,030 acres having been sold 
in 1909-10 for 2,893,713/., or an average of 2/. 19s. 5d. 
per acre. The area sold last year included 145,421 


acres of irrigated land, which realised 5/. 6s. 4d. per 
acre: the average price obtained for the non-irri- 
gated section was 2/. lls. per acre, 


The directors | 





have recently decided that water shall be provided 
for the eastern section of its irrigation block, contain- 
ing about 1,100,000 acres, before anything is done with 
the central section ; and as a consequence they have 
authorised the execution of the work, which will 
extend over about three years, and involve an esti- 
mated a of 1,700,000/. The average cost 
per acre of irrigating the eastern section considerably 
exceeds that attending the western section ; this is 
due to greater difficulty in reaching the sources of 
water supply and to the mileage of the ditches—viz., 
3500 miles, as compared with 1600 miles. The com- 
pany is about to proceed with the construction of 
ten branches in the agricultural districts of Manitoba, 
Saskatchewan, and Alberta. The aggregate length 
of these new branches will be 553 miles. The growth 
of industries at Shawinigan Falls, in the province of 
Quebec, where a large water-power has been developed, 
and the desirability of obtaining a better connection 
with mills at Grand Mere, has Ted to an arrangement 
between the Canadian Pacific and the St. Maurice 
Valley Railway Company. The St. Maurice Valley 
Company has agreed to construct a line between Three 
Rivers and Grand Mere, a distance of 27? miles ; and 
upon its completion to lease the new line to the 
Canadian Pacific for 999 years. 

We have already alluded to the less fortunate 
Grand Trunk Company. This undertaking earned in 
the first half of this year 3,321,637/., as compared 
with 2,866,468/. in the first half of 1909, but the 
growth of the working expenses was so serious that 
the net revenue only expanded in the first half of 1910 
to 865,571/., as compared with 787,272/. in the first 
half of 1909. The gross receipts for the past six months 
showed an increase of 455,168/., or 15.88 per cent. ; 
the working expenses, including taxes, an increase of 
376,868/., or 18.12 per cent.; and the train mileage an. 
increase of 468,637 miles, or 5.16 per cent. Although the 
yrand Trunk Railway is struggling across the continent, 
it is not doing so in its own name, but in the name of the 
Grand Trunk Pacific Railway. The strain of interest 
upon new capital is not felt at present, as it is charged 
to construction account ; but the day will, of course, 
come when this interest will have to be provided for. 
This will have to be done out of the profits of new 
lines which are now in course of development. The 
problem now before the Grand Trunk Railway, which 
only the future can solve, is whether the additional 
interest strain will prove too severe, or whether 
it will be supported with comparative ease. Time 
will, no doubt, have a great deal to do with a satis- 
factory solution of the question. During the past 
half-year ten passenger engines and seven passenger 
cars were built in the company’s workshops ; thirty- 
five freight-engines and ten baggage-cars were also 
purchased on revenue account, and 122,177/. was 
charged to revenue in reduction of the engine and car 
renewal suspense account, leaving the debt balance of 
that account at 75,578/. 

The directors of the Winnipeg and Lake Superior 
section of the Grand Trunk Pacific Railway have 
continued to encounter difficulties owing to the sink- 
ing of the line, through the swampy nature of the 
ground at various points. These difficulties have, 
however, now been practically overcome, and under 
special arrangements with the Canadian Government 
an expectation that next crop’s grain will be carried 
over the line from Winnipeg to the Lake will be 
realised. Pending an official opening of the prairie 
section, it has been arranged, in order to give the 
public the advantage of improved communication as 
soon as possible between Winnipeg and Edmonton, 
that a daily passenger and freight train service should 
be run each way between these points. This service 
was commenced early in July, and has reduced 
the time occupied on the journey by about seven 
hours. From Winni the track has been laid 
for $16 miles to Wolf Creek—the end of the prairie 
section, and 123 miles west of Edmonton. The 
mountain section commences at Wolf Creek; the 
track has been laid to Edson, and it is virtually 
extended to the Athabasca. At the Prince Rupert 
end rails have been laid for 80 miles, and grad- 
ing has been completed to the Copper, a distance 
of 130 miles. An expectation that the line would 
reach Tete Jaune Cache from the east, and Alder- 
mere from the west, this year, is not likely, however, 
to be realised, in consequence of the great scarcity of 
labour. The directors have been offering navvies as 
much as 12s, per day, and have also endeavoured to 
make them as comfortable as possible ; there is still, 
however, a shortage of some 5000 men. 








TrcunicaL Dictionary in Six Lanevacrs.—The 
tenth volume of the Deinhardt-Schlomann series, dealing 
with motor-cars, motor-boats, motor-airships, and flying- 
machines, has now appeared. It is edited by Mr. Rudolf 
Urtel, and is published, with the authority of the Royal 
Automobile Club of Great Britain, by Messrs. Constable 
and Co., 10, Orange-street, Leicester-square, W.C. The 
price is 12s. net. It covers close upon one thousand 
pages, and forms a welcome addition to the series in 
question, 
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RAPID LUFFING-CRANES AT MOROCCO 
WHARF, WAPPING. 


At the new transit-shed constructed by the Royal 
Mail Steam-Packet Company at Morocco Wharf, 
Wapping, an exceptional type of crane was required, 
owing to the fact that it was necegsary to deposit the 
cargoes in a barge on the off side of the ship, as well 
as on to the wharf, and also into barges on the inside 
of the jetty. This called for cranes of exceptional 
radius for the size of ship worked, and lufting-cranes 
had to be adopted. As rapidity of working was most im- 
portant, the question of a rapid luffing-gear which could 
instantly and safely alter the rake of the jib with the 
full oot suspended had to be carefully investigated. 
The conditions imposed have been fully met by the 
adoption of the Mitchell-Williams system, of which a 
description may be interesting. 

On the jetty proper there are two cranes of 60 ft. 
maximum radius, luffing in to a minimum radius of 
20 ft., and one crane of 45-ft. radius, luffing to a mini- 
mum radius of 17 ft. 6 in. This last crane is shown in 
outline in Fig. 1, herewith. These deliver into various 
parts of the transit-shed, and there is an additional 
crane (Fig. 2) carried upon a tall steel cylinder, in the 
middle of the transit-shed, which can pick up the loads 
deposited by some of the jetty-cranes, and place them, 
as may be required, in barges or into the various 
doorways in the warehouse. This last crane has also a 
radius of 60 ft., and luffs in to a minimum radius of 21 ft. 
Fig. 9, page 770, is a perspective view of one of the 60-ft. 
span travelling-cranes and the 45-ft. radius fixed crane 
on the jetty, while Fig. 10 is a viewof the 45-ft. span fixed 
cranealone. These illustrations are reproductions from 

yhotographs. The lifting-gear of the cranes consists of 

Messrs. Stothert and Pitt’s free-barrel arrangement, 
the lifting being done at the rate of 200 ft. per minute, 
the total load being 30 cwt. The slewing-gears have 
an average speed for the load of 360 ft. per minute at 
the maximum radius, and, to contend with exceptionally 
high winds, they are provided with a low speed, whereby 
a reduction may be made to enable the cranes to turn 
against the heaviest gales that are likely to be ex- 
perienced. Luffing, which can be carried out with or 
without the load, is performed at an average velocity 
of 4 ft. per second, so that the time required to change 
from the maximum to the minimum radius in the 
60-ft. cranes is about 10 seconds. With regard to the 
driving of the cranes, the electrical equipment con- 
sists of continuous-current motors, taking current from 
the Borough Council at 480 volts. The motors have 
been constructed by the British Westinghouse Com- 
pany, and are of the following sizes :—For lifting, 
30 brake horse-power ; for slewing and luffing, 6 brake 
horse-power in each case. 

The speeds stated have been attained under all con- 
ditions. The particular feature, however, in connection 
with the cranes is the Mitchell-Williams luffing-gear. 
Owing to the height available three of the cranes are of 
the post type, since this is a pattern particularly well 
adapted to the limited room in which they have to 
work when close to the top-hamper of a ship. The 
fourth crane, which stands in the middle of the ware- 
house, is of the ordinary turntable type. In most 
luffing-cranes difficulty is experienced in rapidly hand- 
ling and controlling the jib whilst the load is on. 
This has rendered them somewhat expensive, owing 
to the necessity of providing rather elaborate locking- 
goers, &e., to make certain that the jibs do not run 

own. Again, the raising of the load when the jib is 
shortened in radius becomes very often a serious factor 
in the cost of working the crane. In the gear in ques- 
tion the first object has been to eliminate entirely any 
tendency to raise or lower the load whilst the jib is 
changing from one radius to another. This has been 
effected by a very simple geometrical combination 
whereby the crane, the post and jib, and the tie-rod 
supporting the jib, are made in definite proportions. In 
order that this may be better understood, we show a 
diagrammatical sketch, from which it will be seen | 
how horizontal traverse is obtained without any 
alteration in the level of the load. 

In this explanatory diagram, Fig. 8, page 767, let F P | 
represent a crane-post, P T a compensating lever | 
pivoted at P, F J the crane-jib, F L’ a horizontal line, | 
and the angle P F L” a right angle. 

Let P F = PT, and let them together = F J, and | 
let T be the point of intersection of P T with F J. | 
Now it will be found thas for any angle of F J with 
FL’, suchas J F L’ or J' F L’, or J” F L’, the distances 
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TJ + J Lare together a constant—i.e., TJ + JL =|} 


TJ’ +J'L' = T’ J” + J" L’. In other words, the! py 9); : _ 
— ~ T ne F J is exactly equal to the vertical 7 — ——_ se PK 
rise of the pr int J. _ | path with radius P T, so that T is always the practical 
Now P Tis a constant, 80 that PT + TJ + J Lis| point of intersection of PT with FJ.” Now the fact 
also a constant. Therefore, if a rope be fixed at P, that T moves along F J by an amount equal to the 
carried under T and over J to L (where L is the point | vertical rise of J (in addition to providing the hori- 
of intersection with the horizontal line F L”), it will | zontal travel of the load along F L”) provides the means 
always just reach to F L” whatever be theangle of FJ. | of balancing the jib as described hereafter, for it 
In practice it is necessary to place pulleys at P, T, will be evident that the movement of T will also be 
and J, and these, havin to be of reasonable size, | proportional to the vertical rise of any part of the jib. 
throw the rope out of its correct position, and|~ [¢ will be understood from this description that, 
introduce small errors which have to be eliminated | except for the effect of the very slight error due to the 
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pulleys, which, in the case of the cranes in question, 
is only a matter of about 14 in. in 40 ft., the load 
during the operation of luffing has no work done upon 
it whatever, neither can it, for the same reason, exert 
any effort which would tend to move the jib, and, as a 
result, it makes but little difference to the power 
required for luffing whether there is a load suspended 
or not. But this is not the only important point in 
connection with it. In the line drawings, which illus- 
trate respectively the 45-ft. radius turntable type of 
crane (Fig. 1) and the 60-ft. radius post type (Fig. 2), 
it will be noticed that the travelling pulley carriage 
has a rope attached to it which leads over a sheave 
at the jib-head and then down to a drum which is 
placed inside the crane-house, first sing under a 
sheave at the bottom end of the jib. Fastened to 
another drum on the same shaft is another rope 
attached to a balance-weight which is shown, built 
up in sections inside the crane-post in the smaller crane 
(Fig. 1), and at the top of the inclined back-stay in the 
larger one. Lufting is performed by the rotation of 
this drum, which, moving the balance-weight, alters 
the position of stability of the jib, and no brakes or 
locking-gear are needed, as no movement is possible 
unless the motor is rotated. In this particular case 
the motors have a worm-reduction gear in order 
to get the necessary speed reduction ; but between the 
motor and the worm-gear there is a spring-controlled 
friction-clutch, through which the power is trans- 
mitted. This clutch provides for a certain amount of 
slip when the motor is first started up, and also acts 
as a safety device in the event of the traveller being 
run to the top or bottom stops on the jib, in which 
case it slips and prevents any damage being done. 
It was seen in the diagrammatical sketch, ig. 8, 
that the vertical rise of the jib-head was exactly equal 
to the movement of the traveller along the jib, which 
18 proportional, therefore, to the rise of any part of 
the jib (such as its centre of gravity). It is thus 
obvious that the balance-weight must have a move- 
ment which is proportional to the vertical rise of the 
centre of gravity of the jib also, and this being the 
case, the balance-weight will always, under all con- 
ditions and at any angle, balance the jib whether 
the load be suspended from it or not. When the 
- is moved, therefore, the only energy which has to 
¢ supplied is that necessary to overcome the fric- 
tional resistance of the wholearrangement. Toreduce 
this as far as possible, roller-bearings are fitted in 
the traveller which slides on the under side of the 
jib, and in no case with the full load suspended have 
any of these cranes absorbed more than 6 horse-power 
for the operation of Iuffing, although to get the 
average velocity specified the maximum velocity is 
Probably as high as 7 ft. per second. 

_ On account of the ease and rapidity with which the 
jib can be moved under full iced it has been possible 
to use these cranes almost like transporters, where a 
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straight-line motion only is required ; and as the three 
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motions of lifting, luffing, and ovens are constantly 
used at the same time, a complete cycle of operations 
is performed very —-. With regard to current 
consumption, the cranes have now been at work for 
some months, during which time they have, we under- 
stand, handled a large amount of cargo, the average 
load being about 12 ewt. Owing to the nature of the 
work, every cycle of operations has entailed about 
40 ft. of lift, 180 deg. of slewing in each direction, and 
25 ft. change of radius, but the total current consump- 
tion under these working conditions has only averaged 





jd. per ton, or about one-tenth of a penny per lift. 


It is also interesting to note that during the whole of | 
the time the cranes have been working there has never | 


been a moment’s hitch or stoppage with any one of 
them. 
the bottom, as in the case of the three cranes for the 
jetty, two of which are shown in Figs. 9 and 10, the 
balance-weight may conveniently go inside the 


back of the crane to balance the crane as a whole. 


In the case of the 60-ft. turntable crane carried | 


upon a steel cylinder 10 ft. in diameter and of such 

a height that the bottom path of the jib is 19 ft. 6 in. 

above the floor level, the jib balance-weight is run out | 
upon an inclined plane, as shown in Fig. 2, so that, 

in addition to balancing the jib, it balances the crane | 
as a whole. In this particular crane at the maximum 

radius, with full load, the centre of gravity of the | 
whole arrangement is well inside the outer slewing- | 
ring. It will be observed that the construction of this | 
crane necessitates the outer end of the jib oe built | 
as a cantilever. The jib must carry a suitable run- | 
way for the traveller, with a clear opening on the | 
upper side for the compensating lever attached to the | 
traveller and the crane-post head. The top boom of | 


the jib of these cranes is a true parabolic curve. 


Where the crane base has suflicient spread at | pap 
| which formed a complement to one by the same author 


| read seven days previously, and dealing with fuel economy 
t. | from the chemical point of view, : i 
as there is no fear of the crane oapsizing, particularly trations of fuel purchase upon a scientific basis ; he also 
as itis possible to put a fixed balance-weight at the | 
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One important point in connection with this gear is 
that the compensation is obtained with the introduc- 
tion of only one additional sheave for the lifting-rope 
to pass over, so that it does not reduce the efliciency 
of the lifting-gear. 

Owing to the freeboard of the ships which have to 
be worked when yaaa the jetty at high tide, 


the cranes have been built a considerable height above 
the jetty. Two of them are 16 ft. from the jetty level 
to the bottom pivot of the jib, the third is 29 ft. 2 in. 
Details of the luffing-drums and drive are shown in Figs. 
3 and 4, and of the traveller in Figs. 5 to 7, above. 

These cranes have been constructed by Messrs. 
Stothert and Pitt, Limited, Bath, to the designs of 
the patentee, Mr. Alfred H. Mitchell, of Elevator 
Dock, Silvertown. 

We understand that eight large cranes—four of 
35 ewt., and four of 5 tons—all 60 ft. radius, are at 
present building for an English port, and others for 
abroad. 








Tue Patmer Tyre-Testinc Macuine.—The Palmer 
Tyre, Limited, 119 to 123, Shaftesbury-avenue, W.C., 
have designed a machine for testing automobile tyres. 
Tests made on this machine have shown, according to 
information supplied to us, that the most efficient canvas 
tyres absorb 80 per cent. more power than Palmer cord 
tyres of the same section. 





Tue INSTITUTION OF SIGNAL ENGINEERS.—On Tues- 
day, November 8, the first president of the Institution, 
Mr. A. T. Blackall, delivered his presidential address, 
in which he dealt with the formation of the new body 
and its scope. The address was followed by the reading 
of a paper on ‘ Detectors,” by Mr. A. H. Johnson, 
Member of Council. 





Tue Liverpoot ENGINEERING SocireTy.—A meeting of 
this society was held on Wednesday last, November 30, 
under the chairmanship of Mr. Edward Allen, M. Inst. 
C.E., President, when Mr. John B. C. Kershaw read a 
paper on ‘‘ The Control of Fuel Supplies.” In this paper, 


he gave practical illus- 
entered into detail in the method of sampling and testing 


the fuel, and gave calculation data and a large number of 
test results. 





Our Ram Exports.—The weight and value of the rails 
exported from the United Kingdom during the ten years 
ending with 1909 inclusive were as follow :— 


Year. Tons Value, 
£ 

1900 373,956 2,366,785 
1901 466,607 2,736,264 
1902 583,543 3,173,208 
1903 604,076 3,212,700 
1904 625,371 2,514,289 
1905 546,569 2,741,854 
1906 460,328 2,591,363 
1907 420,161 2,806,006 
1908 452,521 2,769,344 
1909 580,215 3,357,010 


It will be seen that 1903 recorded the greatest weight, and 
1909 the greatest value, 
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THE GERMAN CHEMICAL INDUSTRY. 


AT a recent meeting in Dresden of the Union for the 
Protection of the Interests of the Chemical Industry in 
Germany, the secretary-general stated that the improve- 
ment, which otherwise had been noticeable in rman 
industry, hid been less evident with the chemical indus- 
tries, because the latter, owing to the large variety of 
their manufactures and the generally sound foundation 
of the concerns, had been hit less severely by the conse- 
quences of the past depression than most other industrial 
branches. The balance-sheets of 176 limited companies, 
with a nominal capital of 611,000,000 marks, and reserve 
funds amounting to 204,000,000 marks, showed an 
average profit of 9.35 per cent. for 1909, against 9.25 per 
cent. for the previous year. This Ps however, is 
very differently divided between the different companies, 
inasmuch as thirty-seven companies had worked without 
a profit or with a loss, twenty-three could not declare 
a dividend above 5 per cent., and over 138 companies, 
or 78.4 per cent. of the aggregate, had earned less than 
the average dividend, so that only thirty-eight were to 
be counted as really remunerative concerns. Com- 
pared with the previous year the following branches 
showed a retrogression ; the big chemical industry in 
alkalies and acids, the chemical manure industry, and the 
Saxe-Thuringian lignite industry ; on the other hand, 
the average dividend had risen in the following branches : 

Scientific, pharmaceutical, photographic, and technical 
articles, mineral colours, explosives, and several other 
branches. 

Putting the remunerative value of the aggregate 
chemical industry of Germany for 1899 at 100, the 
remunerativeness of the following ten years, as compared 
with this year, will be made manifest by the following 
table :— 

1900 ... 91.2 
1901 ... 90.9 
1902 ... 87.8 
1903 ... 93.3 
1904 ... 98.7 
1905 ... 104.9 
1906 ... 111.5 
1907 ... nie tg P 114.3 
1908 ... . ; 97.0 
1909 . 102.5 


The works, ou the whole, were well employed during 
last year, owing to the increased buying capacity abroad 
and at home, and more especially during the second half 
of the year the demand for chemical products improved 
materially. This, however, did not prevent the selling 
price in certain branches, owing to an exceedingly keen 
competition, from being force »d down to a level which 
materially affected the remunerative results, The pros- 
pects of further technical developments and the results of 
scientific research justify the hope that the German chemi- 
cal industry for the future will retain its leading position. 





FOREIGN ENGINEERING PROJECTS. 

Wks give below a list of colonial and foreign engineer- 
ing projects, for several of which tenders are asked. 
Further data concerning the same can be obtained from 
the Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, London, E.C. 

Straits Settlements: With reference to the proposed 
sewage improvement works at Singapore, the Straits 
Budyet publishes a résumé of the report on the matter by 
the expert engineer appointed to formulate a scheme. 
The construction is recommended of a system of under- 
ground sewers throughout Singapore, with the gradual 
establishment of water-closetsand proper house drainage, 
with connections to the sewers, this latter to be done at 
the expense of the owners of the property. After the 
separation of the solid from the liquid part of the sewage, 
and the oxidisation of the latter, it should be discharged 
into the sea, At the purification works the installation 
of centrifugal pumps driven by highly economical steam- 
engines ix recommended ; the plant should consist of 
four units of 1000cub. ft. per minute and two units of 
50U cub. ft. per minute. The cost of the work is estimated 
at 489,000/., made up as follows:—Main outfall sewer, 
85,000/.; branch sewers, 90,000/. ; syphons under Kalangand 
Singapore rivers, 7000/.; ventilation, 5000/. ; flushing-tanks, 
20001. ; intercepting-pits, 6000/.; night-soil dépots, 24,000/. ; 
engine-house, foundations, boilers, economisers, engines, 
pumps, and screening’ and dredging-plant, 40,000/. ; 
pumping-mains, 87,000/,; outfall works, 128,000/.; effluent 
oatfall to sea, including piling, 15,0002. 

South Africa; H.M. Trade Commissioner reports the 
publication in the 7'ransvaal Provincial Gazette of a notice 
to the effect that permission has been obtained by the 
Standerton Municipal Council to raise a loan, of the 
proceeds of which 2350/. are to be allocated to filtration 
works, 24501. to electric lighting, and 3500/. to channel- 
ling, kerbing, and culverts. 

Netherlands: With reference to the proposed electri- 
fication of the tramway fron baidhrosk to Ter Appel, 
the Bulletin Commercial (Brussels) announces, on the 
authority of the Belgian Legation at The Hague, that 
the Eerste Groeninger Tramweg-Maatschappij _o 
at Veendam, has decided—electrification not being prac- 
ticable—to convert the lines into steam-tramways at a 
cost of 1,300,000 florins (about 108,000/.). The length of 
line involved is 31 miles. It further appears that a pro- 
ject is at present before the Netherlands Lower House 
for improving the steam-tramway line between Rijnsburg 
and Noorwijck. The company which works it—the Noord 
Zuid Hollandsche Tramweg Maatschappij—proposes to 
substitute electricity for steam, and at the same time to 
rebuild the track in order to do away with existing sharp 
CUL Ves, 

Spain ; The Gaceta de Madrid contains a notice, issued 





by the Ministerio de Fomento, stating that an applica- 
tion has been lodged by the Compafiia del Tranvia Urbano 
de Bilbao, for a concession for the construction and work- 
ing of an electric tramway (for the carriage of goods) in 

ilbao. 
Italy : The Bollettino announces that the next lot of 
tenders invited for railway material will include 193 loco- 
motives ; 20 first-class, 65 second-class, 100 third-class, 
and 55 combined first and third-class carriages; 4600 
goods wagons. With reference to the harbour works at 
Ortona, the Guzzetta Ufficiale notifies that, as no award 
has been made, tenders are again invited, and will be 
opened on December 15 at the Direzione Generale delle 
Opere Marittime, Ministero dei Lavori Pubblici, Rome, 
and at the Prefettura di Chieti, Chieti. The upset price 
is put at 2,545,000 lire (101,800/.). Although the above 
contract will in all probability be awarded to an Italian 
firm, nevertheless the carrying out of the works may in- 
volve the purchase of some materials out of Italy. 

Russia: The official Commercial and Industrial Gazette 
(St. Petersburg) publishes an article drawing attention 
to the urgent need for bringing Russian commercial ports 
up to date by the carrying out of a comprehensive scheme 
of harbour improvements. The result of the existing 
backward state of things is, says the Guzettc, that the 
average cost of loading and unloading merchandise in 
Russian ports is far in excess of the cost of similar opera- 
tions in almost all modern countries, and so much so 
that, especially in regard to the shipment of grain, it 
seriously affects trading. In order to remedy this evil, 
the Russian Ministry of Commerce and Industry have 
under consideration an extensive project for improving 
all the principal Russian harbours in the order of theirim- 
portance. It is anticipated that the carrying out of the 
scheme will involve an expenditure of some 217,000,000 
roubles (about 23,000,000/.). In this connection it is 
noted that an announcement appears in the Journal de 
St. Pétersbourg to the effect that the Russian Ministry 
of Commerce and Industry have sent to the Imperial 
Duma a draft bill embodying powers for the expenditure 
of 2,240,000 roubles (about 236,000/.) for improving Reval 
Harbour. According to the Journal de St. Pétersbourg, per- 
mission has been granted to the persons named below for 
the construction of the following lines of railway :—1. To 
Messrs. Golovine, Sokoloff, Tarassoff, Alexandroff, and 
Kourovsky for a line from Nijni Novgorod, 774 Malmyj 
and Serapoul to Krasnooufimsk, with branch lines from 
Malmyj to Kazan, and from Serapoul to the factories 
of Ijeff and Votkino; the total length of the lines 
is 660 miles. 2. To M. Voronoff for a line from the 
confluence of the Vytchegda and Vym to the naphtha 
regions of the Oukhta, a tributary of the Petchora. 
3. To Messrs. Narychkine and Liders-Veimarn for a 
line from Kholm, vid Vladimir-Volynsky, Lontzk, and 
Doubno, to Tcherny Ostroff, a distance of 220 miles. 

Turkey : H.M. Consul at Constantinople reports that 
tenders ure invited by the Turkish Ministry of Public 
Works for concessions for the construction and working 
of the following two railways :—1. A standard gauge line 
from Karaferia vid Ibelli, Serfidje, Besh, Punar, to Bey 
Deirmen (Greek frontier). 2. A 1.05-m. gauge line from 
Ibelli to Avlona, with a branch line to Yanina. The 
specifications for these two lines are published by the 
General Railways Administration at the Ministry of 
Public Works, Constantinople, and offers will be re- 
ceived up to 2 p.m. on February 28, 1911. The British 
Acting Consul at Jerusalem reports that tenders are 
invited by the municipal authorities of that place for 
the following works:—1. Provision for supplying Jeru- 
salem with water from the springs of Ain Fara and 
other springs in the vicinity. 2. Electric tramways 
and electric-lighting installations in the town. 3. Con- 
struction of sewers and gutters. 4. Telephone installa- 
tion at Jerusalem, Jaffa, and Bethlehem. Tenders in 
respect of each of the above schemes will be received by 
the municipal authorities up to December 31. The Acting 
Consul has forwarded translations of the general condi- 
tions, terms of contract, and specifications for all the 

rojects, as well as plans in connection with 1, 2, and 3. 
n the case of Turkish municipal contracts it is under- 
stood that it is practically impossible for a British firm 
to tender with success except through a thoroughly com- 
petent agent on the spot. 

Congo State: According to the Dépéche Coloniale (Paris) 
the Belgian Government are considering a project for a 
railway between Broken Hill and Kindu, which would 
facilitate trade between Katanga and the Lower Congo. 
The route of a second line through the heart of Kasai has 
already been surveyed, and construction work will shortly 
be begun. It appears that surveying operations relative 
to the large Congolese section of line, designed to improve 
the communications between the Cape, Katanga, the 
Great Lakes, and the Nile, are on the point of completion. 
lt is estimated that the cost of the section from Bukama 
to Elisabethville will be about 2,000,000/.—i.¢., 4000/. per 
kilometre. 

Brazil: The Diurio Official publishes the following 
decrees :—No. 8307, approving plans and estimate of 
1,911,000 milreis for the construction of a 32-mile exten- 
sion of the Baturité Railway—viz., between Iguatu 
and Cedro; No. 8308, approving plans and estimate of 
21,000,000 milreis for the construction of a 161-mile sec- 
tion of the Victoria-Diamantina line; No. 8310, ear- 
marking a credit of 235,000 milreis in favour of the 
Ministerio da Viacio e Obras Publicas, for the construc- 
tion of a section of line from Cruz Alta to Ijuhy, in the 
State of Rio Grande do Sul; No. 8318, granting to 
Colonel Paulo Orozimbo de Azevedo a concession for the 
construction of 374 miles of line from Rio Claro, situated 
in the municipal area of Sallesopolis, State of SAo Paulo, to 
Mogy das Cruzes station, on the Central Railway of Brazil. 
No. 8320, granting a credit of 1,800,000 milreis for the 
construction of the following :—(1) a branch line from the 





station called Governador Portella to join the Cvntral 
Railway of Brazil, passing by way of Vassouras: (2) g 
line to connect the Catenion and Rio das Flores Rail. 
ways, between Valenca and Tabdas; (3) a line tu the 
River Treto—viz., from the Uniaio Valenciana line to 
Santa Rita or Bom Jardim on the Sapucahy Railway ; (4) 
a section from the Uniaio Valenciana line, at Juparana 
to the Sapucahy Railway at the Barra do Pirahy : (5) 
a line to connect Juiz de bus to Bom Jardim, passing by 
way of Lima Duarte; (6) transformation of the existin; 
tramway betwen Tres Ilhas and the Barra Longa into a 
railway. The Diario also contains the text of an official 
message from which the following is extracted :— For 
some months the Government has 2n considering the 
question of extending the Bahia federal railways, with 
the object of coping with the needs of the ever-incre sing 
traffic. It has consequently been decided to arrange for 
the construction of the following lines :—(1) Extension of 
the Bahia Central Railway from Machado Portella to the 
Montes Claros line at Boa Vista do Tremendal : (2) a 
section of the same line from Sitio Novo to Mundo Novo 
and Morro do Chapeo; (3) a section from Bandeira de 
Mello to LencGes ; (4) a section to connect the Feira de 
Santarem line with the Sao Francisco Railway at 
Entroncamento ; (5) junction line between the Estrada de 
Ferro Centro Oeste and the Feira section ; (6) junction 
lines from Bahia and Minas to the Bahia Central Rail- 
way extension ; (7) extension of the Bahia-Sio Francisco 
Railway to the docks at Bahia. A milreis equals about 
1s. 4}d. at present. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The market was quiet and 
steady last Thursday morning, and the dealings consisted 
of 2000 tons of Cleveland warrants at 49s. 6d. cash, with 
buyers over. At the close there were sellers at 4s. (4d. 
cash, 49s. 103d. one month, and 50s. 6d. three months. 
Hematite was quoted at 64s. cash buyers, and (4s. 6d. 
cash sellers. In the afternoon the market was a shade 
firmer, and Cleveland warrants were done at 49s. 6d. 
cash and 49s. 104d. one month, and closing sellers quoted 
49s. 7d. cash, 49s. 104d. one month, and 50s. 6d. three 
months. The turnover was 3000 tons. Buyers of hematite 
quoted 64s. 6d. one month. On Friday morning the tone was 
again firm, and 2500 tons of Cleveland warrants changed 
hands at 49s. 6d. cash, 49s. 7d. seven days, and 50s. 5d. 
three months. The closing quotations were 49s. 7d. cash, 
49s. 1ld. one month, and 5s. 6d. three months sellers. 
Buyers of hematite offered 64s. 44d. cash and 64s. 9d. 
one month. The market was dead idle in the afternoon, 
but Cleveland warrants were the turn stronger at 49s. 74d. 
cash, 49s. 114d. one month, and 50s. 7d. three months 
sellers. Sellers of hematite quoted 64s. 9d. cash, and there 
were buyers at 64s. 6d. cash and 64s. $d. one month. 
On Monday morning a firm tone prevailed and Cleveland 
warrants showed an advance. The turnover consisted of 
2000 tons at 49s. 9d. four days, and closing sellers quoted 
49s. 84d. cash, 50s. 04d. one month, and 50s. 8d. three 
months. In the afternoon the market was quite idle, and 
prices were the turn easier. At the close sellers’ quota- 
tions for Cleveland warrants were 49s. 8d. cash, 50s. one 
month, and 50s. 74d. three months. On Tuesday morning 
Cleveland warrants were weak, and the business was 
limited to 2500 tons at 50s. id. and!50s. 6d. three months. 
The session closed with sellers quoting 4s. 74d. cash, 
49s. 114d. one month, and 50s. 64d. three months. Hema- 
tite was quoted at 64s. 9d. one month buyers, and 65s. one 
month sellers, and 66s. threemonths sellers. A stronger tone 
prevailed in the afternoon, when 6500 tons of Cleveland 
warrants changed hands at 49s. 74d. and 49s. 7d. cash, 
and 49s. 104d. and 50s. 1d. one month. Sellers’ closing 
quotations were 49s. 94d. cash, 50s. 14d. one month, and 
50s. 9d. three months. When the market opened to-day 
(Wednesday) Cleveland warrants were fairly firm, but 
only 3500 tons -were dealt in at 49s. 9d. cash and 5s. 1d. 
one month. There were sellers over at the latter figure, 
and at 49s. 84d. cash and 50s. 8}d. three months. Cash 
hematite was quoted at 65s. sellers and 64s. 9d. buyers. 
In the afternoon the tone was stronger, and Cleveland 
warrants were done at 49s. 94d. cash, 493. 114d. nineteen 
days, and 50s. 4d. two months. Closing sellers quoted 
49s. 10d. cash, 50s. 2d. one month, and 50s. 9d. three 
months. Hematite was very firm, and changed hands at 
65s. 3d. cash and 66s. 44d. three months, and at the close 
there were buyers at 65s. cash and (6s. 4d. three months, 
and sellers at 65s. 3d. cash and 66s. 6d. three months. 
The total turnover amounted to 3500 tons. The follow- 
ing are the market quotations for makers’ (No. 1) iron: 
—Clyde and Calder, 62s. ; Gartsherrie, 62s. 6d. ; Summer- 
lee and Langloan, 64s.; and Coltness, 81s. (all shipped 
at Glasgow); Glengarnock (at Ardrossan), 63s. td. ; 
Shotts (at Leith), 62s. 6d. ; and Carron (at Grangemouth), 
63s. 6d. 





Sulphate of Ammonia.—The sulphate of ammonia 
market is rather steadier in tone, and sellers quote trom 
12/. 16s. 3d. to 12/. 17s. 6d. per ton, Glasgow or Leith, 
for prompt delivery. Buyers are in the market at 
12. 15s. per ton. The amount shipped from Leith 
Harbour last week was 2768 tons. 

Malleable - Iron Trade.—The Scotch malleable - iron 
trade continues to be very quiet, and the demand is only 
of a limited nature. The scarcity of specifications Is the 
cause of much broken time. A meeting of the Scotch 
Malleable-Iron Makers’ Association was held in Glasyow, 
on Monday of this week, when consideration was giver to 
proposals for a pooling arrangement. The matter was 
discussed very fully, and ultimately it was de: to 
adjourn the meeting. The scheme proposed was 
certain allotment of work should be made t 
firm in proportion to output capacity, and that 
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every ton produced in excess of allotments the firms 
so doing should place a certain sum of money to 
the credit of a pool for the benefit of the firms 
who may have manufactured less than their allot- 
ments. Of course, such an arrangement is beset with 
dithiculties, due to the fact that there are about five firms 
outside the Association, and also to the varied interests of 
those interested. The proposers of the idea are hopeful, 
however, of bringing the pooling scheme to a successful 
issue. 

Scotch Steel Trade.—The position of the Scotch steel 
trade is very much as it was a week ago, as conditions are 
practically without change. In heavy material the present 
business 18 mostly of a shipping nature, and in this 
connection it avn, mentioned that several respectable 
lots of plates have been sold for early shipment to the 
Colonies and Italy. Some inquiries are in the market for 
boiler-plates for India, China, and the Continent. With 
regard to —_ material and structural sections no change 


has taken place, and Dg oy are still exceedingly busy 
on that class of stuff. The official list of prices is un- 
altered. 


Scotch Pig-Iron Trade.—The home demand for the 
ordinary brands of Scotch pig iron is again on the increase, 
and makers are being kept well employed. Inquiries for 
shipment lots are good, and among them is one for a con- 
siderable quantity for South America. An improvement 
has taken place in the demand for hematite for forward 
delivery, but sellers are unwilling to meet buyers, except 
at increased rates, and mention 68s. to 70s. per ton as the 
figure at which they will consider business. 


Wages in the Iron Trade Advanced.—Mr. John M. 
MacLeod, C.A., Glasgow, has made the following inti- 
mation to Messrs. James C. Bishop and James Gavin, 
joint secretaries of the Scottish Manufactured Iron Trade 
Conciliation and Arbitration Board :—‘‘ In terms of the 
remit I have examined the employers’ books for Sept- 
ember and October, 1910, and Icertify the average realised 
net selling price at works brought out is 6/. 3s. 2.96d. 
per ton.” This means an increase of 24 per cent. in the 
wages of the workmen. 


Shipbuilding.—The present trouble between the boiler- 
makers and their employers has had rather a disastrous 
effect on the shipbuilding industry, and the output from 
the Scotch yards for the past month only amounts to 
eleven vessels, with a total of 2836 tons. Of that paltry 
output the Clyde yards launched nine vessels, of 1736 
tons; the Forth, one vessel, of 300 tons; and the Tay, 
one vessel, of 800 tons. The Clyde figures for November 
of last year were 18 vessels, of 40,026 tons, but to secure 
a parallel to the output of the past month one would 
require to go away far back into the figures of the past. 
For the eleven months now concluded the Clyde total 
stands at 248 vessels, of 365,997 tons, which is rather 
more than 8000 tons above the figure for the corresponding 
period of last year, which was 202 vessels, of 357,554 tons. 
And now to at least equal the total output for the year 1909 
the launches for the month of December would require to 
amount to 37,190 tons, which seems, at present, to be an 
utter impossibility. When the improvement in the ship- 
building industry commenced, about a year ago, every- 
thing pointed to 1910 approaching the record output of 
1907, but with the unfortunate dispute which took place 
a few months ago, work in the yards has now been prac- 
tically at a standstill for thirteen weeks, and that, too, 
with order-books well filled and inquiries quite numerous. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Lighter Trades Improvement.—The improvement that 
has taken place during the year in the lighter steel trades 
is illustrated strikingly in the annual report of Messrs. 
Wheatman and Smith, saw, file, and steel manufacturers, 
of Sheffield. Their profit for the year is 859/., as against 
a loss of 3231. a year . For two years, 1908-9, no 
dividend was paid, but this year the distribution will be 
24 per cent. 

South Yorkshire Coal Trade.—Practically no change is 
to be recorded in the hard-coak market. The weakness in 
export has reduced many pits to short time, though the 
general industrial demand is about the same. Stocks are 
increasing, and there is a tendency towards weak prices. 
Gas-coal is going away satisfactorily, with full deliveries 
under contracts. The better manufacturing inquiry, 
especially from Lancashire, has been responsible for an 
improvement in slacks, and prices are distinctly firm. 
Business in house coal has been good, and prices are 
London ordering is better, and there is 
an improvement in the call for cheap coals. The very 
cold weather has had much to do with the briskness at 
depots. On ’Change there were no spot lots on offer. 
Quotations :—Best Barnsley, 12s. to 12s. 6d.; Silkstone, 
9s. 3d. to 10s. 3d.; Derbyshire brights, 11s. to 12s.; York- 
shire hards, 9s. to 10s.; Derbyshire hards, 7s. 9d. to 
8s. 3d.; rough slacks, 5s. 6d. to 6s. 3d.; seconds, 3s. to 
4s, 3d.; and smalls, 1s. to 2s. 3d. 


Iron and Steel.—Prices of hematites are at about the 
same level, though not much business is y 4 Good 
orders recently received have enabled makers to take an 
independent line in regard to new contracts, and they 
decline to make concessions. There is not much expected 
to be doing while the elections are in , though 
the market promises to remain steady. } rs improvement 
is looked for early next year. Common irons are not 
just now in much demand, except the basic qualities. 
Bar-makers are fairly well employed. ‘The foundries are 
hot receiving much work on engineering account, and 
this is responsible for slackness. Although little iron and 
Steel scrap has been selling, prices are high, and show no 


strengthening. 





tendency todecrease. Theoutputin the general steel trades 
maintains its recent high level. Quietness in one or 
two directions is balanced by a surplus of orders in others. 
Heavy engineering orders are still restricted by the posi- 
tion of affairs at the shipyards. Special steels are being 
exported in very large numbers, which is largely due to 
the revival in the American demand. Drill steel has been 
going out in large quantities to South Africa. The rolling- 
mills are very busy on export account. The suathenelie 
large inquiry from Russia for agricultural implements and 
parts is likely to decrease now that it has m notified 
that there will be an extension of the time before the 
tariff is to be smaqenes, Tool-makers are finding business 
better than it has been for a few years past. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Notwithstanding the detri- 
mental influences that are at work in the shape of labour 
troubles and the political situation, as well as the fact 
that the seen season of the year is usually a very quiet 
period, there is a firmer feeling in iron trade circles, and 
more disposition to operate is shown, but actual business 
is still on only a very moderate scale. No. 3 g.m.b. Cleve- 
land pig is 49s. 9d. f.0.b.; No. 1, which is still practically 
unobtainable, nominally 53s. 6d.; No. 4 foundry, 48s. 9d.; 
No. 4 forge, 48s. 6d.;and mottled and white iron, each 48s., 
all for early delivery, 1s. above these rates being quoted 
on forward account. East Coast hematite pig is steady. 
Nos. 1, 2, and 3 stand at 63s. 6d. for this year’s de- 
livery, and forward rates range from 64s. 6d. to 65s., 
according to time of delivery. Foreign ore values are 
firm, though business just now is at a standstill, con- 
sumers being well bought. Best Rubio is 21s. to 22s. ex-shi 
Tees for delivery up to June next. Coke is plentiful 1 
rather weak. Average blast-furnace qualities are on sale 
at 15s. 6d. delivered here. 


Manufactured Iron and Steel.—Very little new can be 
repo! concerning the finished iron and steel industries. 
For some descriptions inquiries are better and values tend 
upward, but they have not been quotably raised. Sheets 
are a trifle easier, and the plate and angle branches are 
still very dull owing to the stoppage through the boiler- 
makers’ dispute. Common iron bars are 7/.; best bars, 
71. 7s. 6d.; best best bars, 7/. 15s.; iron and steel ship- 
plates, each 6l. 15s.; iron + ory 7l.; steel ship- 
— 6l. 7s. 6d.; ship-rivets, 7/. 5s. to 7/. 7s. 6d.; iron 
and steel boiler-plates, each 7/. 10s.; steel strip, 67. 10s. ; 
steel hoops, 6/. 12s. 6d.; steel bars, 6/. 5s.; steel joists, 
61. 2s. 6d. to 6l. 7s. 6d.; cast-iron railway chairs, 32. 10s. ; 
light iron rails, 6/. 10s.; heavy steel rails, 5/. 10s. ; steel 
railway sleepers, 6/. 12s. 6d.; and galvanised corrugated 
sheets, 11/. to 11/. 5s.—sheets less 4 per cent. f.o.b., railway 
material net, and all other descriptions less 24 per cent. 


Ironworkers’ Wages Reduced.—The accountants to the 
Board of Arbitration have just certified the average net 
selling price of iron rails, plates, bars, and angles for the 
two months ending October 31 last at 6/. 5s. 10.90d., as 
against 6. 8s. 9.91d. for the previous two months, and in 
accordance with sliding-scalearrangements puddlers’ wages 
are reduced by 3d. per ton, and all other forge and mill 
wages are lowered by 24 per cent. 


Shipments of Iron and Steel.—Shipments for November 
were very satisfactory. Those of Pig iron averaged 4109 
tons per working-day, the total despatches reaching 
106,858 tons, 99,213 tons of which went from Middles- 
brough and 7645 tons from Skinningrove. For the pre- 
vious month the total loadings of pig iron amounted to 
111,574 tons, or a daily average of 4292 tons, and the 
clearances of pig iron for November, last year, were 
returned at 81,670 tons, or an average of 3141 tons per 
working-day. Of the pig iron sent from Skinningrove 
during the month just ended, 7105 tons went to Scotland 
and 540 tons to Terneuzen. Of the pig loaded at Middles- 
brough, 45,855 tons went coastwise, and 53,358 tons to 
foreign countries. Scotland was by far the largest receiver, 
taking 33,070 tons; whilst Italy imported to the extent 


of 11,369 tons; the United States, 7005 tons ; Sweden,, 


6911 tons ; Belgium, 6484 tons; Germany, 5961 tons; 
Japan, 5435 tons ; and France, 4563 tons. Manufactured 
iron despatched last month was returned at 19,056 tons, 
10,657 tons of which went abroad, and 8399 tons to coast- 
wise customers. The largest delivery was 5713 tons to 
India, the Argentine, with 3446 tons, being the second 
best customer. Shipments of steel reached 38,994 tons, 
31,513 tons of which went foreign, and 7481 tons coast- 
wise. The best customer for steel was the Argentine, to 
which country 10,505 tons were despatched, whilst India 
received 8877 tons. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—There has been a fair inquiry for steam coal, 
and sellers have shown no anxiety as to the immediate 
future, it being felt that as there is little prospect of an 
early settlement of pending labour difficulties, production 
for the next few weeks will be inadequate to meet the 
requirements of consumers. The best large steam coal 
has made 16s. 3d. to 16s. 6d. per ton, while secondary 
qualities have ranged between 14s. 9d. and 16s. per ton, 
best bunker smalls making 9s. 3d. to 9s. 6d., and cargo 
smalls, 7s. 3d. to 8s. per ton. Household coal has shown 
little change, the best ordinary a having made 
14s. 6d. to 16s. 6d. per ton ; No. 3 Rhondda large has 
brought 17s. to 17s. 6d. ; smalls, 9s. 6d. to 10s. per ton. 
No. 2 Rhondda large has been quoted at 12s, to 12s. 3d., 
and smalls 7s. to 7s. 6d. per ton. Foundry coke has 
realised 18s. to 20s., and furnace ditto 16s. 3d. to 17s. 3d. 


per ton. As regards iron ore, Rubio hzs made 203. to 





20s. 6d. per ton, u 
and charges, including freight, insurance, &c., to 
or Newport. 


Bristol Docks.—The Docks Committee of the Bristol 
City Council proposes to ask for more capital for the 
Bristol dock undertaking. The growing traffic at Avon- 
mouth demands more shedding and siding accommoda- 
tion. It is ragene to expend 56,4007. on the south side 
of the Royal Edward dock for shedding, sidings, cranes, 
&c. Some 30,0002. is also required for more shedding on 
the west side of the dock. During the 29 weeks endin, 
with November 19, shipments from Bristol dock showe 
an increase of 105,767 tons foreign, and 65,598 tons coast- 
wise. The dock dues also increased to the extent of 
9416/., as com with the amount collected in the 
corresponding period of 1909. 


Dowlais.—There has been a heavy production of tin bar 
and billets, as well as of heavy steel rails for one of the 
great home railways. The Big Mill was idle for some 
days last week, but it had previously a large output of 
light colliery rails and other railway matériel. 


nm a basis of 50 per cent. of iron, 
Cardiff 


_ Dredging at Devonport.—Dredging preparations are now 
in hand in the neighbourhood of the naval ordnance 
jetties, Bull Point, Devonport, with a view to rendering 
the approaches to the smaller structure safe at all states 
of the tide. The question of lengthening the jetty is also 
under consideration. 


Newport.—The Channel Dry Dock Company has made 
pa great progress of late years. The company started 
with a pontoon, and it then built a dry dock in the 
Bristol Channel, equipping it with electrical and pneu- 
matic plant. After this the company acquired the Barry 
Central Marine Engineering Works at Barry, and subse- 
quently it purchased the dry dock accommodation works, 
and freehold land lately belonging to the Severn Dry 
Docks Company, at Newport, Barry, and Sharpness. 
Only recently the company took over the control of the 
Bute Dry Dock Company, in the Roath Basin, and the 
Mercantile Pontoon Company, in the Roath Dock, 
Cardiff. These places have all undergone a thorough 
overhaul. The company’s attention has now been given 
to property at Newport, where Messrs. Topham, .Jones, 
and Railton, Limited, have completed a dry dock. 
The dock has been built and equipped under the super- 
vision of Mr. D. E. Roberts, consulting engineer, Cardiff, 
and it is 1000 ft. long, with an entrance 65 ft. wide. The 
company has also been obliged to erect large works, 
with plant and machinery electrically driven. In order 
to keep pace with the great amount of work done afloat 
in the Alexandra Dock, Newport, the company has, 
further, been obliged to acquire new works close to the 
Alexandra Dock, equip with new plant and machi- 
nery, electrically driven. 


Llanelly.—The local labour market has been well em- 

loyed, contracts being in hand for the construction of 
Biter-beds at the water works, eight new mills at the 
Burry Works, six new mills at the Old Castle, four mills 
at Dafen, &c. Tin plates have been in good demand, and 
there has been an improvement in the inquiry for bars. 


Coal at Keyham.—A coaling dépot at the extreme end 
of Keyham yard is growing in importance. Great piles 
of coal have accumulated, and the present stock has never 
been exceeded. An electrical installation is to be pro- 
vided for working the Keyham coaling system by means 
of cross-transporters. 








Prrsonat.—Mr. C. Schniewindt, Neuenrade, Germany, 
has appointed Mr. H. H. Cressall, 13, Summer-row, 
Birmingham, his sole agent for the sale of his manufactures 
in Great Britain.—Mr. H. N. Sporborg, chief engineer, 
and Mr. W. C. Lusk, manager of the export department 
of the British fuennen Houten Company, Limited, 
have been appointed members of the Board of Directors. 
—Messrs. Harold.A. Neale and George J. Freund state 
that they have severed their connection with Messrs. 
Crompton and Co., electrical engineers and contractors, 
of }ondon and Chelmsford, and have started business on 

ir own account at 31, Budge-row, Cannon-street, E.C. 





Pears’ SHILLING CycLop“pia.— We have received acopy 
of the latest edition of this book, which is published 
Messrs. A. and F. Pears, Limited, 71 to 75, New Oxford. 
street, W.C. Itis an admirable shillingsworth, a multum 
in parvo, covering over one thousand pages; it contains 
several dictionaries, minus that of synonyms and homo- 
nyms which appeared in former issues, an atlas, and a 
large amount of general information. We have, however, 
noted two mistakes. On page 254 the term Reichdrath 
should read Reichsrat, the name of the Austrian Parlia- 
ment, On page 439, the rate of to foreign 
countries is wrongly stated to be 24d. per oz.; the rate 
has been for some months past 24d. for the first ounce and 
14d. for each succeeding ounce or fraction of an ounce. 





Tue InstiTuTION OF ELEcTRICAL ENGINEERS.—At an 
ordinary meeting of the Institution of Electrical Engi- 
neers, held —y * 24th ult., a paper entitled “Street 
Lighting by Modern Electric Lamps” was read by Mr. 
Haydn T. Harrison. Mr. Harrison’s paper consisted 
largely of an analysis of various measurements and tests 
carried out to determine the results in candle-power 
which are obtained with various types of lighting in 
actual operation. He based his measurements on ori 
zontal candle-power, and dealing with the question of the 
diversity-factor of illumination, pointed out that a lower 
value could be reached by the employment of a number 
of small units of light rather than a smaller quantity of 
larger units. ‘lhe paper forms an admirable survey of the 
piesent position of street lighting. 
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THE SHEPPEE CONVERTIBLE STEAM MOTOR VEHICLE. 
CONSTRUCTED BY THE SHEPPEE MOTOR COMPANY, ENGINEERS, YORK. 


(For Description, see Page 762.) 























Fic. 3. Sipe View or CuHassis. 
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Fic. 4. Sipe View or Cuassis. 




















Fic. 5. Pian or CHassis. 
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THE SHEPPEE CONVERTIBLE STEAM MOTOR VEHICLE. 
CONSTRUCTED BY THE SHEPPEE MOTOR COMPANY, ENGINEERS, YORK. 


(For Description, see Page 762.) 
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NOTICES OF MEETINGS. 


Tue INSTITUTION OF CIVIL ENGINERRS.—Students’ meeting, Friday, 
December 2, at 8 p.m. Paper to be read : ‘‘ The Scherzer Rolling- 
Lift Bridge over the River Tawe, at Swansea,” by Mr. J. Hulbert 
Morris, Stud. Inst. C.E. Mr. Alexander Siemens, President, will 
occupy the chair. Tuesday, December6, at 8 p.m. Paper to be 
further discussed:—‘‘ Portland Cement, and the Question of its 
Aeration,” by Mr. Henry Kelway Gwyer Bamber, Assoc. Inst. C.E., 
and ballot for new members. Students’ visit, Wednesday, Decem- 
ber 7, to the New General Post Office (King Edward VII. Building), 
Newgate-street, E.C. 

Tue Society or ENGInsERS.—Monday, December 5, at 7.30 p.m., 
in Room 18, Caxton Hall, Westminster. Paper to be read:: ‘‘ The 
Working of the Road Development Act, 1909,” by Mr. Reginald 
Brown, A.M. Inst. C.E., F.S.1L. 

Tue Royau Socisty or Arts.—Monday, December 5, at 8 p.m. 
Cantor lecture :—“ Industrial Pyrometry,” by Mr. Charles R. 
Darling, A.R.C.Se.L, F.LC. (Lecture Il.) Wednesday, Decem- 
ber 7,at8p.m. ‘‘The Panama Canal in 1910,” by Mr. Vaughan 
Cornish, D.Sec., F.G.8., F.C.S. Sir William H. White, K.C.B., 
F.R.S., will preside. 

Tue Roya. Instirution.—Monday, December 5, at 5 p.m. 
General Meeting. 

Tue INstTiITUTION oF ELECTRICAL ENGINKERS: YORKSHIRE LOCAL 
Secrion.—Wednesday, December 7, at 7 p.m., at the Department 
of Applied Science, the University, St. George’s-square, Sheffield. 
An address by Mr. A. J. Cridge, A.M.I.E.E., ‘The Cost of Cooking 
and Heating by Electricity.” 

Tue InstiruTe oF SAanirary ENGINeerRs.—Wednesday, Decem- 
ber 7, at pF ag , when Mr. George W. Chilvers (Vice-President) 
will give the first of a series of lectures, fully illustrated by 
lantern-slides and diagrams, on ‘‘ The Mechanics of Municipal 
and Sanitary Engineering.” 

THe ASSOCIATION OF ENGINEERS-IN-CHARGE.— Wednesday, Decem- 
ber 7,at8p.m. A paper will be read on “‘ Practical Notes on the 
Working and Control of Steam-Boilers,”” by Mr. John B. ©. Ker- 
shaw, F.1.C. (Hon. Member). Dr. H. 8. Hele-Shaw, LL.D., F.R.S., 
in the chair. 

Tue LINstTITUTION oF ELECTRICAL ENGineeRs.—Thursday, Decem- 
ber 8, at 8 p.m. ‘‘The Magnetic Properties of Iron and its Alloys 
in Intense Fields,” by Sir R. Hadfield, F.R.S., and Professor B. 
Hopkinson, F.R.S. 

HE ILLUMINATING ENGINEERING Society.—Friday, December 9, 
at 8 p.m., at the house of the Royal Society of Arts, when a paper 
on “‘ Recent Progress in Electric Lighting” will be read by Pro- 
fessor E. W. Marchant, D.Sc., the chair being taken by Professor 
S. P. Thompson, D.Sc., F.R.S. 

THE INSTITUTION OF MECHANICAL ENGINEERS : GRADUATES’ ASSOCIA- 
TION.—Monday, December 12, at 8 p.m. A paper entitled ‘ Re- 
quirements of Illumination and the Status of Gas-Lighting ” will 
be read by Mr. J. C. Briggs, Graduate, of Workington ; Mr. Harry 
E. Jones, Member, of London, in the chair. 

THe INCORPORATED INSTITUTION OF AUTOMOBILE ENGINEERS.— 
Wednesday, December 14, at 8 p.m., at the Institution of Mecha- 
nical Engineers. A paper will be read by Mr. W. Watson, A.R.C.S., 
D.Se., F.R.S8., and Mr. R. W. Fenning, B.Sc., entitled ** An Inves- 
tigation of the Thermal Efficiency of a Two-Cycle Petrol-Engine.” 
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POLITICS AND INDUSTRY. 


Tue Legislature has always exercised a profound 
influence on commerce and industry, not alone 
directly by its passing of many Acts of Parliament, 
but also in other ways which are not so evident. 
At one time it interfered with nearly every affair 
of life. It fixed the scale of wages, the price of 
beef and bread, the length of coat to be worn by 
men in each rank of society, and the material 
in which they were to be buried when dead. 
This state of affairs continued for hundreds of 
years, but, fortunately, the zeal of Parliament was 
often diverted into other channels connected with 
war and diplomacy, and with opposition to the 
encroachments of the Crown, and then traders 
were free from new forms of interference for a 
time. In the earlier years of the nineteenth cen- 
tury a change came over the council of the 
nation, for the Manchester School climbed into 
power, and put into practice their theory that 
commerce and industry throve best when left to 
their own resources, and that all interference, even 
with the best of motives, was attended with a 
serious amount of disadvantage. The Manchester 
School has ceased to exist, and it is now accepted 
that it is the duty of the State to regulate the 
relationship of employer and employee and to 
define their mutual responsibility. It must be 
admitted, however, that its attempts to mete out 
justice for all classes are sometimes attended with 
grievous results, and give rise to the emestion as 
to whether this duty of the State is cischarged 
in the most efticient manner, and with the minimum 
of interference with commercial and industrial con- 
ditions for the maximum of gain to the working 
classes. We do not propose, however, to discuss here 
the direct influence of legislation upon commerce and 
industry, but rather to consider the influence of 
indirect causes which are, at least, as pronounced 
in their incidence. Nor is the present an unpro- 
pitious moment for directing attention to this sub- 
ject, because the progress of the election of a new 
Sectieanent offers temptation for frequent exercise 
of what must be regarded as the most baneful 


influences. This is consequent upon the indispens- | 





ably popular method of choosing legislators, who, 
as a consequence, have sometimes no. better quali- 
fication for legislation, as Mill has put it, than ‘‘a 
fluent tongue and a faculty for getting elected 
by a constituency.” 1t is pertinent to inquire what 
influence the ‘fluent tongue” has upon the indus- 
trial situation. In the dominant idea of ‘‘ getting 
elected by a constituency,” what incentive is there 
judicially to weigh the questions at issue, and 
their influence on the progress of the nation? Are 
candidates careful so to conduct their case as to 
foster stability in internal commerce and in inter- 
national credit ? To what extent are they anxious 
to develop in the minds of the workers a better 
conception of those sound principles of industrial 
economics and political philosophy upon which each 
party claims to base its action ? 

We admit that to expect a satisfactory reply to 
these questions—to expect a careful observation 
of the view that selfish interests must give place 
to national considerations, and opportunism to 
truth—amid the heat and excitement of keen 
political controversy is demanding a high ideal. 
[t is by no means beyond doubt that all the 
candidates are capable even in their calmer moments 
of grasping the fundamentals of industrial eco- 
nomics. Were they fully cognisant of these basal 
principles, they could scarcely avoid giving them 
a tacit acknowledgment even amid the stress of an 
election. In view of all our expenditure in thought, 
time, and money on scientific education, it is 
remarkable how little general knowledge there is, 
even among educated people, of political economy. 
And yet the science is as important to industry as 
any other science to the development of manufac- 
tures. No one can read the reports of speeches 
made without being impressed with the view that 
opportunism and the exigencies of party advantage 
dominate the utterances of a great many politicians, 
who seem to forget that politics, instead of being 
a game, has the most vital influence on the economic 
condition of industries and, therefore, of the people, 
and that the preaching of false doctrines must in- 
crease that discontent with inexorable economic laws 
which, unfortunately, is too pronounced at the pre- 
sent time. No action which increases cost of produc- 
tion, no tax on industry can fail ultimately to affect 
the wage-earner. Inversely, every movement which 
increases profit for manufacturers is of advantage 
to the worker. As Sir Edward Grey pointed out in 
his Dale Memorial lecture recently, this gain is 
most direct. ‘‘The union of the wage-earning 
classes is now so strong that they do share in in- 
creased profits.” He also pointed out that, although 
the capitalist may also secure higher dividends, he 
invests his money in “increasing the business and 
providing more employment.” Such higher profits, 
too, are an incentive to devote a larger sum to 
experimental research, development in design, and 
improvement in equipment, whereby we are better 
enabled to meet foreign competition, But there 
are many companies which are making no profits, 
and have not paid a dividend on their ordinary 
shares for three or four years. It would therefore 
be a thousand times more conducive to industrial 

ce were the ‘‘ fluent tongue ” utilised to estab- 
ish the accuracy of these facts and of the truisms 
of industrial economics by an effective process of 
reasoning, in order to ensure a greater measure 
of stability in labour, rather than by repeating 
party shibboleths which cannot be established by 
truth or any sound logic. The attitude of some of 
the party politicians, indeed, reminds us of the 
sound words of Mr. Thomas Burt, himself a wage- 
earner: ‘*‘Whatever the method of improving 
humanity, and of raising men to a higher position 
than they occupy to-day, may be, and whenever and 
however the millennium may be reached, it is not to 
be reached by declaring in favour of class conscious- 
ness and class antagonism, hatred between one class 
and another.” 

No one questions the equity of political equality, 
but it has thrown upon the State, and those respon- 
sible for the fulfilment of the duty of the State, a 
greater responsibility. Power without education 
is always a danger, and it is incumbent upon those 
who lead, and also upon those who represent the 
enfranchised people, to promote this education. 
We use the word in its widest sense, meaning not 
only knowledge of the sound principles of political 
ng osophy, but disciplined restraint, a desire to 
ye just, and particularly a dislike of exaggeration. 
Political equality has quickened the desire for 
a greater measure of social equality, but, with 
Mr. Thomas Burt, we recognise that this can only 
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be achieved by the development on the part of the 
workman of ‘solid, manly character and whole- 
some honesty.” On the other hand, the ‘‘ fluent 
tongue,” whatever shade of political doctrine it 
utters, is continuous in ‘ts seduction, not only by 
appealing to the less manly instincts, but by its 
neglect to nurture those principles which tend to 
build up character and to maintain authority, 
discipline, and order. We prefer rather Sir Edward 
Grey’s view that ‘‘the important thing for the 
wage-earning classes is to choose methods of using 
their powers for realising their hopes which, even 
if they fail to achieve all that is hoped for, will yet 
make sure of attaining something which is possible, 
which will not, by wrecking and destruction, make 
improvement impossible. Order and organisation 
are essential to such methods. Without order 
there is chaos, and those who seek relief in chaos are 
in effect committing suicide in the hope of thereby 
obtaining something better.” It is this latter spirit 
which demands the repeal of the Osborne judgment. 
The will of the majority is a motive force of 
great power, but it is not necessarily a power for 
good—even for the majority itself. It is only so 
when it works in harmony with the immutable laws 
of economics and of justice. There were great 
majorities for the successive constitutions offered 
by referendum to the French people after 1789, 
but the results were disastrous alike to the framers 
of these constitutions and to the people who lived 
under them, in spite of the Jacobin maxim, ‘‘ Ce 
que le peuple veut est juste.” 

Almost as unsatisfactory in all discussion as 
ignorance and untruth is the practice of exaggera- 
tion. In controversy it is too readily assumed that 
sweeping assertions, by their magnitude, tend to 
the converting of an opponent, or, at least, to his 
confusion. The gain, however, can only be momen- 
tary, and the reaction is the greater. This practice, 
which is specially prevalent at the moment, may 
be exemplitied by the case of the Navy, not only 
in its immedite effects, but more particularly in its 
consequences on the industries of the country, and 
therefore on wages. The Navy is assumed to be 
above party, but it must be admitted that there 
is an inclination to neglect or ignore the need 
for a strong navy in the interests of commerce 
and industry, and to refuse to recognise that 
Germany’s action is founded upon her realisation 
of the part  gprsenens plays in the prosecution of 
international commerce. Admiral Mahan, in his 
most recent work, puts the case very clearly when 
he traces the chain of sequence of events under- 
lying national development as ‘‘ industry, markets, 
control, navy, bases.’’ Industrial expansion in- 
volves the extension of markets, and this, in its 
turn, demands a large measure of control, or the 
assurance of a safe interchange of commodities, 
which, in the case of insular Britain, can only be 
guaranteed by the certitude that our highways of 
commerce can be maintained. The Navy must, 
therefore, be a subject of engrossing interest in the 
study of political and industrial economics. At 
the moment our naval strength is satisfactory, and 
Sir William White in his article in the current issue 
of the Nineteenth Century has done useful service 
in establishing this fact. There is, too, a judicial 
spirit in his recognition of Germany’s right to 
expand her fleet. 

But we admit that it would be as great a mis- 
take to be over-complacent as to be alarmist, and 
one cannot help feeling that Sir William recognises 
this, as in his review he ‘‘ leaves the question of 
future action open for consideration.” He is satis- 
tied that so far the relative progress of Britain and 
Germany is the same, but it is at least discomfort- 
ing to know that the amount paid by Germany for 
new construction and armaments has, in ten years, 
increased from 4.7 millions sterling per annum to 
11.4 millions, while the minimum for Britain during 
the decade was 8.66 millions sterling, and the maxi- 
mum 14.95 millions. Moreover, for the last five 
years the annual votes have, in the case of Britain, 
averaged nearly 11 millions sterling, and in the case 
of Germany about 9 millions. Finally, this year’s 
vote has been increased to 12} millions sterling, in 
accordance with the Navy Act. Further, Sir William 
White’s tables show that there are now building 
eleven capital ships for Germany, and twelve for 
England, the numbers projected under this year’s 
programme being, for Germany, four, and for Britain 
five. As regards the time required to complete a 
ship, Sir William White contends, however, that 
recent practice gives Britain an average advantage 
of about eight months, and a minimum advantage of 





three months, as compared with periods accepted 
in Germany, reckoning from the laying down to 
the completion for commissioning of Dreadnought 
battleships. He, however, does not assert that 
this advantage can always be assured, as there are 
firms in Germany who can build as rapidly as firms 
in Britain. 

Another point urged by Sir William White is 
that our superiority in pre-Dreadnought ships must 
be considered, but many of these can now only be 
regarded as reserve ships, although a large number 
of them are unquestionably of considerable utility. 
The same authority in his admirable paper read 
before the American Society of Naval Architects 
and Marine Engineers, on the present situation of 
the armament of warships, throws some light on 
this question, inclining to the belief that a mixed 
armament in the primary battery may be reverted 
to. Be this as it may, the pre-Dreadnought ships can 
only be of advantage so long as there is not opposed 
to them any number of the more modern and more 

werfully-armed vessels, so that, in the main, the 
interests of industry must rest very largely upon 
Dreadnoughts. As we have said, we are for the 
moment safe, and there is no need to encourage 
alarmist views on the subject; but, at the sume 
time, the attitude of over-confidence or of indiffer- 
ence to the vital needs of naval defence in the 
interests of industry is disquieting. Our commerce 
is not only far greater than that of Germany, but it 
is of vastly greater national importance, as it 
consists largely in foodstuffs which are absolutely 
essential to our existence. We are all interested in 
this matter, but none so much as the working 
classes, who would be reduced to the direst straits 
if we lost command of the sea. It would there- 
fore be well if those who recognise how our pros- 
perity depends on an open road to all our markets 
would strike the happy mean of keeping awake the 
interest of all classes in an adequate fieet. 

From first to last, the best interests of commerce 
and industry are only to be advanced by the 
minimum of interference, by a studious endeavour 
to advance the interests of all parties without bias, 
by eschewing the unfortunately intensified oppor- 
tunism of the moment to curry favour with one or 
other section of the community, and by carefully 
striving not to neglect the full appreciation of 
those irrevocable principles of economics without 
which no industry can be developed along lines 
which will ensure the prosperity of the allied forces 
of employer and employed. 








RAILWAY COMPANIES AND TRADERS’ 
WAGONS. 

Some months ago a case was decided by the 
Railway and Canal Commission concerning the 
claim of Messrs. Spillers and Bakers, Limited, of 
Bristol, against the Great Western Railway Com- 
pany, under which there was asserted the unlimited 
right of traders to use their own wagons on the 
railway company’s line, and to obtain rebate of 
charges in respect of any merchandise so conveyed. 
The particulars were noted, and the judgment of 
the Commissioners stated, in ENGINEERING of 
March 4 last (page 284). 

The dispute has since been referred to the Court 
of Appeal, and the Lords Justices took time to 
consider their decision, which was finally delivered 
by the Master of the Rolls on November 21, the 
other Lords Justices agreeing. 

As the question at issue has long been of great in- 
terest and importance to manufacturers, merchants, 
and colliery-owners using their own wagons, it may 
be useful to review the case again. The firm of 
Spillers and Bakers are millers who send large quan- 
tities of flour and grain to various stations on the 
Great Western Railway by their own wagons. These 
are specially constructed for the conveyance of 
perishable merchandise, whereas the railway com- 

ny do not always have covered wagons available. 


the railway company’s rolling-stock was there any 
shortage of covered wagons. Although the company 
were bound to provide reasonable facilities “for con- 
veyance of merchandise,” it was not proved that it 
was not a ‘“‘reasonable facility” for traders t:) use 
their own wagons when the railway wagons were 
available. The Court of Appeal does not interfere 
with this finding of fact. The Railway Commis. 
sioners were bound to regard the interest of the 
railway company, who had large capital invested in 
suitable rolling-stock for the service of the public, 
and it would be unjust in them to ignore the avail- 
able railway wagons that were suitable, and vive a 
preference to the traders’ own wagons. 

Although the Court of Appeal agrees thus far 
with the finding of the Railway Commissioners on 
the facts, it objects to the form of the order, and 
makes the alteration as follows :—‘*The Court of 
Appeal determines: (1) That the Great Western 
Railway are bound as ‘‘ a reasonable facility” to 
convey Messrs. Spillers and Bakers’ merchandise 
in covered wagons or other suitable wagons pro- 
vided by them, whenever a sufficient number of 
suitable vehicles are not from time to time pro- 
vided by the railway company for the purpose, but 
that except as aforesaid the railway company are 
not so bound ; (2) That both sheeted trucks and 
covered vans are suitable vehicles for conveyance of 
Messrs. Spillers and Bakers’ merchandise.” 

These declarations the Court expects will enable 
the parties to agree on figures, but it says there 
may be added liberty to apply as to the times when 
a sufficient number of suitable wagons have not 
been provided by the Great Western Railway Com- 
pany, and as tothe sums by which the rates charged 
‘by the company for the conveyance of goods on 
these occasions ought to be reduced. 

The trader assumed that railway rights were as 
they had been in the early days, when a railway was 
regarded as a highway over which a railway com- 
pany had the rights of haulage, which might be 
shared by traders who preferred to use their own 
wagons. It was soon found that a railway could 
not be used as an open highway, and that a certain 
monopoly should be granted to a railway company, 
inasmuch as they were charged with the sole duty 
of keeping up railway signals and watching the 
safety of the public. This was provided by the Act 
of 1845, when railway companies were regarded as 
public carriers. As common carriers, they were 
bound, so far as their wagons would serve, but they 
were not bound to supply rolling-stock to meet the 
requirements of customers; nor does it appear that 
railway companies are bound to receive and forward 
goods by traders’ own wagons. 

The Act of 1854 imposed on railway companies a 
new duty—i.e., the duty of affording ‘‘ reasonable 
facilities” for receiving and forwarding traftic ; but 
this does not entitle the trader to have his loaded 
wagons forwarded on payment of rates applicable to 
such goods, either with or without abatement. 

In this connection it may be useful to observe 
what the Court of Appeal said about the practice 
in mineral traffic. It is common knowledge that 
wagons, either owned or hired by traders, are largely 
used for coal and iron traffic. If the Railway Com- 
missioners have to consider ‘‘ reasonable facilities,” 
it is certain they will not interfere. The Act of 1891, 
dealing alone with the Great Western Railway, 
provides that when the company does not supply 
suitable wagons, there shall be either a reduced 
rate or means of obtaining a rebate. : 

The traders who raised the question in the action 
against the Great Western Company doubtless 
found it convenient and profitable to build their 
own trucks, and they therefore claimed an unlimited 
right to use them and send them on the Great 
Western Railway lines at reduced rates. In this 
they were not wholly successful before the Railway 
Commissioners, and now that they have gone to the 
Court of Appeal, their appeal has been dismissed. 
The Court of Appeal, however, has altered the 
order of the Commissioners, as stated above. The 





‘he firm claimed the right to use their own wagons, 
even when the railway company had suitable wagons | 
available, and to recover the rebate in the railway | 
charges usual in the case of traders providing their | 
own wagons. The arguments pleaded on both sides | 
were intricate and subtle, and, for the first time, 
the Court of Appeal has had to consider this most | 
important question for the trading community. 

In the first instance it was very exhaustively dis- | 


cussed by the Railway and Canal Commissioners, 
Mr. Justice A. T. Lawrence presiding. The Com- | 
missioners held that the traders were asking too | 
much, and that only under exceptional strain upon 


cross appeal of the Great Western Railway was dis- 
missed, and no costs were allowed on either side. 
This reserved judgment of a unanimous Court of 
Appeal substantially agrees with the finding after 4 
long trial before the Railway Commissioners. The 
plain man will now understand that for traders to 
seek to deal with a railway company, not as common 
carriers and as owners of railway rolling-stock with 
certain privileges under Act of Parliament, but 
rather as mere haulers on a common highway, !s very 
unfair and inadmissible. The railway, having special 
responsibilities, are entitled to have the ylling- 
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stock they have provided for public service used 
when it is available and suitable. Only under 
certain conditions are traders justified in asking 
rebates in respect of conveyance of merchandise. 








THE LIFE AND POWER OF HEAVY 
ORDNANCE. 

We published in our issue of April 15 an article 
under the above title, with the object of refuting 
criticisms made concerning an article of ours con- 
tained in our issue of July 23, 1909.* We should 
not have returned to the subject had it not been 
for an article written by Mr. J. Castner, given in 
Stahl und Eisen of May 25 last, which requires 
a reply. Mr. Castner does not appear to have 
seen our last article ; he simply discusses our said 
review of July, 1909, and does so in very courteous 
terms. 

Like all German technical and military writers, 
he places absolute confidence in the Krupp guns, 
and believes in their superior efficiency—i.e., in the 
power they are stated to develop for a comparatively 
low intrinsic weight. He acknowledges that the 
efficiency of a whole matériel constitutes, as we 
formerly stated, the most important factor ; but 
he appears to believe that in the case of naval 
turrets the use of a comparatively light gun is con- 
sistent—the gun powers remaining equal—with a 
complete installation the total weight of which is 
lower than that which obtains when having a com- 
paratively heavier gun. In this we do not concur. 
It is well known that the lighter gun requires a 
heavier mounting than the heavier gun, and con- 
sequently it is very easy to lose on the mounting 
the weight gained on the gun. We have dealt 
with this point on several occasions, and shall 
simply add the following in regard to the weight 
of guns. In our article of April 15 last we made 
reservations concerning the weight of the Krupp 
12-in. 50-calibre gun, as given in the ‘‘ Taschenbuch 
der Kriegsflotten ” for 1910 from data supplied by 
the firm. We have endeavoured to arrive at 
actual figures, but have not met with much success 
hitherto. We have since compared the data con- 
tained in the ‘‘ Taschenbuch” with those in 
‘‘Brassey’s Annual,” both for 1910, the latter 
having reached us after our last article referred to 
a appeared, We give the figures in the following 
table :— 


12-In. 50-Calibre Krupp Naval Gun. From Data 
Supplied by the Firm. 
** Taschenbuch,” ‘* Brassey's 
1910. Annual,” 1910. 
Weight of gun 47,800 kilog. 51.45 tons 
(47.05 tons) 
Weight of projectile... 350 kilog. 771.6 lb. 
(771.6 Ib.) , 
Muzzle velocity 991 m.-sec. 3199 ft.-sec. 
(3251 ft.-sec.) 
Muzzle energy ... 17,510 m.-tons 54,859 ft.-tons 


a. (56,485 ft.-tons) 
Efficiency ... 366 kilog.-m. 1066 ft.-tons per 


per kilog. ton (325 kilog.-m. 
(1200 ft.-tons per kilog.) 
per ton) 


The above table shows that we were quite 
justified in making the reservations stated. When 
precise data are available concerning guns in actual 
service, other interesting comparisons may also be 
possible. 

Mr. Castner says that the Krupp guns are never 
rendered unserviceable through loss of precision ; 
they lose muzzle velocity, but this is compensated 
for hy varying the elevation. He also says that 
when the lengthening-out process of the powder 
chamber has proceeded too far, the gun has, of 
course, to be removed from actual service ; but in 
the Krupp guns there can be no. question of wear 
manifesting itself throughout the whole rifling. 

We may first point out that, all things being 
equal, the precision of a gun is a direct function 
of the muzzle velocity imparted to the projectile. 
When once the muzzle velocity has fallen below a 
certain limit, a gun is only good for proving-yard 
tests, if it be not sent back to the shop for 
re-tubing; this is a fact which is everywhere 
accepted. Besides, the correcting of the elevation 
would be so serious a matter that firing on board 
4 warship would be rendered extremely difficult 
thereby, if not impossible, 

It has, further, been ascertained over and over 
again that the wear of a gun is far from regular 
over the whole diameter of the bore. Gravity is a 


* See ENGINEERING, vol. 


e 123, and 
Vol. Ixxxix., page 486. we 


lxxxviii., 





force which is not exerted in Great Britain only, 
and owing to gravity the projectile always tends to 
force its band more towards the lower part of the 
gun-tube than towards the upper. Hence there is 
always a greater wear at the upper part of the 
rifling than at the lower, with an intermediate 
degree of wear laterally. There is a greater leakage 
of gases at high pressure and at high temperatures 
at top than at bottom. With reference to leakage, 
the Krupp guns are not more gas-tight than those 
of any other make ; they do not escape wear at the 
upper part of their rifling, a wear which in all guns 
decreases in extent towards the muzzle. Hence we 
said that the more forward position the projectile 
took in the chamber could not, considered alone, 
determine wear ; it formed a manifestation of wear, 
an important one it was true, but not the sole im- 
portant one.* We may, in passing, mention the 
vibration of the projectile in its passage through 
the bore and the irregular motion it acquires, both 
being due to the irregular wear of the rifling and 
militating against precision. All these phenomena 
have long been known and referred to. It is not 
sufficient to say that a gun of a given mark is free 
from such defects and from the consequences they 
entail ; what is required is a proof that it is so 
free. We make bold to add that the inventor who 
is able to put forward a proof of this kind will 
obtain any price he cares to name for a license of 
his processes. 

We may now reply to Mr. Castner’s concluding 
query. He lays down as a principle that the Krupp 
21-cm. (8.2-in.) No. 2 gun referred to fired 500 
rounds without reaching the end of its life; he 
further applies the theory of the Siwy coefticient of 
wear which we developed, and deduces therefrom 
that the same 2l-cm. gun, firing in conditions 
similar to those of our 12-in, 45-calibre gun, would 
have been able to fire at least 317 rounds. Is there, 
he asks, a British gun capable of withstanding such 
a number of rounds? Before giving him, quite 
frankly, the negative reply this query demands, 
we should like him to state whence he takes the 
number of 500 rounds on which he bases his calcu- 
lations. In our article of April 15 we asked our 
readers to note that the ballistic tables published 
by Messrs. Krupp gave information on 194 rounds 
only, out of a total of 344 attributed to the 21-cm. 
gun, No. 2; the remaining 240 rounds having 
evidently been fired with a reduced charge. 
Further, will Mr. Castner say how many full- 
charge rounds the gun fired from the 345th to the 
500th ? 

Keeping an — mind in the matter, and although 
we are compelled by circumstances to base our 
calculations, as Mr. Castner does, on assumptions, 
this is our reply to the question put to us. 

The Krupp 21-cm., C. 1901, No. 2 gun fired a 
first series of 344 rounds, 104 of which were with 
full charge and 240 with a reduced charge. Then 
it fired, presumably, a second series of 156 rounds, 
of which possibly 48 were with a full charge and 
108 with a reduced charge. In the absence of full 
data these are assumptions ; we take for the second 
series the same proportion as for the first. This 
gives 152 rounds with a full charge and 348 with a 
reduced one. Now if from the point of view of 
wear we take, as is generally the case, three reduced 
charges to be equivalent to a full one, the 348 
reduced charges would be equivalent to 116 full- 
charge rounds. The grand total of these would 
therefore be 268. This latter number should be 
taken in the place of the 500 reckoned upon by 
Mr. Castner, and in saying this we are not losing 
sight of the fact that we are still dealing with 
assumptions. The number 268 is far closer to the 
actual number than 500; the real number may 
have been 298 or 238 equally well. After these 
268 rounds, the 21-cm. gun in question was unser- 
viceable, or on the point of becoming so. By 
applying a coefficient of wear of 0.18—an average 
between 0.17 and 0.19 used by Mr. Castner and 
taken from our article,t corresponding to the 
heaviest charges fired—we find that for the co- 
efficient of wear of 0.228, which applies to the 


* In regard to this point we are in complete agreement 
with the eminent expert Mr. Siwy. This article was ready 
for press when we saw a further account of his in the 
Zeitschrift fuer die gesamte Schiess- und Sprengstoffwesen. 
In this Mr. Siwy plainly disputes Mr. Castner’s assertions 
in regard to the points we are considering, and states 
that the wear of the whole rifled portion of the bore is 
the general rule which the Krupp guns do not escape 
any more than any other guns. 

+ See ENGINEERING, vol. lxxxviii., page 123. 





firing conditions of our 12-in. 45-calibre gun, the 
Krupp 2l-cm. gun would have been able to fire 
212 rounds only instead of 268. A British 2l-cm. 
gun would fire a cordite with 30 per cent. nitro- 
glycerine instead of the 25 per cent. German 
cordite. The British gun would very justly be 
considered as resistant to wear as the German gun 
if it withstood a number of rounds inversely pro- 
portional to the percentage of nitro-glycerine in the 
two powders, or 212 x 5/6 = 186 rounds, Taking 
this latter figure, we find for our 12-in. 45-calibre 
gun firing M.D. cordite, 186 x 210/305 = 124 
rounds. This does not appear to be an improbable 
duty. 

Therefore, while still remembering that owing to 
the absence of accurate data, suppositions have to be 
taken which render the above calculations approxi- 
mate only, we believe we can quite safely say that 
the resistance to wear of the Krupp guns is not so 
very extraordinary, and has nothing mysterious at 
allabout it. Thereis, further, nothing which leads 
us to believe that the firm have processes or 
material any superior to our own. The life of the 
Krupp guns is simply a direct function of the co- 
efficient of wear as we defined it, and of the nature 
of the powder burnt, and this applies equally to 
the guns of all other makes. 

Such is the conclusion we arrive at after analysing 
Mr. Castner’s article in Stahl und Eisen. We 
noted that he did not contest the great value of the 
experiments made by the eminent expert Mr. Siwy, 
whose theories we have purely and simply followed. 
While accepting the statement made after extensive 
tests by Mr. Siwy, tothe effect that the various classes 
of good gun steel are approximately equal from the 

int of view of wear, Mir. Castner opposes to Mr. 

iwy’s tests the long experience of Messrs. Krupp, 
and the vast amount of information they have been 
able to collect, both of which place them in a 

sition of authority. In other words, whatever 
“ the scientific results of Mr. Siwy, the Krupp 
crucible steel would, nevertheless, maintain its 
ae over all other steels. 

t would appear to us that anybody who is not 
actuated by a pro domo feeling is quite free to 
entertain the belief that the Essen Works, like 
other works, occasionally refer to their products in 
various ways according to the readers they have in 
view, issuing either = be we may term purely com- 
mercial descriptions or purely scientific ones ; or, 
again, and it may be more frequently, descriptions 
which are both of a commercial and a scientific 
nature. In our two former articles, and in the 
present one, we have endeavoured, as far as the 
data in our possession enabled us so to do, to keep 
on the purely scientific side. 





ENGINEERING SCHEMES IN 
PARLIAMENT. 

Tue proposals for developing the resources of the 
country, by the construction of public works, to be 
discussed in the next session of Parliament, are 
again meagre and relatively unimportant. Had not 
past experiences shown that such projects are dealt 
with by the House of Commons on political rather 
than on commercial lines, we should probably long 
ere this have gained at least a step or two towards 
the realisation of the ideals set forth by Mr. Ferranti 
in his recent presidential address. The remarkable 
success of the electrical transmission of power in 
the North-Eastern district has not been rivalled 
elsewhere in the country. This system had the 
good fortune to be one of the earlier proposals for 
electrical power transmission, and thus failed to 
awaken the activities which wrecked the original 
power scheme for the Metropolis, and imposed such 
onerous conditions on similar enterprises elsewhere 
in the country as to preclude reasonable commercial 
success. Impassioned orators tell us at every street- 
corner that labour is the sole source of wealth. Were 
it possible to attribute the creation of wealth to any 
one source, no one capable of serious thought would 
hesitate to award the palm to mind rather than to 
muscle. The construction of the Forth Bridge 
added to the wealth of the country, but the immense 
amount of labour expended upon that at Quebec 
resulted in no increase in exchangeable values, 
but in an actual dissipation of wealth. Primarily 
—though, of course, not solely—the creation of 
wealth depends upon intellectual qualities, and a 
nation will prosper as it gives scope to able indi- 
viduals to develop its natural resources. The 
extraordinary reduction in the’number of private 
Bills coming before Parliament in recent years can, 
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therefore, only be deplored by those desirous of 
seeing the country maintain the lead it still holds 
in so many departments of industry. 


RaILways. 


In. accordance with what is now a settled policy, 
the great railway companies are reducing their ap- 
plications to Parliament toa minimum, leaving, so 
far as is practicable, to independent companies, if 
they care to undertake it, the construction of 
feeders and important junction lines. This policy 
is, of course, not always practicable, particularly in 
the mining districts, such as South Wales, where 
every valley may contribute a large revenue. In 
this region, accordingly, new railway facilities are 
ever in demand. Thus the Great Western Company 
are secking powers to construct new lines at Bryn- 
amman, Gwaun-cue-Gurwen, Llanguick, Portar- 
dawe, and Llansamet. The Alexandra (Newport 
and South Wales) Dock and Railway are proposing 
a new line to a junction with the London and 
North-Western Railway at Machen Upper. The 
Barry Company similarly demand authorisation to 
construct a deviation railway from the Great 
Western Company’s Western Valleys branch at 
Crosskeys, and to construct some quarry sidings. 
The Cardiff Railway Company propose the construc- 
tion of a new sale between their own line at 
Llanishen and the Taff Vale Company’s Roath 
branch at Llandaff. The Rhymney Company intend 
to widen their Bute Docks branch at Cardiff, and 
to make deviations in their existing lines at Lisvane 
and Caerphilly. The Midland Company are also 
displaying enterprise in this region, and seek 

owers for a new line from their Swansea Vale 
ranch to Swansea Harbour. The greatest interest 
in this company’s Bill centres, however, in their 
roposals in the Yorkshire district, where it is 
intended to make a new line from a junction with 
the Lancashire and Yorkshire Company’s railway 
at Cleckheaton to Manningham Station. An un- 


usual feature of the Bill is a clause empowering the 
Bradford Corporation to exempt, for a term of 
years, the railway from assessment within the 
Bradford boundary. Such proposals are, of course, 
common in the United States and other new coun- 
tries ; but we can recall no other instance in this 
country of a local os! 


making explicit recog- 
nition of the fact that the community stands a 
better chance than the shareholders of benefiting 
by such increased railway facilities. 

In Hertfordshire the Great Northern Railway 
Company are providing for junctions at Kneb- 
worth, between their main line and the Deviation 
Railway, No. 2, authorised in 1899. In Notting- 
hamshire they pro the construction of a branch 
from Scrooby to Tennis and at Shaftholme, 
in the West Riding, the construction of a junc- 
tion with the No. 1 line of the Hull and 
Barnsley Railway Company, authorised in 1909. 
Powers are also sought for important widenings 
at Finsbury Park and at Peterborough, as also of 
the line between Saxondale Junction and Rad- 
cliffe, in Nottinghamshire. In the West Riding 
widenings are proposed from Doncaster to Shaft- 
holme Junction, and of the West Riding and 
Grimsby Junction line from Doncaster to Nostell 
South Junction. It is also intended to purchase the 
Muswell Hill and Palace Railway. A clause in the 
Bill gives the company powers to run motor-omni- 
buses, which in some other cases have proved 
useful feeders to a railway passing through country 
districts. 

The North-Eastern Railway Company propose to 
deviate their existing line at Monk Seaton Station. 
In the Blythe district powers are sought to lay down 
a colliery line to a proposed new jetty in the Blythe 
River. A fair amount of widening work is also 
contemplated at Newbiggin, Cowton, and Redcar, 
as well as of the Leeds and Selby line in Leeds. 
Another clause in the Bill provides for the company 
taking over the Bracken H.]] Light Railway. 

The most notable railway scheme to be submitted 
to Parliament is that of the Greater London Rail- 
way Company, which proposes to construct a_ belt 
line round the north of the Metropolis, from Felt- 
ham on the west to Little Thurrocks on the east. 
There would be a junction with the London and 
South-Western Railway at Feltham, with the Great 
Western at Southall, Norwood, and at North- 
holt, and at Wembley with the District, Great 
Central, London and North-Western, and Metro- 
politan Railway Companies. At Kingsbury another 
junction with the Metropolitan is proposed, 


whilst at Hendon a connection will be made with | ties at Southend, Halifax, Northampton, Kingston- ! 








the Midland line. The Great Northern Railway is 
to be connected up at New Southgate and also at 
Bowes Park Station on the Enfield branch ; junc- 
tions with the Great Eastern Railway are proposed 
at Park and at Ilford, whilst connection is to be 
made with the London, Tilbury, and Southend 
Company at West Ham. The scheme appears to be 
a revival of a project brought forward some few 
years since, which failed to secure authorisation. 

The only other noteworthy proposal is one pro- 
moted fora North Yorkshire Dales Railway, which, 
starting at Grassington Station to the north of 
Skipton, is to run up the valley of the Wharfe to 
the divide near Kettlewell, and thence down the 
valley of the River Cover to Middleham and on to 
Scorton. There will be junctions with the North- 
Eastern metals near Leyburn Station, and also at 
Scorton on the Richmond branch. 

The London, Tilbury, and Southend Company 
are asking for an extension of their present powers 
for electric working, and for authority to build their 
own generating-station. Little new work is pro- 

sed by the London, Brighton, and South Coast 

ilway, the principal items in their Bill being a 
— to construct a new subway and approach 
at Norwood Junction, to which the local authority 
is to contribute ; and another to widen a bridge at 
Cranleigh, pre tory to closing an existing right 
of way across the line. 

The London and South-Western Railway Com- 
pany propose to enlarge Waterloo Station by taking 
over the triangle lying between the South-Eastern 
viaduct, Waterloo-road, and York-road. It is also 
proposed to abandon their present  samgga with 
the South-Eastern Railway at Waterloo. Another 
clause in the Bill provides for the purchase of the 
Budleigh Salterton Railway. 

Coming to the underground lines, the most 
notable Bill is, perhaps, that providing for the pur- 
chase of Lot’s-road Generating Station by the 
Metropolitan and the Metropolitan District Rail- 
ways, with powers to supply energy to other con- 
sumers. In a separate Bill the Metropolitan 
Railway Company seek authority to construct a 
new station close to the Post Office buildings at 
Mount Pleasant, Clerkenwell. Another pro 1 
set forth in this Bill has reference to a subway 
giving direct access from the company’s Edgware- 
road Station into Edgware-road. The District 
Company are seeking further powers to free their 
lines from the hindrances due to the passage of 
steam-drawn trains, and to this end propose the 
construction of additional tracks between Brompton 
and Earl’s Court, to which the trains of the London 
and North-Western, the Midland Railway, and the 
London and South-Western Company will be 
diverted. Another clause in the Bill authorises the 
company to operate omnibus services. 

The London Electric Railway Company ask 
power to construct a loop at Charing Cross between 
the two lines of their Hampstead Tube, and to 
extend the Bakerloo Tube into Paddington Station. 
They also seek permission to run omnibuses. The 
Central London Company advance a plan for extend- 
ing their line at Wood-lane to a junction near by 
with the authorised Great Western branch. 

Before leaving the subject of railways mention 
may be made of a Bill for establishing a market at 
Camberwell Green with direct rail connection with 
the South-Eastern and Chatham lines. 


Tramways, Licut RatLways, AND RAILLEss 
TROLLEY Lines. 

The most notable features of this year’s schemes 
for facilitating passenger transport in cities and 
suburban areas are the numerous proposals for the 
establishment of railless trolley lines. The pro- 
moters do not state whether they intend to use 
iron or rubber tyres, but there can, we think, be 
little question that the former should be barred. 
The present high cost of rubber, no doubt, may in 
that case tend to check the development of the 
railless system; but it cannot be many years 
before the supply again overtakes the demand, and 
prices fall to a more reasonable level. This, and a 
consequent development of the railless system, is, 
indeed, a consummation devoutly to be wished, as 
it may in the end abolish from our streets the pre- 
sent dangerous and obstructive lines. The system 
in use in the Metropolis is, we may add, especially 
objectionable, the conduit groove adding a third 
peril to that arising from each pair of greasy rails. 

Powers to extend their existing systems of light 
railways or tramways are sought by public authori- 


on-Hull, Rotherham, Southampton, Dewsbury 
Newcastle-on-Tyne, Aberdare, Morley, and M.i:. 
chester. The London County Council propose new 
lines from Cricklewood to the Marble Arch, and 
from Child’s Hill to a junction with the lines .f 
the Middlesex County Council in Chalk Far). 
road ; also from Swiss Cottage to Baker-street, and 
from Forest-hill to Catford. 

The Corporations both of Rotherham and of 
Halifax demand powers to run motor-omnibuse:. 
Halifax, indeed, goes further, and takes powers |») 
run motor-cars. Should Parliament be sufficient), 
ill-advised to grant such powers, it is to be hoped 
that a ‘*‘ Bermondsey ” clause will be included in 
the Bill, or the ratepayers may suffer materially. 

Of new schemes, an interesting proposal is one 
for the construction of a newtram-line from Brighton 
to Worthing, taking over and reconstructing the 
existing lines between Hove and Portslade. In 
competition with this, the Brighton, Hove, and 
Preston United Omnibus Company, Limited, are 
seeking powers to instal a trackless trolley system 
on the same route. Powers for new lines are 
sought by the South Lancashire Tramways Com- 
pany at Little Hilton, Farnworth, and Worsley. 

he principal proposal of the Metropolitan Electric 
Tramways Company involves the construction of a 
new bridge over the Lea at Forest-road, Waltham- 
stow, to accommodate new lines in that district. 
Other extensions of their system are proposed at 
Enfield, Little Stanmore, and at Willesden. 

At Luton it is proposed to extend the existing 
lines as a light railway to Leagrave. The Hales- 
owen Light Railway Company seek powers for a 
line from Warley to Smethwick. The Portsmouth 
Tramways Company have a proposal for a light 
railway to Crofton. In the neighbourhood of North- 
bourne the East Kent Light Railways Company 
propose a number of extensions to the lines 
already authorised. Further west in the county a 
company seeks powers to extend the existing lines 
of the Dartford Urban District Council as a light 
railway to Stone and Swanscombe. 

Local authorities proposing to adopt the trackless 
trolley system are those of Northampton, Halifax, 
Aberdare, Chiswick, and Newcastle-on-Tyne, and 
the clause authorising this, as it appears in the 
Gazette, is generally so worded as not to confine 
the authority to this system of traction, but to 
confer on them very wide powers of competing 
with such of their ratepayers as run omnibuses, 
cabs, or motor-garages. 

Private promoters are proposing to instal systems 
of railless traction from Purley to Merstham and 
to Caterham in Surrey, from Aberystruth to Aber- 
beeg in Monmouthshire, and in the towns and 
districts of Malvern, Matlock, Macclestield, Rother- 
ham and Maltby, Oldham and Saddleworth. 

ELECTRICITY AND GAs, 

Electric-lighting schemes are neither numerous 
nor important, but, of course, most of the profitable 
areas are already provided for. The ultimate effect 
of the introduction of the metallic filament lamp is, 
however, still uncertain, though there seems a prob- 
ability that in the end it may increase the number 
of consumers proportionately more than it reduces 
the amount of individual accounts. With cheap 
current there is a tendency for consumers to raise 
their standard of illumination, which tends some- 
what to check the diminution in their demand. 
Companies or private undertakers are applying 
for provisional orders for Ashford, Budleigh 
Salterton, Sidmouth, Leominster, Aldeburgh, 
Blandford, Dorchester, Pateley Bridge, Portis- 
head, Truro, Cirencester, Goole, Sandwich, Deal, 
and Walmer. Extensions of present areas of 
supply are sought by private undertakers at New- 
castle-on-Tyne, Chichester, Harrow, Chepping 
Wycombe, and Salisbury. Local authorities are 
asking for provisional orders at Sevenoaks, Bognor, 
Burry Port, and Rhondda, whilst Wimbledon is 
asking for an extension of its present area of supply 
to include the Maldensand Coombe. Purchase Bilis 
with powers to supply extended areas are promoted 
by the authorities at Chichester and Witney. (n 
the other hand, the local authority’s undertaking 
at Acton is to be transferred to the Metropolitan 
Electric Supply Company. 

In te. + with isteteal undertakings, 1t 
may be noted that the Postmaster-General 1s cle- 
manding an increase in his present powers to p'ice 
and maintain telegraphic lines on railways ond 





canals. The Bill provides that disputes shall be 
settled by the Railway and Canal Commission. It 
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is to be ho that this authority, if granted, will 
not be used to hamper the electrification of such 
railways as may be deemed desirable. 

The gas proposals are interesting mainly as show- 
ing that neither companies nor local authorities have 
lost confidence in their ability to compete with elec- 
tricity, in spite of the introduction of the new lamps. 
Most of the Bills contain proposals for lowering 
the quality of the gas, in fact, if not in name, 
since with the improved burners it is proposed to 
use at the testing stations much more light is 
obtained for a given consumption than with the 
old standard burner. Extended powers are asked 
for by companies at Luton, Hythe and Sandgate, 
Petersfield and Selsey, Uxbridge, Witney, Burnham, 
Launceston, Sidmouth, Enfield, Barnstaple, Car- 
nock and Hednesford, Chichester, Chapel-en-le- 
Frith, Chesham, Herne Bay, Whaley Bridge, Ash- 
bourne, Swansea, Tamworth, Holyhead, Alfreton, 
Llanwrst, Lichfield, Chasetown, Clay Cross, Droit- 
wich, and Pwllheli. The Swansea Company’s Bill 
is notable as making provision for the establish- 
ment of a system of profit-sharing on the lines so 
happily conceived by the late Sir George Livesey 
at the South Metropolitan Works. Another point 
of interest is a clause giving power to the 
company to establish and maintain isolated plants 
for acetylene, gasolene gas, or suction gas. A 
clause in the Bill of the Chasetown Gas Company 
appears to raise an interesting legal question. It 
provides that money placed in slot-meters shall not 
be deemed to have been paid to the company until 
the latter shall actually have received it. In whom 
the proprietorship is vested from the time the 
money is placed in the slot until receipt by the 
company does not appear. Local authorities seek- 
ing powers of extension are those at Droitwich and 
Salford. Provisional Orders are sought by local 
councils at Margam, Preesall, Bicester, Marple, and 
Bedwelty. A Provisional Order is also sought for 
Cudworth. Purchase Bills are provided by the 
local authorities at Chipping Norton and at Bicester, 
whilst the Gas-Light and Coke Company propose 
to take over the works of the Chigwell, Loughton, 
and Woodford Gas Company. 


Harsours, Docks, CaNaLs, AND PIERs. 


The Manchester Ship Canal Company seek powers 
to construct a new pier, 670 yards long, at Wirral. 
The Southend Corporation seek to reconstruct their 
existing pier, or to replace it by a new one 990 yards 
long. At Brighton an enlargement of the Palace 
Pier is proposed, and work of a similar character is 
to be carried out at Rhés-on-Sea. The Commis- 
sioners for Great Yarmouth Port and Haven propose 
to construct a new dock, covering 16 acres, at South 
Denes. The most important of the other proposals 
is a scheme brought forward by the Southampton 
Harbour Board for still further deepening the 
Solent near Thorn Knoll. A clause in the Bill gives 
the Board powers to compound for harbour dues. 

The Kent County Council is promoting a Bill 
for the establishment of an upper Medway Conser- 
vancy to control the river above Maidstone. The 
Bill will give the proposed new body powers to 
enlarge the existing locks or make new locks, and 
to otherwise improve the waterway. The under- 
taking of the Upper Medway Navigation Company 
will be transferred to the new body. 

The Woking Urban District Council are asking 
powers to repair and improve existing bridges 
across the Basingstoke Canal, the cost of the work 
to be borne by the company, and to take priority 
over all other charges on the latter, including their 
debenture issues. 

BRIDGES. 
_The Corporation of London have a Bill autho- 
rising the construction of a new bridge between the 
existing Blackfriars and Southwark Bridges. The 
southern approach to the new bridge will com- 
mence at the junction of Southwark-street and 
Great Guildford-street, and the northern at Old 
Change, Cannon-street. In connection with this 
work St. Paul’s Churchyard is to be widened, and 
Old Change-hill diverted. Powers are also taken 
to reconstruct Southwark Bridge. A Bill promoted 
by the Widnes Corporation provides for that body 
taking over the | Sree Transporter Bridge. 


Anotiier Bill provides for the transfer of Kingston 
Bridge from its present Trustees to the County 
Councils of Surrey and Middlesex. 


SEWERAGE AND Water SuppLigs. 
Some very oy ae main-drainage schemes are 
anchester Corporation. In Mon- 


propo: ed by the 








mouthshire also schemes of considerable import- 
ance are being promoted. One scheme proposes 
that the Urban District Councils of Blaenavon, 
Abersychan, Pontypool, Panteg, Llanfrecha Up r, 
and Llantarnum, form an ,Afon Lwyd Valley 
Sewerage Board, with works on the banks of the 
Afon, into which the effluent will be discharged. 
A competing scheme suggests that the same autho- 
rities should combine to form an Eastern Valley 
Sewerage Board, having works at Llantarnum and 
discharging the effluent into the Usk. 

Of the proposals for water-supply, the most im- 
portant is one advanced by the Metropolitan Water 
Board for the construction of a series of eight 
reservoirs along the left bank of the Thames 
between Wraysbury and Shepperton. In another 
Bill the Thames Conservancy seek authority to 
permit the Metropolitan Water Board to take more 
water from the Thames, but a clause provides that 
in no case is this additional abstraction to reduce 
the level of the water in any reach below its present 
normal level. 

From South Wales comes a proposal to form a 
Rhymney Valley Water Board, to acquire the water 
undertakings of the Rhymney and Aber Valleys 
Gas and Water Company, and the works of the 
urban district councils at Rhymney, Caerphilly, 
and St. Mellons, as also the Pentwyn Reservoir of 
the Merthyr Tydvil Corporation. 

A Bill is being promoted to constitute a public 
drainage board and water authority for Thorney 
and Whittlesey, in the Isle of Ely, taking over the 
duties, rights, and powers now exercised by the 
Duke of Bedford and his trustees. 

The Chesterfield Gas and Water Board seek 

wers to construct new reservoirs across the Bar 

rook at Holmesfield, across the Blake Brook at 
Barlow, and across the Blackleach Brook at Bramp- 
ton, as well as a new compensation reservoir at 
Barlow. The new works will, moreover, comprise 
a tunnel nearly a mile long at Brampton, at which 
locality a pumping-station is to be erected. The 
Blackpool Corporation are promoting a Bill for the 
construction of a new impounding reservoir at 
Rishton. In an omnibus Bill the Divasasiee Cor- 
poration propose to sink a new well and erect a 
pumping station at Pauntley. A clause in the Bill 
provides that their electric generating stations and 
destructor works shall be exempt from indictment 
for nuisance. Other local authorities seeking powers 
to sink wells and erect pumping stations are those 
of Swinton, Hastings, awtth, Kingston-on-Hull. 
The Bill of the Ipswich Corporation provides further 
for a large extension of the present area of supply. 
This may possibly clash to some extent with a scheme 
of the Felixstowe and Walton Water Company, who 
seek powers to form a reservoir at Pardis Farm 
and supply the surrounding area, through the exist- 
ing local authorities. Purchase Bills are promoted 
by the local authorities at Slough, Oystermouth, 
and Southampton. The Corporation, of the place 
last named, seek to extend their existing works by 
purchasing the undertaking of the South Hants 
Water Company. The construction of a new 
impounding reservoir across the Taf Fechan at 
Vaynor is proposed by the Corporation of Merthyr 
Tydvil. A new company seeks to supply the Ely 
rural district from wells sunk at Fordham, Wil- 
burton, and Haddenham. Extensions to existing 
works are proposed by the West Cheshire Water 
Company, and the companies supplying Wirral and 
Blandford. 

Next week we propose to deal with Scotch and 
Irish schemes, the present article being confined 
to those of English and Welsh origin. 








NOTES. 
SweEDEN’s WATERFALLS. 

WATERFALLS have, with an almost surprising 
rapidity, sprung into a commodity of immense 
value—a national asset—which every day is attract- 
ing increased attention. This isthe case in Sweden 
as much as anywhere; and although a fairly 
exhaustive report of the waterfalls belonging to 
the State was prepared some eight years ago, it 
has now been decided to bring out a full and 
complete descriptive list of all the waterfalls in 
Sweden. A commencement will be made with 
the more important rivers of Northern Sweden 
(Lapland, &c.) and the Dola river. The reports 
will be published by degrees as the survey proceeds, 





not only for the different districts of the country, 
but also as the different river systems are con-, 


cerned, in such a manner that they eventuall 
will form a complete whole. The report for par 4 
suitable river section will comprise a map, statin: 
length and boundaries, whether the shore an 
water rights belong to the State or to private indi- 
viduals or concerns, inflows of any importance, 
catchment area, the falls of any importance, instal- 
lations, bridges, &c. Further, a longitudinal section, 
showing the profile at different marked water-levels, 
and particulars, in regard to the more important 
waterfalls, of the quantity of water under different 
conditions, and the power it represents, as well-as 
of the power already exploited. 


CONVERSION OF CaTHODE Rays into RONTGEN 
Rays. 


In a paper presented to the Réntgen Society, 
Mr. J. H. Gardiner, editor of the journal of that 
society, described some interesting experiments 
on ‘* Quantitative Measurements of the Conver- 
sion of Cathode Rays into Réntgen Rays by Anti- 
Cathodes of Different Metals.” Various scientists 
have suggested that the metals of high atomic 
weight are best suited as anti-cathodes for convert- 
ing the cathode rays which impinge upon them into 
Rontgen rays. A high melting-point is also essential, 
as the cathodes become strongly heated, and anti- 
cathodes of osmium, iridium, tantalum, uranium, 
as well as anti-cathodes coated with these metals, 
have hence been tried. Quantitative measurements 
of the efticiencies of different metals as anti-cathodes 
can be conducted in two ways: either by ar- 
ing the conductivity of a definite stratum of air 
exposed to the radiation (ionisation method), or by 
measuring the density of the deposit of silver 
obtained after development of the latent image 
produced in a photographic film by the rays. Mr. 
Gardiner chose the latter, photographic, method, 
not unprepared for the difficulties he had to over- 
come. By preliminary experiments he first fixed 
the direction of maximum intensity of Réntgen ray 
emission. According to G. W. C. Kaye (ionisation 
experiment), this direction is at an angle of 30 deg. 
to the normal to the anti-cathode; according to 
Gardiner, at 30 deg. from the plane of the anti- 
cathode ; the two observers (or methods) thus differ 
by 30 deg. The darkness of the silver deposits 
produced when the rays fell upon the plate through 
a slit in a lead shield, curved like the bulb, varied 
sufficiently to allow of measurements. But it was 
doubtful whether inequality in the thickness of 
different portions of the glass bulb, and the gradual 
hardening of the bulb while being worked, would 
not vitiate the effects. Mr, Gardiner satisfied 
himself that the bulbs were sufliciently uniform, 
and that the hardening effect, though real, would 
not disturb his results. He used Ilford X-ray 
plates, and Dr. Kenneth Mees prepared for him 
special slow-process emulsion plates of perfectly 
uniform film thickness, The experiments were 
made by comparing the efficiencies of a half disc of 
platinum, the standard metal, and of a half disc 
of the respective metal. The two half discs were 
mounted on an anti-cathode of nickel, and clamped 
down upon the nickel, and the cathode rays were 
deflected either to the right or to the left, 
to obtain reflection from the one or the other metal ; 
thus pairs of observations were taken in series. 
Direct-currents of 220 volts were used, interrupted 
byamercury jet-interrupter, 125 times for each open- 
ing of the photographic window, and a plate surface 
of about one square centimetre was exposed for seven 
seconds after the tube had been working for three 
seconds. The results were peculiar. The order of the 
X-ray efficiency of the materials tested was: iron 
(40.4 per cent.), nickel (42.4), carbon (60.4), alumi- 
nium (65.7), silver (66.4), gold (86.1), tantalum (90.5), 
uranium (92), platinum (100); while the order of the 
atomic weights is: carbon, 12 ; aluminium, 27 ; iron, 
56; nickel, 59; silver, 108 ; tantalum, 181; platinum, 
195 ; gold, 197 ; uranium, 238.5. Thus carbon and 
aluminium proved much more efticient than would 
be expected from their low atomic weights, and 
gold and uranium much less. An alloy of nickel 
and platinum proved as efficient as platinum, and 
it resulted that the surface of this alloy, to a thick- 
ness of 0.01 mm., consisted of platinum ; this anti- 
cathode was, therefore, practically a platinum 
anti-cathode—that is to say, until it cracked and 
began to fuse. The bulbs themselves did not get 
hot during the experiment. 





** Right Recovery” AGITATION IN CHINA. 
We hear a great deal at the present time about 
the awakening of China, and there can be no doubt 
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that it has been brought about toa very large extent 
by the increasing consciousness of the injustice 
which has been done to China by the represen- 
tatives of Western nations. It is beyond our 
province to enter into details of political or 
social matters, but in so far as these affect the 
development of engineering and of industry, it 
is impossible to understand existing conditions 
unless we look beneath the surface and try to 
ascertain the forces at work. The Chinese are slow 
to move, but this is not because they are dull and 
stupid, but because they carefully consider all the 
aspects of the problems involved. It is very easy 
to get on with them so long as they feel that they 
are being treated justly, but any attempt at aggres- 
sion or injustice at once raises within them all 
their powers of resistance, which, however, they use 
in a passive rather than in an active manner. If 
trade is to develop with Western countries, care 
must be taken to cultivate good relations with the 
Chinese, for it must always be remembered that 
China was originally self-contained, and could easily 
be made so again. She will not be content, 
however, with the old conditions, but will take 
advantage of Western methods to make them more 
efficient. She is now embarking on a manu- 
facturing era, and the results are certain to affect 
foreign trade, and it depends largely on the rela- 
tions which exist between China and the countries 
of the West whether she will enter into friendly 
co-operation or unfriendly competition. Signs are 
not wanting at the present time that some of the 
bitter experiences of the past are rousing the 
national self-consciousness of the Chinese, and 
causing them to take what seems to be an un- 
reasoning attitude to foreign enterprise in their 
country. This is especially shown in her hos- 
tility towards the introduction of foreign capital 
for the development of railway and industrial 
enterprises in China. The movement agitated by 
Chinese under the name of ‘‘ Right Recovery” 
may be classified into two kinds. The one is to 
directly recover what foreigners secured through 
treaties, and the other is to set schemes in 
motion to regain, indirectly, what foreigners possess 
by dealing a blow upon their enterprises. For five 
years, commencing from 1903 until 1908, 154 joint- 
stock companies, 53 limited partnerships, 20 un- 
limited partnerships, and 39 private enterprises 
were formed, in accordance with the regulations 
issued by the Board of Trade, with purely native 
capital amounting to 138,337,660 (gold) dollars. In 
them are comprised 127 manufacturing, 17 agri- 
cultural, 11 mining, 17 railway, 40 monetary circu- 
lation, 49 commercial, 3 insurance, and 2 ware- 
housing enterprises. The following list shows the 
concessions that have been recovered, or are being 
agitated for recovery :— 


Year Re- 
covered or 
to be 
Recovered. 


Amount Paid 
or to be 
Paid. 


Name. 


1,350,0002, 
5,000,0001. 
F41, 102,500 
F'40,000,000 
3,559, 9517. 
7,977, 8901. 


1906 
1908 
19138 
1911 
1915 
1916 
1908 


Canton-Hankow line (America) 4 
Ching-Han line (Belgian syndicate) . 
Kaifeng-Honan line (Russia) .. - 
Chengting-Taiyuan line (Russia) 
Shanghai-Nangking line (England) . 
Tao-Ching line (England) ; oa 
Canton-Macao line (Portugal). . 
(Dropped before it was built.) 
Shansi Mine (England) .. a 
Honan Mine (England) .. id 
(Being negotiated.) 
Nanpiao Mine (England) es 
Tungkuan Shan Mine (England) 


1908 Tis. 2,750,000 


1909 


1910 520,0001. 


The cry ‘‘China for the Chinese” is ringing 
throughout the Empire, and while every right- 
thinking person will sympathise with the Chinese 
in their efforts to retain national independence, it is 
evident that, if the present movement continues 
to develop, it will not only hinder the progress of 
China, but also put an end to all external trade. 
We shall watch the moveinent, and we hope that 
by the exercise of tact and a strict regard for the 
rights of the Chinese on the part of the representa- 
tives of the West, the unfriendly feeling will dis- 
appear, and that East and West will co-operate to 
their mutual advantage. 








PuysicaL Society or Lonpon.—The Sixth Annual 
Kxhibition of Electrical, Optical, and other Physical 
Apparatus will be held at the Imperial College of Science, 
Imperial Institute-road, South Kensington, Tuesday, 
December 20, 1910, from 3 p.m. to 6 rt and from 
7 p.m. tol0 pm. Dr, J. A. Fleming, F.R.S., will give a 
short experimental discourse on ‘‘ Detectors” in the 
afternoon and also at the evening session, 





THE LATE MR. ALBERT SULZER. 


Four years ago Heinrich Sulzer, the elder of the 
brothers Sulzer, chiefs of the firm of Gebriider Sulzer, 
of Winterthur, in Switzerland, passed away. We are 
sorry now to have to announce that his brother Albert 
followed him into the graveon November 14. Though 
less generally known perhaps than his elder brother, 
Albert Sulzer did not take a less prominent share in the 
astounding development of the firm. He was essen- 
tially the foundry expert and the chief who looked 
after the purchase of the materials ; he also took the 
lead in the benevolent institutions. 

Albert Sulzer was born on January 23, 1841, at 
Winterthur, in the small house adjoining the foundry 
of his father, the late John Jacob Sulzer, who retired 
in 1872. The house is still in existence ; but it has 
been shifted, and serves row as a school for the 
apprentices of the famous firm. Albert Sulzer him- 
self was an apprentice in his father’s foundry, snd 
attended at the same time in the mornings, from 6 to 
8, and in the evenings, after 6, the trade school of 
his native town. With the preparation there gained, 
he went, in 1860, to the Technical High School 
at Karlsruhe, then undoubtedly the leading college 
for the engineer. Having studied under Redtenbacher 
and others, he served for some time in a bank at Basle; 
afterwards he worked at Creuzot in the works of 
Messrs. Schneider, and spent three years in Man- 
chester studying British foundry practice and business 
methods in general. Returning to Switzerland, he 
joined the firm of Gebriider Sulzer, then represented 
by his father and his uncle Salomon ; ane 1872 
the partners were Heinrich and Albert Sulzer. 
According to the Swiss custom the name of the wife 
is added to that of the husband, and the two brothers 
were known as H. Sulzer-Steiner and A. Sulzer- 
Grosemann. 

The latter became the chief of the foundry depart- 
ment, in which he was thoroughly at home. His inti- 
mate knowledge of every detail was of great import- 
ance also in his dealings with his men, of whom he 
expected as conscientious work as he himself per- 
formed. He never spared himself, and his strict and 
somewhat impulsive ways, we see from the Schireize- 
rische Bauzeitung, occasionally caused friction with his 
men. But he'was always ready to make up fora hasty 
word, and the men willingly acknowledged his kind- 
heartedness, sound knowledge and great experience, 
and were as proud of their master as he was of them. 
Everybody who has paid a visit to the great works at 
Winterthur is struck with the superior appearance of 
the men; many of them have turned grey in those 
shops, and their children are gradually replacing them. 
Asa result the men take a pride in the beautiful finish 
and the accuracy of the work, for which the firm is so 
justly famous. 

Mr. A. Sulzer himself retired this year to make room 
for the younger generation ; but he was not to enjoy 
rest, and died after long suffering. 








THE LATE MR. GUSTAV BYNG. 

Tue electrical profession has lost a prominent 
member by the death of Mr. Gustav Byng, which 
occurred at Hampstead on the 23rd ult. As chairman 
of the General Electric Company, Mr. Byrg occu- 
pied a leading position in the industry which he did 
so much towards building up in this country, and the 
news of his death at the early age of fifty-five will be 
received with regret by all connected with electrical 
matters, as well as by engineers generally. 

Gustav Binswanger-Byng was born in Bavaria in 
1855, and was educated at the Augsburg Polytech- 
nikum. He came to this country in 1873, and in 1879 
became a naturalised Englishman. It was in this 
latter year that he commenced work as an electrical 
manufacturer. Some few years after this he started, 
in Manchester, the works which have since grown to 
the present General Electric Company, which em- 
loys some 8000 hands, and has establishments in 
Manchester, Witton, Birmingham, and London, and 
which is the parent from which such subsidia 
companies as the Robertson Electric Lamps, Limited, 
the Osram Lamp Company, and the Peel-Connor 
Telephone Company, have sprung. The companies 
with which Mr. Byng in his later years was connected 
manufacture a range of apparatus covering practically 
the whole field of electrical application, from heavy 
generators and motors to telephones, lamps, carbons, 
and fittings. In his early days, Mr. Byng did much 
work in connection with the improvement and develop- 
ment of electrical apparatus, paying particular atten- 
tion to electric meters, telephone work, and electric 
lighting and heating. Mr. Byng was a Member of the 
Institution of Electrical Engineers, Chairman of the 
Manufacturers’ Association of Great Britain, and a 
Member of Council of the Tariff Reform League. 





ENGLAND AND TurKEY.—The Lords of the Admiralty 
have approved of two Turkish naval instructors under- 
going a course of two years’ instruction in Portsmouth 
Dockyard. Some fifteen other Turkish naval officers are 
also to be received for training in His Majesty’s ships. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 23. 

EstIMATED requirements for steel rails for the 
coming year are placed at 3,000,000 tons. Over thre: 
fourths of this production will be consumed in repair 
ing requirements. There is enough projected con 
struction to add largely to this demand if the con. 
struction should be undertaken. Most of the 
projected mileage is in the Pacific Coast region. Some 
of it is in the South-West, especially in Texas and 
adjoining States. It would require only a moderate 
amount of new construction to give a healthy tone to 
the steel-rail market. The adjustment of differences 
between the Government and the railroads is very much 
desired, not only by the general shipping interests, but 
by manufacturers of railway material of every descrip- 
tion. Locomotive builders are pretty sure of a govd 
year’s work, while the manufacturers of bridge material 
and of plates for steel cars are less confident of a 
demand that will bring them continuous activity at 
maximum capacity. During the past week the aggre- 
gate of small orders for rails was 50,000 tons. A 
number of systems have made known what they will 
want for next year, but are not ordering at present. 
Prices of all kinds of iron and steel have reached a 
dead level. Ordinarily at this time a rush of 
orders would appear to take advantage of what all 
buyers know are the lowest prices. There is no 
occasion, however, to do so. The capacity avail- 
able is beyond any demand that is now in sight. 
Improving tendencies are looked for in two or three 
directions. One of these is in steel-car construction. 
Several systems have spent considerable money to 
make over their old freight cars in their own shops 
with steel under-frames. In the contest between the 
railroads and the authorities, the latter are endeavour- 
ing to show that radical improvements are possible in 
the details of railroading by way of establishing 
economies which, one representative of the Government 
says, can be made to reach 1,000,000 dols. a day. It 
is argued that if the railroad systems exerted them- 
selves in the direction of possible economies, there 
would beno occasion to advance freight rates, and thus 
remove the bone of contention which has generated so 
much ill-feeling. 








THE TRAINING OF NAVAL CADETS. 

Mr. RecinaLD McKenna, the First Lord of the 
Admiralty, has issued an interesting communication on 
the subject of the preparation of candidates for Osborne 
College, where naval cadets are trained. This communi- 
cation is a result of the reception by him of a deputation 
of head-masters of preparatory schools, composed of the 
Rev. H. Bull, Mr. Frampton Stallard, and Mr. Spencer. 
The view taken by Mr. McKenna must be regarded as a 
sound one. He deprecates the idea cf special prepara- 
tion classes in schools, and therefore of specialisation in 
education at a very early age. The object is to secure 
boys who have had a general all-round training rather 
than boys who have been ‘‘crammed” to pass a com- 
— examination. The test exacted by the Admiralty 
or entrance is a simple one, wisely exacted in the course 
of a personal interview with the boy by a committee who 
seek to judge of the boy’s alertness, general knowledge, 
and attitude towards things in general. The letter by the 
First Lord of the Admiralty is as follows : 

November 23, 1910. 

Sir,—In compliance with the promise made to the deputation 
of members of the Association of Preparatory Schools which I 
received on November 2, I willingly write to re-state the position 
taken by the Admiralty with regard to “special preparation” of 
candidates for Osborne. The Admiralty are strongly opposed 
to all special preparation. Ever since the new scheme of entr) 
and training came into operation seven years ago, this attitude 
has been consistently maintained, and there is not the slightest 
intention of modifying it. On the contrary, the experience 
gained during these years has only served to confirm the view 
that any special a of candidates for naval cadetships 
should be discouraged. It is, in fact, discouraged by every means 
in our power. We prefer that candidates should receive the usual 
education which preparatory schools give to boys who are about 
to pass on to public schools. We even deprecate special ‘navy 
classes” in preparatory schools. Any parent who removes his 
boy from a preparatory school of the ordinary type in order 
to send him to a school which lays itself out to ‘‘ prepare for the 
Navy,” is ill-advised, and is not improving his boy’s chances. We 
find that the great majority, including the most satisfactory 
cadets are those who have received the usual education of a 
preparatory school up to the time of their entry to Osborne. 
Upwards of 200 preparatory schools send us boys who have 
received no special eg yee whatever. ; 

You are aware that the system of interview by a Committee, 
which has been pursued since the new scheme came into opera- 
tion, was adopted as a means of escaping the evils of competitive 
examination, one of which had been the development of cramming 
establishments giving special preparation. It has been successful 
in this object, and I believe there is now no serious danger of 4 
recrudescence of the evil. But it cannot be too clearly understo« cd 
that anything in the nature of special preparation is, In our 
opinion, not only unnecessary, but positively prejudicial. 

Believe me, yours very truly, ; 
(Signed) REGINALD MCKENN3. 








Tue Hyprortang ‘‘ Cotumpine.” — The Saunders- 
Fauber hydroplane Columbine, fitted with 60-horse-power 
Wolseley V-type engines, which steams at 32.5 knots, is 
had a very successful season, having between July 19 and 
October 1 won eleven events, including the 12 sea-! 
handicap for the international small races, the 21 sea-1 
for the Venture Challenge Cup, a 15-mile scratch race 
for boats under 40 ft., the flying-mile championship, sud 


several handicaps for boats of high speed, 


es 
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INDUSTRIAL NOTES. 


Ar the end of last week there was no perceptible 
change in the aspect of things in the South Wales 
eoal-field—at any rate, in the Rhondda and Aberdare 
Valleys. Although the conference between the depu- 
tation from the men of the Cambrian Coal Trust and 
the Board of Trade was over, and the men of the 
deputation had returned to South Wales, they main- 
tained that they could not disclose what had occurred 
during the holding of the conference, as it was confi- 
dential. What, it is thought, probably happened was 
that the men stated the minimum that would be 
accepted by the miners from the owners, and that it 
now rests with the Board of Trade to find out whether 
the owners will agree to the proposals of themen. The 
miners do not appear, however, to have any list of 
grievances to which they are all agreed, and this makes 
the situation all the more difficult to deal with. Some 
of their grievances are, no doubt, quite real and 
deserving of attention, and should be listened to 
accordingly, while there are others largely imaginary, 
and some quite absurd. The miner often regards the 
retrenchments of the owners—which, of course, may, 
from a business se of view, be quite necessary—as 
parsimonious, and he resists them accordingly. 

In the early part of this week, however, there were 
signs that the strikes of colliers in the Rhondda and 
Aberdare Valleys were-not likely to spread through the 
South Wales coal-fields. A general strike throughout 
the coal-field would have involved about 200,000 men, 
but in the western coal-fields 27,000 men have refused 
to join in sympathy, and it is therefore most probable 
that the advice of the executive of the Miners’ 
Federation will be followed, and the trouble will be 
confined to the Rhondda and Aberdare Valleys, where 
there are about 25,000 men on strike. The strike of 
the Powell-Duffryn men is, of course, an illegal one, 
because it was entered on without a month’s notice, 
and there is no strike pay given, and many innocent 
children will suffer. Reports from the district indi- 
cate that the danger of a recurrence of the rioting is 
decreasing, probably from the admirable part played 
by the Metropolitan police in their efforts to pro- 
tect life and property, and it is not unlikely that the 
more unruly spirits among the strikers see that there 
is little to be gained but hard knocks from any attempts 
at intimidation or disorder. There are also said to be 
signs that the policy of Mr. Stanton, the miners’ leader, 
is becoming unpopular. 

The spirit of resentment now said to be abroad among 
both the strikers and the police is a source of danger, 
however. If there is further rioting—and renewed 
picketing is very likely to cause it—the men will have 
only themselves to blame if the admirable patience 
of the Metropolitan police gives way, and they return 
something of what they have been suffering during 
the past few days. Indeed, the feature of the 
strike that fills every fair-minded man with admira- 
tion is the bravery and self-control that has been 
shown by the representatives of law and order while 
being subjected for hours to a hail of stones and other 
missiles, which caused much serious injury among 
their ranks. Admirably as the civil forces have be- 
haved, there is, however, a limit to human endurance, 
and patience and good-nature are qualities which it is 
possible to tax too far, even when they are possessed 
in such a high degree as they are by the Metropolitan 
police. At the time of going to press things look more 
hopeful, and the miners have decided to allow the 
officials to return to work to prevent the pits being 
flooded. The general manager of the Powell-Duffryn 
Company has agreed to meet Mr. Stanton, the miners’ 
agent, and a deputation of strikers. 





According to the monthly Board of Trade returns 
employment in October showed on the whole little 
= change as compared with the previous month. 

here was a seasonal decline in the building trade, 
and a seasonal improvement in the printing and 
tailoring trades. Most of the principal industries 
showed an improvement as compared with a year ago. 
In the 416 trade unions, with a net membership of 
678,379, making returns, 30,088 (or 4.4 per cent.) were 
reported as unemployed at the end of October, 1910, 
compared with 4.3 per cent, at the end of September, 
1910, and 7.1 per cent. at the end of October, 1909. 
In the boot and shoe trade employment was fair, but 
showed a slight decline as compared with a month 
ago. Returns from firms employing 65,964 workpeople 
in the week ending October 22 showed a decrease of 
0.3 per cent. in the number employed, and of 0.6 per 


cent. in the amount of wages paid compared with a 
month avo. Compared with a year ago there was an 
increase of 5.3 per cent. in the number employed, and 


of 6.9 per cent. in the amount of wages paid. 





An interesting case came before Judge Benson at 
the Shetiield County Court on Thursday of last week, 
man action of the Friendly Society of Ironfounders 


against one of their members, Henry Ingall by name. 
It appears that in 
for an a 


August, 1907, Ingall was paid 100/. 
cident, and he signed an agreement that he 








would repay the money if at any time he resumed 
work in any department of the trade of an iron- 
founder. A very quick recovery was made by the 
injured man, and he started work as a coremaker. 
The society then claimed that the 100/. must be 
returned, which the defendant declined to agree to. 
The defendant's position was based on two main 
points :—First, that apart from the Trade Union Act, 
the society was an unlawful society at common law, 
and could not therefore enforce its contracts; secondly, 
that as it had to rely on the Trade Union Act, 1871, 
to enforce its contracts, this particular contract was 
within the terms of Section 4, and could not be en- 
forced by action. Two principal decisions had been 
recorded which indicated the lines on which a 
society’s rules should be framed so as to make it 
lawful apart from the Trade Union Act—namely, the 
cases of Gosney v. Bristol Trading and Provident 
Society, 1909, and Russell v. Amalgamated Society of 
Carpenters, 1910. The Ironfounders’ Society’s fund was 
a general one, and was not separated as to benevolent 
and trade purposes with, perhaps, the possibility of 
the Parliamentary Fund being separate, but no argu- 
ment was based on the rules dealing with a compulsory 
Parliamentary levy, though such must now be held to 
be unlawful. Taking all the facts into consideration, 
the Judge was of opinion that, apart from the Trade 
Union Act, 1871, the Society must be held to be an 
unlawful one. On the second point the Society could, 
by virtue of its being legalised by the Trade Union 
Act, 1871, enforce all its lawful agreements, even 
though in restraint of trade, under Section 3, unless 
they fell within the restrictions of Section 4 of that 
Act. The Judge, however, held that this was not 
an agreement as to conditions of employment, and, 
secondly, he found that the obligation to repa 
the whole amount received in full settlement of all 
claims for benefit in the happening of a future event 
which might not take place for years, and this 
es case did not, in fact, for 34 years, must 
regarded as a penalty, seeing that no deduction or 
allowance was made for the period during which the 
member had been incapacitated from work. Thirdly, 
unless the agreement could be divided into two 
agreements, it was clearly an agreement to apply the 
funds of the union up to 100/. to the benefit of the 
members on terms. If the agreement was to be 
divided into two agreements, one for paying 100/., 
which could not be enforced, and one for repaying it, 
it was difficult to see what consideration there was for 
the second part of the agreement, except a part con- 
sideration. It was, therefore, held by Judge Benson 
that the plaintiff society could not sue except in 
accordance with the Trade Union Act of 1871, and 
under that Act, by Section 4, they could not by action 
directly enforce or sue for damages for breach of this 
— agreement. Judgment was accordingly given 
or the defendant, but stay of execution was granted. 





A special meeting of the Council of the General 
Federation of Trade Unions was held in the Caxton 
Hall on Thursday, November 24, and the following 
resolutions were adopted :—‘*That we sympathise 
with the boilermakers in their efforts to maintain the 
common-law rights of their members, and to resist the 
attempts of the federated employers to infringe the 
a of the Truck Act, and we agree that there 

an extension of the benefit in accordance with the 
terms of Rule 7,” and ‘‘ We agree that an appeal be 
made by the General Federation to all trade unions 
for financial assistance; the money raised by this 
appeal to be distributed pro rata amongst those unions 
whose members are involved, but who are not receiv- 
ing federation benefit, the management committee to 
determine the different applications on their merits.” 
The sense of humour of the persons who brought forward 
these resolutions must, we think, be rather strongly 
developed, but it is possible that humour may sometimes 
overshoot the aah with results not intended by the 
would-be humourists. The amusing feature of these 
resolutions is the very evident attempt to draw the 
proverbial red herring across the trail i reference to 
what is called an infringement of the Truck Act, when 
it is perfectly well known by everyone who has taken 
the trouble to follow the course of events that led to 
the lock-out that thedifficulty had arisen from the action 
of the men, who have, by breaking the agreement and 
by their defiance of the executive council of their society, 
brought the present state of things about. The men who 
deserve sympathy and help are not the members of the 
Boilermakers’ Society, who have caused the trouble, 
but those who, from no fault of their own, have, as 
a result of the lock-out, been thrown out of work, 
and who, together with their wives and children, 
have suffered much distress. It rests with the Boiler- 
makers to end the lock-out by giving substantial 
guarantees that sectional strikes shall end. Put 
simply, this is at present the position of the matter, 
and any attempt, by the adoption of misleading resolu- 
tions, to introduce cross-scents can reflect credit only 
on the ingenuity of the proposers. 





Lord Furness, in a speech at West Hartlepool on 





Wednesday evening last, is reported to have said that 
if the Employers’ Federation id not accept what Mr. 
Askwith suggested as a fair and honourable solution, 
the lock-out at his yards should come to an end, for 
he would not stand by and see any more suffering. Of 
course, it remains to be seen what Mr. Askwith’s pro- 
posals are, but anything short of obtaining the neces- 
sary guarantees from the men will, it is exceedingly 
likely, be regretted afterwards. 





The bird’s-nest industry forms a singular item in 
the export trade of Siam, and according to the Journal 
of the Royal Society of Arts, the shipments during 
the fiscal year 1900 amounted to 17,781 lb., the value of 
which was 22,000/. Most of the nests went to China, 
Hong Kong, and Singapore. The value of the nests lies 
in the fact that they are edible, though we confess we 
have never had the opportunity of tasting one. They 
are found in the islands off the coast of Siam, and are 
the products of a species of bird belonging to the 
swift tribe, and consist chiefly of the salivary secretions 
of these birds, whose salivary glands are much 
more developed than those of the ordinary swift. 
The nests are gathered from April to September. The 
female bird takes the leading part in the construction 
of the nest, though some assistance is occasionally 
rendered by the male. The first nest takes about 
three months to construct, and it is taken before the 
eggs are laid in it. Another nest is at once com- 
menced, which is finished in about thirty days. Last 
of all, the birds begin a third nest, over which they 
spend about three months, and in which they are 
allowed to rear their young. When the brood has 
flown, however, this nest also is taken. The nests 
taken at the beginning of the season are considered 
the best in quality. y the Chinese, who consume 
these nests, they are thought a great delicacy, and are 
said also to have valuable tonic properties. 





Mr. Osborne, whose name is now famous in connec- 
tion with the ‘‘Osborne decision,” recently, in the 
Chancery Division, sued the Amalgamated Society of 
Railway Servants and Trustees, and sought a declara- 
tion that the resolution passed by the executive com- 
mittee expelling him from the society and dissolving 
the Walthamstow branch, of which he was a member, 
was ultra vires, and also an injunction restraining the 
defendants from acting on or enforcing the resolutions. 
The action was, however, pt with costs by 
Mr. Justice Warrington on Wednesday last, on the 
objection, successfully maintained, that the society was 
an illegal organisation at common law. It was illegal 
because it contemplated the performance of acts 
against public policy, such as strikes, and restraint of 
trade. The Judge required evidence that the society 
had power to compel a strike, and Mr. Paterson, who 
represented the society, contended ‘‘ that the minority 
has surrendered its choice to the majority, and 
that there is an unreasonable restriction of the 
rights of the public.” He also maintained that the 
essence of a strike is that the majority should bind 
the minority, and any member of the minority object- 
ing to this could be expelled from the society. The 
Judge, in giving his decision, said the Court ‘‘ would 
never give effect to an objection the result of which 
was to allow that which, at first sight at all events, 
appears to be a gross injustice to be perpetrated 
unless compelled to do so. But I am bound by 
authority. In my opinion, the agreement entered into 
by joining the society is illega] at common law because 
of its being in restraint of trade. The present action 
cannot be maintained.” 


It is reported that the strike at Huelva, in Spain, 
is at an end, and that order has been restored. It is 
said that the employers have granted part of the 
increase in wages asked for by the men. The strike 
of metal-workers at Barcelona appears, however, to 
have become serious, and a lock-out has been decided 
on by the employers. Collisions have occurred between 
the strikers and non-unionists with, it is reported, 
fatal results. 








‘Tur Guipe to Sours Arrica.”—The 1910-11 edition 
of this guide, which is edited annually by Messrs. 
A. 8S. Brown and G. G. Brown, for the Union-Castle 
Mail Steamship eet, Limited, and is published by 
Messrs. Sampson Low, Marston and Co., Limited, at 
2s. 6d., contains, like the former editions, a large amount 
of detailed information on South Africa, and a number of 
excellent maps. 





Docks at MontreaL.—There has been some discussion 
of late as to future dock accommodation at Montreal. The 
channel between Quebec and Montreal has now a depth 
of 30 ft. all the way, and no effort is being spared to 
increase this depth to 35 ft. as quickly as possible. This 
being the case, the Montreal chippin interest contends 
that a second-class dock, with a limited lifting capacity of 
15,000 tons, although it might serve the purpose of ships 
now reaching the port, woul be ineffective in a few years. 
As the 35-ft. channel continues to be enlarged, it will be an 
advantage to ships of the largest tonnage, and it is there- 
fore urged that a second-class dry dock is, under the 
circumstances, inadequate to meet the needs of the port, 
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WATER-TUBE BOILERS. 
To THE Epritor oF ENGINEERING. 

Sir,—In your last issue Messrs. Niclausse made very 
courteous reference to our firm, alluding to an improve- 
ment in the Yarrow boiler which consists in passing the 
feed through the outer tubes, where the water is heated 
before it enters the steam-generating tubes proper. 

Messrs. Niclausse say : ‘‘ It will, no doubt, be of interest 
to point out that for over a year this system of dealing 
with the feed has been used on Niclausse boilers,” adding 
that the fact of Messrs. Yarrow having adopted it “‘ isa 
proof of its advantage.” Messrs. Niclausse go on to say: 
** This system of feeding has increased the thermal effi- 
ciency of the Niclausse boiler, and has entirely removed 
any ibility of distortion of the lower tubes ; the life 
of these tubes is tly pleas and, furthermore, 
they only require cleaning internally at long intervals.” 

From this statement it might — be inferred that 
we had adopted this system as late, or even later than 
Messrs. Niclausse, an inference which we are sure they 
do not desire toconvey. Asa matter of fact, this plan of 
introducing the feed was described in a paper read by 
Mr. Yarrow before the Institution of Naval Architects, 
as far back as March, 1898 (see ENGINEERING, vol. lxv., 
pages 411 and 426). It has been adopted by us for many 
years in the most improved form of Yarrow boiler, and 
the increased efficiency has been conclusively proved to 
vary from 5 to7 per cent., the greater durability secured 
being beyond question. Anyone studying this subject 
will find much interesting data in the paper above re- 
ferred to. 

Yours faithfully, 
Yarrow AND Co., LimirEp. 

Scotstoun, near Scotstoun West Railway Station, 

Glasgow, November 28, 1910. 








GAS VERSUS STEAM GENERATING 
STATIONS. 
To THE EprTor oF ENGINEERING. 

Srr,—There is a certain stor 
would be her own architect, and who designed a beautiful 
house, perfect in all its features except that she forgot 
the stairs. Your leading article of November 25 reminds 
me of this story. It makes out a good case for the steam- 
power generator, providing that one forgets, or is willing 
to sacrifice, that all-important adjunct of the producer- 

as generator—sulphate of ammonia recovery plant. I 

ope abler pens than mine will deal with this subject at 
length, but may I very briefly indicate how the article 
appears misleading. 

4et us assume—and I submit that it is a fair assumption 
—that we have the same fuel available for either steam 
or gas. We may for the moment ignore its cost. <A 
coal consumption of 100 tons per day will give, with a 
gas-station, 9000 brake horse-power per hour. It will also 
give a net return—7.c., including extra labour and mate- 
rial costs—of 337. per day for sulphate. The 9000 horse- 
power gas-generating set would not cost more than 111. 
per brake horse-power. Thus the net return for sulphate 
(99007. per annum) would exactly wipe out the capital 
charges on the plant (say 10 per cent. on 99,0002. ). 

Taking the steam plant as costing 8/. per brake horse- 
power, I estimate from the above that the total running 
expenses of the two plants would be :— 

fi) As 1 (for gas) is to 24 (for steam), with coal at 5s. 


per ton. 

(b) As 1 (for gas) is to 2 (for steam), with coal at 10s. 
per ton. 

Of course, there are many other considerations—load- 
factor, for example—to be borne in mind. But my basis 
in the above is quite arbitrary, and by no means the 
most favourable for gas. Reasoning upon the ideals of 
Mr. Ferranti and others, one can almost conceive it 
poo that the large gas-generating station on the pit 

nk, using such fuel as is now unsaleable, and with a 
good load-factor, could almost give current away and still 
show a profit. 

Yours faithfully, 
T. RoLtanp WOoLLASTON. 

Lord’s Chambers, 26, Corporation-street, Manchester, 

November 29, 1910. 





SWEDISH IRON. 

Tuk Swedish Union of Ironmasters states that the 
foreign demand for Swedish iron has continued favourable 
for the last four months. The anticipated advance in the 
price for Swedish iron and steel, which was founded upon 
the substantial exports, has, however, not taken place, 
probably owing to the uncertainty which still prevai_s on 
the American market. The home consumption must be 
pronounced normal. The rolling-mills, generally speak 
ing. are fully ‘wT and several of them have large 
orders in hand. Of the leading articles, Lancashire iron 
and quality steel stand best .or the moment, with a recent 
tendency to higher prices. The quotations for plate and 
constructive iron and ingot iron for home consumption 
are firm. The businesss in pig iron free from phosphor is 
hardly so lively, but otherwise the market continues firm. 

The exports for the first eight months of the year are 
very satisfactory ; the shipments of pig iron for the said 
period exceeds by about 14,000 tons the figure for the 
same period last year, 9000 tons coming upon August. 
The shipments of bar iron are 19,000 tons in excess of the 
exports for the same period last year, and of this increase 
5000 tons were for August. It should, however, be 
ae that the exports during 1909 were unusually 
small. 

The works still have orders in hand to keep them going 
for some time tocome. As far as it has been possible 
to ascertain, the shipments so far have gone direct for 


of a lady of taste who |. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets. } 


SEPTEMBER. 


12: 
19 


(2037) SEPTEMBER 


OcTOBER. 


OCTOBER. 


NOVEMBER. 

fe 
170 
168 
166 
164 
162 
160 
158 

56 


154 
£ 
60 


1 0 15 17 31 23 2% 29 
NOVEMBER 
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prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 





consumption, and the stocks abroad of Swedish iron and 
steel are probably insignificant. Without being too 
optimistic, it is therefore to be expected that the buyers, 
who have hitherto held back, more from uncertainty as 
to the move of the market than on account of large stocks, 
will come forward during the closing months of the year. 

During the third quarter of the year a number of con- 
siderable sales of pig iron have taken place, in many cases 
at somewhat reduced prices, especially when the sales 
refer to several years; from America, certainly, come now 
and again particularly low offers of Swedish Lancashire 
iron, but these are probably without any actual founda- 
tion. With the present limited supply of Lancashire iron 
such reductions would appear untimely. 

The steel works are well employed with current con- 
tracts, but fresh orders have been a little more sparing 
during the last few weeks. It is more especially the 
manufacturers of more or less high-grade quality steel 
for export who have had satisfactory experiences. 





Hypro-Ex.ecrric Power 1x Sicity.—Although Sicily 
does not possess glaciers, and is not rich in forests, there 
is sufficient water for ng! purposes available. In the 
province of Syracuse the porous miocene limestone retains 
the water like a sponge, and powerful sources spring 





from the porous limestone belonging to the lias and 
jura of the interior. The eternal snow of Etna also 
gives plenty of water, and it has been calculated, accord- 
ing to the Zeitschrift des Vereines Deutscher Ingenveure, 
that 50,000 horse-power of water-power are available 
in Sicily. So far the Societa Elettrica della Sicilia 
Orientale has two plants—one in the north-east, on the 
Alcantaro, and one in the south-east, on the Cassibile. 
The main aerial distribution lines go along the east coast 
from Messina to Catania, Syracuse, and Modica, and 
have, with branches, a length of 130 miles. Further 
extensions are contemplated by this company, which las 
secured most of the water rights. In the — mines 
some 20,000 horse-power could be used. ere steam- 
power is exclusively used at present, though coal is a | 
expensive. The plant on the Cassibile river, on — 
a fall of nearly 300 ft. is utilised, renders avaliable 
about 3000 horse-power. The construction of a reser’ <4 
has enabled twice the amount of power to be produced. 
On the Alcantaro 11,000 horse-power are gained ; current 
is generated at 50 periods per second, 5250 aoe oe 
phase, and the tension is raised to 40,000 volts for the 
transmission. The turbines have been supplied by Mi: assr8. 
Escher Wyss and Co., the electric machines by the Italian 
Brown-Boveri Company and the Italian Thomson-Hous- 
ton Company, both of Milan, 
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MARSHALL'S FIRE-BOX 


WITH STAYLESS ROOF. 


CONSTRUCTED BY MESSRS. MARSHALL, SONS, & CO., LTD., ENGINEERS, GAINSBOROUGH. 


Tuer application of the principle of corrugation to fire- 
box tops of the portable locomotive type of boiler has 
recently been the subject of experiment on the part of 
Messrs. Marshall, Sons, and Co., Limited, Britannia 
Tron Works, Gainsborough, with the result that this firm 
has brought out the type of fire-box shown in the illus- 
tration herewith. In this box the corrugations along, 
or across, the box are replaced by two arranged dia- 
gonally across the roof, as shown in our figure. This 
method of corrugation gives a very stiff roof, render- 
ing roof staying unnecessary, an advantage both from 
the point of view of construction and working. A 
box of this type has been tested, we understand, with 
a pressure of 360 lb. per square inch, without showing 
any deflection of the roof. Other tests are, we believe, 
in progress in Germany, where this design has been 
submitted to the authorities, in view of the new and 
complicated boiler laws introduced there. Boxes of 
this type will be on view at the forthcoming Smithfield 
Show, both in an engine and separately. 








Water-PoweEr IN SwEDEN.—H.M. Minister at Stock- 
holm reports that the new electric works at the Troll- 
hiittan Falls have been opened. When theeight turbines 
and generators are constructed for which the water supply 
is ready, the amount of electrical energy available will be 
80,000 horse-power. It is calculated that, by the con- 
struction of new works on the river and the lake, 180,000 
horse-power can be obtained. Many of the towns and 
villages in the neighbourhood of the falls are supplied 
with power. In the immediate neighbourhood mills, &c., 
are already prepared for it, as is also the electric smelting 
apparatus installed by the Swedish [ron and Steel Insti- 
tute, and steps are also being taken with a view to the 
electritication of the railway. It appears that at present 
the actual demand does not ex 10,000 horse- power, 
but it is expected to be much increased in the near future, 
though it will not rise above 30,000 horse-power. It 
seems likely that electrical energy will be used in small 
quantities for local industries and agriculture, as is the 
case in Denmark. The forecast for the State water and 
electric works at Trollhattan for 1911, estimates the 
receipts at 57,0007. and the expenditure at 24,000/., leav- 
ing 2 surplus of 33,0002. on a total capital expenditure of 
850,000/. Considerable progress is being made with the 
railway to the Porjus Falls in North Sweden, and it is 
expected that hydro-electric work at the falls will be 
begun next spring. A measure is te be submitted to the 

iksdag to provide a grant for making a complete survey 
of all the waterfalls of Sweden, and obtaining full parti- 
culars as to the best method of exploiting them. 








WORKMEN’S COMPENSATION CASES. 
Court OF APPEAL. 


‘Contracting Out.”—It is now generally recognised 
that the Workmen’s Compensation Act permits of no 
private agreement between masters and workmen which 
may be designed to get rid of the measure of protec- 
tion which the Act affords to workmen. It should be 
well understood, however, that there is a certain 
‘contracting out” which is permissible under Section 3 
of the Act. The object of this special provision is not, 
of course, to lessen the protection of compulsory work- 
men’s compensation, but only to make it easy for work- 
men to fix terms amicably with their masters, and so avoid 
proceedings before the County Court. This section, it 
is well known, has su ted in many large establish- 
ments, such as engineering and shipbuilding firms, the 
formation of private compensation schemes, which are 
beneficial to all concerned. As these are occasionally 
disputed, it is well that a great Government department 
should at length have taken acase to the Court of Appeal 
to obtain a judgment which would finally settle a point 
of law, which it is a pity should ever have provoked any 
difference of opinion. 

In the Court of Appeal on November 10 the case of 
Horn v. the Lords of the Admiralty raised this point of 
the meaning of Section 3, which is of great importance to 
both masters and workmen. It was an appeal from the 
judgment of the Judge of the County Court of Hampshire, 
who gave an award under the Workmen’s Compensation 
Act to the widow ofa tinsmith employed in the Admiralty 
dockyard, who died from blood-poisoning. The facts of 
the case were not disputed, nor did the Admiralty refuse 
compensation, but they appealed against arbitration of 
the County Court Judge, to settle the principle for which 
many emp. es have desired to contend. The Lords of 
Appeal, including the Master of the Rolls, Lords Justices 
Fletcher Moulton and Farwell, unanimously allowed the 
appeal, which, while it did not defeat the widow’s claim 
in effect, decided that she should never have gone with 
her application to the County Court, but accepted the 
compensation fixed by the private scheme arranged in the 
dockyard. The learned County Court Judge made the 
mistake of many lawyers in deciding there was nothing 
in the scheme contrary to the right given by the Act to 
filean application, and ask for an award and costs to be 

id in the County Court. Happily, at least one of the 

unty Court Judges held the view as exp by His 
Honour J — Willis at Woolwich, that where there was 
an approved private scheme, accepted by the Registrar, 
the County Court had no jurisdiction to interfere. This 
common-sense view is cordially approved by the Court of 
Appeal, and it is hoped will settle the point finally. 
Heretofore, as in this case at Portsmouth against the 


| Admiralty, it was — that a private scheme had 
| juriediction only in the matter of settling the scale of 
| compensation, and that an applicant mo in all cases 
elect to have the case brought to the County Court and 
settled by the County Court Judge, irrespective of the 
private scheme. It may be useful here to recall the 
words of Section 3: “If the Registrar of Friendly 
Societies, after taking steps to ascertain the views of the 
employer and workmen, certifies that any scheme of 
compensation, benefit, or insurance for the workmen of 
an employer in any employment, whether or not such 
scheme includes other employers and their workmen, 
provides scales of compensation not less favourable to 
the workmen and their dependants than the correspond- 
ing scales contained in this Act, and that where the 
|scheme provides for contributions by the workmen, the 
scheme confers benefits at least equivalent to those con- 
tributions, in addition to the benefits to which the 
workmen would have been entitled under this Act, 
and thata majority (to be ascertained by ballot) of the 
workmen to whom the scheme is applicable are in favour 
of such scheme, the employer may, whilst the certificate 
is in force, contract with any of his workmen that the 
provisions of the scheme shall be substituted for the pro- 
visions of this Act, and thereupon the ay we all 
be liable only in accordance with the scheme ; but, save 
as aforesaid, this Act shall apply, notwithstanding any 
contract to the contrary made after the commencement 
of this Act.” This sentence of some two hundred words 
seems to suggest that the chief aim of the drafters of Acts 
of Parliament is to mystify the public. The conflicting 
opinions, even among lawyers, as to the interpretation of 
this Section made it desirable that we should have an 
illuminating judgment of the Court of Appeal. Some 
county court judges held the opinion that under no 
circumstances could any sort of ‘‘contracting out” be 
recognised as legal. In this case of Horn v. the Admi- 
—s the pene p Court Judge, ignoring the agreement, 
made an award declaring the employers’ liability, leaving 
the compensation to be dealt with under the claim, 
whereas other judges have declared the county court 
had no jurisdiction in similar cases. 

The Court of Appeal unanimously decided that, sub- 
ject to the conditions set out in Section 3, workmen 
might make a separate agreement with their employers 
as to compensation scheme, and thereupon the employers 
shall be liable only in accordance with the scheme, which, 
in all essentials, is practically the same as the Act. 
Whenever there is an approved scheme in accordance 
with Section 3, the county court judge had no jurisdic- 
tion whatever to hear any application in connection with 
compensation. 

The more this section is adopted the more can employers 
and workmen accommodate themselves to the circum- 
stances which conditions of age and capacity suggest. 
This is, perhaps, the most important section of the 
Workmen’s Compensation Act, und the decision of the 
Court of Appeal in this case is of incalculable value both 
to employers and workmen. 











THE ECONOMICAL WORKING OF RECTI- 
PROCATING MARINE ENGINES AND 
THEIR AUXILIARIES.* 


By D. B. Morison, Vice-President. 


Nkver in the history of steamship-owning has compe- 
tition rendered it so difficult to earn an adequate return 
on invested capital as during the t few years, and as 
coal consumption is an important factor in the economics 
of a steamship, the present would seem to be a particu- 
larly opportune time for reviewing the systems on which 
main engines and their auxiliaries are worked, in order to 
elucidate by proposition and discussion the methods that 
favourably affect commercial results. 

It is also appropriate that this question should be dealt 
with by an institution such as ours, for the reason that 
the membership includes not only engineers of acknow- 
ledged repute as designers and constructors, but also 
engineers who superintend the working of the machinery 
of large fleets, and whose opinions are based on prolonged 
practical experience. 

Freedom from breakdown and minimum cost of upkeep 
are so imperative for successful ship management that 
marine engineers often hesitate to depart from stan 
dardised methods; but if this tendency be carried to 
excess, in these keenly competitive times, there is a 
danger that the traditions of apparently successful prac- 
tice may be insidiously responsible for perpetuatin 
systems of working which are technically unsound an 
commercially wasteful. 

Considerable attention is now being given to the 
influence of vacuum on the steam economy of triple and 
; eet marine engines, and as there appears to be 

iversity of opinion on the subject amongst marine engi- 
neers, it is well worth investigation. 

The usual and traditional practice is to carry a low 
vacuum in the condenser, because it produces a high 
temperature of air-pump discharge water, this practice 
being associated with the assumption that any vacuum 
above, say, 25 in. in the condenser is a source of waste in 
the steam economy of the engines, whilst a few inches 
less make no material difference, because the feed-water 
becomes so much hotter. 

In considering this question it must be remembered 
that from 15 to 20 per cent. more steam is generated in 
the boilers of a steamship than is supplied to the main 
engines, this amount being used in the various steam 
auxiliaries. If an auxiliary high-pressure engine, such as 
a fan-engine or a steering-engine, exhausts into a con- 

* Paper read before the North-East Coast Institution 
of Engineers and Shipbuilders, November 25, 1910, 
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denser, about 80 r cent. of the heat in the steam 
supplied to the engine is lost in the condenser ; and if the 
engine exhausts into a low-pressure receiver of the main 
engines, this percentage loss is approximately the same. 
In the latter case, however, the compound principle is | 
introduced, and the power developed by the steam ought 
to be obtained with more economy ; but as considerable | 
water is discharged into the receiver with the exhaust | 


steam, and is often allowed to pass through the engine | 
without being trapped, it is very questionable indeed | 


Lig.d. 
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whether much actual steam aconomy results from the 
arrangement. This is of very minor importance, how 
ever, compared with the facs that, if the heat in the 
exhaust steam from the auxiliaries can be absorbed by the 
feed-water, the 80 per cent., instead of being wholly 
wasted in the condenser, is wholly utilised by being 
returned to the boiler. 

I need not deal at length with the quantity of steam 
used by auxiliaries on shipboard, in view of the excellent 
pep r on that subject recently read before the Institution 
of Engineers and Shipbuilders in Scotland by Mr. C. F. A. 
Fyfe, of Liverpool ; but for purposes of illustration the 
estimates in Tables I. and IT. may be taken as approxi- 
mating the quantities used under average conditions at 
sea in @ semi-passenger steamer of 5000 indicated horse- 





power and a cargo steamer of 1500 indicated horse-power. 


The highest temperature water the ordinary single-act- 
ing marine ram feed-pumps wil] draw with the usual 
small head is 170deg. But if the head is increased as by 
an elevated direct-contact heater, an independent float- 
controlled feed-pump will deal with the water at as high a 
temperature as exhaust steam at a pressure slightly 
above atmospheric can heat it, so that in both the above 
examples it is possible to raise the entire feed-water to a 
temperature exceeding the pumping limit by condensing 
amongst it exhaust steam from the auxiliaries, and this 


Fi 


cylinders in which the expansion is effected ; the order in 
economy in reciprocating marine-engine practice being 
compound, triple, quadruple. 

It is unnecessary to set forth all the supporting evidence, 
but reference may be made to the classical research on 
this question carried out by that eminent investigator, 
the late Mr. Willans, in which he definitely proved that 
in his central-valve compound engine the consumption of 
steam per brake horse-power decreased with increased 
vacuum at the rate of fully 1 per cent. per inch up to 














Fia. 


can be accomp.ished in association with a high vacuum in 
the condenser. 

_ The ag ge question, therefore, is, What is the 
influence of high vacuum on the steam consumption of 
— and quadruple marine engines? I have very care- 
fully examined data published by the leading authorities 
on this subject, and there is complete agreement that in 
a triple and quadruple engine having suitably designed 
and proportioned low-pressure cylinder ports and exhaust 
passages, the | oe of the engine increases, and the 
consumption of steam per brake horse-power decreases, 
with approximate uniformity up to the highest vacuum 
that can be reasonably carried on a steamship, the rate 
depending on the ratio of expansion and the number of 


4. 


27 in., which in those days was considered a high vacuum 
for compound engines, and was the high limit of the 
experiments. ; 

Yr. Mellanby has also favoured me with the results of 
vacuum tests (Appendix A) made on the compound engine 
at the Technical College, Glasgow, which confirm the 
experiments made by the late Mr. Willans. : 

- order to ascertain the latest practice of the builders 
of land engines, I asked Mr. R. kK Morcom if he would 
communicate to our Institution the results of one of his 
firm’s triple-expansion engines, and I am greatly mdebted 
to Messrs. Belliss and Morcom for the complete report of 
an engine trial, as set forth in Appendix B. It is worthy 
of record that every engine manufactured by this company 
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is thoroughly tested under all loads by a trained staff and 
with the whole equipment necessary for obtaining the 
greatest accuracy, the methods employed being those 
recommended by the Institution of Civil Engineers’ Com- 
mittee for Steam-Engine and Boiler Trials. 

Broadly, Mr. Morcom shows that in a Belliss triple- 
expansion en eueed engine, the increase in steam 
consumption per B.H.P. is at the rate of 1.77 per cent. 
per inch of decrease in vacuum from 28in. down to 
91.5in., which were the high and low limits of the tests. 

With a view of wr oy any hepa objections of those marine 
engineers who hesitate to be guided by land-engine results, 

Fig. 5. 
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TasLE I.—Semi-Passenger Steamer, 5000 Indicated 
Horse-Power. 

Estimated steam consumption, 14 Ib. per I.H.-P. per hour 

70,000 Ib. per hour. 

Pressure maintained in exhaust-steam 

square inch. 

Heat Units Available in the Exhaust Steam and Water 
Drainage from Auxiliaries. 


receiver = 2 lb. per 


Pounds 








Auxiliaries. | per | Temp. | B.Th.U. 
| Hour. 
bsapo ator steam at 6 tons per 1000 deg. | 
LH.-P. per 24 hours .. oe -.| 2,800 218 | 3,304,000 
Water drainage from evaporator coils 3,360 259 870,240 
Water drainage from I.P. casing dis- 
charged by water-trap, estimated 
at 3 per cent. at 50 Ib. pressure 2,100 298 625,800 
Steering-engine exhaust 1,000 218 1,180,000 
Independent feed-pump exhaust . 950 218 1,121,000 
Independent circulating pump ex-| 
haust - ee a --| 1,800 218 2,124,000 
Fan-engine exhaust .. a 1,300 218 1,534,000 
Electric-light engine exhaust 800 218 944,000 
14,110 — 11,703,040 
Vacuum in condenser we a pia . 28.25 in. 
Temperature of feed-water discharged by 
air-pump - a on a 87 deg. 
Before Mixing. 
B.Th.U. in feed-water = 70,000 x 87 = 6,090,000 
B.Th.U. in auxiliary exhausts and drains = 11,703,040 
Total B.Th.U. re 17,793,040 
After Mixing. 
Temperature of feed-water = ne, 211 deg. 


(70,000 + 14,110) 


Taste II.—Cargo Steamer, 1500 Indicated Horse-Power. 
Estimated steam consumption, 14 1b. per I.H.-P. per hour = 
21,000 Ib. per hour. 
ure maintained in exhaust-steam receiver = 2 1b. per sq. in. 
Heat Units Available in the Exhaust Steam and Water 
Drainage from Auxiliaries. 











| 








Pounds | | 
Auxiliaries. B | Temp. | B.Th.U. 
| Hour. | 
Eraporator steam at 7 tons per 1000 deg. 
LH.-P. per 24 hours .. oe is 980 218 1,156,400 
Water drainage from evaporator coils) 1176 259 304,584 
ater drainage from I.P. casing dis- 
d by water-trap, estimated at 
8 per cent. at 50 1b. pressure 630 | 298 187,740 
ring-engine exhaust sie 380 | 218 448,400 
Electric-light engine exhaust 300 | 218 354,000 
| 
3466 | | 2,451,124 
| | 
Vacuum in condenser bo “a ru or le 28.25 in. 
Temperature of feed-water discharged by 
air-pump i = aa ss a 87 deg. 
Before Mixing. 
B.Th.U. in feed-water = 21,000 x 87 = 1,827,000 
B.Th.U. in auxiliary exhaustsand drains = 2,451,124 
Total B.Th.U. és 4,278,124 
After Mixing. 
Temperature of feed-water=—— 27124 ___ 175 deg, 





I recently presented to the Armstrong College a new low- 
pressure cylinder with enlarged ports and passages for the 
quadruple marine-type engine on which so much valuable 
research work has m carried out in the past, and we 
are onceagain indebted to Professor Weighton for kindly 
offering tc test the effect of this cylinder on the College 
engines under varying vacua when arranged as three- 
cylinder triples and four-cylinder quadruples. The 
cylinder was only fitted a few days age so that the exact 
results will be given by Professor Weighton at our next 
meeting; but the preliminary tests afford confirmatory 
evidence of the economy obtainable with high vacuum 










EXHAUST 
RE 










MAIN 
CONDENSER 







— 
AUXILIARY 


ONDENSE 





















YY 





and that the system contributed to the general excellence 
of the performances. 

_ For the purposes of this investigation the points of 
interest are the vacua carried in the condensers and the 
pressures recorded on the low-pressure di ms. Broadly, 
on voyage conditions in each of the three ships a condenser 
vacuum of 94 per cent., or 28} in. (barometer 30 in.), can 
be carried in sea-water of 60 deg. and 91 per cent., or 
27} in. vacuum in sea-water of 80 deg., and at these vacua 
the pressures recorded in the low-pressure diagrams are 
approximately 13 lb. and 12) lb. respectively below the 
atmospheric line. The low-pressure diagram (Fig. 7) is 
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representative of what can be obtained on an ordinary 
cargo-boat at full power, and was one of a series sent 
home by the chief engineer. The condenser vacuum was 
274 in., the revolutions 60 per minute, and a pressure of 
13 lb. is recorded below the atmospheric line. On the 
trials of the s.s. Indrabarah the revolutions of the engines 
were 90, and the vacuum 284 in., and yet under these high- 
speed conditions the pressure on the low-pressure diagram 
was 13 lb. below the atmospheric line, so that within the 
range of ordinary practice the design and proportions of 
the low-pressure ports, passages, and valves present no 
difficulty. 

It is needless to dogmatise on these results, but there 
are many hundreds of steamships in which the condensers 
cannot carry more than 20 in. to 22 in. in the tropics, and 
in which there is no provision for the utilisation of the 
heat in exhaust steam. If these condensers had been de- 
signed to carry 27 in. in the tropics, and if the engines 
had been suitably proportioned and the feed-heating 
ey Semen adequate, the saving would unquestionably 
have been approximately 10 percent. There are, there- 
fore, economic possibilities in reciprocating marine 
engines that have been allowed to remain latent, but 
which, nevertheless, afford definite opportunities for 
materially decreasing the coal bill, and thereby increasing 
the profit-earning power on the capital invested in steam- 
ships. 


TaBLe IIIl.—Temperatures and Pressures of 
Saturated Steam. 

















FILTER \ acuum, Vacuum, 
| Inches of Inches of 
| Me.cury | Absolute Tempe-| Mercury ramen > 
when Baro- | Pressure. ravure. | when Baro- . . 
meter is at meter is at 
(0) (©) 30 In. 30 In. 
Ib. p.8q. in. deg. F. lb. p. 8q. in deg. F. 

(mae 29.8 choose 36 on4 | Lert 110.5 
—s 7 7 29.7 0.1474 46 27.3 1.326 111.5 
both in triples and quadruples. It is difficult to obtain 29.6 0.1965 53.5 27.2 1.375 113 
absolute accuracy from marine engines, but through the 29.5 0.2456 60 27.1 1.424 114 
courtesy of the owners and their superintendents I am able 20.4 0.2947 65 27 1.474 116 
to include in Appendices C, D, ant K, the results of three = 4 — no oe 7 a ; 
representative types of steamship, the engines of which 20.1 0.4421 78 26 7 1.621 118.5 
| were designed for high vacuum —namely :— 29 0.4912 79.5 26.6 1.670 119.5 
| 1. S.S. Indrabarah, Australian twin-screw frozen-meat 28.9 0.5403 82.5 26.5 1.719 121 
| steamer, with triple-expansion engines of 5000 indicated 23.8 0.5894 85 26.4 1.768 122 
horse-power, by Messrs. rate amen Westgarth, and 9! = = 5 as -— 4 
Co., Limited. : —s c - ey ’ — 

2. 8.8. Anglo-Patagonian, cargo-steamer, with quad- a4 tne ~ =" a = 
ruple-expansion engines of 2000 indicated horse-power, 28.3 0.8350 96 25.8 2.063 128 
by the North-Eastern Marine Engineering Company, 28.2 0.8841 98 25.6 2.161 129 
Limited. 28.1 0.9332 99.5 25.4 | 2.959 131 

« ae . . . 9 OK?" 5 959 9% ‘ 

3. S.S. Djerissa, cargo-steamer, with triple-expansion 2. O.suss 101.5 a8 2.888 ss 
engines of 1100 indicated horse-power, by the Central 78 Losi 104.5 248 2 564 135.6 
Marine Engineering Company, Limited. 27.7 1.130 | 106° 24.6 2.652 | 187 

The results are as communicated, the original logs are 27.6 1.179 107.5 24.4 2.761 138 
on the table, and all the particulars were obtained with | 27.5 1.228 109 24.2 2.849 139.5 


great care. On referring to the appendices it will be 
seen that the records in each case are exceptionally good, 
and as the ‘‘Contraflo” system of condensing and tempera- 
ture regulation was fitted in each of the ships, 1t is cl 





(21,000 + 3,466) 





aay 
evident that the economical possibilities were realised, 


The value and effect of vacuum have hitherto been so 
casually considered by marine engineers generally that it 
is difficult to ascertain from a ship’s log what vacuum 
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has actually been carried on a voyage, and it is still more 
difficult to ascertain the correct vacuum by consulting an 
ordinary lee rag! aay in an engine-room. It is for this 
reason. probably that trial-trip ym often include vacua 
observations so impossible as to reflect either a consider- 
able elasticity of conception or a total disregard for 
natural laws. 

In the absence of an accurate mercury column and such 
stability of ship as will enable a correct observation to 
be taken, I have found that, to record the temperatures in, 
say, two places along a condenser top is preferable to 
pon “ce on the average vacuum gauge; and chief engi- 
neers should always include these temperatures in their 
logs. All that is necessary is the permanent insertion 
of small -brass- tubular pockets in the condenser top, in 
which the thermometers are placed in water, or, prefer- 
ably, mercury ; and when the temperatures are recorded 
the corresponding vacua may be ascertained from the 
usual tables (Table ITI.). This involves a slight in- 
accuracy, however, as the tables are based on the pres. 


neering enables me to express my conviction that the 

warship proportions sometimes advocated for condensers 

on mercantile steamships fitted with reciprocating engines 
| are not conducive tocommercial success. The first essen- 

tial in any condenser is such a disposition of the surface 
hong will result in the greatest over-all efficiency ; but the 
| mere fact that a condenser has a large surface per horse- 
| power is no criterion of its condensing capacity, because 
much of it may be ineffective, as is the case in the majority 
of the marine condensers at present in use. It is the 
treatment of the air in a condenser which is so vital to its 
efficiency, and from this point of view that condenser is 
the best which provides the air-pump with air at maxi- 
mum density. 

Air-pump efficiency is in effect a governing factor in 
any condensing plant, and although in turbine installa- 
tions the quantity of air leaking into the system may, and 
|should, be very small, yet in ordinary reciprocating 

engines it is normally considerable, and it is folly to 
assume that the tightness which can be obtained by care- 
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sures and corresponding temperatures of water vapour, 
and not of a mixture of air and water vapour. But as 
the amount of air at the top of a condenser above the 
tubes is, under normal conditions, very small indeed com- 
pared with the amount of water vapour, the inaccuracy is 
negligible, and the method is certainly far more reliable 
for sea service than the indications of an ordinary vacuum 
gauge. Records should not be taken for this purpose 
lower down in the condenser amongst or below the con- 
denser tubes, because of the gradual increase in air pres- 
sure; therefore the tempers ture readings should be strictly 
confined to the exhaust-pipe and the condenser top. 

Since the publication of my investigations on surface 
condensers in 1904, and the paper read by Professor 
Weighton before the Institution of Naval Architects in 
1906, the principles underlying efficiency have been better 
understood than previously. There are evidences that 
appreciation remains latent in some cases, but a perusal 
of Professor Weighton’s paper, and a comparison of the 
practice then and now, will conclusively show that engi- 
neers generally are tly indebted to him for a research 
which has proved of world-wide service. 

Whilst I am fully conversant with the possibilities of 
condensers having a relatively small amount of tube sur- 
face and a om amount of water passing through the 
tubes, such, for example, as are now permitted in warship 
practice, my long experience in mercantile marine engi- 
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ful tuning up on the trial trip will continue to be main- 
tained under average working conditions at sea. Tropical 
sea-water has also a highly prejudicial effect on air-pump 
capacity by reason of the smaller difference ,in tempera- 
ture of the water flowing through the tubes, and the 
aerated vapour outside the tubes in the lower part of the 
condenser. For example, with a vacuum of 28 in. and 
sea-water at 50 deg. there is a temperature difference of 
50 deg., whereas with a vacuum of 27 in. and sea-water 
at 85 deg. there is a temperature difference of 30 deg. 
only, or 40 per cent. less. This physical fact is largely 
responsible for the great fall in vacuum that invariabl 

takes place in the tropics, and so universal is this fall 
that marine engineers accept its evil consequence as 
inevitable; but it is by no means inevitable, and can 

overcome in an extremely simple manner. 

| Condensers and air-pumps are interdependent, in that 
| both must be efficient in order to produce the best avail- 
jable results. For stable conditions the amount of air 
entering a condenser in a given time must be the same 
as the amount withdrawn by the air-pump in the same 
time, otherwise air would accumulate in the condenser 
and the vacuum would fall. Under all conditions there 
must always be air in every condenser, but its non- 
conducting properties are so very detrimental that in 
order to obtain the highest efficiency of heat transmission 
through the tubes the quantity of air which remains in a 





condenser should be reduced to an absolute minimum, 
The condensers shown in Figs. 1 and 2 are designed with 
this object. 

Fig. 1 is a condenser for a torpedo-boat destroyer. It 
is cylindrical in section, and is fitted with air-concentrat. 
ing plates, so arranged that the velocity of the incoming 
| steam drives the air uniformly towards a very narrow 

outlet, where it is very highly coneentrated and densified. 
Another result of the guide-plates is that much of the 
water of maximum temperature formed in the upper part 
of the condenser is caught on the plates and is prevented 
from producing undesirable effects lower down. 

Fig. 2 illustrates one of the main condensers for the 
turbine steamer La France, built by Messrs. Chantiers de 
P Atlantique, St. Nazaire, and containing 21,000 square 
feet of tube surface. This condenser embodies a special 
devaporising compartment and a water-charged receiver 
in the base of the condenser, to which further reference 
will be made. 

Fig. 3 illustrates a condenser having a temperature- 
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regulator, and Fig. 4 its ete to the engines of the 


8.8. Tamele, owned by Messrs. Elder, Dempster, of 
Liverpool, and as the vessel trades in very hot waters, 
the condensing plant enables a vacuum of 27 in. to be 
maintained in sea-water of 90 deg. 

Although independent air-pumps are necessary in tur- 
bine ships, yet in reciprocating engines the single air- 
— worked by levers from the main engines is still the 
standard practice, and long experience has proved it to 
be — and reliable, requiring but little attention at 
sea and little cost in upkeep. This practice still prevails 
even in the largest steamships, and it is of interest to note 
that the s.s. Balmoral Castle, which has one of the latest 
and finest examples of reciprocating engines afloat, still 
retains the air-pumps driven bythe main engines. 

The air-withdrawing capacity of any reciprocating air- 
pump of — size depends on the difference between the 
vacuum that can be produced in the pump-barrel on its 
suction stroke and the vacuum in the condenser. But if 
water of condensation entered the pump at the tempera- 
ture corresponding to the vacuum in the condenser, It 
would obviously boil as soon as the pump-bucket com- 
menced its suction stroke, and the resultant vapour, by 
filling the barrel,- would impair the inflow of air from the 
condenser. If, on the other hand, the water entering the 
pump were so cold thatit did not boil during any portion 
of the vacuum-producing stroke of the air-pump, then 
the vacuum produced in the barrel would be much higher 
than in the condenser, and the flow of air into the pump 
would bea maximum. Therefore an air-pump can be ren- 
dered very flexible in air-withdrawing capacity by tempera- 
ture, and if there are means for controlling the tempera- 
ture, then the air-withdrawing capacity of a single pump 
ean be regulated in accordance with the quantity of air to 
be withdrawn. The condenser illustrated in Fig. 3 con- 
tains a divided-off receiver in its base which is always 
completely filled with water of condensation. At « dis- 
tance above this water-receiver is a diaphragm which 
catches the water of condensation formed in the con- 
densing-chamber above it. There is a pipe connecting 
the top of the water-collecting diaphragm and the water- 
receiver, and in the pipe there is inserted a two-way cock 
or valve, one way er to the air-pump suction pipe, 
and the other to the water-receiver. If there isa clear 





way between the water-collecting diaphragm andi the 
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water-receiver, all the water of condensation oa 
through the receiver, and is reduced in temperature before 
it passes into the air-pump, the flow through the receiver 
being caused by the head represented by the distance the 
water-collecting diaphragm is above the receivertop. If, 
on the other hand, there is a clear way between the 
collecting diaphragm and the pump, all the water of 
condensation passes at a maximum temperature into the 

mp. The temperature of the pump, and therefore its 
air-withdrawing capacity, is under complete control by 
the partial or the full use of the temperature regulator, 
and extended experience has demonstrated that by this 
simple apparatus the vacuum can be raised in the tropics 
by from 14 in. to 3 in., and often more, depending on the 
amount of air prevailing, and, at the same time, the air- 
pump discharge-water 1s kept at the highest temperature 
consistent with the maintenance of the highest available 
vacuum in the condenser. 

Although manufacturers may fit abnormally large air- 
pumps with the object of maintaining vacuum in the 
tropics, a considerable fall is inevitable in high-tempera- 
ture sea-waters unless the temperature of the prs | 
can be reduced below what is possible with the standa 
designs now in use. The temperature regulator naturally 
decreases the size of air-pump necessary in all tempera- 
tures of sea-water; but, in y 4 —. an air-pump 
driven by the main engine should in the mercantile 
marine be of sufficient size to deal with the normal 
amount of air when in sea-water from 55 deg. to 60 deg. 
without the assistance of the temperature-regulator. In 
such waters, therefore, the temperature-regulator is very 
helpful when abnormal air-leakage occurs, but in tropical 
temperatures it becomes a necessity, even with normal 
air-leakages. j ’ : 

Referring again to the condenser designs fitted with 
air-concentrators, it has now been shown that the with- 
drawing effect of an air-pump can be greatly increased 
by reducing its temperature. But its function is to with- 
draw air, and it will withdraw air in maximum quantity 
only when the condenser delivers that air to it as free as 
possible from water vapour. Therefore the interdepen- 
dence of air-pump and condenser is obvious, and the 
action of the one so influences the action of the other 
that both must be correctly designed if the available 
results are to be realised. 

There are three accepted methods by which heat in 
exhaust steam can be absorbed by feed water—namely :— 

1. By steam-nozzles pac nto | in a body of feed-water 
on the suction side of the feed-pump. 

2. By the ordinary water-shower system in an elevated 
direct-contact heater on the suction side of the feed-pump. 

3. By a tubular surface-heater on the discharge side of 
the feed-pump. 

For the pur of this investigation, let it be assumed 
that the condensing plant of a steamship fitted with 
reciprocating engines is able to maintain under voyage 
caailons 28} in. of vacuum in sea-water of 60 deg., and 
2Z7t{in. of vacuum in sea-water of 80 deg., and that the 
water discharged by the air-pump is 10 deg. below the 
vacuum temperature, or 87 deg. and 102 deg. respectively. 

Fig. 5 shows one illustrative arrangement of the 1500- 
I.H.-P. cargo-boat proposition, already refe to on 
page 780. The feed-pumps are of the ordinary ram type, 
driven by the main engines, and if fitted with suction- 
valves and passages suitably proportioned, they will deal 
with water up to a temperature of 170 deg. without 
trouble. The water discharged by the air-pump passes 
into what is known as a cascade feed-heater and filter. 
Fig. 6 shows this apparatus in detail. The air-pump dis- 
charge water flows into the first compartment, in which 
free oil, if there is any, floats on the surface, and can 
scummed off periodically. The water then passes into a 
heating reservoir fitted with exhaust-steam nozzles, thence 
it flows through a filter-box into the final suction-chamber, 
which is usually fitted with a float-controlled valve, so as 
to prevent the feed-pump from drawing more air than 
is actually required for cushioning purposes. Some air 
18 necessary, and it can admitted in controllable 
quantity by the snifting-valve in the usual mdnner ; 
but it is futile to expect the best available results, 
either in boilers or engines, if this air is allowed to 
pass into the boilers and back through the engine 
into the condenser. If there is a tubular heater on 
the pressure side of the feed-pumps, it should always 
be fitted with an air-discharger ; and if there is no such 
heater, then the air-vessel should be fitted with an air- 
a Fig. 8 shows a simple device for that pur- 
pose. The air, on passing from the air-vessel, is dis- 
c into an air-collector of preferably conical form, 
80 that at its base the inward pod upward velocity of flow 
ismuch greater than the downward and outward flow. 
Air accumulates at the top, whence it can be discharged 
continuously through a small cock leading to the hotwell 
or filter, thus preventing the loss of the small quantity of 
water that flows out with the air. 

The particular design of heater and filter (Fig. 6) was 
Prompted by a desire to obtain a simple apparatus in 
Which exhaust steam could be utilised (a) to Peat a body 
of feed-water —s and (4) to afford an easy means for 
its filtration. In practice it is much favoured by engineers 
at sea, as it gives them an excellent opportunity of 
watching the condition of the feed-water as influenced by 
the use of an excessive quantity of oil or oil of inferior 
quality. All the exhausts from the auxiliaries, as well as 
the steam from the evaporator, discharge into a receiver, 
and between the receiver and the auxiliary condenser is 
an ordinary spring valve, loaded when at sea to, say, 2 1b. 
Per sq. in. above atmosphere. Steam from the exhaust 
receiver tiows direct to the heating nozzles in the heater, 
and reference to Table II., page 781, shows that it con- 


tains sufficient heat to raise the temperature of the feed 
deg. to 175 deg. But the pumpi 
S0 that a small proportion of the ava: 
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ble heat 





must be sacrificed. Of the total available heat, however, 
no less than 95 per cent. can be utilised for heating the 
feed-water with a condenser vacuum of 28} in. and 
ordinary ram feed-pumps. 

There are two ways of dealing with the small amount 
of surplus heat. If the valve between the exhaust receiver 
and the heater is closed down a little, the surplus will 
flow into the auxiliary condenser. But it can perform a 
more useful function, as by opening the temperature 
regulator (Fig. 3) and allowing a portion of the water of 
condensation to pass through the water-charged receiver, 
the temperature of the water discharged by the air-pump 


can be so reduced that all the exhaust steam will be con-’ 


densed in the heater without the pumping limit of 
170 deg. being exceeded. This method increases the 
available capacity of the air-pump for withdrawing air, 
and is useful, even in low-temperature sea-water, if con- 
ditions are such that increased capacity is necessary. 
Now suppose the vessel to be in tropical waters of 80 deg., 
with a condenser vacuum of 27} in., and an air-pump 
discharge temperature of 102 deg. If all the exhaust 
steam is condensed amongst the feed-water, its tempera- 
ture would be raised to 187 deg., or 17 deg. above the 
pumping limit, so that in this case 83 per cent. of the avail- 
able heat is utilised. But under these conditions the air- 
withdrawing capacity of the air-pump should be at the 
maximum possible, so that all the water of condensation can 
with great advan be passed through the water-receiver 
(Fig. 3), and the air-pump discharge water so Jowered in 
temperature that it will absorb all or the greater part of 
the surplus heat. 

A live-steam heater is shown in the illustration on the 
discharge side of the feed-pumps, but its influence on 
economy does not come within the scope of this paper. 

Fig. 9 illustrates a diagrammatic arrangement of the 
5000 - horse - power proposition. In this case the feed- 
pumps are independent and are supplied with water under 
control from an elevated direct-contact heater in the 
usual way. Reference to Table I., 781, will show that 
the heat in the exhaust steam and water drainage is suf- 
ficient to raise the temperature of the entire feed to 
211 deg. under the conditions set forth ; but as the heater 
is under atmospheric pressure, the Jimit of temperature is 
about 207 deg. to 210 deg., a temperature which is well 
within the pumping limits of the independent feed-pump, 
so that in this case 98 per cent. of the available heat is 
utilised. At 27}-in. vacuum the surplus heat is a little 
greater, but can be dealt with by the use of the tempera- 
ture regulator, as already explained. 

It will be evident that the steam from the auxiliaries is 
somewhat oily, and this is especially the case with the 
deck machinery, so that if this particular arrangement is 
used in port, it is very advant: us if the direct-contact 
feed-heater is fitted with an oil-separator. For port use 
the water from the feed-tank has to be discha into 
the elevated heater by an independent pump, which can 
conveniently be fitted near the filter-tank, and regulated 
by a float control-valve therein. 

Fig. 10 shows an arrangement having a tubular heater 
on the discharge side of the wry ge Both at sea and 
in port the auxiliary exhausts flow through this heater 
into the auxiliary condenser, and thence into the filter- 
tank. As the temperature of the water passing through 
the feed-pumps is raised by water —— only, it is so 
much below the pumping limit that no head on the suction 
side is necessary. 

When using deck auxiliaries in port many engineers 
prefer the auxiliary condenser to be under a moderate 
vacuum. Fig. 11 shows a simple apparatus for that pur- 

A centrifugal pump is employed for circulati 
sea-water through the condenser, and on the same shaft 
is another small centrifugal pump which draws water 
from the filter-tank and discharges it through a kinetic 
air-ejector, and again into the tank in continuous circula- 
tion. When this apparatus is applied for port use to the 
arrangement in Fig: 10 with the surface heater on the 
discharge side of the feed-pump, the feed-water is drawn 
from the filter-tank by an auxiliary feed-pump in 
the ordinary manner ; but when applied to the arrange- 
ment in Fig. 9 for port use, and when the main 
engines are stopped, the water from the filter-tank has to 
be discharged into the elevated direct-contact heater. For 
this purpose the pressure in the discharge pipe to the 
kinetic air-ejector is maintained sufficiently high to force 
the water up into the contact heater. The amount of water 
discharged to the heater is, of course, equivalent to the 
amount condensed in the condenser, and its flow is regu- 
lated by a float control-valve in the filter tank. 

In such an arrangement the temperature obtainable is 
within a few degrees of the temperature corresponding to 
the vacuum carried; but as the heater, when of the direct- 
contact type, must be at such a height that the influence 
on the vacuum will not interfere with the satisfactory 
working of the feed-pump, the vacuum should be mode- 
rate and should be controlled by the use of a spring 
valve, which admits air when the desired limit of vacuum 
is reached. ; 

In all these arrangements the supply of exhaust steam 
from the steering engine, the ash-hoist, the electric-light 
engine, and any auxiliary donkey that may be in temporary 
use is somewhat intermittent and irregular; but as the 
evaporator provides a considerable proportion of the entire 
low-pressure steam, it can with great advantage be fitted 
with an automatic regulating-valve, so that whenever the 
pressure in the exhaust receiver exceeds the assumed limit 
pressure of 2 Ib., the steam supply to the evaporator coils 
is throttled, and the supply of generated steam is imme- 
diately decreased. In this way the steam supply to the 
exhaust-steam feed-heater can be rendered uniform, not- 
withstanding that some of the auxiliary engines work 


ew or intermittently. 
ese calculations afford incontestable proof that the 
feed water in any steamship can be heated up to pump- 
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ing limits by the available auxiliary exhaust steam ; so 
that to ignore the economical possibilities of high vacuum 
in the engines, and to work at a low vacuum in the con- 
denser with the sole object of obtaining a high tempera- 
ture of air-pump discharge water, and then to throw away 
heat by deliberately discharging exhaust steam into the 
condenser because the feed water is already too hot to 
absorb it, is, inmy opinion, a system of working marine 
machinery that involves a considerable and continuous 
loss of available profit to the shipowner throughout the 
life of the ship. 

The subject under consideration is one that directly 
appeals to the. saperintendent engineer, as, whilst he 
cannot produce results beyond those which the machinery 
he controls is capable of giving, yet it is obviously his 
object to obtain initially such a — of machinery as is 
capable of yielding.maximum results, and then to work 
it.so that his owners are p in the best position for 
achieving maximum commercial success. 

I therefore trust that, in the interest of engineering 

, the contributions to the discussion will be so 
iberal as to afford a solution to the question as to 
whether it is, or is not, commercially advisable to adopt 
a higher range of vacuum in reciprocating engines on 
shipboard than is at present customary, in combination 
with the heating of feed-water by the exhaust steam from 


the auxiliaries. 
(To be continued.) 





CATALOGUES. 

Lathes.—Messrs. Dean, Smith, and Grace (1908), Ltd., 
of Worth Valley Tool Works, Keighley, have issued a 
booklet entitled ** The New Lathe.” The firm are special- 
ists in the design and construction of high-speed lathes, and 
the booklet, which is a high-class production, illustrates 
and describes their latest design. This pattern of lathe is 
driven by a single pulley running at a constant speed, the 
different speeds of the work being obtained by gearing in 
the headstock. The headstock and the other special 
features of the tool are fully dealt with in the booklet, 
which also gives the principal dimensions and other par- 
ticulars of the four sizes manufactured, these having 
64-in., 84-in., 10}-in., and 12-in. centres respectively. 


Electrical Heating and Cooking Apparatus.—An illus- 
trated price-list of ‘‘ Therma” heating and cooking appa- 
ratus has nm received from the Armorduct othe. 
turing Company, Limited, Farringdon-avenue, E.C. The 
list comprises kettles, hot-water jugs, ovens, and all kinds 
of cooking utensils, flat-irons, convectors, and several other 
agymenete, The astng elements in this system consist 
of strips of special nickel-steel alloy, covered with some 
non-oxidising metal, such as pure nickel, platinum, or 
gold, and wound upon a suitable insulator. In most of 
the appliances the insulator used is mica, but for larger 
heating apparatus, ovens, &c., a special artificial stone is 
employed. The advantages claimed for the ‘‘ Therma” 
system are high efficiency, lightness and compactness, 

urability, and reliability. 

Anti-Corrosive Paint.—A pamphlet describing ‘ Side- 
rosthen” paint for iron and steel work has come to hand 
from the manufacturers, Messrs. D. Anderson and Son, 
Limited, Roach-road Works, Old Ford, E. This paint, 
which can be used for coating galvanised-iron roofing, 
the insides of boilers and economiser tubes, pipes laid 
underground, and other similar work, is said to prevent 
rust, to resist heat, and to preventcorrosion from sea-water, 
acid fumes, &c.; it can also be used as an insulating varnish 
in electrical work. To enable the tenacity and elasticity 
of the paint to be easily tested, the catalogue was accom- 

nied by a thin sheet of iron coated with “‘ Siderosthen.” 

his sheet could be bent and twisted to oo with- 
out causing the coating to chip or peel off. The catalogue 
reprints a large number of testimonials, and also con- 
tains numerous illustrations of piers, a con- 
denser-coils, steel water-conduits, mining > er 
and other structures in different parts of the world, all of 
which have been coated with the paint. ‘‘Siderosthen” 
is made in black, chocolate-brown, and some other 
colours, and is applied cold in the ordinary way. 


Heating Railway Carriages.—The Westinghouse Brake 
Cotnpany, Limited, of 82, York-road, King’s Cross, N., 
have sent us a copy of a booklet they have issued illus- 
trating and fully describing their steam-heating apparatus 
for railway carriages. Some of the distinctive features of 
the system are that the steam in the heaters is at atmo- 
spheric pressure only, and that the temperature of the 
heaters can be regulated as desired, and is then automati- 
cally maintained constant, irrespective of variations of 
pressure in the steam-pipe. This latter feature also enables 
trains of any length to be equally heated throughout, 
whereas if, as in some systems, the temperature of the 
heaters depends on the pressure in the steam-pipe, the 
carri nearest the engine are liable to be too warm, 
while those at the farther end of the train are too cold. 
The booklet calls attention to several other important 
advantages of the system, and also illustrates and de- 
scribes the Westinghouse metallic coupling for steam- 
heating pipes. Strength, flexibility, and ‘durability are 
claimed for this coupling, the latter quality being princi- 
pally due to the absence of rubber. 





PaTENTEES’ Ricuts.—The Swedish Society of Inventors 
has decided to have the important question of the right 
of persons employed in industrial concerns, in connection 
with their inventions and the right of patenting the same, 
investigated, with the view of drawing up a report on the 
matter. The Board of the Society was, at a recent meet- 
ing, authorised to obtain the assistance for this purpose of 
outside experts, and the report, when completed, will be 
laid before a meeting of the Society, and then forwarded 
to the Royal Patent Legislative Committee. 
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ELECTRICAL APPARATUS. 


25,449/09. W. T. Henley’s Tele h Works Com- 
Eazy. Limited, London, and 8. fL Penning Eltham. 
Electric Cables. [2 Figs.) November 4, 1909.—This inven- 
tion relates to a device for enabling a branch conductor to be con- 
nected to any selected core of a multicore electric cable, and con- 
sists in the combination with a ring formed of conductive material, 
divided diametrically, and adapted to be halved together about 
and secured around the cable, and provided with a series of radially 
extending holes similarly tapped, of a pointed set-screw adapted to 
be inserted through one of the said holes, so as to clamp the rin 
in place and establish electrical connection between the selec 
core of the cable and the ring, and a second set-screw adapted to 
be inserted through another tapped hole of the same series for the 
pergene of securing to the ring a socket terminal for the branch 
conductor. The outer sheathing a of the cable having been removed 
as indicated at b, this bared portion is wrapped in presspahn tape and 
the clamp is applied in place. The ring forming the clamp is con- 
stituted by a pair of approximately semi-circular brass castings 
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C, D secured together by means of screws. A series of radially-ex- 
tending — holes f are provided around the circumference of 
the ring. The set-screw g, whereby electrical connection is estab- 
lished between the ringC, D and the conductor of the selected core, 
ismade pointed, so as to be capable of readily penetrating both the 
tape which had been wound about the bared portion of the cable, and 
also the insulating covering of the selected core itself. In apply- 
ing the device in position, this set-screw g may be initially in- 
serted in one of the tapped holes f, but without being screwed 
home, and the ring C, D, when halved over the cable, may be 
turned about the cable until the point of the screw g is brought 
opposite the selected core. The screw g is then screwed home 
until it penetrates to, and makes efficient contact with, the core, 
as indicated, the ring at the same time becoming securely fixed 
upon the cable. The set-screw h, whereby the socket terminal j 
for the branch conductor & is secured to the ring C, D, constitutes 
a pivotal attachment for said terminal, enabling the latter to be 
adjusted about the axis of the set-screw h, so as to extend in any 
direction tangentially of the cable. (Accepted September 21, 1910.) 


22,287/09. J. 8. eld, London. Electrical Con- 
ductors. (2 Figs.) ptember 30, 1909.—This invention relates 
to the manufacture of flat strip for cheap installations, and par- 
ticularly to the finishing steps of the process. The two wires to 
be embedded in the conductor are passed parallel to éach other 
through a die, the outline of which may be simply rectangular 
or may have rounded corners, as in Fig. 1, or may have two cir- 
cular openings joined by a narrow slot, as would be required for 
the strip shown in Fig. 2. A suitable compound of rubber is 


Fig.1. 


mA 
squirted conti ly as the cc sare drawn out in such a 
manner as to form a coating around the conductors having the 
shape of the die. The strip thus formed is served with ta 
or braid, as may be desired. The tape may be folded longitudi- 
nally over the strip, and in the case of braid the covering may 
suitably be rolled into the composition which encloses the wires. 
In either case the strip thus prepared is treated again with 
acompound which both serves to hold the textile covering in 
tion and gives the strip a smooth surface. (Accepted 


eptember 21, 1910.) 
Circuit- 


24,115/09. G. Ellison, Dirmingpes. t 
Breakers. (6 Figs.) Octover 20, 1909.—This invention has for 


its object to provide electrical ap; tus with a time-lag of the 
dashpot type, in which the re’ ation is obtained by a piston 
operating in a constricted or reduced part of the dashpot. The 
invention comprises the formation of the restricted portion of the 
cylinder and piston, or either of such pe to a conical shape, 
and the provision of means for axially adjusting either the 
cylinder or the piston relatively to each other for varying the 
time of operation. In the application of the invention to a 
circuit-breaker, in which a retaining-catch is actuated through 
the medium of a plunger @ by a solenoid b, a cylinder ¢ is 
arranged in conjunction with an extension on the lower end of 
the plunger, the extremity of the latter being connected to the 
rod d of a piston e within the cylinder. The periphery of the 
piston is tapered slightly, and at one end the cylinder is corre- 
spondingly bored. Adjacent to such end the cylinder rapidly 
increases Yn di ter. er inder of the cylinder is parallel. 
At its opposite end the cylinder is screwed to a cap, which in turn 
is screwed on to a fixed tubular support which encloses the lower 








Fig.2. 























part of the plunger a, and is rigidly attached to any convenient 
part of the circuit-breaker base. A lock-nut secures the cap against 
accidental displacement. In the web of the piston apertures are 
formed, and over the apertures are valves, which may be held in 


MACHINE AND OTHER TOOLS, SHAFTING, &o, 


/09._ Bruce Peebles and Co., Limited, ang 
Ez. ps, Edinbur; Undercutting Drills. t Figs.) 
December 11, 1909.—This invention relates to tools for under. 





position by their own weight or by a spring. A g the 
cylinder to be vertical with the tapered portions at the lower end, 
and the piston to rest normally at the lower end of the cylinder, 
the valves are situated on the upper side of the piston, and the 
a part of the oil occupies a portion of the cylinder above 
he piston. On raising the piston, fluid through the 
annular between the piston and cylinder, from the upper 
to the lower side of the piston. Owing to the tapered configura- 
tion of the adjacent parts, the size of such passage increases with 
the upward movement of the piston, and, in consequence, the 








resistance to motion of the piston diminishes with its upward 
movement. When the whole of the piston is adjacent to the 
portion of the cylinder of full di ter the resist is practically 
negligible. During the descent of the piston the fluid escapes to 
the upper side through the piston apertures and the valves. It is 
to be understood that for the proper operation of the device it is 
not necessary for the piston to exclude practically all the fluid 
from its underside when it is returned to its initial ition, as the 
presence of fluid at the underside of the piston does not impair 
the action of the device. The time occupied in raising the piston 
is determined by the rate of flow of the fluid se the piston, and 
such time can be varied hy screwing the cylinder up or down rela- 
tively to the cap, and so diminishing or increasing the aperture 
around the piston when the latter is in its initial position. 
(Accepted September 28, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


2416/10. A. Wilson and L. Wilson, Stafford. Gas- 
Producers. {4 Figs.) January 31, 1910.--This invention re- 
lates to gas-producers provided with means for the removal of soot 
and dust from the gas produced, which means are located within, 
or in proximity to, the producer chamber, so as to be highly 
hea‘ and thereby avoid the condensation of tar. The hot 
scrubber comprises a cylindrical chamber 7 lined with refractory 
material and arranged alongside the main chamber 2 of the gas- 
producer, and enclosed by the common casing 3. At its top, the 
chamber 1 is furnished with a charging-hopper 4, and near its 
lower end it is provided with a contracted portion, which is con- 
stituted by a downwardly tapering ring 5, between the exterior of 
which and the wall of the chamber 1 there is formed a chamber 6, 
which communicates through lateral ports with the lower ends of 
two vertical conduits formed in the wall of the producer chamber 2, 
the upper ends of which communicate by means of gas_ inlet 
ports with the — = of the producer chamber 2. Below 
the ring 5 the chamber 1 gradually decreases in diameter 
towards the short passage 11 that dips into a water-luting trough 
formed in the base of the producer. If preferred, the lower 




















end of the hot scrubber-chamber can be closed by a door 
without a water-lute. 12 is an outlet for from the 
ll ge of the chamber 1. The cylindrical chamber 1 is 
ec with appropriate material, and the gas, generated under 
pressure in the producer-chamber 2, passes thence through the 
ports in the upper end thereof into the chamber 6, and through 
the scrubber-c ber 1 amon the material therein to the gas 
outlet port 12. The material in the chamber 1, as it becomes 
fouled with the soot and dust of the gas, can be continuously 
and mechanically withdrawn from time to time from the luted 
outlet 11. At the same time fresh material can be supplied to 
the chamber through the charging-hopper 4 at the top, and what 
is withdrawn may be washed, preferably while hot, and re-charged 
at the top. After passing through the hot scrubber the gas, 
deprived of its soot and dust, may have the hydrocarbon gases 
cooled and condensed in other apparatus under conditions in 
which all the condensed tar will run out without being obstructed 
by mixtures of non-condensible matter. It is obvious that two 
or more such scrubbing-chambers may be associated with one 
prcducer in the same casing. (Ac.cpted e,tember 28, 1910.) 





cutting or enlarging the inner end of a drilled hole, of that 
type in which a cutter pivoted in a slot in a spindle, and urged 
by a spring towards its retracted position, is adapted to be 
moved radially by the axial movement of a sliding sleeve on the 

indle. 1is the spindle of the device, the upper end forming a 
shank adapted to be held in the drill-socket, and the lower end 
being reduced in diameter, so as to be adapted to fit within and 
reach to the bottom of the hole to be operated on as indicated. 
The cutting tool 2 is integral with a flat lever 2a, which is housed 
in a diametral slot cut through the lower part of the spindle 1 
and is pivoted on a cross-pin fixed through the spindle. The 
portions 5 and 6 of the spindles are preferably left unslotted 
so as to avoid ry weakening of the spindle, and the 
part 6 forms an abutment for the back of the cutting tool when 
retracted. The cutting part 2 of the tool projects laterally from 





sen <* 

the lower end of the lever 2a, and its contour is the same as that of 
the undercutting to be effected. In its retracted position the 
cutter 2 is entirely housed in the spindle la, so that the latter 
can be inserted to the bottom of the hole to be operated upon. In 
order to force the cutter 2 radially outward, the u oper end of the 
lever 2a ends in the rounded projection 7, which protrudes 
beyond the side of the spindle, where it engages in an internal 
groove in the sleeve 9. This sleeve 9 is adapted to rotate and 
slide freely axially on the spindle, and it is knurled on its exterior 
and urged upwardly by the compression spring 10. As the spindle 
rotates, the sleeve 9 is gripped by hand and gradually forced down, 
so forcing the cutter 2 radially outwardly, so as to effect the under- 
cutting. It will be seen that the amount of such outward move- 
ment is accurately limited by the radial depth of the internal 
groove in the sleeve 9, and the device is thus adapted for rapid 
and accurate repetition work. When the under-cutting is com- 
pleted, the sleeve is released, and the spring 10 forces it up, re- 
tracting the cutter 2 against the stop 6, so that the device can be 
withdrawn from the hole. (Accepted September 21, 1910.) 


PUMPS. 


21,991/09. Belliss and Morcom, Limited, and L. M. 
Waishe, Bir Pressure-Regulators. (2 /'i7s.) 
September 27, 1909.—This invention relates to contrivances for 
regulating the pressure of air supplied from compressors. a is a 
pipe which connects the delivery passage from the air-compressor 
to a relatively small cylinder } fitted with a control-valve ¢ of 
piston type, which, under the action of a spring d, tends to close 
a port leading to a relay cylinder f and open an exhaust port 
leading from the relay cylinder to the atmosphere. When the 
air pressure is in excess of the normal working pressure, the 
sprivg d is bp yon causing the piston-valve to close the 
exhaust port and open the admission port, allowing the com- 
pressed air to enter the relay cylinder f and displace the 
plunger h in opposition to the effort of the spring d. The 
spring d operates, at one end, on the control-valve c through the 
medium of a bell-crank lever i and pointed distance-piece )j, and, 
at the other end, on the protruding extremity of the plunger A 
through a second bell-crank lever &. By such means the secon- 
dary effect of the displacement of the plunger A is to augment the 
load on the control-valve, and by re-closing it arrest the movement 
of the plunger and retain it in the adjusted position which corre- 
sponds to the increment of air-pressure. The arm of the bell-crank 














(21994, 

lever k, to which the spring d is secured, is prolonged and pin- 
connected to a link m, which is, at one end, pin-connected to the 
protruding end of the rod of a double-seated intercepting-valve ”, 
the other end of the link m being connected to a helical spring 
o which always tends to open the valve n. So long as the com- 
pressed air is of insufficient pressure to dispiace the control- 
valve into a position to admit the compressed air through the 
admission port to the relay cylinder f, the plunger / will be 
retained in its extreme inward position by the combined tensions 
of the springs d and o transmitted through the bell-crank lever 
k, the spring o serving at the same time to hold the intercepting- 
valve n in the wide-open position. When the pressure of the 
compressed air has risen sufficiently to force its way to the relay 
cylinder by overpowering the spring d, which constrains the con- 
trol- valve, then the resulting outward displacement of the 
plunger A will, through the medium of the bell-crank lever b, 
diminish the width of qpening past the intercepting - valve, 
the tensions of the springs d and o being overpowered by the = 
exerted on the plunger. Thereby the output of the compressed 
air from the compressor will be diminished, and so automat ically 
the pressure of the air delivered will be kept practically coustant. 
(Accepted September 1910.) 
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CRITICAL SPEEDS FOR TORSIONAL 
AND LONGITUDINAL VIBRATIONS. 


By ARTHUR Mortey, Professor of Mechanical 
Engineering at University College, Nottingham. 
In all cases where shafts carry heavy fly-wheels, 

or rotors of turbines or electric-machines at consider- 

able distances apart, it may well happen that if the 
shaft is designed only with a view to definite bend- 
ing and twisting stresses, or to an angle of twist in 

a given length, the period of a free torsional vibra- 

tion may be so great as to be comparable with the 
riod of revolution or of successive impulses. The 

driving effort of a reciprocating engine, or the 
resistances to be overcome, may be periodically 
fluctuating in magnitude ; and if the period of such 
a variation should approach to the period of a free 
torsional vibration, or to an integral multiple of it, 
torsional oscillations of some considerable ampli- 
tudes may be: set up. These may produce high 
stresses in the material of the shaft or other un- 
desirable results, which may be avoided by altering 
the diniensions of the shaft so as to change the 
period of free vibration. The calculation of fre- 
quency of torsional vibrations of shafts is, in many 
instances, much simpler than the problem of trans- 
verse vibrations and whirling speeds, and almost 
all practical cases may be deduced from two simple 
fundamental ones. 

The calculations of frequency of longitudina)] 
vibrations follow a close analogy to those of torsiona! 
oscillations, and may be noticed with them ; but 
cases of approach to dangerous resonance in machi- 
nery are perhaps much less common. 


General Notation. 

l = length of rod fixed at one end and free at the 
other. 

R = radius of round rod. 

A = area of section of rod = 7 R? for round rods. 

J = moment of inertia of area of section of rod about 

. T 

axis = = R4. 


oe 


9 . ° 
t = —™ = time of one complete free vibration in 
Pp 
seconds. 
" = i= frequency or number of vibrations per 


second. 
w = weight of rod per unit length. 


i=“ 1* the moment of inertia of the length Z of 


7 
rod about its axis. 
W = weight of a load at the free end. 

I= “ k2 the moment of inertia of the load about the 
axis of the rod, where k = the radius of gyra- 
tion of the load about the axis of the rod, and 
g = the acceleration of gravity. 

6 = variable amplitude of angle of twist. 

6,= amplitude of angle of twist at the antinode. 

¢@ = angle of shear on the curved cylindrical surface 
of radius R. 

y = variable amplitude of longitudinal vibration. 

¥,= amplitude-of longitudinal vibration at the an- 
tinode. 

N = modulus of rigidity or shear modulus of elasticity. 

E = Young’s modulus of elasticity. 


TorsIONAL VIBRATIONS. 

Case 1. Unloaded Rod of Uniform Solid Circular 
Section Fixed at One End and Free at the Other.— 
At x from the fixed end or node (Fig. 1) the maxi- 
mum angle of shear @ on the curved surface is 
found by considering a short length d x to be 

¢ UR) _ pao. 
d« dx 
The corresponding shear stress at the curved 


surface = N p = N Ro 6 But this shear stress 
: 


(1) 


in terms of the twisting moment T and dimensions 
1s well known to be 
, 2 ee 
T + - y- . ? ; . (2) 
Hence 
dé = : T or T 
dz N wR‘ NJ- 
And differentiating with respect to x 
@e0 1 aT 
da Nidz- : , 7 
Again, the twisting moment dT exerted by the 
rotational inertia of a length d «x at the extremity of 
4 torsional oscillation is 


(3) 


w R? 
5 itP Os, 


aT w R2 . 
~ =-—-_ p-p@ é 
jo 5 Pp ’ (5) 
Substituting this value.in (4), 
eo._.i ¢ R2 . is . 
Za WS 5" was”? © 
or 
ae 
aat me=-0. ° ° - (7) 
where 
2-7. P 
. m te . . - (8) 
The solution of (7) is 
6@=Ccosmr+Bsinmz . » (9) 


Since 
. = 0, forz=0,C =0, 
and putting 
dé 
-= 0 when x = /, 
dz 
Bm cosm/ = 0; 
and if m is not zero, and B is not zero, 
cos mi = 0 . : - (10) 
The lowest value to satisfy this is 
ml= : 
2 
m? = @ Fa 
gAN 42’ 
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and 
_ mw ANg 
din 4p w 


= .©.. ANg o 
p= JNO. | an 


2Qr w 1 »j/* Ng ° 
t¢= =4l aE 9 = —. he A 1 
Pp x Ng mist 4/ w (18) 


Other values of m/ are 3, 5, 7, 9, &c., times 
5° giving frequencies 3, 5, 7, 9, &c., times the 
above value; but the lowest, or fundamental, 
frequency is the most important. 

The extreme value 6, of 6 at « = | is Band 


@=Osin=— .  « (14) 


the angle of torsion being a sine function of x, and / 
being j of a wave-length. 

In passing through the unstrained position the 
energy is wholly kinetic, and is 


1 1 
; “| p? m Ode=3” | cinta | 
a7), g 0 an 
= 32 pe? R21 
9 


The total strain energy in an extreme position is, 
of course, the same amount, as may be verified by 
direct calculation by the formula, 

3 


1 1 
if @N Ade= ana | (S*)ax (16) 
F " dz 


which reduces to the form (15), after substitution 
from (14) and integration. 
The effect of a small load attached to the red can 


easily be allowed for if we suppose its inertia to be 


Which is the decrease in T for an increase d « in| so small as not to affect the type of vibration. Let 
ss ied I be its moment of inertia about the axis of the 





rod, and 1, its distance from the fixed end. Then 
its amplitude of vibration by (14) is :— 


oe 
@, sin - ; {TH 6 ae 
The maximum kinetic energy of the system from 
(15) is 
W sac - iwr\? 
§ —p® 0,2 R21 + 41 (po, sin 1 ) = 
g 12 
w ‘ 4Ilo...4 7 
— p?6,271(1 + . 2" 
ae ( otk | >) J 
The inertia has been increased in the ratio 
4Ig ein? ud 


——~. sin? 
wl R® 12 


and as the period is increased proportionally to 
the square root of the inertia, if lis small by (13) 


t= 4in/% ( I gine  ) 
ANg 1+ ~ sin r 9 + (20) 


and approximately 


(18) 





1 to1+ ort + Fined F (49) 
‘ {2 


eo_ 72 ANa, 2T.. her \_ 
P “42 wp = (1+ ; sin 15 )=| = 
ns? ANg ot. k & y 
as 1 = “= sin?"! 5) 
42 w i i 2 
=, ANgf;— 1 3h  ) 99 
4 HANA —— ee + 


Case (2).— Weightless rod of uniform solid cireular 
section fixed at one end and carrying a heavy load 
(W) at the free end.—In this case the whole rod is 
subject to the same twisting moment arising from 
the rotational inertia of the Toad only, and 

de _ 
dx 

The maximum twisting moment due to inertia 

is constant throughout the length—viz. :—- 
Telpa . . . @O 


* = constant, or @ = ; me % (23) 


Equating the torsional stiffness 5, to the torque 


per radian of twist, 


J 
= [gf . ‘ . & 
; } (25) 
p= /NS or wN Rig, | 
Vii 2WkI 


, ~ (26) 
= NJ andt = 2 I/ 
“ rag r/it 


This result might also be obtained by equating the 
maxinium kinetic energy $ I p* 6,° to the maxi- 
mum potential energy } ¢? N Al, where @ = = 
To allow for the small inertia of the shaft, if the 
vibration remains of the same type (23) throughout, 


6 = 7 6,. The total kinetic energy is 


30. ow Re. ‘' 
41 por +4 og Seer tees 
’ (27) 
w 02 4R? 2 _ po, 
: 2 


9 B23 (I + 42) 


4 
The effective inertia being equivalent to I + 4 i at 
the free end, and the period being increased in the 


ratio 
1 to Ji +4 t, orl +4 A+ approximately (28) 


Shafts of different diameters in different parts of 
the length may conveniently be dealt with by reduc- 
ing them to an equivalent length / of some constant 
diameter d. If J,, Jy, Js, &c., be the polar moments 
of inertia of the areas of section of lengths l,, 1., l,, 
&c., the radii being R,, R,, R,, &c., the total 
amount of twist produced by, say, unit twisting 
moment is equal to the sum of that produced in 
each part, so that 


N (30) 


. aN 

4 ls gnhit 
R,* Rit Re * & 2 = (iz) 
Other Cases.—In the above two cases one end of 
the rod has been supposed fixed, so as to prevent 
torsional motion ; such a condition cannot hold ina 


or 





+ 
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rotating shaft, but there will generally be nodes, or 
sections, at which the amplitude of vibration is zero, 
and a length of shaft between a node and an anti- 
node or section of maximum amplitude corresponds 
exactly to the full length / in the above cases. The 
solution in other cases generally becomes a problem 
of finding the length between a node and an anti- 
node. 

For example, if there are two loads (Fig. 3), the 
moments of inertia of which are I, and I, at oppo- 
site ends of a shaft of uniform radius (R) and length 
l, suppose the node is at O, distant x from the load I, 
and y from the load I,. Either part to the left or 
to the right of O is exactly similar to case (2), and, 
furthermore, the times of oscillation of the two 
parts are the same ; hence by (26), 


NJ _ NJ x I, 


lz ky y 1 

and the node divides the length / inversely as the 
moments of inertia of the loads, so that 
- I, I, det 

I+ I, +1, 
and from (26) the frequency 
1 NJ(i,+I1,)..1 +g peg 
oe 5 ade, ( 1 +7) (82) 
which is equivalent to 

n? = n,? + ng? 

where n, and 7, are the frequencies 


(n/N ana 3 NJ 
2eV Tl 2s it ) 


of the shaft if fixed at one end and carrying I, and 
I, respectively at the free end. 

A second example not uncommon in practice 
will serve as an indication of the method to be 
followed in much more complicated cases. Fig. 4 
represents a shaft carrying end loads, the moments 
of inertia of which are I, and I,, and a third one 
the moment of inertia of which is I, between the 
ends. Thedistance between I, and I, is |, and the 


Pa land y = (31) 


n= 


(33) 


radius of this part is R, ( J, = = R,! ) theremain- 


ing lengthisl, of radius RAJ, = “ R,! ). Evidently 


one possible mode of vibration is with two nodes 
on opposite sides of I,, one distant, say, « from L, 
and the other distant y from I,. The end loads 
are then under the conditions of Case (2) and 


1 Bd,... 3 N Js 
f* y 


. 2r lr 29 
The intermediate load I, vibrates under the joint 
control of the torsional stiffnesses of the two 
lengths of shaft between it and the nodes, and the 
total torsional stiffness or elastic torque per radian 
of twist is the sum 
NJ, , NJ; 


4-x Ily-y 


n= Mt B) 
2 W\h-27 ky 


and substituting the values of « and y from (34) in 
(35) gives a quadratic equation in n? which may be 
neatly written in the form 

(n® — m,2) (n? 
where 


(34) 


hence 
(35) 


m3?) = (nj! n,!)? (36) 
a /N 3, sal NJ; 

Ir yl, aa 
the frequencies for the load L,, if vibrating alone on 
a free end of the respective shafts, if fixed at their 
outer ends and 


-1,/N3 tis FSG 
"SY & (r, ‘i )° . I, 


oc JNts i 3 va tle + be 
ng 2m ls (7, I, )orm I, 
the frequencies of the left and right-hand portions 
with their end loads respectively, and both ends 
free (see formula 32). 

Numerical Example.—An alternator and a direct- 
current generator are connected to the same shaft, 
and the distance between their attachments is equi- 
valent to 75 in. of 8-in. shaft (every parallel Jength 


eye 8\4 
lof diameter d contributing a length | x ( 3) ), 


The moment of inertia of the alternator rotor is 
1760 pound-feet/(sec.)*, and that of the direct- 
current rotor plus rigidly-attached fly-wheel is 
1870 + 4365 6235 pound-feet/(sec.)*. The 
critical speed for torsional oscillations is required. 


24 





1760 pound-feet/(sec.)? is equivalent to 1760 
x 32.2 pounds at a radius of 1 ft.—i.e., it is equal 
to the weight in pounds multiplied by the square of 
the radius of gyration in feet and divided by 
32.2 ft. /sec./sec. 

Using inch units and taking N = 12 x 10°lb. per 


* T T . - 
square inch, J = —. 44 or . 84(inches)', 1 =75 in. 
| 5) 39 ’ ’ 


I, = 1760 x 12 pound-inches/(sec.)?, and I, = 6235 
x 12 pound-inches/(sec.)*, from (32) the frequency 


— 64 12 x 106 x wm x 12 x 7995 
2a 32 x 75x 12x 12 x 1760 x 6235 
which is 597 per minute. 

A practical point, not easy to decide definitely, 
is the length of shaft subject to twist in a torsional 
vibration—e.y., a key will allow some amount of 
twisting of the shaft over part of the length covered 
by the key ; grub screws will yield in shear, and 
be equivalent in torsional stiffness to a certain 
length of shaft; armature spiders do not afford 
infinite rigidity, and would have to be allowed for 
in reckoning the equivalent length of shaft. We 
may illustrate this point by estimating the effects 
of the attachment of the above direct-current gene- 
rator spider to the 8-in. shaft by three l-in. grub- 
screws, each 3 in. long, as shown in Fig. 5, resist- 


= 9.96 per sec., 


























(0538.8) 
ing shear across a diametral section 3 in. by 1 in. 
The circumferential shearing force for a twisting 
moment T pound inches is at 4 in. radius i pounds 
_ ee ‘ , 
equal to + 9, or a pounds per square inch, 
0d 


assuming a uniform distribution. The angle of 


twist produced would be 


and that produced by an equivalent length / of 


8-in. shaft would be ; hence, 
JN 


is: » 
36 y 36 


a= = 11.2 in., 


or, in general, 
os J 
~ radius of shaft x area resisting shear 
Also the alternator key resists shear over an area 
94 in. by 1} in., or 16.6 square inches ; the equi- 
valent length of shaft is 
hae 44 
2 4 x 16.6 
Correcting the above result for the two attach- 
ments only, the total equivalent length is 75 + 
11.2 + 6 = 92.2 in. 
> Siete Soe, al 75 
Frequency = 597 x m f 


Jaa 


= 6 in. 


= 539 per minute. 


If N for the material is as low as 11 x 10° pounds 
per square inch, instead of 12 x 10°, this result 
would be over 4 per cent. lower, or, say, 517 per 
minute. 

It may be well to point out that any shaft seating 
between the attachments, which fits the rotating 


masses well, will have a considerable but incalcul-|1 





able effect in reducing the equivalent length of 
shaft. 
LONGITUDINAL VIBRATIONS, 

Case 1, Unloaded Rod of Uniform Sectional Ayr. 4 
Fixed at One End and Free at the Other.—Takine t}\e 
origin at the fixed end (Fig. 6), if the amplitude ut 
a distance « from the origin is y, and at « + ,/, 
is y + dy, at the extremity of a vibration the 
strain is 
dy FF 
dx AE 


where F is the maximum total force on the section 
A, arising from the inertia of the vibrating yod 
between the section X and the free end, or antinode 
At the extremity of a vibration the inertia force 
exerted on the section X by a length d «x is 


éF = 


Alteration ind x _ 
dz 


(37) 


w ; 
drpy, 
g 


which is the decrease in F for an increase d x in , 
or 
a? _ Wo 
=-—py 


ae 9 (38) 


Then differentiating (37), and substituting for “ * 
du 
from (38) 
d?y_=il 3) Se 
da AE'’dax Py 
or 
d2y 


y p2 
po wP" .y=0, 
=) 


AEg'* 


which is exactly like equation (7), except that E 
takes the place of N. The solution, as before, gives 
yaa 


. AE 9, and p = 4 JA Kg f 
4/1 w 20 w 


t=4ia/ A ,orn = I Weerm 
AEg 41 w 


— ae 
y= y, sin 7° 
9 


—;, 


(39) 


P= 


(40) 


(41) 
and 
(42) 
where y, is the amplitude of vibration of the free 
end, y being a sine function of the distance x from 
the fixed end or node, and / being one-quarter of 
a longitudinal wave-length. We may note that the 
maximum strain energy of an element d x is 

n (3 vA Edxe=}AEn?” 

dx 4 


ot 


2 
“ w 

, cos” dx, 
Pr 


i 3 
and for the whole rod is 

PAE»? 
16 l 


(43) 


o a 
4A Ey? =| oe” * dr= 
4P 12 
0 


Also the maximum kinetic energy is 
u Bop 

A) ptay2da =4™ py? | sm’2z 
og g l 


0 
as in (43). 

Following exactly the same method as from equa- 
tion (17) to equation (22) we should find the effect 
of a weight W small compared to that of the rod 
(wl), and at a distance /, from the fixed end is to 
increase the time (41) in the ratio 
W ..ok oe 

sin* .*.. 
wl l 2 
and alter the frequency in the ratio 
~ W ginrh 
wl i 2 

It is interesting to notice that the frequency may 
be calculated approximately by assuming other 
types of the displacement y. When the rod hangs 
vertically, at a distance x from the fixed upper end, 
the dead load is 


172 
16 


= } A Em? (44) 
2 l 


1+ (45) 


tl (46) 


w (l—x) 
and the fractional stretch is 
w (l—x) 
AE 
If we assume a vibration having everywhere the 
same amplitude as the vertical displacement under 
the weight of the rod hanging vertically,* 


Maximum strain 2¥ = ”¢ =#) 
dz AE 


= "( 7) 
y= -(lx- . 
AE 2 


And equating the maximum strain energy to the 

* For application of the same method to transverse 
vibrations see ‘‘ The Calculation of Vibrations and Whir's 
ing Speeds,” in ENGINEERING, July 30 and August 1 
909. 
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maximum kinetic energy 
1 : 
kw ydx=}3" p Pdx 
0 g 0 


of vd« 
2 re 


ink (47) 
| vdx 
0 


5 . 2 . 
or ” replacing the coefficient A in (40) 
, « oats. a 
_? 5 AEg _ 1.58 \/ AEe 
ie = 6 w 
and 


t= aor / oe 


w 
° V Eg’ 
s in (41), an error of under 1 per cent. 
ig > Rod of Uniform and Small Section Fixed 
at One End and Carrying a Heavy Load W at the 
Free End.-—In this case (Fig. 7) the fractional 
stretch arising wholly from W is constant, and is 


instead of 


dy_n— :. Wy, 
da tL AE g 
AEg .._, /AEo ,_ 1 AEg «4g 
P* ea Wi’ & Ww ( 


To allow for the weight of the rod, assumed to 
be too small to affect the type of vibration, the 


strain being constant and equal to i the maxi- 


mum strain energy is 


ny? 
t° AE 


and since y = i y,, the total kinetic energy is 


t 9 
uy? + if - pydz = #0] 
is “> (50) 


z 

. D ‘ pn? 
<(W + {| ar) = 5 (w+ hwo) 
and, equating (49) to (50), 

_.. Abe ia [ie sien 

P= w+ hwy '=?* AEg 
the equivalent load being W + } wl at the free 
end. If we suppose, as an extreme case, the free 
vibration of an unloaded rod to be of this type, 
putting W = 0 in (51), we should get 


I / w 
c= aes Va Eg *8'V akg 


which shows an error of 9 per cent. compared with 
(41), although a very different type of vibration has 
been assumed. Rods having different sections in 
different parts of their lengths may be dealt with 
by taking an equivalent length | of constant area A 
such that 


" a AE, or} (49) 


WwW 
1 2 
4 “ha 


(51) 


ie h " L, ls 


A A, ~~" = 
where A,, Ay, “Aj, &c., are the areas of section of 
lengths 1,, l., l,, &c., respectively. 

If no part of the rod is fixed to resist longi- 
tudinal vibration, the nodes and frequencies can 
be found in a manner already indicated for the 
analogous cases of torsional vibration. 


- +, &e., 


3 


+ 


ALGEBRAIC SOLUTION OF GENERAL CASES, 

Where the weight of rod is not very small, we 
may assume a type of vibration such that the 
amplitude is everywhere equal to the statical 
vertical displacement under gravity when the rod 
hangs vertically. We have already seen that this 
is within 1 per cent. for the unloaded rod; it is 
exact for a weightless rod, and for intermediate 


proportions it will be very close. 
he strain 
dy 1 


= 7 {w(t-2)+W} ; 


dx 
hence 


Y=75 { we - x?) +We} 
and at the free end 
wi 
net wi). 


1 
ax ( 
Equating the maximum strain energy to the 
maximum kinetic energy— 


l 
te 


a= 


Z 
vdethWy=3ep | xact wy 
g : y 





which, with the above values for y and ¥,, gives 


. 72 re we= 2! 
4(wl? + wlW + W2= A Ey | 59 
9 2 ‘ 72 a 
{ = (wre + S (wie W + Swi We + We } | 


This equation for p will hold approximately for 
all proportions between the weight of rod (wl) and 
that of the load (W). Equation (51) is simply a first 
approximation to (52), when wl is small, and equa- 
tion (47), with the correction (45), taking 1, = l, is 
a first approximation to (52), when W issmall. The 
modification, if W is at a distance l,, instead of |, 
from the fixed end, could be made in (52) by modify- 
ing y and y, before integrating. 


APPLICATION TO TORSION. 


Although a shaft does not twist under its own 
weight, the corresponding rule for torsional vibration 
will hold—viz. :— 


2 
24014 R=-2!, | 
IN (ea) 
{[oeger+ tipepl f — 
(15 . 3 j 


Another approximate empirical rule for the fre- 

quency of torsional or longitudinal vibrations is 

2 = t2 + t,2 (54) 
where ¢, ¢,, and ¢, are the respective times of vibra- 
tions of the loaded rod, the unloaded rod and the 
loaded rod taken as weightless. 

Numerical Example.—A pit-cage and contents 
weighing 10 tons is raised by an engine winding at 
100 revolutions per minute ; the steel rope has a 
net section of 2.5 square inches, and E is taken as 
13,000 tons per square inch. At what depth will 
the natural frequency of vibration of the loaded 
rope be equal to the speed of the engine ? 

Taking l to be the required depth in feet, and 
neglecting the weight of the rope, from cqua- 


tion (48) 
a Pe 2.5 x 13,000 x 32.2 x 12 
60 27 10 xix 12 
1-25 x 13,000 x 32x 36 _ gon 


10 x 47? x 100 
Taking the weight of rope 8.4 lb. per foot, the 
weight of rope hanging would be 3.58 tons. Asa 
first approximation the effect of this weight would 
be to make the critical length by (51) 


955 r/ = © = 955 x 0.944 ft. =900 ft. approx. 
10 + 4 x 3.58 
As a nearer approximation, using equation (51) 
again, 
_ @ _» 1(10 +e ) 
~ 100 ca” 3 x 2240 
2.5 x 13,000 x 32.2 
(10 +s ) 
2.5 x 1300 x 32.2 
P+ 10 = 25+ 15,000 x 32.2 x 36 


4m? x 100 
Hence | = 862 ft. 

The value of | might also be found from equation 
(52), but this involves an equation in /', &., and 
is not so simple as the method just used. The 
result may, however, be checked by putting 
1 = 862 x 12 in. in (52), and calculating p*, which 
will be found correct within a small fraction of 
1 per cent., indicating a value of about 861 ft. 
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Tue malleable-iron industry has made pheno- 
menal advances of late years in the United States, 
now amounting to about 1,000,000 tons annually. 
The British and European output is about 50,000 
tons. The bulk of this work is used by the rail- 
ways for couplers, for agricultural implements, and 
for pipe-fittings, the cheaper kinds of small tools 
and appliances, —— plane bodies, domestic 
machinery, and for parts which would be made 
here in cast iron, in cast steel, or stamped forgings. 
Some single firms will average a daily output of 
10 tons. 

But for the enormous growth in die-forgings, and 
in the demand for small steel castings, malleable 
cast iron would be used for many articles which are 
now manufactured by those methods. The rivalry 
of malleable castings has greatly stimulated those 
other industries. But for a long time after the 


|introduction of malleable castings they were ve’ 

unreliable, often brittle and cracked, or distorted 
| badly ; and then people turned to the possibilities 
of die-forging and small steel castings. At the 
present time malleable castings are usually so 
reliable that they have appropriated large sections 
of work, especially that of a light and ornamental 
| character. Much of this work is repetitive, and 
| therefore machine-moulding and plated patterns, 
|arranged in groups, are largely installed in the 
| malleable shops. 

The industry dates really from a patent by 
Samuel Lucas in 1804, though Reaumur had pointed 
| out, in 1722, that iron castings might be softened 
| by embedding them in red. oxide of iron — 
to heat. A modified process, termed the ‘ black 
heart,” dates from 1783, and was due to G. 
Matthews. In this the castings were covered 
with charcoal in a closed oven. Malleable cast-iron 
affords an excellent illustration of the value of heat 
treatment. Essentially it consists in changing the 
/combined carbon of the white iron of the castin 
into ‘‘ temper” carbon. We are concerned in this 
series only incidentally with the chemical reactions 
in the production of malleable castings, which is 
still a rather controversial subject. © construc- 
tion and practical operation of the furnaces only 
lie within the scope of this article. 

White iron, or light mottled iron approaching to 
white, alone can be used, in which all, or nearly all, 
the carbon is in the combined form as a carbide of 
iron. The grey irons would not yield malleable 
castings, because the graphite is mechanically mixed 
with the metal, and its partial removal weed leave 
& spongy mass of metal. 

ere is no difference in the methods of moulding 
for ordinary grey and mottled iron and for malle- 
able, except that the ingates are larger for the 
latter. The reason is that the iron which is white, 
containing all, or nearly all, the carbon in the 
combined form, melting at a lower temperature, 
runs more thickly and sets more quickly than the 
grey. lt must not be overheated, or it will become 
burnt. The difficulties which are associated with 
the melting and pouring of white and highly- 
mottled irons heset the malleable-iron caster— 
rapid cooling, shrinkage holes, cracks due to high 
shrinkage stresses, similar to those which occur in 
steel, and from the same cause. Large runners 
are required, and large shrinkage heads to feed 
metal in mass, and the provision of fillets must have 
attention. 

The value of analysis is seen to greater advan- 
tage, perhaps, in malleable work than in ordinary 
grey-iron castings. Carbon is the predominant 
partner among the elements, and it should be 
always over 2.75 per cent. in the unannealed cast- 
ings. With a lower percentage difficulties arise in 
annealing. It is not necessary to have the pig so 
low in carbon as 2.75, because additions of steel 
scrap and wrought-iron scrap will bring it back. 
The limits to the other elements vary somewhat in 
metal for light or heavy work. Standard American 
practice for castings of average dimensions is given 
as—- 


Per Cent. 
Total carbon Above 2.75 
Silicon From 0.45 to 1 
Manganese Up to 0.30 
Phosphorus » 0.225 
Sulphur ... » 0.07 


Pig is the basis of the mixture, but all the 
runners, risers, and wasters of all kinds, both hard 
and annealed, are re-melted largely. Steel scrap 
is used to a lesser extent, and small amounts of 
cast-iron scrap, wrought-iron scrap, and borings. 
It was formerly thought that the presence of an 
oxidising agent was necessary to effect the removal 
of carbon from the union CO; hence hammer- 
scales or hematite ore were, and are, employed. 
But less active substances can be used, such as 
sand, black oxide of manganese, and lime. 

Furnaces for dealing with malleable cast iron 
include two classes, those for melting and those for 
annealing. The first are reverberatory air furnaces, 
but sometimes cupolas, or open-hearth furnaces, 
or crucibles are used; the second are closed 
| chambers, from which air is excluded, heated exter- 
|nally by currents of hot air. In the design and 
details of these there are numerous differences, 

Only a very small proportion of malleable cast 
iron is melted in crucibles, on account of the ex- 
pense. The only advantage of the method is that, 
the metal not being contaminated by contact with 
fuel, the same material which is put in will be taken 
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out. In American’ practice, while the great 
majority of the melting is done in reverberatory 
furnaces—369 in 1907 —a fair number of cupolas—42 
—were used, and 21 open-hearth furnaces in that 
year. The capacities of individual furnaces increase. 
Those of reverberatory furnaces range from 10-ton 
heats to 30 or 35-ton heats. 

The cupola is used in a few foundries for melting 
malleable cast iron, chiefly in light pipe-fittings, in 
which strength is of less consequence than the 
a gad of yielding and bending before breaking. 


iron. Its rival is the open hearth, which is better 
when the work is sufficiently continuous, and the 
volume large enough to keep it going constantly. 
For intermittent and small quantities the air-fur- 
nace is preferable. It can be used profitably in a 
large range of dimensions, and can be run inter- 
mittently. The metal must not be allowed to 
remain long in the bath after melting. The air- 
furnace is less costly to instal than the open hearth, 
because, being simply coal-fired, there are no re- 
generators, or deep foundations and flues to build, 
and no producers. Good metal is obtainable. 





e cupola is of a modified design, with the tuyeres 
arranged so that the metal, which quickly chills, 








The open-hearth furnace is used in about forty 


Peg 298. Fig.274. 
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In each of these systems numerous modific: 
have been made, so that annealing-ovens an! 
arrangements occur in many designs. 

After malleable castings are poured and fettled 
they are usually packed in saggers or boxes, and 
put into the annealing furnaces. The boxes are of 
white iron, about 1 in. thick, and last unti! hey 
burn away, and become too thin to use. Shapes 
are commonly oblong, but sometimes square or 
round. They are piled one on top of another to 
fill the furnace, and are luted carzfully with a mix- 


tions 
their 


5 


|ture of sand, water, and fire-clay. The luting is 
absolutely essential, as if air gets into the pots the 
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Fies. 270 to 278. Stanparp Arr-Furnace ror Meurinc Maieasie Cast Iron (THE Warring Founpry Equipment 


shall not be cooled in ing from the melting zone 
through a thick bed of fuel. The metal has to be 
melted hot, which entails a large expenditure of 
fuel—about one of coke t» four of iron. The charges 
are small and are tapped out nearly continuously. 
The cost of installation is less than that of air-fur- 
naces, but the product is inferior, being liable to 
burning. Little scrap can be utilised, and less steel, 
since these would increase the danger of burnt 
castings. Also, though the reason is not under- 
stood, castings made from cupola metal have to be 
annealed at a temperature several hundreds of 
degrees higher than those from the air-furnaces. 
The cupola is used regularly for melting the iron 
for the annealing pots. 

The reverberatory air-furnace is employed in the 
vast majority of foundries for melting malleable 





Company, Harvey, Iu.twors, U.S.A.). 


American plants for melting iron for malleable 
work. The disadvantage is the expense, the benefits 
are great. Good metal, and very hot, is easily 
obtainable, but the furnace must be kept running 
continuously. Natural gas is used in some furnaces 
in America, and in others oil fuel, but producer- 
gas is the principal fuel, as in England. 

There are two systems adopted in annealing 
malleable castings. In one, not so often employed, 
the castings are walled up in the furnace without 
the use of boxes. The objection to it is that 
settlement of the castings occurs, and that the 
heat does not thoroughly penetrate to the central 
areas. In the other the castings are packed in 
boxes, which are expensive, because the boxes 
burn away rapidly ; but the packing can be done 





better, and the castings do not settle sensibly. 


castings will become burnt, and scale off. _The 

king also has to be done with care, the object 
in view being to prevent risk of distortion of the 
castings, either by their own unsupported weight 
or by superincumbent pressure. Long thin castings 
may be placed vertically for this reason. Castings 
are supported on layers of ge - material alter- 
nating in stratified form. The pots are hammered 
frequently to settle down the packing material and 
the castings. Very light and very heavy castings 
should be packed in separate pots. 

The dimensions of castings influence the degree 
of annealing, the thicker ones requiring 4 more 
prolonged period of heating in the oven than the 
thinner ones. The larger castings are therefore 
packed next the outsides of the boxes, and the 
smaller in the centre, If there are very great 
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differences in dimensions, the large and small cast- 
ings should be heated in different ovens with longer 
and shorter periods of annealing. 

The material generally used for packing is hammer- 
scale from the puddled balls of the iron works. 
This is employed over and over again, becoming 
mixed with the flakes of scale from the pots, and 
forming a rich oxide of iron. Formerly it was 
sprinkled with sal ammoniac, but this is waste. 
Hematite ore is alsoused. When ore is used, the 
spent ore is mixed with new or raw ore in the 
proportion of three or four to one, in order to 
prevent too rapid an oxidation. The oven tempe- 
rature ranges from 800 deg. to 900 deg. Fahr. 


Fig. 279. PART SECTION ON E-F. 








ee 


its carbon changed to graphite, while its tensile 
oa“. is increased and ductility is acquired. 
Test- and castings vary very much when tested, 
due to the great variations in, and uncertainties 
attendant on, the manufaeturing processes. Nothing 
more than general statements can be offered. One 
illustration may suffice to indicate the charac- 
teristics of the ordinary or average product. A 
hard bar as cast, containing 3.69 of combined carbon 
and 0.19 of graphite—too brittle, of course, to be 
bent —fractured at a tensile stress of 7.80 tons per 
square inch, without elongation or reduction of area. 
Bars of the same metal annealed in hematite, with 
0.36 of graphite and 0.73 of combined carbon, bent 
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a bridge which lies between the grate and the 
hearth, and is deflected by the roof on the metal 
which lies on the hearth. In the contours of 
hearth and roof lie the principal differences in 
furnaces. A slope is given to the bed to the 
tapping-hole, which is usually, though not invari- 
ably, located near the bridge end of the hearth. 
The charging-door, away from this part, is variously 
placed, sometimes at one side, sometimes at the 
end next the chimney, when the latter is placed 
to one side; sometimes charging is done through 
the roof. Differences occur in the contours of 
roofs. Most are arched and curved, the lowest 
section lying just over the area where the bath of 
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The process of annealing results in the changing 
of the combined carbon to the ‘‘ temper ” carbon of 
Ledebur. But this is belived not to be due to 
chemical interaction between the packings and the 
castings, but to the heat treatment ; and the protec- 
tion which the packing affords from the action of 
heat and gases is its only or principal function. 
Hence other materials besides hammer-scale and 
iron ore might be used. But those named are the 
best, as they permit the carbon to get away through 
the skin. Tests, in which fire-clay was used for 
packing, showed a very great reduction in the 
tensile strength of the castings. 

Numerous analyses have shown that very little of 
the carbon may be removed, nearly all being changed 
to graphite, or nearly the whole of it may be ab- 
stracted if the annealing is repeated. The practical 
result is that a brittle containing its carbon in 
the combined form has, after annealing, nearly all 








through an angle of 80 deg., and broke at a tensile 
stress of 16.30 tons, with 4.60 per cent. elongation 
in 6 in., and 2.10 per cent. reduction of area. 

An annealing-shop contains the ovens and a 
large clear floor space for packing the pots. The 
floor is paved with iron plates, which require to be 
frequently renewed. The packing material is kept 
in heaps. The pots are laid on trucks, which are 
run on rails into the furnaces, usually by hand, 
though in some firms power-charging is adopted. 

On the present and opposite pages, and page 790, 
illustrations are given of a reverberatory furnace 
and some annealing ovens. There are many varia- 
tions in designs. e following remarks apply to 
the general construction common to such furnaces 
in general. 

e hearth of a reverberatory furnace is oblong. 
The fire-grate is located at one end, and the chimney 
at the end, or side, opposite. The flame passes over 


| metal collects, and where the tap-hole is situated. 
| A good many roofs are flat, some lying horizontally, 
others having a straight slope. 

The foundations of air-furnaces are laid with 
common brick, covered with a lining of fire-bricks, 
and on these a working bed of siliceous sand. The 

| body of sand is re-lined as it becomes cut away with 
| successive heats. The roof is built of fire-brick. 

| A standard reverberatory, or air, furnace for melt- 
ing malleable cast iron, manufactured by the 
| Whiting Foundry Equipment Company, Harvey, 
| Illinois, U.S.A., is shown by Figs. 270 to 278. The 
sides are of steel plates, well sustained by brackets 
bolted to the sides and down to JI-beams, sup- 
ported by a concrete bed. At the chimney end 
corner angles are secured with long bolts. The 
maso comprises common brick, lined with Nos. 1 
and 2 fire-brick. The bed of the furnace is com- 
posed of fire-sand. The roof, in common with 
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American furnaces, is removable for ready inser- 
tion of the metal. It is constructed of a large 
number of separate sections (‘‘bungs”), Figs. 
972 to 275, each consisting of an iron framing 
enclosing fire-bricks. From the fire-grate the pro- 
ducts of combustion pass over the fire-bridge 
nearest, over the charge of metal and the farther 
fire-bridge, into the chimney-stack. The metal is 
tapped at the hottest portion of the furnace through 
spouts on either side There are two sets of 
skimming-holes, and two pour-back holes for 
emptying any surplus metal from ladles. The 
various sections, with the descriptive lettering and 
shading, render the construction clear enough. 

There are many designs of annealing-ovens, and 
a good range of dimensions. The principle is simple. 
The oven itself is of rectangular form, nearly filled 
with boxes of castings luted to exclude all-air, and 
heated externally by the products of combustion of 
solid fuel burnt in a grate at one end, or by gaseous 
fuel. The principal differences in designs occur in 
the dispositions of the flues. These are arranged 
with a view to delaying the escape of the hot gases 
until they have rendered up their useful heat to 
the ovens. There is a series underneath the floor, 
and frequently side and top flues. The bottom 
flues are the most efficient. Flues at sides and top 
complicate the construction and weaken the furnace, 
which wears rapidly, however strongly constructed. 
The furnaces are built with red brick lined with 
fire-brick. 

Figs. 279 to 285 illustrate double annealing-fur- 
naces for malleable castings in the foundry of the 
London and North-Western Railway at Crewe. The 
furnaces are of different lengths, 8 ft. and 10 ft. 
respectively, but both are 5 ft. high and 4 ft. 6 in. 
wide. The fire-grates, seen in plan in Fig. 280, 
flank the furnaces, 9-in. walls intervening. The 
products of combustion rise up the outside of the 
walls, pass over the top and down at the opposite 
ends into arched chambers below, and thence down 
into the flues below the foundations, which go to 
the chimney. Each furnace has its own single 
chimney-flue, the opening,of which is controlled 
by adamper worked from above. These flues have 
14-in. walls, and they converge into a common exit 
to the chimney. The furnaces can be worked 
together or separately. 

The details of construction may be noticed. 
All the interior walls and floor are of fire-brick. 
The walls not exposed to heat are of common brick. 
The end walls are supported with iron plates, with 
binders of bridge rails bolted through. The front 
of the furnace is of plate held up with bridge rails 
of heavy section. he tie-bolts for these, 1 in. in 
diameter, are built 14 in. into the wall, with plate- 
washers 8 in. by 8in. by $in. The front plate is 
pierced with a doorway 6 ft. high by 3 ft. 8 in. 
wide, with hinged iron doors, details of which are 
shown in Figs. 284 and 285. The fire-doors have 
openings 12 in. square, and dead-plates projecting 
15 in. from the front. These are of boiler-plate 
united with angle-irons. These openings are at 
the level of the shop. A wide and deep ash-pit ex- 
tends along in front, seen in Figs. 279 to 281. The 
front portion of the furnace is carried on an inverted 
brick arch below, and the shop above on the fur- 
nace arches, and a box girder built into the wall 
relieves the arches of the weight of the upper por- 
tion of the wall. 

Figs. 286 to 291 illustrate the standard design of 
double annealing - oven, manufactured by the 
Whiting Foundry Equipment Company, of Harvey, 
Illinois, U.S.A. The various views, having descrip- 
tive lettering, are self-explanatory. The furnaces 
comprise two arched chambers, having the charging- 
doors at one end, and the fire-grate at the other, 
partly separated by a wall from the oven. There 
are two fire-grates to each oven, and each grate 
is fed through two firing-doors, by which arrange- 
ment the great inconvenience of feeding a grate 
8 ft. or 10 ft. long is avoided. The grate- 
openings are seen in the rear elevation of the 
furnace, Fig. 290, without the doors to the left, 
and with the doors in place to the right. The 
doors are counterbalanced, and lined with firebrick. 
The hot gases pass over the end wall, seen in 
section in Fig. 201, and pass along over the top of 
the oven to the end opposite, where they descend, 
and are drawn through three openings into the 
flues, which take a zigzag course, as seen in 
the sectional plan, Fig. 288, to the chimney-flue 
which runs along below the ground in front of 
the firing-doors. The charging-doors are brick- 


boxes in. The furnace masonry is built of common 
brick, lined with fire-brick, on a concrete founda- 
tion. The walls are tied together with bolts and 
buckstaves of rolled sections. 

Figs. 292 to 294 illustrate a double malleable 
casting annealing -furnace—the ‘‘ Weardale ”— 
heated with producer-gas, by which a saving of 
25 per cent. is claimed over coal-fired furnaces, 
while the oxidation of the pots is less. It is 
by Mason’s Gas-Power Company, Limited, of Man- 
chester. The producer is seen to the left in Figs. 
292 and 294. The gas-burners are distributed over 
the crown of the furnace, the air and gas supply 
being under perfect control. The hot gases 
downwards through outlet-flues in the hearth of 
the furnace into the flues beneath. The tempera- 
ture on the hearth is the same as that at the top of 
the pots. Air-spaces occupy the sides and crown of 
the furnace, pre- heating the air to a high tempera- 
ture before it meets with the gas, and lessening 
radiation from the furnace-walls, 





LITERATURE. 


—o———_ 

Tohow’s Hilfsbuch fiir den Schiffbau. By EpvARD KRIgGER, 
Geheimer Marine-Baurat. Third Edition. Berlin: 
Julius Springer. [Price 24 marks. ] 

Tue first edition of Johow’s ‘‘ Manual for Ship- 
building” appeared in 1884. After the death of 
Hans Johow a second edition was brought out in 
1902 by his friend Baurat E. Krieger, who has 
also undertaken the revision of the third edition, 
an octavo volume of 1009 pages, illustrated by 450 
text figures and 13 plates. e volume comprises a 
list of the chief data of 150 ships, including 26 war- 
ships, all German-built ; the names of the warships 
are not given, however. Like Mr. Hans Johow, 
the actual editor resides at Kiel, all his direct or in- 
direct collaborators, Messrs. M. H. Bauer, Gehrke 
H. G. Hammar, L. Middendorf, Niels Olsen, 
Paulus, A. Schmidt, Schiitte, and Ulffers, are Ger- 
mans, and the legal sections concern German ship- 
building. To call the volume a German compila- 
tion must not be understood to imply, however, that 
experience gained and researches conducted in other 
countries have been disregarded ; there are, indeed, 
numerous references to foreign experts and publi- 
cations, carried to the year 1909. Most of the 
collaborators whom we have mentioned do not bear 
any direct responsibility ; we state their names 
because the editor has remodelled certain sections 
chiefly on the basis of their investigations. 

We noticed Johow’s Hilfsbuch when the second 
edition was published. In this new edition some 
matter which may be found in other engineers’ 
pocket-books has wisely been omitted, and more 
space has thus been gained for shipbuilding proper. 
The elimination might have been carried further, 

erhaps, but the book appears to have been well 
saome up to date. While the stability and resist- 
ance of ships are fully discussed, there is no refer- 
ence to Flamm’s propeller experiments ; since 
marine engines and boilers were excluded in the 
second edition, the omission is quite consistent, 
however. Mention should be made of the excellent 
alphabetical index. The volume should retain the 
well-deserved popularity of Johow’s Hilfsbuch. 
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lined, and are removed bodily when placing the 


bound. } 


SLOTTING-MACHINES AND CAPSTAN 
LATHES. 


SomME examples of the range of tools manufactured 
by Clark’s Machine-Tool Company (1907), Limited, of 
Luton, are illustrated on pages 792 and 793. Figs. 
1 to 4, on the next page, show two sizes of slotting- 
machine, while Figs. 6 and 7, on page 793, show 
two of the company’s types of capstan lathes. The 
slotting-machines are a com ratively unusual type 
of tool, but have been manufactured in large quanti- 
ties, and are found very useful, not only for special 
work, but also in the general machine-shop. They 
are small machines, that shown in Fig. 1 being 
of 6-in. stroke, and having a table 16 in. by 14 in., 
while that shown in Fig. 4 has a tool travel of 3 in., 
and a table 10} in. by 8in. The general construction 
of the machines will be obvious from the illustrations, 
but they embody a number of special points to which 
attention may be directed. The tool-driving mechanism 
of the 6-in. machine is detailed in Figs. 2 and 3, and it 
will be seen that the machine is arranged to work 
without a counter-shaft, the belt driving direct either 
on to the fast or loose pulleys, which are carried 
outside the left-hand cheek. The fast pulley is secured 
to the first shaft B, which extends through the machine, 
and is provided with a hand-wheel at its right-hand 
end, for use when setting up. Shaft B carries three 
toothed wheels, which gear with three corresponding 
wheels secured to the second shaft A. The three wheels 
on shaft B are arranged so that either of them may 
be coupled to, and driven from, their shaft by a slid- 
ing feather, independently of the other two, so that 
three cutting speeds are obtained. Shaft B is hollow 
for about half its length, and has slots on two opposite 
sides, through which the sliding feather projects. The 
feather is carried by an internal rod which works in 
the shaft and is moved in or out, causing the feather 
to engage with any or none of the wheels. The rod 
is locked in any of its five positions—i.e., with the 
feather engaging any of the three wheels, or lying 
between the ‘middle one and either of the outer twe, 
by a spring poppet which works in a series of circum- 
ferential grooves. The rocking-arm for the tool-box 
is driven by a sliding block which rotates with a spur- 
wheel driven by the right-hand pinion on shaft A. 
By adjusting the position of the block in relation to 
the wheel the tool-slide stroke may be varied from 
6 in. to zero. The motion, of course, gives a quick 
tool return. 

The tool-slide of the machine is connected to the 
sliding nut at the end of the reciprocating arm, by 
means of a screw provided with a hand-wheel, so that 
the position of the stroke of the tool may be altered 
while the machine is running. A special form of 
tool is used. Tools are su plied with the machine, 
and have taper sides made to fit a special tool- 
holder em by the slide, the arrangement being 
such that the tools are always set central by the 
holder when they are clamped in position. In 
addition to this arrangement, the top slide of the 
table is provided with a spring-plunger, which locates 
its central position. The result of these two devices 
is a great saving in time in ——s the machine, 
especially when slotting several similar articles, as 
the tool may be at once clam in position, and 
requires no setting by eye, while the article on the 
table may be set in an absolutely definite position in 
relation to the tool without any necessity for moving 
the tool down to the work and making sitestente by 
a straight-edge or by eye. In connection with this 
feature of the machine, a Y/-shaped guide for circular 
articles, and an adjustable stop on the table, are pro- 
vided, which enable key-ways in a number of similar 
wheels, &c., to be cut — and all to the same 
depth, with only one preliminary setting up of the 
machine. This guide is shown in position on the 
table in Fig. 1. The travel of the upper slide of the 
table is such that it is possible to machine all round 
its four edges, so that a equare block may be shaped 
on its four sides without ré-setting. The table slides 
may be arranged for power feed if desired, as shown in 
Fig. 1. A circular attachment for slotting the ends of 
cranks, &c., is supplied, and is illustrated in Fig. 5. 
The circular face-plate is rotated by a hand-wheel 
operating a worm, which can be thrown out of gear 
when desired, and the face-plate rotated by hand. 
An indexed collar on the worm-shaft enables small 
rotations of the face-plate to be read off, so that similar 
articles may be machined to correspond exactly with 
each other. This rotary attachment is provided with 
a double-cone clamping arrangement for holding cranks, 
levers, &c., when they are being machined outside. 
The clamp is shown in Fig. 5, the upper cone being 
loose on the centre screwed stud, so that it may be 
removed and the crank or other article placed between 
the cones, and clamped by the upper nut. 

The machine may be started and stopped either by 
moving the slide which carries the belt-forks, by 
means of the knob fixed at the right-hand end, or 
by means of a pedal in front of the table. In order 
to prevent accidental starting of the machine, how- 





ever, when iti being set up, owing to someone passing 
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it and inadvertently pushing the 
forks over, or owing to a tendency 
of the belt to creep in one direction, 
an interlock is fitted which prevents 
the forks from being moved from any 
other position than the front pedals. 
When the machine is running the 
forks may be pushed to the o i- 
tion either by the slide or the front 
— The pedestal of the machine 
orms a cupboard for the storage of 
tools, &c. 

The 3-in.-stroke machine, illus- 
trated in Fig. 4, follows generally 
on the lines of the 6-in. one, and 
need not be described in detail; but 
it will be noticed that in this 
smaller machine the belt - pulleys 
are carried on the right-hand side, 
so that the outer fast-pulley may 
be used to pull the machine round 
when setting up, and no hand-wheel 
is required. Other differences from 
the larger size are that one tool speed 
only is provided for, no gearing Tt 0 
being fitted, and that the table hatt A) Wi SpattB 
motions are arranged for hand-feed fo * 
only, also the pedal starting motion = 
is omitted. In other respects, how- 
ever, the two machines are generally the same, and | phosphor-bronze, the caps of 
the special time-saving features of the 6-in. machine | which are set at an angle of 
are incorporated in the otuer. |30 deg. to the base, which 

Fig. 6, on the opposite page, shows the 3-in. | greatly relieves the strain on 
hexagon-turret bar-lathe manufactured by the com-| the holding-down studs, and 
pe. The lathe is built with 8-in. centres, and the gives a better adjustment 

stock spindle is bored to take a 3-in. black bar. | when setting up. An auto- 
It will be seen that in its general lines the machine is | matic chuck is fitted, which 
representative of modern practice, and that it forms a | can be opened and closed while 
rigid and strong tool, suitable for heavy work. The|the lathe is running, and Fic. 5. 
headstock is fitted with friction-gear controlled by a | which is provided with thirteen toate 
handle, so that either the single speed-gear or the | sectional holders for gripping round bars from 1 in. to | large ngentng gerteese and a ledge all round, to — 
back gear may be thrown into operation without stop- | 3 in. in diameter. The chuck is operated by a toggle | chips, &c. he turret is located by hardened-stee 
ping the lathe. The spindle is of forged steel, ground | motion which gives a very securejgrip. Automatic wick | plunger, fitting into hardened-steel conical — 
all over and fitted with steel and phosphor-bronze | lubrication is fitted for the front and back spindles. operated by a hand-lever fitted at the front of the _~ 
thrust-collars. It runs in parallel bearings of The saddle, which carries the hexagon turret, has | Arrangements are made for clamping the turret 
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the saddle, and the saddle to the bed. Nine rates 
of saddle feed are provided for, ranging from 10.5 to 
178 per inch. They are obtained by differential gear- 
ing driven by belt cones and gears. Any three rates 
of feed may be obtained without stopping the machine, 
and a reversing arrangement is provided. A bar 
carrying a stop for each face of the turret is mounted 
on the front of the bed. This is automatically revolved 
by the turret, bringing each stop in correct position in 
relation to the turret-face. These stops automatically 
stop the feed in either direction by tripping a dropping 
worm-box, and are adjustable for any position along 
the bed, acting also as a dead-stop for repetition work. 
An adjustable pointer is fitted to the saddle and 
indexes on a rule fixed to the bed, so that measure- 
ments of length may easily be made while the machine 
18 In operation. 

The turret, which is bored in position, can be 
brought close up to the chuck and permits a 3-in. bar 





to pass right through it. It carries three turning 
tools, one cutting-off rest and a triple twol-holder. 
The turning-tool slide is made from a steel forging, and 
the height of the tool can be adjusted by set-screws. 
Movement of the slide is obtained by a small hand- 
wheel, and an adjustable stop is fitted for repetition 
work. A couple of hard-steel reversible steadies are 
fitted. The tool works equally well in either direc- 
tion, the only change necessary being in the turning- 
tool, which is of the simple knife form. Box tools can 
be fitted to the machine if necessary. A duplex cut- 
off and forming-rest is supplied, which enables large- 
form tools to be used and bars to be cut off up to the 
limits of the machine. 
fitted for repetition work. The triple tool-holder 
carries the adjustable stock-stop, a centering-tool, and 
an end-rounding tool, and one tool-hole of the three 
enables drills, &c., to be used. A self-opening die- 
head to screw up to 1? in, may be fitted if desired. | 


Stops in either direction are | 








| The machine has a box bed, carried on cabinet legs, 
jand is fitted with a tray, tank, strainer, and pump. 
It is supplied complete with two-speed reversing over- 
head gearing. Twelve spindle speeds, ranging from 
15 to 285, are arranged for. 

Fig. 7 illustrates a 64-in. centre, 2-in. hollow spindle 
automatic capstan screw-cutting lathe. The machine 
is built with either an ungeared or a friction-geared 
headstock, the friction gearing being arranged so that 
the single or back gear can be instantly engaged with- 
out stopping the lathe. The friction-geared head gives 
twelve spindle speeds, ranging from 11 to 390 revolu- 
tions per minute, and the ungeared head gives six 
speeds, from 115 to 390 revolutions per minute. The 
spindle is of steel, ground all over, and runs in parallel 
phosphor-bronze bearings, which have caps set at an 
angle of 30 deg., in the same way as in the bar-lathe 
described above. The spindle is bored to admit bars 
of 2in. diameter. The capstan slide is mounted on a 
base which can be clamped in any position along the 
bed, and is fitted with a knock-off stop for each tool 
when using power feed, two adjustable dead-stops also 
being provided. Six rates of positive feed are arranged 
for by operating a lever on the front of the headstock, 
the slide being thrown into gear by a small trip lever 
on its front side. Hand-feed is operated by a star 
handle of the usual form. The turret is hexagonal in 
form, faced and bored in position, and drilled to carry 
box-tools, &c., the holes being fitted with partly _ 
steel liners, locked by concave bolts and pads. The 
turret revolves automatically on the back stroke after 
each operation, and is fitted with a hardened steel 
division-ring, with a steel locking-bolt, which are 
covered up so that dirt and chips cannot interfere with 
their working. A locking-handle is provided to clamp 
the turret to its slide. 

‘lhe saddle is fitted with self-acting sliding motion, 
engaged by a wing-nut at the front of the apron, six 
changes of feed being available without stopping the 
lathe. A revolving square turret is fitted at the front 
of the cross-slide, arranged to carry four tools. The 
turret has independent longitudinal adjustment by 
means of a knurled handle and screw, and is located 
by a plunger, so that any desired tool may be quickly 
brought into position. The saddle and cross-slide are 
fitted with adjustable dead-stops, so arranged that 
two dimensions can be obtained in either direction by 
the use of plungers. The cross-slide screw is fitted 
with a graduated disc, which may be locked in any 
required position, so that the depth of feed may be 
registered to within 0.001 in. ineither direction. The 
machine is supplied with tray, pump, and two-speed 
overhead gear. 











NEWFOUNDLAND IRON Orr.—U pwards of 1,000,000 tons 


| of iron ore have been shipped from the Bell Island mines, 


Newfoundland, this year by the Dominion Steel Corpora- 


tion and the Nova Scotia Steel and Coal Company. 
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‘““THE ECONOMICAL WORKING OF RECIP- 
ROCATING MARINE ENGINES AND THEIR 
AUXILIARIES.” 

To THE EpriTor OF ENGINEERING. 

Srr,—I will b3 much obliged if you will note the follow- 
ing correction, with reference to my paper, in your next 
issue :— 

In your publication of December 2, 1910, page 782, first 
column, line 15, for ‘‘ brass tubular pockets” read *‘ steel 
tubular pockets.” 

Iam, yours aes % 
D. B. Morison. 


Hartlepool Engine Works, Hartlepool, 
December 6, 1910. 


To THE EpiToR OF ENGINEERING. 

Str, -Our attention has been directed to a paper on 
the above subject, read by Mr. D. B. Morison at the 
North-East Coast Institution of Engineers and Ship- 
builders, a portion of which appeared in your last issue, 
and is, we understand, consindal in the present issue. 

As we are unable to take part in the discussion of the 
paper on the 16th inst., we shall be glad if you will 
accord us space for the fol owing remarks, as from our 
long experience of the subject we are unable to agree 
with the conclusions come to in the paper, or with the 
recommendations given to shipowners and their superin- 
tendents. These conclusions appear to have been 
reached by a misconception of the relative values of the 
factors dealt with, together with certain inaccuracies in 
the estimation of the conditions obtaining in practice. 
A careful perusal of the paper shows that it comprises 
two main ermal together with what might be termed 
two sub-features, as follow :— 

1. The advocacy of carrying the highest possible 
vacuum in the condensers of marine reciprocating 
engines. 

lw. A recommendation for the re-designing of marine 
engines as regards the proportions of exhaust ports, 
valves, and passages. 

2. A recommendation of the use of auxiliary exhaust 
steam for feed-heating. 

2s. An investigation of the relation of hotwell tem- 
perature and available heat in the auxiliary exhausts. 

Our claim to discuss these propositions 1s based on the 
fact that 90 per cent. of the large vessels of the mercantile 
marine are fitted with appliances of our manufacture, in 
the design of which all the above questions are involved 
in greater or less degree. 

Daoilion 1 and la, two courses are open to us: to 
advance our own arguments and give our proofs of why 
Mr. Morison’s conclusions are wrong, or to analyse the 
Paper and find if he has substantiated his conclusions. 
At present we take the latter method, as the other would 
involve more detailed treatment than is admissible here. 
To make our analysis perfectly clear, we will define the 
present traditional practice for marine reciprocating 
engines as being the use of 25-in. vacuum at all sea 
temperatures, while Mr. Morison’s proposition is that 
they should run at a minimum of 27} in. We entirely 
disagree with Mr. Morison that a vacuum of less than 
25 in. is lightly regarded by superintendent engineers, 
although we are quite aware that there are many bad 
condensers which will certainly not give more than, say, 
20 in. in the tropics, but our arguments do not apply to 
these. We will utilise in our analysis only the figures and 
facts given or referred to in Mr. Morison’s paper, with 
the exception of legitimate deductions from them. 

Mr. Morison states that all the leading authorities are 
in complete agreement with his conclusions ; but as he 
fails to define the leading authorities, we are compelled 
to take for analysis the isolated examples given in the 
ox og but wich reference to Willans’ investigations, we 

ave studied the two classical papers of this eminent 
investigator, and nothing which we can find therein 
shows—without distortion—that in a marine engine the 
steam consumption per brake horse-power decreases at 
the rate of 1 per cent. per inch of vacua over 25 in. 

With reference to the results of trials by Dr. Mellanby 
and Messrs. Belliss and Morcom, while they show an actual 
gain in economy which is stated to be equal to 1 and 1.77 
per cent. respectively over the whole range of the experi- 
ments, they are in complete agreement in demonstrating 
the decreasing value a increments of vacua over 25 in. 
The writer has recent)y seen Dr. Mellanby, who explains 
that the values constit:te a curve, and not a straight line, 
as might be assumed from the report. He has furnished 
us with this curve, from which it may be seen that from 
20 in. to 25in. the total economy is 1.2 1b., equal to 1.1 
per cent. per inch over this ra ; while from 25 in. to 
28 in, the total economy is 0.5 lb., representing 0.77 per 
cent. of improvement per inch. 

Messrs. Bellis and Morcom’s figures show that from 
21.5 in. to 25 in. the total economy is 1.3 lb., or 2.8 per 
cent. per inch, while from 25 in. to 27.9in, the total 
economy is 0.3 lb., equivalent to 0.78 per cent. per inch— 
a very notable difference. 

An important omission, however, is made by the author 
in considering these figures, and one which is regrettable in 
the investigation of a matter where the differences are so 
slight. Readers of the paper are left to assume that the 
figures given represent the actual difference in economy, 
whereas there will be complete agreement that they must 
certainly be corrected for the cost of obtaining the rela- 
tive degrees of vacua. 

As regards the power required for the air-pumps, we 
can omit this, as it will be practically the same for 25 in. 
and 28 in.; but Mr. Morison is aware that for the one 
condition you must pump almost twice the circulati 
water as for the other, and we have taken the liberty of 
correcting the figures by adding to each the necessary 





expenditure for circulating water; this correction is shown 
on the appended diagram. 

Weaccordingly find from these diagrams, based on Mr. 
Morison’s examples, that the increased economy when 
analysed becomes 1.47 per cent. in the one case and 0.99 
per cent. in the other case; but, unfortunately, our 
analysis can hardly end here, as we have still to con- 
sider what might be termed the “ credit side ” of the low 
vacuum account. 

Mr. Morison’s hot-well temperature for 27}-in. vacuum 
is 102 deg., whereas with 25-in. vacuum on the same 
assumption it would be 124 deg., representing a differ- 
ence of 22 deg. in the temperature of the feed-water 
returned to the boiler. Accordingly, taking an installa- 
tion comprising an engine with condenser, circulating- 
pump, and boiler, and omitting all other eee 
machinery, there is shown a net loss by using the hig 
vacua of 0.54 and 0.86 per cent. respectively. This 
phenomenon has, of course, been well known and correctly 
appreciated by the majority of engineers, but Mr. Mor- 
son now seeks to qualify this by its association with the 
available quantity of auxiliary exhaust steam, and there- 
fore his statement regarding this also calls for analysis. 

Two examples are given, the first being a passenger 
steamer of 5000 indicated horse-power, and the second a 
cargo steamer of 1500 indicated horse-power. Taking the 
first case, we find the auxiliary consumption estimated by 
Mr. Morison as 20 per cent. of the main engine feed-water. 
We emphatically state that such a percentage does not 
represent present-day practice, and we will take Mr. 
Morison’s own recommendation of Mr. Fyfe’s excellent 
paper on the subject ; we find two examples of mger 
steamers in which the ratios are respectively 1l and 12 
per cent., and from our wide experience we are able to 
endorse Mr. Fyfe’s figures. A critical analysis of Mr. 
Morison’s estimate would occupy too much space, but we 
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commend as an example to superintendent engineers a 
set of machinery of 5000 indicated horse-power, requiring 
for feed make-up 30 tons of water per twenty-four hours 
throughout the entire voyage of the ship. A careful 
review of a large variety of steamers shows that the maxi- 
mum proportion is not over 15 per cent., the average 
heing less; but taking this maximum, we find that the 
B. Th. U.’s available are under nine millions, which would 
result in a rise of temperature of about 81 deg., giving 
with a hot-well of 124 deg. a final temperature of 205 deg., 
which is perfectly normal and possible with an ordinary 
Weir direct-contact feed-heater. 

The cargo-boat figures are also misleading as regards 
the evaporator, which, as will be noted, provides over 
5) per cent. of the heat; but even in this case we can 
accept the figures, and adding the 82 deg. rise we obtain 
a final temperature of 206 deg., which is also quite normal 
for a direct-contact feed-heater. 

Accordingly, as a result of our analysis we find that, 
with the best type of engine for utilising low terminal 
pressures (high-speed engines), the actual saving in water 
consumption with vacua over 25 in. may be as a maxi- 
mum 1.47 per cent., which is more than counterbalanced 
by the extra power required for circulating, together with 
the thermal loss due to the low hot-well temperature, and 
that in every class of ship, with a few extreme excep- 
tions—dredgers, for example—a hot-well temperature of 
124 deg. associated with a vacuum of 25 in. easily permits 
the absorption by the feed-water of all the auxiliary 
exhaust steam. It is also to be noted that we have taken 
for our comparison Mr. Morison’s minimum vacuum of 
27} in.; but at his extreme vacuum of 28} in. the results 
(as shown in our table) represent a still more appreciable 
loss, and in the examples given would be about 2.4 and 
2.7 per cent. respectively. 

The above figures are summarised in the Table given in 
the next column. 

We regret the necessity of having to point out these 
matters, as we understood that their relative value and 


importance were quite well comprehended by ship-owners H 





and their superintendents, and, in addition, the utilis 
tion of exhaust steam for feed-heating has been one « 
main principles enunciated by our senior about thir 
nine years ago, and its application to the various deve 
ments of engineering during this time has been our 
business. 

As a matter of fact, our recommendations fo; 
utilisation of this steam for feed-heating have been ¢ 
and shown in our explanatory diagrams of pipe arr 
ments of aeorens, for over twenty years. | 
different methods by which such feed-heating has }). 
carried by us comprise almost every conceivable \ 
with the exception of feed-heating on the suction side | 
a driven by the main engines, as recommended 
by Mr. Morison, such practice having, in our opinion 
many limitations which will be well understood by envi. 
neers. In such cases the correct method of feed-heat; 
by exhaust steam is to use a surface feed-heater on t] 
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discharge of the main engine feed-pumps, where it is 
possible to obtain over 200 deg. temperature, without 
any limitations. In our own experience we have innumer- 
able installations comprising most up-to-date and elabo- 
rate installations fitted, in which food heating by exhaust 
steam has been the very basis of the design of the whole 
feed-water arrangements. 

Regarding the appendices contributed by marine en- 
gineers, we find ourselves unable to analyse these properly, 
on account of their general nature, and the want of abso- 
lutely definite figures on which to institute correct com- 
parisons as — efficiency of high vacua. 

Messrs. Esplen’s communication shows the performance 
of a well-considered type of large cargo-steamer, but the 
only definite figure given—the coal consumption—shows 
an excellent result, not altogether exceptional ; but we 
think all engineers will agree that coal consumption 
—— depend on a ay Tea number of conditions, 
which make the allocation of the saving both complicated 
and difficult. Messrs. Esplen give four causes for eco- 
nomy, with three of which we are in absolute agreement. 
With the first cause we entirely disagree, and suggest 
that the utilisation of 25-in. vacuum would probably show 
an improvement on the already excellent results. 

Mr. Quelch’s contribution is of interest, but being 
devoid of definite figures, renders analysis im ible. 

With reference to Mr. Walker’s contribution, we have 
had an opportunity of examining the diagrams which were 
laid on oe table at the meeting, but we are unable to find 
any definite basis for a claim that the high vacua repre- 
sents a better performance. In these trials special 
emphasis must be laid on the fact that the engines were 
working at very considerably less than normal full load. 

The difficulty of analysing diagrams and reports is well 
shown by a very simple investigation of Mr. Walker’s 
figure. Taking the conditions of running with 28-in., 
27-in., and 26-in. vacua, and dividing the indicated horse- 
power by the revolutions, we obtain a figure repre- 
senting the mean effective pressure, with the incongruous 
result that the ship goes faster with a reduced mean 
effective pressure. Further, we find that the extreme 
variation in the power is approximately 5 per cent. of the 
total, and consequently any deductions based on these 
variations are unreliable by reason of the unavoidable 
experimental errors. 

t —— have been expected that we would have 
analysed all these matters in a more scientific manner, by 
entering into the thermodynamic principles involved by 
the change of conditions from 25 in. to 28 in.; but, while 
we may do this if required on another occasion, we trust 
that the present analysis will be sufficient to show that 
practice which has resulted from the investigations of 
many eminent engineers must not be put on one side and 
disregarded on account of statements such as those con- 
tained in this paper. 


Yours truly, 
W. WEIR. 








THE WILLESDEN JUNCTLON ACCIDENT. 
To THE EprTor oF ENGINEERING. 

Sir,—The serious accident which occurred on Monday 
morning at Willesden Junction Station, although fol- 
lowing at a considerable interval of time the Sudbury 
and Wembley accident of last year, in which the points 
were thrown over while a train was ing over them, 
should attract the attention of all interested in the safety 
of railway travel—especially that of our suburban rail- 
ways, upon which the business of London daily becomes 
more dependent—and raises the question of whether the 
safety appliances fitted on some of the leading railways 
of this country are as efficient as those employed on 
certain Continental railway systems. 

At No. 4 platform of Willesden Junction there 1s 4 
treadle for use in conjunction with points used for 
backing stock on to a central track between the slow up 
and down platforms; apparently, however, there 15 no 
means by which the signalman can ascertain whether & 
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train after arrival has actually left the platform. It is 
true that there are difficulties in the construction and 
use of treadles of womenengee | great length to cover the 
greatest distance between wheels of the long double-bogie 
xnger coaches now in vogue, but there are other 
methods available which afford adequate protection 
against the recurrence of such accidents. _ : 

The question of the relative responsibility of the signal- 
man and engine-driver is, according to the official report, 
not yet determined ; but, in the investigation which will 
be held by the Board of Trade, it is to be hoped that the 
broader question of rendering the making of a mistake 
more difficult will not be lost sight of, and that a far- 
reaching reform will be recommended and its adoption 
enforced. 

L. A. Legros. 
Watford, December 6, 1910. 





‘“STEAM-BOILER DESIGN.” 

To THE Epitor oF ENGINEERING. 
Srr,—In an article on this subject in your current 
number Mr. Charles Erith takes up the cudgels in favour 
of the doctrine thit no improvement in boiler design is 


possible. He says :— 
There is no appreciable difference in efficiency of standard types 
of boilers, the only reason for any boiler giving a low etticiency is 


a defective firing method, and with a correct firing method any 
type of ordinary boiler design is consistent with the maximum 


efficiency commercially practicable being sustained. 
And again : — 

Boilers of all standard types so fired leave no margin for 
improvement in efficiency, as it reduces the volume and tem- 


perature of exit gases to the minimum, and is quite free from 
smoke and grit nuisance. 

Thus, according to Mr. Erith, finality has been reached, 
and it is hopeless to expect any improvement on our 
present-day boilers. 

Well, I can only say that I differ from him absolutely. 

First, as to the pretended reduction of the volume and 
temperature of the exit gases to ‘‘a minimum.” His exit 
temperature is 497 deg. Fahr., whilst mine is 279 deg. 
My chimney loss (according to lines 39 and 40 of Mr. 
Longridge’s report) is from 5.2 to 6.4 per cent. (my trans- 
mission efficiency being thus just about what I claimed 
for it in the paper Mr. Erith refers to ( 251)—viz., 
95 per cent.) ; whilst the chimney loss on the ‘* Economic” 
boiler being 16 per cent., its transmission efficiency is 
only 84 per cent. 

Evidently Mr. Erith’s and my views in regard to 
minimums differ somewhat. As to ‘‘ margins for im- 
provement,” here I have broken Mr. Erith’s record of 
many years by 10 per cent. at the very first try. 

Mr. Erith’s attitude of entire satisfaction with boilers 
as they are, and especially with a combination consisting 
of an ‘‘Economic” boiler fitted with Erith’s stokers, 
might be borne with equanimity. 

is entry, however, upon the field of criticism of my 
proposals with an article purporting to be a considered 
statement, resulting from the study of Mr. Longridge’s 
report, but which is yet full of errors and bears on its very 
face the evidence that he has not yet apprehended the 
be elements of the subject, must be differently dealt 
with. 

‘to begin with, Mr. Erith has no clear idea of the 
meaning of Osborne Reynold’s law. 

He says :— 

This velocity theory is in direct contradiction to the general 
experience that heat transfer is proportional to the difference 
between the temperature of the gas on the one side of the plate 
or tube, and of the water on the other side. 


Now Osborne Reynold’s law, roughly stated, for high 
velocities is 
H =cpu(T - 0), 


which means that the heat transfer is proportional not 
only to the product of the gas, density and speed, but also 
to the temperature difference. 

Further on Mr. Erith remarks :— 


Perhaps the one definite point made clear by the tests of the 
> gem boiler is that the time required for heat transfer is 
only a small fraction of the time ordinary boilers give; in other 
words, and contrary to Dr. Nicolson’s theory, it is proved that 
as velocity is of extremely small importance, at any rate when 
the combustion is as efficient as during these tests. 


This saying, like Rankine’s enunciation of the second 
law of thermodynamics, is too profound for me. 

I can only see into it far enough to say that if the 
experiments have proved the time really required for 
heat transfer to be so short, how can the high gas 
velocity, which produces the shortening, be of ‘‘ extremely 
small importance ” ? 

At the very best your correspondent’s views regarding 
the laws of heat transmission in boilers are very shifty, 
In his correspondence on my lecture to the Junior In- 


stitution of Engineers, he said I had produced no evi- 
dence ‘‘:o negative the generally-accepted view that heat 
wt sion varied as the square of the temperature 
Mference ” ! 


After such variegated statements as these I cannot be 
expected to attach serious importance to Mr. Erith’s 
views of what Mr. Longridge’s trials have shown, and 
what they have not shown. 

When, for instance, he takes upon himself to state, 
without more ado, that :— 

The velocity theory, which Dr. Nicolson’s experimental boiler 
Was built to test, has been refuted by these trials, 

I simp!y conclude that Mr. Erith is either unable to 
“ppreciute the clear affirmative evidence offered in the 
report on this question, or that he must have read it with 


before the Institution of we rr and Shipbuilders in 


Scotland on the 20th inst. do not therefore so o-e 
to take up your valuable space with any lengthy analysis 
of the evidence, which could only be of an anticipatory 
character. To immediately refute Mr. Erith’s ex cathedrd 
ev however, I need only quote a few results from the 
trials. 
_I take from Mr. Longridge’s report the figures given by 
him for the heat transmissions in the economiser of the 
experimental boiler per square foot of surface per hour. 
also write down the mean temperature differences 
between gas and water therein, and, dividing the former 
by the latter, I obtain the heat transmitted from gas to 
water per d difference of temperature per square 
foot per hour. I then set these down opposite their corre- 
sponding gas speeds. 
Performing these operations also upon the figures tabu- 
lated by Mr. Erith, I obtain the following table :— 


Table showing Variation of Heat Transmission 
with Gas Velocity. 


Experimental H.S. Boiler. 


r. tHiller’s 


Oct. Oct. Oct Oct. Oct, 
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Anyone looking at these figures is bound to admit that 
the heat transmissions per square foot per hour per degree 
difference of temperature are as closely proportional to 
the velocities as could be expected in such a rough-and- 

y calculation. 

The economiser rather than the boiler was chosen, so 
that the effect of high temperatures on the heat transfer 
might be eliminated. ° 

The only figure seriously out is Mr. Erith’s. His 
economiser was far less efficient than that tested by 
Mr. Hiller. But this result no doubt agrees with the 
strange doctrine announced by him that it is ‘‘ wrong” to 
a ga an abnormal amount of heat at the rear end of a 

iler. 

In conclusion, may I be allowed to answer the practical 
objections raised by Mr. Erith to the *‘ complications of 
the experimental boiler.” 

Mr. Erith says :— 

1. Nine-tenths of the fan-power used was wasted in drawing 
gases through areas totally inadequate for their natural flow. 


By using nine-tenths of the fan power to draw the gases 
through the flues (instead of wasting it on the fire), the 
rate of heat transmission was increased from the ordinary 
values of 3lb. to 6 lb. of steam evaporated per square foot 
per hour to from 10 lb. to 20 lb. so evaporated. 

(The gas velocity having been increased five-fold, so also 
was the heat transmission, as it should have been on 
“the velocity theory”). 

2. The water-circulating pump is totally useless in brick-set 
cylindrical boilers, as the heat transferred through boiler shells 
circulates the water below the furnace flues sufficiently to ensure 
a temperature corresponding to the steam-pressure. It is never 
required in wonpaabe boilers with normal water areas; if the 
water areas in Dr. Nicolson’s smal] tubes involved pump circula- 
tion, the remedy was obviously to increase such water areas. 


In the mere mud-tanks, commonly called cylindrical 
boilers, whilst it is true that circulating pumps are not 
used, I believe they would be of great benefit. One hears 
a good deal about the strains imposed upon the shell by 
the great differences in water temperature in different 
parts of the boiler. 

I beg to point out that the rapid positive circulation 
provided by the pump not only ensures the cooling of the 
tube under the fierce rates of heat transmission due to the 
high gas velocity, but also secures freedom from corro- 
sion and incrustation. 

3. The partial combustion in the furnace was the sole justifica- 
tion for lining the centre part of the furnace-flue with fire-brick ; 
combustion ought to have been completed in the furnace itself. 
When plenty of grate area is available the reverberatory 
chamber is not necessary; but if it is desired to burn 
large quantities of dusty coal on a small grate, the 
chamber is essential. The fact that I did not succeed in 
my first experimental plant in obtaining perfect com- 
bustion, when burning cheap and very dusty coal at 40 Ib. 
per hour per sq. ft. of grate area, is no a that the 
reverberatory principle is wrong as applied to high-speed 
boilers. 

4. The partial combustion in the furnace, and the lining of the 
central part of the flue, merely prevented the normal heat transfer 
at the right place, and so caused an abnormal heat transfer at the 
rear or wrong end of the 41-in. flue. 

Why the transfer of heat at the rear end of the boiler 
should be ‘‘ wrong” is not at all clear. 

If, by the use of a high gas velocity, I increase the 
evaporative power five or tenfold, I am not thereby pre- 
vented from getting as high a rate of heat transmission 
through the fire-box plates as Mr. Erith does, and the 
net result is a smaller and lighter boiler. 

My contention was, not that one should prefer to have 
partial combustion in the furnace, completing it subse- 





no small amount of prejudice. 
Tam engaged to read a paper on the whole subject 





quently in a brick-lined combustion-chamber ; but that, 


able (as with high rates of burning of cheap coals), the 
high-speed principle allows one to make up for it by pro- 
viding a reverberatory chamber. In ordinary boilers the 
only good heating surface (that near the furnace) cannot 
be spared to act as a brick-lined combustion-chamber ; 
whereas in a high-speed boiler the rear end of the heatin 
surface is used so much more efficiently, that the to’ 
heating surface required is reduced in amount, and it is 
possible to afford some for a refractory lined chamber, 
when necessary. 

5. The proposed cooling of the exit gases to 100 deg. Fahr. was 
not approached ; it could only be done by pumping through the 
economiser much water that the boiler could not use, and then 
the unduly cooled gases would deposit moisture and corrode the 
economiser. 


The ‘‘ proposed cooling of the waste gases to 100 deg. 
Fahr.” was approached to the extent that, when the 
surfaces were clean, 170 deg. Fahr. was reached, with 
feed entering at 71 deg. ; and on the trials after 5/ duys 
and nights running and without any cleaning whatever the 
waste gas temperature was from 241 deg. to 294 deg. 
This may be compared with the 497 deg. of Mr. Erith’s 
**Economic,” which had 1.65 times the heating surface 
per pound of coal burnt per hour that my boiler had. 

Only the water evaporated was pumped through the 
economiser, and no more, whilst corrosion of the econo- 
miser even with these low waste gas temperatures was 
entirely absent. 

One of the great advantages due to the use of high gas 
speeds is that the surfaces are protected by a thin tilm 
of adhering soot from the corroding action of moisture 
and carbonic acid at the exit end, whilst the high rates 
of heat transfer are not materially interfered with. 


6. The proposed admission of excess air to the furnace, and the 
proposed dispensing with skilled firing, was an obvious confusion 
between completing combustion at the expense of efficiency, and 
correct combustion due to a proper mixture of a minimum excess 
of air with the combustible gases. 


There was no ‘‘confusion” in my mind as to admitting 
excess air with unskilled firing in this first experimental 
lant. I had to get 70001b. of water evaporated per 
our (say, 350 horse-power) with a grate of only 18 sq. ft. 
area, using a cheap Derbyshire coal. 

(The Cornish boiler containing this grate was the only 
one available tome. It was kindly placed at my dis- 
posal by Messrs. Joseph Adamson & Co.) 

I could not, therefore, in this case, afford to throw 
anything away in the direction of excess air or careless 
firing ; but I still maintain that, by the use of a rever- 
beratory chamber, the bad effects of careless firing can 
be eliminated, and that as the heat transmission depends 
more on the high velocity than on the high temperature 
of the gas, the admission of excess air in the furnace is 
not fatal to high efficiency in a high-speed boiler ; 
ee. as Mr. Erith rightly says, it is so in an ordinary 

iler. 

Yours faithfully, 
Joun T. Nicoison. 
School of Technology, Manchester, December 6, 1910. 





THE CONSERVATION OF COAL. 
‘To tHE Epi:tor OF ENGINEERING. 
Srtr,—Mr. Ferranti’s address welcomely supersedes the 
hum-drum presidential homilectical review, by a boldl 
imagined, clearly calculated, and soundly reasoned, 
epoch-making scheme of great national improvement 
and importance. The languishing engineering trade 
has again a genuine, virile optimist ; and any | it needs 
him. We have no big schemes in view and few great 
works in hand; engineering, of all occupations, seems 
to be a systematised sterility, a dreary piecing together 
of denpliaitg puzzles, a mere monotonous output of 
repetition and routine, a commercial preventiveness of 
inventiveness. Where are our big bridge builders? The 
whole range, down to the prolific intricacy men, all 
of them, pier men, railway men, ship men, tunnel 
men, engine men, machinery men, seem to be rolled 
down to a dead level of uniform ability; the jagged 
spur of creative genius seems to have been obliterated. 
All es are cleverer, but the cleverest are less in 
number and unimportant. Titularly high-sounding, 
meagre remuneration soon discourages; and small pay, 
tyrannical unionism, crippling competition, and board- 
meetings, are active deterrents of ambition. Still, en- 
gineers will continue even to face all this opposition. 
As a spark starts a fire, genius leads the world. Mr. 
Ferranti’s views will be put in force, and their realisation 
would be infinitely more beneficial to our country than 
the opportunistic political nostrums of contendin 
parties, all combined. His proposals are progressive anc 
regenerative, conservative and alternative; due and 
wanted. Parliament should press their promulgation. 
The Acts should be hastened. The bonded steel of our 
railways embraces the land; telegraphs, telephones, 
tramways, are universal spreading agents. So will 
this great electrical generation and distribution scheme 
become as surely universal, but with greater results and 
benefits than any reorganisation hitherto put into force. 
A vast profitable productive energy will absorb all the 
forces of engineering and kindred industries for long 
periods to come, and human life will enter upon a re- 
vitalised era of usefulness and prosperity. 
Yours faithfully, 
, WwW. W 
Fairfield Villa, Great Crosby, December 6, 1910. 
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Tue Sueprpee ConverTiIBLe STKAM MoTor VEHICLE : 
Erratum.—On Plate LX XXIV., the view, Fig. 7, shows 
the front axle and suspension—not the back axle, es 
stated in error, 





when incomplete combustion in the furnace is unavoid- 
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THE McNAB MARINE REVOLUTIONS INDICATOR. 


CONSTRUCTED BY THE 


’ Pad 


Fie. 1. 


Tue two figures above illustrate an instrument 
which enables the revolutions of the main engines of 
a steamship to be indicated directly on the bridge or 
in the chart-house. Every individual revolution is 
at once indicated, and at the same time the direc- 
tion of rotation of the engines is shown, so that 
the navigating officer can tell at a glance the exact 
state of affairs below. The value of this appliance is 
obvious. With a system in which the signals from 
the bridge to the engine-room are simply repeated 
from the engine-room to the bridge, there is always 
the possibility that, although a signal may be correctly 
understood and correctly repeated, it may not be 
correctly carried out, and the installation of this 
apparatus forms an additional check, which is likely 
to be useful in preventing accidents. If an order to 
reverse is incorrectly carried out, the mistake may not 
be at once obvious from the bridge, owing to the way 
on the boat, so that an accident may result owing to 
there being insufficient time to prevent it after the 
mistake is realised ; with this apparatus, however, 
such a mistake is likely to be rectified the moment it 
is made, owing to the navigating officer having before 
him a direct indication of the lieve of the engines. 
In addition to its indicating parts, the instrument may 
be fitted with a counter, as shown in the figures above, 
so that a record of the total revolutions is at all times 
available on the bridge, giving a check on the engine- 
room log when estimating the ship's position by dead- 
reckoning. The ———. which is known as the 
McNab marine indicator, is manufactured by the 
McNab Indicator Company, of oe ety mn., 
U.S.A., but is shortly, we understand, to be intro- 
duced into and manufactured in this country. It has 
in the course of some twelve months been adopted in 
some hundreds of vessels in the United States. 

The indicator and the whole of its operating mecha- 
nism are shown in Fig. 1, while Fig. 2 shows the indi- 
cator alone, with its cover removed. From these illus- 
trations it will be clear that the apparatus has but few 
working parts, and is thus likely to appeal to marine 
engineers. The whole device is, in fact, of quite 
singular simplicity. It consists of the indicator proper, 
shown in Fig. 2 and in the upper part of Fig. 1, which 
is fixed on the bridge, ard, in addition, a displacement 
vessel and a three-way vwock, which are shown in the 
lower part of Fig. 2, and which are fixed in the 
engine-room. These three pieces of apparatus are con- 
nected together by means of pipes, which have been 
indicated in Fig. 1 in order to make the connections 
clear. Armoured tubing is shown in the figure, but 
in practice ordinary }-in. standard gas-pipe is used. 
The indicator is operated by means of air displace- 
ment. ‘The vessel at the bottom right-hand corner of 
Fig. 1 consists merely of an open-ended parallel cylin- 
der, in which a trunk-piston works, the piston being 
fitted with a couple of Ramsbottom rings. The vessel 
has an inlet at its bottom end, connecting it to the air- 
pipe, asshown, buthas no valves of any kind. The piston 
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has an upper swinging li: k, which is connected up to the 
engines in such a way that the piston has a reciprocating 
motion as the engines revolve. The piston may, for 
instance, be connected to the air-pump levers. The 
two-way cock, shown below the salheoter in Fig. 1, is 
similarly mounted and connected up by means of its 
swinging link to the engine reversing-gear, so that as 
the gear is thrown over the two-way cock is also 
thrown over, the passages in the cock being arranged 
so that when the cock is in its first position there is a 
through air connection from the displacement vessel to 
the left-hand side of the indicator; and similarly, 
when the cock is in its second position, there is a 
through connection to the right-hand side of the indi- 
cator. The indicator itself consists merely of two 
aluminium wag inside glass tubes, to the bottoms 
of which the pipes are connected. These plungers 
are operated by the displacement of the air in the 
pipes. Assuming the reversing gear is in the ahead 
position, so that the two-way cock puts the ahead 
indicator in connection with the displacement vessel, 
then, if the engines are started up, the piston of the 
displacement vessel will begin its reciprocating move- 
ment, so that it will alternately displace the air from 
the vessel into the pipe system, and draw it out again. 
This to-and-fro motion of the air is transferred to the 
plunger of the ahead side of the indicator, which 
will accordingly rise and fall in its glass tube, its 
motion exactly corresponding with the revolutions of 
the engine. If the engine runs slowly, the plunger 
will rise and fall slowly, and as the engines run quicker 
the plunger will correspondingly run quicker. While 
the engine is running in one direction, the plunger, 
which indicates the other direction, will not move, 
as it will be cut off from connection with the displace- 
ment vessel by the three-way cock ; while if the engines 
are reversed, this plunger will begin to move, and the 
one which previously showed the revolutions will 
remain stationary. In order that the ahead and astern 
plungers may easily be distinguished, one of them is 
coloured black and the other red, while in addi- 
tion the stop at the bottom of the glass tube of the 
astern plunger is made of hard fibre, so that the plunger 
makes a slight noise when moving. This enables the 
navigating officer to know when the engines are run- 
ning astern without looking at the indicator. The stop 
in the ahead cylinder is made of soft rubber. 

It will be obvious that there is practically nothing 
to go wrong in the mechanism of this indicator. The 
air system works entirely without valves, and as the 
operation does not depend on the compression of the 
air, there is no need for extreme care in the installation 
of the connecting-pipes. The indicator will, in fact, 
work with quite serious leaks in the pipes, although 
there is obviously no advantage in purposely introduc- 
ing leaks, and no difficulty in avoiding them. The 
counter mechanism, as will be seen from Fig. 2, is very 
simple, and consists merely of a train of counting-dials 
driven from a ratchet-wheel at the bottom, which is 
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operatcd by a link attached to a pivoted lever, which 
is struck by the indicating plunger at each revolution 
of the engines. The mechanism contains no springs. 
In addition to the type of indicator illustrated in the 
figures, another form is made without the counters, 
but with glass covers on each side of the indicating 
tubes. ‘his second form is intended for fixing 
in a fore and aft position at the centre of a 
bridge, so that it may be seen from either side of the 
ship. A convenient installation consists of one of 
these double-face indicators fitted on the bridge, and, 
in addition, one of the counter type fitted in the 
chart-house. Both of the indicators can, of course, 
be operated from one displacement vessel, as can any 
number by making the vessel of suitable size. The 
indicators operate quite satisfactorily even when 
situated many hundred feet from the displacement 
vessel, and installations have been fitted to many 
American Lake steamers 600 ft. long and more, in 
which the engine-room is situated right aft and the 
bridge right forward, and at a great height above the 
deck. 





THE PARIS - LYONS - MEDITERRANEAN 
LOCOMOTIVE AT THE BRUSSELS EXHI- 
BITION. 

Tue Paris-Lyons-Mediterranean Railway Company 

showed at the recent Brussels Exhibition, in addition 

to the rolling-stock described in a former article (see 
page 201 ante), a compound eight-coupled bogie goods 
engine, which we illustrate on Plate LXXXV., pub- 
lished this week, and on pages 797 and 800. This 
engine forms part of a series of twenty-five in course 
of construction for the company by the Société de 

Construction des Batignolles. 

The inside fire-box is of copper, the remainder of 
the boiler is of mild steel. The fire-box casing is of 
the Belpaire type, and is built of five plates, the crown 
and side plates being single-riveted together ; while the 
seams with the front and back plates are double- 
riveted. The fire-box crown and the shell are braced 
together by mild-steel stays ; the sides of the shell are 
braced by cross stay-rods above the inside fire-box. The 
vertical plates of the copper inside fire-box are con- 
nected to the outside fire-box plates by copper hollow 
stay-bolts at the narrower part, and by manganese- 
bronze stay-bolts at the upper part. The fire-box 
tube-plate is connected to the boiler-shell by six 
steel longitudinal stays. The boiler-barrel is built up 
of two rings. The longitudinal seams are butt-jointed 
with double straps, the inside strap being double- 
riveted to the ring-plates, while the outside strap 18 
single-riveted only. The transverse seams are lap- 
jointed and double-riveted. 

The smoke-box is attached to a cross-stay of the under- 
frame in the rear of the four cylinders. The boiler- 
shell rests on two intermediate cross-stays by means 
of brackets riveted to the barrel. The fire-box resta 
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on the underframe by means of four supports, and is 
held in place laterally by a central clip in the rear ; 
the clip is free to move in a slide provided on a 
cast-steel cross-piece which serves to stiffen the main 
frame. The latter is built of 28-mm. (1.10-in.) steel 
plates, connected together by the I-buffer beam, by 
the rear draw-box, built up of plates and angles, 
six cast-steel intermediate beams, and the cylinders. 

The front end of the engine is carried on a spherical 
pivot in the centre of the bogie. The bogie axles and 
the straight locomotive axles have inside journals ; 
the crank-arms of the driving-axle have steel hoops 
shrunk on, and a safety-bolt runs through the crank-pin. 
The tyres are made with a lip and are held to the 
wheel-centres by a retaining-ring. 

The axle-boxes are steel castings; the journal 
brasses are lined with white metal. Oil pads held up 
by springs alone ensure the lubrication of the axle 
journals. In order to facilitate the taking of curves, 
the bearings of the sixth axle have in their boxes a 
play of 26.5 mm. (1.04 in.) on each side ; steel inclined 
planes are fitted between the bearings and axle- boxes, 
and tend to bring back the axles in their normal posi- 
tion. The horn-blocks riveted to the frame-plates are 
steel castings fitted with cast-iron friction-plates ; 
wedges are provided to make up the wear. The bear- 
ing springs corresponding to the coupled axles are 
suspended beneath the axle-boxes, aud their end links 
are provided with adjustment. The springs of the 
third and fourth and the fifth and sixth axles are con- 
nected together on each side by compensating beams. 

’ The two high-pressure cylinders are inside the main 
frame above the bogie and drive the third axle. The 
two low-pressure cylinders are outside the frame and 
drive the fourth axle. The pistons and crossheads 
are steel castings, the latter provided with cast-iron 
slippers. The valve-gear of both inside and outside 
evlinders is of the Walschaert type; the valves are 
piston-valves, with inside admission ; two air inlet- 
valves are provided on the steam-pipes, "and two on the 
head forming the intermediate receiver. The revers- 
ing-gear consists of a frame provided with the usual 
type of reversing-screw and hand-wheel ; a trunnion- 
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nut operated by the screw and working the weigh- 
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bar shaft of the high-pressure cylinder ; and a frame, 
actuated by the same reversing screw, operating 
the weigh-bar shaft of the low-pressure cylinders 
when this frame has been displaced over a given 
length on either side of its central position. The 
weigh-bar shaft of the high-pressure cylinders is con- 
nected to the trunnions of the nut, and that of the 
low-pressure cylinders to the trunnions of the frame. 
A controller is provided consisting of a dashpot, in 
which travels a piston provided with ports, the piston- 
rod being joined by levers to the weigh-bar shaft of 
the low-pressure cylinders. The distribution gear to 
the low-pressure cylinders, connected to the frame, 
has only two stable positions—namely, in full forward 
or fulit backward gear ; the high-pressure valve-gear, 
on the other hand, can be put in any intermediate 
position. 

The high-pressure cylinders are supplied with live 
steam from the boiler through a balanced regulator- 
valve in the steam dome, and operated by a lever 
from the driver's platform. The steam from the high- 
pressure cylinders flows to a receiver in the form of a 
jacket surrounding them, and communicating with the 
valve-chests of the low-pressure cylinders. The receiver 
is provided with a safety-valve designed for a pressure 
of 6 kg. per square centimetre (85 lb. per sq. in.). The 
slide-valves are lubricated by a “« Detroit ” lubricator 
of the Galena pattern, having tive delivery tubes, fitted 
to the boiler front. ' Four of the tubes are for the 
valve-chests, the fifth supplying lubrication to the 
compressed-air pump. Eac 4 cylinder is also provided 
with a ball lubricator. 

The cranks connected to the low-pressure cylinders 
form, with those connected with the high-pressure 
cylinders, an angle of 180 deg., this ucing to a 
minimum the effect of disturbing forces. Notwith- 
standing this angle, and owing to the ratio of cut-off, 
88 per cent. at the high-pressure eylinders, it has been 
possible on starting to obtain crank effects sufficiently 
high without having recourse to any special device 
for exhausting the high-pressure cylinders directly into 
the atmosphere. On starting, live steam is — 
directly into the intermediate receiver. The en 
is fitted with the Westinghouse-Henry compressed-air 
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brake. The air-pump is of the Fives-Lille Company’s 
type. The engine is also provided with Flaman speed- 
recorder. 

Its principal dimensions are as follow :— 


Length outside buffers. . 13 m. 
(42 ft. 7 in.) 
2.9 


Outside width of running board ; oe .9 m. 
(9 ft. 6 in.) 
Grate area.. : ; . ‘ ° .. 8.08 sq. m. 


(33.33 sq. ft.) 
Number of Serve tubes ‘ . ee - 146 
Length between tube-plates . eo oe -_ 4,25 m. 


(18 ft. 11 im.) 
Heating surface of fire-box counted above the 15.90 8q. m. 
grate (171.15 q. ft.) 
Heating surface of tubes . 231.28 sq. m. 
(2489.70 sq. ft.) 
Total heating surface .. 247.18 sq. m. 
(2660.85 sq. ft.) 
Outside length of fire-box - 7 3.12 m. 
(10 ft. 3 in.) 
Outside width of fire-box at top 1 611 m. 
(5 ft. 34 in.) 
Outside width of fire box at bottom 1.194 m. 
(8 ft. 11 in.) 
Inside diameter of boiler-barrel es “ ee 1.55 m 
(5 ft. 1 in.) 
Length of boiler-barrel oe 4.132 m. 
(18 ft. 7 in.) 
Thickness of barrel-plates ° 17.5 mm. 
(0.688 in. ) 
Inside length of smoke-box 2.25 


(7 ft. 5 ‘in. 
Inside diameter of smoke-box 1.585 w 


(6 ft. a in. ) 
Height from rail-head to centre of boiler .. 
(8 te 'e ie ) 
Water space 5.590 cub. m 
(197.7 cub, ft.) 
Steam space 3.47. cub. m. 
(120.1 cub. ft.) 
Total capacity of boiler 9.061 cub. m. 
(317.8 cub. ft.) 
Boiler pressure .. 16 kgs. p. 8q.cm. 
(227 Ib. p. sq. in.) 
Diameter of bogie-wheels oe 1m. 
as Be. > 


Diameter of driving-wheels 
(4 tt i Vin ) 
380 m 


(4 96in.) 
Diameter of low-pressure cylinders .. oe es 600 mm. 
(23.62 in.) 


Diameter of high-pressure cylinders 


Stroke 


650 mm. 
(25.59 in.) 
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Distance between centres of h.-p. cylinders 0.590 m. 
(1ft. 11} in.) 
Distance between centres of I.-p. cylinders 2.140 m. 
(7 ft. Ofin.) 
Volume of intermediate receiver 0.184 cub. mm. 
(6.5 cub. ft.) 
Weight of engine, empty .. 69,930 kgs. 
(48tns. 16cwt. 2 qr.) 
Weight of engine in working order . . re 5,820 kgs. 
(74 tna. 10 ewt.) 
The following are the principal dimensions of the 
tender :— 


Length over buffers 


6.945 m. 
(22 ft. 94 in.) 
1.600 m. 

(5 ft. 3 in.) 
1.890 m. 

(6 ft. 24 in.) 
1.200 m. 

(3 ft. 114 in.) 

4.920 


Height from rail-head to top of foot-plate in front 
Inside width between frames . 
Diameter of wheels 


Outside length of water-tank.. q m. 
(16 ft. 2 in.) 
2.858 m. 
(9 ft. 44 in.) 
1.431 m. 
(4 ft. 8§ in.) 
16.100 cub. im. 
(3542 gals.) 
. 18,070 kgs. 
(17 tons 16 cwt.) 
.. 16,100 kgs. 
(15 tons had ewt.) 


Outside width of water-tank .. 
Outside height of water-tank 
Sapacity of water-tank. . 
Weight of tender empty 
Weight of water .. 
Weight of coal oe 8. 
(4t. 18ct. 2q) 
Weight of tools .. ‘ 650 kgs. 
(12 ewt. 2 qr.) 
39,820 kgs. 

(39 tons 4 cwt.) 

The tender was built to the plans of the railway 
company by Messrs. Magnard et Cie., Fourcham- 
bwult. The frame is built of two steel plates 20 mm. 
(0.787 in.) thick, connected together by the front and 
rear coupling casings and by the intermediate water- 
tank cross-beams. The axles are with outside journals. 
The axle-boxes are of cast iron, with brasses lined 
with white metal ; lubrication is from below, as in 
the case of the locomotive. The axle-box guides are 
of cast iron, and are riveted to the frame-plates. The 
tender is carried on laminated springs arranged in the 
same way as in the locomotive. 

Exhaustive trials made with a locomotive of this 
class in actual service conditions have given excellent 
results. Evaporation per unit of coal varied from 7.4 
to 10, and the interaal resistances, measured by 
dynamometer, were very low. 


Total weight in running order 








Pneumatic Toots.—The British Pneumatic-Tool Com- 
pany, Limited, Newcastle-on-Tyne, send us the following 

rticulars of tests of their tools. Comparative tests have 
een made at Coventry of the British pneumatic chipping 
and caulking hammers of the 2-in., 3-in., and 4-in. stroke 
respectively, there being, from the first, three hammers 
manufactured, without any modification being made in the 
original design. The 2-in. hammer cut a strip 254 in. long 
by 2 in. deep from a steel plate of # in. thickness in 2 min. 
38 secs. The 3-in. hammer cut a strip 28} in. long by 
Z in deep in the centre, tapering to # in. at the ends, in 
6 minutes. This test was made on a steel plate of 7; in. 
thickness. The 4-in. stroke hammer was tested on a steel 
plate 4 in. thick, and cut a strip 20 in. long in 12 minutes, 
the cutting being 2} in. deep 15 in. of its length, and the 
remainder tapering tol in. at theend. The 6-in. riveting 
hammer closed up 1-in. diameter rivets with ease at 80 lb. 
pressure, the rivet-heads being extremely well-finished, 
and it is expected that similar favourable results will be 
attained by this tool with 1}-in. rivets. A drill was tested 
on a 3-in. square bur of Parkgate steel, and drilled a 2-in. 
hole through the bar in 64 minutes, using 118 cubic feet of 
air at an average pressure of 82 lb. per square inch. It also 
drilled a 1-in. hole through a steel slab 18 in. thick in 
34 seconds, and a 1}-in. hole through in 1} minutes. 


Roya InstiTruTion.—The following are the lecture 
arrangements at the Royal Institution, before Easter : 
Professor Silvanus P. Thompson, a Christmas course of six 
illustrated lectures on Sound, Musical and Non-Musical, 
a course of Experimental Acoustics, adapted to a juvenile 
auditory :—1l. Production of Sound; 2. Transmission of 
Sound; 3. Reception of Sound; 4. Combination of 
Sounds ; 5. Registration of Sounds; 6. Reproduction of 
Sound. Professor F. W. Mott, Fullerian Professor 
of Physiology, R.1I., six lectures on Heredity. Dr. A. E. 
H. Tutton, three lectures on Crystalline Structure— 
Mineral, Chemical, and Liquid. Dr. M. Aurel Stein, 
three lectures on Explorations of Desert Sites in Central 
Asia. The Astronomer-Royal, Mr. F. W. Dyson, three 
lectures on Recent oy in Astronomy. Dr. P. 
Chalmers Mitchell, three lectures on Problems of Animals 
in Captivity. Mr. A. C, Benson, two lectures on Ruskin. 
Professor Arthur Keith, two lectures on Giants and 
Pigmies. Professor W. A. Boue, two lectures on Surface 
Sombustion and its Industrial Applications. Mr. Arthur 
Hassall, three lectures on Problems in the Career of the 
Great Napoleon. Mr. T. G. Jackson, R.A., three lectures 
on Architecture : The Byzantine and Romanesque Period. 
Professor Sir J. J. Themen, Professor of Natural 
3 areenaae R.I., six lectures on Radiant Energy and 
Matter. The Friday evening meetings will commence on 
January 20, when Professor Sir James Dewar will deliver 
a discourse on Chemical Change at Low Temperatures. 
Succeeding discourses will probably be given by Professor 
W. H. Bragg, Mr. A. E. Shipley, Professor H. E. Arm- 
strong, Professor Jean Perrin, Professor Karl Pearson, 
H. Balfour-Browne, Sir David Gill, Profeasor 





Mr. J. 
H. 8. Hele-Shaw, Professor Sir J. J. Thomson, and others, 


NOTES FROM THE UNITED STATES. 
ParLaDELeHiA, November 30. 

Ir is given out that the railroad companies will not 
order in bulk all the rails they want for next year, 
but will order from time to time as rails are needed. 
It is quite clear that rail mills will be far from 
busy for the first half of the year. The same applies 
to the ordering of steel cars; while a great many 
thousand cars will be wanted, they will not be ordered 
in December or January, but will be contracted for 
throughout the year. Inquiries for large quantities 
of cast pipe show that the manufacturers are not will- 
ing to take present prices as the standard for spring 
dahoess. While most kinds of pig iron are dull the 
makers of malleable are quite busy, and are selling 
their future output for at least three months ahead. 
In other lines crude iron is holding its own, and there 
is no inclination to buy in large quantities. Stocks of 
pig iron in the Pittsbury district unsold and awaiting 
uyers amount to 1,500,000 tons. Stocks of iron 
farther West are light by reason of the blowing-out of 
blast-furnaces during the year, as demand fell off. 
Throughout the East nothing but pressing requirements 
for crude iron and crude steel are being covered. 
Behind all existing dullness there is a feeling that the 
present sluggishness and slow range of prices will not 
continue far into 1911. This, however, may be due 
to the natural optimistic spirit of Americans, who are 
seldom able to see a commercial or industrial oppres- 
sion much beyond the ends of their noses. The strongest 
hope for better conditions is due to the fact that there 
is an enormous amount of work planned covering 
almost every form of human activity. The present 
industrial activity is admittedly below the normal 
level. It has not been helped in the least by the 
recent Democratic sweep, but it has rather been accen- 
tuated by the announcement of the incoming political 
control that the tariff, which it was settled for a decade, 
will be revised by those who are opposed to it, and who 

have never modified their attitude of opposition. 





Messrs. Dorman, Lone, anv Co., Limitep.—The 
annual meeting of this company was held at Middles- 
brough on Tuesday last. The chairman, Mr. A.J. Dorman, 
stated that in 1906, before extensions were commenced, 
the output of open-hearth steel at the company’s 
Britannia Works, at Port Clarence, was 234,000 tons ; in 
1910 it was 362,100 tons. A similar relative increase was 
shown at the company’s sheet and wire works, the con- 
structional works, and in all departments. The directors 
were receiving good order reports from the company’s 
branch in Australia, and also from Messrs. Wade and 
Dorman in South Africa. The annual output of Bell 
Brothers, Limited ; the North-Eastern Steel Company, 
and Messrs. Dorman, Long, and Co., Limited, now 
amounted approximately to 1,000,000 tons of coal and 
iron, 250,000 tons of limestone, 600,000 tons of pig iron, 
and 600,000 tons of steel ingots. All departments were 
now well supplied with work at profitable prices. 


ELECTRICALLY-DRIVEN BorLER-SCALER.—On Friday last, 
through the courtesy of the Electric Safety Boiler-Cleaner, 
Limited, 6, Lloyd’s-avenue, Fenchurch-street, E.C., we had 
the opportunity of inspecting the working of a new electri- 
cally-driven apparatus for removing scale from _boiler- 

lates and tubes. The appliance was shown at work in one 
of the Lancashire boilers forming the steam plant at the 
Hotel Metropole, Northumberland-avenue, W.C., and 
ours to be very efficient when applied toa part of the 
shell-plates. The scale at these parts was not very thick 
(seemingly from ,, in. to 4 in., without actual measure- 
ment), but this thickness was very rapidly removed and 
the plate laid bare. The apparatus is, of course, intended 
to supersede the old meled of hand-chipping, and 
certainly is many times more rapid, and appears also 
to be more efficient in the matter of the complete 
removal of the scale; in fact, it is claimed that it 
is possible to clean thoroughly a Lancashire or other 
type of boiler, tubular or otherwise, in from three to 
five days. The appliance consists of several circular 
cutters, rather like milling-cutters, about 24 in. in dia- 
meter, held in a frame on the same spindle, and driven 
by a shaft which passes through the handle of the appa- 
ratus, and which receives its motion from a fiexible shaft 
attached to an electric motor. The number of cutters 
varies from one to three, according to where the appliance 
has to be used in the boiler, in confined narrow spaces only 
one cutter being employed, while where there is more 
room three are used. The cutters usually run at about 
3000 revolutions per minute, but the sf may be varied 
from 1400 to 4000 revolutions per minute, if desired. A 
pe motor is all that is required for driving. 
"he handle-guide of the apparatus may be shortened or 
lengthened at will, in order to suit the position of the 
different parts to be scaled, and no particular skill is 
required by the operator, the cutters being merely moved 
over the parts to be cleaned. On the whole the appliance 
seemed to fulfil admirably what was expected of it, and 
to constitute an efficient means of removing scale wherever 
suitable electrical current is available. However, such 
appliances effect what really ought, with the majority 
of boilers, never to be required. The only truly efficient 
method of keeping boilers clean is not to remove the 
hard scale when formed, but to prevent its formation by 
softening the water before use. In these days, when there 
are excellent water-softeners on the market, there is little 
or no reason why this should not be done. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday mornin, 

pig-iron market exhibited a fairly strong tone, and 
tons of Cleveland warrants were dealt in at 50s. 1d. twenty. 
nine days, 50s. 8hd. February 28, and 50s. 10d. rhrae 
months, with sellers over. Other closing prices were 
49s. 11d. cash, and 50s. 3d. one month sellers. Hem»rite 
—500 tons—changed hands at 66s. 44d. three months 
while cash buyers quoted 65s. 14d. The afternoon session 
was quiet, and only one lot of Cleveland warrants was 
done at 50s. 2d. one month. Closing sellers were firm 
at 493. 114d. cash, 50s. 3d. one month, and 50s. Lid. 
three months. On Friday morning the market was d]] 
and prices were the turn easier. e turnover consisted 
of one lot of Cleveland warrants at 49s. 11d. cash, with 
sellers over at that figure, and at 50s. 2d. one month 
and 50s. 94d. three months. Buyers of hematite offered 
65s. cash and 663. three months, while for the latter 
position sellers quoted 66s. 54d. In the afternoon the 
market was dead idle, and sellers of Cleveland warrants 
quoted without change from the morning. Cash buyers 
of hematite again offered 65s., but sellers quoted 
65s. 3d. and 66s. 6d. for the three months position, 
On Monday morning the market was the turn easier, 
but no dealings took place in Cleveland warrants, 
for which the closing quotations were 49s. 104d. cash, 
50s. 2d. one month, and 50s. 9d. three months. Hema. 
tite was unchanged at 66s. 6d. three months sellers. The 
afternoon session was also idle, and sellers of Cleveland 
warrants quoted 49s. 10d. cash, 50s. 2d. one month, and 
50s. 84d. three months. On Tuesday morning Cleveland 
warrants were flat, and the business only consisted of 
1000 tons at 49s. 8d. cash, with buyers over. Closing 
sellers quoted 49s. 84d. cash, 50s. one month, and 
50s. 7d. three months. Buyers of hematite offered 65s, 
cash, and sellers quoted 66s 6d. three months. In the 
afternoon the market was once more quite idle, and at the 
close the quotations for Cleveland warrants were 49s. 8d. 
cash, 50s. one month, and 50s. 7d. three months sellers, 
When the market opened to-day (Wednesday) the tone 
was quietly steady, and 1000 tons of Cleveland warrants 
changed hands at 49s. 74d. cash and 49s. 11d. one month. 
Closing sellers quoted 4%. 8d. cash, 493. 114d. one 
month, and 50s. 7d. three months. In the afternoon 
a firmer tone prevailed, but business was limited 
to one lot of Cleveland warrants at 4%s. 84d. cash. 
The session closed with sellers’ prices firm at 49s. 9d. 
cash, 50s. 1d. one month, and 50s. 8d. three months. 
The following are the market quotations for makers’ 
(No. 1) iron:—Clyde and Calder, 62s.; Gartsherrie, 
62s. 6d.; Summerlee and Langloan, 64s.; and Coltness, 
82s. 6d. (all shipped at Glasgow); Glengarnock (at 
Ardrossan), 63s. 6d.; Shotts (at Leith), 62s. 6d. ; and 
Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—There has been little change in 
the sulphate of ammonia market during the past week, 
and the price to-day is from 12/. 15s. to 12/. 17s. 6d. per 
ton for prompt delivery, Glasgow or Leith. The ship- 
ments from Leith Harbour last week amounted to 500 
tons. 


Scotch Steel Trade.—The prospect of a settlement of the 
dispute in the shipbuilding industry at no distant date 
seems to be gaining ground, and consequently a better 
feeling prevails throughout the Scotch steel trade. There 
is, however, no very perceptible improvement at the 
various establishments, where much of the rolling plant is 
still idle. New home business is practically non-existent, 
but some merchants who are in the position of being able 
to shade makers’ prices have lately passed on one or two 
orders for plates, and the prospect of work soon being 
resumed in the shipyards has caused the circulation of a 
few specifications for angles. In the export departments 
fairly satisfactory conditions prevail, and sales have been 
recorded of considerable quantities of plates for Australia, 
India, Japan, and South America. For light steel mate- 
rial the demand is still of a healthy description, and 
employment is very good, while the demand for structural 
sections is on the increase, both for the home and the 
export market. 

Malleable-Iron Trade.—A slight improvement is re- 
ported from one or two of the lelllealiinioun makers in 
the West of Scotland, but this state of affairs is not 
general. Broken time is the rule, not the exception. 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
heavy deliveries of the ordinary qualities are still being 
made, but new business is somewhat slow. Prices are 
maintaining a fairly good level. In hematite there is 
more doing, and forward inquiries are rather better. 








“Les FLorres DE ComBAT EN 1911.”—This small hand- 
book on the world’s fleets, which is edited by Captain de 
Balincourt, and is published at the price of 7.50 francs 
by Berger-Levrault and Co., 5 to 7, Rue des Beaux-Arts, 
Tudia, te now appeared in its tenth edition. It gives 
the list of ships of all nations, built and building, up to 
October 1 last. The book is divided alphabetically accord- 
ing to nations, and the ships classified for the purpose of 
illustration by di ms, and for general data. It is com- 
pleted by an alphabetical index of ships’ names. The 
characteristic feature in naval matters at the present day, 
says the author, is the unification of types and the increase 
in the size of the larger units. All the heavy artillery, 
except as France and probably Germany, is b« ing 
placed in the centre-line ; the Russians and Italians are 
adopting triple gun-turrets; turbines are replaciny re- 
ciprocating engines. The protected cruiser has wen 
abandoned asa type. The book is carefully got up, anc, 
like the former issues, will prove most useful for reference 


purposes. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Th: Sheffield Exchange.—Since its inception the Shef- 
field Exchange bas gone far to justify the hopes of its 
ters. The membership is now 265, and is steadily 


wi g. The question of the changing of the date of 
meeting has been brought forward, but there are diffi- 


culties in the way. Friday is not the most convenient 
day for many members. The trouble, however, in making 
an alteration ix to avoid clashing with other Exchanges. 
Ata meeting of the committee last Friday it was decided 
not to alter the existing arrangement, but there are 
several members who strongly favour another day. 


South Yorkshire Coal Trade.—So far as steam cval is 
concerned there is very little change in the position on 
the week. Shipments have still further decreased, but 
there is some counter-balance in the growth of industrial 
requirements, which may be due in great measure to 
manufacturers laying in stocks against emergencies, such 
as the possible holding up of deliveries on account of foggy 
weather. Up to the present there has been nothing 
definite accomplished in the direction of fixing up ship- 
ment contracts over next year. Many hard-coal pits are 
working short time. Gas-coal, both on contract deliveries 
and spot lots, is passing out of hand in satisfactory quan- 
tities. Deliveries of house coal have not been on a parti- 
cularly large scale, in spite of the bad weather, though 
the collieries are well booked up with orders, especially 
for best qualities. Prices are on the up e. Advances 
during the week have averaged from 6d. to ls. per ton. 
The London demand is satisfactory, and collieries with 
some reduction in outputs are in a good position. In- 
quiries for cheap coal have improved. Latest Change 

uotations are:—Best Barnsley, 12s. 6d. to 13s. 6d.; 
Silkstones, 9s. 9d. to 10s. 9d.; Derbyshire brights, 11s. 6d. 
to12s.6d.; Yorkshire hards, 9s. to 10s.; Derbyshire hards, 
7s. 6d. to 8s. 6d.; rough slacks, 5s. 6d. to 6s. 3d.; seconds, 
8s. 6d. to 4s. 9d.; smalls, 1s. 3d. to 2s. 6d. 


Iron and Steel.—The greatest weight of deliveries of pig 
iron during the year was reached last month, and for the 
rest of the year it is not expected that business of much 
moment will be transacted. The election is at present 
overshadowing the market, and stocktaking will shortly 
be entered upon. Present firmness of prices will, it is 
anticipated, hold good for the immediate future. The 
hematite demand is of moderate dimensions, and makers 
of common irons have a satisfactory quantity of orders in 
hand. Deliveries have been good, with a consequent 
decrease in stocks, and the next six months is well covered 
by contracts. A few Lincolnshire makers have obtained 

remiums, and Derbyshire prices have been a little 
igher, with a better inquiry for foundry sorts. Basic 
iron has been selling well. Tron and steel scrap remains 
quiet, but prices are firm, and good for best quali- 
ties. Bar-iron makers are fairly well employed, and 
plenty of inquiries are coming forward. Hopes are 
entertained of an early settlement of the shipyards dis- 
pute. This would have a markedly beneficial effect upon 
Sheffield trade ; orders would come more freely, and the 
foundries would be in better work. A good number of 
moulders are still unemployed. General engineering 
work is not of any notable quantity, but a fair amount 
of business is passing in small orders, and the future is 
hopeful. More is doing in railway departments than has 
been noticed for some time. A large home order for 
steel rails has just been placed with a local firm. In the 
lighter trades makers are busy, especially upon the better 
qualities of steels. 





INTERNATIONAL CoNGRESS, DiissELDORF, 1910.—The 
Committee have now issued in book form the proceedings 
of the Congress held in Diisseldorf in June last, which we 
reported at the time. There are in all six books, giving 
the list of members and general particularsand the papers 
and discussionson Mining, Practical Metallurgy, Theore- 
tical Metallurgy, Applied Mechanics and Geology. They 
cover together about 1500 pages of carefully printed and 
illustrated matter, and form an interesting conclusion to a 
successful gathering. 





Tue CopreR MARKET.—In their monthly report, dated 
the Ist inst., Messrs. James Lewis and Son state that 
standard copper fluctuated within a range of lJ. 7s. 6d. 

r ton during the past month, advancing from 57/. 7s. 6d. 
or cash to 581. 6s. 3d. on the 7th ult., declining to 
57/. bs. 3d. on the 11th, and rising again to 58/. on the 
l6th. After touching 56/. 18s. 9d. and 57s. 17s. 6d. in the 
interval, it closed on the Ist inst. at 57/. 1s. 3d., with three 
months prompt at 57/. 18. 9d. The demand from 
European consumers for refined copper had been but 
moderate, their requirements having been previously 
well supplied. There had not been much activity in the 
New York market, American manufacturers buyin 
relatively little, while producers being well sold pe | 
were unwilling to grant concessions in price. The annual 
report of the Nevada Consolidated Copper Company 
gave the production of copper for the year 1909-10 as 
31,386 tons (2000 Ib.) fine, at an average cost of 7.05 cents 
per lb. against 17,264 tons, at a cost of 7.47 cents, for 
the previous twelve months. The percentage of copper 
obtained from the ore was 1.40 in 1909-10, against 1.62 in 
1908-9. The report of the Utah Copper Company for 
the quarter ended September 30 gave the production for 
that period as 11,597 tons (2000 Ib.), against 12,562 tons 
for the previous quarter, the average cost of production 
being 5.25 cents. per Ib., against 7.53 cents. The copper 
conten's of the ore averaged 1.5 per cent. It wasexpected 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Quietness still prevails so 
far as Cleveland pig iron is concerned, and little activity 
is likely to be experienced thismonth. At the same time 
a feeling of confidence in the future is expressed, and 
with the commencement of the new year a renewal of 
operations on a fairly good scale is looked for. Buyers 
of Cleveland pig are postponing their orders until 
after the Christmas holidays. Deliveries on contract 
are fairly heavy. For this year’s business market rates 
stand :—No. 3 g.m.b., 49s. 9d. f.o.b.; No. 1, which is 
not now altogether unobtainable, but which is still very 
scarce, 53s. 3d. to 53s. 6d.; No. 4 foundry, 48s. 9d. ; 
No. 4 forge, 48s. 6d.; and mottled and white iron 
each 48s., whilst forward rates are quite 9d. above 
the foregoing quotations. Very gratifying accounts 
are to hand concerning East Coast hematite pig. Very 
extensive inquiries have recently been in the market, and 
they have resulted in substantial business. Sheffield 
customers have come forward rather freely, and bought 
for delivery ‘over the whole of next year, on the basis of 
64s. 9d. for Nos. 1, 2, and 3. So far as can be ascertained 
the quantity of hematite thus disposed of is about 25,000 
tons, and it is said that negotiations for further contracts 
are in progress. The general market quotation for mixed 
numbers delivered this month is 63s. 6d. Foreign ore 
values are upheld and deliveries on contract are heavy, 
but there is little new business ing. Rubio of 50 per 
cent. quality is 21s. 6d. ex-ship Tees delivered to the end 
of June next. 1 requirements of coke are very con- 
siderable, and values tend upward, but average blast- 
peut qualities can still be bought at 15s. 6d. delivered 

ere. 


Shipments and Stocks of Pig Iron.—Shipments of pig 
iron are excellent for this season of the year. To date 
this month they average 3239 tons per working day, as 
compared with a daily average of 3272 tons to the same 
date last month, and an average of 2283 tons per working- 
day for the corresponding part of December last year. 
Stocks of pig iron continue to steadily accumulate. Cleve- 
land iron in the public warrant stores now exceeds 512,000 
tons, and the stock there is this month being added to 
at the rate of practically 1000 tons per working day. 


Manufactured Iron and Steel.—The various branches 
of the manufactured iron and steel industries present few 
new features of moment, but it is gratifying to be able to 
report that what slight changes are noticeable are for 
the better. For one or two descriptions an upward ten- 
dency is shown, but up to the present the rates that have 
ruled for some time are still quoted. A good deal of work 
is being turned out, and not only have manufacturers 
good contracts made, but they report further orders 
coming in. Common iron barsare 7/.; best bars, 7/. 7s. 6d.; 
best best bars, 7/. 15s. ; packing iron, 5/. 15s.; iron ship- 
plates, 6/. 12s. 6d.; iron ship-angles, 7/.; iron ship- 
rivets, 7/. 5s. to 7l. 7s. 6d.; iron boiler-plates, 7/. 10s.; 
steel bars, 6/. 5s.; steel ship-plates, 6/. 15s. ; steel ship- 
angles, 6/. 7s. 6d.; steel boiler-plates, 7/. 10s.; steel strip, 
62. 10s.; steel hoops, 6/. 12s. 6d.; and steel joists, 6/. 7s. 6a. 
—all less the customary 24 per cent. Seevana, whilst 
cast-iron columns are 6/. 10s.; cast-iron railway chairs, 
3/. 10s.; light iron rails, 62. 10s. ; ag rails, 5/. 10s. ; 
and steel railway sleepers, 6/. 12s. 6d.—all net cash at 
works, and iron and steel galvanised corrugated sheets, 
24 gauge, in bundles, 11/. 5s. f.0.b., less the usual 4 per cent. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.— Last week closed with some improvement in 
the tonnage position ; and although many steamers were 
still delayed, the steam-coal trade showed a firmer ten- 
dency for both large and small descriptions. Most of the 
colliery owners are reported to be fully sold, and they are 
not inclined, accordingly, to alter quotations, either for 
oper or forward loading. The best large steam coal 
mas made 16s. 3d. to 16s. 6d. per ton ; secondary qualities 
have brought 15s. to 16s. per ton; best bunker smalls, 
9s. 3d. to 9s. 6d.; and cargo smalls, 7s. 3d. to 8s. per 
ton. The house-coal trade has shown strength, and 
there has been a good demand for bituminous qualities. 
The best ordinary household coal has been quoted at 
14s. 6d. to 16s. 6d. per ton; No. 3 Rhondda large at 
17s. to 17s. 6d.; and smalls at 9s. 6d. to 10s. per ton. 
No. 2 Rhondda large has made 12s. to 12s. 3d., and smalls 
7s. to 7s. 6d. per ton. There has been little change in 
coke ; foundry qualities have been quoted at 18s. to 20s., 
and furnace ditto at 16s. 3d. to 17s. 3d. per ton. As 
regards iron ore, Rubio has made 20s. te 20s. 6d. per ton, 
upon a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Llanelly.—The trade of the town and district presents, 
upon the whole, a satisfactory aspect. There has been 
some labour trouble at Trimsaran Colliery, but it is not 
expected that the men will be out long. Coal has been 
in better demand, but prices have ruled low. The demand 
for tin-plates has shown a tendency to ease off, but prices 
have not experienced any change, as most of the works 
are booked forward for several months. New mills at 
Dafen will be in operation early in the new year. 


Dowlais.—The steel works have shown increasing 
activity. The Goat Mill has been turning out billets, 
tin bars, rails, &c., principally on home account. The 
Big Mill has been well employed upon light colliery 
angles, props, channels, curves, rails, &c. 

Bristol Docks.—It is pro’ to reo ise the docks 
committee of the Bristol City Council ; the suggestion is 
to reduce the number of members of the City Council 





that the Ray, Chino, Inspiration, and Miami Mines of 

Arizon: would be producing copper within the next six 

yee the Ray. with an estimated annual output of 
000 + 


ns, early in February. 





serving on the committee to fifteen, and to add four 





co-opted members from outside. No definite decision has, 
however, been arrived at upor the subject at present. It 
is proposed that Mr. F. B. Girdlestone, so long associated 
with the docks as general manager, shall become con- 
sultant, and that a new general manager shall be adver- 
tised for. 

Blaenavon Company, Limited.—The directors of this 
company state in their report for 1909-10 that the 
trading profit of the year was 28,548/. After providing 
for debenture and other charges there remained a net 

rofit of 18,874l. ; this amount, added to 20,132/. brought 
orward from 1908-9, made a total balance at the credit 
of revenue of 39,006/. After providing for the dividend 
due upon the preference shares, the directors recommend 
a dividend at the rate of 5 per cent. per annum upon the 
ordinary shares, leaving 18,7561. to be carried to the 
credit of 1910-11. Further improvements and additions 
to the collieries, plant, and furnaces have been made by 
the company at a cost of 107,449/. The opening of new 
steel works has been delayed, but the works are now 
completed. 





Contracts.—Messrs. 8S. and H. Morton and Co., 
Victoria Dock, Leith, have recently received an impor- 
tant contract for the construction of two patent marine 
slipways, to the order of La Compagnie Universelle du 
Canal Maritime de Suez, Paris. e slipways are on 
the live-roller principle, electrically-driven, each being 
capable of handling vessels of 1000 tons displacement. 
The whole equipment was designed by Messrs. Clark and 
Standfield, London. Messrs. Morton have also in hand 
three electrically-driven slipways for the port of Para, 
each of 800 tons capacity, one of 1600 tons for Bombay, 
and one of 700 tons for Constantinople.—H.M. War Office 
have accepted the tender of Imperial Light Limited, 123, 
Victoria-street, S.W., for lighting St. Peter’s Barracks, 
Jersey, with acetylene. The plant will be one of the 
**Imperial” design, carbice to water, Class VI. type. 





“THe WoRKING OF THE ROAD DkrvELOPMENT ACT, 
1909.”"—At a meeting of the Society of Engineers, which 
took place at Caxton Hall, Westminster, on the 5th inst., 
Mr. inald Brown read a paper having the above title, 
in which he dealt with the improvement required to be 
carried out upon the roads throughout the country. He 
explained the terms of the Act in question, and made a 
number of suggestions as to the order in which the work 
of improvement should be carried out, the extent of such 
work, and the co-operation which should rule in the same. 
The cost of the work should be spread over a larger area 
than now obtains, and ashare of the cost should be borne 
by the extraordinary users, The Act was one great step 
towards the attainment of good roads. The paper forms 
an interesting contribution on the subject, and contained 
a striking view of a country main road damaged by motor- 
wagon traffic. 





Concessions FOR Pusiic Works IN Turkry.—H.M. 
Embassy at Constantinople have forwarded a copy of a 
decree of the Ministry of Public Worksdefining the condi- 
tions under which that department will consider future ap- 
plications for concessions for works of public utility. Per- 
sons desirous of obtaining such concessions must, in the first 
place, obtain from the department authorisation to under- 
take preliminary studies of the work, and draw up plans 
and estimates, which have to be submitted to the depart- 
ment. Should the Government then decide to grant a 
concession for the work, this will be put up to public 
tender, in which the person who has undertaken the pre- 
liminary studies will have no preferential right. Should 
he not obtain the concession, however, he will he indem- 
nified for his performance of the preliminary studies, The 
text of the decree (in French), together with a model 
application and contract for preliminary studies, and 
particulars of the plans and estimates to be prepared and 
submitted, may be seen by British firms at the Com- 
mercial Intelligence Branch of the Board of Trade, 73, 
Basinghall-street, London, B.C. 


EXTENSIONS AT THE WALKER SHIPYARD.— Some impor 
tant extensions have recently taken place in the supply of 
electric power at the Walker Shipyard of Messrs. Swan, 
Hunter, and Wigham Richardson and Co., Limited. 
The existing sub-station from which the power is sup- 

lied to these works by the Newcastle-upon-Tyne Electric 
upply Company, Limited, contained three 250-horse- 
power single-phase Berry transformers and one 650-horse- 
wer transformer of the three-phase type by the Electrical 
Yompany. These are controlled by two Brown-Boveri 
transformer and feeder panels at 6000 volts, while the low- 
ressure circuits are controlled by two Reyrolle trans- 
ener panels of the flat slate type at 440 volts. The 
existing three- phase transformer is being replaced by three 
single-phase transformers of 250 horse-power each, with a 
ratio of 5500 to 440 volts, constructed by the British 
Electric Transformer Company. The high-tension switch- 
gear is being replaced by ‘ Ironclad” switch-gear of the 
Reyrolle type, consisting of two feeder panels and two 
transformer panels, suitable for 6000 volts. One of the 
existing low-tension panels is also being replaced by a flat 
slate Reyrolle board. Protective gear of the balanced 
type is now ene ordinary overload gear. Another 
important installation is that at the site of the new ship- 
ard of Messrs. Armstrong, Whitworth. and Co. at 
Walker. The contractors - the excavation, Messrs, 
Nuttall], have installed four large electric cranes, each of 
which has two 25-horse-power and one 10-horse-power 
motor. These are used for dumping the earth from the 
excavations into barges. Electric power is also used to 


drive the contractors’ shop. An extension has also been 
made to the installation at the St. Lawrence ropery, 
where 350 horse-power of electric motors are now in- 





stalled. 
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NOTICES OF MEETINGS. 


Tue British FoUNDRYMEN’Ss ASSOCIATION (BIRMINGHAM BRANCH). 
—Saturday, the 10th inst., at 7 o'clock, at. the Technical School, 
Suffolk street, the following foundry difficulties will be discussed : 
—l. How to obtain a surface on light castings, to obviate 
(a) Streaks on surface. ()) Rough surface. (c) Kishy marks from 
runners, &c. 2. How to prevent oven-plates splitting when in 
use. 3. Segregation in bushes. 4. The cause of chilled rolls 
splitting after the chills have been removed. 

Tus Nort or ENGLAND INSTITUTE OF MINING AND MBCHANICAL 
Enomneers.—Saturday, December 10, at 2 p.m., in the Wood 
Memorial Hall, Newcastle-upon-Tyne. The following papers will 
be read or taken as read :—‘‘ A New Method of Testing for Gas in 
Mines with Safety Lamps,” by Mr. Ralph D. Cochrane. ‘The 
Holmes-Alderson Automatic Fire-Damp Cut-Out,” by Mr. George 
a (With experimental illustrations.) “Electric Winding, 
with “pecial Reference to its Development in Upper Silesia,” by 
Mr, Henry Moore Hudspeth. ** The Pench Valley Coal-Field,” by 
Mr. F. L. Leslie Ditmas. A patent automatic oiling apparatus for 
colliery tub and other axles will be exhibited and described by 
Messrs. Dunford Brothers. 

Tue InstiruTion or EvecrricaL ENn@ineers: Nerwe stie Locan 
Srcrion.—Monday, December 12, at 8 p.m., at Armstrong Cullege. 
Discussion on ‘* Electric Winders.” 

Tae Surveyors’ InstrruTion.—Monday, December 12, in the 
Lecture Hall of the Institution, at 4 o'clock in the afiernoon, a 
ad will be read by Mr. Robert M. D. Sanders (Fellow), entitled 
“The Organisation of Agricultural Credit under Land and Local 
Credit Societies.” 

Tue Roya. Socirty or Arts.—Monday, December 12, at 8 p.m. 
Cantor lecture :—“ Industrial Pyrometry,” by Mr. Charles R. 
Darling, A.R.C.Sc.L, F.1L.C, (Lecture IV.)—Wednesday, Decem- 
ber 14, at 8 p.m. ‘A New View of Roman London,” by Mr. 
Reginald A. Smith, B.A., F.S.A. Mr. G. Laurence Gomme, F.S.A., 
will preside.—Thursday, December 15, at 4.30 p.m. Indian Sec- 
tion.—‘‘ The Taj Mahal and its Relation to Indian Architecture,” 
by Mr. Robert F. Chisholm, F.M.U., F.R.1LB.4., F.S.A., late con- 
sulting architect to the Government of Madras, and to H.H. 
Maharaja Gaekwar of Baroda. Sir William Lee-Warner, K.C.S.L, 
chairman of the section, will preside. 

Tue InstrrvTion or Civi, Exeinekas.—Tuesday, December 13, at 
8p.m. Discussion upon “ Portland Cement, and the Question of 
its Aeration,” by Mr. Henry Kelway Gwyer Bamber, Assoc. Inst. 
C.E., to be continued and concluded.— Students’ meeting, Friday, 
December 16, at 8 p.m. Paper to be read: ‘‘ Mathematical 
Deduction of the Most Economical Ratio of Reinforcement for 
Reinforced-Concrete Structures,” by Mr. R. N. Mirza, Stud. 
Inst C.E. Mr. C. 8S. Meik, M. Inst. C.E., will occupy the 
chair. 

Tue Liverpoo. Eneingerine Sociery.— Wednesday, December 14, 
at 8 p.m., at the Royal Institution, Colquitt-street, when a paper 
will read entitled ‘Refractory Materials,” by Dr. R. Lessing, 
Ph.D., F.C.S. 

Tue InetiruTion or ExecrricaL Enomneers : Guascow Loca. 
Secrion.—The annual dinner of this Institution will take place 
on Wednesday, the 14th inst. 

Tue InstTrruTion OF ELEcTRICAL ENGINEERS: Birnmineuam LocaL 
Srcrion.—Wednesday, December 14, at 7.30 p.m., in the English 
Theatre, the University, Edmund-street. A paper will be read 
on “ Street-Lighting by Modern Electric Lamps,” by Mr. Hadyn 
T. Harrison, Member. 

Tae Junior Institution or E —Wed y, Dee- 
ember 14, at 7.30 p.m., at the Royal United Service Institution, 
Whitehall. Paper on ‘‘ Some Recent Developments in Condens- 
ing Plant,” by Mr. G. L. Kothny, of Manchester. Saturd«y. Dec- 
ember 17, at 3 p.m., visit General Post Office New Power-House, 
Upper Ground-street, Blackfriars, and sub-stations in connection. 
Lectures on ‘‘ The Law Relating to Engineering.” The fifth and 
sixth lectures, announced for December 7 and 19, have been post- 
poned to January 16 and 30. 

Tue INSTITUTION OF ELECTRICAL ENGINKERS.—Thursday, Decem- 
ber 15,at8 p.m. ‘‘ Submarine Cables for Long-Distance Telephone 
Circuits,” by Major W. A. J. O'Meara, C.M.G, 

Tue Concrete Inxstitrvrs.—Thursday, December 15, at 8 p.m., 
at the Royal United Service Institution, Whitehall,S.W. A paper 
will be presented by Mr. Thomas Potter, M.O.I., on “‘ General 
Concrete Practice.” 

Tue INSTITUTION OF MBCHANICAL ENGINERRS.—Friday, December 
16, at 8 p.m., in the Institution House, Storey’s Gate, St. James's 
Park. Papers to be read and discussed :—‘*The Production of 
Castings to Withstand High Pressures,” by Professor H. ©. H. 
Carpenter, M.A., Ph.D., and Mr, C. A. Edwards, M.Sc., of the 
Victoria University, Manchester; and (if time permits) ‘‘ The 
Constitution of Troostite and the Tempering of Steel,” by Mr. 
Andrew McCance, A.R.S.M. 
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THE BRITISH COAL-DUST 
EXPERIMENTS. 

Tue record of the first series of British coal-dust 
experiments amply justifies the resolution of the 
Mining Association of Great Britain to investigate 
the phenomena of coal-dust explosions, and the 
selection of the Committee to whom they entrusted 
the task. The Committee have definitively estab- 
lished the fact, which had remained controversial 
for a quarter of a century, and in a certain sense 
for a full century, that coal-dust is in itself ex- 

lusive, even in the complete absence of fire-damp. 
t may be objected that anybody who had ever put 
fine coal-dust on the fire would have admitted 
that fact ; that scientists had long ago- agreed that 
very finely-divided matter reacted at times with 
explosive energy, though sluggish under ordinary 
conditions; and that scientific men in this and 
other countries had repeatedly pointed out the 
danger of coal-dust. ll this is perfectly true. 
Yet the Mining Association of Great Britain 
deserves the thanks of the kingdom and of the 
world at large for placing the means at the 
disposal of Sir Lindsay Wood, Mr. W. E. Gar- 
forth, Mr. C. Pilkington, Mr. J. T. Forgie, and 
Mr. W. W, Wood, to carry out experiments under 





conditions conforming to mining practice. They 
adopted the same gauge of tram-line, the ordinarily 
used size of tub, timber, &c., air currents such as 
are met with on the main roads of a mine, and a 
distribution of coal-dust within the mine corre- 
sponding with that usually present on underground 
haulage roads. That this was required, in spite of 
all that has been done by observers and experi- 
menters here and abroad, in order really to impress 
the collier and the public, is only additional 
evidence that the practical man is often sceptical of 
scientific deductions. 

The principal reasons for doubting the dangers 
of coal-dust were that ‘‘the experiments had not 
represented practical conditions existing in the 
working of an ordinary mine ; that the quantity 
of dust used in the experiments had been excessive ; 
that the experimental conditions necessary to carry 
conviction could only be obtained in the actual 
workings of a mine, in which case it would prac- 
tically be impossible to observe the results of the 
explosion ; that, considering the fact that 20 million 
shots were fired in one year in the United King- 
dom, it was singular that dust explosions did not 
occur almost daily ; that the practical immunity 
from explosions in the non-fiery Somerset, Forest 
of Dean, and West Durham collieries was a proof 
that coal-dust per se was not capable of being 
ignited by a blown-out shot; and that some wit- 
nesses had never known an explosion of coal-dust 
caused by a blown-out shot, without the presence 
of gas, and that, any how, an explosion, if set up, 
would not be serious unless assisted by the presence 
of gas.” 

The belief in the danger of coal-dust gained 
ground, however, though conflicting opinions con- 
tinued to be expressed by leading mining engi- 
neers. Experiments were carried out in various 
ways, but never on a really large scale, and under 
rigorously practical conditions. The present Royal 
Commission on Mines, appointed in 1906, unani- 
mously reported in April, 1907, that experiments on 
a large scale were required. After duly considering 
the respective merits of conducting the experiments 
in a portion of an abandoned mine, or in a specially 
constructed gallery, in the form of a culvert partially 
sunk in the ground, made of reinforced concrete or 
masonry, or in a wrought-iron gallery built on the 
surface of the ground, the Committee of the Mining 
Association decided in favour of the latter project. 
The main objections to abandoned mines were that 
they were naturally wet, that the complete absence 
of fire-damp would be difficult to establish, and 
that experimenting in them would be dangerous 
and would hardly permit of securing records. A 
wrought-iron gallery was preferred to a concrete 
culvert, as being cheaper and easier to be built and 
to be repaired. The Treasury did not see its way 
clear to provide for the necessary funds; the 
Mining Association therefore raised the sum of 
10,0001. by means of a levy on a tonnage basis, to 
which all the collieries of the Association sub- 
scribed. We have already mentioned the names 
of the members of the Special Committee ap- 
pointed to carry out the investigation. They were 
representative of the principal coal-fields of 
Great Britain. Without wishing to apportion 
credit, we may add that the suggestions of Mr. 
Garforth, both as to the design of the gallery 
and as to the mode of research to be adopted, were 
in the main followed. Mr. Garforth had become 
convinced of the explosibility of coal-dust in 1883. 
He was largely guided—much to the benefit of the 
investigation—in certain experiments by his careful 
study of the peculiar way in which the great 
Altofts explosion of 1886 had spread below ground. 
Altofts, Yorkshire, was selected as a suitable place, 
and the Association asked Mr. Garforth to super- 
vise the experiments, in which he had the assistance 
of many able men. 

The investigation, which is being continued, re- 
solved itself under the three heads : (a) the demon- 
stration of the explosive nature of a mixture of 
coal-dust and air, without the presence of inflamm- 
able gas ; (b) the discovery of a preventive of such 
explosions, or a remedy for them ; and (c) the 
investigation of the chemical and physical pheno- 
mena accompanying coal-dust explosions. 

We are to-day mainly concerned with the results 
of the experiments. To understand their value 
and scope we must briefly indicate the means 
adopted. The gallery was erected at Messrs. Po 
and Pearson’s collieries, where preliminary galleries 
had previously been constructed. It was built, in 
1908, of old boiler shells, each 30 ft. in length, ,% in, 
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in thickness, strengthened by T-iron hoops. The 
main or intake tube has a length of 788 ft., which 
was sometimes extended to 1083 ft. ; the diameter 
is 74 ft. The return tube, 295 ft. in length, 6 ft. in 
diameter, # in. in thickness, is four times bent at 
right angles ; each bend carries two relief-valves, 
to protect the ventilating-fan, and also to give 
some indication of the explosion pressure by the 
angle to which they open. A ‘‘Sirocco” fan 
sends a ventilating current of about 50,000 cub. ft. 
(up to 80,000 cub. ft.) of air per minute, with a 
water gauge of 3 in., through the gallery at mea- 
sured speed ; the ends of the fan-drift, which is pro- 
vided with an evasée chimney built up of light boards, 
are closed by wooden doors hung on horizontal 
hinges. Coal-dust was obtained from the Silkstone 
seam, in which the already-mentioned explosion of 
1886 had occurred, and also from other sources. 
The dust was ignited by means of a gun charged 
with 24 oz. of blasting powder ; a second, smaller 
gun was sometimes used as a cloud-raiser. 

The British coal-dust instruments for deter- 
mining the mode and velocity of propagation of the 
explosions are very ingenious ; they are installed in 
the gallery and in the laboratory attached to it, and 
comprise kinematographs, pressure and time re- 
corders, circuit-breakers, an automatic commutator, 
and appliances for collecting and analysing the 
gases ; some of these instruments, which were made 
by the Scientific Instrument Company, of Cam- 
bridge, have been described by us on another occa- 
sion. The stone-dust used as a remedy in some of 
the experiments was, as a rule, a soft shale free 
of silica—unobjectionable, in the opinion of Dr. 
Haldane, the well-known medical expert on mining 
problems ; gritty dust would undoubtedly be dele- 
terious. The dust was generally spread in the 
gallery on the floor and on specially-provided rows 
of shelves, arranged in five rows. 

The chief result demonstrated by the experi- 
ments is that a cloud of coal-dust, incapable of 
giving off combustible gas on heating, will form an 
explosive mixture with air. That was demonstrated 
for finely-divided wood charcoal, and supported by 
many experiments with the Silkstone and other 
coals from Wales, Scotland, and South Africa, 
which may give off gases, but hardly at a rate sufli- 
cient to render their combustion explosive. We 
shall presently revert to this point. In the ordinary 
coal-dust experiments just alluded to, the cloud- 
raiser gun was first fired. A jet of dust, perhaps 
5 ft. long, was puffed out from the down-cast end, 
against the normal direction of the air-current. 
Evidently the ventilating current was momen- 
tarily arrested, and the concussion caused by the 
firing of the 4 oz. of blasting powder of the 
dust-raiser gun raised in suspension in the air- 
current a certain proportion of the dust, which 
was carried towards the return. The explosion 
itself ‘travelled in both directions, with and against 
the air current. After the firing of the igniter, 
or the large gun with 24 oz. of powder, a larger 
cloud of dust was ejected from the down-cast, 
this dust being probably driven out by the con- 
cussion cota by the igniter, in advance of 
the explosion. A flame then shot out from the 
mouth of the gallery, spreading through the dust 
to a length of 180 ft. Simultaneously a report was 
heard up to a distance of 7 miles. As soon as the 
ventilating current, which had been reversed, was 
re-established, dense clouds of smoke and dust 
issued for some time from the evasée chimney ; but 
in a few minutes the gallery was free for inspection 
again. 

The timber close to the point of ignition was, for 
a short distance, in many instances left undisturbed, 
showing that the explosion had not yet gathered 
force to do much damage. In other cases the whole 
gallery was swept clean, and serious havoc was not 
rarely made. Any props which had remained stand- 
ing hewel broad and narrow bands of coal-dust, 
the narrower bands facing the normal direction of 
the air current. These bands did not afford any clue, 
however, as had been assumed, as to the direction 
of the hearth of the explosion. Crusts of coke were 
frequently (not always) observed on the props ; 
these crusts generally adhered to the side facing 
the point of ignition. 

The actual mode of propagation of the dust 
explosion is not ya cleared up yet. Two modes 
are possible, and may actually occur and concur. 
On the one hand, the dust may act like a very 
coarse gas mixture, in which the aggregates of 
molecules in a dust particle correspond to the single 
molecule of a combustible gas; such a mixture 





would have an ignition temperature in the same 
uncertain sense as a gas. On the other hand, the 
dust may, at temperatures below ignition, so readily 
yield gas that the initial heat causing the ignition 
may discharge gas from the dust, which, burning, 
would supply further energy, and admit of the 
propagation of the explosion. The actuality of the 
former mode has already been pointed out. As 
regards the latter mode, Holzwart and E. von 
Meyer, and recently P. P. Bedson, found dusts 
from different kinds of carbonaceous matter in- 
flammable to different degrees, which did not 
always correspond to the volatility of the gaseous 
constituents. According to W. N. and J. B. 
Atkinson, ‘‘ upper” dust (i.e., dust accumulating 
on the higher parts of haulage roads) becomes more 
and more combustible in the course of time and 
burns en masse, probably owing to an absorption of 
oxygen. The British Coal-Dust Committee incline 
to this view, and it would appear possible to 
estimate, on the strength of laboratory tests, the 
relative danger to be apprehended from a par- 
ticular coal-dust. 

Fortunately for the purpose of this inquiry, the 
dust collected from the roadways after the Altofts 
explosion of 1886 was microscopically examined at the 
time, and the specimens have been preserved. The 
specimens now gathered in the Altofts Gallery bear 
the same characteristics. The dust is more or less 
burned or charred, and turned into tar, pitch, 
coke, ashes; and such substances as fossil-wood, 
microspores and macrospores are represented in 
both the mine dust and the gallery dust. Two types 
of bodies of characteristic appearance have, more- 
over, been discovered and termed ‘‘ carbospheres ” 
and ‘* microspheres ;” they seem to play a signifi- 
cant part in the development of the explosion. 

Another important result is the increase of pres- 
sure with increased distance of travel of the explosion, 
and the marked influence of the presence of obstruc- 
tions in causing the explosion to be propagated with 
increased violence. In one case the maximum pres- 
sures observed at distances of 125 ft., 150 ft., 225 ft., 
250 ft., 275 ft., and 375 ft. from the point of igni- 
tion were 35 lb., 38 lb., 50 lb., 65 lb., 43 lb., and 
92 lb. per sq. in. Excepting the discordant figure 
43, the pressures increased steadily with the 
distance, as long as the explosion travelled through 
a coal-dust laden atmosphere, it must be under- 
stood. The pressure fluctuated a good deal in the 
first 300 ft. or 400 ft., and itis important to decide 
by further experiments whether that maximum 
pressure and velocity would be maintained. Occa- 
sionally the rise was very steep. In one case the 
velocity of propagation must have risen to 2014 ft. 
within one-tenth of a second and 20 ft. distance, 
while the pressure increased from 40 Ib. to 90 lb. 
per sq. in. 

In the cases just alluded to the gallery was set 
with props and bars every 9 ft. When the intake 
was clear of all obstruction, these high pressures and 
velocities were not observed. The props may offer 
sufficient resistance to form a compression-wave, or 
may arrest dust particles, which, becoming heated, 
would generate gas, so that the violence would be 
augmented. The Committee do not press this 
latter view. If distillation, apart from combustion 
of the dust as a whole, should occur, as it does, it is 
more likely to take place subsequent to the passage of 
the explosion. A third explanation also suggested is 
regarded as more probable—the obstacles may pro- 
duce eddies and a better mixing of dust and air. 
These features require further elucidation. It is 
noteworthy in this connection that Taffanel, in his 
experimental gallery at Liévin, near Lille, in 
France, observed that the pressure might become 
excessive near the open end of his gallery, and 
could actually be reduced by closing the mouth. 
This agrees partly with observations on gas explo- 
sions in open and closed tubes. 

The most interesting result is the promising 
evidence that coal-dust explosions can be prevented, 
and éven cured. Watering has been applied for 
some time with a certain amount of success, as is 
well known. The water is sprinkled on the coal—a 
damp atmosphere is not sufticient—or hydraulically 
forced into the coal in situ, as by the Trippe process, 
to which we drew attention in our report on the 
Diisseldorf Mining Congress last July. The former 
treatment is disliked by the men as untidy, and has 
its drawbacks. Mr. Garforth advocated the appli- 
cation of stone-dust in 1886, and the present 
experiments in this direction have been successful. 





He had seen that there had been heavy falls of roof 
where coal-dust had accumulated, but that the explo- ! 


, Sion wave had not traversed zones of stone road free 


of dust and of sufficient length. It would now 
appear that the intlammability of coal-dust can je 
suppressed by the use of stone-dust. It might be 
better still if we could suppress the coal-dus: - 
since that seems so far out of question, the miner 
has to be satisfied with rendering the dust harm- 
less, and the practicability of the stone-dust treat- 
ment has been established in the Altofts collieries. 
It has been demonstrated, in the first instance, that « 
cloud of incombustible stone-dust will check the pix 

pagation of an explosion wave that had travelled 
275 ft. As the coal-dust was mixed with more and 
more stone-dust, it became more and more incom 

bustible. The addition of 10 per cent. of inert 
dust had a remarkably retarding effect, and some 
African coal, rich in ash, gave a relatively safe 
dust. When this had been established, zones of 
stone-dust were created by scattering the fine stone 
particles along the sides of the roadways or upon 
one of the shelves. The zones were subsequently 
abandoned, and stone-dust was spread wherever 
coal-dust was liable to collect. The treated road- 
ways look as if they had been whitewashed. At 
Altofts colliery the cost of this treatment works 
out at about 4d. per ton of coal raised. That 
expense can easily be faced, and, as prevention is 
better than cure, the general dust-sprinkling—it is 
thrown by hand—appears preferable to the pro- 
vision of stone zones. The effect of a stone zone 
seems to be mechanical, inasmuch as it offers 
resistance to the projection of a flame. The cloud 
of stone-dust raised stifles the explosion, or, rather, 
acts as a diluent ; the dust must be fine, of course. 
Taffanel has made similar experiments, covering his 
zones with powdered schist, and also with blast- 
furnace slag, which would hardly be admissible in 
practice. 

Enough has been said to prove that the British 
Coal-Dust Committee has achieved hopeful results, 
which make the continuation of their researches 
most desirable. Some points as to which further 
inquiry is desirable have been mentioned. Other 
points now under investigation are the determina- 
tion of the maximum and minimum quantities of 
coal-dust that will allow an explosion, of dust alone 
or of dust and gas, to propagate, and the testing of 
permitted explosives. Experiments will also be 
made with air currents containing fire-damp, and 
with air currents impregnated with moisture to 
different degrees. Scientists are fairly agreed that 
an absolutely dry gas mixture will not explode ; but 
though no explosion can apparently ensue in the 
absence of all moisture, the presence of moisture 
afterwards seems to retard the propagation of the 
explosion when started ; much moisture, however, 
the Committee suggests, might favour the propaga- 
tion. It is possible that the continuation of the 
research will not disclose much that had not been 
observed before, sometime and somewhere. That 
would not deprive the investigation of its value. 
The public, and not only those directly interested, 
have to be trained to recognise that coal-dust is a 
serious source of danger in itself, and that the 
danger can be prevented and remedied. It is 
fortunate for this reason that the British Coal- 
Dust Committee was able to let more than 800 coal- 
owners, officials, and scientists from all parts of 
the world witness the convincing experiments. 








THE FORFEITURE CLAUSE. 

One of the most difficult clauses in an engineering 
contract is that which is known as the “‘ forfeiture 
clause.” With a view to securing that there shall 
be no undue delay in the completion of works in 
accordance with a contract, it is often provided 
that the employer shall have power to give notice 
to the contractor to proceed regularly and effectu- 
ally to complete the work within a certain time. 
Upon failure to comply with the notice, the em- 
ployer is empowered to enter upon the works, and, 
if necessary, to employ another contractor. 

A simple form of clause is as follows :—‘* Should 
the contractors at any time neglect to make good 
any defective work, or not execute same with the 
dispatch necessary for its completion in the time 
required by the contract, or if the contractors shall 
become insolvent, or an order be made, or effective 
resolution be passed for the liquidation of the 
contractors, the engineers (e.g., the engineers under 
the contract) may take the further execution of the 
works out of their hands.” 

It is clear that a notice given on the bankruptcy 
of the contractor will be an effective determinstion 
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of the contract. The document, of course, should 
be duly signed by the engineers. It is probably 
wiser to give the notice in general terms, stating 
that it is given ‘‘pursuant to Clause...... of the 
contract.” This does not pin the employer down 
to the proof of any particular breach. It will 
then be competent for the employer to rely on 
any circumstances in existence at the time as a 
justification of the notice. 

With regard to the time for enforcing a for- 
feiture, it is a general rule that where there is a 
clause providing for the avoidance of the contract, 
and the forfeiture of the contractor's implements 
and materials, if he fail to proceed with the work 
at the rate of progress required to complete 
the works within the period limited for the pur- 
pose, or upon certain other events, such a clause 
can only be acted on, and enforced, before the 
time originally fixed for the completion of the 
works has expired. And the exercise of the right 
of election to rescind a contract, on the ground of 
delay, or that the works cannot be completed 
within the given time, must be signified in an un- 
qualified manner, and, at all events, not after the 
contractor has gone to expense in the reasonable 
belief, induced by the acts or omissions of the 
employer, that the right of election would not be 
exercised, or has altered his position under such 
circumstances to his prejudice. 

Proper notice should be given before the for- 
feiture is imposed. So when a contract provides 
that, if it should appear to the employer, or his 
engineer, that the work is not properly executed, 
and with due expedition, it should be lawful for 
them to give notice in writing to the contractor to 
alter any improper work, and to supply proper and 
sufficient materials and labour; and that if he 
should fail to comply with such notice, then, that 
the employer or his engineer may take the work out 
of his hands ; a notice in a general form is sufficient. 
Thus it has been held that the following notice was 
sufficient : ‘*I give notice to you to supply all 
proper and sufticient materials and labour for the 
due prosecution of the works, and with due expedi- 
tion to proceed therewith ; and, further, that if you 
shall for seven days (the time named in the con- 
tract) after the giving of this notice fail or neglect 
to comply therewith, I shall, as engineer, and on 
behalf of the Corporation, take the works wholly 
out of your hands.” But, on the other hand, it 
seems that, if the employer desire the contractor 
to do some particular act—for example, to pull 
down some of his work—he ought to give him a 
notice to that effect, specifying to what extent he 
wishes to have the work pulled down. 

When it is intended to take advantage of any 
breach of condition in a contract, so that it should 
operate as a forfeiture, the employer must take care 
not to do anything which may be deemed to be an 
acknowledgment of the continuance of the contract, 
and so operate as a waiver of the forfeiture. To 
borrow an example from the law of landlord and 
tenant, it appeared that a lessee named Brown 
sub-let land to Jones, with a covenant by Jones to 
finish certain houses thereon, and with a power of 
re-entry in case of default. Subsequently by deed, 
reciting the sub-leases, Brown assigned the land 
subject to the sub-leases. The Court inclined to 
think that, if the covenant had been broken by 
Jones, the assignment, subject to the sub-leases, 
would have been a waiver of the forfeiture, although 
the forfeiture was not known to Jones. 

_The question whether an employer has waived 
his right to enforce the forfeiture clause by delay is 
& question of fact for the jury to determine. 

Where there is a clause in a contract that in 
case of default in not completing the works, at suc- 
cessive periods, the owner should be at liberty to 
re-enter and seize the materials, and successive 
defaults are made, and several periods of indulgence 
granted, but there has been no waiver of the last: 
default on the part of the owner, and no alteration 
of the contractor’s position to his prejudice, the 
owner may be entitled to re-enter and seize the 
materials. 

The notice having been given, the question is 
Sure to arise whether the contractor is entitled to 
retain what has already been paid. Further than 
this, Is he entitled to the retention money, and 
the sums which would have accrued due under the 


certiti-ates of the engineers if the work had pro- 
ceede t/ 

With regard to his right to retain what has 
alreac| been paid, it seems to be clear that he is so 
atitled. It is evident that if the determination of a 


titled to recover the profits he would have made 
(Appleby v. Myers (1867) L.R., 2 C.P., 651). But 
if the contract work is not completed through the 
default of the contractor, he cannot recover, the 
certificates of the engineers being for this purpose 
a condition precedent. 

As to whether a retention fund belongs to the 
employers, this is not an easy question to decide. 
Upon the whole, seeing that it is really earned, 
though not paid, before the forfeiture, it is probable 
that it belongs to the contractor. Butit may prob- 
ably be retained to answer for penalties. The pay- 
ment clause usually provides that after the final 
certificate and certain other contingencies, the 
balance of the retention fund ‘‘ less any sum due to 
the employer,” shall be paid. There is no English 
decision on the point, but in Quinn v. United States 
(1878), 99 U.S. 30 (Hudson’s ‘‘ Building Con- 
tracts,” page 620), an American judge expressed a 
view which accords with common-sense. In that 
case the contractor was to be paid for his work as 
sections of it were completed to the required depth, 
the Government reserving 10 per cept. from such 
payments until the whole was ccmplete and 
accepted. Deductions of 10 per cent. were made 
from the payments. His contract was deter- 
mined. Judge Miller (at page 34) said, ‘‘In our 
view it is a fair construction of this part of the 
agreement that the money retained under it is for 
security that the contractor will not abandon his 
work.” 

When the forfeiture clause is put in operation, a 
question is nearly certain to arise as to the penalties 
for delay—When do they run from, and when 
cease / 

It is clear that they cannot be demanded in 
respect of the time lost after the forfeiture, for on 
forfeiture the employer enters to do the work, and. 
the contractor could not be made liable for his 
delay (see Newman In re (1875), 4 Ch. D., 724, 
and other cases ; Hudson, page 540). Delay after 
that date may, however, form part of the claim 
for general damages for breach. It is submitted 
(in the absence of authority) that a forfeiture by 
the employer involves an abandonment of any 
claim for penalties. He has really substituted one 
penalty for another. 





ENGINEERING SCHEMES IN 
PARLIAMENT. 

In our last issue we gave particulars of the 
somewhat meagre list of proposals for public works 
in England and Wales which it is intended to 
submit for the approval of Parliament during the 
ensuing session, and we now propose to deal with 
those brought forward for Scotland and Ireland. 
These are also few, and generally unimportant ; 
indeed, as concerns the country last named, schemes 
for the improvement of public facilities are this 
year nearly as rare as are snakes there since 
St. Patrick’s clearance of the reptiles in the fifth 
century of our era. Scotland is in little better 
plight. 

TRANSPORT. 

There are no railway Bills of importance affecting 
either Scotland or Ireland, though a clause in the 
Midland Railway Company’s Omnibus Bill pro- 
vides for an alteration in the powers of the directors 
appointed by the Midland Railway Company on 
the Board of the Strabane and Letterkenny Rail- 
way Company. As for tramways, the sole item 
of interest is that the Lanarkshire Tramways Com- 
pany are proposing to adopt the trackless trolley 
system in substitution for tramways along cer- 
tain routes in Bothwell and Dalziel, which they 
were authorised to lay in 1903. At Belfast the 
Corporation propose to extend their existing system 
of tramways by the construction of another 5 or 6 | 
miles of double line. 


Harsours, Docks, aNnD Piers. 


contract is wrongful, the contractor may be en- | 


extending Hay’s Pier by another 416 ft. of solid 
wall. The addition of 100 ft. to the Victoria Pier 
is also proposed, together with the construction of 
a slip. At Ullapool it is proposed to incorporate 
a body of trustees to build timber extensions to 
the —T iers and deepen the harbour by 
dredging. T sibes Council at Cullen seek to take 
over from the Commissioners the Cullen Harbour, 
and to remove the present stone jetty, replacing 
it by a concrete one ft. long. The inner har- 
bour is further to be deepened by dredging. At 
Gardenstoun it is proposed to form a body of har- 
bour commissioners to improve the harbour facili- 
ties by the construction of over 1000 ft. of new pier. 


Water Suppiies anp Drainage. 


The Dundee Water Commissioners have scheduled 
a proposal for raising the top water level of their 
existing Lintrathen » Borah m, another 4 ft. Pro- 
visional Orders have been granted for the establish- 
ment of a public water supply at Enniskillen and 
Kinsale, pa for sewerage schemes at Upper Falls 
(Belfast), Rathdown, and Larne. The Belfast 
Corporation are also seeking powers to establish 
works to prevent damage by floods on the Clouncy 
and Blackstaff Rivers. The construction of a new 
outfall sewer is proposed by the Corporation of 
Dunfermline. 


Exectric Lighting anp Power. 


The Fife Tramways, Light and Power Company, 
Limited, seek powers to supply current for all pur- 
poses in Inverkeithing, Burntisland, Kinghorn, 
Dysart, Falkland, Buckhaven, Methil and Inner- 
leven, Leven, Markinch, and Leslie. The Grange- 
mouth Corporation seek powers to transfer their 
Provisional Order to the Scottish Central Electric 
Power Company. In Ireland a Provisional Order 
for electric lighting and power is sought by the 
Donaghadee Urban District Council. 








THE SMITHFIELD CLUB SHOW. 

THE above Show, which is now open in the Royal 
Agricultural Hall at Islington, is little different 
from its predecessors, save that there is a more 
hopeful tone among machinery manufacturers as 
to trade prospects than has been the case for some 
years ; in fact, the reports in general are that trade 
now is very good, a notable feature being the 
amount of material on order for foreign countries. 
This probably accounts for the lack of novelties 
and new designs at the Show, for makers are 
generally much too busy manufacturing géods for 
sale to be able to devote their energies to experi- 
mental work, and it is to be hoped that they will 
now be able to reap some benefit from their efforts 
during past years to render their machines as 
efticient as possible. In looking through the cata- 
logue we notice the familiar names of firms whose 
stands we have been accustomed to visit for many 
years and who, we have been glad to note, appear 
to keep well abreast of the times, and, to judge 
from the large number of orders they have on hand, 
particularly for abroad, are still upholding the 
name this country long ago earned for excellence 
of agricultural machinery. The Hall is well filled, 
even to the galleries, though most of the exhibits 
to which we shall call attention are on the ground 
floor. 

Messrs. Aveling and Porter, Limited, Rochester, 
as usual, have a very good exhibit, among these 
being a road locomotive, a steam motor tractor, and 
a ploughing engine. The last of these is a very 
fine example of its type. It is an 8-horse-power 
compound and is similar to six sets recently sup- 
plied | by the firm to the Natal Government, who 
have invested in the plant in order to let the sets 
out to farmers. It is a fine example of the makers’ 
work. Another exhibit which has not been on 
view before is a 3-ton steam-wagon having a 
low-sided body, and fitted with rubber tyres. 





The Clyde Navigation Trustees seek powers to 
construct a new tidal dock, 32 acres in extent, in | 
Renfrew and Govan. A new graving-dock will form 
part of the undertaking, and it is further proposed 
in the Bill that the ferry now worked by the Ren- | 
frew Corporation shall be transferred to the| 
Trustees. 

The Inverness Harbour Commission propose to 
construct a new boat harbour by deepening the 
estuary of the Ness and erecting a breakwater 
1130 ft. long. 





At Lerwick the Harbour Trustees are desirous of 





It is illustrated in Fig. 1, page 804, which is a 
reproduction from a photograph. It has been 
designed to run at the maximum legal speed of 
12 miles per hour, and carry a net load of 3 tons, 
The fire-box casing is made square over fire-box, 
the shell-plate above being flat. No bridge-stays 
are employed on the fire-box, the crown of which 
is suspended. The boiler works at a pressure 
of 200 lb. per square inch, and has been tested 
to 350 lb. per square inch with cold water. The 
engines are compound, the cylinders being 4 in. 
and 64 in. in diameter, with a stroke of 7in. The 
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Fia. 1. 


3-Ton Srgam-Wacon witH Russer Tyres; Messrs. AVELING AND Porter, Liwrrep, RocHester. 

















Fic, 2. Srram-Tractror ; Messrs. CLayTon aNpD SHuTTLEWworTH, Limrrep, LIncoun. 


pump is geared, and mechanical lubrication is fitted 
throughout. 

A steam motor-tractor, which has been recently 
designed, isshown by Messrs. Clayton and Shuttle- 
worth, Limited, Stamp End Works, Lincoln. This 
we illustrate in Fig. 2, above, our engraving being a 
reproduction from a photograph. A departure from 
previous practice is to be found in the construction 
of the boiler, as the Belpaire type has been adopted, 
and the maximum steam space has been obtained. 


The working pressure is 200 lb. per sq. in. Three 
speeds are provided for the drive, so that there is 
no difficulty experienced when travelling over vary- 
ing gradients. A feature to which much importance 
is attached by the makers is an arrangement by 
which the compensating-gear can be locked from the 
footplate. Machine-cut wheels are used for the 
first motion-gears, in order to insure noiseless 
running, and self-oiling bearings are fitted to the 
crank-shaft, the counter-shaft, and the axle, a con- 


siderable economy in oil being the result. The 
lubrication is effected by ring or chain. All waste 
oil is carried back to a bath or reservoir and is used 
‘over again. The boiler can be fed by an injector 
as wellas by a pump. In addition to the above the 
firm have on view a traction-engine of 7 nominal 
| horse-power, a 7-nominal-horse-power portable en- 
| gine, besides thrashing-machines, chaff-cutters, “c. 

Messrs. Petters, Limited, Nautilus Works, 
| Yeovil, have a very complete collection of ‘‘ Handy- 
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36-BRAKE-HORSE-POWER GAS-ENGINE AT THE SMITHFIELD CLUB SHOW. 


CONSTRUCTED BY 


MESSRS. 


DAVEY, PAXMAN, AND CO., LIMITED, 








Man ” oil-engines and pumps on view. These are 
their standard types, but some improvements have 
been recently made. In their latest engines the 
exhaust-valves are water-jacketed and the valve-pin 
is lubricated by means of wick lubrication, which is 
so placed as to be readily accessible. The firing- 
tube is cased in a metal sheath, which latter can be 
adjusted by means of a thumb-screw, so as to 
regulate the temperature. Another feature of the 
engine is that the water-jacket is made in one piece 
with the cylinder in the small-sized engines up to 
about 10 brake horse-power, and can be renewed 
at the same cost as formerly. Compressed-air start- 
ing has been adopted for these engines, and the 
air-vessel can be charged while the engine is running 
by means of a special valve. The vessel is charged 
to about 150 lb. per sq. in. 

Messrs. Ruston, Proctor, and Co., Limited, Lin- 
coln, have on view a traction-engine, a thrashing- 
machine, and a clover-huller. They also show a 
20-horse-power gas-engine that has not been exhi- 
bited before. The cylinder and bed-plate are cast 
in one piece, and overhang of the cylinder is 
avoided. All the bearings have ring lubrication, 
and low-tension magneto ignition is provided. The 
governor is of the hit-and-miss type, and half-com- 
pression starting cams are employed, which operate 
the exhaust-valve. The engine is very neat and 
compact. 

At the stand of Messrs. Ransomes, Sims, and 
Jefferies, Limited, Ipswich, may be seen some 
very good examples of the firm’s standard ma- 
chines, including a 4-nominal-horse-power com- 
poont steam-tractor, mounted on springs to 

oth axles, and fitted with winding-drum and 
rope, water-lifter, and hose: and an 8-nominal- 
horse - power portable engine of the makers’ 
usual type. There are also two traction-engines, 
one at 6-nominal-horse- power compound, and 


the other a 7-nominal-horse-power with single 
cylinder. They embody all recent improvements, 
the special features claimed being simplicity, 


durability, and economy. The 7 engine 
has spring axle-boxes to the hind axle. There is 


also a collection of ploughs and a new potato- 
digger in which the forks are always kept in a 
hanging position and work parallel to each other. 
Tois machine was awarded the silver medal and 
frst prize at the recent Altrincham Show. 








Messrs. Marshall, Sons, and Co., Limited, also 
have their usual good display of machines, which 
|include tractioh and portable engines, their well- 
known oil-tractor, a thrashing-machine, &c. The 
novel feature at this stand this year may be said to be 
a new form of fire-box which the firm have brought 
out, which has a corrugated crown, two corrugations 
being placed diagonally across the top. The method 
of construction was described and illustrated by us 
on page 779 in our issue of last week, so that we 
need not say anything further about it here, 
further than to mention that this form of tire-box 
top has been shown by tests to be remarkably stiff 
and easy to keep clean. Among other things the 
firm exhibit is one of their oil tractors. 

Messrs. Davey, Paxman, and Co., Limited, 
Standard Iron Works, Colchester, have among 
their exhibits traction-engines and a suction gas- 
producer and engine. The latter, which we illus- 
trate on the opposite page, is probably the chief 
object of interest at the stand, and is classed by 
the firm as their L size. It is rated at from 36 
to 40 brake horse-power when running on suc- 
tion-gas at 200 revolutions per minute. It has 
one cylinder 124 in. in diameter, with an 18-in. 
stroke, and is of the horizontal type. As will be 
seen from our illustration, the engine has a single 
fly-wheel, which is 7 ft. 3 in. in diameter by 8 in. 
wide on the face, and a pulley 45 in. in diameter 
by 14 in. wide. The general design of the engine 
is that which is becoming popular for all gas-engines 
over 30 brake horse-power—namely, the jacket for 
the cylinder and the bed cast in one piece, which 
enables the whole of the cylinder to be supported, 
the only overhang, which is small, being in the 
combustion-chamber itself. The cylinder is fitted 
with a liner, which is free to expand and contract 
independently of the jacket, and is easily renewable 
when worn. The main bearings, which are 98 in. 
long, are fitted with chain lubrication, an oil-gauge 
being provided by which the depth of the oil 
can easily be ascertained. In addition there is an 
outer bearing, with pedestal beyond the fly-wheel. 
The bed-plate is provided with an oil-tray to catch 
the waste oil, as shown in our illustration. The 
valve-gear is a recent patent of Messrs. Davey, 
Paxman, and Co., Limited, and, in the case of the 
engine exhibited, it is arranged for qualitative 





governing—that is, the governor acts on the gas- 
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valve only, through a link moving in a quadrant, 
and leaves the volume of the charge in the cylinder 
fairly constant, and keeps practically the same 
compression at all loads. The valve-gear can also 
be arranged for ‘‘ quantitative” governing. By 
means of a link and quadrant the opening of the 
gas-valve can be varied from nothing to the maxi- 
mum lift. We vnderstand that this system has 
proved very satisfactory for electric light engines, as 
it is possible by its use to obtain very close govern- 
ing. The charge is ignited by means of a low-tension 
spark from a magneto machine, the timing of the 
spark being controlled by a device which we have 
before described (see ENGINEERING, vol. lxxx., 
page 691). The main bearings are of the four-part 
type, and have, as well as the outer bearing, bie 
lubrication.; in fact, the lubrication of all wearing 
parts is very efficient. The crank-pin is fitted with 
centrifugal lubrication, which enables the oil supply 
to be replenished without stopping the engine. 
The piston is supplied with oil from a small oil- 
pump driven from the side shaft, by which means 
the exact quantity of oil necessary is forced to 
the piston at the proper moment ; the small end 
of the connecting-rod is independently lubricated 
by means of a wiper, and the stem of the exhaust- 
valve is fitted with a Stauffer lubricator, and the 
skew-gearing runs in a bath of oil and is machine- 
cut. he crank is balanced, and the crank-shaft 
journals are 5} in. in diameter. 

Although the use of oil-motors for agricultural 
purposes has greatly increased during late years, 
the steam type of engine, both portable and for 
traction purposes, may still be said to occupy a 

rominent place among the machinery at the 
Uxhibition, and, indeed, in the absence of any 
particular novelty, it is not easy to mention any 
stand that calls for more attention than another. 
All the leading makers of this class of machinery 
now turn out such excellent work that it would be 
almost impossible to say that one is better than 
another. Each maker has, perhaps, some little 
speciality which may attract certain buyers, and all 
appear to be getting a very good share of trade. 
Among those familiar firms who appear year by 
year at Smithfield, and are well represented this 
year, are Messrs. Charles Burrell and Sons, 
Limited, Thetford, Norfolk; Messrs. Wallis and 
Stevens, Limited, North Hants Iron Works, 
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Basingstoke, who have a 4}-horse-pewer com- 
»ound tractor ; Messrs. Brown and May, Devizes, 
Wilts, and Mr. William Allchin, Globe Iron 
Works, Northampton. Messrs. John Fowler and 
Co., Limited, Leeds, have, as usual, an excellent 
show of ploughing and agricultural engines. They 
have for some years now been experimenting in 
order to find out the best method of superheating 
steam on engines of this type, and they are now 
confident they have parte in producing an 
arrangement that they can recommend to answer 
well under varying conditions in different parts of 
the world. The steam is superheated by the waste 
gases up to a temperature of 320 deg. Cent. (608 deg. 
Fahr.), and the design of the cylinders, valves, &c., 
has been modified to suit this superheat. Proper 
lubrication has also been provided. The makers 
claim that they obtain a saving in water used of 
from 20 to 25 per cent., and a saving of coal up to 
20 per cent. The superheater tu are easily 
accessible, and can be readily renewed. The super- 
heater is fixed in the smoke-box, and arranged so 
that the boiler-tubes are as readily accessible as in the 
firm’s standard engines. The exhibitors’ road loco- 
motives can also be fitted with these superheaters. 

Another firm who exhibit a superheater are 
Messrs. Richard Garrett and Sons, Limited, 
Leiston, R.S.O., Suffolk, who have one of these 
appliances fitted to a semi-stationary condensing 
engine. The superheater is of the Garrett patent 
type, placed in a specially constructed chamber in 
the upper ~ of the smoke-box, the lowest parts 
of the coils being clear of the boiler-tubes, thus 
giving access to the tubes for cleaning. The coils 
are ‘‘ staggered,” so that they can be conveniently 
cleaned of soot. Tests on a 50-horse-power standard 
engine of this type by Captain H. Riall Sankey, 
R.E. (Ret.), M. Inst. C.E., showed the remarkable 
result of 1.19 lb. of coal and 10.66 lb. of steam per 
brake horse-power hour. 

Oil and gas-engines are much in evidence, and, in 
addition to those we have already alluded to, some 
of the leading makers of this class of prime mover 
are represented. The Campbell Gas-Engine Com- 
pany, Limited, Halifax, Yorkshire, exhibit a fine 
collection of both oil and gas-engines, the latter 
including their well-known suction - gas plant. 
They have also two of their lampless oil-engines, 
one of them 15) brake horse-power, and the 
other 7 brake horse-power. hese were not 
exhibited last year, and are excellent examples 
of the makers’ work. The oil is drawn up by 
the suction of the engine, and is not pumped 
to the vaporiser, which 1s a new feature in the en- 
gine, and water injection is adopted. There is also on 
viewavery neat 2}-horse-power oil-driven ‘‘Samson” 

umping- plant. Messrs. Sanderson and Gifkins, 
“istow Works, Bedford, have a new and very 
compact type of oil-engine on view, as well as a new 
type of ‘‘ Universal” oil-motor for haulage pur- 
poses. This motor is high-built, having driving- 
wheels 5ft. in diameter and 3ft. 6in. diameter 
front wheels; but although built high, it is light, 
weighing about 13,000lb. It is said to be capable 
of hauling 10 tons on the road and of ploughing 
four to six furrows one acre per hour, hauling three 
self-binders or mowers up to six acres per hour. 
Its approximate fuel consumption on good roads is 
1 ps for 20 miles ; for ploughing, 3 gallons per 
acre; and for hauling three self-binders or mowers, 
} gallon per acre. The engines can be arranged 
A ane paraftin, petrol, or alcohol. Messrs. Fielding 
and Platt, Limited, Gloucester, also have a good col- 
lection of gas and oi!-engines, and a neat arrange- 
ment of combined engine and pump for general 
urposes. Messrs. Richard Hornsby and Sons, 

imited, Grantham, are also well represented, and 


Messrs. Blackstone and Co., Limited, Stamford. | 





Turner, Limited, Ipswich. Among exhibitors of 
— agricultural machinery are Messrs. W. 

asker and Sons, Limited, Andover, Hants; 
and Messrs. Pilter and Co., 22, Bush-lane, Cannon- 
street, E.C._ The Exhibition closes to-day. 








NOTES. 
THe ‘‘ ENcycLop#DIA BRITANNICA.” 

On Tuesday evening the fourth dinner to the 
contributors to the eleventh edition of the ‘‘ Ency- 
clopedia Britannica ” was given at the Savoy Hotel, 
Mr. Hugh Chisholm presiding. There are about 
1500 contributors, and consequently it was not 
possible to entertain them all at once. There is yet 
another dinner to be held to which the forty women 
contributors have been invited. At the four dinners 
which have taken place the guests represented : 
(a) history, (b) scienee, (c) literature and art, and 
(d) law, industry, and economics, engineering being 
included under industry. In proposing the health of 
the contributors the chairman said that in dealing 
with industry, the difficulty was to find men that 
had practical knowledge and could put their ideas 
on paper. The practical man was great as a critic, 
and was ready to declare that matters were wrong, 
but it was seldom he could explain why they were 
wrong and how they should be put right. Gene- 
rally his articles had to be rewritten. Of course, it 
was easy to get articles from professors, but in the 
past they were distrusted. Now, however, there 
was & type of professor who not only could write, 
but also knew his subject thoroughly from the 
practical point of view. There were also men at 
works who had deep scientific knowledge, and, 
indeed, at such works as Elswick, science and prac- 
tice marched side by side. The eleventh edition of 
the encyclopzedia had been produced in seven years, 
and would be published complete immediately—not 
in volumes appearing one at a time, like the ninth 
edition. It would contain 50 million words, equal to 
500 average-sized books, and all the articles had 
been read by the editorial staff on an average 
ten times. They had been all set up in type in 
15 months, while the ninth edition required 15 
years. Already subscribers had been obtained 
for one million volumes, which were equal to seven- 
teen million average books. The encyclopedia 
was being printed largely on India paper, of which 
the normal annual output of the world was 200 
tons. Two thousand tons were required, and mills 
were at work upon it in all the chief Kuropean 
countries. Fiscal requirements obliged them to 
print the American edition in the States, and all 
the paper had to be sent over, as the India quality 
was not made there. The toast was coupled with 
the names of Sir Frederick Pollock and Professor 
Dalby. Among the guests were Messrs. Wilfred 
Airy, Dugald Clerk, W. Douglass, E. B. Ellington, 
T. B. Lightfoot, G. Marconi, E. Ristori, Walter 
Hunter, H. R. Kempe, Colonel H. A. Bethell, Sir 
Henry Cunynghame, Sir Fortescue Flannery, Sir 
Boverton Redwood, Professor Unwin, and Pro- 
fessor Coker. 


ANGLO-J APANESE RELATIONS. 


The newspapers which are just to hand from 
Japan discuss at considerable length the Anglo- 
Japanese Exhibition recently held in London, 
and its probable result on the trade between the 
two countries and their general friendly and 
political relations. The conclusion at which they 
arrive is that it has done much to bring Japan 
into closer friendship with Great Britain, and also 
that it will have considerable effect in developing 
commerce. During the 5} months the Exhibition 
remained open it was visited by over 6,000,000 
ao. or an average of about 1,000,000 a month. 

‘his large attendance has accomplished the primary 


A firm who are exhibiting at Smithfield for the first | and principal aim of the Exhibition, at least from 
time this year are Messrs. Alex. Shanks and Co., | the Japanese point of view—namely, making the 


Limited, Arbroath, N.B., and they have on view | 


British public acquainted with things Japanese 


three oil-engines, one of them a 14-brake-horse- | as extensively as possible under the circumstances, 
power stationary type, a 4-horse-power portable, | and, through them, with the Japanese nation. The 


and a 2-horse-power combined engine and pump, | 


for well-pumping and general purposes. These 
engines work on suction feed, and have balanced 


cranks and two fly-wheels, and sight-feed lubrica-| true of the 
They can be adapted to | broidery, 


tion is fitted throughout. 


use any kind of oil, and the governing is done on | 


the exhaust. With heavy oils the practice of water 
injection is adopted. A lamp is only required 
when starting. Other firms exhibiting oil-engines 
are Messrs. C. F. Wilson and Co., Aberdeen ; 
Messrs. Fairbanks, Morse, and Co., 87, South- 


|additional avenues to trade. 


Japanese Commissioners to the Exhibition report 
that it has already been the means of opening 
This is especially 
following articles—- namely, em- 
cotton crépe, porcelain 
and pottery, lacquers, paper and paper manufac- 
tures, soy and saké. A number of British im- 
porters have gone out to Japan in order to investi- 
gate the conditions of the country more fully, and, 
no doubt, their visit will lead to new developments. 
Baron Oura, the chief Japanese Commissioner, has 


silk fabrics, 


and insisting on honesty and fair dealing in all tieir 
transactions, and the necessity of removing the 
impression which prevails that Japanese ¢:in- 
mercial morality is not of a high order. Consider- 
able discussion has taken place both in Japan and 
in this country regarding the terms of the pro- 
posed new Japanese tariff, which will tell heavily 
against British trade, and the Japanese Govern- 
ment has shown its anxiety to prove its friendship 
to Britain by appointing a special commissicuer 
who will visit this country for the purpose of 
examining the actual conditions and endeavouring 
to come to an understanding which would be ad- 
vantageous to both countries. 


THe Frencuo Nava Yarps. 

In the report on the Budget concerning nayal 
matters, which was handed in the French Parlia- 
ment a few days ago, and is given in abstract in the 
Moniteur de la Flotte, the question is asked as to 
whether it is necessary to maintain the six existing 
French naval yards—Cherbourg, on the Channel ; 
Brest, Lorient, and Rochefort, on the Atlantic ; 
Toulon, on the Mediterranean ; and Bizerta, in 
Tunis. It is remarked that Great Britain has only 
three large naval yards, and Germany two only. 
Cherbourg occupies a unique military situation, 
which renders it an important ‘‘centre for flotillas.” 
It should be maintained for the construction of 
small and medium size units exclusively, and for 
the revictualling of the French fleet. Brest, on the 
Atlantic, is in quite as favourable a situation as Cher- 
bourg ; owing, however, to the size of modern battle 
ships, the space available in the Brest anchorage is 
barely sufticient. Basins should be excavated out- 
side the river in the roadstead, breakwaters being 
built as a protection against the heavy swells coming 
from the ocean, and large dry docks provided ; work, 
for increasing the facilities at Brest, should be com- 
menced immediately on an adequate scale, this 
being cheaper in the end than piecemeal operations. 
The question as to whether Brest Arsenal should 
be fitted up to build large units, or, as Toulon, 
maintained for carrying out repairs only, is dis- 

uted. Some authorities state that when a build- 
ing-yard and repair-shops are in too close proximity 
new constructions are much too long on the stocks, 
since men are constantly being taken from new work 
to carry out repairs ; others ask that there be a large 
amount of labour available for distribution, both on 
repair work and new work, this being the best means 
for keeping the various gangs occupied, and for 
utilising the docks and basins, thus reducing general 
expenses. Lorient can no lunger be considered a 
military harbour ; no further funds should be ex- 
pended upon it for facilitating the entrance and egress 
of large units. It should remain a shipyard, the hulls 
built at Lorient being towed to Brest for fitting 
out. The remarks concerning Lorient apply with 
more force to Rochefort; this might, however, 
remain a revictualling centre. Toulon is in- 
dispensable to the fleet ; its importance from the 
military point of view is acknowledged. It appears 
undesirable to the reporter on the Budget to con- 
template building at Toulon large units for the 
fleet ; the yard, moreover, finds sufficient employ- 
ment in repair work. The roadstead, however, 
requires deepening, and the docks and _ basins 
require enlarging. Bizerta, as an arsenal, was 
satisfactory from the commencement, but part of 
the works have been erected at a distance, outside 
the fortified portion, so as to shelter them from the 
firing of an enemy lying in the Mediterranean. The 
report concludes by suggesting the maintenance of 
Brest and Toulon as military harbours, Cherbourg 
and Bizerta forming two naval yards; Lorient could 
for the present be maintained as it now stands ; 
Rochefort should be done away with, the small 
unite being built exclusively at Cherbourg and 
Toulon. We should have liked to find in the report 
in question a reference to the French private ship- 
building yards which are distributed round the 
coast, and are fully able to build and equip the 
largest units under reasonable conditions as regards 
time and cost. 











Raitway.—The (om- 


CANADIAN TRANS-ATLANTIC 
Railway 


| missioners of the Canadian Trans-Atlantic 
| (which is just now the greatest Canadian governm: ntal 
| enterprise) report that the expenditure upon capita 
| account for the fiscal year 1909-10 was 19,968,126 dols. 
The aggregate expenditure to the close of March, 1°/10, 
was thus carried to 71,918,843 dols. The grading dune to 
the close of March this year extended over 1,106 miles, 
and track had been laid to the same date to the extent of 


wark-street, S.E.; and Messrs. E. R. and F.| been having some plain talks with his countrymen, | 813 miles. 
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THE LATE DR.-ING. RUDOLF WOLF. 


Witn Rudolf Wolf, founder and senior partner in 
the firm of R. Wolf, of the engineering and boiler 
works of Magdeburg-Buckau, there has passed away 
one of the most important and most sympathetic of 
those men to whom the remarkable rise of German 
industry is primarily due. He was eminent as an 
engineer, a business man and an organiser, and thanks 
to this rare combination of qualities the works which 
he opened in 1862 with six men and three clerks and 
an 8-horse-power portable engine, have gained a world- 
wide reputation. 

Rudolf Ernst Wolf, who died on November 20, 
was born at Magdeburg, on July 26, 1831. His 
father was professor at the Domgymnasium (cathe- 
dral grammar school), and as he belonged to an old 
race of professors and classical scholars, the father 
was not a little alarmed at the poor progress which 
his son made in the ancient languages. That the 
boy would become a professor was understood ; but 
when exhorted he declared he did not want to 
study at all, he wished to become an engine-builder. 
That sounded in those days and quarters very much 
like wishing to become a blacksmith. Young Wolf 
carried his way, however ; served two - and -a - half 
years as apprentice in the old-fashioned shops of the 
Maschinenfabrik Buckau, and attended for two years, 
till October, 1852, the provincial technical school at 
Halberstadt. He then found employment in the 
works of Woéhlert, at Berlin, where he served under 
H. Gruson, who afterwards established the well-known 
Grusonwerk, at Magdeburg. In 1855 the firm of 
G. Kiihn, at Stuttgart, offered the post of chief engi- 
neer to this man of twenty-four years of age. Here 
he stayed until he felt sufficiently experienced to start 
on his own account. He built his small engineering 
and boiler shops at Buckau, then a suburb of Magde- 
burg, with which it is now united. His speciality was 
the portable engine, termed ‘‘ Locomobile,” which is 
characterised by a withdrawable tube system, by a 
cylinder forming part of the dome and jacketed with 
live steam, and by a cylindrical fire-box. It is 
unnecessary to dwell on the success which his firm 
achieved in this field. We illustrated one of these 
locomobiles a little more than a year ago,* and 
drew attention to the truly remarkable results which 
Messrs. Burstall aud Monkhouse had obtained in their 
efficiency tests. 

The superiority of the locomobiles of R. Wolf 
received general recognition at the shows and exhi- 
bitions of Magdeburg in 1880, and of Berlin in 
1883. For some time the firm also supplied machi- 
nery for bore-hole sinking on various systems, and 
the bore-holes of Schladebach and Paruschewitz, 
2012 m. (6600 ft.) in depth (up till last year the 
deepest in existence), were carried out by R. Wolf. 
The special locomobiles for thrashing-machines, and 
thrashi ng-machines themselves, are other products in 
which the firm still excels ; this was manifested again 
at the Brussels Exhibition. Other productions of the 
firm are, or were, complete equipments and machinery 
for saw works, sugar works, breweries, tanneries, &c., 
stationary engines and boilers, and engine gearing. 
The old works of the firm at Buckau not permitting of 
any further extension, new works on entirely modern 
a were opened two years ago at Magdeburg-Salbke. 
‘he old works remain in use, however. The famous 
original 8-horse-power locomobile and its boiler, de- 
signed for a pressure of 6 atmospheres (85 lb.), has been 
incorporated in the Munich Museum for Industrial and 
Technical Masterpieces. The firm now gives employ- 
ment to 3300 men. Locomobiles are constructed for 
800 effective horse-power and for steam pressures of 
15 atmospheres (213 Ib. ). 

Rudolf Wolf had a most direct share in all these 
successes. A first-class engineer, he was quite ready 
to teach his men at the lathe and vice, and to help 
them start a new engine. His men were addressed as 


‘‘collaborators,” and in his benevolent institutions 
he went far beyond the customary scale. Hence his 
great popularity in his establishment. Being also an 
active member of the Chamber of Commerce of Magde- 
burg, « judge (or official expert) on technical problems, 
and a councillor of his town of Buckau, he was widely 


known and respected. The title Geheimer Kommer- 
“enrat, which he received in 1900, is frequently 
bestowed on successful industrials. The Prussian 
Golden State Medal, conferred upon him when he 
celebrated his jubilee as engineer, counts as a much 
higher honour. He was president of the Verein 
Deuts her Ingenieure in 1887-88, and the Technical 
High School of Charlottenburg created him a Dr.-Ing. 
in 196, “in consideration of his eminent services in 








raisin: the portable engine to the rank of a high-grade 
steam - ngine.” 
Buisto, anp Canapa.—The Canadian Northern Rail- 


way liner Royal Edward has completed another good 
voyage to Canada from Bristol. She reached Halifax, 


Ova Scotia, after a passage of only 5 days 16 hours. 


* 


See ENGINERKING, vol. Ixxxviii., page 478. 


RAPID TESTING OF WATER. 


Unt quite recently all methods of ascertaining the 
purity of water were of a more or less troublesome 
nature ; when great accuracy was required they were 
very tedious ; when only a moderate degree of accuracy 
was needed they were somewhat easier. Moreover, all 
the processes were chemical, and had to be carried out 
by highly-trained men in the laboratory. Even when 
the water was to be used for simple industrial pu 8, 
such, for example, as feeding steam boilers, no reliance 
could be pl upon it as to whether it was suitable or 
not, so far as hardness was concerned, until it had 
first been submitted to the expert and the proportions 
of the various salts it contained had been ascertained, 
after which other chemical tests had to be applied in 
actual practice, such as the soap test, the phenol- 
phthalien test, &c. A vast amount of this chemical test- 
ing can, however, now be avoided by the use of a very 
simple and ingenious little instrument called the 
‘* Dionic ” water-tester, the invention of Messrs. Digby 
and Biggs, which does away (in all cases where it is 
suitable) with all chemical processes, substituting for 
them the simple one of electrolysis—simple, in the 
sense that it can be easily applied by an unskilled 
operator. 

The principle on which the apparatus is based 
is the fact, established by Kohlrausch, that the 
conductivity of pure water containing any electro- 
lytic substance in solution is due ps A entirely 
to the dissolved substance, and only in a very onal 
degree to the water itself. This is illustrated by 
the fact that the conductivity of abnormally pure 
distilled water is 1.2 at 20 deg. Cent., while water 
supplied by the Metropolitan Water Board to the 
London and West Middlesex District has a conduc- 
tivity at 20 deg. Cent. of 390; and sea-water, which 
may be taken as an extreme case, a conductivity of 
50,000 at 20deg. Cent. Moreover, it has been esta- 
blished by Kohlrausch that, provided a solution 
is very dilute, the conductivity is proportional to 
the percentage of the substance dissolved in the 
water ; or, put in other words, the conductivity is 
proportional tu the number of ions so long as the 
can travel freely without jostling one another. If, 
therefore, the composition of the dissolved matter is 
known, the quantity in the water is shown by the 
conductivity. 

It must be borne in mind, however, that electro- 
lysis will not discriminate between one kind of sub- 
stance and another, as this, of course, can only be 
done by analysis. It will only indicate the con- 
ductivity from which the general impurity can be 
arrived at. There are many instances, however, in 
which water-testing is carried out for engineering and 
kindred purposes, where the substance in the water is 
known, and in all such cases the apparatus we have 
referred to will indicate the proportion with a rapidity 
and simplicity that cannot be approached by chemical 
analysis. 

The apparatus consists of a bent glass (J-shaped 
tube to contain the water under test, the tube being 
filled to near the top, to a point where there is a 
small overflow pipe, which keeps the water always 
at an exact level. At the top of each limb of the 
U-tube is a platinum electrode, which is immersed 
just below the surface of the water, and the elec- 
trode is connected to a direct-acting conductivity 
meter and a continuous - current hand - driven 
dynamo in such a way that when the handle of the 
dynamo is turned an electric current will pass through 
the water in the [J-tube. The meter is constructed 
so that it directly indicates on a dial the conductivity 
of the water in the tube, and the whole operation of 
testing only occupies a few seconds. The length of 
the (J-tube and the surface of the electrodes are such 
that the electric resistance in the parts of the current 
path immediately surrounding theelectrodesisnegligible 
in comparison with that of the length of water in the 
tube, and gas may accumulate on the electrodes with- 
out affecting the observable measured conductivity ; 
any gas bubbles from the electrodes also rise and 
escape freely from the open ends of the tube. The 
amount of gas formed on the electrodes during each 
test is, moreover, very small, and is washed away 
after each test. The current required is said never to 
exceed 0.004 ampere under norma! conditions, the 
pressure being 100 volts. Suitable means are provided 
for filling and draining the (J-tube, which, when full, 
contains about 80 cub. cm. of liquid. Differences of 
temperature, of course, affect the reading, and with 
exceedingly dilute aqueous solutions for each Centi- 
grade degree rise in temperature, the conductivity 
increases by an amount equal to 2.2 per cent. of 
the conductivity at 20 deg. Cent., and the reading 
of the meter must be multiplied by a certain factor 
in order to find the conductivity at 20 deg. Cent. 
A table is supplied with the instrument for this 


“7 ‘ 
ow the practical utility of this method of testing 
water is manifest. Take, for instance, hard water 
where there is no sewage pollution. In this case the 





conductivity is an accurate measure of the hardness, 


and at once the process can replace the older “‘ soap 
test.” If the total hardness only is required, which is 
often the case, nothing more is needed. When, how- 
ever, it is necessary to know the exact amount of the 
hardening salts—say, carbonate of lime and sulphate 
of lime—an analysis must be made once for all. In 
the case of water supply, the ‘ Dionic” tester enables 
a check on the purity of the water to be kept after a 
first chemical analysis has been made, and so long as 
the ‘‘ Dionic”” tester shows no alteration in the con- 
ductivity of the water no subsequent chemical analysis 
is required, all that is necessary being to measure the 
conductivity at frequent intervals. Other applications 
of the apparatus will suggest themselves ; for instance, 
the leakage of cooling water into a surface-condenser, 
the pollution of rivers, the testing of the effluent water 
from sewage works, purity of distilled water, &c. 

This interesting instrument is very fully described 
by Mr. S. Evershed, M.1.E.E., in a booklet published 
by Messrs. Evershed and Vignoles, Limited, Caiswick, 

7. Of course, it is not suggested by the writer that 
this apparatus is going to take the place of water- 
analysis entirely, for anything of the kind would be 
absurd ; but there are many uses to which, if applied, 
it will result in much saving of labour and expense. 








WORKMEN’S COMPENSATION CASES. 
County Courts. 

Redemption of Weekly Payment for Lump Sum.—It is 
important to remember that although the law of work- 
men’s compensation orders a weekly payment to an 
injured workman during incapacity, there is a wise pro- 
vision which allows of the weekly payment being termi- 
nated on equitable terms when the incapacity is per- 
manent. 

Under the 17th paragraph of Schedule 1 of the Work 
men’s Compensation Act, itis provided, ‘‘ Whereany weekly 
payment has been continued for not less than six months, 
the liability therefor may, on application of the employer, 
be redeemed by the payment of a lump sum of such an 
amount, as where the incapacity is permanent, would, 
if invested for the workman, be equal to three-fourths 
of the annual value of the weekly payment, and in 
any other case may be settled by arbitration under this 
Act. Where there is a voluntary agreement to redeem 
there must be a valuable consideration to support the 
agreement. 

In a case in Norwich County Court, on November 14 
(Scarles Brothers v. W. R. Cooke), there was an applica- 
tion for redemption of 13s. 9d. a week, which raised the 
point with which par: raph 17 of the first schedule deals, 
as stated above. ~~ udge was of opinion that there is 
no statutory obligation to redeem ; the application was in 
the nature of a redemption suit. He therefore gave an 
ordinary redemption decree that on payment within a 
month of 250/., the liability for weekly payments should 
cease. In default, the application for redemption should 
be dismissed, with costs Of the workman. 


Court OF APPEAL. 

Reduced Award—Over-Payments. —In the case of Hose- 
good and Sons v. Wilson, before the Court of Appeal on 
the 13th, a curious point was raised. The accident and 
liability were admitted, and the employers had paid 
14s. 7d. a week to the workman, as agr An applica- 
tion for review was made in February last, and in June 
the Judge reduced the payment to 10s. a week as from 
February. The effect of the agreement to pay 14s. 7d. 
was, of course, to give the workman the legal right tolevy 
execution for arrears of payments due, and the same 
followed the arrears of the reduced payments. The 10s. 
a week had not been paid, and the workman sought to 
issue execution. 

It was argued on behalf of the employer that as the 
reduced payment of 10s. a week dated from February, 
and payments of 14s. 7d. a week had gone on till June, 
when the reduced order was made, he had therefore 

id not merely the 10s., but overpaid the award from 

‘ebruary to June. 

The answer to the employer’s claim to have overpaid 
is found in Section 19 of Schedule 1 of the Act, The 
Court of Appeal dismissed the employer’s appeal and 
upheld the County Court Judge’s award. The Count 
Court Judge was right in the view he had taken, although 
the employer might have an action to recover the amount 
overpaid from the workman. The payments were not 
made in respect of future payments, but in respect of the 
obligation to pay 14s. 7d. a week. It was clear, therefore, 
that over-payments could not be recovered under the 
Workmen’s Compensation Act. An action at law for 
recovery of over- payments was the employer’s only 
remedy. It is the right of the employer after getting a 
review and reduction to take immediate action for the 
recovery of the over-payment which he will have made. 
In this case the employer had gone on paying 14s. 7d. 
weekly till June, although 10s. weekly referred to future 
payments from February. 





Prrsonat.—Mr. William Clark, the general manager 
of the Steel Company of Scotland, Limited, has resigned 
his position in that company, and has accepted the ap- 
pointment as general manager of the Don Works, at 
Shettield, of Messrs. Vickers Sons and Maxim, Limited. 
Mr. Clark has been with the Steel Company of Scotland 
since the year 1873, and for many years he acted in the 
capacity of secretary, while the late Mr. James Riley 





was manager. 
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INDUSTRIAL NOTES. 


THE result of the friendly conversations between the 
President of the Board of Trade (Mr. Sydney Buxton) 
and Mr. G. R. Askwith, of the same Government Depart- 
ment, with about fifty representatives of the Boiler- 
makers’ and Iron-Shipbuilders’ Society, on the 24th, 
25th, and 26th ult., was the formulating of a new scheme 
by the society with a view to the settlement of the dis- 
pute existing between them and the Shipbuilders’ Fede- 
ration. It will be remembered that, while at previous 
conferences there was agreement as to the methods for 
expediting the settlement of sectional disputes, there 
was difference of opinion as to the penalties to be 
exacted from members of the union who struck work 
owing to such local disputes and contrary to the terms 
of the National Agreement. The representatives 
of the Boilermakers’ Society sent to the Federation a 
communication approving of the arrangement mutually 
discussed for expediting the procedure for the settle- 
ment of the disputes, and putting forward new claims. 
They state :— 

‘* We understand, however, that the employers also 
press for assurances being given that our society will 
take effective action against any of its members who 
may be guilty of breach of agreement. We on our 
side should also be glad to receive corresponding assur- 
ances from your Federation, especially as we consider 
that one important cause of the present difficulty has 
been the failure of some of your members to observe 
the provision of clause 4 of the National Agree- 
ment, that any claim for alteration of price must 
be made before the commencement of the job. 
We do not seek to control the particular steps 
to be taken by your Federation to secure the observ- 
ance of the agreement by your members, and similarly 
we are not prepared to agree to your Federation 
exercising any such control over our Society. We are, 
however, unanimously prepared to recommend that 
there should be a mutual exchange of binding assur- 
ances that both organisations will effectively exercise 
the powers conferred by their rules to prevent stop- 
pages of work, to secure the observance of agreements 

»y their members, and to penalise members by whom 
such agreements may be broken.” 

This question of mutual assurances was considered 
by a joint meeting of the Federation and of all the 
trade unions who are parties to the National Agree- 
ment at a conference held at Edinburgh on Saturday 
last. The employers, after consideration, agreed to 
the adoption of mutual assurances, but the representa- 
tives of the Boilermakers’ and Iron-Shipbuilders’ 
Society hid no power to fall in with the representa- 
tives of other societies, and sought for a special 
conference, to include the fifty representatives who 
attended at the Board of Trade. This conference 
continued sitting at Edinburgh for the whole of 
Wednesday, pe continued its meetings yesterday 
(Thursday), with the result that, just as we are going 
to press, we have received the welcome news that an 
arrangement has been arrived at which will, in all 
probability, enable work to be resumed next week. 


The strike in South Wales still continues, but things 
have been quieter oe the pst seven days. The Right 
Hon. Thomas Burt, M.P., says, in his monthly circular 
to the Northumberland miners in reference to mining 
troubles in South Wales and the boilermakers’ dispute, 
that in both cases the only encouraging feature is of a 
negative character. To quote his own words, ‘In 
Wales the apprehended general stoppage has not 
occurred, and let us hope such a calamity will be 
averted. The rioting, violence, and looting which in 
some parts of the Principality prevailed will be de- 
pe and condemned by all right-thinking men, and 

feel sure by none more sincerely than by the great 
majority of the Welsh miners themselves.” A proof 
of these words is, we think, witnessed by the fact 
that the vast majority of the miners condemned a 
general strike, the wish for which seems to have 
existed only among the more hot-headed members of 
the union. Mr. Burt goes on to point out that the 
men have some undoubted grievances and that some- 
thing ought to be done to compensate those who work 
in ‘* abnormal ” places, of which there are some in 
every mine. ‘There are alsoother matters that require 
the serious attention of the owners. 

An effort was made last Monday to effect a settlement. 
A meeting was called at the suggestion of the South 
Wales Miners’ Federation. Mr. Vivian, the men’s 
representative, said that on the part of the workmen 
there was a general desire for hostilities to cease, but 
that the grievances of the men were so widespread 
that a bitter feeling prevailed throughout the coal- 
field. The men alleged that the owners had committed 
breaches of the conciliation agreement, and this was 
the cause of the present disagreement. Mr. Davis, 
the chairman, pointed out that the owners could not, 
of course, agree to these allegations, and said that 
the men had at several collieries committed a breach 
of agreement by coming out without notice. It was 
then suggested by the men’s representatives that these 
controversial questions should be dropped, and that 


the masters should allow the men in the Aberdare 
Valley and also in the Cambrian Coal Trust to return 
to wo.k, and that the grievances should be considered 
by the Conciliation Board. The owners, however, 
would not give any undertaking, but stated that the 
men must first return to work, after which the em- 
ployers would be prepared to negotiate. Thus the 
meeting ended, but it is thought that the men will 
return to work and that the masters will then con- 
sider the grievances. 

After a lull, rioting commenced again in the South 
Wales strike districts on Tuesday last, a number of 
Metropolitan police being stoned. What caused the 
disturbance was the fact that some of the strikers had 
entered the colliery yard to obtain coal, and the 
police were called to the spot. At the time a mass 
meeting of the strikers was being held in Ton-y-Pandy, 
and when news arrived there that the police were 
interfering with the strikers, a procession was formed 
and the men marched to the colliery yard. A 
deputation from the processionists were met by the 
colliery manager, who conducted them into the level 
in order that a rumour that three men had been locked 
up might be dispelled. While this was being done 
the crowd outside appear to have begun to stone the 
police, and to roll down boulders from the hillside on 
them. The police eventually put a stop to this, how- 
ever, and the crowd dispersed, fortunately without 
any harm being done. 

A meeting of the parties to the Ely Pit dispute is 
arranged to take place to-day, at which Mr. Askwith, 
of the Board of Trade, will preside, the object being to 
try and bring about a settlement. 


The executive of the Amalgamated Society of 
Engineers has sent an intimation to the Newcastle 
branch of the society that the advance offered to the 
North-East Coast men had been accepted by the 
executive, and that therefore no ballot would be 
taken. The members at Newcastle, Mid - Tyne, 
Middlesbrough, and Darlington appear to have re- 
sented this ause they were not given an oppor- 
tunity of expressing their opinion ; while at Santer: 
land, Shields, Mestiepedt, and Stockton the acceptance 
was favoured by the men. It was on the strength of 
this that the executive resolved to agree to the em- 
ployers’ proposals without taking the ballot. When 
the Boilermakers’ lock-out is over the North-East 
Coast engineers will thus receive an advance of 1s. 
per week on time rates, and 24 per cent. on piece 
prices, and at the end of six months they will receive 
another advance of a similar amount, the wages sub- 
sequently to remain without alteration for five years. 


In the monthly journal of the Amalgamated Society 
of Engineers for December it is reported that the 
number of unemployed members has kept fairly steady 
during the past three months, and the percentage of 
those out of work owing to various causes is 4.3. 
There have been, during the last month, various trade 
a, but these have not succeeded in raising the 
number of the unemployed up to a higher figure than 
would have been the case had the average increase of 
previous months only been operative. There were 
4367 unemployed, as against 4225 during the month of 
September. There was a decrease of 34 on sick benefit, 
the number being 2469, against 2503 during the pre- 
vious month. There was during November a decided 
increase in the membership, this increase being 662, 
which brought up the total to 110,043. 

Satisfaction is expressed as to the financial position 
of the society derived from the increase in members. 
During the last quarter the financial improvement has 
been maintained. The increase in the general fund 
was 6025/. 14s. 9d., and it now stands at 179,970/. 9s. 6d. 
The superannuation reserve fund has also increased 
by 7662/. 6s. 6d. As much as 4696/. was accounted 
for by the quarterly levy of ls., and interest from 
investments amounted to 3072/. 8s. lld. of the above- 
stated increase. There was a total increase of the 
society’s funds during the quarter of 13,688/. ls. 3d., 
making a grand total of 586,568/. 12s. 5d. 

Attention is called to what are termed in the report 
‘the various disquieting attacks on the freedom of 
workers and the attempts to make all methods of 
agitation suit the views of employers of labour ;’ and 
members are recommended to renew their exertions 
to maintain their position by the strengthening of 
their organisation. Attacks on the freedom of labour 
should not, however, be viewed from the narrow stand- 
point of a trade union. If wrong in one case, they are 
surely equally wrong in another. What more shame- 
ful than the attacks on the freedom of labour that 
have recently been witnessed in South Wales, when 
men willing to work have been forcibly prevented and 
brutally assaulted on account of this harmless desire. 


Some interesting figures relating to last year are 
contained in the report recently issued by the Home 
Office of the work of the amended Workmen’s Com- | 
pensation Act. These figures relate to payments paid | 
in the seven great industries—mining, quarries, rail- 





ways, harbours, docks, constructional work, and | 


shipping. In these seven groups the number of 
employers was 117,391, while the average number of 
persons a amounted to over 6,500,000, and 
of these 4,500,000 come under the heading of factories, 
There were 3341 cases in which death occurred, and 
332,612 cases of disablement. The total amount of com- 
pensation paid in all the industries was 2,274,238/, 


The value of factory legislation as regards the pre- 
vention of accidents is shown very clearly by figures 
iven by Mr. H. Verney, His Majesty’s nspector of 
actories, in a paper on “ Industrial Accidents,” 
recently read in Manchester. It appears from these 
figures that the risk of accidental injury is well 
below the average. In the words of Mr. Verney, 
** When one remembers that cotton-mills are packed 
full of machinery which is attended to not only by 
men, but by women, young persons and children, who 
together outnumber the men by three or four to one ; 
when one remembers also that the cleaning of the 
machinery while in motion: by mechanical power is 
legally permissible and is constantly and almost 
universally done by all except children, it is little 
short of wonderful that ninty-nine workpeople out 
of every hundred may expect to work a whole 
year without sustaining even a trivial injury, and 
that of those who do get hurt only 17 per cent. 
sustain anything more than stighs injuries. To 
anyone who may still be sceptical as to the value 
of factory legislation, these facts may be commended, 
and they are eloquent testimony to the liberality 
with which mill-owners have provided for the safety 
of their workpeople.” Such words, coming from one 
who has every opportunity of knowing the true facts, 
are highly satisfactory, and show that, although some 
of the factory inspectors may sometimes appear un- 
reasonable in their demands, the factory system, on 
the whole, tends to reduce greatly the number of 
accidents that take place in textile mills. 


An offer was made by the proprietors of the Sholton 
Iron Works, Flintshire, where a strike is in progress, 
that every efficient workman who presented himself 
on Monday morning last would be reinstated, anda 
detachment of police was present awaiting issues. On 
Sunday night the workmen assembled and kept a 
watch for imported labour, and thirteen men were 
forcibly returned to Ellesmere. The members of the 
Iron and Steel Smelters’ Union went to work on 
Monday, but the rival trade-union men remained out. 


Mr. H. R. Wallis, Acting Governor of the Nyassa- 
land Protectorate, states that the cotton crop has 
been successful. It is a crop also that is rapidly 
improving the strong position it already has. The 
yield per acre is increasing, and the Upland cutton is 
said, in point of lustre, silkiness, and length of staple, 
to leave nothing to be desired. When at its best it 
is unrivalled. ‘The record price of 1s. 24d. per pound 
has been obtained for it this year, and the opinion of 
the brokers is that the Nyassaland Upland crop of 
1909 is the finest cotton ever grown from Upland seed 
in any part of the world. This excellent variety is 
now thought to be thoroughly acclimatised, and is 
said to do well over a range of altitude of from 1000 ft. 
to 3000 ft. 








Sr. PrrerspurG DRAINAGE AND WATER SUpPPLy.— 
The question of the drainage and water supply of St. 
Petersburg is again agitating the minds of the Russian 
authorities. It appears that some time ago a special 
Russian Commission was appointed to inquire into the 
whole matter, with power to obtain such technical advice 
as they thought proper. This Commission recently 
retained the services of Sir Alexander Binnie, Son, and 
Deacon, of Westminster, to report and advise ag A 
on the question. Sir Alexander and his son, Mr. W. J. 
E. Binnie, left London last week for St. Petersburg. 


NorTuHERN oF Spain Rattway.—The Northern of Spain 
Railway Company proposes to double its line between 
Miranda and Burgos, a distance of 56 miles. A second 
track has been for some time in course of construction 
between Beasin and San Sebastian, and this length will 
be brought into operation in the summer. When the 
duplications in hand have been completed, the time 
occupied by express trains in runing from Madrid to the 











French frontier will be reduced from 14 hours to 12 hours ; 
but before the change is made, it will be necessary to 
strengthen certain bridges and re-lay some of the 
permanent-way with heavier rails. 


Tue Roya AcricuLturAL Society. — In connection 
with their forthcoming Show at Norwich, which will be 
held under the direct presidency of His Majesty the 
King, the Royal Agricultural Society announce that 
entries for the Implement Section must be received on or 
before March 20 next. It has been decided to invite the 
Colonial Ministers of Agriculture to attend, and during 
the Show week those able to accept will be entertaine 
by the Lord Lieutenant of Norfolk and other large 
landed proprietors in the +4" A competitive trial of 
potato-diggers and sorters is being arranged, but the 
conditions are not yet settled. In 1912 the Society will 
visit Doncaster, and in 1913 Bristol. 
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ELECTRIC MOTOR FIRE-ENGINE. 


CONSTRUCTED BY 


MESSRS. MERRYWEATHER AND SONS, LIMITED, 
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We illustrate above an appliance of special interest 
as being the first all-British electrically-propelled 
fire-engine ever made. It has been constructed by 
Messrs. Merryweather and Sons, Limited, Green- 
wich, and is fitted with an E.P.S. light traction 
accumulator of sufficient capacity easily to trans- 
port it 12 miles out and 12 miles back without injury 
to the cells. It is shown in perspective in Fig. 1, in 
part longitudinal sectional elevation in Fig. 2, and in 
plan in Fig. 3. The current is — to two indepen- 
dent motors, arranged one on each side of the frame, 
and each driving one of the rear wheels by means of 
& worm-wheel reducing-gear with ball-bearings, which 
runs entirely in an oil-tight case, the drive being 
transmitted by a silent roller chain. The wheels are 
of the artillery pattern, with solid indis rubber tyres, 
the rear wheels being fitted with tyres of twin 
section. 


With respect to the fire-brigade equipment, the 











machine carries a ‘* Kernik ” or first-aid cylinder hold- 
ing 30 gallons of water, connected to which is a cylin- 
der of compressed carbonic acid gas. This gas, on 
being released, rushes into the water cylinder and 
forces out the contents at a high pressure through 
180 ft. of 1l-in. diameter rubber hose with branch- 
pipe and nozzles. The first-aid engine can be — 
into action in a few seconds, and will play an effec 
tive jet for about ten minutes. Accommodation is 
also provided for 1000 ft. of canvas hose, with stand- 
ipes, branch-pipes, and all the necessary material 
or getting to work from a hydrant. A set of tele- 
scopic ladders which will reach to a height of 30 ft. 
is also carried in brackets overhead, as shown in Fig. 1. 
The appliance will carry six to eight firemen, and 
will travel at the rate of 20 miles per hour on the 
level, and ascend a hill of 10 per cent. gradient at a 
good speed. Fig. 4 is a diagram of the electrical 


connections. 
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THE ECONOMICAL WORKING OF RECI- 
PROCATING MARINE ENGINES AND 
THEIR AUXILIARIES.* 

By D. B. Morison, Vice-President. 
(Concluded from page 783.) 
APPENDIX A. 

Communicated by Professor A. L. Mguuansy, D.Sc., of 
the Glasgow and West of Scotland Technical College. 
THE following are the particulars of some experiments 

conducted upon the steam-engine in the laboratory of the 

Glasgow and West of Scotland Technical College, with 

the object of ascertaining what effect an increase in 

vacuum has upon its steam consumption and horse-power. 

The engine is a horizontal cross compound, the high- 
pressure and low-pressure cylinders being 12 in. and 21 in. 
in diameter respectively, with a stroke of 30 in., and in 
the case of these tests there was no receiver between the 
high-pressure and low-pressure cylinders. 

The admission and exhaust valves are of the drop-piston 
type, and during the trials the admission pressures and 
the points of cut-off in both cylinders were as far as pos- 
sible kept constant. 

The revolutions of the engine were also maintained at 
a constant rate by altering the brake resistance for the 
different conditions of vacuum. The low speed of revolu- 
tion, 80 per minute, is accounted for by the fact that the 
trials here presented were part of another series. Had 
the engine been run at its normal speed, 110 revolutions 

r minute, the steam consumption per horse-power per 

our would have been less. 

The cylinders are not in any way specially designed for 
working with a high vacuum, but are of ordinary design, 
suitable for the moderate vacuum usually expected in this 
type of compound engine. , 

t will be seen that as the vacuum increases both the 
steam used per hour and the brake horse-power increase. 
Tt is easy to see why the horse-power should increase, but 
the effect of vacuum upon steam consumption is rather 
more difficult to understand. With increased vacuum 
there is a remarkable fall in the pressure, and conse- 
quently in the exhaust pressure, in the high-pressure 
cylinder. Due to this fall of pressure, there are three 
separate ways in which the steam per stroke is increased. 
In the first place, the weight of steam enclosed in the 
high-pressure clearance volume at compression is dimi- 
shed. and so an extra quantity of fresh steam per 
stroke is required to make up for this diminution. The 
difference between the high-pressure steam-chest and 
exhaust pressure is increased, and consequently there is 
an increased amount of valve leakage; also the mean 
temperature of the cylinder walls is lowered, and there is 
more initial condensation. With a triple or quadruple- 
——— engine the effect upon the high - pressure 
exhaust pressure would be much less marked, and conse- 
quently there would be little increase in the steam used 

r stroke or per hour with increased vacuum. It was 
Soteomsined from the experiments that by raising the 
vacuum from 20 in. to 28 in. the steam consumption 
decreased from 22 lb. to 20.3 Ib. a hour per brake 
horse-power, a diminution of 1.7 lb. per brake-horse- 
power hour over a range of 8 in. of mercury. 

This is equivalent to a decrease in the steam consump- 
tion of 7.8 per cent. over the range mentioned, or an 
increase in economy at the rate of practically 1 per cent. 
per inch increase of vacuum in the condenser from 20 in. 
to 28 in. vacuum. 

The temperature of the air-pump discharge has been 
ignored, but it is obvious from the foregoing that in the 
case of a marine engine considerable economy may be 
gained even in a two-stage compound cnpine by working 


with a high vacuum and heating the feed by means of the 





* Paper read before the North-East Coast Institution 
of Engineers and Shipbuilders, November 25, 1910, 
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auxiliary exhaust steam which otherwise would go to 
the condenser direct, and the economy resulting from 
the application of this system to triple and quadruple 
engines would, of course, be much greater. 

t should be noted that the above experiments relate 
only to the particular engine tested, and the results would 
not compare with those obtainable from a marine engine 
especially designed for obtaining the highest economy 
from high vacuum. The low-pressure cylinder indicator 
diagrams taken from this engine are shown in Fig. 15. 


APPENDIX B. 


Tue Errect oy Vacuum upon THE StzAM Economy 
or TripLk-EXPANSION HiGH-SpkED ENGINES. 
Communicated by Mr. R. K. Morcom, M.1I.M.E. 
(Messrs. Belliss, Morcom, and Co., Limited). 

The observations detailed in the following notes were 
made during the official steam-consumption trials of a 
triple-expansion high-speed engine. ; 

The primary object was to ascertain the extent to which 
the economical performance of the engine could be in- 
fluenced by reducing the exhaust pressure. 

The engine used he the purpose of the trials was one 
of eight similar sets Powel we for dynamo-driving, and 


Four steam-consumption tests were made, and the 
results “are given in the tabulated statements below, 
from which the relative influence of vacuum variation 
will readily be seen. 

The indicator-cards reproduced below are photographed 
from the original diagrams (see Fig. 12). 

Preparatory to making the first trial, the dynamometer 
was adjusted until the steel-yard ‘‘ floated” at the cor- 
rect load. The exhaust-connections were then examined 
in order to suppress any possible source of air-leakage, 
the vacuum at the engine being brought up to 27.9 in. 
(barometer, 30 in.). 

When the conditions were constant, the steam con- 
sumption was carefully measured, indicator diagrams 
being taken from all cylinders, and the various pressures 
and temperatures noted at regular intervals. 

On the completion of this trial, the vacuum was reduced 
until the condenser pressure rese to 26.8 in. vacuum, when 
a further steam-consumption test was taken along with 
diagrams and other data. Additional tests were made 
at 25.8 in. and 21.5 in. vacuum. 

The comparative figures relating to these trials are given 
in the tabulated statement below. 

From this statement it will be seen that by raising 
the condenser vacuum from 21.5 in. to 27.9 in. the steam 
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the cut-off was automatically reduced to 0.4. As the 
diminished cut-off would necessarily be accompanied by 
a closing of the throttle-valve (both motions being taken 
from the one lever), the relative ition of the cut-off 
gear affords interesting and conclusive proof as io the 
absolute effect of increased temperature range upon the 
steam consumption of this engine. Even if the weight of 
steam used had not been ascertained by careful measure- 
ment, the position of the cut-off gear and governor-valve 
would have roughly indicated the steam economy con- 

uent upon the higher vacuum. 

his may be further verified by an inspection of the 
low-pressure cylinder indicator diagrams (see Fig. 12), 
from which it will be noted that the receiver pressures 
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TRIPLE EXPANSION ENGINES, 24°,38 , 6442 STROKE. 
HOTWELL TEMPERATURE /43°F FEED TEMPERATURE 240°F. 
EFFECTIVE AREA OF LOW PRESSURE PISTON 3,203 SQ. IN. 


QUADRUPLE EXPANSION ENGINES 24,344 ‘49,7148 STROKE. 


(2033.4) — EFFECTIVE AREA OF LOW PRESSURE PISTON 3940 SQ.IN. 


designed to develop a normal full load of 1080 brake 
horse-power when running at 250 revolutions per minute. 
Fo lubrication was supplied for crank-shaft and 
motion - work bearings, the Teoding dimensions of the 
engine being as under :— 

In. 
184 

27 

4 

20 


Diameter of high-pressure cylinder _... 
Diameter of intermediate-pressure cylinder 
Diameter of low-pressure cylinder ... , 
Stroke of pistons ies an re 
Pistoa-valves throughout. 


During the period of the trials the engine was exhaust- 
ing through a short range into a surface-condenser having 
motor-driven circulating-pump and steam-driven Edwards 
yn ; 

The consumption of steam at the various vacua was 
carefully measured by weighing the water discharged by 
the Fe se , in accordance with the method recom- 
mended by the Institution of Civil Engineers’ Committee 
on Steam-Engine and Boiler Trials. 

All the conditions were kept asconstant as possible 
throughout, with the sing'e exception of the degree of 
vacuum. 

During each trial indicator diagrams were taken from 
all cylinders, in order that the mean pressures might be 
ascertained, as well as for purposes of comparison. 

Every care was taken in connection with the weigh- 
bridge measurements, the apparatus being so located as 
to permit of one observer weighing the exhaust while 
keeping the tachometer and dynamometer steelyard in 
full view. 

In these circumstances any variation in either the 
brake-load or the revolutions per minute would at once 
be detected, so that the figures obtained must correspond 
very closely to actual values. 

WAll the readings and diagrams were taken with the 
engine developing the full load of 1080 brake horse-power, 


|consumption was reduced from 14.15 lb. per brake horse- 
| eteted per hour to 12.55 lb., a saving of 1.60 lb. per brake- 
| horse-power hour, or approximately 11.3 per cent. The 
corresponding increase in vacuum being 6.4 in., the steam 
consumption of this engine per brake horse-power would 
appear to increase at the rate of, say, 1.77 per cent. for 
each reduction of 1 in. in the condenser vacuum. 

The tabulated statement is corrected for differences in 
degree of superheat. 

eferring to the low-pressure cylinder indicator dia- 
?— (see Fig. 12) and tabulated statement, it will 

seen that the vacua given are those corresponding 
with the condenser pressures obtaining at the time cards 
were taken. For an increase in condenser vacuum of 
| 6.4 in, the low-pressure cylinder power fell from 343 to 
| 312 indicated horse-power, a uction of 31 indicated 
horse-power, or at the rate of, say, 4.85 indicated horse- 
power per 1 in, additional vacuum. 

If the engine had no governor, the increased vacuum 
would be productive of (1) higher speed, (2) greater total 
steam consumption per hour, (3) augmented power output. 

Usually with expansion governing the power developed 
by the low-pressure cylinder for a given total load would 
not increase for a reduction in the terminal pressure, 

use the earlier cut-off in the high-pressure cylinder 
would generally more than neutralise any such tendency. 


controls the engine both by throttling the steam and 
varying the cut-off, to accomplish which the slide-valve 
has inclined ports, and may be rotated automatically so 
as to vary the lap. 

As the percentage cut-off in the high-pressure cylinder 
may be directly read from a suitably-divided indicator- 
plate attached to the expansion-gear, the cut-offs at high 
and low vacua were noted, the readings being given in 
the tabulated statement. 





At the low vacuum (21.5in.) the mean cut-off in the 
high-pressure cylinder was 0.45: at high vacuum (27.9 in.) 


In the case of this particular set, the shaft-governor | 7, 


are very considerably higher at a vacuum of 21.5 in. than 
at 27.9 in., an effect consequent upon the relative posi- 
tions of throttle-valve aa expansion gear at constant 
brake-load and revolutions per minute. This further 
explains why the low-pressure power does not necessarily 
fall off with increased back pressure. 


Errect oF VACUUM ON THE STEAM CONSUMPTION OF A 
1080-Brakk-Horsk-PowEr Quick-REVOLUTION BELLISS 
TRIPLE-EXPANSION ENGINE. 

These trials were made at a steady load of 1080 brake horse- 
power and at 250 revolutions per minute, the water being measured 
at air-pump discharge. 4 . 

Cylinder diameters, 18} in., 27 in., and 40 in ; stroke, 20 in. 


Test No. .. us ss oe wel Ds 2, 3. 4, 


Steam pressure at engine’s stop-valve 
(pounds per square inch gauge) 

Steam pressure at high-pressure chest 

Indicated horse-power :— 
High-pressure .. - “a .- 461 
Intermediate-pressure. . -- 366 
Low-pressure ee 312 


Iss 


183 


185 


185 


186 
180 


188 
183 
431 
369 
323 


461 
353 
320 


416 
390 
343 


1149 

482 

99 
0.45 


474 
91 
0.4 


Total es oe ss 
Steam temperature, deg. Fahr. 
Superheat, deg. Fahr. .. sie 
Cut-off in high-pressure cylinder 


3.5 


0.5 . 
21.5 


27.9 


w-pressure initial pressure from 
diagrams (Ib. gauge) .. ~ ae 
Vacuum at engine, in. 
Steam consumption, 
horse-power hour, actual .. si S07 
Steam consumption, corrected to 100 
deg. Fahr. superheat .. “a * 


Ib. per. ‘brake- 
13.2 12.83 14.16 


12.55 12.68 12.74 1415 


In making the trials outlined in the foregoing, every 
care was exercised with a view to accurate determination 
of the economy in steam due to higher vacuum. 








The brake used was a Froude water dynamometer, and 
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as the engine ran at full load throughout, the brake con- 
ditions were such as to be constant im a degree quite 
exceptional in commercial engine-testing. 

Two Crosby indicators were employed, the cocks being 
screwed directly into the top and bottom ends of the 
eylinder. These instruments were carefully cleaned and 
oiled, all the diagrams being taken by the same observer. 
The drums were driven from stout piano wires, kept in 
tension by a stiff spiral spring. 

The vacuum was measured on a mercury column, which 
was checked against an absolute pressure barometer. 


APPENDIX C. 
Communicated by Messrs. W. EsPLEN AND SONs, 
Consulting Engineers, 31, James-street, Liverpool. 

The following data, obtained from the twin-screw 
steamer Indrabarah, owned by Sir Thomas Royden, Bart., 
and built to our designs, may be of interest. This vessel 
has just completed her first outward passage to Australia, 
fully loaded. _ 

The vessel is of the three shelter-deck type, of the 
following dimensions :— 

Length between perpendiculars 
Breadth, extreme... Ng Rie 58 ,, 
Depth, moulded ... 43 ft. to shelter-deck 


She has been built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, at Wallsend-on-Tyne, and engined 
by Messrs. Richardsons, Westgarth, and Co., at their 

artlepool Engine Works. Her total displacement at a 
load draught of 28 ft. 10} in. is 17,025 tons. 

She is insulated for the carriage of cargoes of chilled 
and frozen meat, and is fitted with a compound duplex 
CO. machine (the size of which appears later) capable of 
dealing with an insulating capacity of 292,380 cub. ft. 

Her engines are of the twin-screw triple-expansion ty 
each having cylinders 22 in., 37 in., and 62 in., with a 
stroke of 45 in., and are capable of indicating 5000 indi- 
cated horse-power at 95 revolutions per minute; there 
are four single-ended boilers, fitted with forced draught, 
having a total heating surface of 11,192 square feet, and 
working at 200 lb. pressure per square inch. 

The design of these engines is based on the principle 
that the most economical and efficient results will be 
obtained by the adoption of such cylinders as will enable 
the engines to be run at their full designed power without 
linking up, and at a high piston speed ; with the ‘‘Con- 
traflo” system of high vacuum and temperature regulation 
in combination with cylinders provided with suitable 
proportions of steam and exhaust 

he installation of engine-room auxiliaries is unusual] 

large; this comprises independent feed -pumps, feed. 
filter, feed-heater, evaporator, distiller, dynamo, sanitary 
pump, fresh-water pump, two centrifugal pumps, two fan- 
engines, ballast-pump, refrigeration circulating pump, 
telemotor steam steering-gear, as well as the CO, machine, 
which has cylinders 16 in. and 29 in. in diameter by 21 in. 
stroke, all of which are in daily use. 

The propellers are of bronze, and of the solid type. 

On trials the vessel attained a speed of 14 knots on a 
six-hour run at a draught of 18 ft. mean and a displace- 
ment of 10,209 tons. The indicated horse-power was 4850, 
and gives an Admiralty coefficient of 272, which is remark- 
ably high for a vessel of this type. 

In considering the result from the point of view of 
economical consumption for the speed obtained, it must 
be borne in mind that the model to which the ship was 
built has proved to be particularly good. 

On the first outward e the vessel attained a mean 
speed from London to Melbourne of 12.46 knots on an 
average draught of 26 ft. 3 in., ora displacement of 15,300 
tons, and an indicated horse-power of 4600 at mean revo- 
lutions 85.2, the Admiralty coefficient being 260. 

The best day’s run was 325 knots in 234 hours, or 13.8 
knots per hour, the Admiralty coefficient being 350. 

The coal supplied was north country ‘‘Mickley” un- 
screened, giving about 11 per cent. ash, and the total 
consumption per 24 hours, including all auxiliaries, was 
66.33 tons, or about 1.34 lb. per indicated horse-power per 
hour of north country coal, equal to 1.23 of best Welsh 
coal, a result which is, in our opinion, very remarkable, 
having regard to the large number of auxiliary engines 
taking steam from the main boilers, and which if deducted 
would bring the rate of consumption per indicated horse- 
poner, for the main engines oma. to an exceedingly low 

gure. 

The most striking feature of the indicator cards is the 
high vacuum shown in the cylinder, the exhaust line being 
within about 2 in. of the condenser vacuum up to a con- 
denser vacuum of at least 28 in. 

The low-pressure ports and exhaust passages were care- 
fully PR prem to ensure a low resistance by giving a 
clear and unrestricted for steam without ex- 
cessive clearance or pockets for its lodgment. 

In conclusion, we would state that we attribute the 
economical running of the above engines to the following 
Causes : 

1. High vacuum and ability to maintain it at high- 
temperature sea-water. 

2. Utilising the exhaust steam from the auxiliaries to 

heat the feed-water up to the maximum temperature at 
which it can be dealt with by the feed-pumps. 
, 3. rhe provision of such a capacity of cylinders and 
oulers as will enable the boilers to provide ample steam 
at full power without being unduly pressed, and as will 
enable the engines to run at their a designed power 
and tnean pressure without being linked up, as is common 
iM Marine practice. 

4. Comparatively high piston s 
a above results were obtain 

YOnCItIO 





470 ft. 


¢ ® not under the artificial 
r ns of a trial, but under sea-steaming conditions, 
and during a first voyage, which makes them all the more 
worthy of notice. 
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VoyvaGE oe Newport TO ORAN. MEAN Powrr 
-P. 


THROUGHOUT THE Voyaces, 1080 I.H. 


TEMPERATURE, 





Pres- _ Inches Revolu- 
Date. sure of of ry 
Steam. Vacuum. Feedto F 
Boilers.| 5&4 Minute.| Tone. 

1910 

October 15 175 zt 212 61 57 15 
Rs 16 175 27 210 61 56 17 
» 17 175 274 211.5 62.3 57 17 
ae 18 175 ps 211.3 63 57 17 
= 19 175 27) 211.6 65 57 17 
* 20| 175 a 211 67.3 57 17 
°° 21 175 27 211 69.6 57 15 


| 





! 
Coa. Distance, ’ Buckets 
v -_ 
‘spect Slip, of 
er per Ashes 
Owt Descrip- Pro- Ob- Hour. Cert per 
, tion. peller. served. Day. 
10 Welsh 173 166 8.9 4 75 
0 -_ 219 158 6.54* 28 118 
0 om 223 194 8.0 13 123 
10 Newcastle 223 225 9.3 Nil ug 
0 Welsh 222 220 9.2 1 120 
0 a 220 230 9.7 Nil 116 
| 10 ve 196 | 182 ' 91 2 78 


* Strong wind and high sea, shipping water. 


Coal used was of a fairly 


ood steaming quality, rather fast-burning, and dirty. 


About 80 per cent. small. Clinker easily 


removed from bars, ond did not seem destructive to bars. The small cakes very well and does not run through the bars. 


Ash and dirt about 21 per cent. 


ABSTRACT FROM THE Logs or THES.S. ‘* BouKADRA.” 


MEAN PoWER THROUGHOUT THE VoyaacE, 1085 I.H.-P. 


Sept. 13 180 28 224 63 59 9 
= 180 27 218 64 59 17 
i a 180 or a 64 59 17 
~ oS 180 27 222 66 59 17 
—— 180 27 299 71 «| «88 17 
si 180 27 218 71 | 59 17 
ph 180 27 215 75 59 17 
a) 180 27 218 7 59 17 
< s 180 27 216 72 | #59 17 
- <<.) <a 27 220 7% | «(58 17 

P.M. ..' 180 27 220 76 59 7 


The coal used was Welsh Through of medium quality. 
a heavy clinker, which sticks to the fire-bridges and is difficult 


ABSTRACT FROM THE Los or THE S.S. “‘ Dsgrissa.” 


Good steaming and slow-burning. 


Voyacr rrom Barry Dock ro Nap.ies. 
10 Welsh 128 123 9.18 4.0 34 
0 pa 231 225 9.32 2.5 117 
0 vs 231 219 9.08 5.0 101 
0 we 230 214 8.91 7.0 05 
0 ve 229 219 8.75 8.7 75 
0 - 227 219 9.24 3.5 66 
0 a 227 204 8.59 10.0 78 
0 je 227 195 8.21 14.0 76 
0 - 227 214 | «9.02 5.7 sO 
0 - 227 208 | 8.55 10.5 79 
15 - 103 93 | 8.58 9.0 28 


About 70 per cent. small made 


to remove, The small cakes, Ash and clinker 17 per cent. 


Voyacr From DunsToN-ON-TYNE TO BARCELONA, 


MgEAN PowkR THROUGHOUT THE VoyaAcE, 1060 J.H.-P. 


Aug. 21 170 27 212 60 | 58 x 
» 22 180 27 212 60 61 20 
» 23 180 27h | 284 63 58 18 
4 180 27 293 62 58 18 
yy 25 180 27 224 65 58 17 
, 26 180 274 | 224 67 58 17 
> 2 180 27 226 68 58 17 
» 28 180 27 228 67 58 17 
» 29 180 27 236 74 58 17 
a a 180 27 138 77 58 17 
ee a 138 7 | «(88 12 











The coal used was Newcastle, quick burning, with 80 to 85 per cent. small. 


10 Newcastle 61 53 8.4 Nil 20 
| 10 236 220 | 91 7.0 | 14 
| oO es 228 192 | 7.9 15.0 | 116 
| 0 ne 297 182 7.5 19.0 | 116 
10 a 226 201 | &3 11.0 | 107 
0 2 225 1738 | 7.2 23.0 116 
0 E 295 217 9.0 3.5 108 
0 ; 223 218 | 9.1 22 | 107 
c ‘ 223 2144 | 9.0 38 | 107 
0 a 223 | 218 9.0 4.5 | 110 
5 Ke 179 159 8.6 8.0 81 


| 


A good deal runs through the bars, 


which helps to form the large percentage of ash. 


APPENDIX D. 
QUADRUPLE-EXPANSION ENGINES AND HicgH Vacuum. | 


Communicated by Mr. R. J. Quetcu, M. Inst. C.E. 
(Messrs. Lawther, Latta, and Co.). 


The advantageous extension of temperature range being 
a leading characteristic of the quadruple engine, the 
lower limit of temperature is obviously a most important 
factor, especially when it is remembered that the upper 
limit of temperature remains constant at constant boiler 
pressure. Therefore the question of vacuum arises, since, 
other things being equal, it is upon the vacuum that the 
temperature range will depend. 

ayer ee machinery designed to work normally at a 
high ratio of expansion will necessarily give a relatively 
small mean pressure, so that in such circumstances suc- 
cessful operation may be readily prejudiced by imperfect 
vacuum. If the quadruple be worked at the highest 
vacuum to which the engine will respond, then there 
ensues a low condenser temperature. Such need not, how- 
ever, produce a low temperature of feed, if the auxiliary 
exhausts are conde by the air-pump discharge 
water. 

In order that the most economical results may be 
obtained from quadruple and other multiple expansion 
marine engines, provision ought to be made for the main- 
tenance of the requisite vacuum egy oe the voyage, 
particularly at high expansion ratios. In this connection 
engineers are apt to orget that, so far as temperature 
range is concerned, variation in boiler pressure is of much 
less consequence than variation in exhaust pressure. It 
is uneconomical to work quadruple-expansion engines at 
low vacuum ; moreover, the means of condensation ought 
to be such that the exhaust pressure may be kept con- 
stant throughout tropical voyages. Generally, therefore, 
the maintenance of boiler pressure and of vacuum should 
be regarded as equally vital to successful practice in 
quadruple-expansion engines. ; 

It may be in point to refer to the quadruple engines of 
the Angie Cotegeee built to my designs and specifica- 
tion by the North-Eastern Marine Engineering Company, 
Limited. The cylinders are 24 in., 344 im., 49 in., 
and 71 in. in diameter, with a 48-in. stroke. The boiler 
pressure is 220 lb. per square inch. The condenser is of 
the ‘‘Contraflo” type, with temperature regulator, and 
the boiler feed-pumps deliver the feed-water through the 
tubes of a am feed-heater into which all available 
auxiliaries exhaust. On the occasion of the official loaded 
trialsx—August 17, 1910—the total temperature range 
within the cylinders actually reached 263 deg. Fahr., the 
higher limit of pressure being, say, 225 lb. absolute, and 
the lower limit 2.16 Ib. absolute. This is a very unusual | 
result, particularly as the lower limit of temperature cor- | 
responds with the mean back pressure in the low-pressure | 
cylinder, and not with the absolute condenser pressure. | 
A low-pressure cylinder diagram taken during these trials | 
is reproduced below (see Fig. 13). 

The dimensions of the Anglo-Patagonian are :—Length | 
between perpendiculars, 403 ft.; moulded breadth, 52 ft.; | 
moulded depth, 29 ft. 14in. The official loaded trials were | 
taken with some 8550 tons of coal-bunkers and stores on | 








board, the vessel displacing about 12,120 tons. At this 
oe the mean 5 was 10.35 knots. 

t ought, pone, to be added that the order of the 
results will be conditioned by the extent to which high- 
condenser vacuum is maintained concurrently with high- 
feed temperature. 





APPENDIX E. 
TRIPLE-EXPANSION ENGINES OF THE “ DjERIssa” CLASS 
La Tunissignne Stream Navigation Company, 
IMITED). 
Communicated by Mr. A. WaukmrR, M.I.N.A., o7 
Messrs. F. Strick and Co. 

There are three ships in the Djerissa class—the Djerissa, 
Camerata, and Boukadra—each of the vessels having a 
deadweight carrying capacity of about 6200 tons on adie. 
placement of approximately 8800 tons. 

The length between perpendiculars is 350 ft., the extreme 
breadth 50 ft., and the depth, moulded, 26 ft. 114 in. The 
engines are triple-expansion, 24 in., 38 in., and 64 in. 
by 42-in. stroke, with two boilers, 13 ft. 6 in. in mean 
diameter by 11 ft. 6 in. long. The pressure is 180 lIb., 
and the boilers work under forced draught. 


Vacuum and Temperature Readings Taken by the Chicf 
Engineer of the SS. “* Camerata,” on Voyage from 
Tunis to Rotterdam, September, 1910, 


| 
! 
| 























Tempe- | Tempe- 
7 Ne a — on, rature on 
¥ . ing Water.’ Suction ischarge 
Date. Vacuum. — Inlet. Side of Side o 
denser. Feed- Feed- 
Pump. Pump. 
in deg. F. | deg. F. 

Sept. 21 27 1100 | % 142 239 
» 2 27 110 — | 74 143 239 
2° = 27 110 74 143 240 
» oe 27 110 74 143 240 
=» ae. 27 lll | 75 143 240 
ae = 27 10 | 7% 142 240 
» 2 27 110 71 141 240 
. win 27 109 638 142 240 
oo 27 109 68 143 239 
» «25 27 110 67 142 239 
os we. 27 109 66 141 239 
> 26. 27 109 | 66 141 239 
oe: & 7 108 63 141 238 
ai ae 27 | 108 61 141 238 
~~ 27 108 62 142 238 
“-_ - 27 108 |) #68 142 239 
ys fF 27} 108 | 62 14] 238 
i Ee 274 107_—(| 61 140 238 

80. 274 107 | 60 140 238 
20. 27} 106 59 140 238 


The engineers are instructed to maintain high oon- 
denser vacuum, and heat the feed by means of drainage 
water and vapour. from thw various cylinder and receiver 


;| drains, evaporator and feed-heater coil drains, &c. 


It is found that, notwithstanding the comparatively 
high vacuum, the temperature of the hotwell water may 


812 


ENGINEERING. 


[Dec. 9, 1910. 





be raised to the limit permitted by the feed-pumps, which 
are of the plain ram type, driven from the main engines. 

Service records from each of these steamers show that 
the vacuum within the low-pressure cylinder is from 
25 in. to 26 in., the condenser vacuum averaging from 
27 in. to 274 in., when the steamers are on their regular 
> eeanes service in sea-water temperatures up to 
77 . 

The condensers (‘‘ Contraflo” type) have temperature re- 
gulators, and the hot-well water is passed through an air- 
discharging surface feed-heater, so that, in addition to 
being de-aerated, the feed-water enters the boilers at a 
temperature of from 215 deg. to 240 deg. Fahr. 

The arrangements are carried out with a view to pro- 
viding the utmost simplicity, thereby minimising the 
demand on the labour available. 

Representative log abstracts are given on page 811, from 
which the performance of each steamer may be estimated. 
Variation in the feed temperature as between either of 
the ships is due to there being means available whereby 
water from the bottom of the boilers may be circulated 
through the feed-heater coils instead of steam. ; 

A schedule of temperatures taken on the Camerata is 
also attached, together with a recent low-pressure cylin- 
der diagram from the same steamer (see Fig. 14). 

The average power maintained by the three ships is 
about 1080 indicated horse-power, so that the engines are 
working at considerably less than the normal full load 
corresponding with the given dimensions. In these cir- 
cumstances the system followed is to fully open all boiler 
and engine stop-valves, running with maximum pressure 
in the high-pressure receiver and reduced cut-off. ‘ 

The readings tabulated were, of course, taken during 
the respective watches, and are subject to the margin of 
error which is normal to determinations made at sea. 

It might be added that in these vessels the air and 
circulating-pumps, as well as the boiler-feed om ia are 

ll driven by levers from the low-pressure cross a 








DEFECTS OCCURRING IN 
ALLOYS.* 


By Crom H. Descu, D.Sc., Ph.D. (Graham Young 
Lecturer in Metallurgical Chemistry in the University 
of Glasgow). 

THE study of what may be called the diseases of the 

non-ferrous metals and alloys is still in a very backward 

condition as compared with that of iron and steel. 

Several causes have contributed to produce this effect. 

In the first place, the number of industrial metals and 

alloys is so large, and their characteristic properties so 

diverse, that conclusions arrived at from a study of one 
group prove to be of little or no value when an attempt is 
made to apply them to another. For example, to take 
only two closely-related groups, the results obtained from 
experiments on the heat-treatment of the brasses would 

rove useless or misleading if applied to gun-metals. This 

Pot is, of course, obvious to anyone acquainted with the 
uilibrium diagrams of these alloys, but these diagrams, 

which, for the metallographer, present such a wealth of 

information in a compact form, convey little to the 
practical metallurgist who is not versed in physical 
chemistry. 

The manufacturer of alloys who is called on to produce 
a new alloy for some special purpose, or to modify the 
properties of some familiar mixture in order to meet new 
requirements, has generally to grope in the dark. Varia- 
tions in the mode of preparation frequently do not lead 
to the expected result, and fresh difficulties crop up with 
the introduction of even small quantities of a new ingre- 
dient, which are not to be accounted for by the known 
behaviour of that ingredient when alloyed with other 
metals. The only method of arriving at a successful 
result is, therefore, that of repeated trial, frequently in- 
volving, as the manufacturer knows only too well, the 
spoiling of many batches of metal. Even after the re- 

uired result has been apparently attained, subsequent 
charges of the alloy are apt to develop mysterious defects, 
although they were believed to be prepared by exactly 
the same method. 

Moreover, the manufacturer’s difficulties are not over 
when he has delivered his product in an apparently satis- 
factory condition. He may, and frequently does, hear 
that the alloy has failed in practice after having 
the specified tests, and the failure is generally attributed 
to the defective quality of the alloy. This is, of course, 
sometimes the case, latent defects having revealed them- 
selves under the conditions of practice; but it also 
happens very frequently that a perfectly satisfactory alloy 
fails through being subjected to entirely unreasonable 
heat treatment or mechanical straining in the course of 
being fitted for use. Such treatment is applied in ignor- 
ance of the effect likely to be produced, and, considering 
the care that is taken in Heed com steel, it is remarkable 
that non-ferrous alloys are often treated as if they were 
mere inert material, which might be ill-treated without 
suffering any injury. 

For instance, whilst no user of metals would quench a 
steel from a high temperature, or submit it to ane 
annealing, without reference to the purpose for which it 
was required, it is not an uncommon experience to find 
bronzes ef a special character treated in such a way. 
Here, again, a knowledge of the equilibrium diagram 
indicates what is to be done and what is to be avoided. 
It may be said that most of the users of steel are quite 
innocent of any knowledge of the highly complex condi- 
tions of equilibrium in the alloys of iron and carbon, and 
this is no doubt true; but the experts who have chiefly 
developed our knowledge of the properties of steel have 


* Paper read at the Glasgow meeting of the Institute 
of Metals. 
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made full use of metallographic methods, and it has been 
found possible to put their conclusions into a more or less 
simple form for each particular variety of steel, the user 
of which thus obtains the results of tedious and complex 
researches in the shape of simple practical rules. The 
same course must be followed in respect to other alloys. 
We cannot expect every maker and user of non-ferrous 
alloys to become familiar with the intricacies of the equili- 
brium diagram ; but it is important that a very thorough 
study should be made, by those competent to undertake 
it, of the effect of heat and mechanical treatment on each 
important group of alloys, and of the effect of smaller 
quantities of other elements on them, due regard being 
paid to the constitution of the alloys as revealed by a 
metallographie study. Very few studies of this kind are 
yet available. I-may refer to the investigations of Curry 
and others in America,* of Guillet in France,+ and of the 
Alloys Research Committee in this country,t on the 
various types of bronze, and of Messrs. Hudson and 
Bengough§ on the brasses, as excellent examples of what 
I mean. A _ beginning has thus been made, but it is 
obvious that an enormous amount of experimental work 
will be necessary before such alloys can be used under 
varied conditions with the same confidence as steel. 

Too much must not be claimed for the equilibrium 
diagram, but the objection that it represents only ideal 
conditions of equilibrium, which are never attained under 
industrial conditions, has very little force, as it is possible 
to infer from it, with a considerable degree of accuracy, 
the effect of such thermal conditions as are realisable in 
practice, Another objection is that only alloys of two or 
three metals can be fully represen by such means, 
whilst a large number of industrial alloys contain at least 
small quantities of other elements. When, however, the 
binary and ternary systems are sufficiently well known, 
allowance can generally be made, with a fair approxima- 
tion to the truth, for the effect of additional components. 

The following classification of some of the common 
defects sacovel in alloys is by no means exhaustive, and 
is only intended as a preliminary review, to serve as a 
basis of discussion. The Institute of Metals has recently 
undertaken the formation of a museum illustrating the 
“diseases” of metals, and it is hoped that members who 
meet, in the course of their experience, with interestin 
instances of metals or alloys which have developed mark 
defects in use, or which have been spoilt by improper 
treatment, will send specimens for the museum, accom- 

nied by as full a statement as possible of the exact con- 

itions under which they were obtained. In this way a 
most valuable mass of information should be accumulated, 
on which it would be possible, if not to base generalisa- 
tions directly, at least to decide on profitable lines of 
investigation. The interchange of experience relative to 
such questions as these is already common in the iron and 
steel industry, and has proved of inestimable value, and 
it is to be hoped that the meetings of this Institute may 
facilitate and encourage a similar practice in the industry 
of the non-ferrous metals, which has hitherto been 
shrouded in an atmosphere of considerable mystery. 

One cause of alloys being found defective in practice is 
here omitted—namely, the use of an alloy of unsuitable 
composition. It is assumed that the intended composi- 
tion is a proper one for the purpose for which the alloy is 
to be used. This limitation is necessary in order to avoid 
entering a much wider field than could be dealt with in a 
short paper. 

The first class of defects includes those which are 
resent in the original casting, and may be classified as 
tt) sponginess, due to the enclosure of gas ; (2) brittleness 
or weakness, due to the presence of (a) oxides or other 
drossy matter, (b) intercrystalline metal or eutectic alloy. 

1. Sponginess is cau by gases, dissolved in the 
molten metal or alloy, being released at the moment of 
solidification. Unlike other liquids, molten metals dis- 
solve more gas as the temperature rises, so that the 
more the metal or alloy is overheated before casting, the 
more gas it will dissolve; and as such solutions easily 
remain supersaturated, an overheated metal will usually 
contain more at the moment of pouring than one that 
has only been heated to the proper casting temperature. 
This defect may, of course, be corrected by re-melting and 
pouring at the proper temperature. Blisters in rolled 
sheet metals are generally due to this cause. 

Gas-pores are frequently microscopic, and are only to 
be detected in a prepared section, which is preferably 
examined without etching. 

2(a) The presence of oxides or dross may be due to 
insufficient care in pouring, allowing dross to be carried 
into the mould along with the metal, or to overheating, 
causing burning, especially in the case of zinc alloys. 
The oxides of different metals differ widely in their ten- 
dency to separate from the alloy and to rise to the surface. 
Copper oxide is the only one which dissolves in the liquid 
to any appreciable extent, hence its effect on an alloy is 
not that of a dross, but falls under (24). Zinc oxide is 
friable, and remains entangled very easily, which is the 
reason why u deoxidiser is added in casting brass and 
similarmixtures, Tin oxide formswell-developed crystals, 7 
which are hard and brittle, and give rise to planes of 
weakness. Aluminium oxide is difficult to eliminate, and 


* B. E. Curry and S. H. Woods, Journal of Physical 
Chemistry, 1907, xi., 461. 

+ L. Guillet, Traitements thermiques des produits métal- 
lurgiques, Paris, 1909. 

t Alloys Research Committee, Eighth and Ninth 
Reports, 1907 and 1910. 

§ G. D. Bengough and O. F,. Hudson, Journal of the 
Institute of Metals, 1909, i., 89. 

|| A. Sieverts and W. Krumbhaar, Berichte Deutschen 
Chemischen Gesellschaft, 1910, xliii., 893, 

| E. Heyn and O. Bauer, Zeitschrift fiir Anorganische 
Chemie, 1905, Ixv., 52. 


has a remarkable tendency to form thin pellicles, sur. 
rounding drops of the liquid, and these drops are thus 
prevented from uniting. Pure molten aluminium always 
appears to be enclosed by a thin skin, and this behaviour 
is also exhibited by its alloys. The oxide of magnesium 
resembles that of zinc, and its presence in nickel! often 
causes cracking when the metal is rolled, if magnesium 
has been a to deoxidise. On the other hand, the 
three remaining deoxidisers of ingertense mang inese 
phosphorus, and silicon—form oxides which are re:dily 
eliminated in the form of slag, on account of their vreat 
reactivity, which enables them to combine with some 
of the constituents of either the crucible or the flux, to 
form fusible compounds. Brittleness due to the enclo- 
sure of oxides is thus prevented by using one of the Jast 
three deoxidising agents in casting. Alloysof copper and 
nickel, for instance, which often crack in rolling owing to 
ak ee of oxide, are perfectly malleable if deoxi- 
dised with cupro-manganese. 

The detection of oxides by means of the microscope 
—S care, as the exceedingly friable nature of these 
substances causes them to break out of the surface during 
polishing if emery paper is used, leaving cavities in the 
place of the original oxide particles. 

(b) The second source of brittleness named above is the 
presence of thin layers of a eutectic alloy between the 
crystals, producing discontinuity. This occurs when an 
impurity is present which forms a fusible eutectic with 
the other constituents. A characteristic example is seen 
in the effect of bismuth on copper or alloys of copper, the 
eutectic (which in this case differs little in composition 
from pure bismuth) forming highly brittle layers seme 
the crystals of copper, which are therefore easily sepa- 
rated by shock. A very minute quantity of antimony 
also renders brass cold-short. The remarkable brittleness 
produced by the addition of mere traces of lead or bis- 
muth to gold, observed by Roberts-Austen, is accounted 
for in the same way. 

The microscope 1s of great assistance in studying such 
cases as these, although skill is required to render minute 
quantities of eutectic visible in a soft tough metal, such 
as copper. When the proportion of eutectic is small, it 
usually appears under the microscope as a single sub- 
stance, owing to segregation of the constituents. 

The brittleness caused by the presence of intercrystal- 
line matter may not show itself at all temperatures, but 
may only become ——— when the alloy is subjected 
to stress at a high temperature. This is of particular 
importance in the case of fire-box stays, and also in that 
of the bronzes used for valves and other steam fittings. 
Lead is frequently added to such bronzes in order to 
increase the ease with which they are worked, but the 
amount of lead which can be held in safety by bronzes is 
very small, and any excess above the limit causes rotten- 
ness at the temperature of the steam. 

An impurity which enters into the alloy in the form of 
a solid solution, instead of forming a eutectic, is not 
visible on microscopical examination. Such an impurity 
does not produce brittleness if only present in small pro- 
portion, but may, nevertheless, have a fatal effect on 
certain physical properties, especially on the electrical 
conductivity. 

3. Defects Due to Inequalities of Composition.—These 
may be due to (a) imperfect mixing of the ingredients ; 
(6) separation by gravity during solidification ; (c) segre- 
yation in the And 

(a) When there is a difficulty in mixing the ingredients 
uniformly, the usual cause is their difference of specific 
gravity, a light metal, such as aluminium, having a 
marked tendency to float, whilst a heavy one, such as 
lead, sinks. In addition to this, the property of certain 
metals, particularly aluminium, of becoming enclosed in 
a film of oxide as soon as molten, is a difficulty in the way 
of obtaining a uniform mixture. There is also the case 
of metals which do not mix when molten, but behave 
like oil and water. If sufficiently stirred they may be 
brought into the form of an wor Fron but the extent to 
which separation into two layers takes place again will 
depend on the rate of cooling. Lead only dissolves to a 
very small extent in most bronzes, and if allowed to cool 
slowly will collect in the lower part of the ingot, which thus 
contains more lead than the upper part. ; 

In a few instances anemulsion of different metals is 
deliberately prepared, as in the plastic bronzes used for 
bearings. These consist of a bronze mesh-work holding 
lead in the cavities. The quantity of lead far exceeds 
that which can be held in solution in the liquid state, and 
unless casting is carried on under the proper conditions, 
the emulsion tends to separate, and lead becomes con- 
centrated in the lower part of the casting. ; ; 

(b) The most familiar example of the separation of con- 
stituents by gravity during solidification is that of the 
alloys of tin and antimony, or bearing-metal mixtures 
containing those metals. The cubes of the tin-anti- 
mony compound are the first to crystallise, and tend to 
float up to the surface, becoming almost entirely concen- 
trated in the upper part of the casting. This is avoided 
by chilling sagt. Be : 

(c) The segregation of impurities in steel ingots has 
been the object of repeated study. The only case which 
has been thoroughly investigated in the non-ferrous alloys 
is that of gold and silver bullion.* In general it may be 
said that those impurities which form fusible eutectics, 
such as lead and bismuth, in the bronzes, will accumulate 
in the central part of the ingot, thus producing unsound- 
ness in large castings, even when the proportion of 1m- 
purity, calculated on the whole mass, is not excessive. 

Hard phosphor-bronzes are often defective through lack 
of uniformity in their composition. 

4. Excessively Coarse Structure, Due to Casting ut too 





“a. Masthey, Proceedings of the Royal Society, 18%, 
lv., 265 ; 1896, Ix., 21. 
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‘oh a Temperature.—This defect is dealt with in Mr. 
+ tie paper for the case of gun-metal. As the 
strength of an alloy pee on the degree of interlocking 
of neighbouring crystal grains as-well as on their size, the 
dependence of strength on casting temperature and degree 
of chilling is of a complex kind. The conditions govern- 
ing crystallisation demand much further investigation. 
‘A few alloys, such as the 8-solid solutions in the copper- 
zine series rich in zinc, have an extraordinary tendency 
to form large crystals having little mutual adhesion. 

5. Defects Due to Wrong Thermal Treatment. — (a) 
Quenching from a high temperature. Leaving aside 
chilling cracks, which fall into another class, the prin- 
cipal effect of erroneous treatment in this direction is 
the production of large crystal grains (coarse structure) 
in alloys in general, and in most of the bronzes, of a hard, 
brittle constituent in a more or less unstable state. For 
example, alloys of the Muntz metal class, and certain of 
the tin and aluminium bronzes, which normally contain 
two micrographic constituents, are changed by quench- 
ing from temperatures above a certain limit into a single 
solid solution. Such alloys are harder and stronger under 
ordinary loading than the normal alloys, but at the same 
time they are more brittle, and less resistant to shock. 
The coarse fracture and the peculiar “‘crinkled” surface 
of tensile test-pieces of alloys treated in this way are 
very characteristic. Occasionally such quenching is 
intentionally resorted to, in order to increase the strength 
at the cost of some sacrifice of ductility, but the treat- 
ment is not without its dangers, and error in the quench- 
ing conditions may render the alloy brittle. 

(b) Heating at too high a temperature or for too long a 
time during annealing. The dangerous coarseness of 
grain produced by such treatment is well known. Refer- 
ence may be made to the memoirs already cited. ; 

(c) ‘“‘ Burning” in the case of alloys of copper and zinc. 
There are differences of opinion as to the cause of this defect 
occurring at high temperature. I am inclined to regard 
the burning temperature as that at which the zinc held in 
solid solution has a certain appreciable vapour pressure. 

(d) Unequal thermal treatment of different parts of the 
same casting or forging, producing differences of structure 
and of size of grain. 

All the defects enumerated under (4) may be detected 
by means of the microscope, provided that the constitu- 
tion of the alloys is known. Deviations from the size of 
crystal grain found best for any specified purpose may be 
measured and recorded. 

6. Defects Due to Molecular Change other than that 
Produced by Mechanical Stress—Some metals undergo 
allotropic changes, involving a complete alteration of pro- 
perties, at definite temperatures. The most striking 
instance is that of tin, which is metastable below 18 deg. 
and may pass spontaneously into a grey powdery modi- 
fication, devoid of mechanical strength at lower tempera- 
tures. Whilst grey tin is only a laboratory curiosity in 
this country, the “tin plague” is the source of serious 
inconvenience and loss in such cold countries as Russia.* 

It appears, moreover, that tin is capable of undergoing 
another change at the temperature of a warm room, 
being transformed in course of time into coarse, loosely- 
adherent crystals. Like the tin plague, this disease may 
be caused to spread through a mass of ordinary tin by 
inoculation. + 

The spontaneous disintegration of alloys has been de- 
scribed very frequently. Many of the alloys of alumi- 
nium with other metals fall to powder after a time, whilst 
an alloy of 80 per cent. aluminium and 20 
breaks up into coarse crystals.t It is doubtful whether 
this behaviour is really an instance of molecular change. 
It would be interesting to observe the behaviour of alloys 
prepared on the small scale from pure materials, and with 
special precautions to avoid contamination with carbon, 
silicon, or gases. The importance of this condition is 
seen on comparing the case of the alloys of copper and 
manganese, which have been described as disintegrating 
spontaneously. When prepared with pure materials, 
however, they are perfectly stable, and the disintegration 
is entirely due to the presence of non-metallic impuri- 
ties. 

Some solid solutions undergo a molecular change at a 
critical temperature in such a way that only a few of their 
properties exhibit any alteration, as in the remarkable 
magnetic bronzes described in Mr. Ross’s paper. So far 
as is known at present, such transformations are not 
accompanied by any change of crystalline form, although 
this may only mean that our methods of discrimination 
are not sufficiently delicate. Until lately it was im- 
om to distinguish a, 8, and y iron microscopically, 

ut the beautiful work of Rosenhain and Humfrey§ has 
shown that the application of stress reveals the crystalio- 
graphic differences with wonderful clearness. It is quite 
possible that the great and sudden diminution of strength 


which most bronzes and other copper alloys exhibit at 
moderately high temperatures may be due to some such 
molecular transformation, and an application of this 
method might reveal differences of crystalline structure 


which have hitherto passed unnoticed. 

A great variety of defects are due to mechanical rather 
than to chemical causes. These include :— 
7. Shrinkage cracks, which may be due to the unsuit- 
able arrangement of the mould, to a wrong temperature 
of casting, or to great brittleness of the alloy at a tem- 


perature just below that of solidification. The latter con- 
dition is the cause of the great tendency of aluminium- 
zinc castings to crack during cooling. 


* E. Cohen., Art. “Tin,” in Abegg’s Handbuch der 
Anoryanischen Chemie, Vol. iii., Part 2. 
+ R. von Hasslinger, Monatshefte, 1908, xxix., 787. 


t Brass World, i., 341. 
$ W. Rosenhain and J. C. W. Humfrey, Proceedings 
1909, lxxxiii. a, page 200, 


of the Royal Society, 


per cent. tin | h 





8. Defects Due to Molecular Change Produced by Mecha- 
nical Deformation. 

(a) The Brittleness of Cold-Worked Metals.—The cause 
of the hardness of cold-worked metals and alloys has been 
shown by Dr. Beilby* to be the formation of an amor- 
phous, unstable modification. This gives rise to a number 
of defects, a few of which may be enumerated :— 

(i.) **Season-cracks ” in brass and other alloys, showing 
themselves some time after rolling. In this case the outer 
layers are in a more highly strained condition, and are 
more largely converted into amorphous material, than the 
inner portions, and cracks develop on the surface, spread- 
ing inwards. 

(ii.) “‘ Fire-cracks,” which differ from the foregoing in 
appearing only during the annealing process. The recon- 
version of the amorphous into the crystalline modification 
is accompanied by a change of volume which may cause 
cracking if the external and internal layers differ greatly 
in their state of strain. The most usual cause of fire- 
cracks is, therefore, the Gente of insufficiently heavy 
** pinches” in ae own, nome fs the formation 
of a severely-strained outer layer, whilst the internal 
portions are only slightly affected. It is said that fire- 
cracks never appear in pure metals, whilst they are very 
characteristic of solid solutions. German silver is par- 
ticularly liable to this defect. 

It is remarkable that the state of strain referred to may 
be partly remeved by shock. Thus, in order to prevent 
the development of fire-cracks, brass and bronze rods are 
“sprung” by bending sharply, coils of wire are ‘‘ whipped,” 
and heavier objects are ‘‘ belted” with a wooden mallet. 
The removal of strain effected in this way recalls the 
effect of shock on magnetised steel, and is no doubt con- 


FOREIGN ENGINEERING PROJECTS. 

Wks give below a series of foreign engineeri rojects ; 
ouiteer data concerning them can be ebtained, fon the 
Board of Trade, Commercial Intelligence Branch, 73, 
Basinghall-street. E.C. 

Switzerland : The Feuille Fédérale Suisse contains the 
text of the budget of the Swiss Federal Railways for 
1911. The sum provided for construction work during 
the year is 29,448,800 francs (about 1,178,000/.); this 
includes work on the second gallery of the Simplon 
tunnel, 2,000,000 francs; the Ricken railway, 300,000 
franes ; the Lake Brienz railway, 1,000,000 francs ; doub- 
ling the track on long stretches of the existing lines ; and 
important extension work on various stations. For the 
acquisition of rolling - stock a sum of 6,657,550 francs 
a 266,000.) is provided, —s 2,401,000 francs 
‘or twenty-nine locomotives, 3,122,050 francs for 121 pas- 
senger carriages, 917,500 francs for 170 goods wagons, &c. 

Spain: The Gaceta de Madrid announces that the 
municipal authorities of Alooy (Ayuntamiento de Aleoy) 
have applied to the Direccién General de Obras Publicas 
for a concession for the construction and working of a 
secondary railway from Alicante to Alcoy. The mini- 
mum quantity of rolling-stock required to open the line 
for traffic is as follows:-—-3 passenger and loco- 
motives, 30 passenger coaches, and 90 goods wagons. The 
Gaceta also contains a notice, from which it appears that 
D. José Ortiz y Muriel, acting on behalf of the Sociedad 
de Estudios del Ferrocarril de Villaodrid a Li has 
made application to the Direccién General de Obras 
Puiblicas, Madrid, for a concession for the construction 
and working of a secondary railway from Villaodrid to 


nected with the reorientation of the molecules as studied | Lugo 


by yu 

(iii.) When there is no inequality of strain, but the 
material has been very severely worked, as in articles 
spun from sheet, the crystals are very largely converted 
into the amorphous modification, and the tendency to 
re-crystallise may be so pronounced as to set in spon- 
taneously, or apparently so, especially if assisted b 
vibration. Some remarkable examples of the re-crystal- 
lisation of spun brass have been studied lately by Cohent 
who has shown that a piece of strained metal may be 
caused to crystallise by “inoculating” it with particles 
of crystalline metal. The “‘strain-disease” (Forcier- 
krankheit) is theretore, like the tin plague, contagious. 
This is, of course, in accordance with the physico-chemical 
view that the hardened material is a metastable modifi- 
cation, and therefore tends to be transformed in contacé 
with the stable form. 

(b) Chilling-cracks, produced when metals are suddenly 
quenched. These cracks are also due to differences in 
strain, produced in this case by the rapid cooling and 
consequent contraction of the outer layers. 

i Ceachion during hot working. Most alloys show an 
increased brittleness at some characteristic temperature. 
Many bronzes have oay.¢ small range of temperature, 
within which they may be safely worked. The connection 
between these temperatures and the constitution of the 
alloys has been very imperfectly investigated. 

The recognition of conditions of strain in metals and 
alloys is best accomplished by means of physical tests, 
their microscopical study being a matter of great tech- 
nical difficulty. 

There remain a few defects which arise in the course of 

the use of alloys, and do not fall under one of the above 
eads :— 
9. Corrosion.—The whole problem of the corrosion of 
alloys in the course of wear is oe complex. Fortu- 
nately, a special committee of this Institute has been 
formed to collect data bearing on the subject, and to 
conduct further investigations, and it is therefore un- 
necessary to make further reference to the matter here. 
It may be permissible, however, in connection with what 
has been said under (7), to point to the differences of 
potential which exist between the strained (partly amor- 
phous) and the crystalline modifications of the same 
metal or alloy as a factor which has so far hardly received 
sufficient attention.§ 

Erosion.—The conditions which affect the liability 
of alluys to mechanical erosion also demand further study. 
A case of the greatest importance is that of the erosion 
of high- propellers by the action of eddies. Some 
remarkable specimens, now to be seen at the Japan- 
British Exhibition, showing patches near the middle of 
each blade eroded to a depth of as much as 14 in., whilst 
the rest of the blade is quite smooth, illustrate the 
necessity for a thorough study of this question. It 
appears that certain bronzes are not liable to the defect 
—at least in the same degree; and it is very desirable 
that a relation should be established between the micro- 
scopic structure and the liability to erosion. : : 

Other forms of erosion, produced by solid particles in 
suspension, also depend in a little explained manner on 
the internal structure of the alloy. 








Tue CanapiaN NortTuern Raitway.—The Canadian 
Northern Railway is growing into an extremely important 
undertaking. The average length of line worked in 1909-10 
has been 3179 miles, as compared with 3013 miles in 1908-9, 
2866 miles in 1907-8. The net revenue during these years 
was as follows :—1907-8, 3,032,687 dols.; 1908-9, 3,566,362 
dols.; and 1909-10, 4,344,390 dols. 


* G. T. Beilby, Proceedings of the Royal Society, 1903, 
Ixxii., 218 ; 1905, Ixxvi. a., 462; 1907, lxxix. A., 463. 

+ J. A. Ewing, British Association Report, 1906, 657. 

t E. Cohen and K. Inouye, Zeitschrift fiir Physikalische 
Chemie, 1910, lxxi., 385. : 

§ See, however, E. L. Rhead, Journal of the Institute 
of Metals, 1909, ii., 73. 


ugo. 
Italy: The Sole (Milan) announces that the Italian 
Ministry of Public Works have granted to the Societa di 
Ferrovie in Toscana a concession for the construction 
and working of a standard-gauge railway, 344 miles long, 
between Siena, Bonconvento and Monteantico. The 
concession is for a period of 70 years. 

Russia: H.M. Consul reports that the petition of the 
Finnish Diet in 1909 for various new railways has now 
been sent to the Council of Ministers at St. Pecoscbers, 
together with a statement of the opinions of the Governor- 
General and the Finnish Senate upon it. According to 
the local press, a narrow-gauge line is being planned 
from Kervo, about 18 miles north of Helsingfors, to Tusby, 
and thence to the village of Hyryli. This route was 
surveyed some years ago, and the matter has now been 
— up again. The length of the line will be about 74 
miles. 

Turkey: With reference to a call by the Turkish 
Ministry of Public Works for tenders for the earthworks, 
construction of buildings, and all other works required 
upon the section of the Samsoun-Sivas Railway situated 
between Samsoun and Hafza, H.M. Embassy at Con- 
stantinople have forwarded a copy of the specification 
and other particulars in connection with the contract. 
The date for the receipt of tenders has been extended to 
December 17. A deposit of T7000/. (6300/.), as well as 
proof of technical and financial capacity to execute the 
work, will be required. Local representation is essential 
in the case of Turkish Government contracts. With re- 
ference to a call by the municipal authorities of Jerusa- 
lem for tenders for the execution of water supply and 
sewage works, electric tramway, electric lighting and 
telephone installation works, the British ating Oenanl 
at Jerusalem writes stating that tenders may be sent 
either to the Corporation of Jerusalem, or directly to the 
Ministry of Public Works, Constantinople, where the 
examination of them will take place. 

Tunis: The official Tunisian Bulletin Mensuel notifies 
that the Tunisian Leglislature has decided to construct a 
covered pr at Tabarka. The cost of the work is esti- 
mated at 500,000 francs (20,000/.). 

Cuba: The Gaceta Oficial contains a notice authorising 
the Secretary of Public Works to enter into a contract 
with the Cuban Central Railways, Limited, for the 
construction, with the aid of a State subsidy, of a section 
of railway from ua la Grande to Caguaguas, passing 
by way of Rancho Veloz. 

Brazil: The Diario Official publishes (1) Decree 
No. 8273, approving the plans submitted by the Com- 
panhia Mogyana de Estradas de Ferro for the construc- 
tion of a section of railway, 29 miles long, from Guaxupé 
to Monte Santo, the cost of the work being estimated at 
2,832,000 milreis ; (2) Decree No. 8328, granting to Dr. 
Bento Dinard a concession for the construction of a sec- 
tion of line 120 kilometres (75 miles) long, from Campo 
Bello to Rezende, in respect of which the concessionnaire 
will receive a subsidy of 15,000 milreis per kilometre ; 
(3) Decree No. 8340, granting to Fabio Botelho a con- 
cession for the construction of 51 kilometres (32 miles) of 
railway from Guaratingueta to Pindamonhangaba, in the 
State of Sio Paulo; the concession carries with it a 
subsidy of 15,000 milreis per kilometre. The Diario also 
contains Decree No. 8342, granting to Amandio Fidencio 
Lampert and Pedro A. Goncalves de Carvalho a conces- 
sion for the construction of a railway 100 kilometres (624 
miles) long, from Sio Joo de Montenegro to Sao 
Sebastiio do Cahy, in the State of Rio Grande do Sul. 
This concession carries with it a subsidy of 15,000 milreis 

r kilometre. (Milreis = about 1s. 4}d. at present ; 

ilometre = 0.621 mile.) 





“Tue AppuLicaTION OF Arc-LAMPS TO PRACTICAL 
Purposss.”—This is the title of a small book—a manual 
for arc-lamp users—written by Mr. Justus Eck, M.A., 
M.1.E.E., and published at 2s. 6d. net by Messrs. S. 
Rentell and Co., Limited, 36, Maiden-lane, Strand, 
W.C. It gives complete information on the subject, and 
is copiously illustrated by views, line illustrations, and 





diagrams, 
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CATALOGUES. 


Electric Hauling-Gears.—A card illustrating one of 
their single-drum electric hauling-sets has been forwarded 
from Messrs. W. Bardill and Co., St. Peter’s Gate, 
Nottingham. The leading dimensions, prices, and other 
particulars of gears ranging from 5 to 50 brake horse- 
power are also printed on the card in tabular form. 


Electrical Measuring Instruments.—The Walsall Elec- 
trical Company, Limited, 57, Bridge-street Walsall, have 
sent us a copy of their catalogue of ammeters and 
voltmeters for continuous and alternating currents. 
Prices and particulars are given of a wide range of switch- 
board and portable instruments of the moving coil and 
moving iron types. 

Railway Rolling-Stock, dc.—A pamphlet giving some 

rticulars of their works and manufactures has come to 
eee from the Société Anonyme des Ateliers de Con- 
struction du Nord de la France et Nicaise et Delcuve, of 
Blanc-Misseron, par Crespin, Nord-France. The illus- 
trations show a great variety of rolling-stock and per- 
manent-way material for railways and tramways, and 
include, besides these, some examples of bridges, cranes, 
gas-holders, and other steel structures built by the com- 
pany. 

Electric Bells and Accessories.—From Messrs. Siemens 
Brothers and Co., Limited, of Caxton House, West- 
minster, S.W., we have received a catalogue of electric 
bells and accessories. This catalogue deals with a large 
variety of bells for domestic use, single-stroke bells for 
signalling, water-tight bells for mining and outdoor 
work, as well as pendulum and mechanical type indi- 
cators, all kinds of pushes, burglar-alarm contacts, and 
small switches for bell and telephone circuits. All the 
different patterns are illustrated, and prices are stated in 
each case. 


Water-Proofing Conerete.—The Trussed Concrete Steel 
Company, Limited, of Caxton House, Westminster, 8. W., 
have issued a pamphlet containing specifications for 
water-proofing concrete stand-pipes, cisterns, reservoirs, 
basements of buildings, &c. For this purpose ‘‘ Trus- 
Con” water-proofing paste is added to the water used for 
tempering the concrete, or a cement mortar, prepared 
with the compound, may be plastered on the surface of 
the comple work, he clauses of the specifications 
deal with the preparation of the concrete and coating, 
the preparation of the surface, and methods of applying 
the mortar, all parts of the work being fully explained. 


Liquid Fuel.—The uses and advantages of petroleum 
products in place of coal are dealt witb in a booklet 
recently received from the Anglo-American Oil Company, 
Limited, 22, Billiter-street, E.C. The booklet deals 
with the use of liquid fuel for firing marine and stationary 
boilers and industrial furnaces, and illustrates and describes 
the Carbogen, Winters, and Kermode burners for these 
purposes. The illustrations in the booklet show launches, 
destroyers, and tank-steamers, as well as a fire-engine and 
steam-wagon, all of which employ oil as fuel. The book- 
let also refers to the direct production of power by Diesel 
and other internal-combustion engines, and in conclusion 
gives a brief description of the methods employed in 
importing and distributing the fuel in this country. 


Lifts, Cranes, &c.—F rom Messrs. Pickerings, Limited, 
Globe Elevator Works, Stockton-on-Tees, we have re- 
ceived a new illustrated catalogue of pulley-blocks, chain- 
hoists, overhead runways, friction hoists, winches, goods 
and passenger lifts, cranes, and other lifting appliances, 
prices and other particulars of which are given in most 
cases. The catalogue also states prices of shafting, 
»lummer-blocks, pulleys, machine-moulded gears, and 
Fike governors. In order to ensure the safe work- 
ing of lifts, cranes, and other machinery, Messrs. Picker- 
ings employ a staff of experienced men periodically to 
inspect and report on such machinery. In this way the 
user’s attention is called to any defect which, if neglected, 
might cause a serious accident. 


Electric Hoists, Winches, &-c.—From the Witton-Kramer 
Electric Tool and Hoist Company, of Witton, Birming- 
ham, we have received a copy of a list of electrically- 
operated lifting and transporting appliances. This list 

ives prices and particulars of suspension hoists, and 

oists for overh runways, suitable for loads ranging 
from 3 cwt. to 4 tons. The runway hoists are ceaneihed 
by hand or by electre power, and may be controlled 
either from the ground or from a suspended cab, in which 
the driver sits and travels with the hoist ; illustrations of 
several installations of these runways are included in the 
list. Full particulars are also given of spur-geared, 
worm-geared, and friction winches, all of which are 
driven by electric motors. The firm also constructs 
cranes, capstans and lifting magnets, and examples of 
these appliances are illustrated. 


Electric Motors and Dynamos.—Messrs. Crompton and 
Co., Limited, Salisbury House, London Wall, E.C., have 
issued a pamphlet elving peeticolers of continuous-current 
motors and — e — contains a general 
specifiation of the machines, which are primarily intended 
to be used as motors, and are made in fourteen sizes for 
normal outputs ranging from 2 to 125 brake horse-power. 
They can be supplied in the protected, semi-enclosed, 
dust-proof, pipe-ventilated, an:l totally-enclosed types, 
and can be wound for different speeds and for pressures 
ranging from 110 to 500 volts ; prices, weights, and ship- 
ping dimensions of each size are given. @ pamphlet 
also states prices of starters and field-regulators, can in- 
cludes particulars of spur-wheel s -reduction gears, 
pulleys, fly-wheels, standard shaft-couplings, and other 
accessories. The outputs of the machines running as 
dynamos, or series-wound motors for crane and other 
intermittent work, are also given in tabular form. 





Grease for Ball-Bearings.—We have received from the 
Hoffmann Manufacturing Company, Limited, of Chelms- 
ford, Essex, a circular calling attention to the Hoffmann 
ball-bearing grease. This substance is a pure hydro- 
carbon, intended not so much to lubricate the bearings as 
to protect the balls and races from the rusting and etching 
which sometimes take place, due to the effects of atmo- 
spheric moisture, or to impurities in the lubricant used. 

‘o ensure the best results it is recommended that the 
ball-bearing parts, and the whole of the housing, should 
be completely filled with the grease, so as to exclude atmo- 
spheric moisture, and to prevent the circulation of air, 
which always carries with it a certain amount of dirt. 
The circular states prices for large or small quantities of 
the grease, which is made and supplied b essrs. Alex- 
ander Duckham and Co., Limited, Phenix Wharf, 
Millwall, E. 


Steel for Motor-Car Construction.—Mr. J. Armer, 
A.M. Inst. C.E., M.I. Mech. E., 10, Eastcheap, E.C., 
has sent us a book illustrating the works of Mr. Felix 
Bischoff, of Duisberg, Rhenish Prussia, for whose pro- 
ducts he is the sole iat for the United Kingdom. 
These products consist of high-grade special steels for the 
construction of motor-cars, the steel being — in 
bar form, or in forged, drop-forged, or finished parts. 
The book gives instructions for forging, annealing, and 
case-hardening the firm’s special chrome-nickel steel, and 
also gives the physical properties of several different 
Genie suitable for the manufacture of crank-shafts, 
axles, connecting-rods, &c. Special steels for case-harden- 
ing, and a steel containing 20 to 30 per cent. of nickel, 
are also described, the latter quality being suitable for 
the manufacture of mushroom-valves. The descriptive 
matter of the book is printed in German, but it was 
accompanied by a separate English translation. 


Electric Capstans.—We have received from Messrs. 
Bruce Peebles and Co., Limited, of Edinburgh, a pam- 
phlet devoted to the “Clyde” electric capstans. In these 
capstans the head, instead of being fixed directly to the 
spindle, is driven through a clutch at its upper end, 
operated either by the motor starting-lever or by a sepa- 
rate pedal. This arrangement allows a wire rope to 
permanently fixed to the capstan, so that a positive pull is 
obtained as soon as the head commences to revolve, and 
the wear and loss of power which usually take place 
while the head makes several idle revolutions are avoided. 
It is also claimed that the total current consumption and 
the maximum demand for these capstans is lower than 
for other types, and comparative diagrams from recording 
ammeters are reproduced in support of this statement. 
The motor is series wound for continuous current, and 
the power from it is transmitted to the spindle through 
worm and spur gearing. The size usually supplied, known 
as the 1-ton size, is capable of lifting vertically a load of 
1 ton at a speed of 160 ft. per minute. Similar capstans 
can be made to work on polyphase systems. 


Injectors.—We have received from Messrs. Davies and 
Metcalfe, Limited, of Romiley, near Manchester, a cata- 
logue illustrating some of their standard types of injectors 
for boiler-feeding. Prices are stated for automatic re- 
starting live-steam injectors (including a special pattern 
for motor wagons), Giffard injectors, and exhaust-steam 
injectors. Among the latter is a new type capable of 
working against a pressure of 1201b. per square inch with 
exhaust steam alone, while, by means of a small supple- 
mentary jet of live steam, it will deliver against pressures 
up to 250 lb. per square inch. Another new type dealt 
with is known as the “hot-water” injector. These 
injectors will handle feed-water at temperatures up to 
140 deg. Fahr. They are specially recommended for use 
where condensing engines are employed, as they can take 
the feed directly from the hot-well and deliver it to the 
boilers at a temperature of about 240 deg. Fahr., without 
the use of economisers. The catalogue gives instructions 
for fixing and working the injectors, and also gives par- 
ticulars of steam-jet water-lifters or elevators, stop- 
valves, steam and water-gauges, steam-traps, and other 
fittings. 

Pneumatic Hose-Fittings—A catalogue illustrating and 
describing the ‘‘ Titan” fittings for hose-pipes supplyin 
compressed air to pneumatic tools, &c., has come to han 
from Messrs. J. Cowens and Co., of Newcastle-on-Tyne. 
The first device dealt with is the ‘‘ Atlas” isolating and 
stop-valve. This valve, besides fulfilling the functions of 
an ordinary stop-valve, is arranged to cut off the supply 
of air if, from the pipe bursting or any other cause, the 
amount passing should become tov great. The valve re- 
opens automatically as soon as the normal conditions are 
restored. Various unions are next illustrated. In some 
of these the parts are connected by a kind of ball-bearing, 
which enables one part to turn freely on the other without 
allowing the air to escape. Another useful fitting dealt 
with serves as a coupling and stop-valve combined, and is 
known as an auto-stop union. With this device the act 
of inserting the bayonet of the coupling opens a valve, 
which allows air to pass freely. On withdrawing the 
bayonet the valve closes, so that no air can escape. 
Fittings for repairing broken hose, clips, and several 
other useful devices are illustrated in the catalogue. The 
prices stated are for gun-metal fittings, but they can be 
supplied in other metals if required. 


Gas-Engines.—We have received from Messrs. Crossley 
Brothers, Limited, of Openshaw, Manchester, a copy 
of their latest gas-engine catalogue. This catalogue, 
which is a very creditable production, contains a few 
views of the works, followed by illustrations and full parti- 
culars of engines of various types ranging from 1} to 300 
brake horse-power. Among these are includ large 
single-cylinder engines of 175 and 200 brake horse-power. 
In all the engines special attention has been given to the 
important question of lubrication. Except in the very 





smallest sizes, ring-oilers have been adopted for the main 
bearings, and forced lubrication for the cylinder. In the 
larger-sized engines the cylindersare fitted with the firi’s 
tent breech end, which has been designed to allow the 
iner and jacket to be cast separately and afterwards con. 
nected by the casting containing the inlet and exhaust 
Thus all internal strains due to cooling of the 
casting are avoided, and the parts are also better able to 
resist the stresses due to pressure and differences of tem. 
perature in working. Large engines are also fitted with 
a balanced water-cooled exhaust-valve. In this valve 
the stem is hollow and its diameter is nearl ual to that 
of the valve, so that the pressure against which, the valve 
has to be opened only acts on a narrow annulus, instead 
of nearly the whole of the valve. The valve-sten is 
rendered gas-tight by a number of piston-rings, and js 
lubricated by a force-pump. 


Electricity in Mines.—We have received from Messrs. 
W. T. Glever and Co., Limited, of Trafford Park, Man- 
chester, a pamphlet describing the Fisher apparatus for 
preventing accidents in connection with the use of elec- 
trical machinery in mines, particularly with portable 
machines, such as coal-cutters. In the system described 
the trailing cable is connected to the main cable through 
an electrically-operated oil-switch, totally enclosed in a 
cast-iron box, which cannot be opened by unauthorised 
persons. The switch is arranged so that it opens auto- 
matically if the current should be cut off from the mains 
or should become excessive through faulty insulation or 
continued overload on the motor. Any breakage in 
the earth connections also automatically trips the oil- 
switch, so that it is impossible for the motor-frame or any 
other exposed part to become alive. The plugs at the 
ends of the trailing-cable are interlocked in such a 
manner that they cannot be inserted into, or withdrawn 
from, their sockets while the oil-switch is on. Another 
feature of the system is the employment of a remote- 
control switch at the motor end of the trailing-cable to 
enable the operator, if necessary, to open the main switch 
without leaving the machine, and also to enable him to 
prevent the switch from being closed until he is ready to 
start. The pamphlet contains a diagram of connections 
for a three-phase circuit; the system can, however, be 
used equally well with direct current. 


Optical Pyrometers.—A pamphlet illustrating and de- 
scribing their optical pyrometers has come to hand from 
Messrs. Siemens Seethies and Co., Limited, of Caxton 
House, Westminster, S.W. These pyrometers are em- 
ployed for measuring temperatures above 600 deg. Cent., 
in cases where thermo-electrical pyrometers are not suit- 
able. The pyrometer consists of a telescope, in the body 
of which isa small electric incandescent lamp. The tele- 
scope is pointed at the furnace whose temperature is to 
be measured, and, on looking through the eye-piece, the 
filament of the lamp is seen superposed upon the image of 
the furnace. Current from a small accumulator is then 
passed through the lamp and regulated by means of a 
rheostat until the filament is exactly the same colour as 
the image of the furnace, and therefore cannot be distin- 
guished. At this point the temperature of the filament 
is the same as that of the furnace, and since the relation- 
ship between current and temperature for the filament is 
—a known, the reading of a milliammeter in series 
with the lamp indicates the temperature of the furnace. 
A light-absorption device is provided for use when the 
temperature to measured exceeds that which can be 
sustained by the filament, and with this device the 
upward range of the instrument is practically unlimited. 
Standard and specially portable instruments are made, 
the former type being mounted either on a cast-iron 
stand or a wooden tripod ; full particulars are given with 
prices of each form. 








WIRELESS TELEGRAPHY IN SwWEDEN.—The first public 
wireless telegraph-station in Sweden was opened in July, 
the naval wireless telegraph being then placed at the dis- 
posal of the State telegraphs. Although the system has 
worked admirably, there has been very little wireless tele- 
graphing so far, though much was not expected, one of the 
reasons being that only very few of the steamers yon | 
on the Baltic have wireless apparatus installed. A secon 
wireless station is, however, in course of construction at 
Gothenburg, also built by the naval authorities. To this 
the State telegraphs have contributed a substantial sum, 
and are ultimately to take over the ma ment. The 
Gothenburg station will no doubt prove of far more prac- 
tical value, and a number of Gothenburg steamer owners 
are having the wireless system installed on their boats. 


An O-Tank Sreamer.—The tank steamer Esturia 
has been completed by Sir W. G. Armstrong, Whitworth, 
and Co., Limited, for the British Burmah Petroleum 
Company, Limited, and will very shortly leave for 
Rangoon with a large general cargo. The vessel has been 
arranged for the carriage of not only oil in bulk, but also 
in tins, without any structural change in the vessel. The 
vessel is arranged for carrying a total of 300,000 tins, in 
addition to an ample supply of fuel. She is specially 
sub-divided by cofferdams, so that oil of different kinds 
can carried in the tanks, and besides this special 
arrangements are made for the safe carriage of benzine. 
The pumps and piping are of large capacity, and are 
arran to deal with any loading condition which may 
arise in the working of the vessel. The vessel is fitted 
with triple-expansion machinery, which is capable of pro- 
pelling her at a speed of 104 knots when fully loaded, and 
the boilers are fitted with apparatus for burning liquid 
fuel or coal. The general arrangement of the ship has 
been carried out with o view of providing ample accom- 
modation both for an Eastern crew and for captain, 
officers, and engineers. 
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PISTONS FOR PETROL-MOTORS. 
One of the most important points in the modern 


to do and the speed at which it isto run. In the 
case of motor-cycle engines the s is very high, 
and therefore the effect of leakage is not so serious as 


trol-motor is the design of the piston, as, owing | at lower speeds, while the importance of lightness 


to the high speed, successful running depends so 
largely on the = of the reciprocating parts. 
This has been well recognised by some makers for 
many years past ; even now theré are others who do 
not appreciate its importance. It may, in fact, be 
considered that the lightness of the piston and con- 
necting-rod is the one really important point about 
a petrol-engine—that is to say, that engines have 
given very good results, both as regards the power 
produced and durability, with either automatic or 
mechanical inlet-valves, arranged in all sorts of ways, 
and with very various arrangements of the ports 
and passages, but good results cannot be obtained 
with heavy reciprocating parts, however well- 
designed the valves and other details are. Of course, 
the best results are obtained with light pistons com- 
bined with good valve arrangements, but, of the 
two, the lightness of the pistons is far the more 
important. ‘ 
The reason for this is that with heavy moving 
parts the internal friction set up at high speeds is so 
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great that it absorbs the larger part of the power 
of the engine. Many engines have been built in 
which the internal friction rose so rapidly with the 
speed that it absorbed the whole power of the 
engine at 1500 revolutions per minute or even less ; 
while, on the other hand, with very light moving 
. the engine will run at over double this speed. 

t is obvious that, if the friction absorbs the whole 
of the power of the engine at 1500 revolutions, it 
will absorb a very great part of it at the ordinary 
running speeds, and the engine will not only be 
inefficient, but there will be very great wear and 
tear on the moving parts. 

In a steam-engine the question of the weight of 
the moving parts is not so serious, for they can be 
brought to rest by cushioning them with steam ; 
but in » petrol-engine this is impossible except on 
the compression stroke, which is only one stroke 
out of every four. 

_ While it is necessary that the piston should be as 
light as possible, it is also necessary that it should 
be of ample strength, that it should be tight, and 
that the gudgeon-pin should be securely fixed. 
In order to make the piston gas-tight it is pro- 
vided with spring-rings of cast iron, but it is 
impract ‘cable to use a large number of rings, as in 
4 stationary engine, on account of the weight. The 
number varies according to the work the engine is 





is greater. Hence the pistons are only provided 
with one or two rings as a rule. In engines for cars 
| three rings are customary, four being occasionally 
| Provided. The rings are always simple spring- 
rings, and are usually from ,% in. to ,4, in. wide, 
and about ;, in. thick. The principal variations in 
the construction of the pistons are in the proportion 
of length to diameter and the method of fixing the 
gudgeon-pin. The latter is a matter of very great 
importance, as at the high speed the engines run it 
may come loose, with disastrous consequences, if not 
properly secured. 

e proportion of length of pistons to diameter 
has varied a great deal in different engines and at 
different times. In the early days of cars many 
pistons were made with a length something like 
twice the diameter. Necessarily the longer the 
piston the heavier it will be, and therefore it 
| Seems evident that it should be made as short as it 
|can be consistently with other requirements. On 
| the other hand, if made less than a certain length, 


Fig. 2. 



































there will not be enough bearing surface to take the 
thrust of the connecting-rod, and, if excessively 
short, there is the possibility of the piston twisting 
in the cylinder and jamming. 

The importance of the lightness of the moving 
parts was first thoroughly realised by the makers 
|o0f motor-cycle engines, led by Messrs. De Dion 
Bouton, as they found it necessary to run their 
engines very fast in order to get the required power 
without excessive weight. They from the first 
adopted a piston whose length is about equal to 
the diameter, and there seems to be a very general 
tendency for makers of car-engines to follow their 
lead and to make their pistons of about this length. 
In some cases cycle engines and those intended for 
aeroplanes have been made with pistons still 
shorter, but the saving of weight is very small and 
seems hardly worth the greater risk of wear. 

Asan example of the early construction of pistons 
as developed by the maker of the motor-cycle 
engine we may take that shown in Fig. 1, which 
shows the piston for a 4-in. cylinder. This was 
introduced about ten years ago, and has proved 
perfectly successful in use ever since. The actual 
weight with the gudgeon-pin, set-screws, and piston- 
rings, is 3 lb.; but it is very doubtful whether, even 
now, there are any cars being sold to the public in 
any quantity which have lighter pistons than this, 
though, of course, much lighter ones are used in 
special record-breakers. The gudgeon-pin in this 
is approximately ,% in. in diameter, and though this 
seems very small for the pressure on it, the results 
are in practice excellent, the wear on the pin being 


taper set-screw is forced into a taper hole near each 
end of the pin, and the latter is split by a vertical 
saw-cut for some distance up each end. The pin 
is ground a good fit in the hole in the piston. 
When the set-screw is screwed in, the pin is ex- 
panded against the wall of the hole and makes a 
tight fit. This fastening is an excellent one, pro- 
vided that the work is really accurate ; but it is 
necessary that the gudgeon-pin should be a very 
good fit in the hole in the piston, and also that the 
set-screw should be a good fit in the taper hole in 
the pin. If the gudgeon-pin is not a good fit in 
the hole, it will not expand enough to fit properly ; 
and if the set-screw is not a nell fit, it is liable to 
work out. 

This fastening is varied in some cases by making 
the set-screw parallel instead of taper, and not 
splitting the end of the gudgeon-pin, and in some 
cases a set-screw is only used on one side. These 
arrangements are cheaper and work well if pro- 
perly fitted, but do not expand the gudgeon-pin 
against the walls of the hole as the taper screw does. 

Pistons are usually recessed at the middle, so that 
they do not there touch the cylinder walls. The 








slight. 
The fixing of the pin in this case is peculiar. 





A 


object of this construction is to prevent oil working 


Fig. 5. 
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up past the piston, but it is very doubtful whether 
it has as great an effect as is often supposed. In 
place of the top of the piston being flat, with a 
stiffener rib as shown, it is often either domed 
orconed. This should, theoretically, be lighter, 
especially if the top is machined inside. 

n all cases the set-screw used for securing the 
gudgeon-pin must be locked from working back. 
In practice, no doubt, where the set-screw is of 
the tapered pattern, the spring of the gudgeon- 
pin holds it, and the lock is only an additional 
safeguard. A very common lock is to have a 
split-pin through the set-screw, as Fig. 2, so that 
the latter cannot turn. This is by no means per- 
fect, for the split-pin does not come into action 
till the set-screw has worked back a very per- 
ceptible distance, and in any case is so slight that 
it might fail to prevent its going further. A better 
lock is shown in Fig. 3, where the square part of 
the set-screw has a locking-plate held in place by 
a split-pin. The locking-plate in this case should, 
however, be held so that it cannot have any vertical 
movement, or else it will be liable to cut the split- 
pin and fall into the crank-case. A good stiff wire 
passed through both set-screws, as shown in Fig. 4, 
also forms a good lock. 

A method which avoids the use of the set-screws 
is simply to have the gudgeon-pin shorter than the 
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diameter of the cylinder, and to have a ring round 
it, as shown in Fig. 5. This is probably the 
cheapest method of fixing there is, but it does not 
prevent the gudgeon-pin from turning. There is, 
therefore, always the liability of the pin wearing 
loose in the piston. It is also probable thata piston 
made like this must be slightly heavier than one 
with the set-screws. Nevertheless, a great many 
pistons so constructed are in successful use. 

In some cases pistons are made with the pin 
fixed in the connecting-rod and running in the 
pow. This has considerable advantages in theory, 

ut the difficulty in practice is to fix the pin satis- 
factorily in the top end of the connecting-rod with 
out making the top end too heavy. One plan 
which avoids this difficulty is to make the pin 
solid with the rod, and to fix it to the piston 
as shown in Fig. 6. In this case the whole of 
the piston can be turned inside and out, and 
as the pressure on the top is transferred direct to 
the fastenings of the gudgeon-pin, the top can 
theoretically be made lighter. As the pin can be 
nearer the top of the piston than when it has to be 
below the rings, the engine can be made shorter 
for a given length of connecting-rod, and therefore 
lighter. The top end of the connecting-rod is, of 
course, lighter than in any other pattern, and the 
great objection to the system is the expense of 
making the pin and rod in one piece, and the fact 
that if the pin has to be replaced the whole con- 
necting-rod has to be scrapped. This would not 
be of very great importance for some purposes, 
such as aeroplane engines, and for these the system 
appears worthy of more consideration than it has 
had. 

The same arrangement could, of course, be used 
with a loose pin fixed in the end of the connecting- 
rod, and the increase of weight would be very 
small, while there would be no difficulty in fixing 
the pin, as, when the connecting-rod was removed 
from the piston, it could be got at quite easily. 
It is also possible to make a similar arrangement 
with the pin fixed in the attachment of the piston, 
and working in the connecting-rod. 

In some cases this type of construction has been 
varied by makiny the piston in two parts, screwed 
together, as Fig. 7. In this case the whole of the 


top of the piston, with the attachment for the pin, 


can be conveniently made of steel, and therefore 
lighter than of cast iron, while the body which 
works against the cylinder can be made of cast 
iron if desired, and the whole of the piston can 
conveniently be machined inside. A difficulty in 
all these plans, where the fastening is separate from 
the barrel of the piston, and is either screwed 
together or bolted in, is that, after the parts have 
become hot in the cylinder, it may be impossible to 
unscrew them, if it be required to get at the 
a. . 

It will be seen from the above remarks that there 
is room for a considerable amount of ingenuity in 
the construction of such a simple part as the piston 
of a petrol-motor, especially in those cases where 
weight is of great importance. In all motors it is 
absolutely necessary that a great deal of attention 
should be paid to this point, for at high speeds the 
difference of even a few ounces in the weight of two 
pistons will make a very measurable difference in 
the power the engine gives out and in the wear on 
the bearings. It will also make a considerable 
difference in the vibration, for it is impossible 
perfectly to balance the ordinary petrol-motor, and 
the lighter the pistons the less the vibration. In 
the ordinary motor-car it is, possibly, not worth 
while to go in for any very expensive construction 
of the pistons in order to secure extreme lightness, 
for there is no difficulty in using an engine large 
enough to give its power at moderate revolutions. 
In the case of aero and racing-boat engines, how- 
ever, the speeds must be higher in order to reduce 
the weight to the smallest possible amount ; and 
as in such cases the cost is a less serious considera- 
tion, it is likely that more special constructions 
will be used. In the latter class of engines also 
durability is of less importance than in car-work, 
and it is probable that this will lead to the more 
extensive use of steel in place of cast iron. 

In regard to the actual weight of pistons, there 
has been a great deal of variation in the past, but 
there is now much more uniformity. Taking a 4-in. 
piston as a medium size, the weight of the piston 
of the ordinary cast-iron type (Fig. 1), complete 
with rings and gudgeon-pin, can be brought down 
to about 3 1b. with perfectly satisfactory results, 
and other sizes in proportion. Of course, pistons 





of cast iron of bad design weigh a great deal more 
than this, and at one time weights up to 10 lb. were 
not at all uncommon. 

It is possible to make pistons of cast iron of some- 
what less weight than that above given for special 
purposes ; and where expense is no object, and the 
whole of the inside can be machined, there is no 
reason why the weight with the pin and rings should 
not be brought down to about 2} lb. For such work 
as aero-engines, where the revolutions are always 
high, the number of rings may be reduced, and 
weight be saved by this. Motor-cycle engines 
usually have only two rings, or even one, but the 
leakage at the speed run is not found to be objec- 
tionable. Pistons have sometimes been machined 
out of solid steel, and there is no doubt that steel 
pistons can be made slightly lighter than the above 
weights, but the margin for saving is small, as it 
is necessary that the pistons should not only be 
strong enough for their work, but also rigid, and 
steel is very little more rigid than cast iron. A 
considerable part of the weight also consists of the 
rings and pin, which are the same weight in any 
case. It is, however, possible that 4-in. pistons 
made of steel can be got down to about 2 lb., which 
is the weight claimed by some makers of aero- 
engines. Pistons are now made of pressed steel, 
acetylene welded ; and it is claimed that they are as 
good as if machined out of the solid, and nearly as 
cheap as cast iron. Whether the steel pistons will 
be as successful as cast iron remains to be seen. Cast 
iron on cast iron runs better than any other two 
metals known for cylinders and pistons, and polishes 
to a surface which has very little friction. Pos- 
sibly if the cylinder walls and pistons are made of 
steel with a fairly high percentage of carbon, they 
will wear to an equally good surface ; but this at 
present rather remains to be proved, and at the 
present time the materia] generally used for both is 
cast iron. 
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The Telegraphic Transmission of Photographs. By T. 
TuHorRNE Baker, F.C.S., F.R.P.S., A.I.E.E. London: 
Constable and Co., Limited. [Price 2s. 6d. net. ] 

ALTHOUGH it cannot be said that any entirely new 

thought or that any great advance has been made 

in the application of known processes by the suc- 
cessful transmission of pictures by telegraphic 
means, very great credit is due to the ingenuity 
exhibited in the management of details and the 
mechanical skill reached in construction. To Pro- 
fessor Korn and the author this credit is mainly 
due. Mr. Baker’s slight, but sufficient, description 
of the devices employed in the transmission of 
nee shows that the generic thought of at 
east one system, now successfully used, existed in 
the scheme proposed by Bakewell more than half- 
a-century ago. If the plan which then reached but 
a moderate success is of greater practical utility 
now, the explanation is to be found mainly in the 
improved technical skill of to-day, and the know- 
ledge that the requisite apparatus would be forth- 
coming. Other things have contributed: trained 
assistants steeped in all the knowledge to be derived 
from familiarity with similar mechanism have been 
at hand; machinery possessing a delicacy that 
could be only imagined has been found capable of 
construction ; a public educated to appreciate an 
advance ; an — to success sufficient to tempt 
capitalists ; all this and much more have been 
necessary before the nimble thought of the study 
could be translated into the practical affairs of life, 
or the routine of the workshop. When Bakewell 

saw that a metallic style working spirally over a 

cylindrical surface of tin-foil, on which was drawn a 

sketch in shellac or glue, could be made to transmit 

a current to a similar cylinder coated with a chemi- 

cally prepared sheet of paper, on which another style 

impressed a mark corresponding to the interrup- 
tions of the first style when crossing the shellac 
lines, he was in possession of the main thought, which 
has since so abundantly fructified. He grasped the 
notion that to telegraph a picture it was necessary 
that the signals, however transmitted, must occupy 

a definite position, and that this could be accom- 
lished by cylinders made to revolve synchronously. 
he plan was complete, what, perhaps, his imagina- 

tion failed to realise was the possibility of making 

the contacts with the requisite rapidity, while the 
mechanical skill of the period may not have been 
sufficient to secure the revolution of the cylinders 
with precisely equal angular motion. In the 





‘due to imperfect mechanism. 


prese it arrangement 175 dots per second are re. 
corded on the receiving instrument, and to obtain 
intelligible results the error of synchronisation must 
not exceed s}oth part. By mentioning in the same 
breath Mr. Baker’s results and the early work 
of Bakewell, it must not be supposed that we in 
any way underrate the author’s ingenuity or his 
success. He is entitled to our gratitude for the 
boldness and felicity of his conceptions, no legs 
than for his well-placed confidence in the resources 
of mechanical skill, a confidence that Mr. Sanger. 
Shepherd and others have amply justified, creating 
by their deftness of manipulation new standards of 
delicacy which will soon be surpassed. 

The effect of the author’s devotion to this problem 
is seen more conspicuously if we consider the 
technical improvements he has introduced. It js 
well known that when a current has to pass through 
a long wire, the capacity of which is appreciable, 
a definite time is necessary to charge the line, and 
also for its discharge at the receiving end. The 
effect of this ‘‘lag” is to lengthen out each brief 
signal, accompanied by a want of definiteness both 
at the beginning and theend. Evidently it is of no 
use to send 175 separate signals in a second except 
each is recorded distinctly, and is not confused by 
the arrival of the following signals, giving rise to 
overlapping, and producing a continuous mark, 
It is no small triumph to have overcome this 
very evident difficulty, and though, unfortunately, 
it is impossible here to enter into details, it may 
be said that the author has succeeded completely 
by a process that he describes as ‘‘ line-balancing,” 
in which a shunt apparatus is used to get rid of 
residuary currents from the wire, such as has been 
employed with success in duplex telegraphy. The 
requisite synchronisation has been secured by in- 
genious means, though the accuracy attained is not 
equal to that reached in synchronising clocks. But 
the synchronising mechanism has to be effected by 
signals sent through the same wire that conveys the 
message or picture, and this introduces a difficulty. 
Practically unison is attained by stopping the 
recording cylinder in each revolution a minute 
fraction of a second, and starting it by a signal from 
the transmitting station ; so that there is no ac- 
cumulated error, and the identity of phase is exact 
at the beginning of each revolution. The important 
point is that the mechanical arrangement works 
satisfactorily, and here, as elsewhere, success has 
been attained by great attention to details. The 
patient, continued endeavour, the readiness of re- 
source that overcomes unexpected difficulties, 
demand our appreciation as much as brilliancy of 
conception. 

The aim of the whole process is to reproduce on 
the receiving apparatus one long spiral line of vary- 
ing thickness and intensity, expressing the light 
and shadow existing in the original. This line, 
which is resolved into parallel lines when the cylin- 
drical form is spread out flat, can be produced 
in a different manner, which, in conception, is per- 
haps still more ingenious, though, as a commercial 
asset, it may not rank quite so high. Use is made 
of that property of the selenium cell by which its 
resistance can be varied according to the light inci- 
dent upon it. Suppose light from an electric lamp 
sent through a narrow slit to a glass cylinder 
capable of revolving and rising on a spiral as it re- 
volves. In the glass cylinder place a totally reflecting 
prism, which will throw the light received from the 
slit on a selenium cell. Wrap round the cylinder a 
chess-board printed on a transparent substance, such 
as celluloid ; evidently the light will be alternately 
received and withheld from the cell according to the 
square presented in front of the slit, necessarily 
altering the resistance of the cell. This varying 
current is sent to the receiving station, and can be 
utilised to open or close a shutter, through which 
another pencil of light could be admitted to 4 
sensitive photographic film, placed round a cylinder 
revolving in unison with the one at the transmitting 
station. A negative of the chess-board will be 
produced on development. This is roughly the 
principle upon which the Korn apparatus works, 
and the opening and closing of the shutter has sug- 
gested a chess-board to indicate the varying density 
of the light transmitted through the photographs 
Originally, we believe, the area of the shutter was 
3 mm. by 2 mm., but the delicacy has been enor- 
mously increased by employing an Hinthoven 
galvanometer of peculiar construction, in which the 
shadow of a fine wire replaces the shutter. 
There have been plenty of difficulties not wholly 
The selenium cell, 
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owing to inertia, or ‘ lag,” refused to work with 
the necessary celerity, and special devices had to 
be invented ; induction and a host of other incon- 
veniences also had to be combated. These difti- 
culties have been so great that, while one admires 
the indomitable perseverance that knew no defeat, 
and the scientific spirit that would not he content 
with a partial success, one is tempted to ask whether 
the end was worth the means. For what is the 


* outcome of the whole process? The public gets its 


pictures perhaps 12 or 24 hours sooner than it 
otherwise would, A sensational trial is proceeding 
at Paris, and before the witness has left the box it 
may be his, or her, portrait is selling on the streets 
of London. But is this of any real consequence ? 
Asa tour de force it is admirable, and commercially 
this application of science may bring its reward in 
the shape of handsome dividends, There is, however, 
some danger that ingenuity has pandered a little 
too much to the demand for early impressions. 

But if we are inclined to look upon the result as 
an elaborate toy, the author is ready to remind us 
that the process is in its infancy, and its usefulness 
will appear hereafter. He foreshadows the applica- 
tion of wireless telegraphy, which will extend and 
possibly simplify the plan of working. He hints 
at the possibility of constructing travelling equip- 
ment, by which objects will be directly photo- 
graphed, and give a wider scope to the process than 
that of simply reproducing pictures. Military and 
naval operations offer a wide field for its applica- 
tion. Into these visions and contingencies we may 
not follow the author, and it would be of little use, 
for novelty will supersede novelty with startling 
rapidity, and the early features of this fascinating 
application of science are destined soon to become 
ancient history. 





Structural Details, or Elements of Design in Heavy 
Framing. By Henry S. Jacosy, Professor of Bridge 
Engineering in Cornell University. New York: John 
Wiley and Sons; London: Chapman and Hall, Limited. 
[Price 9s. 6d. net. ] 

Tue title of this book might lead one to expect 

some more general treatment of the subject than 

actually lies between its covers, but once having 
realised that it deals exclusively with timber con- 
struction, the title may seem to be its chief demerit. 

One fourth part of the book is devoted to fastenings, 

nearly as much more to joints, a similar space to 

beams and columns, and about the same to roof- 
trusses, the remainder of the book being allotted 
to practical examples, tests, and unit stresses. 

The treatment of fastenings is very detailed, 
minute particulars of such items as washers being 
liberally supplied. The information may be useful, 
but seems hardly to warrant such serious treatment. 
The man who cannot design a washer may be trusted 
to misuse a table. The particulars of driving and 
pulling resistances of nails, spikes, and drift-bolts 
under many conditions of test are distinctly useful, 
but the analysis of stress about a rail-spike 
(Article 8) is almost amusing when it is considered 
by how many conditions the security of such a 
fastening may be affected, though the inquiry may 
possibly be of service for the purpose of comparing 
rival spikes. The holding power of wood screws, 
dowels and trenails, keys and wedges, is also 
treated at length, as also are straps and plate 
connections. The usual types of fished and scarfed 
joints are well described, and the method of caleu- 
lation explained ; various kinds of butt and step 


joints are instructively dealt with. 

The design of beams, from the simplest to those 
elaborately built up, deepened, or trussed, is well 
treated, the author sparing no pains to make plain 
the nature and amounts of the stresses tavdivel. 
Column and strut proportioning is dismissed in a 
somewhat cursory manner ; indeed, from the scanty 
information supplied it would not be practicable to 
design a column with reasonable confidence. The 
bending stresses of roof-rafters and purlins are 
treated very completely, but in a manner some- 
what wanting in clearness. The allowable stress 


on a butt surface when inclined to the natural 

grain of the wood is also treated. This is certainly 

4 matter of importance which may occasionally be 

passed over by designers with little consideration. 

= iseful details of tests of butt joints are also 
ven. 

Examples of slow-burning construction, bridge 
structures, bridge centerings, and of some miscel- 
laneous works, complete the matter dealing with 
design, though there is a last chapter relating to 
tests, and the grading of timber, The student of 





timber construction is apt to be greatly harassed 
by the fact that timber has the unfortunate pecu 
liarity of varying greatly in its physical properties, 
so much so that a good specimen of an inferior 
kind may be of much greater strength than an 
indifferent example of a better sort. Professor 
Jacoby very usefully summarises conclusions to be 
drawn from the magnificent series of tests carried 
out for the United States Forestry Department, 
which tests display these variations in an instructive 
manner. 

The book is well got up, is well illustrated by 
cuts, photogravures and folding plates, and has a 
good index. The method of treating the subject is 
not wholly satisfactory ; not that the information 
supplied is at fault in any other way than that it is 
at times unnecessarily diffuse, and then again too 
scanty. For information that might be expected 
in a book of this kind, the reader is frequently 
referred to other sources. Such references are 
admittedly useful, and might be more gratefully 
accepted in an avowed bibliography of the subject. 

A consideration of this book, taking it to be 
representative of American practice in timber work, 
discloses the fact that, apart from the greatly in- 
creased knowledge of timber properties, there has 
been little, if any, advance in this class of con- 
struction since the days of Tredgold. This is a 
statement which is less a reflection upon modern 
engineers than a tribute to the capacity of those 
who have gone before. 





Die Regelung der Kraftmaschinen. Berechnung und Kon- 
struktion der Schwungrider, des Massenausgleichs und 
der Kraftmaschinenregler in Elementarer Behandlung. 
By Professor Max Totir. Second, enlarged edition. 
Berlin : Julius Springer. [Price 26 marks. 

‘*Tue Regulation of Power Engines, Calculation 
and Construction of Fly-Wheels, of the Balancing 
of the Masses and of Engine-Governors in Ele- 
mentary Treatment,” by Professor Tolle, Lecturer 
at the Technical High School in Karlsruhe, appears 
here in a second, revised and enlarged edition of 700 
pages, illustrated by 463 text figures and 19 plates. 
The first edition, published only a few years ago, 
was soon out of print, and the publishers had no 
reason to hesitate to do as much for the new volume 
as they generally do for their scientific and tech- 
nical books. The general arrangement has been 
left unaltered. The retention of some no-longer- 
applied designs of governors is justified, because 
they illustrate the peculiarly circuitous way which 
the adaptation of novel ideas often takes. The 
author demonstrates that, though the determina- 
tion of the angular velocity by the rigorously 
dynamical method (which is coupled with the name 
of Wittenbauer), with the aid of work curves and 
reduced masses, is theoretically preferable to the 
practical method of Radinger, of calculating the fly- 
wheel mass under the assumption of a constant 
angular velocity, yet the practical method proves 
equally reliable as the dynamical in cases which 
concern the engineer. The long section on indirectly- 
acting hydraulic governors for turbines is practic- 
ally new, and forms a welcome and excellent sup- 
plement to the first edition. 

Tolle’s Kraftmaschinen-Regelung was a favourite 
in Germany, and will remain so. It is not easy 
reading, however. Not that the style lacks in clear- 
ness and conciseness. But it is one of those books 
which have systematically to be studied from 
beginning to end—not in any sense a reference 
volume. There is no index to facilitate the search 
for any particular feature in the sifting of the 
abundant material. Much constructive detail will, 
of course, not be looked for in the volume. 
References to other authorities are scarce. In 
spite of the many strong points of the book—the 
dete exposition, the working-out of examples, 
the many original diagrams and curves—a direct 
translation would hardly appear advisable. The 
types of described governors, comprising several of 
the author’s own design, are all German, and we 
have not noticed any direct reference to English 
or American publications. That, however, is a 
secondary consideration for the German readers, 
for whom the book has been compiled, and the 
term ‘‘reader”’ will include experienced engineers 
looking for suggestions, as well as students. 





BOOKS RECEIVED. 

Gewichte und Giinstigste Abmessungen der durch Parallel- 
triigen Versteiften Kabelbriicken. Von Dr.-Ing. ‘ 
Haurre. Dresden-A.: A. Dressel. 

Turbines @ Vapeur. Par Le ComMANDANT F. CorpiEr. 
Paris : Octave Doin et Fils. [Price 5 francs. ] 





Entwerfen und Berechnen der Dampfmaschinen Ein 

Lehr- und Handbuch fiir Studierende und Angehende 

fonstructeure. Von Heinxich Dvuppev. Berlin : 
Julius Springer. [Price 10 marks bound. ] 

Board of Trade Labour Department: Report of Collective 
Agreements between Employers and Workpeople in the 
United Kingdom. London: Wyman and Sons; Edin- 
burgh: Oliver and Boyd; Dublin: E. Ponsonby, 
Limited. [Price 2s. 2d., Cd. 5366. 

Royaume de Belgique : Office du Travail et Inspection de 
UIndustrie Monographies Industrielles. Groupe ITI. : 
Industries de la Construction Mécanique. ‘ome T.: 
Organisation des Atcliers, Matie¢res Premiéres, Techno- 
logie générale. Brussels: T. Le e et Cie. 

The Gas Works Directory and statistics, 1910-11. Revised 
to August, 1910. With a List of Chairmen, Managers, 
Engineers, and Secretaries, and Lists of Associations of 

incers and Managers. London: Hazell, Watson, 
and Viney, Limited. [Price 10s. 6d. net. ] 

Annuaire pour lan 1911, Publie par le Bureau des Longi- 
tudes. Avec les Notices Scientifiques. Paris: Gauthier- 
Villars. [Price 1.50 francs. ]} 

Liste Navale Francaise: Personnel et Matériel. Octobre, 
1910. Toulon: J. Alté. [Price 2 francs. 

The Construction of Gravhwal Charts. y Joun B. 
Prppie. London and New York: McGraw-Hill Book 
Company. [Price 6s. 6d. net. 

Der Seehiifenbau. Von ¥. W. Scuutze. Band I. 
Aligemeine Anordnung der Seehifen. Berlin: Wilhelm 
Ernst und Sohn. [Price 16 marks. ] 

Standard Hand-Book for Electrical Engineers. Third 
Edition. London and New York: McGraw-Hill Book 
Company. [Price 17s. net. ] 

Composition and Heat Treatment of Steel. By E. F. Lar. 
London and New York: McGraw-Hill Book Com- 
pany. [Price 10s. 6d. net. ] 

Sewage Disposal. By Leonarp P. Kinnicurt, C.-E. 
A. Wins.ow and R. Winturop Pratr. New York: 
John Wiley and Sons; London: Chapman and Hall, 
Limited. [Price 12s. 6d. net.] 

Our Home Railways. Part 9. The North - Eastern. 
Part 10. The Lancashire and Yorkshire, the Great 
Central and the Underground Electric. By W. J. 
Gorpon. London: Frederick Warne and Co. [Price 
9d. each part. } 

The Navy League Annual, 1910-11. Founded and edited 
by ALan H. Burcorng, M.P. London: John Murray. 
[Price 2s. 6d. net. ] 

Dampfkessel-Feuerungen zur Erzielwng einer Micglichst- 
rauchfrein Verbrennung. Von F. Haren. Zweite 
Auflage. Berlin: Julius Springer. [Price 20 marks. } 

Traité Théorique ct Pratique de la Résistance des 
Matériaux au Béton au Ciment Armé. Par N. pr 
Tépxsco et A. MaureL. Deuxiéme Edition. Paris 
and Liége: Ch. Beranger. 

The ** Mechanical World” Pocket-Diary and Year-Book for 
1911. Manchester and London: Emmott and Co., 
Limited. [Price 6d.] 

An Elementary Treatise on Co-ordinate Geometry of Three 
Dimensions. By Rosert J. T. Brit, M.A., B.Sc. 
London : Macmillan and Co., Limited. [Price 10s. net. ] 

The Workmen’s Compensation Act, 1906. By ALBERT 
Parsons and RayMonp ALLEN, M.A. Camb. Fourth 
Edition of Parsons and Bertram on the Workmen’s 
Compensation Acts. London: Butterworth and Co. 

Gleanings from Fifty Years in China. By the late 
ARCHIBALD Litrix. Revised by Mrs. ARCHIBALD 
Littie. London: Sampson Low, Marston, and Co., 
Limited. [Price 7s. 6d. net. ] 

Royal Society of Arts. Cantor Lectures on the Petrol- 
Engine. Professor W. Watson, D.Sc., F.R.S. 
London : The Society of Arts, Adelphi, W.C. [Price 


1s. 

The Oe Series of Technical Dictionaries 
in Six Languages: German, English, French, Russian, 
Italian, and Spanish. By Atrrep ScHLOMANN. 
Vol. X. Motor-Vehicles (Motor-Cars, Motor-Boats, 
Motor-Airships, and ch a peng Edited by 
Rupotr Urret, and published with the authority of 
the Royal Automobile Club of Great Britain. London : 
Constable and Co., Limited; Paris: H. Dunod and 
E. Pinat ; Munich and Berlin: R. Oldenbourg. [Price 
12s. net. } 

The Companies’ Diary and Agenda Book, 1911. Edited 
by Hersert W. JorpAN and Jesse H. Davenport. 
London: Jordan and Sons, Limited. [Price 2s. 6d. net. ] 

Calculus Made Easy. By F.R.S. ndon : Macmillan 
and Co., Limited. [Price 2s. net. ] 

Bridge Engineering: Roof Trusses. By Frank O. 
Dvurovur. Chicago: American School of Correspond- 
ence; London: Crosby Lockwood and Son. rice 
12s. 6d. net. ] 

The Guide to South Africa: 1910-1911 Edition. Edited 
annually by A. SAmLER Brown and G, Gorpon Brown. 
London: Sampson Low, Marston, and Co., Limited. 
[Price 2s. 6d.] 





Tue Puysicat Socrety’s ANnNuAL Exuipition.—This 
Exhibition, which is to be held on Tuesday, the 20th inst., 
will be open from 3 p.m, to 6 p.m. and from 7 p.m. to 
10 p.m. Professor J. A. Fleming, F.R.S., will give a 
discourse at 4.15 p.m., and again at 8 p.m., on “Some 
Improvements in Transmitters and Receivers for Wire- 
less Telegraphy ;” Mr. R. W. Paul will give a number of 
ng demonstrations of some physical pheno- 
mena. e understand that invitations have n given 
to the Institution of Electrical Engineers, the Faraday 
Society, the Optical Society, and the Réntgen Society. 
Admission in all cases will be by ticket only, and 
members of these societies and of the Physica] Society 
desiring to attend the Exhibition should apply to the 
secretary of the society to which they belong. 
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Fug.89. SECTION THROUGH SUCTION AND WELLS. 


CAPE OF GOOD HOPE; CULVERTS AND PUMP-WELLS. 


Fig 53. ELEVATION OF ENDS OF 
DRAINAGE CULVERT. 
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page Plate LXXXVI. The two main pumping- 
engines (Figs. 105 and 106) are of the compound 
Surtace-condensing type, with the cylinders set at 
right angles, both working on to one crank-pin. 
high-pressure cylinders are 21 in. in dia- 
pater. and the low-pressure 42 in. in diameter, 
oth having a stroke of 2 ft. The crank-shaft is 
Place vertically and coupled direct to the im- 
peller-shaft. The impeller, which is of the balanced 
L pe, 5 ft. in diameter, is placed at the bottom of 
bl. well (Fig. 107). The impeller-shaft, thrust- 
ocs, and disc-bearing are all supported by heavy 
Cast-steel beams, being in turn bolted to cast-iron 
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corbels built into the masonry of the well. This | pumps together should be capable of emptying the 
arrangement, which is clearly illustrated in Figs. 107 | unoccupied dock in four hours, the amount of 
to 112, makes these beams removable, if necessary. | water so discharged being 86,000 tons, against a 
The shaft pedestals are fitted with gun-metal bushes | maximum head of water of 41 ft. 6 in., the revo- 
lined with lignum vite, the shaft, which is 9 in. in| lutions of the engine at this duty being 140. It 
diameter, being gun-metal-lined at the bearings. |may be added that the two main pumps together 
The thrust-block is fitted with removable cast-iron | pumped out 86,000 tons of water in 2 hours 
rings, white-metal-lined on the working surface. | 35 minutes, which is considerably less than the time 
The block is so designed that the shaft runs in an | required by the specification. 

oil-bath, and the outer casing forms a water-jacket. | he two sets of drainage-pumps, to be used for 
Ladders are fitted in the wells, with a platform at/| dealing with any leakage while the dock is empty, 
each bearing. j are of the three-throw single-acting type, the gun- 


The specification required that the two main’ metal barrels being 22 in. in diameter, with a 
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4-ft. stroke, and are connected at top and bottom 
by cast-iron chambers, the single cast-iron dis- 
charge-pipe being led from the top chamber to the 
top of the well, and discharging into a culvert. The 
bottom pump-rods are of naval brass, the others 
are of mild steel and are guided in gun-metal ad- 
justable bearings. The arrangement of the gear- 
ing at the top of the well is such that by means of 
clutches either engine can drive either set of 
pumps. The drainage engines are of the compound 
type, the cylinders being 14 in. and 28in. in dia- 
meter by 18in. stroke, the high-pressure being 
titted with piston - valves with internal - piston 
expansion-valve. The duty of these drainage-pumps 
is that each set shall raise 1500 tons of water per 
hour against a head of 57 ft. 

The surface-condensing plant is also in duplicate, 
each condenser having 3000 sq. ft. of cooling sur- 
face, capable of dealing with all the steam exhausted 
from all the engines. The circulating water is 
supplied by steam-driven centrifugal pumps. The 
air-pumps are of the double-acting type and dis- 
charge the condensed water into the two feed-tanks, 
the feed-tanks being supplied with feed-water 
heaters arranged inside the tanks. 

Two fire-pumps are also fitted in the engine-room, 
and they are also used for pumping salt-water to 
the overhead tank, 

There are eight boilers of the cylindrical type, 
with tubes in line with the furnaces, each boiler 
being 8 ft. 6 in. in diameter by 17 ft. 6 in. long, 
and designed to work at a pressure of 155 lb. per 
square inch. The gases from the boilers are led. to 
the chimney-shaft, 100 ft. high, built of local stone 
and lined with fire-brick. There are also installed 
two hydraulic pumping-engines, with two accumu- 
lators and one return-water tank. The pumping- 
engines are of the differential ram type, with 
single - acting suction and double-acting delivery. 
The steam-cylinders are 22 in. and 38 in. in dia- 
meter, with a stroke of 2 ft., the maximum speed 
being 60 revolutions per minute. The duty of 
each set of pumps is 400 gallons per minute against 
an accumulator pressure of 750 1b. per square inch, 
with a steam pressure of 100 Ib. per square inch. 

The whole of the machinery, pipes, &c., in the 
engine-house were designed and supplied by Messrs. 
Fullerton, Hodgart, and Barclay, Limited, Vulcan 
Works, Paisley, and, under sub-contract with this 
firm, the boilers were constructed by Messrs. Scotts’ 
Shipbuilding and Engineering Company, Limited, 
Greenock. 

(To be continued.) 





Coat ror PortuGaL.—A Portuguese railway adminis- 
tration has contracted for 25,000 tons of Welsh small coal 
at 13s. 74d. per ton, delivered at Lisbon, and for 10,000 
tons of superior Welsh coal at 14s. 5d. per ton delivered 
at Oporto, 
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SOME TESTS ON LIGNO-CONCRETE. 
By C. A. M. Smiru, M.Sc. 


Just at a moment when the now-extended know- 
ledge of ferro-concrete has been so carefully col- 
lected, and presented, by a Special Committee of the 
Institution of Civil Engineers in a preliminary 
report, tests have been made on a material which 
may prove to be an important addition to the 
systems of reinforcing concrete. Mr. G. O. Case, 
of Westminster, has recently invented a method by 
which concrete can be efficiently and economically 
reinforced simply by means of wood. The results 
of some tests carried out on slabs reinforced accord- 
ing to this system are given below. As is well 
known, the principle of reinforced concrete rests 
on the fact that cement is strong in compression 
and weak in tension ; consequently, if some material 


can be placed in a concrete beam, so arranged as | 


to take the tensile forces while the concrete takes 


the compressive forces, an extremely economical | 


building material is obtained. 

At first sight it would appear that wood could not 
efficiently replace a metal like iron. It is true that, 
for many purposes, wood may be considered as 
extremely weak when compared with iron. Under 
certain conditions, however, wood has a very high 
tensile strength, so much so that, in ordinary 
circumstances, wood does not fail in tension, but 
generally by shear. Fortunately, the conditions for 
ensuring that the full tensile strength of wood shall 
be obtained are metwith in reinforced-concrete work. 
Providing proper adhesion takes place between the 
wood and the cement (and tests have shown this to 
be the case), the timber cannot fail by longitudinal 
shear, but can only break in pure tension. 


NAVAL YARD AT THE CAPE OF GOOD HOPE; DISCHARGE CULVERTS. 
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forcement should be compared with steel reinforce- 
ment for all purposes, but rather that it has a special 
sphere of its own, without entering into competi- 
tion with ordinary ferro-concrete. Just as ferro- 
concrete is tending to replace steel construction for 
buildings, bridge construction, &c., so may we 
expect to see this ligno-concrete competing advan- 
tageously with ordinary bulk-wood construction, 
as used in piles, posts, beams, foot-bridges, fenc- 
ing, &c. When new, timber is excellently suited 
for such purposes, but its main objection is, of course, 
decay. Timber in river or sea-water becomes 
attacked by the teredo navalis and limnoria ts rebrans, 
and in dry situations may become rotten, due to 
imperfect seasoning. It is clear that, providing 
wood is seasoned before use, it can never become 
attacked by germs or insects when inside and sur- 
rounded by concrete. 

The method employed by Mr. Case is as follows :— 
A fixed wood framework is composed of wood rods, 
joined together at suitable intervals by iron or wood 
bands.* The space between and around is then 
filled in with concrete, the whole framework being 
entirely covered up. It is not absolutely essential 
that the wood should be creosoted, although this 
would probably increase its durability. 

A Wooden Framework.—There are one or two 
obvious advantages of wood reinforcement even 
over steel. In the first place, it is much easier to 
cut up, fasten together, and arrange in place than 
is steel. To a certain extent the wood forms its 
own false-work, being much more rigid during 
erection than the steel rods required in ordinary 
ferro-concrete. Again, special shear-bars can be 
easily attached in place with nails or screws, 
causing a great saving of time during construction. 

The point of real importance is, however, to com- 
pare by actual tests these ligno-concrete slabs with 
those made by the ordinary method. Experiments 
were carried out at the Municipal Technical Col- 
lege, Brighton, before several engineers and the 
Principal of the College. Those present included 
Dr. Burnie, Mr. Case, and the author. The exper: 
ments were made on slabs 4} in. by 44 in. by 55in. 
long. It may be well to state that the beams (or 
slabs) were made on works under ordinary working 
conditions, and that they were seasoned in the 
open air before test. The reinforcements con- 


sisted of four ?-in. square timber bars 2} in. from 
Six bands, 
5 in. 





| ~ . 
centre to centre, and made 52 in. long. 


'3 in. from each end, and 9 in. apart, of iron, 
‘by } in., were placed round, and fastened to the 
timber rods by eight screws. The screws pr ijected 
'} in. The concrete used was composed of | part 
* It is not imperative that there should be * rigid 
framework with bands fixed to rods by nails or screws. 
| For instance, square links might be used, and a saw-cut 
made for links to fit into the rods, so as to make « wooden 


It is not suggested, however, that wood rein- | framework. 
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granite chips, 2 parts fine sea-sand, 4 part coarse 
sea-sand, and 4 part English Portland cement 
(B.E.S.C. specification). The woods used were 
teak, mahogany, oak, deal, and ash. The span was 
in each case 42 in., and the beams were loaded in 
the centre. 

TABLE I.—Results. 








st _— Initial Cracking Maximum Load 
Te Description of Beam. | Load in Pounds.| in Pounds. 
5 Teak reinforcement 1400 2500 
7 Deal reinforcement = 2250 
3 Oak reinforcement | 1400 2240 
4 Ash reinforcement 1000 1800 
( Mahogany reinforce- | 1200 1595 
ment 
2 Plain concrete 425 
1 Plain concrete 215* 


* This slab had the appearance of being damaged on the works, 
and although it was decided to test it, the result was not con- 
sidered to be reliable, because of the marks on the slab before the 


test. 

A second series of tests were carried out on 
beams 4} in. by 44 in. and 55 in. long ; concrete as 
in other tests, except that the concrete in Test 12 
was composed of fine sandy beach and cement, 
2 to 1, and not granite chips, as before. This prob- 
‘ably accounts in part for the difference of strength 
in Nos. 11 and 12. Tests were made employing 
tallow-wood and Siemens- Martin steel, and a further 
test was also run using only a framework of stringy 
bark, held together by iron bands, &c., as before. 
The tallow-wood rods had tallow-wood bands, and 
not iron bands, as the others. The fact that wood 
bands were used is worth noting, as it might be, 
under certain circumstances, inconvenient to use 
steel. The wood rods, four in number, were } in. 
square, and the steel } in. in diameter. Testing on 
a 42-in. span gave the following :— 


Tasie II.—Results. 








a Age of Initial Crack- Maximum 
Test —— of Beamin ing Loadin | Load in 
No. _ Days. Pounds. | Pounds. 
10 j-in. Jarrah wood 10 850 3300 
reinforcement 
9 }-in. tallow-wood 10 1050 3150 
reinforcement 
ll }-in. steel rein- 14 900 1500 
forcement, 
12 }-in. steel rein- 15 500 | 1000 
forcement 
8 Plain concrete 10 650 
13 ~=Stringy bark frame- 300 


work 


It should be mentioned that before the concrete 
was cast round the framework, some specimens of 
the latter were soaked in water fora time. The teak 
and mahogany rods were not soaked. It might be an 
advantage to use hard woods which do not require 
soaking, and thus prevent shrinkage inside the 
concrete. It will be seen from the foregoing results 
that the efficiency of the wooden reinforcement was 
amply demonstrated. It should be noted that the 
beams were comparatively new, and no doubt had 
they been older even better results would have been 
shown. The results seem to show that equal 
strength can be gained either with wood or iron 
reinforcement, although, of course, the section of 
the wooden bars must of necessity be considerably 
larger than is required with steel bars. On the 
other hand, this larger section is more than counter- 
balanced by the fact that wood is so much cheaper. 

Cost Figures. —It can, in fact, be roughly taken that 
mild steel is eight or nine times stronger than wood, 
but ten to fifteen time as expensive ; consequently 
even for ordinary purposes it would appear that a 
very good case can be made out for wood. Actual 
estimates, and work carried out, have shown the 
cost of pitch-pine piles is about 2s. 6d. per cubic 
foot. ‘The cost of oak gate-posts is about 3s. 6d. 
per foot cube. The prices can be compared with 
reinforced-concrete piles made, but not fixed in 
position, near Brighton, the price of which works 
out at 2s. 7d. per cubic foot. Ligno-concrete piles, 
posts, \c., can be made and sold at Brighton at 
2s, 2d. per cubic foot. It will thus be seen that 
ligno-concrete is 16 per cent. cheaper than rein- 
forced concrete, or pitch-pine timber, and about 
38 per cent. cheaper than oak. 

The only doubt which might exist in the minds 
of some people is as to the durability of structures 
made of this material. It is, of course, true that 
no protracted experiments have so far been 
possible on ligno-concrete direct, but evidence 
seems to point all in the favour of decay being 
prevented. It is now certain that the iron in a 


moisture, and shows no sign even of rusting after 
many years. Now itis clear that if moisture or air 
could get through the concrete, the iron would 
inevitably start rusting, and without contact of air, 
germs, or moisture, it is impossible for wood to 
become rotten. Possibly, in the case of the softer 
woods, it might be thought best to creosote the 
bars before being built into the concrete, as this 
would tend to prevent shrinkage, and consequent 
loosening of the bond between wood and concrete. 
When properly preserved, there is no doubt as 
to the endurance of timber, as witness many 
specimens taken from Egyptian catacombs. These 
were anything from 3000 to 5000 years old, and 
yet were in excellent condition when removed. 

Again, while wood and concrete have been but 
little used together in the way suggested by Mr. 
Case, there are many examples of wood being 
covered with cement as a protective covering. In 
such cases it has been amply proved that the wood 
is preserved and adheres to the concrete. These 
two points are of first-rate importance in deciding 
the success of the scheme. There are many works, 
both in Australia and America, in which a central 
row of hard-wood piles are surrounded by concrete 
to prevent their destruction by the teredo. In the 
San Francisco Harbour works, for instance, after 
the piles were put in place, they were surrounded 
by wooden casing, and the space between the pile 
and casing filled in with concrete. In all these 
cases it has been found that the timber is effectively 
preserved. An even more striking example was 
given when the old convict prison at Chatham was 
pulled down to make room for the new naval 
barracks. It was then found that there were a 
number of timber stumps still embedded in the 
concrete foundations. Where these stumps were 
surrounded by concrete they had remained in ex- 
cellent preservation, while where they had pro- 
jected through into the earth they were entirely 
rotted away. So much for preservation.* 

When we consider the enormous quantity of 
timber imported into this country, and its growing 
scarcity, we do not doubt that some efficient means 
whereby large amounts of timber can be saved are 
urgently required. In some particular spheres 
ferro-concrete undoubtedly fills the requirements ; 
in others we expect to hear of progress from this 
new suggestion. It would seem to be especially 
applicable for constructional work in the Colonies, 
especially Australia and other places, where the 
relative prices of wood and steel are even more 
favourable than in this country. 

It should be mentioned that the above tests were 
made with the object of deciding whether the 
matter was worth investigating more fully, and the 
results seem to justify more extensive researches 
with various types of wood and concrete. These 
have been commenced, and will be made at the East 
London College. The author would be especially 
glad of suggestions concerning special tests which 
men of experience in constructional work may con- 
sider necessary. The beams to be tested will be 
made under the usual works conditions. While it 
is recognised that the final success of any new 
engineering device depends upon commercial 
details, it is hoped that the above rough tests will 
not be without interest from the point of view of 
those concerned in the design, as well as in the 
manufacture, of constructional works. So far as 
the author is aware, no other tests on the material 
which he ventures to call ligno-concrete have been 
made public. 





GoLp Propvuction In New Sovutnh Wares.—The out- 
put of gold in New South Wales in September last was 
21,093 oz. crude, equal to 17,892 oz. fine, valued at 
76,030/. The value of gold produced during the nine 
months was 616,303/., and showed a decrease of 24,7722. as 
compared with the corresponding period of 1909. 





Tue Prosecrep AARHUS-RANDERS Exkxctric RalL- 
way, DenmarkK.—This project, in which it was intended 
to interest English capital, is only making slow headway, 
and the local financial arrangements and guarantees seem 
to cause considerable peer Serious doubts as to the 
financial soundness of the scheme have also been put 
forward ; but, in spite of all the difficulties, there is 
reason to believe that the plan will ultimately be realised. 





* If hard woods or creosoted soft woods are used, the 
amount of water taken up from concrete is oy 
nothing. In practice, even soft wood embedded in -on- 
crete - very tenaciously to concrete. This is possibly 
due to the contraction of concrete setting in air, which, 

rhaps, counteracts the small shrinkage of wood. (See 
nstitution of Civil Engineers’ report on ‘‘ The Contrac- 


THE YACHT “MOHAWK.” 


THE auxiliary composite ketch illustrated on es 
822 and 823, and on Plates LXX XVII. and LXXXVIIL., 
was designed by Mr. R. E. Barry, of Camden, N.J., for 
his own use in cruising single-handed along the Atlantic 
seaboard between Maine and Florida, and to serve as 
bachelor quarters between cruises. Figs. 1 and 2, on 
Page 822, show a section and plan of the yacht. 

_A flush-deck was used for reasons of strength, 
simplicity of construction, and seaworthiness ; and as 
a good look-out from the wheel aft was required when 
sailing alone, a cockpit was fitted, which not only gave 
a clear view under sails, but added greatly to the 
comfort and ease of handling the gear, all of which, 
including the chain cables, leads aft. For habitability 
a headroom of 6 ft. 7 in. was chosen, the owner being 
6 ft. 3 in., and to obtain it without excessive free- 
board, with a draught of only 6 ft. 6 in., a limit imposed 
by prospects of utilising canals, the deck was designed 
on the whale-back principle. It is straight fore-and- 
aft at the centre line, and an appearance of shear is 
given by fitting a moulding to the required curve, 
accentuated by the white topsides in contrast with 
the oiled decks. 

The form of sections necessitated the use of steel 
frames, as oak could not be bent to the curves, and 
sawn frames would be too heavy ; 3-in. by 19-in. by 
3.25 bulb angles were taken, spaced 16 in. centres ; they 
girth the boat in one length, except where cut for the 
companion-way and the cockpit. To avoid excessive 
smithing, three frames at each end of the vessel are 
made of angles, the curvature being very quick. The 
heels of frames 12 to 26 rivet to the steel floors cast 
in the keel, all others to bracket plates which fasten 
to the stem or stern-post with §-in. lag-bolts. 

The steel floors are forged from 3-in. by 1-in. bar, and 
taper to 24 in. by } in. at head. They extend into the 
keel about 8 in., and the lower ends are bent at right 
angles to avoid pulling out, in case the metal of the 
keel did not shrink tightly about them. These floors 
were fastened to the skeleton template of the keel, 
which was used instead of a pattern, until the upper 
ends could be fastened to the cope. A few had to be 
heated and bent slightly after the keel cooled off. 
The rivet-holes were drilled before casting into the 
keel, and templates of same were sent to the frame- 
benders, so that the frames on arrival were ready to 
bolt in place. 

The ‘‘semi-steel” keel, which weighs 9 tons, had holes 
for the stem and stern-post bolts, rabbet for plank, 
part of screw aperture, and the lower gudgeon for the 
rudder-heel formed in it when cast. After the rudder 
was shipped the remaining space in the gudgeon was 
filled with Babbitt metal. Where space was limited, 
tee-heads were used on the bolts for securing the stem 
and stern-posts in place, pockets for the heads being, 
of course, cast in the keel. The bolts are all 1} in. 
diameter galvanised steel, set up with hexagonai nuts, 
except the bolt abaft the screw aperturo, which is 
14 in. in diameter. 

The stem and stern-posts are of white oak, 10 in. 
and 12 in, sided respectively, the 12 in. to allow bolts 
to clear the shaft-hole and the rabbet for the plank. 
The stem is in one piece, and has the grain parallel 
to the upper surface ; the stern-post has a anil piece 
of dead-wood bolted on, the grain of which is parallel 
to the rudder-stock. 

The rudder-trunk is made of a brass tube, which 
may be withdrawn to give room to unship the rudder. 
The metal tiller is hinged in a vertical plane, and 
leverage increases with the angle of helm. 

The planking is clear vertical-grain long-leaf Georgia 
pine, varying in thickness from 2} in. at the garboards 
to 2 in. at the water-line, 1? in. on topsides, and 1} in. 
on deck. All strakes of plank, except the garboards 
and a part topsides, have one edge, a straight 
line, and fit without sny ; all were steamed to reduce 
labour and prevent initial stress. As the diagonals of 
the hull are approximately ares of circles, the bend is 
equal throughout, and the planking was a very easy 
job, There are no butts in the garboards, or two 
adjacent strakes, and generally only one in strakes 
above. Oak butt blocks, 4 in. thicker and | in. wider 
than the planks they connect, are fitted, and clear the 
frames by } in. The construction and the lines of the 
hull are clearly shown in Figs. 3 to 11, on pages 822 and 
823, Figs. 12 to 14, on Plate LXXXVII., illustrating 
the keel and framing. 

The width of took amidships is 8 in. up to 2 ft. above 
water, but here the plank begins to have sny, and 
the width above that point decreases by 1 in. a strake, 
till the shear-strake is only 4in. wide. The deck 
plank is 3 in. wide throughout, and is sprung to the 
curve of the shear-strake. Oak nibbing-strakes are 
fitted fore and aft, and the mast partners are also 
jogged to receive the ends of the planking. 

The cockpit floor-plank and bulkhead plank are both 
14 in. Georgia pine. The plank-fastenings are 4 in. dia- 
meter galvanised deck-bolts on sides, and § in. on deck ; 
same diameters in the butt-blocks. The plank ends are 
fastened with j-in. by 4}-in. galvani steel spikes. 








ferro-concrete beam or pile is quite unaffected by 


tion of Concrete.”) 


The mast-partners are 3 in, thick at the mast-hole, and 
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FRAME NWSI. 


FRAME N° 20. 


taper to the thickness of the adjacent plank at the 
edges. The forward partners extend five frame spaces, 
and are well ma 2 ihe forward nibbing-strake. 
The after partners pass well forward of the opening 


for the companion-way. The beams are not cut at the | 


skylights. 

he skylights and companion hatches are planked 
athwartships and slide in doubly-grooved coamings, so 
that there is little chance of water passing below. The 
tops are tongue and grooved, and have the same crown 
as the deck. Six-inch lights of glass are held in the 
tops by galvanised rings. The companion-door hinges 
down, leaving the sill about 18 in. above the cockpit 
floor. This door has a spring lock and key, the same as 


fitted to an ordinary house-door, and the usual - 


lock is eliminated. (See Fig. 15, Plate LXXXVIL.) 


FRAME N° 31. 


| The upper end welds into the stem-head forging, which 














The cockpit has no coam- 
ing as usually fitted, — 
a flat cap-piece of oa 
for finish. A seat with 
comfortable sloping back is 
titted at the after end of 
the cockpit, having lockers 
underneath. Three 2-in. 
brass - pi scuppers are 
fitted. These are threaded 
at their lower ends and 
serew through an oak doub- 
ling and the planking; 
they were filed flush on the 
outside. The upper ends 
FRAME N° 28. are caulked in the cockpit 

floor. 

The rudder-frame is a steel forging galvanised, and 
the planks are tenoned on the arms. ‘ihe diameter of 
the stock is lj in. The planks are 4 in. at the stock, 
and taper to lin. at the after edge. One gudgeon- | mizzen combined, lowering it to reef or stow does not 
strap is titted midway between trunk and ot | disturb the balance or steering. The masts have been 

The stem band is built of a piece of 1}-in. by j-in. | given considerable rake, first to get the centres where 
half-round steel, with the sides planed off at an angle | wanted, and, secondly, so that the booms will rise as 
| of 60 deg., making them fair with the lines of the hull. | they swing outboard. 

The sails hoist with one haliard each, and the end 
carries the sheaves for the chain cables and the shackle | aloft of the main haliard acts as an outhaul for the 
for the forestay. A cover-plate of 10 gauge steel is | peak of the sail. The gaff or sprit is fitted in 2 pocket 
fitted over the sheaves in such a manner as to look | in the sail. Boom and gaff-irons, sail-hanks and blocks 
like a continuation of the stem itself. at the head of the main and mizzen sails travel in 

Figs. 16 and 17, on Plate LXXXVIIL,, illustrate the | grooves in the rear of the masts, and are held in place 
hull completed at the yard. | by two galvanised steel straps, which have the — 

The sail area is quite limited, only 1200 square feet | curvature as the mast. This allows the stays ” 
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to the 550 square feet of wetted surface of the boat, 
but it is sufticient to give a fair speed when the wind 
has any weight.. The sails can be handled by one man 
with ease, but it is necessary to heave to to reef if 
running. If sailing alone on a wind, or with the wind 
abeam, the boat will steer herself, it only being neces- 
sary toscrew up the cone-clutch on the steering-wheel 
after the boat is steady on the course. The largest sail, 
as shown in the view, Fig. 18, on Plate LXXX\ IIl., 
is amidships, where it is easily handled, and as its 
centre of effort coincides with that of the fore and 
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fitted half way up the mast, and the weight of the|of the haliard blocks and metal bolster, which are 
booms to keep the luff of the sails taut. Although | through-bolted to the masts. 

contrary to general practice, a sheet from the end| The chain-plates which pass through the deck plank, 
of the main gaff to the mizzen mast-head has been | just above the shear moulding, rivet to the web of the 
found very useful in a stiff breeze. The mizzen mast- frames, and are 12 in. to 15 in. in length along the 
head is very securely held in place, due to the great | frames, and 3 in. by 1 in. to 3 in. by # in. at the upper 
spread of rigging, and there is little jerk, as the boat | ends, where they protrude through the plank. 

seldom rolls. With a designed metacentric height of | Providence ratchet gipsy windlasses are fitted at 
18 in. an inclining experiment gave 20 in. with the | either side of the cockpit under deck, and sheaves are 
tender overboard, sails stowed, and the tanks half | fitted immediately above for the lead of the chains which 
full. Anchored off Old Point, and laying across a) lead through oak troughs to the sheaves at the stem 
weather tide, with waves 2 ft. to 3 ft. high, the boat| head. Chain-pipes lead from the deck to the chain- 
was steady and comfortable. All sails are fitted with | locker, passing between the bookcase and cabin bulk- 
lazy-jacks, which, in combination with the lifts, catch| head. The trunk which forms these pipes has a divi- 
the sail in very good shape if lowered head to wind. | sion which acts as ahold-ventilator, connecting with the 
The main sail requires no gaskets under ordinary | Liverpool head on deck, and is lined with galvanised 


conditions. There being no jibs, double sheets, or|sheet-steel. The chains, which are }-in. steel galva- 
jumper-stays, or speemalee backstays, there is nothing | nised, shackle to two No. 200 Providence stockless 
to do in going about except to put the wheel down | anchors. While cruising, one anchor is generally 
and then steady her on the other course. Running, | carried hanging at the stem head, with flukes canted 


especially with a sea on, the steering needs the same forward. In heavy weather a strop or line fast on 
attention as any other boat, but, due to the good lateral | either side to the crown, and set up on deck with a 
plane, much less attention than in the fin-keel type. | tackle, will jam the anchor against the stem-band and 

The standing rigging is galvanised-steel yacht-wire| prevent any pounding or chafe. Pendants from mast- 
set up with open-type turn-buckles. The upper ends | heads and tackles are fitted for lifting anchors or boat 
of tle shrouds shackle to plates bolted to the masts. | on to the deck, or weights into the cockpit or below. 


These plates are galvanised steel 2ft. 6 in. longand3in.| The elimination of the usual wood keel gives suffi- 
wide, and have eyes for the spreaders at their upper | cient space below the cabin floor for three tanks, engine, 
ends. The spreaders are made of 1-in. and ?-in. iron muftler, reverse levers, chain-locker, and a well aft and 
pipe with forged ends, the inner one welded into an) a paint-locker forward, and makes a clean sanitary 
eye on the mast-plate, the outer forked with three| hold. Gasoline tanks are aft over tiller (see Fig. 1, 


ronys. The centre pron ses through the centre of e 822). ; ie 
the Cactatim, al Ge an rongs ye then bent P'The engine, which is intended for auxiliary purposes 
around, so that no seizing or lifts are needed. The] only, is a 20-horse-power gasoline two-cylinder, hori- 





eyes of stays and backstays aloft lay over the shells| zontal, double-opposed 4-cycle Davis, with forced-feed 











21. Companion LappER, 


lubrication and water-jets in the exhausts. A bronze 
two-blade reversing and feathering propeller is fitted, 


24 in. in diameter. The exhaust to engine is fitted. 


through the after-hold ventilator, and thus acts as a 
jet to increase the circulation of air through hold and 
vent. The Liverpool head is removed from the venti- 
lator while the engine is working. Reversing-lever and 
connections to the carburettor and timer are in the 
companion-way, within easy reach of the man at the 
wheel. 

The accommodations, as may be seen from the 
cabin plans, are fairly Pond Meore. Me for three persons, 
although intended for two only. Berths are about 
7 ft. long, and transoms 8 ft. There is plenty of 
locker and drawer space, and the desk and book- 
cases make the cabin habitable. The cabin table has 
hinged legs, and may be stowed against the after 
bulkhead in galley. Overhead the cabins are ceiled 
with galvanised steel, backed with three thicknesses of 
building paper, which, with the air space, affords 
excellent insulation. The sheets of galvanised steel 
lap so that any leakage from the decks is carried out 
to the side, and the cabin kept dry. The sides are 
ceiled with cypress, varnished. he furniture and 
trim are all white oak, also varnished. Fig. 19, on 
Plate LXXXVIIL., is a view inside the cabin. Figs. 20 
and 21, on the present Page, show the yacht under sail, 
and the companion-way leading from the cock-pit to 
the deck. 

An “‘angle” lamp is fitted in the cabin. It casts 
no shadow, and works well up to 30 deg. inclination of 
the boat. The fount is removable, as in a student- 
lamp, and may be filled while the light is burning. 
A hood over it carries the heat and products of com- 
bustion up the ventilator, In the toilet-room a Goblet- 






























<2 ae ge oT eee eer OR ve 


824 


ENGINEERING. 





[Dec. 16, 1910. 





Dolan pump water-closet is fitted, which has no valves 
to be operated by hand ; pumping only is required. 
The lavatory is an all-porcelain Mott, and has a pump 
connected to a fresh-water tank in the hold ; it drains 
into the water-closet. The galley is fitted with a porce- 
lain sink, draining overboard, a two-burner ‘Jewel ” 
kerosene stove, a fresh-water pump, a we se Se 
and a spring bib supplying water from overboard. All 
sea-connections are bronze plug-cocks, with flanges 
bolted to the planking. A coal stove in the galle 
has’ made the boat comfortable all the winter, althoug 
there was much ice in the river last year. 

The water and kerosene-tanks are of galvanised 
steel, with flanges on the ends at top, by which they 
are bolted to the cabin flat beams, thus avoiding the 
corrosion which is often found in connection with wood 
beds. The engine is also carried on steel bearers, 
which rivet to frames. The tender is a cedar-planked 
oak-framed double-ended boat, with copper air-tanks ; 
it is 11 ft. long, 4 ft. wide, and 21 in. deep amidships, 
and 24 in. at the ends. It is a remarkably good sea- 
boat, and trims with one, two, or three persons. 

The Mohawk is 55 ft. long over all, 11 ft. beam, 
10 ft. 3in. deep amidships, 6 ft. 6in. draught, 5 ft. 6 in. 
freeboard forward and 4 ft. 3 in. aft, with a displacement 
of 214 tons. The gross and net tonnage are both 20 ; 
the metracentric height above centre of gravity is 18 in. 
She has made between 8 and 9 knots under sail, and 
5 knots under power. 

The Baltimore Foundry supplied the keel, the 
Gas-Engine and Power Company and Seabury the 
frames, Messrs. C. Durm a Son the planked hull 
and fitted the joinery work, and Messrs. Beacham 
made the spars. This division of work on so small 
a boat was necessary, as no local builders would take 
the contract at anything like a reasonable price for a 
boat which differed so greatly from the type they were 
used to building. The boat has proved very staunch, 
seaworthy, and comfortable, and although not very 
fast, works well to windward. 








‘*THE COMMONWEAL OF AUSTRALIA.” 
To THE EpiToR OF ENGINEERING. 

Si1r,—May I be permitted to refer to an article on ‘‘ The 
Commonweal of Pustralia,” published in your issue of 
November 25 last ? 

In discussing the growth of the population of Australia 
by immigration, why did your contributor stop at the 
year 1907? Statistics that are three years old are of little 
value. During the period selected, Australia was recover- 
ing from the effects of a disastrously severe drought, and, 
naturally, there was little inducement to encourage an 
influx of emigrants. If your contributor will look at 
recently published statistics, he will find that the growth 
of population by immigration during the last three years 
has been more satisfactory. For example, in the Budget 
speech delivered by the Premier of Western Australia on 
October 25 last, he stated that 3000 immigrants would 
arrive by January, 1911, and all the States since the 
return of good seasons have been sharing in this more 
rapid growth. 

Your contributor apparently has come to the conclu- 
sion that the slow growth of the population of Australia 
is due to faulty railway development, and he contrasts 
the railway development of Australia unfavourably with 
that of Canada and South Africa, and it is this point to 
which I wish to refer. 

The various railway gauges which have been adopted 
in Australia are not due to inter-State jealousies. In the 
early railway days South Australia and Victoria adopted 
the 5-ft. 3-in. gauge, while New South Wales edepted the 
4-ft. 84-in. gauge ; possibly the former gauge was adopted 
because many of the engineers and prominent men in 
these States were Irishmen, familiar with the Irish gauge. 
Later on, when Queensland and Western Australia began 
to build railways, they adopted the 3-ft. 6-in. gauge for 
economical reasons—they desired to open up rapidly the 
thinly and sparsely populated country in the cheapest 
hm le way, and there was no doubt whatever that 
3-ft. 6-in. gauge lines could he constructed at a much 
cheaper rate per mile than either of the broader gauges. 
Unfortunately, later on in its history, South Australia, 
for the same reasons, started building spur lines on the 
3-ft. 6-in. gauge. Everyone who has the interests of 
Australia at heart must lament this unfortunate mixing 
of the gauges, but your contributor is entirely wrong in 
suggesting that the present condition of affairs is due to 
lack of unity of purpose, and to scarcely-veiled rivalry 
between the various States. 

If the whole system of Australian railways is so radi- 
cally unsound, how is it that they are at the present time 

iving such an excellent return on the capital outlay? 
‘he following figures show tie working results for the 
year ending June 30, 1910 :— 
Total mileage fe. ss = 
Total expenditure on construction 
up to date ... eos ont on 
Gross receipts for the year 
Working expenses ... ‘ 
Net revenue ... as _ os 
Percentage of profit on total ex- 
penditure ... set ay 


14,809 


142, 133, 9132. 
15,745,779. 
9,568, 2730. 
6,177, 5061. 


4.3 per cent. 


Your contributor says that in Australia ‘ political 


divisions disregard nearly all natural boundaries, with the 
result that the political railways frequently terminate at 
some imaginary line drawn through the midst of a fertile 
tract.” This is an entire misrepresentation of the actual 





state of affairs. It is quite true that, with one exception, 

the boundaries between the different States of Australia 

are purely arbitrary lines; that one exception is the 

boundary between New South Wales and Victoria, which, 

for the greater part of its length, is formed by the River 
urray. 

What is the actual state of affairs? Your contributor’s 
strictures cannot apply to the railway system of the State 
of Western Australia, which is at present entirely un- 
connected with that of the rest of the Continent, though 
surveys have now been completed, and estimates pre- 
pared, for a connecting line. The existing railway routes 

: “estern Australia have been carefully selected in order 
to develop as rapidly as possible those areas of its terri- 
tory which are richest in natural resources. These rail- 
ways do not all converge upon one great port—Free- 
mantle; they radiate from eutports, such as Albany, 
Geraldton, &c. 

South Australia and Victoria have constructed their main 
systems on the 5-ft. 3-in. gauge, and the border between 
the two States is crossed by the main line from Adelaide 
to Melbourne. Both Victoria and South Australia are now 
amg development lines into the newly-opened-up 

fallee area on the frontier, which lies south of the 
Murray, and a joint commission is discussing where these 
development lines shall cross the border and connect up 
the two railway systems at intermediate points. 

New South Wales and Victoria are divided from one 
another along a portion of their boundary line by difficult 
mountainous country, and along the rest by the Murray, 
with the natural result that several Victorian branch 
railways stretch as far as the Murray, and then stop ; the 
cost of bridging the river and extending these lines into 
the sparsely-peopled western division of New South 
Wales was not likely to prove remunerative. The border 
is, however, crossed at two points—viz., on the line which 
extends to Deniliquin, in New South Wales, and on the 
main line from Melbourne to Sydney. 

South Australia, it may here be mentioned, extended 
her North-Eastern system across the borders of New 
South Wales, and the whole of the trade of the extraordi- 
narily rich Broken Hill district, which belongs politically 
to New South Wales, down the South Australian 
railways to Port Pirie and Port Adelaide. No attempt 
has been made by New South Wales to try to divert this 
traffic from its natural outlets in the way hinted at by 
your contributor. 

The railway systems of New South Wales and Queens- 
land differ in gauge, but they are united by the main line 
from ae to Brisbane, and both States are pushing 
forward their respective railway systems towards the 
political boundary, but not one single line has been 
pushed forward to the boundary and then stopped in 
the ridiculous way suggested by your contributor. 

The railway problem of South Africa was of an entirely 
different character to that of Australia; there the dis- 
covery of gold on the Rand entirely changed the whole 
outlook, and it became absolutely necessary to connect 
at once these inland gold-fields with the distant seaports, 
and as Natal and Cape Colony were then rivals for this 
profitable trade, the present railway system was the 
natural result. Political reasons, to which it is not neces- 
sary to allude, gave birth to the Delagoa Bay route. 

It is a pity your contributor did not sit down and 
study the railway map of Australia before he wrote 
his article. Apparently he can see little but what is 
good in the railway system of Canada, simply because it 
has been due to private enterprise, and he can see nothing 
but what is bad in the railway system of Australia because 
it is a State enterprise. 

Your contributor informs the people of Australia that 
that they are tackling the whole problem at the wrong 
end, soll Get they should put the whole railway system 
of the continent under one Board. What would be 
thought of the proposal to put the whole railway system 
of Europe under the poche ge a Board of, say, three or 
fourmen? The whole proposal suggests that your con- 
tributor, like many people in this country, is in the habit 
of studying maps without consideration of the scale to 
which they are drawn. Australia is a continent, and her 
problems have to be dealt with from that point of view. 

I am, Sir, yours faithfully, 
T. Hupson Berar. 

Edinburgh University, Engineering Department, 

High School Yards, Edinburgh, Dec. 6, 1910. 


To THE Epitor oF ENGINEERING. 

Srr,—A leading article in ENGINEERING of November 25 
devotes considerable space to ‘*The Commonweal of 
Australia,” and the writer indicates his schemes for the 
furtherance of progress. It may be admitted that the 
engineer has played an important part in Australian 
development. 

I would, however, trespass on your space to point out 
some matters on which your writer’s statements may be 
questioned. 

It is said to be “‘ almost incredible” that Australia 
should attract so few ‘‘as to account for a net influx of 
merely 2667 persons per annum ; for such is the average 
figure for the years 1901-7.” This is followed up by a 
statement that by the middle of the century the whole 
population of the Commonwealth will amount to no more 
than eight millions—slightly over 2.5 per square mile— 
“by no means a happy outlook.” 

Now this is al changed. By the advertising of 
resources, by the dissemination of explanatory literature, 
compiled in terms simple and concise, Australia’s repre- 
sentatives in London have made known their country’s 
willingness—nay, eagerness—to welcome settlers. The 
return made by ENGINEERING from 1901-7 covers years that 
were admittedly barren ones. The facts from 1906-9 give 
far better results, for during that period the numbers were, 
instead of 16,000 for the six years 1901-7, nearly 60,000 





for the three years 1906-9. If we look at the present 
year which is drawing to a close, we find that during the 
six months May-October, 19,599 passengers left for 
Australia, as compared with 14,089 for the same period of 
the previous year—an increase of 39.1 per cent. These 
figures, which are made up of ordinary full-paying pas. 
sengers and assisted emigrants, show, you can sev, a 
decided increase. More emigrants have sailed for Western 
Australia in one month of this year than for the whole 
twelve months of last. For the ten months to October 331, 
1910, Queensland has sent out 5111 assisted emigrants, 
as compared with 3227. When the figures are made 
up to the end of the year, I believe it will be found that 
this State’s assisted emigration has increased by over |") 
per cent. New South Wales’ returns show 4118 assisted 
emigrants for 1909, and 5218 for the January-October 
period of 1910. Then the Victorian scheme has broken 
new ground ; by the end of the year many hundreds of 
farmers with capital will have smells = | to the new 
irrigation settlements in that State as the result of the 
vigorous campaign pursued in England by the Hon. Hugh 
MacKenzie and Dr. Elwood Mead. 

ENGINEERING then repeats the statement that ‘ the 
Australian-born are relinquishing country avocations for 
town life.” Such is not the case. It was not the voice of 
the emigrant which led to the passing of closer settlement 
measures, or the institution of a heavy graduated land 
tax, for the pur of making more room for settlers, both 
Australian and British. If you saw the competition for 
vacant blocks of Crown land which are thrown open in 
some parts of Australia you would see how utterly with- 
out foundation this imputation is. It is this state of 
things which has led to the Federal progressive land-tax 
just imposed, which will remove the local difficulty and 
also open up to the emigrant favourable opportunities for 
settling. 

Perhaps it is the same ‘‘ good authority ” who furnishes 
the comment, ‘Statistics are put forward to show that 
acreage under cultivation is in some cases actually shrink- 
ing instead of expanding.” This is hardly the case. The 
total area under crop in the Commonwealth for 1908-9 
was the largest ever recorded—viz., 9,892,393 acres, as 
compared with 9,355,052 for the previous year. I have 
reason to believe that the figures for the year 1909-10 will 
show a further distinct advance. 

The Australian papers for the past twelve months show 
a constant resumption of large estates by the different 
State Governments, in addition to the subdivision of 
many privately-owned areas. Scrub and bush land, 
hitherto deemed worthless, is being cleared, and in its 
new order reveals a store of natural riches and promise 
for the future. The Federal Prime Minister, Mr. Fisher, 
has declared that no Ministry is more anxious to welcome 
new settlers than his own, and the new Premier of New 
South Wales, Mr. McGowen, recently announced his 
hearty sympathy with the movement. To this he has 
promised material support. 

am, Sir, your obedient servant, 
G. H. Rerp. 

High Commissioner’s Office, 72, Victoria-street, 

Westminster, 8.W., December 7, 1910. 


[In the above letters there are several points demanding 
reply. We have dealt, on page 833 of the present issue, 
with Sir G. Reid’s communication, as it is to no one’s 
advantage in such a matter that unfavourable ideas should 

ain currency. With the letter from Professor T. Hudson 

re we deal in part below, as we think some of the 
points have been raised from a misunderstanding of 
the real import of our remarks, which has resulted in 
the application of disjointed phrases to examples to 
which they were never applied. With others of wider 
interest we deal in our editorial, ‘‘ Australian Railway 
Economics.” 

Without the slightest knowledge of the qualifications 
of the writer of the article under notice, Professor Beare 
taxes us with presenting an ‘‘entire misrepresentation” 
of the case, condemns our assertions as “ridiculous,” and 
advises us to make a study of maps, as if a closer intimacy 
with the subject were not possible than can be obtained in 
that way. In ourarticle it was impossible toelaborate every 
argument and substantiate every point, but below, and in 
the article referred to above, we give some of the facts 
which underlie them. Since our own opinions are deemed 
so little worth, and our competence so meagre, we have 
endeavoured to confine Prom von to these facts, having, we 
regret, for lack of space, to leave unquoted the contirma- 
tory opinions of others whose qualifications might pass 
perhaps unquestioned. 

Above it is asserted that we concluded that ‘‘ slow 
growth of population is due to faulty railway develop- 
ment.” Here we have been misread. We said the causes 
‘are so complex that it is impossible to ig the finger on 
any one and say that therein may be sought the root of the 
evil.” The point of economic railway development was 
raised as one worth consideration, and interesting to the 
engineer. The gauge controversy did not enter into our 
argument. We mentioned it as one of the results of 
‘sectional development” which cannot be denied. None 
of Professor Beare’s remarks disprove this, and we may 
remind our correspondent that the 4-ft. 84-in. gauge was 
only adopted in New South Wales after arrangements 
had. been made for construction on the 5-ft. 3-in. This 
change was notified to Victoria, but neither State 
would alter. Surely this was “lack of unity,” though 
our words were not applied in this connection. A 
discussion of financial results was not within the pur- 
view of our article. We discuss these, as our readers 
are aware, at frequent intervals in these columns. The 
fact, however, that our critic has altogether missed, 15 
not whether certain able men are able to show 4 s —_ 
after paying interest charges on loans, but whether, 
in the interest of the community at large, the present 
arrangement cannot be improved. We cannot believe 
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that Professor Beare considers this to be impossible, 
and that while lamenting, for one thing, the mixing 
of gauges, he is satisfied to let matters rest as they are, 
making no attempt to break away from present un- 
economic methods. 1t cannot be disputed that the unifica- 
tion of the railways would simplify the process of con- 
version to uniformity of gauge. The succeeding points 
we deal with at length elsewhere, though since a book 
might well be written on the subject, our article must 
not, of course, be taken as exhaustive. It will there be 
seen, however, that our assertions were far from being as 
ridiculous as is above suggested. 

The next point raised has to do with our reference to 
South Africa, and has, as far as we can find, no bearing 
on our argument; but we may cite from that country 
with which Professor Beare is, we know, acquainted, a 
case which shows that even in pre-Union days they knew 
how to do things better there. In 1906 the Natal Govern- 
ment Railways completed an extension of their system 
in the Orange River Colony. Thisextension (vide Annual 
Report of the Natal Government Railways, 1906) stretched 
from Bethlehem to Kroonstad, 884 miles. The Natal 
system touches the frontier at Van Reenen, and thence to 
Bethlehem, some 120 miles or so, there stretched a branch 
of the C.S.A. Railways. The whole line from Kroonstad 
to Van Reenen was worked by Natal, and shortened that 
system’s route to certain Orange River districts by 182 
miles. A parallel case in Australia would be the linking 
up of Deniliquin with Hay Victoria. As we have 
shown elsewhere, this mi-sing link has remained unclosed 
for twenty-eight years, and there is no indication even 
now of any change. 

Next it 1s stated that we ‘‘can see nothing but what is 

ood in the railway system of Canada, simply because it 

Csheusiias to private enterprise, and. . . bad in the rail- 
way system of Australia because it is a State enterprise.” 
We here draw attention to the fact that the following 
words appear in our article, “‘. . . public ownership . . . 
the merits and demerits of which we are not now discus- 
sing.” Having put the question so deliberately on one 
side, we feel compelled to protest against the suggestion 
that it is at the bottom of our whole argument. The 
advocacy of federalisation cannot be turned into a eulogy 
of private ownership—at least, we do not read words 
so—while our reference indifferently to the Government 
and private systems of Canada and to the Government 
system of South Africa completely disposes of that con- 
tention. We may likewise draw attention to the fact 
that our railway examples were taken equally from the 
United States as from other countries, and not from 
Canada alone. 

It is next suggested that we should study maps. We 
have pointed out above that views may be based upon 
surer foundation ; but as Professor Beare has appealed 
to them, we have in our leading article accepted his 
challenge, only supplementing the lessons taught by 
them, by facts and figures not to be found in that way. 
Next we are charged with not reading maps to scale ‘like 
many people in this country.” (May we incidentally 
refer to a meaning implied in the use by us of the 
expression ‘‘the good stay-at-homes here”?) We 
are now credited with having made some reference 
to maps. When making our comparisons we chose 
as examples such areas as Texas (265,780 square miles), 
British Columbia (382,300 square miles), Ontario (214,310 
square miles), and Quebec (227,500 square miles). All 
these are of a scale comparable to Victoria (87,884 
square miles), New South Wales (310,372 square miles), 
and South Australia proper (380,070 square miles). When 
dealing with Australia as a whole, after mentioning the 
fact that it was a country of 2,974,581 square miles, we 
selected as our principal examples the United States 
(3,024,800 square miles) and Canada (3,653,946 square 
miles). The only parallel Professor Beare can draw 
is one with Europe (3,864,744 square miles)—an area 
900,000 square miles in round figures larger than Aus- 
tralia, and therefore a comparison less well-advised than 
our own. It may further be pointed out that while our 
examples were taken from countries where the people 
are actuated by unity of purpose, our correspondent 
refers to a continent of many Eindreds with conflicting 
interests, which is just what Australian federation sought 
to put an end to. In conclusion, we respectfully demur 
to the suggestion that we propose a Control rd of 
three or four men. This our correspondent suggests on 
his own responsibility. —Eb. E.] 





AERONAUTICS. 
To THE Eprror or ENGINEERING. 

Sir,—The last issue of the Aeronautical Journal con- 
tains a contribution from Mr. Herbert Chatley concerning 
flymg-machine propeller design. 

Asan introduction, there are two pages of mathematical 
_ glyphies, but these may profitably be ignored. Then 

OllOWs :— 

‘Roughly shape the propeller-blades to have the re- 
quired area, and then test the propeller. 

“It should be coupled to the motor in the same manner 
4s it will subsequently be arranged on the aeroplane, and 
then tried on a motor-car or railway-truck. 

“It will be necessary to observe the thrust (this can be 
done with a sliding-shaft and stop-collar separated by a 
calibrated spring) in pounds, the revolutions, and the 
velocity of the car. The blades must be now fined down 
So that the thrust in pounds is that required at the same 
time as the velocity of the car is that required of the aero- 
plane, and the revolutions of the motor are those giving 
the maximum efficiency. This will be probably a tedious 
job.” “Tt will be probably necessary to make several 
Propellers before a good balance is obtained.” 

Allow me, Sir, to assure Mr. Chatley that there is no 
heed fur the above elaborate procedure, 





_ Designing a marine propeller (what with the disturbing 
influences of the hull, cavitation, &c.) is a very difficult 
task. Designing an aerial screw-propeller is compara- 
tively mere child’s play. 

Given the proportions of a petrol-engine and the pitch 
of the propeller, the translatory thrust may be estimated 
within 3 per cent. without using mathematics beyond 
decimal arithmetic. To obtain good results, the pressure 
per square foot of screw-disc should not exceed 6 lb., and 
25 lb. per square foot of projected blade area. 

The following quotation is from a paper read by Mr. W. 
R. Turnbull, M.E.; subject, “‘The Laws of Air Screws” :— 

‘For instance, a sector propeller of 20 ft. diameter, 
2 ft. pitch, and 20 per cent. width of blades would give 
570 lb. per brake horse-power at 10 revolutions per 
minute.” 

Now, under the above conditions, about 8.5 lb. of air 
would pass through the screw disc per second. The slip 
speed = 0.34 ft.-sec. = thrust, say, 0.1 lb. 

Some day we shall have an Institution of Aerial Engi- 
neers, with a council to prevent such statements appear- 
ing in their proceedings. 

Yours faithfully, 


December 7, 1910. Horatio PHILuips, 





“THE ECONOMICAL WORKING OF RECIP- 
ROCATING MARINE ENGINES AND THEIR 
AUXILIARIES.” 

To THE Eprtor oF ENGINEERING. 

Srr,—I notice in your issue of the 9th inst. a conimuni- 
cation from Mr. W. Weir on the subject of the paper I 
had the honour of submitting to the North-East Coast 
Institution of Engineers and Shipbuilders at Newcastle 
on the 25th ult. Mr. Weir, by sending his communica- 
tion to the Press, instead of to the secretary of the Insti- 
tution, has departed from recognised practice. I prefer, 
however, to adhere to the usual course, and shall have 
pleasure in dealing with his communication in m 
general reply to the discussion, which I trust you wilt 
publish later. 

Yours faithfully, 
D. B. Morison. 

Hartlepool Engine Works, Hartlepool, Dec. 12, 1910. 





To THE Eprror oF ENGINEERING. 
Simr,—With reference to my recent letter regarding 
r. D. B. Morison’s paper on “ The Economical 
Working of Marine Engines and their Auxiliaries,” I 
regret to find that the indicator diagrams referred to in 
the last paragraph of my letter, which were obtained 
from Mr. A. Walker, were not the actual diagrams laid 
on the table at the meeting, but were a series taken for 
Mr. Walker’s own use at varying vacua; and as these 
were not referred to in Mr. Morison’s paper, my refer- 
ence to them falls to be deleted from my letter. 

Your insertion of this correction will be esteemed by, 

Yours truly, 
W. WErR. 
Cathcart, Glasgow, December 14, 1910. 





‘*STEAM-BOILER DESIGN.” 
To THE EprTor oF ENGINEERING. 

Srr,—It is superfluous to discuss Dr. Nicolson’s meta- 
physical theories and formule on heat transmission now 
we know how he gets his 95 per cent. efficiency. He 
merely takes the actual efficiencies, ranging from 64.4 to 
69.1 per cent., and by adding all the tabulated heat losses, 
with the exception of the chimney loss, he claims ‘ 95 per 
cent. transmission efficiency.” There isno need to assume 
an extraordinary boiler when facts are distorted like this. 
He says he has ‘‘broken Mr. Erith’s record of many 
—, but it never occurred to me to make such use of 

gures. 
In the final paragraph of his long letter, Dr. Nicolson 
refutes his own case that ‘‘heat transmission depends 
more on the high velocity than on the high temperature 
of the gas;” or, to quote from his original lecture of 
January, 1909, that it matters but little to what extent 
the gases are diluted, ‘‘as any lack of high-furnace tem- 
perature accompanying such air excess can so easily be 
made up for by the additional gas s , that nearly the 
whole heat value of the coal can sti passed into the 
water.” He now admits that the admission of excess air 
in the furnace is fatal to high efficiency in an ordinary 
boiler ; this must apply not merely to land boilers, but to 
the boilers of torpedo-boats, locomotives, &c., where the 
heat transmission is very high ; his claim is thus limited 
to his own “‘high-s ” boiler. He states that in the 
case where he “ had” to get 7000 Ib. of water evaporated 
hourly, he “‘ could not afford to throw away anything in 
the direction of excess air or careless firing ;’ but he ignores 
the fact that the six tests range from 7040 lb. down to 
3625 lb. hourly evaporation, and that Mr. a re- 
mark that ‘‘theair supply was carefully curtailed in order to 
reduce the chimney loss” applies equally to all six 
tests. When evaporating 7040 lb. of water hourly, the 
efficiency was 66.1 per cent. ; but when only evaporating 
3625 lb. of water hourly, the efficiency rose to 68.9 per 
cent. If this fact does not refute Dr. Nicolson’s theory, 
then evidence has no meaning. 

Dr. Nicolson now leaves the boilers for the economisers, 
and seems surprised that the efficient stoker-firing leaves 
less waste heat available for th@economiser than the less 
efficient hand-firing does. 

rding his own small-tube economiser, I have no 
knowledge of the firing conditions when it was in clean 
condition, and repor to have cooled waste gases down 
to 170 deg.; but with the feed-water entering it at 
the same temperature of 71 deg., we do know that the 
waste gases were only cooled to 294 deg. Fahr., a very 
different matter to the 100 deg. to 150 deg. promised in 


his lecture. He says that in the tests his economiser had 
the “great advantage” of a coating of soot; ordinary 
economisers use scrapers to prevent this ‘ great ad- 
vantage. 

In my water-softening, as well as in my combustion 
practice, I have constantly met with strange schemes. 
One recent scheme is to soften cold hard water by flowing 
it over an aluminium plate; another, also of German 
origin, is to soften cold hard water by passing it through 
a filter on which salt is occasionally sprinkled ; but Dr. 
Nicolson’s proposal to ‘secure freedom from corrosion 
and incrustation” by merely circulating boiler water with a 
pump, is the oddest of all. Circulation cannot affect the 
concentration of corrosive and encrusting matters, due to 
evaporation in boilers. I can find no better or simpler way 
tosecure freedom from corrosion or incrustation than 
by treating the water in a heater-softener, combining the 
chemical effect of alkali or soda-ash on the acids, with the 
mechanical effect of waste heat in driving off air and 
carbonic acid gas, followed by sedimentation and filtration, 
thus ensuring hot, softened, non-corrosive, non-encrusting 
water for economiser and boilers. When this is done, the 
Lancashire boiler is no more a ‘‘ mud-tank” than any 
other boiler. 

I gave typical figures for ‘‘plain-flue Lancashire boilers,” 
expressly stated to refer to an old plant under ordinary 
working conditions, and stated that ‘‘a new plant under 
expert testing conditions would show a higher result.” 
The large, unobstructed flue areas of plain-flue Lancashire 
boilers are consistent with exéellent efficiency, thus form- 
ing a standing contradiction of the above high-velocity 
theories. Such Lancashire boilers have survived in- 
numerable attempts to improve them by adding com- 
plications. My only reference to the *‘ Economic” boiler 
was asan example of a compact boiler ; I showed that all 
standard types of boilers had merits, and that their effi- 
ciency was practically identical ; my argument was that 
their real capacity could be increased by a better distribu- 
tion of heating surface ; it is absurd to distort this into a 
pretence that I stated that ‘‘no improvement in boiler 
design is possible,” or that I showed partiality for any 
type of boiler. 

Ir. Nicolson says that ‘* the only good heating surface 
is that near the furnace” in ordinary boilers, and then 
asks why I consider the rear end of the boiler to be the 
wrong place for heat transfer. 

He assumes that the alternative to his employment of 
nine-tenths of his fan power in drawing gases through 
areas inadequate for their natural flow, is to “* waste it on 
the fire.” 

My article made no reference to Osborne Reynolds at 
all ; if the formula now quoted means that with a given 
temperature difference and gas density the heat trans- 
mission will roughly vary with the speed, or, more cor- 
rectly, with the volume, then it is utterly irreconcileable 
with Dr. Nicolson’s case that “‘high velocity is more 
important than high temperature.” But engineers will 
do well to disregard formule, and to think in heat units. 
Stefan’s formula or “law,” for instance, is explained away 
as referring to ‘“‘an assumed black body radiating into 
8 ,” and engineers have no concern with such meta- 
physical mystifications. 

Yours faithfully, 
Cuarues Erirn, A.M.I. Mech. E. 

Erith’s Engineering Company, Limited, 70, Grace- 

church-street, London, December 10, 1910. 








Vancovuver.—An agreement has been entered into by 
which the Canadian Government will subsidise the Van- 
couver Dry Dock and Shipbuilding Company to the 
extent of 34 per cent. on the estimated cost for 25 years. 
In consideration of this assistance, the company will build 
a dry dock at Roche Point, on Burrard Inlet. The 
Dominion Government is to have prior rights for all 
Canadian or British Government vessels. Construction 
is to commence within six months, and is to be completed 
by December, 1912. The estimated cost of the dock is 
1,214,154 dols., so that the annual subsidy will be 
42,495 dols. for 25 years. 





PERSONAL.—The Diisseldorfer Réhren and Kisen-Walz- 
werke (vormals Poensgen) state that in consequence of 
the amalgamation of their company with the Phinix Com- 

ny, Ruhrort, Hoerde, Hamm, Eschweiler, &c., their 
clams will in future be carried on under the style of 
Phénix Actiengesellschaft fiir Bergbau and Hiittenbetrieb, 
Abteilurig, Diisseldorfer Réhren and Eisen-Walzwerke. 
Messrs. Edward Lomer and Co., Limited, 110, Fenchurch- 
street, F.C., will continue to act as sole representatives 
in the United Kingdom for business in tubes and tube 
strips.—Mr. F. B. O. Hawes. A.M.I.C.E., A.LE.E., 
Balfour House, Finsbury Pavement, E.C., has resigned 
the managing directorship of the Langdon- Davies Motor 
Company, Limited, and is now consulting engineer to 
that company. 





Tue Institution or Civin ENGInrERS: STUDENTS’ 
Meetincs.—At the students’ meeting, held at the Insti- 
tution on Friday, the 2nd inst., at 8 p.m., the President, 
Mr. Alexander Siemens, in the chair, Mr. J. Hulbert 
Morris, Stud. Inst. C.E., read a paper on ‘‘ The Scherzer 
Rolling-Lift Bridge over the River Tawe at Swansea.” 
The paper descri the advantages claimed for the 
Scherzer rolling-lift midge over the ordinary bascule 
type, and gave a description of the design and erection of 
the bridge over the River Tawe. It was illustrated by 
numerous diagrams and lantern-slides. The President 
complimented the meeting on the discussion which 
followed the paper, in which Messrs. R. J. Samuel, G. Li. 
Bradley, G. F. Walton, F. R. Freeman, R. W. Brims, 
H. V. Hutt, J. R. Lees, A. Kastmond, J. E. Brittenden, 





A, E. Orrell, A. J, Hart, and T, J. Taplin took part, 







Reet ote eee eS 





ENGINEERING. 


(Dec. 16, 1910. 








ENGRAVING AND COPYING-MACHINE. 


CONSTRUCTED BY MR. C. NUBE, 


MASCHINENBAU-ANSTALT, OFFENBACH-ON-THE-MAIN. 
































Various types of copying-machines and milling- 
machines] were shown in the Machinery Section of 
the recent Brussels Exhibition by Mr. Curd Nube, 
Maschinenbau-Anstalt, of Offenbach-on-the-Main, a 
firm established twenty-three years ago, and now 
occupying a prominent position in this branch of the 
machine-tool industry. The designs of these machines 
present several distinctive features, and the variety 
of combinations provided renders them adaptable to 
all manner of uirements in the special classes of 
work for which they are intended, The refinements 
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introduced have notfaffected their strength nor reduced 

their reliability. At the same time \they remain 

simple for the operator, in spite of their many parts. 
One of the most interesting machines constructed 


by this firm is the engraving and copying-machine, 
illustrated herewith in Figs. 1 and 2, in which provi- 
sion is made for a great number of different classes of 
work. This machine will, for instance, make repro- 
ductions from models, to the same size or to an en- 


larged or a reduced scale. The scales may be altered 
so that that for lengthwise measurements may be 





different from that for the crosswise direction. Right- 
hand objects may be reproduced as left-hand, and high 
relief as low, as esired. Patterns on the flat may 
transferred directly to cylindrical surfaces, and oo 
versa, or patterns on one cylinder or roll transfer 
to another. The enlargement or reduction can 
varied within the range of 1 : 15, and reliefs can 
intensified or reduced to the extent of 50 per cent. 
This machine is arranged so that the work — 
model can be revolved on either horizontal or vertices 
axes, while motion in three directions is given to Me 
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CAM COPYING-MACHINES. 


CONSTRUCTED BY MR. C. NUBE, MASCHINENBAU-ANSTALT, OFFENBACH-ON-THE-MAIN. 
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revolving tool, that in two directions being controlled 
by a feeler in contact with the model or pattern. Both 
the illustrations given are front views of the machine. 
The small electric motor shown in about the middle of 
the machine drives the tool. The main drive is derived 
from a larger motor, mounted inside the box-frame. 
The drive may, of course, also be mechanical. The 
frame carries two beds, a long one in front and a 
shorter one at the back, on which slide the headstocks 
carrying the chucks L. As a rule, the back chuck 
takes the model, or former, the one in front the work, 
though this disposition may be altered, as will be 
explained later. The long parallel beams M in front 
of the chucks carry the tool-holder and feeler. These 
beams are hung at the left-hand end of the machine in 
universal joints, so as to be able to move both in a 
horizontal and a vertical direction. At their right- 
hand extremities they are coupled together by means 
of a cross-rod, also furnished with universal joints. 

The main electric motor within the frame drives, by 
means of worm-gearing and mitre-wheels, the two 
friction-discs A in opposite directions (see left-hand 
side of Fig. 2). Between these two discs is the 
friction-wheel B, carried by the shaft C, and capable 
of longitudinal adjustment in order to obtain variation 
of speed for the shaft C. This same shaft also carries 
a step-pulley KE, which, by means of belt connection, 
drives the pulley F on the spindle D above. This 
latter, by means of bevel-gears, drives two long shafts 
H, of which one only is seen clearly in the two views, 
part of the second only being visible in Fig. 2. At 
their right-hand extremities these shafts are provided 
with worms which gear with wheels on the spindles of 
the headstocks, thus giving a rotating motion to the 
chucks L. This provides for circular work. The 
vertical motion of the beams M, M is obtained from a 
worm-drive N, seen at the lower right-hand end in Fig. 1. 
From this the motion is transmitted by the worm- 
gears O and P to the vertical spindles Q, Q, causing a 
cross-bar to rise and fall, and hence also the beams M 
carried by the latter. The feeler is kept hard over 
against the former by means of the suspended weight 
R. By means of the cross-connection of the beams 
M, M the path followed on the former by the feeler is 
exactly copied, of course, on the work by the tool. 
In operating, the feeler first describes the greatest 
circle and works its way inward. The arrangement 
of the friction gearing A, B, C, already mentioned, 
maintains the feed constant, although the circles 
described by the feeler and cutter diminish. The 
intermediate disc B is central at the beginning of the 
operation and moves further and further outward, so 
that the speed of the two face-plates L increases as the 
work progresses. 

The remarks so far made concern the copying of more 
or less circular patterns. When the model is long and 
narrow, the same arrangement may still be used, but 





in that case there would be a great waste of time and 
power, since the cutter would most of the time be 
travelling without doing any work. In order to reduce 
this unnecessary work, the headstocks are given a 


| reciprocating motion, when the face-plates are not 
revolved. For this purpose the bevel-wheels on shaft G 
are thrown out of gear with the shafts H, while the 
large horizontal worm-wheels 8 are made to engage 
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with worms on G. The worm-wheels 8 carry adjust- 
able cranks, to which two horizontal rods are attached, 
as seen in Fig. 2; these rods move the headstocks to 
and fro. The mechanism for the vertical movement 
of the beams M remains as it was in the case already 
described. 

It might be thought that this method of operatin 
would labour under the usual trouble of crank an 
link driving, and that the speed of the longitudinal 
movement would vary from quick to slow twice 
during one revolution of the worm - wheel. That 
would be injurious to the work. The friction-disc 

earing A, B, C obviates this difficulty, however. 

Vhen the longitudinal motion is about to be reversed, 
B is near the circumference of the discs A; when the 
movement is rapid, B is near the centre, so that the 
sliding of the headstocks is uniform. 

The tigures illustrate the machine as copying in the 
ratio 1 : 1, positive to positive, or negative to negative. 
The two headstocks are then opposite one another, at 
equal distances from the pivots of the beams.M, M, 
which carry the feeler and cutter. The bed at the back, 
as already stated, is short, because the back chuck 
headstock takes the model, and has merely to describe 
a path equal to the maximum dimensions of the model. 
The front bed is longer, because the front headstock has 
to be shifted when the scale is to be altered. When a 
reduction is desired, this headstock is shifted to the 
left ; that is, nearer to the point of suspension of the 
beam M. In this way reductions down to | in 15 are 
obtained. By shifting the front headstock to the right 
reproduction to an a scale may be obtained, 
but only to the extent of 10 per cent. When still 
larger sciles are required—up to 1 in 15—the feeler 
and cutter are made to change places. When a positive 
is to be turned into a negative reproduction, one face- 
plate is mounted at the back of its headstock, instead 
of in front. When the work, ¢.g., a coin, is to face to 
the right, while the model faces to the left, the motion 
of the one chuck is reversed by means of exchangeable 
mitre-wheels. The depth to which the cutter pene- 
trates is altered by means of the adjustable rod between 
the beams M, M; the point of juncture of this rod 
with the front beam M being moved t» the right if 
the reproduction is required to be less deep than the 
original. When the scale is to be altered with recipro- 
cating headstocks, the stroke is changed by adjusting 
the cranks. All these alterations, from deep to shallow, 
right to left, positive to negative, magnification to 
reduction, can be made independently. 

The special cases still to be explained comprise that 
of transferring a pattern from a plane model to a 


cylindrical surface, or vice versd, or from one cylinder 


to another. In these cases the headstocks, as fitted 
to the machine in the illustrations, are replaced by 
others with vertical spindles and horizontal chucks. 
When transferring a plane pattern to a cylinder, or 
vice versd, only one of these special headstocks is 
required ; the transfer from one cylindrical surface to 
another requires two. The alterations in scale and 
other alterations are obtained as with the ordinary 
headstocks, as already described. When exceptional 
accuracy is required, the two headstocks are both 
mounted on the front bed, and the one beam carries 
both the feeler and the cutter. This arrangement is pre- 
ferred when great reduction in the scale is demanded, 
so as to avoid risk cf inaccuracy due to the joints of 
the beam mechanism. 

The copying and cam-cutting machine which we 
illustrate in Fig. 3 is of a very different design. This 
tool is designed for cutting plane and cylindrical 
curves of complex character, such as are shown in 
Fig. 4. The former is made larger than the work, in 
order that re-entrant curves may automatically be 
produced, which would not be possible with a — 
duction in the ratio 1:1. Cam-grcoves in plane 
surfaces are cut on the face-plate on the right of the 
centre of the machine, while the face-plate, seen in 
the centre of the figure, on which is shown mounted a 
piece of work, is used in the production of grooves in 
cylindrical surfaces, Behind the piece of work shown 
is mounted a former-plate for the control of the depth 
of the groove and facing, while motion in an axial 
direction is controlled by the large former-plate on the 
extreme right. Both longitudinal and cross-traverse 
can be used simultaneously. The formers are kept in 
contact with the feelers by pressure applied by weighted 
levers. Work of the kind illustrated in Fig. 4 is cut 
out of the solid in 24 minutes, 

With Fig. 5 we pass tc another type of machine. 
In this machine, as shown, one spindle is used for 
milling, and a feeler is provided for the automatic 
production of grooves indrums. The table has auto- 
matic feed in the three directions, and a worm- 
gear has also been mounted on the table for rotating 
the pattern and work. The milling-spindle and the 
spindle of the former are mounted on a slide, 800 mm. 
(32 in.) in length, which runs on ball-bearings, and 
which a weight tends to pull to the left, so that 
the feeler is pressed against the former. The same 
machine can be utilised for cutting cam-curves in discs. 
In this case, instead of the worm-gear mentioned, 
two face-plates are mounted on the table and driven 





from one shaft; one of these plates would take the 
work, the other the former. The machine can also 
make linear cuts 1 m. (40 in.) in length. 





THE JACKSON GRINDING-MILL. 

WHEN pulverising materials by means of grinding- 
machines, millstones, or disintegrators, it is found that 
a larger output from any machine, and also a more 
economical one from the point of view of power used, 
is obtained when the material is passed between grind- 
ing-faces set slightly apart, and is afterwards graded by 
means of a sieve, than if it is attempted to finish the 
material in one operation by putting it through a ma- 
chine with the grinding-faces close together. Another 
advantage of running with the faces slightly apart is that 
a large amount of air gets through with the material, 
with a resultingly cooler product. If, for example, it 
is desired to finish 1 ewt. of Indian corn to pass through 
a 20 mesh direct from the grain in a grinding-machine, it 
is necessary to bring the grinding-faces so close together 
that considerable heating takes place, and also the 
power required to drive is very high, as the whole 
arrangement practically forms a friction-brake. On 
the other hand, if the faces are run slightly apart, a 
large amount of air gets through with the grain, keep- 
ing it cool, while the grain itself acts to some extent 
as a ball-bearing, so that the power required will 
be reduced by about 50 per cent., while under certain 
circumstances it is found that as much as 60 per cent. 
of the grain will be broken small enough to pass 
through the 20 mesh. The second method not only 
reduces the power required, but also results in much 
less wear and tear of the grinding-faces. 

The Jackson grinding-mill, which is manufactured 
by Messrs. J. Jackson, Limited, of 34, West 
George-street, Glasgow, and is illustrated on page 830, 
has been designed to deal with grain and other 
material in the second of the two ways referred to in 
the above paragraph. The grain is treated between 
grinding-faces running a slight distance apart, and is 
afterwards passed through a sieve, the part of the 
material which is not broken small enough to pass the 
sieve being elevated to the top of the machine again 
and re-treated. The mill requires no outside attention 
beyond the necessary feeding with material, and 
practically comprises within itself a grinder, a sifter, 
and a conveyor, so that the grain may be treated in 
the most economical way without the necessity for 
first passing it through a mill, then sifting it, and 
then, after the removal of the smaller particles, 
returning it to the mill for a second treatment. The 
machine is quite self-contained, and may be worked 
by a boy. 

The general lines of the mill will be gathered from 
Figs. 1 and 2. It consists of a drum casing, inside of 
which a rotating grinding-dise runs, and on the door 
of which another disc is fixed. The rotating grinding- 
disc is carried by a horizontal shaft which is belt- 
driven and is titted with fast and loose pulleys outside 
the casing. A belt-moving gear is mounted on the 
pedestals of the machine, as shown. The grain enters 
the mill through the centre of the fixed disc, falling 
from the funnel which is fixed above the mill on to a 
chute, which leads it to an intake passage which forms 
part of the door, and which can best be seen in Fig. 1. 
This passage leads the grain to the centre of the grind- 
ing-dises. The discs are set a small distance apart, 
so that the grain falls down between them, and is 
broken up. A sieve is fixed inside the casing round 
the outer circumference of the discs, and the grain 
which is broken small enough falls through it and 
passes out of the mill by a passage at its lower 
side. The sieve fits closely against the sides of 
the casing, so that no grain which cannot pass 
through it is able to reach the outlet passage, but it is 
cut away at its top side, so that the grain which is not 
broken small enough is carried into the upper part of 
the casing by paddles which are asientel on the rim 
of the rotating disc, and of which two can be seen in 
Fig. 1. his grain agein passes into the inlet passage 
through an opening in the door shown in Fig. 1. 

The various constructional details of the mill will 
be seen from Figs. 3 and 4. The shaft carrying the 
rotating disc has a ball-bearing thrust and a screwed 
sleeve adjustment to allow wear of the grinding-faces 
to be taken up. The boss of the wheel which carries 
the grinding-disc forms a cam, on to which a fork fits, 
which forms the lower end of the lever carrying the 
chute which guides the grain to the inlet passage. 
It will be clear from the figures that the effect of this 
cam arrangement will be to oscillate the chute so that 
the supply from the funnel is shaken down into the 
mill in a regular stream. Other details of the mill 
will be clear from the illustrations, but as it is difficult 
to show the sieve in the cross-sectional view, Fig. 3, 
in such a way that its arrangement is immediately 
obvious, it should be pointed out that the double- 
hatched portion of the figure represents the concave 
half of the sieve lying behind the grinding-discs, and 
that the heavy line at the bottom of the sieve represents 
its cross-section. It will, of course, be clear that with 
this machine there is nu grinding done on the sieve 





itself, and no hammer action on the casing. The 
efficiency of the mill does not decrease with wear of 
the grinding-dises, as the discs are made of a patent 
compound which retains its edge until it is worn ,juite 
through, while the faces are self-truing. It has been 
found in practice that the mill, which is suitable not 
only for grain-millers, but also for chemical workers, 
cork-grinders, &c., will work satisfactorily with a 
200 mesh, delivering only the material which wil] 
pass through into the outlet passage. 








NUTES FROM THE UNITED STATES. 
PHILADELPHIA, December \. 

THE placing of an order for 150,000 tons of stee, 
rails by the Pennsylvania Railroad Company is ac- 
cepted as the opening of the demand for rails by all 
lines accustomed to order their rail supplies in ad- 
vance. Negotiations have been dragging along for 
many weeks past, and there has been a good dei! to 
settle concerning the composition of rails. Just what 
these details are is not known, but it is definitely known 
that all of the railroad companies are more particular 
and more specific concerning the wearing qualities of 
the rails they purchase. he delay in contracting 
ahead is due in part to the excessive capacity, but due 
also to the unwillingness of railway managers to 
do more than they must do in the way of buying 
equipment until their right to conduct their business 
according to their own ideas is attirmed or denied. 
The coming year will be a phenomenal year in rail- 
road construction. It is admitted that there is need 
of much additional mileage in some sections, but the 
disposition to enter on construction is not encouraged 
by reason of the general condition of business. The 
country has been passing through a mild depression 
for several months. The general condition is best 
indicated by the fact that general iron and steel plant 
is working fully 40 per cent. below full capacity. 
There is a large accumulation of crude iron, and this 
stands in the way of any resumption of idle furnaces. 
Furnace companies will blow out rather than accumu- 
late more. A meeting was held last week of 90 per 
cent. of the steel-making capacity, and after a thorough 
exchange of views the agreement was reached to allow 
_—_ to remain rather than to court business by 
urther concessions on already very narrow margins. 
In consequence of this determination there has been a 
moderate improvement in orders in many quarters, 
drawn out by the conviction that there was nothing to 
hope in the way ofany further reductions. It was the 
hope of some further shading that kept some business 
back. No large ordering is prubable in any event. The 
depression in pig iron began twelve months ago, and 
there is now nothing to do but to make less iron unless 
demand will absorb current production. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a fairly strong tone, but 
business was limited to 2000 tons of Cleveland warrants 
at 49s. 104d. cash and 50s. 2d. one month. Closing sellers 
quoted 49s. 11d. cash, 50s 24d. one month, and 50s. ‘id. 
three months. In the afternoon the market was quite 
idle, but Cleveland warrants were quoted firm by sellers 
at 49s. 11d. cash, 50s. 3d. one month, and 50s. 94d. three 
months. On Friday morning Cleveland warrants were 
steady in tone, but the dealings only amounted to 
1500 tons at 49s. 104d. cash, and 50s. 3d. one month. 
Closing quotations were 49s. 11d. cash, 50s. 8d. one montb, 
and 50s. 94d. three months. Hematite was quoted 65s. 3d. 
buyers, and 65s. 6d. sellers one month. ‘The afternoon 
session was a blank as regards business, and prices were 
the turn easier. At the close there were sellers of Cleve- 
land warrants at 49s. 10d. cash, 50s. 14d. one month, and 
50s. 84d.*three months, and sellers of hematite quoted 
65s. ne one month. On Monday morning the market 
was again idle, but Cleveland warrants were nominally 
steady at 49s. 10d. cash, 50s. 14d. one month, and 
50s. 8d. three months sellers. Buyers of hematite 
offered 65s. 3d. cash, and 65s. 6d. one month, and 
sellers quoted 66s. 14d. one month. In the afternoon 
Cleveland warrants were easier, a1.d 1000 tons changed 
hands at 49s. 11d. one month. Closing sellers quoted 
49s. 8d. cash, 49s. 114d. one month, and 50s. 6d. three 
months. Hematite was quoted at 65s. 6d. buyers and 
65s. 74d. sellers one month. On Tuesday morning 
quietness prevailed, and the dealings were limited to 
1000 tons of Cleveland warrants at 50s. 6d. three months, 
with buyers over. At the close sellers quoted 4%s. 8d. 
cash, 50s. one month, and 50s, 7d. three months. Buyers 
of hematite quoted 65s. 3d. cash and 65s. 6d. one_™ mth, 
and for the latter position sellers named 65s. 7d. 
The afternoon tone was easier, but a fair business 
of 5500 tons of Cleveland warrants was put through 
at 49s. 74d. and 49s. 7d. cash, 49s. 10}d. one month, 
and 6d. and 50s. 54d. three months. ‘Sellers 
closing quotations were 49s. 74d. cash, 49s. 11d. one month, 
and 50s. 6d. three months, while there were sellers o! 
hematite at 65s. 44d. cash, and buyers at 65s. 14d cash, 
and 65s. 6d. one month. When the market opened tv 
(Wednesday) the tone was dull, and a smal! busines 
3000 tons of Cleveland warrants was done at 4'!5. é2 
cash, and 49s. 114d. one month. The close was strong, 
with sellers quoting 49s. 9d. cash, 50s. 1d. one month, and 
50s. 8d. three months. Hematite was dearer, with buyers 
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offering 65s. 9d. one month, and 66s. 6d. three months: 
In the afternoon the market was firmer, and 3500 tons 
of Cleveland warrants were done at 49s. 94d. cash, 50s. 1d. 
one month, and 50s. 8d. three months, with sellers over in 
each ease. Buyers offered 4d. under these quotations. 
Hematite was firm, and one lot changed hands at 65s. 7d. 
twenty-one days, and closing sellers quoted 65s. 9d. one 
month. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde and Calder, 62s. 6d.; Gart- 
sherrie, 63s.; Langloan, 64s.; Summerlee, 64s. 6d.; and 
Coltness, 82s. 6d. (all —— at Glasgow) ; Glengar- 
nock (at Ardrossan), 63s. 6d.; Shotts (at Leith), 63s. 6d. ; 
and Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has again decreased, and the price has 
weakened, the present inquiry for future lots being on the 
small side. The current quotation is now 12/. 10s. per 
ton for immediate delivery, Glasgow or Leith, and busi- 
ness has been put through to-day at that figure. The 
shipments from ith Harbour during last week amounted 
to 310 tons. 

Scotch Steel Trade.—The chief point of interest in con- 
nection with the Scotch steel trade is the announcement 
of the settlement of the dispute in the shipbuilding 
industry. During the past fourteen weeks the steel- 
makers have had at times no little difficulty in keeping 
their establishments going, but thanks to a fairly stead 
export demand they were never completely at a stand- 
still, as at one time was feared. A considerable quantity 
of plates, &c., have, however, been rolled to order, and 
until the bulk of these have been delivered some quietness 
in manufacturing will still exist. New home business is 
quiet, but export orders continue satisfactory. Light 
material, plates and sheets, are in good demand, and 
producers of this class of stuff are exceedingly busy. 
The inquiry for structural sections is again on the in- 
crease, and some fairly respectable quantities are wanted 
for South America and the Colonies. 


Malleable-Iron Trade.—A better feeling now prevail» 
in the malleable-iron trade of the West of Scotland, and 
hopes of a considerable improvement are general. The 
reports this week show that there is a little more doing, 
but, all the same, there is much leeway to make up. 


Scotch Pig-Iron Trade.—The probability of an early 
settlement of the dispute in the shipbuilding trade caused 
a somewhat better feeling in the Scotch pig-iron trade 
during the past week, although there has been little 
improvement as yet in the way of new business. Exist- 
ing contracts, principally those on export account, are 
running away with quite a lot of material, while deli- 
veries to the south are being well maintained. The strong 
tone in hematite iron is one-of the features of the moment, 
and the demand is likely to increase with the probable 
improvement in the steel tiade in the near future. 
Makers quote 70s. as the figure at which they are willing 
to book business for delivery on to the end of January. 
This is 2s. to 2s. 6d. above the price at which they were 
recently willing to accept for prompt lots. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—The figures issued: by the Hull 
Chamber of Commerce showing the amount of coal dealt 
with at the port during the month of November are of 
special interest. The coal received amounted to 620,048 
tons, a considerable increase on last year, but the ex- 
ports, totalling 257,637 tons, showed a decrease of over 
60,000 tonson the month. On the year, however, the exports 
are considerably more than for 1909. The total traftic for 
the year, over six and one-third million tons, promises to 
create a record. One of the marked features about 
recent tonnages received at Hull is the important propor- 
tion sent by the new South Yorkshire collieries. 


South Yorkshire Coal Trade.—There does not appear to 
be much change in the general condition of steam-coal. 
Shorter time at some A the collieries may possibly be 
responsible for a firmer tone, and there is a big industrial 
demand. Colliery stocks are reduced, and ——_ there 
are no changes in quotations, the price tendency is 
upward. Considerable quantities of gas-coal are being 
taken to cover the holidays, and there is a fair demand 
for gas-nuts. Best slacks are in excellent demand, and 


collieries are well sold on these qualities, for which state 
of things cotton-mill inquiries are largely responsible. 
Supplies of coke are scarce. The demand for house-coal 
was very strong over the week-end, but it is expected that 
recent milder weather will have restricted business at 


dépots. Also deliveries are slower on account of traftic 
difficulties. The London demand shows a slight decrease. 
Cheap coal and nuts are somewhat brisker. There is 
distinct shortage of wagons, and builders are fairly busy, 
prices having advanced. Latest Change quotations are : 
-Best Barnsley, 12s. 6d. to 13s. 6d.; Silkstone, 9s. 9d. to 
10s. ‘id.; Derbyshire brights, 11s. 6d. to 12s. 6d.; York- 
shire hards, 9s. to 10s.; Derbyshire hards, 7s. 6d. to 
8s. Gd.; rough slacks, 5s. 6d. to 6s. 3d.; seconds, 3s. 6d. 
to 4s. 'id.; smalls, 1s. 3d. to 2s. 6d. 


Tron and Steel.—The period is not one when there is 
normally any great activity in business, but at the same 
time there has been on the week a somewhat better tone 
m raw materials. Deliveries of pig iron have been bigger, 
and some further contracting has been entered into by 
buyers of hematites. Prospects also have improved, and 
there may be some rise in quotations, though so far price- 
lists have undergone no real ch nge. There are some 
instances reported of hematites having been bought for 
delivery in the latter part of next year. Foundry iron is 
m considerable demand, finished iron has improved, and 
] round the iron market is in a firmer position. Billets 


are being disposed of in large quantities, but there 
is a decrease in the demand for bars. At their Mon- 
day meeting the South Yorkshire Bar-Iron Association 
again decided not to alter their quotations. The rolling- 
mills are well occupied. One of the brightest features 
about trade eee go is undoubtedly the settlement of 
the boilermakers Ie, and the prospect of the men’s 
early return to the shipyards. Not only in its general 
effect will this be appreciated, but in Sheftield, where a 
number of moulders have been thrown out of work, in 
consequence of the non-arrival of orders due from the 
shipyards, the ending of the dispute is specially welcome. 
Considerable activity is confidently expected in the New 
Year, necessitated not only by the arrears, but by new 
orders. One of the most important of these is that 
received by John Brown and Co. for an immense Cunard 
liner. In other directions there are unds for 
confidence in the future. The growth of trade in certain 
special branches during the year has necessitated exten- 
sions at some of the local works, and there is a consider- 
able amount of work still in hand. Conditions both in 
the heavy and lighter trades are satisfactory, and new 
demands steady. ee and colonial trade is a very 
important feature, and though the export to the United 
States is somewhat lower, it is yet of considerable quan- 
tity. Tool-steel-makers are busy. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MipvLesBRouGH, Wednesday. 
The Cleveland Iron Trade.—The termination of the 
boilermakers’ dispute has, as was to be expected, had a 
beneficial influence upon the northern iron trade, and has 
brought buyers into the market. Consumers of pig have 
recently been inclined to delay their buying until after 
the holidays, but this week they have come forward 
rather freely, and substantial business has been recorded. 
Traders have great confidence in the future, and predict 
that next year will be characterised by very considerable 
briskness. Values of all kinds of Pig, iron are firmer. No.3 
g-m.b. Cleveland is 49s. 104d. f.o.b.; No. 1, which continues 
very scarce, varies a a deal in price, the lowest figure 
mentioned being 53s. ., and the highest, 55s.; whilst No. 4 
foundry is 48s. 104d. ; No. 4 forge, 48s. 74d. ; and mottled 
and white iron, each 48s.—all for this month’s delivery, 
forward rates being quite 9d. above the foregoing quota- 
tions. East Coast hematite pig is in improving request. 
It is understood that small odd lots are obtainable at 
63s. 6d. for this year’s delivery, but for early next year 
64s. has to be me pd mixed numbers, and for delivery to 
the end of June the price is now quite 65s. For the time 
being no business of ens is passing in foreign 

ore, consumers being well bought, but values are full 
upheld. Rubio of 50 per cent. quality is 21s. to 2ls. tid. 
ex-ship Tees, delivered over the first quarter of next 
year, and Gellivare ranges from 22s. to 25s. The local 
consumption of coke is on a heavy scale, but the needs 
are met by a very ample supply, and average blast- 
agg qualities are quoted 15s. 6d. to 15s. 9d. delivered, 

ere. 


Stocks and Shipments of Pig Iron.—Stocks of pig iron 
are not accumulating so rapidly as they were a little while 
ago. To date this month Cleveland pig is being sent into 
the public warrant stores at the rate of 700 tons per work- 
ing day, and the stock there now stands at 515,000 tons. 
Shipments of pig iron continue on a satisfactory scale. 
To date this month they average 3004 tons per working 
day, as compared with 3470 tons to the same date last 
month, and a daily average of 5332 tons for the corre- 
sponding part of December, last year. 


Manufactured Iron and Steel.—Satisfactory accounts 
are n of all branches of the manufactured iron and 
8 industries. Operations are being resumed in depart- 
ments where idleness has been enforced owing to the 
boilermakers’ dispute. Producers generally are very well 
off for work, there are good inquiries in the market, 
and there is strong reason to believe that these branches 
of the staple industry will be kept busily employed 
for some time to come, and that values will aol 
advance. Commoniron bars are 7/.; best bars, 7/. 7s. 6d.; 
best best bars, 7/. 15s.; steel bars, 6/. 5s.; iron ship- 
plates, 6/. 12s. 6d.; steel ship-plates, 6/. 15s.; iron ship- 
angles, 7/.; steel ship-angles, 6/. 7s. 6d.; ship-rivets, 71. 5s. 
to 7l. 7s. 6d.; iron and steel boiler-plates, 7/. 10s.; steel 
strip, 62. 10s.; steel hoops, 6. 12s. 6d.; cast-iron railway 
chairs, 3/. 10s.; light iron rails, 6/. 10s.; heavy steel rails, 
5l. 10s.; steel railway sleepers, 6/. 12s. 6d.; and iron and 
steel galvanised corrugated sheets, 24 gauge, in bundles, 
11/. 5s.—sheets less the usual 4 per cent. f.o.b.; railway 
material net at works ; and all oiker descriptions less the 
customary 24 per cent. discount. 


Electric-Power Extensions.—Some important extensions 
have recently been made to the sub-station belonging to 
the Cleveland and Durham Electric Power Company at 
the Carlin How Ironstone Mines. This is for the pur 
of supply to the miners’ cottages and a pug-mill at 
Carlin How. The total capacity of the sub-station is 
over 1300 horse-power. It receives its power by means 
of a pole line at 11,000 volts, which is transformed down 
to 2750 volts in two 650-horse-power transformers. The 
11,000-volt switch-gear is of the brickwork type, and the 
2750-volt switch-gear is of the ‘‘ Wardrobe” type. There 
is a small 12-horse-power transformer by the British 
Westinghouse Company which transforms current from 
2750 volts down to 440 volts and 110 volts for power and 
lighting. The pug-mill itself is situated on the premises 
of Messrs. Oates and Co., the builders at Carlin How, 
and is driven by a British Westinghouse motor, at 650 revo- 
lutions per minute, of the semi-enclosed squirrel-cage type, 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown steadiness, 
and the leading colliery owners state that their order- 
books are full for the balance of the month. Labour 
difficulties are not pene to be arranged until the New 
year. Quotations for large steam coal have shown scarcel 
any change. The best large has made 16s. 3d. to 1fs. éd. 
44 ton, while secondary qualities have ranged between 

5s. and 16s. 3d. per ton, best bunker smalls making 9s. 3d. 
to 9s. 6d.; and cargo smalls, 7s. 3d. to 8s. per ton. 
There is scarcely any change in house coal ; the best 
ordinary qualities have made 14s. 6d. to 16s. 6d. per ton ; 
No. 3 Rhondda large 17s. to 17s. 6d.; and smalls 9s. 6d. 
to 10s. per ton. No. 2 Rhondda large has brought 12s, to 
12s. 6d., and smalls 7s. to 7s. 6d. per ton. Foundry coke 
has been quoted at 18s. to 20s., and furnace ditto at 
16s. 3d. to 17s. 3d. per ton. As regards iron ore, Rubio 
has made 20s. 3d. to 20s. 9d. per ton, upon a basis of 50 
~ cent. of iron, and charges, including freight, insurance, 

., to Cardiff or Newport. 


Nantyglo and Blaina Iron Works.—The directors of the 
Nantyglo and Blaina Iron Works Company, Limited, in 
their report for the year ending September 30, state that 
the net amount received from royalties and way-leaves 
was 34,944/., and from rent for land and houses and other 
sources of income 4968/., making a total of 39,912/. The 
directors have not been able to arrange terms with the 
Marquis of Abergavenny for a renewal of his lease. The 
amount allowed for depreciation of properties for the 

ear is 10,000/. The output of coal and other minerals 
or the year was 1,602,395 tons. Further new roads have 
constructed on the property and a number of build- 

ing leases and surface lettings have been granted. 


Welsh Coal Prospects.—In addition to Admiralty coal 
business which is being negotiated, severai British steam- 
ship companies are in the market for supplies. The 
Cunard anne mee asks for tenders for 40,000 
to 60,000 tons of best Welsh coal ; the Booth Steamship 
Company for 30,000 tons for six months, or 50,000 to 
60,000 tons over twelve months ; and the Allan Company 
for 20,000 tons over six months. The Italian Navy also 
requires double-screened coal. 


South Wales Coal.—The exports of coal from the six 

rincipal Welsh ports—Cardiff, Newport, Swansea, Port 

albot, Neath, and Llanelly—to November 30, this year, 
were as follows :—Cardiff—foreign, 15,531,013 tons; 
coastwise, 2,691,513 tons ; total, 18,222,526 tons. New- 
port—foreign, 3,458,810 tons ; coastwise, 682,666 tons ; 
total, 4,141,476 tons. Swansea—foreign, 2,470,244 tons ; 
coastwise, 284,811 tons; total, 2,755,055 tons. Port 
Talbot—foreign, 1,291,184 tons ; coastwise, 162,434 tons ; 
total, 1,453,618 tons. Neath—foreign, 136,887 tons ; 
coastwise, 162,136 tons ; total, 299,023 tons. Llanelly— 
foreign, 177,306 tons; coastwise, 43,372 tons; total, 
220,678 tons. The aggregate shipments for the eleven 
months were, accordingly, 27,092,376 tons. 


Dowlais.—The Bessemer furnace has been working full 
time, and the tonnage of blooms has been large. The 
Goat Mill has turned out tin bars and heavy-section steel 
rails. The Big Mill has despatched light rails, angles, 
curves, props, and fish-plates. The collieries have been 
fully employed. 





THe NorrHampTon Po.ytecunic Institute.—The 
annual prize distribution of the Northampton Institute 
took place on Thursday, the Sth inst., before a large 

athering, over which the chairman of the governing 
Sede. Mr. L. B. Sebastian, presided. In presenting his 
report, the principal, Professor R. Mullineux Walmsley, 
D.Sc., expressed the hope that the buildings for the new 
optical department would soon rise ; the new suction-gas 
and electric installation (by Messrs. Siemens Brothers) 
had cost 6000/., most of which had been contributed by 
the London County Council. This installation was one 
of the chief attractions of the evening ; the switch-gear 
has purposely been designed on too large a scale in order 
to accustom the electrical students to actual practice. 
There were numerous and varied other displays and 
exhibits. Lord Alverstone, the Lord Chief Justice, dis- 
tributed the prizes, and advocated in his address special- 
ising at an early stage. 





ProposED OPTICAL CONVENTION IN 1912.—A general 
meeting of opticians and others interested was held in 
the rooms of the Chemical Society, Burlington House, on 
Tuesday, November 29, at 8 p.m., to consider the de- 
sirability of making arrangements for the holding of an 
Optical Convention in 1912. The chair was taken by 
Dr. R. T. Glazebrook, C.B., F.R.8., as chairman of the Per- 
manent Committee. A resolution was carried, nem con., 
that, provided sufficient financial support is obtained, an 
optical convention be held in the spring or early summer 
of 1912. The main objects of such a convention were 
specified as being: (1) the holding of an exhibition of 
| optical and allied instruments ; (2) the preparation of a 
| catalogue of optical and allied instruments of British 
| manufacture to serve asa convenient work of reference 
| for all users of optical and scientific instruments; not 
necessarily to be limited to instruments actually ex- 
hibited ; (3) the holding of meetings for the reading of 
papers, and for discussions and demonstrations on optical 
subjects ; (4) the publication of a volume of sueetoliin . 
in which these papers would be collected together. The 





scope of the convention and exhibition were discussed, 
and an organising committee was nominated to under- 
take the work of making the necessary arrangements for 
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Bevoran (Biast-FurNacres.—The number of furnaces 
in blast in Belgium at the commencement of December 
was 39, as compared with 38 at the commencement of 
December, 1909. The number of furnaces out of blast 
on December 1 was seven, as compared with six a year 
ago. The total of 39, representing the furnaces in blast 
in Belgium at the commencement of December this year, 
was made up as follows :—Charleroi group, 18 ; Lisgs 
group, 16; and gy meee S roup, 5. The production of 
pig in Belgium in November was 155,640 tons, as com- 
pared with 157,470 tons in November, 1909. 


The aggre- | Santiago, Cuba. The ore-beds have 





gate output for the first eleven months of this year was 
1,638,350 tons, as compared with 1,479,990 tons in the 
first eleven months of 1909. The total of 1,638,350 tons 
was made up as follows: Puddling pig, 152,190 tons ; 
casting pig, 85,720 tons ; and steel pig, 1,400.440 tons. 


Tut BrTHLEHEM Stext Company OF THE UNITED 
States AND Cusan Irnon OrnE.—According to the Ameri- 
can Mining World, the Bethlehem Steel Company has 
acquired an important iron-ore deposit located near 
m measured up 


" ‘ 2.102 


and are estimated to embrace 75,000,000 tons, a peculianty 
of the deposit being that it contains 2 per cent. of nickel 
and 1 per cent. chromium. The tract has an area of 
875 acres, and lies about 12 miles east from Santiago. 
Experts are said to regard it as the most important dis 
covery of iron-ore made within 20 years. Otber large 
iron-ore deposits recently found are to be worked at 
Felton. ese mines are in the Mayari mountain and 
| belong to the Spanish-American Iron Company. In Sagua 
;de Tanamo also a large deposit of iron-ore was ! ted 
' during the latter half of 1909, 
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THE SHIPBUILDING WORKERS’ 
AGREEMENT. 

Tue Shipbuilding Employers’ Federation and 
accredited representatives of the trades who are 
see 9 to the national shipbuilding agreement of 

arch 9, 1909, have come to a mutual understand- 
ing regarding all serious questions recently in 
dispute with the iron-shipyard workers, The terms 
have been accepted by the workmen, and the 
prolonged and much-deplored lock-out of iron- 
shipworkers in the federated shipbuilding yards 
ended yesterday. This is most satisfactory, espe- 
cially as both sides regard the settlement as 
equitable. Indeed, had the representatives of the 
Boilermakers’ and Iron-Shipbuilders’ Society accom- 
panying the allied trade representatives been vested 
with full powers to accept any agreement formulated 
at the conference on Saturday, the 3rd inst., the 
lock-out would have terminated then. These 
representatives, however, had no power to commit 
their constituents to a final agreement, and re- 
quested the employers for a conference on Wednes- 
day, the 7th inst., between the Federation and the 
Society’s executive and delegates from the various 
districts to the number of about fifty. Even at 
this later conference, which was prolonged over 
Wednesday and Thursday, this large representation 
of the ironworkers was precluded from ratifying any 
agreement, even although they were unanimously in 
favour of it, so that a proposed settlement had once 
more to go to the vote dts workmen. Happily, 
the members of the Boilermakers’ and Iron-Ship- 
builders’ Society, by a majority of 13,715 to 1290, 
have approved of the terms of the supplementary and 
subsidiary agreement, which has been accepted also 
by all the other unions which were parties to the 
national agreement. The new settlement provides 
for a committee, with the contingent assistance of a 
referee, for determining when and by whom the terms 
of the national agreement may have been infringed, 


ggg | an arrangement for the punishment of the offending 


parties, whether employer or employed, a system 
for expediting procedure to settle disputes which 
have hitherto caused sectional stoppages of work 
in contravention of the national agreement, and 
means of fixing the price to be paid for work pend- 
ing the settlement of disputes connected therewith. 
Before referring in some detail to these several 
mutually-accepted items in this supplementary 
agreement, the course of negotiations may be re- 
viewed, as they throw some light on the trend of 
trade-union recent procedure. 

One remarkable feature of the negotiations has, 
from beginning to end, been the absolute lack of 
authority on the part of the executive council and 
delegates of the Boilermakers’ and Iron-Ship- 
builders’ Society, and their want of influence with 
the men, particularly when commending the suc- 
cessive proposals put forward by the executive and 





accepted in conference by the employers. This is 
a feature of the situation which does not make for 
public confidence in trade organisations. The re- 
presentatives of the Federation have shown tact 
and patience, combined with a conciliatory yet firm 
spirit, in order to bring the difficult situation to 
an amicable close. Mr. F. N. Henderson, of Glas- 
gow, President; and Mr. James H. Boolds, of 
Barrow-in-Furness, and Colonel Saxton White, of 
Newcastle-on-Tyne, Vice-Presidents, and others, 
have devoted much care and thought to the solution 
of the difficulties with which the men’s representa- 
tives were confronted at almost every stage in the 
negotiations. Early in the proceedings it was 
thought that the questions at issue were reduced in 


number, although those remaining, principally asso- . 


ciated with assurances for the fulfilment of the 
national agreement, were exceedingly difticult of 
solution. 

It will be remembered that the dispute arose 
through sectional stoppages in contravention of the 
conditions of the agreement made by the federated 
employers and by —- of the leading trade 
unions in the shipbuilding industry.* This agree- 
ment provided means for settling all disputes by 
mutual consideration, and without resort to strikes 
The members of the Boilermakers’ and Iron-Ship- 
builders’ Society were exceptional in the frequency 
with which they infringed this arrangement, men in 
one yard or another leaving their work almost 
every working day, contrary to the advice of their 
leaders, and without any attempt being made amic- 
ably to settle the point at issue. This practice had 
become so subversive of discipline and so inimical 
to satisfactory progress with all work that the 
employers threatened a lock-out, but a temporary 
arrangement was reached, and there was promise of 
betterment in the attitude of the recalcitrant 
workers. At that time, however, it was stated 
that if the agreement was not loyally accepted by 
the iron-shipworkers, as it was by all the other 
trades, a loc i. out would be enforced without notice 
being given. Two most flagrant cases arose of 
strikes without notice or recourse to amicable discus- 
sion, with the result that on September 1 notice of 
lock-out was given, and two days later, on the 
following Saturday, the men were discharged. 

It has been contended during the subsequent 
negotiations that as the dominant spirit of the 
agreement was settlement of disputes without 
cessation of work, the employers should withdraw 
the lock-out notices ; but this claim was made on 
inaccurate basis. The aggressors were the men 
who struck work ; the employers had no alternative 
—since the men would not obey their own leaders— 
but to lock them out, and to continue the lock-out 
until the men did accept the advice and instruc- 
tions of their responsible executive authority in 
conformity with the national agreement. 

The next point was that the tendency of the men 
to throw down their tools at once, on a dispute 
arising, was in large measure due to dilatoriness 
in settling the differences. At the first conference 
after the lock-out, between the employers’ and em- 
ployees’ representatives, this question was amicably 
settled, and had other difficulties been overcome, 
all would have been well. It was at once agreed 
that local disputes should be considered locally by 
a joint committee within seven days of the difli- 
culty arising, and that, failing an agreement, a 
local conference should be called within fourteen 
days. In the case of a dispute in connection with 
repair work, the joint committee is to meet, if prac- 
ticable, before the first pay day, or within three 
working days. In the event of no settlement being 
come to by the local conference, the central authority 
was to take up the question at the first meeting, or 
within three weeks if conditions make this desirable. 
It was agreed at the final conference that when the 
dispute was local a chairman should be selected by 
the union concerned from amongst the members of 
the Shipbuilding Employers’ Federation, and alter- 
nately by the local association of employers from 
the membership of the union affected. In the event 
of the parties failing to agree, the chairman’s decision 
is to be final, but that such decision should not 
form a precedent in other yards, or in other dry 
docks in the case of repairing establishments. 

The second point on which there was ready 
agreement had regard tothe remuneration for work 
done on jobs where disputes arose, pending a 
definite settlement of the points at issue. It was 
agreed by both parties that if the local conference 


* See page 367 ante. 
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failed to effect a settlement at once, and if no settle- 
ment could be made within the yard as to tem- 
poe terms of payment, two employers were to 
be called in to give a temporary decision as to the 
rice to be paid for the work on the job involved 
in the question at issue and still in progress. The 
procedure to be adopted in settlement of this 
matter within the yard, or by these two employers, 
was to hear both sides, and take into account the 
average wage earned by the workmen concerned 
on the same class of work on previous similar 
ships. The decision, however, is to be without pre- 
judice to either party, and is not to be adduced in 
evidence in the ultimate settlement of the question 
at issue. There can be no doubt that this arrange- 
ment ought to satisfy the complaints urged by the 
inen, who have in the past somewhat arbitrarily 
thrown down their tools when any difficulty arose. 

The point on which there was greatest divergence 
of opinion had reference to the assurances demanded 
by the Federation that the national agreement 
would be loyally and continuously carried out by 
all the workmen. This divergence of opinion seems 
to have been more pronounced between the execu- 
tive of the Society and the members rather than 
between the employers and the employed. At 
the first conference, held in Edinburgh as long 
ago as September 23, it seems to have been 
accepted alike by the workmen’s representatives 
as well as the Federation, that a fine should 
be imposed for an infringement of the agree- 
ment, and particularly in connection with the 
clause referring points in dispute to amicable 
consideration instead of resorting to a strike. An 
agreement to be effective must be consistently 
applied ; either party to it has a grievance if any 
condition be infringed, and had the attitude of the 
iron-shipyard workers been anticipated, doubtless 
penalty clauses would have been included when it 
was first drafted. Such penalty clauses are quite 
common in agreements, and are applicable as a 
rule to both parties. It was only at the eleventh 
hour, as shall presently be explained, that the union 
leaders put forward a claim for mutual guarantees 
by penalties—quite a fair and proper claim. Nor 
is the idea of penalties new in trade unionism. 
Each society has, by existing rule, the power to 
inflict fines for certain offences, and infringement of 
the national agreement ought to have come within 
the scope of such rule; but no fine has been imposed 

the idea of imposing a fine for such infringement 
had never been considered. It was, therefore, very 
properly decided at the first conference that a specific 
tine for such offences might have a salutary effect. 

But when the principle was accepted, the difficulty 
arose as to the amount of the fine, and this has 
varied in successive conferences. The employers 
took the view that there should be clearly specified 
penalties —that there should be no latitude—a view 
which has merits even in the interests of the 
Executive Council, because, unlike our judges, 
their post as dispensers of justice—in other words, 
their election to executive rank—is largely con- 
tingent on their popularity with the men. Con- 
sequently, the more automatic the incidence of 
effect upon cause in punishment for infringement 
of the national agreement, the less harmful would 
be the imposition of fines upon the influence for 
good of those officers who are anxious to maintain 
the credit of the trade union. The trade unions, 
however, contended for a fine varying from 5s, to 
50s., according to the nature of the offence, which 
knowledge of human nature will incline most to 
believe would have resulted in the minimum fine 
being always imposed. Failing the payment of the 
tine, there was to be suspension from work in any 
federated yard. The decision come to, however, 
on October 6 was that a man should be fined at 
the rate of 5s. per day ‘‘for each day he shall per- 
sonally refuse to resume work, for the first offence, 
and in the sum of 20s., and 5s. per day, for the 
second and subsequent offences.” Even after the 
fine had been paid by the society to a fund, to be 
referred to later, the society was to have the option of 
appealing under the ordinary procedure of the ship- 
yard agreement for modification or abrogation of the 
fine. 

The fine was to be paid into a bank on a special 
deposit account in the name of the Society, for the 
benefit of the widows and orphans of members, 
and all intromissions of this fine were to be audited 
by a chartered accountant, and a certificate sup- 
plied to the Federation every six months. In the 
event of the member failing to pay the fine, or 
making satisfactory arrangements with the Society 





to do so, he was not to be employed in a federated 
yard during a period of six months for the first 
offence, and of twelve months for the second and sub- 
sequent offences. It was also accepted that during 
any member’s period of expulsion from employment 
the Society was to undertake that it would not afford 
such member any of the benefits of the union, and 
would assist the employers in carrying out this 
agreement. This agreement, however, was modi- 
fied a few days later, the Society undertaking to 
impose an increased penalty on members guilty of 
second or subsequent offences, without the amount 
being specified in the agreement. A vote was 
taken of the workmen, when 8760 voted for, and 
10,079 against, acceptance of the agreement, show- 
ing a majority of 1319 against ; this, too, notwith- 
standing that it had been accepted by the Executive 
Council, the general secretary, district delegates, 
and twenty representatives appointed from the 
various districts, numbering in all about forty. 

The representatives of the union had thus to 
begin their work over again, and they commenced 
by urging that the employers should accept definite 
assurance that genuine penalties would be imposed 
without these being specified ; but such assurance, 
particularly in face of the adverse vote, could 
scarcely be accepted then. It was urged by the 
executive of the union that the workmen seemed 
to regard the terms of the agreement as in some 
measure an interference with the financial arrange- 
ments of their society, but the Federation gave 
assurance that they had no desire to so interfere 
with the Society’s prerogatives. They agreed, for 
instance, to accept the Society’s auditors as char- 
tered accountants for the special fund. 

Several points having been made clear, it was 
arranged that another vote should be taken after 
the district delegates had explained the modifica- 
tions to the men. The result was most surprising, 
as the majority against the agreement was enor- 
mously increased—to 9913, the votes for the agree- 
ment being only 5650, and against 15,563. This 
result is the more astounding following upon the 
earlier vote, as all the representatives of the men 
who had arrived at the agreement in association 
with the Federation promised to advocate its 
acceptance by the workmen. This, it is true, was 
done in cfficial communications, but there is more 
than a suspicion that at meetings and in private 
communications there was not the same strength of 
character shown by these delegates in advocating 
the acceptance of the agreement. _In the interests 
of discipline the employers had no alternative but 
to stand firmly united. 

There was thus a deadlock, as it was felt that 
little more could be done on either side. Since the 
beginning of November, when this adverse vote was 
taken, the negotiations have, however, been con- 
tinued, the employers being particularly anxious to 
assist the executive authority of the union in every 
way possible. Mr. Sidney Buxton, the President 
of the Board of Trade, invited the President and 
the Vice-Presidents of the Federation to have a 
friendly unofticial chat with him, and on November 
24, 25, and 26, the President of the Board of 
Trade, Sir H. Llewellyn Smith, the permanent 
secretary, and Mr. G. R. Askwith, the Controller- 
General of the Labour Department, met the 
workmen. It is understood that Mr. Buxton 
expressed the view that the agreement was a 
fair one, and most business men will agree with 
him ; but it seems to have been recognised by the 
Board of Trade authorities that what was neces- 
sary was some method whereby the men could 
‘* save their face.” There was therefore raised for 
the first time the question of mutual guarantees 
for the fulfilment of the agreement between the 
Federation and the trade unions, already inci- 
dentally referred to. The Boilermakers’ and Iron- 
Shipbuilders’ Society now contended that they 
ought to have some guarantee from the employers, 
and the clause which they say has been most 
infringed by foremen in the employment of the 
federated yards is No. [V., which provides that any 
claim for alteration of price must be made before 
the commencement ofa job. It may be that there 
are cases where this clause has not been scrupu- 
lously observed, and in such case there is cause for 
grievance. The Federation raised no objection, when 
the claim was made, to grant an assurance against 
the infringement of that or any other clause of the 
national agreement by employers. 

They consequently agreed to meet the repre- 
sentatives of all the trades which are parties to 
the agreement at a meeting on the 3rd inst. These 


representatives put before the conference a sub- 
sidiary agreement, in which special stress was laid 
on the principle of mutual assurance for the fulfil- 
ment of the agreement. This was accepted, but 
the representatives of the Boilermakers’ and [ron- 
Shipbuilders’ Society sought for a separate con- 
ference with the forty or fifty union officials who 
had assisted with the Federation in arranging the 
terms of the previous agreements at Edinburgh and 
York, and already reviewed. 

At the later meeting, on the 7th and 8th inst., 
a settlement was arrived at on the question of 
mutual assurances. The conditions already arranged, 
as stated in earlier paragraphs, were accepted for 
expediting the settlement of disputes, and for fixing 
of rates on disputed work, which would be con- 
tinued pending settlement of the main issue. Where 
parties are in disagreement as to whether the 
national agreement has been infringed by the men 
stopping work, a committee of six—three repre- 
senting workmen and three representing employers, 
but not connected with the establishment— are to 
consider the issue, but only after the men have 
returned to work. Failing agreement on this issue, 
an independent referee is to be selected from 
‘a panel of persons mutually agreed upon by the 
Federation and the unions,” and his decision is to 
be final and binding on all parties. Where there 
has been infringement, the offending workman is to 
be ‘*dealt” with ‘‘ by the executive council of the 
society in accordance with the rules of the Society.” 
If employers infringe the agreement, they also are 
to be ‘‘ dealt with by the executive board of the 
society in accordance with the rules of the Federa- 
tion.” It is to be the duty of the committee and 
of the referee, if need be, in all cases to see that 
individual offenders on either side have been dealt 
with under rule, and proof of the enforcement of 
the rules is to be given by the Federation and the 
unions to the committee and referee. 

It will be recognised that the agreement has 
undergone successive stages of evolution, and the 
independence of the unions has been maintained. 
The fulfilment of the agreement calls for honest 
endeavour in a greater degree in the future than in 
the past. The Executive Council of all the unions 
and of the Federation have plenary powers to 
enforce their decisions on all questions at issue, 
and as the Councils can take a more unbiassed 
view of all circumstances than employers and 
men involved, there is hope for the future in 
the knowledge that there exist not only facilities 
for promptly settling disputes, but power to enforce 
the principle of amicable settlement of disputes 
and the clause for the prohibition of stoppages 
of work, which form the main advantages of 
the national agreement. 





TANKS FOR PREVENTING THE 
ROLLING OF SHIPS. 

Tue rolling of ships may be thought to concern 
little more than the comfort of the people on 
board. Even if that were so, the question would 
be sufficiently important for the consideration of 
shipbuilders and shipping companies. But there 
are other factors to be reckoned with. A heavily- 
rolling boat is exposed to severe stresses ; it does 
not maintain the speed which the coal burnt should 
impart to it, and does not steer and manceuvre so 
well as it ought to. If it were not that increase in 
breadth tends to augment the liability to rolling, 
larger beams would be desirable for several reasons. 
Recent years have seen one biggest ship after the 
other surpassed by some successor; but as regards 
one of the three dimensions, the practical limit 
has nearly been reached. The difficulties of 
|docking and the shallowness of estuaries may 
|put a stop to further increases in the draught 
| of vessels, Since lengths are now nearing 900 ft., 
‘every addition to this dimension may create 

difficulties, even at modern landing-stages. In- 

creased beam might be adopted with less hesi- 
| tancy if broad-beam vessels could be cured of 
‘rolling. If that can be accomplished by the aid of 
tanks, such as Mr. H. Frahm described at the 
| November meeting of the Schiffbautechnische Gesell- 
'schaft, naval architects may have to modify their 
designs to accommodate the tanks. 

Mr. Frahm’s researches have been conducted at 
the yards of Messrs. Blohm and Voss, of Hamburg, 
and are no longer in the experimental stage. Anti- 
rolling tanks have been fitted in several ships ; two 
| notorious rollers, plying between Lisbon and South 
America, have been cured, and promising results 
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have been obtained on a warship and on a 20-knot 
steamer of 18,500 tons. The idea of using water- 
tanks for damping the rolling motion of ships did 
not originate with Mr. Frahm. Sir Philip Watts, 
K.C.B., Director of Naval Construction for the 
sritish Navy, brought, in 1883 and 1885, before 


the Institution of Naval Architects, accounts of | 


experiments which he had conducted on board the 
Intlexible and on a model of the Edinburgh, also a 
battleship. He used an open tank, of uniform 
rectangular section, extending from side to side. 
The experiments were promising. But it proved 
difficult to check the water which swayed to and 
fro in the tank, and still more difficult to find room 
for such tanks on warships, and thus the tanks 
were not adopted in practice. 

Mr. Frahm also uses water-tanks. But he relies 
upon the resonance between the oscillations of the 
ship and the oscillations of the water in his tank, 
which jis not a trough of uniform section. The 
water forms a U-shaped column, also extending 
from board to board, but consisting of two inter- 
connected compartments partly filled with water. 
The tanks are disposed on opposite sides of the 
centre line near the shell, and are connected below by 
a water conduit, and above by an air conduit ; a 
throttle-valve is inserted into the latter. The water 
thus oscillates in a closed conduit, in which its move- 
ment can be controlled by the valve. When the 
valve is closed, the movement of the water is prac- 
tically arrested, and the tank is said to be cut out; 
when the valve is fully open, the oscillations of the 
water are unobstructed, except that free waves 
cannot arise. The principle on which the device is 
based is that a series of wave-impulses will cause the 
ship to oscillate about its longitudinal axis. But 
these oscillations will only become pronounced when 
the period of the wave agrees with the period of the 
natural vibrations of the ship. The two oscilla- 
tions will differin phase by 90 deg.; in other words, 
the maximum deflection of the ship from the vertical 
will occur a quarter period after the wave has been 
at its maximum inclination to the ship. The same 
applies to the oscillations of the ship and of the 
water-column in the tank, which rises and falls 
provided the water have the proper mass, so that 
the two oscillation periods are equal. In that case 
the oscillations of the water-column will lag a 
quarter period behind those of the ship, and hence 
half a period behind the period of the waves, and 
the two turning moments acting on the ship will 
therefore oppose one another. 

This is the principle of resonance. When reso- 
nance is not secured, when the water column rises 
too rapidly or too slowly, the phase difference will 
tend towards 180 deg. or 0 deg., and the damping 
effect will be less marked. The accuracy of these 
considerations Mr. Frahm first demonstrated by ex- 
perimenting with ship models, placed ina tank. As 
he did not succeed in producing regular waves in 
a small tank, he oscillated the model in the tank by 
the aid of a flat spring and an electrically-driven 
gearing. It resulted that the oscillations of the 
model were much reduced by the special tanks 
when resonance was attained. Experimental 
tanks were then fitted into several ships which 
were completed, or so far advanced already in their 
construction that the theoretically most suitable 
disposition of the tanks could not be realised. It 
does not seem to matter much whether the tank 
or tanks are placed amidships or forward or aft. In 
order to secure the maximum effect, the tank level 
should be above the mass centre of the ship, how- 
ever, and that is not easily carried out. The tanks 
are sometimes subdivided by transverse partitions, 
and they are in all cases supplied with discharge- 
valves, through which the water can, as a rule, be 
emptied directly into the sea. 

The tirst practical tests were made on the oil-tank 
boat W 83 of the German Navy, 446 tons displace- 
ment, which was placed at Mr. Frahm’s disposal 
for this purpose; a very stiff boat, with the high 
natural vibration period of 10.75 per minute. It 
was found that in the docks the deflections from 
the perpendicular of this boat were reduced, from 
10 deg. to 2 deg., by twelve oscillations when the 
tank was cut out, and by two oscillations when the 
tank was in action. In runs at sea the amplitude 


of the rolling was diminished to one-third ; some- 
times the result was less satisfactory, which was not 
surprising, as the tank had to be made smaller than 
Was necessary for full efficiency. The second series 
of experiments took place during the trial runs of 
a fast steamer of 18,500 tons displacement, at a 
Speed of 20 knots. The two tanks could not be 








placed close to the sides of the hull, the connecting 
conduit rested on the double bottom, and the tanks 
proper were wider at the top than at the bottom. 

The third and most interesting installations are 
those on the Ypiranga and Corcovado—two steamers 
of the Hamburg-Amerika Line, of 12,600 tons dis- 
placement. The Ypiranga, a notoriously heavy roller, 
was first taken in hand in February, 1910, and 
provided with two tanks, one forward and one aft ; 
they contain together 195 tons of water, and are 
placed on the uppermost continuous deck. After 
successful experiments off the north-west coast: of 
Spain, the sister ship Corcovado was similarly fitted, 
and the two boats are now regarded as steady boats. 
The tanks reduce rolling 11 deg. (on either side) to 
2} deg. maximum, and in many instances the aft 
tank alone effectively diminished the rolling. 
Satisfactory experiments were also made on war 
vessels, but particulars of these are not given. 
These and other experiments have induced Messrs. 
Blohm and Voss to design anti-rolling tanks for the 
new passenger steamer, of 55,000 tons, of the 
Hamburg-Amerika line which they are now build- 
ing. Curves of the actual oscillations of the various 
ships are reproduced in Mr. Frahm’s instructive 
paper. The curves were taken by the aid of either 
a line diagraph of Wellenkamp, which is reliable 
photographic apparatus, convenient for experi- 
mental work in port, but not suited for observa- 
tions out at sea, or of Frahm’s recording pendulum, 
which is based upon Froude’s pendulum. 

The scientific researches of Mr. Frahm concern 
also an important side issue of the problem, the 
question of the real and apparent periods of the sea- 
waves. The oscillation period of the sea-water 
ranges from about five per minute in the deep sea 
to eleven per minute in shallow water ; in the North 
Sea and Baltic the range is from eight to eleven. 
According to various authorities the period is in- 
fluenced by the strength and the duration of the 
wind, and the expanse of water exposed to the action 
of the wind ; but, apart from minor oscillations, only 
waves of the same period seem in general to occur 
at any time, and periods of less than five oscilla- 
tions per minute seem to be rare. These are the 
real wave-periods, concerning the ship at rest. The 
essential term for Mr. Frahm’s calculations is, how- 
ever, the apparent period—i.e., the relative perio- 
dicity of the waves affecting the ship in motion. Mr. 
Frahm has calculated the apparent periods for ships 
steaming at different sect when struck by waves 
from astern under different angles. The curves which 
he thus deduces are very interesting. The apparent 
periodicity comes out smaller than the real perio- 
dicity in these cases,and may be reduced to less than 
half its real value. The apparent periodicity would 
be increased in the case of waves meeting the bow ; 
but these high periods would hardly concern the 
natural vibration periods of big ocean steamers. 
The curves explain how it is that huge ocean 
liners, having vibration periods of their own of 
less than three per minute, can be set rolling by 
relatively short waves from astern. The curves 
further show that a ship steaming at 22 knots, in 
front of oblique waves striking under an angle of 
30 deg., may have a fairly constant apparent oscilla- 
tion period of about 4 periods per minute, while 
the real periods vary between six and ten. It is 
for this reason that a ship, whatever its own oscil- 
lation period, may, under certain circumstances, 
meet conditions which produce synchronism between 
its own oscillations and the sea-waves, and will 
then begin to roll. This feature renders the pro- 
blem of damping the rolling more difficult than it 
would be if one particular period had exclusively 
to be faced. But the conditions just mentioned 
are exceptional], and we need not take an ex- 
aggerated view of the difliculties which the intro- 
duction of anti-rolling tanks would have to en- 
counter. Those tanks would not take up more 
than 1.5 per cent. of the total displacement. 








AUSTRALIAN RAILWAY ECONOMICS. 

Exception having been taken, as will be seen 
elsewhere in this issue, to many of the statements 
made in our recent editorial, entitled ‘* The 
Commonweal of Australia” (page 741 ante), we 
have thought it well to deal with some of these at 
greater length than is possible in a note appended 
to a letter, since they are matters of general interest 
to all who have at heart the welfare of the great 
island continent, and hope to see it ultimately 
develop into a country of the front rank. 

In the first place, we wish to give prominence to 





the fact that Sir G. Reid informs us that the net 
immigration to Australia has averaged 20,000 for 
the years 1906-9. We need scarcely say that the 
figure made use of by us was not specially chosen 
with any ill intent; it was a figure supplied to us 
on application at the High Commissioner's office 
some weeksago. As wecannotclaim to be authori- 
ties on the a of movement of population, we 
had to make use of what was thus procured. For 
whatever reason we were then unable to obtain 
later statistics, we are pleased now to give the 
more recent figures, and doubly so because they 
show such improvement. The fact, we fear, remains, 
however, that these figures do not yet compare 
with those of Canada, much as we should like them 
to do so. Some day, by reason of the optimistic 
campaigns to which we previously alluded, perhaps 
they may. The estimate of a population of 
8 millions 40 years hence was a recently-published 
one from a source in Australia which we had no 
reason to doubt; and we, therefore, thought it 
probably fair. Finally, with regard to acreage under 
cultivation, we did not say that in the aggregate it 
had fallen, but only ‘‘in some cases” —i.e., certain 
crops. We may be permitted to point out, lest 
too rosy an impression be conveyed from the figures 
given by Sir G. Reid —viz., 9,892,393 acres for 
1908-9 and 9,355,052 acres for 1907-8—that accord- 
ing to the ‘‘ Official Year-Book of the Common- 
wealth” the figure was 9,545,856 acres in 1906-7 
and 9,433,455 acres in 1905-6, so that the expansion 
is not actually proceeding at the rate of 500,000 
acres per annum, as the later figures might be taken 
to imply. 

We will now turn to the points raised concerning 
railway development. The object of our recent 
article was to plead for a broader railway policy, 
in which the systems would be more free to develop 
according to the laws which govern such evolution 
elsewhere. We pointed out that development was 
now badly hampered by the fact that the State rail- 
ways of Iededia were each and all confined within 
their particular political spheres. We used the 
expression ‘‘ spheres of service set by lines of lati- 
tude and longitude, and such like conventional 
boundaries, rather than by the only real limits 
known to railways—generally unfavourable physical 
conditions.” We spoke of ‘political railways fre- 
quently terminating at some imaginary line drawn 
through the midst of a fertile tract, all produce on 
the one side of this fence being impelled to one 
port, while all from the other must go in another 
direction.” We further spoke of ‘‘the utter dis- 
regard to economic laws,” and said that ‘‘State- 
contained railways” in the United States, Canada, 
&c., would be thought ‘‘ illogical and incongruous,” 
these being federated communities. Now these are 
strong terms, and it should be patent to everybody 
that they would not have been used unless justified. 
In so broad an article it was not possible, of course, 
to givechapter and verse for every statement without 
undue speltaiie. We had to rely either upon our 
readers’ confidence in our own sense of responsi- 
bility, or else to pre-suppose some knowledge of 
the situation on their part. We propose, however, 
now to advance some of the reasons for our asser- 
tions, which, though they have been questioned, 
are easy of justification. 

Examples have been chosen for us, and we will 
take first the case of the line up to Broken Hill, 
N.S.W. In one of our annual articles on the 
South Australian Railways (page 56 ante) we 
pointed out that while Broken Hill is 334 miles 
from Adelaide, it is 250 miles from the nearest 
terminus of the New South Wales railway system, 
which again is 464 miles from Sydney. Evidently 
the natural flow of traffic in this case is to Adelaide, 
nor did we ever suggest it to be otherwise. On 
the surface this looks like a case against our argu- 
ment, but the aspect alters when it is pointed out 
that the South Australian system was run, in 1887, 
to the line of the 141 deg. longitude east of Green- 
wich, which here is the State frontier, and there 
stopped. From the town of Cockburn there situated, 
and Burns, immediately over the frontier, the con- 
nection was carried forward for the remaining 
36 miles by the Silverton Tram Company, and 
opened in 1888. Here, then, is actually a case of 
a State line ending at a conventional boundary. 
Only 36 miles out of 334 were needed to complete 
the distance, but South Australia could not finish 
it. Private enterprise had to do so. 

The most interesting cases are furnished by the 
Victoria-New South Wales frontier. What is the 
actual state of affairs here’ From the south side 
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of the Murray, the Victorian system touches this 
political boundary at eight places, approaching it 
within a few miles at others. At only two of these 
ava d and Corowa—does the New South 

ales State system meet it on the other side. 
One of these, Albury, is on the Melbourne-Sydney 
connection. Ata third point the Victorian system 
has, under an agreement, secured a lodgment on 
the north side of the river, just within New South 
Wales territory. This case of Tocumwal is re- 
markable, and we shall have occasion to revert to 
it directly. Ata fourth point—Echuca—a line, it 
is true, crosses the Murray and runs on to Denili- 
quin, 45 miles away, in New South Wales. This 
is another case apparently, but not actually, against 
us, for the Victorian system terminates at Echuca, 
on the boundary. The railway is continued by the 
Moama and Deniliquin Railway Company, which 
opened its line in 1876. At the remaining points 

four, omitting a tramway connection—no rail- 
ways have been developed on the north bank of 
the river. That this has not been due to lack of 
time is clear. The Victorian system ran to Yarra- 
wonga as long ago as 1886; Cobram was reached 
in 1888 ; Swan Hill in 1890 ; and Mildura in 1903. 
Here, then, are eight cases where, with one excep- 
tion, railways end at the political dividing line 
between the States. By a process of reductio ad 
absurdum we can arrive at one conclusion as to the 
real cause for this, and at one only. We have 
already disposed of any excuse based on a plea of 
Jack of time. 

Let us return to the case of Tocunwal. Within 
20 miles of this is a place called Finley, a terminal, 
for the last twelve years, of the New South Wales 
system. During this time no steps have been taken 
to complete the link to the river bank, and only 
recently has the crossing of the river by Victoria 
been arranged. Again, Deniliquin is between 40 and 
50 miles from Finley and Jerilderie, and, roughly, 
some 80 miles from Hay. To the two last-named 
places the New South Wales system has run for 
26 years and more, yet, in the words of the Hon. 
B. R. Wise, ‘‘ no representations have been able 
to induce the New South Waies Government to 
permit a connection.” There is, of course, under 
present conditions, a reason for this. It is to be 
found in the fact that New South Wales has been 
occupied in efforts to nurse to successful issue those 
undertakings within its own particular boundary, 
as we stated recently, regardless of the welfare of 
the country asa whole. For this reason traftic is 
diverted from its direction of economic flow. 

To make this point clear we have drawn on the 
accompanying map a series of boundaries on the prin- 
ciples to which Mr. J. A. Smith drew attention in 
his recent address to the Victorian Institute of Engi- 
neers. Other things being equal, these lines show 
the true spheres for the several railways, supposing 
there to be no overlapping. Though still “imaginary 
lines,” the limits set by them are in strict accord 
with economic laws, in view of the present coastal 
development. Taking first Adelaide and Melbourne, 
the line A Bis drawn so that any point on it is 
equidistant from both these ports. Points on the 
line B C are equidistant from Melbourne and 
Sydney. E D gives points of equidistance from 
Newcastle and Brisbane. The bend in this line at 
EK, to F, shows the effect of the port of Rock- 
hampton. Any point on E F is equidistant from 
this port and from Newcastle. F B forms the 
dividing-line as regards the systems emanating from 
Adelaide and Sydney. The influence of Rock- 
hampton on Adelaide is limited by F G, while the 
change in the direction thence to G H is due to the 
development of Townsville. It may be, some day 
in the future, that development on the Gulf of 
Carpentaria will demark a similar economic limit 
between a port on the north coast and Adelaide on 
the south. To simplify matters we have considered 
Adelaide only in South Australia. By right, of 
course, Port Pirie should have been taken into 
consideration. 

What does this figure teach’? It shows, in the 
tirst place, that the economic areas have no relation 
to the political divisions, and it follows, therefore, 
that the restriction of the development of each State 
to its own railway is unsound. The present system 
results in waste. It will be seen that New South 
Wales with her system is approximately occupying 
the area C BF ED, allotted in this diagram to 
Sydney and Newcastle. But the worst case is also 
found in this State in the area north of the New 
South Wales- Victoria boundary, to which we have 
already paid some attention. In the northern part 





of the triangle A B C, a tract of well over 40,000 
square miles is served by the New South Wales 
system, whereas it is obvious that it pertains to the 
Melbourne area. It is now clear why New South 
Wales declines to connect Finley with the Murray, 
or Deniliquin with Hay or Jerilderie. Did it do so 
the traffic from the country up to the line BC 
would tend to flow to Melbourne, whose influence 
it would be difficult to counteract. If the missing 
20-mile link were completed, Finley would be 
within 175 miles of Melbourne, against 454 to 
Sydney. From Hay to Melbourne, via Deniliquin, 
might be some 290 miles, whereas it is now only 
in rail connection with Sydney, 460 miles away. Is 
it incorrect to say that economic laws are disre- 
garded and traffic impelled to one port or another 
in compliance with political exigencies ? 

Now it is an unfortunate fact that the greater 
part of the Sydney system thus shown to be in the 





might be due to movement of stock, thouch 
much of it is of stock for slaughtering and ship- 
ment abroad. It cannot be asserted, therefore, 
that all this traffic would be diverted from its 
present direction if the missing links were made 
good. Let us see, however, what happens in 
the case of wool. This is, practically speaking, 
all port traffic, and as the homeward freights 
from Sydney and Melbourne are identical, any 
tendency to move in one direction or the other 
to the seaboard will be due to inland influences 
only. Inter-State rate discrimination being now 
forbidden under the Constitution, we have the 
simpler influence of adjusted rates to deal with. 
In 1909-10 New South Wales stations south-west of 
the line BC shipped 105,393 bales of wool—nearly 
one-eighth of the total shipments on the system. 
If there is any tendency for this to flow otherwise 
than to Sydney, we may perhaps find proof of it 
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Melbourne area does not pay. In order to pre- 
serve the traffic, rates from these points to Sydney 
have been made low, with the result that other 
portions of the State are called upon to make up 
what is required to produce a reasonable return for 
the whole, and we have every admiration for the 
skilful management which makes so good a business 
of a bad job. But consider what might result if 
ag considerations were put on one side. 
ith Finley 175 miles, and Hay 290 miles, from 
Melbourne, instead of the 454 miles and 460 miles 
from Sydney, either rates could be still further 
lowered, and traftic thereby fostered, or rates might 
be maintained with greater profit to the system 
conducting the transport. An improved situation 
would result from either, which would reflect to the 
advantage of the country taken as a whole. 

The revenue derived by the New South Wales 
system from goods and live-stock traftic — 
from its stations on the Melbourne side of the 
line BC amounted in 1909-10 to some 174,52I11., 
or about one-eighth of the revenue of the Victorian 
system from these classes of traflic. As this is 
derived from wool, live stock, grain, c., it 
does not follow that all is consigned to the sea- 
board. Part of the live-stock traftic, for instance, 





In Table I. we give a list of all the New South 
Wales system stations within the triangle A BC to 
which wool was consigned last year, together with 
the amounts shipped to and from them. The list 
contains seven names only. Since only 1} per cent. 
of the clip is retained in the whole country, it 1s 
impossible that these inward shipments, which 

Taste I. 


Wool Shipped 
(Bales) : J 
Situation. 


To — 
100 
4,286 


1,043 
2,363 


From 


On Murrumbidgee River 

| On Murrumbidgee River 

On Murrumbidgee River 

Within 20 miles 0 
Murray. 

Connects with Wodonga 
(Victoria). 

| Faces Wahgunvah 
Murray. 

Within 20 mile- 
cumwal 


| 
Hay (terminus) 5281 | 
Narrandera .... “a 9782 | 
Wagga W ac 8888 | 
Germanton (terminus 4904 | 


Albury (terminus) .. 25,221 575 
Corowa (terminus) .. 2,689 109 Lcross 
Finley (terminus) 2,034 42 t To- 


amount to 4.2 per cent. of the total shipments - 
the whole of the State system, should be woe 
in towns of 800 inhabitants, such as Finley, «nd 0 
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6000, such as Albury. There is evidently some 
ulterior destination. 

Take, first, places far from the frontier—Hay, 
Narrandera, and Wagga Wagga. In these the 
outward traffic is greater than the inward. These 
three places are all, in the order named, on 
the Murrumbidgee, which is navigable in favour- 
able seasons to Wagga Wagga. The inference 
is clear. Water competition draws this traffic 
towards Adelaide. The towns on or near the 
frontier are four—Germanton, Albury, Corowa, 
and Finley in the order named, down the Murray. 
In these cases, all terminals of the N.S.W. system, 
the inward traffic is greater than the outgoing, with 
the exception of Germanton. Even in this last 
case the inward traffic is considerable. Germanton 
is within 20 miles of the Murray; from Albury 
wool can go direct by rail to Melbourne ; at Corowa 
it has only to be transferred across the river to 
Wahgunyah to be started on its route to the same 
port. Finley is also within 20 miles of Tocumwal 
and the Murray. As to whether the bales arriving 
at these places go all or part of the way down the 
Murray to Adelaide, or by rail to Melbourne, we 
admit we have no definite proof. They are straws 
which show that the wind blows away from Sydney, 
and circumstantial evidence may be obtained of the 
appearance of some of this traffic on the Victorian 
bank of the river where the railway is accessible, 
and of its shipment thence southward. We may here 
mention that Victoria exports twice as much wool as 
she imports, and uses in factories in the State less 
than one-tenth of her own production. What she 
imports, therefore, is for shipment over sea. She 
need not import to supply her factories. 

If examination be made of the Victorian termini, 
it will be found that the traffic shipped towards Mel- 
bourne from Wodonga (connecting with Albury), 
Wahgunyah (opposite Corowa), and Tocumwal (near 
Finley) is larger than at other similar terminals near 
the frontier, with two exceptions. The figures are 
given in Table If. Of the exceptions, Swan Hill, 
it may be pointed out, is far down the river, and 


TaBLE II.—Revenue from Goods and Live-Stock Shipped 
South from Victorian System Stations on or near Frontier. 


Situation with 
Station, Revenue. |Regard to N.S.W. 
| System. 


Remarks. 








£ 

Wodonga ..| 18,443 In touch Connects with 
Albury, N.S.W. 

Wahgunyah.., 14,291 (Facing across river Near Corowa 

Tocuuwal .. 2,277 | Near Within 20 miles of 

| Finley 

Yarrawonga..| 14,225 | Not near 

Katamitite .. 3,484 | do. 

Cobram --| 6,230 do. 

Picola ..| 4,675 | do. 

Swan Hill ..| 12,306 | do. | 

Mildura + 6,893 | do. 

Echuca | 35,277 | Fed by Moama and Deniliquin Railway 

| 


on North Bank of Murray. 


comes under rather different influences. The im- 
a of railways on the north bank of the 

urray is thus evident. Where the facilities are 
greatest the flow is most marked, though apparently 
even the missing link between Finley and Tocumwal 
has not a prohibitive effect on it. At Picola 
and Katamitite, away from the river, the ship- 
ments are smallest. We have for comparison added 
Echuca to our table, for there is received all the 
trattic collected by the Moama and Deniliquin 
line. This has no other outlet except by team 
haulage ; and so, to differentiate it from the rest, 
we have put the figures in italics. The revenue 
derived from south-bound traffic from Echuca is 
35,2771., exceeding that of any other Victorian 
terminus on this frontier, and thus again giving 
proof of the value of railways on the north bank. 
These facts may be taken as proof that the natural 
flow is to Melbourne, and not to Sydney. It is 
admitted that the figures given for Wodonga are 
made up of a preponderance of revenue from live 
stock. Even here, where facilities are consider- 
able, a lot of traffic virtually disappears so far as 
the railways are concerned. ‘The fact that goods 
have to be transhipped in any case, owing to 
break of gauge on the border, which is here the 
river, loses to the Victorian system some of the 
advantage it would otherwise possess at this point. 
Bulk having to be broken, the choice of route 
beyond depends largely on their relative cheap- 
ness, and gives the competing water companies an 
advantage they would not otherwise have. This also 
applies to some of the other points, such as Corowa, 
and in 4 less degree to Finley. 


Our economic line BC crosses the New South 
Wales system, say, somewhere about Junee Junc- 
tion. For purposes of argument, we will consider this 
4 300 miles from Sydney, roughly the same from 

elbourne, and 100 miles from the border, though 
these are not the exact figures. Nowconsider the case 
of The Rock, some 40 miles nearer the frontier. 
Goods shipped from here are drawn towards Sydney 
by oulalls rates, while on the Melbourne side 
transhipment must be made, with its added expense, 
if they go in the other direction. Supposing the 
Melbourne system to run as far as Junee Junction, 
over-all rates would probably be adjusted to secure 
The Rock traffic to that system, but there might 
still be leakage if transhipment remained necessary 
at the river. If the Melbourne gauge ran to Junee 
Junction, which is away from any river, tranship- 
ment on the journey would be unnecessary, and the 
advantage of running in the economic direction, 
without breaking bulk, would be so considerable 
that a great portion of the leakage at Albury and at 
Wagga Wayga on the way, would be sto ped and 
saved to the railways. The question of rate. atch 
of course, also affects our arguments as regards Hay 
and Finley. It would be in accordance, however, 
with ordinary laws for much of the traffic at these 
points to change from one system to the other if 
the advantage of the rail over the water route were 
considerable. With transhipment points away 
from rivers the advantage would be greater. For 
full advantage of the economic spheres to be taken, 
therefore, the New South Wales system beyond 
the line BC would need to be converted to the 
5-ft. 3-in. gauge. 

We are told that running railways into this area 
was not likely to be remunerative. The New 
South Wales system has found it worth while to 
push into these ‘‘ back blocks,” which are so 
much nearer Victoria. In other countries railways 
push ahead of population. We have answered the 
excuse of ‘‘no time ;” the above figures show the 
value of connections, yet extensions are not made. 
Even at Tocumwal, where the heavy expense of 
bridging the river has been faced, no progress can 
be made to Finley. Would such a situation pertain 
in the United States or Canada in any district 
where there was similar proof of the possibility of 
securing traffic? The answer is, of course, in the 
negative, and the only reason. to be found is that 
State railways have, extra-territorially, no powers. 
We may briefly refer to another uneconomic 
development—the case of Mildura, in the north- 
east of Victoria beyond the line A B. Here, for 
the latter part of the line, the flow of the bulk of 
traflic is away from, not toward, Melbourne. The 
reason is probably because it is much nearer to 
Adelaide by water than to Melbourne by rail. 
Evidently this part of Victoria should be developed 
from the South Australian side if rail transport is 
to compete with water. 

We pointed out that in the United States and 
Canada this had been done, and suggested federalisa- 
tion as a means of sweeping away existing barriers. 

What is the conclusion of the whole matter? 
‘* Australia is a continent, and her problems have 
to be dealt with from that point of view.” These 
might be our very own words, yet they are 
used as proof against our argument. We pleaded 
for development on a continental, and not on a 
departmental, scale. Though the time may not be 
yet, we are convinced that the better sense of the 
people in Australia will, sooner or later, make them 
realise this need. Inter-State tariffs have given 
place to internal free trade, in order that unre- 
stricted exchange might play its part in the economy 
of the new era. The time will come when by some 
means or other there will be greater freedom of rail- 
way development. Federalisation appears to offer a 
rational solution. It is allowed for in the Consti- 
tution, and was seriously discussed at the Conven- 
tion of 1897-8. It is held to be the logical outcome 
by many people, as anyone in touch with Australia 
may know. It is, unfortunately, regarded too much 
as a political, instead of an economic, matter, and 
its failure of realisation has, so far, been mainly due 
to politics than for better reasons. 








THE MAGNETIC PROPERTIES OF IRON 
AND ITS ALLOYS IN INTENSE FIELDS 

AN investigation which appears likely in the 
future to furnish data and a method of experiment 
which will be of assistance in research work on the 
physical constitution of iron and iron alloys is being 








Bertram Hopkinson. The investigation is con- 
cerned with the magnetic properties of these mate- 
rials in intense fields, and there is a singular appro- 
priateness in the fact that the actual magnetic 
testing is being carried out by Professor Hopkinson 
at Cambridge, since the investigation is, in a 
measure, an extension and development of Ewing’s 
pioneer work on magnetism. Some account of the 
results which have been so far obtained was pre- 
sented in a paper by Sir Robert Hadfield and 
Professor Hopkinson, read before the Institution 
of Electrical faghanete on the 8th inst. 

The investigation was undertaken to determine 
the relation between the magnetising force and the 
flux density—the H and B, of magnetic materials, 
in intense fields. In the moderate fields employed 
in practice the relation between these two quan- 
tities is complicated and dependent on 1 any 
variables, but in intense fields this relation assumes 
avery simple form. According to Ewing's mole- 
cular theory of magnetism it may be supposed that 
in moderate fields the relation between H and B is 
a function of the interactions between the individual 
molecules, and that the molecular conliguration 
which results in such fields is dependent largely on 
external conditions and on the previous history of 
a material; but in intense fields it may be assumed 
that the molecular configuration taken up is deter- 
mined only by the magnetising force, as this is 
strong enough to entirely swamp the effect of inter- 
actions between the molecules, so that they all 
set themselves in the direction of the force. On this 
supposition the relation between B and H, in 
intense fields, becomes :— 


=H+4rI, 


where I is the sum of the magnetic moments of the 
molecular magnets contained in unit volume of the 
material, and certain experiments of Ewing, Low, 
and Du Bois show that in iron, nickel, cobalt, and 
some alloys, B does actually exceed H by nearly a 
constant quantity when H lies between 2000 and 
25,000 C.G.S. units. It will be clear that an 
assumption that the quantity 4 7 I in the above 
expression is a constant for high value of H involves 
the second assumption that the moment of indi- 
vidual molecular magnets is not affected by the 
external magnetic forces to which they are sub- 
jected, and while the experiments of Ewing, Low, 
and Du Bois do not establish the constancy of this 
quantity, they at least give strong grounds for 
supposing that in certain materials the mutual 
interactions between the molecules are almost com- 
pletely overpowered by a magnetising force greater 
than 2000 C.G.S. units. If this assumption is 
correct, the saturation value of 4 mw I—i.e., the 
constant quantity by which B exceeds H in tields 
above a certain intensity—is established asa definite 
measurable physical constant for any magnetic 
material. This quantity may conveniently be 
referred to as the specific magnetism. 

The experiments of Sir Robert Hadfield and 
Professor Hopkinson were carried out on a series 
of alloys of iron with carbon and other materials 
with the idea that not only might some deductions 
be drawn as to the magnetic properties of the 
materials, but also as to their constitution. ‘The 
great advantage of the magnetic examination of 
such materials in intense fields lies in the fact that 
the saturation value of 4 7 I ina material consist- 
ing of a mixture of substances is dependent only on 
the relative proportions and the magnetic properties 
of the various substances separately, and not on 
their arrangement in the mass. Most steels con- 
sist of such a mixture of substances, and any exami- 
nation of their magnetic properties in fields of 
ordinary intensity is so complicated by molecular 
interactions determined by the microstructure that 
it is hopeless to look for any simple rela- 
tion between their magnetic properties and their 
composition. In intense fields, however, troubles 
disappear owing to the swamping of the mole- 
cular interactions, so that the magnetic pro- 
perties of an alloy become a measure of its com- 
position. The many experiments which have been 
so far carried out definitely establish a saturation 
intensity of magnetisation for all the alloys 
examined, and at the same time show that the 





carried out by Sir Robert A. Hadfield and Professor | 


| method is capable of being used in an examination 
of the actual physical constitution of alloys, although 
| the work has not yet been carried beyond a prelimi- 


nary stage. 

The measurements were carried out on small 
test-pieces } in. in diameter, and in most cases } in. 
long, which were placed between the poles of an 
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electro-magnet and surrounded by a small test- 
coil connected to a ballistic galvanometer. The 
tests were carried out by reversing the current 
-passing through the coils of the electro-magnet 
and observing the galvanometer deflection. The 
electro-magnet had conical or flat pole-faces depend- 
ing.on the field intensity which was being used, 
and various corrections were made to allow for the 
distortion of the field due to the presence of the 
test-piece. Field intensities up to 25,000 C.G.S. 
units were employed. In most cases saturation 
was reached in a field of 5000 units, but with a 
few materials there was a small increase between 
5000 and 25,000 units. In all cases, however, the 
form of the curve connecting I and H left no doubt 
as to the existence of a saturation value of 471; 
while in addition all the materials behaved as 
though they consisted of a mixture of magnetic 
substances with non-magnetic substances having a 
permeability of about unity. None of the alloys 
which were examined had a higher specific mag- 
netism than pureiron. These facts are, of course, 
in accordance with the theory that in intense fields 
the molecular interactions are entirely swamped, so 
that the value of the specific magnetism becomes a 
measure of the amount of magnetic material present 
in a body, and so of its constitution. 

Measurements which were carried out on a 
specimen of annealed iron-carbon steel, in which 
other elements were present in but small propor- 
tions, showed that the specific magnetism of the 
specimen was less than that of pure iron by a per- 
centage equal to six times the percentage of carbon 
present. If this alloy be regarded as a mixture of 
pure iron with carbide of iron, Fe, C, the propor- 
tion of carbide of iron would be 15.5 times the 
proportion of carbon, from which it follows, as- 
suming that the two constituents are mechanically 
mixed, that the specific magnetism of carbide of 
iron is about two-thirds that of pure iron. A series 
of measurements were carried out with iron-carbon 
steels, which showed that when less than $ per cent. 
of other substances were present, the effect of 
adding carbon was to reduce the magnetism by an 
amount proportional to the amount of carbon, 
the reduction being about six times the amount 
of carbon. Impurities present tended to mask 
the effect of the carbon to some extent, but a 
diagrammatic plotting of the reduction of specific 
magnetism against the proportion of carbon gave 
a straight-line curve with sufficient accuracy to 
suggest that the method might be used for deter- 
mining the amount of combined carbon in a steel. 
Some of these iron -carbon steels were also 
examined after quenching from a high temperature. 
In general the effect of this was to reduce the 
specific magnetism, but the results obtained were 
somewhat inconsistent. For instance, three 
samples were cut from a lump of white Swedish 
iron which had been quenched when molten, and the 
specific magnetism in percentages of that of pure 
iron proved to be, for the three specimens, 58.5, 
64, and 72. These indefinite results must, of 
course, be attributed to the somewhat uncertain 
character of the quenching process. A somewhat 
similar result to the above was found with two 
samples of a silicon-manganese steel, which were 
quenched from 1200 deg. Cent.; in one case the 
specific magnetism was found to be 62 per cent. of 
that of pure iron, and in the other only 20 per cent. 
Three samples of the same material, however, 
quenched from 1050 deg. Cent. had a mean specific 
magnetism of 87.8 per cent. that of pure iron, which 
differs but little from 88.6 per cent., which is the 
mean of two annealed specimens. It is suggested 
that the difference in the two pieces quenched from 
1200 deg. Cent. may be explained by difference in 
the rate of cooling, as one piece was larger than the 
other, while the results obtained with the samples 
quenched from 1050 deg. Cent. may have been due 
to the formation of cementite, which would occur at 
about 1100 deg. Cent., as it is possible that the 
effect of quenching may depend upon whether free 
cementite is present or not, 

Thetotal number of samples of various alloys which 
were examined was very large, and it is not possible 
to give the results in any detail in this article. 
In general, it may be said, however, that silicon 
appeared to act as an inactive diluent, and that some 
of the silicon-iron alloys were very soft magnetically, 
suggesting that silicon has the effect of reducing the 
interaction of the iron molecules. In some few 
cases silicon appeared to neutralise the effect of the 


carbon to some extent. Aluminium acted generally | the dockyards and three by contract. 
The|yard battleships are to be laid down early in| 


in a somewhat similar manner to silicon, 








results obtained with iron-manganese alloys were | 
very variable, and the authors were unable to 
find any simple relation between the propor- 
tion of manganese and the corresponding reduction 
in specific magnetism ; they suggest that the effect 
of manganese may have been masked by that of 
some unknown variable, such as the temperatures 
to which the alloys may have been subjected during | 
rolling or forging. The effect of heat treatment on | 
these alloys was exhibited by a sample containing | 
1.3 per cent. of carbon and 8.7 per cent. of man- | 
ganese. As forged, this material had a value of | 
B equal to 747 in a field of 240, while when | 
annealed it had a value of 1985 in the same field, | 
and when oil-hardened a value of 733. This shows | 
that the cooling in air after forging had all the 
effects of oil-cooling, and suggests that such cooling | 
which, in the case of an iron-carbon alloy, has not | 
much effect, is rapid enough in the case of an iron- | 
manganese alloy to give the effect of quenching. | 
The results obtained with iron-nickel alloys were 
also inconclusive, and they are now undergoing 
further investigation. This series, however, con- 
tained one interesting material, whose specific mag- 
netism was greater than that of its elements taken 
separately. This was an alloy containing 11.4 per 
cent. of nickel, whose specific magnetism when 
saturated was 96 per cent. of that of pure iron. 
The alloy contained 87 per cent. of iron, and as the 
11.4 per cent. of nickel is magnetically equivalent 
to about 3.5 per cent. of pure iron, the total specific 
magnetism of the constituents taken separately is 
only 90.5 per cent., as compared with the 96 per 
cent. given by the alloy. It will be clear that the 
investigation recorded in the paper is likely to be 
of much importance, and that although the results 
obtained so far rather indicate a new road for 
research than travel very far along it, the work 
forms an important contribution to the methods of 
research into the constitution of the iron alloys. 








NOTES. 
THe New CunaRDER. 

Tue Cunard Company have placed an order with 
Messrs. John Brown and Co., Limited, of Clyde- 
bank, for the construction of a new Atlantic liner, 
which promises to be the largest ship yet ordered, 
exceeding the Olympic and the Titanic, now being 
constructed by Messrs. Harland and Wolff for the 
White Star Line, and a Hamburg-Amerika liner 
being built at the Hamburg Works of the Vulcan 
Company at Stettin. The design of the new Cunard 
ship has not yet been finally settled, and it is 
therefore premature to give any particulars, but it 
is understood that she will be about 885 ft. in 
length over all, of about 50,000 tons gross re- 
gister, and, in order to ensure a sea speed of 
23 knots in service, the machinery, which will 
be of the turbine type, driving four shafts and 
screws, will be of between 50,000 and 60,000 shaft 
horse-power. The confidence which the Cunard 
Company thus repose in Messrs. John Brown 
and Co., Limited, is well justified by their 
long succession of first-class ships built for the 
Cunard Company, the latest of which are the Lusi- 
tania, the Carmania, and the Caronia. Indication 
of the enterprise of the builders is afforded further 
by the proposal on their part to subscribe 10,0001. 
to the Clyde Navigation Trust towards the early 
completion of a scheme, now —— for widen- 
ing the river near the Clydebank Works by the 
removal of an island near one of the banks. There 
is every certainty that, in their move further to 
establish British supremacy, the Cunard Company 
will attain success. It is satisfactory to record this 
additional evidence of the enterprise of the Cunard 





Company, because it is of national importance that 
British shipping should be unexcelled, either in | 
respect of size or of speed. The splendid perform- | 
ances of the Cunard liners the Lusitania and the | 
Mauretania have satisfied the world that, in respect | 
to speed, we stand unrivalled. The laying down of | 
the Hamburg-Amerika liner at Hamburg, to excel | 
the two White Star liners at Belfast in size, is | 
now counter-checked by this new contract of the | 
Cunard Company, and the company, particularly the | 
chairman, Mr. A. A. Booth, are to be congratulated | 
on their decision. 
THE British BaTtTLesHips. 
Five armoured ships were provided for in the 


current year’s Navy programme, two to be built in | 
The dock- 


January at Portsmouth and Devonport Dockyards 
respectively, and this week the Admiralty have 
ordered two battleships to be built by contract, one 
by Scotts’ Shipbuilding and Engineering Company, 
Limited, of Greenock, and the other by Messrs, 
Cammell Laird and Co., Limited, of Birkenhead. 
The fifth ship will be an armoured cruiser of the 
Lion class, and tenders from the principal ship- 
building firms are now under consideration at 
the Admiralty, but a decision will not be arrived 
at for some days. The four new battleships 
are to be of the same type as the Monarch class, 
of which four were ordered from contractors about 
a year ago, but the newer ships will embody certain 
modifications of detail. All the eight ships, how- 


ever, will form a homogeneous unit of the Fleet, 


These ships are 555 ft. long between perpendiculars, 
and have a displacement tonnage of nearly 24,000 
tons. The armament includes ten guns of 13) in. 
calibre, with sixteen guns of the 4-in. quick- 
firing type for repelling torpedo attack. The 
machinery will be of the Parsons steam-turbine 
type, and the power to be developed will be sufti- 
cient to give the vessels a speed, under easy steam- 
ing conditions, of 21 knots on the eight- hours’ trial; 
but provision is made for a further trial of shorter 
duration at still higher power. Some of the ships 
have been fitted with 18 large-tube Yarrow boilers, 
and others with a corresponding number of Bab- 
cock and Wilcox boilers. The Scotts’ Company 
have at present on hand the Colossus, a ship of 
the Dreadnought type, which they launched in 
April last. She is well advanced, and will go on her 
trials early in the year, so that the compliment 
of the Admiralty in placing this new order with 
the firm is well merited, not only by the rapidity 
with which the Colossus has been built, but also 
by the success of previous contract work, which 
included the machinery of the St. Vincent and 
several armoured cruisers, as well as the building 
of the hull and machinery of the Argyll. This is 
the first battleship which Messrs. Cammell Laird 
will undertake at their new works at Tranmere, 
where at present they have on hand a cruiser of 
the ‘‘City” class. But they have to their credit 
many pre-Dreadnought battleships and cruisers, 
while their later successes include a considerable 
number of torpedo-boat destroyers. 


WarteR-SorrentnG PLant at WELLINGBOROUGH 
Water Works. 

A water-softening plant which is of some interest, 
as illustrating the method adopted for dealing with 
hard water in a small town, in order to render it 
more suitable for domestic supply, was described 
in a paper dealing with the Wellingborough Water 
Works, and read by Mr. E. Young Harrison, 
Assoc. M. Inst. C.E., before the Association of 
Water Engineers last week. The water is obtained 
by wells from the geological formation known as 
the Northampton sand, and is of 33 deg. hardness. 
It contains traces of iron in the form of oxide and 
insoluble oxycarbonate. The water is softened by 
means of lime, and its hardness reduced to 14} deg., 
3 lb. of lime being used per 1000 gallons of water. 
The softening plant consists of a lime mill, with 
mixer and pump, three lime solution cylinders, two 
softening tanks, and a series of plate-filters. The 
process of working is as follows :—The lime is 
slaked in the mill, which consists of a cylindrical tank 
containing a revolving wrought-iron cage carried 
by a vertical shaft. A measured charge of lime is 
placed in the cage, and as this revolves a jet of 
water is played on the lime, which, on slaking, 
flows through the cage, and, as the water mixes 
with it, gradually rises in the mill until the top of 
the cage is reached. The outlet-valve is then 
opened, and the cream of lime is run off through a 
screening-tank into the lime-mixer, which has a 
revolving paddle to prevent settlement and maintain 
a uniform consistency in the cream. From the mix- 
ing-tank the cream of lime is supplied to the lime 
solution cylinders by a small pump. The cylinders 
are each 13 ft. 9 in. high and 7 ft. 6 in. in diameter. 
They are open at their top ends, and have inverted- 
cone bottoms. On these bottoms other cones 
stand on their bases, and the supply from the lime- 
pump is directed on to the apices of these cones 


| through supply pipes. A supply of water enters the 


bottoms of the cylinders, and passes by ports in the 


‘cones through the lime charge, which runs down 


the sides of the cones. The cylinders thus fill from 
the bottom, the lime-water which is formed being 
drawn off by bell-mouth pipes from the top surfaces 
when the cylinders are full, From thejcylinders 
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the lime-water passes in turn through two soften- 
ing-tanks, to the first of which the hard water to 
be softened is supplied by a bell-mouthed stand- 
pipe fixed vertically, so that the water falls into the 
tank in a thin sheet all round the pipe. The lime- 
water is supplied through an inverted rose fixed 
directly above the stand-pipe, so that it is inti- 
mately mixed with the hard water. At the end of 
the second softening-tank the water passes over a 
weir which arrests much of the deposit in suspen- 
sion, and enters the filters, which are of the 
Haines type. Each filter consists of a mild-steel 
tank, containing twenty flat rectangular plates, 
which are made up of galvanised cast-iron frames 
faced with perforated galvanised zinc } in. thick 
on each side. Each filter-plate is covered with an 
envelope of specially woven cloth. The water to 
be filtered enters the tank, and flowing round the 
outside of these envelopes, passes through them and 
enters an outlet trunk, which runs the whole length 
of the filter, and to which the inside of the filter- 
plates makes connection. A series of horizontal 
spray-pipes lie in between the filter-plates, and are 
arranged with a vertical travel from the top of the 
tank to the bottom. Normally these pipes lie at 
the bottom of the tank, but when it is desired to 
clean the filter they are raised, and as they fall 
water at 55 1b. pressure is ejected from their nozzles, 
washing off all the deposit from the cloth envelopes. 
This washing operation takes about three minutes. 
In addition to this washing arrangement a connec- 
tion is made to the tanks, so that the cloths can be 
steamed every three or four weeks. 


Tue SEPARATION OF OxyGEN By COLD. 


In a paper on ‘*The Separation of Oxygen by 
Cold,” read before the Faraday Society last Tues- 
day by Mr. James Swinburne, F.R.S., President 
of the Faraday Society, the author dealt with very 
difficult problems in which, so far, few are directly 
interested, but which, he showed, promised to 
affect intimately the work of engineers and metal- 
lurgists. Calculating the energy which the sepa- 
ration of air into its constituents would require 
in an ideal engine, he estimated that, apart from 
losses due to the inefficiency of compressors and 
other features, the separation of 230 grammes 
of air into oxygen and nitrogen might be accom- 
plished at an expenditure of 100,000 joules. One ton 
of air would thus need for its treatment 120 kilo- 
watt-hours, and taking the cost of the kilowatt-hour 
at the low figure of 0.1d., the ton of air could be 
separated into oxygen and nitrogen at an expendi- 
ture of one shilling. The compression of the gases 
into cylinders and their transport would, of course, 
be much heavier items. But if a gas-separation 
plant were combined with a metallurgical plant, 
this speculative plant of Mr. Swinburne—we 
may, perhaps, in remembrance of the presiden- 
tial addresses of Mr. A. Siemens and Mr. Ferranti, 
speak of another ‘‘ presidential vision ’—might bear 
fruit. The nitrogen would help up the calcium 
carbide industry, and metallurgists and chemists 
would be glad to be supplied with oxygen, or at 
least an air enriched in oxygen. Mr. Swinburne 
took the thermo-dynamical standpoint ; his deduc- 
tions must be studied in the original, and we can 
only indicate his line of argument. Though the 
separation of gases, he pointed out, had arisen out 
of the liquefaction of the air, the two problems were 
not the same. The machine for liquefying air might 
be regarded as a thermally-insulated closed vessel, 
provided with three pipes. Air entered the one 
pipe at room temperature, but at higher pressure, 
and oxygen and nitrogen were discharged from the 
other pipes at the pressure and temperature of 
the room. Air—like other not ideally perfect 
gases—had less internal energy when under high 
pressure than when under low pressure at the same 
temperature ; in the process described more energy 


would therefore apparently come out than was fed | 


in, and a permanent régime was impossible ; but a 
balance might be obtained by letting some of the 
air be discharged at low temperature and dimi- 
nished internal energy—namely, in the liquid state. 
But the air had to expand inside the apparatus, 
and as the energy of the expansion could not escape 
from the apparatus in the form of heat (because 
the machine was supposed to be thermally insu- 
lated), power would be lost (which was of little 
importance), or heat be produced at points where 
It was not wanted (which was more serious). 
Hence some sort of device might be added to 
the machine so that the expansion would work 
an engine, and in that case the yield of liquid 


| December are very favourable, the percentage being | 


would be increased. In the separation of the 
gases, on the other hand, the insertion of a turbine, 
though often suggested as an improvement of the 
Linde process, and actually adopted by Claude, 
was not, in Mr. Swinburne’s opinion, advantageous. | 


only 2.8, the average number of members unemployed 
per month being 370, which is a great improvement 
compared with the years 1908-9, when the average 
figures were 534 and 850 respectively. It is pretty 
clear that the figures for the present year would 
have been still tter but for the Boilermakers’ 


The Linde process was nearly reversible, and not | jock-out. The mange | had no disputes that ended 
‘in a strike during the year, a condition of things 


nevessarily irreversible because he expanded through 
a nagar 7 se a pore thought that theoreti- | very satisfactory. Regarding strikes, the following 
cally, or under idea conditions, the separation of a | wise words of advice are offered to the members :— 
gas mixture did not require any expenditure of | « For our own part we can only say our members will 
work, though the picking out of the respective con- | do well to keep a careful watch on the usual fanatical 
stituents must obviously require work to be done | advocates of the so-called ‘down-tools policy,’ as 
in practice, although the total energy of the mixed | a long — past qegesiente the end is invariably 
ases and of the separated gases th .| the same, and that no means favourable to the 
But other matters hat to be Gee into pet sen | bond -fide and genuine trade unionist.” : 
tion ; in fact, although the total energy of the gases | ———— —~ has — wd _ than during 
Hi ; : : previous year. 18 Outlay has, however, more 
a oun aie acekel ecg — — | than me mang last ten years, the figure for 
: | 1900 being 203 members on superannuation, while now 
case. In other words, two unmixed gases had a 


: on : it stands at 408, the cost ten years ago being 4000/., 
certain availability of energy, which was lost on| with a membership of 8566, ao. cost per member of 
mixing them. This, we may add, may be illus-/| 93. 4d., while for 1900 the cost was 9000/.. being an 
trated by considering the case of a chamber average charge per member of at least 13s. 6d. per 
divided into two by a partition of red-hot palla-}annum. In 1904 the superannuation fund stood at 
dium, which is pervious to hydrogen, but not to | 34,500/., while to-day it stands at no less than 64,000/., 
nitrogen. If nitrogen be placed on one side of 


of which 62,820/. is invested on good security and at 
the partition and hydrogen on the other, both at substantial and improved interest. The sum of 11,720/. 
atmospheric pressure, the latter gas will pass 


standing in the general fund, but due to superannua- 
through the partition until the ‘‘ partial” pressure 


tion account, has also been invested during the past 
of the hydrogen is the same on both sides. Hence ag tera The ag ae -_- a okee a a red 
the total pressure on the nitrogen side will be|') . °° Previous year, have nob ae ver x00GL, ome 
raised and that on the other lowered, and this dif- — a on a ee ae it _— 
ference a might be employed to drive an | sidered very desirable that these funds should be put 
engine. The operation of such an engine would 
depend entirely on the fact that the mixing of the 


on a solvent basis as soon as possible. 
( r A strong protest is made —— men who mani- 
gases involves an increase of entropy. ( 


aan join the society merely for what they can per- 
sonally get out of it financially, and then leave it as 
soon as they conveniently can, Five cases are men- 
tioned of men who joined whose membership averaged 
only six years apiece, and their total drain on the 
society's funds was 177/. 17s. 2d., one of them having 
had as much as 56/. 2s. 6d. They were eventually 
got rid of. 








INDUSTRIAL NOTES. 

Tue South Wales Miners’ delegates held a meetin 
at Cardiff on Wednesday last, at which it was decide 
that the 12,000 men who have been on strike in the 
Aberdare Valley for two months shall resume work at 
once, while their grievances are being discussed by Mr. 
M. Hann, the managing director of the Powell- 
Duffryn Company, and the workmen’s committee. A 
grant of 5000/. was made by the conference towards 
the relief of distress in the valley. A huge proces- 
sion of men, numbering about 11,000 strong, marched 
to Pontypridd Police Court on Wednesday to protest 
against a number of strikers from Gilfach Goch being 
summoned to answer charges of alleged intimidation. 
It appears to have been more of an entertainment 
than anything else, as four bands accompanied them. 
The time also was enlivened with songs while the 
charges were being heard. The magistrate’s decision 
was postponed till Thursday. More strikers are to be 
charged. With regard to the police cost of the disturb- 
ances, it was resolved on Tuesday last by the Glamorgan 
County Council Finance Committee to place 20,000/. at 
the disposal of the Standing Joint Committee towards 
covering the cost of the imported police in the strike 
area. It was stated at the meeting that the Standing 
Committee wanted 60,000/. Whatever the cost may 
be, it is only right that the affected district should be 
made to pay for disturbances caused by its own 
inhabitants. Unfortunately the bulk of the rates are 
paid by the colliery proprietors and farmers, who had 
no sympathy with the rioters. 





ue According to the monthly report of the Associated 
Ironmoulders of Scotland for December, there was an 
increase in the membership at the beginning of the 
month of 20 over that of the previous month, the figures 
being respectively 7868 and 7848. This, for the time 
of year, is considered most encouraging. The number 
on benefit this month is 304, compared with 236 a 
month ago, and the idle not on benefit 365, compared 
with 369 last month. Financially, the present month 
is by far the best of the year, the net income over 
the whole trade having been 2901/. 18s. 2d., while 
the outlay was 1972/. 9s. 34d., leaving a gain of 
929/. 3s. 104d., and bringing the capital on November 19 
up to 46,885/. 8s. 34d. Funeral benefit for the month was 
heavy, being 200/., while an accident claim of 50/. had 
to be met. Idle benefit absorbed 455/. 7s. Od., and super- 
annuation benefit for the four weeks took 1005/. 7s. 2d. 





The position with regard to the strike at Shotton 
Iron Works, Flintshire, does not improve. While a 
man was being escorted to work by a body of Man- 
chester police the party was confronted by a picket, 
whose attitude was very hostile, so much so, in fact, 
that it was thought prudent to send the man back. 
To this pitch has the tyranny of trade unionism 
reached, and yet the men who commit such outrages 
on the freedom of other workmen are the first to cry 
out with indignation against anything that appears to 
them to be an interference with methods which the 
may think right, however illegal these methods 





The Monthly Report of the United Pattern- 
makers for November does not give a very cheerful 
picture of the ee of trade in | industry, for 
the figures given denote a continu increase in : ‘ 
the sied at the unemployed, and the word | ™Y be. Such one-sided practices have been allowed to 
“bad,” applied to the condition of trade in different | 9 00 too long. There is a train service which runs 
districts, occurs much too frequently to encourage a | Into the heart of the works, by which means imported 
hopeful frame of mind. At the end of November labour is procured, and the furnacemen are under the 
there were 554 members signing the vacant-books, | immediate protection of the police. 
which represented an increase of 59 on the numbers 
returned in the previous month’s report, and at the 
present time there are 7.7 per cent. of the total 
members unemployed. The percentage is, however, 
less than was the case a year ago, when it was 9.7 per 
cent. The cause of the present unemployment is 
found, to a large extent, in the marine centres, where 
'the boilermakers’ lock-out occurred. As an_indi- 
| cation of this, the percentage of unemployed in Belfast, 
| where there was no lock-out, is very small. Trade 
‘appears to be fair in Manchester, but dull in other 
| parts of Lancashire. Employment is better in Leeds 
than usual, while trade is dull in other parts of York- 
|shire, particularly in Sheffield. The Midland district 
| is, perhaps, best off, and London has not much to com 
| plain of. On the whole, however, the trade may be 


| described as generally bad. 





There is a project on foot in France which is of 
rticular interest to French workers generally. It 
as been originated, it is said, by M. Albert de Mun, 
Deputy of Finisterre, and has for its object the shorten- 
ing of the hours of labour. In form it may be said to 
be a modified eight-hour day for the majority of 
workers, both men and women. It also favours the 
introduction into France of a working week similar to 
that common in England. Work, where possible, 
is to cease early on Saturday afternoon and not 
begin again till Monday morning. The Saturda 
working day in France at present is, as is pretty well 
known, no shorter than the other working days of the 
week, and there is still a good deal of Sunday labour, 
in spite of the fact that the law favours Sunday rest. 
It is hoped that the proposals of M. Albert de Mun 
will before long become the law of the land. If they 
do, they will no doubt prove of great benefit to the 
country in general. 











| The unemployment figures published in the monthly 
|report of the Steam-Engine Makers’ Society for | 





The question recently asked by Sir John Gorst at 
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Whitefields Tabernacle, ‘‘ Where did Osborne get 
his funds to purchase this celebrated 5 coment 
received as answer by the same speaker: ‘‘ They were 
found by rich men and enemies of labour.” Could 
anything more clearly show the loss (let us hope only 
temporary) of reason of some of the members of trade 
unions, and certain of their friends, than these words. 
How can the source of the funds affect the principle 
at stake’? Of course, it has nothing whatever to do 
with it. The principle involved is an exceedingly 
important one, and is felt to be so by men who have 
been willing to supply money in order to support it in 
the courts of law. Moreover, although the source 
whence the money came has really nothing to do with 
the case, as a matter of fact Mr. Osborne declares that 
he had offered to submit the fullest details of the ex- 
penditure on the case to the Trade Union Congress and 
the Amalgamated Society of Railway Servants, and his 
offer was declined. Mr. Osborne has also stated that 
he is prepared to swear that 75 per cent. of the total 
amount collected (which was 655/. 13s. 1ld.) came 
from trade unionists and labour men in different parts 
of the country. Mr. Osborne has deserved the hearty 
support of all free-minded men in the stand he has made 
for minorities, and the distortion of facts by public 
speakers like Sir John Gorst can do no good to the 
cause of trade unionism. We have nothing whatever 
to say against trade unions properly conducted, for 
they are then a power for good, and we have frequently 
shown how beneficial they are. The position they have 
now taken up threatens to defy the law, and it seems 
probable that we shall see attempts to seduce Parlia- 
ment into granting a reversal of the judgment. They 
will, however, injure their own cause if they attempt 
to run in advance of public opinion. At present they 
are demanding the reversal of the Osborne judgment, 
while both political partics are flirting with schemes for 
the payment of members. Both plans are fraught with 
danger. The sure tendency of such an arrangement 
would be for the House of Commons to become a mass 
of paid agents who would struggle each for his own 
ends, or for the man, or body of men, who paid him. 
The condition of a State under such control is certainly 
not pleasant to contemplate. As we have before pointed 
out, trade unions are at perfect liberty as now consti- 
tuted to have their members of Parliament if they wish, 
and to support them if so inclined ; but this support 
must be voluntary, and not compulsory. It is unjust 
that members who do not approve of the political action 
of their leaders should be compelled to contribute 
towards their keep. That Mr. Osborne and others 
who have supported him have been turned out of the 
Amalgamated Society of Railway Servants is signifi- 
cant. This decision, however, will, if upheld, un- 
fortunately go a long way towards undoing the un- 
doubted benefit likely to accrue from the Osborne 
judgment, and we shall not be at all surprised, if it 
is upheld, to find that the trade unions will make no 
further effort to have the Osborne judgment reversed. 


An extraordinary decision was arrived at in Paris 
on Sunday last, the 11th inst., by the Federation of 
Building Trade Employees, to the effect that a general 
strike must be declared because the Government 
recently condemned to death a Rouen man who had 
murdered a non-striker, and that the strike should 
continue until the man was liberated. 


A lock-out has been declared by the merchants of 
Barcelona, in consequence of the workmen’s demands 
respecting the discharge of coal steamers. It is, how- 
ever, expected that the dispute will not be of long 
duration. The strike of metal-workers in that city has 
been settled, and work has been resumed. 


One hundred of the night workmen employed at the 
engineering works of the London General Omnibus 
Company, Blackhorse-lane, Walthamstow, went on 
strike on Wednesday night last as a protest against 
the prohibition of smoking while on duty. When they 
found they could not see the chief engineer, who was 
off duty, they did not wait till he could be communi- 
cated with, but left the works. 


In the Christmas number of the monthly record of 
the Society of Amalgamated Toolmakers is given a 
short account of Robert Applegarth, who was at 
one time known as ‘‘the Attorney-General of the 
trade-union movement.” Born at Hull in 1834, he 
was the son of a quartermaster in the Royal Navy, 
and early became an errand boy, but he drifted into 
the shop of a joiner and cabinet-maker, where he 
learned what he could of the trade. When he was 
twenty-one he married, and earned at the time what 
was regarded as a precarious 24s. per week. In 1854 
he was caught by the fever of the great movement 
there was towards Western America, and left for the 
United States. He did not, however, get farther than 
Pennsylvania, where he found employment at his 
own trade. He afterwards took great interest in the 
emancipation of the slaves, but returned to this 
country in 1860, and found work in Sheffield, where 
he assisted to form the Amalgamated Society of 





Carpenters and Joiners. He had a great talent for 
organisation, which was recognised at once, and he 
soon became general secretary. By his untiring efforts 
he made the society one of the strongest and most 
influential then in existence, and associated with such 
men as George Howell, Henry Broadhurst, William 
Allen, and others, he himself became one of the fore- 
most representatives of trade-unionism. In course of 
time he became a member of a Royal Commission 
which sat to inquire into trade unions, and he was 
himself the first witness examined when the sittings 
of the Commission began. After resigning the secre- 
taryship of the Amalgamated Society of Carpenters 
and Joiners, Mr. Applegarth was for thirty-five 
years an employer of labour. When, some years 
ago, his old friend and comrade, Mr. Howell, was in 
failing health, Mr. Applegarth started the ‘‘ Howell 
Fund,” with the result that Mr. Howell was presented 
with a goodly sum down, and an annuity. In spite of 
his strenuous life, Mr. Applegarth still continues his 
work, which promises to be much further prolonged. 


The industrial use of alcohol in countries where 
revenue taxation does not prohibit its development, 
like it does here, is bound, in a few years’ time, to see 
great advancement, for alcohol forms an excellent fuel 
for internal-combustion engines, where governments are 
sufficiently enlightened to grasp its possibilities and 
allow it to be sold at a reasonable price. It can be 
made from almost any vegetable substance. In parts 
of Africa the leaves and stems of plants are first 
through a special crushing-machine, which slits the 
stems into longitudinal strips, the smaller ones being cut 
up the centre, and the larger pieces cut into four strips. 

e leaves and stems are passed through three pairs of 
rollers and are subjected to great pressure, which forces 
out the juice ; the upper and lower skins of the fibres 
are simultaneously scra by a special arrangement in 
order to facilitate the flow of juice. The juice is then 
distilled in continuous working steam-stills in a simple 
and economical manner with a minimum of fuel and 
water. The stills are easily constructed and are capable 
of being worked by any ordinary intelligent mechanic. 
The alcohol produced by this method is said to be of 
the highest commercial strength and to cost little. 








ProJECTED ENGLISH HyprRo-ELEctRic PowER STATIONS 
in Caucasus.—A special commission is about to investi- 

te and report upon a petition by Mr. Charles H. Stuart 
or a concession for the exploitation of the Terek Falls, 
close to the Lars station, and the Goktscha Falls, in the 
Government of Eriwan. The two projected electric power 
stations will be able to supply the whole of the Caucasus 
with electric energy. 


FrencH Street-Makinc.—The production of steel in 
France in the first half of this year was 1,632,000 tons, as 
compared with 1,506,329 tons in the first half of 1909. The 
total of 1,632,000 tons was made up as follows :— Bessemer 
acid, 41,137 tons; Bessemer basic, 1,033,365 tons; open 
hearth, 542,774 tons; crucible, 8143 tons; and electric, 
6611 tons. The production of finished steel in France in 
the first half of this year was 1,106,919 tons. In this latter 
total rails figured for 156,828 tons; beams for 111,490 tons; 
merchants’ bars and shapes for 458,759 tons; and plates 
and sheets for 192,155 tons. 

Tue Workine AND ContROL OF STEAM BorLers.—Mr. 
John B. C. Kershaw read before the Association of 
Engineers in Charge, on Wednesday, the 7th inst., a 
od dealing with the working and control of steam 

nlers. He reviewed the ibilities for savings under 
four headin dealing with fuel, water, combustion of 
the fuel, and steam production. The wise engineer, he 
said, should adapt his furnaces and, if necessary, his 
boilers to the fuel which was mined closest at me In 
many cases the question of fuel-supply costs was rarely 
considered until the plant was ready for operation. 
Greater attention should be paid to the boiler-feed, to 
softening ; also to the composition and temperature of 
the exit gases, the air-supply, and so forth. Progress in 
the matter is more rapid and satisfactory when there is a 
friendly intercourse between the engineer and the chemist, 
when each has no scruple in calling the other to his aid. 


Contracts.—Messrs. C. and A. Musker, Limited, have 
recently secured the contract for the complete hydraulic 
installation for the Tilbury Coaling Company, Limited, 
consisting of two sets of high-pressure pumping-engines 
with a capacity of 35,000 gallons per hour, accumulator, 
capstans, four coaling-cranes, and piping. They have on 
hand four electric transporter-cranes the Swansea 
Harbour Trust and the Imperial Paper Mills, Limited, 
electric cranes for the India Office, Henry Bessemer and 
Co., Limited, and others.—-Messrs. F. Reddaway and Co., 
Limited, Pendleton, Manchester, have received a contract 
for equipping the silk factory of Messrs. Brough, Nichol- 
son, and Hall, Limited, Leek, with conveyors for 





handling their manufactured goods from mill to ware- 
house, and the boxes from the box factory to the mill. | 
They have recently executed large coal-conveying installa- | 
tions at Manvers Main Colliery Company, Yorkshire, and 
at the Consett Iron Company, Durham; also a special | 
cable conveyor for the Ammonia Soda Company, Cheshire. | 
—The Underfeed Stoker Company, Limited, have re- 
cently received orders for sixty-two stokers for Great 
Britain, the Colonies, the Continent, and distant coun- 
tries, several of which are repeat orders, 


——= 


DUPLEX HORIZONTAL DRILLING, 
TAPPING, AND MILLING - MACHINE, 


WE illustrate on Plate LX X XIX. a powerful duplex 
horizontal drilling, tapping, and milling-machine, which 
has been constructed by Messrs. Joshua Buckton and 
Co., Limited. This machine, the general features of 
which are clearly shown by the engraving, wil! drill 
and mill ata maximum height of 16 ft. from the surface 
of the bed-plate, and the spindles will range lonvitu- 
dinally from 2 ft. 6 in. apart to 16 ft. apart. Rach of 
the two vertical columns carries its own driving-motor 
of 20 horse-power, the position of which is clear] 
shown in the illustration. Each motor is entirely self. 
contained and independent of the other. The columns 
can be traversed upon the base by power, and the drill 
headstocks have vertical - power traverse upon the 
columns. 

Each of the drill-spindles has a variable self-actin 
motion of 36 in., and disengaging motion and quick 
hand adjustment are also provided for bringing 
the — rapidly to and from its work. On each 
saddle there is a powerful cluteh mechanism provided 
for we the motion of the spindle for tapping, 
and the drill headstocks are counterbalanced. A wide 
range of spindle speeds is provided, and both the base- 
plate and the two drill columns are of very massive 
design, in order to withstand the stress of heavy work. 
The total weight of the machine is about 60 tons. 








WORKMEN’S COMPENSATION CASES. 
Court or APPEAL. 

‘* Tips” part of Weekly Earnings.—It may be acknow- 
ledged that in estimating a workman’s weekly earnings, 
he is entitled to include his regular tips received as well 
as his weekly wages, when the basis of compensation for 
injuries under the Workmen’s Compensation Act is in 
question. At Whitechapel County Court an award was 
made to a carman who was injured in an accident. The 
applicant, who was employed by a firm of carriers, was 
paid 24s. a week in wages, and he was allowed to add to 
this considerably by tips from people to whom he de- 
livered parcels. 

The employers did not recognise these tips like a waiter’s 
tips as part of the man’s wages. The case was decided in 
the Court of Appeal on November 15 in favour of the 
workman, and it was held that the value of his working 
capacity was measured by his weekly earnings, which 
included all he got in wages and tips. 

A Separated Wife's Dependency.—It has over and over 
—_ been decided in the Court of Appeal that a wife 
who is separated from her husband may claim to be a 


——- and obtain compensation at his death. 

Notwithstanding this, a case came before the Court of 
Appeal on November 15, when the application of Keeling 
v. the New Monckton Collieries, Limited, was the subject 
of an appeal by the employers on the ground that Mrs. 


Keeling had been separated from her husband for twenty- 
two years, and ho been supporting herself and her 
children unaided. The y wate. husband, who was killed 
by accident, had been separated from his wife by agree- 
ment, but had paid nothing for her maintenance. The 
woman, it was argued, could not be said to have been a 
dependant upon her husband or to have suffered loss by his 
death. The employers no doubt made this defence in 
good faith, but a ought to have known that in law 
she had ail along been a dependant on her husband, and 
in his lifetime might have demanded maintenance. It 
was only with his death her claim ceased, and therefore 
she was, under the Workmen’s Compensation Act, entitled 
to compensation at his death. 

This is a point of law which many cases have estab- 
lished. The County Court Judge was quite right in 
awarding Mrs. Keeling 2607. There had been no actual 
dependency, for she had for twenty-one years never had 
anything from her husband. While he lived he had 
always mn responsible, and there had never been a 
separation agreement to release him. 

Refusal to Record Agreement.—An interesting point was 
raised in the Court of Appeal on November 16 when an 
appeal of a workman named Maundrell v. the Dunkerton 
Collieries Company was dismissed. 

The County Court Judge of Bath had refused to record 
a memorandum of agreement said to have been made 
between the workman and the employers. As a matter 
of fact, there had been no formal agreement, written or 
verbal ; but employers paid the workman compensation 
as from the date of the accident—October, 1908, till 
June 18, 1910. The workman, before end of June, 1910, 
had partially recovered, but in December, 1908, the 
workman’s lawyer deposited in the County Court a memo- 
randum of agreement, which, in effect, said the employers 
would pay compensation from October, 1908, during total 
or partial incapacity. er 

he question was whether an agreement was implied to 
pay compensation during partial incapacity. In ‘ etober, 
1908, a memorandum was deposited with the County 
Court, and in January, 1909, the employers also deposit 
a memorandum stating that they objected to registration 
of the workman’s memorandum, and that they did not 
agree to pay 10s. 10d. a week during partial incapacity. 

The Court of Appeal dismissed the workman s appeal 
on the ground that while the agreement made it clear that 
he employers would pay 10s. 10d. for total incapacity, 1¢ 
was unfair to suggest they likewise agreed to pay 10s. 10d. 
er week for partial incapacity. The County Court 
Judge held this view, and the Court of Appea! ag 
with him, 
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20-BRAKE-HORSE-POWER GAS-ENGINE. 


CONSTRUCTED BY 


MESSRS. 


RUSTON, PROCTOR, AND CO., 


LIMITED, 


ENGINEERS, LINCOLN. 








In our notice of the recent Smithfield Club Show, 
which appeared in our issue of last week, we briefly 
referred to the stand of Messrs. Ruston, Proctor, and 
Co., Limited, of Lincoln. We have now pleasure in 
describing more fully one of the firm’s exhibits which 
was on view at the Islington Hall for the first time—a 
20-brake-horse-power suction-gas producer and engine, 
the latter of which we illustrate above, the engraving 
being a reproduction from a photograph. 

The plants occupy very little space, and are very 
compact. One great advantage claimed for the pro- 
ducer is that the scrubber can be arranged in any 
position relative to the generator that may best suit 
the requirements of the installation. When the pro- 
ducer has to stand idle for any length of time, the 
scrubber can be shut off from the generator, which is 
accomplished by a patented arrangement consisting of 
a three-way valve that closes the connection between 
the scrubber and the generator whenever the latter is 
opened to the atmosphere. In practice this has been 
found more satisfactory than a permanent or a tempo- 
rary water-seal. The plant requires no separate boiler, 
there being a water-chamber which provides all the 
vapour required for enriching the gas. 

"he engine, which is represented in our engraving, 
is of 20 brake horse-power, and has, as may be seen, @ 
heavy fly-wheel, the diameter of which is 5 ft. 9 in., 
and the width on the face 7in. The crank-shaft is 
supported by an outer bearing and runs at 240 revo- 
lutions per minute. The cylinder and bed-plate are 
cast together, the back end, or combustion-chamber, 
being separate. It has been found that very satis- 
lactory results accrue from this mode of construction, 

« thrust of the connecting-rod being taken by the bed- 
piate instead of by the overhung cylinder, which latter 
tends to deflect at each explosion. The cylinder has 
an independent liner, which can be easily and cheaply 
renewed. Ring-oilers are fitted to both the main 
an’ the crank-shaft bearings, and close attention has 
Forced lubrication is 


7 
P 


een paid to the lubrication. 

si pplied to the cylinder, continuous lubrication to 
the crank-pin and positive lubrication to the piston- 
in, and a trough is provided all round the bed- 
piate to prevent any oil reaching the foundations. 
= ance-weights are provided on the crank-shaft, and 


gularity of running is ensured by the heavy fly-wheel. 














The governor is of the hit-and-miss type, and the 
— works on the Otto cycle. 

Magneto ignition has been adopted, the ignition gear 
being adjustable. The magneto, which may be seen 
in our illustration, is fitted with a neat planished cover, 
the armature being thus kept free from dust and 
damp. The engine is efliciently cooled and large 
hand-holes are provided for cleaning out all deposit 
which may accumulate in the water spaces. 








THE NEW HARRISON LINER 
** EXPLORER.” 

Messrs. Cuas. CONNELL AND Co., Lim1TED, Scotstoun, 
Glasgow, have recently built for Messrs. T. and J. 
Harrison, Liverpool, a new liner, the Explorer, the 

rincipal dimensions of which are the following : 

ngth, 470 ft.; breadth, 57 ft.; depth, moulded, 35 ft. ; 
Seah, 16,265 tons at load draught of 27 ft. 11 in. 
She was engined by Messrs. Dunsmuir and Jackson, 
Limited, Govan Engine Works, Glasgow. 

The engines, which we illustrate on Plate XC., 
have been designed for smooth running and low con- 
sumption ; they are of the direct-acting quadruple- 
expansion four-crank type, constructed for a working 
pressure of 215 lb. per square inch, and are capable 
of developing 4000 indicated horse-power at 76 revolu- 
tions per minute. The high-pressure cylinder, 25} in. 
in diameter, is placed at the forward end. The first 
intermediate cylinder is at the aft end, and is 364 in. 
in diameter. The second intermediate adjoins the first 
intermediate cylinder ; its diameter is 52 in. The low- 
pressure aii having a diameter of 74 in., is next 
to the second intermediate one. The stroke is 54 in. 

All the cylinders are separate castings ; they are 
strongly cunnected together by fore and aft wrought- 
steel stays. The columns are joined together at the top 
by heavy box girders, to secure longitudinal stiffness. 
The high-pressure and the first intermediate cylinders 
are fitted with piston valves ; the second intermediate 
and the low-pressure cylinders have double-ported 
slide-valves. 

The shafting throughout is of British steel ; the 
crank-shaft is 15} in. in diameter, made in four inter- 
changeable pieces, and has eight main bearings. 
The condenser is entirely independent ; it is built of 











steel plates, and is connected with a Drysdale centri 
fugal pump, having two engines. The main feed- 
pumps ont feed-heater were supplied by Messrs. G. 
and J. Weir, Limited. The main engines are con- 
trolled and reversed by Messrs. McTaggart, Scott, and 
Co.’s steam and hydraulic reversing engine. 

The propeller is of the built type, having four man- 
ganese-bronze blades, and is 18 ft. 9 in. in diameter. 

Steam is supplied to the engines by two double-ended 
boilers, 15 ft. 9 in. in mean diameter and 17 ft. 6 in. in 
mean length, and by one single-ended boiler, 15 ft. 9 in. 
in mean diameter and 10 ft. 9 in. in mean length, 
there being in all fifteen furnaces, worked under natural 
draught. 

During the trials, which were run on the Firth of 
Clyde, a speed of 14 knots was obtained on the measured 
mile, no vibration in the engine-room and other parts 
of the vessel being noticeable. 








THE PHYSICAL SOCIETY OF LONDON. 

At the meeting held on November 25, Professor H. L. 
Callendar, F.R.S., President, in the chair, a paper, 
entitled ‘‘ The Electric Stress at which Ionisation Begins 
in Air,” was read by Dr. A. Russell. 

In the Proceedings of the American Institution of 
Electrical Engineers for July, 1910, Professor J. B. 
Whitehead publishes the values of the electric stress at 
which ionisation begins in air. The electrodes he used in 
his experiments consisted of a metal tube and a cylin- 
drical wire coaxial with it. Alternating pressures were 
employed, and the inner wires used had diameters varying 
in size from 0.089 cm. to 0.475 cm. If a be the radius of 
the inner wire, the author has found that the expression 


32 + 13.4/,/a gives all Whitehead’s experimental results 
for the maximum electric stress in kilovolts per centi- 
metre, with a maximum inaccuracy of less than 1 per 
cent. The experiments show that the electric stress at 
which ionisation occurs is independent of the metals used 
for the electrodes and of the inner radius of the outer 
tube. It depends merely on the radius of the inner wire. 
It is shown that Steinmetz’s experimental results on the 
sparking distances between parallel rods are in substan- 


tial agreement with Whitehead’s figures. Possible 
reasons for the discrepancies are given. An empirical 
formula is given which is based on experimental 
results recently published by Kowalski and Rappel for 


the sparking voltages between equal spherical electrodes. 
The results indicate that the electric stress at the moment 
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of discharge has a minimum value when the distance 
between the electrodes is a certain function of their radius. 
The author lays great stress on the currents of electrified 
air which stream round the electrodes before the discharge 
takes place, and the effects of which it is customary to 
neglect. These currents often modify very appreciably 
the values obtained for the disruptive stress at the 
moment of discharge. The striking similarity between 
the formule for the temperature gradient at the surface 
of a hot-wire cooling in air and the empirical formula for 
the potential gradient at the surface of an electrified wire 
when ionisation is taking place at its surface is pointed 


out, 

Dr. C. Chree expressed his interest in the paper, and 
remarked that when the electrodes were close together 
electrostatic attraction might produce an actual transfer 
of matter from one electrode to the other. The effect of 
the electrostatic attraction on the diminution of the dis- 
tance between the electrodes would depend upon the 
nature of the apparatus used. 

Professor Strutt remarked that the effects which the 
author had discussed in his paper might be attributed to 
causes similar to those suggested by Dr. Chree. 

Dr. Erskine-Murray gave some particulars of Dr. 
Shaw’s experiments on the subject, and asked the author 
if he would extend his researches to electrodeless dis- 
charges. 
Mr. D. Owen expressed his interest in the paper, and 
pointed out that the experimental results depended upon 
the strength of the apparatus used. It was necessary that 
the apparatus should | very strong. 

Mr. Rayner remarked that he had worked at the sub- 
ject, and obtained results with alternating currents in 
agreement with those got by Watson with direct currents. 

Dr. R. 8. Willows pointed out that the path of the 
spark at the minimum sparking potential was not neces- 
sarily the shortest path between the electrodes. With 
regard to abrasion of the electrodes, due to the electro- 
static field, he referred to recent experiments which had 

m carried out on the subject. 

The author, in reply to Dr. Chree, stated that in the 
experiments with electrodes at microscopic distances 
apart, the restoring force which balanced the electro- 
static attraction was due to a want of rigidity, both of 
the framework of the apparatus and of the electrodes. In 
certain cases he would expect that the length of the free 
ends would have an appreciable effect on the result. In 
his opinion it was aa a case of electrostatic attraction, 
the abrasion of the surfaces not occurring until there was 
contact. Taking into account this attraction, the exist- 
ence of a minimum spark potential, and the dielectric 
coefficient of the medium in which the electrodes were 
immersed, the experimental results could be satisfactorily 
explained. In reply to Mr. Rayner, he stated that the 
formule gave results which were in geod agreement with 
those obtained by both Watson and Rayner. This was 
interesting, as the former obtained his results by noticing 
the voltage at which the capacity current suddenly in- 
creased, and the latter by studying the wattmeter read- 
ings. Recent research has shown that the vol 
between overhead wires at which luminous effects, dis 
ruptive discharges, sudden increases in the ings of 
the ammeters and wattmeters in circuit, and sudden 
violent ionisation begin, are practically the same. 

A paper on “ The Afterglow of Electric Discharge” 

was by Professor R. J. Strutt. 
It has long been known that when the electric discharge 
has passed at low pressure through certain gaseous mix- 
tures, a luminosity survives for some seconds after the 
discharge has been turned off. A greatly improved method 
of experimenting on the phenomenon was introduced by 
Dewar (Proc. Roy. Inst., 1888). A powerful air-pump is 
used to draw a regulated current of gas through the 
vacuum tube. In this way a continuous removal of the 
gas from the region of discharge is effected, and the after- 
glow which it emits in passing through another vessel on 
its way to the pump can be examined continuously and 
at leisure. 

There has been considerable difference of opinion as to 
whether pure oxygen shows a glow or not. Under the 
conditions of the author’s experiments, the glow, if any, 
is certainly exceedingly faint. With air, on the other 
hand, a bright yellow glow is obtained, which is improved 
by enriching the air with oxygen. Pure nitrogen gives 
no glow whatever. ; 

Several previous experimenters have connected the 
glow with ozone, though generally without expressing any 
very definite view as to what part ozone played in its pro- 
duction. The chief evidence for this hitherto has been 
that the glow is only obtained when oxygen is present, 
and that it is destroyed by heat. The following addi- 
tional evidence was obtained. 

1. The glow cannot survive passage through a tube 
cooled in liquid air. This is regarded as due to conden- 
sation of ozone. 

2. It is destroyed by passage over oxides of copper, 
manganese, and silver. Ozone, too, is known to be 
destroyed by these substances. 

3. While the glowing gas oxidises bright silver, the gas 
current beyond the point at which the glow has died out 
does not do so. Disappearance of the glow is simul- 
taneous with disappearance of ozone from the gas. 

The glow is thus shown to involve consumption of 
ozone. Itis therefore natural to regard it as a flame of 
low temperature, arising from the oxidation of some other 
body by ozone. The next experiments were made to 
determine the nature of this other body. A current of 
ozone from a vacuum-tube fed with oxygen wasallowed to 
mix, in a Y-shaped tube, with any other gas which it was 
desired to test, on its way to the pump. 

Nitrogen or ordinary air added to the ozone gave no 
effect, but air which hadi been throvgh an independent 

i and had been deprived of its original glow by 





silver oxide, was found to glow again on mixing with 
ozone. Clearly, then, some body is produced in air by the 
discharge whose oxidation is responsible for the ae 

This body proves to be nitric oxide. On leading a 
current of this gas into the ozone stream a very brilliant 
glow was obtained, of the characteristic yellow colour. By 
suitable arrangements this glow can be produced in the 
form of a pointed flame, with dark inner cone. The glow 
is not associated with a sensible rise of temperature. 
Condensing the ozone with liquid air, allowing it to re- 
evaporate, and oye nitric oxide to it, a yellow flash 
pin, a obtained, ay. after the electric discharge is over. 
The glow is purely chemical in its origin. 

Ozone from the Siemens tube used at atmospheric pres- 
sure seems incapable of yielding the glow when mixed 
with nitric oxide. This may be due to the low percentage 
of ozone present. Further investigation is in pi on 
this point, and also on the possible production of a glow 
in other cases of oxidation by ozone. 

The main conclusion of the present paper is that the 
ordinary yellow afterglow is due to oxidation of nitric 
oxide by ozone. 

Dr. J. A. Harker asked if the presence or absence of 
water vapour had any effect upon the results obtained. 

The author replied that the same results were obtained 
with air saturated with water vapour and air dried by 
means of phosphoric anhydride. 

Mr. J. 8S. Dow described a form of instrument, of 
specially portable and compact design, for the measure- 
ment of surface brightness or illumination. The 
observer looks through an aperture in a white screen, 
which is illuminated by means of a small glow lamp, 
at the surface to be studied. The illumination of the 
screen can then be varied by a special device, which 
gives a uniform scale capable of being calibrated in foot- 
candles or lux, as desired. The instrument can be cali- 
brated by observing any surface of known brightness, and 
a range of readings from 0.01 to 100 foot-candles can 
secured. For this purpose two neutral dark glasses, 
each reducing the incident light to one-tenth, are em- 


ployed. 

The device for adjusting the illumination of the screen 
in the apparatus is as follows :—The small glow-lamp is 
set within a light-tight white chamber and illuminates 
a ground opal sector-shaped piece of glass at the end of it, 
with uniform intensity. Shutters can then be caused to 
travel in front of this glass, cutting off the area to a known 
extent and causing a corresponding change in the resul- 
tant illumination. The author referred to several sources 
of error encountered, and overcome in order to secure the 
—— uniformity and an accurate scale of foot-candles. 

ubsequently the author mentioned some experiences in 
using the instrument, which can be readily carried about 
by the observer into any interior, and applied to measure 
illumination or surface brightness in any plane, and in 
inaccessible places. The instrument, it is suggested, will 
also be of service in the laboratory, on account of its 
simplicity and ease of manipulation. 

Dr. Russell thought that a photometer of this nature 
would prove of great value to medical inspectors of 
schools. It would furnish a means also of telling whether 
the photometrical observations of street-lighting on foggy 
nights were much affected by absorption. 

A paper on ‘‘ The Approximate Solution of Various 
Boundary Problems by Surface Integration Combined with 
a Graphs,” by Mr. L. F. Richardson, was taken 
as 4 








FOREIGN ENGINEERING PROJECTS. 

WE give below general information concerning colonial 
and foreign work. Further information concerning the 
same can be obtained from the Commercial Intelligence 
Branch, Board of Trade, 73, Basinghall-street, E.C. 

Canada: His Majesty’s Trade Commissioner for 
Canada reports that Mr. Voligny, who has been direct- 
ing the surveys (now nearly completed) foi: a proposed 
waterway from Lake ware to inenten, states that 
the scheme is quite feasible. The distance from the head 
of Lake Winnipeg to Edmonton is 398 miles, and there 
is no particular obstacle anywhere in the route. The 
cost of the work is estimated at some 15,000,000 dols. 
(about 3,080,0007. ). 

Denmark ; His Majesty’s Consul at Copenhagen reports 
that tenders are invited by the Aarhus Harbour a 
for the erection of two iron lighthouses on the piers and 
for the dredging of the new harbour. 

Russia: The Russian Official Messenger notifies that 
the operations in connection with the deepening of the 
channel in Mariupol Harbour to 24 ft. have been com- 
pen and that the channel was opened for traffic on 
November 30. It appears that this is one of the first 
attempts at deepening operations in the Sea of Azov, and 
that plans are at present being considered for channel 
works in other ports in the same locality, and for the 
further improvement of the Mariupol Harbour. The 
Journal de St. Pétersbourg states that Bills will shortly 
be submitted to the Imperial Duma relative to harbour 
works in the Black Sea. These will include deepening 
the channels leading to Novorossisk to 30 ft., deepening 
the Kertch-Yenikale Sound, the construction of wharves 
at Rostov, and the construction of a harbour in Sudak 
Bay (Crimea). 

taly: The Gazzette Uficiali contains notices, issued 
by the Italian State Railways Administration, inviting 
tenders for the construction of sections of railway— 
(1) from Cattolica to Montall , and (2) from Partanna 
to Santa Ninfa, being part of the Sicilian railway system. 
The length of each section is about 34 miles, and the 
cost of construction is estimated at 780,000 lire (31,200/.) 
in the case of (1), and at 520,000 lire (20,800/.) in the 
case of (2). Tenders will be opened in each case on 
December 29, at the Direzione Generale delle Fer-ovic 
dello Stato, 16, Via Ludovisi, Rome. They also contain 


notices, issued by the Italian State Railways Adminis. 
tration, inviting tenders for the construction of three 
rtions, of a total length of about 3} miles, of the 
ine from Varase to Airole, forming part of the Vent. 
miglia to Cuneo Railway. The upset prices are put 
respectively at 1,822,000 lire (72,880/.), 1,645,000 lire 
(65,8007.), and 1,630,000 lire (65,200/.). Tenders will be 
opened at the Direzione Generale delle Ferrovie dello 
Stato, 16, Via Ludovisi, me, on January 5. They 
further notify that the communal authorities of Comitini 
invite tenders for the carrying out of water and sewage 
works there. The cost of the works is estimated at 95,000 
lire (3800/.). Tenders will be opened on December 2) by 
the Sindaco, at the Palazzo Communale UComitini. 
Although the above contracts will in all probability be 
awarded to Italian firms, the carrying out of the works 
may involve the purchase of some materials out of Italy, 
Spain: The Gaceta de Madrid announces that tenders 
will be opened on December 27 at the Ministerio de 
Agricultura, Industria, Comercio y Obras Piiblicas, 
Madrid, for the filling in and draining of reclaimed 
lands in the harbour of Pontevedra. The upset price is 
put at 90,000 tas (about 33001.) The Gaccta also 
publishes a notice, issued by the Direccion General de 
Obras Publicas, Madrid, inviting tenders for the carrying 
out of improvement works in the harbour of Luanco, Pro- 
vince of Oviedo. The upset a put at 602,130 pesetas 
(about 22,300/.). Tenders will be opened on December 31. 
Although the above contracts will in all probability be 
awarded to Spanish firms, the carrying out of the works 
may involve the purchase of some materials out of Spain. 
The Gaceta further notifies that Don Pedro Alcober has 
applied to the Direccién General de Obras Publicas, 
adrid, for a concession for the construction and working 
of a secondary railway from Palma to the port of Soller. 
The cost of construction is estimated at 4,654,000 pesetas 
(about 172,000/.). The minimum amount of rolling-stock 


be | required for the opening of the line will be three loco- 


motives, twelve passenger coaches, and twenty goods 


wagons. 

Brazil: With reference to a call for tenders for dredg- 
ing —- in the rivers flowing into the Bay of 
Rio de Janeiro, the British Acting Consul-General at 
Rio reports that the contract has been awarded to a 
German firm. With regard to a call for tenders for 
the execution of port works at Corumba, the British 
Acting Consul-General at Rio de Janeiro reports that 
no award has m made in respect of this contract, 
and that another call for tenders is to be issued. 
The Diario Official contains the following decrees :— 
No. 8348, a come | the plans and estimate of 2,459,373 
milreis, subenitted y the Companhia Lavoura e Coloni- 
zacao, of Sao Paulo, for an extension of the Maricé rail- 
way from Nilo Pecanha to Iguaba Grande; No. 8350, 
approving the plans and estimate of 6,656,179 milreis, 
submit by the Companhia de Estrada de Ferro de 
Goyaz, for the construction of a section of line, 50 miles 
long, from Catalio to Ipamery; No. 8352, approving 
the plans and estimate of 8,774,000 milreis gold (about 
987,000.) submitted by the South American Railway 
Construction Company, Limited, for the construction 
of 173 miles of line belonging to the Cearense system of 
railways ; No. 8354, approving the plans and estimate 
of 2,200,375 milreis, submitted by the Great Western of 
Brazil Railway Company, Limited, for the construction 
of 28 miles of line from Vicosa to Palmeira dos Indios ; 
No. 8362, granting to the last-mentioned company powers 
to construct an extension from Garanhuns to Bom Con- 
selho, forming part of the Pernambuco Southern Railway. 
The Diario Be contains a notice issued by the Ministry 
of Communications and Public Works, inviting tenders 
for the carrying out of surveying operations and the con- 
struction of the following sections of railway :—Sao Pedro 
to Sao Luiz and S. Barja, Jaguario to Basilio, and Ale- 
— to Quarahy. ‘Tenders, which will be opened on 

anuary 12, should be accompanied by a deposit of 
20,000 milreis and addressed to the Directoria Geral de 
Obras e Viacio, Ministerio da Viacgio e Obras Publicas, 
Rio de Janeiro. All material which it may be necessary 
to import for the construction of the above lines will be 
exempt from Customs duties. (Milreis = about 1s. 4}d. 
at present. ) 








Our Coat Propuction.—The quantity of coal produced 
in the United Kingdom in 1909 was 263,798,562 tons. 
This total was made up as follows :— England, 183,440,646 
tons ; Wales, 40,440,159 tons ; Scotland, 36,768,565 tons; 
and Ireland, 89,392 tons. The value of last year’s output 
was 106,271,920/., this total being made up as follows: 
—England, 70,853,218/.; Wales 22,118,882/.; Scotland, 
13,252,542/.; and Ireland, 47,2787. The average value per 
ton was, accordingly, 8s. 1ld.—viz., England, 7s. 9d. per 
ton ; Wales, 10s. lid per ton ; Scotland, 6s. 7d. per ton; 
and Ireland, 10s. 6d. per ton. 


DirFicutty IN Pier Construction at MAROLA, GULF 
or Sprzia.—The Commercial Intelligence Branch of 
the Board of Trade learn from a reliable source that 
great difficulty is being experienced in the construc- 
tion of the pier at_ the Government coal dépét at Marola 
(Cadimare), in Spezia Gulf. This work has been 
attempted several times, but has always proved im- 
caaaliibe of accomplishment, to the loss of any firm 
contracting for the work. There would appear to be 
fresh-water springs rising at the bottom of the sea at this 
_ causing a continual subsidence and shifting of any 
oundation laid. The marine engineers have just recently 
made another attempt to construct this pier, but after 
they had built about 75 to 100 yards of the outer wall, 1t 
fell to pieces again, the stones being tilted end-up or 





lying all irregalarly. Even piles are said to be unavailing 
in this case, being swallowed up also. 
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THE INFLUENCE OF SILICON ON PURE 
CAST IRON.* 


By ArtTHUR Hacur, M.Sc. (formerly Bowen Research 
‘Scholar in the University of Birmingham) and Pro- 
fessor THOMAS TURNER, M.Se. 

Part I.—INTRODUCTION. 
By Professor TURNER. 

THE systematic study of the effect of silicon on the 
jhysical and mechanical properties of iron and steel may 
= said to commence with the first of a series of rs 
communicated to the Chemical Society in 1886.¢ The 
conclusions contained in these papers have since been 
extended by Keep, Hatfield, and other observers, and 
have been extensively applied in modern iron-foundries. 
The original experiments, however, suffered from the 
disadvantage that no materials of any approach to 
chemical purity were then available. Hence the ‘pure 
cast iron” employed as a base for the series contained 
0.70 per cent. of elements other than iron and carbon, 
while the 10 per cent. ferro-silicon contained 2.2 per cent. 
of foreign elements, of which the chief was manganese. 
At that cate also Sorby’s paper on the application of the 
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The following are among the interesting facts of which 
proof is given in the thesis :— 

1. There are three temperature arrests plainly shown 
throughout the series. The highest of these is not so 
distinct as the two others ; it corresponds with the begin- 
ning of solidification, and varies, somewhat i larly, 
between 1195 deg. and 1247 deg. Cent. Probably the 
irregular results are due to supercooling effects arising 
from the rapid fall in temperature of the bars during the 
first two or three minutes in the mould. 

The second arrest is very distinct and fairly regular in 
character. It begins at 1136 deg. to 1138 deg. Cent. in 
the absence of silicon, and steadily rises to 1161 deg. Cent. 
with rather under 5 per cent. of silicon. This corresponds 
with the se tion of the iron-carbon eutectic. 

The third arrest is also very distinct throughout the 
series, and rises from 700 deg. Cent. with no silicon to 
795 deg. Cent. with 4.83 per cent. Thiscorresponds with 
the well-known pearlite point. The addition of 0.5 per 


4 Fig. 2. 
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microscope to the study of iron and steel was still un- | cent. of manganese to a cast iron containing 3 = cent. 


written ; Le Chatelier’s thermo-couple was not in the 
hand of metallurgists; and the modern method of 
obser ving the volume changes of metals during and after 
solidification had not been introduced. 

In October, 1908, Mr. Hague was requested to start 


with the purest materials available ; to prepare a series 
of iron -carbon-silicon alloys with carbon in the neighbour- 
hood of 3 per cent. ; to study the temperature and volume 


changes of the alloys when cast, and to examine the 
microstructure and other properties of the products. 


The results of Mr. Hague’s labours were embodied in a 
thesis. As Mr. Hague is engaged in South Africa, his 
Sais iS presented, as nearly as possible, in its original 
™. 
mace, and the diagrams have been re-drawn for publica- | point. 
tion by Mr. K. Browne, Professor Turner’s assistant. 


on read before the Iron and Steel Institute at 
On, 


* T. Turner, ‘‘ The Influence of Silicon on the Proper- 
(Journal of the Chemical] Society, 
page 577). 


ties of Cast Iron” 
vol. xlvii. (Trans. ), 


of silicon lowered this pearlite point by no less than 
| 87 deg. Briefly, therefore, it may be stated that the 
addition of silicon tends to bring the three arrest-points 
closer together, while the presence of a little manganese 
keeps the two lower arrests further apart. 

2. The extensometer curves show that, as previously 
recorded, a bar of pure ‘‘ washed ” cast iron contracts 
uniformly in length during and after solidification, there 
being only two small arrests, at the eutectic and pearlite 
| points respectively, which are scarcely noticeable in the 
reduced curves (see Fig. 1). On the first addition of 
| silicon, though only 0.23 per cent. was added, the bar 
expanded immediately after solidification, and there 





Some omissions and verbal alterations have been | was another marked expansion at or near the pearlite 


The expansion in the subsequent bars, which 
are still white and contain up to about 1 per cent. 
of silicon, is practically constant; but with 1.19 per 
cent. of silicon, when graphite separates, there is a 
marked increase in the first expansion, which is not only 
larger in quantity, but also extends over more than double 
the time. With more silicon (5 to 8 per cent.), as the 
separated graphite becomes smaller in size, the first 








een tends to become rather less marked, though 
still large, and the second expansion apparently disap- 
pears. Probably what really happens is that the two 
expansions me into one another, and hence the break 
in the curve disappears. ‘The real total expansion is, 
however, almost identical in all the grey irons if deter- 
mined by the difference between the area enclosed by the 
standard curve (bar 1) and that of any iron of the grey 
series (bars 5 to 18). 

3. A few photo-micrographs have been selected to show 
the gradual change from white to grey iron on adding 
silicon. The structure of Fig. 14, page 843, is that charac- 
teristic of a strong grey iron, such as would probably 
give the highest transverse test of the series. 

The observation that the addition of silicon to iron con- 
taining 3 per cent. of carbon leads to a pronounced ex- 
pansion in the cast bar, even before graphite begins to 
separate, is new and interesting. The expansions may be 
numerically compared, either Y measuring the vertical 
height of a time-expansion curve above the wm ty line, 
or by noting the time which elapses after pouring before 
the expanded bar returns to its original length. A com- 
bination of these two values can be obtained, when the 
curves are drawn on squared paper, by counting the 
number of squares wholly or partly included in the area 
of the curve which is above the starting line. The values 
obtained with ten-second intervals in this last way for the 
original washed iron is 0, for each of the three white irons 
containing silicon about 80, and for the irons from which 
zraphite has separated the value is 240 and upwards (see 
Fig. 1). In view of recent work on the expansion of solid 
solutions* in certain alloys, we are probably justified in 
assuming that the first, or 80-unit, expansion is due to the 
existence of a new or more complex solid solution which 
was not present in the absence of silicon, and the result 
of which is that solidification extends over a rather longer 
period than before. These different solid solutions are 
probably connected with the dimorphism of the iron- 
carbon systems observed by A. Kroll, who recognises a 
cubic and a hexagonal crystallisation.t| The separation 
of graphite initially causes a further, or 160-unit, expan- 
sion (240 — 80 = 160) in addition to that which was pre- 
viously noted. The effect of the graphite with higher 
silicon diminishes as the size aud weight of the graphite 
decreases. 

The effect of 0.5 per cent. of manganese in a sample 
which contained 3 per cent. of silicon is very interesting, 
as it corresponds with what is seen in every-day prac- 
tice. The first, or primary, graphite expansion is 
diminished, while the secondary graphite expansion is 
ine , the total, when measured by area, being prac- 
tically identical (as seen in Fig. 1). The pearlite tempera- 
ture arrest-point is lowered some 87 deg. Cent., as already 
mentioned, while the combined carbon falls from 0.84 to 
0,22 per cent. These results would appear to indicate 
that in certain cases the beneficial effect of a small quan- 
tity of manganese in cast iron is much more important 
than we have hitherto been led to expect. 

In a discussion on a similar paper on ‘‘The Copper- 
Zine Series of Alloys,” read before the Institute of Metals 
in 1909, Sir W. White pointed out that the value of curves 
such as are given by Mr. Hague depends largely upon 
the number of observations made, and the close agree- 
ment of the curves with the experimental results. It 
may be stated, therefore, that in this series the curves 
originally plotted related to a cooling period of about 
25 minutes in the mould, but as no irregularity was 
noted in any case after about 14 minutes, the latter por- 
tions of the curves have been omitted in publication. 
The total number of expansometer values which were 
recorded and plotted were in the neighbourhood of 25,000, 
and as a similar number of records were made of tem- 
perature changes, the total observations plotted were 
nearly 50,000. This is, of course, quite apart from the 
analytical work, which was done in duplicate, and from 
the other tests recorded in the thesis. ‘ 





Part II.—Tue INvLvENcE or SILicon ON Pure 
Casr Iron. 
By Artuur Hacur, B.Sc. (Birmingham). 

The chief object of the following research was to examine 
the effect of varying proportions of silicon on the volume 
and temperature changes, during the cooling, of a pure 
high-carbon iron alloy. 

‘or the systematic study of the volume changes during 
the cooling of cast iron, we are mainly indebted to Pro- 
fessor T. Turnert and J. W. Keep (U.3.A.).§ 

Professor T. Turner correlated the volume changes 
with the temperature arrests on cooling, and the present 
noe, is a continuation of his work on exactly similar 
ines. 

The same extensometer was used to ify the 
volume changes ; the magnifying factor being 30.5, which 
conveyed an expansion of ;},5 in. on a 12-in. bar into a 
motion of 0.83 cm. of a pointer on a scale. The only 
modification was in the substitution of a 1-in. square test 
bar for the 4-in. square bar which was used in the original 
experiments. The original size of bar was thought to 

ve too little metal, and consequently too rapid cooling, 
or accurate temperature observations. It was further 
decided to alter the cross-section of the 12-in. portion 
from square to circular; this was with a view to con- 
venience in subsequent mechanical tests. The details of 
the —< and the position of the thermo-junction are 
shown in Fig. 2. 

“ “Tee Cooqer- ine Series.” See Turnerand Murray, 
Journal of the Institute of Metals, vol. ii., 101. 

+ Journal of the Iron and Steel Institute, 1910, No. I., 


page 304. 

¢ Journal of the Iron and Steel Institute, 1906, No. I., 
page 48. 

§ Jlid., 1895, No. II. 
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The base materials employed for forming the series of 
bars were :— 


2. A Pure 50 Per Cent. Ferro- 


1. 
Silicon. Analysis. 


A Very Pure American 
Washed Iron. Analysis. 


per cent. 
.. 48.86 
0.01 
0.16 
0.09 
0.10 


per cent. 
- 8.06 Silicon 
Aluminium 
Calcium. . 
Magnesium 
Copper .. 


Total carbon 
Graphitic carbon 
Combined carbon 
Silicon 
Phosphorus 
Sulphur .. 
Manganese 


0.17 
2.89 
0.03 
trace 





Some difficulty was experienced in obtaining a suffici- 
ently pure ferro-silicon, as aluminium to the amount of 
2.3 per cent. is fairly common in most varieties analysed. 

‘the weight of the test-bars was 44]b., and, to allow 
plenty of margin for gate metal, each cast was calculated 
to require 54 lb. of metal. 

Readings of the extensometer and galvanometer were 


taken at regular time-intervals, from the moment when 
the metal had completely filled the gate. A clock con- 
structed to ring a bell every ten seconds gave the time- 
interval usually employed ; but at the commencement of 


each test, in order to record the beginning of solidifica- | 
tion, it was desirable to read at every five seconds, and it | 


was found that with practice this could readily be done. 

The thermo-couple of platinum and platinum-rhodium 
was calibrated at frequent intervals by freezing-point 
determinations of pure copper, silver, aluminium, and 
lead, and was protected up to the bare twisted junction 
by a clay tube, and was so fixed into the prepared sand 
mould that the last twist, or, in other words, the real 
hot junction, was in the exact centre of the bar. The 
holes in the mould end of the protecting tube were care- 
fully plugged with fire-clay to prevent the metal running 
back can short-circuiting the couple. In melting, the 
pots were carefully covered with a lid to keep out frag- 
ments of coke, ro with due precautions it was found that 
practically no sulphur entered into the metal. 

A quantity of charcoal and of carbon was placed in the 
pot with each charge, in order to keep the carbon as high 
as possible. About 0.4 pér cent carbon was, however, 
lost during the melting and raising to pouring heat. 

A series of bars was contemplated with the silicon, 
rising by 4 per cent. from 0 upto 5 per cent. silicon. 
For the first bar of the series it was desirable to keep the 
silicon as low as possible, and for this purpose a sample of 
the washed iron was melted in a brasqued crucible, so 
that the risk of silicon entering from the pot was mini- 
mised. The sample bar No. 1 shows no gain in silicon 
from the original sample of washed iron, When it was 
a to add the silicon to the washed iron by the 
use of the 50 per cent. ferro-silicon, it was found that 
only a relatively small proportion of the silicon entered 
into the iron, and most of the ferro-silicon was found in 
the pot after pouring, and in lumps which were honey- 
combed or oxidised to the core. Many attempts were 
made to get the silicon to enter, but with little success. 
The iron containing 3 per cent. of carbon did not seem to 
have any appreciable solvent action on the ferro-silicon, 
and the latter was rapidly oxidised—possibly indirectly 
by carbon dioxide, 

One reason for the difficulty encountered in getting the 
ferro-silicon into the iron may be deduced from the 


| from entering. This view was confirmed by subsequent 
work on the materials, when it was found that, by diluting 
the washed iron with a quantity of pure overblown Bes- 
| semer steel, in such proportion that the carbon would be 
about 1 per cent., the ferro-silicon was readily taken up 
to form an alloy containing about 20 per cent. silicon. 
The ‘‘ temper ” alloys were made in this way, one of 15.75 
per cent. silicon, and another of 19.5 per cent. silicon, 
| and these alloys were subsequently ed for adding the 
| necessary silicon in making the series of bars. Even 
| when the carbon was as low as 1 fect cent. in these ferro- 
| silicons there were many shrink-holes filled with spongy 
graphite. 
| A test-bar of the 19.5 per cent. silicon was cast, but 
| only the extensometer curve is available (Bar 19, Fig. 5), 
|as the bare couple wire was almost immediately dissolved 
| in the molten alloy. The bar shows a considerable 
initial expansion, followed by a very rapid contraction, a 
retardation in contraction, and again a further rapid con- 
traction. The final contraction of the cold bar was very 
marked, being # in. on 12 in. 

Sixteen cast bars are included in the series, and the 
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carbon and silicon contents, together with the tempera- 
ture arrests on cooling, are tabulated in Table I. 


TABLE I.—Silicon and Carbon Contents and Temperature 
Arrests. 


) 


. Temperature Arrests. 


He 
(°C.). 


H; 
(°C.), 


Fracture. 
Combined 
Carbon 
(by Diff. 


Hy 
(°C.). 


700 
714 
726 
730 
734 
739 


1245 
1217 
1244 
1247 


1138 
1138 
1136 
1136 
1136 
1137 
1141 
1146 
1146 
1148 
1153 
1154 
1158 
1160 
1160 
1161 


Dp. 
White , 
0. 


| 
| 
Sauce eecrne | No. of Bar. 





diagram due to Guertler and Tammann (Fig. 8). 
e melting-point of a 50 per cent. alloy is shown by 


the point ‘‘ A” on the liquidus. To take up more iron it | " 


is therefore necessary to surmount the maximum melting- | 
point due to the compound FeSi, which melts at the high | 
temperature of 1450 deg. Cent. 

The main reason, however, is, in the author’s opinion, | 
that the carbon in the washed iron prevented the silicon | 


1146 





Oruger ARRESTS.—Indications in mo cooling curves between 
the temperatures 800 deg. Cent. and 900 deg. Cent. of a slight 
arrest corresponding to bend out in extensometer curve before 
the bending corresponding to Hy. 


| The 12-in. round bar was carefully detached for future 
| mechanical testing. Each bar was analysed for sulphur 
a. and manganese, in the addition to analysis 
| for carbon and silicon. In no case was more than a trace 
of phosphorus or sulphur obtained, and manganes 
every case was absent. 

Two additional bars, with higher silicon, were cast and 
| analysed for silicon only. A further special bar with 0.5 
| per cent. of manganese was also prepared and examined. 

An attempt was made to give a definite value to the 
traces of phosphorus and sulphur present, with the result 
that on a 10-gramme sample of bar 6 the phosphorus found 
was 0.002 per cent., and the sulphur 0.004 per cent. 

The bars were tested for hardness by means of the 
scleroscope, and the results are shown plotted in Fig. 9. 

Most of the bars were examined microscopically, and 
some typical photo-micrographs are given. , 


in 


Summary oF REsvuLTs. 
Volume and Temperature Changes.—Some typical time- 
temperature and extensometer curves are shown on 
Fig. 3, while the extensometer curves of the series are 





Fig.8.1RON SILICON EQUILIBRIUM 
DIAGRAM (AFTER GUERTLER 
& TAMMAN. 
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shown in order of increasing percentages of silicon on 
Figs. 4and 5. The whole of the cooling curves have been 
collected together and drawn as inverse rate curves in 
Figs. 6 and 7. 

Three general arrests are obtained in cooling :— 

1st Arrest H,, indicating commencement of solidifica- 
tion. This is very liable to supercooling inaccuracies, and 
in some cases was not definitely shown. 

2nd Arrest Hy. A very definite arrest, indicating solidi- 
fication of eutectic. 

drd Arrest H;. Also very definite, and corresponding 
to the recalescence point or pearlitic point. 

As shown by Turner, a pure white iron gives no initial 
expansion or solidification, but only a slight lag in the 
normal contraction, which he correlates with the ‘‘ well- 
known pasty stage ” in the solidification of white iron. 
There is also a slight bend or retardation in the contrac- 
tion of pure white iron, corresponding to the lowest 
arrest H;. 

When only a relatively small amount of silicon is 
present there is a distinct expansion at solidification, 
and in the whole of the bars of the series this expansion 
occurs during the arrest H,, and persists till all the metal 
is solid—that is, till the end of the eutectic arrest 
H,. After the metal has completely solidified it com- 
mences to contract, and this contraction is normal till 
the third arrest Hs, when a more or less pronounced 
retardation in the contraction occurs. With a relatively 
small amount of silicon present the bend at H; is much 
more marked than in the pure white iron. 

It is of interest to note that though bar 4 with 0.97 
per cent. silicon was quite white, bar 5 with 1.19 per 
cent. was grey. There appears to be acritical point under 
the conditions of these tests at about 1 per cent. silicon. 
This sudden change, as shown by the appearance of the 
fracture, the micro-structure, and the amount of graphitic 
carbon, is also markedly shown in the magnitude of the 
solidifying expansion. This expansion rises to a maxl- 
mum between 1.2 and 1.5 per cent. silicon, and over this 
range the ncaa show the largest size primary 
graphite flakes. ened 

After this maximum, as the silicon increases, the initial 
expansion on solidification gradually decreases if the high 
expansion of bar 10, where the silicon is 2.77 per cent., 
be rejected asabnormal. A fairly sound reason for attach- 
ing less importance to this high value is given by the very 
different results of bar 11. With an almost identical pro- 
portion of silicon—namely, 2.80 per cent.—this bar gives 
a considerably lower maximum expansion. The expan- 
sion is not directly proportionate merely to the amount of 
graphite present, as the graphite content steadily rises, 
as the silicon increases, from 1.25 to 3.25 per cent.. while 
the maximum expansion is practically constant over this 


range. 

As will be seen from an examination of the photo- 
micrographs, the increase of silicon beyond 1.5 per cent. 
produces a fining of the graphite, and a network of fine 
primary graphite flakes are shown surrounding the 
pearlite areas. It therefore appears probable that the 
size, as apart from the amount of the primary graphite, 
has a distinct connection with its expansion effect—that 
is, the larger primary graphite flakes the greater their 
expansive influence. The maximum bend at H is also 





given by about 1.5 per cent. of silicon, but in this case 
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the expansive effect seems to have little connection with 
the total graphite content, as the two white bars, 
Nos. 3 and 4, show almost as great a retardation at H;. 

As will be seen from Table I., the percentage of total 
carbon is not constant in the series, but that it varies 
from 2.26 to 2.95 per cent., although melting was always 
performed in presence of excess of carbon. The lowest 
percentage of carbon was found in the highest silicon bar, 
as would be expected, owing to the silicon decreasing 
the solvent power of iron for carbon. 

Among the chief points of interest in the results of the 
series of experiments are :— } 

1. Lhe Raising of the Lowest Arrest (H;) as the Silicon 
Increases.—As the silicon increases from 0 to 5 per cent. 
the temperature of the lowest arrest rises from 700 deg. 
to 800 deg. Cent ; thus the effect of the silicon, present as 
silico-ferrite or silico-cementite, is to raise the tempera- 
ture of the point at which the carbide separates out— 
that is, to increase the range of stability of a iron. The 
temperature with Bar I., containing practically no silicon, 
is 700 deg. Cent., this being considerably higher than that 
given by Professor Turner in his experiments, in which 
the temperature for his pure white iron was found to be 
665 deg. Cent. The probable explanation of the difference 
is, that in Professor Turner’s original experiments, the 
cooling was much more rapid owing to the much smaller 
section of test-bar employed, and there was a con- 
siderable supercooling effect. The author’s temperature 
of 700 deg. Cent. has been carefully checked, and doubt- 
less gives the point more accurately. It also agrees with 
Carpenter and Keeling’s results, communicated to the 
Institute in 1904. 

2. Slight Raising of the Eutectic Arrest (Hy) as the 
Silicon Increases.—This temperature rises over the series 
with considerable regularity from 1130 deg. to 1160 deg. 
Cent. 

3. Lowering of the First Arrest (H,) where the Com- 
mencement of Solidification is Indicated.—The observa- 
tion in this case is, however, somewhat unsatisfactory. 
Owing to high temperature and rapid cooling at this 
point its accurate determination is difficult, and occasion- 
ally it is altogether missed. ° : 

Dosim the direction of the curves the liquidus and the 
eutectic line would probably meet with about 7 per cent. 
of silicon. we 

Mention may here be made of a small but distinct 
bend out in the extensometer curves of the series, corre- 
sponding to a slight temperature arrest in the cooling 
curves between 800 deg. and 900 deg. Cent. This heat 
disturbance is small, and is not always shown up in the 
cooling curves. The author has not seen this arrest 
mentioned as having been obtained by other workers. 
It cannot be due to phosphorus, and it occurs well under 
the point of the phosphorus arrest as given by Turner. 
The region of this arrest is shown on some of the inverse 
rate curves (Figs. 6 and 7). No indications were obtained 
in the author’s curves of the small arrest at about 600 deg. 
Cent. referred to by Turner in his paper. 

The time taken for cooling from about 1350 deg. to 
550 deg. Cent. averaged twenty minutes so that the 
experimental conditions governing the author’s tempera- 
ture observations would not give results of great accuracy ; 
they can only be regarded as approximately indicating 
the true equilibrium. oe 

A recent research by Gontermann,* on the equilibrium 
of the iron-silicon-carbon alloys, covers a much wider 
field, so far as relates to the variation of silicon and carbon, 
than does the author’s series. In this research, however, 
the system was examined purely on the lines of physical 
chemistry. The meltings and coolings were conducted 
in a carbon tube short-circuit furnace, and the amount of 
metal employed was ny 20 er. while the cooling 
occupied about the same length of time as did that of the 
author's test-bars. The materials used for making the 
alloys were also impure. It might have been expected 
that the purest metals would have been em ployed, and it 
is certain that a large bulk of metal cooled at a much 
slower rate would give greater chances of obtaining results 
representing true equilibrium. ; 

Only a few of the author’s results allow of comparison 
with Gentennennls, but these are in substantial agree- 
ment so far as relates to the lower arrests Hy and Hs;, 
while the arrest H, is given at a slightly higher tempera- 
ture than that recorded with the author’s bars. c 

Stable and Metastable Equilibrium.—It is interestin 
to note that the small portion of metal which ran up an 
surrounded the iron pin, during the casting of the test- 
bars, showed in every bar of the series a perfectly white 
fracture. This slight chilling was always sufficient to 
produce the metastable condition, even when, as in 
most cases, the test-bar itself was quite grey or in the 
stable condition. It is therefore extremely easy to obtain 
the metastable state in these pure iron-silicon-carbon 
alloys. It was also found that the small portions of 
metal left in the pot after the casting the white bars of the 
series, and thus allowed to cool more slowly than the test 
bar, gave a grey fracture even when the silicon was as low 
as 0.03 per cent. 

It appears, therefore, that the change from stable to 
metastable, and rice versa, is readily produced by slight 
variations in the rate of cooling. 

State of Carbon in the Series.—It will be noticed from 
an examination of Table I. that the amount of combined 
carbon present is in no case lower than 0.64 per cent., and 
it is at this lowest figure in the bar containing the maxi- 
mum silicon. In the micrographical study of the bars in 
no case was there any free ferrite found apart from the 
layers in the pearlite. ; 

The effect of silicon on the pure cast iron is to cause 
formation of the stable eutectic of graphite and solid solu- 


* Zeitschrift fiir Anorganische Chemie, 1908, vol. lix., 
pages 373 to 413, 





tion, but it does not appear to be energetic enough on the 
stable side to cause the decomposition of any of the car- 
bide required to form a saturated solid solution with the 
iron. This saturated solid solution changes into pearlite 
at the recalescence point to form the ground mass of the 
alloy. It is also noticeable that as the silicon increases, 
the amount of carbide required to form a saturated solid 
solution decreases. With pure iron the carbon required 
is 0.9 per cent., while with iron containing 4.83 per cent. 
silicon the carbon required is only 0.64 per cent. 

Effect of Manganese on the Iron-Silicon-Carbon Series.— 
It will be bese that no actual expansion is recorded in 
any bar of the author’s series at the temperature of the 
arrest H;. As Professor Turner, in his experiments with 
grey hematite iron, obtained a distinct expansion at this 
point, the author thought the differing results must be 
due to the 0.5 per cent. manganese contained in the hema- 
tite iron, as this was the only substantial difference in 
composition from the test-bars with about 3 per cent. 
silicon. A test-bar was cast containing 3 per cent. silicon 
and 0.5 per cent. manganese, and the extensometer curve 
is shown (No. 17, Fig. 5), from which it will be seen that 
there is a considerable actual expansion corresponding to 
the arrest point H;, while the temperature of this arrest 
3 lowered appreciably from 764 deg. Cent. to 687 deg. 

ent. 

The analysis of the manganiferous bar (Table I.) gave 
only 0.22 per cent. combined carbon, while the microstruc- 
ture consists largely of ferrite and graphite with a little 
pearlite. A pam explanation of the expansion is that 
it is caused by the separation of a second quantity of 
graphite—namely, that from the saturated martensite. 

In view of the fact that the sulphur in the bars is never 
more than the merest trace, it is interesting to record this 
direct, stable, graphite-forming tendency of the man- 
ganese as apart from any indirect effect due to counter- 
acting the influence of sulphur to form the metastable 
variety. 

It appears also that it is only in conjunction with 
silicon that manganese has this influence, as a bar was 
cast with 0.5 per cent. of manganese and no silicon, and 
this gave a white iron with an extensometer curve prac- 
tically identical with that of Bar 1. The temperature of 
the Hs; arrest was lowered in this case from 700 deg. Cent. 
to 683 deg. Cent. The effect of manganese in lowering 
the H; point agrees with the known effect in the case of 
steels. The pronounced action of the small percentage 
of manganese when added to the silicon cast irons suggests 
that it may decide the condition of the silicon in the iron 
as to whether it is present as silico-ferrite or silico- 
cementite. 

Hardness Tests.—A series of hardness tests were per- 
formed with the scleroscope on a polished section of each 
bar. Considerable variation was found between the out- 
side and centre of bar, but as far as possible an average 
figure was taken. The results are plotted against silicon 
content on Fig. 9. The results show the hardening ten- 
dency of silicon up to 1 per cent., where the bars are still 
white. A further increase of silicon produces a grey bar 
and a noticeably sudden drop in the hardness followed by 
a gradual rise with the silicon. Hence silicon, whether 
in solution in the ferrite, or silice-ferrite, as in grey iron, 
or in solution with the carbide as silico-cementite, as in 
white iron, exerts a hardening influence. 

Photo-micrographs of some of the bars are given on 
page 843; they show the various types of structure in 
the series. 

In conclusion, the author wishes to thank Mr. O. F. 
Hudson, A.R.S.M., M.Sc., for his kindness in taking the 
galvanometer readings while the author was reading the 
extensometer, and for his kind help in many other ways. 
His best thanks are also due to Mr. J. Ward, the steel- 
melter at the University of Birmingham, to whom he is 
considerably indebted for help in the melting and casting 
of the test-bars. 








CATALOGUES. 

Railway Material, Aerial Ropeways, &:c.—Messrs. R. 
White and Sons, of Widnes, Lancashire, have issued a 
booklet illustrating and giving some particulars of their 
products, which include permanent railways, light and 
portable railways, points and crossings, side and end 
tipping-wagons, aerial ropeways, band-conveyors, cranes, 
and other appliances for the transport of all kinds of 
materials. 


General Machinery.—Messrs. Manlove, Alliott, and 
Co., Limited, of Bloomsgrove Works, Nottingham, have 
sent us a copy of a circular they have issued to call 
attention to some of their manufactures. The examples 
illustrated include steam-engines and boilers, air-com- 

ressors, pumps and hydraulic machinery, laundry plant, 

rying - machines, filter - presses, disinfectors, refuse- 
destructors, oil-mill machinery, sugar machinery, sewage 
plant, &c. 


Smokeless Heating-Stoves.—We have received from the 
Carron Company, of Carron, Stirlingshire, N.B., an illus- 
trated booklet giving full particulars of their smokeless 
stoves for domestic and other heating. These stoves use 
anthracite, coalite, or gas-coke for fuel, and once lighted 
will burn continuously, only requiring to be supplied with 
fuel and to have the ashes removed occasionally. The 
booklet illustrates and gives prices and dimensions of 
numerous designs of stoves, with heating capacities suit- 
able for rooms up to 5000 cubic feet in volume. 


Commercial Motor Vehicles.—We have received from 
Leyland Motors, Limited, of Leyland, near Preston, a 
catalogue of their motor vehicles for commercial and 
municipal work. Both steam and petrol wagons are 
made, the former for loads ranging from 3 to 6 tons, 
and the latter in eight sizes for loads of 1} tons to 6 tons. 
General specifications and illustrations of each type are 





given and prices are stated. The illustrations in the 
catalogue show wagonsarranged for municipal work, such 
as dust-removal, street-watering, cesspool-emptying, xnd 
others suitable for all classes of commercial transport 
work. A motor fire-engine, a tower wagon for repai: ing 
the overhead construction of electric tramways, motor. 
omnibuses, and chars-d-buncs, are also illustrated. 


E'ectric Wiring System.—Messrs. S. W. Martyn and 
Co., 11, Pratt-street, Camden Town, N.W., have sent us 
a copy of a booklet and price-list they have issued in con- 
nection with the ‘‘M.P.” wiring system. The object in 
designing this system has been to produce a method of 
wiring that could be easily and cheaply installed, and at 
the same time would be perfectly safe and reliable. Two 
kinds of twin flexible cables are used, one lead-covered 
and flat in section, and the other circular in section, and 
armoured with galvanised iron wire. One of the special 
features of the system is the method of employing bonding 
plates at the Seok of the fittings, in order to secure 
electrical continuity in the metallic coverings of the 
cables. In the case of wire-covered cables the ends of the 
armouring wires are enclosed in a small spring-washier, 
which is screwed to the bonding-plate. Cahors 
cables are bridged by a clip which is screwed to the plate 
and soldered to the sheathing of the cable. Over the 
bonding-plate is placed a hollow wooden block, and on 
this the various fittings, such as junction- boxes, switches, 
ceiling-roses, brackets, wall-plugs, &c., are mounted, 
All the exposed metal parts of such fittings are electric- 
ally connected to the bonding-plate, and thus to earth, 
through the cable- covering. The method of securing 
continuity at Jarger fittings, such as main switches and 
fuses, distribution-boards, &c., is somewhat different, but 
is equally simple, and is clearly explained in the booklet. 


Concrete Piles.—An attractive and interesting book on 
concrete pile construction has reached us from the Ray- 
mond Concrete Pile Company, of New York and Chicago, 
U.S.A. This company undertake all classes of concrete 
piling work, for the greater part of which they use tapered 
solid concrete piles, without reinforcement, known as 
Raymond piles. These piles are made by driving a 
tapered sheet-steel shell with the aid of a collapsible steel 
core, and afterwards withdrawing the core and filling the 
shell with concrete. If it is necessary to reinforce 
the pile, the reinforcement can easily be placed in the 
shell before filling it with concrete. Standard piles of 
this form are made from 20 ft. to 40 ft. in length, the 
latter size having a diameter of 18 in. at the top, and 8 in. 
near the point. The book points out the superiority of 
concrete over wood for piling, and, among the special 
advantages claimed for Raymond piles, mentions that the 
steel shell protects the concrete from earth pressure 
during setting, and enables any distortion that may have 
taken place to be detected and remedied. It is also 
claimed that these tapered piles have a greater carrying 
capacity than those with parallel sides, and that they can 
be placed more rapidly. For some classes of work, how- 
ever, piles with parallel sides are preferred, and these are 
cast with the reinforcement in place, and driven in the 
ordinary way. The book is very fully illustrated by 
means of reproductions of photographs showing founda- 
tions and tests, as well as a great variety of completed 
structures built on Raymond piles. 


Planing-Machine Drive.—We have received from the 
High - Speed - Planer Reconstruction Company, of 26, 
Mark-lane, E.C., a booklet describing the Mitchell 
reversing gear, and dealing generally with the problem 
of speeding up old planing-machines for the use of tools 
of high-speed steel. The reversing gear consists of a pair 
of A-frames carrying three horizontal shafts vertically 
above each other. The uppermost shaft, which is driven 
from the line shafting or by an electric motor, drives the 
middle shaft through spur-gearing at a lower speed and 
in the reverse direction of rotation ; the lowest shaft is 
connected through a slipping clutch to the pinion on the 

laner. Both the upper and middle shafts carry heavy 

y-wheels of comparatively small diameter, and a wide 
belt *8 loosely round each of these fly-wheels and 
round two pulleys mounted side by side on the lowest 
shaft. These two belts are tightened alternately by 
means of jockey pulleys operated by pneumatic power, 
and are thus caused to drive the planer on its cutting and 
return strokes respectively. The action of the jockey 
pulleys is such that the table is reversed easily, and the 
slipping clutch also serves to prevent any shock or damage 
to the gears. An important feature of this device is the 
employment of the fly-wheels, whose function is, of course, 
to store the energy necessary to reverse rapidly the direc- 
tion of travel of the table and its load. The booklet 
illustrates and gives dimensions and other particulars of 
four different patterns of reversing gears on this principle, 
and also refers to the use of multiple tools on planing- 
machines. One of the illustrations showsa large machine, 
operated by the Mitchell drive, employing seventeen 
tools at a cutting speed of 40 ft. per minute, and a return 
speed twice as great. 








Hupson Bay Rattway.—Mr. J. L. Armstrong, chief 
engineer of the Hudson Bay Railway survey parties, 
mga that surveys for the first 200 miles of the line from 
The Pas have been completed. The construction of this 
section could, accordingly, be commenced next year, but 
a final decision has to be arrived at as to alternative 
routes proposed to Fort Churchill or Port Nelson. Hydro- 

phic surveys made this year of the harbours of Fort 
hurchill and Port Nelson have not yet been completed, 
and the question of the route to be followed by the line 
for the second half of the whole distance from The Pas 
depends upon the decision of the Government as to the 
best terminus to be selected. It is thought that the choice 
will ultimately fall upon Port Nelson. 
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ELECTRICAL APPARATUS. 


8080/10. A. P. Lundberg, G. C. Lundberg, and P. A. 
Lundberg, Isiington. Electric Switches [6 Figs.) 
April 4, 1910.—This invention has reference to electric switches of 
the type embedded in, and having a cover-plate flush with the 
surface of, a wall, and actuated by a push-button or by push- 
buttons passing through a hole or through holes in the cover-plate. 
The invention consists in dispensing with the knob on the free 
end of the lever of a tumbler-switch, and substituting therefore a 
slotted lever mounted on or in the ball of the tumbler-lever bear- 
ing in the bridge-piece, so that it is at right angles, or approxi- 
mately at right angles, to the tumbler-lever and extends in the 
plane of its motion, and in attaching fixed and slotted members to 
the legs of the bridge-piece for the purpose of constraining the 
push-button or buttons to move rectilineally by reason of pins 
carried by said button or buttons engaging in said slots in the 
fixed members and the slotted lever. 1 indicates a portion of the 
cover-plate of the switch-containing casing. 2,3 are the buttons 
which actuate the contact-making part or parts of the switch. 
The holes in the cover-plate, through which the buttons pass, 
act as part-guides for the buttons, and ensure, in conjunction 
with the means described, the rectilineal movement of the 























buttons. 4 is the ordinary bridge-piece of a tumbler-switch, in 
which the actuating lever 5 and the contact-making part or 
parts is or are mounted as ordinarily; the of the 
actuating lever 5 projecting or extending above the bridge-piece, 
and usually provided with a knob, is, in the present case, omitted, 
and there is substituted therefor a lever 10. This lever is formed 
with a centrally-arranged and outwardly-extending part 11, and 
with two slots 12 that extend longitudinally of the lever. The 
ball 13 of the actuating lever 5 is slotted, and receives the out- 
wardly-extending part 11, which is secured in position and pre- 
vented from movement by the pin 14, which passes through the 
ball 13 and forms the pivot thereof, and the form or shape of 
the slot and the part 11; There is mounted on the outer side of 
each leg of the bridge-piece 4 a bracket that comprises a central 
member 6, two members 7, and a member 8. The members 7 are 
each formed with a slot 9. The lower end of each button 2, 3 is 
slotted, is placed over the lever 10, and is directly connected there- 


with by means of a pin 15, which passes through holes in the 
slotted portion of the button, and a slot 12, its ends passin 
through the slots 9 of members 7. When a button is dep > 
the lever 5, 10 will be moved, and the contact-making part or parts 
of the switch actuated. (Accepted September 28, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


24,096/09. L. J. Martin, Wanstead, and Martin's 
Motors, Limi aed, Hs 


Engines. [5 Figs.) October 20, 1909.—This invention relates 
to the crank-chambers of internal-combustion engines of the 





vert ical type, and consists in constructing the chamber of three 
essential parts, the first forming the top part and being adapted 
vo carry the cylinder or cylinders, the second the bottom part, 


and the third consisting of a plate adapted to carry the bearings 





for the crank-shaft, and, in some cases also, the valve-operating 
shaft. The first part a and the second part ) are adapted to be 
bolted together. The third part of the chamber consists of the 
plate c, which is of skeleton form and carries bearings for the 
crank-shaft e. The part c is clamped between the two parts a and 
b, and is also preferably tied to the two parts by rods P though it 
is possible to fix the plate ¢ to the upper part @ of the crank- 
chamber independently of the lower part } thereof by means of 
the bolts or rods f, in which construction the part ) would be 
attached directly to the part a, so as to plete the chamber 
independently of the plate c. When the half-time cam-shaft or 
shafts is or are mounted on the plate c, the said shafts are mounted 
in ee carried by the said plate. (Accepted September 28, 
1910. 


30,278/09. W. Beardmore and J. W. B. Stokes, 
ow, Internal-Combustion Engines. [1 Fig.) 

May 31, 1910.—This invention provides an improved arrangement 
of double-acting two-stroke-cycle internal-combustion engine of 
the type comprising as a unit integer a pair of cylinders side by 
side, axially parallel, and with their ends interconnected. Circum- 
ferentially about the centres of the cylinders there is, in one 
cylinder, a manifold inlet port, and in the other cylinder a mani- 
fold exhaust port. In each cylinder is a piston of a length sub- 
stantially equal to the stroke less the axial length of the manifold 
port, and each og is carried on a piston-rod. According to 
the invention, the piston-rods are directly connected toa single 
crank or to two coincident cranks, while the cylinders are sup- 
ported and oscillate upon trunnions which serve internally for 
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inlet and exhaust passages. The unit pair of cylinders is formed 
in halves A, B, the line of junction being through the inlet and 
exhaust ports C, D. Hollow trunnion-pieces A}, B! are formed 
on the halves A, B, and are connected along internal flanges C}. 
One trunnion A! serves as an inlet manifold, the other B! as an 
exhaust, and to that end are connected the one to an inlet 
branch A2, the other to an outlet branch B®. The trunnions 
Al, Bl further serve as axes of oscillation for the cylinders. 
Pistons P, Q operate in the cylinders, the piston-rods R of which 
are directly connected toa crank D}, The trunnions are carried 
in bearings in side members E!, in which are also formed the 
bearings for the crank-shaft. A water-jacket embraces the pair 
of sieien, and may also be arranged about the exhaust 
trunnion Bl. (Accepted September 28, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


21,803/09. William Beardmore and Co., Limited, 
and J. A. Sykes, Glasgow. Elec -Driven 
Machine-Tools. (3 Figs.] September 24, 1909.—This invention 


provides means for automatically reversing, and at the same time 
controlling, the action of reversal of electrically-driven machine- 
tools. According to this invention, apparatus for automatically 
controlling the reversing of electrically-driven machine-tools com- 
prises a tumbler-weight device, the falling of which is controlled 
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by a dashpot device, preferably itself controllable, and an opera- 
tive connection between the tumbler device and the machine-tool 
and the electric controller for the motor of the latter. In brackets 
projecting downwardly from the base of the —— there is a 
shaft having on it a lever A adapted to be moved by tappets on the 
moving part of the machine-tool to which the controlling device 
is applied. This lever has on it an arc B of teeth gearing with an 
equivalent arc of lesser radial distance upon a second lever C. The 


ported on brackets fixed to the base. On the kicker-lever Cisa 
pin engaging an aro-slot F in a tumbler-lever G fast upon 
the shaft D, and bearing in an are-slotted head H a rolling- 
tumbler weight J. A_ pin ts the tumbler-lever G 
with the piston-rod L of a pneumatic dashpot cylinder 
M on pivots N. The cylinder M is provided with a non-return 
valve for the free outlet of air, and with a regulable valve for the 
controlled inlet of air. In operation of this, the mec’ 
of the device, the tappet on the table or other part of the tool, 
towards the end of its stroke, and travelling to the right, en- 
counters the first lever A, and moving it, moves, through the 
gearing B on it and on the kicker-lever C, the latter lever. The 
in on that lever engaging the end of the slot F in the tumbler 
ever G moves that lever with its rolling-tumbler weight J up 
towards the vertical dead-centre, at the same time moving the 
piston in the cylinder M through the rod L towards the inner end 
of its stroke, and expelling air. Upon the dead-centre of the 
weight J and tumbler lever G being passed, the weight falls to the 
opposite end of its slot, and the tumbler also falls, the weight of 
the parts then acting at an effective radial distance. The a 
of their fall is, of course, controlled by the adjustment of the air- 
inlet valve of the dashpot. The tumbler-lever G is fast upon the 
shaft D, therefore that shaft is rocked concurrently with its move- 
ment, and it is, of course, clear that reversal of the movement of 
the lever A by the machine-tool at the other end of its stroke 
performs the same action in the reverse direction, returning the 
parts to their original ition shown. The switching means 
are operated by the shaft D, and may be of any suitable type. 
(Accepted September 28, 1910.) 


MINING, METALLURGY, AND METAL- 
WORKING. 





F. Eckersley and W. Creswick, Wake- 
field. Coal-Cutting [4 Figs.) November 11, 1909. 
This invention relates to the holders for the cutters or cutting-tools 
of coal-cutting machines of the wheeland chain types. a indicates 
the block which forms one of the links in the chain, } being the 
in-holes through which the pins connecting it to the — nin 
inks are pummel a! indicates the head of the block, which is 
wider than the body, so as to form side projections c. The u per 
side of the head is rounded in cross-section, whilst in longitudinal 
section it is raised in the middle, the outer portions being inclined. 
¢ indicates the cutter-box, which is formed with a large alot 
ongitudinally through it, to receive the head of the block. The 
slot may extend completely through from end to end, or may 
close at one end. The cross and longitudinal sections of the slot 
correspond with those of the head, with the exception that the 
part indicated by the letter i, instead of sloping downwards, is 
carried straight forward. It will be evident that this arrange- 
ment allows the box to be slid on to the head of the block, 
either from the left side when the cutter chain moves in 
the direction indicated by the arrow, or from the right-hand 
side when the cutter chain moves in the opposite direction. m 
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indicates the socket-holes formed in the solid outer portion of the 
box for the cutters mn. The socket-holes pass through from the 
outside to the said slot in the box. The inside length of the 
socket-holes is made longer than the outside length, so that with 
cutters having the rear and front edges parallel, or nearly so, 
space is left in the forward end of the slot-holes for a wedge-piece 
o, the base of which rests in the inclined portion e of the head of 
the block which lies immediately beneath the forward portion of 
the slot-hole. The box g is slid on at the forward end, so con- 
sidered with reference to the direction of cutting—that is, in the 
case shown, in the opposite direction to that indicated by the 
arrow in Fig. 1. When slid about one-quarter of the way on, the 
cutters are inserted either from the inside or even somewhat 
later from the outer side. The wedge-piece o is then inserted from 
the inner side ; or, more conveniently, when the box g has been 
slid, say, one-quarter the way on, the wedge-piece o may be 
drop) in first from the outer side, and pushed forward into 
lace, and the cutter n then inserted from the outerside. As the 

x g is pushed further on, the wedge-piece o rises up the slope e 
of the block or projection @ until both it and the box are stopped 
by the wedge-piece o jammingup between the cutter and the Pont 
(Accepted September 28, 1910.) 


MOTOR ROAD VEHICLES. 


3933/10, A. C. Auster, Birmingham. Wind-Screens. 
{11 Figs.) February 17, 1910.—A joint for screens for motor-cars 
consists essentially, according to this invention, in arranging the 
trunnion or pivot member of the one portion of the screen so as 
to be en at diametrically opposite itions between clamp- 
ing members, one of which can be slidably propelled by a thumb- 
screw, 80 as to engage with said trunnion and lock same in any 
position into which it may have been turned, according to the 


end of the socket-hole. 











desired angular position of the screen, The hinged portion 1 of 
the screen is provided upon each side, near its top edge, with a 
laterally-projecting pivot, whilst the upper end of each adjacent 
side standard 4 is enlarged and of a box formation, having a 
rectangular opening, within which a pair of sliding clamping- 
blocks 5, 6 are fitted, The inner op edges of these blocks are 
formed with semi-circular recesses, which ther form an ap- 








lever C is mounted freely upon a horizontal shaft D, which is sup- 


proximately circular bearing opening, within which the trunnion 2 
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of the screen engages, so that said trunnion is engaged or 
embraced upon each side by the two clamping-blocks. Passing 
through the rear side of the box end of the standard 4 is a thumb- 
screw 7, whose inner end impin upon the énd of the sliding- 
block 6. The pivot 2 is cut with circumferential grooves around its 
periphery, and the annular ribs thereby formed have teeth cut 
around them, whilst the curved bearing seating of the sliding- 
block 5 is formed with circumferential ribs 8 for engaging with 
the circumferential grooves of the pivot, whereas the curved seat- 
ing of the block 6 is formed with longitudinal teeth for engaging 
with the teeth cut around the annular ribs of the pivot. On 
actuating the screw 7 the block 6 i« caused to move forwardly, so 
that its teeth engage with those of the trunnion 2 and securely 
hold the latterin its adjusted position, thus locking the screen at 
the required angle. On slackening the screw 7 the blocks 5, 6 
slightly separate, so as to release the trunnion 2 and allow of the 
screen being adjusted as required. The head of the thumb-screw 
7 projects rearwards from the back of the screen standard, so as to 
face the driver and facilitate the adjustment. (Accepted Sept- 
ember 21, 19:0.) 

1149/10. A. C. Auster, Birmingham. Wind-Screens. 
(8 Figs.) January 17, 1910.—This mvention relates to wind- 
screens for motor vehicles in which adjustable telescopic stays 
are employed between the adjustable portion of the screen and 
the floor of the vehicle. The invention consists essentially in the 
employment, between the top and bottom of the stay and suit- 
able attachment-plates, of a compound joint which comprises a 
knuckle or like joint between the stay and an intermediate 
member, and a swivel or equivalent joint between said inter- 
mediate member and the attachment plate. The telescopic stay 


comprises a rod 1 sliding within a hollow tube 2, and adapted to 
be fixed therein at any desired position by means of a clamping- 
screw 3. The outer end of the rod 1 is forked, and the members 
of the fork are jointed to a tongue-like extension 6 of an inter- 
mediate plate 7, so forming a knuckle joint. This intermediate 
member 7 is rotatably connected to an attachment plate 8 secured 
to the style of the screen. Similarly the tube 2 has a lower 
forked end 12, between the members of which is jointed the lug 
14 of an intermediate plate 15 which is rotatably connected to an 
attachment plate 16 secured to the floor of the vehicle. (Ac- 
cepted September 21, 1910.) 


RAILWAYS AND TRAMWAYS. 


26,287 /09. Siveingbom Railway Carriage and 
Wages Company, ited, ‘Smethwick, and A. G. 
Foster, Handsworth. Railway Hopper - Wagons. 
{4 Figs.| November 12, 1909.—This invention has reference to 
railway hopper-wagons, and consists of the construction and 
arrangement of the doors of said wagons, whereby their construc- 
tion and operation are simplified, and the discharging of the 
contents of the wagons in two or more directions is facilitated. 
The wagon is of that kind in which the body is made with the 
bottom inclining as towards two longitudinal openings 3, 4, through 
which the contents are required to be discharged, either at the 
sides of the wagon or at the centre. These openings 3, 4 are 
arranged at a short distance apart from the longitudinal centre 
line of the wagon. The wagon is fitted with two doors 5, 6 
and operating mechanism. Each door consists of a sector of 
a circular drum, the sector consisting of two radial plates 
7, 8, having fixed to their outer edges a plate 9 which forms 
an are of the circle. The sides 7, 8 of the door are flat, 
and where they meet they are fixed by brackets to a cross- 
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shaft 11, about which the door turns. Both hopper outlets 
8, 4 are of the same size, and the length of each is, by 
preference, rather greater than the length of the door from 
end to end. The width of each outlet 3, 4 is somewhat less 
than the width of the curved side 9 of the door, so as to be 
closed thereby when the door is turned to its closed position. 
When the doors 5, 6 are in their normal central position the 
hopper outlets are closed by the curved peripheries 9. The out- 
lets can be opened by turning the doors past their normal posi- 
tions in either one or other direction, so that one or other of the 
sides 7, 8 will form inclines, down which the contents of the 
hopper-wagon will be discharged. It will be seen that the doors 
may be opened so as to discharge the contents of the wagon either 
at the sides of the rails by way of the chutes 15, 16, or todischarge 
the contents in the space between the rails. The doors can 

arranged to be opened or closed independently of one another or 
simultaneously with one another. Any suitable mechanism can 
re for operating the doors, (Accepted September 2s, 


7469/10. J. Stone and Co., Limited, London, 
A. H. Darker, Blackhea Train- — — 
5 Figs.) October 27, 1909.—In an electro-magnetic battery 


change-over switch in which at least two batteries of accumu- 
lators are employed, one battery being ch by the dynamo 
while the other is “‘ floating” in the circuit, it is necessary, owing 
to the manner in which these batteries are discharged from time 
to time, tointerchange their positions, in order that the one shall 
not be overcharged, and that the other may be suitably re- 
plenished. This change-over is accomplished automatically 
upon every occasion that the dynamo is put into circuit by means 
of an electro-magnet or solenoid. Now, according to this inven- 
tion, the solenoid is arranged vertically, and has no spring, so 
that the core is sucked up quickly when the winding is electrified, 
and when the circult is broken the core drops by gravity. The 
result is a quick operation of the change-over switch. The 
improved change-over switch comprises four brushes 50, 51, 
5%, 53, the connections of which are as follow :—The brush 50 
is connected to one battery, the brush 51 to a resistance 33, the 
brush 52 to a battery 27, and the brush 53 to a dynamo terminal 7. 
The switch further comprises a revoluble disc 55, carrying two 
part-circular plates 56, 57, each plate being adapted to contact 
with two adjacent brushes. The core 58 of the solenoid coil 9 
is suitably coned, and is fitted with an extension 60, which 
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carries a block adapted to sages mon support a pawl-like striker 
62. The last-named normally lies beneath one of four pins 63 
upon the disc 55. When the coil 9 is energised the core 58 is 
sucked up, and during this movement of the core 58 the striker 62 
pushes the pin with which it was in contact through a quarter of 
a revolution. The plate 56 will then connect the brushes 50 and 
51, instead of 51 and 52 as before, and the plate 57 will connect 52 
and 53, instead of 50 and 53 as before, and a change-over of the 
batteries will thus be effected, as will be evident by referring to 
the diagrammatic connections, for it will be seen that whereas in 
the position in which the switch is shown the battery 28 is con- 
nected directly with the dynamo terminal 7, and the battery 27 is 
connected in series with a resistance 33, if the switch be turned 
through a quarter of a revolution the battery 28 will be connected 
to the resistance 33, and the battery 27 to the dynamo terminal 7. 
When the coil 9 is de-energised, the core 58 will fall, and the 
striker 62 will come beneath the pin 63 next following. It is 
obvious that the turning of the disc 55 might be brought about 
when the core 58 falls—that is to say, each time the dynamo 
ceases to produce current, and is put out of circuit, instead of 
each time the dynamo is put into circuit. (Sealed November 17, 


3770/10. D. D. Samaia, Vicenza, Italy. Tramway 
Signalling System. (3 Figs.) February 15, 1910. This 
invention relates to a mechanical block system of signalling for 
tramway lines, and is characterised by the arrangement of four 
pedals, two for blocking and two for opening or clearing the line, 
controlled by the agency of suitable elements for the operation of 
the signals, The system comprises a block pedal a and anopening 



































pedal b! for vehicles travelling in the direction of the arrow 2, and 
two si pedals al, b for vehicles travelling in the direction of 
the arrow y. The head c of each pedal extends to the level of its 
rail, and is held normally in that position by a coiled spring d. To 
each pedal is fixed a bent lever e capable of oscillation about 





its pivot. To an arm of the levers of the pedals a, a! are attached 
corks g,g' connecting to levers i of the signalling mechanism, 





while similar cords h, h! are attached to the levers of the pedals 
b, b! connecting to other levers of the signalling mechanism, and 
which are controlled by a spring /. Ina slot or recess of the lever 
k is supported in a removable manner the hook n of the sema- 
phore le; when the latter is in the jae indicating “ Line 
clear,” as represented to the right of Fig. 1. The operation is as 
follows :—Supposing, at first, that a vehicle is proceeding in the 
direction of the arrow z, and it is necessary to block the line. W),en 
the vehicle arrives on the pedal a, this is depressed, so that the 
lever eis broughtinto the position indicated in dotted lines in Fiy. 2, 
which causes — on the cord g. This pull is transmitted to 
the lever i, and this is brought into the position indicated in 
dotted lines in Fig. 3, abutting in this way against the lever k, 
which is thus pushed jorwaren § in such a way that the hook a 
comes out of the recess. The semaphore, being then no loner 
supported, falls by its own weight into the horizontal position, 
and gives in this way the signal of “‘ Line blocked.” The opening 
or clearing of the line signal is effected in the following way 
The vehicle continuing in the direction of the arrow z, and the 
pedal b! being depressed, a pull is exerted on the cord A), and 
thence on the lever k, which is brought into the position indi- 
cated in the dotted lines in Fig. 3, thus tightening the spring /. 
This movement also results in the hook n being returned into the 
recess m, where it is maintained by the mre i in such way that 
as soon as the vehicle has gone past the pedal b!, and consequently 
the pull exerted on the cord A! has ceased, the spring /, in relax. 
ing, brings back the lever & to the raised position, which brings 
over the hook n, and consequently raises the semaphore blade. In 
this way the signal “‘ Line clear” is again displayed. A similar 
operation takes place with regard to a vehicle moving in the 
direction y. (Accepted September 7, 1910.) 


56,65 00. W. McLaren and F.C. Hibberd, London. 
Train-Hea . (3 Figs.) October 26, 1909.—This invention 
relates to couplings and valves for use in connection with appa- 
ratus for the steam heating of trains, for connecting the flexible 
= between the carriages, and to that class of coupling pro- 
vided with manually operated cocks or valves for closing the pas- 
sage through the coupling before the two members are discon- 
nected. Thecouplings are of the type wherein the members are 
connected on one side by interlocking tongues, and on the other 
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by hooked arms or locking-levers. The member a of the coupling, 
which is of ordinary construction, and provided with the usual 
throw-over lever b, hascombined with it a valve c, wherein the valve 
proper d is of the disc type and carried by a spindle e, to which the 
operating lever f is attached. This lever is provided with an arm 
g, which, when two coupling members are connected and the 
valve is opened, is brought to lie upon the usual throw-over locking- 
levers », so that before the throw-over levers can be turned back 
to unlock the coupling the lever f must, be moved to close the 
valve. (Accepted September 28, 1910.) 


MISCELLANEO 

27,482/09. The Metal-Jointing 
and T. di London. pe-Joint. 
(2 Figs.) November 25, 1909.—This invention relates to an expan- 
- Fry wo for lead pipes, and is designed to provide a coupling of 
the telescopic type, so constructed as to be adapted for attach- 
ment without the employment of the usual plumbers’ wiped 
joints. According to this invention, there is interposed, in the 
course of the lead piping, a pair of telescopically-fitting lengths of 
metal pipe, the outer ends of which are permanently socketed in 
the corresponding ends of the respective terminal members of the 
range of lead piping in which the device is inserted, whilst 
the sliding joint between the two lengths is closed by means of a 
ked gland. The inner member A of the pair of telescopic pipes 

is made of an internal diameter identical with that of the lead 
iping, one end of this member A being attached to the member 
BI of the lead piping by being received and permanently jointed 
in a socket. the external diameter of the member A is made 
equal to that of the socket 61, and is reduced to form a spigot, 
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which enters the socket, whilst the shoulder thus left on the pipe 
abuts inst the mouth of the socket and thus serves to deter- 
mine the position of the member A. The outer member of 
the pair of telescopic pipes is of two diameters, the one por- 
tion C, which has an internal diameter identical with that of 
the lead piping, forming a spigot, whereby the outer tele- 
scopic member as a whole is attached to the corresponding 
terminal member RF? in a socket /2, whilst the outer portion |) of 
the length of this member is of an internal diameter to fit and 
slide easily over the member A. The junction between the 
greater and lesser internal diameters of the portions D ani U 
respectively forms a shoulder which abuts against the mout! of 
the socket 62, and thus serves to determine the position of the 
member C,D. The portion D is threaded externally to receive 
an adjustable gland E, which is fitted to screw over the e1| of 
this member, also to slide on the member A, a space F being 
provided for the reception of packing material, which is com- 
pressed by the gland E against the end of the outer anc (he 
——e Dand A respectively. (Accepted Septe:0er 
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CHANTIER ET ATELIERS DE 
ST. NAZATRE. 


Tur shipbuilding yard owned by the Société 
Anonyme des Chantier et Ateliers de St. Nazaire, 
at Penhoét, at the mouth of the River Loire, on 
the Bay of Biscay, forms, by reason of its situa- 
tion, its equipment, power of production, and ener- 
getic management, a most valuable French national 
asset. It is capable of entering into competition 
with all other eo | yards. Were its power of 
production utilised to the full, the Penhoét yard 
would be able effectively to deal with a large portion 
of the leeway which has been allowed to obtain in 
France in the matter of capital ships. Like many 
other successful shipbuilding yards throughout the 
world, the Penhoét yard was first put down by a 
British firm, in this icular case Messrs. Scott 
and Co., Greenock, who were called upon, in 1861, 
by the French General Trans-Atlantic Company 
to erect a plant for the construction of the hulls 
required by the latter company. This was at the 
time of the French War in Mexico, when the Com- 
pagnie Générale Transatlantique were asked to - 
into their service at very short notice a number 
of transports and packet-boats of French construc- 
tion. Tousele the latter end of 1862 the yard was 
fully equipped, and provided occupation for 600 men, 
fifteen of whom were foremen and skilled workmen 
who had been brought from Scotland by Messrs. 
Scott, to train their French comrades. Arriving at 
the end of their contract in 1865, the Scotch work- 
men left Penhoét ; at that time the yard employed 
1800 men. The owners of the works from the 
commencement—1861—were the Compagnie Géné- 
rale Transatlantique, who managed them as a 
special department of their business until 1900, 
with the exception of a short period in the late 
‘sixties and early ‘seventies, when business for 
the Trans-Atlantic Company slackened, and the 
works were provisionally placed under the manage- 
ment of the Société des Chantiers de l’Océan. e 
yard had gradually increased to such proportions 
that the Trans-Atlantic Company decided, in 1900, to 
entrust the actual management of ship-designing 
and ship construction to a responsible company. 
This new company, the Societé Anonyme des 
Chantier et Ateliers de St. Nazaire (Penhoét), was 
formed on July 5, 1900, with a capital of 8 million 
francs (320,0007.), in 16,000 shares of 500 francs 
(201.) each, 14,000 of which were ascribed to the 
Compagnie Générale Transatlantique. Owing to 
the steady growth of their business, and to the 
increase in the dimensions of the ships, both for the 
mercantile service and for the French and foreign 
navies, the company decided, in 1908, to raise their 
capital from the above figure to 12 million francs 
(480,0007.). 

The first ship built at Penhoét was the Impéra- 
trice Kugénie, a 3200-ton paddle-boat, launched in 
1864, which, later, was known as the Amérique. 
Then followed three similar boats—La France, 
Nouveau Monde, called later Labrador, and Panama, 
later known as Canada, all of which were trans- 
formed subsequently into screw-propelled boats. 
In 1870 the Penhoét Works built the Ville de 
Brest, a 2676-ton, 2800-horse-power steamer ; we 
believe this to have been the first French twin-screw 
steamer. The Atlantic liners of the Compagnie 
Générale Transatlantique have been built at Pen- 
hoét, and among their number it is sufficient to name 
the well-known units La Champagne, La Bretagne, 
La Touraine, La Lorraine, La Savoie, La Provence, 
the latter a 19,200-ton liner, 191 m. (626 ft.) in 
length, propelled by reciprocating engines of 30,000 
horse-power. All these ships and many others 
trade regularly between France, New York, 
Mexico, or the West Indies, and on the Mediter- 
ranean. The French Trans-Atlantic Company order 
practically all their ships from the Penhoét Works ; 
the last unit placed in the fleet of the company 
was the Charles Roux, a 4600-ton, 121-m. (407-ft.) 
steamer, for the Marseilles-Algiers service, the 
first turbine steamer built in France. There are 
under construction at the present time for the 
Same company the liner France, a 27,000-ton, 
“15-m. (715-ft.) turbine steamer, which was 
launched on September 20 last; and the liner, 
Rochambeau, which will be propelled by a com- 
bined system of reciprocating engines and exhaust- 
steam turbines. Besides the ships thus very 
briefly enumerated, the Société de St. Nazaire have 
built a large number of cargo-boats for the Com- 
pagnie Générale Transatlantique, and for numerous 


The Société de St. Nazaire completed, in 1909, 
the armoured cruiser Ernest Renan, the fastest 
and most powerful cruiser of her time in the French 
Navy. She hasa displacement of 13,600 tons, and is 
oe pee by three screws driven by 37,000 

orse-power reciprocating engines. Her speed 
is 244 knots. The builders are concessionnaires 
in France for the construction of the Parsons 
turbine. They have now in course of comple- 
tion the battleship Diderot, one of the six 18,400- 
ton turbine-driven French Dreadnoughts of the 
1906 programme, which they launched on April 19, 
1909. Besides the 22,500-horse-power turbine set 
for this battleship, they built two other similar sets 
for the two sister-ships, Condorcet and Mirabeau. 
They have also received the contract for the tur- 
bines for the Courbet, one of the two Dreadnoughts 
of this year’s programme, recently laid down at 
Lorient, the principal dimensions of which are the 
following :— 


Length 165 m. (541 ft.) 
Breadth bes 27 m. (88 ft. 7 in.) 
Draught aft ... 9.012 m. (29 ft. 6 in.) 


29,000 h.-p., driving four 
propellers 


Power of turbines ... 


Armament : 

Twelve 305-mm. (12-in.) guns; twenty 140-mm. 
(5.51-in.) guns; four 47-mm. (1.85-in.) quick- 
firing guns ; four under-water torpedo-launching 
tubes. 


We illustrate the Penhoét yard of the Société de 
St. Nazaire by the plan, Fig. 1, page 848 ; it is also 
seen in part in the view, Fig. 2, taken from the 
River Loire. It communicates by sidings with the 
Paris-Orléans and with the French State Railway 
systems, which run through the yard from north to 
south ; the boundary to the east isthe River Loire, 
whilst a fitting-out basin limits it over its whole 
length on the west. Material is supplied to it both 
by rail and by water, and is unloaded where 
required. The extreme south end forms the 
dépét for plates and bars, and is occupied by 
the moulding-loft and straightening-shed ; a com- 

lete system of tracks establishing communication 
tween this part of the yard, the various shops, 
and the launching-ways. The plate and bar- 
stores is served by a special type of derrick crane, 
having a latticed vertical post, 44 m. (144 ft.) high, 
and a latticed jib with 30 m. (98 ft.) maximum 
radius. The top part of the post is stayed by 
three strong steel cables, forming wind-braces. The 
jib and post can turn round a complete circle. 
he raising of the jib, slewing, and lifting motions 
are effected by three electric winches placed in a 
cabin at the base of the post. The plans of the 
crane were got out by the Titan Anversois Company, 
Hoboken, near Antwerp; the crane was built by 
the Penhoét Works. 

We give in Figs. 3 and 4, on page 850, views 
showing respectively the France and Rochambeau 
in course of construction, and the launch of the 
battleship Diderot. 

The moulding-loft (Fig. 5, page 851) is built with 
a steel frame ; the building is covered by a saw-tooth 
roof, the glazed portion facing northwards, this 
giving a uniform lighting over the whole floor area. 
The loft measures 88.20 m. (289 ft.) in length and 
22.2 m. (72 ft. 10 in.) in width. Underneath the 
moulding-loft, and on the ground level, is a plate 
tracing-room, equal in dimensions to the moulding- 
loft, and divided into two bays, 11.10 m. (36 ft. 5 in.) 
in width, each served by a 4-ton electric overhead 
travelling-crane. The tracing-room is provided 
with the usual electrically-driven machinery, cir- 
cular-saw, and band-saw with movable bed for 
cutting out the various ships’ moulds ; outside, and 
in close proximity, are two sets of electrically-driven 
cold-straightening rolls, the largest of which is 
capable of taking plates up to 3 m. (9 ft. 10 in.) in 
width and 26 mm. (1 in.) in thickness. 

The shop in which the plates and bars for the 
construction of hulls are machined opens out upon 
the three launching-ways. It has a total area of 
10,000 sq. m. (107,650 sq. ft.), and is divided into 
three bays. The larger punching-machines are 
capable of punching holes 32 mm. (1.26 in.) in dia- 
meter in plates 35 mm. (1.38 in.) thick, of steel having 
a breaking strength of 60 kg. per sq. mm. (38.10 tons 
per sq. in.). The larger shears are capable of shearing 
plates of the above thickness, of the same grade of 
steel. The punching-machines have a gap of 1.2 m. 
(47.25 in.). The chamfering-machines can take 
plates of any length, and can deal with thicknesses 
up to 35 mm. (1.38 in.) ; they are of the latest design, 
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other companies and private owners. 





and their leading screws are provided with ball-bear- 





ings. The larger chamfering-machines are driven 
by 40-horse-power electric motors. The drilling 
and boring-machines are radial machines, capable of 
working with a radius of 4 m. (over 13 ft.) ; they 
are mounted in sets, so as to deal in combination 
with a plate 15 m. (over 49 ft.) in length and 3 m. 
(9 ft. 10 in.) in width, without shifting it. The 
plate-shop also contains a plate-bending machine, 
used for making the garboard strakes ; it is capable 
of exerting a pressure of 400 tons, and can take 
plates 10 m. (33 ft.) in length, 

The bar furnace can take sections up to 27 m. 
(88 ft. 7 in.) in length ; it opens at each end upon a 
bending-slab, which makes it possible to carry out 
the bending of sections at both sides of the furnace. 
By this means, the single furnace has proved suffi- 
cient to supply the various launching-ways with 
sections bent to shape even during the periods of 
greatest activity. All the plates are bent cold. 
The bending-slabs for dealing with the rolled sec- 
tions are provided with the n presses and 
shaping tools electrically-driven, together with the 
required apparatus and accessory gear for the 
rapid handling and bending of the bars, They are 
served by tracks for the rapid supply of straight 
bars, and their removal when bent. The shop con- 
tains a complete distribution system of water under 
pressure, 160 kgs. per sq. cm, (1422 Tb. per sq. in.), 
supplied by a set of four — one of which has 
an output of 50 litres (11 gallons) per minute, its 
action being governed automatically by the accu- 
mulator. The system works the cranes and jacks 
combined with the machine-tools throughout the 
shop ; water under pressure is also delivered from 
the same system to the works on the launching- 
ways, the pipe-machining and the engineering shops. 
All the machine-tools in the plate-shop are served 
by hydraulic cranes, which carry the materials from 
one machine to the other, and load and unload 
the bars and plates {from the railway trucks. A 
view in the plate-shop is given in Fig. 6, on 
page 851. . 

There are provided in the yard six powerful 
40-ton hydraulic riveting- machines carried on 
jib-trucks, which are used for the hydraulic riveting 
of ships’ hulls. These machines were used for 
riveting the whole of the keel, the middle-line 
keelson, the bottom plates, the shearstrakes, and 
the stringer-plates of two decks of the liner France, 
above referred to. The water under pressure is 
supplied by the accumulator plant in the plate- 
shop. The water-pipes are laid along the launching- 
ways. All the frames, knee-plates, and floors 
were hydraulic-riveted in the yard, besides a part 
of the. boiler shell and end-plates. The remaining 
portions of the ship were mostly pneumatic riveted. 
Compressed-air riveting-machines are largely used 
throughout the yard. 

An annexe of the plate-shop is set apart for 
machining the rolled sections, This covers a plant 
for the cold-bending of sections, and also bar- 
shearing, punching, and cutting-machines, most of 
which are hydraulically driven. It is served by a 
1500 kg. (30 ewt.) hydraulic crane, having a 15 m. 
(49 ft.) radius, by a hand-crane, and also, when 
required, by one of the electric cranes serving the 
launching-ways. A second annexe forms a smithy 
for dealing with small work ; it has an area of 
1500 sq. m. (16,000 sq. ft.), and contains the neces- 
sary machinery for bending angles, and hydraulic 
presses for punching lightening-holes and for bend- 
ing plates. Besides this annexe, there isa separate 
smithy, having about twenty fires and several steam- 
hammers, the largest of which is a 2-ton hammer 
for small forged work and urgent repair work ; the 
company generally purchase their large forgings 
from outside manufacturers. 

The launching-ways are of masonry, and are three 
in number, but there is sufficient space available for 
five. One is capable of taking ships 150 m. (492 ft.) 
long and 20 m. (65 ft. 7 in.) in breadth ; a larger 
one, for ships up to 170 m. (557 ft.) in length and 
29 m. (95 ft.) in breadth ; while the third is suit- 
able for ships up to 225m. (738 ft.) long and 
29.5 m. (96 ft. 8 in.) in breadth. wo of the 
launching-ways could be lengthened if necessary. 
The 150-metre slip is on a gradient of 60 mm. 
per metre (one in 16.7) and is built for launch- 
ing ships on their keel. The second consists of 
three parallel walls, the two outer ones forming 
slides beyond the slip, and launching taking place 
on a cradle; the incline of the masonry work is 
made to vary, the rate of incline increasing from 
the head of the ways to the slides beyond the 
slip. As a rule, a curved slipway is resorted to, 
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built with a radius of 9500 m. (about 10,000 yards) 
on a gradient which varies from 45 mm. to 65 mm. 

er metre (1 in 22.2 to1 in 15.4). The battleship 
Diderot was built on this. The third and largest 
slip, on which the liner France was built, consists 
also of three parallel walls, built on the same 
principle as the launching-ways No. 2. The top 
of the masonry walls is on a varying gradient, and 
enables a curved slipway of 9600 m. in radius to be 
provided, the gradient varying from 40 mm. to 
60 mm. per metre (1 in 25 to lin 16.7). The 
walls are vaulted and the foundations are driven 
down to the rock. 

The cradle used with each of the two larger 
ways is attached strongly to the hull, and is only 
removed later on, the port and starboard portions 
being riveted to the corresponding sides of the ship. 
It is generally formed, in the case of the large units, 
of three parts, two of limited length forward and 
aft, and one of long length between them. This 
arrangement makes it possible to remove the aft 
yart: when the ship is afloat in the fitting-out basin ; 
it also enables the ship to bear on a larger area in 
the course of alaunch. The retaining means gene- 
rally used for the large units consist of a number 
of dog-shores, sand-cushions under the keel for- 
ward, and two hydraulic retaining triggers under 
a 300-ton load, operated by the hydraulic accumu- 
lators in the plate-shop. 

The ways are served by six electric cranes, which 
run on trucks on the ground level. One of the 
cranes has a 22-m. (72-ft. 2-in.) radius, three have 
a radius of 17.5 m. (57 ft. 5 in.), and two a radius 
of 14.5 m. (47 ft. 7 in.). Their total height of lift 
is 45 m. (147 ft.); the maximum load is 4 tons at 
the extreme radius, and 8 tons at half that radius. 
These loads afford an ample margin in all the hoist- 
ing work carried out in the construction of hulls. 
The cranes are not set apart for serving permanently 
any of the launching-ways; they are distributed 
over the latter according to the number of ships under 
construction, and the expedition with which any 
particular ship has to be completed. One crane can, 
as a rule, deal with about 100 tons of plates and bars 
every week, and four used together in the construc- 
tion of one hull could therefore supply to the hull 
a total of about 1600 tons per month. Asa rule 
four cranes are set apart for the construction of a 
battleship or a large liner, while two suffice for 
cargo-boats and smaller units. The crane having 
a radius of 22 m. (72 ft. 2 in.) is sufficient to serve 
alone the smallest of the three launching-ways. 
The cranes were supplied by the Titan Anversois 
Company, except three which were built at the 
yards, on the plans of the said company. As will 
be seen from Figs. 3 and 4, on page 850, the launch- 
ing-ways are surrounded by latticed-steel uprights ; 
these are 30 m. (98 ft. 6in.) in height. 

The boiler-shop (Figs. 7 and 8, on page 851, 
and Fig. 13, Plate XCII.), has a total length of 
about 130 m. (425 ft.), and covers an area of about 
8000 sq. m. (86,000 sq. ft.); it is divided into 
four bays. The cylindrical boilers for the France, 
which we saw in course of completion last summer, 
are 5.4m. (17 ft. 8 in.) in diameter ; her double- 
ended boilers are 7 m. (23 ft.) in length. The 
weight of these latter boilers, without accessories, 
is approximately 100 tons each. One bay of the 
shop is used for the erection and repair of loco- 
motive engines; it is also used for the putting 
together of single-ended boilers. It contains power- 
ful machine-tools for the fitting of furnace seatings, 
boiler-end seatings, drilling-machines, and so forth. 
Fig. 8 shows a machine at work for turning the 
flanges of boiler-ends ; this same machine can also 
bore automatically elliptical manholes. The second 
bay covers the smithy attached to the boiler de- 
partment, and contains steam-hammers and strikers 
for bolts and riveting. All the hearths are served 
by hydraulic cranes supplied from accumulators, 
which also operate a number of presses, one of 
which is a 200-ton machine, The third bay is set 
apart for putting together the large boilers, and is 
provided with the required riveting - machines, 
radial drills, and so forth. 

All the smaller machine-tools for current boiler- 
work are under the fourth bay ; these include drill- 
ing, chamfering, planing, screwing-machines, bend- 
ing-presses, emery wheels, &c. The whole of the 
boiler-shop has a complete compressed-air installa- 
tion, driving chipping, cutting, caulking, and other 
tools. It is served by eight high-speed electric 
overhead travelling-cranes, of powers varying from 
10 to 70 tons. The bay under which the large 
boilers are erected has a 70-ton and a 50-ton 





traveller, which can be coupled together for lifting 
loads of 120 tons. The tools and travelling-cranes 
in the boiler-shop take 250 kilowatts; the men 
employed number 500. The shop has an annual 
capacity of 100 single-ended boilers, 5 m. (16 ft. 5in.) 
in diameter. Besides the boilers for the liner 
France, the company had in hand last summer the 
boilers for the liner Rochambeau and for two other 
packet-boats, a total of 186 furnaces. They also 
build vertical-tube boilers of the Du Temple, White- 
Forster, and other types. 

The compressed-air installation consists of three 
steam-driven air-compressors having a total capa- 
city of 78,000 litres (2649 cub. ft.) of free air per 
minute ; steam is supplied to the air-compressor 
engines from Belleville boilers at a pressure of 
16 kg. per sq. cm. (228 lb. per sq. in.). The three 
compressors deliver into a system of pi which 
communicate with the launching-ways, the boiler- 
shop, the pipe- bending shop, the engineering works, 
and tu four stations for the completion of ships in 
the fitting-out basins and the dry docks. There 
are also a number of portable air-compressors for 
use in repair and alteration work on board ships. 
The compressed-air tools comprise drilling-machines 
for all diameters from 4 mm. to 100 mm. (f in. to 
4 in.); pneumatic hammers ; riveting - machines 
used for diameters up to 28 mm. (1,);in.), hydraulic 
riveting being resorted to for larger diameters ; 
caulking - tools, grinding - machines, forge-hearths, 
ventilators in the hulls in course of construction, 
and so forth. 

The construction of turbines, both for battleships 
and liners, has necessitated the putting down of a 
special plant, containing, among other machine- 
tools, boring-machines for the accurate finish- boring 
of cylindrical castings, the internal diameter of 
which reaches 5 m. (16 ft. 5 in.), and weighing up 
to 60 tons. Four years ago the works had only the 
necessary installation for the construction of recipro- 
cating engines, having cylinders up to 2.75 m. 
(9 ft.) in diameter and weighing up to 30 tons, these 
being the dimensions of the low-pressure cylin- 
ders of the liner Provence. At the present time 
the engineering shop consists of four bays about 
147 m. (482 ft.) in total length, and covering about 
7800 sq. m. (83,900 sq. ft.). One bay contains the 
small machine-tools for the manufacture of small 
engine parts, a portion at one end being partitioned 
off for finishing the turbine-blades and fitting 
them up in sections. A second bay covers the 
powerful machine-tools for half its length ; the 
other half forms the turbine-erecting shop, and is 
sufficient in arca to allow the erecting together of 
five sets of turbines for Dreadnoughts and the 
largest liners. A third bay covers all the drilling 
and planing- machines, and lathes of average 
dimensions. At one end of this bay are erecting- 
pits for the erection of reciprocating engines. The 
fourth bay contains the large machine-tools, long 
lathes, and powerful boring- machines for the 
heaviest pieces, dressing plates, and heavy accessory 
apparatus, one end serving as a fitting-shop, and 
containing besides the necessary gear for hydraulic 
tests. Two methods are adopted for halancing 
the turbine rotors: in the cold state (the rotors 
being rotated by a 150 kw. dynamo), and under 
steam. A special set of steam-pipes connect the 
turbine - testing station with the boiler - house 
attached to the power-station and supply steam at 
a pressure of 8 kg. per sq. cm. (114 lb. per sq. in.) ; 
by this means a whole turbine set, mounted on the 
same shaft, can be adequately tested under steam. 
Views in the turbine-shops are given in Figs. 9 to 
11, Plate XCI., and in Fig. 14, Plate XCTI. 

The larger machine-tools in the engineering shop 
comprise the following :—A_ horizontal boring-mill 
capable of boring out diameters exceeding 5 m. 
(16 ft. 5 in.) up to over 13 m. (42 ft. 8 in.) in 
length ; the maximum height of the centre above the 
bed is 2.894 m. (9ft. 6in.), the bed having a total 
length of 16 m. (52 ft. 6in.) and a width of over 5m. 
(16 ft. 5in.). This boring-mill is driven by a 
50-horse-power motor. There are also two some- 
what smaller boring-mills, capable of boring pieces 
4.2 m. (13 ft. 9in.) in diameter and over 10 m. (32 ft. 
9 in.) in length, and each driven by a 36-horse-power 
motor. All three machines cut about 12 m. (about 
39 ft.) per minute in fine-grain cast iron, the 
correspouding breadth of cut varying from 20 mm. 
to 25 mm. (0.8 in. to 1 in.). 

A powerful planing-machine has been put down 
for planing the stator ends. In this the tool has 
a horizontal travel of 7.5 m. (24 ft. 7 in.), and a 
vertical travel of 6 m. (19 ft. 8 in.). The hori- 





zontal bed-plate, on which the castings are held, 
has a length of about 7 m. (23 ft.), and a width of 
2.5 m. (8 ft. 2 in.). This is a most serviceable 
machine for planing and slotting ; it has a feed of 
about 9 m. (about 29 ft.) per minute, the breadth 
cut being from 40 mm. to 45 mm. (1.6 in. to 1.8 in.), 
It is driven by a 45-horse-power electric motor, 
Another interesting tool is a boring, drilling, screw- 
cutting, and milling-machine. This is provided 
with two tool-holders, and can bore holes up to a 
diameter of 500 mm. (19.7 in.). It is driven by 
a 10-horse-power electric motor for traversing the 
tool-holding slides, and by two other motors, each 
of 15 horse-power, for operating the tools. The 
tool-holding slides have a horizontal travel of over 
6 m. (19 ft. 8 in.), and the tool-holders have 4 
vertical travel of over 3 m. (9 ft. 10 in.). 

The machinery parts dealt with in the engineer- 
ing shop weigh as much as 150 tons ; for handling 
these the bay covering the heavy machine-tools has 
been provided with three 50-ton overhead electric 
travelling-cranes, which can work together or sepa- 
rately at will. The other bays are provided with 
30, 25, and 10-ton similar cranes, there being seven 
in all in the engineering shop. 

Figs. 9, 10, and 11, Plate XCI., show respec- 
tively the large planing-machine above mentioned, 
a battleship turbine in course of erection, and the 
shipping of a turbine on board the battleship Diderot 

The various electric motors throughout the shop 
take a total power of 300 kilowatts. The men 
employed in the shop and its annexes number 
900. 

When we visited the yard last summer, the fol- 
lowing engine sets were at the engineering shops 
in different stages of progress:—Three sets, of 
22,500 horse-power each, for the three Dreadnoughts 
of the French 1906 programme, including the 
Diderot, in course of completion, afloat at Penhoét. 
The turbines of the liner France, for a total of 
about 45,000 horse-power, the France being in 
course of construction at Penhoét. The exhaust 
turbines for the liner Rochambeau, also in course 
of construction at the yard. The turbines of the 
battleship Courbet, of the French 1910 programme, 
for a total of about 30,000 horse-power. The tur- 
bines of the French destroyer Dehorter, of about 
15,000 horse-power. The reciprocating engines for 
a Peruvian packet-boat, the Mantaro, for a power 
of about 3600 horse-power. The reciprocating 
engines of the liner Rochambeau above men- 
tioned, to develop, including the turbines, a total 
of about 12,600 horse-power. In all, 166,200 horse- 
power. 

The yard contains a small foundry, which is used 
mainly for producing brass and gun-metal castings. 
It contains six crucibles, four of which, of 20 cwt. 
each, are on the Rousseau system, which allows of 
direct casting from the crucible into the moulds. 
The foundry has a monthly output of about 
15 tons. 

The cutting-tools for the whole yard and works 
are manufactured in a separate tool-shop, which is 
provided with all the necessary machines for this 
speciality. The tools are hardened after heating 
to a red heat in tubes placed in coke furnaces. 
Tempering is effected in hot sand-boxes. For 
dies, punches, and the various hand-tools, cast 
steel of the highest grades is used. The cutting 
tools for the different machines are of high-speed 
steel. The tool-shop employs 60 men. 

The wood-working shops, a view in which is given 
in Fig. 12, Plate XCI., as they now exist, close 
to the boiler-shops, are of comparatively recent con- 
struction. They consist of three bays 11 m. (36 ft.) 
in width and 82 m. (269 ft.) in length. The first bay 
covers the machine-tools for dealing with baulks, 
comprising a band-saw capable, of taking logs 1.10 m. 
(43in.) in width ; a frame-saw for cutting baulks 
up to 1m. (39in.) in width ; a large automatic-feed 
circular-saw ; two planing-machines for planing 
wood on the four sides, and a dividing band-saw. 
The bay is served by an overhead electric traveller. 
The second bay covers the machine-tools for dealing 
with the timber for joinery and cabinet-work, the 
plant comprising a very complete set of tools. ‘The 
third bay contains the benches for hand-work and 
for the manufacture of ships’ models. All the 
machines in the wood-working shop are of recent 
types, and have a large output ; they are all elec- 
trically driven by separate motors. As an annexe 
there is a three-storey building in which the com- 
pleted woodwork is stored previous to its being 
fitted on board ship; this serves also for ware- 
housing the more costly kinds of timbers. A 
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three-compartment“drying-stove capable of taking 
planks of any lengths and complete panels up 
to 3 m. (9ft. 10in.) in width is used for drying. 
The stove can be heated in closed, open, or par- 
tially-open circuit, at will, according as the drying 
operation proceeds. The stove is supplied with air 
by a steam-driven fan, the air being heated on its 
course to the stove. The wood-drying installation 
was put down by the Sturtevant Engineering Com- 
pany, Limited. The steam for the fan is supplied 
from a boiler fired by waste wood and sawdust. 

The electric power-station contains one 650- 
kilowatt Parsons turbine set, a 550-kilowatt vertical 
high-speed engine set, and a 350-kilowatt horizontal- 
engine set. The turbine and two engines are 
supplied* with steam from eight boilers, six of 
which are in‘service, two acting as a stand-by. 
Distribution is on the three-wire system, with 220 
volts between each ; the neutral wire is connected to 
earth. The larger motors throughout the yard are 
supplied with current at a pressure of 440 volts ; 
the smaller ones and the lamps are on 220 volts. 
An automatic cut-out is provided on the starting- 
9 of each line on the main switchboard, as 

ing a safer means than fuses, especially for large 
current strengths. The mains consist mostly of 
overhead naked wires throughout the yard. 

As will be seen from the plan, Fig. 1, page 849, 
there are in close proximity to the Penhoét yard 
three dry docks, which open into the fitting- 
out basin. These are shown in the view, Fig. 15, 
Plate XCIII. The largest of these has an ex- 
treme length of 738.2 ft., and a breadth at the 
entrance at top of 114.8 ft. The correspond- 
ing dimensions of the other two dry docks are 
the following: — No. 2, 393.8 ft. and 42.8 ft.; 
No. 3, 557.9 ft. and 59.1 ft. The three docks are 
owned by the State ; they are leased on moderate 
terms to the Compagnie Générale Transatlantique, 
and to the builders. The largest is able to accom- 
modate the heaviest battleships. Dock No. 2 can 
be made into two docks, for which purpose it is 
provided with dock-gates near the middle of its 
length. On Plate XCIII. the view Fig. 16 shows 
the dépét for rolled material, which lies at the 
opposite end of the yard. 

he 150-ton hammer-head electrical crane, shown 
in the general view, Fig. 2, also in Fig. 16, and more 
clearly in Fig. 17, Plate XCIV., forms a landmark 
which is seen at a great distance. It is built on 
the quay of the fitting-out basin at the point 
shown in the plan, Fig. 1. Its general designs 
were got out by the Titan Anversois Company, the 
detail plans having been prepared by the Moisant, 
Laurent, and Savey Company. It consists of a 
central latticed column 41 m. (134 ft. 6 in.) high, 
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provided at its top part witha roller-path, on which 
rests the crane proper, consisting of an outer shell | 
of latticed work which ends at its lower part on a | 
roller-path slightly above the ground-level, and at | 
top ina jib and counter-jib. There are in the jib two | 
tracks ; a crab provided with the sheaves for the | 
return of the hoisting-ropes travels on the lower | 
track, and is operated by two 50-horse-power | 
motors carried on the crab. The upper track | 
carries a 15-ton electric traveller which can travel | 
to the extreme end of the jib. The slewing and | 
hoisting motions, and the traversing of the crab | 
for heavy loads, are governed from a cabin near the | 
top of the central column; the corresponding | 
actions for the smaller loads are governed from a | 
cabin carried on the lighter crab. The lower track 
is 49.750 m. (163 ft.) above the quay level, the | 
higher one being at a height of 52.460 m. (172 ft.) | 
above the same level. The crane can lift 150 tons 
at a 20m. (65 ft. 7 in.) radius ; 120 tons at a 
radius of 23.9 m. (78 ft. 5 in.); 100 tons at a radius 
of 27.6 m. (90 ft. 6in.); 80 tons at a radius of | 
32.6 m. (106 ft. 11 in.); and 60 tons at a radius of | 
38 m. (124 ft. 8in.). At the latter radius the 
crane can serve two ships afloat alongside one | 
another in the fitting-out basin. The central 
column of the crane 1s strongly embedded down 
to the rock in a concrete foundation, further 
strengthened by steel rails ; each of its four uprights 
is anchored toa granite block with a bearing surface 
of 4 sq. m. (43 sq. ft.). 

Besides this crane there are an 80-ton floating 
crane in the fitting-out basin, and an 80-ton derrick 
crane on the quay at the point shown in the plan, 


Fig. 1. 
The yard and works are supplied with fresh water 


_ 


ee 
jee Oe eee 


com 
he 
a, 
= 


‘av 
' - 
, =~ 
Ro 
Aye 
Ad 








’ 


THe Liners ‘‘ FRANCE” Aanp ‘‘ RocHAMBEAU ” DURING CONSTRUCTION. 











Fig. 4. Launcn or THe Barriesuir ** Diperor.”’ 


from the town mains. There is a fire-station, con-| pressure of 7 kg. per square centimetre (against eee pes of 3 kg. per square centimetre (against 4 


taining an electrically-driven pump, capable of a head of 225 ft.). 
delivering 300 tons (66,000 gallons) per hour at a has a 30-ton (6600-gallon) delivery per hour at a| electric current distribution. In case of emergency, 
| 


A second smaller service pump | head of 96 ft.). Both pumps are connected to the 
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during the night time, they can be driven by internal- 
combustion motors using town gas or oil, and started 
instantaneously. Both pumps are connected to 
underground mains which run throughout the yard 
and shops, and connect to thirty-two hydrants. 
The pumps draw from the fitting-out basin. The 
condenser water for the electric station is also drawn 
from the fitting-out basin, and is delivered into 
the River Loire. 


The St. Nazaire Company are completing the | 


withstand High Pressures,” by Professor H. C. H. 
Carpenter and Mr. C. A. Edwards. This we reprint 
in full in this week’s issue. Dr. Carpenter, who 
summarised the paper, furnished sume additional 
information. Referring to tests made to settle 
the question of deterioration in the case of hydraulic 
valve-block castings of aluminium-bronze contain- 
ing 9 to 10} per cent. of aluminium, he said that 





just prior to the meeting the authors had tested a 
number of such castings which had been standing 


installation of a dining-room for their men. Besides | between one and two years. They had not, of 


a number of sand filters distributed throughout the 
shops for the filtering of potable water, there are 
two sterilisers, one employing ozone and the other 
ultra-violet light. The smithies are provided with 
smoke-aspirators ; the wood-working shops have a 
similar installation dealing with the wood-dust. 
All the scaffolding work has been carried out for 
years past by a special gang of experienced men. 
All the married men pay every fortnight 1.20 francs 
(about 1s.) toa fund which insures for them and 
their family the medical care they require ; the non- 
married men pay 80 centimes (about 8d.) per fort- 
night to the same fund. There exists also a provi- 
dent fund, to which every man employed by the 
company and every member of their staff pay 
annually 4 per cent. of their wages or salary, the 
company adding to the same fund 6 per cent., 
calculated on the same basis ; the yearly interest 
is added to the above payments, to which are added 
also donations occasionally made by the company. 
The capital thus formed and credited to eac 
employee is placed at his disposal after he has 
completed twenty-five years’ service. 

Besides the ships alluded to above, the St. 
Nazaire Company have in course of construction 
for the Compania Peruana de Callao two steamers, 
the Mantaro and Pachitea, of the following prin- 
cipal dimensions :— 


Length ... 
Breadth ... 


109.7 m. (361 ft.) 

ee 14 m. (46 ft.) 
Maximum burden 3300 metrical tons 
Speed... me yd 13.5 knots 

Both are to be fitted out for carrying about 80 
first-class passengers and 70 second-class, the tween 
decks will take third-class passengers, goods, and 
cattle. The firm have also recently completed and 
delivered a petroleum-carrying ship, the Radio- 
leine, built for taking a dead burden of 5100 tons 
in three large tanks. The ship is 108 m. (354 ft.) in 
length, and has a speed of 12 knots. 

The hull of the last-named ship was built at the 
Chantier de Normandie, which is owned by the 
company, and lies on the River Seine, near Rouen, 
where there are five launching-ways for cargo-boats, 
sailing-ships, barges, tugs, torpedo-boats, and de- 
stroyers. They have built a large number of boats 
of the two latter classes for the French Navy. 
Among the destroyers, they built the 415-ton boat 
Carabinier, driven by reciprocating engines, and 
having forced lubrication ; the Janissaire, of 450 tons, 
driven by Parsons turbines ; and have in construc- 
tion at the present time the Dehorter, above referred 
to, a 750-ton destroyer, also driven by Parsons 
turbines. All the engines for the units built at the 
Chantier de Normandie are constructed at the 
Penhoét works; the said Chantier has now in hand 
the hulls for the two Peruvian steamers above 
referred to. 

The two yards occupy a total staff numbering 
6000. The Penhoét yard is within easy reach of 
the Forges de Trignac, the blast-furnaces of which 
are seen in the distance in the view of the dry docks, 
Fig. 15, Plate XCIII. The Trignac metallurgical 
works smelt their own iron ore, mined in close prox- 
imity, at the Segré iron-mines ; they receive their 
coal in colliers which steam down to their wharf, a 
short distance down the mouth of the River Loire. 
They supply the company with plates and sections. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 16th inst., at Storey’s Gate, Westminster, Mr. 
J. A. F. Aspinall, the President, occupying the 
chair. Two papers were set down for reading, 
one of which we reprint in full in another part 
of this issue, while the other will be reproduced 
at an early date. 


CASTINGS TO WITHSTAND Hich PReEssurgs. 


After the formal business the first paper taken 
was one entitled ‘‘ The Production of Castings to 


| which was very satisfactory. 


'course, been under pressure duriug that time, but 
'the question of deterioration would, he thought, 
| be shown. 


In all cases exactly the same results 
were got with the old, as with the new, castings, 
At the conclusion 
of the paper information had been given relative 
to high-pressure steam tests, which the authors 
regarded as important, particularly as showing the 
effect of superheated steam over prolonged periods 
In the case of the 10 per cent. alloy mentioned in 
the Appendix to the Eighth Report to the 
Alloys Research Committee, Dr. Rosenhain had 
shown that the strength of the alloy was very 
well maintained up to 350 deg. Cent., but fell at 
a higher temperature. Two steam-valves had 
been cast of the 10.5 per cent. bronze, as stated 
in the paper, the wall thickness being a full } in., 
and, after testing, were subjected to a service 
test. From May 1 to December 1 they had been 
on the steam main of a boiler at Messrs. Armstrong, 


h | Whitworth, and Co.’s works in Manchester, and 


the chief engineer of the company had reported that, 
as far as the material was concerned, the valves had 
been entirely satisfactory, and showed no signs 
whatever of deterioration. 

The President, in opening the discussion on this 
ee remarked that the subject was one in which 

e took special interest, because in 1891 they had 
undertaken, at Horwich, a very extensive series of 
experiments on aluminium-bronzes, and had en- 
countered many of the difficulties mentioned by the 
authors. Many of these were not overcome, but the 
authors appeared to have been more successful. In 
reference to Fig. 10 of the paper, showing a casting 
of a small hydraulic valve, he commented on the 
large size of the head and of the riser. If it were 
necessary that the head and riser should be so 
large, he feared that the casting was an unecono- 
mical production, so large an amount of valuable 
metal being used in order to produce so small a 
casting. 

Mr. Leonard Archbutt thought that by logical 
procedure the authors had arrived at a practically 
useful result, and had, so to speak, put the seal 
upon the work indicated by the Eighth Report 
to the Alloys Research Committee. The most 
important part of the paper was that which 
dealt with the aluminium-copper alloys. He con- 
sidered inattention to details of moulding and 
pouring out might lead to the failure of the most 
valuable alloy. Such papers should, if widely read, 
emphasise the importance of scientific supervision 
of the foundry. He would like to ask the authors 
why they commenced with a gun-metal containing 
as much as 15 per cent. of tin. This alloy was 
very brittle, and had practically no extension. 
Why had they used this alloy instead of one that 
was more ductile and contained less of the tin- 
rich delta constituent, which made an alloy so 
brittle? In examining porous castings made of the 
15 per cent. alloy, he had noticed that it frequently 
happened that the porous places were due to the 
absence of the delta constituent, which seemed to 
have been contracted away into another part of 
the casting. He had photographs with him which 
illustrated that point, although, doubtless, the 
authors were perfectly familiar with it. In these 
it would be seen that the shape of the porosity fol- 
lowed the shape of the tin-rich delta constituent. 

Apart from the question of hydraulic castings he 
would like to call attention to the great difference 
which quenching above 500 deg. Cent. made in the 
properties of the 15 per cent. alloy, the alloy being 
by this process rendered quite tough. On the Mid- 
land Railway this alloy was used for D-slide valves 
—he believed it was commonly used for this purpose 
—and it had been the practice to test the slide-valves 
by putting them under a falling weight of 1 ewt., 
using a blunt knife-edge. The valve was supported 
on centres 11-in. apart, and the weight was allowed 





to drop across the centre of the valve. The valves 
cast in sand cracked almost invariably with the 
| first blow from a height of 8 ft., and were generally 
| broken in half by an average of about four blows. 





If, however, these valves had, instead of being 
allowed to cool down in a sand mould, been raised 
above the temperature of 500 deg. Cent., and 

lunged into cold water, they became so tough that 
it would take about four blows to start a crack, and 
an average of about nine blows to break the valve. 
He had, indeed, seen these valves so tough that 
they would bend, and the knife-edge would ind nt 
them, and they might be struck fifteen times from 
a height of 8 ft. and three more times from a 
height of 10 ft. before they would break. They 
had given up treating the valves in that way 
because they found they did not wear so well, 
Professor Carpenter might pe: haps be familiar with 
the reason for this curious circumstance ; although 
the quenching made the metal tough, it did not 
seem to affect the tensile test, or improve in any way 
the elongation. Possibly a great difference might be 
found were the metal subjected to the Brinell test 
or the Izod test. 

Referring to the gun-metal alloys mentioned in 
the early part of the paper, it might be of interest 
if he submitted the composition of one or two other 
alloys. For instance, an alloy containing 89 parts 
of copper, 9 parts of tin, and 2 parts of lead, cast 
in the ordinary way, without phosphorus, gave a 
maximum stress of 13.7 tons and 10.05 per cent. 
elongation. When cast with phosphorus the 
maximum stress was 16.25 tons and the elongation 
was 23.25 percent. The alloys were not analysed, 
so that he could not say how much phosphorus 
there was in the metal, or how much the difference 
in the properties was due to the phosphorus, or 
how much to the greater soundness of the casting ; 
he believed, however, that it was mostly due to the 
greater soundness. 

Dr. Carpenter here inquired the amount of phos- 
phorus employed, to which Mr. Archbutt replied 
that it was a small stick of phosphorus put into the 
metal before casting ; not more than 0.03 per cent., 
or even less, would be finally left in the metal. 

Continuing, Mr. Archbutt gave the composition 
of another alloy. This contained 87 parts of copper, 
9 of tin, 2 of lead, and 2 of zinc. This composition 
made a very nice casting, and when cast from the 
pure metal gave a maximum stress of 144 tons, with 
an elongation of 12.45 percent. He would like to 
ask the authors why they did not use such alloys as 
these instead of that referred to in the paper. In 
conclusion, he would say that he was glad the authors 
had called attention to the misuse of the term 
‘*manganese-bronze” for ‘‘manganese-brass.” It 
was a pity that ‘‘ manganese-bronze” was not con- 
fined to alloys which contained simple copper and 
manganese. 

Mr. Bateman, who was the next speaker, asked 
what liquid was used to get the high pressures men- 
tioned in the paper. He could understand the appli- 
cation of water for pressures up to 3 or 4 tons per 
square inch, but he would expect some other liquid 
to be employed for pressures up to 20 tons per 
square inch. Was it oil, or some liquid other than 
water ? He agreed with the remarks made about 
the use of steel for hydraulic work, and its corrodi- 
bility under high pressure. He could not understand 
why phosphor-bronze should not have been used, as 
he believed that, for high pressures, it was considered 
very much stronger than gun-metal. He had had 
much experience with high pressures (hydraulic) for 
valve-boxes, and had found that phosphor-bronze 
would stand a working pressure of 3 tons for a 
considerable time, whereas ordinary gun-metal 
would not stand anything like that pressure for 
more than a few weeks. The gun-metual, it was sup- 
posed, became much fatigued, and, in the end, burst. 

Mr. H. F. Donaldson, C.B., Vice-President, 
referred to the authors’ remark that the alloy should 
be introduced into the mould very quietly. He 
wished to inquire whether they had tried the re- 
verse method—-pouring in very quickly. If the 
scum formed so quickly, it would appear better to 
introduce the metal into the mould with the utmost 
rapidity possible rather than very slowly. 

Mr. KE. A. Rainer asked if the authors could say 
whether there was any advantage in introducing 
more than one runner. If the metal were being 
poured so very cold, there would be a good deal 
of doubt whether a big casting would run up. 
Some years ago he had tried the alloy for small 
castings, and he had experienced all the difficulties 
mentioned by the authors. The exigencies of his 
business, however, precluded further experinent 
ing. He would like information as to its use for 
bigger castings. 

Mr. F. E. H. Harrison, who spoke next, wished 
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to criticise one or two matters from the standpoint of 
the manufacturer. The manufacturers were bound 
by specifications. At the speaker’s works Admiralty 
specifications were in use. A hard gun-metal had 
been mentioned in the paper, the test-piece of 
which showed an ultimate stress of 19 tons and 
an elongation in 2 in. of 3 per cent. Ifthe speaker 
ventured to submit such a metal to the Admiralty 
overseer, it would be rejected, as 3 per cent. elonga- 
tion was demanded. He was, indeed, surprised to 
see such results as 19 tons and 3 per cent. fora 
gun metal with so much tin in it, cast in a chill ; 
he would have expected less elongation. Gun- 
metal stick was sometimes ordered from his works, 
the manufacture of which up to 3 in. was merely 
boy’s work. Above 3 in., up to 6 in., difficulties arose, 
such as the liquation trouble, which, in a tin-rich 
gun-metal, and in a big solid block, was one of the 
greatest difficulties. The inspectors would not take 
test-pieces from the outside, and in the case of a 
thick, solid lump a piece had to be taken out of the 
middle, and the 3 per cent. elongation could not 
be obtained. He had not yet succeeded in his 
endeavours to obtain this 34 per cent. in material 
from big work. With regard to the 10 per cent. 
aluminium ailoy, the speaker had not had any 
experience, although he had cast a few bits ina 
chill for rolling purposes. One of the foremen had 
complained that it blunted his saw. That alloy 
would not suit his work, because the specification 
for what he had always called ‘* manganese- 
bronze” for hydraulic work (internally tested 
work) demanded a yield-point of 15 tons, break of 
30 tons, and elongation 15 per cent. The alloys in 
this paper would not give these results. Porousness 
with the tensile tests was one great trouble that 
they had to deal with. In the case of some 10-ft. 
rails they had been able to get them sound, but then 
the tests could not be obtained ; if they obtained 
the tests, it was impossible to get soundness. 

Mr. Harrison continued by alluding to Mr. 
Aspinall’s reference to the size of the head. With- 
out criticising particular makers, he would say 
that some bronze alloys used required less head than 
others. He had seen many heads bigger than that 
shown. In one case he had found in his works that 
they melted for each casting five times the weight 
of the finished casting. Though this put up the 
cost, it was considerably cheaper to melt more metal 
in order to get the work sound. 

Mr. C. A. Edwards, in reply, said the point 
raised with regard to large heads was a very impor- 
tant one. It was far better to use a big head if it 
were attended by certainty of good casting. Mr. 
Archbutt had said that by quenching slide-valves 
made of phosphor-bronze or gun-metal from tem- 
peratures above 500 deg. Cent., better shock tests 
had been obtained. That was quite intelligible, 
and was a fact that was known to the Chinese 
some thousands of years ago, and was applied by 
them in making their guns. The result was due 
to the fact that above 500 deg. Cent. the metal 
was, in technical language, in the a solid solution 
+ 8, these being the twoconstituents. The 8 con- 
stituent existed in the 15 per cent. y tin alloy in 
the amount of about 10 per cent. The f constituent 
was, relatively, quite malleable, but at 500 deg. 
Cent. it decomposed into the a and 6 constituents, 
and the 6 was quite brittle. Probably the fore- 
going would explain the worse results that Mr. 
Archbutt obtained when the metal was allowed to 
cool slowly ; slow cooling, in other words, produced 
the 6 constituent, while rapid cooling produced the 
8 constituent, which was more malleable. The 
speaker thought the same explanation, considered 
from a different point of view, applied to the alloys 
of which Mr. Archbutt had submitted the composi- 
lions. The presence of zinc or phosphorus might 
in some way influence the rate at which the 8 con- 
stituent decomposed into a and 8 constituents. 
Professor Carpenter was, he believed, of the same 
opinion ; and, in fact, they had some very interest- 
ing results almost ready for publication bearing on 
that very point. 

_The reason for having taken up a copper-tin alloy 
of 15 per cent. tin was because the alloy which had 
been put before them as being of the greatest com- 
mercial  aprag was of that particular composi- 
tion. With a lower tin content the question of 
oxidation became far more serious, the porosity 
of the casting being much greater than in the case 
of the 15 per cent. tin alloy. With regard to their 
pump, they usually filled the casting with water, 
and pumped up the pressure on the top of that 
with oil or glycerine. They had tried pouring 











rapidly, and found that it resulted in bad cast- 
ings. They had practically flopped the metal 
in almost all at once, but that course was useles:. 
Quick pouring resulted in agitation, and greater ex- 
posure of surface. All the surface exposed—if only 
momentarily— became coated with a film of alumina. 
In more ordinary metals, such as phosphor-bronze 
and others, the oxide formed on the surface rose 
to the top quickly, and went out of the casting, 
causing no trouble. In their alloy the film would 
not rise and would not unite. The moment a 
particle of dross touched the side of the mould it 
stuck. The point, therefore, was to avoid agita- 
tion, and so avoid the formation of alumina or 
dross. The question practically resolved itself into 
this :—One drop of metal must be allowed to enter 
the mould, that drop being covered with a coating 
of alumina, which it was necessary to blow up like 
askin with other metal. He thought, in answer 
to Mr. Rainer, that a number of runners would be 
a distinct advantage in large castings, such as plates. 
They had not done any large work, of course, 
but he thought there should be no great difficulty 
in using the alloy for large work. Mr. Harrison 
had remarked on manufacturers having to work to 
specifications. They had set themselves a specitica- 
tion in deciding to work for an alloy that would 
withstand hydraulic pressures of 10 tons, which 
averaged about 7 tons more than the usual works 
practice. If they could provide a casting that 
would withstand better pressures than demanded, 
and be absolutely safe, he felt sure that users would 
not quibble about other tests. 


TROOSTITE AND THE TEMPERING OF STEEL. 


The second paper down for reading and discus- 
sion was entitled ‘‘ The Constitution of Troostite 
and the Tempering of Steel,” by Mr. Andrew 
McCance, Associate of the Royal School of Mines. 

Mr. McCance read his contribution in abstract. 
In this paper, which we shall reprint in a future 
issue, the author presented a review of existing 
knowledge concerning troostite, and discussed the 
micrographic evidence of its existence. Passing 
thence to the investigation of physical and of heat 
changes, he came to the conclusion that troostite 
consisted essentially of a iron which was in the 
amorphous condition, or which had not yet attained 
its crystalline state of ferrite, and that it contained 
carbon in suspension, and not in solution, as 
carbide of iron. Referring to that section of the 
paper which related to heat changes, Mr. McCance 
drew upon the blackboard the sketches we have 
reproduced in Fig. 1, representing differential 


Fig.1. | 
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cooling and heating curves of steel, explaining 
that while in the cooling curve the line showed no 
irregularity, the heating curve, on the contrary, 
always showed a small notch at « below the bend 
out to the point as shown. Every curve the speaker 
had examined had been the same. There was there 
a small evolution of heat and then absorption of 
heat due to the carbon coming out of solution. 

Mr. C. A. Edwards, in discussing this paper, re- 
marked that much had been said about the nature 
of troostite, as Mr. McCance had pointed out. 
He regarded it as a great pity that there was not a 
more definite conception of the constitution of 
troostite and other constituents of quenched steels. 
He believed, with Professor Arnold, though the 
idea was discredited by many, that some of the 
‘* ites ” should be done away with—viz., those that 
did not correspond to any definite chemical com- 
pound. Troostite was a definite constituent only 
in so far as it showed a characteristic structure 
under the microscope ; but that, when said, was 
all. Mr. McCance had stated in his first conclu- 
sion that troostite consisted essentially of a iron, 
which was in the amorphous condition, or which 
had not yet attained to its crystalline state of 
ferrite, along, he believed, with carbide, to which 
the author assented. For the moment he proposed 
to raise no objection to the statement that the 
condition was amorphous, although he did not 
think that was absolutely certain. There was, 








however, some vagueness as to the airon. He did 
not think it was always necessary that a iron should 
be present in troostite ; troostite could consist of 
practically pure carbide of iron. 

To illustrate his meaning, Mr. Edwards sketched 
a diagram on the blackboard. This we reproduce 
in Fig 2. He considered that Mr. McCance had 
been somewhat misleading in regard to the solubi- 
lity line of carbon, when speaking about the Ar, and 
Ar, points, because these two points did not corre- 
spond to the separation of carbide of iron. The 
moment the alloys were solid they were in a state 
of homogeneous solid solution of carbide of iron, 
in iron. They underwent no change in further 
cooling until they reached the temperature of the 
lines aed/f according to their icular com- 
position. Alloys containing less than about 0.45 
per cent. of carbon deposited 8 iron at the tempera- 
of the line ae. £8 iron, as Mr. McCance had 

inted out, would not dissolve carbon, and there- 
ore the solution from which the 8 iron had been 
formed must become richer in carbon, so that the 
mother solution again deposited 8 iron as the tem- 
perature fell, aud so on. Thus a progressive change 
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was obtained until the temperature of the line b ¢ 
was reached, and, as was known from the ‘ phase 
rule,” the composition of the mother solution 
corresponded to the point e at that particular tem- 
perature ; that was to say, there would be the 
8 iron and the solid solution of the composition 
e in equilibrium with a iron, because at this tem- 
perature the mother solution began to deposit 
a iron. Therefore, on further lowering the tem- 
perature, the 8 iron first formed must disappear, as 
three phases could be in equilibrium in a binary 
series of alloys only at one particular temperature. 
In a state of equilibrium, therefore, all alloys inside 
the area b ecd could contain no iron. In fact, 
alloys to the right of the point e never contained 
8 iron, either on slowly cooling or on quenching. 
Elsewhere he had attempted to develop this in 
order to arrive, if possible, at an explanation of the 
hardening of steels by quenching —a question which 
was connected in many ways with the author's 
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t therefore amounted to this—that the y-iron 
solid solution, containing from 0.45 to 0.9 carbon, 
deposited a iron on cooling, and when the solid 
solution contained more than 0.9 carbon, car- 
bide of iron was deposited, no free ferrite being 
formed in these alloys unless they were allowed to 
cool below the line cdy. Hence the troostitic 
appearance obtained by quenching alloys containing 
from 0.9 to 2 per cent. carbon must be due to a 
finely-divided state of carbide of iron without the 
presence of a iron. This was supported by the 
fact that massive cementite developed inside the 
troostitic areas, and if a iron were present there 
would be a corresponding amount of massive 
airon. The troostite obtained in alloys containing 
less than 0.9 per cent. of carbon, in which c:se an 
excess of ferrite would be present, might contain a 
iron. Therefore the question of a iron as a neces- 
sary constituent of troostite should be left out. 
The speaker thought that Le Chatelier’s conception 
of the — point was quite right, and troos- 
tite might consist of pure carbide of iron in a finely- 
divided state, or it might consist of carbide of iron 
and ferrite in a fine state of division ; and if this 
was accepted, troostite was not a true constituent 
in any ordinary sense of the word, but was a sort 
of preliminary stage to the formation of other con- 
stituents—i.e., whilst it had a well-known and 
characteristic appearance, it had no definite compo- 
sition. 

He thought Mr. McCance had left another point 
open. This had reference to the appendix to his 
paper, wherein the author had said that: —‘*Through- 
out this paper it has been assumed that martensite is 
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DETAILS OF MOTOR-SLEIGH FOR THE ANTARCTIC EXPEDITION. 
CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, LIMITED, ADDERLEY PARK, BIRMINGHAM. 
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only formed in the quenched 
state. The time was so short 
that the carbon was changed as 
it stood, so to speak, and thus 
was obtained an intimate mix- 
ture of the carbide and the iron. 
But on annealing, the carbide 
segregated. In thecase of slow 





cooling the iron was at liberty 
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a solid solution of car- 
bon in § iron.” The 
speaker considered that 
that remark should have 
been left out. There 
was absolutely no theo- 
retical evidence, so far 
as he could see, for 
considering that 8 iron was ever present in 
martensite. 
stable solid solution of carbide of iron in y iron, 
and there was no reason for considering that it 
contained 8 iron. In view of this fact it would 
have been better if the author had drawn out 
some of the other explanations, although Mr. 
McCance had certainly not committed himself to 
the particular statement made. 

Dr. Hele-Shaw here made a suggestion that the 
Council of the Institution might arrange for some- 
one like Professor Carpenter to deliver a lecture to 
the members on the present state of knowledge 
with regard to carbon in iron. He felt sure that 
such «a lecture would be popular amongst the 
mem pers, 

Mr. MecCance then replied to Mr. Edwards’s 
remarks on his paper. He was quite in agreement 
with Mr. Edwards with regard to the diagram, 
Fig. 2, but he thought that Mr. Edwards had 
Wroncly interpreted his views. In talking of the 
solution of the carbon, Mr. Edwards had in mind 
the slow cooling of the steels, but troostite was 








Martensite was, he thought, a meta- |- 





to do as it liked, as it were, and 
the carbide never came out of 
solution, but the a came out, the 
Biron then changing to a iron. 
In the case of rapid quenching, 
the whole solution changed 
in situ, and the carbon remained 
in suspension. No time was 
allowed for it to change into, 
possibly, cementite. 

With regard to the 8- iron 

solution theory, the speaker did not at all agree 
with this, but it was the theory which was widely 
accepted in text-books. The experiments made 
proved, he considered, that it was impossible that 
martensite could consist of 8 iron, but, as stated in 
the paper, he had assumed the view for conveni- 
ence. He had personally made no experiments of 
his own to support the other theory, which was not 
nearly so widely known. 
The President then brought the proceedings to a 
termination by announcing that the next meeting 
would take place on Friday, January 28, 1911, 
when a paper entitled ‘* Electrical Equipment for 
Docks,” by Mr. Dixon, of Glasgow, would be read 
and discussed. 


MOTOR-SLEIGH FOR ANTARCTIC 
EXPEDITIONS. 

In a previous article some months ago (vol. lxxxix., 
page 421) we gave some general illustrations and a 
short description of a specially-designed motor-sleigh 
tractor constructed by the Wolseley Tool and Motor- 
Car Company, Limited, at their works at Adderley 
Park, Birmingham, for Captain Scott’s Antarctic expe- 
dition, which has so recently started on the final stage 
of its voyage of discovery. We promised then to give 
drawings of this interesting application of the principle 
of the motor-car, and we fulfil this promise by repro- 
ducing on this and the opposite page not only a general 
drawing of the motor-sleigh, but details of the motor 
and the more interesting parts of the mechanism. 
These drawings will be studied with more interest as the 
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Wolseley Company have recently been entrusted with 
orders to build a number of similar sleighs for the 
German expedition to the South Pole under the 
leadership of Oberleutnant Filchner, and later we 
{shall point out the slight modifications in these later 
tractors. For the present we may content ourselves 
by expressing gratification that the Germans have 
recognised the ingenuity of Captain Scott, and those 
associated with him, in the design of this tractor and 
the reliability of the work of the Wolseley Company. 
As we pointed out on the previous occasion, the 
system involves the substitution, for the usual car- 
wheels on the power-driven rear axle, of sprocket or 
chain-wheels driving an endless chain carrying pattens 
or spuds, which grip into the snow and ice, and secure 
forward motion of the travel of the sleigh. This 
system is clearly shown in the general elevation of the 
sleigh-tractor, Fig. 1. The rear axle is marked a, 
and is driven from the motor with the usual worm-gear. 
The weight of the tractor is carried on rollers at the 
back of the chain on the long runner }, which, again, 
is supported by steel springs c. The front axle d 
carries no weight, and only serves as a guide for the 
chain with the pattens orspuds. The pattens aremarked 
p on Fig. 1, the spuds q, and the steel points for 
gripping the ice r. Otherwise the mechanism follows 
the practice of motor-cars, with the exception, of course, 
that there is no body. The air-cooled engine is 
marked ¢ ; fis the gear-box, which is driven from the 
engine through a universal joint and friction-clutch, 
as in motor-car practice ; g is the petrol-tank, / the 
driver’s seat, i the control column carrying all the 
levers and the small petrol-tank, which is fed from the 
main tank g under the driver’s seat. The water-tank k 
is for heating water for culinary purposes, or rather for 
melting ice. When travelling the explorers will put 
ice in this box, and the exhaust from the engine will 
melt it, while at the same time the exhaust will be 
cooled. The advantage is that at the end of the journey 
there will be a good supply of boiling water for cooking 


pu , &e. 

The engine is shown in detail in Figs.6and7. It 
has four cylinders of 34-in. bore, and 4-in, stroke ; this 
gives about 14 horse-power. It will be seen that the 
cylinders are cast in pairs, with the valves placed at 
the side, and o sted g ot one cam-shaft by means 
of plungers. The cam-shaft is operated by steel gears 
driven off the crank-shaft in the usual way. The crank- 
shaft is of high-grade Vickers steel, and is carried 
on three phosphor-bronze bearings lined with white 
metal. he small ends of the connecting-rods are 
bushed with phosphor-bronze, and the big ends are 
of phosphor-bronze, white-metalled. The pistons are of 
cast iron and fitted with three rings. No system of 
water-jacketing the cylinders has been introduced, as, 








in view of the temperature of the Antarctic regions, it 
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was considered that air-cooling would be quite suffi- 
cient. The only feature of note in connection with 
the carburettor is that it is thoroughly well jacketed 
with exhaust gas, and has a special cup for burning a 
little petrol before starting up. The ignition is on the 
magneto principle, and the oil system accords with 
the usual practice, except that all pipes are, as far as 
possible, inside the crank-case in order to keep the oil 
warm. A special lubricating oil has been developed 
for use in low temperatures. This oil will remain 
liquid when the thermometer is considerably below 
zero. A fan is provided for blowing air on the cylinders 
for keeping them cool when the temperature is very 
little below freezing point. 

Fig. 8 shows the clutch, which is of the leather-faced 
cone type. The universal joints are of the ordinary 
Wolseley pattern. The gear-box is shown in Figs. 2 
and 3. ere are two speeds (both indirect) to give 
the necessary reduction. Fig. 3 shows the means for 
shifting the gears. Figs. 4 and 5 are a longitudinal 
and transverse section respectively of the driving-axle, 
which is worm-driven, the worm being overhead. The 
ratio of the worm to the wheel is 19tol. There is 
fitted a jaw-clutch arrangement for throwing the worm 
out of gear when it is desired to tow the sledge, as 
otherwise the proportions of the worm are such that it 
is irreversible. This clutch is marked m on Fig. 4. 
Reference may also be made to the peculiar form of 
the hub marked x on Fig. 4. This is common to all 
the four wheels. Interest will also be taken in the 
shape of the driving-teeth. These were the result of 
experiments. ‘This form, it was found, enabled snow 
that collected on the frame to be thrown off. With 
other forms there was a tendency for the snow to clog 
everything, finally breaking the chain. 

We have contented ourselves with noticing only the 
features in which the mechanism differs from normal 
practice ; and we may conclude our account by stating 
that, as regards performances, the sleighs operate 
equally satisfactorily on soft snow and hard ice. On 
soft snow the weight goes on the pattens of the chains, 
which are about 10 in. wide, one on each side of the 
car; while on hard ice the adhesion for the forward 
drive is given by the steel bolt-heads, to which refer- 
ence has already been made, and which project from 
the pattens, as shown at rv in Fig. 1. The trials in 
Norway, preparatory to the departure of the expedi- 
tion from this country, proved thoroughly satisfactory. 
In hill-climbing, for instance, it was found that over 
rough ground the sleigh would climb a gradient equal 
to 45 deg., and could haul itself over a pile of timber 
and such-like obstructions ; indeed, it seemed as if the 
sleigh could go anywhere short of climbing a vertical 
wall. One feature was the marked demonstration of 
the fact—well known to engineers—that in the case of 
a rolling-wheel the bottom of the wheel is stationary 
on the ground. Here the part of the chain on the 
ground is stationary, the sleigh travelling forward 
over it, while the top part of the chain travels at twice 
the velocity of the sleigh. 

The sleighs which have been ordered for the German 
expedition differ in having a winding apparatus which 
is almost like another axle, but carries a warping- 
drum instead of wheels. This warping apparatus is 
worm-driven, with a clutch, and thrown in or out of 

ear as required, independently of the wheels for 
Sirians the endless chain with the pattens. The idea 
probably is to pull the ordinary sleighs up heavy 
gradients after the motor has traversed the same 
inclines. 





“STEAM-BOILER DESIGN.” 
To THE EpitoR OF ENGINEERING. 

Sir,—In his letter to you of December 10, Mr. Erith 
charges me with distorting facts when I claim a 94 per 
cent. transmission efficiency. This efficiency, which was 
called by Rankine *‘ the efficiency of the heating surface ” 
(vide ‘* Steam-Engine,” page 262), is the ratio of the heat 
transmitted through that surface to the whole heat the 
gases must lose in order «o reduce them to the tempera- 
ture of the entering feed-water. Upon examination of 
Mr. Longridge’s figures the above claim will be found to 
be accurately correct. I beg also to point out that this 
portion of the total boiler efficiency was particularly 
important in the case of the high-speed boiler, because it 
is generally believed by engineers that with forced 
draught the efficiency of the heating surface falls off, and 
I was therefore anxious to show that even with such high 
gas speeds as were used in these experiments a high 
transmission efticiency was possible. This possibility has 
been demonstrated. When \.r. Erith tries to make your 
readers believe I claimed an actual efficiency of 95 per 
cent., he merely shows his disingenuousness. 

It will further be observed by the impartial reader that 
Mr. Erith discreetly avoids ajl reference to the simple 
conclusion which followed from the table of figures I 
gave, showing how markedly the rate of heat transmis- 
sion increased with the gas velocity. I chose the econo- 
misers for the comparison so that no question of high 
gas temperature might confuse the issue. But if I 
had elected to take the boiler-heating surface instead, the 
results would have been even more remarkable. 

The fact that the net efficiency of the experimental 
ag only varied by 3 per cent. as between full load and 

alf load, instead of refuting the velocity theory as Mr. 
Erith pretends to believe, is one of the strongest proofs 





of its truth. Although, when evaporating 7040 Ib. instead 
of 3625 Ib. per hour, the gas speed was nearly doubled, 
yet the chimney temperature only rose from 241 deg. in 
the latter to 294 deg. in the former case, and the chimney 
loss was actually less at the higher power. 

Try as I may to read into Mr. Erith’s words a serious 
attempt to understand the problem presented by_ high 
gas speeds to boiler-designers, I fail to do so; and I con- 
clude that it would be useless to occupy space in attempt- 
ing to convince him in-favour of a cause against which 
he has formed a rooted prejudice without any real com- 
prehension of the facts. 

Mr. Erith’s letter contains errors of a kind which no 
scientific engineer could have fallen into, and which it 
would be undignified to discuss in your columns. 

In conclusion, I would like to ask the attention of 
aren readers to the results actually obtained on these 
tria: 

1. By the use of an induced draught of from 11 in. to 
20 in. of water, rates of evaporation of from 10]b. to 201b. 
per square foot of boiler heating-surface per hour were 
realised. 

The usual rates being from 4 lb. to 8 lb., the possibility 
of reducing the heating surface, and consequently the 
weight and ae occupied, by one-half of their present 
amounts, has n proved. 

2. By the use of high gas speeds, a scouring action of 
the tube-heating surfaces is secu which prevents the 
adhesion of more than a thin film of soot. not only in the 


boiler, but also in the economisers, without the use of | y 


the clumsy arrangement of motor, cams, chains, and 
scrapers, which is found necessary under present condi- 
tions. This thin adherent film Le also been found to 
completely prevent external corrosion even with a 
counter-current flow of cold feed-water and waste : 
whereas in the case of economisers using scrapers, which 
are continually occupied in presenting fresh metallic sur- 
faces to the corrosive action of the gases, a waste 
temperature below 380 deg. Fahr. is not RAbacend ~ 
by Ang makers, on account of the ‘‘ sweating” of the 
tubes. 

3. A positive feed circulation at high s in the 
counter-current economiser, in which the feed is brought 
to the boiling point, has proved that corrosion due to 
pitting and the deposition datiment are completely pre- 
vented, so that the cumbrous and expensive plants for 
chemical treatment of the feed-water are unnecessary. 

The proofs of these statements are contained in Mr. 
Longridge’s report, a copy of which will be forwarded 
to any of your readers on —— to the undersigned. 

ours faithfully, 
Joun T. Niconson. 
School of Technology, Manchester, 
December 19, 1910. 





THE EFFICIENCY OF PETROL MOTORS. 
To THE EpiToR OF ENGINEERING. 

Srr,—In replying to the discussion on his paper 
(entitled *‘ An Investigation of the Thermal Efficiency 
of a Two-Cycle Petrol - Engine,” by W. Watson, 
D.Sc., and R. W. Fenning, B.Sc.), read before the 
Incorporated Institute of Automobile Engineers on 
December 14, Dr. Watson showed that his experiments 
found no difference in thermal etticiency between small 

trol motors having hemispherical combustion-chambers 
os for two-cycle engines) and those having chambers 
with valve pockets (as for standard four-cycle engines). 
In other words, the area of surface of the combustion- 
chamber was without effect on the thermal efficiency. 
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This is an interesting corroboration of deductions from 
other data. 

Analysing a gas-engine diagram, I have found that the 
expansion curve from A to B follows the law P V1"%6 
= const. as near as may be. For gases at the high tem- 
peratures involved this is the expression for adiabatic 
expansion, so that very little heat is lost to the walls 
during this time. 

We may extend this curve back to C, where it meets 
the vertical representing the *‘in” position of the piston. 
The rounding off of the actual diagram may be taken as 
due to the slow burning of the Mond gas used. 

The diagram is then found to be very nearly—com- 

ression along P V!~4 = const., ignition, expansion along 

Vi-26 = const., exhaust. 

But the ordinate at C represents a pressure and tem- 

rature less than that due to the addition of the heat 

tent in the unexploded gas ‘ about 26 per cent. 

Working with the help of light spring diagrams and 
the experience recorded in the report of the Institution 
of Civil Engineers, it is possible to obtain approximate 
values for temperature at various points, as marked in the 





figure, and the temperature which would be reached if 
there were no loss is about 5000 deg. Fahr. absolute. 

Now Professor Dalby has shown* that if the radiation 
from an incandescent gas at 5000 deg. Fahr. absolute be 
taken as unity, it is 0.4 at 4000 deg., and 0.13 at 3000 deg, 
Hence we may infer that the bulk of this loss is due to 
radiation from the gas at the time of burning, for although 
the temperature continues to be high enough to cause 
radiation to an appreciable extent, if the gases were stil] 
incandescent, the radiation would, in fact, be much less 
at this later period, as the gases have ceased to be incan- 
descent. 

Again, the radiation from a gas is independent of the 
surface of its envelope, so that it follows that this radiation 
loss is independent of the form of the combustion-chamber, 
and we are free, so far as thermal efficiency goes, to design 
combustion-chambers to suit mechanical convenience. 

Yours faithfully, 
R. H. Prarsa i. 

Glaed Hame, Letchworth, Herts, Dec. 19, 1910. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Better Employment.—The steady improvement in em- 
ployment during the past few months is a sure indication 
of industrial progress in the district. Though the latest 
available official figures show a slight decrease as com- 
pared with the month preceding, the increase upon last 
ear is considerable. Now that the boilermakers’ dispute 
1s settled, the tide of prosperity in Sheffield shows signs of 
flowing stronger than ever. e Board of Trade returns 
show that in the week ending November 19, 17,152 men 
were employed in iron and steel works in Sheffield and 
Rotherham, an increase of 1824 compared with a year ago, 
The average number of shifts worked per man was 5.63, 
an increase of 0.08. 


South Yorkshire Coal Trade.—The position of the hard- 
coal market is apparently stronger. This may, to some 
extent, perhaps, be accounted for by short working at 
some of the collieries, but the fact remains that the 
industrial demand is very strong, and some of the stop- 
pages at pits are occasioned by shortage of wagons. The 
settlement of the shipyard dispute and the improvement 
in Lancashire are two important factors in sending up the 
demand for manufacturing hards. The export trade is 
rather quiet. but that is to be expected at this period of 
the year. Prices are steady. Contracting still hangs 
fire. There isa free movement in gas fuels and a better 
demand for nuts. Slacks are scarce, and in a strong 
position. Collieries are well placed in regard to 
orders for house coal, and the price tone is firm. 
Trade has been very satisfactory during the week, con- 
siderable tonnages having gone out to the various dis- 
tricts supplied by the South Yorkshire pits, and the 
London demand is on the increase. Latest ’Change 

uotations are :—Best Barnsley, 12s. 6d. to 13s. 6 
Silkstone, 9s. 9d. to 10s. 9d. ; Derbyshire brights, 11s. 6d 
to 12s. 6d.; Yorkshire hards, 9s. to 10s.; Derbyshire 
hards, 7s. 6d. to 8s, 6d.; rough slacks, 6s. to 6s. 3d.; 
seoonds, 3s. 6d. to 4s. 9d. ; and smalls, 1s. 3d. to 2s. 6d. 


Tron and Steel.—Optimistic ee f in regard to the 
Sheffield trades has been justified. In spite of various 
set-backs the year is ending in a most hopeful manner. 
Just for the moment the holiday season is making busi- 
ness a little slacker, but the New Year promises to begin 
with very satisfactory all-round activity. Employment 
is better, the big works have got important new orders, 
and the briskness in the general trades is very apparent. 
Raw material is more active. Contracting for hematites 
is on a good scale, and there is a pretty good demand for 
the common irons. Although there are no quotable 
alterations in prices, recent figures are strongly held, 
with a stiffening tendency. Some makers will not sell 
beyond the middle of next year. Scrap is in better de- 
mand, and bar-iron inquiries are numerous. The settlement 
of the Boilermakers’ dispute is having welcome effects in 
various directions. Work held up in the hands of local 
firms can now be pushed forward, and several fresh orders 
have been received. The consequence is that makers of 
castings and forgings, tool-steel, and tools have a period 
of great activity before them. Work has also been 
found for a large number of the unemployed moulders. 
One of the most satisfactory features about local trade is 
the work in the hands of the three large armament houses. 
Notable in this connection is the commission for a super- 
Dreadnought, in the hands of Messrs. Cammell Laird 
and Oo., and the fact that Messrs. John Brownand Co. have 
decided to put down a much larger press than their present 
one of 4000 tons, in order to deal effectively with the ever- 
growing dimensions of the turbine forgings, which is one 
of their great specialities. It is stated that the order for this 
press has been given out locally toa firm who have similar 
work in hand on behalf of another of the armament houses. 
Inquiries for general steels are numerous, and there is a 
particularly big demand from the Colonies for special 
steels. The deliveries of Swedish irons for steel-making 
have fallen off somewhat, owing to the dearness of the 
ores. It is stated that their place is being taken to some 
extent by ore imported from ‘iuasle, A large number of 
Government contracts have recently been given out 
various branches of local trade. 








Tue InstrTuTION or Navat ArcuitTects.—The Insti- 
tution of Naval Architects, which was founded in 1500, 
has received an intimation from the Lord President of the 
Privy Council to the effect that H.M. the King has |een 

leased to approve the grant to this institution of a Royal 
Charter of Incorporation. 


wi Proceedings of the Institution of Mechanical Engi- 
neers, 1909, page 925, 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market opened with a firm tone, but dealing 
was quiet. The turnover amounted to 1500 tons of Cleve- 
land warrants at 49s. 94d. and 49s. 10d. cash, and 50s. 2d. 
one month, and closing sellers quoted 49s. 11d. cash, 
50s. 3d. one month, and 50s. 94d. three months. Hema- 
tite—500 tons—changed hands at 66s. 6d. three months, 
with buyers over at that figure and at 65s, 3d. cash, and 
sellers at 67s. three months. The afternoon session was 
also strong, and 1500 tons of Cleveland warrants were 
done at 50s. six days, and 50s. 3d. one month. Sellers’ 
closing prices were 49s, 114d. cash, 50s, 34d. one month, 
and 50s. 10d. three months. One lot of hematite changed 
hands at 65s. 6d. cash, with buyers at 65s. 9d. one month, 
and 66s. 6d three months, and sellers at 67s. three months. 
On Friday morning quietness prevailed, and only one 
Cleveland warrant was dealt in at 50s. 10d. three months. 
At the close there were sellers at 50s. cash, 50s. 34d. one 
month, and 50s. 10d. three months. Hematite was 
quoted 66s. 9d. buyers and 67s. sellers, three months. A 
fair business was put through in the afternoon, consisting 
of 4000 tons of Cleveland warrants at 50s. and 50s. 04d. cash, 
50s. 1d. twelve days, and 50s. 4d. and 50s. 34d. one month. 
Closing sellers quoted 50s. 1d. cash, 50s. 44d. one month. 
and 50s. 104d. three months, and for hematite 65s. 74d. 
one month and 67s. three months. On Monday the 
market was again quiet, and only 1500 tons of Cleveland 
warrants were done at 50s. 14d. and 50s. 2d. cash, and 
50s. Sd. one month. The close was strong, with sellers 
uoting 50s. 2d. cash, 50s. 54d. one month, and 50s. 114d. 
three months. Hematite was firm, and 2000 tons changed 
hands at 65s. 9d. cash, with closing sellers at 66s. 104d. 
three months. In the afternoon the business consisted 
of 1500 tons of Cleveland warrants at 50s. 14d. cash 
and 50s. 44d. one month, and closing sellers quoted 
50s. 14d. cash, 50s. 5d. one month, and 50s. 114d. three 
months. Hematite was quoted 66s. 74d. buyers and 
66s. 104d. sellers three months. On Tuesday morning 
the market was quiet and Cleveland warrants were not 
touched. Sellers quoted 1d. down at 50s. O4d. cash, 
50s. 4d. one month, and 50s. 104d. three months. Hematite 
was strong, and 1000 tons were done at 66s. 10d. three 
months, the session closing with sellers quoting 65s. 9d. 
cash, 66s. 14d. one month, and 66s. 104d. three months, 
with buyers at 14d. less for each of the two former posi- 
tions, and 1d. less for the latter. In the afternoon 
Cleveland warrants were again easier, and 1000 tons 
were dealt in at 50s. 9d. three months, with sellers 
over at 50s. cash, 50s. 34d. one month, and 50s. 94d. 
three months. Hematite—500 tons—changed hands 
at Gis. 10d. three months, with sellers over at 66s. 104d. 
three months, and buyers at 66s. 9d., while one- 
month Luyers offered 66s. When the market opened 
to-day (Wednesday) the tone was flat, and 1000 tons of 
Cleveland warrants were done at 49s. 104d. cash, and 
50s. 24d. one month. At the close sellers quoted 49s. 11d. 
cash, 50s. 24d. one month, and 50s. 9d. three months, 
Hematite was firm, and 1500 tons were dealt in at 67s. and 
66s. 11}d. three months, with closing sellers at 66s. cash, 
66s. 3d. one month, and 67s, three months. The afternoon 
session was quiet, and one lot of Cleveland warrants was 
done at 50s. 8d. three months, and sellers’ closing quota- 
tions were 49s. 11d. cash, 50s. 2d. one month, and 50s. 84d. 
three months. One lot of hematite also changed hands at 
66s. 11d. three months, with sellers over at 66s. 114d., and 
buyers at 66s. 103d. The following are the market quota- 
tions for makers’ (No. 1) iron :—Clyde and Calder, 62s. 6d. ; 
Gartsherrie, 63s. ; gloan, 64s.; Summerlee, 64s. 6d. ; 
and Coltness, 82s. 6d. (all shipped at Gl w); Glen- 
garnock (at Ardrossan), 64s. ; Shotts (at Leith), 63s. 6d.; 
and Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—Rather a better tone has been 
felt in the sulphate of ammonia market during the past 
few days and inquiries are more numerous. There were 
buyers in the market to-day at 12/. 15s. per ton, any posi- 
tion, Glasgow or Leith ; but while business has taken 
place at that figure, sellers are asking a little more. The 
gan shipped from Leith Harbour last week was 104 

ms. 

Scotch Steel Trade.—With the re-starting of the ship- 
yards the outlook in the Scotch steel trade has cortalaley 
improved, but immediate conditions are, as yet, without 
change. Large deliveries have been made this week, to 
various yards, of material which had been slowly accumu- 
lating on makers’ hands, and normal conditions will 
gradually be restored. Inquiries are good, and fresh 
orders have been placed for a considerable amount of 
heavy material for local requirements, while on export 
account an excellent demand exists for severa] of the 
colonies. Producers of light sheets and plates are ex- 
ceedingly busy, and although middlemen are offering 
lots at a reduced figure for prompt delivery, makers’ 
prices are firm and unchanged. India is a buyer 
at present, and so also is South America. ith 
regard to structural sections makers report no change in 
the position, and inquiries to hand from many different 
Sources show that quite a lot of material is likely to be 


wanted in the near future. Buyers in South Africa have 
lately placed some respectaole orders in this market for 
early delivery, and inquiries are at present in circulation 


for a -onsiderable quantity for shipment to Canada in the 
Spring of next year, For the latter, however, the prices 
named are not considered satisfactory. 


Scotch Pig-Iron Trude.—Makers of Scotch pig iron 
report that a — good business is passing in the ordi- 
nary jualities, and that local consumers have lately been 
taking in increased supplies. Deliveries to England and 
export lots are both being well maintained. Prices con- 
tinue firm. The hematite position, is unchanged, and 





although fresh business 1s on the smal! side, makers have 
stiffened their quotations. At present they name 7ls. 
r ton, but it is doubtful if they can command that 
gure in view of the fact that large quantities of Middles- 
brough hematite are coming into this market at about 69s. 
per ton delivered. 


Malleable-Iron Trade.—The prevailing conditions in 
the malleable-iron trade are far from good at the present 
time, and in many of the works much broken time 
exists. There is a great scarcity of specifications, and 
quite the most of the new work which comes into the 
market is being secured by merchants who are so well 
placed that they can undersell the producers. 


Scotch Imports of Iron and Steel.—The official figures of 
the imports of certain iron and steel p:oducts into the 
principal ports of Scotland during the month of November 
show that the tonnage reached a very respectable total. 
It is stated that although the figures are just short of 
those for the previous month, they would have been much 
higher but for some unusual delay in arranged shipments 
from Belgium. The following are the totals :— 


Tons. 

Iron bars, rods, and angles 1015 
Steel bars and angles 1405 
Steel hoops and strips . 584 
Sheets and plates 860 
Total 3864 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market is quiet, as 
is usually the case just before the Christmas holidays, 
and, in addition, business is checked by rather unfavour- 
able reports from Germany and America. Prospects for 
the future, however, are regarded as bright and encourag- 
ing, and under these circumstances makers of pig iron 
are not pressing sales. At the same time it is fully 
recognised that trade will depend on home consump- 
tion next year, for there are large stocks ‘of pig in 
Germany, and the United States are not likely to 
be customers to any great extent. Under these con- 
ditions it is fortunate that home requirements next year 
promise to be very large. No.3 g.m.b. Cleveland pig 
is steady at 50s. f.o.b.; whilst No. 1, which continues 
scarce, 1s 53s. 6d. to 55s.; No. 4 foundry, 48s. 9d.; No. 4 
forge, 48s. 6d.; and mottled and white iron, each 48s.— 
all for early delivery, forward quotations being about 
9d. above these rates. The expected improvement in 
East Coast hematite pis has appeared with the resump- 
tion of operations at the shipyards, which has made plate 
and angle-makers busier, and increased the demand for 
hematite. Four immediate delivery of Nos. 1, 2, and 3 
hematite nothing below 64s. is now named. Forward 
rates range from 64s. 6d. to 67s. 6d., the former quota- 
tion having been paid for next month, whilst 65s. 
has been realised to the end of March, and 67s. 6d. 
for delivery over the whole of next year. Sheffield 
users of hematite are once more in the market, and 
negotiations are proceeding for substantial sales to 
that district. Foreign ore is very strong and imports 
are on a heavy scale, but there is no buying on early 
account, consumers having good contracts made. For 
next quarter Rubio of 50 per cent. quality ranges 
from 21s. 6d. to 22s. ex-ship Tees, and for delivery beyond 
the end of March 22s. 6d. is asked. Coke is in larger 
demand for local use, owing to the extra requirements of 
this season of the year, and average blast-furnace kinds 
stand at 16s. delivered here. 


Stocks and Shipments of Pig Iron.—Stocks continue to 
accumulate. Cleveland pig is this month going into the 
public stores at the rate of over 700 tons per working day, 
and the stock held there is now practically 520,000 tons. 
Makers’ stocks are also understood to increasing. 
Shipments of pig iron to date this month average 3107 
tons per working day, as compared with a daily average 
of 3705 tons to the same date last month, and an average 
of 3290 tons per working day for the corresponding part 
of December, last year. 


Manvfactured Iron and Steel.—Now that the shipyards 
are once more in swing, there is more doing in manufac- 
tured iron and steel. Satisfactory and encouraging 
accounts are given of nearly all branches of these indus- 
tries. Producers generally are very well placed. Not 
only have they excellent contracts made, but they report 
orders still coming in, and prospects for next year are 
indeed bright. Common iron bars are 7/. ; best bars, 
71. 7s. 6d.; best best bars, 7/7. 15s. ; packing iron, 5/. 15s. ; 
iron ship-plates, 6/. 12s. 6d. ; iron ship-angles, 7/. ; iron 
ship-rivets, 7/. 5s.to 7l. 7s. 6d. ; steel ship-plates, 6/. 15s. ; 
steel ship-angles, 6/. 7s. 6d. ; iron and steel boiler-plates, 
each 71. 10s. ; steel strip, 6/. 10s. ; steel hoops, 6/. 12s. 6d. ; 
and steel joists, 6/. 7s. 6d.—all less the customary 24 per 
cent. discount. Cast-iron columns are 61. 10s. ; cast-iron 
railway chairs, 3/. 10s. ; light iron rails, 6/. 10s.; hea 
steel rails, 5/. 10s.; and steel railway sleepers, 6/. 12s. 6d. 
—all net cash. Iron and steel galvanised corrugated 
sheets, 24 gauge, in bundles, stand at 11/. 5s. f.o.b.—less 
the usual 4 per cent. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The steam-coal trade has shown firmness for 
prompt loading ; new business has been restricted by the 
inability of colliery owners to accept further orders for 
the present. The best large steam coal has made 1fs. 6d. 
to 17s. per ton, while secondary qualities have ranged 
between 15s. 3d. and 16s. 6d. per ton ; best bunker smalls 
have made 9s. 6d.; and cargo smalls, 7s. 9d. to 8s. 3d. 
per ton. The house-coal trade has shown little change, 





but No. 2 Rhondda large has been slightly dearer. The 
best ordinary descriptions have made 14s. 9d. to 16s, 6d. 
per ton. No. 3 Rhondda large has a 17s. to 17s. 6d.; 
smalls, 9s. 6d to 10s. per ton. No. 2 Rhondda large has 
been quoted at 12s, 3d. to 12s. 9d. per ton ; smalls, 7s. to 
7s. 6d. per ton. Foundry coke has realised 18s. to 20s.; 
and furnace ditto, 16s. to 16s. 3d. perton. As regards iron 
ore, Rubio has realised 20s, 3d. to 20e. 9d. per ton, u 

a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Admiralty Coal.—The Lords of the Admiralty have 
accepted sundry tenders for Welsh steam coal. Strict 
secrecy is ae ees as to the extent of the orders, 
prices, and other particulars. The Admiralty usually 
take about 1,250,000 tons of Welsh coal annually, and it 
is understood that the prices of the contracts just Jet 
range from 14s. 9d. to 15s. 9d. per ton, free on board, 
according to the quality of the coal taken, or about $d. to 
ls. per ton below current quotations. 


Welsh Coal Exports.—While the exports of cargo coal 
from the United Kingdom in November amounted to 
4,972,902 tons, as compared with 5,475,732 tons in Nov- 
ember, 1909, the shipments from Welsh and Bristol 
Channel ports alone were 1,962,994 tons and 2,213,085 
tons respectively. 

Rhymney Collieries.—Mr. R. Rutherford, of the Main 
Forth Colliery, Durham, has been appointed manager of 
the Rhymney Iron and Coal Company’s collieries. Mr. 
Rutherford will enter upon his new duties early in 1911. 
The services of Mr. W. Smith, who has been associated 
with the company for 25 years, will not be dispensed 
with, as Mr. Smith will act in a consultative capacity. 


Mine Inspectors.—Mr. Treharne Rees (president) 
occupied the chair at a meeting of the South Wales 
Institute of Civil Engineers at Cardiff, on Thursday even- 
ing, and referred to the Home Secretary’s pro 1 to 
appoint a number of sub-inspectors of mines. Mr. I Rees 
said that while it was not stated what qualifications the 
Home Secretary was going to require, it was the duty of 
colliery managers and engineers to enter a strong protest 
if men were to be promoted to discharge responsible and 
highly technical duties simply because they were colliers. 
Mr. W. D. Wight pro that the institute present a 
petition of protest against Mr. Winston Churchill’s 
plan. All the information vouchsafed to the country as 
to these sub-inspectors of mines was that they had to be 
men from the working face, and responsible officials of 
collieries objected to men of that sort being put into the 
position of mine inspectors. The salary offered by 
the Home Secretary—150/. to 200/.—could not possibly 
draw men of the class suitable for such work. Colliery 
managers had not a word to say against an increase in the 
number of inspectors, but what they did ask was that 
officials of the Government should be men of such training 
and temperament as would reduce the risk of friction to a 
minimum, while safeguarding in the fullest manner life 
and property. Mr. Hugh Bramwell seconded the motion, 
which was unanimously carried. 


Dowlais.—The mills were fully employed last week. 
The out-turn of finished steel, tin bars, sleepers and rails, 
from the Goat Mill was large, and the Big Mill also pro- 
duced a satisfactory total of light rails, angen, curves, 
pro’ sleepers, &c. The blast-furnaces had an active 
week, and the collieries were also fully employed. 


New Steel Works.—As has been for some time antici- 
pated, it is —', to erect two important steel works 
near Barry Dock. The expenditure upon one of these 
enterprises, which will include blast-furnaces, coke-ovens, 
and steel plant, will be 750,000/. The works will be 
situated near the coast, so that they will be able to readily 
receive supplies of raw material. The second project, 
which is independent of the first, is the erection of steel 
works and rolling-plant by the Barry Dock Rail- Mills, 
Limited. The steel produced will be of the open-hearth 
variety, and the rolling-mills will be able to turn out 
100,000 tons per annum. The probable outlay of capital 
in this second case is estimated at 300,000/. 








‘* AUTOMOBILE ENGINEERING FOR 1911.”—We have 
received a copy of this annual, which is published at the 
price of 1s. net by the Automobile Engineer. It contains 
fifty-two pages, giving articles on the progress of auto- 
nollie construction in 1910; on engine, transmission, 
frame, spring and cycle design ; and on other automobile 
subjects of interest. 





Licht Raitways Act, 1896.—The Board of Trade 
have recently confirmed the undermentioned order made 
by the Light Railway Commissioners :—Southend and 
Colchester Light Railways (Amendment) Order, 1910, 
reviving the powers granted and extending the periods 
limited by the Southend and Colchester Light Railways 
Order, 1904, and by the Southend and Colchester Light 
Railways Act, 1905. 





Vetat-Currinc WITH OxyGEN. — Questions are fre- 
uently asked as to the cost of metal-cutting with oxygen. 
ublished figures, being taken from straight cuts under 

favourable conditions, are no guide for practical work 
under ordinary conditions. It will therefore be of great 
interest to know that on Monday, the 19th inst., one man 
employed by the Knowles Oxygen Company, of Wolver- 
hampton, cut through forty-two girders, 15-in. by 5-in. 
section, in 4? hours in the open at the railway sidings at 
Smallheath, Birmingham. The gases used amounted to 
less than 300 cubic feet of hydrogen and 200 of oxygen. 
With oxygen at 2/. per thousand cubic feet, hydrogen at 
ll. per - «ator cubic feet, and labour at 1s. per hour, 
the cost worked out at 18s. 6d., or under 6d. per cyt, 





ENGINEERING, 











THE 


THE 











eb) 




















= 
| i Leomrek 



















































































2010.A, 








In the accompanying figures we illustrate a — 
heater which is being brought forward by the New 
Superheater Company, Ltd., 49, Queen Victoria-street, 
EC. , and designed for locomotives and for locomotive- 
type boilers. This superheater, it will be seen, is of the 
smoke-box type, and consists of three castings con- 
nected by curved tubes, which conform to the shape of 
the smoke-box. There are two main headers placed in 
the lower portion of the smoke-box. These are cast- 
ings containing several divisions, so that the steam on 
its way from the boiler to the cylinders is made to 
from one header to another and back again several 
times through different groups of tubes. Figs. 1 and 2 
show sections through a smoke-box so fitted, while 
Fig. 3 shows an engine with its smoke-box door open, 
giving a very good idea of the arrangement. Figs. 4 
and 5 show typical header castings. 

Steam passes from the boiler, as shown in Fig. 1, to 
one header at a point near the smoke-box door, and 
through one group of tubes to the header on the other 
side. Here it finds its way to another group, and 
passes back, then being conducted forward, and back 
through another group. 

From this point it is conducted through two groups 
in succession, both near the smoke-box tube-plate, and 
therefore in contact with the hottest gases, after 
which it is led off to the cylinders. The k groups 
of tubes extend completely from header to header. 
At the front, however, they are cut, and the central 
portion replaced by a hollow casting having a large 
conical passage through its centre (Figs. 1 and 2). 
The steam passes from the tubes on one side to those 
on the other through this casting. The conical pas- 
sage is directly under the chimney and over the blast- 
pipe. Within the space enclosed by these heater- 
tubes is an almost complete ring of thin plate, closed 
at the tube-plate end. This arrangement forces the 
waste gases to pass among the tubes. They are free to 

ss out of the chimney, either by passing among the 
cnet ll and out above the central casting shown 
in Figs. 1, 2, and 3, or those from the lower rows of 
boiler-tubes may pass under the diaphragm-plate and 
be carried up with the exhaust through the opening in 
this casting. 

With this superheater steam temperatures are 
claimed of from 500deg. to 550 deg. Fahr. In engines 
fitted no alterations have been found necessary to the 
valves or valve lubrication. Slight alterations are 
needed to some smoke-boxes only, in installing. Like 
other smoke-box superheaters, many advantages are 
claimed as regards simplicity of the arrangement and 
working compared with those on the high-degree 
superheat principle. The New Superheater Company, 
Limited, inform us that on the Furness Railway two 
six-coupled goods enginea, with 18-in. by 26-in. 
cylinders, soll a boiler pressure of 150 lb. per sq. in., 
fitted with these superheaters, have been worked on 
heavy goods trains between Carnforth and Sellarfield 
and Carnforth and Whitehaven, with the result that, 
after running 24,352 miles, the two engines have 
averaged a consumption of 40.5 lb. per mile. Four 
similar engines not so fitted, running the same trains, 
showed a consumption of 53 1b. per mile, thus giving for 
the superheater locomotives a saving of 23.5 per cent. 
We are also informed that no repair troubles arose. 
The Furness Railway has now, we understand, four 
engines fitted up in this way, while a fifth is being 
fitted. Other orders are also in hand for railways at 
home and abroad. 


“« PHCENIX” 


NEW SUPERHEATER COMPANY, 








LIMITED, 

















Fie. 3. 
NOTES FROM THE UNITED STATES. 


PHILADELPHIA, December 14. 


THE expected order for steel rails by the New York 
Central Railroad will amount probably to 165,000 tons, 
as against 100,000 tons which it has been expecte1 
would be placed. Quite a number of small roads hav2 
placed orders, and many others will now follow, most 
of the orders being for small lots rather than for the 
entire necessities of 1911. The demand for machinery 
continues dull, particularly among railroad shops in 
the interior. As an offset to this there is quite an 
activity in the erection of small plants for the manu- 
facture of specialities for machinery. The larger engi- 
neering plants are keeping a sharp look-out for new 
work, and are pleased with everything except the 
delay of prospective buyers in placing orders. The 
hardware tendo te suffering similarly because of the 
backwardness of jobbers in covering next year’s require- 
ments. Stocks standard grades of hardware, especi- 
ally builders’ hardware, are quite large. Inactivity in 
coke has reduced the number of ovens to 23,961, against 
26,288 two weeks ago. The production last week in 
the Connellsville region was 285,049 tons. Coke is 
selling at exceptionally low prices, which in some cases 
barely covers cost of production. The unfilled tonnage, 
or the amount of work in orders on the books of the 
United States Steel Corporation, has fallen to 2,760,413 
tons. The highest amount of unfilled orders of that 
corporation was in December, 1906, when the volume 
of unfilled orders amounted to 8,489,718 tons. The 
general slackness of trade will likely continue through- 
out the winter. More furnaces are blowing out. 
Stocks of pig iron are as large as it is proposed to 
allow them to be. Any further accumulation would 
result in a competition that would destroy profits. 
The largest ingot ever cast was cast last week at No. 2 
mill of the Homestead Steel Works at Pittsburg. It. 
is 13 ft. 4 in. high, 10 ft. 8 in. wide, 4 ft. 4 in. thick, 
and weighs 135 tons. It is intended for a land fort 
on the Panama Canal. Another, similar, will be cast 
in a few days. The larger engineering plants have 


been asked to figure on machinery equipment for some | street, 
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of the larger repairing plants of the great railway 
systems. The contract will probably not be closed for 
a few weeks. 








THE LATE Mr. JAMES MELDRUM.—We regret to have 
to record the death of Mr. James Meldrum, M. Inst. C.E., 
F.R.G.S8., F.Z.8., which occur at his residence, 
Colombe Lodge, Ealing, W. Mr. Meldrum was born in 
September, 1855 ; he obtained a certificate in engineering 
science at Glasgow University, and served as a pupil with 
Messrs. Bell and Moller from 1873 to 1877. From this 
latter date he was actively employed in bridge and rail- 
way designing and construction, both in this country and 
in foreign countries, including Brazil, Holland, the 
Argentine Republic, and South Africa. He was for 
several years engineer-in-charge of the foreign depart- 
ment of Messrs. 8. Pearson and Son, Limited. 


THe New P. anv O. Liner “ Matosa.”—This_ twin- 
screw steamer, built by Messrs. Harland and Wolff, 
Limited, for the Peninsular and Oriental Steam Naviga- 
tion Company, was launched at Belfast on the 17th inst. 
The Maloja is a passenger and mail steamer of the highest 
class, and the largest vessel yet built for the P. and O. 
line. The launch of this vessel completed the tonnage 
output of Messrs. Harland and Wolff, Limited, for the 
year, making up a record total of 115,861 tons and 
100,130 indicated horse-power. The new vessel is 56: ft. 
long by 62 ft. 9 in. beam, with a gross tonnage of about 
13,000. The Maloja will have accommodation for over 
450 first-class and about 220 second-class passengers. The 
first-class dining-saloon, on the spar deck, extends the full 
breadth of the ship, and will seat 318 people. The 
Maloja will have two sets of quadruple expansion engines, 
arranged on the ‘‘ balanced” principle, also constructed by 
Messrs. Harland and Wolff, Limited. 


PERSONAL.—We are informed by Mr. Reginald R. 
Todd that on and after January 1 next, Messrs. Felten 
and Guilleaume’s agency for insulated wires and cables 
for electrical purposes will be conducted under his name 
at 334, Birkbeck-bank Chambers, W.C. For the last 
eight years this agency has been managed by Mr. Todd, 
firstly under Messrs. W. F. Dennis and Co., and subse 
quently underthe Lahmeyer Electrical Company, Limited. 
—Messrs. Siemens Brothers Dynamo Works, Limited, 
state that their store and show-room, 39, Upper Thames- 
street, E.C., will be closed on the 26th and 27th inst.; 
also, for stocktaking, on the 30th and 31st inst.—Mr. 
Herbert A. Jones, for the past eleven or twelve years, 
formerly as manager, and for many years lately as 
managing director, of the Phoenix Dynamo Manufacturing 
Company, Limited, Bradford, has resigned his position, 
and in the new year is commencing business in I. ndon 
in partnership with Mr. T. K. Irwin (for many years 

neral r of Messrs. John Butler and Co., Limited, 

tanningley an Works, Leeds), under the style of 
Messrs. Irwin and Jones, — rm and agente, 5, London 
Wall Buildings, London, E.C.—Mr. C. I. Das 
consulting engineer and naval architect, will ren 
January 1 to more convenient premises a: 18, Bulliter- 
Lenin, E.G 
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THE METCALFE TYPE “D” EXHAUST-STEAM INJECTOR. 


CONSTRUCTED BY MESSRS. DAVIES AND 
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Tue well-known exhaust-steam injector of Messrs. 
Davies and Metcalfe, Limited, of Romiley, near Man- 
chester, which is used so much in connection with 
locomotive work, has recently been considerabl 
simplified, and we are enabled to present herewi 
drawings of the sew pattern, which is known as type 
““D.” The older pattern, as locomotive engineers 
are well aware, required, in addition to the exhaust- 
steam injector proper, a supplementary live-steam 
injector, which was placed above or below the foot- 
plate, while the exhaust portion, being a non-lifting 
injector, was placed under the foot-plate. In the 
new design modifications have been made which have 
resulted in the simplification of the supplementary 
part of the apparatus and its embodiment in the main 
part of the injector, thus making the whole more 
compact and at the same time simpler to work. Of 
our illustrations, Fig. 1 shows a sectional elevation 
of the injector, while Fig. 2 shows a plan in part 
section. The injector is fitted with a combined eteam 
and delivery fitting on the fire-box front. 

_ The steam is taken from the blast-pipe and passed 
through a grease-separator in the method used in the 
earlier patterns, so that we have considered it un- 
necessary to show these parts of the system. The 
principal change in the new pattern lies in the method 
{ utilising the exhaust steam, which is now employed 
in such @ way as to produce a pressure for the delivery 
of about 1201b. persq. in., compared with the 70 Ib. pro- 
duced in the old pattern. This, of course, means that 
when feeding boilers very much less live steam than 
‘ormerly has to be employed to supplement the action 
vl theexhaust. In fact, with a boiler pressure of about 
iSO Ib. per sq. in., only about one-third the amount of 
hive steam is now necessary. This result has been 
sttained by dividing the exhaust-steam supply into 
two Jets instead of using it in one, and the reduction 
inthe iy sagan work necessary has enabled 
sufficiently large live-steam cones to arranged in 
the exhaust injector part of the apparatus itself, thus 
abolishing the need of the supplementary injector. 

The action of the new pattern is as follows :—When 





J, is the second combining nozzle. 





the locomotive is working, exhaust steam passes into 
the injector through the large pipe a, filling the 
chamber b in the body of the casting. This steam then 
passes to the cone c, on the far side of which it comes 
in contact with the water supply, fed by gravity from 
the tender-tank. The two together enter the first 
combination or draught-cone d, after passing which 
the stream is further assisted forward by an auxiliary 
annular jet of exhaust steam supplied from the cham- 
ber b, through the passage e, Fig. 2. The next nozzle, 
It is of the flap 
type, to ensure ease of starting and automatic work- 
ing. The action of this nozzle is of course, well 
known, and need not be further described here. From 
this flap combining nozzle the stream passes to the 
delivery-nozzle g, and out of the injector by way of 
the clack shown directly above this part of the appa- 
ratus. A delivery-pipe / carries the feed up to the 
fitting &, already referred to as beiag fixed on the 
boiler-front. This fitting is show in side elevation 
in Fig. 3. 

Used in this way the injector will feed against 
pressures up to about 120 ib. r square inch. If 
the water is to be delivered against higher pressures, 
a small jet of supplementary live steam must be used. 
The amount of live steam required varies. If the 
engine is working light, the exhaust — of the 
apparatus produces a delivery pressure of about 1201b., 
as stated above. If the engine is working hard, how- 
ever, and the exhaust pressure rises to from 4lb. to5 lb., 
very much less live steam is required; for, with an 
exhaust pressure of this amount the exhaust injector 
will deliver against 150 lb. without the use of the 
supplemental live-steam jet. This supplemental 
steam is drawn from the boiler through the fitting k 
by way of the valve m! and the pi 


m, and led to the 
injector body casting 6. It is discharged inside this 


chamber through a long brass nozzle n. Another live- 
steam jet is provided at g. This is supplied with 
steam through the valve p' and the pipe p, and is 


used to work the apparatus as an ordinary injector 





when no exhaust steam available. 


The apparatus is completed by an automatic ex- 
haust-steam valve, a water- lator and an overflow 
valve. The automatic exhaust-steam valve is placed 
at the entrance to the injector casting ) from the large 
exhaust supply-pipe a. The valve is swung from a 
horizontal pivot above it, and opens as soon as there is 
a supply of exhaust steam coming from the cylinders. 
It closes automatically when steam is shut off and the 
engine drifting, or when the injector is used with live 
steam only, when the locomotive is standing. A cam 
is provided to hold the valve permanently closed if 
necessary, a spindle being fixed to the cam and carried 
up to the foot-plate. 

The water-regulator consists of the nozzle c, which 
is made to slide in a gun-metal sleeve. The ition 
of this nozzle is regulated by the handle and dial shown 
in Figs. 1 and 4, and dotted in Fig. 2. The spindle r, 
to which the handle is fixed, carries at its lower ex- 
tremity an eccentric pin, which causes the nozzle c to 
move forwards or backwards, thus altering the size of 
the stream of water passing to the combination nozzle 
d. By means of this device a large range of delivery 
can be controlled, and the injector set for constant 
feed. The overflow-valve, of which a section is given 
in Fig. 5, is a flap-valve, which, while it automatically 

revents the admission of air to the combining cham- 

r, swings open freely if water or steam has to be 
discharged. 

The working of the injector is extremely simple, all 
that is necessary after opening the water supply 
being, when working with exhaust steam, to open the 
supplementary steam supply m and adjust the water 
regulator. When working without exhaust steam 
after turning on the water, the steam-valve p' is 
opened, and afterwards the valve m'. The parts of the 
injector liable to scaling are all accessible, the screw 
cap at the delivery end of the apparatus making it 
— to withdraw through this end the cones d, /, 
and g. 

The advantages arising from the use of exhaust 
steam obtain in this pattern, as in the earlier forms. 
The water is heated in this way, and clear saving in 
coal results. There is likewise the saving over the 
ordinary injector in water to be evaporated. The use 
of exhaust steam reduces the back pressure in the 
cylinders and softens the blast. These points have 
already been fully discussed in connection with the 
earlier patterns, and need not therefore be entered 
into here. The illustrations and description herewith 
given relate to the injector as fitted up for locomotive 
work. It may be as well to add, in conclusion, that 
this type is also made for feeding stationary boilers. 





TRADE SCHOLARSHIPS FOR Boys, 1911.—We are informed 
by the Education Officer of the London County Council 
that over 160 trade scholarships for boys will be awarded 
in 1911. Forms of application and printed leaflets cun- 
cerning the scholarships may be obtained from the Educa- 
tion Officer, Victoria Embankment, W.C. The forms must 
be returned not later than Saturday, January 21, 1911. 





Tue Society or EnGcineers (INCORPORATED).—The first 
annual general meeting of the Society of Engineers 
(Incorporated) was held on the 12th inst., at 17, Victoria- 
street, Westminster, Mr. D. A. Symons, M. Inst. C.E., 
President, in the chair. The result of the postal ballot 
for the election of council and officers for 1911, and the 
premiums in respect of papers published in the journal 
during 1910, were announced. 





Tue AssociaTED PorTLAND CEMENT MANUFACTURERS 
(1900), Limitep.—The Board of the Associated Portland 
Cement Manufacturers (1900), Limited, have unani- 
mously elected Lord St. Davids a director and chairman 
of the company, Mr. F. A. White having resigned the 
chairmanship in order that it might be offered to Lord 
St. Davids. Mir. White mes a vice-chairman in the 
place of Mr. H. Osborne O’Hagan, who resigned his 
vice-chairmanship for the same reason, but retains his 


tion on the board as managing director. Mr. EK. W. 
Brooks has resigned his vice-chairmanship in order that 
it may be available whenever it seems desirable to fill the 
vacancy, but retains his position as a managing director, 





Tue Copper MArket. —In their report, dated the 16th 
inst., Messrs. James Lewis and Son state that cash 
Standard sold down from 57/. 3s. 9d. on the 2nd inst. to 
56/. 10s. on the 14th, 57/. 5s. being accepted for three 
months prompt. There had since been a recovery to 
57t. 2s. 6d. cash and 57l. 17s. 6d. three months. The 
much-advertised reduction in American production had 
not yet materialised, that for November being only 710 
tons below the average of the previous ten months, and 
75 tons below that of September—also a month of thirty 
days. Considerable disappointment was consequently 
felt when the American producers’ statistics were received 
on the 9th inst. Business in refined copper had been 
very 8 ant during the past fortnight both in England 
bie on the Continent. American electrolytic was quoted 
12.70 to 12.75 cents per pound, and Lake 12.874 to 13 
cents. As the consumption of copper in the United 
States in past years had been shown by a leading authority 
to have a certain lar relation to that of iron, a falling 
off in the American demand for copper appeared yeotene, 

ess than 


as the production of steel was now 50 per cent. 
oe American shipments for the past two weeks 
were advised as 13,272 tons, 
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A NEW IMPACT TESTING-MACHINE. 


By D. R. MacLacuian, B.Se., A.M. Inst. C.E., 
Head of Engineering Department, Woolwich Poly- 
technic. 

THE reproduction of a photograph, Fig. 1, page 862, 

shows the general features of the design of a machine 

for testing materials by direct tension, suddenly 
applied, which has recently been completed at the 

Woolwich Polytechnic. The machine, which is also 

shown in front and side elevations in Figs. 2 and 3, 

consists of a cast-iron base-plate connected to a cast- 

iron cap by four mild-steel columns, 3 in. in diameter 
and 5 ft. long. To the cap is attached a central rod 

2.25 in. in diameter, down which a weight A, Figs. 2 

and 3, slides. Lifting-gear is provided for this tup at 

B. One end of the specimen D under test is screwed 

into the bottom end of the central rod, and a circular 

late E is screwed to the bottom end of the speciien. 

The weight falling on this plate applies the impact 

tensile load. It is desirable in machines of this class | 

to apply the blow directly, so that as little as possible 
of the energy of the falling weight may be lost in the | 
intermediate connections. By the design adopted only 

a very small proportion of the energy is absorbed by the 

connections, since the plate which receives the blow is 

made very stiff and is screwed directly to the specimen. 

A distance-piece, a tube 2.5in. long, is placed between | 

the impact-plate and the end of the central rod. To) 

ensure that there will be no slack between the central | 
rod and the specimen, and between the specimen and | 
the impact-plate, the impact-plate is screwed up fairly 
tight, so as to jam the distance-piece against the | 
central rod. This serves another purpose. If uniformly | 
consistent results are to be obtained, it is clearly 
necessary that the blow must be a fair one each time. | 

If the tup should strike the impact-plate on one side 

sooner than the other, the stress on the specimen will 

not be a direct tension, but will be of the nature of a 

combined bending and tensile stress, and the energy 

absorbed in fracturing the specimen will be different 
from that in the case of a direct blow. The distance- 
piece not only keeps the screwed ends of the specimen 
tight in the holes, but also keeps the impact-plate in 
the correct position for a fair blow. The weight or 
tup is of cast iron, accurately turned and bored to fit 
the central rod. It weighs 82.94 lb. On the top of the 
cap there is a windlass B, already referred to, by means 
of which the tup is raised. A collar C of gun-metal can 
be clamped at any positian on the central rod, and this 
is used for supporting the tup before releasing it. 

Details of this part of the machine are shown in Figs. 

5and 6. The collar is locked by means of the screw 

a onthe central rod at the position desired, and the 

tup is raised. Two projecting pins / on the tup pass 

through the collar online the release-plate, which 
is directly above, and rests upon, the collar. The pins 
on the tup have reduced necks, and the release-plate 
has slots cut, as shown in Fig. 6, so that by rotating 
the release-plate about the central rod a narrow part 
of the slot engages with the groove on the pins, and 

80 supports the tup. The lifting-wire cords are then 

removed, and the tup may be released by rutating the 

release-plate until the enlarged portion of the slot 
comes to the pins attached to the tup. The pins are 

a fair fit in the collar, and so prevent any veel so to 

rotate which might occur by the method of release. 

There is also a small key on the tup which runs ina 

keyway on the central rod, to ensure that there will 

be no rotational motion of the weight on falling. The 
energy absorbed in fracturing the specimen is measured 
in two i. ip the alteration of the velocity of the 
falling weight during the fracture of the test-piece, 
and also by the difference between the initial poten- 
tial energy and the residual kinetic energy in the 
weight after the fracture. On the side of the pillars is 
fixed a chronograph for measuring the change of velocity 
of the falling weight during the fracture of the test- 
piece. A drum G, Figs. 2 and 3, 3.94 in. in diameter 

and 15 in. long, is rotated at about 750 revolutions a 

minute by means of a falling weight acting through a 

train of wheels, Figs. 2 and 3. ‘The drum is covered 

by smoked paper, and attached to the falling weight 
is a marker which traces a curve on the surface as the 
weight passes the drum. A trip-gear H applies the 
marker to the smoked surface just as the marker falls 
below the top of the drum, and another trip-gear with- 
draws it before the rebound, which occurs when the 
weight falls on the air-cylinder F below. In this gear 

(Fig. 6) fis the first release, allowing the marker c to 

be pulled against the drum, and d the second release, 

allowing the second spring e to pull the marker off the 
drum. 

To measure the velocity of the drum a vibrator, 
connected to a tuning-fork with a frequency of 50, is 
applied to the smoked surface. This traces a curve, 
from which the velocity of the drum during the frac- 
ture of the test - piece may be readily determined. 
Fig. 9 shows the diagrams obtained during the frac- 
ture of test-pieces Al and A8. The curve drawn 
across the diagram is that made by the vibrator 
during the test A 8, and as each complete vibration is 
vy second, the velocity of the drum at the time of the 





test is readily calculated. The line marked A a gives 
the velocity of the falling weight just before it reached 
the test-piece ; a ) shows the reduction of velocity of 
the weight during the application of the load to the 
test-piece until fracture occurred at c; and c d gives 
the velocity after fracture. At a the weight had just 
reached the impact-plate, and at ¢ the fracture was 
complete. The energy absorbed in fracturing the 
specimen is found from the formula :— 


W (v,2 - V.2) + (W + we. 
29 
weight of falling tup. 
weight of impact plate. 
the velocity of the tup immediately before and 
after the impact respectively. 
e = elongation of the specimen. 


This formula neglects any loss which may occur at the 
surfaces receiving the impact, and only measures the 


Ww 
w 
V,&V, 


| elteration of kinetic energy of the tup. 


Another method of measuring the energy required 
to break the test specimen is provided. The initial 
potential energy of the tup is measured, and the 
residual energy is measured by an air-compressor F 
(Figs. 2 and 3) with plunger 5in. in diameter. The 
air-cylinder and plunger are shown in detail in Figs. 7 
and 8. The cylinder is fitted with a relief-cock and 
fitting for a Crosby indicator, while the plunger is 
provided with two lifting - pins. The pressure to 
which the air in the cylinder rises is indicated in 
the Crosby indicator, and the calibration of the air 

ressure is effected by dropping the tup from various 
heights and noting the resultant pressures. It was 
intended to get the usual indicator card and so 
measure the work done, but this was impracticable 
on account of the suddenness with which the plunger 
commenced to move under the action of the tup. 

The first method described is considered the more 
accurate. There is a little friction between the central 
rod and the tup as it falls, and this cannot well be 
measured in the second method, but the first method 
is not affected by this, since the velocity attained is 
measured. 


Specimens Marked A were Heated in the Muffle Furnace to 
1510 deg. Fahr. for Half-an-Hour, and Allowed to Cool 
in the Mufile. The Mufile takes about Two Hours to 
Cool. 

Tested with Static Load. 


| _ Extension in 
Inches on }-in. 
| Lengths. 


in 


Stress in Tons 
per Square Inch. 


of 
in 
2 M). 


In. 


2 


At |. At 
Yield- | Max. 
Point. | Load. 


culated from 
(E + 


Fracture Cal- 
e 


Inches. 
Inches. 
Work Done in 


Specimen 
on 


3 


| Total Extension | 


| Specimen No. 


mee | 


Viameter 


1650 
1785 
1700 


248 
250 
248 | 


24 
23.7 


238 |.1L 
! 


17.3 
17.05 | 
16.5 





>>> | 


.73 


Tested with Impact Load. 


Total 
Exten- 
sions 
on 2 In. 


Energy 


Absorbed Extensions in Inches on 
n 


4-In. Lengths. 


| Diameter 
Speci- . of it 
men pecimen » 
No. in F racture 


- in | in 
coe < See ae | rv, Inches. 


| 36 


19 | . 
65 


2488 | 17 
1967 12 | 


2522 


- 250 

250 4 27 

.250 355] .17 | 

Specimens Marked B were Heated in the Mufile Furnace 
to 1875 deg. Fahr., and Left there Half-an-Hour and 
Cooled in the Air 


Tested with Static Load. 





Extensions in 
Inches on }-In. 
Lengths. 


Stresses in Tons per 
Square Inch. 


a 
=xten- 
2In. 


E 


At 
Yield- 
Point. 


At 
Maximum 


sions on 

in Inches, 
Work Done in 
Fracture (Inch- 


| Specimen No. 
Diameter 


-262 .16 .125 .123 
not noted -68 

-28 '.11 |.03 '.01 -43 | 1020* 

-263 '.125 .088'.111 .597 1195 


-68 


i=] 
~ 


B2 
B3 
B4 


* This specimen was bent in turning, and after it was straight- 
ened it was ground to 0.250 in. in diameter. 


Tested with Impact Load. 


Total 
Exten- 
sions 
on 2 In. 


Diameter) Energy | Extension in Inches on 
of Absorhed | 4-In. Lengths. 
Specimen | in Frac- 
in ture in 
| Inches. | In.-Lb. 


Speci- 
men 
No. 


in 
Inches. 


2173 
1715 
2139 
2163 





Specimens Marked C were Heated in the Muffle Furna to 
1510 deg. Fahr. for Half-an-Hour and Cooled in Water, 
Tested with Static Load. 

Extension in 
Inches on }-Ip. 
Lengths. 


Total Ex tension 


in 


Stress in Tons per 
Square Inch. 


~ of 


At 
Yield- 
Point. 


27.1 


Specimen No. 

Diameter 
Specimen 
Inches. 


A 
Maximum I. | Il. 
Load. 


i$] io |i 
3s 


37.9 |.19 |.063). 
379 | 035] .195). 


nue 


.250 | 
“250 | 


27 
(assumed) 
28.1 38.3 17 |.06 |. 


| 28.6 86.5 [.17 |-08 
| 


Tested with Impact Load. 


ete 
3s 





aa aa 
s109 


Energy Extensions in Inches on 
bsorbed }-In. Lengths. 

n Frac- 

ture in 

In. -Lb. 


Total 
Exten- 
sions on 


Diameter A 
of Speci- | i 
men in 

| Inches. | 


‘08 | .21 


Specimens Marked D were Heated in the Mufite Furnace to 
1850 deg. Fahr. for Half-an-Hour and Cooled in Watcr. 
Tested with Static Load. 


Extensions in 
Inches on 4-In. 
Lengths. 


in 


Stress in Tons per 
Square Inch. 


of 


2 In. 


At 
Maximum 
| Point. 


Total Exten- 


| Specimen No. 
Specimen 
sion on 


Diameter 





875 
-375 


oo 
ae 
or 
oo 
© 


3 -06| .05 | .05 
| 32.5 185 .09 .05 | .08 
' } 


‘Tested with Impact Load. 


Total 

Exten- 
sions 
on 2 In. 


Extensions in Inches on 


Energy 
2 }-In. Lengths. 


Diameter 
a ture in 
inches. in th. 


Speci- 
men No. 


in 
L 5 Ill. IV. Inches. 


-246~—=Ciw«d 
-061 | .061 


2104 1 1 
1629 -24——-.081 


DS 
D2 


250 
-250 


546 
443 


Preliminary tests have been made, and the results 
in the annexed tables may be of interest. 

A bar of mild steel ,’; in. in diameter, of ordinary 
commercial quality, was selected, and all the speci- 
mens were cut from it. The test-pieces are screwed 
4in. Whitworth and turned, and accurately ground 
to } in. in diameter for a length of 2in. in the middle; 
the fillets at the end of the 2-in. length being 4 in. 
radius. In order to measure the extensions after 
fracture, the specimens were smoked and rings marked 
on the smoked surface at intervals of 4 in. This was 
done in the lathe by moving the saddle forward 4 in. 
by means of the leading screw and then applying the 
marker. ‘The test-piece was then dipped in clear 
varnish. It was found necessary to adopt this method 
of marking, for centre-punch marks become so elon- 
gated during the test that accurate measurement was 
impossible afterwards. It will be noted that the test- 
pieces received different heat treatment. The object 
in view was to determine the effect of the heat treat- 
ment on the property of the material as regards its 
resistance to shock, and to note the behaviour of the 
machine. 

Notes on Specimens marked ‘* .A.”—The work done 
in fracturing the specimens under the usual tensile 
test has been calculated by the formula 5 (E + 2 M) 


where ¢ is the total extension, EK the load at the 
yield-point, and M the maximum load. | 
The results obtained are very uniform in the usual 
test, but the impact test on specimen A 7 shows a very 
low resistance to impact and a much smaller elonga- 
tion. What the cause of this smaller resistance to 
impact load with the smaller elongation is is not clear, 
unless it be due to a defect in the material at the point 
of fracture. This view appears to be supported by the 
fact that the general elongations on the separate half 
inches are all less than in Al and A8. The increased 
elongations due to impact loading are evident here as 
in the other specimens tested. ; 
Specimens marked ‘‘ B.”—It appears that the in- 
crease of the temperature during annealing has reduced 
the total extension under both the static load and the 
impact load. Again we have increased elongativn in 
the impact test, and B 6 under mp offered a very 
low resistance and had only a small elongation. 
Specimens marked ‘* C.”—The effeet of cooling the 
specimens in water is very marked, the elongation !n 
both static and impact tests being much reduced. 
This set is the most uniform of the four sets. 
Specimens marked ‘ D.”—Two specimens were 
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tested by the static and two by the impact load, and | 


again the static loadings gave the more uniform 
results. 

It became evident during these preliminary tests 
that the measurement of the velocity of the drum of 
the chronograph by means of a vibrator was not quite 
satisfactory, and a stroboscopic method has been 
adopted which is proving very satisfactory. 

[ have pleasure in acknowledging the assistance of 
Mr. Norton, workshop instructor, Woolwich Poly- 
technic, who made the machine, and suggested several 
details. Iam also indebted to Mr. R. F. Shand, one 
of the students, for assistance in making the tests. 





INDUSTRIAL NOTES. 

Ir they are true—and we fear thatthere is, at any rate, 
a good deal of truth in them—the words of Dr. Russell 
Wakefield, the Dean of Norwich, delivered in aspeech 
on Thursday of last week in connection with the 
National Union of Social Service, are, to say the least, 
disheartening. He said, ‘‘ Labour Exchanges are not 
going to solve the unemployed problem ; they will only 
intensify the preblem unless something is done, first, 
for those who have to do the work, and, secondly, 
with regard to the provision of work itself. The 
labour exchanges first exposed to the public the great 
need of work, and then a want of capacity on the 
part of those who went out to work.” In the want 
of capacity much of the difficulty is undoubtedly to be 
found, for the large amount of practically useless 
material is the most discouraging feature in the whole 
question of the unemployed—the number ‘of men who 
appear to know nothing useful, or, at any rate, nothin 
that is at the time wanted. How this is to be cu 
with the constant stream of time-expired messenger- 
boys, errand-boys, &c., to swell the ranks of the un- 
employed, is not at present evident. 





On Thursday, last week, it was announced that Mr. 
Hann, the agent of the Powell-Duffryn Company in 
South Wales, had replied to the miners’ request for 
a guarantee that every striker should be reinstated, by 
calling Mr. Stanton’s attention to the Conciliation 
Board resolution precluding him from entering into 
any discussion until the men resume work. Mr. 
Hann, however, points out that it is not intended to 
start all the pits, because this is in many cases im- 
possible, owing to the action of the strikers in with- 
drawing the stokers and others from their work. It 
is thought probable that the men may not accept this 
reply. The men, numbering 2500, employed at the 
Cwmaman collieries held a meeting last Thursday 
evening, and decided to resume work at the beginning 
of this week. 

It was feared on Monday last that there might be 
an outbreak of disturbances at Pontypridd, caused by 
colliers on strike from the Rhondda Valley, who went 
to show their sympathy with their comrades who were 
being tried on chargesjof intimidation. These strikers 
went so far as to threaten that if sentences of im- 
prisonment were passed, they would attempt a rescue. 
Every precaution was, however, taken to prevent this ; 
and, as a matter of fact, although about 8000 strikers 
were expected outside the court-house on Tuesday, 
the actual number who turned up was very much 
smaller. The precautions taken had no doubt a good 
effect, fer the court-house was strongly guarded by 
the military, and other troops were held in readiness. 
Two of the culprits were sentenced to twelve weeks’ 
imprisonment for violence and intimidation, but no 
attempt was made to rescue them, the strikers march- 
ing quickly back home as soon as thie cases were dis- 
posed of. Although a very little incident might still 
cause @ recrudescence of serious disturbances, the 
crowd that gathered in Pontypridd appears to have 
been more or less good-natured. There is no doubt a 
g sod deal of bluster in the threats used, but there may 
e a misguided portion of the malcontents who may 
still become unruly. 

The miners employed at the Cwmaman, Cwmdare, 
and Blaenant Collieries, in the Aberdare Valley, re- 
started work on Monday morning last almost to a 
man, after having been on strike for six weeks, in 
sympathy with the Powell-Duffryn men. 

_ [tis much to be hoped that when this strike is over 
its lesson will not be lost ; and this lesson is not far 
to seek, for it is one that is the natural outcome of 
disregard to economic laws, this disregard having laid 
the seeds of that unrest which culminated in the strike. 
There may have been many contributory causes, but 
the chief among them was the Eight Hours Act, for 
the passing of this Bill was a stroke of business which 
the colliers thought would enable them to get an 
advance in wages, their wages being based on the 
average selling price of coal. This being so, the men’s 
representatives thought that, as the shortened hours 
would lessen the output, coal would become scarcer, 
and the price would consequently rise, and with it 
the men’s wages also. This was the view of the men’s 
representatives, and the Government, for reasons 
best known to themselves, passed the Bill. The result 
expected by the men, however, did not follow, for 





although the output per pit decreased, the opening u 
of other coal-fields enabled enough coal to min 
to prevent any rise in price that would have been 
caused by a shortage. The men’s faith in their 
leaders was therefore shaken, for the result that the 
had been led to suppose would happen was not mcr ne 
hence a feeling of dissatisfaction and disinclination to 
follow their leaders’ wishes. 

The coroner's verdict on the death of the man 
Hayes, who met his death during the rioting at 
Ton-y-pandy, was to the effect that the fatality was 
caused by a blow from some blunt instrument, but 
that the evidence was not sufficiently clear to show 
how the injuries were received. 

On Friday last there was a settlement of the 
moulders’ dispute. At a meeting of the Conciliation 
Board of the founding industry of the North of 
England, which was held at Newcastle on Decem- 
ber 6, the men’s representatives agreed to recom- 
mend the terms for acceptance by their members. ‘The 
terms offered by the employers were the same as those 
recently accepted by the engineers—namely, 1s. per 
week advance to men rated at 25s. per week and over 
on time work, and a 2} per cent. advance to piece- 
workers, the advances to take effect on and from 
the commencement of the first full pay after the date 
of resumption of work by the members of the boiler- 
makers’ society in the shipyards. The terms also pro- 
vided that a further advance of the same amounts 
should be granted to take effect six months afterwards, 
on the understanding that the rate so enhanced should 
remain undisturbed Re a period of five years from that 
date. The moulders accepted these terms. 





The secretary (Alderman G. Johnson) of the Jarrow 
evening classes states that the Inspector of the Board 
of Education has reported that a good session’s work 
has been done at the Jarrow centre by teachers and 
students. Notices have been issued by Messrs. Haw- 
thorn, Leslie, and Co., Limited, and Messrs. Palmer’s 
Shipbuilding and Iron Company, Limited, to the 
apprentices employed by them that it is the wish of all 
the directors that the apprentices should attend 
evening classes provided by the local education authori- 
ties. here the attendance is regular, the fees paid 
are to be refunded, as an encouragement to students. 
Those who secure in the examination a first-class 
success will receive an advance of 6d. per week in wages 
for the elementary stage, and Is. per week advance 
for any first-class success in the advanced “—— on 
condition that the studies are continued for a further 
session in the subjects laid down. Should exceptional 
ability be evident, opportunity to complete the last 
year of apprenticeship in the drawing-office will be 
given. These excellent arrangements ought to do 
much towards the encouragement of attendance at 
evening classes in the districts referred to. 





According to the memorandum prepared by the 
Labour Department of the Board of Trade for the 
Board of Trade Labour Gazette, employment in the 
month of November was, on the whole, not so g 
as in October, although in the cotton and printing 
trades there wasan improvement. There wasa decline 
in the building and kindred trades, and the boiler- 
makers’ lock-out continued to affect adversely the 
metal and engineering trades. As compared with 
a@ year ago, coal-mining was about the same, and 
shipbuilding much worse. On the other hand, there 
was an improvement in the principal industries. 
The article shows that 100 of the principal trade unions 
have a total membership of 1,422,299, while 1053 other 
trade unions show a membership of 925,162. The 
average membership in the hundred principal unions 
is over 14,000, which is about 60 per cent. of the total 
membership of all trade unions. At the end of last 
year the funds of the 100 principal trade unions 
amounted to 71s. 0jd. per member, as compared with 
72s. 2d. in 1908. In 1909 the total income was 
2,560,430/., against 2,757,981/. in the previous year, 
the amount per member being respectively 36s. and 
38s. 2d. The total expenditure amounted to2,687,416/., 
or 37s. 94d. per member, in 1909, compared with 
3,204,411/. in the preceding year, or 44s. 8d. per 
member. At the end of last year the total funds 
amounted to 5,051,401/., as against 5,178,446/. in the 
previous year. 

The total expenditure in 1908 was the highest on 
record, mainly owing to the large expenditure due to 
unemployed and dispute benefits by trade unions in 
the engineering, shipbuilding, and metal trades, and 
by unions of cotton-spinners and card-room operatives. 
Cnenightperent payments were still very high in 1909, 
although the cost of dispute benefit had considerably 
decreased. The total expenditure also in 1909, 
although much less than in 1908, was much ter 
than in 1907, and in the previous years. In1l there 
was a decrease of 127, . in the total funds com- 
pared with 1908, and of 593,000/. compared with 1907. 
At the end of 1909 the funds per member were lower 
than in any of the years 1902-8, though higher than in 
1900-1. 





On Thursday in last week the clothing workers who 
are on strike in Chicago came into collision with the 
police. One striker was shot dead, and several men 
on both sides were injured. It was the old story— 
interference with free men who wish to work, for non- 
union tailors were attacked by strikers. The non-union 
men were being escorted by police, and the latter 
naturally protected their charges. In the scrimmage 
that followed the casualties occurred. 





On Sunday, 500 strike-breakers who were on their 
way from St. Paul’s, Minnesota, to Winnipeg, to man 
the street-cars in that city, were stopped and turned 
back by strikers, and word was sent by the Canadian 
immigration authorities to the railway officials at 
St. Paul’s that the strike-breakers would not be allowed 
by the Dominion bureau to enter Canada. It is thought 
that if the men, who were recruited in the United 
States, had been allowed to take the places vacated by 
the men on strike at Winnipeg, there would have been 
great trouble, which might have led to internatignal 
complications. 





Some dissatisfaction has been expressed among some 
of the branches of the Boilermakers’ Society on 
account of the decision of the executive to cease 
payment of lock-out benefit from Wednesday, the day 
on which the lock-out ceased, and some of the Govan 
branches telegraphed to head-quarters at the end 
of last week demanding a full week’s payment. 
Many men in these branches have not resumed work, 
and say they will not do so until they receive a satis- 
factory answer to their demands. 





According to the Times the Labour Party is getting 
restive under what they consider to be nhdiading 
statements made by the Prime Minister regarding the 
date when he proposes dealing with the Osborne 
judgment. They say they understood that the promise 
“ regarding it should be redeemed next session. 
t is now stated that there is little chance of any 
Government Bill being introduced on the subject 
before 1912. The Labour Party therefore finds itself 
far from happy on the subject, having apparently 
magnified the question of the reversal of the judgment 
into something far outweighing matters of infinitely 
greater national importance, ont it is said that they will | 
as soon as possible after the reassembling of Parlia- 
ment take steps to force the production of the 
Government Bill. As a means to an end it has been 
arranged that each one of the forty-two Labour 
Members will ballot for a date for their Bill dealing 
with the judgment, and it is said that a large number 
of Radicals have been induced to pledge themselves 
to do likewise. When a suitable date is arranged the 
Labour Party will proceed with their own Bill apart 
from the Government, and in case it should its 
second reading, further facilities will be asked of the 
Government. If these are not given, the Labour 
Party will, it is threatened, withdraw their support 
at critical stages of the Budget, unless satisfactory 

sare obtained. From this we gather that our 


led, 
ood fogia tors have no pieasant prospect before them in 


dealing with this question. 








_ University or Sypney.—The calendar of the Univer- 
sity of Sydney for 1910-11 has appeared; it gives full 
particulars on the organisation of the University, the 
course of studies, foundations, prizes, and so forth. 





Tue YorRKsHIRE BoiLEr.—A lecture on the Yorkshire 
boiler was = before the Rochdale Association of Engi- 
neers, on the 17th inst., by Mr. W. H. Casmey, who com- 

ared together the Lancashire and the Yorkshire boilers. 

n comparative tests made with a 24-ft. Yorkshire boiler, 
and a 30-ft. Lancashire one, it was found that the Lanca- 
shire boiler gave an evaporation of 1023 gallons per hour, 
and the Yorkshire 1290 gallons. The lecturer pointed out 
the advantages of the Yorkshire boiler in regard to better 
fuel utilisation, and also with reference to decreased first 
cost and decreased floor space occupied. 





AUSTRALIAN Rartway Economics: ApprNpumM.—In 
an article entitled ** Australian Railway Economics,” in 
our last week’s issue, we gave certain figures to show the 
value to the Victorian State Railways of connections and 
feeders across the New South Wales border. We find 
that rather more useful and conclusive figures are, in two 
instances, available than those we then gave. The 
revenue actually derived by the Victorian system, in 
1909-10, from goods and live-stock traffic to and from points 
on the Deniliquin and Moama Railway, amounted to no 
less than 28,116/. In the same period revenue derived b 
the Victorian system from elie trafic passing throu 
Wodonga, from or to stations on the New South Wales 
system, amounted to 55,068/., of which some 37,735/. was 
derived from inward traffic towards Melbourne, and 
17,333. from outward traffic, plainly showing in which 
direction the bulk of the traffic flows at this point—viz., 
not to Sydney, but to Melbourne. Of the revenue from 
incoming traffic, all but 1036/. was derived from to 
which the large shipments of wool passing south through 
Albury, of course, contribute in no small degree. We 
may add that of the wool imported by Victoria for sub- 
aret export, about 70 percent. comes from New South 

ales. 
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IMPACT TESTING-MACHINE AT THE WOOLWICH POLYTECHNIC. 
DESIGNED BY MR. D. R. MacLACHLAN, B.Sc. 
(For Description, see Page 860.) 
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A 15,000-Ton GRANARY IN FerRo-ConcretE.—The huge 
granary of the Pest Steam-Mill Company, now being buut 
at Budapest, will take 15,000 tonsof wheat. The building 
consists of thirty-six silos, of ferro-concrete, which are 
arranged in three rows of twelve silos each, and rest on & 
bed of concrete 5 ft. 7 in. in thickness. Each cel! has a 
height of 92 ft. and a width of 15 ft. 3in. Next to the 
granary is rising a flour-mill, a store for the flour, having 
a capacity of 10,000 tons, and a power-house. ‘I'his 1s 
to be a building of nine storeys, and will have « con- 
! crete foundation 64 ft. in thickness. The chimney of 

the power-station will be the highest in Hungzr) the 

ites projected height being 230 ft. The Hungarian Govern- 

ment is in so far interested in the plant that experiment 

(1718-4) on the pressures arising in grain cells are to be conducted 
in the building with the aid of a Government grant. 
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THE PENHOET SHIPBUILDING YARD. 
SOCIETE ANONYME DES CHANTIER Et ATELIERS DE ST. NAZAIRE. 


(For Description, see Page 847.) 
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THE PENHOET SHIPBUILDING YARD. 


SOCIETE ANONYME DES CHANTIER ET ATELIERS DE ST. NAZAIRE. 





(For Description, see Page 847.) 
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NOTICE OF MEETING. 


Tus Roya Instrrvvion or Great Brirais.—Thursday , December 
29, and Saturday, December 31, at 3 p.m. :—A Christmas course 
of experimentally illustrated lectures, adapted to a juvenile 
auditory, on ‘‘Sound: Musical and Non-Musical ;” a course of 
experimental acoustics, by Professor Silvanus P. Thompson, B.A., 
LL.D., D.8e., F.R.S., M.R.L 
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METROPOLITAN IMPROVEMENTS. 


ARCHITECTS and engineers, perhaps, inevitably 
regard the subject of town-planning and of city im- 
provements from opposite standpoints. The engi- 
neer considers a new roadway as essentially a fresh 
artery for traffic, whilst to all appearance the 
average architect is more concerned in providing the 
citizen with a picturesque perspective than with 
lessening the labour by which he earns his daily 
bread. An ancient bridge, humped like a camel, 
excites strong, but quite dissimilar, emotions 
both in the architect and the engineer. To 
the latter it appeals mainly as an example of 
how greatly dead and gone constructors were 
handicapped by their indifferent knowledge of 
mechanical principles, and by the limited choice 
they possessed of tools and materials. His soul is 
saddened by realising the incessant waste of energy 
required to haul a load up to the crown of such a 
bridge, merely to lower it again to its original level 
on the opposite side of the river, and he has little 
sympathy for such so-called artistic considerations 
as in practice simply spell obstruction to traffic. 
Art which demands such sacrifices of essential 
principles of mechanics and economics must, he 
feels, be based on inherently unsound foundations ; 
and, indeed, when the problem is considered as 
a whole, it is difficult to feel much sympathy for 
an xesthetic sensibility which would not rather see 
draught animals hauling their loads over even the 
plainest of level girder-bridges than struggling and 
panting with them up the heavy inclines adopted 
by our forefathers, and still considered sv pic- 
turesque by the traditional school in architecture. 

The proposal of the City Corporation to construct 
a new bridge across the Thames near St. Paul’s has 
demonstrated once more the inability of some archi- 
tects, with their artistic temperament, to attach 
due weight to practical business considerations. 
It is the fashion to sneer at the latter, but Art and 
Letters would both fare badly did not successful 
Commerce leave, after the necessities of life are 
satisfied, a substantial margin for the ‘ >F" of its 
somewhat affected and braggart sisters. No sooner 
had the Bridge Estates Committee published parti- 
culars of the plans for its new bridge and approaches, 
the line recommended for which had only been 
adopted after most careful and thorough investiga- 
tion by such extremely competent authorities as Mr. 
Basil Mott and Sir Alexander R. Stenning, than 
a committee of the Royal Institute of British Archi- 
tects were, on the instant, ready to offer an alterna- 
tive scheme, in which the sole points considered 
were the provision of a good view of St. Paul’s and 
an opportunity for the expenditure of many hundred 
thousand of pounds in rebuilding along the line of 
route. Apart from the additional expenditure 
which would thus be thrust on private parties, the 
cost of the work to the Corporation would, it turned 
out, be increased, on the alternative offered, by no 
less than one million sterling. The route, as sug- 
gested, would debouch right on to the southern 
transept of St. Paul’s, so that all north and south 
bound traffic would have to work its way round 
the Cathedral, whilst in the original scheme it was 
afforded a nearly straight lead, past the eastern 
side of Wren’s building, from Great Guildford- 
street on the south to Goswell-road on the north. 


.|The new roadway, as proposed by Mr. Mott, 


will be 80 ft. wide from its commencement in 
Southwark Bridge-road up to its termination in 


| Cannon-street, and the widening of St. Paul’s 


| Churchyard from the latter point to St. Martin’s-le- 





s69 | Grand could be effected, should the London County 


Council consent, at no inordinate expenditure, 


870 | since the buildings to be removed here are not of a 
4 | Specially costly character. 


In fact, in laying out the scheme the engineer 
has had in view the facilitating to the utmost the 
transport of the average citizen between the north 
and south sides of the Metropolis, whilst the archi- 








tects are apparently more concerned to meet the 
desires of the country cousin and sightseer gener- 
ally. These form, no doubt, a numerous and 
important class of the community, but altruistic 
feelings have not yet been developed to such an 
extent as to render the Londoner ready to face for 
the benefit of strangers an initial expenditure of 
one million sterling, to which must be added the 
steady loss of time, day in and day out, which would 
arise from the lesser convenience of the architects’ 
suggestions. On this point the testimony of the 
police has been to the effect that the control of the 
traftic would be much more easily provided for on 
the original scheme. 

The subject of town-planning has, indeed, been 
very much in the air of late, and the Royal Insti- 
tute of British Architects has not been the only 
representative of the architectural profession to 
suggest an alternative to the Corporation’s scheme. 
At a meeting of the Society of Architects, held on 
December 15 last, Mr. G. A. T. Middleton 
revived a yet more fantastic proposal. His sug- 
gestion is briefly that the South-Eastern and 
Chatham Railway Company should abandon its 
present river-crossings and construct a new ter- 
minus on the south side of the river at Nelson- 
square, off the Blackfriars-road. The existing via- 
ducts and the stations on the north side of the 
river at Cannon-street, Charing Cross, St. Paul’s, 
Ludgate-hill, and Holborn would be turned over to 
the architect for embellishment, with fine buildings, 
and thus three new roadways across the Thames 
would be opened to pedestrian and vehicular traftic. 
It is very easy to see the advantage of the architect 
were such a proposal definitely adopted. Indeed, 
no such opportunity for the exercise of his art has 
occurred since the destruction wrought by the 
Great Fire nearly 24 centuries ago. There would 
be fine squares, with surrounding buildings, at the 
present station sites, and the broad viaduct constitu- 
ting the roadway would, it is hoped, prove as popular 
to builders as Holborn Viaduct has done. eee far 
the scheme would afford any very substantial relief 
to existing cross-river traftic is, however, highly 
problematical. At the present time 110,000 pedes- 
trians and 22,000 vehicles cross London Bridge 
daily, while the traflic over the Tower Bridge is 
12,000 vehicles and 50,000 foot passengers. In the 
case of London Bridge many of the vehicles are 
omnibuses, so that perhaps the total passenger traftic 
may be double the number of pedestrians, or 220,000 
in all. In the case of the Tower Bridge, the 
number of omnibus and cab passengers will prob- 
ably not very greatly augment the total passenger 
traffic, which, in round numbers, over the two 
bridges, is probably under 280,000 per day. Now 
the three railway bridges which it is proposed to 
abolish carry across the river 200,000 passengers 
per day. As in Mr. Middleton’s scheme these 
would still have to find their way across the river, 
each of the three bridges would by this traftic alone 
be crowded to fully the same extent as is the 
Tower Bridge. 

The direct cost of the scheme would be very 
great. The sites to be acquired are very valuable, 
and could be purchased only at a very high price. 
Even if the railway company got its own valuation 
for them, it is far from likely that the transaction 
would be profitable to it. The establishment 
of a new terminus at Nelson-square would be 
exceedingly costly, as the viaduct from the exist- 
ing lines east of London Bridge Station would have 
to carry at least four tracks, and perhaps six. 
Further, season-ticket holders ae certainly 
demand a reduction of at least a couple of pounds 
per annum in the rates they now pay as an offset 
against the omnibus and tram fares which would 
then become a necessity. Moreover, Mr. Middle- 
ton’s scheme fails to take account of the fact that 
time is often as important as money. Possibly 
passengers to Charing Cross might not be much 
affected in this regard, as the double crossing of 
the river at Cannon-street is the source of much 
delay, but the enormous daily influx of City men 
into the latter station would be greatly incon- 
venienced by having to spend perhaps an additional 
half hour daily en route to and from their place of 
business. It should further be noted that, in 
addition to passenger traflic, there is now also a 
heavy goods and coal traffic over the railway bridge 
at St. Paul’s. This would have to find its way 
south of the river by some more devious route, to 
the enhancement of freight, which would ulti- 
mately fall on the consumer. 

Indeed, the proposal seems to embody in concrete 
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form every objection that engineers are inclined 
to urge against architects’ schemes for town im- 
provements. 

The whole scheme, in short, is simply of a 
character to appeal to those with grandiose ideas as 
to the insignificance of time and money, and the all 
importance of art. 

It has often been suggested that architects and 
engineers should be associated together in the execu- 
tion of public works, and much may undoubtedly 
be urged in favour of such a course. The advance of 
such schemes as are criticised above seems to show, 
however, that the difficulty still exists of persuading 
the architect that the bread-and-butter of utility 
must have precedence over the meringues of art. 
This obstacle to such an association of the two 
professions was made very evident at a joint discus- 
sion on town-planning, which took place recently 
between the members of an engineering and of an 
architectural society. The members of the latter 
boldly claimed that in town-planning the predomi- 
nant position belonged to them, and that, at whatever 
cost, the engineer must construct his roadways, 
bridges, and sewers in subordination to what they 
chose tu consider the wsthetics of the problem. So 
long as such views are maintained useful co-ordina- 
tion in public works between the engineer and the 
architect is impossible. 

Painters tell us that a knowledge of anatomy is 
indispensable to good portraiture. The skeleton is 
not in itself a thing of beauty—save, perhaps, from 
the utilitarian standpoint—but is the all-essen- 
tial basis of whatever comeliness may exist outside 
it. In the execution of public works the engineer’s 

rt is to provide this fundamental skeleton, 

eaving to the architect the work of clothing it 
with a more or less prepossessing exterior, A 
defective skeleton is undoubtedly a much more 
serious matter than an external blemish, however 
unsightly. Nature, in framing the skeleton, has 
apparently been guided entirely by utilitarian con- 
siderations, and the precedent may well be adopted 
by those concerned in the planning of towns. 








THE CONTROLLER OF THE NAVY. 

WueEn Sir John Jellicoe hoisted his flag on Tues- 
day as Vice-Admiral commanding the Atlantic Fleet 
in succession to His Serene Highness Prince Louis 
of Battenberg, the Fleet secured an experienced 
strategist and an officer of resource and courage, 
but the constructive department of the Service lost 
one of the most efticient Controllers the Navy has 
ever had. Admiral Jellicoe was particularly suited 
for the appointment as Controller, because of his 
earlier training and of his personal characteristics, 
which have so conduced to the rapid and satisfac- 
tory provision of every form of matériel for the 
Service. In his earlier training he gave promise of 
those technical qualities which have been displayed 
in later years, because he took three ‘‘ firsts ” in the 
qualifying examination for lieutenant, and his pro- 
motions to successive ranks followed each other 

uickly as a consequence of distinguished service. 

hus he reached flag rank in 1907, at the age of 
48 years, and was made Controller of the Navy in 
October, 1908. Prior to this he had been assistant 
to the Director of Naval Ordnance, Naval Assistant 
to the Controller, and Director of Naval Ordnance 
and Torpedoes. His appointment as Controller 
of the + soa was therefore in natural sequence. 
His intimate knowledge of matériel, combined 
with his quick and firm decision, associated 
with a pleasant manner, has had considerable 
influence on the rapidity with which constructional 
work was arranged for, not only in the dockyards, 
but in private works. In past times difticulties 
experienced by contractors were largely traceable 
to delay in getting the plans passed, and in this 
matter Admiral Jellicoe not only set an example, 
but encouraged the professional officers under him 
to adopt decisive procedure, so that, notwithstand- 
ing the great volume of work carried out during 
his régime, economy and efficiency have increased, 
and the time taken for the construction of the 
new warships of all types has been materially 
reduced. 

As proof of the fact that his tenure of office as 
Controller was cast in a period of unusual naval 
shipbuilding activity, it may be noted that the 
number of new vessels of al! classes added to the 
Fleet since October, 1908, runs to the approximate 
figuré of ninety, and includes about twelve battle- 
ships and armoured cruisers, eight protected and 
unarmoured cruisers, and seventy destroyers, tor- 





pedo-boats, and submarines. This list, of course, 
includes vessels which had been commenced and 
advanced, in some instances almost to completion, 
prior to his appointment as Controller. In addition 
to the numbers given there are at present about 
sixty ships building, including eight battleships and 
armoured cruisers, seven protected and unarmoured 
cruisers, and forty-five destroyers and submarines, 
whilst the preliminaries to laying down are well 
advanced in the case of a further twenty-two ships, 
these, as enumerated in the current year’s naval 
estimates, including five battleships and armoured 
cruisers, three protected and unarmoured cruisers, 
and fourteen destroyers, submarines, and fleet auxi- 
liaries. The sea-going and fighting efficiency of all 
these warships is in advance of their protot in 
many important respects in matériel. Shipbuild- 
ing output has thus been well maintained in the 
dockyards, and there, as in the private yards doing 
Admiralty work, the delay in beginning new 
vessels is now a minimum. The whole machi- 
nery of administration in this respect has been 
accelerated. The period of construction of large 
armoured warships remains at two years, notwith- 
standing the great increase in the size and dis- 
placement of the latest types. Admiral Jellicoe 
was a frequent visitor at the works of contractors, 
and by this means was enabled to assist and 
encourage those responsible in realising the best 
results and to infuse them with his characteristic 
enthusiasm for the efficiency of the Service. 

The repairs and maintenance of the Fleet have 
been well looked after by Sir John Jellicoe, who 
has realised throughout the importance of liberal 
financial provision to enable the prompt and proper 
execution of repairs. The total number of men 
employed (shipbuilding and repairs, &c.) in the 
home dockyards has considerably increased during 
his period of office. Sir John, having at one time 
been associated with the building of warships in 

rivate yards, has devoted much attention toimprov- 
ing and extending the resources of the dockyards for 
shipbuilding and repair work. A recent impor- 
tant innovation in dockyard and port equipment is 
the adoption of large floating-docks for Dread- 
noughts and floating-cranes to serve them, a policy 
which recognises inter alia the importance of the 
quality of mobility in docks and cranes. The 
equipment of temporary bases in time of war 
becomes easy of arrangement when floating-docks 
and floating-cranes lie fully equipped and ready for 
use and transfer. Two such docks, capable of 
lifting 32,000 tons—one for Portsmouth and one 
for the Medway—are now under construction, 
whilst contracts for two large floating - cranes, 
capable of lifting 100 tons at a radius of 125 ft., 
and 150 tons at about 90-ft., will very shortly be 
placed. 

Amongst other schemes afoot, or recently com- 
se may be mentioned the new graving-dock at 

ortsmouth, now being built as an extension of the 
New Lock Contract; a shallow dock for docking 
destroyers in pairs at Devonport; the conversion of 
two slipways at Pembroke for hauling up destroyers; 
the workshop and crane equipment of Keyham 
extension, of Simon’s Bay Dockyard extension, fully 
described in ENncGrneErinc, and of Hong Kong 
Dockyard extension ; the lengthening of the dock 
at Haulbowline ; Dover Harbour Works ; and the 
expansion of the docking accommodation initially 
to be provided at the new naval establishment at 
Rosyth. 

Sir John Jellicoe has been a strong Controller, 
and his severance from the Admiralty is a matter 
for personal regret, which is not by any means con- 
fined to the members of the Board and the heads 
of departments. No Controller has been more 
popular ; none has commanded greater respect as 
an administrator. 








POINTS OF LAW OF 
LEASEHOLDS. 

Tue branch of law which affects the relations of 
landlord and tenant is one of great interest and 
importance. Men of business in the engineering 
and allied trades are generally concerned either as 
landlords or tenants, and at one time or another 
some knowledge of the legal duties and rights of 
lessors and tenants of factories, workshops, ware- 
houses, &c., is sure to be useful to them. 

The evolution of the law of landlord and tenant 
has gone on with our social progress for centuries, 
and the statutes have been numerous in every reign 
since the time of Henry VIII. Most of these have 


SOME 





been concerning tenancies of land, and in early 
times the tendency of such laws was in favour 
of landlords. Tenancies in towns, and of workshops 
near towns, and of warehouses and offices in popu- 
lous cities, very nearly concern men of business, 
and yet very often the details of agreements are 
relegated to the firm’s solicitor, and no consideration 
is given by the parties principally concerned to those 
points, an elementary understanding of which might 
often guide them in instructing the man of jaw 
what it is the business firm wants, and what it 
wishes to avoid. It may be assumed that it is 
matter of common knowledge that town tenancies 
are generally held under lease, and that the lease or 
agreement must be made by deed if the tenancy 
exceeds three years. ‘ 

The tenancy may also be created by word of 
mouth if it is for less than three years, and if the 
rent is not less than two-thirds of the improved 
value of the premises. This is the case of shops 
and dwellings, &c., taken for three years, or from 
year to year at a rack rent. The improved value is 
the full letting value, or ‘‘ rack rent.” 

The Statute of Frauds (2 Car. II., C. 3) requires 
an agreement for a lease to be in writing. It is a 
wise rule to have agreements for any period, how- 
ever short, done in writing. If there has been 
part performance, an action may be maintained for 
specific performance even when the contract has 
been made by word of mouth. A recent case in 
the High Court decided this point of specific per- 
formance of a verbal agreement. 

The defendants took a lease of premises in Bir- 
mingham erected by plaintiffs to suit the require- 
ments of defendants. When the defendants should 
have completed the contract, they declined, on the 
ground that the premises were not ready for them at 
the appointed time. During the written negotia- 
tions no definite mention was made of the time or of 
the particular shops in the plaintiffs’ building, or the 
rent agreed to be paid. There was no lease, but 
other evidence was forthcoming that there had 
been a mutual agreement both as to the premises, 
term, and rent. Upon this informal and merely 
verbal agreement the plaintiffs had gone to special 
trouble and expense to construct the building to 
suit the defendants’ particular requirements. This 
was part performance, which gave the plaintiffs the 
right to compel the defendants to specific perform- 
ance of their part of the contract, which was proved 
to have been arrived at between the parties. 

For all short tenancies, weekly tenancies ex- 
cepted, a written agreement is desirable, if under 
three years. A tenancy can be created without an 
agreement, as where premises are taken from year 
to year. If he has entered, the tenant is bound to 
give the landlord six months’ notice to quit, such 
notice ending on the same quarter-day as the 
tenancy began. Thus a yearly tenant of premises 
cannot give a quarter's notice at any time, but only 
six months from the following Christmas, supposing 
he enters in June, so that he is not released till the 
June following. 

Most business premises are held on lease, which 
must be drafted by a solicitor. An agreement for 
a lease generally must have the same stamp as a 
lease. he saving of stamp duty may lead to 
trouble, and in every case a solicitor should draft 
the lease. 

In a recent case a seven years’ lease was duly 
drafted, but not signed, as, before concluding the 
contract, the landlord gave the tenant a letter 
a that, at the expiry of the seven years, the 
ease would be continued for a further five years. 
In this case the tenant very properly insisted on 
the terms of the letter being incorporated in the 
stainped lease. 

In another case a tenant of premises got a lease 
for less than ten years, and also a letter from the 
landlord undertaking to continue peaceable posses- 
sion for a further period of years at an agreed rent. 
This letter was held to be a good lease when duly 
stamped. 

It will be observed that sometimes agreements are 
made which are not leases, but mere licences, as when 
a plaintiff agreed to allow the defendant to erect a 
hoarding outside the defendant’s premises and also 
to use the gable of his house for bill-posting, at 4 
yearly rent of 101., payable quarterly. The defen- 
dant gave notice to quit, expiring at the end of 
the current year, and the plaintiff, assuming he had 
a landlord’s rights, sued for breach of tenancy. 
There was no tenancy, for the agreement conferred 
no exclusive possession of the plaintiff's property, 
and was a mere licence to use the advertising 
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hoardings, &c., which was revocable any time on | 


giving reasonable notice. 

When tenants take premises for a long term of 
years, exceeding three years’ tenancy, there are fre- 
quently onerous conditions imposed as to mainten- 
ance of the premises, and unless there are special 

rovisions expressed, perhaps the landlord or the 
fod authority may require the tenant to repair 
the building or be at the cost of new drainage and 
structural changes. When warehouse or factory 
premises are taken, the tenants should see that 
sanitation is sound, and passes the local surveyor, 
also that partitions, windows, staircases, &c., comply 
with the requirements of the factory inspectors 
and local authority. When structural alterations 
of workshop or warehouse, &c., are made to suit the 
lessee, they must be carried out by him at his own 
expense, and on the understanding that at the end 
of the lease the premises are to be restored to their 
original condition. 

When machinery is used on the premises the 
responsibility of landlord or tenant, as the case 
may be, is often of serious importance. In a case 
where defendants, who were lessees of a factory, 
demised a part to the plaintiffs, with engine power 
to work a machine in the demised work-room, at a 
yearly rent, it happened that a workman was killed 
at the plaintiffs’ machine by reason of a defective 
governor allowing the machine to run at excessive 
speed. The plaintiffs, as the workman’s employers, 
were obliged to pay the widow compensation, and 
the plaintiffs sued the lessee of the factory to 
recover the workman’s compensation. It was 
decided that, apart from the demise of the work- 
shop, there was a contract to supply driving power 
to plaintiffs’ machine, and this contract implied 
a warranty that the power supplied was suitable 
and in safe order for the purpose. 

It should be noted, however, that a landlord is 
not liable for any accident arising out of any defect 
of the demised pvemises themselves which was 
obvious to the tenant on entering. 

In a case where tenants suffered damage by the 
defect of a cistern, the landlord was held not to be 
liable, inasmuch as he had employed a competent 
plumber to repair the cistern, and he was not liable 
for the plumber’s negligence. 

A difficulty sometimes arises between business 
firms and their landlords as to the lessee’s liability 
for structural alterations made by order of the local 
authority. Under the Factory Acts, where, for 
example, lessees had undertaken, by the terms of 
their twenty-one years’ lease of a factory and work- 
shop, to pay all outgoings imposed on the tenant or 
landlord by Act of Parliament, they were involved 
in hundreds of pounds’ expenses for structural 
alterations, despite the fact that the magistrates 
made an order apportioning a share of the cost to 
the landlord. In all such cases the landlord cannot 
be made liable for alterations ordered by Act of 
Parliament unless the tenant’s lease expressly pro- 
vides for his payment of the whole or a portion of 
the expenses. Generally speaking, covenants to 
repair provide for stated repairs at regular intevals, 
and that the tenant is bound to give up the premises 
at the expiry of the term in like good order as he 
took them, ‘‘ reasonable wear and tear excepted.” 
Where there is no covenant expressed as to repairs 
to be done during the term of the tenancy, the 
landlord cannot make the tenants liable for dilapi- 
dations caused by weather or such reasonable wear 
and tear. 








THE BRITISH COAL-DUST 
EXPERIMENTS. 

Iy our issue of the 9th inst., on page 801, we dwelt 
upon the results of the British coal-dust experiments 
carried out on behalf of the Mining Association of 
Great Britain. We will now turn to the means by 
Which those results have been obtained, as described 
in the publication of the Mining Association.* 

The value of the researches largely lies in their 
extensive and manifold character. While the chief 
work had to be carried out in the gallery, the 
researches conducted at the same time in the labo- 
ratories were not less important. For a fundamental 
study of the dust explosions accurate data were 
required as to the pressure developed, the velo- 

* Record of the first series of the British Coal-Dust 
Experiinents conducted by the Committee appointed by 
the Mining Association of Great Britain. A record of 
€xperiments carried out during 1908 and 1909 at the 
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cities of propagation of the pressure and of the flame, In a coal-dust zone, the cotton, if not burned, 


the composition of the p 
the temperatures attained during explosive combus- 
tion. A homogeneous mixture of coal-dust and air 
had to be provided for the explosion tests in the 
gallery. To understand the way in which these 
experiments were performed we must briefly refer 
to the construction of the gallery again. The gallery 
consists of a main tube (intake or down-cast) 


and a return tube, the two tubes being joined | 


at right angles, thus L. The intake forms one 
straight tube; the return tube is also straight 
in its first portion, but it is afterwards bent 
four times at right angles. Relief - valves are 
provided in pairs at each of the four angles and 
also at the junction of the two arms ofthe L. The 
fan and engine are placed at the extreme end of 
the return. The explosions are produced in the main 
tube, somewhere between the junction and the 
down-cast ; the explosive wave, travelling in both 
directions, goes down the intake and also round the 
sharp corner at the junction into the return tube. 
The structure has, on the whole, stood the tests 
and the pressures developed well. Only in one of 
the 116 explosions was part of the tube destroyed ; 
accidents to the experimenters or persons witness- 
ing the demonstrations have not occurred, and 
the fan has not been damaged, though the fan-door 
has been sucked inward after the explosion. 

The one exceptional case just mentioned mayserve 
as an illustration. In this instance the igniter (the 
gun charged with 24 1b. of blasting powder and 
8 in. of clay stemming) was discharged at a point 
324 ft. from the junction and 360 ft. from the down- 
cast, the intake tube having on this occasion a 
length of 684 ft. The gun stood within a coal-dust 
zone 450 ft. in length, there being 90 ft. of coal-dust 
on the side leading to the junction, and 360 ft. of 
coal-dust on the other side ; the gun was discharged 
in the latter direction. The coal-dust consisted of 
pulverised nuts from the Silkstone seam, and was 
spread, as usual, on five rows of shelves arranged 
on both sides of the gallery. The total amount of 
dust was 1 lb. per linear foot of gallery, or 0.39 oz. 
per cubic foot of air-space ; this is not an excessive 
amount, admittedly less than the dust frequently 
met on underground roads, in fact. The sectional 
area of the intake is 41 sq. ft.; that of the return, 
28 sq. ft. Both the igniter-gun and the cloud- 
raiser gun were used. There were 86 sets of 
timber in the intake, and 53,000 cub. ft. of air were 
being supplied per minute, the air current having a 
velocity of 1292 ft. per minute. 

The experiment was especially made for the 
purpose of seeing whether a coal-dust zone of un- 
usual length—total length 450 ft.—would develop 
exceptional explosive force, and it was decidedly 
successful from:this point of view. The explosion 
was exceedingly vchent 5 the flame shot out to a 
great length from the down-cast ; the three boiler 
shells at the end of the intake were completely 
wrecked, and pieces weighing up to 1500 |b. were 
scattered over the adjacent field, some being thrown 
up to a height of 500 ft., and to a distance of 
1150 ft. One of the valves at the junction was 
blown out, a glass port-hole, 9 ft. behind the point 
of ignition, was also blown out ; only one of the 
props was left standing, at a point 66 ft. behind the 
point of ignition. The pressure was first estimated 
at 160 lb., but probably did not exceed 120 lb. per 
square inch. The ignition point being far away 
from the junction, the flame did not travel round 
the junction, however, which it did in other cases, 
when many more of the valves were blown out. 

Passing to the means of investigation, of which 
the experimenters availed themselves, we find that 
the flame shooting out from the gallery was studied 
by the aid of the ‘‘ kinora” kinematograph, photo- 
graphs being taken at intervals of 34; of a second : 
the true flame of the explosion lasted about } of a 
second, the combustion might continue for another 
second. A ‘‘ pioneering’’ cloud of dust appeared 
first at the down-cast. In one characteristic 
instance the flame did not make its appearance 
before the eleventh picture, which would mean 
about half a second after the observation of the 
dust-cloud, and the flame increased in length (up 
to 180 ft.in one instance) until photograph 15 was 

roduced. The subsequent photographs still showed 
bright luminosity, probably rather the glow of com- 
bustion than the flame of the explosion. 

Within the gallery the length of the flame is 
traced by means of tufts of wool and of gun-cotton, 
which are fixed at intervals of a few feet along the 
sides of the gallery, and also suspended in its centre. 





ucts of combustion, and | became, as a rule, browned and blackened; the 


fibres also blistered and adhered to one another, or 
were ruptured. Dust particles, sometimes exces- 
sively fine, were caught by the cotton, and these 
fine particles, as well as the steam, may play an 
important part in the propagation of the explosive 


| wave. Gun-cotton fixed in stone-dust zones, on the 


other hand, frequently remained practically unal- 
tered by an explosion, even though particles of 
coal and stone-dust might be projected into the 
cotton ; this is one of the most convincing proofs 
of the protection which stone-dust zones of suffi- 
cient length can afford. The alterations in the 
appearance of the gun-cotton and ordinary cotton 
could be imitated in the laboratory by heating under 
different conditions of moisture, pressure, &c. The 
microscopical and chemical study of these features 
and also of the behaviour of coal-dust under similar 
conditions promise to yield importaut results. 

Most of the elaborate instruments for the deter- 
mination of the pressures and velocities developed 
during the explosions were especially designed for 
the British Coal-Dust Committee, and have become 
known under the abridged name of B.C.D. instru- 
ments. In order to follow the course of an explosion, 
it is desirable to observe light, pressure, and tem- 
perature phenomena. The speeds of propagation 
of these are not identical ; the light results from 
the ignition and its intense heat, the pressure 
from the expansion of the burnt gases, and tem- 
rature is a main factor in both these phenomena. 
us various methods appear available. Yet 
accurate determination is, for obvious reasons, a 
matter of very great difticulty. The intervals of 
time and space have to be kept very small, because 
the waves travel at high speed, and the pressures 
rise very rapidly within short distances. If many 
recording instruments were used, the maintenance 
of perfect synchronism and the elimination of the 
different time-lags would cause very serious difti- 
culties. The use of as small a number of recording- 
instruments as possible, preferable from considera- 
tions of economy, was advisable, therefore, for 
general reasons. In the plan adopted the ad- 
vancing explosion breaks a series of electric circuits 
fixed at certain distances apart, or establishes 
similar contacts. We will describe the chief instru- 
ments and accessories, which are :—(a) Circuit- 
breakers ; (6) the B.C.D. automatic commutator ; 
(c) chronographs ; (d) the B.C.D. manometers ; (e) 
the B.C.D. time-marker ; (f) the B.C.D. measuring 
apparatus ; (g) B.C. D. sampling-bottles ; (h) B.C.D. 
contact-makers ; and (j) thermometers. 

Two kinds of circuit. breakers are used. The first 
marks the advance of the flame. Small strips of tin- 
foil, 4 in. long, 4 in. broad, are fixed 50 ft. a 
edgeways to the wave, which does not break them. 
The flame, however, melts the tin almost instan- 
taneously. These circuit-breakers are, like several 
of the other instruments, inserted in the circuit of a 
4-volt accumulator battery. The other apparatus, 
the B.C.D. circuit-breaker, marks the rate of 
travel of the pressure along the gallery. It is 
formed by a moving piston, which is not affected 
by the mere discharge of the igniter gun, but which 
is lifted when a definite pressure is exceeded ; 
the adjustable range of this minimum pressure lies 
between the limits 2 ]b. and 20 lb. persq.in. A 
hole is tapped into the roof of the gallery, and a 
tube screwed into it, which is connected to a cy- 
linder containing a plunger pressed down by a lever 
and spring. A pin, horizontally projecting from the 
plunger, rests on two brass plates, the terminals 
of the circuit. When the plunger is raised, another 
coiled spring pulls the pin sideways (turning the 
plunger), so that the circuit is not automatically 
re-made by the falling plunger. The contact-makers 
will be described later on. 

The commutator used in connection with the chro- 
nographs consists of an electro-magnet, the armature 
of which forms the anchor escapement for the com- 
mutator wheel—a toothed disc—to the shaft of which 
a radial brush is attached. This brush plays over a 
series of nineteen studs arranged in a semi-circle, 
each joined to one of the circuit-breakers. When the 
explosion reaches contact-breaker No. 1, which is in 
circuit with the commutator and the chronograph, 
the chronograph releases its armature as soon as 
the current is interrupted at 1, and the chrono- 
graph style records a mark ; the anchor escape- 
ment is released at the same moment, and the 
wheel is pulled round by its spring, so that the 
brush is pushed over to contact 2, ready to receive 
an impulse from circuit-breaker 2. The apparatus 
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used are capable of recording velocities of 3000 ft. 
per second between two successive points, 50 ft. 
apart. These records are produced in two ways— 
either in ink upon a paper tape, or on smoked 


per. 

Of the two chronographs in use, the one is 
the laboratory chronograph of the Cambridge 
Scientific Instrument Company, comprising three 
electro-magnets, each carrying a fine-pointed glass 
pen working on tape. The first electro-magnet 
is in circuit with a contact-clock whose circuit is 
broken every half-second ; the second magnet is 
connected with the commutator, and the third 
serves as a reserve. The B.C.D. chronograph con- 
sists of a heavy drum, which is turned about its 
vertical axis by an electric motor; two Deprez 
indicators bear against the smoked-paper band 
round the drum. One of these is joined to the 
tenth-of-a-second time-marker, presently to be 
mentioned, the other to the commutator. 

The pressure-recording instruments are designed 
to yield both a continuous curve and the maximum 
pressure attained. Preliminary observations proved 
that instantaneous pressures of 300 lb. per square 
inch, developed during a small fraction of a second, 
might have to be registered. The moving parts had 
therefore to be of small inertia, while sufficiently 
strong to resist suddenly-applied high pressures. 
The instrument which the Cambridge Company con- 
structed for this purpose was illustrated in our issue 
of December 17, 1909.* The pressure is transmitted 
from the gallery to the instrument by means of a 
flexible pipe, which is provided with ball-and-socket 
joints at both ends, and with a sliding joint, in 
order to absorb any vibration that might be trans- 
ferred from the boiler-plates uf the gallery. A 
cushion of oil transmits the pressure to a hollow 
plunger, and through a loose rod, held in recesses, 
to the spring, a tempered steel plate, triangular in 
shape, which carries a style in the shape of a fine steel 
point. The style is only raised ,), in. by a pressure 
of 20 lb. per square inch, and the records—on 
smoked paper, attached to a drum—have hence to 
be examined under the microscope. All these records 
are immersed in a bath of a transparent spirit 
varnish, after being cut from the drum. 

Two indicators of the Deprez type—aluminium 
styles pressed down against the drum by an electro- 
magnet as long as the current flows—are needed for 
each of these instruments. One of these indicators 
is coupled in series with the next manometer, the 
circuit being completed through a fine wire stretched 
across the gallery ; the explosion breaks this wire, 
and the moment of explosion is marked in this way. 
Thus the relative position of the respective mano- 
meter-drum at the time of the explosion is deter- 
mined. The speed of the drum must also be 
known, and for this purpose the second style draws 
the time-marker curve on the paper. The electric 
motors which turn the drums are run on 100-volt 
circuits. 

The tenth-of-a-second time-marker was _ illus- 
trated in our columns on the same occasion as 
the pressure-gauge. A weight (a rod weighted 
below) is allowed to fall. While it is held at rest 
in its upper position, the circuit is closed; the 
current 1s broken when the support is withdrawn, 
but immediately closed again in mid-air, and broken 
once more, when the rod strikes the tilting-plate 
on the table of the instrument. The time in- 
terval measured is that between two breaks, and 
it corresponds to the distance traversed by the 
falling weight. It would have been simpler to 
measure the interval between a break and a make ; 
but the time-lags in the electromagnets would have 
been difficult to allow for. In the breaking a certain 
amount of time is lost before the core is de- 
magnetised ; in the re-making of the circuit time is 
again lost before the core attracts its armature once 
more. These two lags are both very small, but 
not identical; hence it was thought advisable to 
eliminate them by counting from break to break, 
although this method complicated the mechanical 
arrangements. The falling weight is released by 
the explosion, and the distance traversed can be 
adjusted by screwing the rod more or less into the 
weight which it holds, 

The varnished record is mounted on the drum of 
the measuring machine. This drum can be turned 
about its horizontal axis underneath the obliquely- 
fixed microscope, and is a little larger than the 
drum to which the record was attached ; the ends 
of the card do not quite meet, therefore, and are 
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held down by clips. The circumference of the drum 
is divided into millimetres. With the aid of a vernier, 
readings are taken to 0.1 mm., and as the time 
interval of 0.1 second corresponds to about 60 mm. 
on the card, a period of 54,5 of a second can thus 
be measured. By means of a micrometer screw 
fitted with a divided head the drum can further be 
moved laterally in its bearings so that the pres- 
sure curve can be examined. A Schiffer and 
Budenberg dead-weight pressure-gauge tester and 
standard gauge serve for checking the pressure 
increments on the cards. 

We will add a few words on the way in which the 
important analyses of the combustion products are 
rendered possible. We pointed out in our previous 
article that the dust may explode, and the explosion 
be propagated, either by the combustion of the clould 
as a whole, in which cloud the dust grains would 
correspond to the molecules of a gaseous mixture, 
or by the combustion of gases generated from part 
of the dust, or by a concurrence of the two 
phenomena. For the decision of this very difticult 
problem samples of the gases should be taken at 
many spots and moments. The exact moment 
of taking the sample must be known, the filling of 
the sample vessels must be very rapid, and the use 
of connecting pipes, which would contain air or the 
gases of  aptter experiments, must be avoided. 
The B.C.D. sampling-bottle is a steel bottle fixed 
outside the gallery, and from it a steel pipe projects 
into the gallery toa depth of 3} ft., 24 ft., or 1; f.; 
the pipe is closed at its inner end by a thin glass 
cap fastened with the aid of cement. The whole 
apparatus, cylinder and tube, is exhausted. When 
the explosion reaches a contact-maker (described 
below), current flows through a thin wire which 
holds back a hammer placed over the glass cap. 
The wire is fused, and a spring forces the hammer 
down ; the cap is broken, and gas rushes into the 
cylinder. Another electro-magnet in the same circuit 
releases the trigger of a weight. As long as this 
weight is descending, the gas continues to enter 
the cylinder ; when the weight is arrested by its 
cord, another heavier weight is released, and the 
top of the cylinder is closed. The period during 
which the cylinder is to be filled can be adjusted 
by altering the length of the cord. About a few 
cubic centimetres of gas are thus collected, sufti- 
cient for some analyses.. When larger volumes of 
gas are wanted, the B.C.D. sampling-cylinder is 
used, which has a capacity of about half a cubic 
foot. Its mechanism comprises a fuse wire, a heavy 
weight, and a piston, which in its fall draws the gas 
into the cylinder. 

Automatic contact-makers are needed in particular 
with the gas-sampling apparatus just referred to. 
When the velocity of propagation of the wave is 
known, from other experiments, to be 1000 ft. per 
second, and the contact-maker of a sampler is 200 ft. 
distant from the point of ignition, while the sampler 
is at a distance of 100 ft. from the point of igni- 
tion, then 0.1 second will have elapsed between the 
passing of the explosion and the collection of the 
after-damp. The contact-maker can also be placed 
in such a position as to open the sampler before 
the explosion actually reaches the spot, so that the 
extent to which gas distillation from the coal may 
take place can be ascertained. Two kinds of con- 
tact-makers are being used. The moving piston 
contact-maker resembles the previously mentioned 
piston circuit-breaker. lf the explosion be too weak 
to move a plunger, a mercury-cup device is resorted 
to. The electro-magnet of this device is inserted 
in the circuit of one of the tin-foil circuit-breakers, 
and its armature is held above a pair of mercury- 
cups. When the flame melts the tin-foil, this circuit 
is interrupted, and the projections of the falling 
armature dip into the mercury and close the branch 
circuit of 100 volts of the sampler. 

Direct measurements of the temperatures of 
the gases would be interesting in themselves, 
and would be useful for checking the other deter- 
minations. So far, little has been achieved in 
this field, however. Electric resistance thermo- 
meters alone appear suitable for estimating the 
high temperatures of explosions. As the tem- 
peratures will not be maintained for long, the 
thermal capacity and mass of the instrument, which 
is to indicate the maximum temperature attained, 
should be very small. On the other hand, con- 
siderable strength is required. Thin platinum 
wires would be out of question for the latter reason, 
and experiments have been made with platinum 
films deposited on plates of silica. 





The experimental work was superintended by Mr, 


W. E. Garforth, who was assisted by Messrs. W. D. 
Lloyd and G. F. Eagar. The physical and chem ica] 
investigations were in charge of Dr. R. V. Wheeler, 
assisted by Messrs. T. F. E. Rhead and M. J. 
Burgess; Mr. H. Crowther performed the micro- 
scopical work ; Messrs. W. H. Galletly and A. ©. 
Morton took charge of the records ; Mr. W. Clegg, 
with Mr. R. Clegg, superintended the plant and 
accessories; and Messrs. J. Hopwood and 0, 
Haslop the electrical engineering work. Most. of 
the special instruments required were designed and 
made by the Scientific Instrument Company, of 
Cambridge ; the chemical appliances were furnished 
by Messrs. C. W. Cook and Co. 

Since the publication of the record of the first 
series of experiments further important results 
have been secured. Other reports will follow. 








THE PHYSICALSOCIETY’S EXHIBITION 
OF SCIENTIFIC APPARATUS, 

Tue sixth annual exhibition of electrical, optical, 
and other physical apparatus, arranged by the 
Physical Society of London, was held in the 
Imperial College of Science, South Kensington, 
during the afternoon and evening of Tuesday last. 
These exhibitions were initiated five years ago by 
Mr. W. R. Cooper, M.A., the senior secretary of 
the Society, for the purpose of giving scientific 
instrument makers an opportunity of displeying 
their novelties and of bringing them in direct con- 
tact with the scientists. The large attendance once 
more testified to the utility of the exhibition. 
Several new firms were represented. Discourses 
were delivered, both in the afternoon and evening, 
by Professor J. A. Fleming, F.R.S., and by Mr. 
R. W. Paul. Professor Fleming’s discourse in 
particular was explanatory of one of the exhibits, 
and we will therefore open our comments on the 
exhibition with a reference to this lecture. 

Professor Fleming spoke on apparatus for pro- 

ducing and for detecting electric oscillations, and 
gave an interesting summary of the development of 
the valve receiver and of the sparking devices used 
in radiotelegraphy. Edison, he stated, first observed 
that, when a metal plate was placed within the 
bulb of an incandescence lamp, a current would be 
noticed to flow, if a galvanometer were inserted 
between the positive terminal of the lamp and the 
plate, but not if connection were made with 
the negative terminal of the lamp. This Edison 
effect had then been ascribed to the expulsion of 
carbon particles from the hot filament. It was now 
believed that the polarity was due to the nega- 
tive electrons cme from the hot filament. 
Professor Fleming himself had made experiments 
in which he inserted a battery of one cell in 
the galvanometer circuit. He had also placed two 
(or two pairs) of filaments ina large bulb; the nega- 
tive current would flow from the hot to the cold 
filament, but not in the opposite direction. The 
glow-lamp could hence be utilised as a so-called 
valve-receiver for electric waves, which it rectitied, 
so that direct-current impulses were delivered. 
The galvanometer, serving as detector, was replaced 
by a telephone. The valve broke the arriving 
Hertzian oscillations up into a series of gushes of 
electricity, to which the telephone was very sensi- 
tive. 
The arrangement shown last Tuesday evening by 
Marconi’s Wireless Telegraph Company, Limited, 
added a small transformer to the parts; the valve 
was in the primary, and the telephone in the secon- 
dary. The filament of the small lamp consisted 
of tungsten, the little plate at the back of it of 
aluminium ; the filament was straight (not looped), 
and the cylindrical bulb was wrapped outside with 
copper-gauze, which was joined to the main battery, 
in order to remove the f cormanhecn charge on the 
bulb. A 4-volt direct current was sent through the 
filament. Two of these valve-receivers were mounted 
on a box which constituted a receiver, comprising 4 
multiple tuner; only one of the lamps was wanted at 
the time, and the receiver replaced the formerly- 
used magnetic detector on land and on large ship 
stations. 5 

The efticiency of the valve, Professor Fleming 
continued, depended upon the temperature of 
the filament, which ought to be very hot; he 
had tried metallic filaments. In order to increase 
the sensitiveness of the device it ge Amar 
advantageous to superpose a source of alternatin: 
oust the rettified current. The ram fied 
air within the bulb did not obey Ohms ‘4w, 





and when the potential of the current between 
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filament and plate was plotted against the current 
(abscissa), a steep curve was found, indicating 
which potential would be suitable for producing 
strong current variations by small variations in the 

tential. The current through the valve was also 
influenced by the nature of the spark. If, in an 
ordinary sparking circuit, comprising an induction 
coil, a jar, and a spark-gap, the balls of the gap 
were pulled far apart, the waves produced would 
not be of high intensity. It was not advisable either 
to make the spark-gap too small, because arcing 
would result (in addition to sparking), and would 
keep the balls at low potential. This could be 
cured by an air-blast across the gap. In order 
to study these phenomena, Professor Fleming 
had constructed a camera, in which a pin-hole 
image of the spark fell on a revolving mirror, 
and then on a photographic plate, descending 
past a slit. On developing the plate, horizontal 
rows of dots were seen, and the distance between 
the dots marked the time intervals. Now each 
interruption of the current in the induction coil 
gave rise to several sparks, and when no air-blast 
was applied, the several dots (say twelve) belong- 
ing to one break would overlap, flowing together 
into a badly defined line. When the air-blast was 
turned on, the number of sparks and dots would be 
smaller, and two or three distinctly separate dots 
would form a group. A number of photographs of 
sparks produced with gaps of 5, 2, and 0.2 mm. were 
oon to explain these features. Recently the 
air-blast had been superseded by the use of flat- 
plate dischargers, first introduced by Peukert. 
When the spark between two copper plates 
a few inches in diameter, the central portions of 
which were separated by a plate of mica, the spark 
would tend to stick to one particular spot, where 
the metal would fuse. Professor Fleming’s dis- 
charger consisted of two steel plates, placed hori- 
zontally in a cylindrical vessel. The one plate, 
which was perforated in the centre, rested near the 
bottom ; the other, a little above it, was attached 
to a shaft provided with roller-bearings, and was 
turned at something like 2000 revolutions a minute. 
The vessel was filled with oil; the oil would be 
sucked in through the bottom plate, and forced out 
between the two plates, and when an oil circulation 
was maintained through the vessels (several of which 
were joined in series if desirable), very steady dis- 
charges were obtained. In a single vessel, not 
provided with oil circulation, the oil turned muddy 
and black ; with proper circulation steady condi- 
tions could be maintained for a long time ; and 
with such apparatus Professor Fleming had been 
able to determine the energy losses in various 
dielectrics. Mr. G. B. Dyke was in charge of the 
very successful demonstrations of these phenomena. 

Mr. R. W. Paul gave short kinematograph 
demonstrations. He started with Professor Wood’s 
early attempts in kinematography, illustrating plane 
waves of light striking a mirror ; these waves were 
drawn on cards and then photographed. He then 
showed films illustrating the shadows in sunlight 
of an actual sound-wave produced by a dynamite 
explosion, and Professor 8S. P. Thompson’s moving 
lines of force in the gaps of dynamo fields, in an 
electro-magnet whose keeper was pulled off and 
drawn up again, and in Hertzian waves. 

We will now to the exhibits which were 
grouped in the alphabetical orders of the exhibitors. 
Messrs. R. and J. Beck showed the Beck-Gordon 
lamp for microscopic illumination. The metal fila- 
ment lamp is suspended in a vertical tube, which is 
provided with an aperture on one side ; in front of 
this aperture is a horizontal tube, enclosing a 
polished glass cylinder, several inches in length. 
The light from the lamp is totally reflected along 
the sides of the cylinder and emerges as a homo- 
geneous pencil of light in which the structure of 
the source of light cannot be distinguished. The 
stand of their new ‘‘ London” microscope is curved 
in such a fashion that it forms a convenient handle 


for the instrument, which turns on a pivot. The 
Beck-Rafferty wave-length spectroscope is one of 
those instruments which we first noticed in connec- 


tion with the Royal Society Soirée of a few years 


ago, where Mr. C, P. Butler and Mr. Thorp 
exhibited an instrument of this type. The 
tube contains the collimator, an object-glass, 


and a Thorp grating (celluloid replica of 14,500 
lines) : hinged to this tube is the telescope 
tube. The micrometer moves the telescope on 
& true sine-curve, and the positions of the lines 
as they travel across the cross-wires are read off on 
& revolving drum in divisions of ten Angstrom 


units. The apparent dispersion of the ordinary 
instrument is 30 deg.; the high-power eye-piece 
raises the my to 90 deg., and shows one- 
third of the field. Other instruments comprising 
Thorp gratings were also on view. The holophane 
lumeter was noticed by us in our issue of May 27, 
1910, when Mr. T. C. Harrison explained his very 
convenient surface-brightness photometer before the 
Society of Illuminating Engineers; it was also 
brought before the last meeting of the Physical 
Society. 

The British Radio-Telegraph and Telephone Com- 
pany, Limited, had one of their multiple rotary 
spark-gap boxes on view. It is due to Mr. J. G. 
Balsillie, and used in radiotelegraphy for preventing 
arcing and for producing musical notes by the inter- 
ruption of condenser discharges. The chief 
are an aluminium cylinder cast with curved teeth, 
turned at 250 revolutions per minute by an electric 
motor between two fixed curved plates ; further out 
are two more plates (one on each side) of opposite 
curvature, and the slit-gaps between these plates 
can be adjusted by sliding the plates. The plates 
are practically horizontal, and only slightly curved; 
the rotor has a length of about 3 in. and a diameter 
of 2$in. The usual gap-width for a 1 kilowatt- 
spark is .\; in. 

The Cambridge Scientific Instrument Company 
showed several novel instruments, detailed descrip- 
tion of which we hold over. The first of these 
was the bi-meter carbon-dioxide recorder, which 
contains no glass nor liquid, the CO, being ab- 
sorbed by lime and being recorded by the aid of a 
differential gearing between two cylinders, through 
which the flue gas is drawn. The second, the 
recalescence curve tracer of Mr. H. Brearley, of 
the Firth Laboratory, of Sheftield, gives recales- 
ceuc® curves on a very open scale of rectangular 
co-ordinates, connecting time and temperature with 
the aid of a thermo-couple and a galvanometer. 
One clock drives the whole mechanism. The ob- 
server has to turn a hand-wheel in such a way as 
to keep the pointer (moving over the drum) coin- 
cident with the light spot of the galvanometer 
mirror. 

Of the very interesting novel devices of the 
Cambridge Company, aiming at rendering thermo- 
couple work more accurate and simple, we mention 
in the first instance the compensating leads of Mr. 
W.S. Peake. Thermo-electric pyrometers measure 
the difference in temperature between the ‘‘hot’’ and 
the'‘* cold” junctions, and the temperature of the 
hot junction is found by allowing for the tempera- 
ture of the cold junction. The latter is supposed 
to be either at freezing-point, or at ‘‘ room” tem- 
perature. That would be 65 deg. Fahr. ; but in 
reality the temperature of the cold junction will 
vary very much with locality and season, and the 
temperature readings are often inaccurate as a con- 
sequence. The compensating leads now are to 
transfer the cold junction from the head of the 
thermo-couple to the millivoltmeter, which is 
being observed. The compensation is especially 
made for every couple. In the case shown of a couple 
of platinum and platinum-rhodium, the leads, which 
are joined to the wires of the couple, are made, the 
one of copper, the other of some copper alloy, con- 
taining, ¢.g., nickel. In this case the compensa- 
tion, the success of which was demonstrated, is said 
to be reliable within 1 per cent. up to 800 deg. 
Cent. 

In the scale-range control-board higher accuracy 
is obtained by opposing to the electromotive force 
of the couple some other electromotive force, so 
that no current flows at a particular temperature 
—say, 800 deg. Cent. This temperature will then 
correspond to the zero reading of the recorder, so 
that the range is (in the instrument shown) 800 deg. 
to 1100 deg. Cent., instead of 0 deg. to 1100 deg. 
Cent. The opposing electromotive force is pro- 
duced by a potentiometer arrangement, and one 
switch suffices for making the connections. In 
this, as in the third apparatus, to which we pass, 
a ‘‘ thread recorder” was used to obtain a record 
on rectangular co-ordinates. The third apparatus 
was a recording clinical thermometer. The feature 
of special interest was the thermostat for maintain- 
ing the cold-junction temperature constant. This 
thermostatic relay consists of a small base, covered 
by an inverted Dewar-jacket glass vessel. (On the 
base are mounted vertically two bi-metallic strips 
(each of copper and invar); the lower ends are 
fixed, the upper ends are free, and a screw attached 
to the one upper end makes contact with the other 








only when the temperature of the strips exceeds a 





certain limit—say 35 deg. Cent. When the tem- 
perature inside the Dewar vessel is below 35 deg., 
current flows through two heating coils mounted on 
the thermostat ; as soon as 35 deg. is reached one 
of the heating coils is short-circuited by the move- 
ment of the strips. 

The tilted gold-leaf electrometer of the Cam- 
bridge Company, suggested by Mr. C. T. R. Wilson 
in 1903, and recently improved by Dr. G. W. C. 
Kaye (now of the National Physical Laboratory), is 
distinguished by exceptional sensitiveness. This 
sensitiveness is attained by making the gold ieaf 
hang, in its neutral position, not vertically down- 
ward, but inclined, the leaf being deflected by an 
inclined plate fixed near it in its vertical narrow 
metal case. Stability or instability can be secured 
over certain ranges by altering the charge of the 
plate. Dr. Kaye demonstrated by this apparatus 
that mercury splashes, produced by blowing air 
through mercury, impart an electric charge (of 
about 0.01 volt) to the air, and he is studying the 
splash-charges of water and other substances in this 
way. The Ayrton-Mather galvanometers of the 
company have been improved by mounting the coil 
rr, and interchangeably in a suspension 
tube and by other means increasing the sensi- 
tiveness. 

Messrs. C. F. Casella and Co. showed rainfall 
recorders and other meteorological instruments, and 
also Reeve’s patent proportional dividers. On a 
pair of compasses a divided scale-bar can be moved 
up and down, the scale being clamped to one of the 
arms and gliding over the other. The divisions go 
from 0 up to 120. Ifa length of, say, 684 is to be 
divided in the ratio of 344 to 71, the length is fitted 
between the arms of the compasses and the scale 
laid parallel to it, the compass being opened out to 
1054 divisions. In a similar way the proportions of 
a division can be ascertained, longitudes and lati- 
tudes be read off on maps, and the instrument be 
used as a vernier. 

Messrs. A. C. Cossor exhibited an improved form 
of Mr. W. R. Cooper’s patent speed-indicator, which 
we noticed last year.* A glass tube, branched below 
like the traditional anchor, is partly filled with 
mercury and is turned together with its vertical 
spindle within the cup, which holds it, by the 
flexible drive. The liquid above the mercury in the 
long, central tube falls when the device is rotated ; 
should the maximum speed that can be recorded 
be exceeded, no harm would be done ; the liquid 
would simply not descend more. The motion is 
taken from a shaft through a friction-wheel. The 
new type of X-ray tubes of Messrs. A. C. Cossor is 
provided at the anode with several radiating discs 
of aluminium intended to cool the anode. The 
bulb is further fitted with a branch tube, which 
serves as aregulator. This tube contains a length of 
a smaller glass tube wrapped with asbestos, over 
which aluminium wire is coiled ; inside the tube is 
a strip of aluminium, and wires from this strip 
extend outside to near the terminals of the bulb. 
The idea—first applied by Gundlach, we believe—is 
that too strong currents will liberate an air-bubble 
from the asbestos lagging as soon as 4 spark passes 
from a terminal to the branch circuit ; the liberated 
air would enter the main bulb. 

Messrs. Henry W. Cox and Co. also showed 
X-ray bulbs, wireless telegraphy sets, and an in- 
duction apparatus provided with an adjustable 
mercury jet-interrupter. The adjustment is simply 
effected by turning a handle on the outside of the 
interrupter box, and thereby tilting the contact- 
plate of the jet. 

Messrs. Crompton and Co., Limited, solve the 
cold-junction difficulty to which we referred above 
in a simple way. The galvanometer-box is provided 
with a diagonal scale, on which the correct hot- 
junction temperature can be read off for any cold 
junction within certain limits. The diagonal lines 
on which the hot temperatures are marked cross 
several parallel ares, indicating the room tempera- 
ture ; the end of the pointer is finished to a knife- 
edge, which crosses radially the whole depth of the 
scale. The scale exhibited was for a room tem- 
perature range from 60 deg. to 110 deg. Fahr., 
which will be sufficient forordinary experimental con- 
ditions. Specimens of the firm’s new direct-reading 
portable pyrometers and pyrometer plugs for steam- 
pipes and superheaters were also shown ; the latter 
are provided with long screws. The couples may 
also be attached to steam-pipes by means of special 
clips. The thermo-couples are made of copper and 
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constantan for temperatures up to 1000 a Fahr. ; 
for higher temperatures, of nickel and steel. 

The exhibits of Messrs. Dallmeyer comprised 
deeply-curved proof-plates and new models of the 
Adon telephoto-lens ; a noteworthy minor novelty 
is their neat little auto-catch, fitted to the shutter, 
to prevent a second accidental exposure of a plate. 

The various precision and commercial instru- 
ments of Messrs. Elliott Brothers did not include 
any particular novelty. 

Messrs. Everett, Edgcumbe, and Co., Limited, 
showed their testing sets, adapted for changing 
from one range over to another, without risk of 
burning out, with the aid of a special catch- 
switch. Their trolley-standard leakage-indicator 
for tram-cars is due to Mr. A. H. Pott, of the 
North Metropolitan Tramway Company. Coloured 
lamps and bells have not given satisfaction as 
indicators that a fault has occurred, and that a 
trolley-standard has become alive; there are too 
many bells on cars, and a burned-out lamp would 
not indicate a fault. Mr. Pott’s instrument is an 
iron box containing a fuse and a high-voltage 
buzzer, which can be joined directly to the 500- 
volt system. A special switch is added, by the aid 
of which the officials can at any moment convince 
themselves that the instrument is in working order. 
The extra-high-tension electrostatic voltmeters of 
the firm are worked through condensers. It is 
now the general practice to keep the high-tension 
away from the station switchboard, and if electro- 
static instruments are to be used — they are 
indispensable as leakage-indicators, for instance— 


the instruments must be connected to the mains 


through condensers. The condensers consist simply 
of two discs of copper, separated by a disc of mica 
and fitted with an ovoid casing surrounding the 
stout ieads. Where such instruments are to serve 
as indicators for showing whether the mains are 
alive or not, the scale is half coloured red and half 
white, and marked ‘‘ alive” and ‘* dead.” 

The other novelties of Messrs. Everett, Edgcumbe, 
and Co. concern optical and mechanical apparatus, 
in the design of which Mr. A. P. Trotter has 
interested himself. The portable daylight illumina- 
tion photometer described last year ieee page 831 
of our issue of December 17, 1909) has been im- 
proved by using one lamp with a straight filament 
instead of the former two. The new pocket- 
luxometer has several features in common with the 
just-mentioned instrument. It is a small wooden 
-* 7in. by 3) in. by 2 in., weighing less than 
1lb There area cam-mirror screen, a mirror, and 
a second perforated mirror, through which the light 
enters from outside. In addition to candle-power 
measurements (range up to 4-ft. candles) measure- 
ments of intrinsic brilliancy can be made with the 
aid of a test-plate. The photometer bench, also 
exhibited, is fitted with a head due to Mr. Trotter 
and Sir John Conroy, and with the Trotter light- 
filter for comparing lamps of widely different 
colours. The two screens in the head are made 
of celluloid which is ground with pumice-stone 
and water, thereby assuming a very matte surface. 
The screens are set at an angle of 55 deg. 

The Trotter combined accelerometer and gradient 
meter for the rapid determination of starting acce- 
lerations, measurement of brake retardations, and 
other purposes, is merely a spirit-level of the shape 
of a penholder-case, with a curved top. The zero is 
in the middle of the scale, at the highest point of the 
curved tube, and the one side marks vat noe om, the 
other retardation. Tne instrument has so to be set 
that it is at zero when the carriage is at rest, and that 
it points in the direction in which the acceleration 
is to be measured. It will then, it is claimed, indi- 
cate the true acceleration in this direction, and 
not take account of acceleration in any other direc- 
tion. The theory is not easy to explain in a few 
words, Mr. Trotter likens his level to a pendulum 
(a straight bar) C A B, pivoted at A ; C moves over 
a graduated scale. n a carriage at rest the 
pendulum will hang vertivally downward. When 
the vehicle moves to the mght, the pendulum bob 
B will apparently be left behind and swing out to 
the left, as long as speed is being gained ; as soon 
as a steady speed is attained, the pendulum will 
hang vertically again. The pointer C (above the 
pivot A) will swing out in the opposite direction 
to the bob B, and the bubble of the level will 
behave like the pointer. Mr. Trotter considers that 


the device can be advantageously employed for | 


determining the efficiency of brakes as a substitute 
for the usual methods. 
(To be continued.) 


NOTES. 
ProposeD INTERNATIONAL MEETING OF 
EMPLOYERS. 

A PROPOSAL that employers should have an inter- 
national meeting to discuss all questions affecting 
the employment and control of labour is making 
satisfactory progress. The proposal originated with 
the Confederazione Italiana de |’Industri, which in- 
cludes all Italian manufacturers. This association 
has issued an invitation for an international confer- 
ence of associations of employers to be held in Turin 
next year. The object of the meeting, according to 
the preliminary notice issued to various employers’ 
federations, istoexamine problems oflabourand social 
legislation, and particularly such as have a direct 
bearing upon the relations between manufacturers 
and operatives, the organisation of masters’ insurance 
against strikes, the drafting of terms of labour con- 
tracts, &c. The idea underlying the proposed 
conference is that these problems have attained 
international importance, either on account of the 
frequent relations between the manufacturers of 
different nations, or by the understanding entered 
into by the organisations of labour of different 
countries. Moreover, governments often adopt in 
social legislation schemes which are more or less 
colourable imitations of those in other countries. 
The direct bearing of the interests of employers 
and workmen should be carefully considered in 
such international developments, The Italian 
association has therefore issued invitations to 
organisations of employers in all manufacturing 
couutries in Europe, and they put forward the plea 
that, as workmen have already held corres ing 
international meetings, in order to consolidate the 
interests of the working classes in all countries, 
the manufacturers should take analogous action, 
and, if possible, arrive at some procedure which 
will be advantageous in the event of disputes being 
influenced by the action of workmen in other 
countries. 


THE New SuspMARINE TELEPHONE CABLE 
BETWEEN ENGLAND AND FRANCE. 


Some description of the new telephone cable, 
which was laid between England and France in 
May last, were given in a paper read by Major 
W. A. J. O’Meara before the Institution of Elec- 
trical Engineers on the 15th inst. The cable, 
which connects Abbot’s Cliff with Cape Grisnez, 
and is ‘the fourth telephone cable to be laid 
across the Channel, was installed to meet the 
continually increasing telephone service between 
this country and the Continent, and also to enable 
such service to be given over greater distances than 
has been possible in the past. When the question 
of the provision of the cable came up for discussion, 
and its constructional details had to be decided on, 
consideration was given to three methods on which 
the design of previous cables could be modified in 
order to obtain increased telephonic range. These 
were: (a) The use of heavier copper conductors 
than previously, and an increase in the distance 
between them ; (b) the provision of a continuous 
loading system, by arranging one or more layers of 
iron wire over the whole length of the copper con- 
ductors of the cable ; (c) the provision of a non- 
continuous loading system by arranging a series of 
inductances or loading-coils at regular intervals 
throughout the cable. The object of either system 
(b) or (c) is, in effect, the introduction of an artificial 
inductance into the cable to balance the capacity 
effect, which is the cause of the difficulty of speak- 
ing over long distances with submarine cables. The 
first of these three methods of increasing the cable 
efficiency was ruled out on account of cost, but 
careful consideration was given to the various advan- 
tages of the two latter systems. On the whole, it 
appeared that the continuous loading system had 
mechanical advantages over one involving the use 
of loading-coils at isolated points, as with these 
latter it would be impossible to make the cable of 
a uniform diameter throughout. Electrically it 
ac however, that an efficiency equal to that 
obtainable with loading-coils was only possible at an 
incommensurate cost with continuous loading. In 
the end it was decided that a non-uniform type of 
| loading would be most satisfactory, and it was pro- 
vided that the cable itself should be, apart from 
its loading-coils, exactly similar to the type already 
in use, with the idea that if the loading-coils were 
‘found to introduce unforeseen effects of an un- 
desirable nature, they could easily be cut out, and 
| even then the cable would be as good as the best 








existing ones. The actual cable, which was con- 
structed and laid? by Messrs. Siemens Brothers 
and Co., of Woolwich, has four conductors with 
two double loading -coils, of 6 ohms resistance, 
and an inductance of 0.10 henry at 750 pericds 
per second, inserted at distances of 1 knot apart. 
Each double coil consists of two windings on the 
same iron core, and one winding connected in 
series with each conductor. Tests which have bwen 
carried out with the new cabie show that the pro- 
vision of the loading-coils has resulted in a vain 
equivalent to an additional speaking distance of 
17 miles as compared with standard cables. 


THe CONVERSION OF DIAMONDS INTO GRAPHITE. 


Substances known in different modifications may 
be changed from the one into the other more 
stable modification. Under the influence of heat 
the rate of change is accelerated, and the change 
proceeds from more points simultaneously as the 
temperature is raised; the conversion will also 
become perceptible at a lower temperature, when the 
heating is continued for a longer time. Tammann 
hence argues that there is no sharp lower tempera- 
ture limit for such conversions. His recent re- 
searches on the conversion of diamond into graphite, 
conducted in conjunction with R. Vogel at Géttin- 

en, confirm this view. It is well known that the 
mperor Francis I., the husband of Maria Theresa 
of Austria, or his assistants, blackened and partially 
burnt a diamond, in 1751, with the aid of the sun’s 
rays and a large concave mirror. G. Rose ob- 
served, in 1847, that diamonds turned black in 
10 minutes when embedded in powdered charcoal 
at the temperature of melting wrought-iron. C. A. 
Parsons and A. A. Campbell Swinton effected the 
conversion rapidly, in 1908, by cathode rays bom- 
bardment, at a temperature estimated, by means 
of the Féry pyrometer, at 1890 deg. Cent. 
Vogel and Tammann made their experiments 
with bort and with South African diamond splinters, 
as a rule 2 mm. in thickness, and measured their 
temperatures with a Wanner pyrometer. Heated 
in an electric furnace, consisting of a carbon tube, 
the bort became fused and graphited in five minutes 
at 1830 deg. Cent. The diamonds stood 1890 deg. 
in the same kind of furnace for five minutes, turn- 
ing black only on the surface. When heated in a 
mixture of quicklime and silica, the change was 
quite distinct after five minutes at 1680 deg. Other 
diamonds were then enclosed in small porcelain 
tubes and heated for 24 hours up to 1200 deg. The 
— of the crystals remained unchanged, but the 
surface showed the characteristic triangular or hexa- 
gonal patterns; after 48 hours the diamonds had 
completely turned into grains of graphite. As air 
might have penetrated into the hot porcelain, the 
experiments were repeated with very small quartz 
tubes. In this enclosure one diamond stood a tem- 
emer of 1000 deg. Cent. for 24 and even for 96 
ours ; another turned superficially black in 24 hours, 
and remained practically unchanged on further heat- 
ing: Thusa slow conversion may begin at 1000 deg. 
ent. 








Carson AND Iron.—The Staffordshire Iron and Steel 
Institute held a meeting at Dudley, on Saturday, the 17th 
inst., when Mr. W. H. Hatfield, B. Met., Sheffield, read 
a paper on ‘Carbon and Iron,” having special reference 
to the precipitation of free carbon in pig and cast irons. 
In this the author said he fully accep the hypothesis 
to the effect that whether in the molten or solid solution 
the carbon was present in the iron as carbide ; primarily, 
the iron contained the carbide in molten solution, and 
afterwards in varying degrees in solid solution, until at 
normal temperatures it merely existed in mechanical 
mixture in the iron, unless conditions were such as to 
bring about its dissociation. He also dealt with the 
influence of silicon, sulphur, and manganese upon the 
precipitation of the free carbon. 


BoroucH Potytecunic Instrrute.—On Monday last, 
the 19th inst., the prizes and certificates obtained by the 
students of this Institute during the session 1909-10 were 
distributed by the Right Hon. the Earl of Lytton, who 
also delivered a short address. The results of the session’s 
work, as indicated by the number of passes in the City 
and Guilds, Board of Education, and other examinations, 
are particularly satisfactory, a larger percentage of suc- 
cesses having been gained than in the previous year. The 
greater part of these successes have been obtained by 
evening students in the Institute’s engineering, building, 
printing, bookbinding, and other trade classes, althoug 
a large number of passes in science, art, commercial, and 
other subjects have also been gained. The chairman, Mr. 
J. Leonard Spicer, attributed the satisfactory results 
obtained from the trade classes largely to the fact that 
these classes are controlled by an expert in each trade, 50 
that the instruction given is of a thoroughly practical 
and useful nature, 
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YEAR-BOOKS AND ANNUALS. 


Oficial Year-Book of the Scientific and Learned 
Societies of Great Britain and Ireland. London : 
Charles Griffin and Co., Limited, Exeter-street, Strand. 
[Price 7s. 6d. net.}—The latest edition of this refer- 
ence book forms the twenty-seventh annual edition. 
This work constitutes, so to speak, a directory to 
scientific activity of the 4 ys year, as reflected in the 
proceedings of the learned institutions of this country. 
The book is divided into fifteen sections, dealing with 
bodies devoting themselves to different classes of work. 
Number VII., for instance; is devoted to mechanical 
science and architecture, and Number II. to physics, 
mathematics, &c. The first section comprises bodies 
covering a wider field. Details are given of the 
organisation of the several institutions, together with 
a list of papers read or other work done in the last 
session, giving the names of the authors of the contri- 
butions, &c. An index is given to the societies. 





Who's Who, 1911 Edition. London: Messrs. A. and 
©. Black, Soho-square. [Price 10s. net.]—The 1911 
edition of this almost indispensable book consiste of 
2246 pages of biographical details of innumerable living 
men oa women. There is little new to be said about 
this annual ; we have, in former years, been able to 
compliment the publishers on its production, and little 
is left to us now but the repetition of such favourable 
comments. From this, however, we may forbear, for 
the steady increase in popularity of the work is suffi- 
cient proof of its utility and reliability. Wemay state 
that the number of biographies given increases annually, 
while an obituary gives the names of those who figured 
in the previous edition, but have now been removed. 


The Post-Office London Directory, 1911. London : 
Messrs. Kelly’s Directories, Limited, 182-184, High 
Holborn, W.C. [Price 40s. net.]—The Post-Office 
London Directory has now existed for the honourable 
term of 112 years, and this issue, which includes the 
London County suburbs, will doubtless prove as useful 
and accurate as its predecessors, since it has 
corrected down to about the middle of December. The 
volume consists of about 3500 , mostly of four 
columns each, Of this amount all but about 1000 are 
devoted to London proper, and the rest to the county 
suburbs. The matter in each case is subdivided and 
given under such general headings as ‘‘ Official,” 
‘* Streets,” ‘‘ Commercial,” ‘‘ Trades,” ‘* Court,” &c. 
Two maps are given, one a large scale map of London, 
and a second toa smaller scale, including the environs. 


The Writers’ and Artists’ Year-Book, 1911. London: 
Messrs. A. and C. Black, Soho-square, W.C. [Price 
ls. net. |—This forms a directory for writers, artists, 
and photographers, who wish to work for the many 
scores of publications of all classes issued in this 
country and North America. The book gives parti- 
culars of journals and magazines arran, alphabeti- 
cally, furnishing information as to publication and 
terms on which contributions are received, &c. It 
further provides a list of syndicates and literary agents 
who handle manuscripts for authors, a list of English 
publishers, and of those of Canada and the United 
States, a note of colour printers, card printers, press- 
cutting agencies, &c., as well as a lengthy classified 
index of papers and magazines. 











The Englishwoman’s Year-Book and Directory, 1911. 
London : Messrs. A. and C. Black, Soho-square, W.C. 
[Price 2s. 6d. net.]—The ground covered by this 
annual is extensive and increases year by year. It is 
claimed that ‘‘no woman who takes any part in public 
or social life can afford to be without it, especially in 
view of the great Renaissance of Woman now going 
on.” This we are quite willing to accept, though we 
have no very clear meaning as to what ‘the great 
Renaissance of Woman” is. Most of the volume ha: 
to do with matters into which we, of course, cannot 
enter ; it will suffice to say that the book is a guide to 
the many forms of activity, professional, philanthropic, 
&c., mostly, of course, outside the home, in which 
women now take part. The profession in which we 
are directly interested is naturally at present only 
vouchsafed a very small amount of space, and judging 
by the vast number of other interests which this book 
Suggests as now open to women, some little time may 
elapse before it becomes necessary to devote more room 
to it. In its special field this is acknowledged a 
valuable hand-book. 





Calendars, Diaries, d&c.—We have received from 
Messrs. Bruce Peebles and Co., Limited, Edinburgh, 
an admirable desk blotting-pad and calendar for 1911. 
The first few pages of the book are devoted to abridged 
Specifications and approximate price-lists of the firm’s 
star idard manufactures, while the major portion of the 
book consists of pages of squared paper ruled with ten 
lines to the inch. At the back of the book are to be 
found post-cards addressed to the firm in case the 
user should require any further information regarding 
their manufactures or desire copies of their pamphlets, 





—The White Star Line have issued a desk-calendar, 
each month having a coloured picture of a stirrin 
historical naval fight.—From Messrs. Cammell Lai 
and Co., Limited, Sheffield, we have received a neat 
diary, containing, in addition te the usual pages, a 
number of very useful tables. 





WINNING COASTAL LANDS IN HOLLAND. 
At the ordinary meeting of the Institution of Civil 


Engineers, held on Tuesday, mber 20, Mr. Alex- 
ander Siemens, President, in the chair, the paper read 
was on ‘‘ The Winning of Coastal Lands in Holland,” by 


Mr. A. E. Carey, M. Inst. C.E. The following is an 
abstract of the paper :— 

The first section deals with the history of the gradual 
reclamation of the Dutch lowlands from the sea and the 
general topography of the country. Reference is then 
made to historic inundations and to the devastation which 
the country has suffered. from time to time by the burst- 
ing of the protective dams, and the principal reclama- 
tions, which have so largely altered the map of Holland, 
are referred to, particularly that of the Lake of Haarlem, 
the first reclamation of which was carried out between 
the years 1540 and 1648. The so-called lake consisted of 
a vast swamp. The final works of reclamation were 
carried out by the State in 1840. The author advances 
the theory that several of the breaches in the sand dunes 
on the North Sea Coast represent former embouchures of 
the River Rhine. 

The gradual accretion of alluvium on the tide-washed 
mud and sand-flats is then described, as well as the 
means by which one piece of the foreshore after another 
is enews, § won from the sea, reference being made to 
the means by which the drainage is effected. 

The administration of the Dutch sea-defences is next 
dealt with, and comparison is drawn between the Polder 
Boards of Holland and the Courts of Level Commissioner:; 
in England. As an example of local administration, the 
author gives the income and expenditure of the polder in 
the Island of Schouwen. Attention is called to the 
national character of the work in Holland, and the assist- 
ance given by the Government in subsidising reclamation- 
work, and in taking over the entire maintenance and 
control of sea-defence works, in cases where the local 
inhabitants would be unable to maintain them owing to 
lack of funds. 

The standard levels in Holland are then referred to, 
the author pointing out that the level of Amsterdam 
Peil, womkedl by the Dutch engineers, differs only by 
about 1 ft. from the level of the Ordnance datum. Refer- 
ence is made to the employment of accumulation reser- 
voirs, and the functions which the sand-dunes and navi- 
— canals play in this t. Some interesting 
acts, ascertained in connection with the borings for the 
water supply of the city of Amsterdam, are cited to show 
the delicate balance in water pressure which exists in 
the substrata of the Dutch fenlands. The sources of 
supply and the zones of fresh, salt, and brackish water 
are referred to at length. 

The geological formation of the Netherlands is next 
discussed, and the various levels of the different strata 
are given. The gradual weakening of the natural protec- 
tion afforded by the sand-dunes is referred to, and some 
interesting evidence is brought forward to show how 
great the alterations in the position and magnitude of the 
dunes have been. The methods by which changes in 
location of the sand-dunes are arrested, such as the plant- 
ing of grasses on the faces of the dunes, and the protec- 
tion of them on the iand side by the planting of various 
kinds of trees, are dealt with, and a sieve analysis of dune 
sand is given. Reference is made to the action of wind and 
sea on the dunes, and attention is called to the difference 
in the angles of repose of their sea-slopes and land-slopes. 

The construction of the typical Dutch ‘‘dyke” or 
‘*dam” is then discussed, and a method of thatching earth 
slopes with straw is described, some details of the cost of 
facing the larger dams being given. Acomparison is drawn 
between the principles adopted by engineers in Holland 
and those of such river-walls as protect the Essex marshes 
in England. The ient of the sea-face of these walls is 
steeper than in the Dutch walls, which necessitates a 
higher crest-level in the latter case. The author describes 
a singular phenomenon, known as a “fall,” which occurs 
on the submarine slopes, forming the toe of a protective 
dam, and discusses its causes. Attention is called to the 
extreme depths of water which occur close into the arti- 
ficial coast-line. The steps taken by Dutch engineers to 
repair the sites where “falls ” have occurred are a. 

ference is then made to the facing of san y fore- 
shores with concrete, and a sbort explanation of the new 
systems of coast-defence work adopted by Mr. de Muralt, 
a Dutch State engineer, whose methods have largely been 
adopted by the Dutch Government and Polder rds, is 
given. For the protection of under-water slopes fascine 
rafts, sunk under the weight of rip-rap stone, have hitherto 
been employed, and a comparison is drawn between the 
older method and one now frequently adopted, which 
consists in floating out prepared concrete mattresses to 
sea, the mattress bein suspended from the under side 
of a flat pontoon, and on lowered, by methods described 
in the paper, to the sea-bed. win 

The paper then gives a brief account of the principal 
works of reclamation in Holland, including, amongst 
others, the West Kapelle dam, Osse breakwater, the 
Langendijk, the Hondsbosse dam, the Petten dam, and 
the Prinz Hendrik dam, at Texel. 

The greatest project of all, however, is that for the 
reclamation of the Zuyder Zee, and the author describes 
briefly financial and economic considerations pertaining 
thereto, and the schemes put forward by Van Diggeen, 
in 1849, and Colonel Biejerinck, in 1865, and the findings 
of the Dutch Royal Commission of 1892, 





The controversy proceeding in Holland as to the best 
procedure in carrying out the project, which involves the 
reclamation of 1,500,000 acres, is referred to. Briefly the 
alternative schemes are :— 

1. To close the inland sea by a reclamation dam run- 
ning from Wieringen to the coast of Friesland, near 
Piaam, thus shutting out the North Sea from the area to 
the south, the reclamation works being effected at leisure 
in the lake which would then be formed behind the dam. 

2. To carry out the series of smaller reclamations before 
the closing of the entire sea. 

In connection with the reclamation dam, a su 
as to the use of armoured concrete put forwa: 
L. A. Sanders, of Amsterdam, is mentioned. 


tion 
by Mr. 





ROYAL METEOROLOGICAL SOCIETY. 

TRE monthly meeting of this society was held on Wed- 
nesday evening, the 21st inst., at the Institution of Civil 
Engineers, Great George-street, Westminster, Mr. H. 
Mellish, President, in the chair. 

Captain C. H. Ley presented his report on the balloon 
experiments which he had carried out at Blackpool in the 
early part of the year. The proposal was to employ 
balanced JL poss balloons, which, floating in a current with 
no upward or downward hydrogen velocity, would repre- 
sent the motion of a particle travelling in that current. 
Difficulties, however, arose which prevented the scheme 
being carried out as originally planned. Ultimately a 
hydrogen balloon or twin-system of hydrogen balloon 
and heavy satellite was so valved as to have a lar 
free lift at first, but to continuously lose under the 
action of a leak until a certain point is reached, when the 
valve closes, and, in accordance with previous adjust- 
ment, the balloon is nearly in equilibrium. The vertical 
motion of a fresh wind blowing over a flat country is very 
slight as a whole, but subject to marked variation on 
special occasions. In the lowest stratum in the late after- 
noon there is frequently a large descending current. The 
ap nt effect of a river is to check the wind velocity 
and cause a downward movement of air over the whole 
area of the river valley. 

Captain C. H. Ley further read a paper on “ The 
Meteorological Significance of Small Wind and Pressure 
Variations.” In this he compared the ‘‘ yawings” of the 
wind at Blackpool with the small variations of atmo- 
spheric pressure as recorded by the micro-ba ph. 

A paper by Dr. Wilhelm midt, on ** Atmospheric 
Waves of Short Period,” was also read, 





New Enerne (Motor) Company, Liuirep.—This com- 
pany, whose works are at Acton, have sent us particulars 
of their new motor, invented by Mr. G. F. Mort, one of 
their managing directors. This has four cylinders, 
arranged V-shape, and works on the two-cycle principle. 
The company claim that, with the engine in question, 
they can get out of any given‘size of cylinder double the 
power which can be obtained from any four-cycle engine. 
Scavenging is effected by a Root’s blower. 





THE INCORPORATED INSTITUTION OF AUTOMOBILE 
Enaingers.—In connection with the fourth meeting of 
the session of the Institution of Automobile Engineers, 
which will be held on January 11, it has been found 
necessary to me the reading of Mr. Bircham’s 
a on velopment of Engines for Marine 

urposes,” already announced. A paper will be read, 
instead, by Mr. C. E. Larard, of the Northampton Poly- 
technic Institute, entitled ‘‘ Castellated Shafts,” which 
will be illustrated by the cinematograph. 


Hieu-Sreep LatHe Work.—We have received par- 
ticulars from Messrs. Howell and Co., Limited, Winco- 
bank, Sheffield, of work done in a lathe with their 
‘* Super- Vitrite ” high-speed tool-steel. A shaft 16 ft. 6 in. 
long was urgently required to replace a broken one in one 
of their rolling-mills, and for this a 0.40 per cent. carbon 
steel forging was obtained, weighing 44 cwt. This was 
turned down so that a length of 1 ft. 9 in. was finished to 
10,, in. in diameter, 3 ft. 24 in. to 10 in. in diameter, and 
the remainder to 8in., in the process 15 ewt. being 
removed. As of 68 ft. per minute was tried at first, 
but, owing to the sand in the skin, was found impossible, 
and resulted in sparking. A speed of 50 ft. was found 
satisfactory. Rou pry ee ae 13 hours, during which 
metal was removed at the rate of nearly 1 cwt. per hour. 
The roughing cut was taken eight to the inch, with depths 
varying from jin. to4in. Finishing occupied 16 hours. 
For all this work the tool was only ground twice. 


t 
e 





Tue wate Proressor Eveen CsernAti. — Eugen 
g 


Cserhati, who died at Budapest in the latter -half of” ~ 


November, was professor of engine construction at the 
Royal Hungarian Technical High School of the same city, 
— for ten years chief of the electrical department of 
Messrs. Ganz and Co., of Budapest. He was gene- 
rally respected as an engineer of varied experience, and 
was very popular. Born at Raab, in Hungary, in 1855, he 
studied at the Ziirich Polytechnikum, and entered the 
service of the Austro-Hungarian State Railway Depart- 
ment. At college he was known under the name of 
Hechtl, which he afterwards magyarised. In 1890 he 
passed into the inspection department of Hungarian rail- 
ways and navigation. Three years later he became mana- 
ger of the Hungarian Rifle and Ammunition Works. In 
1895 he was appointed chief of the electrical depart- 
ment of Ganz and Co., which appointment he held until 
the firm in a measure became amalgamated with the 
Allgemeine Elektricitiits-Gesellschaft; his connection with 
Ganz and Co. did not cease, however, when he accepted 
his professorship. He did a great deal for the perfection of 
electric traction and for the electric working of railways, 
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THE PRODUCTION OF CASTINGS TO 
WITHSTAND HIGH PRESSURES.* 


By Professor H. C. H. Carpenter, M.A., Ph.D., Pro- 
fessor of Metallurgy, Victoria University, Manchester, 
and C. A. Epwakrps, M.Sc., rch Fellow and 
Demonstrator, Victoria University, Manchester. 


Introduction.—This paper contains an account of an 
investigation undertaken by the authors three years ago, 
with the encouragement and financial support of the 
Council of the Institution of Mechanical Engineers. 

The object of the investigation was the production of 
castings of non-ferrous alloys capable of withstanding 
high pressures, whether hydraulic, steam, or gaseous. 
The authors were led to undertake this work, in the first 


instance, owing to the difficulty experienced by Mr. 
Cook, the instrument-maker to the University of Man- ' 





to the study of the production of castings that will stand | 
severe hydraulic pressure, because it is certain that any 
casting that passes this test will also be capable of holding 
any steady us pressure that can be reach They 
have, however, extended their work to the production of 
alloys suitable for high-pressure steam fittings. 

So far as the authors have been able to ascertain, the 
literature contains no reference to any scientific investi- 
gation of the conditions necessary for the production of a | 
casting in non-ferrous material that will stand high 
hydraulic or gaseous pressure. The various compositions 
of alloys in current use for this purpose seem to have 
been arrived at as the result of experiments conducted in 
works, details of which have never been published. 

The following is a réswmé of the principal materials | 
used in present-day practice :— | 

The British Admiralty specify one of two gun-metals. | 
No. 1 consists of :— 


Per Cent. 
56.6 
39.9 

14 
0. 


Copper 

Zinc ... 

ae oe 

Manganese 

1 
Aluminium ... ots 0.2: 

This so-called ‘‘ manganese bronze” is in reality a 


plex brass with copper and zinc as the principal 


stituents. 


It seems to have been derived from delta : 


No. 1, being modified by the addition of tin and a! 
nium. The specifications of this alloy are :— 


6000 Ib. per sq 
28 tons per sq. i? 
: . 15 per cent. on 2 
there is an additional test : 
15 tons per sq. in. 


Hydraulic test... 
Minimum tenacity 
Elongation... 

For hydraulic fittings 
Elastic limit 














Fic. 2. 


HicgH-PressurE Hypravutic Pump vusep ror TESTING CASTINGS 
up To 20 Tons par SquaRE INCH. 











. Hypravuttc Pomp usep ror Testing Cast 
A Pressure or 4 Tons per Square Incu. 


INGS TO 





v 


went wea 


Baas. 


eee 








ae 











SHOWING THE SPLITTING OF CYLINDER 


chester, in obtaining such castings for high-pressure 
hydraulic pumps. The particular difficulty was not that 
these castings could not be obtained from the makers, 
but that they could not be obtained with any degree of 
regularity ; for example, a sound casting might be fol- 
lowed by half a dozen faulty ones before another sound 
casting was delivered. This fact indicated that the con- 
ditions of production were not fully known. An excep- 
tion must be made in the case of one firm, whose hydraulic 
castings were almost invariably sound when first cast. 
These, however, showed so much tendency to ‘‘ crystal- 
lise” that after a year or so they were useless, owing to 
their having become leaky. 

During the course of their work the authors were 
informed of numerous cases in which difficulties were 
experienced in obtaining hydraulic castings used for other 
> than oo pumps. They venture to 
1ope, therefore, that the results about to be recorded may 
be of service to the makers of high-pressure castings in 
general, 

The authors have devoted the greater part of their time 


* Paper read before the Institution of Mechanical 
Engineers, December 16, 1910. 


No. 4. 


Per Cent. 
Copper : es 88 
Tin 10 
Zine es 2 
This must have an ultimate stress of 14 tons per square 
inch, and an elongation of 74 per cent. on2in. It is used 
for steam valves. 
No. 2a consists of :— 
Per Cent. 
86 
13 
1 


Copper 
Tin z 
Zine 


per square inch, and 3} per cent. elongation on 2in. It 
is used for work of the highest class, and is demanded 
for gun-metal gun-mountings for naval work. Gun- 
elevating cylinders are cast in this material. The hydraulic 
test is 6000 lb. per square inch. It is specified that both 
these materials must be melted twice. 

Recently a so-called ‘‘ high-tension manganese bronze” 
has been allowed. It has to be cast in dry sand moulds, 
and its final composition is ;— 





The tensile test of this is an ultimate stress of 14 tons | 





Kie. 3. SpectaLty DesigNep CHitt Moutp usep To Cast ExpERIMENTAL CYLINDERS. 


In carrying out this test an extension of ;,%j5 in. is 
allowed before the elastic limit is considered to have been 
reached. Thus the severest test for any alloy required by 
the Admiralty is the capacity to withstand an hydraulic 
pressure of 6000 lb., which is less than 3 tons per square 
inch, and is considerably lower than that contemplated 
by the authors as the figure to be aimed at. 

Messrs. McWilliam and Longmuir* make a brief re- 
ference to the composition of alloys suitable fo: high- 
pressure castings. hey say : ‘‘ All modern gun-meta:s 
contain zinc in amounts varying from 14 per cent. 
upwards, the addition of this zinc not only giving sharp- 
ness or life to the fluid alloy, but also, by virtue of 1ts 
deoxidising properties, leading to the production of 
sounder castings. Three types of high-quality gun 
metals are as follow :— 


1. 





per cent. 
88 
10 
9 


per cent. 
86 
10 
4 


Copper 
a, 
Zinc 


* “General Foundry Practice,” page 321. 
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“Tn the form of castings these alloys are used for | ture the zinc is added and the dross removed by stirri 
high-pressure steam fittings, air and water-pumps, engine and skimming. It is then poured into the sand moul 
and machine details, boiler-mountings, and the like. | through a gate, which is generally designed to trap any 
Typical tests obtained by the authors are as follow :— dross, and thus prevent it entering the casting proper. 

eieiesines Sirens, Elongation per Cent, | Thus the first — is to ensure that nothing but clean 

Tons per Sq. In. on 2 In. metal enters the sand mould. Any casting containing 
18 11 dross is liable to fail in the hydraulic test. In most cases 

17 10.5 success can be achieved by the use of fluxes, skim-gates, 

j 16 9 or risers. The authors, however, have had considerable 

M. Guillet cites two cases of alloys employed for| experience of alloys where none of these ‘‘preventa- 
hydraulic machinery at high pressures.* They have the | tives” was of any use. 
following composition :— The alloy has to be cast at a temperature sufficiently 





No. 
1 


1. 2 above the point at which it begins to freeze to enable it 

Per Cent. Per Cent. | to fill the mould with ease. It then cools to this point, 

Copper .-. as es . _ and in doing so shrinks. This lessening in volume of the 
pt ee Le g wien 5 5 | fluid metal, as it approaches the freezing-point, is tech- 
ome ' : ; 3 3 nically known as ‘“‘shrinkage,” and is sharply distin- 
Manganese fe 2 0.5 | guished from ‘‘contraction,” which refers to volume 
Among the commercial alloys that have passed through | — yay solid alloy. This shrinkage can always be 
the authors’ hands in connection with their investiga-| met by the use of sufficiently large *‘risers”—that is, 


feeding heads of fluid metal placed at a convenient posi- 
tion on the casting, and by removing all sharp edges oom 
the mould. If it is not met by some such means, it gives 


tions, the following is of interest, in that it is a pure gun- 
metal, containing no zinc and only traces of phosphorus:— 


Per Cent. ° 66 un8 ” * Ds 
> rise to a i or cavity in that part of the casti 
Copper #187 which solidifies last. a a 


ee vs “ The solubility of the gas diminishes during this fall of 
temperature, and it escapes through the liquid metal. At 
the moment of incipient solidification there is an evolu- 


tion of gas, the solubility always being less in the solid 


The alloys in current use thus fall into one of two main 


classes :—Hither they are gun-metals with copper and tin 
as their principal constituents, or they are complex brasses 
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with copper and zinc as their principal constituents. 
former usually contain zinc, and may also contain | 
and manganese ; the latter include iron, manganese, tin, 
and in some cases aluminium, among their minor con- 
stituents. ‘‘ Manganese-bronze,” as applied to the latter 
class, is a perfectly misleading term. ‘‘ Manganese- 
brass” much more nearly represents the facts. 

The gun-metals 1 and 2A ( 870) represent metals 
of only moderate strength and ductility. Upon these the 
high-tension ‘‘ manganese-bronzes” constitute a con- 
siderable advance in both respects. In each case the 
requirements as to hydraulic test are moderate. In cases 
where still greater strength is demanded recourse is had 
to some type of steel. The use of the latter is open to 
the great objection that, whatever kind of steel is used, 
it rusts in water to a greater or less extent. Consequently 
there is a great risk attaching to the use of this material 
in gun-elevating cylinders, and soon. Some Admiralties 
are willing to take the risk, on account of the great 
difficulty of getting a satisfactory casting in non-ferrous, 
non-rustable material. The British Admiralty, how- 
ever, declines to run this risk, and insists on the use of 


The | alloy. Freezing begins, of course, where the metal is in 
|contact with the sand mould, and gradually proceeds 
inwards. In the case of this particular alloy the tempera- 
ture interval between incipient and complete freezing is 
about 150 deg. Cent. During this range the liquid 
becomes more and more viscous as the proportion of solid 
| crystals increases. This is undoubtedl the most critical 
period in the cooling stage, because, unless the gas which 
is set free contrives to escape, it causes the ** pinholing ” 
or “sponginess ” in the solid casting, which is one of the 
most frequent sources of failure. ese pin-holes, due to 
the trapping of gas originally dissolved in the metal and 
set free during solidification, are bright and quite free 
from oxidation tints. They can only be avoided by a 
proper treatment of the melt in the furnace, and a careful 
regulation of the temperature at which it is cast. 

Another ible soutce of unsoundness at this stage is 
the composition of the mould, particularly if it is of green 
sand. is may give rise to “* blow-holes” in the metal, 
which are distinguished from pin-holes by showing oxida- 
tion tints. Messrs. McWilliam and Longmuir say :*— 
‘Practically, any source of disturbance which leads to 


gun-metal. : bubbling will result in the trapping of gas bubbles. . . . 
It may be well at this stage to enumerate briefly the | Blow-holes, when present in grey cast-iron or brass, are, 
practical diffieulties that have to be overcome, if the pro-| in the majority df ania, due to the mould, not to the 


duction of a casting that will stand the hydraulic test is 
to be achieved, The simplest way of doing this is to 
follow the casting of a particular alloy—for example, the 
“\ gun-metal—from beginning to end, pointing out the 
ditheulties as — | occur. 

(he mixture of copper and tin is melted by the aid of 

such as coke, gas, oroil. During this operation two 
changes of considerable importance occur :— 

|. Some of the charge is oxidised, forming dross or scum, 
— - be minimised if the metals are melted under 

1arcoal, 

2. When melted, the alloy dissolves gas, the amount 
in —- with the rise of the temperature and the dura- 
tion of the melting. The composition depends on the 
fuel used, and on the way in which it isapplied. But no 
ie y by sp under practical conditions escapes contami- 

1&0) vy 
When i widens has reached the proper tempera- 


metal ; and with green sand moulds especially, a hard or 
too damp mould is morally certain to blow.” The former 
prevents the escape of the gases of the mould, the latter 
causes the formation of steam. Rust or scale in the sand 
will sometimes give rise to the formation of gas, which, 
we within the metal, results in blow-holes. 
third source of unsoundness at this stage is unequal 
rates of cooling in different parts of the casting, leading 
to the existence of heterogeneity. The areas which freeze 
first contain relatively less tin, and those which freeze last 
relatively more tin, than they should. Segregations of 
tin-rich mixtures occur, and microscopical examination 
generally reveals minute holes and cracks in their vicinity. 
When the alloy has solidified completely, it has still to 
cool through about 800 deg. Cent. before it reaches the 
ordinary temperature. roughout this range it con- 
tracts, as a whole, uniformly, except possibly at 500 deg. 
Cent., where it undergoes the following inversion :— 


* “ Ktude Industrielle des Alliages Métalliques.” 








* “General Foundry Practice,” page 205. 








a+SB->a +(a+ 8) 
(above 500 deg. Cent.) (below 500 deg. Cent.) 


Such data as are available do not indicate any marked 
change in the rate of coritraction at this temperature, 
and for present purposes it can be disregarded. But 
between 800 deg. and 500 deg. Cent. there are two 
structural constituents present—namely, a, containing 
about 9 per cent. of tin in copper, and 8, containing about 
22 to 27 per cent. of tin in copper; while from deg. 
Cent. to the ordinary comperaees they consist of a, con- 
taining about 9 per cent. of tin in copper, and 46, contain- 
ing about 26 to 32 per cent. of tin in copper. 

t can hardly be doubted that these constituents have 
different coefficients of contraction, and if such be the 
case, it is difficult to see how the setting up of stresses due 
to unequal contraction can be entirely avoided. It is 
here that faults in the metal due to the pattern are so 
liable to occur. Messrs. McWilliam and Longmuir say :* 

‘“‘Faults due to pattern represent a practically inex- 
haustible topic, but in the majority of cases may be simply 
expressed as due to a departure from that canon of 
foundry faith, gradual — > thickness of section. 
Familiar examples of abrupt changes in thickness of sec- 
tion are often found in the junction of flange and bodies. 
Hydraulic castings in gun-metal, steam and water cast- 
ings in brass or steel are especially guilty in this respect, 
and it is no unusual thing to see flanges of a thickness out 
of all proportion to that of the body of the casting. . 


COPPER-TIN EQUILIBRIUM DIAGRAM. 
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A valve body of this type... is very likely to leak at the 
junction when tested by water or steam under pressure.” 

They say also} :—‘‘ A further aspect of the same ques- 
tien is found in crystallisation ; if, during cooling, con- 
ditions are present which affect the crystal growth or 
cause it to take a particular direction, such retardation 
may give rise to planes of weakness, if not of actual frac- 
ture. This is notably the case with rectangular casti 
subjected to hydraulic pressure. The ideal casting will 
be one which passes from the liquid to the solid state at 
a uniform rate in all parts, and one in which solid con- 
traction is fully shown without developing any stresses, 
the result of contraction, or particular routes caused by 
crystallisation. . The moulding aspect of this is to 
be found in obtaining an equal rate of cooling through- 
out.” 

Again they say :{ ‘“‘It cannot be too strongly stated 
that contraction is a natural function, and, within the 
limits of the particular metal used, the more of it that 
takes place the better, for every casting should show its 
full contraction, or there are certain to be either blow- 
holes in the metal, or stresses present which may, or may 
not, be removed by heat treatment.” 

While these remarks as to contraction would, no doubt, 
be true for a pure metal or homogeneous alloy, they do not 
touch on the particular difficulty in question—namely, 
the unequal contraction of the two structural constituents 
of the alloy. The reality of this is shown by the fact 
that microscopical examination ~~ reveals frac- 
tures between the a and é crystals. Even where fracture 
does not occur, a condition of stress exists. This reaches 
a maximum at the innermost parts of a casting. Test- 
pieces cut from there always show mechanical properties 
inferior to those by the external parts. Thus 
even where all the faults that may be caused by metal, 
mould, and pattern, have been successfully avoided, a 
condition of stress will exist in a casting of gun-meta) 
No. 24 when it has reached the ordinary temperature. 
This can no doubt be alleviated by subsequent heat 
treatment, but it is questionable whether it can be 
entirely removed. 

* “General Foundry Practice,” page 206. 
+ Ibid., page 207. 
t Ibid., page 190. 
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Finally, there is the possibility of the deterioration of 
this alloy, due to obscure causes, but probably not un- 
connected with the existence of stresses such as have 
been described, and possibly with a change in the consti- 
tution of the structural constituents. 

The foregoing difficulties may be summarised under 
three main heads :— 


1. Those liable to ba caused by the metal or alloy :— 

(a) Dross or scum, due to oxidation. 

(b) Piping, due to the shrinkage of the fluid metal. 

(c) Pin-holes or sponginess, due to the trapping of gas 
set free on solidification among the crystals. 

(d) Heterogeneity, due to the gation, under cer- 
tain conditions, of particular constituents, and 
resniting in brittle, and sometimes unsound, 
patches in the alloy. 

(ec) Stresses, set up in the solid alloy by the unequal 
contraction of its structural constituents, some- 
times leading to microscopical fractures. 

(f) Deterioration, due to structural or molecular changes 
in the alloy with lapse of time, leading to the 
so-called ‘‘ crystallisation” of the material, and 
resultant weakness. 

2. Those liable to be caused by the pattern :— 

(g) Stresses, set up during cooling by abrupt changes 
in thickness of section—for example, at the junc- 
tion of flange and body. 

(h) Planes of weakness, if not actual fracture, caused 
by the crystals growing in a particular direction 
—for example, in rectangular castings. 

3. Those liable to be caused by the mould :— 

(¢) Blow-holes, due to the mould being too hard or 
too damp, or to the sand containing rust or 
scale. 


As a result of this analysis of the difficulties surround- 
ing the problem, the authors decided upon a line of attack 
which may be defined in the following general terms :— 
To start with the simplest case possible, and to work 
out the conditions for success, bearing in mind the limita- 
tions imposed by practice. Having achieved this, to 
introduce one variable or complication at a time, and to 
work out the conditions for its success, before proceeding 
to the next, with the object of finally including all these 
in an ordinary industrial case. This method has been 
rigidly adhered to throughout the investigation, though 
there have been stages in the progress of the work when 
a particular difficulty bafied all attempts to solve it for 
months at a time. he authors, however, had confidence 
in their method, and they are convinced that such success 
as they have achieved is due to a persistent adherence 
to it. 

Experimental Arrangements.—The entire work has been 
done at the University of Manchester. The alloys were 
cast in the metallurgical department. They were melted 
in crucibles in an oil-injector furnace, which permitted 
the handling of }4-cwt. charges. The castings were then 
machined, and if they appeared to be clean and sound, 
the valve was fitted into them. In the earlier experi- 
ments the valve was made of the same alloy as the casting. 
Inconvenience, however, arose from the fact that sometimes 
the valve failed before the casting. Accordingly, a mild- 
steel valve was used in all the subsequent tests. This 
valve was coned at one end, and in making the joint it 
was pulled down so as to “bite” into a flat surface 
machined in the casting. The arrangement is shown in 
Fig. 5, page 871. The casting was first tested on the 
pump shown in Fig. 1, page 870. This pump is made of 
a special bronze and is fitted with four valves, two auto- 
matic and two screw-down. All the valves are of metal, 
the two automatic being the ialet and outlet respectively. 
One screw-down valve is fitted to the cylinder to release 
the air that may be imprisoned ; the other is the release 
valve on the pressure side of the pump. 

The pressure was taken up to 4 tons. If the casting 
held this without the least sign of leakage for twenty-four 
hours, it was considered to have passed the preliminary 
test. It was then tested on the high-pressure hydraulic 

ump shown in Fig. 2, designed by Professor J. E. 

*etavel, F.R.S.* which permitted of the pressure being 
raised to 20 tons. In carrying out a test, the pressure 
was first raised to about 7 tons by working the ram shown 
on the right of the photograph. Higher pressures were 
then obtained by operating the screw shown on the left. 
When the pressure exceeds 15 tons the labour is consider- 
able. A special feature of the pump is the arrangement 
of the valves and an auxiliary valve-block, which enables 
the full pressure to be maintained continuously for any 
length of time. Details of the behaviour of the different 
alloys under this test are given in typical and special 
cases. They have all been tested at pressures varying 
from 14 to 20 tons. 

The following are the requirements of the castings 
whose production was contemplated :— 


1. Mechanical strength, including sutticient rigidity and 
ductility. 

2. Homogeneity. 

3. Soundness. 

4. Freedom from liability to deterioration. 

5. Minimum corrodibility ‘n fresh and sea-water. 


First Experiments: The Casting of Cylinders.—The 
authors chose as the a case possible the casting of 
a cylinder ina chill mould. By doing this they reduced 
to a minimum the chance of encountering difficulties 
caused by the mould and the pattern, and were able to 
concentrate on the selection of a suitable alloy, and the 
working out of the conditions of casting it. The mould 
specially designed for the purpose is shown in Fig. 3, 
page 870. It was made of grey cast iron. The part occu- 

* A full account of this is given in ENGINEERING, 
vol. lxxxiv., pages 97 and 98, 





pied by the metal is painted white, and shows the gate 
gy in a small well which leads to the casting 
proper. e latter is surmounted by a riser. The 
cylinder was 6 in. by 24 in. After cutting off the gate 
and riser, it was machined to 5? in. by 2} in., and was 
then bored in the manner shown in Fig. 5, e 871, the 
Lore and thickness of wall each being fin. The use of a 
chill mould not only reduces to a minimum the liability 
to hlow-holes, but also to pin-holes or sponginess. — 
cooling is one of the chief aids to the escape of gas. By 
causing molecular contraction, it prevents the inclusion 
of gas bubbles between adjacent crystals and assists in 
expelling them through the still liquid interior, Thence 
they rise through the central portions of the ingot, and 
are enabled to escape into the air. The difficulties 
tabulated under 1 (a), (5), and (c), would no doubt be 
removed—certainly they would be minimised—if the 
alloy could be melted and cast ina vacuum. But so far 
as practical conditions are concerned, this is a counsel of 
perfection. The melting and casting have to be done in 
air. The remaining difficulties, 1 (d), (ec), and (f), are 
bound up with the composition of the alloy, and are not 
due, like (a), (6), and (c), to its contamination by external 
agents. In the authors’ view it is the choice of a suitable 
material which constitutes the most difficult aspect of 
the problem. This was accordingly made the first point 
of attack. 

At the outset, experiments were made with a pure gun- 
metal containing only copper and tin, in the proportions 
of 85 to 15. Owing to the inappreciable volatility of these 
metals under the conditions of melting and casting, it was 
easy to make any alloy of this composition, and to repeat 
it as often as was required. In this respect it presented 
advantages over the complex gun-metals and still more 
complex manganese-bronzes. Metals of the highest 
commercial purity were used—electrolytic copper and 
“Straits” tin, containing 99.98 per cent. of the respective 
metals. The copper was mel under wood charcoal in 
a covered crucible. After the addition of tin, sufficient 
phosphorus, in the form of a copper phosphide, contain- 
ing about 15 per cent. of phosphorus, was added, so as to 
remove oxygen, and leave not more than 0.1 per cent. of 
phosphorus in the cast alloy. After stirring well and 
skimming, the metal was poured. It was, of course, cast 
from the bottom. Under these conditions, the authors 
were able repeatedly to produce castings which were 
perfectly sound, and after machining withstood pressures 
of, on an average, 18 tons before they burst. revious 
to fracture there were no signs of leaking. Table I. 
summarises these results :— 


TABLE I. 
Gauge-Pressure at 


which Fracture 
Occurred. 


Type of 
Fracture. 


Wall 


Alloy 
Thickness. 


No. 


in. tons per square inch 

i Valve-joint burst at 
7 tons 

} 16 

h 14 


|The end flew off. 
The cylinder split and 
the end flew off. 
The cylinder split from 
end to end. 
Ditto 


} 18 
20 
195 Ditto 
18 The end flew off. 
Bore of cylinder, 0.750 in. 
Area, 0.442 square inch. 
_ Achill casting of this alloy gave the following results 
in the tensile tests :— 


Yield-stress (not well marked)... 17.8 tons per sq. in. 
Ultimate stress... Me - a 
Elongation on 2 in. 

Reduction of area 

The following details of the tests may be of interest :— 
Cylinders 4, 5, and 6 fractured exactly in the way that 
might have been predicted, considering the nature of the 
stress. They » into two equal parts. Figs. 4and 5, pages 
870 and 871, show the fractures of cylinders 4 and 6. The 
testing of No 6 may be instanced. After the preliminary 
test, the hydraulic pressure was taken up to 194 tons per 
square inch, when the metal stretched slightly, letting the 
pressure down to 15 tons. The valve-joint was tightened 
and the pressure taken up, this time to 19 tons, when the 
same thing happened. After tightening the joint, the 
pressure was taken to 19} tons, when the cylinder split 
from end to end. There was no deformation detectable by 
calipers. The fracture was clean and dry. No. 5 was 
an interesting case, because, instead of the pump testing 
the casting, the casting tested the pump. At 20 tons 
pressure the mild-steel valve-block in the pump ex- 
panded, and let the pressure out. The screw-thread was 
so deformed that a stronger block had to be made. 

In the case of cylinders 2, 3, and 7, fracture occurred 
through the ends of the cylinders being blown off, and 
the recorded pressures are somewhat lower in the first 
two cases. The cause of this type of fracture was a sharp 
poo left by the drill at the bottom of the bore of the 
cylinder, which, owing to inadvertence, had not been 
rounded off. But for this fact there is little doubt but 
that the recorded pressures would have been as great as 
in cases 4, 5, and 6. Sv far as chill casts are concerned, 
therefore, this pure gun-metal alloy, when freshly cast, 
= quite satisfactory results, though it showed itself to 

a somewhat brittle material. 

The next ageunenes in casting the same cylinders in 
sand moulds. These were cast from the bottom, and were 
supplied with a large riser. Both green and dry sands 
were used. The castings made in this way were not very 
satisfactory. Some of them held no pressure at all; 


never above this. The conditions of casting were varied 
in many ways. Attempts were made to cool the c istings 
quickly by embedding blocks of metal in the sand—that 
is, having the surface of the mould made of sand hacked 
up by metal, and thus pretacins a mould intermediate 
between chill and sand, but the castings were no better 
This was probably due to the fact that sand is a had con. 
ductor of heat, and as a consequence the cooling was little 

uicker with the iron ouhebied in the sand than when 
the mould consisted of sand alone. 

The authors are inclined to attribute their difficulties 
in obtaining sound castings of this alloy in sand to the 
consequences of the segregation of tin-rich areas, and 
the trapping of gas-bubbles between the crystals during 
the large freezing interval (about 150 deg. Cent.) of 
the alloy, which is only slowly passed through. Ex. 

riments in this direction were not pushed further 

use the authors learnt that gun-metals of this 
composition deteriorate with lapse of time. Quite fre. 
quently an initially sound casting becomes leaky after 
a year or so. The nature of the change is not under. 
stood, but it_is not very surprising that a change does 
take place. Possibly it may be accounted for by the fact 
that the constituents of these alloys, which are obtained 
in commercial castings, are in a metastable condition, and 
that they undergo a slow change, even at the ordiuary 
temperature, into the stable form. Messrs. Heycock and 
Neville’s diagram, Fig. 6, shows that the alloys contain- 
ing from 9 to 22 per cent. of tin, when just solid, consist 
of aand £8, containing respectively 9 and 22 per cent. of 
this metal, and further, that with ordinary rates of cool- 
ing, the a constituent remains unchanged, whereas the 
8 constituent deposits a until 500 deg. Cent. is reached, 
when the inversion 8 —> a + 6 occurs, 5 being regarded 
by them as the compound Cu, Sn. 

Messrs. Shepherd and Blough, however, have shown, 
Fig. 7, that a will hold as much as 13 per cent. of tin in 
solution, and that 4 is a solid solution which may contain 
from 26 to 33 per cent. of tin, if due precautions are taken 
to establish a state of equilibrium. 

This change may occur very slowly at the ordinary tem- 

rature, in which case it is almost certain to produce 
internal stresses in the alloy, leading to weakness and 
possibly to leakiness. This appears a plausible explana- 
tion of the ‘‘ageing” or ‘‘ crystallisation” of these gun- 
metals. 

Experiments with the aluminium-bronzes were next 
taken up. From their experience gained in preparing 
the Eighth Alloys Research Report* to this Institution, 
the authors considered that certain of these might prove 
to be suitable materials. The following table is taken 
from page 114 of that report :— 

Sand Castings. 





Ultimate 
Stress. 


Elongation on 


Approximate 
2 In. 


Aluminium. Yield-Stress. 





per cent, 
71 
24.91 58 
28.1 is 
30.38 36.2 
31.70 21.7 


29.52 9 


per cent. tons per sq. in. | tons per sq. in. 
7.35 6.6 21.30 


‘. 
8. 
8. 
9. 
9.¢ 
10.78 


12 
67 
38 
90 








These alloys appeared to have the following advan- 


ges : 

1. Their freezing interval is so small that there is no 
segregation, even if they be cast in sand. They are very 
homogeneous alloys. 

2. The considerable tenacity and ductility, the 
former rising, and the latter falling, as the aluminium is 
increased. Thus they offered a variety of materials, in 
the earlier members of which moderate strength com- 
bined with ~_ ductility were the principal features, 
whereas in the latter considerable strength and sutficient 
ductility were united. It was argued that if a particular 
alloy were not sufficiently rigid, it could be stiffened by a 
slight addition of aluminium, whereas if it were too hard 
it could be rendered more ductile by raising the percent- 
age of copper. 

3. It is quite easy to prepare an alloy of any of these 
compositions, 

4, Their corrodibility, either by fresh or sea-water, is 
known to be very slight. 

The first aluminium-bronzes made were cast in the chill 
mould already described. In order to reduce the cost 
of the experiments, the authors’ practice throughout their 
investigation has usually been to make four to six casts at 
a time of any given alloy, thus enabling them to be 
machined together. The first mixtures contained 91 per 
cent. of copper, and the remainder aluminium. (The 
purity of the latter was 99.53 per cent.) They were pre- 
pared by melting the copper in a covered crucible, and 
adding the aluminium to the fluid copper. A consider- 
able amount of dross formed under these conditions. It 
was removed as far as possible by stirring and skimming. 
The temperature of the melt was taken in the crucible by 
a thermo-junction and direct-reading pyrometer. Hac 
mixture was poured at 1125 deg. Cent., which is about 
80 deg. above its freezing-point. 

With one exception the castings thus obtained were 
quite satisfactory. Some of them contained signs of dross, 
but this appeared to be confined to the surface, and did 
not affect the soundness of the material. After machining 
they were tested up to 12 to 13 tons. At about this pres- 
sure the casting stretched slightly, and water was tor 
through the valve-joint. It was possible to raise the 
pressure to 14 to 15 tons by tightening up the joint. After 
this the material stretched again, and the process had to 
be repeated. At 18 tons none of the four sound castings 
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had fractured. The tests were stopped here. This 9 per 
cent. aluminium-bronze thus proved itself capable of 
holding the same high pressures as the 15 per cent. gun- 
metal, with the differen-ve that it showed greater ductility. 
Six casts of the same composition were then made in green- 
sand moulds. The metal was poured from the bottom 
and # large riser used. ‘Three castings did not even pass 
the preliminary test. The remaining three appeared 
satistactory and were then tested under higher pressures. 
The following behaviour of No. 10 may be instanced as 
typical of these :— : a 

Che pressure was raised to 10 tons, when the joint 
opened, releasing the pressure. After tightening, it was 
raised to 13 tons, when it stretched again. By alter- 
nately stretching the casting and tightening the valve- 
joint the pressure was ultimately raised to 19 tons. After 
this the walls of the cylinder were machined down to 
3 in. in thickness over two-thirds of its length. The 
cylinder was then tested : gain. The pressure was taken 
up by — to 18 tons without fracture. At this 
stage the walls had bulged so much that the outside of 
the cylinder had the appearance of a stressed test-piece 
of the alloy. By the next day the recorded pressure had 
fallen to 16 tons. ‘The wall-thickne-s was then reduced to 
} in., and the cylinder again tested. It passed through 
a similar series of tests, and remained unbroken at the 
end (see Fig. 8, page 874). No doubt if this treatment 
shad been Aah prolonged, the cylinder could have 
heen fractured; but this would only have taken place 
after the hardening produced by the water pressure had 
raised the yield-stress to the same figure as the ultimate 
stress. 

These tests showed that it is possible to cast cylinders 
of aluminium-bronze, both in chill and sand moulds, 
which are not buist by water pressures of 18 tons per 
square inch. Their cae drawback was that they began 
stretching at pressures of from 10 to 12 tons, the sana 
castings giving the lower figure, as might have been 
expected. These results were encouraging, in spite of the 
fact that, although the sand castings had apparently been 
produced under the same conditions, only three out of six 
were sound. Accordingly it was decided to experiment 
witha stiffer material by raising the aluminium percentage 
in the bronze. 

A bronze containing 9.5 per cent. of aluminium was 
cast and tested. It stood up to 11 tons pressure before 
bulging, and then behaved similarly to the 9 per cent. 
bronze. A 10 per cent. bronze was cast. This was tested 
up to 12.5 tons before expanding. By alternately tighten- 
ing the valve-joint and exerting pressure, 18 tons were 
recorded. Next a 10.5 per cent. bronze was cast. ‘This 
stood up to 14 tons before the joint had to be tightened, 
after which 18 tons pressure was obtained. ne wall 
thickness was then reduced to # in. On re-testing, the 
cylinder burst at 17 tons pressure, there being consider- 
able extension of the kind shown on Fig. 8, page $74, 
No. 10. Finally an 11 per cent. aluminium-bronze was 
east. This withstood hydraulic pressure extremely well. 
The pressure was taken up to 20 tons without any sign of 
leak. The wall-thickness was then reduced to in. On 
re-testing, 18 tons were recorded before the cylinder 
burst. rance is shown on Fig. 8, No. 15 





lts ap 15a. 
The fracture TP this material is quite different from that 
of the 15 per cent. gun-metal used in the earlier experi- 
ments. It is confined to a small area, and a decided ex- 
tension is observed. In this respect it is undoubtedly 
superior, showing itself to be a tougher alloy. 

One of the conclusions reached by the authors in the 
Kighth Alloys Research Report was that 11 per cent. of 
aluminium represented the limit of the serviceable 
bronzes. It appeared of interest to test this conclusion 
in the present case. bronze containing 11.5 per cent. 
of aluminium was cast and tested. It held 15 tons 
pressure and then burst, with no extension. Thus it 
showed itself clearly inferior to the 11 per cent. bronze. 

Table IT. summarises the results obtained with bronzes 
cast in green sand, and containing between 9 and 11.5 per 
cent. of aluminium. 

TaBLe IT. 


Gauge Pressure Maximum Pres- 
at which the — sure to which 
| Valve Joint ‘the Casting was 
began to Leak. Subjected. 


Wall Thickness 
of Cylinder 
under Test. 


Aluminium. 


per cent. tons per sq. in. | tons per sq. in. 
9 10 19 





in. 


} cylinder un- 
broken. 
9.5 11 15 jevlinder un- 
broken. 
10 12.5 18 {cylinder un- 
\ broken. 
10.5 14 18 § cylinder burst 
ll No leak 20 Fe ” 
11.5 15 i ” 


The gradual “‘ stiffening ” of the castings by increasing 
the aluminium is well brought out. Up to 10 per cent. of 
this element, it is practically iapueiile to burst a sound 

«sting by hydraulic pressure, owing to the gradual stretch 
o! the material. The most serviceable bronzes under 
test are those containing from 10.5 to 11 per cent. of 
wminium, They are stiff and tough alloys, and break 
th considerable extension. The 11.5 per cent. bronze 
brittle material, markedly inferior to these. 

‘our more castings of the 11 per cent. bronze were 

le under the same conditions. One of these failed to 
pass the preliminary test. Its unsoundness appeared to 
be caused by dross. The other three held water pressures 
up tol¥ tons. They were machined down to 2-in. wall 
thickness. On se-testing, they behaved similar to 13a— 


that 1s, they stood up to 18 tons without leaking, and then 
irst, the form and position of the fracture being also 

heey aay of two of these—namely, 138 and 
are shown on Fi 


b 
Similar, 


1% ‘ig. 8. 


The investigation had now been advanced to the stage 
that cylinders of aluminium-bronzes could be cast in 
ordinary green-sand moulds, which, except for an 
occasional failure, were capable of holding hydraulic 
pressures of 15 to 20 tons. By varying the exact per- 
centage of aluminium, considerable latitude as regards 
ductility and strength had been obtained. Alloys of 
suitable composition thus appeared to have been found. 

The next step was to uce castings of these bronzes 
in more complicated forms. The type chosen was an 
hydraulic valve-block, such as is used in high-pres-ure 
hydraulic pumps, and consisting of a lug, barrel, and 
base-plate. The valve-block was cast with a riser on the 
lug, such as is shown in Fig. 10, page 874, except that 
the riser was smaller. The position of the gate was also 
somewhat different. The general arrangement, however, 
was similar. Fig. 12,’ 874, shows the valve-block 
after it has been machined for testing. Its dimensions 
are as follows :— 

Ing.—Diameter, 28 in. Height, 2 in. 

Barrel.—Length, 84 in. Diameter, 28 in. at wide end ; 
2 in. at narrow end. 

Base-Plate.—5 in. by 4 in. by # in. 

Two valve-blocks of the 11 per cent. bronze were cast. 
Neither of them was successful, although the metal was 
clean, and precautions were taken to keep a good head of 
fluid ual Galan the solidification. On cutting off the 
ciser it was found that a number of draws were present, 
distributed radially across the lug, as shown in the sketch, 
ig. 11, page 874. These might have been caused either 
by the trapping of gas-bubbles set free during the freez- 
ing of the metal and their being drawn out as the crystals 
grew, or by a difference in the coefficient of contraction 
of the two structural constituents of the alloy. Two 
casts of the valve-block in the 10.5 per cent. bronze were 
then made. These were also unsound, but the faults 
appeazed to be due not to draws, but to dross, which crept 
through the skim-gate and was deposited on the near 
side of the barrel. 

With a view to simplifying the problem, the base-plate 
was removed, and only the barrel and lug cast. (Machined 
specimens are shown in Fig. 13, page 875.) Five such 
castings were made in the 10.5 per cent. bronze. 
one of them stood the high-pressure hydraulic test (15 
tons). Even this was not quite free from dross. The others 
were all more or less contaminated in this way, even 
‘hough various methods of trapping it were used. Two 
of the castings showed sponginess in the lug, and one of 
these showed piping as well. The authors’ first attempts 
were directed to the problem of obtaining clean metal, 
leaving the piping ond sponginess for later work. 

Experiments were made to clean the fluid metal by the 
addition of certain deoxidising agents and fluxes. 

1. Magnestum.—Two test-pieces of the 10.5 per cent. 
bronze were cast with the addition of 0.5 per cent. of 
magnesium. The dross rose to the surface more easily 
and two clean castings were obtained. They gave an 
ultimate tensile stress of 25 to 27 tons per square inch, but 
broke without any extension, and the fracture was very 
similar to that of a bronze containing about 11.5 per cent. 
of aluminium. This alloy was too brittle to use. 

Two test-pieces of the 10 per cent. bronze were cast 
with the same addition of magnesium. The castings were 
quite clean. They broke at an ultimate tensile stress of 
about 22 tons per square inch, and gave an extension of 
9 per cent. on Zin. ‘This alloy, though less brittle than 
the previous one, was much more brittle than the corre- 
sponding pure aluminium-bronze. Accordingly the use 
of magnesium was discontinued. 

2. Calciwm Silicide.—0.5 per cent. was added to a melt 
of the 10.5 per cent. aluminium-bronze., It did not react 
in any way with the alloy. Though it is successfully 
employed in deoxidising steel alloys, it appears to be 
inert at the lower temperatures used in founding copper 
alloys. 

3. Sodium Carbonate.—A 10:5 per cent. charge was 
melted with sodium carbonate in the hope that the 
alumina would slag off as sodium aluminate, and clear the 
dross from the metal. This hope was not realised. There 
was no indication of the formation of a fusible slag. 
What was formed was thick and crumbly. The metal 
poured * clean,” but when the mould was about half full 
dross was seen to accumulate on the surface in exactly 
the same way as when no flux was used. hile the 
lower part was good, the upper surface of the casting 
mann as unsatisfactory as ever. The barrel was first 
bored out and tested ; it held 5 tons pressure. The lug was 
then bored out and hydraulic pressure applied. This 
time water came through at 1 ton pressure. In this way 
the upper part of the casting was shown to be porous, the 
lower part sound. 

4. Mixture of Sodium Curbonate and Boraz (same alloy). 
—A more fluid slag was obtained, but dross formed on the 
upper surface of the casting in the same way as before. 

5. Manganese.—The 10.5 per cent. bronze was cast with 
the addition of 0.5 per cent. of manganese. The same 
accumulation of dross on the upper surface of the casting 
was obtained. After machining, the lug leaked at 1.5 tons 
pressure. ; 

6. A copper-tin-aluminium bronze of the fellowing 
composition was cast : 

Copper ... 
in a 
Aluminium i" ; ibe 6 9» 

This alloy poured much better, and the upper surface 
of the casting was quite clean. Even after machining it 
looked perfectly sound. Under the water test it failed 
completely. 

In spite of the fact that the experiments just recorded 
all failed to give satisfactory castings, they were produc- 
tive of valuable information as to how the dross gets into 
the finished castings. This information may be condensed 


88 per cent. 
6 








into the following summary :— 


Only | 








_ The pure aluminium-bronzes are very viscous in the 
liquid state, even at the highest temperatures. They 
our ‘‘ thick” and “sluggish.” This sluggishness is not 
irectly due to the metal itself, but to a tenacious film of 
alumina—that is, oxide of aluminium, which invariably 
covers the surface of the alloy. Thiscan be demonstrated 
by giving a crucible full of the alloy a rotary movement 
with a stirrer and noting the surface. 1t will be seen that 
the surface film quietly comes to rest whilst the metal 
immediately below is still moving rapidly. Accordingly 
it may be concluded—and it is a deduction which the 
authors’ later work supports—that the liquid metal does 
not offer any unusual resistance to the natural tendenc 
of the dross to rise to the surface. Consequently, as in all 
cases, particular care was taken to have the metal per- 
fectly clean before pouring ; the authors were convinced 
that the dross was in some way formed inside the mould. 

By using a large riser on the lug it was ible to see 
the metal enter and gradually fill the mould. The metal 
entering the mould through the well at the bottom of the 
gate was quite clean. On this metal a skin of alumina 
formed at once. If, asin the authors’ earlier experiments, 
the metal enters quickly, ripples or waves are formed, 
which break through this skin and expose fresh surfaces 
of clean metal, which are immediately oxidised. The 
perpetual recurrence of this process causes the formation 
of a large amount of dross. This is not carried out of 
the mould through the riser. The moment it comes in 
contact with the sides of the mould it sticks. This is 
why it is present in the castings, and particularly in the 
upper part. Thus any factor which produces ripples or 
any other kind of agitation of the metal causes a much 
larger surface to be exposed, and so more alumina is 
formed. This skin of alumina is tenacious and very 
refractory. Consequently when twoor more ripples over- 
lap, the skin prevents the metal from uniting. This 
explains why such a large amount of dross forms when 
aluminium bronzes are stirred. 

It follows from the foregoing that the aluminium bronzes 
should be poured as quietly as possible, and every care 
should be taken to prevent the metal being agitated after 
it has entered the mould. All subsequent casts of these 
bronzes have been made in accordance with these prin- 
ciples, and all difficulties caused by dross have disappeared. 

ith care anda little practice, castings can be made with 
regularity that are absolutely free from dross, if the follow- 
ing precautions are adopted :— 

1. The metal should be poured very slowly. 

2. The gateshould beso arranged that the metal enters 
the mould at the lowest possible point. Broadly speak- 
ing, any form of gate will do, but the authors’ conclusion 
is that it is decidedly advantageous to provide a sort of 
well at the bottom, and use rather a narrow opening. 
(See Fig. 10.) 

3. In the case of green-sand moulds, wet sand must be 
guarded against, particularly in the lower parts of the 
mould where the metal rests on the sand. If a rather 
close sand is used, it is far safer to dry the surface of the 
lower part of the mould. 

Under these conditions the metal enters the mould 
quietly. As it spreads out the skin of alumina is stretched 
and broken, cal heeh alumina is formed until, as in the 
castings under consideration, the full length of the barrel 
is occupied. As the metal rises this skin is not broken, 
but is pushed up until it reaches the upper surface of the 
mould. After this the metal mounts the riser, pushing 
the skin until the riser is filled. The final result is a 
casting with a thin and approximately uniform skin of 
alumina containing perfectly clean metal inside. 

The Casting of Hydraulic Valre-Blocks (without the 
Base-Plate).— Adopting the above precautions, the authors 
cast four of these with the 10.5 per cent. bronze and seven 
with the 10 per cent. bronze. These were, without 
exception, free from dross, ‘'wo machined specimens, 
144 and 148, ready for testing, are shown on Fig. 13, 











page 875. (The diameter of the bore in the lug and 
varrel is? in.) Table IIT. summarises the results of the 
tests :— 
TaBie III. 
Gauge Pres- : 
la 
Alloy No. Alumi- which the which the Remarks. 
nium. Valve-Joint 
Began to Casting was 
Teak. Subjected. 
per cent. tns. p. sq.in. tns. p. sq. in. 
14A - 10.5 14 18 Sound casting. 
14 B, C, & D* 10.5 és a Spongy casting 
I4E.. ; 10 - “ ditto 
M“F.. 10 12 15 Sound casting. 
14G.. 10 l4 18.5 Ditto 
14H... 10 12.5 15 Ditto 
OE tes 10 13 15 Ditto 
14K 10 13.5 15 Ditto 
4L 10 12.5 15 Ditto 


* These alloys contained manganese in proportions varying 
between 0.2 and 0.5 per cent. 

Seven out of the eleven castings were satisfactory. 
They did not stretch until pressures of from 12 to 14 tons 
had been reached. All of these were tested up to 15 tons 
and two of them up to 18 tons. Owing to the ductility 
of these bronzes the labour involved in fracturing them 
under this test would have been excessive. It was not 
attempted, particularly as the authors had reason for think- 
ing that the pump was likely to fail first. The tests given 
are quite sufficient to demonstrate the capabilities of the 
bronzes, and are severer than are likely to be realised in 
practice. 

Three of the four bronzes which failed contained (inten- 
tionally) small amounts of manganese, the object bei 
to see whether the radial slits that are sometimes foun 
in the riser and lug could be prevented. These castings 
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were all spongy, and two of them were piped in the lug. 
Manganese really accentuates this difficulty instead of 
removing it. 

In this type of casting the best results were obtained 
with the 10 per cent. bronze, whereas the original cylin- 
ders could = satisfactorily cast in the 11 per cent. 
bronze. These bronzes consist of mixtures of two con- 
stituents at ordinary temperatures—namely, a’ and £. 
The latter is the compound Cu, Al ; the former is either 
age solution of aluminium in copper, or a compound 

Jug Al. 
of cooling, the two constituents being soluble in one 
another at temperatures above 530 deg. Cent. (954 deg. 
Fahr.). These constituents doubtless possess different 
coefficients of contraction. In small castings which cool 


Its composition varies somewhat with the rate | 


|to face the mould with a somewhat coarser sand. On 
| account of the base-plate exposing a large surface to the 
| bottom of the mee * it was more than ever necessary to 
| dry the latter, to ensure that the metal lay quiet on it. 
| Fig. 10, below, shows the arrangement finally adopted, 
and gives the complete casting, which weighs about 
26 lb. Fig. 12 shows the valve-block machined and ready 
for testing (15a), which weighs 14 lb. 

In the earlier experiments 10 per cent. bronzes were 
cast. Some of these exhibited a tendency to sponginess, 
chiefly in the lug; others were quite sound, and gave 
satisfactory tests. The later mixtures contained either 
9.75 or 9. per cent. aluminium. Most of these were 
satisfactory, and Table IV., based on fifteen tests, sum- 
marised their properties under the hydraulic test :— 








Fic. 8. Nos. 13, ABC. 
PressuRE (WaLL Tuicknegss, 3 In.). 
WHICH REMAINED UNBROKEN AFTER ALL 
PressurE, 19 Tons per Sa. Iv.). 


Pe ee meee. 


pret WER® 
loa Sn 


AL-Bronze CyLinpers (11 per Cent. AL) BRoKEN at 18 Tons 
No. 10. At-Bronze CyLinpEeR (9 PER CENT. AL), 


Tests (Watt, Tuickness, } In.; GaucE 

















Fic. 9. High-Pressure Steam Fittine, or 
VaLvE, as Cast. TrsTED TO 1.5 Tons 
HypRav tic, anp 180 Ls. Steam, PER Sa. IN. 


relatively quickly there is a less perfect separation of the | 
constituents, corresponding to equilibrium at any par- 
ticular temperature, than in large castings. Consequently 
the differences of contraction are more marked the larger 
the casting, and there will be a ter liability to con- 
traction stresses, which cause weakness, and, in extreme 
cases, unsoundness. This is the probable explanation 
of the difference noted above. In still larger castings 
the authors have found it advantageous to diminish the 
aluminium to 9.75 to 9.5 per vent. for the same reason. 

Microscopical examination has shown that the struc- 
tural constituents of a given aluminium - bronze are 
similar, no matter whether the casting is large or small, 
within the limits examined by the authors. The struc- 
tures of the large castings are naturally somewhat coarser, 
but not very markedly so. They appear, however, just 
as homogeneous as the small castings. This is a most 
important property of these bronzes. (See Eighth Report 
to the Alloys Research Committee, ings, 1907, 
Plates IV. and V.) 

The Casting of Hydraulic Valve- Blocks (with Base-Plate ). 
—The same general principles were followed ‘in casting 
the complete block. Preliminary experiments were 
needed to show the most suitable form of gate and well, 


Fic. 10. ?-In. Hyprautic Vatve Brock Come 


PLETE WITH GATE AND RiIsER. 


Tasie IV. 


Gauge Pressure at which 
Valve Joint began 
to Leak. 
Tons per Sq. In. 
11-12 


10-11 
9-10 


Maximum Pressure to 
which the Casting was 
Subjected. 

Tons per Sq. In. 

17 


Aluminium. 
Per Cent. 
10 


15 
14 


9.75 
9.5 


The castings obtained in this way were invariably clean, 
but they were not always sound. This unsoundness 
usually took the form of pin-holes in the lug, but some- 
times appeared in the barrel. Fora long time the authors 
were unable to trace this difficulty to its source. Even- 
tually the solution was found by working on the follow- 
ing lines :— 

Although the castings had been produced as far as pos- 
sible under similar conditions, one important variable 
had been present—namely, the duration of the melting 
of the charge. The furnace worked more quickly at 
some times than at others. In some cases the charge 
consisted of pure copper and pure aluminium ; in others 
of gates and risers oF the required composition left over 
from previous casts. The former took longer to melt. 
An important consequence follows from this variable— 





and a larger riser was used. It was found advantageous 


namely, a variability in the amount of gas dissolved in 





?-Ln. Hypravutic Vatve-Biock (Fic. 10) 
MaAcHINED FOR TESTING. 





| the charge. This quantity will increase with the duration 


of the — and the absolute temperature, up to a 
limit. It will be a for charges made from pure 
metals, on account of the greater’ solubility of gases in 
these. The difficulty will always be’ present in ma! ng 
castings under the pao practieal conditions—namely 
by melting in air. It can, however, be minimised, and in 
the case of the aluminium-bronzes this has been done as 
follows :—After the melt has been ‘stirred and cleare:] of 
dross, it should be allowed to remain in the crucih|> 
long as possible before pouring. With the fall of :, m- 
perature the solubility of the gas diminishes. Correspond- 
ing to this there is a liberation of dissolved gas. The 
lowest temperature at which these alloys can be cast (\ ith 
slow pouring) is about 50 deg. Cent. (90 deg. Fahr.) above 


as 


Fie. 11. Section at AB (Fie. 10), 
SHowine Draw Cavities IN RISER 
(11 per Cent. Bronze). 





the temperature at which the alloy begins to freeze. The 
latter is about 1040 deg. Cent. (1904 deg. Fahr.), so that 
1100 deg. Cent. (2012 deg. Fahr.) represents in round 
numbers the lowest temperature at which it is safe to 
cast. After adopting these conditions, the number of 
castings showing pin-holes or sponginess has been greatly 
reduced, and while this difficulty still appears occasionally, 
the authors are now able to produce an average of four 
good castings out of six. : ; 

As a result of the foregoing experiments, coupled with 
the data on the corrodibility of the aluminium-bronzes 
given in the Eighth Alloys wt which have been ex- 
tended and confirmed by Dr. Rosenhain and Mr. Lants- 
berry in their Appendix to the Ninth Alloys Report, 
the authors think they are entitled to claim that most of 
the requirements of high-pressure castings have been met. 

It was considered desirable, however, to extend the 
testing of these bronzes in two directions. 

(1) Mechanical Strength. —The tensile tests quoted were 
obtained with small test-pieces. In view of the fact that 
large test-pieces give more or less inferior results, cylin- 
ders 9 in. 3 3 in. were cast in sand under the same con- 
ditions as the valve-blocks. These test-pieces were thus 
slightly larger than the barrel of the block. They were 
machined so as to give a hollow cylinder with a {-in. bore, 
and had the following shape, Fig. 14. They thus pre- 
sented considerable similarity to the actual barrel of the 
valve-block. The following results were obtained :— 

TABLE V. 

Ultimate 
Stress. 
Tons per Sq. In. 
25.04 


e 


Elongation 
Aluminium. 
Per Cent. 
9 
9.5 28.01 
10 26.23 . = 
These values, though not as good as those obtaine< wl 
the small sand castings of the Eighth Alloys Repor.* cs 
satisfactory, in spite of the fact that each test-piece ow : 
comatose sponginess. The specimens had been cas 


* ENGINEERING (1910), vol. Ixxxix., pages 125, 107, 187, 
223. 


and - 
+ Proceedings, 1907, Table X VIL. page 114. 
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ing between 1200 deg. and 1250 deg. 

2282 deg. Fahr.). In view of the, 
fact that the average temperature was about 100 deg. | 
Cent. (212 deg. Fahr.) above that at which the best | 
results with the valve-blocks had been obtained, another | 
set of test-pieces of the same size was cast at 1100 deg. 
to 1125 deg. Cent. (2012 deg. to 2058 deg. Fahr.). They 

gave the following results:— ~ 

TasiE VI. 
Ultimate Stress. 


at temperatures va 
Cent. (2192 deg. an 


Aluminium. Elongation on 2 In. 


Per Cent. Tons per Sq. In. Per Cent: 
9 18.12 
9.5 21.60 14.5 
10 20.32 7 


The fracture of these specimens showed that they were 
perfectly sound. Notwithstanding this, the tenacity and 
ductility were inferior to those of the unsound pieces cast 
at a higher temperature. Accordingly it ——- as if 
some sacrifice of these properties must be made in order 
to obtain castings entirely free from sponginess or pin- | 
holes, so long as they were prepared under conditions 
which permit of the solution of gases during melting. 
The values in Table VI. approximate most closely to 
those of the hydraulic castings themselves, and may be 
regarded as typical. Though inferior to those in Table V., 
they are sufficiently good. 

2; Deterioration.—These tests are in progress at the 
time of writing. A report will be given at a later 
date. 

High-Pressure Steam Tests.—In the previous tests the | 
aluminium-bronzes containing from 9 to 11 per cent. of 


aluminium have been shown to be capable of holding 


aptieinctantty. Arrangements were then made to test 
them for a period with high-pressure steam under 
‘*service” conditions. The results of these tests will be 
communicated in due course. 

Summary.—In the foregoing research the conditions 
have been worked out under which non-ferrous hydraulic 
castings, capable of withstanding pressures varying from 
14 tons to 20 tons, can be produced. Castings of the same 
composition will be capable of holding gas pressures of 
2000 to 3000 atmospheres at the ordinary temperature. 
Special tests of the suitability of this materia) for use as 
high-pressure steam-valves have also been made. 

hese results have been obtained by the use of pure 


| copper-aluminium bronzes containing from 9 per cent. to 


11 per cent. of aluminium, according to the size and shape 
of the casting, and permitting considerable latitude as 
regards the degree of ‘‘stiffness” required. The largest 
casting experimented with weighed 36 lb., including the 
gate and riser. The most suitable compositions for these 
are the bronzes containing from 9 per cent. to 10 per cent. 


Fig.14. LARGE TEST PIECE. 
Cast uv Sand under same conditions as 
the Falve blocks. 
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hydraulic pressures of between 14 and 20 tons. These 
correspond to between 2200 and 3200 atmospheres pres- 
sure. As these are well above the requirements of cast- 
ings for high gas-pressures, the authors did not consider 
it necessary to initiate any special tests of this kind. 
There is no doubt that these bronzes possess the requisite 
qualifications for this purpose, so long as the gas is at the 
ordinary temperature. 

The case is, however, different with high-pressure 
steam, particularly with superheated steam, because pro- 
longed exposure at the temperatures reached may cause a 
more or less rapid deterioration of the bronze. In this 
connection Dr. Rosenhain’s data, obtained with the 
authors’ 9.9 per cent. bronze, are of interest. They show 
that there is a steady decrease of tenacity with rise of 
\emperature, which is accompanied by a rise in ductility 
up to 500 deg. Cent. (932 deg. Fahr.), although the latter 
figures are somewhat irregular. The strength is ‘ fairly 
well” maintained up to 350 deg. Cent. (662 deg. Fahr.) 

{ter an hour’s exposure, but from 400 deg. Cent. (752 deg. 
Fuhr.) upwards it falls rapidly. 

Although these results are encouraging as far as they 
Zo, they do not settle the point whether after, say, a 
nonth’s expysure to high-pressure steam, the bronzes 
vould have deteriorated. Accordingly, two high-pressure 
~team-valves were cast. As these were small and thin 
the wall thickness being a full ,in.), it was deemed safe 

» cast them with the 10.5 per cent. bronze. Fig. 15, 
dove, shows the mould and core in position; Fig. 9, 
page 874, the casting and gate. No riser was used. 

‘ach casting appeared perfectly clean, with a smooth 
surface. They were tested on the hydraulic pump up to 
1.5 tons pressure without showing any deformation or 
leak. One of them was tested for a short time at a steam 





pressure of 180 lb. per square inch, and held this pressure 


of aluminium. Higher percentages can only be success- 
fully employed with small castings. 

he working out of the conditions essential to the pro- 
duction of castings capable of holding these high pressures 
has presented difficulties which have only been overcome 
after numerous trials and failures. 

The following precautions have been found essential :— 

1. The alloy must be poured very slowly. 

2. It should be cast at a temperature of not more than 
50 deg. to 80 deg. Cent. above that at which freezing begins. 

3. The gate should be so arranged that the metal enters 
the mould at the lowest possible point. Broadly speak- 
ing, almost any form of gate will do, but it has been 
found advantageous to provide a sort of well at the 
bottom, and to use a rather narrow opening. 

4. In the case of green-sand moulds, care must be taken 
that the sand is not too damp, particularly in the lower 
parts, where the metal rests on it. If a rather close sand 
is used, it is far safer to dry the surface of the lower part 
of the mould. 

5. In large castings the use of risers is essential to 
overcome the shrinkage of the alloy. 

If these conditions are observed, after sufficient prac- 
tice, castings can be regularly made that are absolutely 
free from dross, and nearly alwayssound. The average is 


not less than four clean, sound castings out of six. . Their 
properties are as follow : 
(a) Tensile Test. — os 
ts Ultimate. longation. 
Aluminium. Stress. ona ia. 
Per Cent. Tons per Sq. In. Per Cent. 
9* 18.12 26 
9.5* 21.60 14.5 
10* 20.32 7 
10.78t 29.52 9 


* Large Test-Pieces. t Small Test-Piece, 





(6) Hydraulic Test. (Cylinder, 0.75-in. bore).— 


Gauge Pres- | Maximum Pres- 
sure at which | sure to which 
the Casting was’ 


Valve-Joint 
Began to Leak. | Subjected. 


Alu- 


minium. Remarks. 











per cent. | tons per sq. in. | tons per sq. in. 
9* 10 19 Cylinder unbroken 
9.5t 9 to 10 14 Ditto 
9.75t 10 ,, ll 15 Ditto 
p q10t 11 ,, 12 17 Ditto 
10.25 12 ,, 18 15 Ditto 
10.5* 14 18 Cylinder burst 
Si No leak 20 Ditto 
11.5* 9 15 


Ditto 


* Test with cylinder. 
+ Test with hydraulic valve-block complete with base-plate. 


(c) Deterioration.—See first column on this page. 

(d) Homogeneity.—They appear perfectly satisfactory 
in this respect. Their freezing interval is so small that 
there is no segregation even when they are cast in sand. 

(e) Corrodibility.—This is extremely slight, whether in 
fresh or sea-water. (Cf. Eighth Alloys Research Report, 
Proceedings, 1907, pages 216 to 221, and Appendix to 
Ninth Alloys Research Report, Proceedings, 1910, pages 
286 to 292). 

This combination of properties is, so far as the authors 
are aware, unequal] any other bronzes, and they 
venture to recommend their trial in cases where chronic 
difficulties are encountered with the use of gun-metals, 
manganese-bronzes, &c. The authors’ tests are far 
severer than those demanded anywhere in practice. The 
conditions for producing a sound casting weighing 5 cwt. 
will not be the same in every detail as those given in this 
investigation, where no casting exceeded 36 if. in weight, 
but the fundamental principles will apply in both cases. 
In particular, the metal must be poured as quietly as pos- 
sible, and every care taken to prevent it being agitated 
after it has entered the mould. In this way the dross is 
kept down toa minimum. Any departure from this prin- 
ciple means the laying up of trouble, for the reason given 
above. The characteristic property of these molten 
bronzes of forming a tenacious film of alumina the moment 
a fresh metallic surface is ex to the air, this film 
leing irremovable by any deoxidiser or combination of 
fluxes, is really the key to the situation. It appeared 
originally as an enemy, and for a long time remained so. 
Such success as the authors have achieved is due to their 
having converted it into a friend, by utilising its tenacity 
to protect the remainder of the fluid metal from oxida- 
tion, 

The following quotation from a paper by Mr. Erwin 8. 
Sperry,* which was published about the time that the 
authors completed their investigation, is of special inte- 
rest, because his conclusions, which are based on practical 
foundry experience, are identical with those drawn above. 
So remarkable is the agreement that either statement 
would hold in all respects for the two cases — one ad- 
mittedly practical, the other admittedly scientific. 

‘*No copper alloy held out more promise at the time 
it was produced commercially, and none has proved more 
cqomuens than aluminium-bronze. After much good 
and experience with it, I will frankly say that it is a 
bronze without a peer, and the early ‘worshippers’ of it 
did not overrate it by any means. The lack of success 
has been caused by the difficulty in casting it, and not 
from any absence of merit in the metal itself.... Unlike 
the tin bronzes, there is no tendency for the aluminium 
to separate in differentalloys, and liquidation has never 
been found to interfere. It is safe to say that they are 
the most homogeneous of any known bronzes. Neither 
do they show the tendency to crystallise like the brasses 
or other alloys of copper containing zinc. Crystallisation 
has never been found; they are therefore ‘safe’ alloys 
for construction purposes. To illustrate this point I may 
say that thousands and thousands of small pins of cast 
aluminium-bronze (10.5 per cent. aluminium) have been 
used by the United States Government in the Springfield 
rifle. These pins, called ‘firing pins,’ were for 
firing the cartridges, and were employed because steel 
would not stand. . . . The greatest obstacle in the way of 
casting aluminium bronze is its oxidation when melted. 
Whenever the surface of the molten metal is ex to 
the air, a film of oxide of aluminium forms on it. The 
more it is exposed, the greater the amount. This explains 
why such a large amount of dross forms when aluminium- 
bronze is being stirred. When allowed to remain at rest 
in a crucible very little forms, as the surface of the metal 
is protected by the film already on it. It also shows why 
aluminium-bronze should always be poured with as little 
stirring as possible. Any agent, onal as wet sand, which 
tends to stir the metal up, produces dross and the accom- 
panying dirty castings. The more quietly aluminium. 
bronze can be poured, the better the castings. ... To 
cast the aluminium-bronze without the presence of some 
dross on the surface is a very difficult matter, and theoreti- 
cally the right method of doing it would be to cast ina 
vacuum or neutral atmosphere, so that no air would come 
in contact with the molten metal. This, of course, is not 
commercially possible. The only method by which it can 
be cast in a commercial manner is to prevent its being 
agitated while the pouring is taking place, either by stir- 


ring, too ~_ a drop from the crucible to the mould, or 
by wet sand. The more quietly it can be poured, the 
smaller the quantity of dross. Dross which forms in 


melting may be skimmed off, but that which forms while 
the pouring is taking place enters the casting. The 
various skim-gates, pouring from the bottom, &c., are all 
efficacious, as they serve to trap the dross and prevent 


* “Brass World,” reprinted in the Mechanical Engineer, 
February 18, 1910, 
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its entrance into the casting. ... There is no addition 
that can be made to overcome the dross formation, nor 
will any flux obviate it... The secret, if it may be 
called so, seems to lie in preventing the entrance of the 
dross into the casting, and not in its formation. While 
the presence of dross is the greatest obstacle encountered 
in the casting of aluminium-bronze, it may be said that 
the shrinkage is the next. All strong metals shrink con- 
siderably, and in the case of aluminium-bronze the shrink- 
age is equal to that of steel. . . . Shrinkage is easily taken 
care of if a moulder understands his business. By the use 
of sufficiently large risers and freedom from sharp corners 
in the casting, with an ample gate, any shrinkage may 
be readily overcome.” 

In conclusion, the authors desire to tender their warmest 
thanks to the Council of the Institution of Mechanical 
Engineers for substantial financial assistance towards the 
cost of this investigation. 








FOREIGN ENGINEERING PROJECTS. 

We give below a series of colonial and foreign engi- 
neering projects, further information concerning which 
can be obtained from the Commercial Intelligence eet, 
Board of Trade, 73, Basinghall-street, E.C. 

Canada; The Canada Gazette contains notices of the 
following applications to the Parliament of Canada :—1. 
For the incorporation of the Canadian Northern Branch 
Lines Company, with power to construct a number of 
lines of railway, and to use electrical and other energy. 
2. For permission for the Buffalo, Niagara, and Toronto 
Railway Company to construct a branch line from Nia- 
gara-on-the-Lake to St. Catharine’s, and to use motive 
power other than steam. 

Australia : The Bulletin of the South Australian Intel- 
ligence Department states that the Government pro 
to make extensive additions to the wharf in the outer box 
bour at the mouth of the Port Adelaide River, and to 
build a revetment mound a mile long on the northern 
shore of the harbour, These extensions, which will cost 
190,000/., are rendered necessary for the accommodation 
rN liners and large cargo steamers calling at Ade- 
aide. 

Spain: With reference to the Cadiz harbour improve- 
ment works, the British Acting Vice-Consul at Cadiz 
now reports that the Cadiz Board of Harbour Works 
have purchased the dredging and other plant belonging to 
the Societa Veneta, and that work is to be begun at once 
on the first quay, which it is ho to _— in eight 
or ten months. Meanwhile tenders are to be invited for 
the execution of the remainder of the works. 

Italy: The British Vice-Consul at Marsala (Sicily) reports 
that dredging operations are being carried out at that port 
with the object of obtaining a depth of water at the en- 
trance of the harbour of 294 ft.. and inside the harbour on 
the south-east side and adjoining the mole of 26} ft. 
This work is being undertaken in order to enable large 
steamers, which are to be put on the service from Naples 
to Palermo, Trapani, and Tunis, to call also at Marsala. 
When these dredging operations are completed, there 
will be asufficient depth of water for large vessels to load 
and discharge cargoes inside the harbour, instead of in 
the offing, as they are obliged to donow. It is probable 
that new supplies of coal will be discharged at Marsala 
instead of at Trapeni, and also that vessels may load salt 
there. Preparations are also being made for lengthening 
the mole on the west side of the harbour. 

Germany: With reference to the harbour extension 
works at Bremerhaven, H.M. Consul-General at Ham- 
burg reports that the two dock basins under construction, 
Kaiserhafen II. and Kaiserhafen III., the lengths of 
which are 1640 ft. and 1968 ft. respectively, have been 
completed. The floor of the projected dry dock has been 
constructed, but it will remain under water until February 
next ; and preparations have been made for the construc- 
tion of the west mole of the dock entrance. The dock 
will be 853 ft. long, and the entrance 113 ft. wide over 
the sill, which will be 38 ft. below ordinary high-water 
level. After the completion of these works, the second 
section of the extension scheme will remain to be under- 
taken—namely, the construction of a new entrance lock, 
with chamber, from the Weser, and of the so-called Wen- 
dehafen and Verbindungshafen. 

Mexico: His Majesty’s Minister at Mexico City reports 
the grant to the Compafiia del Ferrocarril Sud-Pacifico de 
Mexico of a concession for the construction and working 
of a railway 560 kilometres (about 350 miles) long, from a 
point situated between Orendain and Guadalajara to the 
city of Mexico, passing by way of Zamora and Morelia. 
Seven years are allowed for the completion of the line. 
In addition to the foregoing, the concessionnaires are 
empowered under the terms of the contract to construct 
the following lines of railway :—From the River Santiago 
to Tepic, Tepic to Magdalena, Orendain to Guadalajara, 
Ténichi to a point between San Bernardino and Agua 
Prieta, from the confluence of the rivers Yaqui and 
Montezuma to Nacozari, Empalme to Guaymas, and 
vorious other sections. 

Brazil: With reference to the extensions of the federal 
railway system in the State of Bahia, H.M. Consul at 
Bahia reports that a concession for these works has been 

ted to a French corporation, under the name of the 
mpanhia Viacio General de Bahia. The company will 
also take over the working of all the federal lines in 
Bahia. The Diario Oficial publishes decree No. 8349, 
modifying the plans submitted by the Port of Para Com- 
pany in connection with harbour works at Belém do Para. 
According to the amended clauses, the concessionary com- 
ny undertake (1) to keep in good repair the Ver-o-Peso 
dock, to dredge the same, and to erect lock-gates ; (2) to con- 
struct five rectangular wharves ; (3) to dredge other parts of 
the harbour, and to build anotherdock close to the old Souza 





decrees :—No., 8351 approving the plans and estimate of 
633,634 milreis, submitted by the Leopoldina Railway 
nang Limited, for the construction of 54 miles of 
line on the Estrada de Ferrodo Norte ; No. 8353, approv- 
ing the plans and estimate of 11,444,000 milreis, sub- 
mitted by Ibirocahy and Co., for the construction of 
90 miles of line—viz., from Rosario to Itapicurti, Sio 
Luiz to Caxias, and a branch to Itaqui. (Milreis = about 
1s. 4}d. at present). 


CATALOGUES. 

Detachable Wheels for Motor-Curs.—Messrs. Rudge- 
Whitworth, Limited, of Coventry, have sent us a booklet 
relating to their detachable Meri! fy for motor-cars. These 
wheels do not differ materially from those illustrated in 
our issue of November 26, 1909, on page 720. They are 
made with double or triple wire spokes, and also of wood, 
and can be fitted to any make of car without altering the 
track or chassis in any way. The booklet illustrates and 
describes the wheels, and points out the many advantages 
of this convenient method of tyre-changing. It also fully 
describes the whole process of changing a wheel for tyre 
i gpa and gives some notes on the care of the 
wheels, as well as illustrations of many different makes of 
cars fitted with them. 


Chucks.—Prives and particulars of his well-known 
spiral self-centering chucks are contained in a catalogue 
to hand from Mr. Charles Taylor, Bartholomew-street, 
Birmingham. These chucks are suitable for heavy work 
with tools of high-speed steel, and are supplied with 
three or four jaws for general or bar-work, in eight sizes, 
ranging from 4in. to 20 in. Particulars are also given 
of two-jaw chucks for brass - finishers’ work. = 
chucks have a large hole through the centre, and can be 
fitted with three types of jaws for holding work of 
various shapes ; they are made in 5-in., 6-in., 8-in., and 
10-in. sizes. The catalogue points out the advantages of 
spiral chucks over scroll chucks, and mentions as one of 
those advantages, the fact that all the important wear- 
ing parts can be hardened, so that a long life, with unim- 

ired accuracy, is ensured. Directions for mounting the 
chucks, and prices of cast-iron adapters for this purpose, 
are also given in the catalogue. 


Reinforced Concrete Construction.—A catalogue dealing 
with Johnson’s steel-wire lattice reinforcement for con- 
crete construction has reached us from Messrs. Richard 
Johnson, Clapham, and Morris, Limited, 24 and 26, Lever- 
street, Manchester. This reinforcement, which is suitable 
for floors, foundations, sewers, culverts, &c., consists of a 
number of straight, parallel wires, having an ultimate 
tensile strength of 40 tons per sq. in., kept a uniform dis- 
tance apart by binding wires woven at right angles. It is 
usually supplied in sheets, or in rolls 6 ft. wide by about 
120 ft. long, but can be manufactured in different widths 
and up to 300 ft. in length, if necessary. The tension-wires 
may be either in the direction of the length or width of 
the roll, and may be of greater strength in certain parts. 
The catalogue illustrates some of the many applications 
of this material, gives specifications for concrete, and 
directions for laying, and contains, in addition, useful 
tables showing the thickness of concrete and the reinforce- 
ment necessary for floors of various spans, carrying loads 
ranging from low. to 5ewt. per sq. ft. 

Excavating-Machines and Steam-Cranes,—A pamphlet 
received from Messrs. John H. Wilson and Co., Limited, 
Dock-road, Seacombe, Birkenhead, illustrates and gives 
some particulars of the combined steam-shovels and cranes 
they manufacture under Simpson and Porter's patents. 
These machines are capable of working in hard materials, 
such as sandstone rock, ironstone ore, and the stiffest 
clay. Among their advantages are mentioned the facts 
that they can revolve through a complete circle and so 
deliver the excavated material at any point; also the 





shovel-gear can be disconnected in a few minutes to| q 


enable the machine to be used as an ordinary crane for 
block-setting and other heavy lifting. Two standard 
sizes are illustrated, and these are described respectively 
as 45-ton and 30-ton patterns. The former is capable of 
excavating 1000 to 1500 tons a day according to the nature 
of the material. The pamphlet also illustrates several 
examples of railway breakdown cranes ; these are made in 
standard sizes having lifting capacities ranging from 5 to 
100 tons. 


Reinforced Concrete.—The sixth edition of a very use- 
ful and interesting booklet, dealing with the use of 
expanded metal in reinforced-concrete construction, has 
been published by the Expanded Metal Company, 
Limited, of York Mansion, York-street, Westminster, 
S.W. The booklet gives full particulars of diamond- 
mesh and rib-mesh expanded steel, some notes on makin 
and laying concrete, results of tests, and much genera 
information relating to the use of expanded metal in 
reinforced-concrete work. Numerous illustrations, which 
are mostly reproductions from drawings and photographs 
of actual work, form a valuable feature of the book. 
They show the application of the material to wall and 
column footings, fe undation rafts, flooring, roofing, steel- 
work encasing, bridges, grain-silos, bins, coal-bunkers, 
water reservoirs and towers, tanks, swimming-baths, 
conduits, culverts, sewers, sea defences, retaining-walls, 
and many other structures. Drawings and photographs 
of a reinforced-concrete barge, used for coal traffic in 
Italy, are also included. The barge, which has been in 
use since 1906, carries about 150 tons, and has been found 
quite satisfactory. 

Tanks for Inflammable Liquids.—We have received 
from the Safety Non - Explosive Reservoir Company, 
Limited, ‘‘Snercold” Engineering Works, Hampton 
Wick, Middlesex, a catalogue of tanks and barrels for the 


Franco dock, The Diario also publishes the following transport or storage of highly inflammable liquids, such 





as petrol, naphtha, turpentine, &c. All these tanks are 
fitted with the ‘**Snercold” safety device, which, it is 
stated, absolutely overcomes the danger of explosion of 
these vessels. The safety device consists of a metal plug 
secured in the filling-cap by a very easily fusible solder 
which melts if the tank is subjected to a high temperature 
so that the plug is blown out and the internal pressure 
relieved. he admission of flame to the inside of the 
tank is prevented by a gauze cylinder fixed under the 
filling opening, and protected from mechanical injury 
by internal and external sheaths of perforated metal. To 
demonstrate its efficiency, a bonfire was lighted round a 
40-gallon transport drum, three-parts filled with petrol. 
No explosion occurred in the case of a drum fitted with 
the ‘‘Snercold ” device, but a terrific explosion ensued 
when an ordinary drum was subjected to the same treat- 
ment. The catalogue illustrates and gives prices and 
particulars of non-explosive caus, reservoirs, transport- 
drums, welded and riveted tanks and other vessels, Ke, 
Safety devices of various sizes are also sold separately for 
application to all kinds of storage-tanks. Petrol air-gas 
machines, pumps, can-filling apparatus, dry - cleaning 
machines, &c., all protected against explosion, are also 
illustrated. 


Cooling-T owers.—Messrs. Richardsons, Westgarth, and 
Co., Limited, of Hartlepool, have sent us a copy of a 
booklet containing some particulars of the ‘‘ Cascade” 
cooling-towers, and illustrating their construction. In these 
towers the water is distributed by troughs, in the bottoms 
of which are a number of vertical pipes arranged so as 
to direct the water on to sprayers so shaped as to cause 
it to rebound upwards in a finely-divided state. Beneath 
these sprayers are placed series of slats in step form 
and slightly inclined, so that the water caught on the 
upper steps trickles over the remainder, and is collected 
in a trough placed at the foot of each series of steps. 
From these troughs the water is again delivered to 
cpoeyems, and re-collected in troughs lower down, passing 
through these processes several times during its journey 
from the top to the bottom of the tower. The air travel- 
ling upwards passes between the steps of the water- 
collectors, coming in contact with the water trickling over 
them, and afterwards meeting the finely-divided water in 
the neighbourhood of the sprayers, thereby effectually 
cooling it. The booklet points out the advantages of 
this form of construction, and also calls attention to the 
desirability of employing a condenser in which the tem- 

rature of the cooling water differs as little as possible 

rom that corresponding to the vacuum, since cooling 
towers deal more effectively with a small quantity of 
water at a high temperature than with a larger quantity 
at a lower temperature. The booklet also includes an 
illustration of four towers at the Lister Drive Power- 
Station of the Liverpool Corporation, having a com- 
bined capacity of 1,450,000 gallons per hour. 


Rotary Drying-Machines, &c.—A catalogue dealing 
principally with rotary drying-machines for all kinds of 
materials, has reached us from the American Process 
Company, of 68, William-street, New York, U.S.A. 
These dryers consist of slightly inclined, revulving steel 
cylinders, to the outside of which are fixed two rolled- 
steel tyres. The tyres rest on chilled cast-iron rollers, 
which are generally used to drive the cylinder by friction 
only, though sometimes a pinion and spur ring are em- 
ployed for this purpose. the material to be dealt with 
passes continuously through the interior of the cylinder, 
where it comes in contact with the hot gases from a 
furnace situated at one end. Longitudinal shelves fixed 
to the inner circumference of the cylinder serve to carry 
the material to the upper part, and then allow it to fall 
through the hot gases. These dryers can also be used 
for calcining and roasting operations, or for charring 
organic substances. Machines for use with materials that 
would be injured by actual contact with furnace gas are 
also illustrated. In this type air is heated by being 
rawn over steam-coils, whence it passes to a drying 
cylinder of similar construction to that previously men- 
tioned. For drying wet grain and other similar materials 
the cylinder may . provided round its circumference 
with rows of steam-heated tubes, over which the material 
falls as the cylinder rotates. The catalogue also deals 
with two other machines, one of which is an automatic, 
continuous, steam-heated press of the tapered-screw type 
for squeezing liquids, nd as grease and oil, from solid 
substances ; the other is a continuous cooking or digesting 
machine for liberating grease or oil from animal matter 
by direct steam heating. 








Tur Wor.p’s [ron Minrrats.—An international geo- 
logical congress held at Stockholm this year has been 
making important inquiries into the world’s iron mineral 
resources. The congress arrived at the conclusion that 
Europe possesses 12,031,900,000 tons of unworked iron ore ; 
North and South America, 9,855,000,000 tons ; Oceania, 
135,900,000 tons; Asia, 260,400,000 tons; and Africa, 
125,000,000 tons. The calculation—for it is little more 
—appears to be of meagre value, as it virtually only 
represents what is known upon the subject, what is un- 
known being naturally left out. Still, although the 
figures may possess little value, they are not without 
interest. The iron ore resources of France are estimated 
by the congress at 3,300,0C0,000 tons ; those of the Luxem- 
bourg, at 270,000,000 tons ; those of Austria and Hungary, 
at 284,000,000 tons ; those of Russia, at 864,600,000 tons ; 
those of Sweden, at 1,158,000,000 tons; those of Nor- 
way, at 367,000,000 tons; those of Great Britain, at 
1,300,000,000 tons; those of Germany, at 3,607,700,000 
tons ; those of Canada and Newfoundland, at 3,635,000,000 
tons; and those of the United States of America ‘t 
4, 257,800,000 tons. In another 50 years probably the 
calculation will be much more minute and reliable, 
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THE STIFFNESS OF GUNS. 

The Comparative Stiffness of Modern Built-Up, Solid 

and Wire-Wound Guns, and the Initial Unsteadi- 
ness of Project iles. 

By Lieutenant H. J. Jones, Army Ordnance De- 
partment, Inspector of Ordnance Machinery. 
Tur fact that England and America are the only 
countries in which wire-wound guns can be said to 
have a vogue, has long been to many so significant 
as to merit more than the occasional comment 
which the fact provokes. Such a marked contrast 
in the practice of the English-speaking and foreign 
vun-makers is not accompanied, apparently, by a 
corresponding contrast in the ballistic effect, mea- 
sured by the muzzle energy obtained per unit 
weight of gun, or by safety, or by money cost. On 
comparing the published tables of the great gun- 
makers, there appears to be a general equality of 
performance of guns, whether built-up, solid, or 
wire-wound ; and the obvious disinclination of 
foreign arsenals to consider the estimated increase 
in circumferential strength as worth the time and 
trouble taken to produce it; together with the 
importance of the mere stiffness, or girder, strength 
of guns, apart from bursting strength, now that 
guns are increasing in length, in response to the 
call for higher muzzle velocity, leads naturally to the 
consideration of the comparative stiffness of the two 
types for guns of equal strength, or rather for guns 
designed to give the same performance—a certain 
muzzle velocity with a certain maximum pressure. 
The theory of the investigation is outlined in 
the appendices subjoined, a modern 12-in. 50-calibre 
gun being taken as the subject. The design of 
both guns—solid and wire-wound—is suitable for a 
muzzle velocity of 3000 ft. per second, with a maxi- 
mum pressure of 20 tons, and a muzzle pressure of 
7 tons per square inch. The wire-wound gun, 
wired throughout its length, is of the usual con- 
struction ; having a rifled inner A tube ; an A tube ; 
and layers of wire varying from 16 at the muzzle 
to 80 over the chamber, the wire being covered 
by a jacket and B tube. 
The portion of the gun forward of the cradle is 
considered as a cantilever, and in the appendices 
there are investigated the droop of the muzzle 
relative to the axis of the cradle ; the effect of sun- 
shine in modifying this droop ; together with the 
nature of the transverse vibrations of the muzzle on 
firing. The general results may be stated thus :-— 
12-In. Breech-Loader 50-Calibre Guns. 

3000 ft. per second 


Muzzie velocity ... 
20 tons 


Maximum pressure 


Length of gun forward of cradle 36 ft. 
Wire-Wound. Built-Up Solid. 
Dr f - { 4.45 min. 2.35 min. 
POOP SS a -- + OFS in. 0.092 in. 


Time of vibration 
(fundamental) 


Number of vibrations 


4. 
0. 


007633 sec. 0.006870 sec. 


per second 131.1 145.5 
Maximum upward 
velocity at muzzle 12 ft. per sec. 7 ft. per sec. 


Taking the above as representative figures for 
modern well-designed 12-in. 50-calibre guns, we 
note that the droop due to mere weight is about 
4} minutes of are for the wire-wound, and 2} minutes 
for the solid gun. 

Now since mere temperature strain can also cause 


a bend, in any direction, of from 2 to 3 minutes 
of are, it follows that a wire-wound gun may have 
a total droop of about 7 minutes when the upper- 


most portion of the gun is the hottest region ; or 
of 2 minutes when the lowermost portion is the 
hottest. With badly-designed guns, the droop due 
to lack of girder stiffness may reach four or five 
times the above values. In the case of built-up 
solid guns the maximum droop due to weight and 
temperature strain will be about 5 minutes of arc, 
and the minimum less than a minute. 

With the well-designed guns investigated, the 
maximum velocity from the upward ‘‘ whip” of the 
muzzle is about 12 ft. per second with the wire- 
wound, and 7 ft. per second with the solid gun. 
But with a bad example of wire-wound gun the 
“whip” velocity may reach from 50 ft. to 60 ft. 
per second. 

Apart from the inconvenience of this variable 
droop, since sights cannot be accurately set or 
teste: against the last few feet of rifling, and it is 
difficult to set or test them against the axis of the 


bore .t the breech, it is important to consider the 
br pe of the ‘* whip” on the accuracy or consistency 
of sh 


oscillation of the muzzle has no connection with the 
travel of the projectile along the bore, we may have 
the muzzle moving up, or down, or being practically 
at rest just at the instant when the projectile leaves 
the bore, and is receiving acceleration due to the 
impulse of the muzzle-blast. The weight of the 
charge for a modern high-velocity 12-in. gun will be 
about one-third the weight of the projectile, and 
with the usual muzzle pressure of about 7 tons per 
square inch, the maximum velocity of the muzzle- 
blast will be from 5500 ft. to 6000 ft. per second. 
In other words, the blast will meet the base of the 
projectile with a relative velocity of about 2500 ft. 
per second, the effect of which is to give the projec- 
tile a probable increase of 50 ft. to 80 ft. per second 
in velocity after the projectile has left the rifling. 

With a gun that is very weak to resist bending 
stresses, we may get the projectile, at the muzzle, 
receiving, whilst in the gun, upward or downward 
velocity of 50 ft. to 60 ft. per second, in addition to 
the translational velocity; and, in addition, the 
general direction of the muzzle-blast may be inclined 
at from 10 to 15 minutes to the axis of the projec- 
tile. The result is that the projectile immediately 
on leaving the gun has a more or less systematic 
wobbly motion, which continues up to 500 yards, 
and probably to a considerably greater distance. 

This initial unsteadiness has been studied by 
erecting cardboard screens between the gun and a 
plate, the gun being laid by cross-wires at the 
muzzle and breech on to a cross on the distant 
plate, the screens being then interposed at con- 
venient distances, 

It has been found that the holes in the screens 
are by no means circular, and that the centres of 
the holes lie on a fairly regular spiral path about 
the mean trajectory, the pitch of the spiral being 
from ten to twenty times the pitch of the rifling at 
the muzzle. The holes are roughly elliptical in 
shape, the major axis being from 1} to 1} the dia- 
meter of the projectile, and the minor axis about 
equal to the diameter of the projectile. This 
ellipticity corresponds to the axis of the projectile 
lying across the trajectory at an angle approaching 
12 deg. If the inclination of the major axis toa 
vertical line be noted, it is found that as we proceed 
from the screen nearest the gun and go towards 
the plate, the major axis has a rotational motion, 
which may be clockwise or anti-clockwise, a gun 
giving indifferently one result or the other, from 
round to round. Records of the actual flight of a 
projectile can only be taken in this way for short 
distances, owing to the curvature of the tra- 
jectory; but, as far as available information 
goes, it would appear that a projectile, on 
leaving a long gun, is whipped up or down, or 
to the left or right ; assumes an inclined position, 
in plan, across the trajectory; and describes a 
fairly regular spiral path about a trajectory, which 
may be a few inches, or a foot or so, displaced from 
the direction of the muzzle of the gun before firing. 

It is not possible at present to say what propor- 
tion of this initial unsteadiness is due to eccentric 
engraving of the driving-band, or to the centre of 
gravity of the projectile being out of the axis of 
figure. But the whole question merits attention, 
since a badly-designed wire gun may give at short 
ranges—armour-proof firing—such irregular results 
that the particular object of the firing—namely, 
the proof of plates or projectiles—may be entirely 
obviated. 





APPENDIX I. 
Application of Theory of Bending to Long Guns. 
In Fig. 1 AB is the datum of reference for 
deflection y and slope 6. The angular deflection at 
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any point is then the angle between the direction 
of the beam at that point and A B. 

Linéar scale 1 in. = A in. 

Fig. 2 represents the diagram of load intensity. 





voting, 


It is obvious that, since the period of 





load being assumed as acting at the centre of gravity 
of each strip. The 12-in. 50-calibre gun discusse:| 
is divided into 50 strips of equal width, the portion 
of the gun in front of the cradle being considered 
as a cantilever, and deflection considered relative to 
the axis of the cradle. If D be tho external dia- 
meter of the gun at any point, then the ordinate of 
the load-intensity diagram at that point will be 
proportional to (D®— 144), since the internal dia- 
meter is constant—namely, 12 in. 
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Considering the equilibrium of an elementary 
strip, we have, as indicated in Fig. 2, shearing 
forces Sand 8 + dS atthe ends, and the weight 
wdsx at the centre of gravity. And these forces 
form, with the bending moments M, and M + dM, 
a system in equilibrium. Hence, resolving verti- 
cally, we have 

aS=wdz, 


s=8+/ 
9 


Let the load-intensity scale be 1 in. = w pounds 
per square inch. 

Fig. 3 represents the diagram of shearing force. 
It is obtained by setting down to the load scale on 
A, J the respective areas of the parallel strips of 
the load diagram. If the strips are of equal width, 
this can be done by taking a certain fraction of each 
mid-ordinate to represent the area of the diagram. 
The point A,...J are projected across to corre- 


wd x. 
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sponding lines set down from the mid-points of the 
strips, and a fair curve drawn through the points 
so obtained. 
Let the shearing-force scale be 1 in. = a square 
inches of load-diagram, or 
lin. = AX wa=slb., 
where 

s=Awa. 
Fig. 4 is the diagram of bending moment. It is 
obtained by taking any pole O, polar distance from 
the line of loads being h; and in the respective 
spaces drawing lines parallel toO A,OB...0OJ, 
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&c. Considering the equilibrium of the elemen- 


tary section shown in Fig. 2, and taking moments 
about the centre of gravity, we have 
Sdz 


9 ? 


(M+dM) - M=(S8 + as)%” 4 





The diagram is divided into a number of strips, the 
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| which is identical in form with the relation found 


dSdzx from bending-moment equation—namely, 


dM=Sdz+"* 


x ‘x 


M=M,+%&2z ‘| 


Neglecting infinitesimal quantities of the second wdardx. 
order, we have, on integrating, 


‘Hence the deflection y corresponds to the bend- 


ing moment M. 


M=M, + [sax 
M 


‘ Now m , and if E I beconstant for the 


which is of the same form as the relation obtained 
for shearing force. Hence the important results. 

1. The increase in any ordinate of the shearing- 
force diagram is equal to the area between its two 
positions on the load-intensity diagram. 

2. The increase in any ordinate of the bending- | 
moment diagram is equal to the area between ~ 
two positions on the shearing-force diagram. 

To obtain the bending-moment scale we have :— 
Length of ordinate on the linear scale x polar dis- 
tance on the load scale = bending-moment scale. 

Hence bending-moment scale is 1 in. =Ash 
pound-inches, h being the polar distance, or 1 in. 
to » pound-inches, where p = Ash = A? @ah. 

In Fig. 5 consider an elementary length of the 
beam ds. Suppose d yto be the increase in detlec- 
tion, and d@ to be the increase in slope. Then 
dO= \ - od , if the deflection is small, and R is 
the radius of curvature at the point considered. 


4 
various sections of the beam, the ordinate of the 














| finally into the deflection diagram ; the last diavram 
being, of course, to a certain scale, the actual sh ‘pe 
| of the bent beam. 
The above method is of universal application, 
since, if we know the distribution of the load, and 
| the section of the beam, everywhere, we can pro. 
ceed by mere adding of mid-ordinates of the st, ips 
to the deflection diagram. 
The following important corollaries 
| noted :— 


1. The area of the EI 


places is the increase in slope between those places. 


may be 


curve between any ‘wo 


M 
By curve, 
from the cradle to the muzzle, in the gun problem, 
equals the total bend ; in other words, the droop of 
| the muzzle compared with the cradle. 
2. Tangents to the curve, showing the shape of 

the bent beam at any two points, meet in a point 
| vertically above the centre of gravity of the area in 
| question. 

| 3. When comparing the total droop of solid and 
| wire-wound guns, providing the same scales are 
| used throughout, the mere ratio of the areas of the 
| 

| W 


Consequently the whole area of the 





iow curves, between the cradle and muzzle, gives 
| 4 


‘the ratio of droop-angles direct. 
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Now from the ordinary elastic theory of long beams 


M_E 
we know that |; = j;, where M is the bending 


moment at any section, I the moment of inertia of 
the section, E Young’s modulus, and R the radius 
of curvature. 
Hence 
ee dzx_Mdzx 
EI 


Integrating we have 


= mdzx, where m = M 


EI 


0 = 0) + md x, 
0 
which is identical with the relation found for shear- 
ing force, so that the slope @ corresponds to the 
shearing force s. 

Also 


du=0dza, 


and integrating we have 
} | Odx, 
“0 


a r 
A < TF | [ 0 d x d Tf, 


oF =H 


= Mt 


bending-moment diagram will be proportional to’ 
the slope intensity m. If, however, I varies. from 
point to point, as it does in a gun, then each ordi- 
nate of the bending-moment diagram must be 
divided by its corresponding I to make it suit the 
slope-intensity diagram. Hence, generally, the 
| bending-moment diagram may be used to a certain 
| scale, as the diagram of slope intensity m( M ) 
E I/| 
radians. 
Now, as before, we have :— 
1. The increase of any ordinate of the slope| 
| diagram is equal to the area between its two posi- 
tions on the slope-intensity diagram. 
2. The increase in any ordinate of the deflection | 
diagram is equal to the area between its two posi- 
| tions on the slope diagram. | 
Hence, comparing the same ordinate on each of | 
| the diagrams, we have | 
| Bending moment: shearing force: load intensity = | 
deflection : slope: slope intensity. 4 | 
Hence, by the same method as before, we can | 
convert the bending-moment diagram into the slope- 
intensity diagram, then into the slope diagram, and 


In actual practice it is preferable to use a modifi- 
cation of the graphical method outlined above, and 
in the investigation of the 12-in. gun the following 
method was adopted : 

The portion of the gun forward of the cradle— 
36 ft. in length—was divided into fifty discs, of 
equal width, each disc being thus 8.64 in. wide. 
From the centre of gravity of each disc was set 
down an ordinate proportional to (D* — 144), D 
being the mean external diameter of a disc, and 
12in., the internal diameter of the hole. The 


weight of any disc in pounds was thus 7 (D* — 144) 


| x 8.64 x 0.28, taking steel at 0.281b. per cubic 


inch. In this way we obtain the diagram of loads 
(Fig. 6) as indicated. Each ordinate on this 
diagram must be multiplied by 190.08, to give the 
load in pounds per unit length, at the particular 
place. 
The diagram of loads is then integrated to sive 
the diagram of shearing force, and the diagram of 
shearing force to give the diagram of bending 
moment. The moment of inertia of each mid-cross 
section of the 50 discs is now calculated, and the 
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bending moment at each place divided by its 
corresponding moment of inertia. This gives the 
diagram of slope intensity, from which, by double 
integration, we obtain the diagram of slope and 
the diagram of deflection. 

The process of integration is best performed 
arithmetically, as shown in the accompanying 
abstract. 


ABSTRACT.—12-Incu 


temperature difference may be readily calculated. 
Assuming the side A B to be 1 deg. Cent. above the 
opposite side C D (Fig. 7), then the difference in 


length between A B and C D will be ' * 1-14 


10° 
l being the mean length, and the coefficient of 


50-CaLiBRE (WIRE) GuN. 




















Slope 
Ordi- Shearing Bending Moment of Intensity 7 : 
nate. Load Force Moment Inertia ” Sia Slope Deflection Deflection 
L. F M ; 8. A yi. 
4 M. EI 
1 3.60 3.60 1.80 19 0.096 0 048 0.024 — 206.27 
3.25 6.85 7.04 15 0.470 0.331 0.214 — 206.27 

3 3.28 10.13 15.53 16 0.970 1.050 0 90 ~ 206.26 

4 3.40 13.53 27.36 17 1.61 2.34 2.60 — 206.25 

5 3.48 17.01 42.68 18 2.37 4.33 5.94 ~ 206.21 
10 4.00 35.95 173.97 23 7.54 28.07 76.67 — 205.51 
15 4.56 57.61 496.73 28 14.52 82.65 339.53 — 202.88 
20 5.08 81.92 754.47 35 21.55 172.81 964.82 ~ 196.63 
25 5.60 108,89 1230.45 43 28.60 298.95 2,129.7 — 184.97 
30 6.83 139.17 1848.15 60 30.80 457.65 4,011.3 — 166.16 
35 9.05 183.37 2652.91 84 21.56 594.53 6,631.8 ~ 139.96 
40 9.30 229.37 3684.3 81 45.48 785.15 10,053.4 ~— 105.74 
45 9.58 276.65 4948.8 82 60,30 1056.32 14,623.8 - 60.04 
50 10.95 330.28 6464.1 111.6 57.92 1340.14 20,627.4 0 

f 190.08 190.08 1642.3 Tv x 104 1642.3 ( 1642.3 +4 8.64) (“ee oom) 1642.3 x (8.64) 

64 147 x 108 147 x 1088 147 x 10 147 x 106 





The factor f in each column indicates that each ordinate in diagrams must be multiplied by 190.08 to give force in 


pounds ; by 1642.3 to give the bending moment in pound-inches; by 


1642.3 x 8.64 x 8 64 


: to give the deflection in inches, 
147 x 106 


and by 


Since the deflection at 50, the cradle, is zero, we | 


have to subtract the value of the deflection corre- 
sponding to 50 in the deflection diagram from each 
ordinate, in order to get the deflections in the form 
of gun horizontal at cradle. The deflection at the 
muzzle is thus represented by 

1642.3 x 8.64 x 8.64 

147 x 106 

The slope in radians is obtained in a similar way 
from the slope column. 

To determine the time of the fundamental oscil- 
lation, we take the respective values of w and y 
from the load and deflection columns, and calculate 
the time in accordance with the relation 


= (w x) 


T=25,/ 
g=(wy) 


— 206.724 x = 0.172 in. 


applying a correction for the value of k, being com- 
parable with that of 1, the length. 





APPENDIX II. 


The Effect of Temperature Strain on the Straightness 
of Long Guns. 


The flexure of along gun, due to the unsupported 
weight of metal in front of the cradle, is modified 
to a considerable extent by a mere general differ- 
ence of temperature between one side of the gun 
andthe other. This temperature difference, due to 
the effect of sunshine, &c., has been found to 
amount to about 2 deg. Cent. for ordinary tem- 
perate summer conditions, and to about 4 deg. 
Cent. in the tropics. Generally the uppermost 
surface of the gun is hotter than the lower- 
most, but cases have been met with where the 
reverse was the case, due probably to the different 
reflective and absorptive capacities of the coloured 
paints used to render the gun inconspicuous against 
its surroundings. The effect of a cross-wind being 
to cool the windward side, it will be seen that a 
general temperature difference of from 2 deg. to 
4 deg. Cent. may be met with under the conditions 
of the top, bottom, right, or left being the hottest 
region. It is certain that the general rise of tem- 
perature of the gun on firing is accompanied by a 
rise in this temperature difference, particularly if 
a cross-wind be blowing. 

{t may be shown by means of an optical lever 
drawn along the bore at various times of the 
day, or by noting the total droop by setting the 
guy clinometer plane against the last few feet of 
the rifling at the muzzle, that the total flexure of a 
12-in. 50-calibre gun alters during the day by an 
amount of the order of two to three minutes of 
angle : the centre of the bore at the muzzle, in 
fact, describes an oval figure diurnally, the major 
dimension being about 0.25 in. 

_the matter is obviously of importance, since 
sights are usually set by reference to the last few 
feet of rifling at the muzzle, a datum which varies 
two or three minutes of arc during the day. 

the probable bend due to a specified general 


1642.3 


x 8.64 to give the slope in radians ; 
147 x 108 


linear expansion of steel per degree Centigrade. 
This difference in length is accompanied by the gun 
muzzle, 36 ft. in length, assuming a curved shape 


A Fig.7. 
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of mean radius R ; and if 2 r be the mean diameter 
of the exterior of the muzzle, we have 


AB_R+tr 
CD R-r 
or 
AB-CD_ fr 
AB+CD R°* 
Now 
AB+CD=21; 
and 
" 7x 114 
AB-CD= O° 
_ixL4 1 _ er 
- 105 a ae 
or 
2rx 10 
a 


The total flexure 6 = - and sinee 1 = 36 and 


r = 1.5, the unit being feet, we have 6 per degree 
Centigrade = 0.0001368, or 
6 = 0.47 minute. 


Hence, for a 12-in. 50-calibre gun, we get about 
half-a-minute bend per degree Centigrade difference 
of temperature. 





APPENDIX III. 
The Vibration of Long Guns. 

Photographic and other evidence has shown that 
gun-barrels have definite modes of vibration on 
firing, and that for long wire-wound guns, which 
are comparatively weak from the point of view of 
stiffness in bending, the vibration has a most 
marked effect on the initial steadiness of projectiles 
and on the consistency of contemporary rounds at 
the short ranges of the proving-ground. 

It has Jong been known that the shooting of a 
small arm could be greatly modified by varying the 
nature of the constraints, such as by clamping the 
rifle to a heavy mass of iron, and the same fact 
holds true with regard to heavy ordnance, the whip 








and jump of which depends on the design of the 
recoil arrangements, and the general stiffness and 
stability of the carriage, &c. In most modern 
carriages the axis of the buffer resistance is parallel 
to, but displaced from, the axis of momentum of 
the recoiling gun and its attachments, so that there 
is always a couple action tending to rotate the gun, 
carriage, and pedestal about a transverse horizontal 
axis. The pedestal being immovable, the gun and 
cradle receive motion about the elevating-shaft, and 
the carriage tends to jump off its front bearing on 
the roller-path. 

But, in addition to this general rotary movement 
in elevation, there is a general stiffening of the 
bore, resulting from the imposition of firing stresses 
and the forward thrust of the projectile on the 
rifling. A 12-in. 50-calibre gun will have maximum 
bending stresses of about 1§ tons per square inch ; 
but on firing, the gun will present the familiar 
case of a cylinder under internal pressure, acting 
as a beam without compressive stresses. This 
stiffening of the bore, and its manifestation as a 
transverse vibratory state, constitutes what is 
known as *‘ whip,” or the upward movement of the 
muzzle of the gun relative to the chase. 

In certain designs of wire-wound guns, where 
steps on the outer jacket, or B tube, occur over 
steps on the inner tube, thus causing a sudden 
large variation of effective moment of inertia to 
resist bending, and a correspondingly large degree 
of slope intensity—as much as 10 minutes in 3 ft. 
has been met with—the whip of the gun—that is to 
say, the transverse vibratory state—becomes com- 
pound. The portion forward of the weak section 
vibrates in its own period about the weak section, 
and the whole of the muzzle portion in front of the 
cradle vibrates about the cradle. 

We thus see that the actual stress state of the 
metal of a gun, on firing, is by no means the steady 
state of the hydraulic cylinder. There is the main 
radial vibratory firing stresses, proceeding from 
the internal to the external surface, and accom- 
panied by reflection at each tube where a discon- 
tinuity of initial stress exists. The velocity of 
transmission of this stress state will be that of 
sound in steel, about 16,000 ft. per second. The 
forward thrust on the rifling results in a vibratory 
stress proceeding along the inner A tube, at about 
16,000 ft. per second, and a longitudinal shear 
between the A and the inner A tube. The rota- 
tion thrust imposes a torsional stress on the inner 
A tube, which travels at about 9500 ft. per second, 
and is accompanied by circumferential shear. In 
addition the inner A tube is always at a consider- 
ably higher temperature than the overlying A tube, 
owing to the high resistance to conductivity of heat, 
offered by the surfaces of contact and the burnt 
film of lubricant between the tubes. 

The effect of the longitudinal and temperature 
thrust on the inner A tube is seen in the common 
forward movement of the rifled inner A tube, parti- 
cularly with rapid firing. And the circumferential 
shear shows itself in the turning of half-liners, &c. 

The period of the transverse vibration can be 
calculated in general terms by noting that the time 
of vibration will depend on the stiffness of the gun 
in eulinie-mnendies the product of Young’s 
modulus, and the moment of inertia, on the mass per 
unit length, and on the length. We may thus write 


Ta s*u Ic, 


L3 
, we have, 


a 


and since the dimensions of s are 
by equating dimensions, 
T« w/ 


w 
EI 
w being the total load vibrating. 

In the case of a gun, a beam fixed at one end, 
the moment of inertia of the cross-section varies 
throughout the length, and to find the time of 
vibration we have to proceed by the general strain- 
energy method, equating the tential of the 
elastic forces of flexure to the kinetic energy of 
the vibrating mass in the mean position. In other 
words, if y be the deflection at any point where the 
corresponding load is w, the time of vibration is 
given by the relation, 


T= any/= (wy) 
g (wy) 


The value of w may be taken from the load diagram, 
and the value of y from the deflection diagram, and 
T, thus determined. 

The above involves the assumption that the 
radius of gyration of cross-sections is small com- 
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red with the length of the vibrating cantilever. 
But if the loading is- of appreciable size, the fre- 
quency is lower than when the loading is concen- 
trated along the neutral axis. Lord Rayleigh has 
shown that for a uniform beam clamped at one end, 
and free at the other, the period of vibration obtained 
for the fundamental oscillation, on the assumption 
that the beam is long compared with the radius of 
gyration of the cross-section, must be multiplied by 


2 
the factor (1-2.324 ), to give the period for 


an actual beam, of which i is the radius of gyra- 
tion and / the length. 

For small displacements the vibration is sensibly 
simnple harmonic, in which case if y be the maximum 
deflection at the muzzle, and v the linear velocity 
in the mean position, we have 

eT =239r yx, 
or 
‘= 2m Y 
aie 

v works out at 12 ft. per second for the wire- 
wound, and 7 ft. per second for the solid gun. But 
cases of badly-designed wire-wound guns have been 
noted in which v approximated to 50 ft. to 60 ft. 
per second. 








THE TRANSANDINE SUMMIT 
TUNNEL. 
By Joun Poitox, Assoc. M. Inst. C.E. 

Tue Transandine Summit Tunnel forms the 
final link in the line of railway connecting Buenos 
Aires, in the Argentine Republic, to Santiago and 
Valparaiso, in Chili. The inception of this line 
dates back to 1872, when the brothers Messrs. 
Juan and Mateo Clark obtained a concession from 
the Argentine Government to build a railway from 
Buenos Aires to Mendoza and the Argentine 
boundary, and shortly after a concession from the 
Chilian Government for a line from Los Andes 
to the Chilian boundary. The line to Mendoza 
was completed by Messrs. Clark in 1886, and in 
January, 1887, the construction of the extension 
towards the Chilian frontier was taken in hand. 
The line reached Punta de Oacas in 1893. The 
Chilian section of the Transandine Railway, the 
total length of which from the frontier to Los 
Andes is 70 km. 550.91 m., was started on April 5, 
1889. All honour should be accorded to Mr. Mateo 
Clark, to whose enthusiasm has been due the final 
completion of this great work of linking up the two 
sides of a continent, and who has lived to reap the 
reward of his untiring efforts. 

The summit tunnel, which forms the final link 
in the chain connecting Chili with the Argentine 
Republic, and which forms the subject of this 
article, presented in its construction a number of 
features of special interest. The original intention 
was to have a practically continuous tunnel, includ- 
ing a spiral commencing from about km. 62, on the 
Chilian side, right through into Argentina. If this 
scheme had been carried out, all uncertainty as to 
the effect of the snow interfering with the traftic in 
winter-time would have been avoided. In the scheme 
as carried out, the tunnel commences on the Chilian 
side at 69 km. 200 m., and the rack system is neces- 
sary on the approach line to the tunnel for several 
kilometres. It still remains to be seen whether it will 
be possible to keep the line open during the winter 
without snowsheds being required at a large number 
of places. The summit tunnel has a length of 
3028.30 m. per contract section. In addition to 
this there are short lengths of artificial tunnel at 
each end-—viz., 32.10 m. on the Chilian side and 
102.73 m. on the Argentine side. With the excep- 
tion of a short length at the Argentine entrance, the 
Tunnel is straight throughout. The formation level 
at the Chilian entrance is at 3194.75 m., and the 
gradient rises from that entrance at the rate of 
0.75 per cent. for a distance of 757.99 m., and from 
this point falls at the rat» of 0.20 per cent. to the 
Argentine entrance. The longitudinal section, Fig. 1, 
on page 881, shows this clearly. 

In cross section the tunnel is a replica of the 
Simplon Tunnel, the internal area inside the lining 
being 25.314 sy. m. This large section has caused 
great controversy. The conditions of the concession 
would have been complied with by a tunnel having 
an internal area of 16 sq.m. The larger section 
was no doubt decided on with the object of pro- 
viding efficient ventilation, but when it is considered 
that the modern tendency in working the traffic 
through long tunnels is by means of electric trac- 





tion, and that the position of the tunnel is at the 
end of a long narrow valley, at an altitude of 
3194.75 m. above sea-level, and with a prevailing 
wind from west to east, the objectors to the large 
section seem to have had strong grounds for their 
argument. There is already a proposal for the 
electrification of some of the Chilian State Rail- 
ways, and the natural facilities available point to 
the electrification of the Transandine Railway 
within a few years. A cross-section of the tunnel is 
shown in Fig. 2, on page 881. 

A commencement was made on the construction 
of the tunnel by hand labour on the Chilian side on 
December 16, 1905, and on the Argentine side on 
January 6, 1906. Power-drilling was first used on 
the Chilian side in July, 1906, and on the Argen- 
tine side in December, 1906. The work on the 
Chilian side was, in the first instance, carried out 
by sub-contract, under the superintendence of the 
Transandine Company’s engineers. Until August, 
1906, the work on the Chilian side was confined to 
driving a top heading, and from this time onward 
progress was made, sometimes on the heading and 
bench together, sometimes on the bench only, and 
sometimes on the heading only. Several sub-con- 
tractors took the work on hand, the piecework 
rates being continually increased, but the progress 
was very slow, and when the work was taken over 
by Messrs. C. H. Walker and Co., the well-known 
London contractors, on December 1, 1908, the 
tunnel had been taken out full section for a length 
of 575 m., and the top heading had been bored fora 
further length of 288 m., and about 235 m. of the 
tunnel had been lined with concrete. Messrs. 
Walker had already taken over the construction 
of the tunnel on the Argentine side in February, 
1908. 

On the Argentine side the Transandine Company 
had early got into difficulties due to earth-slips at 
the entrance to the tunnel, and had been unsuc- 
cessful in overcoming them. In less than one 
month after commencing work, Messrs. Walker 
successfully overcame the difficulties which the 
Transandine Company had been vainly battling 
against for over two years. Instead of trying to 
tunnel through the loose ground at the entrance to 
the tunnel, they adopted the cut-and-cover system, 
and with complete success. After thus getting 
through the loose ground the construction of the 
tunnel on the Argentine side was proceeded with 
by means of a bottom heading. At first it was 
necessary to use heavy timbering, and the Enylish 
system of sills and top bars in 150-in. lengths 
was adopted. The arrangement is shown in Fig. 3, 
on page 881. When the ground improved lighter 
timbering was used, and ultimately, with a view 
to increasing the rate of progress, the concrete 
arch was built as a ‘‘ flying arch,” resting on side 
benches of rock, which were afterwards under- 
pinned in lengths of about 2 metres. By this 
method the necessity for timbering the roof was 
rendered unnecessary. The bottom headings had 
a sectional area of about 10 sq.m. From 13 to 14 
holes, each 2 m. long, were drilled in the face, and 
the average advance per round was 1.92 m. The 
number of rounds fired per day was 1.14, and the 
average advance per day 2.057 m. The amount of 
rock excavated per round was 19.02 cub. m., and 
this required 4.823 lb. of gelignite per cub.m. The 
maximum progress per month in the headings was 
83 m. After the driving of the bottom heading 
a small pilot heading was first driven above it, 
and the remaining excavation above the springing 
level of the arch taken out. The system employed 
is shown in Fig. 4, on page 881. The maximum 
length of completed tunnel built in one month 
while the heading was in progress was 106 m.; 
and after the headings junctioned the maximum 
monthly progress was about 180 m. 

On the Chilian side, with which the author is 
more familiar, the top heading system, which was 
in use when Messrs. Walker took over the work, 
was continued. Of the part of the tunnel which 
had already been excavated to nearly full section, 
less than half was lined with concrete, and it was 
decided to line the whole without delay. Owing 
to the scarcity of labour, it was impossible to 
carry on the heading, bench, and concrete linings 
simultaneously, and it was therefore decided to 
proceed with the headings and the lining of the 
tunnel, and to leave the bench until more men 
could be obtained. The lining was finished about 
the end of April, 1909, and the men on this section 
were then transferred to the bench, on which, up 
to that time, very little work had been done. 





The average sectional area of the heading was 
about 7 sq. m. The number of hole’ per round 
was from fifteen to sixteen, depending on the 
nature of the rock, and the length of hole was 1.5 m. 
Four Ingersoll Rand E 24, 3}-in. diameter drilling- 
machines were used in driving the headings, 
These were mounted on twocolumns. The average 
number of rounds fired per day was 1.83, and the 
average advance per day was 2.51m. The amount 
of rock excavated per round was 10.6 cub. m., 
and this registered 7.95 lb. of blasting gelatine per 
cubic metre. The maximum progress per month in 
the headings was 114 m. Previous to December 1, 
1908, the maximum advance in the headings was 
52 m. 

While the heading was under construction the 
bench was taken out in one lift, horizontal and 
vertical holes being used, using from ten to twelve 
holes per round. The maximum advance in the 
hench during the period when the heading was also 
under progress was 60m. It may be here men- 
tioned that the principle adopted was to give the 
heading every advantage, the progress on the bench 
being considered of minor importance at this time. 
After the headings were junctioned an upper bench 
was started about 80 m. in advance of the main 
bench. This upper bench was run level until it 
gained a face for itself of about 0.75 m. During 
this period a maximum advance on the main bench 
of 123m. was attained, with a corresponding 
advance of about 90 m. on the upper bench. About 
1.42 lb. of blasting gelatine per cubic metre 
was used on the main bench, and 2.10 Ib. of 
ammunition per cubic metre of excavation on the 
upper bench. The bench excavation was not 
taken out full size, but a small amount of trimming 
by hand excavation was required for the side walls, 
varying from } to 1 cub. m. per lineal metre. This 
hand excavation required about 3} lb. of ammuni- 
tion per cubic metre of rock excavated. The con- 
crete lining was carried along steadily behind the 
bench. 

The rock on the Chilian side was of a much more 
uniform character than that on the Argentine side. 
From the tunnel entrance to about 60 m. from the 
boundary line the rock on the Chilian side was a 
hard volcanic sandstone, very much fissured with 
veins of felspar. Near the boundary line the rock 
changed to a reddish claystone, which was com- 
paratively soft, but which gradually hardened for a 
distance of about 400 metres, and again gradually 
became softer, and having numerous veins of con- 
glomerate ironstone and almost pure felspar. 

The rock, with the exception of the red clay- 
stone, proved very difficult to drill, the large 
number of joint planks tending to make the drill- 
bits skid and jam, and these were a source of 
endless trouble. The conglomerate was even worse 
to drill, sometimes as long as 20 hours being 
required to drill a round of holes in the heading on 
the Argentine side. Very little timber was re- 
quired on the Chilian side, but at the same time 
continual watchfulness was necessary to guard 
against loose pieces coming down unexpectedly, 
and injuring the men; where timbering was 
required it was usually erected in what is known 
as ‘flying horse-heads,” as shown in Fig. 5 on 
page 881. 

On the Chilian side the rock from the top head- 
ings, and latterly that from the upper bench, was 
taken over the main bench by means of an iron 
shoot hung from timber byats placed across the 
tunnel at the top and bottom of the bench. The 
ey he an mains were taken over the bench 
by flexible copper pipes. These pipes were un- 
coupled and carried back when the holes at the 
bench were fired. The whole operation of un- 
coupling the pipes, firing the holes, and recoupling 
the pipes required, on an average, three-quarters 
of an hour to carry out. On the Argentine side 
the bottom heading system did not call for these 
special features. The general method of working 
on the Chilian side is shown in Figs. 6 and 7 on 
page 881. 

-lant.—As it was of paramount importance that 
the tunnel should be completed at the earliest 
possible date, an extensive plant was installed. 
This plant, which is described below, took the 
place of an earlier one, which was erected some 
years before, but which was discarded when Messrs. 
Walker took over the construction. The original 
plant was a compressed-air one, and was operated 
electrically from water-turbine installations situated 
at some distance from the workings. On the Argen- 
tine side the new plant for supplying compresse 
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air to the drills included three 120-brake-horse- | pressor, capable of compressing 439 cub. ft. of free 
power Diesel oil-engines, driving each one duplex | air per 
8-horse-power Ingersoll Rand two-stage air-com- | inch. 





minute to a pressure of 80 lb. per square 
It should be remembered that owing to the 


high altitude the Diesel engines lost about one- 
third of their power. Each engine also drove a 
20-horse-power direct-current dynamo, generating 
current at 220 volts, for lighting the camp and the 
tunnel. 

One 80-horse-power Diesel engine driving an 
Ingersoll Rand compressor as above. 

One 80-horse-power Diesel engine driving one 
B 3 Ingersoll Rand air-compressor with a capacity 
of 178 cub. ft. per minute, and requiring about 
46 horse-power to compress the air to a pressure 
‘of 900 lb. per square inch. The last compressor 
supplied air for two compressed-air locomotives, 
l-m. gauge, made by H. K. Porter and Co.; type 
B.P.P., and having a tractive force of 1950 Ib. 

One 14-in. ‘‘ Buffalo” exhaust fan, driven by 
means of shafting from the large Diesel engines. 

Two l-m. gauge contractors’ four-wheel coupled 
locomotives. 

One small circular-saw bench. 

Fifty earth cars of a capacity of 3 cub. m. 

In the tunnel 3}-in. Ingersoll Sargeant E 24 rock- 
drills were chiefly used, as many as sixteen being 
at work at one time. A few M.V. hammer-drills 
and hand-plug drills were also used. These hammer- 
drills proved very convenient and did good work 
where the rock was not too hard, but the writer 
does not consider them an economical tool in hard 
rock. The E 24 Ingersoll Sargeant drill proved a 
very strong, reliable tool, requiring very little 
repair; but it could not be called an efficient tool, 
the power developed at the end of the drill steel 
being only about 16 per cent. of the power required 
in the engine-room. 

The compressed-air locomotives were a great 
success, and were of inestimable service in improv- 
ing the venilation of the tunnel as compared with 
the steam locomotives. 

On the Chilian side the following plant was 
installed :— 

Two 120-brake-horse-power Diesel oil-engines, 
driving each one two-stage air-compressor, similar 
to those on the Argentine side. A 22-kilowatt 
220-volt direct-current dynamo was driven from 
one of the Diesel engines, and two 10-kilowatt 
220-volt direct-current dynamos were driven from 
the other engine. 

One 200-brake-horse-power Kynoch gas-engine, 
with gas-generators, driving an air-compressor 
capable of a 648 cub. ft. of free air per 
minute to a pressure of 80 lb. per square inch. 





One 30-brake - horse - power Petter oil -engine 
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driving three 14-in. ‘* Buffalo” exhaust-fans and 
a screw-cutting lathe. 

One 3-horse-power electric motor driving a cir- 
cular saw, and one 10-horse-power electric motor 
driving an 8-horse-power Blake stone-crusher. 

Two air-receivers. 

The traffic in the tunnel was carried out by mules 
and Decauville cars. 

The Diesel oil-engines and the Petter engine 
were a great success. About twelve E 24 Ingersoll 
Sargeant drills were in use on the Chilian side, and 
one or two hammer-drills were used intermittently. 

Inside the tunnel a double row of 4-in. wrought- 
iron pipes were installed fur conveying the com- 
pressed air to the drilling-machines, and a single 
20-in. galvanised sheet-iron pipe was fixed near 
the top of the tunnel for conveying the exhaust 
air. The 4-in. pipes had screwed joints, but every 
fifth joint had Py This cuties broken pipes 
to be readily replaced. Electric light was also 
installed in the tunnel. 


Drill-Steels,—The author is of the opinion that 
more attention should be given to the sharpening 
and tempering of the drill-steels than is usually 
done in tunnel work. Steels breaking in the drill- 
holes cause great delay, and although this may be 
due to bad drill-men, it is more often due to care- 
less temperings of the steels. A skilled blacksmith 
will readily tell from the condition of the ends of 
the drill-steels when they come out of the tunnel 
whether he is giving the proper temper, and only 
skilled blacksmiths should be employed for sharpen- 
ing the drill-steels. Hollow drill-steels with rose- 
shaped ends were generally used with the hammer 
drills, the exhaust air passing through the drill- 
steel and blowing out the dust from the hole. 
These hollow steels proved very ditticult to sharpen 
properly. When tempered directly in water, 
cracks were liable to occur about 4 in. from the 
rose end of the steel. This trouble was over- 
come by first tempering the steel in oil for a brief 
period, and then completing the cooling in water. 

A few statistics relative to the work on the 
tunnel may be of interest. The figures given refer 
in nearly every case to the Chilian side. 

Top Heading. 

Total distance drilled from Chilian end 
since December 1, 1908, to the point 
of junction of headings ~ 

Blasting gelatine used ... 

Blastings gelatine used 
metre ee wes ose cos oe 

Blasting gelatine used per cubic metre 

Number of times drill -steels were 
sharpened ‘ie WF oa a 

Average distance drilled by each steel 

Total weight of drill-steel used ss 

Weight of drill-steel used per cubic 
metre of rock excavated ae oes 

Average time required to complete one 
round :— 

Erecting and dismantling machines 
Drilling round me 
Clearing débris from 


839.41 m. 
ren 51,493 Ib. 
per lineal 
61.33 ,, 
7.95 5, 
24,570 
1.87 ft. 
4855 lb. 


75 ” 


0.93 hrs. 
5.55 
6.90 


13.38 ,, 
During the last four months the above average time 
was reduced to about 10 hours per round. 

Average number of rounds fired per day 

Average progress per day we 

Maximum advance (October, 1909) 

Main Bench. 

Total distance excavated since De- 
cember 1, 1908, to the boundary line, 
where the meeving-place with the 
Argentine side took place 

Total rock excava' age 

Total ammunition used ... a se 

Ammunition used per lineal metre ... 

Ammunition used per cubic metre 

Maximum progress in one month 
(January, 1910)... , " : 

In driving the heading fifteen or sixteen holes 
were usually drilled on the Chilian side. The 
practice originally adopted on this section was to | 
tire the four centre holes first (these holes were 
drilled so as to form a cone), then the top holes 
and side holes, and lastly the bottom holes and 
any sockets which might have been left from the 
second set of holes. This triple sequence of firings 
necessitated the men throwing back the débris 
to leave the face three times, and waiting for 
about half an hour until the smoke had settled 
before returning to the face. To overcome this 
delay electric firing was tried in two divisions, 
first the centre holes and then the remaining top, 
bottom, and side holes being fired. This brought 
about a saving of about 14 hours per round, but the 


1 face ... * 





1.83 
2.51 m. 


114 m. 


784.65 m, 
... 15,089 cub. m. 
21,515 Ib. 
27.4 lb. 
1.42 ,, 


123 m. 








THE 








Fic. 9. 
noise of the explosion was so nerve-shattering, and 
the cost of this process was so much greater than 
when fuses were used, that it was decided to return 
to fuse-firing, but to charge and light all the holes 
at one time, the fuses for the four centre holes 
being cut shorter than the others. This method 
was a success, for although there was very little, 
if any, saving in time compared with the electric 
firing, the cost was greatly reduced. 

The different methods adopted on the Argentine 
and Chilian sides in the construction of the tunnel 
formed an interesting contrast ; and although the 
different systems have been discussed and criti- 
cised time without end, each party claims to have 
adopted the proper method. it was proved, how- 
ever, that where the rock is sufticiently solid to 
render timbering unnecessary, or necessary only at 


a few isolated places, the top-heading system is the | 


more economical. It is generally admitted, none 
the less, that in the sense of making up for lost 
progress due to accidents and other abnormal 
delays, the top-heading system is not so elastic as 
the bottom-heading system, but under normal con- 


, ditions the progress is equal for the two methods. 


TRANSANDINE 








SUMMIT TUNNEL. 


PortILLo Camp. 


The work was carried on in eight-hour shifts, night 
and day, without a stop, from one month’s end to 
the other. The only stoppage was for two days, when 
the headings junctioned on November 27, 1909. 

The lines and levels checked in very well, and 
were as follow :-— 

Difference in level, ; in. 
” line, 2? in. 
Chainage, 2.14 m. less than calculated distance. 


It is interesting to compare the progress previous 
to and after the time when Messrs. C. H. Walker 
and Co. took charge. On the Argentine side prac- 
tically no progress had been made from January 6, 
1906, when the tunnel was started, until February, 
1908, when Messrs. Walker took over the works. 
On the Chilian side Messrs. Walker began opera- 
tions on December 1, 1908, and the rates of 
progress before and after that date are as follow :— 

Previous to December 1, 1908. 
], m. per 
month. 
354 months = 24. 
354 = 16.2 


354», = 68 


575 


235 


Top heading ... 8631. m. in 
Bench ) 


Concrete lining 


” 
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Fie. 10. View or Guacters; CaRACOLES. 

















JUNCTION OF HEADINGS. 






Fig. 12. 











Fic. 14. Break-Up, showine Timperine ; Cugvas Sipe. Fic. 15. Break-Up; Curvas Sipe. 
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After December 1, 1908. 
1, m. per 
month. 
... 839.4 1, m. in 11.9 months= 70.0 
Bench ... ... 784.65 5.5 50.6 
Concrete lining 1160.1 73.8 

To the ordinary traveller passing near the tunnel 
the camps on either side must have appeared one 
vast area of corrugated iron. Owing to long winter 
and snowfall, which had to be provided against, 
a large amount of covered-in space was necessary 
for storage purposes, and the various buildings 
and sheds were all connected together by passages. 
The snowfall is by no means extraordinary, very 
rarely amounting to 3m.; but owing to its light 
powdery character and the fierce winds which 
usually rage when the snow is falling, the latter is 
piled up into immense drifts, often 20 ft. high. 
In the opinion of local guides the winters during 
the last three years have been comparatively mild. 
It was necessary to provide for the camps being 
isolated for six months in the winter time, and 
stores and provisions for this period had to be 
provided. A view of the camp at Caracoles, on the 
Chilian side, is given in Fig. 8, on page 882 ; while 
Fig. 9, on the same page, shows the camp at 
Portillo, further down the line on the Chilian side. 
Figs. 10 and 11, on page 883, give further views 
of the Caracoles camp. 

The maximum number of men employed on the 
Chilian side was about 640, but on the Argentine 
side over 1000 men were sometimes at work. 
This, however, was only on rare occasions—800 to 
900 being the usual number. With the exception 
of a few Spaniards and Italians and Englishmen, 
the labour was entirely Chilian. When properly 
managed the Chilians make very good workmen, 
and some of them are first-class drillmen. 

Mr. E. M. Simpson was chief representative of 
the works on behalf of Messrs. C. H. Walker 
and Co., while Mr. E. Knapneau was their resident 
agent from July, 1908, until the completion of the 
tunnel, with Mr. J. G. Fraser as assistant. The 
author was resident agent on the Chilian side, 
and had as chief assistant Mr. J. A. Crum. 

The official inauguration of the Chilian section 
of the tunnel took place on April 5, 1910, this date 
being the anniversary of the battle of Maipu, 
when the crowning victory of the Chilians in their 
war of independence against Spain was gained. A 
representative body of officials from Argentina were 
invited to the inaugural ceremony by the Chilian 
Government, and immense enthusiasm was dis- 
played. Some views of the tunnel working are 
given in Figs. 12 to 15, on page 883. Fig. 12 shows 
the junction of the headings, while Fig. 13 shows 
part of the Ingersoll drill plant in —— for 
working. Figs. 14 and 15are views of the break-up 
on the Cuevas side, Cuevas being the situation of 
the entrance camp in the Argentine. 
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SECTION B.8B. 


THE NAVAL YARD AT THE CAPE 
OF GOOD HOPE. 
(Concluded from page 820.) 
Tue Factory Buritpine. 

Tue factory building, which is illustrated by the 
secticns and plans on the present page, Figs. 113 
to 116, is situated on the west side of the graving- 
dock, is 555 ft. long by 86 ft. wide, and comprises : 
—Engine-fitting shop, boiler-shop, gun-mounting 
shop, coppersmiths’ shop, foundry, smithery, ship- 
machine shop, ship-fitting shop, saw-mills, and 
joiners’ shop. 

These shops have been equipped with all neces- 
sary electrically-driven overhead travellers (ten in 
number) by Messrs. T. Smith and Son, of Rodley, 
The capacities of the travellers range from 
20 tons to 2 tons, and the lighter ones can be 
— from the ground level. The equipment 
also comprises all requisite vice-benches, cupolas, 
blowers, furnaces, and a large number of machine- 
tools. The driving throughout is by electric motor. 

The electrical energy for power and light at the 
new yard is being taken from the electrical station 
at the adjoining old yard, at which the generating 
plant has been increased to meet the demand. At 
the new yard an Allen’s dynamo, with vertical oil- 
engine by Hornsby, has been installed to form a 
stand-by, or to meet exceptional loads. 

The shops were built on pile foundations and 
concrete footings. The walls are of local stone and 
granolithic concrete dressings. The building is 
divided longitudinally into 25-ft. bays, and, as 
shown in Fig. 113, only two of these bays have an 
upper floor, constructed in this instance over the 
saw-mill, to accommodate the joiners’ shop. The 
structural details of the columns and roof are 
— on page 885 (Figs. 117 to 129). Double 
columns are provided for supporting the roof and 
carrying the traveller girders and the girder for 
the bearing of the shaft driving the machine-tools. 
These columns, with the girders, are clearly shown 
in the drawings reproduced. The main columns 
are illustrated in elevation in Figs. 117 and 121, 
and ‘in plan in Fig. 126. The columns are, it will 
be seen, made up of two members braced together, 
and on the top of each pair of members there is a 
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SECTION C.C. 


|short column which carries the roof-girders, as 
shown in Fig. 121. Upon the top of the two 
members, and securely bolted to them, are the 
traveller-girders, which are of the plate type. The 
steel rails for the travellers are 75 lb. per yard. 
The roof-girders are of the lattice type, and the 
principals, of 25-ft. span, are spaced generally 
6 ft. 10 in. apart, and have the usual louvres for 
ventilation. The roof on one side is covered with 
1j-in. grooved and tongued boarding and slates, 
and on the other with rolled plate-glass, } in. thick. 
The floor of the shop generally is formed of a 
concrete bottom, with a wood-block paving on top. 


THe CRANES ON THE Bastin WALLS. 


Two electrically - driven Fairbairn or ‘ swan- 
necked ” cranes of 50 tons and 20 tons working capa- 
city are erected upon the west and east basin walls 
respectively. Each of these cranes, which were 
manufactured and erected by Messrs. Cowans, 
Sheldon, and Co., Limited, Carlisle, lifts its maxi- 
mum load at a radius of 65 ft., and can revolve with 
it through complete circles. Figs. 130 to 133, page 
886, illustrate the 50-ton crane ; the other differs 
only in detail. Separate light lift-gear is provided, 
and, in the case of the 50-ton crane, each purchase 
is suspended from a jib-head racking-trolley, which 
has a horizontal in-and-out motion of 10 ft. In the 
case of the 20-ton crane the heavy purchase only is 
operated through the racking-trolley. The maxi- 
mum height of lift from ground level is, in each 
case, 65 ft., and either hook can descend to a depth 
of 45 ft. below ground level. 

One 30-ton steam travelling dockside crane has 
been supplied by Messrs. Ransome and Rapier, 
Limited, Ipswich. It is arranged to work on 4 
track of 15-ft. gauge, and can travel by its own 
power along either side of the graving-dock with 
working load suspended. It is illustrated by Figs. 
134 and 135, on page 887. The maximum radius at 
‘which the 30-ton load can be safely operated 1s 
55 ft., but proportionately lighter loads can be 
manipulated from the centre of the dock, or at 4 
radius of 70 ft. The jib can be derricked in to 4 
minimum radius of 30 ft. 

Two special type fast-working electrically-driven 





grab coaling-cranes, to work on a special broad 
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track on the east breakwater, are at 
construction by Messrs. Cowans, She 
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don, and Co., | than 50 tons per hour. required. 


Limited, and it is anticipated that each of these} Embodied in the masonry work of the west wall | CaPsTAns. 
Eighteen hydraulically-operated capstans of 16 


will discharge coal from colliers to the coal-sheds, or | of the basin is the foundation for a set of 100-ton 





ange under | from the sheds to battleships, at a rate of not less | sheerlegs, which can be brought into use when 
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NEW NAVAL YARD AT THE CAPE OF GOOD HOPE; 50-TON ELECTRIC CRANE. 


CONSTRUCTED BY MESSRS. COWANS, SHELDON, AND CO., LIMITED, CARLISLE. 
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Fug. 133. PLAN SHOWING POSITION OF ELECTRIC GEAR. 
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ew Cross, S.E. The requisite water- | su 
pressure is taken at 700 lb, per square inch from | whole of the;contract. 


the accumulators of an hydraulic 
pumping -set erected in the dock 
pumping machinery house, as 
previouslydescribed. The power- 
distributing mains are carried 
around the basin in specially con- 
structed ‘‘ subways,” where they 
are always accessible for exami- 
nation and repairs. 


CoNncLuSION. 


The works were designed and 
begun under the supervision of 
Major Sir Henry Pilkington, 
K.C. B., R.E., Engineer - in- 
Chief, and, on his retirement, 
the supervision of the work was 
undertaken and carried to a suc- 
cessful completion by Colonel Sir 
Edward Raban, K.C.B., R.E., 
Engineer-in-Chief and Director 
of ,Works, assisted by Mr. T. 


tons capacity have been erected on the dock and| Sims, C.B., M. Inst. C.E., Assistant Director of 
the General Engine and Boiler; Works, while Mr. D. Macfarlane, M. Inst. C.E., 
perintended the execution of the work during the 





The mechanical and electrical engineering part of 
the work was arranged and carried out under the 
supervision of the Director of Dockyards, Mr. J. 
B. Marshall, C.B. 





Wirrp Leap Jornts.—Most municipal authorities 
specify in their regulations that all connections in 
plumbers’ work shall be made with wiped joints. This 
is done because the wiped joint has hitherto been the 
standard of excellence in sanitary work. Recently, how- 
ever, some sixteen Metropolitan and provincial sani- 
tary and water authorities have permitted the use of the 
Amalgaline system of plumbing of the Metal Jointing 
Company, Limited, of 71, Strand, London, in place of 
the usual wiped joints. We described the system in our 
issue of March 4, but may recall the fact that the work- 
man is provided with special tools by which he can cone 
the ends of pipes to anaccurate fit. A ribbon of amalga- 
line, x}, in. thick, is laid between the male and female 
cones, and then the whole is heated by a blow-lamp. Inti 
mate union of the two metals takes place at a temperature 
much below the melting-point of lead. We recently saw 
a series of tests on such joints, which fully justified the 
action of those authorities who have ceased to require the 
exclusive use of the wiped joints. It is claimed that any- 
thing which can be done by the plumber in sanitary work, 
water fittings, and the jointing of lead-encased electri: al 
conductors, can be done equally well, and far more quick!) 
and neatly, by the © process. 
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THE DE-CLOR WATER-PURIFICATION 
SYSTEM. 


On the recommendation of Mr. Leslie C, Walker, 
the Town Council of Reading last October adopted 
the De-Clor system of final filtration for its South- 
cote water works. According to a paper recently 
read by Mr. Walker before the Association of Water 
Engineers, on ‘‘ The Eliminating Effect of Chlorine 
upon the Bacteria of River Water,” the plant was, 
under his own supervision, put into operation in 
March, 1910, and purchased and adopted, as stated, 
before the expiration of the full-trial period of 
six months. Water purification by means of 
chlorine is, of course, not novel. Chlorine in very 
minute quantities will, under certain conditions, kill 
bacteria, but it has to be applied in excess, and 
this excess ought to be removed before the water 
enters the mains, because free chlorine imparts an 
unpleasant taste and odour to water, and may be 
injurious to health. It does not “pI r that the iron 
of the pipes will absorb the free chlorine—corrosion 
might result if it did—and when chemicals like 
sodium bisulphite are added to the water to destroy 
the chlorine, an excess of these additions, which 
would have equally unpleasant consequences, is as 
difficult to avoid. 

The De-Clor system is said to avoid these diffi- 
culties. The chlorine is introduced as a solution of 
chloride of lime, which is automatically injected by 
a special apparatus into the main that supplies 
unfiltered water to the De-Clor filter ; this filter 
contains specially-prepared carbon, which is said 
to absorb all the free chlorine, and the filtering 
capacity of the installation is claimed to be excep- 
tionally high. The water dealt with is that of the 
Kennet River, which has supplied Reading with 
water since 1575. The river water es first 
through the pre-filters, due to Mr. Walker’s father, 
which were mstalled in 1889, and is then pumped 
continuously through the De-Clor pressure filter, 
which has been constructed by the Candy Filter 
Company, Limited, 5, Westminster Palace Gardens, 
London, S.W. This is circular in section, 8 ft. 3 in. 
in diameter, 17 ft. 6in. high ; it is provided with a 
domed top and bottom, and built in mild steel. 
The water, distributed by means of a tray, passes 
down the chamber —— the upper portion of 
the filter in about half an hour, during which it 
is in contact with the chlorine. The lower 5 ft. 3 in. 
are taken up by the filter proper, which consists of 
three superposed compartments ; the first and third 
are filled with graded sand, and the second com- 
partment holds a layer, 20 in. in thickness, of the 
specially prepared carbon or charcoal. Swing doors 
are fitted to this central compartment for re- 
charging. So far, Mr. Walker explained, the bed 
had only once been re-charged at the end of five 
months ; all that was necessary in ordinary working 
was to clean the filter once a week by reversing the 
water current for 20 minutes, and using about 1500 
gallons of wash - water. As 192,000 gallons of 
water were passing through the filter per day, or 
8000 gallons per hour, this cleaning could not be 
considered wasteful. The superficial area of the 
filter was nearly 6sq. yds., so that it was working 
at the rate of 32,000 gallons per square yard per 
day, eighty times the usual rate of sand filtration. 
The chlorine apparatus consisted of two cylindrical 
tanks, one in operation, the other in reserve, each 
of a capacity of 250 gallons, anda small three-throw 
pump driven from the main pump shaft. The 
chloride of lime being mixed with water in a hand- 
mill, the mixture was run into one of the tanks 
diluted with water, and after settling, was sent 
through a regulator into the inlet main ; a hydro- 
pneumatic injector may probably be substituted 
for the pump. 

The purification effected was remarkable. It has 
been shown that the filter plant removes the B. Coli 
Communis, which has always been absent from 
100 c.c. of the water after filtration, and of the other 
bacteria, which are harmless, from 98 to 99.7 per 
cent. were removed. The final report of Professor 
Wm. R. Smith, M.D., principal of the Royal Institute 
of Public Health, states that, in consideration of the 
results obtained, both chemical and bacteriological, 
the filter can be safely recommended for effective 
filtration purposes. On an average 6775 colonies of 
bacteria were found per cubic centimetre of river- 
water, the Bacillus Coli being always present in 
either 0.1 or 1.0 c.c. The pre-filter reduced the 
number of colonies to 579, and hardly affected the 
number of the Bacillus Coli. The De-Clor filter 
reduced the colonies to 33 per c,c., and removed 


the B. Coli so effectually that on all the twenty-six 
occasions of special analyses not one Bacillus Coli 
could be found in 100 c.c. The cost of the chloride 
of lime applied worked out to 2s. 2d. per million 
gallons of water treated ; the first cost of the filter 
was half that of a sand filter, and the space only 
about one-twentieth. The declorinating carbon 
could be revivified at a cost that seemed to be 
infinitesimal. 

It has been decided by the Reading Corporation, 
on account of the success of the experiments, to 
adopt the ‘‘ Candy De-Clor” filters, and to extend 
their use as occasion may require. It ought to be 
distinctly to the advantage of water engineers and 
authorities that the Reading Corporation have seen 
their way to make public the results of these 
experiments. Further information will be awaited 
concerning them, as to their life, &c. 








THE PHYSICALSOCIETY’S EXHIBITION 
OF SCIENTIFIC APPARATUS, 
(Concluded from page 868.) 

Tue ‘‘ Dionic ” water-tester of Messrs. Evershed 
and Vignoles is the apparatus which Messrs. 
Pollard Digby and C. W. V. Biggs brought before 
the Faraday Society last summer, and which we 
described on that occasion.* Easily made conduc- 
tivity tests of the water are suggested for measuring 
the hardness of water, the leakage of cooling water 
into surface-condensers, the sewage pollution of 
rivers, the purity of distilled water, and other 
purposes. 

The Foster Instrument Company, of Letchworth, 
Herts, exhibited the ‘‘ Fixed focus” Foster radia- 
tion pyrometer, which Mr. C. E. Foster presented 
to the American Electrochemical Society last May. 
It may be described as a pyrometer of the Féry 
type, in which the radiated heat enters through 
the diaphragm at the front end of the tube and 
strikes a concave mirror at the back of the 
tube, producing a heat image of the diaphragm 
in the focus, in which the hot junction is 
_— The object is to bring the hot body to 

e examined, so to say, close up to the diaphragm, 
so that no focussing is required. For this purpose 
it is necessary that the aperture of the diaphragm, 
as seen from any part of the mirror, should be filled 
with radiations from the hot body, and the hot 
body should fill or overlap the radiation cone in the 
tube. Unless the source of heat—the body—be too 
small or too near, no focussing will then be re- 
quired (hence the term ‘‘ fixed focus”), and if the 
body should be too near, the apex of the cone can 
be shifted and fixed by means of a ring and a 
clamping-nut on the outside of the tube. A good 
commercial accuracy is claimed for this instrument. 
The end of the tube may be inserted into the fur- 
nace, and the instrument can also be used for deter- 
mining the temperature of a jet of molten metal, 
in which case ‘‘ black body ” conditions would not 
be fulfilled. The Foster ‘‘ base-metal” thermo- 
couples of cheaper instruments consist of constantan 
and another alloy. 

Messrs. A. Gallemkamp and Co. showed the im- 
proved Mahler-Kroeker bomb calorimeter, a simple 
thermo-electric generator in which the free 
(mounted on metal blades) are arranged along both 
sides of a perforated tube, which serves as gas burner, 
and the Schnedewindt electric hot plates made of an 
asbestos composition. Of the exhibits of Messrs. 
Gambrell Brothers, we mention the new potentio- 
meter and the working models of practical forms of 
instruments for electrical engineers, designed by 
Mr. J. Paley Yorke, principal of the Poplar School 
of Engineering and Navigation. Messrs. J. Griffin 
and Sons had a Reden mercury air-pump in action, 
which we illustrated about a year ago,+ and also an 
improved form of the hygroscopic battery of Mr. 
W. S. Tucker, of the West Ham Polytechnic ; in 
all essential points the battery remains as we 
described it last year. Meteorological instruments 
were the specialities of the exhibits of Mr. James 
J. Hicks. 

Messrs. Adam Hilger, Limited, exhibited a new 
échelon of thirty-three plates, each 15 mm. in thick- 
ness, resolving power 500,000 (made for the Uni- 
versity of Leipzig); the new Féry spectrograph, 
which we illustrated in connection with our account 
of the British Association meeting at Sheffield,t a 
direct-vision grating spectroscope reading to an 
* See ENGINEKERING, vol. Ixxxix., page 755. 

+ Ibid., vol. lxxxviii., page 735. 





} Jbid., page 519 ante, 





accuracy of three units direct in wave- lengths 
(range, 7000 to 4000); and a very neat, small direct. 
vision spectroscope, a tube 33 in. in length, contain- 
ing a small Fabry and Perot étalon. This instrument 
was used for an excellent demonstration of the 
Zeeman effect, a helium bulb being mounted on 4 
strong electro-magnetic field. For an equally 
successful demonstration of the anomalous disper- 
sion of sodium vapour the sodiuin was heated, by a 
Bunsen burner, in a steel tube 3 ft. in length. © 

The India-Rubber, Gutta-Percha, and Telegraph 
Works showed various substantially-built primary 
batteries of the ‘Silvertown Bleeck-Love ” type, a 
two-fluid cell with a perforated carbon cylinder 
and a new depolariser, giving 2.7 volts and allow- 
ing discharges at 2, and even 3, amperes. The 
Rymer-Jones patent condenser (plates of mica 
radially arranged within a glass cylinder) was 
noticed last year. 

The magnificent universal projection apparatus 
of Messrs. E. Leitz, of London and Wetzlar, 
should be seen to be appreciated. The Kaiserling 
apparatus consists of an iron frame built up of 
steel tubes. The positive carbon is horizontal 
i.e., in the optical axis, the negative carbon under 
it at right angles, so that the crater of the positive 
carbon is left clear ; this disposition is said to raise 
the candle-power by 50 percent. The slides can 
be projected in the horizontal or vertical position, 
and the lamp turned about its horizontal trans- 
verse axis, so that the beam strikes the table under 
any angle. When the hand is placed on the table 
a brilliant image is thrown on the screen, and this 
epicopic or diascopic projection is applied for 
objects which must be maintained in a vertical 
or horizontal position within a liquid. 

The continuous-current transformers of Mr. Leslie 
Miller, of 66, Hatton Garden, E.C., were, in the 
portable forms exhibited, intended chiefly for light 
medical work, &c., but may be utilised for general 
purposes. The transformers are of the Tesla type, 
and the work in series with a condenser is shunted 
across the interrupter of the continuous current, 
which, taken at 100 or 250 volts from the mains, 
can be converted into high-frequency alternating 
current for lighting low-voltage lamps, heating a 
cautery burner, &c., by means of two regulating 
transformers contained in a case measuring a few 
inches, A high efficiency of 80 per cent. is claimed. 
In another convenient form of transformer shown 
a ring-coil slides on a rod-shaped primary, both coils 
being encased in ebonite. 

Messrs. Morris and Lister, of Coventry, con- 
tented themselves with showing one novelty, which 
attracted much attention—their time-element 
circuit-breaker. Circuit-breakers depend upon mag- 
netic effects ; whether or not another variable ele- 
ment is desirable for them remains an open ques- 
tion. But for motor work a good protection against 
too sudden and sensitive breaks is desirable, and 
the delay should be greater with small overloads 
than with large ; otherwise the device would have 
to be set high not to trip with the large momentary 
starting current. The breaker exhibited by Dr. 
D. K. Morris and Mr. J. A. Lister was a 150-am- 
pere free-handle pattern, suitable for alternating 
and direct-current work. The switch-arm contains 
two flat strips of an alloy (silicon copper), through 
which the main current flows; the strips are 
disposed edgways and form parts of a catch, which 
does not open until the strips get warm with the 
current flowing through them ; then a spring is 
released, and the current is broken. 

The electro-magnetic rectifier shown by Messrs. 
Muirhead and Co., the electro-ampere rectifier of 
an Italian-—Mr. Giglio—is a very simple apparatus, 
which, it is claimed, rectifies alternating current for 
the purpose of charging accumulators or feeding 
small motors, &c., at an efficiency of more than 90 
per cent. The instrument also acts as an automatic 
cut-out, which, if the main current should fail, 
will stop in its action, and thus cut off the battery 
and prevent its discharging back. A box contains 
a large coil, the two small coils of an electro-magnet 
next to it, and a vibrating armature in front of these ; 
the box is mounted on a switchboard. Tappings 
are taken from the large coil to the small coils ; the 
armature is a bar-magnet, on which two coils are 
fixed,; bent flat springs are attached to the ends of 
the bar and rest against screws, and the two coils 
are in series with the first cell of the battery to be 
charged. Another pair of spring-arms attached to 
the middle of the bar rests against two other screws 
which form the terminals of a circuit, comprising 
two condensers and fed from the two secondaries 
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of the large transformer ; the neutral point of the 
secondaries is joined through the battery to the last- 
mentioned spring-arms. The device is said to 
utilise the full wave without sparking, and to work 
with the same efficiency on any load. 

Messrs. Nalder Brothers and Thompson showed 
portable standard ampere-meters and volt-meters ; 
Messrs. Negretti and Zambra meteorological instru- 
ments, recording rain-gauges, &c.; Messrs. Newton 
and Co. exhibit specialities in and for X-ray tubes, 
the Apps-Newton “Instanta” coil, the Dessauer 
mercury interrupter (a pear-shaped iron vessel 
turned by an electric motor, in which contact is 
made between the mercury swirled into the upper 
part and a rotating copper blade), Muller heavy 
anode tubes, and a prism stereoscope for examining 
X-ray negatives by means of two silvered prisms 
so arranged that the reflected images present a 
parallel glass surface to the eyes. 

The interchangeable unipivot instruments of Mr. 
R. W. Paul have been mentioned in connection 
with our remarks on the British Science Section of 
the Brussels Exhibition, and on other occasions. 
Mr. Paul showed this time a unipivot universal 
set for direct-current measurements, ranging from 
(.0000002 ampere to 120 amperes, from 0.0001 volt 
to 600 volts, and from 0.00001 ohm to 10 ohms 
and up to 3000 megohms, also for power measure- 
ments and the localisation of faults. Two milli- 
voltmeter ranges are provided, reading to 0.1 and to 
1 millivolt. In the high-frequency milli-ampere- 
meter the unipivot indicator is combined with a 
compact thermo - junction or a Fleming high- 
frequency shunt. The novel manganin current 
shunts of the firm are tubular and slotted ; being 
standardised to decimals of an ohm, they are inter- 
changeable ; the manganin tubes are soldered into 
copper plugs, formed into terminals. In the new 
series resistance-boxes the blocks are not screwed 
to an ebonite plate, but are embedded in the plate 
of insulating material and keyed into it. The plug- 
holes are coned, and the plugs form keys to which 
insulating knobs are cast. In the decade standard 
resistance-box, the coils of manganin (hard soldered) 
are mounted on vertical shafts provided with ball- 
bearings ; any set of coils may be lifted out of 
the box after removing the brush from its bearing. 
The brushes are highly laminated ; each brush is 
held down by two independent springs; every 
lamination makes direct connection between one 
dial and the next, there being no internal wire 
connections. The whole is mounted on an alumi- 
nium frame and immersed in oil. Mr. Paul also 
winds a test-wire, about 15 yards in length, on a 
drum, about 5 in. long, 24 in. in diameter, to make 
contact as in a bridge ; this device is utilised also as 
a fault-localiser. The vibration galvanometer due to 
Mr. A. Campbell is now. made by Mr. Paul adjust- 
able to frequencies ranging from 50 to 1000. 

Messrs. W. G. Pye and Co., of Cambridge, had 
D’Arsonval (moving-coil) galvanometers of most re- 
markable sensitiveness on view. For the ‘‘Granta ” 
reflecting galvanometer a sensitiveness of 4 x 10—10 
is claimed ; another pattern, combined mirror and 
pointer, has a sensitivity of 4 x 10—8 forthe mirror 
scale, while the pointer gives three divisions per 
micro-ampere. The characteristic feature of these 
simple instruments is the magnetic field. Novel 
Dolezalek electrometers were also shown. In 
the three-sphere spherometer of Mr. A. C. W. 
Aldis, the pointed legs on which the spherometer 
stands are replaced by three steel lis ; this 
arrangement is considered both to be mechanic- 
ally excellent and to ensure greater accuracy ; 
several forms of this spherometer were exhibited. 
Messrs. Pye and Co. further displayed a variety of 
physical apparatus for the laboratory due to Mr. 
G. F. Searle and others. 

Messrs. Reynolds and Branson, of Leeds, also 
showed apparatus chiefly designed for the teacher 
and student in addition to instruments for testing 
and analysis. To the latter class belong the chro- 
meter for the correct registration of the colour 
value of transparent solution, the ureameter, and 
other apparatus of the Dimmock-Branson patterns ; 
to the former lanterns (Stroud and Rendell 
‘aerenang and polariscopes, comprising the Rystos 
antern polariscope, which is modified to the sug- 
gestion of Dr. Dwerryhouse, Professor of Geology 
at Ielfast ; the analyser and polariser can be rotated 
in unison, and the tube of the former easily be 
removed. Among the accessory apparatus of 
Messrs, Reynolds and Branson we mention the 
neat way of demonstrating focal length. Three 


parallel beams of light, passing through red, green, 





and blue glasses respectively, fall on a concave 
mirror which is inclined at an angle ; the reflected 
rays cross one another in the focus ; lenses can 
also be interposed in the paths of the rays. 

Messrs. Strange and Graham, whose ribbon metals 
we noticed on previous occasions, demonstrated 
this time the ‘‘ Vilcar” mechanism of Mr. W. V. 
Gilbert, by a model illustrating flapping flight. We 
explained the principle of Mr. Gilbert’s anti-elastic 
levers by a little diagram last year.* When a strip 
of paper is held between the thumb and finger, and 
— sideways, the fingers pressing against the 
ong edges, the ends of the strip (which was so far 
straight) will bend towards one another, and if the 
pressure is repeatedly applied, a rhythmical flap- 
ping will result. The piece of paper was this 
year replaced by a rectangular piece of steel-foil 
slotted in the middle for a portion of its length. 
This strip was mounted on a sheet of stout paper 
shaped like a bird’s wing. Two such wings were 
attached to a body which contained a gearing 
fixed to the end of a long horizontal steel shaft 
turned by an electric motor (} horse-power): at 
its other end. The gearing was such that each 
steel strip was alternately squeezed and released 
(like the paper in Fig. 5 of our Jast year’s article), 
the two wings being squeezed in unison. The 
wings then flapped up and down, and the bird rose. 
The experiment was intended to demonstrate that 
a lift is obtained in this way. With the machine 
shown the number of beats should not exceed 
75 per minute to secure a good lift. 

Messrs. H. Tinsley and Co. exhibited notable 
improvements in their electric measuring appa- 
ratus, due to Dr. C. V. Drysdale and Mr. Tineley. 
In the alternating-current potentiometer of Drys- 
dale the sine-flux phase-shifting transformer now 
gives a pure rotating field, so that at constant 
frequency and voltage no adjustment for current is 
required. The vector diagrams displayed illus- 
trated some remarkable research work done with 
this instrument on phase-generators, on the dis- 
tribution of magnetism in a long bar, and on the 
current and phase displacement in 240 miles of 
artificial telegraph cable (at intervals of 10 miles). 
In the vibration galvanometer the moving system 
is entirely independent of the galvanometer wind- 
ings, andthe galvanometer is tuned by sliding, by 
means of a milled nut, a heavy magnet shunt along 
the permanent magnet. In the non-inductive 
shunts of Drysdale, for alternating-current poten- 
tiometers, the manganin sheet is doubled back 
upon itself ; the inductive error is said to be less 
than one part in a million at 50 cycles per second, 
and to be practically constant for og Aa a 
cities with a given voltage drop. he Tinsley 
universal potentiometer shown gave readings from 
one-millionth of a volt up to 20 volts ; by means of 
a shunt the range can be divided by 10. 

The instruments exhibited by Messrs. Townson 
and Mercer were Wanner pyrometers, Alexander's 
new experimental mechanical apparatus, and various 
chemical apparatus. 

The Weston Electrical Instrument Company had 
a fine collection of switchboards and portable in- 
struments, especially for continuous work, on view, 
and Messrs. Wright and Co. showed the spark-coil 
apparatus recently brought by Professors E. and 
Ww H. Wilson before the Physical Society. 

The new level of Messrs. Carl Zeiss is mounted 
together with the telescope on a tripodstand. The 
level-tube is parallel to the telescope, and under- 
neath it is a small prism, into which the observer 
looks when standing in front of the eye-piece ; 
above and below the level are plane mirror slabs. 
The observer will see the end of the bubble split 
by the prism into two halves, as indicated in Fig. 1; 

by turning a screw which adjusts the level 
—y the two halves are brought in coincidence, 
so as to form one curve. The telescope is 

Fic. 1. focussed by means of a special aplanat 
within it ; the eye-piece can be slid out of its sleeve 
and fitted to a special cap in front of the objective, 
in order to use the telescope in the opposite direc- 
tion without having to turn it. 

In the new Nernst lamp for microscopes the 
single Nernst filament is mounted in front of a disc 
enclosed in a globular body, whose upper half can 
be lifted up to gain access to the lamp. An apla- 
natic condenser in front of the filament projects an 
enlarged image of the filament, so as to produce a 
uniform bright field for the mirror. The new 
cardioid condenser is especially intended for dark 








* See ENGINEERING, vol. Ixxxviii., page 862, Fig. 5, 


ground illumination in the critical study of colloidal 
substances by the ultra - microscope, for which 
great brilliancy of illumination is uired. The 
condenser resembles the paraboloid condenser 
described last year; but it requires more care in 
centring and has to be used in conjunction with a 
quartz object-chamber and a special objective. The 
Brownian movements of colloidal gold were remark- 
ably well demonstrated with the aid of this instru- 
ment and a 20-ampere arc-lamp. 

We return to two exhibits of the Cambridge 
Scientific Instrument Company to which we alluded 
last week. The Bi-Meter CO, recorder, illustrated 
in Figs. 2, 3, 4, 5, e 890, is a new carbon dioxide 
recorder which will ap to engineers, because it 
contains neither valves nor liquids, neither break- 
able glass tubing, nor rubber tubes likely to perish 
in tropical atmospheres. The invention is due to 
Mr. Otto Bayer, an Austrian; it has been taken up 
by Messrs. Pintsch, and the Cambridge Instru- 
ment Company are the sole manufacturers of the 
apparatus in the British Empire. Fig. 2 is a photo- 
graph of the complete instrument, in its box, 
about 2 ft. in height ; Fig. 3 shows the essential 
parts more in detail, Fig. 4 is a diagram of the 
arrangement, and Fig. 5 a curve recorded by the 
instrument. Two ordinary gas-meters and a dif- 
ferential gearing for the recording-pen constitute 
the essential parts of the novelty. The flue gases 
are continuously drawn through a soot-filter and 
a temperature-equaliser into the first meter, and 
then into the absorption-chamber, which is 
charged with lime. The lime binds the CO,, so 
that the volume of the gases leaving the ab- 
sorber is smaller than that of the gases entering 
it, the difference being equal to the volume of 
absorbed CO,. This reduced volume is measured 
by the second gas-meter, after passing through a 
second equaliser. The pen is operated by the 
differential drive between the two meters. After 
a definite volume of flue gases has passed through 
the apparatus, the pen drops to its initial position, 
from which it starts again. The speed of the rise 
of the pen depends upon the percentage of CO. 
absorbed. The equaliser consists of a series of 
water-cooled pipes, through which the gases flow 
in the manner of the steam carried through a 
feed-water heater. A pipe for taking gas samples 
branches off near the soot-filter ; up to twenty-five 
analyses may be made perhour. The standard card, 
15 in. in length, covers a period of 24 hours; it 
can record up to 25 per cent. of CO,. The lime 
is carefully distributed in the absorption vessel 
in many layers. It might be thought that air 
might be entrapped by the lime when the lime 
begins to cake ; a significant error is not likely to 
arise from this source, as the gases are continuously 
drawn through the vessels. The record reproduced 
in Fig. 5 was obtained during many weeks of con- 
tinuous trial of the instrument at the power-station 
of the Cambridge Electric Supply Company, where 
the records were daily phe ar by simultaneous 
tests with the Orsat apparatus. About 24 gallons 
of water per hour are said to operate the instrument, 
and one pennyworth of lime to suffice per month. 

The ingenious recalescence curve-tracer of Mr. 
H. Brearley, of Firth College, Sheffield, is a semi- 
automatic device for taking, by the aid of thermo- 
couples, cooling-curves ; some remarkable curves 
obtained were shown. The specimen is heated in 
a small tubular furnace connected in series with 
a regulating rheostat and the electric supply 
main. The thermo-couple, placed in the specimen, 
has its cold junction joined through a series 
resistance to an Ayrton-Mather galvanometer of 
the Cambridge Company, the sensitiveness of which 
can be regulated. The light from a Nernst lamp is 
reflected by the galvanometer mirror on to the 
scale, which is part of the Brearley apparatus proper; 
the scale is graduated in millimetres, and fixed 
lm. from the galvanometer. The apparatus con- 
sists of a drum and a sliding carriage supporting 
two pointers, mounted the one above the other ; 
the upper pointer is fixed, the lower one carrier 
the depressible pen. An electromagnet on the 
carriage presses the pen against the drum once every 
second. The observer, who sits in front of the 
instrument and turns a hand-wheel at the end of 
a long horizontal screw, makes the fixed pointer 
follow the light spot on the scale; the second 
pointer thus marks the position of the reflected ray 
every second. The armature of the sliding-carriage 
is energised from an accumulator through the inter- 
mediation of a clock which causes the pen to be 





attracted once every second. The drum is turned 
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through a rack and pinion device ; it makes one 
revolution in ten minutes, and the card hasa length 
of 360 mm. and a width of 300 mm., so that a very 
large scale is secured for a range of probably a few 
hundred degrees Cent. 





Tuer AssociaTION OF MINING ELEcTRICAL ENGINEERS. 
—It is announced that the next meeting of this Associa- 
tion will take place on Tuesday, January 17, 1911, instead 
of on January 4, as previously announced. The meeting 


—_= 


will be held at the room of the Junior Institution of Engi- 
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neers, 39, Victoria-street, Westminster, S.W., at 
when the paper on “Electricity in New South 
Collieries ” will be discussed. 


8 p.m., 
Wales 


CHEMICAL ENGINEERING AND INDUSTRIES’ EXHIBITION. 
—Considerable progress, we are told, is being made with 
the arrangements for the forthcoming Chemical Engineer- 
ing and Industries Exhibition, to be held at the Agri- 
cultural Hall next May. The Hon. Advisory Council 
(of which the chairman is Mr. Walter F. Reid, President of 


the Society of Chemical Industry) have decided to arrange 
local committees in the chief centres, and during the past 
week committees have been formed in Glasgow and 
Manchester. 


PrrsonAt.—Messrs. Andrew Barclay, Sons, and Co., 
Limited, Caledonia Works, Kilmarnock, inform us that 
they have appointed Mr. W. R. Wills, Abbeyfield- 
road, Pitsmoor, Sheffield, as their local agent for the 
Midlands district. Mr. Wills enters on his duties on 
January 1, 1911. 

FRENCH ENTERPRIZE AT SWANSEA.—An application 
has been received by the Swansea Harbour Trustees from 
MM. Dupeaux, of Paris, for a lease of several acres of 
land, with a frontage of 500 ft., at the King’s Dock, for 
the erection of machinery for crushing and grading anthra- 
cite. Certain terms have been discussed and approved. 


CHEMICAL ENGINEERING. — The Governors of the 
Imperial College of Science and Technology, at South 
Kensington, have made arrangements for providing & 
special course of advanced instruction in science—especi- 

| ly in relation to chemical industry. For some time past 
|it has become increasingly evident that the training 
afforded in existing institutions in this country, either in 
| chemistry or in engineering, has not succeeded in supply- 
ing individuals adequately trained for the design, specifi- 
cation, and erection of plant to be used in chemical 
| manufactures. The chemist has an insufficient kn: »wledge 
| of engineering, and the engineer is not sufficiently well 
versed in chemical data. It has, therefore, been decided 
| that a course of lectures on ‘‘The Design and Erection of 
Chemica] Plant,” shall be delivered at the Imperial ¢ —_— 
| of Science and Technology, South Kensington, W. The 
| lecturer, Mr. J. W. Hinchley, is, on the one hand, a 
consulting engineer of experience, and, on the other hand, 
has an extensive acquaintance with chemical processes, 
while the course itself is specially designed togive the nthe 
sary engineering knowledge to the trained chemist. The 
course will occupy two whole days each week. paren 
and Thursdays from 10am. to 5 p.m., with an — 
for luncheon, commencing on Tuesday, January 1’, 191 ’ 
and will last about 20 weeks. The fee for the course 
(inclusive) is 5i, 
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THE “PHGNIX” SUPERHEATER FOR LOCOMOTIVES. 


mn 
























































































































































Fig. | 
PEER EEE f 
a 
pat ace | 
il 
Sy) mts 
4 tN \ 
4] Hh 
| MESS 
2067. A. | 
° DIAGRAM SHOWING PASSAGE OF STEAM 
Fig.3. TR iy enh, 2; pees 



































feretets OSOGO!" OOO. 
| 0009)) 900 008 =~, 
0. 297” ,O2990 9902009009 
(Oooo: 660606050 g Z8s Sogsaessss 
“<q SSS839R8838 [ooseseBoosee9 i 
Vesesedbssees 1) 
0000 oon 
CITT ly 









eLertetlete re) telerede 
2990000000 _ _ 209009090900 
Ie SSSRSSSoee, speeescoccnam 
geese —BeReoRRERE EER 











(2067.8) 





WE regret that we gave, in connection with the 
description of the ‘‘ Phenix” superheater for loco- 
motives being introduced by the New Superheater 
Company, Limited, 49, Queen Victoria-street, E.C., 
certain drawings, on page 858 of our last issue, of the 
superheater as fitted to a portable boiler of the loco- 
motive type, instead of one on a locomotive. In our 
notice it was stated that the superheater was designed 
for locomotives and for locomotive-type boilers, and 
Fig. 3, page 858, showed the open smoke-box of a loco- 
motive so fitted. From the fact also that figures 
were given relating to engines in actual service on the 
Furness Railway, it will be evident that the super- 
heater is adaptable to railway work. Lest any am- 
biguity, however, should arise on this point, we give 
above, in Figs. 1, 2, and 3, drawings of the loco- 
motive superheater, from which it will be seen that, 
while the principle and essential features are identical 
with those of the types illustrated in Figs. 1, 2, 4, and 
5, page 858 ante, the grouping of the tubes, the path 
of the steam, and details of design differ. The path of 
the steam is shown in Fig. 3, above, and the connections 
to the boiler and cylinders are clearly shown in the 
other figures. 





_ SCHIESS PLANING-MACHINES. 

We illustrate on page 894 two planing-machines by 
Messrs. Ernst Schiess A.-G., of Diisseldorf, in supple- 
ment to some novel machine-tools of this firm, described 
i our issue of October 28, page 597 ante. 

A horizontal and vertical planing-machine, which we 
now notice in the first instance (see Fig. 1), is able to 
plane surfaces up to 324 ft. in length and 21 ft. 4 in. 
in height. The design is characterised by great 
simplicity. Four heavy standards are placed side by 
sile to support two horizontal parallel beds, along 
whi h the vertical slide, whieh is fitted with the tool- 
box. has serew-traverse. The counterbalanced tool-box, 
further, has a screw-traverse up and down the vertical 
bed. The automatic cross-traverse for horizontal or 
vertical operation is 2ft. The machine is driven from 
a variable-speed electric motor of about 40 horse-power 
through encased wheel-gears. The cutting speed can be 
varied within the range of 4 in. and 12 in. per second ; 
the return speed is constant—12 in. per second. The 
eed is controlled by a lower horizontal feed-shaft in 














connection with the vertical screw-spindle. The hori- 
zontal motion is produced by means of the same gear. 
A horizontal working-shaft transmits the revolving 
motion by the aid of bevel-wheels on the screw-spindle 
on the vertical bed. The feed is then taken over by 
a vertical shaft on the horizontal screw-spindles in a 
similar manner as in the case of the horizontal 
motion. 

A machine of this size requires firm and solid con- 
struction in all its parts. The weight of the machine 
is 175 tons. The nuts of the working screws are made 
of phosphor-bronze, and are split, so as to be adjust- 
able for wear. The bearings of the fast-running shafts 
are likewise made of phosphor-bronze. The material for 
the bevel-wheels and pinions, as well as for the main 
driving-shaft, is forged steel ; all the teeth are cut. 

With Fig. 2 we to somewhat lighter machi- 
nery, though still of considerable dimensions. The 
engraving, Fig. 2, representing a single standard 
planing-machine, hardly suggests, at first glance, 
the great strength and rigidity which this —_ 
side construction is acknowledged to 88. he 
machine rests entirely on the foundations, and the 
projecting arm is almost counterbalanced. The table 
of the machine has a width of 1550 mm. (61 in.), 
and the machine planes lengths of 6 m. (20 ft.) 
and widths of 2 m. (64 ft.). The machine is 
driven by a 20 horse-power electric motor, which is 


automatically reversible, through toothed gearing | aq 


and a large rack and pinion; there are no belts. 
The motor has separate foundations. The speed of 
the cutting stroke can be varied between 127 mm. 
and 250 mm. (5 in. to 10 in.) per second, and the 
regulation of the cutting speed does not affect the 
speed of the return stroke, which is always 400 mm. 
(15? in. ). 

The engraving shows the two tool-boxes on the pro- 
jecting arm. hey are self-acting when cutting in 
horizontally, vertically, and at an angle, and the tool 
is automatically lif off the work during the return 
stroke. A third lateral tool-box is mounted on a 
special bed which is fastened to the projecting arm ; 
this box is likewise constructed for automatic move- 
ment in the vertical and horizontal plane and at an 
angle, and it is further fitted for hand-feed. The hori- 
zontal arm is itself provided with a self-acting adjust- 
ment vertically. he ranges of the adjustments of 
the first two tool-boxes are horizontally 0.48 mm. to 
17 mm. (0.02 in. to 0.67 in. ), and vertically and obliquely 
0.22 mm. to 8.2 mm. (0.0087 in. to 0.31 in.) ; the adjust- 
ments of the two tool-boxes are independent of one 
another. The range for the third lateral tool-box is 
0.4mm. to 5.2 mm. (0.016 in. to 0.21 in.) in the vertical, 
and 0.2 mm. to 2.6 mm. (0.008 in. to 0.1 in.) in the 
horizontal plane or obliquely. The projecting arm can 
be raised or lowered from 160 mm. to 500 mm. (6.3 in. 
to 20in.) per minute. When the projecting arm has 
been raised to its maximum height, its rapid movement 
is automatically cut out. All the gear-wheels and the 
rack and pinion are made in steel, and are provided 
with cut teeth ; the high-speed shafts run in long 
bronze bushes. The machine cuts shavings of 60 or 
70sq. mm. (about 0.1 sq. in.). The approximate weight 





of the machire is 32 tons. 


THE LATE MR. JAMES MELDRUM. 


As briefly recorded in our issue of last week, Mr. 
| James Meldrum, who was well known in connection 
with railway and harbour work, and who was for many 
| years engineer-in-charge of the foreign department 
of Messrs. S. Pearson and Son, Limited, died at his 
residence, Colombe Lodge, Ealing, on the 15th inst., 
| as the result of an attack of pneumonia. 

Born in Fifeshire in 1855, and educated at the 
Madras College, St. Andrews, Mr. Meldrum later 
became a student at the University of St. Andrews, 
and afterwards at that of Glasgow. He exhibited 
conspicuous ability during his student days, and 
| figured in more than one first-class honours list. He 
| received his ay training in the office of 
| Messrs. Bell and Millar, io. Inst. C.E., of Glasgow, 
| and immediately thereafter was engaged on various 
| railway contracts with Messrs. Ward aud Co., of Car- 
| lisle and Glasgow. In 1881 he went to Brazil, and 
| became chief constructional engineer for the Conde d’Eu 
| Railway, which was the first railway to be constructed 
in the province of Parahyba. Subsequent to this Mr. 
Meldrum was engaged on further important railway 
works in various parts of the world, of which the 
Manila Railway—the first in the Philippine Islands— 
may be mentioned, and also the Buenos Aires Great 
Southern Railway, for which he carried out large 
extensions. In August, 1895, Mr. Meldrum joined 
the staff of Messrs. S. Pearson and Son, Limited, 
as engineer-in-charge of the foreign department. He 
retained this position for some twelve years, and dur- 
ing that time was responsible for the whole of the 
extensive works carried out abroad, and particularly 
in Mexico and South America, by Messrs. Pearson. 
Among the important works with which Mr. Meldrum 
was associa during this period the Tehuantepec 
Railway and its terminal harbours, in Mexico, may be 
mentioned. This railway was under construction when 


Mr. Meldrum joined Messrs. Pearson, and he was re- 
sponsible for its successful compietion. Other important 
works with which he was concerned were the Dorada 


Extension Railway from Honda to Ambalema in 
Columbia ; the construction of Vera Cruz Harbour, in 
Mexico ; the building of railways in the province of 
Shansi, China, for the Pekin Syndicate; and the 
carrying out of drainage and water works at Punta 
Arenus, Chili. Mr. Meldrum kept closely in touch 
with the various works for which he was responsible, 
and although his headquarters were in London, was in 
the habit of visiting such of the foreign works as 
demanded his personal attention. 

Mr. Meldrum severed his connection with Messrs. 
Pearson at the end of 1907, and since that time has 

ractised as a consulting engineer in Westminster. 

is advice was sought in connection with a large 
number of projects, while, in addition, he was on the 
boards of several companies. Mr. Meldrum was a man 
of attractive personality and unusual ability, and was 
of singularly straightforward character. He was a 
Member of the Institution of Civil Engineers and a 
Fellow of the Royal Geographical Society. 








THe Macuinery Users’ AssociaTion.—This associa- 
tion, whose offices are 22/23, Laurence Pountney-hill, 
Cannon-street, E.C., have issued a twelve-page circular in 
which they explain their organisation, their work, and the 
vantages available to members in regard particularly 
to the rating of machinery. 





E.ectricaAL AppArRatus.—The value of the electrical 
a ma and electrical 8 exported from the United 

ingdom in the first eleven months of this year was 
3,512,562/., as compared with 1,951,156/. in the corre- 
sponding period of 1909, and 1,787,685/. in the correspond- 
ing period of 1908. In the total of 3,512,562/. rubber 
insulators figured for 408,275/.; insulators, other than 
rubber, for 327,670/.; telegraph and telephone cables for 
1,847,547/.; telegraph and telephone apparatus for 
208,379/.; carbons for 16,792/.; - mm glow-lamps for 
115,766/.; arc-lamps and searchlights, and parts thereof, 
for 33,786/.; primary and secondary batteries for 110,227/ ; 
and unenumerated electrical goods and apparatus for 
440,020/. 





Business Prospect Year-Book, 1911.— This book, 
which has just been issued, is distinctly prophetic, as it 
claims to foretell what is likely to happen during the 
coming year, so far as the rise or fall in the prices of 
various goods is concerned. It claims to be a reliable 
guide because, according to the preface, ‘‘ For four years 
the book has been written in the autumn, giving forecasts 
in the various markets in the following year, and each 
following year has proved the correctness of the forecasts.” 
An enlargement has been made in the present edition by 
the addition of rubber, oil, and Argentine rails, informa- 
tion now being given as to what 1s likely to happen in 
these three markets, as well as in coal, iron, copper, tin, 
tin-plates, the money market, shipping, English rails, 
American rails, wheat, cotton, hog products, and dairy 
produce. It is thought that during 1911 industries gene- 
rally should experience a steady upward movement, em- 
ployment should be lar, and wages good. The book 
is published at 5s. net by the Business Statistics Publish- 
ing Company, Limited, 12, James-street, Ci ie and by 





the Financial Times, 72, Coleman-street, E. 
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600-I.H.-P. COMPOUND ENGINE. 


Messrs. DoveLas AND GRANT, of Dunnikier Foundry, 
Kirkcaldy, have just completed an engine possessing 
several points of interest, and of it illustrations are 
reproduced on Plate XCV., a issue. 
In the first place, the engine had to specially 
designed to suit local conditions, the available space 
being limited, and the perspective view, Fig. 1, and 
the elevation and plan, Figs. 2 and 3, indicate the 
degree of success achieved in the compactness of the 
arrangement adopted in association with ample access 
to the valves and to all working parts. The engine 
is designed to give 600 indicated horse-power when 
ranning at 80 revolutions per minute, and using steam 
at 160 lb. pressure and 600 deg. Fahr. temperature. 
It has two cylinders, 21} in. and 38 in. in diameter 
respectively, each having a stroke of 42 in. Each 
cylinder is fitted with Carels’ balanced drop-valves for 
steam and exhaust. 

The cylinders, it will be seen, are arranged close to 
one another, and are connected by independent circular 
guides to a massive common bed-plate or frame, which 
carries the main crank-shaft bearings. The ends of the 
circular bored guides, nearest to the cylinders, have 
heavy feet cast on for bolting to the engine foundation, 
the cylinders being carried on a massive cast-iron beam 
of special design placed across the engine immediately 
in front of the back exhaust-valves. Both piston-rods 
are extended through the back covers of the cylinders, 
the vertical air-pump being driven by steel levers and 
rods from a crosshead attached to the extension of the 
low-pressure piston-rod. 

The valve-gear follows exactly the approved design 
adopted by Messrs. Carels Fréres, of Ghent, the well- 
known Continental engine-builders, who have attained 
such extremely good industrial results with their drop- 
valve engines, of which over 400,000 horse-power are 
now at work in many different parts of the world. 
This gear was fully illustrated onl Gemetbod in Enar- 
NEERING, Vol. lxxx., page 179, and there is no need to 
enter into details here. 

The constant increase in steam pressures and 
temperatures has caused the more frequent adoption 
during recent years of drop-valves as compared with 
Corliss valves. Mr. Robert Douglas, the founder of 
the firm of Messrs. Douglas and Grant, was the first 
maker of Corliss engines in Great Britain, he having 
introduced this type about 50 years ago from America. 
The firm have now secured the sole selling and manu- 
facturing rights for the Carels’ drop-valve engines in 
Great Britain and the British Colonies, and the engine 
which we now illustrate is the first of that make to be 
built in this country. The Carels’ valve, with the gear 
for operating it, is well shown on the longitudinal and 
cross-sections, Figs. 4 and 5, while Fig. 6 is an enlarged 
view of the exhaust-valve on the low-pressure cylinder. 

The engine illustrated is fitted with a main fly- 
wheel, 16 ft. in diameter, and grooved for sixteen 1-in. 
ropes; alongside it there is a second pulley 8 ft. in 
diameter, grooved for eight 1#-in. ropes, also for trans- 
mitting the power to the line-shafting. The engine 
has been built to the order of Messrs. John White and 
Sons, Scotstoun Flour-Mills, Glasgow, under the super- 
vision of their consulting engineers, Messrs. D. and A. 
Home-Morton, of Bath-street, Glasgow. 

Messrs. Douglas and Grant have also on order a dupli- 
cate of this engine for the York Street Spinning Com- 
pany, of Belfast, the engine in this case being coupled 
direct to a continuous-current generator, and designed 
to runat 90 revolutions per minute. A further engine 
fitted with Carels’ drop-valves, but with the cylinders 
arranged with a direct-current dynamo between the 
cranks, is being built by the same firm for the Balgonie 
Colliery Company, Fifeshire ; this set will be capable of 
giving 450 kw. when running at a speed of 110 revolu- 
tions. All these engines are designed for continuous 
night and day running and for high steam pressures and 
superheat ; it is for this latter condition particularly 
that these drop-valve engines are so well suited. 








CaNADIAN NorTHERN Rartway System.—A_ booklet 
entitled ‘‘The Royal Road to Fortune, as Viewed from 
the Canadian Northern System,” edited by Mr. Frank 
T. Bullen, is published by the railway at the price of 6d. 
It gives a map of the system, and 130 pages of illustrated 
descriptions of the agricultural, industrial, and other 
riches of the districts it serves. 


Tuer Pepestat Pirx.—The MacArthur Concrete Pile 
and Foundation Company, 11, Pine-street, New York, 
have issued a book giving an illustrated description of 
their system of making concrete piles. A core and cylin- 
drical casing are first driven to the required depth ; the 
core 18 removed, and concrete is dum to the bottom of 
the casing ; the core is then used as a rammer to compress 
the concrete into the surrounding soil, the process being 
repeated until the base is extended to bow 3ft. in 
diameter. The casing is then filled up with concrete, thus 
forming a column from the extended base up to the ground- 
level. The cylindrical casing is finally removed. The 
book contains also illustrated descriptions of foundation 
work on this system. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 21. 

UN¥FAVOURABLE market conditions continue ; nothing 
definite can be said as to improving conditions. The 
favourable features from the manufacturers’ stand- 
point are small stocks in the hands of consumers, and 
a slight improvement in demand for finished products. 
The present situation is phenomenal ; eer 
of it twelve months ago would be hoo at. No 
intelligent explanation been offered that accounts 
for the reduction of productive capacity to little 
more than one-half of the maximum capacity. All 
large consuming interests are simply awaiting de- 
velopment without knowing just what developments 
to expect. Of course, it is well known that there are 
projects in hand and contemplated to restore demand 
to something like normal proportions. The railroad 
companies are demanding rails of better quality, and 
this gives rise to the rumour that Bessemer rails will 
be advanced to 30 dols. a ton, and open-hearth steel 
rails.still more. Rails made according to the submitted 
specifications will cost 1.75 dols. per ton more. In 
view of this situation the rail-makers are said to have 
called a meeting, at which the question of an advance, 
and how much, will be made. An advance would be 
unwelcome to the railroad men, but what shape their 
opposition might take is a matter of conjecture. 

hile the law forbids agreements to regulate prices, 
the railmakers can get around this point by not making 
a formal agreement, but by merely understanding 
each other and then living up to the understanding. 
The profit on rails at 28 dols. is 3 age to be 
ample, and any action looking to a higher quotation 
would be regarded as not only unnecessary, but 
as taking advantage of opportunities. There is no 
doubt but that there will be a reaction from the 
low levels in other steel products now prevailing. 
This reaction cannot well develop while consumers 
are everywhere curtailing their purchases. The 
general volume of business is somewhat under that 
of a year ago, but the most marked falling off in 
clearing-house returns is in the stock markets. Money 
is not easily to be obtained in American communities, 
and foreign investors are particularly scrutinising. 
The actual railroad necessities call for loans and 
expenditures far in excess of those which have pre- 
vailed this year. A reaction is inevitable. Railroad 
expansion must come, and when it does those who 
supply material for every purpose used in railroad 
construction will recover lost ground. 

It is now evident that the tariff duties recently estab- 
lished will be revised, but at the very slowest pace 
which the temper of the people will tolerate. Rank 
injustice was done the people, from their point of view, 
in favour of what they regard as special interests. The 
revision will not take place early, and only one schedule 
at a time will be taken up, according to the present pro- 
gramme. The strong probability is that when the new 
democratic congress gets in the saddle a year hence 
this policy will be cast aside and a more aggressive one 
adopted, looking towards a general and speedy reduc- 
tion of duties. 





New Iron-Ore Deposits in SwepEN.—Some iron-ore 
deposits have been discovered at Stensiitra, Huddinge, 
Sweden. Surveys of the locality tend to show that the 
deposits are of considerable extent and very uniform. 
There are outcrops of the ore, as in many other places in 
Sweden. Surveys in the Gunnarskoy district, in Viirm- 
land, have indicated the presence of iron ore of a high per- 
centage, while copper and lead ore and some silver ore ate 
also found there. Mining operations on a large scale are 
soon to be commenced by joint Swedish and German 
concerns. The old silver mine at Tobol has been reclaimed 
and will probably also be worked again. 


Tue City AnD Guitps oF Lonpon InstirutTe.—The 
report just issued by the Department of Technology of 
the City and Guilds of London Institute testifies once 
more to the exceeding value of the work done by the City 
Companies in the promotion of technical education. The 
classes now number 4329, and are attended by upwards of 
53,000 students. The growth has been steady and con- 
tinuous since the inauguration of the scheme in 1880. 
The classes in mechanical engineering and allied subjects 
appear to be particularly popular. Last year a new 
course on structural engineering was arran for. 
The examiners, in reporting on the results of the ex- 
amination in this subject, draw attention to the fact 
that too much weight seems to be attached by teachers 
to graphic methods of stress analysis. Such methods 
are exceedingly convenient in special cases, but for others 
they are more cumbrous and less rapid in use than ordinary 
arithmetic or algebraic determinations. In fact, man 
problems can be solved by direct calculation in about half 
the time required for the enthusiast in graphics. to get 
out his drawing-board and instruments. e trouble, 
perhaps, lies in the fact that a student can be taught to 
draw recip! i ms mechanically without any 
thorough understanding of the principles involved, and 
thus matters are easier for the teacher than if he adopts 
algebraical methods. The report states that an increas- 
ing proportion of the candidates are attempting the 
honours e and taking a continuous three years’ 
course of instruction in technology. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning t)e 
pig-iron market was easier, and Cleveland warrants were 
done at 49s. 9}d. cash and 50s. 1d. one month. The 
turnover was 4500 tons, and closing sellers quoted 49s. 1(4, 
cash, 50s. 2d. one month, and 50s. 8d. three months, 
Hematite was firm, and 1000 tons changed hands at 
66s. 11d. and 66s. 104d. three months, with sellers over at 
66s. 11d. three months and 66s. 14d. one month. Buyers 
quoted 66s. 10d. and 66s. respectively. In the afternoon 
Cleveland warrants were stronger, and 1500 tons were 
dealt in at 50s. 84d. three months, with closing sellers at 
49s. 11d. cash, 50s. 24d. one month, and 50s. 94d. three 
months. The three months quotations for hematite 
were unchanged. On Friday morning the market was 
steady, and 3000 tons of Cleveland warrants were done at 
49s. 10d. and 49s. 104d. cash, and 50s. 24d. one month. At 
the close there were sellers at 49s. 11d, cash, 50s. 3d. one 
month, and 50s. 94d. three months. Hematite was 
also steady, and 1000 tons changed hands at 66s. 3d. one 
month and 66s. 11d. three months, with sellers over at 
66s. 4d. one month and 66s. 114d. three months. The market 
was quiet in the afternoon, and Cleveland warrantschanged 
hands at 50s. 2d. one month and 50s. 9d. three months, 
and closing prices were 49s. 7 cash, 50s. 3d. one month, 
and 50s. 94d. three months sellers. Hematite—one lot— 
was done at 66s. 4d. one month, with sellers over at that 
figure, and at 66s. cash, and 67s. three months, and buyers 
at 1d. less. On Monday and Tuesday the market was 
closed for Christmas holidays. When business was re- 
sumed on Wednesday morning, there was still a holiday 
feeling prevailing, and no transactions of any kind were 
recorded. Sellers of Cleveland warrants quoted 49s. 114d. 
cash, 50s. 3d. one month, and 50s. 94d. three months. 
Hematite was firm at 67s. 3d. sellers and 67s. buyers 
three months. The afternoon session was a repeti- 
tion of the morning, and business was again a blank. 
Cleveland warrants were nominally 4d. down from the 
morning’s close, but there was no change in hematite 
warrants. The following are the market quotations for 
makers’ (No. 1) iron:—Clyde and Calder, 62s.; Gart- 
sherrie, 62s. 6d.; Summerlee, 64s. 6d.; Langloan, 64s. ; 
and Coltness, 82s. 6d. (all — at Glasgow); Glen- 
garnock (at Ardrossan), 64s. ; Shotts (at Leith), 63s. 6d.; 
and Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—A fair demand still exists for 
sulphate of ammonia, and the price continues firm. The 

uotation to-day is about 12/. 15s. per ton for prompt 
shipment, Glasgow or Leith. The amount shipped from 
Leith Harbour last week was 2456 tons. 


Scotch Steel Trade.—With the year fast drawing to a 
close, and the holidays almost on us, business in the Scotch 
steel trade is again getting quieter. Fairly good deliveries 
have lately been made to to consumers, and a steady 
export business continues to be put through. The one 
feature worth mentioning this week is that producers, 
having very full order-books at present, have raised their 
quotations for /.Y &c., and are not now sellers at the 
present official list of prices. Inquiries are somewhat 
quiet this week for fresh lots of heavy material, but active 
for the lighter classes of stuff. India, Canada, and Japan 
are all in the market for respectable quantities of the 
latter, but prices are very firm here, and buyers are hesi- 
tating before fixing > The various works are likely to 
re-open on Monday, January 9. 


Malleable-Iron Trade.—No change has taken place in 
the malleable-iron trade of the West of Scotland, and a 
number of the establishments were unable to make a start 
on Monday of this week owing to the scarcity of specifica- 
tions. A better feeling has prevailed during the remainder 
of the week, and when the works close on Saturday for 
the New Year holidays they will likely remain shut for 
about ten days. 


Scotch Pig-Iron Trade.—In view of the difficulty of 
securing deliveries of pig iron after the holidays, Eng- 
lish buyers have been rather pressing in their demands 
this week, and accordingly large quantities have been 
despatched from here to the south. The ordinary quali- 
ties are all very firm in price, and if ‘empeee only 
cared to accept orders at recent values, they could book 
almost their whole output for months ahead. Business 
in hematite is rather slow, but makers are asking more 
than buyers care to give at present. 








Tue Fremerc Mining Inpustry. — The Sachsen 
Landtag has decided that the mining industry of the 
Freiberg district, which has _—— for more than 
seven hundred years, shall be discontinued, owing to the 
continued depreciation of the value of silver. The aggre- 
gate value of the silver-mining at Freiberg amounted at 
the end of 1909 to 972,000,000 marks, or about 46,600, 000/. 
Smelting-down will be continued, but the value of the 
home ore had dwindled down so as to be only 15 per 
cent. of the weight, and 6 per cent. of the value of all the 
ore handled. The Freiberg mining industry dates from 
about 1162, and, apart from silver-ore, gold, copper, and 
zinc-ore, has been worked there, but these ores have almost 
entirely disappeared during the last decades. Lead, too, 
was an important product. The furnaces, which originally 
were aealiy owned by private persons, by degrees became 
State property, thanks to which the scientific and tech- 
nical side of the working was greatly developed, and 
the so-called Freiberg process was many years ago super: 
seded by English furnaces, The poisonous gasts neces 
sitated the construction of unusually high chimneys, 
and the Halsbriicker chimney at Freiberg, which had a 
height of 140 m., was for a long time the highest chimney 
in the world. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Year’s Trade.—Now that the year’s trade in Shef- 
field has been reviewed, the results have proved that there 
was good ground for the om expressed in many 
quarters some months ago. The sum total of the eollected 
evidence seems to be that the city’s industries have 
entered upon a period of welcome prosperity, which, if it 
is not shared by all equally, is particularly noticeable in 
some directions, and has left scarcely any branch un- 
touched. The salient features are the big armament 
orders, insuring continuous work through the winter, the 
excellent Colonial and foreign demand for the best 
quality of Sheffield steel, and the exceptional expansion 
in exports of tools of every description. It is undeniable 
that railway material has been far from satisfactory, and 
in general shipbuilding and aang ordering 
been much restricted. The New Year, however, opens 
with much better prospects in these departments. 


Interesting New Venture.—A well-known Sheffield steel 
firm, Messrs. Samuel Osborn and Co., Limited, of the 
Clyde Steel Works, have become associated with the 
South African Steel Corporation, which has been regis- 
tered in the Transvaal with a capital of 150,000/. for the 
purpose of manufacturing steel in the Transvaal. Details 
of the arrangement have not so far been made public, 
but the South African Government is keenly interested 
in encouraging the industry in the hope that it will prove 
a valuable asset to the country. 


Tron and Steel.—Quietness was, of course, to be ex- 
pected this week, and, with many of the works shut down 
until next Wednesday, things remain pretty much as 
they were a week ago. In some departments it was 
found necessary to start again to-day. This, at any rate, 
isa good sign. The fact of the stoppage this year being 
shorter than last year is indicative of the situation. 
In order to meet the demands upon their capacity several 
firms will shortly be commencing extensions of works and 
plant. The New Year will open with excellent pro- 
spects. In the heavy branches ordering, which has 
been quiet any the month, is becoming more active. 
The armament houses are pushing on with their con- 
tracts, and there is a better outlook on general ship- 
building account. Big orders for forgings and castings, 
as well as shipbuilders’ tools, are expected in the near 
future. Engineering firms also are looking forward 
to better times. The raw-material market is in a strong 
position, and demands have been brisk right up to the 
end of the year. Prices are firm, and it is stated that 
some hematite contracts have been entered into at 1s. 
advance upon the official quotations. The undertone is 
good. Common irons also wear a livelier aspect. Bar- 
iron makers are well booked forward. Heavier deliveries 
may be expected in the course of the next week or so, as 
a considerable quantity of material has been held over. 
The holidays have not appreciably interfered with the 
general trades, more particularly those with forei 
countries, and there has been no real diminution in the 
steady growth of business. Tool-steel and tools are both 
flourishing branches. 


South Yorkshire Coal Trade.—As in the case of other 
trades transactions in coal have suffered during the 
holiday week. Up, to last week-end things were very 
busy, buyers making preparations to cover the holidays. 
Export was quiet, but industrial hards were invery 
demand, manufacturers taking considerable supplies. 
General contracting is still backward, although several 
collieries have offered small reductions. Contract 
deliveries of gas-fuel are good; there is an improved 
inquiry for shipment, and prices are a little advanced. 
The market for slacks is strong, and several orders for 
next year are in hand. Recent mild weather had not 
much effect upon house coal, and a continuance of the 
present cold snap is likely to send up the demand. U 
to the week-end stoppage collieries were working well 


and had made considerable reductions in stocks. The 
London demand is smaller. There is a good market for 
cheap coals and nuts, with better prices. There is still a 


scarcity of wagons. Latest ’Change quotations are: 

est Barnsley, 12s. 6d. to 13s. 6d.; Silkstone, 9s. 9d. 
to 103. 9d.; Derbyshire brights, 11s. 6d. to 12s. 6d. ; 
Yorkshire hards, 9s. to 10s.; Derbyshire hards, 7s. 6d. 
to 8s. 6d. ; rough slacks, 6s. to 6s. 3d. ; seconds, 3s. 6d. 
to 4s. 9d. ; oniie 1s. 3d. to 2s. 6d. 








PargeR rrRoM Sugar Caneg.—It has for a long time been 
known that excellent per can be made from sugar-cane 
fibre. but the practical difficulty of carrying out the pro- 
cess on a commercial scale has been that the machinery at 
present in use for crushing the cane so tears and mutilates 


the fibre that the bagasse is fit for nothing but fuel. 
According to the United States Consul at Santiago, how- 
ever, the utilisation of sugar-cane fibre for paper-making 
is at present attracting considerable attention, on account 


of the increasing price of wood pulp, and a company has 
been organised in the United States for constructing a 
large plant at Preston, on Tripe Bay, in order to carry 
out practical tests with the fibre. The machinery installed 
will separate the fibre from the pulp, after which the 
water is eliminated, and the fibre and pulp are left dry, 
though they still contain the solids and sucrose from 
which sugar is made. The fibre and pulp are sent to the 
United States in separate bales, and the sugar is extracted. 
The process adopted does not injure the fibre, which can 
be made into high-grade paper at a considerably lower 
cost than wood pulp, and low-grade paper can be made 
from the residue fom the pulp. the tests have so far 
proved successful, and it is claimed that, in addition to 
the process enabling good paper to be made, a larger 
ae of sucrose than before can be extracted in the 
Sugar-houses. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—During the past year trade 
has been much hampered by labour troubles, but for 
which a very prosperous twelve months would doubtless 
have been experienced. As it is output has been large. 
It is estimated that for the year just ending no less than 
6,250,000 tons of ironstone have been won from the 
Cleveland mines, which is the largest quantity raised for 
a number of a past. The Seabdieenens within the 
rt of Middlesbrough are estimated to have made 
uring the past year 2,200,000 tons of pig iron, and the 
output of the whole Cleveland and Durham district 
is put at about 3,600,000 tons making, being thus a 
little in excess of production of recent previous years. 
Stocks of Cleveland pig have steadily increased. A year 
ago the public warrant stores contained under 400,000 
tons, whereas the stock held to-day is approaching 530,000 
tons. This, of course, is exclusive of stocks in makers’ 
yards, which are believed to be fairly large. Foreign ore 
during the twelve months has been imported to the Tees 
to the estimated extent of 2,060,000 tons, as compared 
with 1,757,351 tons for the previous year. Values of pig 
iron have shown little fluctuation during 1910. this 
week business is at a standstill. The market was re- 
opened to-day after the holidays, but very few people put 
in an - ~~~ on ’Change. Values all round were 
steady, No. 3 g.m.b. Cleveland pig being 50s. f.o.b. ; 
No. 1, which was still very scarce, Bis. 3d. and upwards ; 
No. 4 foundry, 48s. 9d.; No. 4 forge, 48s. 6d.; mottled 
and white iron, each 48s.; and mixed numbers of Kast 
Coast hematite pig, 64s. 6d.—all for delivery early next 
year. There was nothing doing in foreign ore, but prices 
were maintained. Coke was stiff, owing to large local 
requirements, usual at this season of the year. Average 
eee kinds were quoted 16s. to 16s. 3d. delivered 

ere. 


Manufactured Iron and Steel.— These important 
branches of the staple industry have shown some im- 
my during 1910, and business throughout the year 

as been steady, except during the weeks of shipyard 
inactivity. Prospects for next year are bright and en- 
couraging, and it is generally - that demand during 
the incoming twelve months will be greater in all branches 
than it has been during the past year. A period of very con- 
siderable activity, bearing remunerative prices for makers, 
may be anticipated with confidence. Principal market 
rates stand :—Common iron bars, 7/. ; best bars, 7/. 7s. 6d.; 
best best bars, 7/. 15s. ; packing iron, 5/. 15s. ; iron ship- 
plates, 6/. 10s. to 61. 12s. 6d. ; iron ship-angles, 7/. ; iron 
ship-rivets, 7/. 5s. to 7l. 7s. 6d.; iron girder-plates, 7/.; 
iron boiler-plates, 7/. 10s.; steel bars, 6/. 5s.; steel ship- 
plates, 6/. 15s.; steel ship-angles, 67. 7s. 6d.; steel boiler- 
plates, 7/. 10s.; steel strip, 6/. 10s. ; steel hoops, 6. 12s. 6d. ; 
steel joists, 6/. 2s. 6d. to 6l. 7s. 6d.; cast-iron railway 
chairs, 3/. 10s.; light iron rails, 62. 10s.; heavy steel rails, 
5/. 10s.; steel railway sleepers, 6/. 12s. 6d.; and gal- 
vanised corrugated sheets, 24 gauge, in bundles, I'1/. 5s. 
—sheets less the usual 4 per cent. f.o.b., railway material 
net at works, and all other descriptions less the customary 
24 per cent. 





Wirevtess TreLecraruy. — The Eastern Extension, 
Australasia, and China Telegraph Company, Limited, 
roposes to establish wireless solegraph stations on the 
<eeling or Cocos Islandsin the Indian Ocean. The work 
is expected to be carried out early in 1911. Australian 
Commonwealth torpedo-boats are being fitted with wire- 
less apparatus by the Marconi Company. 

New Exxcrro-STee, Works In Norway.—At Stavan- 
ger a new electro-steel works has been projected, based 
upon the obtainment of electric current from the Ryfylke 

wer-station. It is proposed to make a speciality of 
bigh quality steel from raw material, scrap iron and 
steel, obtained from the breaking up of vessels, from 
engineering shops, &c. The plan comprises the option of 
an amalgamation with, or taking over of, the Stavanger 
Ship-Breaking Company, with its plant for breaking up 
ironclads, &c. It is also under contemplation to start a 
rolling-mill for thin tinned plate, the annual local con- 
sumption amounting to some 10,000 tons. 





Licht AND PowrR IN New ZEALAND.—The Prime 
Minister of New Zealand, Sir Joseph Ward, when 
recently moving the second reading of the Aid to Water- 
Power Works Bill, which provides for raising 500,000/., 
at a rate not exceeding 44 per cent. per annum, gave parti- 
culars showing the comprehensiveness of a hydro-electric 
scheme which he has in view. Lake Coleridge, he said, 
would be developed to supply Canterbury, between Timaru 
and Hurunui, with 10,000 horse-power, at a cost of 
270,000/. The Hutt supply would give 10,000 horse-power, 
at a cost of 300,000/., which would drive Wellington and 
districts. Teviot would be utilised to supply central towns 
in Otago, the Dunedin supply being 10,000 horse-power, at 
a cost of 300,000/. Southland would be supplied from 
Hauroto with 10,000 horse-power, at a cost of 350,000/. 
Makura would supply Palmerston, Fielding, Dannevirke, 
and Masterton, 6000 horse- wer bei rovided at a cost 
of 200,000. The West Coast woul supplied with 
3000 horse-power, including the extension of the Kumara 
Water Race, at a total cost of 75,000. Provision for 
surveying would be made to the extent of about 60,000/., 
and the total cost of the various schemes enumerated would 
be 1,975,000. The cost to the consumer upon the basis of 
102, per horse-power per annum would be 2d. per unit 
for light and 1d. per unit for power. Surveys of the 
Hutt, the Kaituna, and Lake Coleridge would be put in 
hand at once, and the whole scheme would be completed 
in four years. 








NOTES FROM THE SOUTH-WEST. 


Cardiff.— Business in the steam-coal trade has, of course, 
been interrupted by the holidays, and buyers have shown 
no great disposition to enter into fresh dealings. The 
best large steam-coal has made 16s, 6d. to 17s. per ton, 
while secondary qualities have ranged from 1s. 3d. to 
16s. 6d. per ton ; best bunker smalls have brought 9s. 6d. 

r ton; cargo smalls, 7s. 9d. to 8s. 3d. per ton. The 

vest ordinary household coal has been quoted at 14s. 6d. 
to 16s. 6d. per ton; No. 3 Rhondda large, at 17s. to 
17s. 6d. per ton, and smalls, at 9s. 6d. to 10s. per ton. 
No. 2 Rhondda large has realised 12s. 6d. to 12s. 9d. 
ver ton, and smalls, 7s. to 7s. 6d. per ton. Foundry coke 
as made 18s, to 20s. per ton, and furnace ditto, 16s. 6d. 
to 17s. 3d. per ton. As regardsiron ore, Rubio has brought 
20s. 3d. to 20s. 9d. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

The Telephone in Wales.—The Alexandra Docks and 
Railway Company has just re-organised its talaghene 
system. Formerly, the service consisted of a number of 
independent exchange lines to various parts of the com- 
pany’s undertaking. This arrangement often involved 
inconvenience, as when people were doing business with 
the docks they not infrequently rang up the wrong depart- 
ment, and their error could not be corrected without 
ringing off and again getting the National Exchange. 
In the case of trunk cails from distant towns this was 
peculiarly unfortunate. The new arrangement adopted 
consists of seven exchange lines direct from the National 
Telephone Company's (Newport) Exchange to the dock 
company’s private exchange at the general offices at the 
pier head, Alexandra north dock, with connections rid 
the private exchange to the various departments of the 
company. The re-organisation was carried out under the 
supervision of Mr. R. Williamson, Newport manager, 
National Telephone Company. 


Bridging the Rhymney.—On Thursday the Lord Mayor 
of Cardiff (Mr. Alderman Bird) laid the memorial-stone 
of a new bridge over the Rhymney, near Cardiff. The 
bridge, which has been designed by Mr. W. Harpur, 
Cardiff, City engineer, will be 50 ft. wide, clear of the 
parapet walls, and it will cost 6600J. essrs. Barnes, 
Chaplin, and Co., of Cardiff, are the contractors. 


Bristol Docks.—-At the last meeting of the Docks 
Committee of the Bristol City Council, the engineer 
submitted a report on the damage caused by a recent 
gale and record high tide. The engineer was instructed 
to provide some posts in the river banks below Hanham 
smilie, in order to facilitate the a of barges round 


the a. The Zephyrus, owned by Messrs. Turner, 
Brightman, and Co., is expected at Avonmouth shortly 


with a large cargo of meat from Argentina. 

Works Removal. —The removal of the iron and 
chain works of Messrs. Brown, Lenox, and Co., from 
Ynysyngharad to Maindy is said to be in contemplation. 
The lease held by Messrs. Brown, Lenox, and Co., has 
expired, and the firm wishes to be nearer the seaboard 
and the main lines of railway. Messrs. Brown, Lenox, 
and Co., have long supplied anchors and chains to the 
British Admiralty, foreign powers, and prominent com 
panies. 

Swansca.— Business has been active of late, the import» 
and exports having attained in a recent week the record 
aggregate of 140,000 tons. This total, when compared 
with the corresponding week of 1909, showed an advance 
of 34,000 tons. The animation prevailing extended par- 
ticularly to the coal and patent fuel trades, and there was 
a heavy clearance of tin-plates and general goods. ¢ 








‘ Tur SwepisH Strate Rartways.—As in Germany, the 
Swedish State Railways have had greatly increased 
receipts during the present year. They are calculated to 
amount to 71,700,000 kr., against 64,000,000 kr. for 1909. 
The expenditure for the present year is calculated at 
55,600,000 kr., and the payments into the exchequer of 
a surplus of 13,000,000 kr. For 1911 the surplus is 
calculated at 14,500,000 kr., and for 1912 at 16,500,000 kr. 


SUNDERLAND.—At the last meeting of the River Wear 
Commission the Chairman (Mr. R Hudson) said 
that during the past year a stride had been taken towards 
making Sunderland a deep water port. The objective at 
which the Commission aimed was to obtain a depth of 
from 25 ft. to 30 ft. at low water ordinary spring tides 
from the sea to Hetton Staithes, a distance of two miles. 
This year the executive committee had authorised the 
engineer to obtain, if ible, a depth of 20 ft. at low 
water from the sea to Hetton, and from his report it was 
obvious that a very large part of this plan had been 
realised. “A depth of 20 ft. at low water had, indeed, been 
obtained from Hetton to the north dock ; and had the 
weather not preved so persistently unsettled, the deepen- 
ing of the harbour entrance to the same extent might 
also have been accomplished. As it was, a large amount 
of important deepening had been done at the harbour 
entrance this year, and in a very short time there would 
be a minimum of 18 ft. at low water, or 33 ft. at high 
water spring tides, or 29 ft. at high water ordinary nea 

tides. Tn addition to dredging work the river channels 
had been straightened and widened, so that navigation 
had been made safe and easy. At the ‘‘ Narrows,” Folly 
End, a work of importance had been carried out. That 
part of the river was a bugbear to navigation, owing to 
its narrowness, shallowness, and the swift tidal current 
running round the sharp bend. Nowa wide and deep 
channel, with 20 ft. at low water, had been cut through 
solid rock, just like a railway cutting in rock, and large 
ships now experienced no more trouble in navigating the 
point than any other part of the improved river. 
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PLANING-MACHINES. 
CONSTRUCTED BY MESSRS. ERNST SCHIESS A.-G., ENGINEERS, DUSSELDORF. 
(For Description, see Page 891.) 
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THE QUALIFICATIONS OF A 
DIRECTOR. 

Tue articles of association of every public limited 
liability company define the quiliniions of a 
director simply in terms of the number of shares he 
must hold—the amount of capital for which he must 
be responsible. That may constitute an adequate 
test of his interest as a contributing capitalist ; but 
in many instances this measure of his responsi- 
bility does not coincide with his actual ‘interest 
in the enterprise,” as the money for the purchase 
of his shares is too often found by the company- 
promoter to serve his own ends. Butit is not with 
such cases, or, indeed, with the concerns in which 
such practices prevail, that we wish now to deal. 
We desire rather to direct attention to the 
qualifications, other than financial, which ought to 
be recognised as indispensable in the case of 
directors of industrial companies. In the great 
majority of instances directorship follows, or is con- 
tingent upon, a real, and usually a large, monetary 
stake in the undertaking. That counts for much ; 
but it should be far from a justification for occupancy 
of a seat on the board, to the exclusion of men 
more fitted by technical knowledge to advance the 
prosperity of the industry. It is even doubtful if 
hereditary claims and financial endowment should be 
reckoned as counterbalancing an absence of adequate 
training and demonstrable ability to further the 
commercial or manufacturing prosperity of the com- 
pany. It was neither age nor the absence of tradi- 
tion, but the want of fruitfulness, which condemned 
the tree no longer to cumber the ground. 

One of our statesmen in a recent contribution to 
industrial economics did well to urge that ‘‘ the 
greatness and strength of this country depend upon 
the prosperity of our industries ; without that it 
cannot have the resources to be either great or 
strong ; every one who works in an industry is 
engaged in public services as well as in earning his 
own livelihood.” To attain efficiency in such 
national service it is essential that the work 
should be entrusted to those who are thoroughly 
capable, which has nothing to do with either 
hereditary or financial considerations. These may 
carry some privileges; that cannot be disputed. 
But of themselves they have no direct place in the 
equation of efficiency. The whole dictum that 
‘* where your treasure is there shall your heart be 
also” applies to the case of private ownership of 
factories. In many cases, indeed, we would say 
that the whole mind of the owner, as well as his 
heart, is in his work, since results in the balance- 
sheet so immediately and directly affect his pocket, 
and sooner or later and indirectly also his prestige. 
But now that so many of our factories are run by 
limited liability companies the effect is not so often 
brought home to those responsible for the cause. 
There is the greater need for searching investiga- 
tion into the professional qualifications of directors, 
as, apart from the direct influence of their personal 
deficiencies on the fortunes of the company, there 
is a probability of this affecting the whole of the 
staff. 

In estimating the capabilities to be desired on a 
board there must be full recognition of the varied 
necessities of management, and specialists in each 
of the many phases of successful direction should 
be included. It is not sufticient to provide 
for one or more directors capable of abso- 
lutely controlling all the operations of design 
and manufacture, which presupposes full know- 
ledge of the desiderata for efficiency in the 
finished product, as well as intimate acquaintance 
with the best workshop methods to ensure eco- 
nomy. These are dominant requirements in all 
industrial undertakings; but there are others 
equally requisite in advancing their prosperity. 
Contracts must be secured ; and while it is a first 
principle that the cost of production affects the 


909 | selling price, and therefore the facility with which 


the flow of work can be maintained, the directorate 
collectively, or some member of the board indi- 





vidually, must possess special qualities for the 
acquisition of new clients and the retention of 
old ones. There is no need to enlarge upon the 
necessary qualifications for this work. ey are 
varied, and include not only some technical know. 
ledge of the work done, but a large measure of tact, 
honesty of purpose, and a capacity for making and 
retaining friendships. The wider the circle of such 
friends, the greater the measure of success. Atthe 
same timeconsiderable physical endurance is needed, 
as the work is exacting and the field to be covered 
of great extent. These are points too often ignored 
by the workmen jealous of the contribution exacted 
from the manufacturing account for such work. 
There is a third phase of management in many 
undertakings under modern commercial conditions 

-the financial. Work formerly was paid for 
promptly by cash, or a small part of the total 
was covered by three-month or six-month bills. 
This latter method of footing the account has 
been greatly extended, and industrial concerns have 
become to a greater or less extent banking busi- 
nesses. Obviously, a financial expert is in such 
instances a necessary addition to the directorate ; 
a good accounting clerk is unable to accept the 
see Gomgearom oes of the large loans. Moreover, 
such a member of the board is well suited to keep 
a firm, if judicious, guard on the monetary phase of 
the affairs of the company. Again, there is room 
on every board for the ‘‘ man of affairs” with 
organising ability, a discerning mind, the know- 
ledge of character, the faculty of grasping a situa- 
tion and deciding between conflicting expert 
knowledge and of encouraging the acceptance of 
et on well-founded promise. 

iven the necessity for this wide range of direc- 
tion of a company, it is pertinent to inquire whether 
the directorates of our industrial companies are so 
constituted as to produce the maximum of efficiency. 
It would be invidious to quote examples ; the reader 
is free to carry the process of reasoning to the 
analysis of concrete cases. 

Many such instances suggest themselves, but 
prudence demands that we should content ourselves 
with general observations. A great many officers of 
the Army and Navy find positions on the directorates 
of industrial companies. Have they, in the majority 
of cases, the qualifications to increase the greatness 
and strength of national industry? That is as 
important from the general point of view as their 
winning of a livelihood is to them, Has the 
directorship of a public company not become 
means of adding to their old-age pension? How 
many who have retired from active work does one 
hear proclaiming their intention of looking out for 
two or three directorships? That would be quite 
satisfactory if they possessed any qualities to enable 
them to perform one or other of the functions of 
the directorate, without having an understudy. 
But the age at which they pass over from one set 
of duties to another, and the lack of adaptiveness 
which comes with age, reduces the ibilities of 
effective service even in the subsidiary positions. 
Lack of the necessary technical knowledge, and 
the inability always to conceal deficiencies from the 
staff, tends to the deterioration of the discipline, and 
to the creation of discontent in those with the 
required experience, but without the status to exer- 
cise control. An example _ be given. A director 
in the presence of the workers, noticing a large 
casting with a maker’s name upon it, complained 
to the manager that such work was not done in 
their own foundry. Even when told that it was 
an iron casting and that their own foundry only 
produced steel castings, he strongly expressed the 
view that the men should be made to do iron as 
well as steel work. 

The greatest error is the insufficient number of 
capable technical directors on many of the boards of 
industrial companies. The total number appointed 
is limited by the articles of association ; that is as 
it should be. The greater the number of orna- 
mental directors the weaker is the management, 
apart altogether from the fact that non-technical 
directors are very frequently absentee directors. 
The members of the staff, even the workmen, are 
ready to perceive the failings of a director, and 
the result is not conducive to efficiency. ‘‘ The 
black man, he does all the work ; the white man 
gets the pay,” becomes an article in the faith of 
the employed. This view is too readily accepted 
without justification, but that is no reason why any 
cause should be given for intensifying the belief. 
The statesman already quoted pointed out that 
much of the unrest in labour is due to the “awful 
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separation there is between the shareholder, paying 
for his share and expecting his dividend, and the 
workman employed by the limited liability company, 
and upon whose work that dividend and profit must 
depend.” The director is the medium between 
these two allies in industry, and the more direct 
and efficient his co-operation with the worker the 
narrower the zone of the separation. 

But there is another, and perhaps more serious, 
disadvantage in a board without a sufticiently 
qualified membership. Our supremacy in industry, 
and especially engineering industy, depends on our 
development of the scientific side. ith a weak 
board there is conservatism, a less disposition to 
accept reasonable risk, a satisfaction with that 
which is good rather than a desire for that which is 
best. Courage is a quality of youth; youth needs 
the stimulus of the prospect of promotion to the 
highest ranks, and where there is a disposition to fill 
seats—which should go to merit—by the adoption 
of the dictates of heredity, nepotism, or the reward 
for the attainment of social favour, the result is to 
cramp enterprising youths. As Professor Barr, in 
his admirable address as President of the Institution 
of Engineers and Shipbuilders in Scotland, said, ‘‘ it 
is the man who has acquired a knowledge of the 
scientific principles that must underlie sound practice 
in the art he would improve, and has stored his mind 
with information gathered in other arts and indus- 
tries, who has that freedom from prejudice, regarding 
the best course of procedure, that is necessary to 
the making of new departures.” Experience is of 
great value, but without scientific knowledge it 
works in fetters, and it further needs courage to 
overcome prejudices and to develop and encourage 
the inventive mind. A director so endowed is not 
only a tower of strength in the development of the 
design and manufacture of any firm’s products, but 
is ready in his recognition of merit in others, 
having no fear of his own displacement. He 
embues the worker with a sound conception of the 
value of the capital of the shareholders, and of the 
work of the directorate, and therefore helps to 
narrow the feeling of ‘‘ awful separation” to which 
we have referred. In all these respects he is doing 
a ‘* national service.” 








THE RAILWAY ACCIDENT NEAR 
HAWES JUNCTION. 

Tue annals of our railways for December have, 
unfortunately, been marred by two most serious 
accidents. Until the complete evidence taken at 
the regular inquiries becomes available in due 
course, discussion of these regrettable occurrences 
is best deferred. The more recent of the two has, 
however, given rise to suggestions advanced with the 
idea of mitigating to some extent the disastrous 
results that sometimes attend such mishaps, and, 
provided these are based on clear and a facts, 
there would appear to be no reason for postponing 
their consideration. Some of the suggestions are 
reasonable enough ; others deal with matters which 
have had the concern of the railways ever since 
railways were, with the result that present systems 
have been evolved as the most workable. All con- 
cerned recognise the gravity of these occurrences, 
and this appreciation is, of course, not to be increased 
by any use of needlessly extravagant language. A 
sane and broad discussion will, however, probably 
be productive of much ultimate good, 

One of the simplest and most reasonable sugges- 
tions put forward is that trains should carry regu- 
larly a few tools with which it would be possible to 
commence rescue work, instead of having to suffer 
a long delay, as happened in the accident near 
Hawes Junction, on the Midland Railway, on 
Saturday last. Travellers abroad, and especially on 
the North American Continent, will doubtless at 
once call to mind the fact that a glass-fronted case 
of such implements is often to be found in pas- 
senger carriages in other countries. Such cases, 
containing, perhaps, a saw and axe, have some- 
times been cause for derision, and at others have 
had an effect far from reassuring on nervous pas- 
sengers ; but there is no reason why passengers 
should not view their provision with the satisfaction 
that visitors approve of life-saving arrangements in 
hotels, sleeping all the sounder if they know them 
to be efficient. 

There need, however, if thought undesirable, be 
no such display as is customary abroad. It 
seldom, if ever, happens that both brake-vans are 
destroyed in an accident, and tools might therefore 
safely be kept in them; in fact, that would 





practically ensure a supply of tools being readily 
accessible. The tools which would most assist in 
the early rescue-work would probably be saws, 
axes, and bars, all of which are inexpensive, 
and not liable to deterioration if attended to. 
Jacks might also be serviceable, but as the 
idea is to render first aid rather than supplant the 
regularly well-equipped breakdown services, some 
decision would have to be reached as to how far it 
would be advisable to go in the matter. The 
object, of course, of all such provision is the prompt 
release of passengers who may be imprisoned in 
the coaches. We note also in this connection a 
suggestion by Mr. J. McNeill, in the Times, that 
sockets be placed near the locks of doors, so that, 
in the event of the doors jamming, a bar might be 
inserted, and the door prised open. This might 
be arranged for in a very unobtrusive manner, with 
no harm to the appearance of the stock. 

Again, the provision of efficient fire-extinguishers 
needs attention. There are in these days many 
extinguishers, which are efficient checks on fires. if 
used early enough, portable and compact in form, 
so that there can be no difficulty in finding one 
suitable for this work. They are, of course, a great 
deal more effective than hand-grenades, but it 
would be necessary to institute periodical inspection 
to ensure their readiness for use. The prompt use 
of such appliances might, it seems, have greatly 
reduced the gravity of the mishap near Hawes 
Junction. 

The question of the materials of construction for 
rolling-stock is, of course, a much larger one than 
any of the above, and we do not propose to enter 
into it here. It may, however, be pointed out that 
the use of millboard and composition for outside 
panelling is by no means uncommon outside this 
country, while here it is also used for certain classes 
of work. Butthough it reduces the inflammability 
of the body-work, such material would certainly not 
meet with the requirement that it should readily 
give way before a kick or blow of a fist, or attack 
with a penknife. Any material conforming to this 
would hardly be suited for rolling-stock construc- 
tion for express trains. 





NAVAL SHIPBUILDING IN 1910. 

NAVAL progress during the year now closing 
must be pronounced most satisfactory. There has 
been considerable activity so far as matériel is con- 
cerned, and as regards efficiency of the personnel 
there is gratifying evidence of the maintenance 
of the high standard attained in the success in 
manceuvres and in the equally important tests of 
battle practice. The conditions for both are increas- 
ingly severe. Fleets more frequently conduct exer- 
cises at night without lights, the targets for firing 
tests are made smaller, the speed of the ships 
when firing is greater, and there is less tendency 
for the admiral to choose for test a time when 
favourable weather conditions prevail. On the 
other hand, the year is not without its disasters, 
the loss of the Bedford in the China Seas 
being perhaps the most regrettable. These, how- 
ever, are more or less inevitable in view of the 
determination that in peace tactics war conditions 
must be closely approximated. But against these 
losses and the competition of foreign Powers we 
have made a big step in the augmentation of our 
fighting strength. The eight ships ordered in the 

revious year have all been well advanced—four have 

en launched, and four more are approaching the 
launching stage—although the prolonged dispute 
between the ironworkers in the shipbuilding yards 
and the Employers’ Federation has slightly affected 
the rate of progress. There does not, however, 
seem much reason to anticipate a serious delay in 
the completion of the vessels. None of the five ships 
included in the current year’s programme have 
been laid down, although work wil be begun on all 
of them early in the new year. The laying down 
of the smaller ships has for the most part been pro- 
vided for, so that with the coming of the new year 
there will be considerable activity in naval yards. 
But, after all, the principal anxiety is as to the 
future, and there is some assurance, so far as the 
next Navy programme is concerned, in the state- 
ment made by the Chancellor of the Exchequer, who 
has not hitherto been regarded as a strong advocate 
of a vigorous naval policy, to the effect that ‘‘ my 
Budget contemplates an expenditure on the Navy 
10 millions sterling in excess of what we spent some 
time ago. The Liberal Government wants a Navy 
which will give us an unchallenged superiority, and 





no sacrifice will be regarded as too great in order to 
assure that superiority.” 

The progress of the year in matériel may, in 
some measure, be gauged by the statistics as to 
vessels launched ; it offers a suitable basis of com- 
parison with previous years. Thus during the 
twelve months there have been constructed for the 
British Navy thirty-eight ships, of 130,851 tons, 
whereas in the previous year the total was twenty- 
nine vessels, of 97,044 tons displacement, and in 
1908 twenty-two vessels, of 48,682 tons. It is thus 
evident that we have made almost as great an addi- 
tion as in the twe preceding years combined, so far 
as tonnage goes; but in 1907 the tonnage of the 
vessels built was slightly higher than in 1910; the 
number launched in that year was only twenty-nine, 
but the displacement was 132,118 tons. As shall pre- 
sently be explained, a large proportion of this year’s 
new tonnage is made up of destroyers, in which the 
ratio of power to tonnage is enormously higher than 
with ships of the line ; consequently, we have a 
shaft horse-power of turbines for all ships launched 
totalling 592,800 horse-power. This is much higher 
than in any previous year. Last year marked the 
high level of 398,000 horse-power, while in 1907 the 
total was 373,800 horse-power. This large increase 
is also accounted for by the increased speed of all 
ships, notably cruisers, even of those of the battle- 
ship type, and this reason, associated with the 
increase in the number and power of primary guns 
per unit of displacement, explains why the cost 

TaseE I.—Fighting Ships Launched. 


| Value of 
| Horse- | Ships 
Power. | Com- 
| pleted. 


No. 





£ 
3,075,000 
7,890,000 
230,000 


In 1910. Dockyards on ooh 116,200 
Private yards (H.M.S.)| 33 | 476,600 
(foreign)| 3 5336 | 20,200 


” ” 


11,195,000 
4,390,000 
4,315,000 
2,920,000 


132,187 | 613,000 
46,320} 109,200 | 
50,724 | 288,800 
28,016 96,600 


Total in 1910 ..| 41 
In 1909. Dockyards  ....| 6 
Private yards(H.M.S.) 23 
es (foreign)| 9 


” 
Total in 1909 --| 38 


{n 1908. Dockyards .. Se 
Private yards(H.M.S.)| 17 
” »» (foreign) 14 


125,000 | 494,600 | 11,625,000 
42,426 | 67,600 

6,256 | 84,600 
26,294 | 67,650 
219,850 
388,835 
217,200 
260,600 
363,200 


3,990,000 
1,360,000 
2,885,000 
74,976 8,235,000 
132,679 
108,040 
7 | 129,945 | 
127. Ss 


Total in 1908 fe. 36 
Total in 1907 
Total in 1906 
Total in 1905 
Total in 1904 
Total in 1903 42 | 152,983 
Total in 1902 93,044 
Total in 1901 ..| 39 | 211,542 
Total in 1900 -| 29} 61,431 


13,612,000 
10,636,000 
12,047,000 
10,737,000 
12,600,000 

7,076,000 
16,243,800 

4,851,200 





55 
436,700 
179,750 


has gone up so considerably. Thus the approxi- 
mate value of the British warships launched in the 
year now closing is in their completed state over 
11,000,000/. sterling, as compared with 8,700,000/. 
in the previous year. In other words, the ratio 
of value to tonnage is now 84I. per ton, notwith- 
standing that at no prévious period in the history 
of the Navy has the British Admiralty secured more 
favourable terms from private contractors than 
recently. This applies not alone to hull and machi- 
nery construction, but to the armour and gun-mount- 
ings. In comparing the results with those of some 
foreign builders, where foreign contracts are con- 
cerned, one is apt to forget the most important 
element in such a comparison—the relative value of 
the design and material, and of experience. In no 
country in the world have builders greater experience 
and greater initiative in design. In armour, it is well 
known that lately a considerable advance has been 
made in this country not only in the alloy metals 
used, but in the process of heat treatment, and the 
improvement has increased the resisting power, 
and, therefore, the value per ton of the armour. 
In other respects, also, proof can be adduced of the 
excellence of the ship designs submitted to foreign 
governments, the latest evidence being the large 
and fast battleship-cruiser which the Japanese 
Government have authorised the Vickers Company 
to construct. In this instance there was no com- 
petition, and there is every probability that the 
firm will establish records in many respects, and, 
as with earlier ships for Japan and other Powers, 
will make a large step in the improvement of the 
battleship-cruiser. 

Returning to the British work of the year, 
total includes four large armoured ships—three 
battleships and an armoured cruiser. In the pre- 
vious year there were only three large armoured 
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ships, and in 1908 only two. The three battleships 
launched were the Orion, constructed at Portsmouth 
Dockyard, and engined by the Wallsend Slipway 
and Engineering Company; the Colossus, built 
and engined by Scotts’ Shipbuilding and Engineer- 
ing Company, Limited, Greenock ; and the Her- 
cules, constructed and fitted with machinery by 
Palmers’ Shipbuilding Company ; while the armoured 
cruiser was the Lion, launched in August at 
Devonport Dockyard, and now being fitted with 
her machinery by the Vickers Company. As we 
have already described the battleship* and the 
cruiser,t there is ao need to enter into details. 
The Lion certainly promises to be the most remark- 
able of the ships so far launched, as, with a dis- 
placement of 23,350 tons, she will have Parsons 
turbines to develop a greater power than has 
yet been fitted in any warship—to give a speed 
of something like 28 knots on her sea trial. A 
sister ship—the Princess Royal—it may be noted, 
is in course of construction at the Vickers works, 
and will be launched in February. 

Of battleships on the slips there are the three 
ships given out about twelve months ago, with all 
of which good progress is being made. The 
first—the Thunderer—is to be launched in a 
few weeks from the Thames Iron Works, while 
the Conqueror will follow from Messrs. Beard- 
more’s works, and the Monarch from Sir W. G. 
Armstrong, Whitworth, and Co.’s works. At the 
Devonport and Portsmouth dockyards two battle- 
ships are soon to be laid down,while at Scotts’ 
works at Greenock and at Cammell Laird and 
Co.’s works at Tranmere two sister ships will 
shortly be commenced. The fifth ship to be laid 
down next month is to be an armoured cruiser of 
the Lion class, but the order for this vessel has not 
yet been placed. 

To the number of armoured ships in course of 
construction must be added the two Colonial 
cruisers of the Indefatigable class—one at Messrs. 
John Brown and Co.’s yard at Clydebank, and the 
other at the Fairfield Company’s works. An 
interesting feature about this record of work is 
that capital ships are being built in eleven estab- 
lishments, while two others are included in the 
list of firms from whom tenders are usually invited. 
Several of these firms could undertake more than 
one ship at the same time, and be able to 
deliver the ships within two years from the date 
of commencement. Our gun - mounting estab- 
lishments and armour - plate manufacturers have 
kept satisfactory pace with the British Admiralty 
requirements, without in any way involving that 
proportion of their plant which is utilisable for 
foreign work. In view of this fact, there need be 
no fear regarding the battleship-building resources 
of the country. 

In the satisfactory compromises of fighting quali- 
ties, united to high s , which Sir Philip Watts, 
K.C.B., has given us amongst his many suc- 
cesses, there are the vessels of the ‘*‘ Town ”’ class, 
with which good progress has been made. Five, 
laid down eighteen to twenty-two months ago, have 
all been commissioned. Four were launched last 
year, and the fifth—the Bristol—early this year ; 
while, of the four ships subsequently ordered, 
two have been launched—the Falmouth, built and 
engined by Messrs. Beardmore, and the Weymouth, 
built by Sir W. G. Armstrong, Whitworth, and Co., 
and engined by the Parsons Com ny. Two others 
are in an advanced state, one at Vickers’ works and 
the other at the London and Glasgow Company’s 
works at Glasgow. It is thus probable that all 
four will be commissioned before the end of 1911. 
Five others have been ordered, two of which will 
be utilised for Colonial fleets. One of them is to 
be built at Chatham, while the contract ships are 
to be constructed one each by Messrs. Cammell 
Laird and Co., the London and Glasgow Shipbuild- 
ing Company ; Messrs. Beardmore and Co. ; and 
Messrs. John Brown and Co., Limited. The type 
ol cruiser has been fully described in ENGINEERING, } 
and to the trial performances of those completed a 
reference will be made later. 

Another protected cruiser—the Blanche —has 
een launched from the Pembroke Dockyard, and 
here, as in the case of practically all the Dockyard 
Sips, a very satisfactory record has been made, not 
only in respect.of the time occupied in construction, 





but also in the cost of the work. This bespeaks | 


continuous improvement in the organisation of the 
ENGINEERING, vol. Ixxxix., page 451, and page 305 
anic. 


+ Ibid., page 237 ante. } Ibid., page 264 ante. 


department of the Director of Dockyards, Mr. J. 
B. Marshall, C.B. The Blanche is one of the 
class of vessels known as the ‘‘B”’ class, which, 
including the two vessels now in hand at Pembroke, 
numbers six. Their displacement is 3360 tons on 
a draught of 13 ft. 6 in., and with the turbines de- 
veloping 18,000 shaft horse-power a speed of from 
25 to 26 knots has been realised on all the trials. The 
later ships are fitted with ten 4-in. breech-loading 
guns instead of six, as in the first two ships laid down, 
and for their cost (290,0001.) they constitute a 
valuable acquisition, as they are useful for many 
purposes, not the least important being scout and 
despatch work. 

Much satisfaction will be experienced by those 
who have misgivings as to our strength in small 
craft, when compared with foreign Powers, by the 
fact that this year twenty-five torpedo-boat de- 
stroyers have been launched, in addition to the three 
vessels constructed for the Australian Government. 
This is an addition considerably in excess of any 
made for many years. In these later vessels, which 
range in displacement from 780 to 1036 tons, great 
care has been exercised to ensure that speed at sea 
under adverse weather conditions has not been 
sacrificed for a high rate in calm weather or during 
trial. Thus the vessels have been made more sea- 
worthy by greatly augmenting structural strength 
with high freeboard, and the power of offence has 
been increased by the fitting of larger guns. Accord- 
ing to the new condition, the designs for these 
vessels are now prepared by Sir Philip Watts, and 
there is thus a greater uniformity in their size and 











Name of Type of Builders of Makers of 
Vessel. Vessel. Vessel. Machinery. 
Devonport 


' ' ‘| Hawthorn, Leslie, 
Collingwood... Battleship { {| _ and Oo. - 


Yar 
Neptune Ditto { ee { Harland and Wolff 
Glasgow — { yee yy } Fairfield Co. {| Fairfield Co. 
|f Armstrong, . = 
Newcastle vitto |{ Whitworth, {| ¥ a 
\ and Co. tiie 
bo . Vickers Sons | Vickers Sons 
Liverpool Ditto | { and Maxim and Maxim 
Gloucester .. Ditto { a “a — _ 
Bristol Ditto || a — 
P f Unarmoured f Pembroke Hawthorn, Leslie, 
Blanche ' cruiser \ Yar and Co. 


manceuvring qualities. It is scarcely necessary to 
enter at length into a description of these vessels 
here. The Fairfield Company has made the 
largest addition to the Fleet, as, in addition to two 
of the Australian vessels, the Paramatta and 
Warrego, they built for the home Navy five vessels 
—the Mosquito, the Scorpion, the Cameleon, the 
Comet, and the Goldfinch, making seven vessels in 
all. Messrs. Thornycroft and Co. have built four— 
the Sauvage, Larne, Lyra, and Martin. Messrs.Wm. 
Denny and Brothers launched the third Australian 
vessel—the Yarrow, and two ships for the home fleet 
—the Pincher and the Staunch. Messrs J. Brown 
and Co., of Clydebank, built the Acorn, the Alarm, 
and the Brisk ; Messrs. Hawthorn, Leslie, and Co. 
the Scourge, the Nemesis, and the Nereide. Messrs. 
White, of Cowes, launched the Basilisk, Minstrel, 
and Redpole, and Messrs. Cammell Laird and Co. 
the Wolverine and Racoon ; while the Nautilus was 
launched by the Thames Iron Works, &c., Com- 
pany. These, with the submarine-boats, make up 
a very formidable list for the British Navy. 

As to foreign work, the total output this year 
is much smaller than usual, as only three vessels 
have been launched—all by Messrs. Yarrow ; these 
make up 1336 tons. As shown in Table L., this 
total compares unsatisfactorily with the previous 
year, due to the large ships built for the Brazilian 
Navy then included, whereas this year the only 
Brazilian work is two of the last of the large fleet 
of destroyers built by Messrs. Yarrow.* The work 
on hand for foreign navies is, however, quite 
satisfactory, including, as it does, not only the 
Japanese ship to which we have already referred, 
but a battleship for Brazil, both representing the 
most powerful of their class when ordered. 


* See ENGINEERING, page 265 ante. 


TABLE II.—Sream Triats or His Masesty’s ARMOURED AND Prorecrep SHIPs In 1910, 


* Coal equivalent of total fuel. 


ore- | 


over, it is gratifying to know that the experience 
in design and construction of several of our firms is 
being utilised in connection with work in progress 
in the Government yards of several nations. — It 
is inevitable that foreign nations should wish to 
educate their own workmen in the building of such 
craft, and the next best thing to securing orders is 
to have the compliment paid by governments seeking 
| the professional assistance of our constructors, Thus, 
while Messrs. Yarrow are building for Denmark and 
|other countries (the third foreign ship launched 
being a torpedo-boat for Denmark), they are acting 
in a consultative capacity in connection with the 
building of other vessels for Scandinavian countries. 
Three of our firms are associated with the building 
of a new navy in Spain. The future, however, 
promises interesting foreign work for this country. 
Chili has now under consideration designs and 
tenders from various countries. Turkey od also 
proposals for adding several important ships to her 
somewhat obsolete navy, while Portugal is soon 
to be in the field for new work ; so that if merit 
has anything to do with the placing of these orders, 
the builders in this country ought to profit. 
Turning now to another phase of the subject, 
we give in Tables II. and III. a record of the 
results of the steam trials conducted during 1910. 
The first two vessels in Table II. are battleships, 
with Parsons turbines. The coal - consumption 
results of the 30-hours trials at high power are not 
quite so good as in some of the earlier battleships. 
The average of the preceding four ships was 1.78 Tb. 
of coal per shaft horse-power per hour. But the 





Low-PowER Hien-Power | FvULL- Power 








TRIAL. TRIAL. TRIAL, 
| -_ 
Dis- a | - 
place- Type of so .& 5% 
ment, | Bollers. xe 4 & Es 
j . & . °.? s a* 4 
wens, | a jp gts | a gti a gts 
os SohF) ge Sta ge ome 
1 19,280 Yarrow 4983 2.84 [17,321 197 26,319 18 
{ 19,900} Ditto 18,878, 1.74 (27,721 1.46 
| | 
} 4,800, Ditto 14,088 1.61 |18,382/ 1.57 22,472 1.61° 
4,800| Ditto 14,088) 1.86 |18,754) 1.65 24,669 1.52" 
} 4,800| Ditto 18,970! 1.57 |18,614 1.59 24,614 1.65* 
} 4,800/ Ditto 13,983, 1.59 |18,901 1.48 28,757 1.68" 
4,800, Ditto 14,206) 182 |18,936) 161 (24,520 1.66" 
} 3,350; Ditto (11,242) 1.79 1.48 18,542 1.56" 


15,274 


Neptune, with 1.46 lb. of coal for the full-power 
trial, established a record for the battleships of the 
Dreadnought class. The results generally must be 
a satisfactory. As regards speed, these 

attleships have all proved themselves able at full 
power to reach within a small fraction of 22 knots, 
although their legend speed is only 21 knots. The 
battleship-cruiser Indefatigable has recently been 
tried, but the results have not yet been checked, 
since the various instruments used were calibrated. 
The legend power of 43,000 horse-power was easily 
got, and the speed of 25 knots was exceeded by 
more than one nautical mile per hour. 

The trial results of the five protected cruisers in 
the table are interesting, first, because four of them 
are fitted with Parsons turbine, and the fifth, the 
Bristol, with Brown-Curtis turbines. The results 
of the trials were separately reviewed in ENGINEER- 
ING on the conclusion of the tests in each case, and 
the performance of the Bristol was very fully dealt 
with.* It will be seen from the tablethat at low power 
the average rate of coal consumption per horse- 
power per hour for the Parsons shi s was 1.66 lb. 

er shaft horse-power, as poem | with 1,82 Ib. 
in the case of the Bristol ; for the 22 hours, at the 
high-power trial, the average was for the four 
Parsons ships 1.57 lb., against 1.61 lb.; and on 
the full-power trial, 1.61 lb. and 1.66 lb. respec- 
tively. In all the ships oil-fuel was used on the 
full - power trial in addition to coal, but the 
results are reduced to the equivalent of coal. 


The Bristol, however, had a higher propulsive 
efficiency, and consequently a slightly higher 
speed for a given power. This must taken 


into consideration in making any deduction from 





* See ENGINEERING, vol. Ixxxix., pages 674, 788, and 
pages 241, 264, 465 ante, . 
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the figures published. It should, therefore, be 
stated that the average speed of the Parsons 
ships on the full-power trials was 26.13 knots 
for 24,240 shaft horse-power, as compared with 
26.84 knots for 24,227 shaft horse - power in 
the case of the Bristol. At the eight-hours trial 
at about 18,000 horse-power the average speed of 
the four Parsons ships was 24.98 knots for 18,785 
horse-power, as compared with 25.17 knots for 
19,130 shaft horse-power. On the 22-hours trial 
at about 13,500 shaft horse-power, the average 
speed for the Parsons ships was 23.56 knots for 
14,044 horse-power, as compared with 24.06 knots 
for 14,300 shaft horse-power in the case of the 
Bristol. 

The results for all five ships are remarkably 
uniform, not only in respect of the coal consump- 
tion at the higher powers, but also in respect of 
speed. The coal consumption results must only be 
accepted as approximate, because special arrange- 
ments were not made, as is frequently the case 
in British warships, and the water consumption 
results are much more accurate, being determined 
on a more scientific basis. If the results of the five 
cruisers of the ‘‘County”’ class are taken on the basis 
of miles run per ton of water, the closeness of the 
results is still more pronounced, and we are sure to 
hear more in the future of the association of one 
impulse stage even with the remaining stages made 
up of reaction blading as proposed by Mr. Parsons. 
But this is a subject which is much too large to be 
dealt with here. 

The Blanche is one of the ‘‘ B”’ class of cruisers, 
built at Pembroke, and it will be noted that very 
high economy has been realised. This, however, 
is typical of all the vessels of the class. The speed 
in the case of the Blanche at full power was 
25.67 knots, while at 15,274 horse-power the rate 
was 24.4 knots, which must be pronounced a very 
satisfactory result (see page 416 ante). 

Tape IIl.—7'rials of pg Torpedo- Boat Destroyers 
in 1910, 


Speed on 
Full-Power 
Trial. 


Builders of Vessel 
and Makers of 
Machinery. 


Type of 
Vessel, 


Name of 
Vessel. 


knots 
Hawthorn, Leslie, 33.34 
and Co, 
Palmers’ Company 
John Prown and Co. 
Hawthorn, Leslie, 
and Co. 

John Brown and Co. 
Ditto 
Fairfield Company 
J. 8. White and Co, 
{London and Glasgow 
Company 
Thornycroft and Co. 
Fairfield Company | 
Cammell Laird 

and Co. 
Denny Brothers 
Cammell Laird 
and Co. 


. Torpedo-boat 
destroyer 
Ditto 
Ditto 
Ditto 


Zulu . 
33.40 
27.12 
27.06 


Viking 
Beagle 
Scourge 


Ditto 
Ditto 
Ditto 
Ditto 
Ditto 


Bulldog 
Foxhound 
Grasshopper. . 
Harpy ° 
Rattlesnake .. 
Ditto 


Ditto 
Ditto 


Savage 
Mosquito 
Wolverine 


Ditto 


Pincher 
Ditto 


Renard 
Basilisk 
Scorpion 
Racoon 


J. 8. White and Co. | 
Fairfield and Co. 
Cammell Laird 
and Co. | 
| Fairfield Company | 
|John Brown and Co. 
Thornycroft and Co. | 
J. 8. White and Co. 
| Fairfield Company 
|Thornycroft and Co. 


Ditto 
Ditto 
Ditto | 


Ditto 
Dttto 
Ditto 
Ditto 
Ditto 
Ditto 


Cameleon 
Acorn 
Larne. . 
Redpole 
Comet 
Lyra .. 


The Parsons arrangement of combined impulse 
and reaction blading is being tried on two of the 
new torpedo-boat destroyers, the turbines being 
fitted in parallel on a two - shaft arrangement. 
Other alternative systems, including installations 
of Brown-Curtis turbines, are being tried. This 
and similar progressive steps go to show that under 
the régime—as Engineer-in-Chief of the Fleet—of 
Engineer Vice-Admiral Sir Henry Oram, K.C.B., 
there is continued that active advance which has 
so long characterised the engineering branch. In- 
deed, those who have studied the successive articles 
on the performance of British warships which have 
appeared in Encingertne will have realised that 
there is a great forward movement towards 
economy. Moreover, the increased efficiency of 





the machinery in the Navy is attested by the few 
breakdowns which occur, notwithstanding continu- 
ous steaming. These facts are specially exemplified | 
by the rformance of the , rn dy and the | 
results of the vessels completed in 1910 are there- | 
fore interesting. Two of the vessels, it will be | 
noted, are of the old 33-knot class, the remainder | 
are 27-knot boats. But any comparison between the | 
speed performances is to be deprecated, because the | 


vessels are tried under such different conditions. The | 


draught of water affects results in a remarkable 
degree, and it is difficult to anticipate for such a 
class of ship the conditions which, in this respect, 
will give the most favourable results. One class 
may be better suited for shallow water, and another 
for deep water. But the main point is that all these 
ships achieve the designed results with remarkable 
regularity and with the minimum amount of trouble. 





PRODUCER-GAS PLANTS IN THE 


UNITED STATES. 

Prior to the year 1900 very little progress had 
been made in the United States in the application of 

roducer-gas plants for power purposes, and the 
ie isolated installations then existing were of com- 
paratively small capacity. During the last eight 
years or so, however, great progress has been made 
in gas-engine design, and the time is now past 
when engines of 600 horse-power are to be regarded 
as of unusual size, since powers of 3000 to 5000 
horse-power are easily obtainable. This advance 
has been brought about in large degree by the 
improvements effected during recent years in gas- 
producer plant for manufacturing cheap gas for 
power purposes. The early attempts in this 
direction were by no means successful, but the 
theoretical economies possible with internal-com- 
bustion engines led experimenters to persevere in 
overcoming the difficulties encountered in the 
original installations, with the result that to-day 
engines of this type can be considered as serious 
competitors with modern steam-engine plants for 
the supply of power for industrial purposes. 

The introduction of suction-producers in recent 
years, too, has done much towards popularising gas- 
engines of smaller powers, in spite of the fact that 
such plants are practically confined to the use of 
anthracite, coke, or charcoal as fuel. Many 
attempts have been made to construct suitable 
producers of this type for the use of bituminous 
coals and other fuels of a tarry nature—such as 
lignite, peat, &c.—but of such installations as have 
been put to work few only can be regarded as other- 
wise than experimental. 

On account of the steadily increasing number of 


~ | gas-producing plants installed in the United States, 


the Geological Survey, in 1904, instituted a series 
of investigations with a view to ascertaining the 
possibility of utilising low-grade commercial coals 
for the production of cheap power-gas. The results 
of the experiments carried out by this department 
up to 1907 at their testing-stations at St. Louis and 
at Norfolk have recently been published in Bulletin 
No. 416,* and though the data given may not be 
considered as conclusive, some account of the work 
done will be of interest. 

At the time when the investigations were insti- 
tuted the bulk of the producers in successful opera- 
tion in the United States employed anthracite or 
coke as fuel, though a few plants of the ee. 
or ‘‘down-draught,” types were at work using a 
carefully-selected bituminous coal, having freedom 
from sulphur and tarry substances as essential 
qualities. 

For the purpose of testing the fuels a pressure 
producer plant was utilised, designed for the em- 
ployment of anthracite. It was employed for all 
the tests, and no attempt was made in any way to 
modify it to suit the various classes of fuels used. 
The gas produced was supplied to a three-cylinder 
vertical gas-engine of 250 horse-power, belt-driving 
a dynamo of 175 kilowatts capacity, the load on 
which was maintained as nearly as possible during 
all the tests at 235 brake horse-power. Though 
the results, therefore, are comparative for the plant 
employed, they do not in any way represent the 
best results possible with the various fuels, and 
they may be considerably moditied by further re- 
searches at present being carried out at the Pitts- 
burg testing-station. The intention of the depart- 
ment, however, was to demonstrate the possibility 
of using low-grade fuels for the production of cheap 
gas, and in this respect the data obtained are of 
value. 

In the majority of instances only one test was 
carried out on each sample of coal, but since all the 
tests were made under exactly similar conditions, 
the results should be directly comparable. Imme- 


| diately Frage the official run, which in all cases 


was of 30 to 50 hours’ duration, a preliminary trial 
of 8 to 10 hours was made in order to familiarise 


* “Recent Development of the Producer-Gas Power 
Plantin the United States,” by Robert Heywood Fernald. 
Bulletin No. 416, United States Geological Survey. 





the operators as far as possible with the nature of 
the fuel under observation. 

In addition to the gas-producer tests a series 
comparative trials were run on a steam plant in 
order to obtain some idea of the relative value of 
the fuels for steam generation. The plant em- 

loyed for these tests consisted of two water-tube 

ilers of about 200 horse-power, and a horizonta! 
high-pressure Corliss type engine of 250 horse 
power, driving a dynamo by belt, as in the case 0 
the gas-engine. 

The two installations used for these experiments 
cannot be regarded as the most economical of their 
respective types ; but taking full account of their 
relative merits, it was considered that a direct com- 
parison of the results obtained was justified. In 
connection with this point, the author of the report 
under notice quotes the results obtained by the 
Government plant at St. Louis as showing that the 
relative thermal efficiencies of modern steam-plant 
and producer-gas plant may be taken as about 5 per 
cent. and 13 per cent. respectively when working 
under ordinary commercial conditions, 

In the results obtained it has not been necessary 
to make any allowances for stand-by losses, since 
the trials were, without exception, carried out as 
continuous runs, and no modifications or adjust- 
ments of any kind were attempted in the results 
obtained. It should be further noted that the coal 
consumed in the case of the gas-producer included 
that used for the auxiliary steam-boiler for supply- 
ing the steam required. 

On the gas-plant a large number of fuels were 
experimented with, including 125 bituminous coals, 
9 *‘sub-bituminous ” or lignites, 9 lignites, 1 peat, 
and 10 other fuels, and, in all, 168 tests were made. 
In Table I. is given a summary of the leading results 
obtained on the gas-producer tests, and it should 
be noted that all items which are affected by the 
load-factor of the plant are only given for loads of 
90 to 100 per cent. of full load. It will be observed 
that the fuels show a wide range of calorific values, 
and, as would be expected, a corresponding varia- 
tion in the results obtained. A summary of 
analyses of the fuels, and of the gas produced, is 
given in Table II., which also clearly shows the 
varying classes of fuels experimented with. 

In view of the fact that the installation used for 
the tests was not specially adapted for many of the 
fuels used, the results obtained should be encou- 
raging to makers of gas-producers, and lead to the 
oe of special plants for using the various 
ow-grade fuels. In recording the results obtained, 
however, no mention is made as to the formation 
of clinker or the means adopted to prevent trouble 
from this source. As already mentioned, the fuel 
consumption includes that used for the auxiliary 
steam boiler, but the amount of this latter is not 
given. 

In the comparative tests with the steam plant a 
comprehensive range of fuels was dealt with, and 
in all some eighty-two trials were carried out, of 
which we give a brief summary below :— 


of 


| | Ratio of Coal Fired per 
| Brake Horse-Power. 
— | Steam Plant to Gas Plant. 
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The results of these trials are also given in the 
form of a diagram (see opposite page), which further 
shows the comparative results obtained with varying 
calorific values of fuel. As might be expected, it 
was found that a number of the lower grades of fuel 
and lignite proved to be worthless as steam-raisers, 
though they gave comparatively good results in 
the producer. Thus with ‘‘ bone,” a refuse from 
bituminous coal, an efficiency was realised in the 
gas plant equivalent to that obtained by g° vod 
steam coal with the boiler. 

In order to obtain a further comparison between 
the steam and gas plants, one of the higher grade 
coals was chosen, and thermal efficiency tests 
carried out on the two installations. The coal, 
which had a calorific value of 12,500 B.T.U., gave 
thermal efficiencies of 13.5 and 4.86 per cent. 
respectively for the gas and steam plants, these 
figures being based on the power delivered at the 
switchboard, and assuming the transmission 
efficiency from engine to switchboard in each case 


to be 85 per cent. 
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TaBLE I.— Summary of Tests of Fuel on Gas-Producer. | and that many plants were installed, on the maker’s 
—— | recommendation, that proved unsuitable for the 
Pounds of Coal > duty intended. 
| Gas. on ° : 
lau per Hour. The conditions in this respect are now, however, 
8 eee cee , much improved, in t measure owing to the 
—— Pound | per | | Cubic | B.7.U. | efforts of the Gas Section of the American Society 
{ot Coal. | ea - . |F we per i of Mechanical Engineers, and the established firms 
eae (DET of Ceal.| Foot. | may now be relied upon to supply plants that will 
- | fulfil the guaranteed conditions. With the growth 
Bituminous Coals. } : . + 3 : 
Number of tests 127 | 9% 92 ss | 19 |im the use of gas-producers, too, it is becoming 
Maximum (a) 14,674 | 11.84 | 2.05 | 100.8 |\j7¢, | easier to obtain experienced men to operate them, 
- (b) 15,073 10.44 1.81 | 105.5 | J " "  |and the difficulties previously met with in this 
Minimom ) iouso tsa ose | 409 2266 | respect will gradually be eliminated. _ 
Average (a) 12,230} 7.64 136 | 60.5 | ¢y554 he formation of tar when using bituminous coals, 
” -» (18,150 | 7.138 | 126 | 647 | 1 and the troubles that arise, do not appear to have 
____ Lignites. ae a - ‘ 13 | prevented the installation of this type of plant, 
Number of tests (a) 10685 | 1470 | 275 45.9 too since more than half the total power at work in the 
ie (b) 11,686 | 12.22 202 | 528 |f/°” | United States, at the time the Bulletin was compiled, 
Misinem @ ose | 7:56 He | 35 | $125.3 | was developed from this class of coal. It may, how- 
Average (a) 8350) 1230 1.99 | 35.8 lisgg | ever, be added that generally a good marketable 
” -- () 11,2005 9.13 1.63 | 45.7 | 1°" | quality was employed. In the case of single-unit 
Peat. a ' vee | oan plants the formation of tar is naturally more trouble- 
One SSP 34 up| tae 202 | 383 175 2 |some, as it of necessity involves the complete 
ema Oh a hed bier iB shutting down of the plant from time to time for 
— (a) As fired. (b) Dry. cleaning purposes. 
TABLE II.—Summary or ANALYSES ON CoAL AND Gas. 
Birummous Coats. Lignires. 
Number} — . ee — Rey og 
f Test i. of Tests. "a Hee ‘est Only. 
einem — Minimum.) Average. —_ Minimum. Average. 7 
per cent. | per cent. | per cent. per cent. percent. percent. percent. 
Composition of fuel - ie ‘ 1 a } % | ie 
Moisture .. oe oe - ee i. 16.69 | 1.43 | 6.83 39.56 8.51 26.60 21.00 
Volatilematters.. .. ... - | 4246 9.70 33.06 38.41 25.54 $1.40 51.72 
Fired carbon owe «al coe 31.19 49.80 45.69 23.80 32.60 22.11 
Ash.. ; Be ie a . - | Be 2.77 10.32 15.47 2.74 9.53 5.17 
Sulphur .. . ‘a vie ; ai 7.36 0.2 2.41 4.58 0.47 1,29 4.45 
Composition of gas ie 130 | “a = - 18 
Carbon dioxide(CO,) .. “< os * 9.84 ae : 10.55 12.4 
Oxygen (Op) - er : an 0.04 . 0.16 0.0 
Ethylene (C2H4) a - es 0.18 . 0.17 0.4 
Carbon monoxide (CO)... 23.89 11.93 18.28 25.2 13.9 18,72 21.0 
Hydrogen (Hg) .. m 18.60 2.81 12.90 19.3 9.2 13.74 18.5 
Methane (CHy) .. “ os 3.12 F = 3.44 2.2 
Nitrogen (No) pa ae | ee 55.60 58,22 45.5 
Pounds of tar per ton of fuel as fired— | j a 
Water not extracted .. on ue 43 745 130 380.8 9 289 66 175 
Water extracted .. 130 624 92 310 1 110 110 110 
COMPARATIVE SERVICE OF IN GAS-PRODUCER & STEAM-BO/LER 
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The results so far obtained are considered by 
the department sufficient justification for a con- 
tnuance of their researches at the Pittsburg Testing 
Station, and the results of these further experi- 
ments will be awaited with interest, alike by 
manufacturers and users of gas plants. The pub- 
lication of such authoritative data should be of 
sreat assistance to those concerned in the design of 
gas-producers, and should do much to stimulate 
the efforts being made to utilise low-grade fuels 
under commercial conditions. 

The bulletin under notice further contains a mass 
of information respecting the progress of the gas- 
producer in the United States, together with the 
‘iews of manufacturers and users on the plants in 
general use, A perusal of the opinions expressed 
points to the fact that in the majority of cases where 
‘rouble has been experienced this has been due to 
‘he ignorance of the operators. It would also appear 
that in many instances the makers were either 
unwilling or not able to assist in improving matters, 
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Among the reasons cited as having acted ad- 
versely on the introduction of producer plants the 
chief would appear to be the lack of practical assist- 
ance given by the makers, and which we have 
already alluded to, and the provision by them of 
plants unsuitable for.the colle intended. Another 
factor was the high first cost, which in many 
cases led the power-user to adopt a steam plant. 
There now appears to be a tendency for a general 
reduction in the prices asked for the gas-plants, 
and it is pointed out that the total cost of installa- 
| tion of 4000 to 5000 horse-power would be about 
the same for plants of either type. The reduction 
of first cost, together with the fact that reliable 
plants can easily be obtained from responsible firms, 
will, no doubt, lead to a marked increase in the 
number of plants installed. In this connection it 
is interesting to note the steady growth during the 
past few years. From information obtained from 
the leading firms of makers in the United States, 
, the increase in the number of plants sold during 








1904 over the preceding year was 20, with a total 
power of about 4000 horse-power, whereas the 
corresponding figures for 1 showed an increase 
of 126 plants, totalling 50,000 horse-power. 





NOTES. 
Tue Coa, anp Mertat TRADES. 

In their review for 1910, Messrs. Bolling and 
Lowe, 2, Laurence Pountney-hill, E.C., give an 
interesting series of data concerning the coal, iron 
and steel, copper and tin markets. Notwith- 
standing their opening statement to the effect that 
a decided improvement on 1909 and a general 
advance in prices in many directions sums up the 
record of the position of trade for the year now 
drawing to a close, the review strikes a pessimistic 
note, as witness, among others, the paragraph con- 
cerning rails :—‘‘ There is little to record here, and 
that little by no means cheerful. This section of 
the trade has been a quiet, and there has 


been a great falling off in the tonnage exported. 
Prices have undergone little variation, and there 
has been a singular dearth of orders. A ter 


evil, however, than want of business or labour 
disputes, seems to threaten not so much the exist- 
tence of the rail syndicate as its prosperity, through 
the increasing growth of competitors who may 
snatch away important customers with every likeli- 
hood of retaining them. The Hanyang Works at 
Hankow, the Lithgow Works in New South Wales, 
and the Kalimati Steel and Iron Works of India, 
have joined the ranks of the producers, and will, 
no doubt, meet with plenty of local encouragement. 
To these may be added the important Dominion 
Tron and Steel Company, and the projected erec- 
tion of large works on the West Coast of America. 
The worst trade enemy, over-production, is well in 
sight.’’ This latter remark, we are glad to add, 
applies to rails only, and considering the immense 
tracts of lands where railways are wanting, there is, 
we believe, no very great likelihood of an over-pro- 
duction of rails occurring in the near future. We 
agree with Messrs. Bolling and Lowe in ascribing 
the responsibility for a large portion of our decline 
in trade in general to the unsettled condition of 
political affairs in this country. 


REFRACTORY MATERIALS. 


The Institution of Gas Engineers have recently 
appointed a committee with a view of investigating 
the conditions under which refractory materials are 
used, and of improving their quality. The problems 
concerned were dealt with in a discourse delivered 
by Dr. R. Lessing, of London, before the Liverpool 
Engineering Society on December 14. Dr. Lessing 
spoke on ‘‘ Refractory Materials and their Testing,” 
with special regard to the chief chelsea 
and quartz. Clay, he pointed out, was the secon 
decomposition product of volcanic rocks, whic 
chemical and physical agencies finally converted 
into the aluminium silicate Al,O,.2 SiO, .2 H,O. 
The water could only be removed by raising the 
temperature up to a dull red heat. Chemically 

ure alumina did not show signs of melting at the 
lesion point of platinum (1710 deg. Cent.), at which 
quartz partly fused to a transparent glass-like 
mass. A mixture of alumina and quartz, of 
the above-mentioned composition, would begin to 
melt at 1500 deg. Cent. already, and the pre- 
sence of impurities or fluxes would further lower 
the melting-point. Richter had observed in 
1868 that equivalent quantities of the various 
fluxes had the same effect in lowering the melting- 
point. This effect was first considered as essentially 
chemical. But the researches of Ludwig (1904) 
had proved that the action of the fluxes had partly 
to be regarded from the standpoint of the general 
law of dilute solutions, according to which an equal 
number of molecules of different substances, in an 
equal quantity of solvent, lowered the melting- 
point by an equal amount. By dividing the 
percentages of the various impurities of clay, iron 
oxide, lime, &c., by their molecular weights, their 
effect could thus be allowed for, and various arti- 
ficial mixtures of equal fusibility could be prepared. 
Seggar cones were produced on this principle ; the 
analyses would decide the point at which actual 
fusion took place—not the temperature at which 
incipient fusion set in. But the refractoriness 
depended upon physical and mechanical features, 
as well as upon chemical composition. Fusion 
commenced by the softening of the finer parts of 
the granules of which a body was made up ; the 
liquefying granules attacked the inner parte by 
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way of solution. The process was much more 
rapid with dense than with fairly porous sub- 
stances, the former offering much more intimate 
contact. It was therefore possible by moulding 
and burning a clay in varying manners, so as to 
ensure differences in density, to produce appreci- 
able range in refractoriness. A large portion of 
the raw material consisted of burnt clay (broken 
bricks or blocks), the unburnt plastic green clay 
serving as binder. The burnt material or ‘‘ grog ” 
was crushed and graded, and the shrinkage during 
the drying and firing depended a good deal on the 
amount of grog incorporated into the plastic clay. 
The porosity was increased, at the expense of 
mechanical strength, by adding saw-dust, &c., to 
the material before burning. Stability of volume 
was a very desirable quality for refractory ma- 
terials ; the material should not alter its volume 
unduly or irregularly, but fireclay was inclined to 
contract, and quartz to expand, on heating. The 
chemical effect of ashes, flue-dust, &c., further 
complicated the task of the manufacturer and engi- 
neer, who had to decide which of the various and 
partly incompatible good qualities he should chiefly 
aim at. In a gas-oven the arches had to with- 
stand the highest temperatures; silica bricks, 
made of sand from Ewell, near Epsom, were 
to be recommended for this purpose. They 
should be fairly porous and non - conducting. 
The division-walls of the setting need not be so 
highly refractory. The outer walls should be 
ordinary bricks of high porosity and low thermal 
conductivity. - The retorts had likewise to bear the 
highest temperatures, and also rapid changes of 
temperature, as they were charged with cold coal, 
and they should be gas-tight and strong to stand 
the use of the rake and of the ram of the charging- 
machine. High claims had likewise to be made 
on the uniformity of the mortars used for building 
the settings, and it was gratifying that manufac- 
turers and users co-operated to meet these difficult 
conditions. 








INDUSTRIAL NOTES. 

THERE was a distinct feeling in South Wales at 
the end of last week that the 6000 Powell-Duffryn 
strikers in the Aberdare Valley who declined to 
return to work when the other strikers in that 
district went back would, in the course of a few days, 
follow their comrades. They declined because the 
general manager of the Powell-Duffryn Company 
would not give an understanding that no workman 
should be victimised. The hope of a speedy resump- 
tion of work was the result of a conference, held at 
Cardiff on Thursday in last week, between the repre- 
sentatives of the strikers and the Miners’ Executive 
Council. The deputation of strikers said that the 
workmen wished to give the Federation their support 
n their endeavour to procure from the Powell- 
Duffryn Company an understanding on the subject 
of victimisation, and a resolution was adopted by 
the council to the effect that, in their opinion, a 
distinct violation of the decision of the Concilia- 
tion Board would result if any attempt were made 
to victimise the men, and they undertook, if any- 
thing of the kind were attempted, to give the fn 
men the full protection and help of the Federation. 
In consideration of this decision the deputation agreed 
to recommend the workmen at the oalinny to resume 
work at once. The feeling among the men was some- 
what divided, but it was thought that the advice to 
resume work would be accepted by a large majority 
of the men. These hopes were fulfilled, for at a mass 
meeting held on Friday 4500 men resolved to resume 
work after the Christmas holidays, and refer their 
grievances to the Conciliation Board. 

On Wednesday in last week another attempt was 
made at Cardiff by Mr. G. R. Askwith, of the Board 
of Trade, to settle the dispute at the Cambrian Col- 
lieries, which affects about 12,000 men. A mass 
meeting of the men had rejected the settlement 
arrived at by the presidents of the two sides of the 
Conciliation Board. At the conference last week it 
was, after an hour’s sitting, decided that Mr. Askwith 
and Mr. Mitchell, of the Poard of Trade, should 
meet the Strike Committee on t1e following day. At 
the meeting where this decision was arrived at the 
merits of the dispute were no', it is understood, 
discussed during the short time the parties were 
together, as the owners were not inclined to treat 
with the men’s representatives, who had come supplied 
with powers to effect a settlement. It was, moreover, 
pointed out that as the men had already thrown over 
an agreement arrived at by Mr. F. L. Davis and 
**Mabon,” it was felt that any further discussion of the 
matter would be useless until the men’s representatives 
received full powers. 


late Sir Charles Scotter by the Railway Review, which, 
coming from a paper devoted to the interests of rail- 
way employees, shows in what general esteem the 
great organiser was held, and how much he was re- 
spected by the men of the London and South-Western 
Railway. It says :—‘‘Sir Charles Scotter began life 
as an ordinary clerk in the services of the M. S. and 
L. Railway at Hull, and ended his active career as 
eneral manager of the London and South-Western 
Railway, a line he rescued from a decayed obscurity, 
and placed in the front of British railway enterprises 
by sheer business intuition in the direction of fosterin 
and developing the possibilities of the line, an 
anticipating the requirements of the people within his 
sphere of influence. Direct in habit and speech, Sir 
Charles was beloved by the men of the rank and 
file, an affection expressed in tangible form on more 
than one occasion. He was the pioneer of privilege 
tickets, and the care of the children of the London and 
South-Western Railway Orphanage was one of the 
phases of his many-sided humanities.” Few tributes to 
the worth of the man could be more telling than this. 


On the 2lst inst. the case of Logan v. Chatham 
Government Labourers’ Union was again mentioned to 
Mr. Justice Neville. It may be remembered that in 
this case the plaintiff asked for an injunction restrain- 
ing the union under the terms of the Osborne judgment 
from applying their funds for Parliamentary purposes. 
It had been intimated by the union on the 16th inst. 
that, chiefly owing to lack of funds, they did not intend 
to oppose a perpetual injunction being granted ; butas 
they had not entered a legal appearance, his Lordship 
felt a difficulty in granting a perpetual injunction. It 
was stated on the 2Ist inst., however, that the union 
were represented by counsel, and consented, and the 
perpetual injunction was granted by his Lordship. 


It is now hoped that the strike at the Shotton Iron 
Works will soon be settled, for on Wednesday last 
week there was a conference at the Victoria Hotel, 
London, between the representatives of the Steel- 
Smelters’ Union and the Iron and Steel-Workers’ 
Union with the representatives of the Steel Ingot- 
Makers’ Association, with a view to bringing about a 
settlement of the dispute. Since the negotiations 
conducted by the Board of Trade several conferences 
have been held, none of which ended satisfactorily. 
As a result of the meeting held last week, however, 
it is understood that an agreement was entered upon. 
It was decided to submit the terms of the settlement 
to the executive of the two unions for their approval. 
The dispute has been an unfortunate one, and has lasted 
for nearly a year, and a good deal of bitter feeling has 
existed. The whole of the Staffordshire mills will be 
affected by the settlement, which threw out of work 
about 1400 men. 


It is stated that, to the majority of the Great 
Northern Railway men in Doncaster, Lord MacDonnell’s 
interpretation of his award in the recent arbitration on 
the hours and wages of certain grades of the company’s 
men has come as a great surprise, and will, it is 
feared, cause great dissatisfaction. One difficulty 
seems to be that, although the men have profited in 
certain ways, they have, they say, to deal with so many 
officials who place obstacles in the way. Many of the 
points in question are complicated, and the contention 
of the men is that the officials, on behalf of the com- 
pany, have placed an interpretation on the award 
not favourable to the men’s interests. The meals 
question seems to be one of the points at issue, and 
the view taken by Lord MacDonnell that ‘‘ what 
constitutes interruption of duty must be decided by 
the company,” causes great dissatisfaction, for it is 
maintained by the men that this ought to be decided 
by the Central Board. Another point on which the 
men are at variance with the interpretation is in rela- 
tion to special allowances to passenger guards for 
double trips and Sunday duty. This is a difticult 
— but it is thought that Sunday duty should 

ate from midnight on Saturday. Mr. Crawford, who 
is the men’s representative on the Conciliation Board, 
states that, with regard to the 10 per cent. plus allow- 
ance, he thought Lord MacDonnell did not understand 
the application of the principles laid down as per the 
pete and he affirmed that the shunters and others 
are in many cases still working 10 and 12 hours instead 
of being reduced to eight, according to the award. 
With regard to the special allowance question, he 
declares that, in some cases, the extra shilling per day 
had been stopped, which the men looked upon as not 
quite straightforward. Lord MacDonnell’s rulings are 
also thought in the Bradford district to militate greatly 
against the men, and the officials of the Amalgamated 
Society of Railway Servants have expressed the view 
that, owing to the men’s experience of railway arbi- 
tration, there will soon be a strong claim for a further 
remodelling of the various schemes adopted in 1907. 
There seems to be a universal feeling that all sectional 





Conciliation Boards should be abolished on the ground 


A tribute of respect is paid to the memory of the| that the system has proved to be much too cumber- 


some, and the feeling in favour of one Board covering 
all the railways grows in favour. 


In his annual report the Registrar -General of 
Friendly Societies states that last year there were 
1863 building societies in the United Kingdom, but 
only 1801 sent in returns. These recorded a member. 
ship of 629,549, and receipts during the year of 
41,125,687/. The practice of advancing money on 
mortgage was followed by 1361 societies, who advanced 
altogether 9,134,461/. In the way of liabilities the 
societies returned 45,428,307/. as being due to the 
holders of shares, and 26,296,672/. to depositors and 
other creditors, and there was a sum of 4,193,540/. 
undivided profit. As to assets, there was 59,318,681/. 
balance due on mortgage securities (not including pros- 
pective interest), and 16,510,911/. invested in securities 
or held in cash. Balance deficits represented 88,927/. 
The number of securities shows a decrease as com- 
pared with 1908, when there were 1919, but the 
membership increased considerably, for in 1908 only 
622,614 appeared on the lists. 


Nearly 3000 miners employed at the pits of Messrs, 
Andrew Knowles and Sons, at Agrecroft, Pendlebury, 
and Pendleton, near Manchester, struck work on 
Wednesday last because they objected to the employ- 
ment of three non-union workmen. There was an 
endeavour made by the managers of the pit and by 
the local trade-union officials to induce the three men 
to fall into line with the other miners, but without 
success. The notices were due to expire a week ago, 
but in the hope that an agreement could be reached, 
they were allowed to stand over. Until a settlement 
is reached, the miners on strike will receive out-of- 
work pay from their trade union. 


It is thought probable that a great combine of trade- 
union interests will shortly take place in this country. 
According to the Sheffield Daily Telegraph, there is a 
movement on foot intended to bring about the amalga- 
mation of three important societies—the British Steel- 
Smelters and Iron and Steel-Workers of Scotland, and 
the Amalgamated Society of Enginemen, Cranemen, 
Boilermen, Firemen, and Electrical Workers. It is 
expected that the matter will come before the 
executives at an early date, after which a conference 
will probably follow. In case these intentions come 
to anything, it will mean that the great majority of 
the steel-workers in England and Scotland will form 
one huge organisation. There are, however, many 
difficulties in the way. 


Sir David Harrel, umpire of the Durham Miners’ 
Conciliation Board, last Priday amended the advance 
of 24 per cent. in the wages of the miners, the result 
being that the wages of the eo men, 
mechanics, engine-men, and coke-men will be 43? per 
cent. above the standard of 1879, and other classes, 
including surface labourers, will be paid 40? per cent. 
above the standard. 


There is some talk of an international strike of 
seamen in the coming spring. At a meeting of the 
members of the North-East Coast District of the 
National Seamen’s Union, which was held in the 
Ferry Hotel, South Shields, on Thursday in last week, 
a circular was read from headquarters to the effect 
that the seamen’s unions of Denmark, America, Nor- 
way, Sweden, Germany, Holland, and Belgium had 
intimated that they were ready to take part in an 
international strike in April or May next. It was also 
stated that about a hundred meetings, attended by 
100,000 seamen, had been held in different parts of this 
country, at which resolutions favourable to the strike 
had been passed. At the meeting in South Shields 
last week the following resolution was passed :—‘‘ That 
this meeting of seamen heartily endorses the proposal 
of an international strike, to take place in April or 
May, 1911, and agrees to support the union in any 
action it may take.” 


The Scottish Miners’ Federation opened their 
seventeenth annual conference at Ayr on Wednesday 
last, with an attendance of more than 100 delegates. 
The resolutions relate to a national conciliation 
board, a minimum wage, trade regulations, the ‘‘ right- 
to-work” movement, Labour Party representatives, 
safety legislation, non-trade-unionism, and the better 
inspection of mines. A motion brought forward pro- 
poses the following amendments to the Workmen’s om- 
pensation Act :—(a) That where workmen are perma- 
nently, totally, or partially disabled they shall have the 
right to secure commutation of their compensation on 
the same terms as the employers; (») that medical men, 
in granting certificates, shall be confined to stating 
health conditions and fitness for work at the date o! 
examination ; (c) that employers shall pay full com- 
pensation to parents in all cases of fatal accidents, even 
when the parents are not partially or totally depen- 
dent on the deceased at the time of death; (d) that 
Section I. of the Act be amended to read : “* Accident 





arising out of or in the course of the employment. 
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‘“*‘STEAM-BOILER DESIGN.” 
To THE EprTor oF ENGINEERING. 

Str,—Dr. Nicolson’s lecture admitted that ‘ All 
the authorities, from Peclet and Rankine to Bryan 
Donkin and — Longridge and 
Isherwood, Gale and Kent, and many others” were 
opposed to his theory that heat transmission depends 
more on the high velocity than on the high tem- 
erature of the gas; and when I pointed out that all 
oiler practice on all types of boilers throughout the 
world refuted this theory, he airily replied that, 
“Mr. Erith had merely stated the common objections 
and advanced the every-day views of the common prac- 
itioner.” 

‘ He still considers that no ‘‘scientific” engineer could 
hold such views, and that it would be ‘‘ undignified” to 
discuss them. : 7 

Shortly after examining the claims for Dr. Nicolson’s 
patent boiler, another patent boiler was submitted to 
me; in this case the theory was the exact contrary—viz., 
that low gas velocity was all-important, and so both fans 
and chimneys could dispensed with ; in reply to my 
remarks, the patentee said his success was due to his not 
having consulted any ‘“‘first-class engineer” on a new 
proposal that ‘‘ outrages world-wide-accepted theories.” 

Dr. Nicolson now says I tried to make your readers 
believe he claimed an actual efficiency of 95 per cent. ; 
but, on the contrary, I stated ‘“‘he claims 95 per cent. 
transmission efficiency ;” which he still does, though Mr. 
Longridge’s report, page 93, reference 38, states for the 
six tests of the whole apparatus, including economiser :— 
“ Heat transferred to water. . . 77.4 per cent., 76.1 per 
cent., 79.1 per cent., 77.6 per cent., 73.8 per cent., 75 per 
cent.” 

It would be interesting to have Mr. Longridge’s views 
on the three claims, the proofs of which Dr. Nicolson 
alleges to be contained in Mr. Longridge’s report. 

The first claim, that ‘‘rates of evaporation of from 
10 lb. to 20 1b. per square foot of boiler heating surface 
per hour were Bw An is correct (see ref. 52); but the 
actual evaporation was 3625 lb. and 7040 lb. water 
(ref. 31), with 64.2 and 61.8 per cent. boiler efficiency 
(ref. 38a), without deducting working cost for fan. 

The Cornish boiler, 24 ft. by 64 ft., if brick-set, would 
have had about 550 square feet of total heating surface, 
and could then have easily equalled the above results 
without any of Dr. Nicolson’s additions. 

But actually only 171 out of the 550 square feet were 
used as heating surface, while 192 square feet of water- 
tube heating surface were added, making a total of 
363 square feet. The disuse of rear heating surface, of 
course, increases the figure per square foot of heating 
surface used for identical actual one. 

The second and third claims, that high gas speeds 
prevent both external and internal corrosion of boilers 
and economisers, are certainly without Mr. Longridge’s 
authority; no doubt, it would be ‘‘undignified” for 
either a “‘scientific” or for a ‘“‘common” engineer to 
discuss them. 

Yours faithfully, 
CHARLES ERIru. 
Limited, 


Erith’s Engineerin pene oy 
ndon, 


70, Gracechurch-street, 
December 24, 1910. 








‘‘METROPOLITAN IMPROVEMENTS.” 
To THE EprTorR OF ENGINEERING. 

Sir,—I should be glad if you would allow mes for 
a few words in answer to what I am, unfortunately, com- 
pelled to consider to be a somewhat prejudiced article 
upon my scheme for the improvement of London, which 
was published by you on the 23rd inst. It was, as I pointed 
out in my reply to the discussion which followed the 
reading of my paper before the Society of Architects on 
the 15th inst., a sketch rather than a fully-developed 
scheme which I put forward ; and I then gave what I 
think were good reasons for not having been able to 
develop it completely in the short time at my disposal. 
Generally you — stated my idea fairly, but there is no 
necessity whatever for its being an unduly costly pro- 
posal to adopt. Certainly the architectural opportunities 
would be many, and an that isa point in its favour; 
but highly desirable as they would be from my point 
of view, they are not all of them absolutely essential. 
Still, I think the tone taken up in the article to be far 
too utilitarian, as if utilitarianism were the rp! possible 
consideration in a great city like London ; and I should like 
to point out that the scheme would remain much as it is 
even if the bridges were not rebuilt or architecturally 
treated. It would even be ible to leave both Cannon- 
street and Charing Cross Hotels without further altera- 
tion than would be involved by carrying railways through 
the booking-offices at the present rail-level. 

I am also driven irresistibly to the conclusion that the 
article deals quite unfairly with the figures which are 
given regarding traffic accommodation. It states that 
the three railway bridges at present convey 200,000 
passengers per day, but as it admits that London Bridge 
at present conveys some 220,000, surely three road bridges, 
each much wider than London Bridge, would convey 
between them many more than the 200,000 passengers 
now taken by the railway bridges without overcrowding. 

As regards the passengers now landed at Cannon- 
street Station for daily work in the City, it must be 
admitted that the proposed new station at the south side 
of Blackfriars Bridge would not be so convenient for 
them. The answer to this is that no great scheme can 
ever be carried out without inconvenience to a certain 
number of people. In the course of a short time, those 
whose business took them essentially to the City would 


Stromeyer, | 


the lines which serve the City. One of the t ideas of 
the scheme is to develop the south bank of the Thames as 
a supplement to the City, and undoubtedly many of the 
passengers now travelling to the City itself would open 
offices and places of business along the proposed circular 
road, and in the new business streets which would sprin 
up between it and the river. The readjustment woul 
take a few years to accomplish, but it would surely 
come, and would, I feel confident, soon bring an enormous 
amount of additional traffic to the South-Eastern and 
Chatham Railway, which would far more than compen- 
sate for any temporary loss upon season-ticket rates, 
—s to a necessary reduction of fares. 

I fail entirely to agree that the cost of the scheme 
would be very great, and that the sites to be acquired are 
very valuable, to be purchased only at a very high price. 
The word ‘‘ very” has here been used so frequently as to 
suggest that there was a doubt in the writer’s mind ; and 
certainly it is justified, for the property to be acquired is 
of an exceedingly cheap character, as London property 
goes, except for the little piece of road north of Cannon- 
street, which is rather an addendum to than an integral 
portion of the scheme itself. 

The matter of the coal and goods traffic now passing 
over the railway bridge at St. Paul’s had not escaped my 
notice, but I doubt if it is so great as you would make out. 
Before the amalgamation of the London, Chatham, and 
Dover Railway with the South-Eastern Railway there 
must have been another way round to the Chatham line, 
and this could doubtless be utilised. If not, I see little 
difficulty in leaving two lines of rail between Snow Hill 
and Nelson-square for goods and through traffic only, 
while still providing a wide enough road for vehicular and 
passenger traffic. If any widening had to be done, it 
would be along a very short distance indeed north of 
geet Circus, and the expense of this would be justi- 

able. 

On the whole, I believe that my scheme, considered as a 
sketch, is sound, and that it could be carried out as a great 
financial success, particularly if the railway companies 
took it up and dealt with it in a broad-minded manner, 
not forgetting architectural embellishment as a means of 
providing attraction, which goes a long way towards the 
success of anything of the sort. 

If you, on your part, complain that architects think too 
little of financial and structural skeleton work, you 
must, on the other hand, admit that architects have a 
great deal of just complaint against engineers. In this 
scheme at least I have tried to combine the main interests 
both of engineering and of architecture, but at present it 
is a sketch only, and probably, so far as I am personally 
concerned, it will so remain. 

Yours truly, 
G. A. P. Mipp.eton. 





** CRITICAL TORSIONAL SPEEDS.” 

To THE Epiror OF ENGINEERING. 
S1r,—Since I wrote the article published in your issue 
of December 9 last, Mr. J. T. Dixon has read an interest- 
ing paper,* entitled ‘‘ Note on Torsional Vibrations of 
Massive Loaded Shafts,” of which he has kindly sent me 
a copy. His solution appears to me to be wrong owin 
to an error of sign in deriving a frequency equation. 
think it would be interesting to your readers if I venture 
to correct it, and compare a simple case which he uses 
with the result from the general algebraic method which 
I have explained for a massive shaft fixed at one end and 
carrying a load w at the free end. Using the notation of 
my — equation (9) holds good, and C = 0 as before, 
so that 


6= Bsin m 2g, and <" = m Bcos m a, and at x = 1, 


ar 


aqo_T — 19, _ Limo _ Boos ml. 
dx NJ NJ 
Hence 
B= _ m0, sec ml 
u 
and 
6 = 1 mié, sec mi sin mil, 
1 
6, = 1 m6, tan ml 
v 
and 


; cot ml = ml, 


the solution of which is equivalent to the solution of my 
algebraic equation (53). For example, if i = I the 
solution is m / = 0.8604, hence 


_ 0.8604 
im 1 r/o 
My equation (53) gives 
p= 359 AN or p = 0.8641 /gAN 
w 


47 w 


AN. 


w 


the difference being about 4 per cent., a result which is 
intermediate to the errors in the extreme cases i = 0 and 
I=0. When ¢ is zero or very small, the frequency may 
be obtained by expanding the above equation, giving my 
equations (26) and (27), or directly from the algebraic 
equation ; and when I = 0 the above equation reduces to 
my equation (10). This comparison illustrates the near- 
ness of the approximate algebraic method, which is more 
direct than the solution of the trigonometrical equation. 
May I add that in — the article I omitted to 
give references to two valuable papers on the subject— 








’ Proceedings of the University of Durham Phil. Soc., 





probably, in almost all instances, move to districts on one of 





Vol, III., Part V, 


viz., Frith and Lamb in the Journal of the Institution of 
Electrical Engineers, vol. xxxi. ; and Chree, Sankey, and 
Millington in the Proceedings of the Institution of Civil 
Engineers, vol. clxii. 
Yours faithfully, 
ARTHUR MORLEY. 
University College, Nottingham, December 28, 1910. 





*“CHARACTERISTIC ENERGY-CURVES OF 
STEAM LOCOMOTIVES.” 
To THE Epitor OF ENGINEERING. 

Srr,—With regard to Professor Dalby’s article on the 
above subject, which appeared in your issues of August 19 
and 26, and remarks by correspondents on October.7 and 
November 4, a similar system of comparing the relative 
performances of locomotives has n in vogue on at least 
one English railway for some time. The engines being 
tested with » dynamometer car attached when haulin 
regular traffic on the lines on which they have to run, an 
assuming that the run is of sufficient length to get reliable 
average figures, the relative performances of different 
types of locomotives can be accurately obtained. The 
coal and water consumptions and average draw-bar horse- 
power are taken daily. Other observations may also be 
taken, but are not so essential as those mentioned. 

The relative over-all efficiency of the locomotive is shown 
by plotting for each ~~ the average horse-power exerted 
at the draw-bar in relation to the average hourly coal 
consumption, and if the tests have been well carried out, 
the plotted points approximate to a straight line for each 
engine. The relative boiler performances are shown by 
plotting the average hourly coal consumption in relation 
to the water evaporated hourly from and at 212 deg. Fahr. 
The relative water consumption is shown by plotting the 
hourly amount used in relation to the ave’ orse-power 
exerted at the draw-bar. Given these three primary 
curves, other relations can be plotted from them if thought 
desirable. It seems simpler comparing these observations 
than bringing in the expression ‘“ B.T.U. transferred 
across heating surface per minute.” 

The apparent discrepancy pointed out by a correspon- 
dent on October 7 is due to the fact that he is assuming that 
the boiler efficiency of the two locomotives is the same at 
equal rates of combustion per square foot of grate, and it 
seems that this can only be true if the ratio of grate area 
to heating surface is about the same in the engines com- 
pared. Although the larger engine has 80 per cent. more 
grate area, its heating surface is only 26 per cent. more, 
and as the power of an engine, except at starting, depends 
more on the surface available for absorbing heat than on 
the size of the grate, a more reasonable result would be 
arrived at if the indicated horse-power were plotted against 
the pounds of coal per square foot of heating surface 


per hour. 
Yours wel. 
. Rois. 


6, Manor House-road, Newcastle-on-Tyne, 
December 14, 1910. 








Canapa’s Granp Trunk Rattway System. — The 
Grand Trunk Railway of Canada, 17 to 19, Cockspur- 
street, S.W., have issued a pamphlet, which consists of 
a lecture entitled, ‘‘ A Dash through the Granary of the 
Empire.” This gives interesting data on the resources 
of the Dominion. Copies may be had from the railway 
offices at the above address, upon application. 


Tue INcorPoRATED INSTITUTION OF AUTOMOBILE EN- 
GINEERS.—As the demand for the papers by Professor 
Morgan and Dr. Watson, read before the Institution of 
Automobile Engineers, and entitled ‘‘Carburettor Action” 
and ‘‘The Thermal Efficiency of a Two-Cycle Motor” 
respectively, has been so great, it has been found neces- 
sary to have them reprinted. Those who have been 
unsuccessful in obtaining copies hitherto may now do so 
on forwarding the sum of 7d. per copy to cover cost and 

Application should be made to the secretary of 
the Institution, at 13, Queen Anne’s Gate, Westminster, 
London, 8. W. 





Our Coat AbRroap.—Labour difficulties have had the 
effect of slightly reducing our coal exports this year. The 
exports of coal from the United Kingdom in Soresiee 
were 4,972,502 tons, as compared with 5,475,732 tons in 
November, 1909, and 4,951,914 tons in November, 1908 ; 
these totals were increased by the addition of coke and 
patent fuel to 5,197,729 tons, 5,695,795 tons, and 5,182,266 
tons respectively. Coal was also shipped in November 
for the use of steamers engaged in foreign trade to the 
extent of 1,617,517 tons, as compared with 1,675,354 tons 
and 1,597,662 tons. In one form or another, accordingly, 
coal left the United Kingdom in November to the aggre- 
gate extent of 6,815,246 tons, as compared with 7,371,149 
tons and 6,779,928 tons respectively. 





Tue Evuiotr Cresson Gotp Mepat.—The late Mr. 
Elliott Cresson, a merchant and philanthropist of Phila- 
delphia, left, in 1848, a fund for the “ encouragement of 
invention in the mechanical arts,” and entrusted its 
administration to the Franklin Institute. The announce- 
ment was made early in December of the award of seven 
gold medals under the said fund, the scientists so distin- 
=. being Sir Robert A. Hadfield, Sheffield ; Sir 

. J. Thomson, Cambridge; Professor E. Rutherford ; 
John Fritz, Bethlehem, Pa.; Dr. Harvey W. Wiley, 
Washington, for work in agricultural and physiological 
chemistry ; Edward Weston, Newark, N..J., for work in 
electrical discovery and in the advancement of electrical 
applications ; and Dr. John A, Brashear, Pittsburg, for 
his work in the production and improvement of instru- 





ments for astronomical] research, 
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THE KLENK SEPTIC TANK. 


ENGINEERS, 


CONSTRUCTED BY MESSRS. KLENK 





Fie. 1. 


Tur septic tank installations for private establish- 
ments and institutions, which we illustrate in the two 
engravings above, are manufactured by Messrs. Klenk 
and Co., sanitary engineers, of Stuttgart, capital of 
Wiirttemberg, Germany. Introduced in the year 1907, 
these tanks soon became known in the country, 
although the rather severe winters of Upper Germany 
are less favourable to the septic treatment of sewage 
than the mild climate of England. The installations 
illustrated, consisting of two cylindrical earthenware 
pots about 6 ft. high, would suffice for a household of 
15 persons ; a height of nearly 8 ft. in all should be 
available for the pipe connections. The tanks should 
be erected in the basement of the house on a concrete 
floor. 

One of the tanks serves the purpose of the collector, 
the other is the oxidising-tank. The characteristic 
feature of these collector-tanks is that they have 
double walls, containing inner cylinders provided with 
perforated walls. The sewage enters the collector 
through a dip-pipe, which does not penetrate deep 
into the cylinder, and passes into the mud, or septic, 
chamber, which is the inner cylinder; this chamber 
has no bottom. The perforations are in the lower 
portion of the cylinder, in which the sewage liquefies. 
The light particles in suspension collect at the surface 
of the mud chamber in the form of a scum, which is 
decomposed ; the gases escape through a pipe which is 
joined to the inlet pipe. The heavier liquefied soil 
leaves the mud chamber through the perforations, and 
enters the settling chamber, which surrounds the mud 
cylinder. Any mud settling there can be withdrawn ; 
the cleaning can be effected with the aid of a hose 
screwed te a mud-hole cover on the top of the settling 
tank. The air space of the settling chamber is venti- 
lated through special vent-pipe connections, the ordi- 
nary ventilation being effected by the displacement 
of water after each use of the closet. 

From the settling-tank the sewage passes over to 
the oxidising-tank ; in larger installations two oxidis- 
ing-tanks are provided, one on each side of the col- 
lector. The sewage, which has to pass a baffle-plate 
in the settling-chamber before entering the connecting- 
pipe, flows on the distributor plate of a filter, which is 
mounted in the upper portion of the cylinder. This 
filter consists of screened clinker, or of lava gravel, 
such as occurs in the southern part of Wiirttemberg, 
and of coke ; fine sand, likely to become clogged, should 
not be used as filtering material. The distributor con- 
sists of a disc which is corrugated and perforated and 
iitted with an integral downward deflected rim. There 
is no inner cylinder proper iu the oxidising tank, but 
tour perforated conduits running down the inside of 
the wall, form a kind of outer ventilating chamber for 
the sewage which percolates through the filter. These 
conduits join the open space underneath the false per- 
forated bottom of the oxidising tank ; this bottom is 
made in four parts. Air, drawn in from a vertical pipe 
carried from the top of the tank through the roof, is 
further admitted through a perforated diametrical pipe 
which lies horizontally half-way down the cylinder, 


|sections are preferred. 
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resting on ledges. Collectors and oxidising-tanks to 


| deal with up to 550 gallons of sewage are generally 


made cylindrical, as described ; for larger plants oval 
Glazed earthenware is the 
only material used in the construction of these tanks, 
apart from the filtering material and cement. 

It will be seen that the tanks are made in two parts, 
fitting over one another, as the engravings show ; 
this arrangement considerably facilitates the erection. 
When more than two oxidising-tanks are installed, the 
one can be cleaned while the other is being used ; the 
outlet pipes of a pair of collectors must, of course, be 
at the same level. The cleaning is easily done, how- 
ever, when one oxidising-chamber is alone provided. 
To examine the filter the hermetically-closed cover 
has to be removed, and this cover is made in three 
parts. 

The several parts of the tanks are luted with a special 
asphalt cement and thereby made gas-tight ; the cement 
is applied at boiling heat. The filters are cleaned once 
every two years. To ensure reliable working of the 
tanks an intermittent automatic flushing should be 
provided, so that sufficient oxygen is supplied to 
the collector together with the flushing water. One 
cubic yard of filtering material should be allowed 
for 220 gallons of sewage. The room in which the 
plant is erected should be easy of access, lighted, 
ventilated, and protected from frost ; there is not much 
trouble as regards the latter point in a basement. If 
other matter besides ordinary sewage is to be dis- 
charged into the tank, it should be passed through 
screens, to hold back insoluble substances. The soil- 
pipes should be as vertical as possible, and if that con- 
dition cannot be fulfilled, two collectors ought to be 
erected. The tank-room will require a special water- 
tap to facilitate the cleaning of the tanks. 

Among the more recent installations is one at the 
College of Constance, for 250 persons. The tanks have 
been in use for a sufficiently long time to prove that 
there is no trouble from gas-leakage. 





CANADIAN NORTHERN RAILWAY. 
We have further data available in illustration of 
the development of Canadian railways. Some forty 
years ago the Grand Trunk Railway of Canada con- 
sidered that it had made a great stroke in securing 
an amalgamation with the long since defunct Great 
Western Railway of Canada ; but the Canadian public 
were not disposed for a moment to submit to anything 
like a wholesale railway monopoly in the Dominion, 
and it was not long before the Canadian Pacific Rail- 
way sprang into existence. The Canadian Pacific 
Railway has now become a much more formidable 
competitor with the Grand Trunk Railway than 
the Great Western Railway of Canada, but the re- 
newed competition has not ended there, as a third 
t line is being carried through the North American 
ntinent to the Pacific Coast, this third line being 
known by the style and title of the Canadian Northern 
Railway. At the close of June, this year, the 





Canadian Northern system comprised 3325 miles 
of line, the average length worked for the fiscal 
year 1909-10 having been 3179 miles. The Cana- 
dian Northern Railway comprises five divisions—viz., 
the Lake Superior, the Central, the Northern, the 
Western, and the Southern. The length of line in 
operation on the Lake Superior division at the close of 
June was 578} miles; on the Central division, 893} 
miles ; on the Northern division, 842 miles; on the 
Western division, 6287 miles; and on the Southern 
division, 383 miles. The longest line in the Lake 
Superior division is that from Port Arthur to Winni- 
pee 4384 miles; in the Central division, that from 

randon to Regina, 220 miles ; in the Northern divi- 
sion, that from Gilbert Plains junction to Prince Arthur, 
360 miles ; in the Western division, that from Hum- 
boldt to North Battleford, 1474 miles; and in the 
Southern division, that from Qu’Appelle to Long 
Lake and the Saskatchewan, 2554 miles. To the 
whole mileage in use at the close of June, this year, 
the province of Ontario contributed 3537 miles ; the 
eee of Manitoba, 1531 miles ; the province of 

katchewan, 11824 miles ; the province of Alberta, 
214} miles; and the State of Minnesota (U.S.), 
433 miles. To work this very considerable network 
the company owned at the clese of June, this year, 
the following equipment :—Locomotives, 372; sleep- 
and dir:ing-cars, 43; passenger-cars, 203; baggage, 
mail, avid express cars, 79; business cars, 11 ; freight, 
refrigerator, and stock cars, 11,735 ; conductors’ vans, 
184; snd boarding, tool, and auxiliary cars, steam 
shovels and steam ploughs, 416. 

The gross earnings of the Canadian Northern Rail- 
way Company in the year ending June, 1910, were 
13,833,062 dols., and the working expenses of the 
twelve months, including taxes, were 9,488,672 dols., 
leaving the net earnings of the year at 4,344,390 dols. 
Of this sum 3,313,639 dols. were absorbed by fixed 
charges, leaving a surplus for the year of 1,030,757 dols. 
The company has no preference shares, and the fixed 
charges just mentioned were made up of interest on 
4 per cent. debenture stock, interest on bonds, and 
rents of leased lines. The gross earnings showed an 
increase in 1909-10 of 3,251,294 dols., or 30.70 per 
cent.; the net earnings were also larger by 778,028 
dols., or 21.82 per cent. The working expenses, includ- 
ing taxes, in 1909-10 were 74.01 per cent. of the 
gross earnings of the railway proper, and 68.59 per 
cent. of the gross earnings of the company from all 
sources. 

These ratios compared with 72.55 per cent. and 66.30 
per cent. respectively in 1908-9. The settlement of 
the territory tributary to the railway is proceeding 
with great rapidity ; the increase in passenger receipts 
in 1909-10 was 486,754 dols., or 25.24 per cent.; and 
to keep pace with the demand for a more extensive 
train service, considerable new passenger equipment is 
now on order. The receipts from freight traffic in 
1909-10 also showed the substantial increase of 
2,621,184 dols., or 35.04 per cent., as compared with 
1908-9. The company carried in 1909-10 31 per cent. 
of the total shipments of grain from the provinces 
of Manitoba, Saskatchewan, and Alberta. There 
was an increase in 1909-10 of 1939 cars of immi- 
grants’ effects ; the movement of coarse building mate- 
rials also exhibited an increase of 128 per cent. in 
1909-10. The largest centres reached by the Canadian 
Northern Railway, such as Winnipeg, Regina, Saska- 
toon, Prince Albert, and Edmonton, expanded con- 
siderably during the year; but there was also 
@ corresponding expansion in 1908-9 in practic- 
ally every district served by the Canadian Northern 
system. The most noteworthy new line opened 
by the Canadian Northern Railway Company in 
1909-10 was that from Zealandia to Kindersley, on ' 
the Saskatoon and Calgary section. During the 
spring as many as forty car-loads of immigrants’ 
effects were daily hauled to Kindersley, which, 
although a town less than a year old, has now nearly 
1000 inhabitants. The expansion of the system 
assures the company considerable traffic progress in 
the future. The tapping of the timber limits of the 
Crooked Lake region, north-west of Prince Albert, 
has been commenced, and construction work has also 
been started on a branch to the Brazeau coalfields, 
which will furnish what is virtually an inexhaustible 
supply of fuel to Central Alberta and Western 
Saskatchewan. It is hoped that with the completion 
of a line from Morinville to Athabasca landing it will 
be practicable to bring asphalt and other deposits in 
the Athabasca district much nearer development. 

After all, however, agriculture is the main resource 
of the new country which is being opened up in 
Canada. The wheat crop in Southern Manitoba and 
the country adjacent to the United States was some- 
what below the average last year ; but in the Northern 
districts, in which the Canadian Northern system has 
a great tributary territory, excellent crops were 
obtained, and the company expects to carry as much 
grain from the crop of 1910 as it did from that 
of 1909. There was also an increased acreage in culti- 
vation in all sections of the a poe reached 


by the system. The sales effected by the company 
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from its land — in 1909-10 were 246,996 acres ; 
this acreage sold for 2,561,073 dols., giving an average 
of 10.36 dols. per acre ; the corresponding land sales 
in 1908-9 were 116,662 acres, the amount realised being 
1,091,732 dols., or an average of 9.36 dols. per acre. 
Among the sales effected in 1909-10 was one to a 
colonisation company, which proposes to establish 
settlers of the best class in districts east of Prince 
Albert ; these districts are considered especially suit- 
able for mixed farming. 

During the past year the Canadian Northern Rail- 
way has entered into a contract with the Government 
of British Columbia for the construction of a line from 
the province of Alberta to the Pacific coast, a distance 
approximatel y of 500 miles. The contract calls for the 
completion of the work within four years, and when 
the extension has been brought into operation it must 
prove of great benefit to the Canadian Northern 
system. Through a subsidiary company—the Cana- 
dian Northern Steamships, Limited—the Canadian 
Northern Railway has now two fast steamers engaged 
in British-Canadian service—viz., the Royal Edward 
and the Royal George—both treble-screw turbine 
vessels, built by the Fairfield Company, of Glasgow, 
and having a displacement of 12, tons each, and a 
speed exceeding 20 knots. These steamers furnish a 
fortnightly service between Bristol, Quebec, and Mont- 
real, and they carry mails. 








WORKMEN’S COMPENSATION CASES. 
Court OF SESSION. 

Failure to Make a Claim.—The case of the claim of 
P. Devons v. A. Anderson and Sons, boilermakers, 
Motherwell, came before the Court of Session on appeal. 
The workman met with an accident in the respondent’s 
employment when his earnings were 24s. a week. He 
was taken to a Glasgow Infirmary, and within a fort- 
night was waited on by the agent of the insurance com- 
pn with which the employers were insured. All might 
nave gone well, but the injured workman was advised by 
alawyer’s clerk to refuse compensation, and claim damages. 
The workman hesitated, and time elapsed ; at least no 
action for damages was taken, and the applicant having 
delayed, was not in time with his application under 
the Workmen’s Compensation Act, which, of course, 
must be made within six months of the date of the acci- 
dent, unless the delay be unavoidable, as when occasioned 
by mistake. The Sheriff did not make an award, on the 
ground that the applicant had not proved a justifiable 
cause for delay. In the applicant’s favour it was urged 
that the House of Lords had deeided that a workman’s 
cluim need not be a formal one, but the House of Lords 
does not, of course, contradict the Act, which says there 
should be a claim made within six months. This fact 
was found by the Sheriff, and the Court of Session could 
not go against that fact. The unfortunate workman’s 
delay was caused by bad advice, and in putting in no 
claim within six months he had wilfully put himself 
outside the benefit of the Act. The Court of jion very 
properly upheld the Sheriff's finding, and dismissed the 
appeal. 

he case is a salutary warning to greedy or credulous 
workmen who act haltingly as to the legal course most 
profitable to them. 
Court oF APPEAL. 

The Court of Appeal set aside the award of the County 
Court Judge in the case of Barnes v. Nunnery Colliery 
Company, thus showing that under circumstances that 
are not uncommon the carelessness of a workman result- 
ing in a fatal accident may debar his dependants from 
compensation. Under the Workmen’s Compensation 
Act a claim may be defeated if the workman’s injury is 
attributable to his serious and wilful misconduct, unless 
the injury be fatal, when such serious misconduct may 
be no bar to the dependant’s recovery of compensation. 
This was the interpretation of the law of the County 
Court Judge, who awarded 70/. compensation to the 
father of a lad employed as one of the ‘‘clampers,” hook- 
ing and unhooking wagons. It was a well-known and 
very necessary rule that the lads in the colliery were for- 
bidden to jump into the tubs and ride to their work. 
The accident enseden while a number of lads were 
riding in the coal-tub or trucks to their place in the 
colliery. This was against the rules, and it was really 
“serious and wilful misconduct.” It was held by the 
majority of the Court of Appeal as sufficient to take the 
case out of the benefit of the Act, as compensation is only 
due for any accident happening to a workman ‘‘arising 
out of, and in the course of, his employment.” If negli- 
gent, careless boys choose to sit in the tubs to ride to the 
spot where their work is, they should not be regarded as 
doing their employers’ service while sitting in the tubs 
and enjoying the ride, which is attended with danger, 
and is in violation of the — rules. It is reasonable to 
say that the lads had been guilty of ‘‘ wilful misconduct ” 
while riding thus, and it might be said that an accident 
to the trucks could not happen in the course of the lad’s 
employment. The Master of the Rolls and Lord Justice 
Farwell took this view, Lord Justice Fletcher Moulton 
dissenting. 

The Master of the Rolls, in setting aside the award and 
allowing the employer’s appeal, said, ‘‘ This was not an 
easy point. We should not forget the words of the Act, 
that ‘‘the accident must be one arising out of, and in the 
course of, the workman’s employment.’” The deceased 
lad was not merely careless in doing his authorised work, 
but he had no right to go into the truck and ride upon it, 
which was no part of his work. Had there been “serious 





misconduct” in his authorised work the compensation 
agp J would have been allowed to the lad’s dependant, 

ut in this case the accident did not arise out of, or in the 
course of, the deceased lad’s employment. The case isa 
serious one for careless young colliers, and we should not 
be surprised if it should be taken to the House of Lords, 
since it may be asked, as Lord Justice Fletcher Moulton 
in his judgment said, ‘‘ Is the act of a boy to be ed 
as so mischievous as to put him out of the Act, or whether 
it was only a piece of boyish mischief done in the course 
of his master’s service ?” 

Seaman’s Accident in Course of his Employment.—This 
point, involving shipowners’ liability under the Work- 
men’s Compensation Act, has often been before the Court 
of Appeal, and it was the subject of twoappeals from the 
City of London and Brentford County Courts on m- 
ber 5. Both cases raised the same question as to the death 
of a seaman between his ship and the shore. In one case 
of Kitchenham v. Owners of s.s. Johannesburg, a sailor 
absent on shore with leave lost his life when getting on 
board by means of a lighted gangway. It might have 
been that the deceased slipped on the quay, or otherwise 
met with the accident, outside the course of his employ- 
ment. It was not proved that he was going on the gang- 
way, or that it was in the course of his employment that 
the accident to the seaman happened. The shipowners’ 
appeal was allowed, and compensation for the man’s death 
was not granted. 

The second appeal case, referred to, Leach v. Oakley, 
Street, and Co., was distinguished from the foregoing, and 
the applicant was entitled to succeed, and the “p was 
dismissed. This latter case was nearly on all fours with 
the case formerly decided in the Court of Appeal, on 
which the judgment in these two appeals was based. The 
law in this leading case referred to is that set out by 
Lord Justice Fletcher Moulton in Moore v. Manchester 
Liners, Limited, in which the principle is made clear that 
continuity of the employment at the moment of the acci- 
dent must be proved to comply with the Act, which 
requires that before a claim for compensation can be 
made good it must be shown that the accident had 
happened arising out of, and in the course of, the man’s 
employment. 

he guiding principle is that when a sailor goes on an 
errand ashore his contract of service is not necessarily 
thereby interrupted, and if an accident befall him before 
his return to the ship, it arises out of, and in the course of, 
his employment. It was held that by going ashore with 
leave the seaman does not interrupt the course of his 
employment, but an accident which occurs to him through 
his so doing might not be an accident arising out of, or in 
the course of, his employment. 

It cannot be complained that the subtle reasoning of 
the Court of Ap denies justice to the poor sailormen 
or their dependants, although it may be thought that, to 
the plain man, the findings in One case may seem to con- 
tradict the other. It will be found that the close reason- 
ing of the Lords Justices never contradicts absolute 


justice. It might, however, be wished, for the better re 


understanding of sailors’ dependants, that simpler issues 
were set out in the section of the Act dealing with the 
course of employment of men exposed, as sailors are, to so 
many dangers, both on board ship and ashore. 

Partial Dependency.—An interesting case was decided 
in the Court of Appeal which is of importance to parents 
who claim compensation for the death of a juvenile bread- 
winner. The case of Hall v. Tamworth Colliery Com- 
pany, Limited, raised this question of partial dependency 
of a parent on the earnings of his son who met with a 
fatal accident as a colliery lad. His wages were 6s. 11d. 
a week. The wages were paid to the father to help in the 
maintenance of the family. The father himself was an 
engine-driver at a — and ye his wages 
by carrying on a barber’s business three nights a week, 
andin this the deceased colliery lad had assisted, and for 
this assistance the father estimated the lad’s service at 6s. 
a week. The County Court Judge held that the father 
was not a dependant, nor even a partial dependant, on 
the lad’s earnings, and the case went to the Court of 
Appeal, and the County Court decision was reversed. 
In the County Court the judge assumed that the pay- 
ment of his earnings by the lad did no more than pay 
his maintenance, and that the father, therefore, suffered 
no financial loss by the lad’s death and stoppage of his 
contributions. A more generous and just view was 
taken by the Court of Appeal, which held that the father 
was partially dependent, and that the cost of the lad’s 
maintenance ought not to be taken into account in assess- 
ing compensation, and, further, that the value of the 

’*s help to his father in the barber’s shop was not 
earnings, but that, in assessing compensation, the father 
was entitled to take into account the value of the lad’s 
service in lessening the family burden. This case is useful 
as illustrating the principle on which compensation is 


It may be noted that two of the three Lords Justices 
were agreed that the father was a partial dependant, as 
far as his son’s wages at the colliery were concerned, but 
that in respect of the lad’s evening work in the father’s 
barber’s shop the father should not estimate his services 
>. a week) as earnings within the meaning of the Act, 

ut all were agreed that the County Court Judge was 
wrong in deducting the cost of maintenance from the 
earnings of the lad at the colliery. 

Frost- Bite.-~A case of injury due to extreme cold 
suffered in the course of a workman’s employment is no 
doubt rare, but it is interesting, as Pome mn tg such as 
builders, seamen, and engineers, might be subject to 
similar accident to that which was the cause of appeal 
from the County Court Judge who refused an pro toa 
journeyman baker, who, in the course of his employment, 
was delivering bread to his employer's customers on a 
very frosty morning, and while giving change at a cus- 





tomer’s door suffered frost-bite, which incapacitated him 
from work. 

Judgment was reserved on November 14, but on Dec. 
ember 3 the majority of the Court of Appeal decided 
against the workman and refused the appeal. The 
argument that weighed with the Court was that the 
accident did not arise out of, and in the course of, 
the man’s employment, which was not peculiarly 
exposed to danger, since all drivers of vehicles were 
exposed to the same frost on cold mornings. It was 
necessary for the injured baker to prove that the injury 
arose by accident which happened in the course of his 
employment, since he was not exposed to more than a 
normal risk. The case on which the baker relied was 
Andrew v. Fallsworth Industrial Society, where it was 
proved that a workman on a scaffold of great height 
was exposed to exceptional danger from lightning, and the 
County Court Judge made an award in the case which the 
Court of Appeal did not set aside. 

In this case of frost-bite the Court of Appeal agreed 
with the County Court Judge that this was not an acci- 
dent received in the course of the man’s employment— 
t.e., incidental to his employment. Lord Justice 
Fletcher Moulton, who was in the minority, gave a 
judgment in favour of the workman, and approved of a 
former judgment of Lord McLaren in the Scotch case of 
Stewart v, Wilsons and Clyde Coal Company, who 
decided ‘if a workman receives a je my ical injury in 
the reasonable performance of his duties, this is an acci- 
dental in the sense of the Act.” Lord Justice Fletcher 
Moulton was strongly of opinion that this case of frost- 
bite was an injury received in the course of the man’s 
employment. No doubt cases of injury received by 
extreme cold may again be up before the Court of A peal, 
for this divided opinion in the Court of Appeal, while it 
settles this particular case, leaves similar injuries, such as 
frost-bite, unsettled. 


Hovss or Lorps. 


Seaman Injured at Sea.—In the case of McDermott 
v. Owners of the s.s. Tintoretto before the House of 
Lords on December 12, the appeal was allowed against 
the Court of Appeal, which reversed the award of the 
Liverpool County Court Judge. 

The seaman on board the Tintoretto who was awarded 
compensation had broken his thigh by accident on 
December 21, 1908, and was discharged and placed in 
hospital in New York on December 29. He was sufficiently 
cured to be conveyed to England on March 11, 1909, when 
he wasstill incapable of work. The steamship owners paid 
the seaman his wages from December 21 to 29—1.c. from 
the date of the accident until his discharge and convey- 
ance to hospital. They also paid his surgical expenses 
while in hospital at New York. They were obliged, under 
the Merchant Shipping Acts, to pay wages, and they 
admitted liability under the Workmen’s Compensation Act, 
in respect of the seaman’s incapacity from his discharge 
from hospital on March 11, 1909, when he left for England. 
The owners, however, say that in making his award, the 
ounty Court Judge should have had regard to the pay- 
ment of the eight days’ wages from December 21 to 29 
as a ‘‘ benefit” from the owners to be deducted from the 
compensation award. This was the sole point of the 
steamship owners’ appeal to the Court of Appeal. 

When compensation under the Workmen’s Compensa- 
tion Act was extended to seamen, compensation dated 
from the date of the accident, and to prevent overlapping 
the maintenance due to the seaman under the Merchant 
Shipping Act thereupon ceased. The County Court 
J oo was therefore right in not deducting the arrears of 
wages due to the seaman asa ‘‘ benefit ” received from the 
owners on account of their liability for compensation. 
Their lordships, agreeing with the Cuenty Court Judge, 
disagreed with the Court of Appeal, and held that the 
payment of the injured seaman’s arrears of wages was not 
to be reckoned as a ‘“‘ benefit ” on account of compensa- 
tion paid by the owners, as it had nothing to do with the 
accident or the owners’ liability under the Workmen’s 
Compensation Act, but related solely to their liability for 
the seaman’s wages and maintenance under the Merchant 
Shipping Act. 








FOREIGN ENGINEERING PROJECTS. 
WE give below a list of colonial and foreign engi- 
neering projects, for some of which tenders are asked. 
Further information concerning them may be obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, E.C. ; 
Canada ; The Daily Witness (Montreal) of November 28 
notifies that tenders are invited by the Dominion Depart- 
ment of Marine and Fisheries for the construction of a 
twin-screw buoy steamer for the St. Lawrence River. 
The vessel is to be of the following dimensions :—Lengt 
between perpendiculars, 170 ft.; breadth, 31 ft. 6 m.; 
depth, 15 ft. 6in. It must have a draught of 10 ft. 6 in., 
and a _— of 11 knots. Tenders, marked “Tender for 
Buoy Steamer for the St. Lawrence River,” will be 
received by the Deputy-Minister of Marine and Fisheries, 
Ottawa, up to noon on January 4,1911. A deposit of 10 per 
cent. of the value of the offer must accompany each tender. 
Copies of the plans and specifications may be obtained on 
as to the Department of Marine and Fisheries, 
ttawa. 

New Zealand: The Imperial Trade Correspondent at 
Auckland (Mr. A. J. Denniston) _~—— that tenders are 
invited by the Auckland Harbour Board for the supply 
of a new pumping plant for Calliope Dock, at an est- 
mated cost of about 10,000/. Tenders marked * Pumping 
Plant for Calliope Dock” will be received by the chair- 
man of the Auckland Harbour Board, Auckland, up to 
March 7. Tenders will be considered only from firms 
who have previously undertaken similar work succt > 
fully. The whole plant, with all fittings, must be entirely 
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of British manufacture. Delivery is desired‘as early as 
yossible. Specifications may be obtained, and plans seen, 
ny prospective tenderers at the offices of the London 
agents of the Harbour Board, Messrs. W. and A. 
McArthur, Limited, 18-19, Silk-street, Cripplegate, E.C. 

Turkey: With reference to the notice on pages 219-220 
of the Board of Trade Journal of May 5 last, relative to 
ro road works in the vilayet of Erzeroum, H.M. 
Consul at Erzeroum (Mr. P. J.C. 1 dimer reports that, 
although this scheme had for the time to be abandoned 
owing to want of funds, there seems now some prospect 
of its being carried out. The scheme is included in the 
ninth section of the —— of the Batignolles Com- 
pany, with whom the Turkish Government have con- 
tracted for the construction of throughout the 
Empire. Towards the end of October three French engi- 
neers, and two inspectors, one French and one German, 
from the Public Works Ministry came to Erzeroum, and 
are at present engaged in discussing the preliminaries of 
the work. It appears that the chief of the French engi- 
neers, M. Miron, is of opinion that the original intention 
of beginning operations with Erzeroum as a centre will 
have to be abandoned pending the complete repair of the 
road from Trebizond to Erzeroum, on which more than 
eighty bridges will require to be rebuilt. He proposes, 
therefore, after making a preliminary survey of the road 
from Erzeroum towards Haidari Boghaz, on the way to 
Kighi, to spend the winter at Trebizond, preparing for 
work on the roads converging on Erzeroum from Trebizond 
and Rizé respectively. It will thus, adds H.M. Consul, 
in all probability be some time before any work can be 
undertaken within the borders of Erzeroum vilayet. 

Norway: His Majesty’s Consul at Christiania (Mr. 
E. F. Gray) reports that the Bergen Municipal Autho- 
rities have voted a sum of about 50,400/. for the construc- 
tion of a new quay to extend from the present fortress 
quay to the Skoltegrund Mole, closing the present main 
entrance to Vaagen Harbour. All traffic will thus have 
to pass into the V; mn Harbour by the western channel, 
which will ae have to be deepened. The width 
of the new quay wil be 40 metres, narrowing to 30 metres 
at its outer extremity; the a of the quay will be 
325 metres on its inner side, and 330 metres on its outer 
side ; the depth alongside will vary from 8 to 10 metres 
below average water mark. It is estimated that the con- 
struction of the quay will take four years. : 

Morocco: His jesty’s Consul-General at Tangier 
(Mr. H. E. White, C.MLG.) reports that tenders are 
invited by the special committee of Public Works, and 
will be received up to 10 a.m. on March 17, for the con- 
struction of a a 400 metres (about 440 yards) > 
tween Bab Marrakesh and the Piste d’ Azemmour at - 
blanca. The estimated cost of the work is 14,000 fr. 
(560/.) ; a deposit of 200 fr. (8/.) will be a with each 
tender, to be increased by the successful tenderer to 
700 fr. (287.). Tenders should be addressed to Monsieur 
le Président du Comité Spécial des Travaux Publics, au 
Dar-en-Niaba, Tangier. It is to be noted that the con- 
tractor must elect domicile in the neighbourhood of the 
works. The conditions under which domicile may be 
elected at the British Consulate at Tangier by British 
firms are similar to those applying in Egypt (see Board of 
Trade Jowrnal of March 4, 1909, page 408). 

Brazil : The Diario Oficial of November 17 publishes 
the following decrees :—No. 8371, approving the plans and 
estimate of 6,551,000 milreis, submitted by the Companhia 
Estrada de Ferro de Goyaz for the construction of a 
section of railway between Perdicio and Palestina ; 
No. 8386, granting, in favour of the Ministry of Com- 
munications and Public Works, a credit of 400,000 mil- 
reis for the construction of the [tacurussé branch of the 
Central Railway of Brazil; No. 8391, approving the 
eo and estimate of 2,345,000 milreis, submitted by the 

director of the Central Railway of Brazil, for the con- 
struction of 374 miles of the Monte Claros extension. The 
Diario of November 18 contains decree No. 8387, approv- 
ing the plans and estimate of 11,542,000 milreis. sub- 
mitted by the Companhia Estrada de Ferro de Goyaz 
for the construction of a section of line, 160 miles long, 
from Ipamery to Antas. The Diario of November 19 
petites decree No. 8392, approving a contract with the 
Jompanhia Estrada de Ferro Sao Paulo-Goyaz em- 
bodying a concession for the construction of a railway, 
120 kiloms. (75 miles) long, from Monte Azal, in the 
municipality of Bebedouro, State of Sio Paulo, to the 
borders of the River Grande, passing by way of Cres- 
ciuma, Portaio do Céo and Corrego Rico. The concession 
carries with it a subsidy of 15,000 milreis per kilometre. 
The Diario of November 25 notifies that tenders are 
invited for the construction of the following lines of rail 
way :—S. Pedro to 8. Luiz and S. Borja; Jaguario to 
Basilio; Alegrete to Quarahy; S. Sebastiaio to Sant’ 
Anna do Livramento va D. Pedrito. Tenders, which 
will be opened on January 12, should be accompanied by 
a deposit of 20,000 milreis, and addressed to the Directoria 
Geral de Obras e Viacio, Ministerio da Viagio e Obras 
Publicas, Rio de Janeiro. Any foreign material required 
in the construction of these lines will be exempt from 
Customs duties. Offers may be made for one or more of 
the above sections. Three years are allowed for the 
carrying out of the work. 








CARBON IN IRON AND ITS INFLUENCE ON THE GRADING 
or Pic.—Mr. W. J. Foster, Darlaston, read before the 
West of Scotland Iron and Steel Institute a paper having 
the above title. In this the author gave interesting data 
upon the researches he has carried out for arriving at an 
accurate and definite system of standardising by fracture 
and other physical properties with a view to facilitating 
commercial transactions, and avoiding as much as possible 
the constant introduction of unnecessary analytical 
operations, particularly with regard to foundry irons. 


THE CONSTITUTION OF TROOSTITE AND 
THE TEMPERING.OF STEEL.* 


By AnprEw McCanck, Associate of the Royal School 
of Mines. 


THE constituent troostitet has been the object of nume- 
rous researches, and the subject of equally numerous 
theories, and it is not without some little hesitation that 
this attempt, the result of a research carried out in the 
laboratories of the Royal School of Mines, to find one 
eee to connect many scattered observations, is put 
orward, more particularly when such well-known metal- 
lurgists as Benedicks and Le Chatelier have already 
devoted their eminent abilities to the elucidation of the 
matter. 

Since the introduction of the term ‘“‘Osmondite” by 
Heyn and Bauer to denote a constituent only vaguely 
imagined, much confusion has resulted in the nomencla- 
ture, and Osmondite and Troostite have been applied 
indiscriminately to the same thing (and often to quite dif- 
ferent things), while the recent decision of the Interna- 
tional Commission on the Testing of Materials, that, 
henceforth the name “‘ troostite” shall be abandoned, and 
Osmondite substituted, has not made current views much 
ng nor removed the disorder into which matters have 

len. 

However much one may desire to perpetuate the memory 
of Osmond in the metallurgy of iron and steel, one cannot 
show one’s admiration rity «he in a better manner than by 
respecting his wishes, and by retaining the name “‘ troos- 
tite” for the constituent he himself discovered. In what 
follows the author will so use it. 

Of the popes on the subject an excellent summary has 
been given by Boynton,} and since that time important 
additions to our knowledge have been made by Benedicks, § 
Heyn and Bauer,|| Kourbatoff,{[ and by Le Chatelier, in 
papers printed in the Rerue de Metallurgie, resulting in 
several views being put forward as to the constitution of 
troostite and the place it occupies in the iron-carbon 
equilibrium diagram. The two hypotheses which have 
gained greatest acceptance are: one due to Benedicks, in 
which it is considered to be a colloidal solution of carbon 
in 8B a. — Chatelier’s view that it is merely 
unsegrega rlite. 

There are Soshaneus in both views which will be 
pointed out by the work of this paper; moreover, the 
theory of Benedicks is bound to be unsatisfactory, since it 
rests entirely on analogies, and lacks experimental sup- 
een, and it has proved quite useless in suggesting the 

iscovery of new facts. 

Micrography.—The appearance of troostite under the 
microscope is well known, and a typical specimen is 
shown in Fig. 1, page 906. On ing from an area of 
pure martensite** to one containing troostite, the first 
appearance of the latter is always as small dots and 
approximately circular patches, which increase in size 
until they grow into one another, | the chains 
which are so characteristic and are described by Osmond tt 
as “‘amorphous and mammillated.” This process can be 
followed in the pao where a primary row of iso- 
lated spots is seen, as well as a chain which has obviously 
been formed from an exactly similar row by each individual 
part growing and joining up with its neighbour. The 
insistence of the circular form would lead one to expect 
that troostite no axes of crystallisation, and 
from its growth in situ in the martensite, it has long been 
inferred that the carbon contents of both are similar. _ 

Another form less seldom met with, shown in Fig. 2, is 
characterised by jagged edges, and it was first mentioned 
by Osmond.t} uN is seems only to be found in low-carbon 
steels, not being noticed in steels with more than about 
0.6 per cent. carbon. The troostite ap to be grow- 
ing between the interlacing needles in the martensite. In 
high-carbon steels the surface of troostite is never uniform, 
but has whitish lines across it, due, as has been shown b 
Kourbatoff,§§ to crystallites of cementite. By rubbing o 
the etched surface on the rouge-wheel, a structure of 
troostite, Fig. 3, is revealed which is closely akin to 
pearlite, or perhaps to the better-defined varieties of 
sorbite. In hypo-eutectoid steels the structure is so ill- 
defined that it can only be described as an indistinct 

ular a rance. 
ong) also formed when quenched steels are 
tempered, and it is the cause of rapid etching of steels so 
heated. In this form it does not occur in patches, owing 
to the uniform heating of the whole specimen, but is 
seen distributed all over the field of view, as in Fig. 4. 
The outline it then takes depends on the cleavage form 
of the matrix, which acts as a constraint, and controls the 
direction along which the transformation proceeds. This 
formation, on tempering, forms a convenient method of 
studying its life history, its growth, and subsequent de- 
composition, with the products resulting. Figs. 5 to 12, 
page 906, show the changes in two steels quenched at 
1000 deg. Cent. in water at 18 deg. Cent., containing 
0.25 per cent. and 1.3 per cent. carbon respectively, 
which have been tempered at the temperature specified 


* Paper read before the Institution of Mechanical 
Engineers, December 16, 1910. ’ 

+ For definition and explanation of martensite, see 
Appendix (page 908). ‘ 

+ ‘*Troostite,” Journal of the Iron and Steel Institute, 
1904. 
§ Journal of the Iron and Steel Institute, 1905. 
Heyn and Bauer, Mitt. Grosslichterfelde, 1906, pages 





29 to 59, 
' Revue de Metallurgie, 1905, page 169. 

| ** See Appendix. ; 
++ “* Micrographic Analyses of Metals,” page 96. 
tt Metallographist, Vol. iv. page 25. 

| $$ Loc. cits 





for a duration of 15 minutes, by which time the maximum 
visible c had taken place. 

In the quenched state the 0.25 per cent. C. steel consists 
of martensite, and in this connection it may be mentioned 
that the size of the needles increases with the decrease of 
carbon content, and the best development is obtained 
with such a steel as this one, Fig. 5. On tempering to 
300 deg. Cent. (572 deg. Fahr.) the needles lose their sharp 
outline, they dimininish in size, and the steel has a more 
granular appearance, while the attack with picric acid is 

uicker and blacker, Fig. 6. At 450 deg. Cent. (842 deg. 

ahr.) all trace of martensite has disappeared, being trans- 
formed entirely to troostite, which has a slight granular 
appearance. If the carbon content be not too high (u 
to about 1 per cent.), it is difficult indeed to distinguish 
one steel from another in tempering to this temperature, 
since they all consist of this one constituent, Fig. 7. At 
550 deg. Cent. (1022 deg. Fahr.) a light constituent 
appears, which is undoubted! exyutailinedl tenttn, and the 
remaining black bac und mes distinctly granular, 
becoming, in fact, identical with sorbite, Fe 8 On 
further heating, the ferrite areas increase until at 700-730 
deg. Cent. (1292-1346 deg. Fahr.) the sorbite changes to 
pearlite, and the ordinary structure of annealed low-carbon 
steels results, consisting of ferrite and pearlite. 

The quenched 1.3 per cent. carbon steel has the 
general structure of austenite with the hardenite variety 
of martensite, which is best shown by etching with 15 per 
cent. nitric acid and in alcohol (see Fie. 9). On heating 
to 300 deg. Cent. (572 deg. Fahr.) the martensite darkens 
slightly, and the austenite is completely transformed 
ne an —— eae of ag aged and 7 

micro-photograph showing this is given in Fig. 10, 
At 450 deg. Cent. (842 deg. Fahr.) the background is 
entirely troostite covered with small specks of massive 
cementite and cementite crystallites, Fig. 11. The 
massive cementite increases at 550 deg. Cent. (1022 deg. 
Fahr.), Fig. 12, the troostite takes on the characteristics 
of sorbite, and at 700 to 730 deg. Cent. the field is taken 
up by cementite and pearlite only—the ordinary structure 
of annealed high-carbon steels. 

From this it will be seen that the carbon content of 
troostite may vary, and that it should not be considered 
as finely divided pearlite, which must have a definite 
carbon content, though it is a stage in the development of 
the latter, in the same sense that martensite is. As 
pearlite can ultimately be obtained from martensite, so 
also it can be got from troostite. 

If martensite isa solution of carbon in the non-magnetic, 
or 8 form of iron, then troostite must be some form of a 
iron, the next product of transition, and from its amor- 
phous nature, and the fact that ferrite grows out of it, it 
seems probable that troostite is a iron, which has not yet 
assumed its crystalline condition, and which holds carbon 
in some form to be determined later. 

The troostite separation line will then be identical with 
the ferrite separation line in the equilibrium diagram, 
and this is | by the fact that steels quenched 
from the area between the Ac, point and the Ac, points 
show martensite containing ferrite, which has always a 
black border of troostite round it, and the higher the 
temperature of quenching the smaller the ferrite areas, 
and the correspondingly larger are the borders of 
troostite.* 

In this connection, however, it should not be forgotten 
that troostite is only an unstable transition product. It 
is often noticed that the chains of troostite follow the 
outlines of the crystal grains, Fig. 13, page 907, and 
the explanation may be found in the fact that there is a 
layer of decarbonised iron on the surface of each crystal 
grain, and the Arg transformation must occur here first 
on cooling. To see what support can be given to these 
suppositions, some physical properties of steel will now 
be studied. 

Physical Properties.—In examining the dilatation of 
steel at high temperatures, Le Chateliert discovered that 
all steels, of whatever carbon content, expanded at the 
same rate up to about 700 deg. Cent. (1292 deg. Fahr.), 
but above this # contraction set in, which varied in amount 
and took place at different temperatures, with changes in 
the content of carbon. An expansion followed this and 
ultimately the normal rate was regained. 

The actual figures were :— 


Amount of 





Carbon. | Contraction. Temperature. Ary, 
per cent. | mm. per cent, dg. CO. dg. F 
0.05 0.26 840 8=6(1545) 766 
0.20 0.23 768 (1420) 766 
0.50 0.21 728 (1342) 745 
0.80 0.08 730 = (1346) 710 
1.21 0.10 725 ©1337) 690 


| 


This seems to point to a contraction, due to pure iron, 
amounting to 0.26 mm. per cent.. and an expansion, due to 
the carbon going into solution, which amounts to about 
0.16 mm. per cent. in the case of a 9.9 per cent. carbon 
steel. Fig. 14, page 907, shows the curves plotted for the 
first two steels, the expansion being in millimetres on a rod 
100 mm. long. On heating, the contraction takes place, 
followed by a gradual recovery, and the same occurs on 
cooling, this being cosesbaustedl’ by the work of Svedeliust 
on the same subject. The temperature at which it takes 
place rises with decreasing carbon, but is approximately 
constant for steels over 0.9 per cent. carbon, so one is at 
once led to connect this change with the Ar, point or Ary. 
point, the temperature at which iron loses its magnetic 


* This is well shown by Osmond in ‘‘ Micro-Analysis 
of Metals,” translated by Stead, 130 and 131. 

+ Comptes Rendus, August 7, 1899. 

t Philosophical Magazine, August, 1898. 
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properties and deposits cementite. 


In the table the | eutectoid steels which had been tempered above 450 deg. | Centigrade of temper. 


It will be noticed that the change 


corresponding temperatures at this point are placed along- | Cent. (842 deg. Fahr.), at which temperature they consist | from the state of solution to the cementite form does not 


side, 


occurs in heating, and makesall the transformation points ing at 450 deg. Cent. must be similar to those existing at | that up to this temperature any changes in physical 
too high. The interesting point about this contraction, the centre C of the contraction curve, and varying degrees | perties are due to changes in the state of the iron. T 


The differences are due to the lag which always | entirely of troostite. This being so, the conditions exist- | begin until 400 deg. Cent., and so one can safely assume 


_ 
1Us, 


however, is that at 0.9 per cent., steel quenched from the of temper must have corresponding points on this curve. | in estimating the change in density, the contraction for 
point of the contraction curve B consisted wholly of An immediate deduction from this can be made, since the | pure iron must be used, and so for the limits of 7.86 to 7.75 


martensite, from A ithad the structure of annealed steel, centre C of the curve must correspond to a condition of 
rcent. of the material was' maximum density, and, knowing the vertical distance 


while, from the centre C, 75 


found in the specific gravity for carbon steels, the chanze 
in density on changing from a state of pure martensite to 


troostite.* There is no doubt that had the temperature between B and C, the change in density can be calculated | one of pure troostite must equal 0.061, irrespective of the 
of quenching been just a little higher than the centre, to between those two points—that is, the change in density | carbon content.* 
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Streets ContaIninG TROOSTITE. 
Fic. 2. 


1.5 per Cent. Carson STEEL. 


Figs. 5 To 8. 


(QUENCHED. 


Fics. 9 To 12. 


Fic. 9. QUENCHED. 


compensate for the change during even the small time 
of quenching, nothing but troostite would have been 
obtained. 

Above B, therefore, the iron exists in the § form; below 
A it is in the a form; in between at C the molecules are 
swinging round from one form to the other, and are in a 
condition essentially amorphous, preparatory to taking on 
their a crystallisation structure. It is thus highly pro- 
bable that in troostite is seen the iron in this unstable 
amorphous condition ready to receive the stamp of its 
new crystallisation, when it will take on the character- 
istic and properties of the micrographical constituent 
ferrite. This supports the conclusion which has already 
been come to from a study of the appearances under the 
microscope, when ferrite was seen growing out of hypo- 


* Bulletin de Societé d’ Encouragement, 1900, 


0.25 ver Cent. Carson STEEL. 
Fic. 6. Heatep 'ro 300 pea. C. 





0.67PER Cent. Carson STEEL. Fic. 3. 


Fic. 7. 
(842 pra. F.). 
TROOSTITE. 


(572 pee. F.). 


1.3 per Cent. Carson STEEL. 


Fic. 10. Hratep to 300 pee. C. Fie. 11. Hearep}roj450 pee. C. 
(572 pec. F.) MARTENSITE AND 
TROOSTITE. 


(842 pea. F.) CEMENTITE 
TROOSTITE. 


between the condition of martensite and the homogeneous 
condition of troostite. 

On tempering steel, the only possible changes which | 
may occur can be grouped under (1) changes in the state 
of the iron; (2) changes in the state of the carbon, neg- 
lecting the unimportant part played by the impurities. 
The second of these has been studied by Heyn and Bauer, t 
whose curves are reproduced in a slightly altered form in 
Fig. 15 for a 0.95 per cent. carbon steel quenched from 
900 deg. Cent. (1652 deg. Fahr.). The full line curve gives 
the changes in percentages of the total in the amount of 
solution carbon, the difference between the dotted line 
and 100 the percentage of graphite, and the difference 
between the dotted line and the full line the proportions 
of cementite carbon—the abscisse being the degrees 





~ + Journal of the Iron and Steel Institute, 1909. 


MaentricaTion, 360 DIAMETERS. 
1.5 

CaRRBon STEEL. 
on Rovee-WHEEL.} 


Fic. 4. Same as Fig. 2. 
TEMPERED TO 400 DEa. C. 
(752 pra. F.). 


PER CENT. 
POoLIsHED 


Maentrication, 400 Diameters. 


Heatep To 450 pea. C. 
HoMOGENEOUS 


Fie. 8. Heatep to 550 pee. C. 
(1022 pec. F.) Ferrite on 
Sorsiric BACKGROUND. 


Maenirication, 400 DraMeTeERs. 


Fie. 12. Heatep To 550 pee. C. 
(1002 pec. F.) Masstve CEMEN- 
TITE AND SoRBITE. 


AND 


Maurert has examined the changes in physical pro- 
perties occasioned by tempering, and his curves for density 
are reproduced in Fig. 17. Curves 1 to 3 are for steels 
quenched from 800 deg. Cent. (1472 deg. Fahr.), and 
4 to 6 different steels quenched from 1100 deg. Cent. (2012 

* To calculate this, let G, be the density at the point B 
on the contraction curve, and G- that at C. Since the 
cubical expansion is three times the linear expansion, 
1 cub. cm. at C becomes (1 + 0 0026 x 3) at B, the con- 
traction per centimetre for pure iron being 0.0026 an i 


Ge _ 1 + 0.0078 .. G. — G, = Go (0.0078) 

Go 1 

for Go = 7.86 - 7.75 
+ Revue de Metaliurgic, 1908, page 711. 


G-e — Gs = 0.061. 
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deg. Fahr.), the carbon content of each being given in the 
figures. 

Excluding the 0.4 per cent. carbon steel, all show a maxi- 
mum density at 450 deg. Cent., the point already shown to 
consist of homogeneous troostite, while those whose carbon 
content is above 0.9 per cent. show another loop in the 
neighbourhood of 200 deg. Cent. (392 deg. Fahr.), which 
is intimately connected with the transformation of 
austenite into martensite and troostite. 

Part of this change, however, must be due to the trans- 
formation of the martensite present to troostite; but as 
this change up to 200 deg. Cont. is small, as shown by 
the other curves, it must be neglected, since it cannot be 
specified exactly. The difference in density between the 





minimum at 250 deg. Cent. in hyper-eutectoid steels and 





Fic. 13. TroostrTE GROWING BETWEEN CRYSTAL 
Grains. Maanirication, 360 DramMerers. 


Fig.#é. 
CURVES FOR RESIDUAL MAGNETISM (Maurer) 
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between the quenched state for others and the maximum | 
at 460 deg. Cent. are as follow :— | 


Temperature of Percentage of Difference 

Quenching. Carbon. in Density. 
800 deg. C. (1472 deg. F.) 0.4 0.024 
S00 4 (1472 —(,g:~S— oD 0.83 0.051 
soo ,, (1472 ,, ?) 1.20 0.050 
1100, ee 0.83 0.056 
1100 ,, (2012 ,, ) 1.20 0.058 
1100 , (ow , ) 1.66 0.056 


Tt will be seen at once that the agreement between the 
observed values and the calculated value of 0.061 is, 
indeed, remarkable, when the difficulties of measuring 
the value of the contraction at the high temperature 
involved are considered. 

For the 0.4 per cent. carbon steel, however, there is a 
marked difference, which points to the fact that in the 
quenched state some of the change expected had already 
taken place, and one is dealing with a steel for which 
the quenching had not been quick enough to prevent the 
formation of @ iron. Pure iron quenched from a high 





temperature shows very little change in its properties, | disappears largely from the steels in the quenched state, 


for the reason that the velocity of quenchin 


the critical point has been small in relation to the velocity | in density to the theoretical. 


through | as shown by the nearer approach of the o 


rved c 
It may thus be possible 


of the change, and so has allowed the change to take | from these data actually to calculate the proportion of 


place, almost to its complete extent. 


Fug. 74. THE EXPANSION OF A BAR OF STEEL 
700mm. long, between 600°C.(1112°F) 
and 1000 €. (1882 °F) 
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Cmeners IN THE STATE OF THE CARBON DURING RE-HEATING. 
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THE CHANGES IN MAGNETIC INTENSITY ON RE-HEATING, 
SHOWN BY ORDINATES IN C.G.S.UNITS. 
Dotted Curves show values calculated for 
ratio length. 100 under a held strength 
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smali amount of carbon, however, by lowering the rate 


of change and the temperature at which it takes place, 
causes, on quenching, a change in properties seemingly 
out of all proportion to the amount added. 
With specimens of the size used (12 cm. x 1 x 1)0.4 
per cent. carbon has not been sufficient to suppress all 
change during the quenching from 800 deg. Cent.; but by 
increasing the temperature of quenching or the carbon 
content, the amount of a iron retained is reduced until it 








The addition of a| Feg to Fea. 


When a steel with carbon less than 0.9 per cent. cools 
from a high temperature, it must first pass through the 
Ar, or Args point before going through the Ar,, and simi- 
larly in tempering it must pass through the corresponding 

| state—namely, 450 deg. Cent.—before the change from 
troostite through sorbite to pearlite can take place. But 
above 0.9 per cent. the cementite separation line has to 
be passed first before the temperature Ar,, at which 
| troostite forms for this range of steel is reached, and on 
| tempering to 450 deg. Cent, for the complete transforma- 


Fig.16. 
DIAGRAMOF COOLING CURVE (Fig 14) 


SHOWING THE COINCIDENCE OF CONTRACTION 
WITH THE Ar, AND TROOSTITE. 
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tion into troostite the cementite will be in an unstable con- 
dition, and will tend to separate out at the same time. 
This is well shown by the presence of small specks of 
cementite in Fig. 11, and Kourbatoff has observed the 
growth of small needles of cementite from troostite at 
a temperature of 300 deg. Cent. (572 deg. Fahr.). It is 
due to this cause that in the very high carbon steel the 
cementite whose density is 7.07* has in separating out 
completely masked the maximum, which occurs at 450 deg. 
Cent., and the lowering in other steels above this tem- 
perature. 

Turning now to the magnetic properties to see what 
support can be derived for the above hypothesis, one 
would expect from the magnetic properties of a iron, 
which is highly permeable and non-retentive in its crystal- 


* Moissan’s ‘‘ Electric Furnace,” page 250 (English 
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line state, that on tempering an increase in the quantity 
of troostite should correspond to an increase in permea- 
bility and a decrease in residual magnetism, a surmise 
which is correct. 

In Fig. 18 are given the curves for residual mag- 
netism taken from Maurer’s* paper, and it will be seen 
that the amount of magnetism retained after saturation 
decreases with decreasing carbon content and also with 
an increase in the degree of temper. A higher tempera- 
ture of quenching up to a maximum of 1000 deg. Cent. 
also results in an increase, but above this temperature 
there is no further change.+ 

The lump in the curves which has its maximum about 
450 deg. Cent., and interferes with the regular shape of 
the curve is due to some interference with the conditions 
to which it is difficult to assign a cause, but there is reason 
to suspect that it is due to a change in the condition of 
the carbon, to be mentioned later. 

The curves given in Fig. 19 for magnetic intensity 
have been determined by the author in small bars of steel 
which had been prepared for the Sixth Report of the 
Alloys Research Committee, and whose compositions are 
given in that report ; the deflections of the magnetometer 
were measured when the bars were under a constant field 
of 17 c.g.s. units. Owing to the small size of the bars 
(3 in. by } in.) the self-demagnetising force is consider- 
able, and the dotted curves in Fig. 19 give the value 
calculated approximately for a ratio of length to diameter 
of 100 under a constant field of 5 c.g.s units. All were 
quenched from 850 deg. Cent., and for the maximum 
effect of the tempering} to take place they were main- 
tained at each temperature for a definite time thus :— 


Time for Full Change. 
Hours. 
100 6 
200 4 
300 2 
above 350 1 


Longer heating does not influence the results quanti- 
tether, provided, of course, that the length of time is not 
excessive, since a steel can be completely changed to the 
pearlitic condition by maintaining it for 2000 hours at 
100 deg. Cent. The curves rise steeply to a maximum 
at 330 deg. Cent., when follows the corresponding change 
which has been noticed in the residual magnetism, show- 
ing the growth of a highly permeable constituent. The 
minimum at 100 deg. Cent. has been observed by Barns 
and Strouhal,§ working in an “‘ English silver steel ” of 
unknown carbon content, and their curve agrees with 
those given here. The difference between the values at 
100 deg. Cent. and at 0 deg. varies with the same steel 
when re-quenched and the experiment repeated, and it is 
greater when the steel has been maintained for a longer 
time at the temperature of quenching, so that it is no 
doubt due at least partly to the layer of decarbonised 
iron on the surface of the specimen, and the same reason 
may explain the gradual drop in the magnetic intensity 
for the 0.07 C. steel up to 200, the carbon diffusing into 
this layer and so causing the apparent decrease. 

All the other properties of tempered steels entirely 
support the idea that troostite is amorphous and un- 
crystallised a iron—such, for instance, as the gradual 
decrease in strength and increase in elongation, the 
gradual decrease in hardness, and the increase to a 
maximum at 400 deg. in the solubility of steel in dilute 
sulphuric acid, showing that troostite is more soluble than 
the crystallised ferrite. 

The changes which g° on in tempering can now be 
examined in more detail, and for this purpose let us con- 
sider, first, the changes takin, ceey in the state of the 
carbon in cooling from just be ow the melting-point of 
the steel. At this temperature it exists as a solution of 
carbide in iron, and the state of aggregation of the mole- 
cule has been examined very thoroughly by V. Juptner,|| 
who, from the result of a physical chemical calculation, 
yroves that it exists with the molecular formula (Fe; C)s, 
ut that at the lowest temperature at which a solution is 
stable—namely, 690 deg. Cent, —it exists in a more complex 
form (Fe; C),, and between these two limits varying mix- 
tures of the twoformsare present. Thus just at the point 
of coming out of solution 1t has polymerised, and this is 
supported by the result of a totally different method of 
attacking the problem—by examining the gases given off 
when quenched and annealed steels are dissolved in sul- 
phuric acid. 

As long ago as 1850 Hihn{ and Cloez** both mention 
that the major portion of the gases given off on dissolving 
cast iron in acid consists of Cj. Hyg, but the more recent 
and accurate work of Campbellt+ on steel shows that in 
annealed steel the parattin most in evidence is C, Hj, but 
it is accompanied also by C,; Hg and C, Hy, and that in 
quenched steel the major portion is as the lower member 
of the series ; and since these gases originally must come 
from the carbide, itis necessary to believe that in solution 
the carbon exists as (Fe, C)s, and that massive cementite 
—including, of course, the cementite of pearlite—is a 
polymer of this with the formula (Fe; C),. 

Applying this now to the p.ocess of tempering, and 
remembering that carbon is insoluble in a iron, or soluble 
to an extent not greater than 0.02 per cent., the first 
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effect of reheating a quenched steel is to change the iron 
to the unerystallised a form (troostite), from which the 
carbon will be deposited in situ as (Fe; C)2, and which, 
ae are the difficulty of molecular movement, be 
unable to polymerise, but will remain in suspension. 

In its action to acids it will behave in the same manner 
as ‘‘solution” carbon, for it is in a finely-divided con- 
dition, and from its tendency to polymerise it must 
chemically active. The matrix is pure iron, and since 
pure metals conduct electricity better than solutions in 
them of impurities, the electric conductivity must rise on 
tempering, and go on rising until all the carbon has come 
out of solution. This has been completely proved by the 
researches on electric conductivity by Le Chatelier,* 
Benedicks,+ and Maurer.t Troostite contains, therefore, 
carbide in suspension, and this explains the analogies to 
colloid suspensions which led Benedicks to propose his 
colloid hypothesis. With increased heating the molecules 
become freer to move about and polymerisationsoon setsin, 
giving rise to the appearance of cementite under the micro- 
scope, and this action probably starts in the neighbourhood 
of deg. Cent., the temperature at which Kourbatoff § 
has observed the growth of cementite needles, and it 
seenis possible that the increase in the residual magnetism 
and the decrease in the permeability which have been 
mentioned previously can also be ascri to this cause. — 

Above 450 deg., then, the iron takes on its a crystalli- 
sation, coming out visibly as ferrite in low-carbon stee 
and with increasing polymerisation of the carbide the 
remaining hochavemet | becomes sorbitic, and ultimately 
develops into pearlite. 

Heat Changes.—F rom the thermal point of view there 
are four possible changes occurring during the progress of 
tempering from the quenched to the annealed state, 
due to :— 

(1) Loss of 8 crystallisation by the iron. 
(2) Carbon coming out of solution. 

(3) Formation of a crystallisation. 

(4) Polymerisation of the carbide. 


(1) is known from the cooling curves of pure iron to be an 
evolution of heat, which should be constant in all steels ; 
(2) is also an evolution increasing with the percentage of 
carbon ; (3) can be logically inferred from (1) to be an 
absorption which should be constant in all steels ; (4) may 
either be an absorption or an evolution. 

On taking heating curves then, tempered steels should 
evolve heat, the amount decreasing with increasing temper 
and with decreasing carbon, and should show an absorp- 
tion of heat when iron begins to crystallise out. This is 
shown by arranging in tabular form the amount of heat 
evolved as measured by the difference in tenths of a 
millivolt between two differential thermo-couples. The 
0.95 per cent. carbon steel results are due to Heyn and 
Bauer,|| the 0.61 carbon steel was obtained on a Roberts- 
Austen recording pyrometer. The author’s method of 
taking the heating curve was to obtain two specimens of 
the same steel, one of which had been quenched and tem- 
pered, and the other annealed, of the same shape and 
weight, and to place them together, separated by astrip 
of mica, binding the whole by fine wire after wrapping in 
asbestos sheet. The thermo-couples were placed in holes 
made for their reception in each specimen. After con- 
necting to the recorder, the steels were placed in an elec- 
tric furnace heated uniformly to 800 deg. Cent.; then, 
when they had attained this temperature, they were 
taken out and allowed to cool slowly. On again puttin, 
them in the furnace the zero line between two anneal 
steels was obtained, and the maximum difference between 
the two curves gave a measure of the amount of heat. 

Some further experiments using this method are in 
progress to examine in detail the heat-changes during 
tempering. 


0.95 per Cent. Carbon. 0.61 per Cent. Carbon. 
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The suppositions tliat an absorption of heat does take 
place, that the evolution of heat decreases in the quenched 
steel with a decrease in carbon, and that consequently 
the carbon does come out of solution, are proved beyond 
a doubt. That pclymerisation takes place with a small 
evolution of heat is not so certain owing to the variation 
of results, but it in no way affects the general argument. 

Conclusions.—The above results from the properties of 
tempered steels ape to the view that :—(1) Troostite 
consists essentially of a iron which is in the amorphous 
condition, or which has not yet attained its crystalline 
state of ferrite ; (2) troostite contains carbon in suspen- 
sion, and not in solution, as carbide of iron. 

The exact position of troostite in the heat treatment 
of steel is shown in a graphic form in Fig. 16, using 
the contraction curve already described as a basis. 
The steel is supposed to be cooling, and the diagram 
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t Maurer, loc. cit., page 727. 
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indicates clearly the relation between this constituent 
and the Ar, change, or the Ar3., change depending on the 
carbon content of the steel. 

Of the other explanations which have been offered, 
Benedicks’ theory of a colloidal solution of carbon in 8 
iron fails at once, when it is shown that a growth of 
troostite corresponds with an increase in permeability, 
for 8 iron is known to be non-magnetic, but there are 
undoubted analogies between troostite and colloids, as 
he hasably shown in his paper. The hypothesis outlined 
above, however, embraces both Le Chatelier’s views and 
the ideas of Benedicks (with reservations), showing that 
the conditions necessary for ‘‘unsegregated pearlite ” 
exist at the end, and a state similar to a colloid suspen- 
sion exists at the beginning of a long and complicated 
life history. 

It would seem that the close agreement between the 
results logically deduced from the experiments made and 
the views here set forth, and the results obtained by inde. 
pendent observers, indicates at least that this is a work- 
ing hypothesis of ible utility. 

In conclusion, the author tenders his sincere thanks to 
Professor Carlyle, Mr. W. H. Merrett, and Mr. E. 0. 
Courtman, of the Royal School of Mines, for their kind 
interest in this work, and for the benefit derived from 
many valuable discussions. 


APPENDIX. 
MARTENSITE. 


Throughout this paper it has been assumed that marten- 
site is a solid solution of carbon in § iron, and conse- 
quently that the carbon goes into solution at the Ar, 
pout because this is the view which is most widely 

nown and accepted. But it is to be understood that 
this is put forward merely as a convenient starting-point, 
and the arguments following for the above hypothesis 
of the constitution of troostite are in no way affected by 
this assumption. 

Thus troostite is connected on the iron-carbon diagram 
with the line which represents the solution of the cemen- 
tite in iron, and there are many experimental and theo- 
retical supports for the view that solution does not take 
place at the Ar, point, but at the Ars point, and that 
carbon is quite incapable of dissolving in any form in 


B iron. 

The fact that the Ar. point is unaffected by the addi- 
tion of carbon ; that the electric resistance of steel is very 
suddenly inc on reaching the temperature corre- 
sponding to the Arg; and that the Ar, point can be 
raised by the addition of chromium above the Ar», so 
that all the carbon is out of solution before the § iron 
changes to the a form, all go to prove this interpretation 
as being the correct one. The temperatures at which the 
contraction mentioned on 905 takes place also agree 
well with the corresponding Ar, point, taking into 
account the effect of lag. 

To prevent obscurity, however, the author started with 
this assumption as to the nature of martensite, and used 
this consistently throughout the explanations which fol- 
lowed, because he did not feel justified in adopting the 
other, less known but more satisfactory, view without any 
original experimental support. 








Doutca Torrrpo-Boat Destroyers.-—The two torpedo- 
boat destroyers which are being built for the Dutch 
Government at Flushing, by the Schelde Company, are 
being constructed in accordance with a contract which 
the Dutch Government entered into with Messrs. Yarrow 
and Co., of Glasgow, for the supply of two destroyers in 
conformity with their latest improvements, it being 
stipulated, however, that the vessels in question should 
be builtin a Dutch yard by Dutch workmen. The vessels 
are consequently being constructed from the latest designs 
of Messrs. Yarrow, and under their supervision. 


THE PROJECTED ORKNEY ISLANDS-GREENLAND-LABRA- 
poR-CanapA CaBLE.—The plan of instituting direct 
telegraphic connection between England and Canada has 
lately again been under consideration, and Canadian 
representatives have been to Copenhagen in order to 
negotiate with the Great Northern Telegraph Company. 
The connection would be from the Orkney Islands +i the 
Fiarée Islands, Iceland, Greenland, and Labrador, to 
Canada, and an arrangement would have to be made 
between the English and the Canadian Governments on 
the one part, and the Great Northern Telegraph Company 
on the other. The scheme is being pushed ahead with 
considerable energy, and there now seems to be some 
chance of its realisation. 


THE INSTITUTION OF CiviL ENGINEERS: STUDENTS 
Meetinc.—At the Students’ meeting, held at the Insti- 
tution on Friday, the 16th inst., at 8 p.m., Mr. C. 5. 
Meik, M. Inst, C.E., in the chair, Mr. R. N. Mirza read 
a paper on ‘Calculation of the Most Economical Ratio 
of Steel in Reinforced-Concrete Beams and Slabs.” The 
author, basing his calculations upon the usual stresses of 
600 Ib. and 17,000 Ib. per square inch in the concrete and 
steel respectively, evolved a formula from which could be 
estimated the total cost of a structure, having given the 
ratio of cest of concrete and steel per unit. The paper was 
supplemented by curves drawn to show the varying cost 
of the structure with different percentages of reinforce- 
ment, and the most economical ratio for practical use. 
The paper was followed by a good discussion, the chair- 
man, in his remarks, drawing attention to the greater 
reliability of steel compared with concrete, and the pro- 
portionately higher factor of safety required in the latter 
material. e following students spoke :—Messrs. E. F. 
Hunt, G. F. Walton, é, A. Clark, H. J. Gourley, and 
| A.J. Hart. 
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ELECTRICAL APPARATUS. 


4567/10. A. B. Pescatore and the Tudor Accumu- 
lator Company, Limited, London. Accumulators. 
(2 Figs.) February 23, 1910.—The invention consists in means for 
the ventilation of electric accumulator cells in which air and 
gases are removed from the cell by one or more apertures in or 
near the centre of the lid, and air is introduced into the cell by 
passages terminating near the sides thereof, and preferably in the 
corners. The air may be forced in through the passages, and 
sucked out at the apertures, or may be forced in at the apertures 
and sucked out through the passages. A central aperture a is 























made in the lid 6 of the closed cell. Two other apertures c and d 
are also made in the lid, and these lead to Y-pipes e and /, the ends 
of which project into the corners of the cell. The mixture of air 
and gases can be removed —— the central opening a of the 
lid, and for this purpose air may be admitted into the cell at c and 
d, through the two pipes connecting with the Y tubes eand /. If 
compressed air be supplied to these pipes, or suction be applied to 
the central pipe, or if both courses adopted, a supply of fresh 
air will be given at the four corners of the cell, and the 
removed through the opening in the centre. (Accepted October 5, 
1910.) 


824/10, Crempten and Co., Limited, J. C. Macfar- 
lane and H. Burge, Chelmsford. D o-Electric 
Machines. (2 Figs.) January 12, 1910.—The present inven- 
tion has for object an improved construction of armature core- 
body, and according thereto the radiating surface of the armature 
exposed to the atmosphere is increased by building up the armature 
with core discs of two different diameters, one slightly greater than 
the other. The series of discs b, c are threaded on to the shaft a 


Fig. 
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alternately, and are keyed thereto. When the core-body has been 
wsembled and the conductors are in place, the circumferential 
teeth g of the discs b project above the normal circumferential 
plane of the armature, with the result that the area of the core 
body which is exposed to the atmosphere is appreciably increased, 
and that a greater heat-radiating surface is eoeelingly obtained, 
radiation being permitted from the sides of the peripheral portions 
of the larger core discs b as well as from the peripheries proper of 
the same. (Accepted October 12, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


29,947/09. R. E. Phillips, Eastcote. Internal-Com- 
bustion E es. (4 Figs.) December 22, 1909.—This inven- 
tion relates to the igniting of the charges in internal-combustion 
engines, and ignites or fires the charge in a plurality of places 
with a single ignition device. According to the present invention, 
a chamber (hereinafter called the firing-chamber) is formed in 
the cylinder in juxtaposition to the combustion space—preferably 
at the top thereof—and the said chamber is in communication 
with the combustion space by means of a number of passages of 
uniform length, the orifices of which are suitably distributed so 
as to produce firing points extending over as large an area as 
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possible. The ignition device is located in the firing-chamber in 
such @ marnner that it lies in a central position with respect to 
the orifices of the passages to the cylinder. a designates the 
combustion space of the cylinder, ) the firing-chamber, c, ¢ the 
passages putting the firing-chamber into communication with 
bi a Ea 4 and a the ignition device. The result 

Ss construction is that part of the c of explosive mix- 
ture induced into the cylinder is poh at in Vthe firing. 
chamber 4, and on being ignited issues in the form of flames into 
the combustion space a through passages c, ¢, and thus ignites 
the charge simultaneously at a plurality of points. To ob’ the 





best results the orifices of the passages c, c should be widely 
distributed over the area of the combustion space, and the dis- 
tances of the said orifices from the ignition device x should be 
equal, or, at all events, approximately so. It is also advantageous 
to keep the sizes of the passages alike. (Accepted October 5, 1910.) 


Carter, 
Stamford. Internal-Combustion Engines. (4 Figs | 
November ”, 1909.—This invention relates to the fuel-spraying 
valves of internal-combustion engines and means for operating the 
same, and to that class of valve which serves for controlling a 
supply of liquid fuel under a high air-pressure. According to this 
invention, the valves and their operating mechanism are arranged 
in such amanner that the use of stuffing-boxes or packed glands 
is avoided, whereby leakage is obviated. a is the cover of the 
main combustion-chamber and b the supplemen combustion- 
chamber mounted upon the said cover, and into which a supple- 
mentary charge of fuel is admitted. c¢ is an air-tight box, and d, e 
are the valves by means of which the charges are admitted into 
the main and supplementary combusti bers respectively. 
The valves d,e are of the needle type, and adapted at one end to 
work against a seat, whilst the other end works in a guide screwed 
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into the wall of the bex c, the hole in the guide being closed at 
the outer end by acap; a spring in connection with each valve 
serves to hold it against its seat. The valves d, e are operated by 
levers j, j ted upon spindles which extend —— plug- 
bearings screwed into the wall of the box ; the inner end of each 
of these bearings is accurately f , and each spindle has upon 
it a collar which is ground to an air-tight fit nst the faced end 
of the plug, so as to prevent leakage around the said spindle. As 
shown, motion is imparted to the spindles k, kl and, consequently, 
to the valves through the medium of a cam 7 on a lay-shaft, the 
cam acting upon a lever o carried by a bracket p! projecting from 
the box. 4, q! are intermediate levers pivoted upon the same pin 
as the lever 0. The lever qg is connected by a rod r and lever to the 
lever j, and the lever g! by a rod s and lever to the lever j!. 
(Accepted October 5, 1910.) 


GUNS AND EXPLOSIVES. 


8546/10. H. F. Dovaldsov, H. C. L. Holden, and 

W. J. Griffiths, Woolwich. Sigh Mechanism. 

(2 Figs.) April 8, 1910.—This inven: ion relates to sighting mecha. 

nism for guns firing with high trajectories, wherein provision is 

made for automatically varying the tangent elevation in accord- 

ance with the height of the target above the horizontal . the 
ialer and ch 





object of the invention being to provide Pp 
mechanism for this purpose. According to this invention, to the 
gun, or the cradle thereof, is pivoted an arm or lever (constituting 
a sight-platform) carrying a sighting device, the platform at its 
free end being in engagement with an adjustable support designed 
to be adjusted more or less relatively to the axis of oscillation of 
the gun, so as to — for automatically varying the angle 
between the line of sight and the axis of the gun in the ratio 
required to meet ballistic conditions. a indicates the gun, } the 
cradle, and c the fixed part of the ting. d indicates the 
sight platform, having mounted upon it a sighting telescope e. 

is platform d, at its forward end, is carried on a pivot f on the 
tye and, at its rear end, is bifurcated so as to form a slot. 

is a slide working in guides i, i on the mounting ¢, the guides 
being inclined to the vertical. The slide / carries a roller which 
fits into, and works in, the slot of the platform d, the slide and 
roller being so arranged that when the line of sight is parallel 











with the axis of the gun, the centre of the roller corresponds with 
the axial line of the trunnions of the gun cradle. The adjusting 
device for the slide h comprises a drum k which is free to rotate, 
but the ition of which is fixed in relation to the mounting, 
and a rod having a screw-threaded portion which engages with a 
screw-threaded hole in the drum, and which is attached to the 
slide h insuch a manner that the rotation of the drum & causes the 
movement of the slide h and the corresponding movement of the 
roller. The drum & is spirally graduated with a sengocems, and 
the range is indicated by a pointer attached to the slideh. When the 
roller is raised from the position shown, an angle, between the line 
of sight and the axis of the gun, is given to the platform d, the 
value of this angle in range being in accordance with a table of 
ran and angles prepared upon the assumption that a) 
and target are in approximately the same horizontal plane. en 
the gun is elevated so that the line of sight is directed on to a 
target above this plane, the angle between the line of sight and 
the axis of the gun is varied automatically by the movement of 
the sight platform over the roller, which, when raised from the 
zero position, is eccentric with the centre of movement of the gun 
and sight ; the ratio of variation required to meet the ballistic 
conditions can be readi]) obtained by combining the movement 
already described with a suit«ble inclination to the vertical of the 
guides in which the slide moves. (Accepted October 5, 1910.) 





PUMPS. 


0. J. A, M. Watson, Bilaspur, India. Water- 

{1 Fig.) April 18, 1910.—This invention relates to water- 
lifts which utilise a vacuum or partial vacuum to cause the 
water to be raised, and relates specially to the means for alter- 
nately creating and destroying the vacuum. According to this 
invention, the valves for controlling the exhausting of the air, and 
for admitting air to destroy the vacuum or partial vacuum, are 
interconnected and operated by a bar which is adjustably mounted 
within the vacuum chamber on a vertical rod, the movement of 
which is controlled by a float moving between fixed — thereon, 
the water-lift being so designed that practically the whole of the 
working parts are enclosed and protected, and no rods pass 
through glands in the walls of the vacuum chamber, so that the 
possibility of a leak is greatly reduced. The tank 1 is hermetically 
closed, and is provided with a float 2 mounted loosely on the rod 3, 
which works vertically in the tank 1 and in an extension 4. Ad- 
justably mounted on the rod 3 is a bar 5, to which is pivoted a rod 
7 connected to the lever 9, controlling a butterfly valve 10, The 
valve 10 is connected by the pipe 11 to the air-exhausting appa- 
ratus. To the otherend of the bar 5is pivoted a bar 13, which has 
a slot therein in which a pin on the 6 works. The rod 16 con- 
trols an air-admission valve on the top of the chamber 4, and is con- 
nected to one end of the pivoted lever 18, to the other end of which 
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a counterbalance weight is attached. By this construction it will 
be noticed that there is no rod passing through a gland in the top 
of the chamber 4, while practically the whole of the working parts 
are enclosed. The action is as follows :—With the parts in the 
position shown, the air-admission valve and foot-valve 21 are 
closed, while valve 10 isopen. On the exhausting apparatus being 
put in action, air is exhausted from the tank 1 and chamber 4, and 
water is drawn up through pipe 20 into the tank 1. As soon as 
the water has risen to a qrodterudned height, the float 2 meets a 
stop on rod 8, and causes bar 5, acting through its connecting 
levers, to close the valve 10. There is still a considerable depres- 
sion in the chamber 4, and the water continues to riee until the 
pin on rod 13 meets the end of the slot in rod 16, and the air- 
admission valve isopened. The rush of air into the chamber 4 and 
tank 1 causes the valve 21 to open with considerable force, and the 
water to be rapidly ejected. is also has the effect of causing 
the float 2 to drop quickly until it meets a second stop on rod 3, 
such rod closing the air-admission valve and opening valve 10 as 
soon as the water is discharged. The valve 10 may be timed to 
open slightly in advance of the closing of the air-admission valve, 
to assist it seating properly, such valve being held on its seat by 
the suction until opened by the rising of the float. (Accepted 
October 5, 1910.) 


RAILWAYS AND TRAMWAYS. 


611/09. H. Leitner, Woking. Train-Lighting. 

(3 Figs.] October 4, 19°9.—This invention relates to systems of 
electric train-lighting, wherein several coaches are lighted from 
a lesser ber of equip ts than there are coaches, and wherein 
each equipment ajds, but does not interfere with, any other equip- 
ment. e invention provides means whereby the addition 
or subtraction of a coach or coaches can be readily effected 
under conditions of traffic, and to this end a switch is fitted on 
each coach, the switch being preferably actuated by a bar and 
handle protruding transversely from the coach, whereby the 
groupsand loopsare established. According to this invention, a 
practically uniform voltage is obtained by means of a looped lamp 
tion, such looping being effected by switches or the 
equivalent thereof. The switches or the equivalent are in series 
with each other on the generator coaches, and in parallel with 
each other on the dependent coaches. a and b represent the 
generator coaches, and ¢, ¢ the dependent coaches ; d, d are 
the dynamos, ¢, ¢ the batteries of accumulators, f auto- 
matic switches, g regulators, h lamps, and i the looping- 
switches. The figure shows the application of the invention 
to a normally assembled train, consisting of nine dependent 
coaches c, two generator coaches a and b, which, in practice, 
would preferably be brake vehicles, and one independently 
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equip} vehicle k, representing a dining, sleeping, or similar 
vehicle. The generator coaches a and > are fitted with looping 
switches arranged in series with each other, and the dependent 
coaches ¢ with looping switches arranged in parallel with each 
other. The independently equipped coach & is, however, not 
fitted with such switches, but is arranged with through wiring, 
so as to permit of the through lighting of the train, and at the 
same time to allow of the generating and storage equipment 
beingin parallel with the generating and storage equipments on 
the generator coaches a and b, The loop would normally be 
made by actuating either or both of the adjacent switches in the 
approximate centre of the train. The right-hand coach will be 
seen to be a dependent coach ; but although the said coach is 
actually added to the train at a point remote from the loop 
which is in the centre of the train, it is, by reason of the series 
connections of the looping switches on the generator coaches, 
electrically, as far as the voltage of the lamps is concerned, 
practically in the same position as if it were actually in the centre 
of the train—that is to say, the addition or subtraction of this 
end coach does not interfere with the uniform character of the 
lamp voltage of the rest of the train, as would be the case if the 
switches on the generator coaches were in parallel, and the end 
switch of the dependent coach in the ‘‘ on” position. (Accepted 
October 5, 1919.) 
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24,516/00. R. A. ld, Sheffield. Tramway 
Points. [5 Figs.) October 25, 1909. — This invention relates 
more especially to tramway-points, embodying spring-influenced 
toggle arrangements, which it may be desired to alter from one 
form to another, such as, for example, a point that it may be 
desired should act at one time as a ‘‘spring movable” point, at 
another time as an “automatic pulling” point, and, at yet 
another time, as an ‘‘ automatic pushing” point. or, alternatively, 
as a point of either of two such classes. e object is to provide 
toggle arrangements whereby the conversion from one class to 
another can be easily effected by altering the turning point of 
one element of the toggle, so that the function of the toggle is 
modified without altering the position of the spring in relation 
to the toggle. In the example shown, the ng-influenced 
toggle-piece a of an oscillating bolt 6 is join to a link ¢ that 


the doors 4 can thus be brought very much nearer together, as it 
is only necessary to leave sufficient space between them to 
clear the draw-bar. The doors 4 are flush, or nearly flush, with 
the bottom surfaces of the sole-bars and bottom surfaces of 
the longitudinal bars 2, 3, so that the space between these 
parts is thus added to the capacity of the wagon. Fitted within 
the wagon and attached to the inner sides of the sole-bars there 
are two inclined parts 9, which are continuations of inclines pro- 
vided between the sole-bars and the wagon sides, and these in- 
clined parts thus bring the sides of the door openings and the 
outer edges of the doors 4 much nearer to the longitudinal centre 
line of the wagon, so that when the doors 4 are opened the con- 
tents fall clear of the brake push-rods and the rails, The inclined 
parts 9 are carried from the sole-bars by brackets, to which the 

tches for holding the doors 4.closed and the handles for operat- 


| end of the wagon 1, so that the middle longitudinals 2, 3 between 
| 





finds an abutment in a housing in one wall of the h 

box ¢é, the link being in turn jointed to the usual forked lever i 
that engages the switch tongue j. Assuming that it is desired 
to have a “‘spring movable,” ‘‘automatic pulling,” or ‘ auto- 






































matic pushing” point at will, three housings /, 7, h are adopted in 
the mechanism-box, such that when the link ¢ is engaged with 
the housing /, the tendency of the mechanism is to hold the 
tongue to the tread side of the rail, the said tongue being auto- 
matically pulled back to this position after being trailed through, 
so that the arrangement forms an automatic pulling point. 


ing the same can be attached. The doors 4 are hinged to the 
bottoms of the two longitudinals 2, 3, so as to close up against the 
lower edges of the inclined parts 9 and to turn down towards 
the longitudinal centre line of the wagon from the sides thereof. 
(Accepted October 12, 1910.) 
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1705/10. G. H. Robinson and C. A. Beldam, 
London. Piston-Rod Packing. (9 Figs.) January 22, 
1910.—This invention relates to packing for piston-rods, and 
consists of a bar, or plurality of bars, of anti-friction metal formed 
in such a manner that the wearing face of each bar of the packing 
is divided longitudinally into two parts, each of which parts is 
divided transversely by saw-cuts, so that the packing may be able 
to adapt itself to the piston-rod with which it is to be used. 
| Further, these saw-cuts are placed in staggered relation to one 
| another, so that nowhere along the length of the packing is there 

a continuous cut. A strip a of anti-friction metal of the required 
| length and width is formed to suit the required size of packing. 
This bar in cross-section is an obtuse V-shaped channel, the 
| bottom face being flat and the sides being inclined substantially 
at right angles to the sides of the Y channel, as shown clearly in 
Fig. 1. A section taken through the bar is thus substantially 
double-wedge shaped, the thin ends of the wedges being adjacent 





like manner, when the link ¢ is engaged in the housing A, then | 
the action of the mechanism will be altered to produce a normal | 


tendency for the tongue to be held against the check side of the 
rail, and pushed back into contact therewith after being trailed 


through, the arrangement forming an automatic pushing point. | 


When the housing g is engaged by the link ¢, then the mechanism 


will act to hold positively the tongue j over to either side of the | 


rail when displaced, the arrangement then forming a spring 
movable point. To secure substantially equal spring effort upon 
the lever i of the switch tongue j, when the position of the link ¢ 
is altered, the housings /, g, 4 for the latter may conveniently 
be arranged in a curved path somewhat as shown. (Sealed 
December 1, 1910.) 


eee. The oteepeliinn suet | 7 

way Carriage an agon Com Limi an 

P. Wheeler, Birmin : Railway Hopper- 
r @, 


Wagons. [3 Figs.) Novem 1909.—This invention has 


reference to that type of four-wheeled railway hopper-wagons | 


constructed principally of wood, and arranged to discharge the 
contents through two hinged doors at the central part of the 
wagon bottom, which is made inclined towards the discharge 
openings, the said doors being arranged about level with the 
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underside of the sole-bars. According to the present improve- 
ments, the hopper-wagon is cummeusten with the two discharging 
doors arranged to open inwardly, and they are hinged to two 
longitudinals which are arranged at a short distance apart, with 


the draw-bar between them, the afore-mentioned inclines being | 


fixed to triangular brackets secured to the inner faces of the sole- 
bars, which brackets may also carry the horizontal pivots of the 
fastenings for securing the doors in their closed position. For the 
—— of this invention, the draw-bar cradle is not situated 
vetween the middle longitudinal bars, but is arranged near one 


to one another; and to further reduce the thickness of metal at 
| the bottom of the Y-shaped channel a groove ) may be cut along 
| its length. The bar is then cut through from each side towards 
the centre, the cuts c, which may be parallel or Y shaped, being 
made alternately on each side (Fig. 2), so that they are in _~ 
gered relation to one another. Along the bottom of the channel, 
or along the groove b, is placed a piece of wire d, and the bar is 
then bent from the sides upwards so as to surround the wire. 
The sides of the Y channel are thus forced together, and what 
| were the sides of the bar now become the wearing face of the 
| P *king, which is substantially Y shaped in cross-section (Fig. 3). 
he cuts c along the packing give flexibility to the same, and 
allow it to be bent round to any required shape, the cuts closing 
| together. At the same time it will be seen that they occur alter- 
| nately along the packing, so that there is no direct way for the 
steam or other fluid from one side of the packing to the other. 
(Accepted October 5, 1910.) 


MISCELLANEOUS. 


27,050/09. A. R. Robertson, Glasgow. Centrifugal 
Machines, [1 Fig.) November 22, 1909.—This invention relates 
to centrifugal machines having buffer-bearing devices. Usually 
the driving means, or the brake, or both, have been placed on the 
— beneath the buffer-bearing. In that position, and with 

| this particular form of bearing, these parts are subject to a con- 
| siderable amount of bodily oscillation, since, owing to structural 


disabilities, they cannot be placed sufficiently high to be near 
that plane on which lies the centre of the sphere and its seating. 
According to the present invention, the driving means, or the 
brake, or both, are arranged above the buffer-bearing, the spindle 


of the machine being upwardly extended to that end. The spindle 
part | 


A is carried by a buffer-bearing in which the hemispheric 
C is supported in a hemispherical seat D, having freedom of lateral 
movement within limits controlled by springs H, while oscillation 


THE END OF THE NINETIETH VOLUME. 








of the hemispherical part C and of the spindle A is controlled by 
springs N arranged between the part cd and its seat D, so that 
these springs N move bodily with the seat, and are unaffected jy 
lateral movement of the parts. The centre J, from which tle 
anger C and its seating D are struck, is, as indicated hy 
the dot radius, considerably above their co-acting surfaces - 
thus, since the radius of these parts may be very considerable, |: 
is possible to prolong the spindle A of the machine upwardly abov: 
the buffer-bearing, so that the driving means, or the brake, or 
both may be arranged above the buffer-bearing on a sleeve F, 
which serves as a distance-piece between the usual ball-bearing 
and a nut on the upper end of the spindle. The driving means 
and the brake are thus in or near the plane (indicated by the 
dotted line G) in which lies the centre J, from which the spherical 
part C and its seating D are struck. This plane is the centre of 
oscillation of the spindle A. (Accepted October 5, 1910.) 


30,417/09. LL. Brennan. Gillingham. Gyrostats. 
(6 Figs.) December 29, 1909.—This invention relates to the lubrica 
tion of gyrostat bearings, and consists in maintaining by centrifugal 
action a continuous circulation of lubricant over the bearing 
surfaces of the wheel axle by means of a plurality of relatively 
rotatable members positioned near the bearing and upon the ax\e, 
and rotated thereby at different relative speeds. Upon the swive!- 
ling frames carrying the heavy wheels are receptacles for con- 
taining the lubricant, there being one receptacle for each bearing 
of the gyrostat wheel axle. Leading from the receptacle is a 
coiled pipe, so arranged as to expose a considerable area to the 
cooling influences of the surrounding atmosphere. This pipe 
connects to an orifice 49 in the side of the boss 50 carrying the 
wheel-axle bearing 51. From this orifice the lubricant is con- 
ducted to a cavity 53 situated over the end of the axle. A tube 
59 projects from the cavity 53, and has slots in it. After escaping 
from the grooves the lubricant enters a small recess communicat.- 
ing with a spiral groove formed in the surface of the lining 
material of bearing 51 of the axle-journal, or in the axie-journal 
64 itself, or in both. The lubricant traverses the leng h of the axle- 
journal by means of this spiral groove and reaches a cavity formed 

vartly by the journal fillet of the axle and the end of the journal 

aring, and partly by a floating annular ring having projecting 
extensions engaging with pins upon the axle bearing, and adapted 
to keep the floating ring from rotating with the axle. Freely 
mounted upon the axle at the part immediately beyond the 


| fillet forming the junction of the journal and the axle proper is 


another ring, approximately triangular in cross-section. One side 
of this ring bears against a lubricant-catching ring 71 secured to 
the gyrostat frame. Upon this triangular section ring there bears 
another ring of approximately triangular section, the faces of 
these triangular rings being opposite their right angles, and 
bearing upon one another. The second triangular ring is pressed 


against the first ring by the floating ring before described, by 
means of spiral springs contained in cavities in the end of the 
bearing. The lubricant delivered through the spiral groove fills 
the cavity 65 formed at the inner end of the journal, and flows 
partly through the interspace between the floating ring and the 
end of the journal bearing 51 into the surrounding channel 75, 
and partly along the shaft and through the contacting faces of 
the two triangular rings into the same channel 75, The first 
triangular ring fits closely upon the shaft, and the film of lubri- 
cant between it and the shaft being very thin, friction is opera- 
tive in rotating it at a high velocity, though its speed of rotation 
is generally lower than that of the shaft. The first triangular 
ring is preferably cut away, leaving a triangular space adjacent 
to the shaft and the lubricant-catching ring 71, thus leaving room 
for the oil to be thrown outwards radially by centrifugal action. 
The friction of the lubricant film between the two triangular 
rings is also operative in rotating the second triangular ring, 
though the speed of the latter is lower than that of the first ring. 
Any lubricant passing along the shaft past the first triangular 
ring tends to be thrown off centrifugally as a film between it and 
the lubricant-catching ring 71, and from thence into the sur- 
rounding channel 75. From this channel 75 there leads a duct 
78 connected directly to the lubricant reservoir. Returning now 
to the lubricant-catching ring 71, against which the first trian- 
gular ring bears, this lubricant-catching ring has formed in it a 
circular groove 77 surrounding the lip attached to the axle, this 
lip being intended to fling off any lubricant escaping past the 
first triangular ring, which lubricant is caught by the lubricant- 
catching ring and conducted downwards by a suitable conduit 
81. The lubricant passing downwards drops into a receptacle 
82, from which it s into a reservoir 83 adapted to collect a 
considerable quantity of lubricant. The lubricant from this 
receptacle 83 may be periodically discharged into the main lubri 
cant reservoir. (Accepted October 5, 1910.) 
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Aveling & Porter, Ltd., 


Rocuester, KENT. 
and 72, Cannon Street, LONDON. 
STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS. 


Cc EMENT- MAKING MACHINERY. 1140 





A. GC. Meford Lie 


CULVER STREET WORKS, COLCHESTER, 
On ADMIRALTY AND War OFrFicg Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. ~ 
See Illustrated Advertisement, page 54. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


And Auxiliary Machinery as supplied to the 
Admira ty. 2179 


J ames Russell & Sons, Ltd., 
Crown Tune Works, WEDNESBURY. 
IRON and STEEL TUBES, and Fittings for same. 
STEAM MAINS. COCKS and VALVES. 
TRAMWAY and TELEGRAPH POLES, &c., &c. 
WAREHOUSES : 
108, Southwark Street, 8.E. 
- 83, King Street West. 
114, Colmore Row. 
- 6, Mark Lane, Briggate. 


LonvDOoN 
MANCHESTER 
BIRMINGHAM 
LEEDS 


1108 


ranes.—Electric, Steam, 
HYDRAULIC and HAND, 
of all types and sizes. 
GEORGE RUSSELL & CO., Lrp., 
Motherwell, near Glasgow. 


(Gs Engine and Suction Plant 


REPAL 50 tons of Firebricks, a)] sizes, in 
stock. Skilled mechanics, expert supervision, quick re- 
Er ‘Phone ; 1350, East ; Tel.: Rapidising, London.— 
J. DAVIS &0O., Gt. Eastern Rd. , Stratford, E. 1064 


“Royal n 


Means Excellence in Everything Electrical. 
THE EDISON AND SWAN UNITED ELECTRIC LIGHT CO., LD., 
Ediswan Buildings, Queen Street, London, E.C. 








diswan” 





Pumping by. Compressed Air. 
THE PRICE AIR-LIFT PUMP CO., 
BROADHEATH, NR. MANCHESTER. 973 
London Office : 28, Victoria Street, We: es 
See lilustrated Advertisement, page 93, Dec. 2: 
and 


r : =“ . y LIMITED, 


on, 
MARINE ENGINEERS, &c., 
Newsvury, ENGLAND. 9983 


Patent bd 
S* 2e’s Hydro-Pneumatic 8h Kj ector. 
Great saving of labour. No noise. No dust. No 
: Ashes discharged 20 ft. clear of vessel.—Apply 
f. J). T aE WENT & PROCTOR, Naval Architects and 


Surveyors, 43, Billiter Bldgs., Billiter St., London, E.O. 
4835 
T 

Specification and a. equal to 
n Line Locomoti 


Mai 
R. & W. HAWTHORN, LESLIE & CO., Lrp., 
ENGINEERS, NEWCASTLE-ON-TYNE. 








ank Locomotives. 


"855 


Ballast Wagons for Sale or 
IRE. 

HURST, NELSON & CO., Lrp., 
MOTHERWELL. 
| aks vincible auge (jiasses. 

“BU TTERWORTH BROS., Ltd., 

Newton Heath Glass orks, 

3 . at Manchester. Od 9753 
R oot’s Patent Friction 
CLUTCHES, suitable for motor boats, motor 
Cars, or oN transmission gear. —Write for Sheet No. 38, 


BOK iN PAUL, Lap., Petrol Engine Makers, 
Herwic 1336 
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Yarrow & Co., Ltd., 


SHIPBUILDERS AND ENGINEERS, 
GLASGOW (formerly of Pornar, Lonpon.) 
SPEEDS UP TO 40 MILES AN HOUR, 

PADDLE OR SCREW STEAMERS OF 


Exceptional Shallow Draught. 


VESSELS PROPELLED BY STEAM 
Turbines or 


Internal Combustion Engines. 


MULTITUBULAR AND 
(Cochran CROSS-TUBE TYPES. 
See page 20. 


Bowers. 
en 848 


‘¥ achts, Launches or Barges, 


Built complete with Steam, Oil or Petrol 


Motors; or Machinery supplied. 
Engineering Company, 
MANUF. 
RAILWAY CARRIAGE, “WAGON ‘AND TRAMWAY 


Od 8759 








VOSPER & CO., Lr., 
e Od 3551 
r | ‘he 
GOVAN, GLASGOW. 
EELS AND AXLES, 


Broap STREET, PORTSMOUTH. 
Glasgow Railway 
London Office— 12, ae ~— 8. wi 
ERS O 
WH 
CARRIAGE AND WAGON IRONWORK, - 
CAST-STEEL AXLE BOXES. 18 





Taz Giascow Roiuine Stock AND PLANT WoRKS. 


Ht. Nelson & Co., Ltd.. 


BUILDERS OF RAILWAY CARRIAGES, 
WAGONS, ELECTRIC CARS and LIGHT RAILWAY 
ROLLING STOCK OF EVERY DESCRIPTION. 
Makers of WHEELS and AxiEs, RalLway Pant, 


846 Foreine, Surra Work, Iron anp Brass Castines. 





istered Office and Chief Works : Motherwell 

Manchester Office: Northern Assurance Bdgs, AlbertSq. 

London Office: 14, Leadenhall Street, E.C. 
See Iustrated Advt. page 59. 3382 
P & W. MacLellan, Limited, 

e CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 

RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices : 129, Trongate, GLAsGow. Od 8547 
Registered Office : 1084, Cannon St., London, E.C. 





See our other Advertisement, page 63, Dec. 16. 
__| Phe Metropolitan Amalga- 

MATED RAILWAY OARRIAGE AND 
WAGON COMPANY, Lauurrep, 


Makers of RAILWAY ROLLING STOCK and 
TRONWORK of every description. 

COAL WAGONS on deferred payment. 

High Ca; aye d WAGONS of alk epee. 

Head O and Works :—Sa.tLey, BIRMINGHAM. 

London Offices—36, VicroriA STREET, WESTMINSTER. 

Telephone No.: 6410 (six lines), Telegrams; ‘‘ Metro, 
Birmingham.” 893 


M idiand 


RAILWAY-CARRIAGE AND WAGON O0O., Lr., 
Mrp.anp Works, Birwinenam ; and 
Asser Works, SHREWSBURY. 








Railway Carriages, 
Railway Wagons, 
Tram Cars, &c., &c. 


R. = Pickering & Co., Ltd. 


(ESTABLISHED 1864). 
BUILDERS of RILW AY CARRIAGES & WAGONS, 


MAKERS of WHEELS and AXLES of all kinds, 
RAILWAY WAGONS for HIRE. 


Chief Works and Offices : 
WISHAW, near GLASGOW. 


London Office : 8353 


831 








R oyles ‘Limited, 


ENGINEERS, JRLAM, MANCHESTER. 
FRED WATER HEATERS, _ 


OALORIFIERS 
EVAPORATORS, CONDENSERS. 


ROYLE'S SYPHONIA STEAM TRAPS, 
PATENTS. { REDUCING VALVES, &c. 


WATER SOFTENING, FILTERING. 


ROW’S 
PATENTS. 





3, Victoria Street, WesTminster, S.W. 
[*#°¢8 Foundry and 
Railway Plant and 


ENGINEERING OOMPANY, 

a General eers. 
witches, Crossings, 
Turntables, gg Cranes. 

Girders, Bridges, Roofs, Pipes, 
Wagons, Tanks, Engines, Boilers, Cranes. 
Works: NE RT, MON. 1380 
London Office: St. Maroarer’s Mansions, 53, 
Vicronia Street, Westminster, 8.W. 





-j ohn Bellany, wee 


MILLWALL, LONDON, 
GENERAL CONSTRUCTIONAL ~ 3A 1216 
Boilers, Tanks& Mooring Buoys 


Sriuus, Perron Tanks, ArmR- RECEIVERS, STEEL 
Cumyeys, Rivetep SreamM and VENTILATING PiPEs, 
Horrers, SPRCIAL Work, Rerarms OF ALL Kinps. 

F[Tubes, Iron and Steel. 
Edwin Lewis & Sons, 


1 | Office : 
143, Gannon 8t'E.c, Wolverhampton. 


Dvd Rollo and Sons, 
Engineers & Shipbuilders, 


Liverpool. 


1457) 





_il4 


Mubes and ] Fittings 


Stewarts and L)» ds, [4 


Glasgow and Birmingham. 


See Advertisement page 73. 5743 


Dey Paxman & Oo LA 


ENGINEERS, COLCHESTER. 
MAKERS OF ss 
Steam Engines and Boilers. 
All Sizes up to 3000 HP. 
For ELECTRIC LIGHTING anp TRACTION WORK. 
ALSO FoR WINDING, PUMPING, HAULING, 
AND ALL PURPOSES, 


FRANCO-BRITISH EXHIBITION—GRAND PRIX 
(Hiengst AWARD OBTAINABLE). 





— 2246 
See Advertisement page 39. 


THE WELL-KNOWN 


Fine Re Moulding Sand, 


FOR 
BRASS, ALUMINIUM, &c, 


1000 
Ltd., 





IRON, 
APPLY, 


Mansfield Sand Co., 


___ CM ANSFIEL D, NOTTS. 


(Cranes! (ranes ! (ranes! 


Butters Brothers & Co., 
GLASGOW. 
Makers of all kinds of Steam, Electric, 
Power Cranes. 
Catalogues and Prices on application, 
See Advertisement page 66. 


Steam Launches. Nat. Tel.: 


Se See 
Wartiine Works: 
Havard Hay €8, stoNY STRATFORD. 
SMALL TUGS and LAUNCHES in IRON and 
STEEL. Machinery constructed for boats built abroad. 
Simple or Compound. London Office: 9, Bridge St., 
Westminster, 8.W. See Illustrated Advt. each — 


2174 
fs See Steel Castings 
Manufactured by 


anp FORGINGS, 
THOS. FIRTH & SONS, LIMITED, SHEF —. 
See Advertisement page | 32. 


Piercy & Co., Ltd. ingen 
Birmin, are prepared to MANUFAOTURE 
PATENTED Garincering SPECIALITIES to meet 
the provisions of the New Patent Act. 8683 


Lpcomotive | Tank Engines 


designed ani 4 constructed + 
ee 9 bk ARDLE AND COMPANY, la. 
e Engine Works, Od 2487 
___ See their I! fr Tilusteated Advertisement page 51. 


Mfachine and Engineering 


WORK of all description undertaken for Manu- 
Paleo rs and renewals. 


and Hand 


917 








ATENTS AOCT.—Rosszr & Russxit, Ltd., 

to undertake the ——— of articles 

at at present cone abroad, and will be pleased to hear 
firms desiring such work executed. 





10 in., 12 in., 14 in. and 16 in. 
Locomotives 
Ready “ *ii""* Delivery. 
Andrew Barclay,Sons&Co., L”- 
Caledonia Works, Kilmarnock. 


RAILWAY CARRIAGES, TRAMWAY OARS, &c. 


He Nelson & ©. ‘ |. 


Tue Giascow Rowune Srock aNp PLant Works, 
MOTHERWELL. 3383 


team Cranes, Excavators, 


Concrete Mixers, Steam Winches & Windlasses, 
J. H. WILSON & CO., Lip. Head Office & Works: Dock 
Road, Seacombe, nr. Birkenhead. London Office: 15, 
Victoria St., 8.W. See large Advt., page 38. 1383 


Matthew p= & Co. 4 


Levexrorv Worxs, Dumbarton. 5,99 
cA. See Full Pare Advt. page 50, Dec, 23, J 


arrow’s Patent. 


Witer-Tube Boilers, 


THE MOST IMPROVED TYPE IS FITTED WITH 
FEED-HEATING TUBES. 


1273 








Glasgow (popran LONDON. 
C. ‘&A.Musker er, Litd. Liverpool. 
HYDRAULIC AND ELECTRIC MACHINERY. 
See last week's Advertisement page 19. _ 1088 


~ Boiler Tubes and Pipes. 
») ohn Marshall & Sons, 


GLASGOW TUBE WORKS, GLASGOW. 
See Full-page Advt. every ‘sth week. 





* 1291 


[the National Association for 


EX-SOLDIERS, 119, Victoria Street, 8.W. (Tele- 
phone 367, Westminster) SUPPLIES MEN of good 
character only, as navvies, masons, bricklayers, porters, 
ladourers,caretakers,carmen, chauffeurs,horsekeepers, 
night watchmen, timekeepers, &c. Characters up to 
date. Nofees.— Apply. SECRETARY, asabove, 228 


tone Breakers ae sg ti 


ock rushers. 
WE MAKE NoTHING ELSE & THe Bust. 


_W. H. Baxter, Ltd., Leeds. 


Rubber 


Conveyor Belts 


2267 


MANUFACTURERS 


Tut GUTTA PERCHA & RUBBER MFG, OO. 
or Toroxto, Limrrsp, 


Toronto Canada, 1030 


V ‘auxhall & West Hydraulic 
ENGINEERING OO., 

MARINE ENGINES (Screw & Padaila) i HYDRAULIO 

MACHINERY, PUMPS, &. Works: 

City Office, 45, Leadenhall Street, London, ee ao 


40, KING STREET, COVENT GARDEN, 


py omas Kell & Son, Litho- 
graphers .» execute every desori an of 
: ao Lithography, Engra 
Prin thogra ngineering, Architectural, and Petorial 
n best manner. Paper Drawing Soyt 
aie pe King St.,Covent Garden, W.0. Od 
ocomotives in Rise 
KERR, STUART & CO., Lap., have in stock 
or in an advanced . state of 
California Works, Stoke-on-Trent, a 
LOCOMOTIVES, with pe pe a 
diameter (inclusive) for. 4 
ART tT. Oo. Lr. 


4 ft. 8) in.—Appl 
1, Broad Street ~ og = 6520 


(lentrifugels 


Port. (assels & Williamson, 


MOTHERWELL, SCOTLAND. 1807 


—_—— 


See half-page Advertisement, Dec. 9, page 62. 
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anchester Steam Users’ 
IATION. 


ASSOC iN. 

FOR THE PREVENTION OF BOILER 

EXPLOSI . 
9, Moust Srreet, MANCHESTER. 

Chief Engineer: O. E. STROMEYER, M.I.C.E. 
Founded 1854 by Sir W. Farrsairn. 993 
Certificates of Safety issued under the Factory — 

an 


TO MAKERS OF SHIPYARD FURNACES. 


[lenders are ‘Required for the 


DESIGN, SUPPLY and ERECTION of a com- 
bined Plate and Angle FURNACE, suitable for inter- 
mittent work in a large ship-repairing yard.—F' 

rticulars and prices should be addreesed to SMITH’S 
Dock CO., Lrp., North Shields. yor 





Workshops Act, 1901. Comp tion for Damag 
Liabilities paid in case of Explosions. Engines and 
Boilers designed and hanostad during construction. 


[the Sir John Cass Technical 


INSTITUTE, Jewry Srreer, ALpGaTe, E.C. 








The following COURSES of EVENING LECTURES 
and PRACTICAL beta on 


UEL 
will be given during the LENT and SUMMER 
TERMS, 1911 :— 
SOLID FUELS, THE VALUATION OF FUELS, AND 
THE CONTROL OF FUEL CONSUMPTION, 

by J. 8S. BRAME, Lecturer on Chemistry at the Royal 
Naval College, Greenwich. : 

A Course of Ten Lectures, Monday Evenings, 7 to 
8 p.m., commencing Monday, 23rd January, 1911. 





FUEL ANALYSIS, 
by O. O, BANNISTER, Assoc. R.§.M., M.1.M.M. 
A Course of Laboratory Work, Monday Evenings, 
7 to 10 p.m., commencing Monday, 24th April, 1911. 





TESHNIDSAL GAS ANALYSIS, 
by CHARLES A. KEANE, D.Sc., Ph.D., F.1.C. 
A Course of Laboratory Work, Wednesday Evenings, 
7 to 10 p.m., commencing Wednesday, 26th April, 1911. 





The COURSES of INSTRUCTION are arranged to 
meet the requirements of those engaged in Chemical 
and Engineering Works, or who are concerned with 
the use of Fuel as a motive power. f 

DETAILED SYLLABUS of the COURSES of IN- 
STRUCTION may be had upon application. Y 979 

UNIVERSITY OF LONDON: 
a) ? ™ 
K ing’s College.—Faculty of 
ENGINEERING. 

Complete COURSES OF STUDY, extending over 
either three or four years, are arranged in CIVIL, 
MECHANICAL, and ELECTRICAL ENGINEERING 
for the Engineering Degrees of the University of 
London, and for the Diploma and Certificate of the 
College. : 

_ . The four years’ course provides, in addition to the 
Academic Training, opportunity for practical training 
in ** Works.” 

For full information and prospectus apply to the 
DEAN, or to the SECRETARY, King’s College, 
Strand. iConct A 26 

Battersea Polytechnic, S.W. 

SPRING TERM COMMENOES 9th JANUARY. 

Complete Courses, Day and Evening, suitable for B.Sc. 

Degree in Engineering, the A.M.I.C.E. and other 

Professional Examinations. 
Commencing 9th January. 15 Lectures in Hydrau- 

lics. Fee Lectures with Laboratory &s. the Course. 
Commencing 13th January. 12 Lectures in Engi- 

neering Estimates, Fee 4s. ; 234 
For further particulars apply to the SECRETARY. 





Assoc. Memb.& Stud. Inst.C. E. 


EXAMS., both Oct. and Feb.; also B.8c., 
P.W.D., India, &c., with all Mech. and Elect. Eng. 
taughtin 6, 5 or3 months’ courses by post.—Write, Prof. 
JAMIESON, M. Inst. O.E., &c., at onc, to Kelvinside, 
Glasgow, W. Special facilities for those abroad. 914 
») . 
A ssoc. M. Inst. C. KE. and Stud. 
INST. C. E, EXAMINATIONS, — Thorough 
preparation by personal tuition or correspondence. 
134 passes since 1903 with very high percentage. Full 
varticulars on gg AT — Messrs. NELSON anp 
sAWRENCE, 13, Victoria Street, Westminster, 8. W. 
Telephone : 3920, Victoria. 1217 


[»*t. C.E. and all Engineering 
Examinations.—Mr. G. P. KNOWLES, A.M.LC.E., 
F.8.1., &o., PREPARES CANDIDATES personally or 
by correspondence. Hundreds of successes. Courses 
for next February and October are just commencing. 
—39, Victoria St., Westminster, 8.W. Tel. No. 1402, 
iS Sete SE aaere 

eb. 1911, A.M.I.C.E. Ex- 


AMINATION SPECIAL REVISION COURSE. 





Commencing 8th Jan. Record to date, 100 per cent 
asses.—Apply, T. E. THAIN, B.8c., A.M.LC E., 19, 
ount Stuart Square, Cardiff. Al0 





Fyaginecring Correspondence 
Tutors (Est. 1878), A.M.1.C.E. & B.Sc., San. Inst. ; 
Surveyors’ Inst., Matric. Stud. 1.C, E.-ExaminationAids, 
1s.each. — PEN NINGTONS, 264, OxfordRd., Manchester. 





ours 





TENDERS, 


INDIA OFFICE, Wurrenatt, 
28th December, 1910. 
THE SECRETARY OF STATE FOR INIMA IN 
COUNCIL is prepared to receive 


| Yenders from such Per- 
sons as may be willing to SUPPLY :— 
WOODWORKING MAOHINERY. 

The Conditions of Contract be obtained on 
application to the  Aeermee tlhe f of Stores, India 
Office, Whitehall, S.W., and Tenders are to be delivered 
at that Office by Two o’clock p.m., on Tuesday, the 
24th January, 1911, after which time no Tender will 


be received. 
W. G. BUTLER, 
Director-General of Stores. 


NEW LAW OOURTS, CAPE TOWN. 
VENTILATION AND HEATING. 


[fenders will be Received 
by the Controller and Auditor-General, 


Parliament Street, Cape Town, up to Noon, 





pe 
on be pe March, 1911, forthe INSTALLATION 
of VENTILATION, HEATING and 


COOLING in the new Law Courts Town, 
Farther information be obtained from the 
HIGH OOMMISSIONER R THE UNION OF 
SOUTH AFRIOA, 100, Victoria Street, Lo2don. 
accepted, A499 


of a SYST 


No Tender necessarily 





CITY OF COPENHAGEN, 


TURBO-DYNAMO, &c. 


The Municipality of Copenhagen require 


enders for the Delivery of 
One 4,000 K.W. STEAM-TURBINE-GENER- 
ATOR with CONDENSING PLANT. 


Specifications and Conditions of Contract may be 
on application to Elektrisk Station, Gothersgade 
No. 30, Kopenhagen K, on payment of 30 Kr., which 
sum will be refunded on return of ths Specification 
accompanied with the Tender. 

Tenders must be sent to ‘‘ Direktoren for Koben- 
havnos, Belysningsve3en, Raadhuset, Kobenhavn B,” 
not later than Twelve o’clock Noon, 16th January, 
1911, 





Kobenhavns Belysningsvesen. 
December, 1910. Y 984 





PRELIMINARY NOTICE. 


TO ENGINEERS, BRIDGE BUILDERS, CONSTRUC- 
TIONAL ENGINEERS, IRONFOUNDERS, CON- 
TRACTORS, AND OTHERS. 


ANDREW HANDYSIDE & CO., Lrp., BRITANNIA 
IRONWORKS, DERBY. 


BY ORDER OF THE COURT. 


The Receiver and Manager for the Debenture 
Holders will shortly invite 


enders for the Purchase of 


the old-established BUSINESS and GOODWILL, 
together with the Freehold and Leasenold Lands, 
Buildings, Plant and Machinery at the respective 
Works, AS A GOING CONOERN. 

The premises at Fox ‘Street and Clarke Strect are 
counected by sidings with the main line of the Mid- 
land Railway, and are utilised as a Girder Yard and 
Constructional Engineering Works. 

The Duke Street Works are used for General Foundry 
and for Malleable Foundry purposes, Motor Castings 
and General Engineering Work, and are connected by 
sidings with the Great Northern Railway. 

Particulars of the assets to be sold will be announced 
during January, 1911, and further information can be 
obtained from the Receiver and Manager, Mr. G. E. 
SENDELL, of the Firm of ©. F. Kewr, Sons & Co., 
Chartered Accountants, 36, Walbrook, London, E.C., 
or of Messrs. STANLEY, WOODHOUSE & HEDDER- 
WICK, Solicitors, 18, Essex Street, Strand, London, 


0. 
19th December, 1910. A383 








MUNICIPALITY OF 8S. THOME, 





The Municipal Council of 8. Thomé announce that on 
25th March, 1911, at Three p.m., the 


Proposals which will have been 


sent in for CARRYING OUT a SERIES of 
ETUDES, to be paid a lump sum (the sum to be stated 
in the said proposals) will be opened in the Town Hall. 

The Schemes for which proposals are asked are the 
following :— 

A.—Complete Scheme for the Drainage of the Marsh- 
land of 8, Thomé City, and its Transformation 
into Park Land, drawn up so as to show the 
expenditure for each marshland, with a view 
to opening a public tender for the whole work 
together or in sections, 

B.—General Sketch for the Town Sewers, and 
Detailed Scheme of Sewerage in the most 
populous and central part of the Town. 

C.—General Plan for Streets to the Park Lands 
and to a Quarter Specially Set Apart for 
Europeans; Schemes for a Few Ty of 
Equatorial Dwellings, and for. Canalising the 
River Agua Grande to the City Boundaries. 

D.—Etude for Improving the Water Service in the 
Town, 80 as to obtain good water in abundance, 
as large a portion as possible of the present 
piping being utilised. 

E,—General Etude for .Lighting the Town by 
Electricity, and for the Distribution of Electric 
Power. 

F.—Scheme for School Buildings, for a Town Hall 
and a Tribunal. 

The engineer will have to draw up a general 
topographic plan of the whole town area, at a scale of 
1 in 1000, showing the level curves for every metre 
and all details in ground levels, and a plan at a scale 
of 1 in 500, with level curves for every half metre for 
the central and most populous districts. 

All schemes to be sent, together with a “‘ certificate 
of professional competence,” &c., and ressed under 
closed envelope, with form for acknowledgement of 
receipt to the President of the Municipal Council, 8. 
Thomé, Portuguese West Africa. 

The Municipality does not undertake to accept the 
lowest priced Tender. 

The time for the delivery of all the schemes is ten 
months from the date of the signing of Contract at St. 
Thomé, under a penalty of .\,th for each month or 
part of a month. 

The proposal to be accompanied by a cheque for 
Reis 250,000 payable at S. Thomé to the order 
of the President of the Municipal Council, or by 
a certificate showing that this sum or its equivalent 
in another currency has been deposited with a bank 
empowered to receive it, and to the order of the said 
President of the Municipal Council. The said deposit 
to become the property of the Municipality, should 
the successful bidder or his attorney not be present 
to sign the Contract within 60 days after receipt of 
notice to that effect. On signing the Contract the 
said successful bidder will have to prove having 
deposited with the S. Thomé Municipality the amount 
of 5 per cent. on the of the work, which will be 
returned to him not later than 120 days after remit- 


tance and roval of the études. 

Payment will take place in 8. Thomé, in Portuguese 
currency, the — tender in the island, after 
deduction of penalties eventually. 


The final deposit will be forfeited by the Municipality 
should the Tenderer not give a full and complete 
execution to his Contract. 

(Signed) FRceo. HINTZE RIBEIRO NUNES, 





The 'y: 
Secretary's Office of the Municipality of 8. Thomé. 
30th September, V 956 
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GREAT NORTHERN RAILWAY COMPANY 
(IRELAND). 





The Great Northern Railway Company (Ireland) 
are prepared to receive 


[Tenders for Twenty Cattle 


WAGONS and Eight 15-ton BRAKE VANS. 

Copies of the Specification, Drawings and Form of 
Tender may be obtained on application to the Secre- 
tary, at Amiens Street Terminus, Dublin, on payment 
of a fee of 10s., which will be refunded on the return 
of the Drawings, together with a bona fide Tender. 

Tenders, under cover, marked “ Tender for Wagons,” 
should be delivered to the undersigned not later than 
Ten a.m., on Monday, the 23rd January, 1911. 

The Directors do not bind themselves to accept the 
lowest or any Tender. 

T. MORRISON, 


Secretary's Office, Secretary. 
Amiens Street Terminus, Dublin. 
28rd December, 1910. A 29 








APPOINTMENTS OPEN. 


I['wo Mechanical En- 
GINEERS REQUIRED, for the Public 
Works Department of Southern Nigeria, 
for two tours each of 12 months’ residential service 
with possible extension. Age between 25 and 40, 
rT cones’: Strict medical examination 
and vac ti 
Salary £300 a 








y- 

ear, rising to £350 by annual incre- 
ments of £10. Free single quarters provided at estab- 
lished stations. Free second-class e out and 
home again on satisfactory termination of engage- 
ment, Half salary on voyage out, full salary from 
date of arrival in the Colony. Two months’ leave on 
full pay after 12 months’ tour, increased to four 
months if returning to the Colony, with full pay 
during voyage or voyages and free passages. 

Candidates must be duly qualified Mechanical 
Engineers and have served articles of apprenticeship 
for not less than three years with an engineering firm 
in general practice and of good standing. Should be 
familiar with various kinds of stationary and portable 
engines, steam and internal combustion, and capable 
of carrying out repairs to same, and must sa 
knowledge of the treatment, care and repair of land 
boilers of various types. 

Preference will be given to thos: who have had 
experience in the erection of structural iron work, 
bridges, buildings, wharves, &c., and have exercised 
their calling abroad. Candidates must be of British 
parentage. 

Application by letter (n> special form required) 
stating age, whether married or single, giving full 
particulars of experience, accompanied by copies of 
testimonials (not originals), with names and addresses 
of referees of whom enquiries can be made as to capa- 
bilities and character, should be sent at once to the 
CROWN AGENTS FOR THE COLONIES, Whitehall 
Gardens, London, 8.W. 

Quote M/4529/38 on left-hand top corner of appli- 
cation. This advertisement contains all the informa- 
tion available concerning the appointment. A 43 


COUNTY BOROUGH OF WEST HAM. 


pplications are Invited for 
the fo'lowing APPOINTMENT on the Teaching 


Staff of the Municipal Technical Institute. 
ASSISTANT LECTURER in Engineering (£1: 
£200 per annum). F 


psrticulars can be obtained by eending a fu!'y 
addressed foolscap envelope to the Principal, Munic a 

Technical Institute, Romford Road, West Ham. 
before 21st January, 1911. OAS 
By Order of the Council, 

FRED. E. HILLEARY, 
Town Ha!l, West Ham, E., Town Cler 

21st December, 1910. 49 


¥ 
| arge Iron and Steel Com 
y in England REQUIRE the SERVICES > 
a MANAGER for a small tube works, with great 
possibilities of extension. Applicants should hao 
experience of cold-drawn boiler tubes, and especia 
the commercial side of the business. 
Applications, which will be treated in strict cc). 
fidence, should be addre:sed to A 24, Offices of 
ENGINEERING. A%4 








M anaging Engineer Wanted, 
for Marine and General Engineering Works in 
South Europe, employing 4-500 men. Thorough), 
competent to take entire charge of estimating, desiv) 
ing and execution of work, including marine, steam, 
gas and oil engines, mill work, &c.—Address, stating 
age, experience, salary required, copies of testimonia!s 
and references, Y 995, Offices of ENGINEERING. Y 995 


—_ 
W anted.—A Large German 
Firm of pump builders REQUIRE young 

ENGLISHMAN as English REPRESENTATIVE. 

Applicants must be well up-in the designing of 
Pumps and Firrines. 

Preference given to persons having been employed 
as traveller or engineer by English pump factory. 

Address, In strict confidence, to A 45, Offices of 
ENGINEERING. A 45 


Wanted, Immediately, Young 


ENGINEER having served his apprenticesh‘p, 
for modern London engineeriug works, to train to be- 
come part of staff in the production and manipulation 
of Bleriot and Farman type aeroplanes. Splendid 
opening with good future prospects for an ambitious 

ientifically-inclined person to become expert autho- 
rity.in aeronautical engineering. Commencing salary, 
£200. Investment required, £500 to £1000.—Address 
full particulars, A 46, Offices of EnaineErine. A 46 


First-class Mechanics Re- 
QUIRED, for the Balloon School, Royal 
Engineers. Thoroughly experienced with 


petrol motors, good fitters, and capable of repairing 
hanical part of airships. Commencing pay 38s. (d. 

















Hive Assistant Engineers 

REQUIRED, for the Public Works 

Department of Southern Nigeria, for two 

tours each of 12 months’ residential service with 

possible extension. Age between 25 and 40, pre- 

ferably a. Strict medical examination and 
, tnation 'y. 

Salary £300 a year, rising to £400 by annual incre- 
ments of £20. Free single quarters provided at 
established stations. Free first-clas3 passage out an 
home again on satisfactory termination of engag t 
Half salary on voyage out, full ealary from date of 
arrival in the Colony. Two months’ leave on full pay 
after 12 months’ tour, increased to four months if 
returning to the Colony, with full pay during voyage 
or voyages and free passages. 

Candidates should have served their articles with a 
Member or an Associate Member of the Institute of 
Civil Engineers, or bs posseszed of a diploma from 
some recognised Engineer’s College, or have been 
engaged, since completion of their articles, on public 
works in a British Colony. They should be capable 
of designing and carrying out, buildings, bridges and 
other structures, of taking out priced bills of quantities 
and preparing detailed estimates, and should have a 
knowledge of book-keeping and ting; the 
should b2 competent to execute surveys and take 
sections and lay out and construct roads, and be 
familiar with the use of surveying instruments, inclu- 
ding theodolite,the dumpy level, the prismatic compass 
and the box sextant. They should have some know- 
ledge of dock and harbour work and of sanitary and 
water oe perry 2 Preference will be given to 
Candidates who have served their articles with a 
municipal or county engineer, or who have been or 
are attached to the Special Reserve Royal Engineers, 
and have, sinc3 a eting their articles, had experi- 
ence abroad, preferably in a British Colony. Candi- 
dates must be of British parentage. Application by 
letter (no special form required), stating age, whether 
married or single, giving full particulars of experience, 
accompanied by copies of testimonials (not originals), 
with names and addresses of referees of whom 
enquiries can be made as to capabilities and character, 
should be sent at once to the OROWN AGENTS FOR 
THE COLONIES, 4, Whitehall Gardens, London, 
8.W. 

Quote M/4532 on left-hand top corner of application. 
This advertisement contains all the information avail- 
able concerning the appointment. A42 


SHANGHAI MUNICIPAL COUNCIL. 
PUBLIC WORKS DEPARTMENT. 
SECOND ASSISTANT ENGINEER. 














pplications are Invited for 
the POST of SECOND ASSISTANT ENGINEER 
in the Public Works Department. 

Candidates should be about 24 years of age and 
unmarried. 

Salary, Taels 210 per mensem without allowances 
under a three years’ agreement. The value of the 
Tael at present rate of Exchange is about 2s. 5}d., 
but it is liable to fluctuation. 

Preference will be given to candidates who have 
passed the examination of the Institution of Muni- 
a County Engineers. 

iculars of the appointment. may be obtained of 
the London agents, and applications, stating where 
educated, qualifications, experience, &c., accompanied 
by copies of not more than three recent testimonials, 
and “Second Assistant Engineer,” should 
be forwarded on or before 7th my 1911, to— 
Messrs. JOHN POOK & CO., 


London Agents for the Shanghai Municipal Council 





63, Leadenhall Street, London, E.C. 
16th December, 1910. ¥ 977 





per week in addition to clothing, quarters and rations 
—Full particulars may be obtained from the SUPERIN 
TENDENT, Balloon Factory, South Farnborough, 
Hampshire, or any Recruiting Officer. Y 989 





e “y ° ° 

echanical Engineering 
DRAUGHTSMAN WANTED, experienced in 

the designing of automatic machinery, presses, pumps 
and general mill work, for works near Woolwich. 
Salary 50s. per week. London men only need apply. 
—Address, stating age and experience, Y 973, Offices 
of ENGINEERING, Y 973 


W anted, immediately, Rolling 


Stock DRAUGHTSMAN, used to electrical 





tramcar and railway carriage work ; must be quick 
and reliable.—Give full particulars of experience and 
state age, salary required and when at liberty, 
BOX 4000, at Horncastie’s, 61, Cheapside, Lor “7 





[2ughtsmen.— Wanted, one 


or two experienced DRAUGHTSMEN, well up 
in Admiralty work.—Address, stating age, experience, 
and ealary required, Y 972, Offices of ENGINEERING. 


W anted immediately, in 


Midlands, one or two smart JUNIOR 
DRAUGHTSMEN, preferably with some knowledge 
of centrifugal and turbine pumps; experience with 
steam turbines would be a recommendation.- -Address, 
stating salary expected and when at liberty, y 933, 
Offices of ENGINEERING. Y9 


Qmart Draughtsman Required 
2 by electric crane makers in North of Englard. 
Must be quick and reliable, have wide experience in 
design and be accurate in getting out working details. 
—Address, stating age, experience and salary required, 
A 82, Offices of ENGINEERING. A 32 


eating and Ventilating 
DRAUGHTSMAN REQUIRED, with good 


eral experience. State age, salary required and 
poner no training.—A 48, Offices of ENGINEERING. — 


[praughtsman Wanted ; must 
be capable man, with experience in design of com 
mercial vehicles,] ton to3 ton capacity. Stateage,sala); ; 
and when at liberty. HUMBER, Lrp., Coventry. A : 




















DPraughtsman, experienced in 
condensing plants and station lay-outs, 


WANTED for Manchester district. State age, exper'- 
ence and salary required.—A 36, Officesof ENGINEERING 


Gcreening Plant Draughtsman 
i REQUIRED.— Address, stating age, experien” 
and salary required, A 39, Offices of ENGINEERING. 


raughtsman Required 
immediately, reliable junior, able to design 
constructional details, technical training preferred.— 
Address, stating age, salary required and epuine. 
A 87, Offices of EnGinzERING. A 3; 








g) Unior Draughtsman Required 
for engineering works in Manchester ; one aes 


get general experience preferred.—Ad: » si 
of ENGINEERING. 























p 
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ENGINEERING. 














7 
Millwright Foreman, to take 
charge of machinery rs mill, “hy draulic ; 
e ven to one previously as foreman or 
a0 pe woe ea giving fullest particulars, .§ 896, 
Oftices of ENGINEERING. Y 296 


W anted, Foreman Fitter 


ENGINEERS, temporary engagement, London. 
—Apply — a only, giving age, experience and 
refé rence, to R. & OO., 7, Quality Court, w.c. A27 


E ngineering Pupil.— Vacancy 
_4 with Firm (Government Contractors) manu- 
facturing latest types of machinery, oil and gas 
engines, &c.; moderate premium. — Address, 6521, 
Off ces of ENGINEERING. 6521 


\ rticled Pupil.—A largeFirm 
Ys of Engineers in the Midlands, employing up- 
wards of 1000 hands, have a VACANCY for a premium 
API RENTICE.—Address, 1381, Offices of — 
ING. 


pplications for Appoint- 
MENTS.—Do you a spp preciate how much success 
depends on well-considered and lucid presentment of 
your qualifications? Extract from one of many letters: 
**T wish to say how much I appreciate your suggestive 
help ; am delighted with post, and I think your fee 
the best investment I ever made.” 

Success by Saltation for most is improbable; the 
law of averages indicates system backe? by expert 
advice, as giving surest results. Ditcard spasmodic 
amateur efforts, and consult now.— H. GREATOREX, 
Applict ation Specialist, Matlock. 1105 




















SITUATIONS WANTED. 





G eneral Manager, 


M.L. Mech. E., shortly OPEN to ENGAGEMENT, 
wide experience in economical manufacturing of 
pumping plants, steam and gas po hydraulic 
machinery, &c. Accustomed to contiol large works 
and offices. References and fall information to prin- 
cipals only.—Address, A 34, Offices of ENGINEERING. 


Drughtsman, Expert, Inven- 
tive, 20 years’ first-class experience in general en- 
gineering, can overcome mechanical difficulties, NOW 
DISENGAGED; many years as chief.— Address, A 47, 
Offices of ENGINEERING. A4i 








PARTNERSGIPS. 
Partners and Partnerships 


in many branches of 
ENGINEERING 
are obtainable through 
WHEATLEY KIRK, PRICE & OO., 
ENGINEERS AND VALUERS, 
46, = Street, London, sie 
aoe uare, "Mancheste 
2, Os treet, Wamengiin we! see 
BLISHED SIXTY YEARS. 837 
Own connection relied on. 





No publicity. 





( ‘entlemen requiring Partner- 

SHIPS and well-established ENGINEERING 
CONCERNS open to receive PARTNERS WITH 
CAPITAL from £1000 upwards, are requested to 
communicate with R, 8. PRICE, Lrp., Engineering 
Partner: hip Specialists, Eldon Street House, Eldon 
Street, London, E.C. ‘Phone, 3806, City. X 285 





inance.—Consulting Engineer 


in association with prominent London Financiers, 
arranges Capital, Formations, tions, De- 
bentures, an all financial matters associated with 
engin eering.—Address, U 404, Offices of ENGINEERING. 


W anted Partner, with £2500, 


. for sound, old-established London engineer- 
ing business; electrical and mechanical work.— 
U. 947, Sueuixy’s, Gracechurch Street, E.C. A35 











PATENT AGENTS. 


} 
(Jasgow Patent Agency, 
62, Sr. Vincent STRERT, 
CRUIKSHANKS & FAIRWEATHER, “s eas at 
65 & 66, Chancery Lane, London, W. G.). Handbook 
on Patents post free. 9115 


Petents, rm and Trade 


MARKS, in all Countries at moderate charges 
A chart of 1 hanical motions, post free, 6d. 
Booklet of a. 2. internation containing list of ‘tees, 
and porticulars of New Patent Act, at. Fos, a0, _ 
HARRIS & MILLS, Patent a 
pane pton B Chancery 


& E. Reoerke 


CHARTERED PATENT AGENT, 
» Queen Anne’s Chambers, 829 
Tothill Street, Westminster, S.W. _ 


> tents.—G. F. Redfern&Co., 
“ Chartered Patent nta, 15, South Street, 
Finsbury, E.C., and 10, Gray’s Inn Place, W.O. 
(Estabished 1880.) Britist, tang and Colonial 











_ obtained, Trade Marks 
egistered. Circular oa Telephone No. 4492, 
Ceni: Tele. Address: “ ine len London.” 1142 


S. Sokal, Chartered Patent |* 


Agent and. Certified Austrian Patent Attorney 
(Patent snwalt), 55, Chancery Lane, London. 1024 
PECIALIST FOR GERMAN PATENTS. — 


P: .tents.—Menssrs. Vaughan I 


and SON, British, F and Col 
Ag 57, Chancery 
dese~ipiion of 


for {uentions. “A Guide to Inventors,” free b 
Est ’ 18653. OF eet 





sh 


Ps tenia —Stephen Watkins, 


SON & GROVES, Chartered Patent Agents, 170, 





CHARLES GRIFFIN & C0.’S ENGINEERING PUBLICATIONS. 


p°ck ENGINEERING (The Principles and | Practice of). By Ravepen Cunsrveuam. In Large Svo. 
Handsome Oloth, Gilt. Profusely illustrated. Srconp Epirion, Revised. 30s. net. 


HAzboun ENGINEERING (The Principles and Practice of). By Brrsson Cunsixouam. In Large 
8vo, Cloth. With Plates and many Illustrations. 16s. net. 


Logemotivs ENGINEERING, for Builders, Designers, Draughtsmen and Students. By 
PetTicrew, M, Inst. O.E. With 218 Illustrations. Tnirp Eprrion, Revised. 





Leeress GePOCESING AND SUPERHEATING. By J. F. Gatmrys, In Large 8vo. Fally Ilus- 


LE. RAILWAYS, at Home om Abroad. By w. H. Cone, M. Inst. C.E. With Plates, Illust-ations, 
Tables, &c. Handsome Cloth. 


ONSTRUCTIONAL mai. “By A. W. Fanssworrn, AMI. Mech.E. Large 8vo. Handsome 
Cloth. Pp, i—xv+248. Profusely illustrated. 10s. 6d. net. 


DESIGN OF STRUCTURES (BRIDGES, ROOFS, &c.). ByS. ANGLIN, C.E. With numerous Diagrams, 
Tables, &c., and a Chapter on Foundations. Fourtn Epinox, Revised. 16s, 


HE DESIGN OF BEAMS, GIRDERS, AND COLUMNS, in Machines and Structures, with 
Examples in Graphic Statics. By Ws. H. AtHEerTon, M.Sc. With 201 Illustrations. €s. net. 


| ag CONSTRUCTION (A Practical Treatise on). For ‘Students, Draughtsmen, &c. By Prof. 
C, Fipter, M. Inst.C E. Pilates and Illustrations. Tuirp Eprrion, Revised. 30s. 


HYDRAULIC POWER AND HYDRAULIC MACHINERY. By Prof. H. Ronixsoy, M, Inst. 0.E., F.G.S. 
Numerous Llustrations and 60 Plates. Turrp Epition, Revi 25s. net. 





pores | MACHINERY (Steam and Water Pressure). 
c. 


i — to Mining, Town Supply, Drainage, 
By Henry Davay, M. Inst. C.E., M.1. Mech. EK, Sgconp 


pitiox. With Plates and Illustrations. 
21s. net. 


ALVES AND VALVE GEARING. By Cnas. Hurst. Firrn Epirion, thoroughly Revised and grea‘ly 
Enlarged. With many new and important Illustrations. 10s. 6d. 


PETROL MOTORS AND MOTOR CARS. A Manual of. By F. Srraicxuann. In Large Svo. Cloth. 
Very fully Illustrated. 18s. net. 


Full Catalogue of the above and other Engineering Works post free on application. &63 


Loxpox: CHARLES GRIFFIN & CO., Lrp., Exerer Srreer, Stranp, W.C. 








Demy 4to, xvi-380 pp., Buckram, gilt top. Price 16s. net. Post free 16s. 8d: 


SIR HENRY BESSEMER, F.R.S. 
AN AUTOBIOGRAPHY. 


With 51 Plates and numerous Illustrations in the Text. 





EXTRACTS FROM PRESS NOTICES: 


“The autobiography is simple, concise, full, and always to the point, like the man himself.”—Daily 
Telegraph. 

“It is needless to say that this handsome quarto volume must prove of extraordinary interest to everybody 
who reads it.”—Electrical Review. 

** We shall not attempt to deal with it in detail, but shall content ourselves with a general recommenda- 
tion to our readers. It is, indeed, a narrative of ingenuity and fertility of resource applied to the affairs of 
life such as it would scarcely be possible to parallel elsewhere.”—The Spectator. 





Lonpon : Offices of “‘ ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C, 
New Yorx: Joun Wizzy anv Sons, 43, East Nineteenth Street. 
AND ALL BOOKSELLERS. 











Foolscap 8vo, xx—1054 pp. Leather. Gilt Top. Price 20s. net. Post free, 20s. 6d. 


FOURTH EDITION. 


THE ENGINEERING 
ELECTRIG TRAOTION POCKET-BOOK 


OF RULES, FORMULA, DIAGRAMS AND TABLES. 


Entirely Revised and Re-written, with additional Chapters on Steam Turbines, 
Alternating and Single-phase Traction, and on the Motor Omnibus. 


By PHILIP DAWSON, M. Inst. C.E., M. I. Mech. E., M.LE.E., 
Author of “ Electric Railways and Tramways.” 


Offices of ‘‘ ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C. 
New Yorxe: Joun Wiiey anp Sons, 43, East Nineteenth Street. 
AND ALL BOOKSELLERS. 


LonDon ; 


atent Specifications and [the Proprietor of the Patent 
Drawings of Inventions rear | PREPARED No. 28836, A.p. 192, entitled “ Improvements in 
or REVISED, ready to file at Patent Office. Save half | Presses for Moulding Fuel Briquettes,” DESIRES to 

















usual cost. 3 GRANT a Se OLEME. oT LEAN, $51 
Address, Y 928, Offices of ENGINEERING. Y 998 | of such machinery.—Address, CLEMEN : 231 
oe ae Strand, London, W.C. Y 902 








PUBLICATIONS. — . - - nagalinh 
Yatents.—The Proprietors of 

Becergnscttia semen faaoes ta . Briickmann & Griinhage’s British Patent No. 
fg me eae ane oF State | 25905, of 1997, “Improvements in or relating to 

a Bright Se, Birmi —BAKERS’ | 4 paratus for Flanging or Polishing Metals,” are 

Great S aeen ohn Brigh St., Birmingham. 1366 | pDESTROUS of LICENSING it to British manufacturers 
: on reasonable terms, to ensure its manufacture and 


otes on the ‘Patents - and development in Great Britain, or of Selling the Patent 























Li 0 outright. 
WISE ee A tn <n by ~ ts, ~~ For full particulars, address enquiries to 
ebtained from’ their 46, Ne. Lincols's Inn ‘Fede, W. P. THOMPSON & CO., A 
Lendon, W.C Price One Shi h Chartered Patent Agents, 6, Lord Street, Liverpool. 
WANTED, &c. 


Firm of Engineers, having 
ti ction amon, at | 

*, British, Indian and Colonial, is PREPAR 

Be OONBIDER,’ wi with a view to w th 

, -~ sale, any suitable SPECIALITIES. 
Communications, whi be treated in strict 








[the Proprietors of the Patent | aaiwe 


No. 27160, a.p. 1904, entitled ‘‘ Rolling Mills for 
Manufacturing Articles such as Railing Heads, Studs 
and the like,” DESIRE to GRANT manufacturin 
LICENSES to manufacturers of such ‘< reme 





, London, W.C. T. N.: 8072, Gerrard), and at 


s Square, Wolverhampton, (Estd. 1869.) 1298 


[the D. P. Battery Company, 


Limited, of Bakewell, Derk En 
manufacturers of electric accumulators a canted 
stations, private generatin pare train lighting and 
all other urposes, are PREPARED to APPOINT 





AGENCIES in tortign « countries where they are not 
already represented. — to dd d to 
the Company's Head Othe Bakewell. X 737 





L eading En lish Gas and Oil 

Engine er REQUIRES | maton ag REPRE- 
SENTATIVES for Calentte sat B Burmah districte. 
Firm with London office. y fivst-class firms need 
ay .—M., BOX 882, Server's? Advertising Agency, 
100, Fleet Street, E.C, re 


ictor H. Coates & Co. 


ou Pi ems and some 6 Ko a Nees we 
ie 0 aten y, 2 Ic 
Street, Strand, London, W. W.O. Y 7 


he Moorit Jointing Co. 


REQUIRE AGENTS, for their high-class steam 
and water jointing materials, in all principal towns 
in Great Britain and Golonies.—Apply, 2, Norfolk 
Street, Strand, London, W. YY? 











AUCTION SALES, 


ADJOURNED SALE. 
TO MOTOR CAR MANUFACTURERS, GAS AND 
pT eee MAKERS, ENGINEERS AND 





AND LAND, HIGH-CLASS PLANT AND MA- 
CHINERY, TOOLS, STOOK, &c. 


MoM: Spivey will Offer for Sale 
, 


AUCTION (unless previously sold by 
Private Treaty ), upon the Works Premiser, on 
WepNespAaY, lith JANUARY, 1911, at 10,30 9’clock, 
the Leasehold Premises known as 
STANDARD WORK 
ST. THOMAS’ ROAD, HUDDERSFIELD, 


now in the a of Mr. R. A. Hopkinson, 


*' Hopkinson Pie Ly Company” and 
“Hopkinson Gas Plant Company. oe 

The LAND has an ares of 8340 square yards (or 
thereabouts). 

The BUILDINGS contist of modern, substantial! 
built, and excellently == Shed, attached Bui 
ings, and Two-storey ock, ‘containing Time, 
Enquiry, General, Private, and Drawing Offices. 
Shed is 230 ft. long by 72 ft. wide, and 80 ft. hi hy 4 
centre, and is provided with Tramway Track, Over- 
head Crane Track, Swing-Jib and other Oranee. 

The POWER PLANT comprises :—Suction Gas 
Plant, 70 B.HP. and 16 B.HP. Gas Engincs, Shafting, 
Pulleys, rr, &c., all in running order. 

The MACHINE TOOLS are practically aon, and by 
the leading makers, including Alfred Herbert ; Dean, 
Smith & Grace ; Pollock & McNab; John Lang & Sons; 
Jones & Lamson Charles Churchill & Oo. ; George 
Richards, L —_ 

Loose bois vores, Patterns, &c. 

OFFICE TURNITURE AND FITTINGS. 

Also Five new SUCTION GAS PLANTS, 80 HP.— 
200 HP, and small VERTICAL and MOTOR 
ENGINES, complete ard in progress. 

For further particulars, cards f> view, and Cata- 
logues, apply to the AUOTIONEER, 1, Cloth Hall 
Street, Huddersfield. : 

Admission by Catalogue only, on day of Sale. 





TO SHIP REPAIRERS, IRONFOUNDERS, BOILER- 
MAKERS AND OTHERS, 
—, ENGINEERING WORKS, 
Roatu Basix, Burs Docks, Carpirr. 


Mess. Clarke, Dovey & Co. 


have been teveused with instructions to 
SELL by PUBLIC AUCTION, at their Property Mart, 
81, Queen Street, Cardiff, on the 19th day of JanuaRY, 
1911, at Three o'clock in the afternoon, in one Lot, as 

& Going Concern (subject to conditions to be produced 
and read at time of Sale), the 

CENTRAL ENGINEERING WORKS, 
comprising Machinery, Plant and Buildings, and until 
recently carried on by Messrs. Morpry, Oarney and 
Co., Ltd. 

The BUILDINGS comprise Commodious Offices, 
built of corrugated iron and lined throughout with 
matchboard, 39 ft. Gin. by £0ft, and divided as 
follows :—Manager’s Office 12 ft. by 11 ft., Private 
Office 12 ft. by 8 ft., General Office 18 ft. by 12 ft., 
Stores and Time Office 36 ft. by 20 ft., Boilermakers! 
Stores 19 fi. Gin. by 15 ft. 6 in. ; Boller wy Jor- 
rugated Iron Shed 98 ft. by 56 ft., — Boiler 
House, Fitters’ .Smiths’ and Coppersm Shops, 
Foundry 650 ft. by 30 ft 4 Brick-built Drying Stove 
2 by 6 ft., with iron doors, Joiners’ Shop 60 ft. b 
15 ft., Pattern Shop, Riggers’ Stores, Saw Mil tlhe 
30 ft. by 14 ft. 

The MACHINERY and PLANT include 14 ft. Steam 
Power Plate Rolls with double cylinder e: e, Angle 
Iron and Circular Fires, 9 ft. Plate and Angle Furnace, 
Plate Roller Trestles 10 in, lake with 18 {t. bed, Ohuck 
and Face Plates, small Column Drilling Machine, 
6 in. Lathe with 6 ft. bed, Drilling Machine with mov- 
able table, ae = achine, Radial Drilling Machine, 
two ——_ g Machines, Boiler and 16 HP, 
Saddle-back Engine combined, Donkey Boller and 
Donkey Feed Pum ip four Forges, Cranes, Horizontal 
Engine, Ww enches, Racks, Sundry Tools, Gas 
Fittings, & , &. 

The Works are situate in * busiest part of the 
Docke, facing the Roath and East Basins, with rail- 
way tidings alongside. 

The Premises, which comprite about 3450 square 
yards, are held from the Great Western Railway Oo. 
at the rental of £248 per annum, subject to three 
months’ notice to expire at any time. 

The Auctioneers call spec'al attention to this sale, 
affording as it docs a rare opportunity of acquiring a 
business of this description with plant already down 
in this important ship repairing centre. 

Complete schedules of buildings, machinery, plant, 
&e., may be a, orders to view, and all further 
information may be had ik a application at the 
AUCTIONEERS. OFFICES, 31, Queen Street, a. 
Dated 19th December, 1910, 


Auction Sales continued on page 92, 


For Continuation of Small 














sf ane, Se Se ae (Ge Ot leteees, to Oe 
drezs, C. LEAN, 231, Strand, London, W.O. Offices of ENGINEERING, 9805 


Advertisements see Page 92. 





IMPORTANT SALE OF ENGINEERING WORKS - 


| 7 ENGINEERING. (Dac: 0, 1933. 


me British Oxygen Company, Ld.| PSSST seas roca Mame eer el, & E. HALLLt0., 


WORKS IN LONDON, BIRMING: %G ee jem Engines, Valves, and ENGINEERS, &c. 
MANOHESTER, NEWOASTLE-UPON- Dg) =i FASE a SEED DRILL TUBES Makers of CO, 


and GLASGOW. 1176 | Reels ‘=: “Gi “ for 
RE! gricultural Machi — ; 
Welding and, Outing of Motels bY) omiITH, BROS. & HILL, LD., 2 specialty. @ REF RIGERATING 
Albert Spring Works, WEST BROMWICH. : “SPRives. = a 


For Full Particulars apply to the COMPANY, at Telegrams: 


ELVERTON STREET, WESTMINSTER, 8.W. ON WAR OFFICE AND ADMIRALTY LIST. 1387 Telephone: No. 125. 
BULL'S METAL & MELLOID C0. C i MAGCHIN ES. 
Heap Orrick AND A La Lim ITED, & HA MERS 10, Sr. Swirnix’s Laxg, Lonpon, E.C., and 
YOKER, near GLASGOW. & Dartrorp Ironworks, K 
TeLeeRams : ‘‘ MELLOID, ect ENT. 1 a 
BULL'S METAL.—Propeliers, Bars, Sheets, Pump LIMITaD, 
Rods, Valve Spindles, Condenser Staysand Plates, &e. 0 I | S 


MELLOID. (Reg. Trade Mark and Patented). —Con- 3, LONDON WALL BUILDINGS, E.C. 


denser Tubes, Plates and Stays, Boiler Tubes, Stays 


Geet eeate Ries eae a as SYMONS GYRATORY CRUSHERS. ELEVATOR S 


AILSA SHIPBUILDING C0. i RD A a 6 APE eg PARAS , eee SE et 


LIMITED, 
Shipbuilders, Engineers, than any other GYRATORY CRUSHER. 


and Repairers , 
° P > is WORKS,—ERITH, KENT. 8198 Cable Address—VANNER, LONDON. ROWLAND s ce 



































TRY 





- TROON and AYR. be 
HIGH-SPEED VERTICAL MULTI-CYLINDER — eme ne REDDISH, 


Si t 
GAS ENGINES, STEAM ENGINES, STEAM BOILERS Drain TH ERM AL al ae 3 Hl! MANCHESTER. 
See large Advertisement last week and next. Steam our 

E. S. HINDLEY & SONS,|) 5:2: mmm. || PEREMDURO 


BOURTON, DORSET, e ELS TET. =I 128 
And 11, Quren vd oie Lonvon, E ror Boiler yoy EBay eg MET «A X.5.50 
wee 
UNIVERSAL ||»: a mene || PACKING 


Oo { L. SE id ARATOR Water delivered to boiler from any reduced pressure and at any temperature down to dead cold. bas received:-the very highest endorsements from the 


Free Trial. Pays for itself. Full Particulars from the Patentee :— Master Mechanics and Engineers of the largest manu. 
facturing plants in the United States and Canada. 


See large Advt., page 9. GEO. WILKINSON, M.I.M.E., Beech Mount, HARROGATE. 
EKATHR & ANEHRSMIT ” "On tae AccREDITED AGENTS, ; "War Bleamn, Weber, air oa Auomente.” 
Centre Avenue, ACTON VALE, W. 1065 Tel. Address : “‘ Thermal, Harrogate.” ABO Code used. 725 Comes in 10 foot lengths, any size, and guaranteed not 
to deteriorate in any climate. Samples and Booklets 






































AND AT PARIS. — 
cheerfully sent upon application to :— 


“CENETIC” BOILERS. HuonBURDsS PatTEnT Premier Engineering 8 Manufacturing C° 


25, BROAD ST., NEW YORK CITY. 
se A Splendid Chance for Wide-awake Agents. 


GAUGE GLASS |DAvY BroTuers, 


PROTECTOR, || ca’spa" recon 


ABSOLUTELY PROTECTS THE DRIVER. PRESSES 


Gives longer ‘‘life” to gauge glasses through stability of - ’ : : 
temperature, while the ‘perforated dial in back of the|| _; With Steam Hydraulic Intensitiers, 
protector gives a clear indication of water level, and pre- hens 2 according to &i - nd oe 
vents any mistaking of an empty for a full glass. , ee ee 


Feed IT IS DESIGNED TO FIT ANY COCKS. || Engineers & Boilermakers. 
Over 65000 ALREADY SUPPLIED. 836 
COMPRESSION of STEEL INGOTS, 


Water se 
Tue HULBURD ENGINEERING Co., Lro., |] noc oes ee ee cep 


Heater $s. Contractors to H.M. Government, Brassfounders & Coppersmiths. DRAUGHT, with Hot Air Economisers 
ALL KINDS FOR 150, LEADENHALL ST., LONDON, E.C. oo ” Patents), for all Land-type 
ilers 


Exhaust & Live Steam, STEEL WORK PLANT. 


1, |(STEAM CRANES, ===" 


so HIGHGATE, JENKINS BROS: 


je. | OVERHEAD ELECTRIC CRANES.) => 


~ PATENT FEED New Pattern Fullway Valves. 


Water Regulator} a Se 


Have Double - Wedge 














id Pu’ 99037g U! Sez18 IV 
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: 
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: 
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*O6f) Ausu01383g pu® eujB_W 404 


Unsurpassed for Durability, 


Tr. TOWARD & CO., LTD., 
9, Ouseburn, NEWCASTLE. ON-TYNE. 
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i ieces, 
FOR ALL TYPES OF ; | Dies im two pieces, 
= Spindle Nut, giving 2 
ball-like action to the 


STATIONARY BOILERS. ; a Dises. 


Gives absolute security against iS er , Every Valve Gua 
damage from low water. WA eh ( Stee" tate ores. 

. dpe es = sure, and not to stick 
or catch, and to %e 


Apaly for particulars to :— 9121 5 : ine’ tk céei posi- 
Look For our “Se#vle in any Pe 


UNITED BRASSFOUNDERS il as i = iia TRADE-MARK. en. 


All Parts Interchangeable. 


\ Hi 4 i, 
and ENGINEERS, Ltd. ag = - - - ; Telephone : 5920 BANK. Telegrams: PATAPSCO, LONI 


ISAAC STOREY & SONS BRANCH, JENKINS BROS: Ltd., veer: 
Daa ORT ES EEE HENRY). COLES, Ld, ot Derby. ge ig 


lil 
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Adam Co., Ltd. o On 
Ailsa § cain muilding Ca., LA. 4 

Alexar ering Co. 
H., ry Ltd. 47 


Allen w 
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Bali in Locomotive Works 8} 
Baldwins Ltd. 
Barc ley. Andrew, Bons & Co. 
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SS Mech. Tool Co., 
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Baylies Jones& Bayliss, La. 
Beard:nore, Wm.,&Co., La. 
Beardshaw, J., & Son, Lta. 
Bechem & Keetman mS 
Bellamy, Jobn, Ltd. ee 
Belliss & Morcom, Ltd. ee 
Bennie, James, & Sens .. 
Bennis, Ed., & Co., Ltd. .. # 
Bergits Launch & Engine G 0. - 
Berry, F., & Sons = 
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Siaichert, “adolf, Co. 
Bodley Bros, & Co. 
Bolton & 


Co.. ee 
Boss 4 > ‘Johs. oo 
Boosey, W. & Co. 
Booth, Jos., & ‘hon, Ltd . 
Boulton & Paul, Ltd... .. 
Boving, Jens Orten- &Co. . 
Fred., & Co., Ltd. . 


British Hele-Shaw Patent 


Broadbent, Thos., & Sone, “. oo 
Broom & Wade, — -. & 
Brotherhood, P., - 
bet, Soren on, %: i #0 
wn Bros. & Uo., Lia 10 
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Brown Hoisting wenppraned 
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Burnet, esmage Ag cen... 
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Butterworth non Ltd. 

Caird & Rayner. 

Cambridge Beientifte I Instra- 

ment Co., Li 
Cameron, John, Ltd. 

Cammell Laird & Co. Lea. 

m part, ee 
Campbell & “Calderwood 5. 
Campbell Gas Engine 0.» , Ld. 
Campbells & Hunter, Ltd. 


Chaplin, ‘Alex., & Co. 
Childs, J. G., & Co., Ltd. 
Churehill, C., 200, Ltd. 
Clarke, Cha; &Co., La. 
Clay 

Cleveland Bridge ‘and En- 

gineering Co., Ltd. ° 

Clyde Structural Iron Co., La. 93 
Clydesdale Chemical Co... 91 
Cochran & Co., Annan, Ld. = 
Coles, H. J., Ltd. ee 4 
Coltman, H., & Bor 71 
— Walter W., #00. ° 


Consolidated” “Brake and 
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ContrafloCondenser & Kinc tic 
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Coventry Chain Co. (1907). la. 8 
Cowans, Sheldon &Co., Ltd. 57 
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Cunningbam, T. L. 
Cutbill- anes &Co. .. 


> Firth, T., & Sons, Ltd. 





Daniels, T a & Ss Ltd. : 
Davey, Paxman &Co., La. 
Davis & Primrose .. .. 
Davis, E.J.,&Co. .. «» 
Davy Brothers, Ltd. 
y, Summers & Co., “Ltd. 
Seva, Smith & Grace, Ltd. 
Delta Metal Coil, Ltd. 
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Escher Wyss & Co., Ltd. 
Evans, Joseph, & Sons 
Everett, Edge wheter 1 » 
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. La. 


Faweett, Preston & Co., Ltd. 
Ferranti Ltd. 

Fielding & Platt, ea 
Finch, Edward & Co., Ltd. 
Findlay, Alex., & Co., Lat. 1 
1&3 
Fleming & Ferguson, Ltd. 
Fraser & Chalmers, Ltd. .. 
Gandy Belt Mfg. Co., Ltd. 
Gardner, L., & Sons, Ltd. 
Geipel, Wm.,& Co. .. .. 
General Electric Co., Ltd. 
Glasgow Railway Eng. Co., Lad. 
Glyco Metal Co., 
Gvedhart Bros. 
Grafton & Co. 
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Greene, Tweed & Co... .. 
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Kirby Banks Screw Co., Ltd. 2 


Kirk, W., Price & Co. 
Kirkstall poems Oo., Ltd. 
Klinger, R., & Co. 
Lanarkshire Steel Co., ‘Lea. 
Lancaster & Tonge, Ltd. ee 
Langen & Wolf : 
Lassen & Hjort .. 
Laurence, Scott & Co., ‘Lea. 
Le Bas, “at, & Co ee 
Le Car ° 
Le Grand. * Sutelifr | 
Lacie Le Co., Lid. 
Tak. . 
a E., & Sons 
Lidgerwood Mfg. Co. . 
Lipscombe, Fredk., & Co. ° 
Lockwood & Carlisle, Ltd. 
Lodge Bros. & Co. . 
Loewe, Ludw., & Co., Ltd. 


a 


, John, Ltd 
McKenzie, Holland & West- 
inghouse Power Signal 

Co., Ltd. 
Mac Lellan, P. aw.. LA. 
McNeil,C. .. ee 
McOnie, A. ap. w. on 
McPhail & Simpson, Lita... 
Maffei, J. A. 


3a” 
9 
il 
7 


8 
3 


ManchesterSteam Users’ Assoc. 


Manlove, Alliott & Co., Ltd. 
Manning, Wardle & Co., 
WE, oc oc ce oo JG 
Mansfield Sand Co., Ltd. . 
Marriott & Graham 
Marshall, Fleming & Go. 
Marshall, J.,&S8ons.. . 
Marshall, Sons & Co., Ltd. 
Maschinenfabrik Augeburg- 
a o° 
ason 
Mason Regulator Co. : 
Massey, 
Mather Fy Pilati, Lid. oe 
Mavor & Coulson, Ltd. ee 


PAGE 


Metropolitan Amalg. R'lway 
Ww la, 


age & Wagon 
Micanites InsulstoreCo., 1A. 
Middlemore & Lamplugh, lA. 
Midland ilway Carnage 
and mOCo., Ltd. . 

Mirrlees Watson Oo., Ltd. 
Mitchell's Emery Wheel Co. 
Morton, Francis, & Co., Ltd. 
Morton Gas Syndicate, Ltd. 
Motherwell BridgeCo., Ltd. 
Motherwell Lron & Steel Co. 
Mountford, Fredk. .. 
Muir, Wm., & Co., Ltd. 
Mumford, A. G., Ltd. 
Musgrave, John, & Sons, Ltd. 
——, C.& A., Ltd. 
myth, Wilson & Co., La. 


1 
46 
10 


1 
13 
46 
70 
€8 
26 
86 
70 


+. 
14at4 


Notional Gas EngineCo., Ld, % 
90 


New Engine Co. 
Newman, Hender, &Co., 
Newton & Nicholson . 


LA. 


Newto:., Chambers 4 Co., Ld. 76 


Niles Bement-Pond Co. 
Noakes, Thos., & Son 
Noble & Lund, Ltd. .. .. 
ormact, A tin, Ltd 
North British Loco. Co. Ltd. 
North-Eastern Marine En- 
gineering Co., Ltd. 
Northampton, Borot 
Oakey, J., & Sons, Li 
Olrick, Lewis, & Co. 
Orenstein & Koppel 
Otis Elevator Co... 
Palfreyman, W. H.., 
Parkinson, J., & Sor 
Paterson Eng Co, 
Patrick, F. 
Paul, Matthew, ai , Lad. 
Pearn, Frank, & Co., ‘Ltd. 
Peckett & Sons 
Peebles, Bruce & Co., ‘lta. 
Peerless wey? Mig. Co. 
Peters, C, A., Ltd. . 
Pfeil & Co, 
Phillips, J. W. a6.J. 
Pheenix Dynamo Mfg. Co. la 
Phospher Bronze Co., Ltd. 
Pickering, R. Y., &Co., Led 
ercy & Co. — 
jl td. 


h of 


i Co. 


Lea. 


Piggott, Thos _& Co. 
Plenty & Son, Ltd. 
Pollock, McNab & H ighgate 
Portadown Peuntcy, ti Ltd. 
Pott, Cassels & Williamson 
Power Gas Corporation, Ld 
Pratt & Whitney Co. . 
Premier Eng. & Mfg. 


Pulsometer Eng. Co., ‘Ltd. 

Ransome, A., & Co., Ltd. . 

Rapid Magnetting Machine 
Co., Ltd. ; 

Raworth, John EK... 

Redfern, G. F., & Co... 

Redman, C. 

Reichwaild, A. 

Reiner, Arthur, & Co. 

Reliance Lubricating © Oil Co. 

Renold, one hy Ltd. 

Rex Roo! 


Richards, Geo., Sa ce! Lad. 


Rubber Tanned ‘Leather Co 
Russell, G.,&@Co., Ltd. 18 
Rassell, Jaines, & Bona, Lea. 
Ruston, — & Co., Ltd. 
Ryder, Thos, &8on_. 
Samuelson & Co., Ltd. 
Sanders, Rehders, &Co., La. 
Saunders, J. T., & Co. 
Schaffer & Budenberg, Ltd. 
8c) > ~ op-cmaeaies Co. 


Schutte &@ Koe rting Co, 
Sellers, William, & Co. 
Shaft Freezing Co., L ta. 
——_" ‘Thomas, & Co, 
Shaw, W., & Oo. .. ° 
Shutt, ¥ . 
Siebe, Gorman & Co., 
Simon-Carves, L: 
Simple x Superheater C 0. .La 
Simpson, Strickland & Co. , Ld 
Sirius Welding Apparatus 
Manufacturing Co. .. 
Smith Bros, & Co. (Hyson) 
Smith Bros. & Hill, Ltd. 
&mooth-on . Co. 
Sokal, 8, 


‘dl 


Spence: r, J, & Sons, Lta ee 
Sumter John, Ltd. .. «. 
Stamm, W. 

Stanley, W. F., & Co., Lea 
Steel Co. of Scotland, Ltd. 
Steel Pipe Co,, Lid. . 
Stephenson, R , & Co., Lta. 
Sterne, L., &0o0., Ltd. . 
Steven & Struthers 


PacR 


Storey, Isaac, & Sons. 
Stott, 8. 8., & Co, 
Sturtevant Eng. Co., Tea 
Sun Fire Office .. 
Swift, George, & Sons . 
Swiss Loco. & Machine Wks. 
Tangyes Limited . . 
Taylor, Charles .. . 
Taylor & Chal'en, Ltd. 
Taylor & Hubbard. 
Thermos Fiooring Co. 


om peon, oe 
Thornton, A. G., Ltd. 
Thyssen & Co. 


Tomey, Joseph, 

Toward, T., & Oo., Li . 

Treweni, F. J. & Proctor. . 
Bros. . : 


Tallis, D. & - Ltd. 
T wer 


Urquhart, Lindsay & Co., ia. 
Vacuum Brake Co., Ltd. 
Vaughan&Son . .. .. 
Vaughan & Bon, Ltd 
Vauxhall & West Hydrealic 
Engineering Oo., Ltd. 
Vickers, B.R.,&@Sons . 
Vickers Sons & Maxim 31 & 
Viking Rem- & Onna 
fabrik A-& . oe 
Vosper & Co. 
Walker Bros (w igan), ‘Lita. 
Walker, James, & Co. 
Wallwork, eon & Co., 
Ltd, ° 
Ward, H. W., &Go. |. 
Ward, Thos, W., Ltd. 
Wateon, J. & 
Watkins, Stephen, Son and 
Groves 
Weir, G. as. ‘Lita. 
Weldless Stee i Tube Co > 
Wells, A. C., & Co. es 
Wheeler Condenser & Rng. Co 
White, J. Samuel, &Co., Lil 
White, R., & Sons ee 
w iddowson, John, H. 
Wigglesworth, Frank, & Co a. 
Wilkinson, George . 
Willcox, W. H., & Co., Lta. 
Wilson, J. H..&Co., Ltd. 14 
Wilson, William, & Co. 
Winter, F 
w gg Tool & Motor Car 
Co., 
w Codite w orks 


lal. 





Grantham Boiler & Crank 
Co., Ltd. ee 
\ Graphite Products, Lia. 


Jackman, J. W., &Co., Ltd. 


Stewart, D.,& Co. (1908), Lid. 85 
Jackson, P. R., ‘& Co., Ltd. 


ioe on es Stewarts & Lloyds, Ltd, 1473 
British Steam Specialties, Ld. 69 | Crowther, Henry, & Sons, La. Greaves, Bull & Lakin, Ltd. 90 Jenkins Bros. . Mellowes & Co., Ltd. | Price, Charles. Stirk, John, & Sons, Ltd... 10 | Wright, J., & Co. 
British Welcing Co., Ltd. 93 | Cruikshank & Fairweather Greenwood & Batley, Ltd. 8 | Jessop, Wm., & Sons, “ita Merryweather & Sons, Leta. Price's Pat. Candle Oo. " Lid. 24 Stirling Boiler Co., Ltd. .. 74! Yarrow é bo. Ltd. 


NOW READY.—The OCTOBER EDITION of The Classified Directory of Current Advertisements in ENGINEERING, with a List of Telegraphic Addresses, &c., &c., to 
same, in compact book form for handy reference, may now be obtained gratis from the Publisher. 
The ‘‘AUTO- 


POSITIVE.” 


— 


Maxted & Knott, Ltd. 
Measures Bros., Ltd. 


Premier Gas langineve 0, a. 


| Worthington Pump Co., Ld 
| Price Air Lift —_ Co. 


Wouldham Cement Co., La 


Clutch Co., 
British Oxygen Co. ° Lid. 




















INJECTORS. 


SALES EXCEHEDYD sS6O00,000. 





For 

ALL 
CLASSES 
of 
BOILERS. 


** AUTO-POSITIVE ” 
handles Hot Feed 
Water, and Works 
on VERY HIGH 
PRESSURES. 


It 
Low and 
High 


Starts. 
Pressures. 


519 


23, 32, 34 & 36, 


Southwark Street, LONDON, 5. E, 


BAYLISS, 


JONES & BAYLISS, Ltd., 
WOLVERHAMPTON, 


and Cannon 8t., LONDON, E.C. 1010 





Also the 


“X-L” EJECTOR. W. H. WILLCOX & 60., Ltd., 











IRON AND WIRE 


FENCING, 


RAILING, GATES, &c. 


Catalogue Free. 


ALSO MFRS. OF BOLTS, NUTS, RAILWAY AND TRAMWAY FASTENINGS, &o. 


P.R. JACKSON & Co., 2: 


MANCHEST E FE. 
GEARING wn sTEEL, IRON AND OTHER METALS, &c. 


MACHINE-MOULDED OR MACHINE-CUT UP TO 30 FT. DIAMETER. 
As Makers of both STEEL and IRON CASTINGS, FORGINGS, &c., we can deal 
very promptly with 


BREAKDOWN AND REPAIR WORK. 
PULLEYS, SHAFTING, FIXINGS, &c. 


STEEL CASTINGS AND FORGINGS. 


SIEMENS-ACID PROCESS. 
ELECTRICAL, ENGINEERS: DYNAMOS, MOTORS, &c. 


RAMSBOTTOM PISTON RINGS AND PISTONS. 
TYRE ROLLING MILLS AND COMPLETE PLANT FOR TYRE MAKING. 


































SM ke 8 AS | Ra ee ane eiictaeats (Dec. 36, 1616, 


A. RANSOME & GO., L™- NEWARK-ON-TRENT, ENGLAND 


MATH OF CHELSEA). 
LONDON OFFICE—63, Queen Victoria Street, E.C. 


SAW MILL & WOOD-WORKING MACHINERY | 


SOME SPECIALITIES OF EVERY DESCRIPTION. SOME SPECIALITIES | 

Saw Mill and Joiners’ Machinery. =» Cask-making Machinery. Tea Box Plants. 

Machines for Shipbuilding and kyards. Machines for Wood Work in Motor Cars, &e. ; 

Machines for Making — Carriages& Wagons, [| Machines for Making | mg Sleepers and Keys, & 
. ee . Cc. e 
























RANSOME’S AUTOMATIC SLEEPER ADZING AND 
BORING MACHINE. 













Contractors to— 
THE ADMIRALTY, WAR OFFICE, INDIA OFFICE, 


: HOME, FOREIGN & COLONIAL GOVERNMENTS 
RANSOME’S LOG CROSS-CUT SAW FOR SAW MILL . RaiLway Companies, &c RANSOME’S TENONING MACHINE FOR RAILWAY 
AND FORESTRY WORK. —— CARRIAGE AND WAGON WORK. 


illustrated Catalogues sent post free on application to Dept. “4D.” 
























LHADING SPHCIALITIOS: 
SAW MILL MACHINERY, 
SPECIAL MACHINES FOR RAILWAY WORKSHOPS, iit 
HIGH-SPEED JOINER’S MACHINERY, 
(COOPERAGE MACHINERY. 




















DYNAMO ano MOTOR 


SOLE MAKERS OF RANSOME’S PATENT TESTED BALL BEARINGS FOR ALL PURPOSES. J 
Bree USs EES 
in Carbon, Metal, Combined Metal and Carbon, 


l E CA R B 0 NE, FOR ALL TYPES OF ELECTRICAL MACHINES. 


17, Water came St. Tower St Lenies, EC. DIPPERENT QUALITIES On APPLIONTION. 6 


“Les — Métallurgiques 


(Société Anonyme de Construction). 
Works :—LA SAMBRE, TUBIZE, NIVELLES. 



























__; LOCOMOTIVES, fondon_ QUTBILL-KING & CO., 
i cr ieee tee ee 

Coder anea)  PERMANENT-WAY MATERIALS, se 
“— BRIDCES, STRUCTURES, &¢. 





MOTOR CARS—Special Works at Marchiennes, near Charleroi. 


ROBEY « CO. 


LINCOLN. Lta. 
LONDON OFFICE: 79, Queen Victoria Street, E.C. 


Telegrams :—"* ROBEY, LINCOLN” ‘ROBEY, LONDON.” 











ENGINES to 84 in. stroke. 4000 HP. 
Fixed Engines. 
Winding and Hauling Engines. 
Air Compressors. 
Boilers, all Types. Portables. 
Undertypes. Overtypes. 
~ Steam Wagons. Tractors. 

Traction Engines. 
High-Speed Engines. 
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BUCKET and SUCTION, 
HOPPER and BARGE LOADING DREDGERS, 
HOPPER BARGES, ELEVATING FERRY STEAMERS, TUGS, &c. 


Phoonix Works, PAISLEY, N.B. Established 1878. 

















GEORGE ELLIOT & CO., LTD., 


MAKERS OF ALL DESCRIPTIONS OF WIRE ROPES. 
MANUFACTURERS OF Od 9100 


LANG'S LAY WIRE ROPES 


Office : 16, GREAT GEORGE STREET, WESTMINSTER, LONDON. 


—“WOODITE” WORKS, MITCHAM COMMON, SURREY. 


NOTICE to ENGINEERS, ELECTRICIANS, STEAM USERS and "oman, “WOODITE” articles can now be obtained with the utmost poe A “WOODITE” has stood the severest 
test for six years, No material in existence can equal it for Steam or Electrical Purposes, and other mage has stood every test up to 40,000 volts for 1/8 in. sheet, without breaking down, by the London Electric 
Light Corp oration and others. Ram “U” Hat Joint an | Packing Rings, Pump Cups, Gaskets, Manholes, Valves, a and all peed Goods which have hitherto been manufactured in India Rubt 


now be made of “WOO! 
LUKE & SPENCER, Ld. 
CANAL ENGINEERING WORKS, 
BROADHEATH, near MANCHESTER. 
Telegraphic ‘Atrom , Telephone—Al EE, EPOADEEATE. mone 


THERMOS DECK COVERING 


ents ae NON-CONDUCTING. JOINTLESS. UNWEARABLE. 


Samples and Particulars from— f 


THE THERMOS FLOORING CoO. 
SCHMIDT'S SUPERHEATING CO., LTD., |!NCREASE_IN_ HAULAGE POWER. 






LANG'S LAY WIRE ROPE WHEN WCRN. 


LANG'S LAY WikKE ROPE WHEN NEW. 








ber, Leather, — can 


























(Adopted by Board of Trade. 


OFFICE : 163, HOPE STREET, GLASGOW. 
| WORKS: KINNING PARK, GLASGOW. 














IN USE ON OVER ES QYOO Locomotives 


ON MORE THAN BS2AS pa lcways. 
All enquiries for Great Britain and Colonies to be addressed to :— 
SOHMIDT’S SUPERHEATING OO., Ltd, Locomotive Dept. 


ECONOMY OF FUEL. 





ECONOMY OF WATER. 





NO EXTRA MAINTENANCE COSTS. _ wx 





ACCESSIBLE & CAN BE FITTED TO NEW OR EXISTING LOCOMOTIVES. 














28, Victoria Street, 8.W. 

















Grand Prix awarded, Franco-British Exhibition, London, 1908. 


STEVEN’S _ 


HIGH TENSION 


MARINE BRONZE. 
PROPELLERS, VALVE SPINDLES 
And all Castings where great strength is required. 








ESTIMATES GIVEN FOR PROPELLERS OF ALL KINDS, AND 
LARGEST DIAMETERS OAST AND FINISHED OOMPLETE. 
Tests and further particulars on application. 


STEVEN & STRUTHERS, 


GLASGOow . en 


W. T. STRONG, Esgq., 50, Fenchurch Street. 
W. 8. TODD, Eaq., 65, Quayside. 
EMILIO CLAVARINO, Esq., 33, Via XX Settembre, G: moa, 





LONDON sa 
NEWCASTLE-ON- TYNE 
ITALY .. 







































Se 
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“@Hitton” MOTOR OR driving Colliery Ventilating Fan. 


“Bitton” MOTORS 


A.C, and D.C. 
OF ALL POWERS. FOR ALL INDUSTRIES. 


Illustrated Bulletins and Lists post free on request. 


The General Electric Co., Ltd., 


Head Office: 67, Queen Victoria St., London, E.C, 
Engineering Works, @@litton, near Birmingham 











REC2 TRADE MARK 










Table 36” by 14” 


NOTE— 


RIGID SADDLE SUPPORT. 


Also 
Vertical, § 
Planer, 
Profile, 
and 
Circular 
Milling 
Machines 
in stook 
or 

progress. 


GREENWOOD & BATLEY, Lo. 


LEEDS. 


COVENTRY 


NOISELESS 


CHAIN DRIVES > 


Jor Machinery 


Beg Panids, 
But accurate manufacture, simpie construction and automatic 
maintenance of pitch make “* The Coventry” Noiseless Chain 
unequalled as an economical, silent and efficient power 


transmitter, Chain Drive problems are our special study. 
We are experts in the solution of such. Write us To-day 


THE COVENTRY CHAIN CO. (1907), LTD., COVENTRY. ™ 








Hagener Gussstahlwerke 


(HAGEN STEEL FOUNDRY, HAGEN, WESTFALIA). 





HAMMERED MILL PINIONS 


with Machine-cut Helical Teeth. 
Angular and Straight Teeth. 


























Suntenshints to H.M. Government, 
India Office, and Colonies. 


STEAM ENGINES 


Condensing, Non-Condensing, and Compound 


VERTICAL ENGINES AND BOILERS, 


Combined or Separate. 
Winding and Hauling Engines. Vacuum aie 


We offer ial terms to Merchants taking shipments 
from Manchester, effecting a saving of about 2 per cent. 
over Liverpool and 4} per cent. over London. 


Engineers, HOLLINWOOD, nr. MANCHESTER. 


Telegrams—** LEES, HOLLIN WOOD.” Telephone—No. 16, FAILSWORTH 








T. & R. LEES, 
0s = = 


THE VERY BEST RESULT 


is SECURED sy 


GILYGO-TIIN 


ABSOLUTELY THE FINEST ANTI-FRICTION BEARING 
METAL ON THE MARKET, 
NOTHING BETTER CAN BE PRODUCED REGARDLESS OF COST. 
ONE CWT. TRIAL LOTS SENT ON APPROVAL. 
SOLE MAKERS: 9839 y D 
GLYCO METAL COMPANY, Limited, Sy ty 
SOUTH PARADE, MANCHESTER. 


a ee O 













o 
if 
ve 
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Whether Your Engines 


WORK AT 28’ VAC. OR 1501. BACK PRESSURE 
THE 


“UNIVERSAL” (PATENT) 
OIL SEPARATOR 


WILL ALWAYS RETURN CONDENSED STEAM 


AS GLEAR AS TOWN WATER 


All Separators are of British Manufacture. 


APPLY FOR PARTICULARS, GUARANTEES AND REFERENCES TO— 


EATER & AN HEERSMIi’r,rT, 


ENGINEERS, 


Centre Avenue, Acton Vale, LONDON, W. 


TELE: ROTARAPES, LONDON, 1066 


phone : HAMMERSMITH, 265. 











GEIPEL’S PATENT 


“RAPIDITY” 


STEAM TRAL. 


Rotating Self-Grinding Valve. 
Varying Pressure without Adjustment. 
Intermittent and Rapid Full Bore Discharge. 
Sharp Shut Off. 











Surface exposed to action of steam } sq. ft. for a trap discharging up to 
1000 gallons per hour (compare with other traps of similar discharge capacity 
and remember that every square foot means a loss of }-ton of coal per annum). 


GOLD MEDAL 


AT THE FRANCO-BRITISH EXHIBITION. 


Used by Admiralty on 50 Warships for 300 Ibs. Pressure. 9760 
















WM. CEIPEL & CO., VULCAN WORKS, ST. THOMAS STREET, S.E. 


MERRYWEATHERS’ 
PATENT IMPROVED VACUUM CESSPOOL EXHAUSTER. 


Arranged for Hand, Horse or 
Motor Draught. 


Piece Se he ADVANTAGES: 
h ’ ~s2¢) Absolutely Sanitary. 

oer re Can be employed in daytime without 
causing & nuisance, 

Great saving of time and labour. 
Has no complicated machinery. 








MERRYWEATHER EXHAUSTERS. 
Write for Iilustrated Lists, 690™ 


wa MERRYWEATHERS’ ’ EXHAUSTER 
IN USE. 1382 


Extract from eromant Officer’s Repert. 
pareneiy very sians with its efficient and simple method of working, and believe that it will be 
‘2 in other Urban Districts where extended Systems of Sewerage are not able to be carried out.” 











MERRYWEATHER & SONS, 


Greenwich Road, S.E., London. 


THE HYDE WINDLASSES & CAPSTANS 


Are the Most Efficient. 


They are used by the IMPERIAL RUSSIAN 
NAVY, and almost exclusively by the 
UNITED STATES NAVY. 





Ask for New Catalogue 
of Hose for Flushing and 
Watering Purposes. 


























They have been adopted for all ships now 
building for the American Line, Star 
Line, Atlantic Transport Line, Pacific Mail 
Steamship Company, and all principal Coast- 
wise Lines of the United States. 





MANUFACTURED BY 7955 


The Hyde Windlass Company, 


BATH, MAINE, U.S.A. 


ASBESTOS 


PACKED 


COCKS. 


ANY TYPE SUPPLIED 
TO ORDER. 


On AGRA TY LIsT. 


NorriNcHAM 





STEAM CAPSTAN, 
with engine enclosed in casing under capstan. 




















(HYSON) 
LTD. 5 


SMITH Bros. Go. 











HOT WATER 
CYLINDRICAL 


CISTERN TANK 






os FITZROY WORKS 
35210 364 Euston R& 
JONDON, 


9980 
WROUGHT-IRON PLATE WORK OF ALMOST EVERY DESCRIPTION. 
GALVANIZED OR UNGALVANIZED, UNDERTAKEN. 
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Biddle M Metal 


42 tors TENSILE 





INCORRODIBLE 





Bars, Castings, Forgings, 
Sheets, Wire, &c. 


J. T. SAUNDERS & C0., 


150, Queen Victoria St., 
LONDON. 


1444 





SEND for CATALOGUE ‘© 
‘No. 90. IT WILL BE OF QQ 
INTEREST TO YOU. 
— THE — 


DRUM ENGINEERING CO. 


33, BROOK STREET, 
BRADFORD. 

















Middlemore & Lamplugh, 
BIRMINGHAM. = “** 


PORTABLE VICES. 


FOLD UP INTO A THICKNESS OF 3 IN. ONLY. Sole British Makers— 


Alexander Eng. Co., 


214-218, COSWELL ROAD, 
LONDON, E.C. 
Contractors to H.M. Government 


Telephone—10317, Central. 
Telegrams—ALEXENGO, LONDON. 


RTABLE 
” DRILLS 


RTABLE 
ms FORGES. 


PORTABLE 
' SHAPERS. 


PORTABLE 
SLOTTERS. 
PORTABLE axe 
__KEYWAY CUTTERS. 


BROWN BROS. & CO., Lto. 


Rosebank lronworks, EDINBURGH, we. 


TELEGRAMS : TELEPHONE : Copzs Ussp: 
HYDRAULIO, EDINBURGH. 16 CENTRAL. ABO, 6ru Eprrion. 


ORIGINAL PATENTEES AND MAKERS OF THE 


TELEMOTOR. .. 
STEAM TILLER & RAPSON SLIDE 


STEERING GEARS. . . 
(STEAM, HYDRAULIC & ELECTRICAL.) 









Fitted with 
Self-Locking 
2” Pipe Vice 
and 4°—6’ 
Staple Vice. 








TELEMOTOR DIRECT 
HELM ACTING 
SIGNAL REVERSING 
GEARS. ENGINES. 
SPECIAL HYDRAULIC 
STEERING MACHINERY 
GEARS FOR 
FOR SHIPS, 
SUBMARINES. &c. 





1100 


PATENT TELEMOTOR, ADMIRALTY STANDARD TYPE. 





FERRANTI Ltd. 


Hollinwood, Lancs. 


Electrical Apparatus for Industrial Purposes, 


SwirTroktGaban 
(High and Low Tension) 


UP TO 100,000 VoOLTs. 








CONTINUOUS 
DRYERS, DIGESTORS, 


PRESSES for 


Fish and Offal, 
Slaughterhouse Offal, etc. 


DRYERS For All 


Animal, Mineral and 
Vegetable Material. 
AMERICAN PROCESS CoO., 


NEW YORK CITY, 
1026 U.S.A, 








Catalog *‘ E.”” 








INDESTRUCTIBLE 
COMBINATION 
WASHERS 


FOR FLANCE JOINTS OF STEAM AND WATER PIPES. 








Invaluable to Engineers, 
Railway and Shipbuilding Co's., &c. 


Used very extensively on the Cunard 
SS. “LUSITANIA,” 


Apply for List to: 1433 


G. A. PETERS, Ltd., DERBY. 


London Office: Liverpool Office: 
116, Newgate St. 8,Castle St. Arcade. 


JOHN STIRK2 SONS 


HALIFAX. ©: 





1023 





MACHINE TOOLS. All kinds. 








HYDRAULIC LEATHERS, 


SINGLE and DOUBLE 
LEATHER BELTING. 


LEATHER HOSE 
(Delivery and Suction), 
AXLEBOX LEATHERS, 


WASHERS, and all kinds of 
Technical Leathers for En- 
gineering Purposes. 


FOR HIGH-CLASS WORK ONLY. 





Special Work to Customers’ own 











Drawings. 1326 











A.eW.DALGLISH, 


WEST OF 
SCOTLAND BOILER 
WORKS, 









GLASCOW. 


MARINE, 
DRYBACK, 
LOCOMOTIVE and 
MULTITUBULAR 

BOILERS. 





ALL 8iZE8. 
813 
MADE BY THE 


Polickshaws, | 


(Oxy-Acetylene) 


WELDING 


ALL PURPOSES. 


Sirius Welding Apparatus 
Manufacturing Co., 


25, VICTORIA STREET, 
LONDON, 58.W. 


1287 
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WELDED PIPES. 


NN 


AAW 


NZ 














BEST WHITE 
ANTI - FRICTION 


METAL 


Address— 1257 
52, Queen Victoria Street, London, E.C. 











On Admiralty List. 


BODLEY BROS. & Co. 


Engineers, Millwrights, Boiler Makers, and 
iron and Brass Founders. 


OLD QUAY FOUNDRY, EXETER. 








SPUR, BEVEL, 
MITRE, MORTICE. 


WORM WHEELS 


Machine Moulded. 
AISO 


TEETH CUT TO SHAPE 


By special machinery. 


Telegraphic Address— 974 
Bop.gy, EXxersr. 


ESTABLISHED 1790. 











Just Introduced. 
THE 


“PARAGON” 
VERTICAL 
DRAWING 
APPARATUS 


ae (Patent No. 22803/08). 


Absolutely the only scientifically 
constructed Vertical Drawing 











SPECIALITY:—Patent Double-Header Wrought Steel 


STEAM SUPERHEATERS 


Per Lancashire, Cornish, and all types of Water-Tube Boilers. 
Tubes evenly distributed. 
NO LARGE JOINTS. NO STUDDED JOINTS. EACH TUBE ACCESSIBLE WITHOUT 
DISTURBING INSTALLATION. LEAKAGE IMPOSSIBLE. 
This Superheater has stood the test of many years, superseding all other designs. 
LARCE ECONOMY IN FUEL. POWER PLANT EFFICIENCY INCREASED. 
Also makers of Feed Water Heaters. Fuel Economisers and Evaporators of all descriptions. 
ESTIMATES AND FULL PARTICULARS ON APPLICATION. 1008 


McPHAIL & SIMPSON, Ltd., Wakefield. 


Office—FINSBURY PAVEMENT HOUSE, E.C. 








AGENTS FOR LANCASHIRE :— Messrs. R. WHITE & SONS, WIDNES. 











Apparatus on the market. 





IT IS UMIQUET | 
IT IS COMPACT I 
iT iS PERFEOCTI 





Full Particulars on Application. 1072 


A. G. THORNTON, Lro.,) 


Practical Manufacturers of 
Drawing and Surveying Instruments, 


28, King St. West, MANCHESTER. || 














SPECIALITY :—HYDRAULIG PRESSED STEEL 














ALEX. FINDLAY @ €0., Ltd., 


Steel Roof and Bridge Builders, MOTHERWELL, N.B. 


Structural Engineers, . . 


| Contractors for all the Main Buildings for the FRANCO-BRITISH EXHIBITION, 


LONDON, 1908, covering a total area of 560,000 square feet; also for 
the Grand Stadium, area 200,000 square feet, 


Att Kinps oF Steet StrucTURES DESIGNED AND EXECUTED. 
TROUGH FLOORING FOR BRIDGES AND BUILDINGS. 
- - MOTHERWELL, N.B. 
9, VICTORIA STREET, S.W. 
“ PARKNEUE, LONDON.” 9262 


Head Office - - 
London Office - - - ° * “ 
TaLzerams: ‘“‘FINDLAY, MOTHERWELL,” 








EVERETT, EDGCUMBE 


& Co., Lid., 1262 
N17, VICTORIA STREET, LONDON, 8.wW. 





highest guality London 


ORTLAND 
CEMENT. 


STABLISHED 


855 


TONS WEEKLY 


35,GREAT STHELENS.E.C. 





[0 ARCHITECTS, BUILDERS AND ENGINEERS, 


TRUE .TO SCALE.’ 
Black Line Prints 


Permanent. Done on Paper or Cloth. 
Particulars on application. 1229 
Large Stock of all Requisites for the Drawing Office. 


W. F. STANLEY @& CoO., Ltd., 


13, Railwa: , | | LONDON BRIDGE, 8.5. 
Telephone : er, op. Teleg ma—Tribrach, London 


USE CRACKNELL. 
STEAM TRAPS 


Wry? 
re 
BECAUSE they drain out all the water 
and are therefore EFFICIENT, 


BECAUSE live stea: a cannot pass the 
valve and they therefore Save COAL. 
BECAUSE they never require any ad- 
justment & therefore Save TROUBLE. 


Write for List T 8. 





HECRACKNELL ENGINEERINGC? 


SANDYS Row, BISHOPSGATE.FEG 
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STEEL COMBINED STOP AND ISOLATING VALVES. 


HUBNER & MAYER’S PATENTS. 
The isolating devices have proved effective in over 


BBD CASES of ACCIDENTS 
steam or engines, whilst also 
pM mapa dy oo stop Tiven Nickel seats. 
Suitable for highest — and superheated 
MANY THOUSANDS IN USE. 


THE H. & M. VALVE LEADS ALL. 


Reducing Valves. Feed Water Meters. 
Steam Traps. 
Engine and Boiler Fittings Manufactory. 


Hiibner & Mayer, Vienna, 1/6. 


For England and Colonies :— 
a street, 





T. SUGDEN, Ltd., 180, 
LONDON, E. 


HIGCINBOTTOM « MANNOCK, Lo. 


Crown Iron Works, West Gorton, 


MANCHESTER. 


Telegrams :—CROWN, GORTONBROOKX, 




















iN suueumn: ' Ane eee. * a 


. 2° ~ om = 


oe tpt al 


/ 
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Electric Cranes, Hoists, Capstans, Winches, Traversers, Transporters, 
Hauling Machinery and Hand Cranes, Hand and Power Runways. 


Write for List 991. 





LONDON HOUSE: 41/42, Parliament St., Westminster. 


MANCHESTER HOUSE: 23, King Street. 


OIL MILL 
MACHINERY! 


Self-contained Plants for Export. 


IMPROVED CLOSED BOX PRESSES 


For Heavy Oil Bearing Sceds. 


FEED-CAKE PRESSES. 








Refineries, Filter Presses. 


. (ABLONE ALLIOTT 2: 
aes es) OIL BOILING PI PLANTS, ae. 
—_—— ALSO —— 
SUGAR MACHINERY, CHEMICAL PLANT, REFUSE pasvenevena, 
DISINFECTORS & SEWAGE PLANT, 
PUMPING PLANT, LAUNDRY MACHINERY & COOKING PLANT. 











Telegrams; Marziorr, GLaseow. 


TUBELESS. SUPERHEATERS 


Marine, Locomotive and Stationary Boilers. 





UNEQUALLED FACILITIES FOR INTERNAL 
INSPECTION. 





THE SIMPLEX SUPERHEATER (C0., Ltd. 


39, VICTORIA STREET, 
WESTMINSTER, S.W. 








ESTABLISHED 1852. 


Telegrams :—‘‘ BOILER, GLASGOW.” 


= 


LILYBANE BORETe WORKS 
CLASGOW 





HIGH-CLASS LANCASHIRE & CORNISH BOILERS FOR HOME & EXPORT. 
————_————————— 


MARINE BOILERS 


Made to any Survey. 





MARRIOT TeG RAHAM 


PLANTATION BOILER WORKS, GOVAN, 


GLASGow. ESTABLISHED 1983. 
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THE EASE WITH WHICH A LEAKY VALVE 
CAN BE PACKED WITH 


“PALMETTO” 
TWIST PACKING 


HAS ASTONISHED MANY AN ENGINEER. 


Any size valvz can be packed from one spool of “ Palmetto" Twist 
Packing by unstranding. It’s done quickly, and the valve STAYS 
PACKED. Why not rid yourself of the trouble of constantly repacking 
the small valves by using “* Palmetto.” 


A Free Sample Spool will convince you. 
“SEND FOR IT AT ONCE. 


GREENE, TWEED & CO.. 


SOLE MANUFACTURERS, 
Queen Anne’s Chambers, Tothill Street, Westminster, 
Zon Do nN. 
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. THIS Smooth-On Instruction Book tells 
precisely how to make innumerable permanent 
repairs to boilers, engines, castings, tanks, 
etc., using the well-known Smooth-On Iron 
Cements. Every engineer should have a copy 
at once. Smooth-On used right is the most 
remarkable time and money saver known for 
the engine and boiler room. 


SMOOTH-ON ~ 
MFG. CO. 


8, WHITE ST., 
MOORFIELDS, 
LONDON, E.C. 










Ask for 
the book 
NOW, 
It’s Free. 








WorR THainNnGTom 


CENTRIFUGAL PUMPS 


for HIGH, LOW and MEDIUM LIFTS 


Highest Efficien:ies Guaranteed. 


















, =i. 


WORTHINGTON ELECTRICALLY DRIVEN LOW LIFT TWIN CENTRIFUGAL PUMP, 
for handling large volumes of water at low heads. 


Write for Special lilastrated Centrifugal Pump Catalogue. 


WORTHINGTON 


PUMP COMPANY, LIMITED, 
With which is Incorporated the European Business of the 
BLAKE & KNOWLES STEAM PUMP WORKS, 
Registered Offices :— 
153, Queen Victoria Street, LONDON, 


PLANS, SPECIFICATIONS, QUOTATIONS AND EXPERT ADVICE BY THE 
ENGINEERING DEPARTMENTS OF THE COMPANY FREE OF CHARGE. 














E.C. 





——_—__— 
Sian 





* 
OO 


MIRRLEES WATSON 


COMPANY, LIMITED, 


GLASGOW. 
























HAVE INDEPENDENT 
DEPARTMENTS 

ESPECIALLY DEVOTED 
TO THE FOLLOWING: 

































SUGAR MACHINERY. 
CONDENSING PLANTS. 

WATER DISTILLING PLANTS. 
EVAPORATORS. 

















Tel. Add. 
“MIRRLEES, GLASGOW.” 


LONDON OFFICE: 
122, Cannon Street, E.C, 
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Illustrated Descriptive Price List free on application. 


GRAFT ON & CO. 


CONTRACTORS TO H.M. GOVERNMENT. 


CYCLOPS WORKS, 


Fg no Ja Sa 


WSSU STAI 


“SILVER MEDAL, Inventions Exhibition, London, 1885, 
GOLD MEDAL, Paris, 1900. 
GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908. 











PARKINSONS 


“PERFECT 





MAKERS: 





FOR ALL THE WORLD. 


J. PARKINSON & SON, 


SHIPLEY, YORKS. 


1417 














LIMITED 
Whitwerth Street, MANCHESTER. 


77a, Queen Victoria Street, 5, Wellington Street, 


LONDON, E.C, GLAS .OW. 


BAYER’S PATENT 


The instrument not only measures the 
total steam consumption, but gives a 
craphic picture of the working of the 
steam plant, enabling the manager to 
detect waste of steam, and to superintend 
the methods of working adopted by his men. 


Write for LIST giving Full Particulars. 


SCHAFFER & BUDENBERG 


STEAM METER 


Accurate and Reliable. Simple in 
Construction and Manipulation. 




















London eE.. 97. 


99/100 Palmerston House 
Bishopsgate Street Within 


WIre Ropeways 


HEAVY MARINE SHAFTING 
LATHES. 


Turbine Rotor Lathes. 
HORIZONTAL BORING MACHINES 


FOR TURBINE CYLINDERS. 























NOBLE & LUND, Ltd. 


FELLING-ON-TYNE. 10 
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“RAINBOW” JOINTING 


PACKS ANY KIND OF 


STEAM, AIR & WATER JOINT. 


NOT AFFECTED BY HEAT, STEAM, OILS, OR AMMONIA. 





CANNOT HOLDS 
BE 
HIGHEST 
WN 
"aoe PRESSURE. 
DURABLE. EFFECTIVE. ECONOMICAL. RELIABLE. 


Rainbow is RED. Be sure you get the GENUINE. 


“SUCCESS” 


Semi-Metallic Packing. 
The Best Without EXCEPTION. 





WEAR 
RESISTING. 


ADJUSTABLE 
WEDGE. 





TEesT iT. 
ALL MECHANICAL RUBBER GOODS. 


PEERLESS RUBBER MANF® GOMPANY, 


16, WARREN STREET, NEW YORE, U.S.A. 
BRITISH 


nconcoenrarves: GARR BROTHERS, LTD., LONDON. 


11, QUEEN VICTORIA STREET, LONDON, E.C. 1376 
FOR SALE BY ALL FIRST-OLASS DEALERS. 


East Ferry Road Engineering Works Co. Ltd. 


HYDRAULIC CRANES AND COAL HOISTS, BELT 
CONVEYORS FOR COAL, &c. 


PATENT PNEUMATIC GRAIN-ELEVATING MACHINERY. 




















FLOATING PNEUMATIC GRAIN ELEVATOR (200 tons per hour), 
Surrey Commercial Dock Co. 





Hydrostatic Orane Weighing Machines up to 250 Tons. 
General Engineers and Ironfounders. 


Engines, Pumps, Sluices, Oapstans, &c. 
Estimates given for Repairs. 





ENGINEERS’ DOUBLE WET TOOL GRINDER, 


WITH PATENT CORRUGATED HOODS. 


(SSAFHST TYPH BDEZTANT). 








EMERY CLOTH and ALL TYPES of 
ABRASIVE WHEELS for Engineers’ Use. . 
FOUNDRY MOULDING MACHINES, SAND MIXERS, &c. 


THE LONDON EMERY WORKS Co. 


Park, Tottenham, LONDON, N. 





9861 


‘ARTESIAN BORED TUBE WELL, 


At BOURNE, LINCS. 


| THE TOWN a BE ALES. 








FIXED BY 





C. Ist. ER CO., L-rv. 
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Telegrams : 


1834 
Bybitosta ATic, Lonponx? 


MILLWALL, LONDON, E. 


Artesian Well Engincers and Contractors to H.M. War Department. 


BEAR LANE, SOUTHWARK, LONDON. 
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CONTRACTORS TO— 


BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 


MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler 
and Bridge Building, and other constructive purposes. 


CASTINGS of all kinds and largest sizes for Ship Stems, 
Stern Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet requirements of Home 
and Colonial Railways. 

TYRES— Locomotive Carriage and Wagon, to all requirements. 

SPECIAL STEEL of all kinds for constructive purposes. 


STEEL COMPANY t SCOTLAND 


23, ROYAL EXCHANGE SQUARE, 








= GLASGOW. 

ELEGRAPH 

ADDRESS 

" STEEL Giascow @ bs 
Phone : 5570, BANK. Telegrams: ‘‘METALADOS.” Cables : ROBHUNT. 


BRITISH BUREHAV. 


ROBERT W. HUNT & CO., Engineers, Norfolk House, Cannon St., B.C. 


INSPECTION ano TESTS oF RAILS ano FASTENINGS, STRUCTURAL 
MATERIAL, BILLETS, PIG aa AXLES, CARS, MACHINERY, &c., &o. 
W. L. COOPER, Manager. JOHN J. CONE, Resident Partner. 


American Offices : z—Obloags, New sais vieure San Francisco, Montreal, St. Louis. 





Telegrams: 
‘WATSON, GAINSBOROUGH.” 
1360 


Established 
1869. 


Telephone: 
65 GAINSBOROUGH. 


LIGHTERS, BARGES & STEAM BOATS. 
SPECIALITY: WORK FOR SHIPMENT. 


PONTOONS, LARGE STEEL TANKS. 


J. JS WATSON _ GAINSBOROUGH. 


NO 

FIRM 
WILL 

00 

FAR 

ON 
OBSOLETE 
METHODS. 


The Demon Rust. 


Have you ever followed your Engines and 
Machinery right through to the customer? If so, 
you know that nothing prejudices the customer 
against your yoods so much as rust. 

Palfreyman’s Rust Preventive for the preser- 
vation of Bright Metal Surfaces is superior to 
white lead and tallow or similar products. Costs 
less, because it goes further, is applied easier, easily 
removed, enters the pores, and is a permanent 
protection after cleaning up. Neither new nor 
experimental, but has been in constant use for 
over twenty years by most of the leading and 
up-to-date Engineers. 


Send for Price and Particulars. 


W. H. PALFREYMAN & CO., 
COREE-PIAZZAS, LIVERPOOL. 








780 


| Jit DODGE, wee PULLEY 


The Only GRAND PRIZE (iwino 


FRANCO-BRITISH EXHIBITION, 1908, 


Diving Apparatus 


PUMPS, DRESSES, DIVERS AND GEAR 


ready for despatch at 
of HELMETS, ®& moment's notice. 


Illustrated Catalogue Telegrams : “‘Simsz, Lonpon.” 
free on application. Telephone: Hor, 251. 


Sole Makers to the BRITISH NAVY. 


SIEBE, GORMAN «Co., Lp. 


Neptune Works, LONDON, S.E. 878 






































@ BILINGA 


4 40 AWARDS | 
ZZ, TrEWORLDS RECORD 














oak 

















TFIORKS : —sye NDAT LONDON iy 
WE EACOMBE Ang oa : 
CHESHIRE KY a — ne 





VWIAIwAY SS 
OLE EUROPEAN AGENTS f 


Ps 


























A. EDMESTON «SON S, Ltd. 


Note New Address:—-PATRICROFT. 


PATENT FRICTION CLUTCH. 


300,000 HP. IN SUOOESSFUL OPERATION. 
INVALUABLE FOR DRIVING: 

Mining Machinery & Haulage, Concrete and Brick-making 

Saw Mills, Machinery, Flour Mills, 












Electric Light and Textile Machinery, 
Power. and Mine Gearing 
Generally. 
FOR 
STARTING 
9933 






GAS 
& OIL 


FOR 
COUPLING 




















ENGINES, SHAFT-ENDS. 
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T a 
No. 2, 


. Shipbuildera, ee 


SHALLOW DRAUGHT VESSELS, 
STERN oc VESSELS, 
LAUNCH 

TUGS., 


Boilermakers 


MARINE BOILERS, 

WATER-TUBE BOILERS, 
RETURN-TUBE BOILERS, 
DIRECT-TUBE BOILERS, 


Telegrams :— 
ENGINEERS, 
DARTMOUTH. 


HIGH-SPEED VESSELS, 
TORPEDO BOATS, 
MOTOR BOATS, 
YACHTS. 


Engineers, 


MARINE ENGINES, 
ELECTRIC-LIGHT ENGINES, 
FANS AND FAN ENGINES, 
INTERNAL COMBUSTION 


a 


PRESSES 0. 


ENGINES, LOCOMOTIVE BOILERS, 
CIRCULATING PUMPS, KINGDON BOILERS, 
FEED PUMPS, LIQUID-FUEL BOILERS, 
CONDENSERS, PARAFFIN BURNERS, 
PROPELLERS. CRUDE OIL BURNERS. 


New and Second-hand ENGINES in Stook. 
New and Second-hand LAUNCHES Ia Stook. 
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TAYLOR & CHALLEN, LTD. 


oO 

ss 
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= 
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SHEARING PRESSES. 


AsouTt 150 PRESSES ON ViEW IN OUR SHOW Rooms. 





194 


SELF-FEEDING PRESS.’ 
CONSTITUTION HILL, BIRMINGHAM, eEna.ano. 

















SEND FOR CATALOGUH. 








‘NEw PROCESS” 


RAW HIDE GEARS. 


All to BROWN & SHARPE'S Standard. 





Also METAL GEARS. 


SEND FOR DESCRIPTIVE CATALOGUE. 





GEORGE ANGUS « CO., ua. 


NEWCASTLE-ON-TYN EH. 








Telegrams: “FOUNDRY, PORTADOWN.” Nat. Telephone 23. 


PORTADOWN FOUNDRY, LTb., 
(8ole Manufacturers), Portadown, IRELAND. 
Manufacturers of POWER TRANSMISSION APPLIANCES. 
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HARLING'S Drawinc INSTRUMENTs. 


FN ney 
wok 














On ADMIRALTY, WAR OFFICE, and 
INDIA OFFICE LISTS. 


& 60, in, 


Jay 
BRANCH, OP 






















i 86. Bow Compass, improved pattern, with double knee joints and nut and bolt needie point; the 
extra quality has a Sucrom Heap Jour in two sizes, 3 and 34 in. overall; ink OF pencil, each 9/6 Li/. 
Extra large size Bow Compasses, as above No. 536a, can be supplied to order : 
Size 44 in. from centre of joint te point, ink or pencil, each I2/6 14/6 
w. H HARLING 1$rm Eprrion CaTaLOGuE UPON REQUEST. 9811 


__47, FINSBURY PAVEMENT, LONDON, E.C. 


















BRIS To TL’ Ss 
UNITED BRASSFOUNDERS AND um | Recording Thermometers. 


ENGINEERS, LTD., 











LEVEL 
BRASS AN D IRON ATTACHED For Superheated Steam and Flue Temperatures. 

se TO Feed Water, Condenser, Generator and Transformer Temperatures. 
FOUNDERS WATER Brine and Cold Storage Rooms, Gas Mains, Malt Kilns, Vulcanisers. 
MAKERS or 3 CAUCE Ovens, Chemical Works, Paper and Powder Mills, Oil Refineries, &c. 

HIGH-CLASS STEAM COCKS. " 2 The Most Complete Line of Recorders in the World. 1191 

WATER FITTINGS “4 on 28, College Hill, 

: ‘ - J. W. ye C.d. PHILLIPS, Gaanen Bt, LONDON, E. C. 
A nn a 


SPECIALITY :— 


BOILER MOUNTINGS. 


DYEHOUSE WORKS, 


Woodchester, 


WHAR 


STROUD, 
GLOS. 


Speciality : 





HIGH-CLASS MARINE 
BOILERS. 


To 
Admiralty, Lloyds, 
Board of Trade, 
Bureau Veritas, 















nae HEAD . OFFICE : and other Surveys 
window Great Reduction up to 
WATER Empress Foundry, io Peleen, felt il 
LEVEL. MANCHESTER. particulars sent 200 ibs. W.P. 


on application. 














Hydraulic, Gas and 
Water Mains, 

\ Storage Tanks, Oil 
| Stills, Scrubbers, 
Washers, Roofing, 
&c. 





TELEGRAPHIC ADDRESS: 
“CRANES, RODLEY.”’ 


SEND US 
YOUR 

ENQUIRIES 

FOR ANY 












6371 


A.F.CRAIG& CO., LD» PAISLEY. 


LONDON ADDRESS: East India Chambers, 28, Leadenhall Street, E.(. 









a ene 


















LIQUIDATION. 


ELEOTRIO, 
AN EXCEPTIONAL OPPORTUNITY. 


STEAM, 
HAND, &c. 


— ALSO — 


CAPSTANS. 


ELECTRICAL 
EQUIPMENTS. 


JOSEPH BOOTH & BROS., Ltd., 
RODLEY, LEEDS. 


LONDON OFFICE; 1088 
75A, QUEEN VICTORIA STREET. 




















A LARGE STOCK OF 


HIGH CLASS LATHES, MILLING MACHINES, GEAR 
CUTTERS, SMALL TOOLS, GAUGES, &C. 





















AT REDUCED TERMS OWING TO 


VOLUNTARY LIQUIDATION. 


LISTS ON APPLICATION. 1145 


Ludw. LOEWE @ CO0., Ltd., co vo ria, 


30/2, Farringdon Road, LONDON, E.C. 


Telegraphic Address: LOEWE, LONDON. Telephone No. : 1707 HOLBORN. 
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CRAIG DONALD, La 


JOHNSTONE, near GLASGOW. 


MAEERS OF 


MACHINE 
TOOLS 


FOR 


SHIPYARDS, 
IRON WORKS, 


BOILER 


= AND 
© TANK WORKS, 


1357 








Electrioal-Driven Four-Sided Punching & Shearing Machine. 


FRANCIS BERRY & SONS, 


SOWERBY BRIDGE, England. 


ESTABLISHED 183832. 
“BERRYS, SOWERBY BRIDGE.” 








Telegraphic Address: Telephone No.: 525. 


MAKERS OF ALL KINDS OF MACHINE TOOLS. QUALITY GUARANTEED. 








The Illustration represents one of our Powerful Punching and 
Shearing Machines, with 4 ft. gaps, weighing 40 tons. This is one 
of five we have just completed for the British Admiralty. 


We make all styles and sizes, with any method of drive, to suit 
customers’ requirements. 


Contractors to the Admiralty, India and Colonial Offices, and 
most of the Foreign Governments. 


1246 


KINDLY FAVOUR US WITH YOUR ENQUIRIES. 





CONDENSING PLANTS, FEED- WATER HEATERS 


WATER-COOLING TOWERS, &c. 


FOR ALL DUTIES. 
FULL PARTICULARS SENT UPON RECEIPT OF REQUIREMENTS. 


WHEELER CONDENSER & ENGINEERING oO 


2 & 3, Norro.k Street, STRAND, LONDON, W.C. 
Tel. : 6889, GERRARD. Telegrams : ‘‘ SUSPEND,” sabes. 


NORTHAMPTON. 


OmBArYr sSxIT=zis. 


Large or small, for Factories, Mills or Works. Facilities for Railway Sidings. 


ConrmAr POW TETEE. 


Gas 1s. 11d. per 1000 ft. less 10 per cent. discount. Electricity 2d. to 1d. per unit. 
ConmznAYr WATE E:. 
Special Supply for non-domestic purposes. 
INTELLIGENT LABOUR. GOOD HOUSING ACCOMMODATION. 


EXCEPTIONAL RAILWAY FACILITIES. 


L, & N. W. (Main Line) and Midland Railways. 
LONDON IN 1} HOURS. BIRMINGHAM IN 1 HOUR, 
Rapid communication with all parte. GRAND JUNOTION CANAL.—Low rates for water carriage. 











LOW RATIHEIB. LOW RENTS. 127 
For further particulars apply to The Town Clerk, 
Telephone: 279, 280, 282, NaTIONAL. NORTHAMPTON. 

















LARGE SHOPS FITTED WITH ALL THE LATEST 


WOOD WORKING MACHINERY. 
TURBINE oti PATTERNS 





AND 
OTHER 


EFroR SHiIPs. 





DAVID BROWN & SONS (HUDDD?.) aT 


Patternmakers, HUDDERSFIELD. 


PECKETT & SONS, BRISTOL. 








ini Be RHE oe hae Tee 
RESHETH 
a 





LOCOMOTIV ES « 


of various sizes with all the latest improvements ready for immediate 
Delivery. Engines specially designed for every requirement and gauge. 


Full particulars on application. Telegrams: “PECKETT, BRISTOL.” 
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IN ALL SYSTEMS, 
for the Transportation of Ores, Coal, Cement, Phosphates, Sugar, 
Beetroots, Fibre, Explosives, Grain, Supplies, &c. 





MILAN. 





CABLEWAYS. 


TELPHERAGE. 








T. L CUNNINGHAM, 


Sole Agent for Great Britain and Colonies, 


BALFOUR HOUSE, FINSBURY PAVEMENT, E.C. 


Telephone—1789 CENTRAL and 996¢' WALL. Telegrams—PLATOONS, LONDON. 873 


READY FOR 


CERETTI « 
TANFANI, 


INCLINED PLANES. 


SUSPENDED RAILS. 





AERIAL ROPEWAYS COCHRAN BOILERS 


Patent Vertical Multitubular—Standard design. 
IMMEDIATE DELIVERY. 


Write for SPEOIAL OATALOGUES :— 


Class A.—For LAND USE. Class B.—For MARINE USE. 





COCHRAN & CO. ANNAN, LTD., 


ANNAN, SCOTLAND. 















are positively 


7 the most durable 


and practical made. 





The seating surfaces can be reground 
and all parts subjected to wear can 
be renewed, including the seat and dise. The seat is self-cleansing 
and is made of a hard close-grained nickel. The bronze used econ- 
tains a high percentage of copper and tin. The improved construction 
of the dise preserves the seating faces and prevents water hammer. 
Lunkenheimer ‘‘ Renewo"™ Globe 
Angle and Cross Valves 
are guaranteed for 200 pounds working pressure, and are made in 
sizes ranging from } to 3 inches inclusive. 


Write for Catalogue. 


The LUNKEN VALVE CO. 


35, Great Dover Street, * 
* LONDON, S.E. 


GAIRD & RAYNER, 


Admiralty and War Office Contracters. 


































PATENT 


EVAPORATOR 


FRESH WATER FEED MAKE-UP 


APPARATUS. 


Approved by Board of Trade for Passenger Ships. 


BOILER FEED PUMPS, 


Vertical Single-Cylinder Direct-Acting type. 








COMPLETE 
FRESH WATER 


DISTILLING 


INSTALLATIONS, 


(All Sizes) 
For LAND or MARINE USE. 





FEED WATER HEATERS. 








777, Commercial Road, Limehouse, 


LONDON, E. : 


: “VAPORIZE, LONDON.” 


Telephone No. 210, Eastern. 
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CET Re ey LK ELVIN 
EMERY CLOTH, _ ral unuses 
Volingin Milt, @LASS & FLINT PAPERS, wg 


WESTMINSTER BRIDGE ROAD, 
MANUFACTURERS : 


LONDON, 8B. BLACK LEAD, &c. 
THE BERCIUS LAUNCH 


SIMPLEX LEAD 
GLAZING ayo ENGINE CC., 


FOR ROOFS, SKYLIGHTS, AND HORTIOULTUBAL WORK. || \ 7 
NO ZINC, IRON, OR PUTTY USED. : 40 HP. PARAFFIN MOTOR ane 0 


an quemiere aloha Fr AWCETT. PRESTON . 8 c0., 


Over 1,000,000 superficial feet in use on 2,500 Structures. 
Siatiaads LIVERPOOL. oom 


GROVER & CoO., LIM., 
Telegrams : Fawcett, Liverroot. Codes used: A BO (4th & 5th Edns.), Al and Western Union. 


ENGINEERS, &c., 
BRITANNIA WORKS, WHARF ROAD, CITY ROAD, LONDON, N. 

= a Office : 69, VICTORIA ST., London, 8.W. 
emer : i : rd Contractors to the Admiralty & War Ofice. 
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BOLTON'S 


Patent 
Steam 


7 mr Supatheators. 














a So ke 


SUGAR-MAKING PLANT of all 
kinds. 


SEA - WATER _ DISTILLING 
PLANT. 


DISTILLING & EVAPORATING 
Machinery for all purposes. 
Stationary and Marine Engines 
and Boilers. 

Pumping Machinery for Town’s 
Water Supply. 

Nitrate-Making Plant. 

Winding and Hauling Engines 
and Air Compressors. 

Sole Makers of Cyclone Presses. 

Sole Makers of Grid Presses and of 

Fawcett’s High Density and 
Compound Hydraulic Presses 
and Pumps, for Packing Cotton, 
Jute, Wool, Silk, Hides, &¢., to 
any required density and weight 
of bale. TOL 


NOTE.—85 “Cyclone” and “Gri 
. Presses cupettel tor Caleutta alone. 
— Sole Li in U.K. of Patent 
SEXTUPLE EFFECT SEA-WATER DISTILLING APPARATUs, °°'° “ognsees.in U.K. of Pa 
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“wncuesten, DERRYMAN CALORIFIERS 


THe BROWN HOISTING MACHINERY Co., JOSEPH WRIGHT & CO., 











CLEVELAND, OHIO, U.S.A. 
OER.AWEIS oF aii pescriPrions. 533 TIPTON, Staffs. 
All Enquiries should be referred to COWANS, SHELDON & CO. Ltd., CARLISLE. : | and WESTMINSTER, S.W. 











We can supply Calorifiers for any 
purpose, however special, and of any 
size. Our designs may be modified to 
suit any requirements or specification. 


All Fittings can be supplied with 
these Calorifiers. 





VERTICAL 
STORAGE 
CALORIFIER. HORIZONTAL CALORIFIERS. 





GANTRY CRANES UNLOADING IRON ORE WITH GRABS 1306 
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KERN & CO. 





20 MEDALS and HI 


GRAND PRI 





5a 





MAKERS and 


Drawing In 


= An 2? 


7? __ 4) 


> —<— ><} ’ 


>_< 


—— SS 


LONDON orricse: HEH. EF. HAY, 
PENINSULAR HOUSE, 4, MONUMENT STREET, E.C. 


AARAU, 


SWITZERLAND. 


ESTACLISHED 1819. 


GHEST AWARDS. 
Paris 1889, 


/\ 


Trade Mark. 
EXPORTERS 


of FINEST ENGINEGRS’ 


struments, 


THE FINEST 
INSTRUMENTS 
IN THE WORLD. 


HIGHEST 
PRECISION. 


; LATEST 
IMPROVEMENTS. 





CATALOCUES SENT FREE. 





Telephone No. 10,411 Centra!. 


Telegrams : 
KERNAMAH, LONDON. 
1228 











Mi ASGHINENTABRIF 
AUGSBURG-NURNBER 











Diesel Oil ta 


FOR LAND AND MARINE PURPOSES. 


Economical, Reliable, Easy to control, 
Fuel expenses per B.HP.-hour only 
Tod. to 4d. 

Over 180,000 B.HP. in use or 
on order, in all sizes from 8 B.HP. 
upwards. 


Apply to our London Office: M.A. N., 


Caxton House, Westminster, S.W. 
51 



































Wigglesworth A 


& OO., Ltd., 


Engineers, 
MILL LANE, 
BRADFORD. 





SHAFTING, 
BEARINGS, 
FIXINGS, 
BELT & ROPE 
PULLEYS, 
GEARING, 
FRICTION 
CLUTCHES, &c. 
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SEND 
YOUR 





SWIVELLING BABBITT-LINED 


SELF-LUBRICAT 








ING BEARINGS. 


ENQUIRIES. = swiveLLina BABBITT-LINED SELF-LUBRICATING 


BEARING, 


HAVING VERTICAL 


ADJUSTMENT. 


RED-E-TOOL HOLDERS. 


The “ONE GRIND” TOOL. 


RIGHT AND LEFT HAND DIAMOND POINT. 








RED-E-TOOL Holders would pay well as an investment if they did nothing but 
save Tool Steel, for two ounces of cutting nietal in a holder will do as much work 
and last as long as a sixteen-ounce or larger solid tool. 


Showing Threading 
Diamond Tool 
Point end 
and Side Tools 
Cutting- a 
off 
Operation. 
Tool. P 





SEND FOR FOLL PARTICULARS AND PRICES TO— 


BUCK & HiGKMAN, LTD. 


2 and 4, WHITECHAPEL ROAD, nytt A E. 


as TER. 
') | BRANCHES :_55, Station Street, BIRMINGHAM. 3, Cross Street, MANCHES 


27, Cadogan Street, GLASGOW. 

Agents for BROWN & SHARPE MFG. CO., PRATT & WHITNEY CO. 
CINCINNATI BICKFORD TOOL CO., BRADLEY CO., GLEASON 
WORKS, WALCOTT & WOOD MCH. CO., &c., &c. 1176 























Dec. 30, 1910.] 


ENGINEERING. 














MAGNETIC CLUTCH) 
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w 

The form of MAGNETIC CLUTCH illustrated 


above has the ADVANTAGE that any of the coils 
can be INSTANTLY DISMANTLED WITHOUT 
TAKING DOWN the MAIN SHAFTING. 


The Current Consumption is LOW, and it makes an IDEAL 
DRIVE. INSTANTANEOUS RELEASE. 





APPLY FOR FULL PARTICULARS TO— 


DRAKE & GORHAM, Lrp, 


TELEGRAMS: TELEPHONES: 
“ AOOUMULATOR,” 66, VICTORIA STREET, LONDON, S.W. 893 Westminster (3 lines). 
London, 47, SPRING GARDENS, MANCHESTER. _ ,,5;95;,1218 Victoria, 
Manchester, or 3700 City (2 lines), Man 
uae 50, WELLINGTON STREET, GLASGOW. gig iesteFs and. 



































Contractors to the Admiralty, War Office, &c. 





WOLSELEY 


MARINE ENGINES 


Hold World’s Records for Reliability and Speed. 





75-HP. PETROL MARINE ENGINE. 


Send for New Catalogue G., post free on request. 


THE WOLSELEY TOOL & MOTOR CAR CO., LIMITED, 


(Proprietors :—Vickers, SONS & MAxim, LTD.) 883 


ADDERLEY PARK, BIRMINGHAM. 
Telegrams: “ Exactitude, Birmingham.” Fi80 Telephone: 6158, Central, Birmingham. 































































| RENOLD SILENT CHAIN | 


driving RADIAL DRILLING MACHINE. 














INCREASED AND IMPROVED OUTPUT. 


ECONOMY OF POWER AND SPACE. 
LONGER LIFE OF TOOLS. NO OVERHEAD GEAR. 


Write for NEW CATALOGUE Ref. G 5/26. 


HANS RENOLD LTD., MANCHESTER. j 


BETTER LIGHT. 

















When Choosing 
a Softener 


choose the right one. Accuracy 


and simplicity are the paramount 


The 
and Hyjort apparatus only fulfils 


considerations. Lassen 


these requirements in the highest 


degree. 


Write for 1911 Catalogue. 


Lassen & Hort, 


52, Queem Victoria Street, 7424 
LONDON; EC. 

































————_— - 
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PARIS EXHIBITION 


isso. 


Lubricating Oils 
GOLD MEDAL 


AWARDED TO 


PRICE'S PATENT 
CANDLE COMPANY, L* 


Oil . 


AND MANUFACTURERS 








Lubricating Oils) a ' 


For Land and Marine ne, — EE 
Cylinders and Valves. 


For Textile Machinery of every 
description. 


For Collieries, lron Works, 
Mines, and Quarries. 


For Saw Mills, Flour Mills, and 
Agricultural Machinery. 


For High-Speed Engines and 
Dynamos. 


For Engineers’ and Machinists’ 
Tools and Shafting. 


For GAS ENGINES. 





SoL_k PROPRIETORS AND MANUFACTURERS OF 


VEITCH WILSON'S 


LUBRICANTS. 


PRICE CARDS and SAMPLES MAY 
BE OBTAINED FROM 


PRICE'S PATENT 
CANDLE COMPANY, 


Belmont Works, Battersea, 


LONDON, © 

















GRICE.GRICE &SO 


CONTRACTORS TO HIS MAJESTYS GOVERNMENT N Limirep 
BRASS & COPPER, LOCO & CONDENSER 















STEAM WAMMERS 


FOR SMITHS’ SHOPS AND FORGES. 


Shipbuilders’ & Boiler Makers’ Machine Tools, 
PATENT BEVELLING MACHINES ror snips’ Frames. 


FORGE CRANES, Hand and Steam. 
Sugar Cane Mills. Water Wheels, &o. 


DAVIS & PRIMROSE, 


BANGOR WORKS, 
x = aE, 20 3D EOF WS We BE. 


RSON & GLASS, LIVERPOOL. 


Extensive poe iin A of all descriptions and Sections 


MALLEABLE IRON AND STEEL, 


Including all sizes, Round, Square and Flat Bars, Flitch 
Plates, Tees, Angles, &c. 


ed Girders & Joists, 3 in. to 20 in, deap. 


COMPOSITE GIRDERS MADE TO SPECIFICATION. 
PLAIN AND CHEQUERED PLATES. 


Boiler and Tank Plates in Iron or Siemens-Martin Steel, all sizes. 
QUOTATIONS AND SECTION SHEETS ON APPLICATION. 697 
SHIPMENT ORDERS PROMPTLY EXECUTED. CORRESPONDENCE SOLICITED. 





























Guardian Building, Cross St., Manchester. 


= DREDGING. 4 
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GOoEDEHART BROS. Dredging Contractors, Wutlt. 
Undertake Dredging Contracts for Harbour and Canal Works throughout the World. 


Address cngquiries (o 85, Westbourne Avenue, HULL. NAT. TEL.: 3718, Tel. Address—"‘ GOEDHART, HULL.” 
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PORTABLE 
LICHT 


FROM OIL 
uP TO 
4000 Candle-Power 


For Engineers, Contractors, 
































































e 
Stamped Forgings. dea toy 
Over 18,000 Sold. 
Carron Company possess excellent facilities in their ENGINEERING 
DEPT., for the | aula of this class of work, including — a7, 26 to" Bo8 
SECURING CHAINS, DECK and EYE BOLTS, RIGGING and oe oe 






COLLAPSING SCREWS, and CLEATS of every description, 


The Machinery being of the most modern type enables the Company to 
supply accurate and well finished Forgings (rough or machined) at the 
keenest priczs, and with the utmost despatch, 


CONTRACTORS TO THE ADMIRALTY. 


Prices and particulars on application to 887 


“Carron COMPANY "Sec Stiminsume 






RICE 
No, @,—500 Oandles, hand patton - FT 
No. 1,—1500 Candles, hand pattern, with 
No. 2 size burner for Tar Oil £10 6 








pa ae se 

No. 3— or 8500 Candles, Manchester 
Ship Canal pattern... .. .. £16 10 

No. 4&—8500 or 4000 les, A most 
powerful amp .. £17 15 
Burn Kerosene or Petroleum in Forel, | Countries; 
in Great Britain our Special Wells Oil is supplied. 












HEATER 


b 











Applied instantly to all classes of work for 
TYRE SAPSETTING, SHRINKING, Ba 


No. @.—A small on" ~ ee with 
portability jean advantage £10 0 @ 
portability an van 

No. 3.—OComplete with Oil Tank, “a: 

Pump, and all Fittings .. £1015 6 

Heater Burner and Hose only - £600 


MOULDERS'’ LAMP. 


e shape of this Lamp makes it 
specially jally suitable for foundry use. 
—i petroleum or 

n. 


No. 20, with ordinary burner as 
illus. Sis. per dozen. Stuffed with 
wool for burning spirit with 
and chain, 84a, Fitted with soli 
cast wheel burners, @7«. per dos. 


TORCH LAMPS. 


For Sperm, Rape, Colza, or other 
heavy — = Also used 








for 
No. 5, } Pint, Hook Ni No. 3, as shewn, 
24a. per doze 
No. 5a, § Pint, Hook _ as ‘as shewn, 





per d 
No, 58, 1 Pint, Hook No 3 ‘as shewn, 
36s. per dozen, 


WELLS aE Fit NANDLE. 













Thousands soli Tang is held by Wooden Plug driven 
ae an “Unbreakable Handle. Split Handles, Broken 


if 
E 
cate 
“s 
3 


KETTLE TORCH LAM PS. 
The Miner's Favourite. 

Thousands Sold. 

Used exclusively by De Beers, 

Randt Mines, &. 

Also largely used by Con- 

tractors, Corporations, 
Collieries, &c. 

Large Flaming Light, 

No. 18, 8 Pints, 14 in. 

Wick, 4s, 6d. 
No. 28, same — as above, 
but having tw, two W —— 6 Pints, 


No. 18a. 
A Splendid Lamp, 
fitted cs] 2 in. 


5 Pints capacity, 
each. Suit- 


Trawiers, &c. 


OIL GAS GENERATING LAMPS, 


Light from Kerosene or Petroleum Yitheat Wick 
at less than One Penny per hour. 
NO SMOKE OR SMELL. 
Perfect Safety’. 
No Explosive Naphtha used, 
Thousands sold, 
Una fected by Wind, 
RAOM, 
No. 12, 8 hours -. Thee 
No. 124, with Tripod * 
©. 18, 5 hours 
a _ ~~ th Tripod Ils. 


0. 14, 
he. tas.” with 3 Tripod 19s. 


Extra Burners 
for above 
2s. each. 
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A.C. WELLS & C0, °4iyies = LONDON 


Works: Carnarvon St. San Manchester. 








— AND — 


GRINDING MACHINES 


EBEOR ALI YFYURPWPosAsS. 


L. STERNE & CO,, LTD., 


The Grown Iron Works, GLASGOW. 


LONDON OFFICE: DONINGTON HOUSE, NORFOLK STREET, W.C. 






















Ht 
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Wm. MUIR «Co. 


LIMITED, 
Sherbourne St, MANCHESTER. 


Telegraphic Addreas—“ Brrrawwia, MANCHESTER.” 
Telephone—No. 529, 


SPECIALISTS in 


MILLING MACHINERY 


FOR 


Ordnance, Turbine, Motor Car, 


AND 


General Engineering Work. 








SLOTTING. 

DRILLING. 
BORING 
MACHINES. 







In 
Stock 


or 
Progress : 


€53 



















co — PEEBLES — 
ce e& 
e 3 
? Ss 
VV 5°) 
Y ¢ 
Me 
oe 
SI 
e Ww 
eo ¢ 
LONDON : 
Hastings House, MANCHESTER : 
Norfolk Street, 30, Cross 
Strand, W.C. Street. 





Peebles Standard Three Bearing Aliernator 1074 


with Direct Coupled Exciter. 












——— 











THE MOTHERWELL BRIDGE CO. 


ELL, N.B. 


National Telephone No. 40. 


MOTHERW 


Telegraphic Address—“ BRIDGE.” 








a? 


BRIDGES, ROOFS, DOCK CATES, 
AND SIMILAR 
PIERS, TANKS, te SS STRUCTURAL WORK. 


HYDRAULIC PRESSED FLOORING A SPECIALITY. 














DAVID AULD «SONS, 


WHITEVALE GLASCOW 
a 


FOUNDRY, 
Patentees and Makers of AULD'S PATENT 


Steam Reducing Valves 


AND SURPLUS STEAM VALVES. 








ALSO MAKERS OF 


FULL BORE Patent Steam 


Reducing Valves and Surplus 
Steam Valves on SINGLE 
VALVE Principle 


as per illustration above. Much superior to Double- 
Beat Valves in efficiency and coonemny of upkeep, 


ABSOLUTELY STEAM TIGHT. 


For LAND AND MARINE USB. 
LISTS ON APPLICATION, 71 


BRUSSELS INTERNATIONAL EXHIBITION, 1940. 


TWO-SPINDLE 
SAW BENCH 


— for — 


WE HAVE BEEN AWARDED THE GRAND PRIX, 





DIMENSION SAWING. 
TYPE LS. 


For accurate Sawing 
in Pattern Making, Fine 
Joinery and Cabinet 
Work. Will cut com- 
pound angles, rough cut 
core boxes, &c. The 
table is 44 in. long and 
40 in. wide, and cants to 
45 deg. The front moves 
on anti-friction rollers. 
There are many other 
novel and __ interesting 
points about the table, 
fences, gauges, micro- 
meter adjustment, &c. 
Our Special Leaflet gives 
all particulars. 





LONDON, E.C. 
79, Queen Victoria Street. 











REDUCING YALYES for AIR or WATER. 
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ENG. C? DP Y 
LONDON, 


STURTEVANT 


STOCK DELIVERY 


FANS aw HEATERS 


To Warm Your SHOPS. 














The Name is a Guarantee of 


Write for Catalogue “Ec 39.” 
QUALITY AND EFFICIENCY. 


882 


[ PARIS ~ BRUSSELS - Se 


BERLIN ~ TURIN* AMSTERDAM | 


v 


Chantiers et Ateliers AUGUSTIN NORMAND, Limited, 


em __ 67, Bue du Perrey, Ea} EX AW EGE! (FRANCE). 
| DESTROYERS, TORPEDO BOATS, YACHTS AND FAST BOATS. 
SUBMARINE and SUBMERSIBLE BOATS. 
Machinery and Steel Works of all kinds. 


NORMAND’S PATENT WATER=-TUBE BOILERS. 
FEED-WATER @ More than 700,000 HP. realised. 


























HEATERS. EJECTORS. 
+ ——— 
DISTILLING and FEED 1035 
MAKE-UP 
APPARATUS. 





power require 


«prs ° 


STEEL & IRON FORGINGS 


UPYr TO ANZ WaIGHaT. 

















Exceptionally quick delivery 
given for FINISHED CRANK 
SHAFTS, PROPELLER SHAFTS 
with Continuous Gun-metal 
liners complete, and STERN 
and RUDDER FRAMES. 


SPECIALITIES :—Repair Work 
of all descriptions, also Finished 
Hollow Crank and Line Shafting, 
Forgings for Turbine Engines 
(Wheels, Spindles, Drums, &c.). 





Patentees and Sole Manufacturers of 
the ‘‘WEDGWOOD” Patent Vertical 
Interlocking Searphed Jointed 
Rudders. 
Also Patentees of Combined Rotor 
Wheel and Spindle Forgings, for 
Turbine Engines. 


DENNYSTOWN FORGE CO., 


DUMBARTON. 













PRESSURES OF STEAM. 
LION EXPANDING STEAM PACKING 


For DIFFICULT WORE. 





Made with one or two Rows of Pins. 
SECTION OF RING. 


SET OF PACKING IN SECTION. 


JAMES WALKER & CO., 


Lion Works, Garford St., WestIndia Dock Rd, 
LONDON, BE. 1783 


Teleg.: ‘‘ LIONCELLE. Telep! pene? East 3084. 


— LEX 
STEEL CASTINGS 


MADE IN 
ELECTRO-FURNACE STEEL. 


THE BEST GASTINGS FOR 
ALL PURPOSES. 


Used by the Leading Motor Car 
Manufacturers and Engineers. 














Tensile Strength Elongation 
25-55 Tons per 10-35 % 
square inch. according to 


SEND For ILLUSTRATED PAMPHLET 
AND SAMPLE PIECE. 


ARTHUR REINER 


and COMPANY, 
63, Queen Victoria St., 
LONDON, E.C. 








Te.earams :—"FORGE, DUMBARTON.” 


On Admiralty, War Office, 
LONDON OFFICE: 301-802, Mansion House Chambers, E.C. 


and Crown Agents’ Lists, 





'REINERISM, LoNDO, ‘Téephone: 966, CITY. 
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TIME MEASURING 
AUTOMATICALLY. 


Measure the time-you pay for and see 
you get full value, for the chief manu- 
facturing cost is labour. 


The MEPL system is the most 
practical method of measuring time, and 
the most widely used. 































Over 100 different models to meet various 
requirements for time keeping and 
job costing. 


Mlustrated Catalogue free on 


DEY TIME REGISTERS, Ltd, 


75, Queen Victoria oust, 
LONDON, E.C. 



























































‘aan th * 
The “ BELFAST” ROOF has 
been extensively adopted with 
great success by Engineers, 
Shipbuilders, lrontounders, &c. 
and for Rope Works, Mills, 
Factories, Workshops, Sheds, 
&c., &c. References all over 
the United Kingdom. 











REX ROOFINC © 


CONNSWATER BELFAST. 4 








MAGHINE TOOLS 


_ For TURBINE WORK. 
For BOILER WORK. 
For RAILWAY WORK. 


C. & A. HARVEY, L? 


GOVAN, GLASGOW, W._ 


‘“*THE 


Harvey Studder’’ 


For DRILLING, TAPPING, 
AND STUDDING. 





“THE 


Harvey Facer" 


(SEE ILLUSTRATION). 


For BORING AND FAciNna 
ON Four SIDES aT 
One SETTING. 


Numerous Sizes. 





Prompt Delivery. 
Catalogue on Application. 











REDMAN 
RAPID PLANERS 


Each turn of this bandwheel gives a different cutting speed without 
stopping Machine. 

The drive is by belt and not by gears, which are liable to transmit 
vibration through standards to cutting tool, thus causing inaccurate work 
that does not occur with a smooth belt drive. 

There is no unnecessary friction. 

There are no Claw Clutches. 

There are no noisy gears, and no leaky gear boxes to drop oil on to work 
before finishing cut. 

Drive is simplicity itself, remarkably fool-proof, and a great increaser 
of output. 

We are the only Makers of a Four-speed Belt Drive for Planers 
in this Country. 

Four Speeds are absolutely necessary /o: economical planing. 

The right cutting speed for work in hand is much more importent 
than extra rapid returns, as more time is always taken in cutting than ia 
returning. 

We are the originators of Four-speed Belt Drive on Planers. We 
patented it in 1905, since when we have supplied over 100 to leading firms. 

Every buyer satisfied with the drive. 





C. REDMAN -& SONS, $, Dunkirk, HALIFAX. 


Telegrams: ‘‘Redmans, Engineers, Halifax.’ 














SrHexr CGJasTrInNTaes. 


By Siemens-Martin and Crucible 
Processes of every description. 





TO PASS ADMIRALTY, 
LLOYD'S, BOARD OF TRADE, 
or BUREAU VERITAS TESTS. 





Castings for Railways, Ship- 

building Yards, Engine Works, 

Rolling Mills, lron and Bridge 

Works, Hydraulic and Electrical 

Machinery, Mining, River Dredg- 
ing, Excavating Work. 


SPECIALITIES : 

Tooth Wheels and Pinions 
used in connection with 
Oranes, Winches, Oapstans, &c. 
Cast-Steel Anchor Heads and 
Dredger Buckets Fit up 
Complete. 
SIEMENS-MARTIN AND CRUCIBLE STEEL WAGON AND CARRIAGE CASTINGS. 


Ww. SHAW & OO., Wellington Foundry, MIDDLESBROUGH. 





Telegrams—‘* WELLINGTON, MIDDLESBRO’.” ON ADMIRALTY AND WAR hee: LISTS. 60s 
London Office—8, Eastcheap, E.0., Representative, A. H. SHARPE. Scotland—H. M. HARP GRUNDY Street, Glasgow. 
)fce for Manchester and Birmingham Districts, 12, Street, Manchester. — = = py Dewtie—S. C. re ol GR a 7, 6 Pet © , 
Representatives :—THOS, F, W. DIXON and W. H. ATHERTON. py dol THOMPSON, Queen Street. 
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ABBOTT & CO. (Newark), LTD. 


WE ARE-ON-THRINT, BNGLAND. 
Tele. Address : ‘‘ ABBOTT, NEWARK.” National Telephone: No. 34. ABO Code, 5th Editicn. 
MAKERS OF 


HIGH-CLASS 


BOILERS 


OF EVERY TYPE 
AND FOR ALL PRESSURES. 


REPAIR FIRE BOXES. DECREASING PLANTS. 
FLANGED PLATES, 


IN IRON OR STEEL, TO ORDER. 











9789 














Test the New... 
HENDRY Belting 


with Your Heaviest 
Planing Machine 


. . » RESULT :—Increased Speed—Heavier 
Cuts—Steadier Running—Less Wear and 
Tear—No Stoppages—Greater Output. . . 


The success cf the New HENDRY 
Laminated Leather Belting lies in the New 
Patent FLEXIBLE Construction, which gives 
it an elasticity and spring not found in any other 
belt, and which acts as a Cushion against heavy 
and irregular stresses. . 

On all types of Heavy Machine Tools, 
Planing Machines, Lathes, etc., the New 
HENDRY Belting preves satisfactory, even in 
cases where the best of all other Leather and 
Composition Beltings have failed. 

Write for the Book of the New Hendry Belt. 

















JAMES HENDRY 
252 Main Street 
Bridgeton, GLASGOW 


Copyright Registered 


840 








881 Gerrard. 


St. Stephen's House, Westminster, 8.W. 


wojog ‘zepry 


.Tel. No. : 
‘uopuoy ‘efeproposy \ 010] 





London Office: 


— 


This 8)” Centre HIGH-SPEED LATHE has a box section bed and is fitted with exceptionally deep square guide ways; it 
| Will swing in gap with piece removed 28” dia. by 13” wide. } 
At the normal belt speed the Lathe will remove 3 Ibs. of mild steel chips per minute. 


There are four feed changes. The carriage is arranged with positive feeds with self-acting knock-off motion; it may, if desired, be fitted 


With a four-tool steel turret and the fast headstock spindle bored to take a 4”. bar. : : RA 
_ The chip trays being mounted on large wheels, it is an easy matter to keep the Lathe—and its surroundings—clean. Ring lubrication is 
fitted to the main spindle as well as to the first motion shaft of fast headstock. . 


May we send you a Complete Description of our Range of Lathes ? 


THOS. RYDER & SON,"""'Woms?* 


BOLTON. 








































YOU NEED 


pours | 
NUTS 
SCREWS 


&c., &c., 






It will pay you to 
write or tele- 
graph for our 
Revised Lists. 


Seeeeoeooeeooeos 


WE HAVE NOT 
-MADE ALL THE 
GOOD WORK 
ous BUT 
WE CERTAINLY 


HAVE NOT MADE 
ANY OF THEPOOR. 


secceeeeorooseoe 


KIRBY BANKS 
SCREW C°®: L™° 


1295 


(Department “ E.”) 
Meadow Lane, 

LEEDS. 
Telegrams: 
“HEXAGON.” 
2/8/10 


Telephones 
S41 CENTRAL. 


0. H.C, 
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We build all kinds 
and sizes of Lathes, 
including Bench, 
Toolmakers’, En- | 
gine, Turret, Ingot, 
> Pulley, Forge, Gun, 
Projectile, Facing, 
* Car Wheel, Driving 
Wheel, Axle, Crank 
Shaft and Cylinder 
Lathes. 






























an = ‘ 
; ) , . 
ha | ee Ape om me ———— Ole —— 4 


72-inch POND ENGINE LATHE, MOTOR DRIVEN. 








Very substantial geared head has positive clutches. Gearing throughout is of large pitch and wide face. 
Liberal bearing surfaces. Exceptionally large carriage bearing. Not only have Pond Lathes 
powerful heads, but all other parts, tool rest, carriage, tail stock, &c., are very heavy and substantial 
for hard continuous service. 
Write for IIlustrated Circulars and mention sizes in which you are interested. 


NILES-BEMENT-POND COMPANY, btew york. 


a 23-25, Victoria Street, London, S.W. (piesa at 


FRANCE 4 Glaenzer, Perreaud & Thomine, 18-20, Faubourg du Temple, Paris. GERMANY : F. G. Kretschmer & Co., Frankfurt a/M. 
AGENTS {rraty: Ing. Ercole Vaghi & Co., Milan. JAPAN: F. W. Horne, 70-c, Yokohama. § BRAZIL: A. Cazzani, Boite Postale 802, Rio Janeiro. 
ARGENTINE: F. H. Bagge, 121, San Martin, Buenos Aires. 


PRATT & WHITNEY CO,, 


BARHRTEORD, COMNMN., U.S.A. 


SMALL TOOL DEPARTMENT. 


Echols’ Patent Taps. — 

The interrupted thread tap is the 
only one for tough steel, copper, &c. 
Clears itself where others clog and 


wedge. 
P. & W. RATCHET DRILL. Strongest and most durable made. Gauges. Pivg, ri ring, caliper and thread gauges of the 


quality obtains b's. 


Two Sizes.—No, 1 taking Drills up to 4 inch. ht 
No. 8 taking Drills up to 14 inches. Milling Outiors.. All sizes, kinds and shapes, 


































Hae li iii gil ictal kale 











Agents :—LONDON, E.C.—Buck & Hickman, Ltd., 2 & 4, Whitechapel Road; LONDON, S. Ww. —Niles-Bement-Pond Co., 25, Victoria Street. 
AUSTRALIA.—Noyes Brothers, Melbourne & Sydney. PARIS.—Fenwick Freres & Co., 8, Rue de Roeroy; Agents for Franee, Belgium and Switzerland. 
JAPAN.—F. W. Horne, 70-e, Yokohama. ITALY.—Ing. Ercole Vaghi, Milan. GERMANY.—F. G. Kretschmer & Company, Frankfurt a/M. 5433 














THE McKENZIE, HOLLAND, & 
WESTINGHOUSE POWER SIGNAL CO:; Ltd. 


POWER SIGNALLING 


Address : 
58 Victoria Street, London, S.W: ems 


Telegrams: “Powersig, London.” Telephone: 890 Westminster 











Electro-Pneumatic 
Tube Signal, 


Polarized Relays, for use 
on Electric Railways. 
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KERR, STUART 8CO. 


LIMITHD. 








WORKS : 
STOKE-ON-TRENT. 


OFFICES : 
I, BROAD ST. PLACE, E.C. 





All Communications to 
London Office. 9808 











SOCIETA ITALIANA 


CHA) LANGEN & WOLF- Milan fa 


OTTO” GAS ENGINE WORKS. wy : 14 

GAS ENGINES with Suction Plants. | 
“DIESEL” ENGINES. 

PETROL and GASOLINE ENGINES. 


AGENTS :— 


Abbott, Drescher & Co., 20, Queenhithe, E.C. 














VICKERS, SONS & MAXIM, -- 


SHEFFIELD. 


HIGH GRADE DROP FORGINGS 


UP TO 10 CWTS. 


MADE IN THE VARIOUS ALLOYED & MILD STEELS OF 
OUR MANUFACTURE. 


— OM ADMIRALTY LIST. — Od 788 











STEAM METERS. 


LATEST IMPROVED TYPE. 


RECORD STEAM IN LBS. PER SECOND. 





One Meter will Record at any Number of Points. ™ 








SUPPLIED UNDER SANDERS, REHDERS & CO., Ltd., 


GUARANTEE OF ACCURACY. 108, FENCHURCH STREET, LONDON, E.C. 
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FIR TE’S 


SPECIAL FREEDOM” STEEL. 


(EXCEPTIONALLY..;FREE FROM PHOSPHORUS AND SULPHUR). 


SUPPLIED IN NICKEL, 











HIGH-SPEED SHAFTS 

















FOR NICKEL GHROME, or 
TURBINES, CARBON STEEL, 
MOTORS, MANUFACTURED BY THE 

OIL ENGINES, &c., ACID SIEMENS-MARTIN 

ALSO 

TYRES, GRANK and a 
STRAIGHT AXLES, : SPEGIALLY SELECTED 
SUGAR MILL GUDGEONS, | MATERIALS. 


Total Length, 21 ft. 8 in. For Horizontal ers Mill Engines. 


THOS. FIRTH & SONS, Limrrep. 


NWorfolk Works, SHEE EI IEL.D. 
CONTRACTORS TO THE BRITISH ADMIRALTY, WAR OFFICE, INDIA OFFICE, COLONIAL & FOREIGN COVERNMENTS. 


Telegrams: “FIRTH, SHEFFIELD.” “MESMERIC, LONDON.” Telephones: SHEFFIELD—3230 to 3237, LONDON—5631 GERRARD, 


BROADBENT’S: 


ELECTRIC OVERHEAD CRANES of the 3 or 4-Motor Type. 


ELECTRIC LADLE CRANES of the 4, 5 or 6-Motor Type, and 
with Chain or Rope Suspension. 


CHARGING MACHINES. 
ELECTRIC JIB CRANES, Travelling or Stationary. 
ELECTRIC WALKING CRANES. 


ELECTRIC GOLIATH CRANES, PEDESTAL CRANES, DOCK 
CRANES, &c., &c. 


ELECTRIC HAULING AND WINDING GEARS, WINCHES, &c. 
ELECTRIC TRAVERSERS, either of the Ground or Overhead Type. 
HAND-POWER CRANES of all types. 
STEAM LOCOMOTIVE JIB CRANES. 




















THOMAS BROADBENT & SONS, Litd., will be pleased to advise clients in the matter of any form of Crane 
or Lifting Appliaace. Estimates, Drawings, and Specifications are seat free to all bona fide enquirers. 





Telegrams: “BROADBENT, HUDDERSFIELD.” __ Telephones: Nos. 102 and 1001. 


THOMAS BROADBENT & SONS, L 


HUDDERSFIELD. 





Ls 














sag 
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Tee. 
N { ; 5 G 3 ' C 
ational. Was ngine O. 
LIMITED. 
AS SUPPLIED SPECIAL 
FOR FEATURES. 
Spinning Reliability 
Sheds, Regularity of 
Weaving Speed 
Sheds, Low Oil 
Electric _ \ Consumption 
Driving, @ 3 Pry - 4 Positive 
Flour f a > } Starting 
"ie : < | oho en e Low Fuel 
- 1. a eee ee eee pe fis Consumption 
hehe ee eT eens ee ate 
STANDARD Tw o-CyvLInDEBNH NATIONALE GAS ENGIN sz. 
170 to 300 Hifective Horse Power. 
Telegrams— Telephone— 
wun ASHTON-UNDER-LYNE, _....0ccm.. ™ 














—_—__—_____ 








THE MANCHESTER DONKEY or WALL PUMP FRANK DEARN & C9 [mD 
of) { \_MANCHESTER. S.E. 








POWER PUMP 











Horizontal Treble Ram. 










Single Acting Double Acting 


PEARNS CAMERON TYPE Pump 


PowER Pump 


PUMP 


National Telephone 
N° 1021. 


Telegrams 
“PUMPS” Mancnester. 





Vertical Treble Ram. one Single Ram. Double Ram. 
LONDON : 49, Queen Victoria St.J.C. GLASGOW: P. &W. MACLELLAN, Ltd., 120, Trongate, NEWCASTLE-ON-TYNE: B. CLEATON REES & CO., $3, High Bridge 
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Brussels International 


ONE DIPLOMA OF 


ONE COLD MEOAL. 


Exhibition, 1910. 
REE GRAND PRIX, 


HONOUR, 


The “RUSTON” e The Original “WHITAKER” 


_. STEAM NAVVIES 













LEAD 
OTHERS FOLLOW 


The Illustration shows our 


Standard 8 Ton CRANE NAYVY, 
which is capable of excavating 
‘' $00 TONS OF CHALK PER DAY 
with ONE MAN ON THE MACHINE 
i and two in the trench 














































WRITE FOR CATALOGUE H 17. 


RUSTON, PROCTOR ¢ Co. 
nm tian 


46, Queen Victoria Street, ENGLAND. 
782 LONDON, €E.C. 





































'- WEIR PUMEY 


For HIGH-PRESSURE BOILER FEEDING. 4F =f 0 ® 
For LIGHT DUTY GENERAL SERVICE. | 


Standard Sizes. 
Standard Parts. 


Delivery from Stock. 


Wire. 







Res 
' NEWCASTLE: 26, Mosley Street. 











USED BY 


21 Admiralties : 


The leading Mail & Passenger 
Steamship Lines of the World: 


All the Principal Electric Light and 
Power Companies and Corporations. 


PROVED by the Test of Service to be the 
Most Economical, Reliable and Efficient Pump. 


G.aJ. WEIR, L1D., 


LONDON: 7, Billiter Bigs, Ec. ® | Cathcart, GLASGOW. . 
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DICK, K 





D. K. 


STANDARD 
MIXED PRESSURE 
TURBO-ALTERNATOR 
SET. 


1375 





Head Office: ABCHURCH YARD, CANNON STREET, LONDON, E.C. 


INE BLACKST 
OIL ENGIN 


STATIONARY TYPE. ‘ 











ul 










From a_ photo 
of a 5 B.HP, 

Portable Oil 
Engine, mounted 
cn open girder 
frame and cast- 





For Crude Oil... cal bai 153 to 105 B.HP. iron wheels, 
For Refined Petroleum re 2 , 766.HP. The system ‘of 
PORTABLE TYPé. cooling is by a 
For Crude Ol... : a 164 ,, 37 B.HP. circulating 
For Refined Petroleum vend 3. Ban water vessel, 


Starts in <& minutes. 
No Lamp required except for starting. 
No external flame when working. 





BRANCHES :— 
LONDON: 8I, Cannon Street, E.C. 


Telegrams—‘‘ Engimanu, London.” Telephone—3144, Central. 


ADELAIDE ‘ i .. 61—68, Hindley Street. 

ALEXANDRIA .. - .. Rue de la Gare du Caire, 

AMSTERDAM .. e .. Spuistraat 6 and 8. 

ANTWERP a ‘ .. 383, Rue des Peignes. 

BOMBAY ae .. Ballard Road. 

BUENOS AIRES = .. 833 Calle Peru 335, 

CAIRO ; ce .. Rue Bab-el-Hadeed. 

CALCUTTA . 99, Clive Street. 

CHRISTCHURCH, N.Z. .. South Belt. 

DUBLIN .. 1, Rutland Square, E. 

GLASGOW + .. 28, Graham Square. 

GERALDTON, W.A. Marine Terrace. 

EAST LONDON (South Afri ca) Cambridge Street. 

JOHANNESBURG .. 5 & 6, Maxwell Buildings, Harrison St 

PARIS as re c a Boulevard de l’Hopital. 

MELBOU RNE i ‘ .. 131, William Street. 

SYDNEY ot EY: .. 7, Bent Street. 

TORONTO = e ‘. Corner King and Simcoe Streets. 

TUNIS... 19, Rue de Portugal. 

ESTIMATES & FULL , PARTICULARS POST FREE. 
Telegrams—‘“‘ BLACKSTON ES, STAMFORD.” 943 


Telephones—Nos. 307 and 308 (Two Lines). 
Codes used—LIEBER’S, Al, ABC “ath and 5th Editions). 


BLACKSTONE 





L?. Stamford, England, 
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see 


ROOTS’ “sce” BLOWERS 


























OVER 
With all latest improvements. For Ordinary or High Pressures up to IO Ibs. per sq. in. 
The most perfect Blower for GAS MAKING & Steel Making 10,000 
with TROPENAS Process, &c. 
DRIVEN BY ELECTRIC MOTOR, SIMPLE OR COMPOUND ENGINE. MADE 
FULL PARTICULARS FROM AND 
SAMUELSON & CO., Lta., BANBURY, SOLD. 


ENGLAND. 








Can be 
fitted with 

DUPLEX 
ROD ENGINE 


if desired. 





HSER: seat sea erie fatiet 


GONTRACTORS TO THE ADMIRALTY, WAR OFFICE, COLONIAL AND FOREIGN GOVERNMENTS. } 


























Bechem & 
Keetman, 
DUISBURG-on-RHINE. 








ee = 
~ . 


=< 
Se er 
. ; 

4 





sia =a 








Representative : 


AUG. REICHWALD, 


‘ Sat | 7 Finsbury Pavement House, 
2 ea NS a Se oe 
| LONDON, E.C. 


Floating Crane of 25 tons capacity, for gasoline motor and oil driving, 
delivered to the Kaiserliche Werft, Wilhelmshaven. 


FLOATING CRANES. 





< SP B68 On er ie 


a 





699 
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ABOUT THIS 


CHUCKING 
LATHE! 


IT WILL REDUCE YOUR 
COSTS TO A MINIMUM 
AND INCREASE THE OUT- 
PUT.—IT HAS :— 































18 CHUCK SPEEDS. 


3 POSITIVE FEEDS. 


AUTOMATIC STOPS TO 
EACH FACE OF TURRET. 


TAKES 3} IN. DIA. BARS 
THRO’ SPINDLE. 








THE TREBLE GEAR IS 
DIRECT ON TO CHUCK. 


We can give you DELIVERY 


DEAN, SMITH & GRACE «= p “"“"* 


rasa sams “ATH ~MANUFACTURERS, KEIGHLEY, 















26,800 
B.HP. 


OF THESE 
HAVE BEEN 
ALREADY 
INSTALLED. 

















1000 P.uP. GAS ENGINE S driving 700 KW. Generator. 


WILLIAM BEARDMORE & GO.,Ltp. 


GLASGOW. 


SIMPLE ew RELIABIE 








BEEICIEN TT. 





WRITE TO US FOR PARTICULARS. | tint 
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Telegraphic Address, MANUFACTURERS OF Bessemer, Sheffield. 
CAST STEEL BY THE BESSEMER AND SIEMENS PROCESSES. 
gGiALla . sCIALIp 


CASTING DEPARTMENT. 


STEEL 


Hydraulic Cylinders, 


FINISHED COMPLETE. 


FORGE DEPARTMENT. 


LOCOMOTIVE CRANK AXLES, 


LOCOMOTIVE STRAICHT AXLES. 


Compressed Steel... 











. » Crank Shafts. Tested and guaranteed to any 
or required pressure up to 7 tons 

BUILT-UP MARINE CRANK SHAFTS. per square inch. 
ROLLED HEAVY MILL GEARING 


IN STEEL. 
E~ STEEL HAMMER TUPS 
FACES & SWAGES. 


SPECIAL HARD TOUCH STEEL SPECIAL HARD STEEL ROLLERS 
SHOES AND DIES AND PATHS ~~ =is 


For Gold Mining Purposes, &c. , ; somes : _ For Crushing Quartz, &c. 


JOHN 


nie 


¥ 23 aye 
M, 


WELDLESS TYRES , 2 


Locomotives, Carriages & Wagons. 
Special Hard Quality for Break Vansand 22 


7 




















. WILSON & Co. LIp. 


ee ree aia 









































25-Ton Steam Breakdown Crane. Ref. No. 22 C. 


45-Ton Steam Excavator or Navvy. Ref. No. 28 E, 527 


STEAM & ELECTRIC CRANES. STEAM CRANE-EXCAVATORS. GRAB CRANES. 
CONTRACTORS’ PLANT. STEAM & ELECTRIC WINCHES. WINDLASSES & CAPSTANS. 


Head Office and Works: Dock Road, SEACOMBE, 


Telegraphic / E a ‘ 
faduta; (Gena ee London Office: 15, VICTORIA STREET, WESTMINSTER. near BIRKENHEAD. 
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PAXMAN-LENTZ ENCINES 


STEAM CONSUMPTION—9.8 Les. PER I.HP. 


FRANCO-BRITISH EXHIBITION— CRAND PRIX 
(Highest Award Obtainabkle). 


















POSITIVE VALVE GEAR. 





NOISELESS—NO JAR OR 
HAMMERING of VALVES. 





HIGH SPEED. 





FRICTIONLESS PACKING. 





SIMPLE and RELIABLE. 








MOST ECONOMICAL STEAM 
ENGINE on the MARKET. 





FOR ELECTRIC LIGHT 
WORKS, MILLS, and all 
INDUSTRIAL PURPOSES. 








DAVEY, PAXMAN @®& CO., Ltd. 
London Office: 78, QUEEN VICTORIA STREET, E.C. COLCHESTER, ENGLAND. 











WARD CAPSTANS 


ARE PRODUCERS, AND CAN HOLD THEIR OWN FOR ACCURACY, OUTPUT AND RELIABILITY. 


52” CENTRE ENTIRELY 
PATENT NEW and 
an 

1” WIRE 

IMPROVED 
FEED © 
‘ DESIGNS, 
APSTAN 

EMBODYING 
LATHE MANY 
WITH E 

NEW 
SLIDING 

FEATURES. 
SADDLE. 











4, W.WARD & Co., PEs, sioei st. BIRMINGHAM. 








ENGINEERING, 


5 to 300 B.HP. -~ . Agents 
- , ‘ Wanted. 


oe ee 4 
" os 


Thousands Plants for 
Anthracite, 


Working. 
eg ET » 4 Coke or 
oem i oa ers = Charcoal. 
Write __ipalilaiatiialid ex, —— 
for Catalogue. Re a ee Contractors to H.M. British 


80 B.HP. ELECTRIC LIGHTING | PATTERN. and Foreign Governments, 


FIELDINC 4 PLATT 


CLOUCESTER 
DAY, SUMMERS & C CO., Limited, 


SHIP & ERS, BOILERMAKERS, Northam Iron Works, SOUTHAMPTON. 

















GONTRACTORS TO 
THE 


Admiralty, ait 14? ‘pene: 85 Sets of 
War Offic, i Nests. these Shes have 
Russian | 2” 3 
Government, | ’ , : ol 
Spanish eel made 
Government, 
Réyptian 
Government, 


Argentine 
Government. 








25-Ton FLOATING SHEERS. 


Specialities :—STEAM TRIPOD TRAVERSING SHEERS (Land and F fenting=. and : 
HAULING-UP SLIP MACHINERY. 
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| BALL BEARINGS. 


. | The Hoffmann Mfg. Co., Ltd., Chelmsford, Essex. »~ 




















| “JOHN LYSAGHT, LIMITED, 


BRISTOL, NEWPORT (Mon.), WOLVERHAMPTON, LONDON. 








a Lath LRG GIO ee ae 
3 oA 7 ese” se rer BO 5 niet <2 " Bs 











Floating Landing Stage and Approach. Constructed and Erected by John Lysaght, Limited. 9940 


BRIDGES, GInRDARNS,. ROOESs, BUILDINGS. 
Chief Offices: St. Vincent’s Ironworks, Bristol. London Office : 36, Gracechurch St., E.C. 














cnn 
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VIKING REM - & PAKNINGSFABRIK Ais 


Telegrams: “Vikingrem, CHRISTIANIA, NORWAY. 











MANUFACTURERS OF 


Balata Belting, 
: Leather Belting, 
Steam Packing. 





VIKING BALATA BELTING 


ceptional STRENGTH and DURABILITY. 
STRAIGHT AND STEADY DRIVING. FREEDOM FROM STRETCHING AND SLIPPING. 


ECONOMIC FORCED DRAUGHT ENGS C° Lt? 


5 CASTLE STREET: LIVERPOOL 








ates neg ss Over or Ke) 
- the 
I[ARGEST SHIPS 
AFLOAT 


and 
fo)mel—lar-vom ne) a 
the 


a3 WK Ve cee 
OLYMPIC @ 
- TITANIC - 


me) et —to aD] ar-l0r-4a18 Boltless Natural Draught. 


IMPROVED BOILER F RONTS patentep 
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i} 

















Pumps. 
Pumps. Pumps. 


TANGYES 


LIMITED 


BIRMINGHAM. 




















Pumps. Pumps. 
Pumps. 


























421 B. 5S 

















Depend upon it, 


CHURCHILL 


Can quote! 


In grinding, as in other depts. of work, 
“Ask Churchill to quote." 











CHARLES & CO., LTD. 
LONDON - - 9/15, Leonard Street, E.C. 
BIRMINGHAM - .- 2/10, Albert Street. 
MANCHESTER - 6, Oxford Street. 


GLASGOW ~ 9/11, Wellington Street. 
NEWCASTLE- ON. TYNE - St. James’ Street. 
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GLOBE IRON WORKS, 











BOLTON. 








Makers of :— 


High-class Winding and Hauling Engines, 
fitted with “STEGEN PATENT” EQUILIBRIUM DROP PISTON 
VALVES, or CORLISS VALVES. 


Engines up to any size for Electrical Power or Rope Transmission. 
Rolling Mill Engines tor Tinplate Works and Steel Works. 
Condensing Plants of ALL descriptions. 

Boilers of the Lancashire, Cornish, Dryback, or Water-tube Type. 


Superheater S of the “Cruse” Controllable, and ‘Musgrave 
Patent ’’ Downtake Type. 


Zoelly Steam Turbines, over 500,000 HP. at work. 


Sele Manufacturers in Great Britain of :— 


Slow and Medium Speed Air Compressors, 
fitted with “ROGLER-HOERBIGER” PATENT Frictionless Guided 


Valve. as 925 


~~ 





Telegraphic Address :—"“ MUSGRAVE, BOLTON.” Telephone No. 590 (8 Lines). 
D@~ PERIODICAL INSPECTION OF MACHINERY UNDERTAKEN AND REPORTS CIVEN. ~“@ 
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HENRY BERRY & CO,, E> 


CROYDON WORKS, LEEDS, ENGLAND. 


MAKERS OF 


HYDRAULIC MACHINERY 


Belt-Driven Pumps, 











Rivetting Duplex Pumping 
Punching, Engines, 
Shearing, Fixed Rivetters, 
Pressing, Portable Rivetters, 
Lifting, Accumulators, 
Bending, Punching Machines, 
Forging, Shearing Machines, 
Flanging, Forging Presses, 
Stamping, Flanging Presses, 
Straightening, Baling Presses, 
Joggling, Ingot Cranes, 
Wheel Bossing, Centre Cranes, 
Tank Makers, Foundry Cranes, 
Boiler Makers, Travelling Cranes, 
Bridge Builders, Ly | Bloom shears, 
Ship Builders, > jy] Billet Shears, 
Wagon Builders, gp Wheel Presses, 
Steel Works Spoke Bending 
Machines, 
Docs, te, de, 
&c., ac. PLATE FLANGING AND FORGING PRESS. 3020 
BERRY'S PATENT WORKING AND STOP VALVES Shah nc 
for all purposes, are superior to any others on the market. » &. Se, 8 in eras tied wth Taraer 


valves and lubricators. 





2s ; =, i . Row’s Patent FEED-WATER HEATER, capable 
Prices, Particulars and Lists on Application. —_S°- 


DYNAMO, equal to new, 200 amperes, 850 revs., 
105 volts. 


LARGE STOCK ALWAYS ON HAN D. Ths shove ao in excelent condition, equal to ew, 


HENRY BERRY & CO., Ltd, 
Crorpon Worss, LEEDS. 
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JOHN BIRCH & CO., LIMITED 


2, LONDON WALL BUILDINGS, LONDON, E.C. 


Telezraphic Address: ‘BNDEAVOUR, LONDON.” 














Estimates, Plans and Specifications sub- 
mitted for all classes of Machine Tools, 
Machinery, Sea-going and River Steamers, 
Barges, Dredgers. MRails and Rolling 
Stock provided to Main Lines. 


Purchase, Inspect, and Ship Material and 
Machinery for Engineers and Contractors 
abroad, and act as Home Agents for 
Foreign Dockyards, Arsenals, Railways, 
Engineering Shops, Foundries, &c. 
Planters and Contractors supplied with Medium, Light and Portable Railways complete. 


—— CORRESPONDENCE INVITED. —— 


Monthly Prices Current of Engineering Material mailed free on application. 





Telegraph Codes used :—Our own Private Code and 12 other. 1384 


OOMPARE the QUALITY of our 
Red and “Red and Black, in Sheets, Rods, Tubes, 
Discos for Gears. 

2? WHY PAY FANOY PRIOES? WHY PAY FANOY PRIOES? 
MICANITE & INSULATORS C0., Ltd., 

628 


WALTHAMSTOW, LONDON, E. 


canruTHers’ PUMPS. 


J. H. CARRUTHERS ®& CO,, Ltd., 


POLMADIE IRONWORKS, 


— ee = y ITCHELL'S § EMERY WHEEL CO. 


ea ae MORUEEERELEOONG | .._._, Aas, Works, Grators, MANCHESTER. |, 
elegrams H elephone: he 


885 “Rea Street South, BIRMINGHAM. p H OSP H @) R B =i6) N rd E ‘ on — -_ 


* So S| ad LO) ot 0] ae RON ZE | buronera 


2 OP we fhosppor Tin and Phosphor Copper. ‘WHITE ANT METAL. 
— Inur-friction White Metals. 


The PHOSPHOR BRONZE Co™ 


P Maaice “cs iceeeaan ) SOUTHWARK. mo} hle)\ oe 

















HIGH-CLASS 


) GRINDING WHEELS. 


UP-LO-DATH 


GRINDING MACHINES 


EMERY CLOTH & GLASS PAPER 


GRAIN & FLOUR EMERY. 





















SEND ron NEW LIST. 
























BILLINGTON « NEWTON, 


i.rD., 





MANGANESE BRONZE. LONGPORT, STAFFS. 
| PHOSPHOR TIN. MAGNOLIA METAL. 
PHOSPHOR COPPER. BABBITT’S METAL. 
PHOSPHOR BRONZE. WHITE BRONZE. 





And other Anti-Friction Metals. 


SPECIAL COMPRESSED PHOSPHOR BRONZE FOR 
82 Tons Tensile per sq. in. BEARINGS AND SLIDE VALVES. 


85% Elongation in 2in. 924 Telegrams: “BRONZE,” LONGPORT. Telephone : No. 304, POTTERIES. 
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SUSPENSION BULB FURNACE 


PATENT. 


BOARD OF TRADE 


HIGHEST CONSTANT 
FOR OTHER 
CORRUGATED TYPES 























BOARD OF TRADE 


CONSTANT FOR 
SUSPENSION BULB 
FURNACE 





























15,000. 14,000. 
The HIGHEST 
STRONGEST FAGTOR of SAFETY. 
FURNAGE UNIFORM 
MANUFACTURED. aaa THIGKNESS, 
FURNACE EVER OFFICIALLY TESTED TO COLLAPSE. 858 
Tae LEEDS FORGE Co., Tarrrsap, IL.5HBpDs. 
LONDON AGENT: Mr. JOSEPH HALLETT, 108, FencHuRCH Sr., E.C. Telegraphic Address: ‘“ Exoinous, Lonpon.” 











PETER BROTHERHOOD, L™ 


Auxiliary Machinery for Ships. 


ELECTRIC LIGHT SETS. CIRCULATING PUMPS. } 
FANS ano FAN ENGINES. AIR oat ac ibaa i 

















&C. &C. 
WORKS :—PETERBOROUGH. LONDON OFFICE:—53, Parliament St., S.W. 
W. H. ALLEN, Son & Co, Lita. 
QUEEN ANNE'S CHAMBERS, WESTMINSTER, S.W. Queen’s Engineering Works, BEDFORD. 





ALLEN’ WATER TuUOoRBiNnNESsS 


SUITABLE FOR SMALL OR LARGE VOLUMES OF WATER. 


ARRANGED FOR 10-10,000 BRAKE 
HORSE POWER 
IN ONE UNIT. 


DIRECT, BELT, 
ROPE OR 





FOR LOW OR 
7 - HIGH HEADS. 


Water Tu: me tues ae Turbine seme iy utilising the rot wou ‘in ‘the ° dis aaa > ae ‘of the € pump. 


Above 400 HP. “‘ALLEN-PICCARD, PICTET’”’ System. 





GEAR etoile” 
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PROGRESSIVE METHODS OF STEAM-RAISING, AND THE REDUCTION OF FUEL COSTS IN 
THE BOILER-HOUSES OF INDUSTRIAL FIRMS AND MUNICIPAL UNDERTAKINGS. 





“BENNIS” STOKERS installed in the boiler-house of Messrs. Olive & Partington’s Broughton Bridge Paper 
Mills, Salford. Three Boilers are now able to supply more steam than four under hand-firing ; 
the amount of coal consumed has also been reduced. 


FIVHE past year has seen many 
improvements in the methods 

of boiler-firing. It has seen none 
more significant than that intro- 
duced by the design, construction 
and installation of the ** BENNIS”’ 
high temperature gritlessandsmoke- 
less coking stoker. This machine, 
which is the outcome of years 
of practical experiment, is doing 
splendid work in the boiler-houses 
of industrial and municipal under- 
takings throughout Great Britain. , 
It is so designed that all the weak 
points that have hitherto been 
the acknowledged drawbacks with 
coking stokers as a class are now 
eliminated, the result being a 
machine pre-eminently fitted for 
the work that has to be done, and 
onethat is absolutely without a rival. 
One or two of the individual 
features of the ‘‘ Bennis’’ Coker 
may be mentioned in this connec- 
tion. The machine is so designed 
that a rapid lighting up of the fuel 
near the front end of the furnace 
is ensured, an advantage that is 
possessed by the new coker alone. 
The method by which this desirable 
result is attained is unique. It 
provides for different pressures of 
air to different parts of the grate, 
and exactly adjusts the supply to 
the thickness of the fire over the 
various parts of the grate, the ettect 
being that the fuel is ignited and 
coked at a more rapid rate than 
was possible on previous types of 
eoking stokers, thus conducing to a 
high evaporation and economicalefticiency. , without smoke and_ grits 
The arrangement of the coker is such that | from low price, low-grade 
the clinker and ash are carried over into|fuels. There are other 
a chamber between the back end of the|coking machines that 
bars and bridge, whence it is cleaned out | claim to be smokeless, but 
at intervals without disturbing the fire or | the difficulty with them is 
interfering with the boiler. that they cannot respond 
It has been frequently urged against|to rapid calls for steam, 
machine stokers of the coking type that | nor, in some instances, can 
they.are not sufficiently flexible to respond | they keep clear bright fires, 
to the call made on them, and that where|as the fuel, after coking, 
any serious attempt has been made to! travels along the bars asa 
overcome this rigidity, disasters have | homogeneous mass, through 
befallen the boiler. The flexibility of the! which it is extremely 
**Bennis” machine is admitted by all, difticult to force the air. 
those who are using it. Itis the practical| In the ‘‘Bennis” Coker 
realisation of all that up to the time of its | this trouble does not exist. 
invention, was desired, in flexibility. It| By an efficient device, the 
not only responds to varying loads with a| fire-bed is rendered quite 
rapidity that is the outcome ofigood design, | porous. The parts of the 
but it so responds that damage to the | stoker are few and the feed- 
boiler is rendered impossible. }motion simple, in fact, it 
Ventilated dead-plate bars keep the fire | may be justly said that so 
at a nicely-calculated distance from the|easy is the manipulation 
boiler front, which prevents any injury|that there are but two 
to the whole furnace front by the parts | adjustments for the fireman 
becoming red-hot. Fire-doors of ample|to make—one that deter- 
size for hand-firing in case of emergency | mines the rate of feed by 
are provided, but the ordinary feed of the | turning a nut, and the other 
stoker does not require the opening of the | that regulates the air-feed 





fire-doors, an advantage that obviates the | 


necessity of the admission of cold air and 
the consequent retardation of evaporation, 


while it secures the comfort of the fireman. | 


The ‘Bennis” high temperature coking 
stoker differs from other cokers on the 
market, by its capability to keep steam 


by means of a valve. 

It is often said, with a 
note of admiration in the 
tone, by those impressed by 
the design and construction 
of a good machine, that ‘‘all 
that is required now is that 








the thing should possess in- 
telligencesufticient torender 
it superior tothe weaknesses 
inherent jn manual labour.” 
This observation is par- 
ticularly true of machine- 
stokers. Given a machine 
that could not only feed 
fuel on to the fire, but that 
could also feed it just when 
and where it was required, 
with an untiring attention, 
and what might not be pos- 
sible in the way of producing 
cheapsteam. This machine 
is the ‘‘Brennis” Sprinkling 
Stoker and Self-cleaning 
Compressed - air Furnace. 
As an impartial observer 
stands and watches it in 
operation, he is at once 


‘*The thing is bewitched,” said a man who 
| watched it working for the first time. ‘‘It 
seems a libel on the common-sense of busi- 
ness men to say that hand-firing still ob- 
tains.” Those who have had practical ex- 
perience with the sprinkler will not hesitate 
to endorse this sentiment. By means of 
the ‘‘ Bennis” machine, many thousands of 
pounds are annually saved onthe fuel bill of 
the leading boiler-houses, and an increased 
evaporation without detriment to the 
boilers is secured. Nor do these econo- 
| mies, considerable as they are, exhaust the 
| record of the savings effected. It is quite 
usual to find that so greatly is the boiler 
|duty increased by machine-firing, that it 
is easily possible to lay aside two-fifths of 
the boilers as reserves, or to use them 
alternately, thus increasing the boiler life. 

Again, the fact that it is not necessary 
when using ‘‘ Bennis”’ Stokers to con- 





impressed by its adaptation | stantly open and close the fire doors, thus 
to the purpose for which| admitting irregular draughts of cold air, 
it is designed, and by its|is a great advantage to the well-being of 


simplicity and _ efficiency. 





So successful have these Stokers been in increasing steam, reducing coal costs, and abolishing smoke, 
that Messrs. Pullar have since had their Tulloch Works fitted, and with excellent results. 


the boiler-front, as sudden expansion and 
contraction induced by the faulty 
methodsof hand-firingare extremely 
detrimental to the boiler. Itshould 
also be stated that the constant and 
annoying troubles with smoky chim- 
neys, necessitating fines and other 
unpleasantnesses, are non-existant 
where the ‘‘ Bennis”’ machines are 
feeding the furnaces. The expenses 
of manual labour are reduced toa 
minimum, and the machines have 
no objection to sustain their maxi- 
mum output. In fact, it may be 
justly claimed on their behalf that 
they are always tireless, obliging, 
and constantly ready for work. 

There~is also another marked 
advantage that accrues to them. 
Where they are in use, the pro- 
prietor of the Works is at once in 
a@ position to secure his coal at 
better prices. For instance, sup- 
pose that when his boilers were 
hand-fired a manufacturer was re- 
stricted to a particular class of coal 
for his steam without smoke. He 
is obviously more or less—generally 
more—at the mercy of the coal- 
factor. Suppose that he installs 
‘¢ Bennis ” Stokers, which will burn 
smudge, duff or other low-grade 
fuels, that can be obtained from 
almost any coalfield, he is at once 
in command of a vastly-extended 
market. 

Write for ‘‘Systematic Steam- 
Raising” Pamphlets to— 
Ep. Bennis & Co., Ltd., cf Little 
Hulton, Bolton, and 28, Victoria 
Street, London, 8. W. 

















The Stalybridge, Hyde, Mossley and Dukinfeld Electricity Works; the Station that enjoys the 
distinction of the lowest working costs in the United Kingdom. 
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| BELLISS & MORCOM, L™- 


SIR MINGEH AM, 
ENGLAND. 








London Office— 







8, VICTORIA STREET, S.W. 





Telegrams— 
“‘BELLISS, BIRMINGHAM.” 


Codes: 
ESTABLISHED ‘A BC,” 5th Edition. 
“Engineering,” 2nd Edition. 
OVER ‘*Western Union,” 1900 Edition. 
50 YEARS. 





2700 B.H.P. Triple Expansion Engine and Generator for Central Station Work, &c. 





(Standard Sizes from 5 to 2700 B.HP.) 
ALSO 


AIR COMPRESSORS « STEAM TURBINES 


FOR CENTRAL STATIONS, SHIP LIGHTING, DOCKYARDS, 
COLLIERIES, FACTORIES, 
ARSENALS, MINES, 

MILLS, &c. 


<a 


ates Guatenion Plant. Two-Crank Campout Engine for Ship Lighting, ne: 


4000 ENGINES van, 900,000 HORSE-POWER SUPPLIED. 
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| THESE WORKS ARE RUN WITH [2 
[CHEAP POWER} 


FROM 


<A,BRUSH TURBINES| 





High Pressure. 
Mixed Pressure. 
Low Pressure. 


Brush Turbines provide the most efficient 
method of employing steam direct from the 
boilers, or as exhausted by reciprocating engines. 





Brush Turbines are doing the best steam 
work in the world—in Collieries, Shipyards, 
Engineering Works, Textile Factories, and Elec- 
trical Power Stations. 


En¢dineering Co. Ltd. | 
LOU GHBOROUGH 
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Si: OF THE 
= AIL EY" Jy - ‘REY RING BAILEY’S PATENT 


Reanim §=KEY-RING’ Stor VaLves 


RENEWABLE ano RE-GRINDING 
OF GUN-METAL, IRON OR STEEL, 


All ** Valve Troubles and Difficulties overcome.”’ 












The Union Cover permits the Valve to be quickly taken apart 
for Re-grinding or Renewal of Seating and also protects the 
Screw Thread from the corroding action of the Steam. 






Its re-grinding feature enables Seat and Valve to be re-ground 
with very little trouble and without removal from the Pipe. 







After long service the Internal Valve and Seating can be renewed 
at slight expense. 


SIMPLE RENEWABLE SEATS 


PROVIDE FOR EXPANSION AND SAVE VALVE-BODY 
FROM WEAR AND TEAR. 


W. H. BAIL EY &i CO. ’ ‘CHE Prices on application for Gunmetal, Iron and Steel “ Key-ring” Valves. 


THE BEST VALUE IN VALVES 


Used exclusively by several or the largest Chemical and Soap Manufacturers, Engineers, &c. 




























“ BAILEY’S T] BAILEY’S | 
” ” 1 STOP 
ADAMANTINE JANUS  vave 
_“urmroan STOP VALVE. (-—()X{){) THE STRONGEST AND BEST 





DESIGNED VALVE EVER 
OFFERED AT THE PRICE. 


The only Renewable Disc 
Valve with an easily 
Removable Cover. 


GOOD METAL. 
BEST DESIGN. 


EXTRA STRONG. : A_FEW MINUTES RE-CRINDING 
DURABLE. 1960.—Screwed, 4'’-1}" Size. 


1408.—Screwed Ends. WELL FINISHED. 1961,—Flanged. REN VATES. 
1409.—With Flanges. 











HAS RE-GRINDING 
“UNION COVERS.” 








Deep Seat for Re-grinding 
many times. 

















The Larger Sizes fitted with Bailey’s Patent Iron “ Cover- 


























The Larger Sizes fitted with Bailey’s Patent Nut,” saving the Gun-metal from wear and tear when 
“Union Cover Protection Nut.” taking the Valve apart. os 

Fic. Size 1x Ins. | } a|4 # | 1/12/13) 2 |23/ 3 | 4 | § Fra. | Size ww Ins. (4 | | 1/12 14 18) 2 | 28 43/3) 38) 4) 5 

1408 Screwed Ends .|2/4.2/63/-/4/3 5/9, 8/6|11/6,15/625/-48/-62/-100/-,___ 1960 Serewed Ends 4/3 5/9 8/6 11/6 15/621/- 25/- 38/- 48/-62/- 90/- 100/- 

1409 Flanged . . . 9/- 12/-16/-22/-'26/- 44/- 62/- 80/- 125/-|170/- 1961 Flanged . .(9/-12/-|16/-'22/-|26/-'33/-/44/-/55/-162/-'80/-|110/-|125/-|170/- 




















'@- A Large Stock of these Valves Kept Ready for Immediate Delivery. ~“@E 


=: W, H. BAILEY @ C% L® Wi. Satrorp, MANCHESTER. w=: 
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Laurence, Scott & C®: 
come Norwich, == 


Specialists in Electrical Machinery tor Ships ana Shipyards. 





























Totally Enclosed Vertical Motors with Ball Bearings tor Bilge Pumps. 


delivering 300 and 500 tons per hcur against 26 feet head. 


Motors a« Automatic Controllers 


for 


Sewage, Bilge and other uMmps. is 





“NOTES ON ELECTRIC MOTORS.” 
2nd Edition. 


This useful Booklet will be sent, post 
free, to Managers, Engineers, or 
other bona fide users of machinery. 
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TILGHMAN’S SAND BLAST APPARATUS 


(Arranged for the Operator to work either inside or outside the Sand Blast Chamber) 
FOR CLEANING LARGE AND SMALL CASTINGS. 


WILL SAVE 50 PER CENT. IN FETTLERS’ WAGES. 


IN USE BY THE FOLLOWING WELL-KNOWN FIRMS: 








‘STEEL CASTINGS. ORDINARY IRON CASTINGS. MALLEABLE IRON. BRASS OR GUNMETAL. 

Beardmore, W., & Oo., Ltd. Glasgow Platt Bros. & Co., Ltd. Oldham Ley’s Malleable Castings Co., Lid. Derby Vickers, Sons, « Maxim, Led. Barrow 
Steel Co. of Scotland Glasgow Tweedales & Smalley Castleton ne wag John, & Co., Ltd. Sheffield Gummer & Co. Rotherham 
meng Se Co. Coltness H.M. Dockyards _ Baker ‘oundry Co., Ltd. Smethwick ae, Proctor & Oo., Ltd, Lincoln 
Dickson & Manns, Ltd. Armadale Dobson & Barlow, Ltd, Bolton Maddocks, J., & Co., Ltd. Oakengates we B Isaac, & Sons, ‘Ltd. Manchester 
Vi shes, Sons & Maxim, Ltd. Barrow Doulton & Co., Lid. Paisley Clegg & Howgate, Ltd. Keighle Glen eld & Kennedy Kilmarnock 
Darlington Forge Oo., Ltd. Darlington Ruston, Proctor & Co., Ltd, Lincoln Croft Foundry Co., Ltd. Walsall Milne, J., & Son Edinburgh 
Shaw, W. & Co. Middlesbrough Marshail, Sons, & Co., ‘Lia. Gainsborough Lindop, H. W. Walsall Benton & Stone Birmingham 
Hadfields’ Steel Foundry Oo., Ltd. Sheffield Shanks & Oo., Ltd. Barrhead Tangyes Ltd. Birmingham British Insulated & a Cables, Ltd. — 
Osborn, 8., & Co., Ltd. Sheffield Falkirk Iron Co. Falkirk Harper, J., & Co. Willenhall Marshall, Sons & Co., Gainsborough 
Juckson, P, R., & Co., Ltd. Manchester Hopkinson & Co, Huddersfield Haden, G. N., & Sons Trowbridge Dewrance & Co. London 


General Representative : GEO. HOPKINS, 63, Quarrenden Street, King’s Road, Fulham, London, S.W. 


TILGHMAN’S PATENT SAND BLAST CO., 


BROADHEATH, sear MANCHESTER. Limited, 





SPECIALITIES. 





Boring and Turning Mills, 
with new patent positive 
feeds. 


Pipe Facing and Universal 
Facing and Boring Machines. 


Radial Drilling Machines. 


Patent Side Planing 
Machines. 


Horizontal and Vertical 
Boring Machines. 


BUILT T0 GUARANTEED 
LIMITS OF ERROR. 





SECTIONAL CATALOGUES 


mailed on application. 


8-ft. BORING AND TURNING MILL. Motor Driven. 


London Representative : 741 
GEO. HOPKINS, 63, Quarrenden Street, King’s Road, Fulham, S.W. 


G. RICHARDS & CO., LTD., 


BROADHEATH, near MANCHESTER. 
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London Office: 39, Victoria St., Westminster, S.W. 


CAS POWER 
PLANTS xox 


ror BITUMINOUS COAL ano ornze rozis. 


Combining THE DOWSON ECONOMIC GAS & POWER CO., LTD., 
LONDON, and MASONS CAS POWER CO., LTD., MANCHESTER. 














~DOWSON & MASON 


GAS PLANT COMPANY, LTD. 





Works: Levenshulme, Manchester. 


GAS FIRED 
FURNACES. 


FOR ALL PURPOSES. 
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BOILER FEED PUMP. 





HNGIN HERS. 


OM ADMINRALYTZY LIST. 





VERTICAL DIRECT-ACTING 


SIMPLEX PUMPS‘ 





FITTED WITH 


MUMFORD & ANTHONY’S PATENT VALVE GEAR. 


BOILER FEED, BALLAST, 
AIR PUMPS. 


SIMPLE OR COMPOUND. 











A. G. MUMFORD, Ltd., 
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RELIABLE, EFFICIENT and Sp 


ECONOMICAL. 


For Marine or Land Purposes, Electric Light Stations, &c. 





“~ ~~ LB LPLPLPDLA LDP LLLP OD DP I I ~~ 








Full particulars and prices for Pumps for all duties— 








AIR PUMP. 


“~~ 


Culver Street Engineering Works, COLCHESTER.” | 
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ENGINEERING. 


Are You Ready for Orders? 


| How many orders have you had to refuse because of the 
| incapacity of your Lathes to turn them cut properly? 
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Why don't you equip your 
Works with 
HARTNESS TURRET LATHES? 


} 
These machines give the largest \ 
| 





output per pound of investment. 
Either bar or chuck work can 
be machined. HI 
Engineering concerns which | 
have from 5 to 20 of these |i. 
machines, state that the men be- 











come accustomed to them, labour 
is not wasted and things run 





smoother in the plant. 








Consult us about 
replenishing your Plant. | | 
eaiaiiadiee | 


} JONES & LAMSON MACHINE COMPANY, 


97, (QUEEN VICTORIA STREET, LONDON, ENG. S722 
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CO , PHILADELPHIA, PENNSYLVANIA, U.S.A. 
Sucvipy 





LABOUR-SAVING 


MACHINE TOOLS. 


DRILL GRINDING AND POINTING MACHINE 


For Twist and Flat Drills from jin. to 3 in. 
diameter inclusive. 


Grinds proper amount cf clearance to every 
part of cutting edge of lips. 


Grinding wheel automatically flooded with 
water, without splash or slop, thus avoiding risk 
of drawing temper of drill. 


Wear of parts does not cause lost motion. 
Parts made interchangeable. 


Construction extremely simple. Mechanic not 
required for operator. Drills ground and pointed 
by our machine last longer and do much more work 
before re-grinding is necessary, require less power 
of feed and cut faster than when sharpened in any 
other way. 851 











CORRESPONDENCE SOLICITED. 








South American Representatives : 


DUTILH-SMITH McMILLAN & CO, 


29, Great St. Helen’s, LONDON, E.C. 
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ARDNER OIL AND 
CAS ENGINES 


From 4 to 200 B.HP. 


GARDNER SUCTION GAS PRODUGERS, 


FRom 15 TO 150 B.HP. 


Spirit Engines, Alcohol Engines, 
High-Speed Vertical Engines 


For LAUNCHES, HEAVY VEHICLES, &c., 
OIL, SPIRIT, or ALCOHOL. 


L. GARDNER & SONS, Ltd., 


Barton Hall Engine Works, 
PATRICROFT, MANCHESTER. 


Telegrams: ‘‘THECREM, PATRICROFT.” Telephone: No. 48, ECCLES. 


SHOWROOMS : 
LONDON - - 87, Queen Victoria Strezt. 


Telegrams: ‘*Norncdeste, London.” Telephone: No. 836, Bank. 


GLASGOW - - 45, Bothwell Street. 
LIVERPOOL - 30, South Castle Street. 
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TEE BRIDGEBUILDING DEPARTMENT 


SUPPLIES STRUCTURAL STEELWORK AS BRIDGES AND BUILDINGS OF EVERY DESCRIPTION. 
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Fa Es . 


BRICCE OVER THE RHINE AT BONN. 


Agents HERMANN WEDEKIND, Lta,, 11¢, Fenchurch Street, London, F.°. 

Agents for Scotland and Ireland: WILLOCK, REID & CO., Ltd., 109, Hope Street, Glasgow (General Agents for Gas Engine Work). 
Agent for the East Coast between the Humber and Tyne: e8SEze, HAROLD H. EARLE, Milburn House, Newcastle-on-Tyne. _ 
General Sales Engineer for all Engine Work and Plants: RY %, JAMES TURNBULI, New Street, BIRMINGHAM. 1075 
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The above represents approximately 47 B.HP. and larger sizes of Lampless Oil Engines. 


These Engines will work with the cheap “Gas Oils” and Crude Oils as well as with the refined Lamp Oils, 


All Sizes of GAS, OIL, PETROL & ALCOHOL ENGINES, Horizontal & Vertical, in Stock or Progress. 
ANY SIZE OR TYPE CAN BE SEEN ON TEST BY APPOINTMENT. 


AWARDED THE GRAND PRIX at the BRUSSELS EXHIBITION, and also at the ARGENTINE REPUBLIC INDUSTRIAL EXHIBITION, BUENOS AIRES. 


CROSSLEY BROTHERS LIMITED, oOpenshav, MANCHESTER. 


COWANS, SHELDON & CO., Ltp., 


Telegraphie Address :—*‘ St. Nicholas, Carlisle.” LONDON OFFICE :— 
Aiand ABC (5th Edition) Codes used. CAR L.ISIL.E:. 8, Victoria Street, Westminster. 


DOCKYARD => CRANES. 
STEELWORKS © GRANES. 
RAILWAY CRANES. 
SHIPYARD CRANES. 


WAREHOUSE CRANES. 
CANTILEVERS. TITANS. | 


MANUFACTURING REPRESENTATIVES FOR THE BROWN HOISTING MACHINERY CO., OF CLEVELAND, U.S.A. 























200 TON CANTILEVER CRANE. 
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THOMAS SHANKS & CO. 


INVITE ENQUIRIES 
FOR ALL CLASSES OF 


HEAVY MACHINE TOOLS. 


QU'ICK DELIVERY GUARANTEED. 










JOHNSTONE, nr. GLASGOW. 














CLARKE, CHAPMAN & CO. Lro. 


Viotoria Works, GA TESHEA D. 











General & Electrical Engineers & Boilermakers. 


Specialists in all classes of Steam and Electrically- 
driven Ships’ Auxiliary Machinery. 


SOCOSHSHSHOSOOSSOSSOSSSHSSOSOHOOSOS FESHHOEOHSSHSOOOSHOSOSOSOSOSOOOOSOOOOOCE 


SEAMLESS STEEL BOATS, LAUNCHES, &c. 


Sole Agents in Great Britain and Ireland for 
THE SEAMLESS STEEL BOAT CO., Ltd. 


Sole Manufacturers of the “DAVID WILSON’S” Patent SILENT 
CHAIN-DRIVEN WINCHES. 10m 


Makers of the “SIEURIN” Patent DISCHARGING GEAR and WINCHES. 
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HURST, NELSON & CO., LTD., 


Builders of soieasinats CARRIAGES, WAGONS, ELECTRIC CARS, and every other 
description of RAILWAY and TRAMWAY: ROLLING STOCK. 
— MOTOR OMNIBUS and other ROAD VEHICLE BODIES. — 














MAKERS OF PRESSED STEEL 
WHEELS WORK 
AND AXLES, of all kinds, 

RAILWAY PLANT, including 
FORCINCS, UNDERFRAMES 
SMITH-WORK, AND 
IRON AND BRASS BOCIES. 
CASTINGS. 








REGISTERED OFFICE & CHIEF WORKS — Glasgow Office :— 


The Glasgow Rolling Stock @ Plant Works, «20... 


NORTHERN ASSURANCE BLOCS. 
BRANCH WORKS :— ALBERT SQUARE. 


9006 
CHATSWORTH WAGON WORKS, near CHESTERFIELD, MO ’ 4 EFRWELI London Office:—- __ 
BRIDGEND WAGON WORKS, BRIDGEND, GLAMORGANSHIRE, 14, LEADENHALL STREET, E.C. 


VICKERS SONS & — LTD. 


Taurpnown: No $20 SHEFFIELD. ———E eee. 
SCHEMES PREPARED es at me e ae at ees a * Sag 
for CONVERSION ee ‘ 


—— oe 


MACHINE TOOLS, 
SHOPS, &c., 


— 


ELECTRIC DRIVE 














ON ADMIRALTY LIST. 
ON WAR OFFICE LIST. 


























VICKERS’ 32 ft. PLATE-EDGE PLANING MACHINE, 
PATENT BELTLESS DRIVE By Messrs, SMITH BROS., & CO., GLASGOW, 
for PLANERS. DRIVEN BY ViCKERS' MOTOR & PATENT REVERSING SWITCHGEAR. 


MAKERS OF 


CONTINUOUS AND ALTERNATING CURRENT GENERATORS AND MO ORS 


OF ALE SIZES. 
\ LONDON OFFICE: 28, VICTORIA STREET, 8.W. oa 
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WM. JESSOP & SONS Limited, 


Brightside Works, SHEFFIELD. x mosasr awanns 


MANUFACTURERS OF 


——--» |00L STEEL 


SHEET STEEL, 
Spindle Steel, 


i) LAGGING SHEETS, 


| SPECIAL STEELS 
} FOR MOTOR CAR WORK. 


Forged 
‘Marine Granks 


AND 


am STRAIGHT SHAFTS 

















ESTABLISHED 1774. / 


MANUFACTURERS OF er regasiohcip hasta 


STEEL GEARING, i 
RUDDERS, | 
STERN FRAMES, 


BRACKETS, 


STEMS, 












































LOCO, cNTRES. 




















| INGOTS, tn 
FILES) BLOOMS, 
: BILLETS. 
HAMMERS. nk uit BRAND. HIGH-SPEED STEEL. 
LONDON Office: 3, VIOTORIA STREET, S.W. GLASGOW: 29, ST. VINCENT PLAOE. 

















HANIEL & LUEG 


ee Iron and Steel Works, DUSSELDORF (Germany). 











Large Power 


GAS 
ENGINES 


for all kinds of Gas. 











GAS DRIVEN 


BLOWING ENGINES 


The GAS ENGINES are of our own 


Construction and are the acknow- 


CTRIC POWER STATION OF THE PHCENIX SMELTING WORKS, LAAR. Engines 
Four Blast Furnace Gas Engines, 1600 HP. each, driving Alternating Current Dynamos. ledged best type of Gas & 


Our type of Gas Engine admits of Regulating the Valves for different | FORTY large Gas Engines supplied 
kinds of Gas without stoppage. during the last few years. 














































Dec. 30, 1910. ] ENGINEERING. [SUPPLEMENT page XV] 61 











No. 3 VERTICAL MIEL 
with Patent Dial Feed Motion. 


Longitudinal Feed - - 36° 
Transverse Feed - - - I[2' 
Spindle to Table (max.) - 20° 


The Patent Dial Feed Motion, driven by 
belt from the countershaft, allows the correct 
table feed to be obtained by the rotation of 
a handwheel. 


Every movement is controlled from the 
front of the machine, thus eliminating a lot 
of otherwise wasted time. 





CATALOGUE DELIVERY 
ON FROM 
REQUEST. STOCK. 


ALFRED HERBERT, Ld., 


| ay” Coventry. . 


— 














GRATIS! 


A well Illustrated Brochure, No. EG 4a, 
showing precisely how this new line of 
machines is designed and built. The 
book starts with the stampings and gives 
every detail of the sound, rigid con- 
struction. 


SEND US YOUR CARD. 








STANDARD ROPE DRIVEN ALTERNATOR. 








PHCENIX "90sec 
ALTERNATORS. 





1000 KVA, 3000 V. 300. R.P.M. 
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- HUDSWELL, CLARKE & CO, LID., 


maine infer EFOUNDEY, BePratiest 


LOCOMOTIVES 


For Main or Branch Railways, Contractors, Ironworks, Collieries, &. Made to sult any Gauge of Railway. 














Established eS ae EE Telegraphic Address: 
1860 oa ‘oe Hasendit * be thes ) ; “10CO, LEFDS.” 


PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 
SOLE MAEHEFRS OF 


“RODGERS PULLEYS” 


(REGISTERED), 
WROUGHT TRON THROUGHOUT, RIM, ARMS, AND BOSS. sg 





caeomeameme 


Elmore’s Metall A.G. 








Schladern, Sieg. Germany. 


ELMORE SEAMLESS COPPER CYLINDERS 


make ideal Baskets for Hydro-Extractors, and 
are used largely for that purpose. They have 
a high tensile strength in addition to a high 
limit of elasticity. 


WRITE FOR PARTICULARS. 





London Agency— Managing Director— 
Finsbury House, Blomfield Street, E.C. 3 HARRY ELLIS. 


T. A—ROHREN, LONDON. Tel. No. 1114, LONDON WALL. LIEBER’S CODE Used. T. AA—ELMORE’S, SCHLADERN, 
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LONDON OFFICE: ba} 

















9, Victoria Street, S.W. 


_ ———$—$—$ 


¥CAMMELLLAIRD& CO LDS 


> STE MANUFACTURERS, SHIPBUILDERS & ENGINEERS. C2? 
I BEAD. CYCLOPSWORKS, SHEFFIELD. = 
| MANUFACTURERS OF | 

STEEL RAILS AND FISHPLATES (Exclusively by Acid: Process). 


RAILWAY TYRES, AXLES, SPRINGS (Laminated, Spiral & Volute), BUFFERS. 


STEEL CASTINGS and FORGINGS for all Purposes. 


SPRING STEEL. BILLETS. BLOOMS. BARS. SHOES AND DIES. 
TOOL, MINING, and HIGH-SPEED STEELS of all descriptions. 


BEST CAST STEEL FILES and RASPS. 
ARMOUR PLATES. GUN FORGINGS. PROJECTILES. 
WARSHIPS. CRUISERS. DESTROYERS. 


PASSENGER and CARGO STEHEAMERS. 


DIESEL OIL ENGINES 


In Sizes from 20 to 2000 Brake Horse Power. 






































Can now he Supplied hy 


DIESEL ENGINE COMPANY, LTD. 


179, QUEEN a ar aisciasatial LONDON, E.C. 

















64 [SUPPLEMENT page XVIII] ENGINEERING. ___[Dzc. 30, 1910. 











bd ——<——— 






TO ENGINEERS! 


IF YOU WOULD HAVE GOOD 
PHOTO COPIES IN YOUR 
WORKSHOPS USE ONLY 


HALDEN’S 















THEY ARE RELIABLE AND 
ENDURING. WRITE FOR TEST 
PIECES AND QUOTATIONS 
TO THE LARGEST MANU- 


FACTURERS IN THE COUNTRY 


J. HALDEN & CO., Lt. 


MANCHESTER—8, ALBERT SQUARE. BIRMINGHAM—27, UPPER PRIORY. 
LONDON—8 & 9, GT. CHAPEL 8T., 8.W. GLASGOW—17, CADOGAN 8T 
NEWCASTLE-ON-TYNE—8, GRAINGER S&T. LEEDS—14, PARK ROW. 888 























g» ROLLING MILLS 


oe ] Cogging Mills, Armour Plate Mills, Billet 

“4 ey | , ff and Slabbing Mills, Girder and Rail Mills, 

- : Merchant Bar, Hoop and Wire Mills, Mills 
for Heavy and Fine Plates. 


} , 32 ; 
é | \ Plant for the Manufacture of Tinned 
= paeres La AN Sheet Iron. 
« sl ats = | 















Sheet Bar and Universal Mills, Pipe and 
Tyre Mills, and other Special Rolling Mills. 
Live Rollers, Saws, Ladle Cars, &c. 


2) Rolling Mills 
- for Copper, Brass, German Silver, Nickel, 
= : Aluminium, Lead, Platinum, Silver, &c. 














—_ Hydraulic Metal Presses. 





AKTIENGESELLSCHAFT 


GRUSONWERK, 


q Magdeburg-Buckau. 















AGENT for Great Britain and Ireland: 
ww. STAM™, 
25, College Hill, Cannon St., LONDON, E.C. 





UNIVERSAL THREE-HIGH MILL. 
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GAS ENGINES (TWO-CYCLE neteen sete “a All Si BLEACHING PLANT 
TURBINE PUMPS ne ARTESIAN WELLS 





- TEXTILE PRINTING AND | _ All Capacities BOREHOLE PUMPS 
STENTERING MACHINES = » HIGH SPEED ENGINES 


MECHANICAL @ @ ha.* In operation dealing with over 


FILTERS | ae . 60 Million Gallons 


For Town Supplies, Textile . os ss Per Day 

and Paper Mills and wherever sty) aa 7 River and Canal water rendered 
Pure Water is required. Bo i suitable for BLEACHING 

Bacteriological Purification of DYEING, FINISHING and 

95% to99% in actual working, Paper Making Machinery. 


—ee 


TEN 8 ft. diam, PRESSURE : ILTERS AT BOLTON, 


(fathers Platt : 


swans uactcsren- - SALFORD IRON WORKS, MANCHESTER os, "5in"'Gaus 









































PNEUMATIC HAMMERS 


BRITISH MADE. 




























ae. em TNC a te) = SN 
eee mee ee ET AI EEN NV dS a 







For Chipping, 
Caulking, 
Riveting. 


Te INGERSOLL-RAND ~~. 


INC. IN U.S.A.) 


165, QUHEHEN VICTORIA ST, LONDON. 
PARIS, FRANCE: 33, Rue Reaumur. DUSSELDORF, GERMANY : Oststrasse 128-182. BUDAPEST, HUNGARY: IV, Ferenez Jozsef Rakpart, 17. 


Representatives : J. MACDONALD & SON, L™., Watt St., Maryhill, GLASGOW. ooe4 
| NEWCASTLE-ON-TYNE, BIRMINGHAM and MANCHESTER. . 
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BUTTERS BROTHERS «Co 


Crane Makers, 
GLA sao ww. 


Hand, Steam and Electric 
Cr anes for all purposes. 


Works: McLELLAN STREET, KINNING PARK. 
Head Office: 20, WATERLOO ST., GLASGOW. 


Teleniaelite and Cable Address: BUTTERS, GLASGOW. ora 








pt 




















THYSSEN & CO. agave. MULHEIM-RUHR. 
Output since 1905—60 LARGE GAS ENGINES: 137,100 B.HP. 


ALI. MADE IN OUR OWN WORKZSHOPS, FROM OUT OWN MATERIALS. 








Agents :— 


For GAS ENGINES, 


Mr. JAMES HALCROW, 
18, Coleman Street, 
London, £.C. 


ror MINING AND ROLLING 
MILL MACHINERY, 


Messrs. VEITHARDT & CO., Ltd., 
26-27, Bush Lane, 


Three GAS BLOWING ENGINES DTGis3, 6600 B.HP., Réchling Iron & Steel Works, Volklingen a/Saar. Cannon St, London, E.C. 
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PIGGOTT ¢ 
som” ws methine Soares ite wy XM, 














Steel Pipes. 4 i, =| Steel Bridges, 
Gasholders. Rawlins BAN» Re ee Chimneys. 
| Steel Culverts. ol : Steal Roofs. 


—_—— 
—_—_—-—— 


Steel Tanks. Castings. 





| GENERAL STRUCTURAL STEEL AND PIPE ENGINEERS. 

















— 





WITH 


‘“ VARIABLE 
QUALITY ” 
GOVERNOR. 





FOR ALL DRIVES 
: REQUIRING 
/ CLOSE SPEED REGULATION 
UNDER VARYING LOADS. 








GRAND PRIX, BRUSSELS EXHIBITION. 
THE CAMPBELL GAS ENGINE Co., Lt. 


HALIFAX, ENGLAND. 
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THE MORTON PATENT 1spiono é 


BITUMINOUS FUEL 
SUCTION GAS PLANTS. 


These Plants are now being made to work 
qd DIRECTLY OFF A GAS ENGINE 


FOR POWER, or by EXHAUSTER, 
DELIVERING TO GASHOLDER 
FOR POWER AND HEATING. 


wrt GOMMON COAL o COKE 


GREATEST ECONOMY IN POWER PRODUCTION. 
In Sizes up to 250 B.HP. in one Generator. 1001 


THE MORTON GAS SYNDICATE, Ld., Hyde Junction tronworks, DY. Manchester 























asin AR rs & 








aso VACUUM PUMPS "2% tnt) 
Belt, Rope, Motor or Independently Steam Driven, as illustrated. 


Simple, |- 
Economical, \is 
Reliable. 


Will Draw 
its own 
Injection 


Working 
Parts 
Easily 
Boor Accessible. 


$. § STOTT & 0, 


ENGINEERS, 


HASLINGDEN, 


1148 Mear Manchester. , 














S. & K. Spirally Corrugated 


FILM MAGAZINE | 
COOLER. 


Cools the Air 
for Magazines of 
Battleships, &c. 





This is the lightest 
Cooler for a given 
capacity—as com- 
pared with other 
Coolers—on ac- 
count of the high 
efficiency of the 
corrugated film. 











Our Catalogue 10 A 
fully iftustrates and 
describes these 
Film Specialties. 


See Sept. 16th Advert. for Sectional View. 1302 


SCHUTTE & KOERTING CO. 


Philadelphia, Pa., U.S.A. 





Wire-Foed Automatic CAPSTAN LATHES. 


Completely RE-DESIGNED Throughout. 


MANY IMPROVEMENTS. 











8538 


Bit 6” and 7” centres to take Bars from 3” to 14” diameter. 
fd |6" and 6” Lathes also supplied with lever feed to capstan and cutting-off slide. 





Send for full particulars and prices. 


CHARLES TAYLOR, 


CHUCK, VICE, LATHE, AND MACHINE TOOL MAKER, 


Bartholomew Street, BIRMINGHAM. 
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108. 






Telegrams : 
BURNET, GLASGOW. 











—_——— 


RETURN TUBE BOILER FOR TUG. 


LINDSAY BURNET Aco. 


Specialty:—-MARINE BOILERS oF ALL 
SIZES FoR SHIPMENT ABROAD. 


CORRESPONDENCE INVITED. 1419 








GOVAN, GLASGOW. 


Address: Moore Park Works, Helen Street, 

















LIMITED, 


HOT-AIR PUMPING ENGINES. 


ii PRIZE MEDALS. 











SMELL. 
NO NOISE {000 GALLONS RAISED 
DANGER 80 ft. HIGH FOR ONE PENNY. 
Send for Complete lilustrated Price List. 1251 





99, Queen Victoria Street, 
ee ee ee. LONDON, 





E.C. 





HAYWARD-TYLER & CO. 





THE MOST POPULAR 
STEAM TRAP. 


The HEINTZ” 
TYPE STEAM 
TRAP. 


CAREFULLY 
REGULATED 
BEFORE DESPATCH, 


THE 


BRITISH STEAM SPECIALTIES, L™: 


Bedford Street, LEICESTER. 


a> \BROOM & WADE, Lo. 


1 \ High Wycombe. 






































SILENT AIR 
COMPRESSORS. 


Sizes in Stock and 
progress :— 


il From 10 to 300 cub. ft. 


—— 


HYATT OF NECN ACHIEVEMENT 


It's a fact that you can 
drive a Machine equipped 
with Hyatt Roller Bearings 
with 20 HP., where 
ordinary bearings would 
require 25 to 30 HP. 














in the field of power-saving 
devices. 

The FLEXIBILITY does the 
trick where all others fail. 


10,000 Bearings in Stock at 
High Wycombe, adaptable 
for all classes of Machinery 
and Shafting. jie 


ee MR ee ere. a 


BROOM & WADE, LTD, axSist4snysx! monitors 
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FRANCIS MORTON & CO., L: | 


Constructional Engineers, 
GARSTON, LIVERPOOL. 
BRIDGES. ROOFING. BUILDINGS. 

FENCING GATES, &c. 
CAST-IRON CYLINDERS. 


COLUMNS anpb BRACKETS. 
See large Advt. next week. 


” TAPER’ 
woes PIN S- 


FRED® MOUNTFORD. 
BIRMIN GHAM.L™ 




























Pe Baer 6 Lieven Carars. wee [ 
Or 412 DEALers 

Caa> M -Aiaains -2.-Cer 

Laeor. Orrrcx’ wt, Crate ia 
















Vul canite Works — HEINR. TRAUN & SONS 


merly HAR = 7a INDIA-RUBBER C. C¢ 
London Manager : 
F. WINTER, 3a, Goswell Road, E.C. 








“SPLIT GRIP” 
COLLAR (rat 


AS USEFUL AS THE 
SPLIT PULLEY. 


IN HALVES. 












’ Sole Makers, 


TRIER Bros. 


CAXTON HOUSE, ee ee 


is the NEATEST, STRONGEST, 


BRIQUETTES from COAL, 
COKE and IRON, NICKEL and 





CARBORUNDU™ 


If you wish to increase your 
output, use Carborundum 
Wheels. Give your workmen 
a good clean working wheel : 

it pays to use the best, and 
that is 


CARBORUNDUM. 


EVERY WHEEL 
GUARANTEED. 


CARBORUNDUM 


Solves all your grinding 
LE troubles. Allow us to serve 


THE CARBORUNDUM COMPANY, 
29, CLIFTON STREET, FINSBURY. SQUARE, LONDON, E.c. 


92¢ 




















) 


MAKERS oF 


Variable Speed 


MOTORS. 


INDUCTION 
MOTORS. 


MAKERS OF 


CRANE 


MOTORS. 
DYNAMOS. 
















Special Large Size 


MOTORS 


for heavy duty. 





\ 


Alternators. 








FIG. 351. VENTILATED ENCLOSED CRANE MOTOR. 520 





Contractors to Admiralty, War Office, India Office, Chief British and Foreign Railway Co.’s, &c. 


» |J. P. HALL & CO., Ltd, OLDHAM. 






MACHINE 





SIMPLEST, and most PERFECT 
MACHINE for producing 


PURPLE ORES. 


PATENTEES AND MAKERS :— 


BRADLEY & CRAVEN, 


Engineers, WAKEFIELD. > 








LONDON, 3.W. 
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THE WELDLESS STEEL TUBE 0, Lo. LTD. 


Icknield Port Road, BIRMINGHAM. 








On Admiralty List,  Est¢ 1872. 


PATENT WELDLESS STEEL TUBES, TRADE MAR 
For Boilers, Hydraulic Presses, Ferrules, Boring Rods, Bushes, Shafting, and General Engineering Uses. : 


Porat atten Be: SS 
FRICTION COUPLINGS & FRICTION PULLEYS 


TO TRANSMIT UP TO 1000 HP. 














CHEAPEST and BEST IN THE MARKET 
300,000 HP. IN USE. 


Illustrated Catalogue containing Simple Rules for 
Transmission of Power by Ropes, Belts, Shafts and 
Wheel Gearing POST FREE. 


J. BAGSHAW & SONS, Lto., 


BATLEY, YORKSHIRE. oore 


























Manufacturer of Crucible & Siemens-Martin 


STEEL CASTINGS 


EBEFOR ALI PURPOSETS. 


To pass Admiralty, Board of Trade, Lloyds, and Bureau Veritas Tests. 
APPLY TO 


AUGUST REICHWALD (<5 3.5), Mshry Pavement Hons, Pasha Poem, 2 
CRANES. ELECTRIC, STEAM, HYDRAULIC, HAND, 


— OF ALI TYTPYSEUsS. — Od 6431 














OVERHEAD CRANE. 


~ SHEERLEGS, SLIPWAYS 


ALEX. CHAPLIN & CO., E GOVAN, GLASGOW. 


THREE-MOTOR ELECTRIC 


WINDING & HAULING ENGINES. 





SENO FOR OUR 
ILLUSTRATED 
CaTALocuE!! 


WAL WORT 


Henry WacuworK 
&Cc? Le 


MANCHESTER. 











— Ol = - BREAKERS, 


AKERS, MO} 


NE AKING « SRINDIN MACHINE 
a? aes See © P.M = oe oe © Fae 
t Ye t 1k P's Ma hine rl cae | 





The Greatest TIME, MONEY, and SAFETY 
COMBINATION. 





“FASTNUT” Washers b ms 2 wate ender cnn vibra 
tion. 8 dos. ito jin. Is fo in., Be. 
“FASTNUT” Spanners a r* t without 


“ FASTCUT” Machsaws ss less and do more work 
others, 1833 


FASTNUT Ld., 60, Aldermanbery, London, E.C. 





FRIED. K RUPP, Essen & ANNEN, 





DRAWING OFFICE. 


Some of our Specialities: 
ELECTRIC 2+ 8 ag 


DRAWING CABINETS. 
DRAWING TABLES. 


DRAWING INSTRUMENTS. 
Write for our Lists, 


B. J. HALL & €O., Ltd., 


39, Victoria St., LONDON, "s.W. 


VICKERS’ Patent APPLIANCES 


fer PRESERVING anc 
LUBRICATING 


Tail Shafts 


SAND kept out of the pt out of the BUSHES. 
BENJu. R. VICKERS & SONS, LEEDS. 














ALSO MAEZEERS OF 


STrBAM ENGINES. 





H. QOLTMAN & SONS, 





Midland Iron Works, LOUGHBOROUGH. 
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CLEVELAND BRIDGE & RIESE head tn, DARLINGTON. 


















ys Kingsland Bridge, Shrewsbury. 9981 





SPECIALISTS IN DESIGN and ERECTION OF BRIDGES and ALL CLASSES OF CONSTRUCTIONAL WORK. 


RET OSS w North Eastern Marine Engineering (~ 


ENGINEERS, BOILERMAKERS & REPAIRERS. _— 
i IRON FOUNDERS, BRASS FOUNDERS, COPPERSMITHS. 


Sele Makers of Werth-Hastern Grease end Alr Extractor apd ood Heater, 1271 


























. ‘NORTHUMBERLAND NORTHUMBERLAND |“: mere re 





WORKS, *itereesr ames oi 
| "aan a ‘oni “y pion Marine 
— and General Engineering 


ALLSEND-ON-TYNE. | 
as rien Wausenv, || WALLSEND-ON-TYNE. 


|| Telegraphic Address - NEWS, WALLSEND. 








LONDON OFFICE: ‘This Company’s Average Output 
_ 22, Billiter Street, E.C. 


of Marine Engines and Boil 
oe am Loupou. SUNDERLAND | for the h..- years > 
uvane ea Building, WORKS, ! 101,629 LHP. per annum, 


sien Luvmre || SOUTH DOCK, SUNDERLAND.) BEING THE LARGEST OF ANY FIRM 


Telegrams—SxiuruL, LIVERPOOL. 
3500 1.HP. QUADRUPLE ENGINES. Tel. No. 1896 Central (Two Lines). Telegraphic Address—NEWS, SUNDERLAND. || IN THE WORLD. 


Felten & Guilleaume-Lahmeyerwerke A. Gj. Carlswerk, Mulheim-on-Rhine 


From the ist January, 1911, FELTEN .. & GUILLEAUME CARLSWERK A. G. 



























Electrical Leads 


hs Rods 


Wire Ropes 












Wire Electrical Gables 


For Insulated Wires and Cables for 










Agents for the 


Electric Light and Transmission ot} The heii Electrical Co., Ltd., 109/11, New Oxford street, London, W.C. 
United Kingdom 


Power and for Rail Bonds ° ns 
For all other Manufactures . . W. F. Dennis & Co., 49, Queen Victoria Street, London, E.C. 



















MWEanmurns or CAST-IRON TAN ES 


OF ALE SIZES AND CGAPACITIADS. 








Telephone :— 
147, CHESTERFIELD. 


Telegrams :— 
JACKSON, CLAYCROSS 





THE CLAY CROSS COMPANY. NEAR CHESTERFIELD. 
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“BOM ACCORD” 
HIGH LIFT Horizontal or Vertical Spindle, Turbine Type 


CENTRIFUGAL PUMPS, 


Also LOW-LIFT CENTRIFUGAL PUMPS 


FOR MINE PUMPING and SINKING, 
CONDENSING, DRAINING, DOCK PUMPING, 
IRRIGATING, SAND PUMPING & SEWAGE WORK, &c. 


HIGH-SPEED ENGINES 


FOR DRIVING DYNAMOS, PUMPS, FANS, &c. 


DRYSDALE & CO., L'* Yoker, Glasgow, W. 


—y Three-Stage Electrically-driven High-lift Centrifugal Pump. Teecrams ; “‘ BONAOOORD, GLASGOW.’ 1329 WRITE FOR CATALOGUE, 


"7 





































HEAD OFFICES ana WORKS 
— EFFIEED 























HEAD OFFICES :—41, Oswald Street, Glasgow. Nile Street, Birmingham. 
LONDON OFFICE :—Winchester House, Old Broad Street, E.C. 


“y)6 WROUGHT IRON and STEEL TUBES 


by the LAPWELDED, BUTTWELDED, SOLID-DRAWN and LOCK-BAR PROCESSES. 








MAIN STEAM PIPE INSTALLATIONS. LIGHT TUBES With STEWARTS’ INSERTED JOINT. COILS OF EVERY DESCRIPTION. 
OIL LINE PIPES. STEEL CASTINGS. SIEMENS-MARTIN STEEL PLATES for Boilers, Bridges, &c. 643 
—- ab 
Pioneers in the LONDON OFFICE :— 
Manufacture of CAXTON HOUSE, 
Pressed Steel 
WESTMINSTER. 
Underframes and 
Bogies, and 
All-Steel 858 





Railway Wagons. 


CENTRAL ARGENTINE RAILWAY. nal oe . 
- IGH-SIDED BOGIE WAGON, fitted with Fox's Pressed Steel Underframe, and Lane’s Patent Presse 
[eee Steel Corrugated Doors. 
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SOLID WELDED STEEL THOMAS HUDSON, Ltd ' 


ANGLE RINGS up to 
6” x 6” x 1” by an 
oy COATBRIDGE, N.B. 


Diameter. 








= 















—_—_ 































HYDRAULIC 
ESTABLISHED 1870. FLANGED 
and 
ON ADMIRALTY DISHED PLATES 
WAR Peon LISTS. - 
BOILERS, &c. 









_——— 






Makers of High-class LANCASHIRE and CORNISH 




















BOILERS up to 200 Ibs. W.P. ons HYDRAULIC FLANGED naan JACKET PLATES. 
THE STI RLI NG BOl LER Co., Lb., 
i ORR No. Fe sarlesegel o Z 7” A HA We Head Office 
7 : 58, VICTORIA STREET, 

















REPEAT ORDERS are rie aw WESTMINSTER, S.W. 
evidence of SUCCESS. , ; | 


Pike — \ j = The STIRLING BOILER is 
The large number of 





















Unequalled for firing with 








vot hie : = =|): oe “ Blast Furnace Gas, Waste 
we have received testify to +g f \ | Heat from Coke Ovens, 
the popularity of the Sed 





, Balling, Puddling, Piling, Re- 
i << i... HEE heating Furnaces, Soaking 





STIRLING BOILER. 









BRANCH OFFICES & AGENCIES : et py 2 Pits, &c. on0e 
me or 


GLASGOW, MANCHESTER, LEEDS, ee oe ge ~ cas 
SHEFFIELD, NEWCASTLE, CARDIFF. STIRLING BOILERS UNDER ERECTION IN INDIA. SEND FOR PAMPHLET FACTS. 


CAN YOU GUT OUT MARINE TUBE HOLES AT 6° PER DOZ.? 


Marine Type | | If Not, This Machine 
High-Speed Tube | 1 ate Ee Will Do It For You. 
PLATE CUTTING =+| | 
OUT MACHINE. 












































/t will pay you 
to investigate / 





’ NO PILOT HOLES 
a ee 





Upon War Office, Admiralty, India, 
and Colonial Office Lists. 


aa esa Telegrams: DOLPHIN,- LEEDS. 


Nat. Telephone: 76?, LEEDS. 
9748 





“MADE IN “ALL SIZES—BELT “OR MOTOR DRIVE! ; 


CAMPBELLS & HUNTER, ‘Lo, roundy, LEEDS. 
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HEAD, WRICHTSON & C0., pe BRIDGES, 


TEESDALE wae STOCKTON FORGE, LONDON OFFICE: 5, Victoria i ROOFS, TA NKS 


THORNABY-0n-Tees. STOCKTON-on-Tees. Westminster, $.W. 
GASHOLDERS, 


CONSTRUCTIONAL ENGINEERS, and 












































manne oF *" COAL-SHIPP 
MINING PLANT, Se oists, cuSsons 
COLLIERY PLANT, 5 = sa DOCK-GATES, 
BLAST FURNACE C\ A &s STEEL WAGONS, 
oo CASTINGS, STAMPINGS & FORGINGS, 
BYE-PRODUCT ELEVATORS, CONVEYORS, 
RECOVERY (@ COAL & COKE HANDLING PLANTS, ~ 
PLANT, ac. P eemvee wreraretin ncn, | aan 




















JOHN ae & SONS, Limien. 


(WORKS :-At NEWBURN and OUSHBURN, NHWOASTLE-ON-TYN®), 


NEWBURN STEEL WORKS, NEWCASTLE=-ON=-TYNE, 


ESTABLISHED 1810. 
Offices :—NEWCASTLE-ON-TYNE: 27, Westgate Road. LONDON: 32, Victoria Street, Westminster, S.W. 





ON ADMIRALTY LIST. 


M ANUOUEAOTU ER BES or STE xX. 


BY THE SIEMENS, CEMENTATION AND CRUCIBLE PROCESSES. 


SHIP AND BOILER PLATES UP TO 12 FEET WIDE. 


INGOTS, SLABS, BLOOMS, BILLETS and BARS of all Sizes. RIVET STEEL, SPHOIAL MILD STHHL for BOILER FLUBS. 
STEEL FORGINGS, STEEL CASTINGS, of all descriptions, to any weight, Rough or Machined. 
CRANE AXLES & SHAFTING HYDRAVUIIC PRESSHD. 


SE ELIN GS .—Laminated, Volute, Patent Improved Volute, Conical, Spiral (Original Manufacturers of Volute Springs). 
BUEEBES, of Wrought and Cast Iron, of all descriptions. Best Cast Steel for Tools from finest Dannemora Brands. Best Cast Steel Files. 


IRON FORGINGS OF ALL KINDS. FOSTER’S & FOWNES’ PATENT CRANK SHAFTS. 


WASTHNEYS SMITH’S PATHNT STOCELESS ANCHORS. 5836 


| “SUCKLING” | 
WATER-TUBE BOILER 


(IN STEEL CASINC). 

















ADVANTAGES :——=== 
CLEAN HEATING SURFACES, 
LARGE WATER STORAGE, 
PERFECT CIRCULATION, 
oh DRY STEAM. 








Sole Makers— 


HAWKSLEY, WILD & GO., Ltp., SHEFFIELD. 


LONDON OFFICE: 49, Queen Victoria Street, E.0. 
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LARGEST MAKERS «CAST IRON TANKS 


BRANCH OFFICES :— IW Tae Ee INGDOom. 
“ Brook House,” 10-12, Walbrook, LONDON, E.C. 7 : ? —-> 
Grosvenor Buildings, Deansgate, MANCHESTER. | Pete 
60a, Lord Street, LIVERPOOL. 
Moorhead, SHEFFIELD. 


ALL PLATES PLANED FULL 
WIDTH OF FLANGES. 


TANKS OF ANY SIZE SUPPLIED 
and ERECTED ANYWHERE. 


DRAWINGS, SPECIFICATIONS ann ESTIMATES 
GIVEN UPON APPLICATION. 


Contractors to the Admiralty, War Department, 
and Crown Agents for the Colonies. 




































































AMS :— NATIONAL Fem No. a0.” 
“NEWTON. SHEFFIELD.” ESTABLISHED 1793. = 


NEWTON, CHAMBERS & CO.. tions SHEFFIELD. 
ve BEAM” PUMP = 


HIGH-PRESSURE BOILER FEEDING. 


The most ECONOMICAL FEED PUMP yet brought out. 
COMPOUND STEAM CYLINDERS. 
OUTSIDE PACKED RAM TYPE. 


JOSEPH EVANS & SONS 


(WOLVERHAMPTON) Ltp. 


CATALOGUE CULWELL WORKS oo 


ON APPLICATION. WOLVERHAMPTON. 


Telegrams :—‘‘ EVANS, WOLVERHAMPTON. ° 















































LONDON :—Salisbury House, 
London Wail, E.C. _ C. 


| FAIRBAIRN MACPHERSON, 


Branch of FAIRBAIRN LAWSON COMBE BARBOUR, Lid., 
WHLILINGTON FOUNDRY, LEED s, 


MAKERS OF GENERAL AND SPECIAL MACHINE TOOLS 


Si tbe‘... 


LOCOMOTIVE, CARRIAGE AND 
WAGON WORKS, 


Also for the MANUFACTURE of 


HEAVY ORDNANCE, ARMOUR 
PLATES, dc, ae. 


WHEEL TURNING & TYRE 
“SE BORING LATHE. 























Telegraphic Address: “‘ FAIRBAIRNS, LEEDS.” 
Telephone: No. 275. 960 
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4 















ADAMS’ RHEOSTATS 


(; CONTROLLERS 


ADAMS MFG. CO., Ld. 
106, New Bond Street, 
LONDON, W. 1415 
Works: BEDFORD. 
3 LATEST 
ES_ Ai EES  Sarenr 


SERRATED SEAMLESS STEEL OIL CAN 


FITTED WITH » 


New Patent Thumb Button, Seamless 
Spout, and Slide Feed Hole. 
Also IN COPPER OR BRASS, FOR ELECTRICAL PURPOSES. 


Contractors to H.M. Navy, War Dept., Home Office, and Indian State Railways. 























——— 
——sa 











EE 


SOLE MAKERS :— 


JOSEPH KAYE & SONS, Ld., Lock Works, LEEDS. 


AND O33, HBIGH HOLBoRN, LonbpDow, w.c. 9707 











HEENAN & FROUDE, LTD, 


TELEGRAMS—SpHeRIOAL, NEwTon HEATH. TELEPHONE-—Nos. 6260 anp 966A, MANCHESTER. 











IRON and STEEL STEEL TANKS, 


BRIDGES, ROOFS, CHIMNEYS, 
PIERS, JETTIES, PONTOONS 
PAVILIONS, DOCK GATES 
and CONSTRUC- 
CAISSONS, 
TIONAL STEEL 
&c., &c. 


WORK. 





L. & N. W. RAILWAY BRIDGE AT PRESTON.—Length 7380 ft., Depth of Girders 22 ft. 





Colliery and Mining Machinery, Railway Plant and General Engineering: Worcester Engineering Works, WORCESTER. 
Refuse Destructors: 4, Chapel Walks, MANCHESTER. 3032 
LONDON OFFICE: 56, VICTORIA ST., WHSTMINSTIN, 8.wWw. 
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SWISS LOCOMOTIVE anv — WORKS, WINTERTHUR. 


















DIESEL ENGINES gl GAS ENGINES 





using CRUDE OIL 
or RESIDUES at a 
fuel cost of 


ONE-TENTH OF A PENNY 
per B.HP. per hour. 





PRODUCERS 


up to 2000 HP. nal 












LOCOMOTIVES. | 





Mlustration of 2-cylinder DIESEL ENCE, —————— 

















ON ADMIRALTY AND WAR OFFICE LiIsSTs. 


WHEELS 


Of all descriptions. 
MACHINE MOULDED AND MACHINE CUT. 






















RAW HIDE AND COMPRESSED PAPER PINIONS. 


ei - 5 THOUSANDS OF MODELS to select from. 
y URGENT BREAKDOWN WHEELS a Specialty. 









QUOTATIONS AND ALL INFORMATION FREELY GIVEN. 


URQUHART, | LINDSAY & CO, Ltd., Blackness Foundry, DUNDEE. 


REFRIGERATING MACHINERY. 


ON THE AMMONIA, CARBONIC (COz2) AND 


Haslam's Refrigerators °" Compressep Ain systems. 


ADOPTED BY ALL THE LEADING SHIPOWNERS AND MEAT COMPANIHS IN THE WORLD. 
ICH PLANTS UF TO 200 TONS CAPACITY. 


THE HASLAM FOUNDRY & ENGINEERING C0., Ltd. 


(INCORPORATED WITH PONTIFEX AND WOOD, LTD.) -_ 
MAKERS OF GAS ENGINES, 100 TO 2000 HP. 


UNION FOUNDRY, DERBY. LONDON OFFicE: 175-177, SALISBURY HOUSE, LONDON WALL, E.C. 


AWARDED GRAND PRIX, FRANCO-BRITISH EXHIBITION, LONDON, 1908. 


“BAMBER’S” EYRE oe METAL 
NON-ENCRUSTING ZINCS| AREA e| 


FOR 
PRIMARY BATTERIES. 


Are free from encrustation and local action. 
Ensure a full and constant supply of current. 
Have more than double the life of ordinary zines. 
Require little attention, with consequent low 
maintenance charges. Will outlive any other alloy of this description under similar work. 


TaLzorams—“ EYRISH, TONBRIDGE. WRITH FOR FP ARTICUL ARB. TsiEPHONE—NOo. 134, TONBRIDGE. 


THE EYRE SMELTING CO., Ltd., Tonbridge, Kent. 
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PUMPS 


PUNCHING and SHEARING MACHINES 








ee JOHN CAMERON, Litas: cattu MANCHESTER. 


PUNCHING AND SHEARING MACHINE 

























WITH ANGLE CUTTER. Telegrams: “ ORIGINAL, MANCHESTER.” Code: 5th Edition, ABC. Telephone: 2002, CENTRAL. 
Telegrams: ee ie N 
nal .— ~~ % BABCOGK &, ow LGOX P 
7 
— 
4 = beatae | ——_PATEBNW TT — 
q ‘a WATER-TUBE STEAM BOILERS. 
7,800,000 HP. Land Type and 2,010,000 HP. Marine Type Installed. 
Also WHITE-FORSTER Wates-Tube Marine Steam Boilers. 
Joint Manufacturers and General Licencees with J. SAMUEL WHITE & CO., Ltd. 





 BABOOOK & “WiLoox alse Manufacture all BOILER HOUSE AOCESSORIES. 





STEAM SUPERHEATERS. STEEL CHIMNEYS. 

MECHANICAL STOKERS. COAL CONVEYORS. 

FEED-WATER HEATERS. STRUCTURAL STEEL WORK. 
WATER SOFTENERS and PURIFIERS. ELECTRIC CRANES. 


oe) ais (COMPLETE STEAM PIPING PLANTS. = pre 
Head Offices: ORIEL HOUSE, FARRINGDON ST., LONDON, E.C. 
Land Type Boller, fitted with Superheater. ESTIMATES FREE. Works: RENFREW, SOOTLAND. oon cataLoqut 





























HOWELL & CO., LIMITED, saree SHEFFIELD. 


‘HIGH- HARDENS 
JOR 
WATER. 


SPEED’ 
+ 3 Sr anD. ce 




















TOOL 





NGO Ts UP 0 50 TONS 
T FROM 3x18 TO 267 
C FROM 3x1k'1015x4" 
L. EQUAL SIDES [xITO3;.3" 
L ‘unequm sives fi.ttol0-4” 
C FROM 42h’ 10 12x4" 

T FROM 6 ‘7012 aa 


@ FROM ¥ dia To IZdia 
® SQUARES FROM / 106" 













hans uP To 14x60" 

& 20 TONS IN WEIGHT 
3x2%x3T010x3hx3% I 
xI"107%3%" T 
FLATS FROM % T0138" | 

ALgO- 

NUMEROUS RAIL AND 
OTHER SPECIAL SECTIONS 


56 &70 Ibs per yd Baioce Ras 
ALWAYS KEPT IW SfOCe . 


| A eh oF “ 
ALL SIZES OF ROLLED STEEL SECTIONS 


















BLOOMS FOR FORGINGS_ UP TO 20 TONS 
~ YOuTPUT 15,000 TONS PER MONTH 
CONTRACTORS TO THE ADMIRALTY, WaR OFFICE, ETC. 


Heap Orrice LANARKSHIRE STEEL WORKS, MOTHERWELL, N.B. 
LONDON OFFiCE:—28, VicTORIA STREET WESTMINGTER. 
Other Branch Offices at GLASGOW, NEWCASTLE, BIRMINGHAM and MANCHESTER. 
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NORTH BRITISH LOCOMOTIVE CO., L® 


HYDE PARK WORKS QUEEN’S PARK WORKS ATLAS WORKS 
(Late NEILSON, REID & CO.). (Late DUBS & CO.). (Late SHARP, STEWART & CO., Ltd.). 


ADMINISTRATION BUILDING, 110, FLEMINGTON ST., SPRINGBURN, GLASGOW. 


LONDON OFFICE :—17, VICTORIA STREET, WESTMINSTER, S.W. Telegrams—LOCO., CLASCOW. 











BUILDERS OF ALILX EINDS OF 


LOCOMOTIVE ENCINES AND TENDERS SUITABLE FOR ANY CAUCE OF RAILWAY. 


—_ pea! Workshops Equipment: 
Annual Capacity: 7 — : | = _ a a 8000 MEN. 

700 Game i mt | | A ee ee ci 
aa ae = feds = utput now now Exceeds: 


LOCOMOTIVES. “Ne cn ME Mestel| Locomotive cx ve Ilan 18,000 
| th ARN) «| AR | iW! 2 LOCOMOTIVES, 


THE LARGEST LOCOMOTIVE WORKS IN EUROPE. 
HANNOVERSGHE MASCHINENBAU ACTIEN GESELLSCHAFT, mal EORS EESTORF 


= HANNOVER -LINDEN, GERMANY. 


ESTABLISHED 1835. 6000 ewe BUILT. 





=" LOCOMOTIVES “=: 


Main and Branch Lines, Tramways, Plantations, Collieries, Contractors. 
LOCOMOTIVES for SUPERHEATED STEAM. Fireless Locomotives. 
STATIONARY ENGINES, PUMPS, BOILERS. . 


Cable Address: HANOMAG HANNOVERLINDEN, GERMANY. 1326 
ENGLISH REPRESENTATIVE : JARRE HALCROW, 18, COLEMAN STREET, LONDON, E.C. 


BAUME & MARPENT, 


Usines & Fonderies (Société Anonyme), 
Address for Letters and: Telegrams: MOYAUX, HAINE-ST.-PIERRE, one. 


Al, ABO, and LIEBER’S CODES USED. 


PERMANENT WAY and ROLLING STOCK for RAILWAYS. 
TENDERS, CARRIAGES and WAGONS. 
SPECIALITY of Wheels and Axles for Locomotives, Tenders and Wagons. Forged 
and Turned Axles, Wheel Centres, Grease and Oil Axleboxes. Points and Crossings, Signals, 
Semaphores, Turntables, Mining and Works Materials. Piers, Bridges, Roofings, we 
Hydraulic and Gas Appliances. Castings of every deseription and weight. 


HUNSLET ENGINE CO. Ltd, 


LHHDS. 

















: ca MAKERS OF 


LOCOMOTIVE ENGINES 


adapted to every variety of work and gauge. 





DESIGNS & SPECIFICATIONS 
SUPPLIED OR WORKED TO. 


Quotations and Specifications on application. 








Telegraphic Address: “ENGINE, LEEDS.” = 1489 
Telephone :—Nos. 3430 to 3434 inclusive: 
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MANNING, WARDLE & CO., Ltd., so2%axs, LEEDS, 


Makers of Locomotive Engines for any width of gauge and for all purposes. Also makers of Steam Rail Motor Coaches for passenger traffic. Materials and workmanship of the best quality. 
Tank Engines up to 17 in. cylinders, on four or six wheels, always in stock or in progress. Specifications, Photos and Prices on application, and Special Designs 
sent on receipt of particulars of requirements. The “A BO” and ‘‘ The Engineering Telegraph Codes” used. Od 2486 


BALDWIN LOCOMOTIVE WORKS. 


Broad T Single 
and Narrow LOCO M O | V ES Expansion 
Gauge and Compound 
Mine, Furnace and Industrial Locomotives. Electric Locomotives with 
Westinghouse Motors and Electric Trucks. 
PRINCIPAL OFFICES AND WORKS, 500, North Broad Street, 
PHILADELPHIA, Pa., U.S.A. 
Cable Address: “Baldwin,” Philadelphia ; “Sanders,” London. 967 
General Agents :— Messrs. SANDERS & CO0., 110, Cannon St., LONDON, E.C. 


Ea = NEW ATLANTIC. 


SIMPLE — STURDY. 


For heavy or light digging. 
No chain troubles. 
a, Few repairs. 


—_— al Not top-heavy. 
4 Saves fuel. 


ATLANTIC EQUIPMENT COMPANY, 


30, Church Street, New York, U.S.A. 


Cable _Acidresses :—Locomotive Newyork.  Sivad, London. LONDON OFFICES :—26, Victoria Street, Westminster. 703 


R. & W. HAWTHORN, LESLIE & CO., LTD. 


Locomotives 


Of everyedescription for Home and Foreign Railways. 


TANK ENCINES & COMBINED CRANES & LOCOMOTIVES. 


ALWAYS IN STOCK AND IN PROGRESS. ¥ 
For Collieries, lronworks, Railway Depots, Branch Lines, Contractors, de. 







































































Telegraphic Address: ‘‘ Locomotive, NEWCASTLE-ON-TYNE.” ESTABLISHED 1817 


MARINE ENGINEERS & SHIPBUILDERS. N EW CASTLE-O N “TY N E. a! 


W. G. BAGNALL, LE 
® a 
STAFFORD, ENGLAND, 
BUILDERS OF id | 


LOCOMOTIVES - 





















For any Gauge, 
Weighing from 3 to 50 Tons, 


HIGHEST CLASS WORKMANSHIP 
and MATERIAL. 


PORTABLE RAILWAYS, 
TURNTABLES, and ox: 
WAGONS of all descriptions. 


Codes used:—“Enginecring,” “ABC,” and “Bedford McNcill’s.” Telephore-—No. 15. Telegrams :- Bagnall, Stafford. 
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CROW, HARVEY & CO., 1. 


ENGINEERS, GLASGOW. 


















































HYDRAULIC PLANT. | SHIPBUILDERS’ & BOILERMAKERS’ PLANT. 
PUMPS AND ACCUMULATORS. | BENDING & STRAIGHTENING ROLLs. 
FIXED AND PORTABLE RIVETING | PLATE EDGE PLANING MACHINES. 
MACHINES. | PUNCHING & SHEARING MACHINES. 
HYDRAULIC PRESSES. | ROUND BAR REELING MACHINES. 
HYDRAULIC CRANES. | RADIAL DRILLING AND COUNTER. 
HYDRAULIC BENDERS. | SINKING MACHINES. 





__ Mydraullo Fianging Press, for Boller Ends, & HIGH-CLASS STEAM ENGINES OF ALL KINDS. =: 


DROP-FORGING PLANT — 


BRETT’S PATENT SYSTEM. 



















Drop- Power Bar-Heating 
Hammers. Presses. Furnaces. 


PATENTEES AND MANUFACTURERS, 


_ BRETT'S PATENT LIFTER CO. 


COVENTRY, Eng: a 


A.&P.W. MCONIE 


CESSNOCK ENGINE WORKS, 
GOv AN. 

















MAKERS OF 
PUNCHING AND SHEARING MACHINES. 
PLATE EDGE PLANING MACHINES, 
HYDRAULIC PUMPING ENGINES, 
FLANGING AND FORGING PRESSES, 

ACCUMULATORS, RIVETTERS, AND 
“CROWS” PATENT BAR STRAIGHTENING MACHINE. ALL CLASSES OF SHIPBUILDING TOOLS. 







pee Oe ee ies 
5 eS pls ‘ Se ae 
ae ines | RPE tae 
“Vee ST aate PORTE 

















LOCK woop & CA RLISLE, Ld. 


EAGLE FOUNDRY, SHEEEIEALD. 


Telegraphic Address: ‘“‘ PISTON, SHEFFIELD.” National Telephone: 1376, 


Improved ~nia eae Metallic Piston Packing mgt eo & Bering? 


CARLISLE’S PATENTS. 





| SPECIAL FACILITIES FOR QUICK DESPATCH OF-URGENT ORDERS. : . 
saniiinns Gidea UE Wek then. ALL PACKINGS GUARANTEED. © —= ©. Ringsand Spring specially designed {er 
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“PREMIER” Gas Encines 


ARE MADE IN ALL SIZES FROM 


320 10 4000 rorsz power 



























Tae PREMIER” 








IN : Bo x HOLDS THE 
“PREMIER” GAS ENGINES Wor.p’s Recorp 
FOR 
IN SIZES OF 


THERMAL EFFICIENCY 


CAS ENCINES, 


and for ECONOMY, 
RELIABILITY and 


: Hg 000 HP PREMIER” POSITIVE SCAVENGER ENGINE. 600 HP. ACCESSIBILITY 
‘ ° The above type of Engine is also made with two and four cylinders in IT HAS NO EQUAL. 
sizes from 300 to 1000 HP. 


200 HP. & UPWARDS 


(Supplied or under Construction), 


EXCEEDS 























__CANADA . . The Canada Foundry Co., Ltd., Toronto, ONTARIO. 
THE... AGENCIES AUSTRALIA » Clutterbuck Bros., 61-63, Hindley Street, ADELAIDE. 


D. NEW ZEALAND A. & T. Burt, Ltd., DUNEDIN. 
4 SOUTH AFRICA Blane & Co., P.O. Box 435, JOHANNESBURG. 
ag JAPAN. . . H.4J. Ibbotson, 22, Yamashita-cho, YOKOHAMA, 




















SANDIACRE, nr. NOTTINGHAM. MF. Ma “as 
Imperial 4to, xii, 104 pages, Cloth Gilt. Price I4s. net. 
— AND — 


THE CONSTRUCTION OF DIES 


By JOSEPH G. HORNER, a.m.1. mech. E. 
WITH 778 ILLUSTRATIONS. 


Tu1s Volume is based upon various articles which have appeared in “ EnciIngERING,” but the matter 
has been collated, re-arranged under suitable headings, and revised. This is the only attempt yet made 
5 gs, 
to deal with the subject of Die Forging in a comprehensive and fairly exhaustive manner. 
J a] 5 


Lonpon : Offices of ““ ENGINEERING,” 35 & 36, Bedford Street, Strand, W.C. 
New York: Jonny Witzy & Sons, 43, East Nineteenth Street. 


AND ALL BOOKSELLERS. 
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WALKER BROS. cwican, UL? 


KPWPagefield Ironworks, WiIiGAN. Established 1866. 


Coies: ABC 5, WESTERN UNION, LIEBER’S, MOREING & NEIL’S MINING, and Al. Telegrams: “PAGEFIELD,” WIGAN. 


AIR COMPRESSING ENGINES 


To LATEST PATENTED DESIGNS (also applicable to existing Engines). 


STEAM and ELECTRICALLY DRIVEN VENTILATING FANS. 
WINDING, HAULING and GENERAL MINING MACHINERY, 
DRIVING ENGINES for all purposes. 


WiLDE & PE TRIES ra19 


PATENT OVERWINDING & OVERSPEED CONTROLLER FOR WINDING ENGINES. 
J. A. MAFFEI, Munich, GERMANY. 































































BUILDER OF MAIN AND NARROW GAUGE 


EL.OocOomMOoOoTIV=ESsS. 


Telegrams: ‘“‘HETH, MANCHESTER.” MANCH ES : FR. Codes: ABC, 4th and 6th el 
Nat. Telephone: No. 8065 (Five Lines). Liebers, A1, and Western Union. 
MAKERS OF 


Special MACHINE TOOLS 


for Stationary, Loco, Marine, and Ejectrical 
Engineers, Shipbuilders, &c., &C. 


TURNING and BORING MACHINES, 3 ft. to 40 ft. diam. 
Single and Twin PLANING MACHINES, Screw or Rack Driven. 
COLD METAL SAWING MACHINES. ean 
Horizontal and Vertical DRILLING & BORING MACHINES. 
9 SPINDLE MILLING MACHINES. 
LOCO FRAME PLATE SLOTTING & DRILLING MACHINES. 
HIGH-SPEED DRILLING MACHINES, Vertical and Radial types. 
™ SLOTTING MACHINES up to 30 in. stroke. 
— : n SHAPING MACHINES up to 2 in. stroke. 
This represents our 12 ft. by 5 ft. by 5 ft. DOUBLE VERTICAL SPINDLE MILLING 


and PROFILING MACHINE, driven by Constant Speed Belt or Electric Motor. 99 LATHES, 6 in. to 54 in. centres. 
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'WHITE-FORSTER WATER-TUBE BOILERS. 





SPECIAL FEATURES OF WHITE-FORSTER BOILERS— 
SIMPLICITY, FACILITY FOR REPAIR, EFFICIENCY. ' 


All Tubes are of same curvature, reducing Spare Gear to a minimum. 

Tubes easily cleaned inside or outside by rigid handle brushes. 

All or any Tube can be removed and replaced without ee any 
anhole Doors on Boiler fr 


other part of Boiler or Ship, other than ont. 
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FIG. 2,—SHOWING MANNER, IN WHICH 
TUBES CAN BE EXTRACTED OR CLEANED. 








acer _ 
_— 


PATENTEES AND MANUFACTURERS— 


J. SAMUEL WHITE & COMPANY, Limited, 


Shipbuilders, Engineers and Boilermakers, 


EAST COWES, Isle of Wight, England. 


GENERAL LICENSEES AND JOINT MANUFACTURERS— 


BABCOCK & WILCOX, LTDb., 
Oriel House, Farringdon St., LONDON, E.C. 


9613 











ROSS « DUNCAN, 


ENGINEERS & BOILERMAKERS, 


Whitefield Works, Glasgow, Scotland. 





IVIARINE 
Boilers 


By Latest Hydraulic 


and Pneumatic Plant, 





1050 


Telegraphic Address: 


WHITEFIELD, GLASGOW. On Admiralty List, 











Telephone: :— 
8088, 8089, 
Central. 


Telegrams 
“ PISTONS,’ 
Manchesier 





RE-BORING. 


To prove our assertion send for Piston Catalogue 
and read pages 17, 19, and 20. 


FIRST ORDERS ALWAYS “ON APPROVAL.” 
LANCASTER & TONGE, L”™: 


Makers of ‘‘The Lancaster'’ Steam Traps, Steam Dryers, Metallic Packings, 
Limit Piston Rings, Spiral Springs, &c. 


PENDLETON, MANCHESTER. * 
BEo ROG ae 


SAVE 


8926 








D. STEWART & CO. «1902, Lt. 


London Road Ironworks, GLASGOW. 


ESTABLISHED 1864. 
INDIA: Messrs. DREWET CHOWNA & OO., Bomsay. 
AGENTS (eee Messrs. SMITH & DAVIS, Havana. 


basin, | Sugar 


oe, || Machinery 




















Tevea. Appress: “STEWART, GLASGOW.” 





























Gas 
Engines 





Hydraulic 
Engineering 





Textile 
Machinery 





Sieam 
Wagons 





Brass and 
Aluminium 
Castings 





Heavy 
Machining 











Inspection 
and Repairs 


500 K.W. VERTICAL CONDENSING ENGINE FOR ELECTRIC TRAMWAYS. 


(High Duty Pumping Engines a Specialty.) 9506 
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CONSOLIDATED BRAKE & ENGINEERING | 
COMPANY, LIMITED, 


Spencer House, ‘South Place, LONDON, &.C. 
STANDARD ‘AUTOMATIC VACUUM BRAKE 
Rapid A Acting Service & Emergency Accelerators. 


and next issue. 
eeu Vasu, “London” Telephone oe 2710, London Wall. 


CHAS. PRICE & SON, 


BROADHEATH, NR. MANCHESTER. 


Paraffin & Spirit ENGINES. 


RAILWAY INSPECTION CARS. %4 


BULLIVANT ¢ CO., L® 


Steel Wire Rope Makers, 
BULLIVANTS’ AERIAL ROPEWAYS, Ltd., 


72, MARK LANE, LONDON, E.C 821 


Works: Miniwant, BE, See Illus. Advt. last and next issue. 


































“ SENTINEL” 


VALVES 


Makers: 
ALLEY & MACLELLAN, Ltd., GLASGOW 


See Illustrated Advt. p. 54, Dec, 2. 1438 


DRUMMOND BROS., LT? 


SMALL HIGH-CLASS 


LATHES. 


Engel Works, near GUILDFORD, Surrey. 
See Advertisement last and next week. 9806 
3} ine 


SCREW 5 4 


CUTTING LATHE 
F. PATRICK, Oxford St., Leeds. 


Robert Stephenson & Co., Ld. 


LOCOMOTIVE BUILDERS, DARLINCTON. 


















Established at Newcastle, me 
orks opened at Darlington, 


MAKERS of LOCOMOTIVES o! 
EVERY TYPE and GAUGE. 
LATEST DESICNS. PROMPT DELIVERY. 113) 


Telegrams Becks et, —— a oa 4b he appar tps 





COAL ELEVATING 
AND 


STORAGE PLANTS. 


MANY ERECTED, INSPECTION INVITED. 
20, Mount Street, 
SIMON-CARVES, Ld.,  wancuester. 


ON ADMIRALTY LIST. 


COOPER & GREIG, 


ENGINEERS, 
BOILERMAKERS & IRONFOUNDERS, 
DUNDEE. 


See Illustrated Advertisement last and next week. 
CONTRACTORS TO H.M. GOVERNMENT. 1198 











MERCHANT BARS, FLATS, ROUNDS, SQUARES, ANGLEA 
TEES, OVALS, &c., LN BITHER IRON OR STEEL, 


SIRMENS-MAKTIN OR BASIC. i 
Tele. Add.; “ 28 
Mother well. Plain or 


Oo splayed ; also for Cotton 
Ties and all other purposes. 
The Motherwell Iron 


and Steel Co., Ld., Motherwell, s,s. 


Hoops,” 














Improved Boiler Conditions 


Less fuel required—25 to 35% increase 
in beiler capacity—no tall chimneys 
needed— perfect boiler service—all this 
providing you use a 


Turbo-Blower 


to furnish the proper draft. 
The Turbo-Biower will give 
you ‘‘ More Power for the 
same > or the same 
Pewer fer less Money."' 


Write for the Turbo Booklet, 
34, Church 8t., 


Turbo-Blower C0,, xiw roux’ wy. 


SELLING AGENTS WANTED. 1190 


















JAMES BENNIE & SONS, 


Works, 


CARDONALD, 


GLASGOW. 


Clyde Engine 


MAGHINE 
TOOLS 


STRUCTURAL 
WORK. 





BUILT ENTIRELY 
OF . 
MILD STEEL. 


Splitting Shears with Punch Angle and Bar Cropper. Double Angle, T and Bar Cropper. 1348 


GRAND PRIX AWARDED AT THE BRUSSELS EXHIBITION, 1910. 


J. E. Reinecker, Chemnitz-Gablenz 


MANUFACTURER OF 


MACHINE & HAND TOOLS 
Of Improved Design and High-class Workmanship. 


SPECIALITIES 1 
RELIEVING LATHES for Formed Cutters. 








PLANT 


for Cutting Racks, Spur, Bevel, 
Spiral and Worm Gears. 


PARIS, 1900, GRAND PRIX. 


Catalogue free on application with 
Trade Card. 








SOLE AGENTS 
FOR THE UNITED KINGDOM 


PFEIL & CO., 


145°9, St. John Street, 97 


‘Single Head Slab Miller with Centre Support. Clerkenwell, London, E.C. 


BRAZIL, STRAKER & CO., Ltd., 


AN WORKS, ST. PHILIP’S MARSH - - . 
THE MOTOR WORES, CAUSEWAY FISHPONDS } 2s 2Pisstol, England 
LONDON OFFICE:—5, NELSON SQUARE, BLACKFRIARS ROAD, 5.E. 


STEAM WAGONS, 


Very Handy, 
Carry Fuel and Water 
for day’s work with- 
out refill. 














9648 


Latest Improvements. 
THE DJINN MOTORS. 


Marine Oil Engines 
for Pleasure and 
Commercial Purposes, 
2} to 180 
Brake-Horse Power. 





Sever adie 


CATALOGUES ON 1.9L 2eATTON- 


AGIBNTS WANTED. 
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HOLDEN & BROOKE, 


West Gortcn, MANCHESTER. 


INJECTORS 


of all descriptions. 


Including The Latest Automatic Hot Water Injectors 


for Locomotives, &c. 8068 


Pattern S (as Illustrated). 
Injector. Self-acting. 


The original ‘‘one-movement”’ 
Takes hot water. 





Self-regulating. 












OZONISED 
Liquid 


DRIERS 


QUICK DRYING PAINT 
By adding COLOUR ONLY. 13541 


VARNISHES AND Brusues. 


W. Shutt, 33, Muswell Rd., Muswell Hill. London 

















THE STEEL PIPE CO. 


KIRKCALDY, N.B. 


See our large Advertisement on alternate weeks. 








HIGH-SPEED PLANING 


on Old Machines by means of 
Bateman's Patent Planodrive. 


BATEMAN’S MACHINE TOOL CO., Lo. 


Electric Works, LEEDS. 


RAPID 
ae MAGNETIC 
SEPARATORS. .... 


FOR METALS, DESTRUCTOR REFUSE, POTTERS’ SLIP. 
The Crescent. BIRMINGHAM. 


LIFTS & CRANES 


ELECTRIC and HYDRAULIC, 

















- J.G. CHILDS 6 Co., Ld. 
D. & J. TULLIS, [| ATER FILTRATION. TOR —- a = 
waren sorrenina. || WATER PURIFIERS, &c. Ile 0. oo? 


MACHINE TOOL MAKERS, 
Clydebank, N.B. 


High - Speed Central Thrust 
Radial Drilling Machine. 


See our Advertisement Tec. 16. 


Factory Effluent and Sewage Purification. 


N.B.—The Simplest, Most Efficient and Cheapest 
Plants on the Market. Maps By— 1364 


FREDK. LIPSCOMBE ®& CoO., 
49, Queen Victoria Street, E.C. 


"Phone 2833 City. Estas.isnep 1794. 


Sir WILLIAM ARROL ®& CO. 


Dalmarnock fron Works, BRIDGETON, GLASGOW. 
LONDON OFFICE:-56, VICTORIA ST., WESTMINSTER, 


APPLY TO— 1 264 


THE HARRIS PATENT FILTER LTD. 


24, Grainger Street West, 
NEWCASTLE-ON-TYNE. | 


Ltd., 


sS.w-. 


6 ft. 











1168 























1121 


STORAGE BUILDING’ AT GUINNESS’S BREWERY IN COURSE OF CONSTRUCTION. 


Makers of 
HYDRAULIC RIVETERS, PUMPS, 
(Steam or Electric-driven), CRANES, &c. 


ROOFS, and STEEL FRAMED 


BUILDINGS of every description. 


Builders of BRIDGES, 
FURNISHED. 


DESIGNS 


WATER SOFTENERS & PURIFIERS. 


HOT OR COLD SYSTEMS. 1157 


See large Advt. Offices >— 









last issue. 4, sane spon Pus, 
BAGSHAWE Dunstabl " 


England: 





& CO., OS COMy 


oO: mid Ui 









Illustrated Advertisement 
Last Week and Next Week 


CRANES, 


at “eas 


STEAM. & ELECTRIC. 











TEeLEG : 
Lirtina, LeicksTER. 














Write for the _ 
PATERSON “RED BOOK" 
ON 


WATER SOFTENING 
AND FILTRATION 


THE PATERSON ENGINEERING 00., Ltd., 


21, AMBERLEY HOUSE, 953 
Norfolk Street, LONDON. 


JOHN G. KINCAID @ C0., 


LIMITED, 


ENGINEERS, BOILERMAKERS 
—- AND — 


SHIPBUILDERS, 


CLYDE FOUNDRY, GREENOCK. 
Telegrams : ‘‘ Kivcaip,” Greenock. 1161 


JOHN SPENCER L 
WEDNESBU 
IRON & STH. 


TUBES 











POLES, STEAM MAINS, TUBULAR PILES, &c. 
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CRANE BUILDERS, 


JOHN GRIEVE & CO. 
SS 
Ne MOTHERWELL 





GRANES . 


FOR STEEL WORKS, 


<>~ 











SHIPYARDS, &c. 


cONQUERop 


——eo 


TWISTED DRILLS 


HIGH-SPEED QUALITY 






















(PATENTED.) 
TAPER OR STRAIGHT SHANKS. 4 % 
A Sectional Bar is twisted hot. Drills Test them 


against the best 
Milled drill, and then 
compare our discount 
with what you pay. 


are ground with same precision as 
Milled Drills. Shanks are a 
perfect fit in Morse 

Socket. 





MANUFACTURED BY 


J. Beardshaw & Son, Ltd. 


Baltic Steel Works, SHEFFIELD. 
LONDON OFFICE : 38, Victoria Street, Westminster. 


10°5 




















“ pixon's 
RAPHITE GREAS® 





et 


THE BEST GREASE 


FOR HOT PLACES. 


If you have machinery working in 
heat where ordinary oils or greases waste 
away and splash, you want to try DIXON'S 
No. 8816 GRAPHITE HEATPROOF GREASE. 


Let us Send you our Sample No. 29. 


GRAPHITE PRODUCTS, Ltd., “**,OsSon awe 


MARSHALL FLEMING C2 Mothorvell 


ELECTRIC AND HAND TRAVELLERS. 
ELECTRIC WHARF CRANES. LOCO. STEAM CRANES. 

































ELECTRIC WHARF CRANE, 
fitted with Marshall, Fleming & Co.'s 


Patent Free Barrel and Free Brake. a 
Contractors <p 


to the 
Admiralty, 
War Office, 

&e., &. 








LONDON Office: 
301-2, 
Mansion House 
Chambers, 
E.C. 











NEWCASTLE- 
ON-TYNE 
Office : 

1, St. Nicholas 
Buildings. 

9715 












po THERMOMETERS. 
to RECORDING. 
1800° Fah. 
CAPILLARY TUBING, 
ALI UP TO 50 YARDS 


FROM 
SOURCE OF HEAT. 


ENGINEERING SUPPLIES, LTD., 
28, Victoria Street, LONDON, S.W. _ 


Telephone No. : 1555, VICTORIA. 











Telegrams: ‘‘ PROELLS, LONDON.” 














ALso 


~ 8 oe 
9 
GQ Ss gi” CEMENT PLANT. 
r* $ 
Q > COAL AND ORE 
d \\ BRIQUETTE PLANT. 
P 
=. ¢” CRUSHING AND GRINDING 


¢ 
s MACHINERY for all materials. 



















ELEVATORS, CONVEYORS, DRYERS, 
ROASTERS, and all classes of 
MINING MACHINERY... . . 


671 





ol 


Wm. Johnson & Sons (Leeds) Ltd., armiey, Leeds. 
THE MASON SPEED GOVERNOR for PUMPS. 


By using the Mason Governor, you can instantly set or change your pump to any required speed, 
which will be maintained in spite nA variation im joad or steam pressure. 


ESPECIALLY ADAPTED FOR 
WATERWORKS PUMPS. 
BOILER FEED PUMPS. 
BREWERY PUMPS. 
FIRE AND TANK PUMPS. 
VACUUM PUMPS. 
AIR COMPRESSORS. 


t 
Full Particulars and Prices upon Application to— 


THE MASON REGULATOR 00. 


LONDON : COPENHAGEN : ANTWERP : 
147, Queen Victor‘a S’reet. Gothersgade, 155. 23, Rue des Peignes. 











SQ tereeey: 
tx il 





SYDNEY 
74, Clarence Street 





MELBOURNE : 435, Bourke Street. 
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"BEST QUALITY 
TAPS, | 
STOCKS | 





“Have stood the 
test of time.” 





JOHN H. WIDDOWSON, 


(16 years Manager at Six Josern Wu rn's & Co. 
EstABLIsHED 

1876. Britannia Street, 
Ordsal Lane, 


Salford, Manchester. 


“GRIP” 


is absolutely the 




















(PATENTED). 


Safest, Cheapest, and Most Flexible 


BELT FASTENER. 


W. E. BOOSEY & CO., 
60, Water Lane, LONDON, S.W. 


1361 


Phone: 1521, BRIXTON. 























OXY-ACETYLENE WELDING 


BY THE LOW PRESSURE SYSTEM. 


SAVE 600 Per GENT. 


For full particulars and prices of ATOZ WELDING & CUTTING PLANT, 
APPLY TO THE SOLE MAKERS, 


THE ACETYLENE CORPORATION LTD., 


49, VICTORIA STREET, WESTMINSTER. 1290 
Write for Prices of FINEST QUALITY CARBIDE for WELDING. 


R.G. ROSS & SON 

















SOLE MAKERS OF 


RIGBY’S PATENT 


STEAM, AIR AND POWER 


HAMMERS, 


2500 IN USE. 


British ADMIRALTY. 
INDIAN GOVERNMENT. 
Cape GOVERNMENT. 
Duron GovERNMENT. 
New Sovrn Wass 
GOVERNMENT. 


Frenci’ GOVERNMENT. 
Russian GOVERNMENT. 
Danish GOVERNMENT. 
Cuines® GOVERNMENT. 
Greek GOVERNMENT. 
JAPANESE GOVERNMENT. 
’ 1365 


PATENT SPEED REDUCING CEARS. 











CROSBY SPECIALITIES. 


SEE AOVERTISEMENT NEXT WEEK 


CROSBY STEAM GAGE & VALVE cO., 147 Queen Victoria ST., 


Se], tele), Fam 1 on 
1206 


ORENSTEIN & KOPPEL- 
ARTHUR KOPPEL «matcamaten 


27, Clements Lane, Lombard Street, 
Telegrams: LONDON, E.c. Telephones Avenue, 5724. 


“Alighting, London.” L. Wall, 9953, 


Manufacturers of Locomotives, 
Rolling Stock and Railway Material of every description. 
1909 Output— 650 Locomotives. 
















Fireless for 


Locomotives Factory Use. 


1089 











PROCTOR'S PATENT SHOVEL STOKER 


AND MOVING FIRE-BARS. 
14,000 FURNACES FITTED. 


iO 
15/. 
ECONOMY. 


Working on over 1000 Furnaces at many of the largest 
Steel Works and Oollieries, 


JAS. PROCTOR, LD. “="sc:' BURNLEY. 


SOLE AGENTS FOR FRANCE: 
The Societe des Perfectionnements a la Vaporisation, 29, Rue de a Paris. 


A NEW CO. RECORDER. 


This Recorder, called “ The Bi-meter CO, 
Recorder,” works on an efitirely new principle. 
The sample Flue Gas is drawn continuously 
by an Aspirator through an ordinary Gas 
Meter, then through an Absorption Chamber 
containing Dry Lime, and finally through a 
second Gas Meter. The difference in ‘the 


speed of the two Meters is a measure of the 
CO, absorbed. 





























No Glass or Rubber parts are em- 
ployed, the apparatus is therefore 
very robust and suitable for use in 


hot positions. 1232 








Write for our Descriptive Leaflet. No. 86 M, 


THH 


CAMBRIDGE SCIENTIFIC INSTRUMENT CO., 


L70., 


CAMBRIDGE, ENGLAND. 
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| BROUGHTON COPPER C2 L2 


a t 


MANCHESTER. 


———< 














EVERY ENGINEER 


hould have a con Lo our MALLEABLE 
FITTINGS, CATALOGU Over 4500 varieties 
for Gas, 2GUE. and Water. 


EDWARD LE BAS ®& CO., 


Billiter Street, LONDON, E.C, 1249 


Pattern Making 
Motor and Intricate Work a Speciality. 
NEW ENGINE Co., 


ACTON HILL WORKS, 
ACTON, LONDON, are 
Tel. : 100, Ealing. 


DANIELS CAS PLANTS. 
DANIELS GAS ENGINES 
DANIELS HIGH-SPEED PUMPS 


Complete Pumping Installations. 
T. H. & J. DANIELS, Ltd., Engrs., Stroud, Eng. 


See displayed Advt. last and next week. 606 


VALYES! 


TURNBULL'S SAFETY, STOP, CHECK, SLUICE 
AND REDUCING VALVES. 1664 
END FOR VALVE SHEET. 
ALEX. TURNBULL&CO, 1 ld. . Bishopbri § 
Telegra ph—Valve, Glasgow. Codes— hice Unicon a,aB 
SOFFEY'8 PATENT INDIARUBBET 
Shea) CAB TYRE FORCING MACHINE. 


Priction Clutches 
me Pulleys, bo. 


vi, oon, Bury.” 


Maghias: No, 4. 


JAMES C. KAY & CO ,LD. Peru 





























VAUGHAN’S 


OVERHEAD ELECTRIC ano HAND 
POWER TRAVELLING 


CRANES. 


VAUGHAN & “SON, Ltd Ltd, Manchester. 


See Large Advt. November 25 and December 23. 


=r 





OLDHAM 


ENTWISLE « CASS.Lo, 


Engineers, BOLTON, 
tor cEN TRIFUGAL PUMP 
AIR COMPRESSORS * 
OLUTOHES, GEARING. 
rt a RO BS 
RIN 
MACHINERY. me 


HaL’s Pumps 


J.P. HALL« SONS, L 


PETERBOROUGH. 


“GREAVES’” BLUE LIAS i 


@urnt from the well-known Beds of THE 
LOWER LIAS F MATION) 


And PORTLAND OHMENT. 


The above, also PATENT 8 SELENITIC (pr epared fro “ Greaves 

Blu ec Lias Lime a delivered pe — own 

severed trucks and bx ats to all parts of ‘the ntry pf carted 

on site in Bir fore aghast and lk — 80. pane reputation. 
Hi ghest re efer 


GREAVES, BULL & ‘LAKIN, Lim. 


Chie f Office : estate ete LEAMING t Naat Telegraphic Address 
rbu ndon Depot : 9, Grove Re a Bri idge, =o. 

ms — Lone on m. Birmingham 
4 : Greav Sauna oad 


Works at Harbury, Stoc te on & Eitingts on, Warwickshire 























A SILVERTOWN INDIA RUBBER TILING 











SILVERTOWN 
INDIA RUBBER TILING 
can be worked in numerous 
designs, and as the colours 
extend throughout the whole 
thickness, the pattern remains 
permanent. 








is specially adapted for use aboard Shirs, Yachts, in Public Buildings, Banks, &c., being 
most durable, artistic, noiseless and pleasant to walk upon, and non-absorbent and sanitary. 


Catalcgue, showing large variety of designs, on requzst, 


The India Rubber, Gutta Percha and Telegraph Works Co., Ltd., 


Head Offices: 106, Cannon Street, London, E.C, Works: Silvertown, London, E, 











5 
is a 
= 
Se 


Jt SILVERTOWN India Rubber TILIN 








SILVERTOWN 
INDIA RUBBER TILING 
laid over 20 years ago has 
given no trouble, and is still 


in good condition. 











in a 








ap how 





re 


Be 


oo 


& 


“a 
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ann WATER SEPARATOR. 


rae SAFAsST sSUPWPrEBRESBATEE. 











SOLE AGENTS FOR THE ABOVE FOR ALL STATIONARY S@OILERS, 











FIELD’S TUBES AND BOILERS. 
PLEASE NOTE 





CHANGE OF ADDRESS :— 


~—ai-p 
Telephone : 5782 Westminster. 


16, HOWICK PLACE, VICTORIA STREET, LONDON, S.W. 


THE pateit COMBINED SUPERHEATER 


WILL SUPPLY DRAWINGS AND QUOTATIONS ON RECEIPT OF PARTICULARS. 


E | _ LEWIS OLRICK & CO, 


— 1078 


Telegrams: OLRICK, LONDON 








MAVOR & COULSON, Ltd., 


ENGINEERS Ano ELECTRICIANS, 
47, BROAD ST., MILE END, GLASCOW. 


Telegrams—“ PRODIGIOUS, a 


MOTORS: ===: 





DYNAMOS 











[JAMES FAIRLEY & SONS 


General Steel Manufacturers, and SPECIALISTS in 


Invite attention to their Unrivalled Self-Hardening Steel. 


Is considered to be the HARDEST and TOUGHEST Steel yet made (although the Cheapest in the Market). 





os All Communications should be addres. 


Contractors to His Majesty’s and 


TOOL STEELS 


FAIRLEY’S SELF-HARDENING TOOL STEEL, for Heavy Cuts at High Speeds. 


Small samples free to approved buyers. 
NOTE.—_JAMES FAIRLEY & SONS’ WORKS (Bramall Lane, SHEFFIELD, and Mill St. Forge and Rolling Mills, BIRMINGHAM) are merely Branch Departments and 
sed to the Head Oficee—OLD MINT, SHADWELL STREET, BIRMINGHAM. 


other Governments, 





1719 














WILSON HARTNELL & CO..L? 


Volt Works, LEEDS. 
GONTINUOUS- CURRENT ELECTRIC 


MOTORS. 


NEW DESIGNS. 2 
HIGH EFFICIENCY. 
HEAVY OVERLOAD CAPACITY. 


LATEST LIST ON APPLICATION. 








J. TOMEY & SONS Lid. 
“3 EUREKA Gauce Giass 
ESTABLISHED 
SiR MINcHAM. 
CLYDESDALE CHEMICAL COMPANY, 


Barnbank Oil and Chemical Works, GLASGOW, 
London Office: 7-8, IDOL LANE, E.C. 


Sole Proprietors of “‘ CAKTINE,” 
the Effective Boiler Detergent. 1104 


See Illustrated Advt. appearing every alternate week 


PULSATING PUMPS 


TURNSTILES, 
AND GENERAL ENGINEERING. 


W. T. ELLISON & C0., Ltd., 


Irlams-o’-th’-Height, 9806 
MANORES THE. 


Telegrams:—‘“‘ Ellisons Ltd., Irlams’-o’-th’-Height.” 
Telephone : No. 80, Pendleton. 























PLANT, EQUIPMENT, 
& REQUISITES. 


FOUNDR 


LONDON 


: 7 7410 s 
4 TD MANCHESTER: Vulcan Works, Chester Road. 
~ e” | GLASGOW : 52, St. Enoch Square. 


Our Catalogues are indispensable 


to every 
up-to-date Foundryman. 


Caxton House, Westminster 





a, 





4 | iL WHEN MADE 





IT IS NOT POSSIBLE FOR JOINTS TO LEAK 





WITH 


Taylor's Corrugated Metallic Packing 


MADE IN ANY SIZE OR SHAPE AND 
DISPATCHED BY RETURN OF POST. 





= \\ Aa \\ = ee 
y) \ a ‘i —-&= 
= _ \ . if 
‘a r £ 1 NEWTON & NICHOLSON 


Tyne Docks Corrugated Packing Works, 


SOUTH SHIELDS. 


LONDON ADDRESS: Billiter House, Billiter Street, E.C. 


TELEPHONE—NATIONAL, 0431 


alt 
Hi 
HHH 
THI 
i TELEGRAMS—CORRUGATE, TYNE DOCK. 
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Wreatley Kirk, Price & Co. 
ne oe 1850.) 


Auctioneers 
AND VALUERS OF 837 
ENGINEERING WORKS, PLANT AND STOCK, 
46, WATLING STREET, LONDON, E.C. 
16, ALBERT 8Q., 26, COLLINGWOOD S8T., 
MANCHESTER. NEWCASTLE-ON-TYNE. 
Telephones & Telegrams at each Address. 





































FOR SALE. 
Steam (Al Bee) Boilers. 


Vertical, Loco., Cornish, Launch, Field-tube’; also 
Air Receivera, Feed-water Heaters, ‘Cylinders, kc.— 
Tux GRanTuaM Borer & Crank Co., Lrv., Grantham. 


6{. by 2ft.6in. by 2ft. 6in. High- 
speed PLANER, 6 ft. Wall Radial, 10 in., 12in. and 
Min. StrokeShapers, Lathes from 64 in. ‘to12hin. centres, 
Radials from 3ft. to 6 ft.radius,and Pillar Drills to admit 
from 26 in. to 42in. dia. Send for Stock List. GEORGE 
SWIFT & SONS, Range Bank, Halifax. 


SALE OF PATENT OR GRANTING OF LICENSE. 


e Owner of the British|™ 


T' Patent No. 1099/08, referring to ‘‘ Improved 
Means for Starting Internal Combustion Engines,” 
WISHES to DISPOSE of his PATENT RIGHTS to 
interested party and ask to send applications care 
HAasenstTein & Voouer, A. G., Berlin W 8, to address 
D.M. 1044. A 


Gecond - hand Radial Drills 


FOR DISPOSAL, in good working order :— 
6 ft. 6in. RADIAL DRILL by Smith and Coventry, 
8 in. diam. spindle and two-speed countershaft. 
6 ft. 9 in. RADIAL DRILL by Wm. Muir & Co., 
8 in, diam. spindle and two-speed countershaft, 
Full particulars on application to Y 981, — of 
ENGINEERING. ¥ 981 

















FOR SALE. 
pe GAS ENGINES, including, 
oe 5 65 B.HP. GAS a with Suction Gas Plant 
(by Brearley, Shi (Cundall, Shipley). 
42 B.HP. GAS S Ewart with Suction Gas Plant by 
32 B.HP. Orossley GAS ENGINE, with Suction Gas 
Plant (stroke. 
75 BHP. "Crossley GAS ENGINE, 17} in. cyl., 24 in. 
PUMPS including 
ie 2() Two Compound Worthington Duplex PUMPS, 
“14 in, and 20 in. steam cyls., 12 in. water cyls., 
10 in. stroke. 
Vertical Compound Duplex PUMP, 5} in. and 7} in. 
steam cyls., 4} in. water cyls., 6 in. stroke. 
Horizontal Special Direct Acting ‘PUMP, 20 in. steam 
cyl, 74 in. water cyl., 2 ft. 4 in. stroke. 
Double Cameron Type Boiler Feed PUMP, 88 in. steam 
cyls., 6 in rams, 74 in. stroke. 


ATALOGUE of Stock MACHIN ERY, 2 3000 LOTS, 
free on application. Inspection invited. 











rYVHOS. W. WARD, LTD. ALBION WORKS, 
_ Tel.: *‘ Forward, Sheffield.” SHEFFIELD. 
arshall, Sons & Co., Ltd., 


M GAINSBOROUGH, 


HAVE FOR DISPOSAL, owing to rearrangement of 
Works Motive Power :— 

One Class ‘*C” HORIZONTAL ENGINE, 19in. cylinder, 
36 in, stroke, with Hartnell’s Auto. Expansion 
Gear, and two flywheels, each 10 ft. diameter. 

One HORIZONTAL ENGINE, on Steel Frame; two 

cylinders 8} in. diameter, 12 in. stroke, with 

Hartnell’s Auto. Expansion Gear, and flywheel 

6 ft. 2 in, diameter. 

Both Engines in excellent order, and can be 
seen at work up to the end of the third week in 
January ; also (not working) : 

( Jompound Independent FIXED ENGINE; cylin- 

ders 14 in. and 22 in, by 24 in, stroke : Proell’s 

Auto. Expansion Gear on h.-p. cylinder, and 

Meyer's Gear to low pressure cylinder; flywheel 

9 ft diameter, grooved for 16—1} in. ropes. 

Horizontal Jet Condenser. Engine capable of 

developing 180 Effective HP, with 1401b, pressure, 

working condensing. 

Oue Compound Independent VERTICAL ENGINE ; 
cylinders 11 in. and 19} in. diameter by 18 in. 
stroke ; flywheel 6 ft. by 9 in., 150 r.p.m., and 
suitable for 140 lb, — Fitted with Splash 
Guards, Steps and Hand Railing. Also extended 
_Baseplate for carrying a Dyna namo. Y 987 

draulic 


Ih png 
FOR SALE :— 


Duplex Compound Cylinder Hydraulic ENGINE 

oe double-acting, h.-p. cylinder 27 in. dia., 

p. cylinder 42 in. dia. by 30 in. stroke ; pump 
rams 6 in. dia. by 30 in. stroke, steam pressure 
100 Ibs., hydraulic pressure 750 Ib. per square inch. 

Duplex Compound Oylinder Hydraulic ENGINE, 
pumps single-ac ting, h.-p. cylinder in. dia, 
L-p. cylinder 39} in, dia, by 30 in, stroke ; pump 
rams 5j in. dia. by 30 in. stroke ; lift pump 6 in. 
dia., double acting 30 in. stroke, worked from 
crank pin of hydraulic engine ; steam pressure 
75 lbs., hydraulic pressure 750 Ib. per square inch. 

Duplex Simple Cylicder Hydraulic S=NGINE, pump 
single acting, cylinder 32 in. dia. by 30 in. ‘stroke, 
pump rams 5] in. dia. by 30 in, stroke ; lift pump 
6 in. dia., double- acting 80in, stroke, worked from 
crank pin of hydraulic engine; steam pressure 
75 Ibs., hydrdulic pressure 760 1b, per square inch. 

Combined ‘Air and Oirchlating P UMP, cylinder 16 in. 
dia. by 30 in, stroke, working from crank pin of 

hydraulic engine, with one jet condenser. 

SURFACE (¢ ‘ONDENSER, with Duplex Air and 
Circulating Pumps, steam cylinder 9in., air 12in., 
water 12 in, dia. 

Duplex Brass-lined Worthington PUMP, steam cylin- 
ders 9 in. dia., water cylinders 12 in. ‘dia, by 10 in. 
stroke 

Two Lancashire BOILERS, 28 ft. by 7 ft. Gin. dia., for 
100 1b. working ——s with mountings, built 
1900 by Penman 

Two Cornish BOILERS, one 25 ft. by 6 ft. 6 in., and 
one 25 ft. by 5 ft, 9 iw. dia., for 70 lb. working 
pressure, with mountings. 

Cast-fron WATER TANK, 43 ft. 6 in. by 25 ft. 6 in. 
by 4 ft. 9in., with two perforated copper strainers. 

Also a large quantity of PIPING, VALVES, &c. 





Pumping Plant 


27 


A to WERF G 
0 ott, "2, WEE? 





| [niversal Miller, Surfacing 
and BORING err. 5 ft. Face-plate 7in. and 

8 in. centre LATHE, 1 . stroke SHAP’ 

Spindle Turret Rest OHASI NG LATHE. 827 
CARTER & WRIGHT, Woopsipz, HALIFAX. 


Fer Sale, One Pintle and 


SORAFING MACHINE, with two Ne mare and 
two heads, by Noble & Lund. One 2-ton Steam 


» Hollow 








Ask for 8 
JOHN THOMPSO:  Bogineering bere 
Wolverhampton, En 





NEW DREDGING PLANT F< = SALE, 


(fered for Sale, an entirely 


new BUCKET DREDGER, hourly output 460 


— yards, dred ine 


all types, mining machinery, dredgers, colliery-plant 
and general engineering constructional work, and are 
on the Government list, and contract for the leading 
railways in Great Britain and abroad.—Further par- 
ticulars may te obtained of the Receiver, Mr. A. O. 
MILES Chartered Accountant of the firm of JosoLyNe 
Mites & Co., 29, 
E.C. 


Assistancei in Matters requiring 


Highest one inventive skill and resour = 
ces.—In design, development, diffi: ulty 
or ye CONSULT, Y¥ 928, Offices of Enonvexriss 


ement.—Maxted & Knott, 


Lrp., Consulting Engineers, Burnett Avenue 
Hull, ADVISE GE NERALEY en proposed ~ nent 
works schemes for a and abroad, altera:iong 
to existing plants and construction of new 


Re Sale.—20 HP. Nominal 


Crossley GAS ENGINE, in first-class condition, 
complete with automatic starter, governor, &c , TO BE 
DISPOSED OF owing to vacation of premises.—Apply, 
SMITH, MAJOR & STEVENS, Ltp., Janus Works, 
Queen’s Road, Battersea, 8,W. Y 936 


Ix THe Hien Court or Justice. 
OHANCERY evens 
Mr. Justice PARKER 
IN THE MATTER or W. R. RENSHAW & COMPANY, 








No. 1987, of 1910, 





FORGECHANE: canbealtered “Neweastieontyne’ | Lad., werwnes Advice only. "Lengthy experience. Highest refers. cn 
Y¥ 903 BARWELL xp OTHERS, Plaintiffs, Established 1890. Tel. address: “ Energy.” - 220 
AND 
‘ec hd 7 1wW. R. RENSHAW & CO., LiD., sp OTHERS, 
hompson ‘“ Dish - Ended Ri - Wong Sameg It is Worth Your While to Buy 
Be ng HIRE BOILERS, ready for Immediate Re W. R. RENSHAW & CO., Sa Semele direct ype ting OILS for - Soran’ 
ENGINEERING Works, Stoke-on- t. e Oil, 1 
"eh x Bt 8 in. for 160, 140, 120 and 100 Ib. W.P. ee weet oe ne General Lubeicating OH, 1004 i Shop 0, a 
x . : ; Engine 
Soft Cc Ba Gin teste WE. ffers are Invited for this ne iy heel Lagan d Fo 3 dotabe 4 a 
80 ft. x 9 ft. 8 in. for 160 and 120 lb. W.P. old-established BUSINESS as a Going Concern. | RELIANCE per galion, barrels fre oI. COMPAN 90. 
08 ft. x 7 ft. 9in. for 200 Ib. W. ~ The Company are manufacturers of rolling-stock of | Water Lane, London, E.O. Agents Wanted. 





Mins, Tools, Rock- bering 
INES and DRILL STEEL. 


Prompt delivery—_THE HARDY PaTEN 
PIOK’ CO., Lrp., Sheffield, England. 


Ita Metal HIGH-CLASS 


ENGINEERING ALI 





King Street, Cheapside, London, 
A40 


YS. 








oe 89 ft. 4 in., main en 


mp of 850 LHP. and eS for water pump 

Suction depth 39 

TO, Firm A. F. Smvuuozns, 
K 543 


of 100 LHP. 





“GUNTHER” 


FOR 

EXHAUST FANS. 

CENTRIFUGAL 
PUM 





ryth Os. 
W. Gunther & Sons, Central Works, Oldham. 


FANS 


Forges, Cupolas, oe. 


e 
D Forgings, Castings, Bars, Sheets, Wire, 1 








d) largely HP., capacit; of Bu 
H cait feet. ; . MISCELLANEOUS. : 
an entirely_new BARGE and BOTTOM THE DELTA METAL CO., Lz, 3 
suoTION DiEDG R ee p, hourly ie ANNCUNCEMENT. Offices and Works: East GREENWICH, , LONDON S.E. 
cubic yards, fit with main engine for Noakes & Sons, 


P. CRAVEN & CoO., 
Engineers’ Photographers, 
WHETLEY GROVE, 
MANNINGHAM, BRADFORD. 


Skilled Operators sent to all parts. 
Prints, Half Tone and Line Blocks, &c.; or from 
Oustomers own negatives. Blue Prints at shortest 
notice from Engineers’ and Architects’ tracings. 8731 


MOND GAS 


ao SUCTION - PRESSURE AND 
RESSURE PLANTS, FROM 
2 TO 25,000 HP. 


THE POWER GAS CORPORATION, li. 


STOCKTON-ON-TEES. 


are continuing businessvat 
16, WHITECHAPEL ROAD, E., 1367 
and are in a position to execute orders as usual. 























CHARLES MeREIL, 


Stamped Steel Pistons 


up to 56 in. diameter. 


Code : 
6th Edition Emaposseo Wrouscrrt 
ABC. FROM 9 -To 56 


SUN F! 








FIRE DAMAGE... 


EMPLOYERS’ 
includin 


FIDELITY GUARANTEE. 


Kinning Park Iromtorks, GLASGOW. 





PATENTEE AND MAKER OF EMBOSSED MANHOLE DOORS. 


RE OFFICE 


Resultant Loss of Rent and Profits. 
LIABILITY and WORKMEN'S COMPENSATION, 


ACCIDENTS TO DOMESTIC SERVANTS. 
SICKNESS and DISEASE. 





SPECIALIST IN HYDRAULIC STAMPINGS 


AND FORGINGS, NASMYTH, WILSON & CO.,L™ 


BRIDGEWATER FOUNDRY, 
PATRICROFT, NEAR MANCHESTER. 
MAKERS OF COTTON, JUTE, HIDE & FIBRE. 

HYDRAULIC PRESSES.- 
PUMPING ENCINES & PUMPS, STEAM HAMMERS, 
STAMP HAMMERS, &c. 1245 


WELDLESS 
LOCOMOTIVE DOMES 





up to See Mlustrated Advt. page 54, December 9. 
in. thick. 1 The CONTRAFLO CONDENSER and 
STret Pistoms ~~ | KINETIC AIR PUMP COMPANY, Ld., 
DIAMETER LONDON OFFICE: 4, Lloyd’s Avenue, 
1236 Fenchurch Street, E.C. 


NEWCABTLE-ON-TYNE> Caledonian Insurance Buildings, 


Pilgrim Street. 
1240 





For large Advt. see page 78 in our issue of Dec. 9. 


LIDGERWOOD 





Bicentenary, 1710—1910, 
The Oldest ineurance office Im | Pilg Drivers, Holsting Engines 


for BUILDERS and CONTRACTORS. 


LIDGERWOOD MANFG. CO., 1211 
Caxton House, Westminster, LONDON, S.W 


CONDENSING PLANT. =» 
COOLING TOWERS. 


Founded 1710, 
HEAD OFFICE :— 


36, THREADNEEDLE ST., LONDON, E.C. 


Branch (50, Charing Cross, S.W. 





Offices | 332, Oxford Street, W. 
London 40, Chancery Lane, W.C. Balcke & Co., Ltd. 


42, Mincing Lane, E.C. 


Insurances effected on the following risks :— 27, CLEMENTS LANE, LONDON, E.O. 


Ra. White & Sons, Widnes, 





891 


PERSONAL ACCIDENT. 
BURGLARY. PLATE GLASS. 








FROM 


s 


To “20 


™ RAILS, *~ 


POINTS. AND CROSSINGS. 
AERIAL ROPEWAYS. 





pdOists « GIRDERS - 



















SURES BSS 
ENGINEERS & IRONFOUNDERS mali) 
SS °SOUTIWARK “eegeaasciinen CROYOON. 


CONSTRUCTIONAL STEELWORK oe cicicar OR 


SPECIFICATION 


“ROOFS. PLAIN & ORNAMENTAL TRUSSES. 
TIE RODS, SHOES etc. tn STEEL & IRON 
CAST or RIVETED GUTTERS. 


MEASU RES BRR05 















Can all be seen at Grangemouth. 
JOHN JACKSON & CO., Balmoral Street, Scotstoun, 
Glasgow. ¥ 940 





» SALCIAL DESIGN S10R HULME See SOE, Ve 





WATER 


SUPPLIES 


ARTESIAN TUBE WELLS 


AND “ABYSSINIAN” TUBE WELLS. 


AIR “LIFT PUMPING PLANT. 


Le Grand & Sutcliff, 





Artesian Well and Waterworks Engi: °t; 
125, ‘BUNHILL ROW, oous 
LONDON, o ese 
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BALDWINS L° 


Lonpon- Works: 
5, Fenchurch Street, E.C. 
LONDON OFFICE: 
Orchard Place, Blackwall, E. 





IRON ROOFS!" 


AND 


BUILDINGS. 








GALVANIZED GORR® 
sno PLAIN SHEETS, 
TANKS & GISTERNS. 





Bole Makers of 
THE IMPROVED 


HOT WATER TANKS, 


FITTED WITH 


BRAIN’S Patent MANHOLE 


COVER and SOLID CORNERS 
Registered Design. 


ALSO OF 


Leech’s Patent Welted 


CIQ TERNS. 





CALVANIZERS 


Sonnet 


PNEUMATIC AUTOMATIC EJECTORS 


FOR RAISING 


Sewage, Sludge, Pail Contents, &c. 


AS USED AT 


Rangoon, Karachi, Bombay, Cape Town, Eastbourne, 
Southampton, Norwich, tpswich, Ham ton, 
Staines, Felixstowe, Houses of arliament, estminster ; 
and many other places. 


AIR COMPRESSING MACHINERY. 


COMPRESSED AIR LIFTS 
For Raising Water from Wells, Boreholes, &c, 


! 








For Estimates and Full Particulars apply te— 618 


neh é LANCASTER, 1 16, Victoria rla St., Lo London, 5.W. W, 
WATER POWER. 


=| || Complete HYDR. INSTALLATIONS and other 
SPECIALITIES built by 1116 


ESCHER, WYSS & CO., Engineers, 
109, Victoria St., WESTMINSTER, S.W. 


Adver it, page 66, Dec. 16. 

















“ 
23] Johs. Boss-Conzelimann 
3 ONSTMETTINGEN (WURTEMBERG). 1338 























The RUBBER TANNED LEATHER Co.,Lé. 


Having just completed our Factory for the tanning of Leather 
with Rubber, for which we hold Patents all over the World, we 
are now in a position to supply the trade with RUBBER 
TANNED E.BAT EEE. suitable for Boot Soles, 
Motor Tyres, Flat Washers, Valves, &c. 


The great advantages this Leather possesses over leather tanned 
by ordinary methods are Lightness, Durability, Greater Tensile 
Strength, and Imperviousness to Water. 


Ths2R UOUBBER TANNED L.EATHaEE 
has been tried with unfailing success, and has given the greatest 
satisfaction to those who have adapted it to the requirements of 
their various trades. 


Orders may be sent to :— 
WAREHOUSE and SHOWROOMS: ‘AT, MOOR LANE, E.C. 


The Offices: 235-239, Finsbury Pavement House, E.C6. 


or to the Works:—The Tannery, Ross, Herefordshire, 1%49 


VERTICAL BOILERS. 


VERTICAL-CROSS TUBE BOILERS. 
VERTICAL DONKEY BOILERS. 
MARINE RETURN-TUBE BOILERS. 
LOCO-TYPE BOILERS. 
VERTICAL BOILERS ON STOCK 
from 1 N.HP. to 14 N.HP. 























Telegrams :—"‘BOILERS, LOUGHBOROUGH.” 
Code :—A BC, 5th Edition. 


WALTER W. COLTMAN & CO. 


CENTRAL BOILER WORKS, 52: LTD. 
LOUGHBOROUGH, England. 


Telephone :—No. 61. 











HARTUNG, KUHN & CO. 


HARTUNG GOVERNORS 


THE BEST 


for Steam, Gas and Oli sharers Swe: Steam and Water Turbines. 


28,000 SOLD. 


is? eh city unapproached in any other system. 
PNEUMATIC TOOLS: 
Hammers, Riveters, Drills and Hoists, Complete Installations. 
All enquiries should be addressed to our Sole Representative for Great Britain and Colonies :— 











of all kinds of IRONWORK. 








Welded Steel Tubes 


FOR ALL PURPOSES. 


THE BRITISH WELDING CO., LD., 


58, Victoria St., Westminster, Ay w. 
VULCAN WORKS, MOTHERWELL, N.B. 


SHAFTING & MILL FITTINGS. 


See our at a last week. 










1019 


C. F. CARVER, Ltd., 


Alfred Street Mills, NOTTINGHAM. 


The CLYDE STRUCTURAL IRON €0., Ltd. 


Clydeside lronworks, Scotstoun, Glasgow. 
MANUFACTURERS OF 1003 


—g| Iron & Steel Roofs, Buildings, 
Workshops, &c., &c. 


LONDON OFFICE: 48, Cornhill, E.c. 


THE YACUUM BRAKE €0., Ltd. 


$2, Queen Victoria Street, 
LONDON, E.C. 


Telephone : 6534, Bank. Telegrams: So.ution, Lonpon. 
A BC and A 1 Codes used. 1402 


Por Large Advt. see Last and Next Week. 


FILTRATION. 


PUEOCH - CHABAL SYSTEM 


(Patente.:), 


FOR WATER & SEWACE WORKS. 


ARMAND PUECH, Kingsway House 
Kingsway, LONDON, W.C. 


EDWARD FINCH & CO., Ld., 
CHEPSTOW. 


Bridges and Roofs, 
Colliery Iron Work. 


See Illustrated Advertisement appearing every 
fourth week. 861 


Blair, Campbell @ M‘Lean, 


—— LIMITED, — 
WOODVILLE STREET, COVAN, 

GLASGOW. ix 
See large Advertisement, 9th December. 


SHIPBUILDERS. 
MARINE ENGINEERS, 


SEE DISPLAYED ADVERT. ALTERNATE WEEKS. 


CRABTREE & CoO., Lr, 


GREAT YARMOUTH. 1270 


WATER TURBINES, PIPE LINES, 

TURBO PUMPS, TACHOMETERS, 
FLEXIBLE COUPLINGS, 12s 

GOVERNORS (Jahns’ Patent). 


JENS ORTEN - BOVING & CO., 
94, Union Court, Old Broad Street, E.C. 
































To Colliery Owners. 


SHAFT FREEZING Co, Lro, 


11, IRonmoncER Lane, 


Lonpon, ENcLanp, 
Working in Association with the 


Tiefbau & Kalteindustrie 
Aktiengesellschaft 


formerly 


Gebhardt & Koenig, 
of Nordhausen, Germany, 


Undertakes the best and cheapest method of 
Sinking Shafts and Tunnels and Mining 
construction in difficult and heavilywatered 
Gone mE snoane of Gebhardt & Koenig's 

reezing Process under guarantee of Suc- 





cess. 


16 Shafts are now in progres. five of which 
have been sunk to a depth of 1060 feet, and one 








C. C. CAMPART, 49, Newgate Street, LONDON, E.C. 


Telegrams : “ CecaMrar t, Lonpow.” Telephone : 2497, CenTRAL. 690 








to a depth of 1300 feet, the diameter of the 
Shafts in each case being 20 feet. 1365 














ws 











en 
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MARSHALL. SONS & Co., LTD., GAINSBOROUGH, Enc.ano. 


Telegrams : ‘‘ Marshalls, Gainsboro’.” Also Offices, Showrooms and Stores at: 


Engineers and Boilermakers. Telephone No. 40 & 4 79, FARRINGDON ROAD, LONDON, E.C. 


Telegrams: “Engine, London.” Tele. No. 648, Holborn. AND AT CALCUTTA & BOMBAY. 











HORIZONTAL ENGINES up to 1000 HP. 

BOILERS, Cornish, Lancashire, Loco., Vertical, &. GOLD MEDAL, 

UNDERTYPE ENGINES, Simple and Compound. conten 

VERTICAL ENGINES, Simple and Compound. as 

PORTABLE and SEMI-PORTABLE ENGINES. 

TRACTION ENGINES, ROAD ROLLERS, and OIL Over 
TRACTORS. 440.000 

THRASHING MACHINERY for all Countries. . Engines, 

GRINDING MILLS. SAWING MACHINERY. Boilers, 

GOLD DREDGING PLANTS. 

TEA PREPARING MACHINERY, &c. a 





























CRANES resextaretee yoTtnttiel | 











LOF ALLTYPES veal : 7 ~ NEAR GLASGOW 











Firvation | 


of the largest quantities of Dirty and Muddy River and Canal Water at a merely nominal cost. 
Write for particulars of our ‘“‘Torrent”’ Filter. (List No. 296 post free.) 


fulsometer Engineering C2 1 


Offices, READING: Works, 
NINE ELMS IRON WORKS. 


LONDON : 
BROAD SANCTUARY CHAMBERS, WESTMINSTER, S.W. 








BRIGHT COMPRESSED 











B. « S. MASS A 


Work done under our 


3 cwr. PATENT PNEUMATIC POWER HAMMER, 


SIMILAR WORK CAN : H ef. 
ALWAYS BE SEEN = —— 
IN OUR SMITHY. (pee —_ L_! 


LONDON OFFICE: St. Stephen’s House, Westminster, S.W. GLASGOW OFFICE: 74, York Street. 
BELFAST OFFICE: 93, Ann Street. PARIS OFFICE FOR FRANCE: W. COPE & CO., 13, Rue Perdonnet. 
GENOA OFFICE FOR ITALY: EMILIO CLAVARINO, 33 Via XX Settembre. 
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